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Chapter 1

Maxillofacial trauma

���L>��Þ]�ÌÀ>Õ�>��Ã��v���i��v�Ì�i��i>`��}�V>ÕÃiÃ��v�`i>Ì�]�V��ÃÌ�ÌÕÌ��}��i>À�Þ�n¯��v�

all deaths annually 1°��>Ý����v>V�>��ÌÀ>Õ�>��Ã�iÃÌ��>Ìi`�Ì���VVÕÀ����Óx¯��v�Ì�i�ÌÀ>Õ�>�

patients 2°����Ì�i�1��Ìi`�-Ì>ÌiÃ]��>Ý����v>V�>��ÌÀ>Õ�>�«>Ì�i�ÌÃ�>Ài�>�Ã�}��wV>�Ì�V>ÕÃi�

�v���ÀL�`�ÌÞ�>�`�Ì�i�Ì�Ì>��i�iÀ}i�VÞ�`i«>ÀÌ�i�Ì�V�>À}iÃ�>Ài�>««À�Ý��>Ìi�Þ�f£°ä{�

L�������>��Õ>��Þ�3. Based on epidemiological data, most of the patients are male and 

40 years of age or younger 4–9. Most common causes of injury include assault, sports, 

��Ì�À�Ûi��V�i�>VV�`i�ÌÃ�>�`�v>��Ã]�LÕÌ�Ì�i��À`iÀ��v� ��«�ÀÌ>�Vi�Û>À�iÃ�>���}�Ì�i�

different studies 3,5,6,8. Maxillofacial trauma patients are known to suffer concomitant 

injuries associated with the head and neck region, including intracranial injury, skull 

fractures and cervical spine injury 3,10–12.

Anatomy of the maxillofacial skeleton

Conventionally, the maxillofacial anatomy is divided into a tripartite system including 

>��Õ««iÀ]���``�i]�>�`���ÜiÀ���À�â��Ì>��Ì��À`°�/�i���`v>V�>��Ài}�����Ã�`iw�i`�>Ã�Ì�i�

Õ««iÀ�>�`���``�i�Ì��À`]���V�Õ`��}�Ì�i�vÀ��Ì>��L��i]��>Ý���>]�âÞ}��>]��ÀL�ÌÃ]���Ãi�

>�`��>Ã���ÀL�Ì>��iÌ����`>��V��«�iÝ]�Ü�iÀi>Ã�Ì�i��>�`�L�i��Ã�Ì�i���ÜiÀ�Ì��À`°

Midfacial anatomy
The anatomy of the midface is known for its complexity and is composed of the 

v����Ü��}���`�Û�`Õ>��L��Þ�ÃÌÀÕVÌÕÀiÃ\��>Ã>��L��iÃ]��>VÀ��>��L��i]�iÌ����`]�Ã«�i���`]�

�>Ý���>]�âÞ}��>Ì�V�L��i]�>�`�«>�>Ì��i�L��i���}ÕÀi�£®°�/�i���`v>V�>��Ã�i�iÌ����Ã�

�vÌi�� V��Vi«ÌÕ>��âi`� >Ã� >� vÀ>�iÜ�À�� �v� LÕÌÌÀiÃÃiÃ� Ì�>Ì� �Ã� ÀiÃ«��Ã�L�i� v�À� Ì�i�

Ü�`Ì��>�`��i�}�Ì��v�Ì�i�v>V�>��«À�w�i]�>�`�Ì��iÃÌ>L��Ã��vÕ�VÌ���>��ÃÕ««�ÀÌ�v�À�Ì�i�

`i�Ì>��>ÀV��>�`�}��Li�13°�/�i���À�â��Ì>��LÕÌÌÀiÃÃ��Ã�`�Û�`i`���Ì��>����viÀ��À�LÕÌÌÀiÃÃ�

�>`i�Õ«��v�Ì�i� ��viÀ��À��ÀL�Ì>�� À��Ã�>�`�Ì�i�âÞ}��>Ì�V��>Ý���>ÀÞ�V��«�iÝ]�>�`�

>�ÃÕ«iÀ��À�LÕÌÌÀiÃÃ��>`i�Õ«��v� Ì�i�vÀ��Ì>��L��i�>�`�ÃÕ«iÀ��À��ÀL�Ì>�� À��Ã°�/�i�

ÛiÀÌ�V>��LÕÌÌÀiÃÃ��Ã�V��«�Ãi`��v�Ì�i��>Ã���ÀL�Ì��iÌ����`>�]�âÞ}��>Ì�V��>Ý���>ÀÞ�

and pterygomaxillary complex. The midface contains a collection of air-containing 

V>Û�Ì�iÃ�Ì�>Ì�>Ài��Þ«�Ì�iÃ�âi`�Ì��vÕ�VÌ����>Ã�>�VÀÕ�«�i�â��i�Ì��«À�ÌiVÌ�Ì�i�}��Li]�

LÀ>���>�`��Ì�iÀ�VÀ�Ì�V>��ÃÌÀÕVÌÕÀiÃ�14.
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Figure 1: Skeletal anatomy of the midface.

Mandibular anatomy
/�i��>�`�L�i��Ã�Ì�i��>À}iÃÌ�L��i��v�Ì�i�Ã�Õ���>�`�V��Ã�ÃÌÃ��v�>�L�`Þ�>�`�ÌÜ��À>���

��}ÕÀi�Ó®°�/�i�L�`Þ��Ã���ÀÃiÃ��i�Ã�>«i`�>�`�V��Ì>��Ã�Ì�i�>�Ûi��>À�À�`}i����Ü��V��

the lower teeth reside. The superior aspect of the ramus is known as the condylar 

«À�ViÃÃ�Ì�>Ì�>ÀÌ�VÕ�>ÌiÃ�Ü�Ì��Ì�i�Ìi�«�À>��L��i�L��>ÌiÀ>��Þ°�/��Ã��Õ�VÌ�����Ã����Ü��>Ã�

Ì�i�Ìi�«�À��>�`�LÕ�>À�����Ì�Ü��V��«�>ÞÃ�>��iÃÃi�Ì�>��À��i�����>ÃÌ�V>Ì���]�LÀi>Ì���}�

and speech.

Figure 2: -�i�iÌ>��>�>Ì��Þ��v�Ì�i��>�`�L�i

1
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Fractures of the maxillofacial skeleton

Midfacial fractures
 Õ�iÀ�ÕÃ�ÃÞÃÌi�Ã��>Ûi�Lii��«À�«�Ãi`�Ì��V�>ÃÃ�vÞ���`v>V�>��vÀ>VÌÕÀiÃ°����Ì�i��>Ìi�

19th century, René Le Fort (1869-1951), a French military surgeon, devoted his 

V>ÀiiÀ�Ì��Ìi>V���}�>Ì�Ì�i�1��ÛiÀÃ�ÌÞ��v�����i������ÀÌ�iÀ���À>�Vi°��i�«ÕL��Ã�i`�«>«iÀÃ�

Ài}>À`��}�Ì�i�V�>ÃÃ�wV>Ì�����v�v>V�>�� vÀ>VÌÕÀiÃ� ���Ì�i�,iÛÕi�`i�
��ÀÕÀ}�i�15. In his 

ÃÌÕ`�iÃ]��i���ÀÌ�V��`ÕVÌi`�>�ÃiÀ�iÃ��v���v>��ÕÃ�>�`�Ã��iÜ�>Ì��>V>LÀi�iÝ«iÀ��i�ÌÃ�

Ü�iÀi��i���y�VÌi`�vÀ>VÌÕÀiÃ����V>`>ÛiÀ��i>`Ã°��i��Þ«�Ì�iÃ�âi`�Ì�>Ì�vÀ>VÌÕÀiÃ�ÜiÀi�

dependent on the point of impact, the direction of the wounding agent, and the 

position of the head during trauma 16. The experiments were conducted to mimic 

various traumatic conditions including wounding agents, a kick, a metal shaft, a 

Ü��`i��V�ÕL]�>�`�Ì�i�V�À�iÀ��v�>��>ÀL�i�Ì>L�i�17. The heads were sawn coronally 

>�`�L���i`�Ì��Ài��Ûi�Ì�i�Ã�vÌ�Ì�ÃÃÕiÃ�Ì��ÃÕLÃiµÕi�Ì�Þ�iÝ>���i�Ì�i�vÀ>VÌÕÀiÃ�17. Le 

Fort noticed three distinct groups of fracture types going in horizontal, pyramidal 

or transverse directions, currently known as Le Fort I, II, and III fractures 18.

-��Vi�Ì�i�]�Û>À��ÕÃ�V�>ÃÃ�wV>Ì����ÃÞÃÌi�Ã��>Ûi�Lii��«À�«�Ãi`�v�À���`v>V�>��vÀ>VÌÕÀiÃ°�

/�i�ƂÀLi�ÌÃ}i�i��ÃV�>vÌ� vØÀ�"ÃÌi�ÃÞ�Ì�iÃivÀ>}i��
À>����>Ý����v>V�>���À>VÌÕÀi�

Ƃ"
��®�ÃÞÃÌi���Ã�>����>}i�L>Ãi`�V�>ÃÃ�wV>Ì����ÃÞÃÌi�����Ü��V��>�>Ì���V���`Õ�iÃ�

are arranged into a hierarchy of three levels focusing on complexity and detail 19,20. 


�>ÃÃ�wV>Ì����ÃÞÃÌi�Ã��>Ûi�>�Ã��Lii��«À�«�Ãi`�LÞ�Û>À��ÕÃ��Ì�iÀ�>ÕÌ��ÀÃ��ÛiÀ�Ì�i�

�>ÃÌ� viÜ�`iV>`iÃ]� v�VÕÃ��}����i�Ì�iÀ���`v>V�>�� vÀ>VÌÕÀiÃ��À�Ã«iV�wV�ÃÕLÌÞ«iÃ��v�

fractures 21–28°��À���>�V����V>��«iÀÃ«iVÌ�Ûi]���`v>V�>��vÀ>VÌÕÀiÃ�>Ài�V�>ÃÃ�wi`�>VV�À`��}�

to the prevalence of common fracture patterns. For example, zygomaticomaxillary 

fractures are the result of a disruption to the anchoring of the complex, emanating 

Ì�À�Õ}��`�ÃÌ��VÌ�vÀ>VÌÕÀi�V��«��i�ÌÃ��v�Ì�i��ÀL�Ì>��Ü>��]�Ì�i�âÞ}��>Ì�V�>ÀV�]�Ì�i�

zygomaticomaxillary suture and zygomaticofrontal suture 29. These are often referred 

Ì��>Ã�ÌÀ�«�`��À�ÌiÌÀ>«�`�vÀ>VÌÕÀiÃ°�/�}iÌ�iÀ�Ü�Ì���ÀL�Ì>��>�`��>Ã>��vÀ>VÌÕÀiÃ]�Ì�iÞ�

are the most common fracture types of the midface 5. Other fracture types include 

vÀ��Ì>��Ã��ÕÃ]��>Ý���>ÀÞ�Ã��ÕÃ]��>Ã>��L��i]��>Ã��ÀL�Ì�iÌ����`�V��«�iÝ]��i���ÀÌ��]���]�

III, and maxillary dentoalveolar complex fractures.

Mandibular fractures
/��`>Ìi]� Û>À��ÕÃ� >ÕÌ��ÀÃ� �>Ûi� Ã�Õ}�Ì� Ì�� V�>ÃÃ�vÞ� vÀ>VÌÕÀiÃ� �v� Ì�i��>�`�L�i� LÞ�

focusing on anatomical location, dentition involvement, fracture characteristics and 
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displacement 30–32°��À���>�V����V>��«iÀÃ«iVÌ�Ûi]�Ì�i�Ƃ"
���Ì�«�}À>«��V>��̀ �ÃÌÀ�LÕÌ����

�Ã�ÕÃi`���ÃÌ�vÀiµÕi�Ì�Þ�>�`��Ì�V�>ÃÃ�wiÃ�vÀ>VÌÕÀiÃ�>VV�À`��}�Ì��ÃÞ�«�ÞÃi>��>Ài>]�

parasymphyseal area, ramus, angle, coronoid- and condylar process 19°��>�`�LÕ�>À�

fractures occur most commonly in the symphyseal and condylar region, accounting 

v�À�£�°Ó¯�>�`�ÓÇ°{¯��v�Ì�i�vÀ>VÌÕÀiÃ]�ÀiÃ«iVÌ�Ûi�Þ�9]�Ü�iÀi>Ã�Ì��Ãi����Ì�i��>�`�LÕ�>À�

L�`Þ�>VV�Õ�Ì�v�À�£n°£¯��v�Ì�i�vÀ>VÌÕÀiÃ�>�`�>�}Õ�>À�vÀ>VÌÕÀiÃ�>VV�Õ�Ì��}�v�À�£È°Ó¯��v�

Ì�i�Ì�Ì>�°��i«i�`��}����Ì�i�Ã«iV�wV��iV�>��Ã�Ã��v����ÕÀÞ]�vÀ>VÌÕÀiÃ��v�Ì�i��>�`�L�i�

�VVÕÀ����Ã«iV�wV�«>ÌÌiÀ�Ã°���À�iÝ>�«�i]�Ì�i�¼}Õ>À`Ã�>�½��À�¼«>À>`i�}À�Õ�`½�vÀ>VÌÕÀi�

�Ã�`iw�i`�>Ã�>�ÌÀ�«>ÀÌ�Ìi�vÀ>VÌÕÀi��v�Ì�i�L��>ÌiÀ>��V��`Þ�>À�>�`�ÃÞ�«�ÞÃi>��Ài}����
33,34°�/�i�ÌiÀ�Ã�>Ài�ÕÃi`�LiV>ÕÃi�Ì�iÃi�Ã«iV�wV�vÀ>VÌÕÀiÃ�>Ài�V������Þ�Ãii��>���}�

soldiers who faint and fall on their chin after standing upright on the parade ground 

for a long time. They are also seen in epileptic and elderly patients.

Clinical approach of maxillofacial trauma

The management of a maxillofacial injury is particularly challenging with respect 

to a multitrauma patient 35. In the emergency department, each trauma patient is 

ÃÕL�iVÌi`�Ì��>�ÃÞÃÌi�>Ì�V�>««À�>V��>VV�À`��}�Ì��Ì�i�«À��V�«�iÃ��v�Ƃ`Û>�Vi`�/À>Õ�>�

Life Support to identify and resuscitate all potential injuries 36. During the primary 

ÃÕÀÛiÞ]�ÃiÛiÀi��>Ý����v>V�>�����ÕÀÞ�V>��Li�>�Ì�Ài>Ì�Ì��Ì�i��>�>}i�i�Ì��v�Ì�i�«>Ì�i�Ì½Ã�

airway 37,38°���ÜiÛiÀ]�Ì�i��>��À�ÌÞ��v��>Ý����v>V�>��ÌÀ>Õ�>�«>Ì�i�ÌÃ�`����Ì�ÀiµÕ�Ài�

immediate resuscitation and full physical examination of these injuries is conducted 

during the secondary survey.

2J[UKECN�GZCOKPCVKQP�ƂPFKPIU
Fractures of the facial skeleton often have characteristic signs and symptoms. 

��À���ÃÌ>�Vi]�âÞ}��>Ì�V��>Ý���>ÀÞ�>�`��ÀL�Ì>��vÀ>VÌÕÀiÃ�>Ài�>ÃÃ�V�>Ìi`�Ü�Ì����vÀ>�

�ÀL�Ì>��«>À>iÃÌ�iÃ�>�39,40�/�i���vÀ>��ÀL�Ì>���iÀÛi�i�iÀ}iÃ�vÀ���Ì�i���viÀ��À��ÀL�Ì>��

wÃÃÕÀi�>�`��«i�Ã�Li��Ü�Ì�i��>À}����v�Ì�i��ÀL�Ì�Û�>�Ì�i���vÀ>��ÀL�Ì>��v�À>�i��>�`]�

iÃ«iV�>��Þ����`�Ã«�>Vi`�vÀ>VÌÕÀiÃ]�V��«ÀiÃÃ�����v�Ì�i���vÀ>��ÀL�Ì>���iÀÛi��>Þ�V>ÕÃi�

Ãi�Ã�ÀÞ����iÀÛ>Ì����`�ÃÌÕÀL>�ViÃ��v�Ì�i���ÜiÀ�iÞi��`]�Ì�i�Ã�`i��v�Ì�i���Ãi]�Ì�i�Õ««iÀ�

��«]�Õ««iÀ� ��V�Ã�À]�V>���i]�«Ài���>ÀÃ]��À�wÀÃÌ����>À°�"ÀL�Ì>�� vÀ>VÌÕÀiÃ�V>��>�Ã��Li�

associated with extra-ocular movement limitations 41,42°�����ÀL�Ì>��y��À��À�ºL��Ü��ÕÌ»�

fractures, any inferior rectus muscle entrapment leads to upward gaze limitations 

and diplopia (Figure 3).

1
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Figure 3\�>®�*�ÞÃ�V>��iÝ>���>Ì�����v�iÞi���Ûi�i�Ì�����Ì>Ì���Ã°�L®�6�ÃÕ>��Ã>Ì���������Ü�i�ÌÀ>«�i�Ì��v�Ì�i�
inferior rectus muscle leads to upward gaze limitations.
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�>�`�LÕ�>À�ÌÀ>Õ�>�«>Ì�i�ÌÃ�>�Ã��«ÀiÃi�Ì�Ü�Ì��V�>À>VÌiÀ�ÃÌ�V�iÝ>���>Ì����w�`��}Ã�

��V�Õ`��}�>L��À�>���>�`�LÕ�>À���Ûi�i�ÌÃ]�}��}�Û>���>ViÀ>Ì���]�ÃÕL���}Õ>���i�>Ì��>�

and malocclusion 43,44°��À>VÌÕÀiÃ��v�Ì�i�V��`Þ�>À�«À�ViÃÃ]�L�`Þ�>�`�ÃÞ�«�ÞÃi>��Ài}����

are especially associated with altered occlusion 45°�
��«>À>L�i�Ü�Ì��Ì�i�>�ÌiÀi`�Ã����

Ãi�Ã>Ì���Ã�v����Ü��}���`v>V�>��ÌÀ>Õ�>]��>�`�LÕ�>À�vÀ>VÌÕÀiÃ��>Þ�`>�>}i�Ì�i���viÀ��À�

alveolar nerve resulting in loss of sensation in the lower lip, chin, anterior tongue and 

�>�`�LÕ�>À�ÌiiÌ�����Ì�i����ÕÀi`�Ã�`i�46°�Ƃ���Ì�iÃi�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�Ã��Õ�`�

Li�V>ÀivÕ��Þ�V��Ã�`iÀi`�Ì���ÕÃÌ�vÞ�Ì�i��ii`�v�À�`�>}��ÃÌ�V���>}��}°

Imaging modalities for the diagnosis of maxillofa-
cial fractures

Computed Tomography (CT), Cone Beam Computed Tomography (CBCT) and 

orthopantomography (OPG) are the imaging methods of choice for maxillofacial 

traumas 47–51°�"ÀÌ��«>�Ì���}À>«�Þ��Ã�>�Ã��}�i���>}��}�ÌiV���µÕi�Ü�iÀi�«>��À>��V�

«À��iVÌ���Ã��v�Ì�i��>�`�L�i�>Ài�«À�`ÕVi`�LÞ�«�Ã�Ì�����}�Ì�i�«>Ì�i�Ì����>��>ÌÕÀ>���i>`�

«�Ã�Ì����Ü���i�L�Ì��Ì�i�Ý�À>Þ�Ã�ÕÀVi�>�`�w���À�Ì>Ìi�>À�Õ�`�Ì�i�«>Ì�i�Ì�51. Although 

"*���Ã�>�Üi���iÃÌ>L��Ã�i`��iÌ��`�v�À�Ì�i�̀ �>}��Ã�Ã��v��>�`�LÕ�>À�vÀ>VÌÕÀiÃ]��Ì��Ã�«À��i�

to the typical disadvantages of two-dimensional imaging including superimposition, 

geometric distortion, x-ray angulations and artifacts 52°�/�iÃi�̀ À>ÜL>V�Ã�>Ài���Ì�v�Õ�`�

���Ì�Àii�`��i�Ã���>����>}��}�ÌiV���µÕiÃ����i�
	
/�Ü�iÀiLÞ�>�V��i�Ã�>«i`�Ý�À>Þ�

Li>���Ã�Vi�ÌÀi`����>�`iÌiVÌ�À�Ü��V���Ã���Û��Ûi`����À�Ì>Ì���>��`>Ì>�>VµÕ�Ã�Ì�����v�ÌÜ��

dimensional images to reconstruct a three-dimensional dataset 49. These datasets are 

«>ÀÌ�VÕ�>À�Þ�>««ÀiV�>Ìi`�LiV>ÕÃi��v�Ì�i���}��Ã«>Ì�>��ÀiÃ��ÕÌ����53. However, most CBCT 

ÃÞÃÌi�Ã�`����Ì�>���Ü�`>Ì>�>VµÕ�Ã�Ì�����v�ÌÀ>Õ�>�«>Ì�i�ÌÃ�Ü����>Ûi�Ì��Ài�>���ÃÕ«��i�

`Õi�Ì��ViÀÛ�V>��Ã«��i�ÃÌ>L���Ã>Ì�����À��Ì�iÀ�ÌÀ>Õ�>Ì�V�V��`�Ì���Ã°��i�Vi]�i�iÀ}i�VÞ�

department patients suffering maxillofacial trauma are mostly scanned using CT, as 

�Ì�>���ÜÃ�Ì�i�«>Ì�i�ÌÃ�Ì��Li�ÃV>��i`����>�ÃÕ«��i�«�Ã�Ì���°

Computed Tomography

/]��À�}��>��Þ� ���Ü��>Ã�V��«ÕÌiÀ�âi`�>Ý�>�� Ì���}À>«�Þ]�Ü>Ã�`iÛi��«i`�LÞ�-�À�

��`vÀiÞ� iÜL��`���Õ�Ãwi�`����£�ÈÇ� 54,55. He was an English electrical engineer 

working for the Electrical and Musical Instruments (EMI) in south-eastern England 

Ü�iÀi��i�`iÃ�}�i`�>�V��«ÕÌiÀ�Ì�>Ì�V�Õ�`�V>�VÕ�>Ìi�Ì�i�Ý�À>Þ�>LÃ�À«Ì����«>ÌÌiÀ�Ã�

�v�L����}�V>��Ì�ÃÃÕiÃ�56,57°�/��Ã�ÌiV���µÕi�Ü�Õ�`�iÛi�ÌÕ>��Þ�iÛ��Ûi�Ì��>�ÃÞÃÌi��Ì�>Ì��Ã�

nowadays known as CT (Figure 4).

1
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Figure 4: Basic concept of Computed Tomography dataset reconstruction

/�i�}i��iÌÀÞ��v�>�
/�>���ÜÃ�v�À�V��Ì��Õ�ÕÃ�`>Ì>�>VµÕ�Ã�Ì�����v��Õ�Ì�«�i�L�`Þ�«>ÀÌÃ�

in one go while transporting the patient through the gantry 58. Since its introduction 

>�viÜ�̀ iV>`iÃ�>}�]�
/�ÌiV�����}Þ��>Ã�iÛ��Ûi`�Ã�}��wV>�Ì�Þ�>�`��Õ�Ì�«�i�}i�iÀ>Ì���Ã�

�v�ÃV>��ÃÞÃÌi�Ã��>Ûi�Lii����ÌÀ�`ÕVi`°�/�i�wÀÃÌ�
/�ÃÞÃÌi��}i�iÀ>Ì����Ü>Ã�`iÃ�}�i`�

>Ã�>�ÀiVÌ����i>À�«i�V���Li>��>VµÕ�À��}�`>Ì>�LÞ����i>À�Ã��vÌ]�v����Üi`�LÞ�>�À�Ì>Ì����
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�v� Ì�i�Ý�À>Þ� ÌÕLi�>�`�`iÌiVÌ�À� Ì���i>ÃÕÀi� Ì�i��iÝÌ�«À��iVÌ���� 59. The second-

}i�iÀ>Ì����
/�ÃÞÃÌi��ÕÃi`��Õ�Ì�«�i��>ÀÀ�Ü�Li>�Ã�Ì�>Ì�V�ÛiÀi`�>�v>��>�}�i��v�

>««À�Ý��>Ìi�Þ�£ä�`i}ÀiiÃ�>�`�i>V��`iÌiVÌ�À�>VÌÕ>��Þ�>VµÕ�Ài`��ÌÃ��Ü��V��«�iÌi�

Û�iÜ�>Ì�>�`�vviÀi�Ì�>�}�i°�"�i��v�Ì�i���ÃÌ���«�ÀÌ>�Ì�>`Û>�Ì>}iÃ�Ü>Ã�Ì�i�ÃÕLÃÌ>�Ì�>��

Ài`ÕVÌ�������ÃV>����}�Ì��i°����Ì�i�Ì��À`�}i�iÀ>Ì���]�Ì�i�Ý�À>Þ�Li>��Ü>Ã�Ü�`i�i`���Ì��

>�v>��Li>��i�V��«>ÃÃ��}�Ì�i�i�Ì�Ài�«>Ì�i�Ì½Ã�Ü�`Ì��>�`�Ì�i�`iÌiVÌ�ÀÃ�ÜiÀi�����i`�

Ì��Ì�i�ÌÕLi�Ã��Ì�>Ì�Ì�iÞ�V�Õ�`�À�Ì>Ìi�Ì�}iÌ�iÀ�>À�Õ�`�Ì�i�«>Ì�i�Ì����vÕ���ÃÞ�V�À��Þ°�

This generation also introduced the slip-ring design to pass the electrical signals 

across sliding contacts to allow continuous rotation instead of having to rewind 

Ì�i�}>�ÌÀÞ�>vÌiÀ�i>V��À�Ì>Ì�����v�>VµÕ�Ã�Ì���°�/�i�v�ÕÀÌ��}i�iÀ>Ì����
/�ÃV>��iÀÃ�

��V�À«�À>Ìi`�>�À�Ì>Ì��}�v>��Li>��Ü�Ì��>�ÎÈä�`i}Àii�ÃÌ>Ì���>ÀÞ�À��}��v�`iÌiVÌ�ÀÃ°�

Ƃ�Ì��Õ}��Ì�iÃi�ÃV>��iÀÃ��>`�Ì�i�«�Ìi�Ì�>��Ì��}i�iÀ>Ìi�Ã��ÀÌ�>VµÕ�Ã�Ì����Ì��iÃ�«iÀ�

Ã��Vi�`Õi�Ì��Ì�i�ÛiÀÞ�v>ÃÌ�À�Ì>Ì����Ã«ii`Ã]�Ì�i�ÃÞÃÌi��Ü>Ã�>L>�`��i`�LiV>ÕÃi��v�

Ì�i���}��V�ÃÌÃ�`Õi�Ì��Ì�i��>À}i��Õ�LiÀ��v�`iÌiVÌ�À�i�i�i�ÌÃ�60.

 �Ü>`>ÞÃ]� Ì�i�
/��>À�iÌ� �Ã�`����>Ìi`�LÞ�ÃÞÃÌi�Ã�ÕÃ��}� Ì�i� Ì��À`�}i�iÀ>Ì����

geometry, including clinical practices. In the past two decades, multiple CT vendors 

introduced multidetector (or multislice) systems that implement multiple detectors 

���Ì�i����}�ÌÕ`��>��>Ý�Ã]�i�>L���}�Ã��Õ�Ì>�i�ÕÃ�>VµÕ�Ã�Ì�����v��Õ�Ì�«�i�Ã��ViÃ��v�Ì�i�

patient 61. The longitudinal resolution and scanning speed of these scanners have 

Lii����«À�Ûi`�ÃÕLÃÌ>�Ì�>��Þ�62–64, with up to 80mm or more of longitudinal coverage 65. 

Current research is focusing on Dual Source CT (DSCT), where the temporal resolution 

�Ã�Ài`ÕVi`�LÞ���V�À«�À>Ì��}��Õ�Ì�«�i�ÌÕLiÃ�>�`�V�ÀÀiÃ«��`��}�`iÌiVÌ�ÀÃ]�>�`��Õ>��

Energy CT (DECT), where the different mean energies of the CT datasets allow for 

Ì�i��`i�Ì�wV>Ì�����v�>��>ÌiÀ�>��LÞ��i>�Ã��v�>�V�>À>VÌiÀ�ÃÌ�V�V�>�}i����>ÌÌi�Õ>Ì����66,67.

Radiation dose
Exposure to ionizing radiation is associated with the induction of cancer in humans 

and, therefore, the radiation dose received during diagnostic imaging procedures is 

a topic of major concern 68. This topic is still very relevant as the increased utilization 

of CT is inherent to an increased source of radiation exposure 69. Regarding the 

�>Ý����v>V�>��Ài}���]�Ì�i�ivviVÌ�Ûi�`�Ãi�v�À�V����V>��
/�«À�Ì�V��Ã��Ã�iÃÌ��>Ìi`�Ì��Li�

LiÌÜii��ä°��Ì��Î°{n��-Û�70°�/�i���viÌ��i�>ÌÌÀ�LÕÌ>L�i�À�Ã���v�V>�ViÀ�«iÀ������Ã�iÛiÀÌ�

�-Û®� �Ã�iÃÌ��>Ìi`�Ì��Li�ä°ä£Ó¯�Ü�iÀi>Ã�Ì�i�À�Ã���v���ÀÌ>��ÌÞ�vÀ���>���V>�ViÀÃ� �Ã�

iÃÌ��>Ìi`�Ì��Li�ä°ääÈ¯�71°�Ƃ�Û>À�iÌÞ��v�ÃÌÀ>Ìi}�iÃ��>Ûi�Lii����ÌÀ�`ÕVi`�Ì��Ài`ÕVi�

the radiation dose for individual patients.

1
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Radiation dose reduction strategies
ƂÕÌ��>Ì�V�Ý«�ÃÕÀi�
��ÌÀ���Ƃ
®��Ã�V������Þ�ÕÃi`������`iÀ��
/�>VµÕ�Ã�Ì���Ã�

and designed to adjust the radiation dose according to the size and attenuation 

V�>À>VÌiÀ�ÃÌ�VÃ��v�Ì�i�«>Ì�i�Ì½Ã�L�`Þ�72–74. AEC operates on the concept that different-

Ã�âi`�«>Ì�i�ÌÃ�ÀiµÕ�Ài�`�vviÀi�Ì��iÛi�Ã��v����Ãi�Ì���>��Ì>���>`iµÕ>Ìi���>}i�µÕ>��ÌÞ�
73°��Ì��Ã�«iÀv�À�i`�LÞ���`Õ�>Ì��}�Ì�i�ÌÕLi�VÕÀÀi�Ì�L>Ãi`����Ì�i�«>Ì�i�Ì½Ã�Ã�âi]�â�>Ý�Ã�

and rotational variation. Regarding patient size AECs, the topogram suggests a 

�����>�«iÀ>}i�Ì��Li�ÕÃi`�Ì�À�Õ}��ÕÌ�Ì�i�iÝ>���>Ì����Ì��Ài`ÕVi�Ì�i�Û>À�>Ì�������

��>}i�µÕ>��ÌÞ�LiÌÜii��Ã�>���>�`��>À}i�«>Ì�i�ÌÃ�74. The aim of a z-axis AEC is to 

maintain the standard deviation of the milliamperage throughout the examination. 


��ÃiµÕi�Ì�Þ]� Ì�i������>�«iÀ>}i� v�À� Ì�i��i>`� �Ã� ��ÜiÀ� Ì�>�� Ì�>Ì� v�À� Ì�i� v>V�>��

region. In rotational AECs, a topogram is used for sinusoidal modulation of the 

�����>�«iÀ>}i�`ÕÀ��}�Ì�i�ÎÈäc�À�Ì>Ì����Ì��iµÕ>��âi�Ì�i�Ý�À>Þ�>LÃ�À«Ì����>À�Õ�`�Ì�i�

patient 73°�/�iÃi�Ƃ
�V��Vi«ÌÃ�`����Ì����Þ�Ài`ÕVi�À>`�>Ì����`�Ãi]�LÕÌ�>�Ã��>Û��`�

«��Ì���ÃÌ>ÀÛ>Ì����>ÀÌ�v>VÌÃ]�Ài`ÕVi�Ì�i���>`����Ì�i�Ý�À>Þ�ÌÕLi�>�`��>��Ì>�����>}i�

µÕ>��ÌÞ�`iÃ«�Ìi�Ì�i�`�vviÀi�Ì�>ÌÌi�Õ>Ì����Û>�ÕiÃ�75°�6>À��ÕÃ�ÃÌÕ`�iÃ��v�Ì��Ã�ÌiV���µÕi�

have provided low dose protocols for facial CTs 76,77.

Iterative reconstruction
,>`�>Ì����̀ �Ãi�Ài`ÕVÌ����ÀiÃÕ�ÌÃ����>�̀ iÌiÀ��À>Ì�����v���>}i�µÕ>��ÌÞ�̀ Õi�Ì��>����VÀi>Ãi�

�����>}i����Ãi�>�`�>ÀÌ�v>VÌÃ°�/�ÕÃ]��ÌiÀ>Ì�Ûi�
/�,iV��ÃÌÀÕVÌ����ÌiV���µÕiÃ��,®��>Ûi�

Lii��«À�«�Ãi`�Ì���>��Ì>���`�>}��ÃÌ�V���>}i�µÕ>��ÌÞ�Ü���i�Ài`ÕV��}�À>`�>Ì����`�Ãi�
78. Although these algorithms were initially proposed to reconstruct the data from 

Ì�i�wÀÃÌ�
/�ÃÞÃÌi�Ã]�Ì�i�`i�>�`��}�V��«ÕÌ>Ì���>��ÀiµÕ�Ài�i�ÌÃ��>�«iÀi`�Ì�i�À�

use for clinical purposes 79. The primary goal of data reconstruction is to assign an 

attenuation value to each voxel of a three-dimensional volume. This process was 

�À�}��>��Þ�«iÀv�À�i`�LÞ�w�ÌiÀi`�L>V��«À��iVÌ�����	*®����Ü��V��Ì�i�>ÌÌi�Õ>Ì����«À�w�i�

>Ì�i>V��}>�ÌÀÞ�>�}�i�Ü>Ã�¼�L>V��«À��iVÌi`½�>VÀ�ÃÃ�Ì�i���>}i�Ã«>Vi�78,80. IR algorithms 

�>Ûi�Lii��`iÃ�}�i`�Ì��ÀiV��ÃÌÀÕVÌ�Ì�i���>}i�`>Ì>�Ì��V�ÀÀiÃ«��`�>VVÕÀ>Ìi�Þ�Ì��Ì�i�

ÃV>��i`�«À��iVÌ����`>Ì>�ÕÃ��}�L>V�Ü>À`�>�`�v�ÀÜ>À`�«À��iVÌ����81,82. The process 

consists of a multitude of iterations in which repeated transitions are performed from 

the projection data to the image space to improve the constructed image data 83. To 

`>Ìi]�`�vviÀi�Ì�}i�iÀ>Ì���Ã��v��,�>�}�À�Ì��Ã��>Ûi�Lii��«ÀiÃi�Ìi`�LÞ�>���Ì�i��>��À�
/�

Ûi�`�ÀÃ�Ü��V��V>��Li�ÕÃi`�vÕ��Þ�Ì�`>Þ����V����V>��«À>VÌ�Vi°�/�i���ÃÌ�ÀiVi�Ì�>�`���Ài�

V��«�iÝ�Ã��V>��i`�¼��`i���L>Ãi`½��,�>�}�À�Ì���«À�Û�`iÃ�>���Ài�iÝ>VÌ�>�`�`iÌ>��i`�

��`i����}��v�Ì�i�
/���>}��}�«À�ViÃÃ�LÞ�V�ÀÀiVÌ��}�v>VÌ�ÀÃ�ÃÕV��>Ã�Ì�i�ÃÞÃÌi�½Ã�
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geometry, physics modelling, detector element size and electronic noise from the 

system 81,83°�Ƃ�Ì��Õ}��Ì�iÃi��,�>�}�À�Ì��Ã�>Ài�ÃÕ«iÀ��À�����«Ì���â��}�Ì�i���>}i�µÕ>��ÌÞ]�

the images are also associated with motion artifacts and unfamiliar image textures 

Ü��V��>Ài��vÌi��ÀiviÀÀi`�Ì��>Ã�¼L��ÌV�Þ½]�¼«�Ýi�>Ìi`½��À�¼«�>ÃÌ�V����i½�>««i>À>�Vi�83.

#TVKƂEKCN�KPVGNNKIGPEG
,iVi�Ì�Þ]�>ÀÌ�wV�>�� ��Ìi���}i�Vi�Ƃ�®��>Ã�}>��i`�ÃÕLÃÌ>�Ì�>�� ��ÌiÀiÃÌ�LiV>ÕÃi��v�Ì�i�

«�Ìi�Ì�>��Ì����«À�Ûi�Ì�i���>}i�µÕ>��ÌÞ��v�Ì�i�
/�`>Ì>ÃiÌÃ�82,84. These algorithms, 

�vÌi��ÀiviÀÀi`�Ì��>Ã�>� ����ÌiÀ>Ì�Ûi�/iV���µÕi�ƂÀÌ�wV�>�� iÕÀ>�� iÌÜ�À�� �/Ƃ  ®]�

>Ài�ÕÃi`�>Ã����Ãi� Ài`ÕVÌ���� ÌiV���µÕiÃ���� ��Ü�`�Ãi� ÃV>��i`�`>Ì>ÃiÌÃ� 85. The 

algorithms use a complex arrangement of computational steps to achieve a 

�>Ì�i�>Ì�V>��Þ�`iw�i`�}�>��ÃÕV��>Ã�Ì��ÌÀ>���Ì�i�Ã�vÌÜ>Ài�Ì��ºÀiV��ÃÌÀÕVÌ»�>���À�>��

`�Ãi���>}i�vÀ���>���Ü�`�Ãi�>VµÕ�Ã�Ì����85. Preliminary research suggests that the 

algorithms have the potential to reduce radiation dose without adversely affecting 

Ì�i�`�>}��ÃÌ�V���>}i�µÕ>��ÌÞ�86–88°�/��`>Ìi]�>�viÜ��v�Ì�iÃi�Ƃ��>�}�À�Ì��Ã��>Ûi�Lii��

>««À�Ûi`�LÞ�Ì�i����`�>�`��ÀÕ}Ã�Ƃ`����ÃÌÀ>Ì������Ƃ®� 84,89. One of them is the 

PixelShine algorithm which is a software technology trained at pixel level to detect 

voxel patterns at different resolution scales to determine whether a pattern is noise 

or a relevant structure. One of the main advantages of these algorithms is that the 

training is performed a priori on a multitude of iterations and that no computation 

�Ã��ii`i`�v�À�Ì�i� ��«�i�i�Ì>Ì���°�Ƃ�Ã�]� ���V��ÌÀ>ÃÌ� Ì���Ì�iÀ�ÌiV���µÕiÃ]� Ì�i�Ƃ��

>�}�À�Ì��Ã�V>��Li�ÕÃi`�«�ÃÌ�«À�ViÃÃ��}�>�`�V>��Ì�iÀiv�Ài�Li�>««��i`�Ì��`>Ì>ÃiÌÃ�

that are already reconstructed using FBP and IR. Although research data is still 

scarce, these characteristics provide the potential to decrease radiation doses 

vÕÀÌ�iÀ�Ü���i�«ÀiÃiÀÛ��}��À�iÛi����«À�Û��}�Ì�i���>}i�µÕ>��ÌÞ°

�>Ý����v>V�>�����ÕÀÞ��Ã�>�vÀiµÕi�Ì�«ÀiÃi�Ì>Ì�������Ì�i�i�iÀ}i�VÞ�`i«>ÀÌ�i�Ì�Ü��V��

means physicians are faced with making a decision regarding the necessity of 

diagnostic imaging for each patient. Although various radiological imaging modalities 

>Ài�Ü�`i�Þ�>VViÃÃ�L�i����Ì�`>Þ½Ã�i�iÀ}i�VÞ�`i«>ÀÌ�i�ÌÃ]�>�vÕ���«�ÞÃ�V>��iÝ>���>Ì����

�v�i>V���>Ý����v>V�>�����ÕÀÞ�«>Ì�i�Ì��Ã�ÀiµÕ�Ài`�Ì���«Ì���âi�Ì�i�V����V>��Ü�À�y�Ü�>�`�Ì��

reduce unnecessary radiation exposure and health care costs. If radiological imaging 

�Ã��iViÃÃ>ÀÞ]�Ì�i�º>Ã� ��Ü�>Ã�Ài>Ã��>L�Þ�>V��iÛ>L�i»�Ƃ�Ƃ,Ƃ®�«À��V�«�i�Ã��Õ�`�Li�

>`�iÀi`�Ì��>�`]�Ü�Ì��ÀiÃ«iVÌ�Ì��
/]�Ì�i�Û>À��ÕÃ�ÌiV�����}�V>��>`Û>�ViÃ�Ã��Õ�`�Li�

V��Ã�`iÀi`�Ì��������âi�i>V����`�Û�`Õ>��«>Ì�i�Ì½Ã�iÝ«�ÃÕÀi�Ì��À>`�>Ì���°
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Chapter 1

Aim and outline of the thesis

/�i��ÛiÀ>���>����v�Ì��Ã�Ì�iÃ�Ã��Ã�Ì��«À�Û�`i�iÛ�`i�Vi�L>Ãi`�V����V>��>�`�À>`����}�V>��

recommendations for the diagnostic management of maxillofacial trauma patients. 

"ÕÀ�}�>��Ü>Ã�Ì��iÛ>�Õ>Ìi�Ì�i�`�>}��ÃÌ�V�>VVÕÀ>VÞ��v�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�Ì��

«À�`ÕVi�>�V����V>��`iV�Ã����>�`�v�À��>Ý����v>V�>��ÌÀ>Õ�>�>�`�Ì��i�>L�À>Ìi�Ì�i�«�Ìi�Ì�>��

�v���Ûi��ÀiV��ÃÌÀÕVÌ����>�}�À�Ì��Ã�v�À���>}i�µÕ>��ÌÞ��«Ì���â>Ì�����v�
/�`>Ì>ÃiÌÃ°

Part I: Clinical considerations

/�i�wÀÃÌ�«>ÀÌ��v�Ì��Ã�Ì�iÃ�Ã�v�VÕÃiÃ����Ì�i�«Ài`�VÌ�Ûi�Û>�Õi��v�«�ÞÃ�V>��iÝ>���>Ì����

w�`��}Ã�v�À�«>Ì�i�ÌÃ�ÃÕÃ«iVÌi`��v���`v>V�>���À��>�`�LÕ�>À�vÀ>VÌÕÀiÃ°����Chapter 2, 

>�ÃÞÃÌi�>Ì�V�ÀiÛ�iÜ��Ã�`iÃVÀ�Li`����Ì�i�LiÃÌ�>Û>��>L�i�iÛ�`i�Vi������Ü���`�Û�`Õ>��

«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�>�`�V����V>��`iV�Ã���Ã�>�`Ã�V>��Li�ÕÃi`�Ì�� �`i�Ì�vÞ�

patients at risk of midfacial fractures. In Chapter 3, we aim to study the diagnostic 

>VVÕÀ>VÞ��v�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�vÀ���>��>À}i�ÀiÌÀ�Ã«iVÌ�Ûi�V���ÀÌ��v�«>Ì�i�ÌÃ�

ÃÕÃ«iVÌi`��v���`v>V�>���À��>�`�LÕ�>À� vÀ>VÌÕÀiÃ�>�`��>`�Õ�`iÀ}��i� À>`����}�V>��

imaging of the maxillofacial region. Chapter 4� v�VÕÃiÃ� ��� Ì�i� �`i�Ì�wV>Ì���� �v�
i�iÀ}i�VÞ�`i«>ÀÌ�i�Ì�«>Ì�i�ÌÃ�Ü�Ì�� >� ��Ü� >Ì� À�Ã�� �v���`v>V�>�� >�`��>�`�LÕ�>À�

vÀ>VÌÕÀiÃ°�/�i�>���Ü>Ã�>�«À�Ã«iVÌ�Ûi��Õ�Ì�Vi�ÌÀi��LÃiÀÛ>Ì���>��V���ÀÌ�ÃÌÕ`Þ��v�>���

V��ÃiVÕÌ�Ûi�i�iÀ}i�VÞ�`i«>ÀÌ�i�Ì�«>Ì�i�ÌÃ�Ü�Ì��>���`v>V�>���À��>�`�LÕ�>À�ÌÀ>Õ�>�

in which the physical examination was standardized for each patient. This group was 

ÀiviÀÀi`�Ì��>Ã�,�1
/�" �V���ÀÌ�Ü��V��ÃÌ>�`Ã�v�À�ºREDucing Unnecessary Computed 

Tomography In MaxillOfacial IN�ÕÀÞ»°�
��ÃiµÕi�Ì�Þ]�Chapter 4a presents a clinical 

`iV�Ã����>�`�V��ÃÌÀÕVÌi`�Ã«iV�wV>��Þ�v�À���`v>V�>��>�`��>�`�LÕ�>À�ÌÀ>Õ�>�«>Ì�i�ÌÃ]�

Ü�Ì��Ì�i�v�VÕÃ�Li��}����ÀÕ���}��ÕÌ�«>Ì�i�ÌÃ�Ü�Ì����`v>V�>���À��>�`�LÕ�>À�vÀ>VÌÕÀiÃ°�

Such a clinical decision aid could help in reducing unnecessary radiological imaging 

>�`]�Ì�iÀiLÞ]�À>`�>Ì����`�Ãi�>�`�>ÃÃ�V�>Ìi`��i>�Ì��V>Ài�V�ÃÌÃ°�Chapter 4b presents 

>�V����V>��`iV�Ã����>�`�V��ÃÌÀÕVÌi`�Ì��Ã��}�i��ÕÌ�«>Ì�i�ÌÃ�Ü�Ì����`v>V�>���À��>�`�LÕ�>À�

vÀ>VÌÕÀiÃ�Ì�>Ì�ÀiµÕ�Ài�ÌÀi>Ì�i�Ì°�/��Ã�V>Ìi}�ÀÞ��v�«>Ì�i�ÌÃ��Ã�iÃ«iV�>��Þ� ��«�ÀÌ>�Ì�

LiV>ÕÃi��v�Ì�i�Ã�}��wV>�Ì�vÕ�VÌ���>��>�`�>iÃÌ�iÌ�V�V��ÃiµÕi�ViÃ�Ü�i��Ì�iÃi�«>ÀÌ�VÕ�>À�

fractures are missed. In Chapter 5]�Üi��`i�Ì�wi`�Ì�i�V��Ûi�Ì���>��>�`�i�iVÌÀ�V�L��i�
related accident patients among the REDUCTION cohort, and the incidence and 

ÃiÛiÀ�ÌÞ� �v� Ì�i���`v>V�>�� >�`��>�`�LÕ�>À� vÀ>VÌÕÀiÃ� ÃÕÃÌ>��i`�LÞ� Ì�iÃi� «>Ì�i�ÌÃ°
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General introduction

Part II: Radiological advancements

/�i� ÃiV��`�«>ÀÌ� �v� Ì��Ã� Ì�iÃ�Ã� v�VÕÃiÃ� ��� À>`����}�V>�� ��>}��}]� ��>}i�µÕ>��ÌÞ�

optimization of CT datasets, and structural similarity analysis of midfacial 

vÀ>VÌÕÀiÃ°�-ÌÕ`Þ��}���>}i�µÕ>��ÌÞ��«Ì���â>Ì����ÀiµÕ�ÀiÃ�«>Ì�i�ÌÃ�Ì��Li�ÃÕL�iVÌi`�Ì��

unnecessary radiation exposure. Hence, an experimental approach was used in which 

âÞ}��>Ì�V��>Ý���>ÀÞ�vÀ>VÌÕÀiÃ�ÜiÀi���y�VÌi`�����Õ�>��V>`>ÛiÀ�Ã«iV��i�Ã�>ÀÌ�wV�>��Þ°�

1Ã��}�Ì��Ã�>««À�>V��Üi�ÜiÀi�>L�i� Ì�� Ài«i>Ì�`>Ì>�>VµÕ�Ã�Ì����Ü�Ì��Û>ÀÞ��}�ÃV>��

parameters. Chapter 6 compares low dose CT and conventional radiography for the 

`�>}��Ã�Ã��v�âÞ}��>Ì�V��>Ý���>ÀÞ�vÀ>VÌÕÀiÃ°�Ƃ�Ì��Õ}����Ü�`�Ãi�
/���}�Ì�V��L��i�

the advantages of a CT and conventional radiography, it is unclear to what extent 

��Ü�`�Ãi�
/���>}iÃ�>Ài�LiÌÌiÀ�Ì�>��V��Ûi�Ì���>��À>`��}À>«�Þ°�Ƃ�ÃÌÕ`Þ��Ã�`iÃVÀ�Li`�

in which radiologist, radiographer and oral and maxillofacial surgeon preferences 

ÜiÀi�>ÃÃiÃÃi`�LÞ��i>�Ã��v�>�v�ÀVi`�V���Vi�LiÌÜii����Ü�`�Ãi�
/�>�`�V��Ûi�Ì���>��

radiography images. Chapter 7�v�VÕÃiÃ����Ì�i�`�>}��ÃÌ�V�Ài��>L���ÌÞ��v�Ài`ÕVi`�
/�
>�`�
	
/�À>`�>Ì����`�ÃiÃ�v�À�Ì�i��`i�Ì�wV>Ì�����v���`�Û�`Õ>��vÀ>VÌÕÀi���V>Ì���Ã��v�

the zygomaticomaxillary complex. Blinded randomized image assessments were 

�À}>��âi`����Ü��V��Ì�i�«ÀiÃi�Vi��v�vÀ>VÌÕÀi���V>Ì���Ã]�>Ã�Ài«�ÀÌi`�LÞ�À>`����}�ÃÌÃ�

and oral and maxillofacial surgeons, were compared to an open surgical approach 

used as a gold standard. In addition to studies focusing on radiation dose reduction, 

Chapter 8�`iÃVÀ�LiÃ���>}i�µÕ>��ÌÞ��«Ì���â>Ì����ÕÃ��}��ÌiÀ>Ì�Ûi�ÀiV��ÃÌÀÕVÌ���Ã�>�`�
`ii«��i>À���}�>�}�À�Ì��Ã°�7i�V��`ÕVÌi`����Ãi�Ài�>Ìi`���>}i�µÕ>��ÌÞ��i>ÃÕÀi�i�ÌÃ�

�v�L��i�>�`�Ã�vÌ� Ì�ÃÃÕi�`>Ì>ÃiÌÃ� Ì��>ÃÃiÃÃ� Ì�i�«�Ìi�Ì�>���v� Ì�iÃi�>�}�À�Ì��Ã�Ì��

�>��Ì>��� ��>}i� µÕ>��ÌÞ� >vÌiÀ� ÃÕLÃÌ>�Ì�>�� À>`�>Ì���� `�Ãi� Ài`ÕVÌ���°� ���>��Þ]� Ì�i�

vi>Ã�L���ÌÞ��v�Ì�i�ÃÌÀÕVÌÕÀ>��Ã����>À�ÌÞ���`iÝ��i>ÃÕÀi��Ã�ÃÌÕ`�i`����Chapter 9 as an 

>�ÌiÀ�>Ì�Ûi��ÕÌV��i��v���>}i�µÕ>��ÌÞ�v�À�Ã�>�������`�Ã��V>Ìi`�âÞ}��>Ì�V��>Ý���>ÀÞ�

complex fractures. The aim was to study how radiation dose reduction, iterative 

reconstruction strength and a deep learning algorithm affect the structural image 

µÕ>��ÌÞ�>�`�Ì�i�vÀ>VÌÕÀi�V�>À>VÌiÀ�ÃÌ�VÃ��v���`v>V�>��vÀ>VÌÕÀiÃ°
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General introduction
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Chapter 2

Abstract

Objective: To conduct a systematic review and meta-analysis to assess the 

`�>}��ÃÌ�V�>VVÕÀ>VÞ��v�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�>�`�Ài�>Ìi`�V����V>��`iV�Ã����

aids for midfacial fractures in comparison to Computed Tomography and Cone 

Beam Computed Tomography.

Methods\�Ƃ�ÃÞÃÌi�>Ì�V�ÀiÛ�iÜ�Ü>Ã�«iÀv�À�i`�LÞ�Ãi>ÀV���}�Ì�i����� ]�
�V�À>�i]�
�	Ƃ-]�>�`�
� Ƃ���`>Ì>L>ÃiÃ°�,�Ã���v�L�>Ã�Ü>Ã�>ÃÃiÃÃi`�ÕÃ��}� Ì�i�+Õ>��ÌÞ�

ƂÃÃiÃÃ�i�Ì��v���>}��ÃÌ�V�ƂVVÕÀ>VÞ�-ÌÕ`�iÃ�Ó�Ì���°�*���i`�Ãi�Ã�Ì�Û�ÌÞ]�Ã«iV�wV�ÌÞ]�

>�`�`�>}��ÃÌ�V��``Ã�À>Ì��Ã�Ü�Ì��Ì�i�V�ÀÀiÃ«��`��}��x¯�V��w`i�Vi���ÌiÀÛ>�Ã�ÜiÀi�

V>�VÕ�>Ìi`�v�À�i>V��«�ÞÃ�V>��iÝ>���>Ì����w�`��}�>�`�Ài«�ÀÌi`�V����V>��`iV�Ã����>�`Ã°

Results: After screening 2367 records, 12 studies were included. High risk of patient 

Ãi�iVÌ����L�>Ã�Ü>Ã�`iÌiVÌi`� ��� Ì�Àii�ÃÌÕ`�iÃ� Óx¯®°�Ƃ``�Ì���>��Þ]���}��V��ViÀ�Ã�

Ài}>À`��}�>««��V>L���ÌÞ�ÜiÀi�v�Õ�`�v�À�Ì�i�«>Ì�i�Ì�Ãi�iVÌ�������wÛi�ÃÌÕ`�iÃ�{£°Ç¯®]�

>�`�v�À�Ì�i�ÀiviÀi�Vi�ÃÌ>�`>À`����i�iÛi��ÃÌÕ`�iÃ��£°Ç¯®°�"v�Ì�i�Ì�Ì>��{Ó���`�Û�`Õ>��

«�ÞÃ�V>�� iÝ>���>Ì���� w�`��}Ã]� ���Þ� Î£�ÜiÀi� ÃÕ�Ì>L�i� v�À� >��iÌ>�>�>�ÞÃ�Ã°���}��

Ã«iV�wV�ÌÞ�>�`���Ü�Ãi�Ã�Ì�Û�ÌÞ�Ü>Ã�v�Õ�`�v�À���ÃÌ�w�`��}Ã°�/�i�«���i`�`�>}��ÃÌ�V�

�``Ã�À>Ì���À>�}i`�vÀ���Ì��£°äÇ�Ì��££°În°�
����V>��`iV�Ã����>�`Ã�ÜiÀi�Ài«�ÀÌi`�LÞ�n�

ÃÌÕ`�iÃ]�LÕÌ����i�ÜiÀi�V��ÃÌÀÕVÌi`�Ã«iV�wV>��Þ�v�À���`v>V�>��vÀ>VÌÕÀiÃ°

Conclusion\�	>Ãi`���� Ì�i� VÕÀÀi�Ì� >Û>��>L�i�iÛ�`i�Vi]� Ì�i�>LÃi�Vi��v�«�ÞÃ�V>��
iÝ>���>Ì����w�`��}Ã�V>��ÃÕVViÃÃvÕ��Þ��`i�Ì�vÞ�«>Ì�i�ÌÃ�Ü���`����Ì��>Ûi�>���`v>V�>��

vÀ>VÌÕÀi]�LÕÌ�Ì�i�«ÀiÃi�Vi��v� ��`�Û�`Õ>��w�`��}Ã�`�iÃ���Ì��iViÃÃ>À��Þ��i>��Ì�>Ì�

the patient has a midfacial fracture. Although various clinical decision aids were 

presented, none focused on exclusively midfacial fractures.
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��`v>V�>��ÌÀ>Õ�>��Ã�>�vÀiµÕi�Ì�V>ÕÃi�v�À�«ÀiÃi�Ì>Ì����>Ì�Ì�i�i�iÀ}i�VÞ�̀ i«>ÀÌ�i�Ì�1–3. 

The epidemiology of midfacial fractures varies depending on the population studied and 

�>Þ�Li�Ì�i�ÀiÃÕ�Ì��v�VÕ�ÌÕÀ>�]�Ã�V�>��>�`�i�Û�À���i�Ì>��`�vviÀi�ViÃ�4–6. Leading causes 

��V�Õ`i�>VÌ�Û�Ì�iÃ��v�̀ >��Þ���Û��}]�Ã«�ÀÌÃ]�>ÃÃ>Õ�Ì�>�`�ÌÀ>vwV�Ài�>Ìi`�>VV�`i�ÌÃ�4,6. Knowledge 

of these epidemiological properties may help the emergency physician to deliver more 

accurate care to the patients 5°�/�i�>ÃÃiÃÃ�i�Ì��v���`v>V�>��ÌÀ>Õ�>�V>��Li�«>ÀÌ�VÕ�>À�Þ�

challenging in a coexisting multi-trauma setting 5,7–9. Moreover, midfacial fractures 

present themselves with varying degrees of severity ranging from non-dislocated 

common nasal fractures to gross comminution in Le Fort type fractures in which 

«>Ì�i�ÌÃ�ÀiµÕ�Ài����i`�>Ìi�>�ÀÜ>Þ�V��ÌÀ���̀ Õi�Ì����`v>Vi���ÃÌ>L���ÌÞ�>�`��À�«�>ÀÞ�}i>��

�LÃÌÀÕVÌ����10–12. Upon entering the emergency department, each trauma patient is 

>ÃÃiÃÃi`�LÞ�Ì�i�«À��V�«�iÃ��v�Ƃ`Û>�Vi`�/À>Õ�>���vi�-Õ««�ÀÌ�Ƃ/�-®�Ì��ÀiÃÕÃV�Ì>Ìi�

and identify all the potential injuries, including fractures in the midfacial region 11–13.

The anatomy of the midface is known for its complexity 14. The midfacial skeleton is 

�vÌi��V��Vi«ÌÕ>��âi`�>Ã�>�vÀ>�iÜ�À���v�LÕÌÌÀiÃÃiÃ�Ì�>Ì�>Ài�ÀiÃ«��Ã�L�i�v�À�Ì�i�Ü�`Ì��

>�`��i�}�Ì��v�Ì�i�v>V�>��«À�w�i�>�`�iÃÌ>L��Ã�iÃ�vÕ�VÌ���>��ÃÕ««�ÀÌ�v�À�Ì�i�`i�Ì>��>ÀV��

>�`�}��Li�14–16°�ƂÃ�>�V��ÃiµÕi�Vi]�Ì�i���`v>Vi��Ã�«>ÀÌ�VÕ�>À�Þ����Ü��v�À��ÌÃ�Ã«iV�wV�

«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã°�<Þ}��>Ì�V��>Ý���>ÀÞ�V��«�iÝ�vÀ>VÌÕÀiÃ]�v�À�iÝ>�«�i]�

>Ài�>ÃÃ�V�>Ìi`�Ü�Ì��Ãi�Ã�ÀÞ�̀ �ÃÌÕÀL>�ViÃ�̀ Õi�Ì��V��«ÀiÃÃ�����v�Ì�i���vÀ>��ÀL�Ì>���iÀÛi�
17–19°�Ƃ�Ã�]��ÀL�Ì>��y��À�vÀ>VÌÕÀiÃ�>Ài����Ü��Ì��V>ÕÃi�i�ÌÀ>«�i�Ì��v�Ì�i���viÀ��À�ÀiVÌÕÃ�

muscle leading to upward gaze limitations and diplopia 20°� ���>``�Ì���]�Ì�i�LÀ�>`�

range of potential fracture patterns, including frontal sinus, maxillary sinus, nasal 

L��i]��>Ã��ÀL�Ì�iÌ����`�V��«�iÝ]��i���ÀÌ��]���]�����ÌÞ«i�>�`��>Ý���>ÀÞ�`i�Ì�>�Ûi��>À�

complex fractures can complicate the physical examination 6,21. Understanding these 

fracture patterns is necessary as they are related to particular physical examination 

w�`��}Ã�Ü��V��>Ài�ÕÃi`�Ì��}Õ�`i�Ì�i��ii`�v�À�À>`����}�V>����>}��}°

Computed tomography (CT) and Cone Beam Computed Tomography (CBCT) are 

considered the gold-standard imaging modalities for the diagnosis of midfacial 

fractures 2,5,22–27°�/�i�ÃV>��iÀÃ�«À�`ÕVi�Û��Õ�i�`>Ì>ÃiÌÃ�Ü�Ì��ÃÕL������iÌÀi�Ã�âi`�

voxels in all dimensions 22,28°�/�i� ��>}i�`>Ì>�V>��Li�ÕÃi`� v�À��ÀÌ��}��>��«�>�i�

reconstruction and three-dimensional volume rendering 29–32. Both scanning systems 

area associated with risks related to exposure to ionizing radiation 25,29,33–37, which 

2
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�Ã��v�V��ViÀ��LiV>ÕÃi��v�Ì�i�iÝ«��i�Ì�>����VÀi>Ãi����Ì�i�ÕÃi��v�Ì�iÃi�ÃÞÃÌi�Ã��ÛiÀ�

the last few decades. The estimated effective radiation dose of scan protocols for 

��`v>Vi�ÌÀ>Õ�>��Ã�V��Ã�`iÀi`�Ì��Li�ä°��Ì��Î°È��-Û�25,36,38. The effective dose of a 


	
/��Ã����Ü��Ì��Li���ÜiÀ]�À>�}��}�vÀ���ä°än�Ì��ä°Ó£��-Û����>ÛiÀ>}i]�̀ i«i�`��}����

Ì�i�wi�`��v�Û�iÜ�Ì�>Ì��Ã�ÕÃi`�34°���ÜiÛiÀ]�Ì�i�ivviVÌ�Ûi�`�Ãi��v�L�Ì��>�
/�>�`�
	
/�

V>��Û>ÀÞ�Ã�}��wV>�Ì�Þ�L>Ãi`����>��Õ�Ì�ÌÕ`i��v�v>VÌ�ÀÃ�ÃÕV��>Ã�Ì�i�ÃÞÃÌi��ÌÞ«i]�ÃV>��

range, size of the patient and scan protocol parameters 25,34,36,39. Hence, the interest in 

��ÛiÃÌ�}>Ì��}�Ü�iÌ�iÀ�«�ÞÃ�V>��iÝ>���>Ì���Ã�V>��Li�ÕÃi`�Ì��̀ �>}��Ãi�>�vÀ>VÌÕÀi�Ã��>Ã�Ì��

reduce unnecessary imaging, health care costs and exposure to ionizing radiation 40,41.

Ƃ�Ì��Õ}���À>��>�`��>Ý����v>V�>��ÃÕÀ}i��Ã�>Ài�Ã«iV�wV>��Þ�ÌÀ>��i`�Ì��>ÃÃiÃÃ��>Ý����v>V�>��

ÌÀ>Õ�>�«>Ì�i�ÌÃ]�Ì�i����Ì�>��̀ �>}��ÃÌ�V��>�>}i�i�Ì��Ã���ÃÌ�Þ�«iÀv�À�i`�LÞ�i�iÀ}i�VÞ�

physicians and specialized trauma surgeons 1,5. An awareness of how physical examination 

w�`��}Ã�V>��«Ài`�VÌ���`v>V�>��vÀ>VÌÕÀiÃ�Ü�Õ�`�i�>L�i�>`iµÕ>Ìi�ÃÌÀ>Ì�wV>Ì�����v�«>Ì�i�ÌÃ�

ÀiµÕ�À��}�À>`����}�V>����>}��}°�/��`>Ìi]����ÃÞÃÌi�>Ì�V�ÀiÛ�iÜ��>Ã�Lii��«ÕL��Ã�i`����

this topic. The aim of this systematic review and meta-analysis, thus, was to assess the 

`�>}��ÃÌ�V�>VVÕÀ>VÞ��v�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�>�`�Ài�>Ìi`�V����V>��`iV�Ã����>�`Ã]�

in comparison to CT and CBCT, for the diagnosis of midfacial fractures.

Material and Methods

Protocol
This systematic review was conducted following the recommendations of the 


�V�À>�i��>�`L����v�À�-ÞÃÌi�>Ì�V�,iÛ�iÜÃ��v���ÌiÀÛi�Ì���Ã�>�`�Ài«�ÀÌi`�>VV�À`��}�

to the Preferred Reporting Items for a Systematic Review and Meta-Analysis of 

Diagnostic Test Accuracy Studies (PRISMA-DTA) 42,43. The study protocol was 

registered in the international prospective register of systematic reviews (PROSPERO, 

Ài}�ÃÌÀ>Ì�����Õ�LiÀ�
,�Ó£ää{ä®°

Search strategy
An initial literature search was conducted on March 11, 2020 and updated on 

�>ÀV��ÓÎ]�ÓäÓ£�ÕÃ��}�Ì�i�i�iVÌÀ���V�`>Ì>L>ÃiÃ��v����� ]��	Ƃ-]�
� Ƃ���

and Cochrane Controlled Trial Register. Relevant search terms regarding midfacial 

vÀ>VÌÕÀiÃ]�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�>�`�Ì�i�À�`�>}��ÃÌ�V�>VVÕÀ>VÞ�ÜiÀi�ÕÃi`�

and matched to relevant MeSH (MEDLINE, Cochrane) and EMTREE (EMBASE) terms, 

>�`�Ì��vÀii�ÌiÝÌ�Ü�À`Ã�>VV�À`��}�Ì��Ì�i�ÃÞ�Ì>Ý�ÀÕ�iÃ��v�i>V��`>Ì>L>Ãi°�/�i�Ãi>ÀV��
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ÃÌÀ>Ìi}Þ�Ü>Ã�V��`ÕVÌi`����V���>L�À>Ì����Ü�Ì��>��i`�V>����v�À�>Ì����Ã«iV�>��ÃÌ°����

addition, the references of the included studies were screened.

Study eligibility
The results of the literature search were imported into an EndNote X9.2 software 

environment (Clarivate Analytics, Philadelphia, Pennsylvania, USA) and duplicates 

ÜiÀi�Ài��Ûi`°�/�i�ÀiÃi>ÀV��µÕiÃÌ����Ü>Ã�`iw�i`�ÕÃ��}�Ì�i�*�
"-�v�À�>Ì�>�`]�

ÃÕLÃiµÕi�Ì�Þ]�Ì�i���V�ÕÃ����>�`�iÝV�ÕÃ����VÀ�ÌiÀ�>�ÜiÀi�`iÌiÀ���i`�/>L�i�£®°�/�i�

«ÕL��V>Ì���Ã�ÜiÀi�>ÃÃiÃÃi`� v�À� i��}�L���ÌÞ� ��� ÌÜ�� À�Õ�`Ã°� ��� Ì�i�wÀÃÌ� À�Õ�`]� ÌÜ��

ÀiÛ�iÜiÀÃ�,,�>�`���®���`i«i�`i�Ì�Þ�>ÃÃiÃÃi`�Ì�i�Ì�Ì�iÃ�>�`�>LÃÌÀ>VÌÃ�>VV�À`��}�

Ì��Ì�i���V�ÕÃ����>�`�iÝV�ÕÃ����VÀ�ÌiÀ�>°�/�i�«ÕL��V>Ì���Ã�ÜiÀi�>���V>Ìi`�>Ã�¼��V�Õ`i`½��À�

¼iÝV�Õ`i`½�>�`����V>Ãi��v�>����`iV�Ã�Ûi�ÛiÀ`�VÌ]�«ÕL��V>Ì���Ã�ÜiÀi���V�Õ`i`�v�À�vÕ���ÌiÝÌ�

>ÃÃiÃÃ�i�Ì°�*ÕL��V>Ì���Ã�Ãi�iVÌi`�v�À�vÕ���ÌiÝÌ�Ãi�iVÌ����ÜiÀi���`i«i�`i�Ì�Þ�>ÃÃiÃÃi`�

LÞ�Ì�i�Ã>�i�ÌÜ��ÀiÛ�iÜiÀÃ�v�À�w�>����V�ÕÃ����ÕÃ��}�Ì�i�Ã>�i�Ãi�iVÌ����VÀ�ÌiÀ�>°�ƂvÌiÀ�

i>V��Ãi�iVÌ����À�Õ�`]�`�ÃVÀi«>�V�iÃ�LiÌÜii��Ì�i�ÌÜ��ÀiÛ�iÜiÀÃ�ÜiÀi�ÀiÃ��Ûi`����>�

V��Ãi�ÃÕÃ��iiÌ��}°�Ƃ�Ì��À`�ÀiÛ�iÜiÀ�	Û�®�Ü>Ã�V��ÃÕ�Ìi`�Ì��}�Ûi�>�w�>���Õ`}i�i�Ì�

���>�Þ�«iÀÃ�ÃÌ��}�`�Ã>}Àii�i�Ì°�/�i���ÌiÀ�LÃiÀÛiÀ�>}Àii�i�Ì�Ü>Ã�V>�VÕ�>Ìi`�>Ã�

Ì�i�«iÀVi�Ì>}i��v�>}Àii�i�Ì]�
��i�½Ã�ȡ�V�ivwV�i�Ì�>�`��ÜiÌ½Ã�Ƃ
£�ÃÌ>Ì�ÃÌ�V�44–46.

Risk of bias assessment
/�i� À�Ã���v�L�>Ã��v�>��� Ì�i� ��V�Õ`i`�ÃÌÕ`�iÃ�Ü>Ã� ��`i«i�`i�Ì�Þ�>ÃÃiÃÃi`�LÞ� Ì�i�

Ã>�i�ÌÜ��ÀiÛ�iÜiÀÃ�ÕÃ��}�Ì�i�+Õ>��ÌÞ�ƂÃÃiÃÃ�i�Ì��v���>}��ÃÌ�V�ƂVVÕÀ>VÞ�-ÌÕ`�iÃ�Ó�

+1Ƃ�Ƃ-�Ó®�Ì����47. This tool consists of four key domains covering patient selection, 

��`iÝ� ÌiÃÌ]� ÀiviÀi�Vi� ÃÌ>�`>À`]� >�`� y�Ü� >�`� Ì����}� i>V�� ��V�Õ`��}� Ã�}�>���}�

µÕiÃÌ���Ã�v�VÕÃ��}����Ì�i��Õ`}�i�Ì��v�L�>Ã�>�`�V��ViÀ�Ã�Ài}>À`��}�>««��V>L���ÌÞ°�

Disagreements were resolved through discussion.

Data collection
�>Ì>�ÜiÀi�iÝÌÀ>VÌi`�ÕÃ��}�>�«Ài�`iw�i`�ÃÌ>�`>À`�âi`�v�À����V�Õ`��}�Ì�i�Þi>À��v�

«ÕL��V>Ì���]�ÃÌÕ`Þ�`iÃ�}�]�ÃÌÕ`Þ�ÃiÌ�Õ«]�Ã��}�i�Vi�ÌiÀ��À��Õ�Ì��Vi�ÌiÀ�ÃÌÕ`Þ�`iÃ�}�]�

ÌÀ>Õ�>�Vi�ÌiÀ��iÛi��>VV�À`��}�Ì��Ì�i�Ƃ�iÀ�V>��
���i}i��v�-ÕÀ}i��Ã�V�>ÃÃ�wV>Ì����48, the 

studies patient population, patient demographics, level of consciousness according 

the Glasgow Coma Scale (GCS), the reference test used, fracture prevalence, the 

ÌÞ«i��v�vÀ>VÌÕÀi��ÕÌV��i]�Ài«�ÀÌi`�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã��°i°]�>�Þ�w�`��}�

related to the visual appearance of the patient, outcomes of the nasal and ocular 

>ÃÃiÃÃ�i�Ì]� ��ÌÀ>��À>��iÝ>���>Ì���]�Ãi�Ã�ÀÞ�`�ÃÌÕÀL>�ViÃ]�>�`�Ì��«>�«>Ì�����v�Ì�i�

2
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��`v>Vi®�>�`�>�Þ�«À�«�Ãi`�V����V>��`iV�Ã����>�`Ã�`iÛi��«i`�vÀ���>�V��L��>Ì�����v�

Ì�i�Ài«�ÀÌi`�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã°�"��Þ�Ì��Ãi�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�

Ì�>Ì�ÜiÀi�Ã«iV�wV>��Þ�Ài�>Ìi`�Ì��Ì�i���`v>V�>��Ài}����ÜiÀi�V���iVÌi`°�/Ü��LÞ�ÌÜ��Ì>L�iÃ�

ÜiÀi�V��ÃÌÀÕVÌi`°��v���ÃÕvwV�i�Ì�`>Ì>�ÜiÀi�Ài«�ÀÌi`�Ì��«À�`ÕVi�ÌÜ��LÞ�ÌÜ��Ì>L�iÃ]�

L>V�Ü>À`�V>�VÕ�>Ì���Ã�ÜiÀi�«iÀv�À�i`�ÕÃ��}�Ì�i�«À�Û�`i`�Ãi�Ã�Ì�Û�ÌÞ]�Ã«iV�wV�ÌÞ]�«Ài�

ÌiÃÌ�«À�L>L���ÌÞ]�«�Ã�Ì�Ûi�«Ài`�VÌ�Ûi�Û>�Õi]��i}>Ì�Ûi�«Ài`�VÌ�Ûi�Û>�Õi]�«�Ã�Ì�Ûi����i�����`�

À>Ì���>�`��i}>Ì�Ûi����i�����`�À>Ì���Ü�Ì��Ì�i�V�ÀÀiÃ«��`��}��x¯�V��w`i�Vi���ÌiÀÛ>�Ã�
49. The authors of the included studies were contacted in case of missing data or 

��V��Ã�ÃÌi�V�iÃ����Ì�i�V>�VÕ�>Ì���Ã�LÞ��i>�Ã��v�>������Õ���v�ÌÜ��i�>���>ÌÌi�«ÌÃ°

Table 1: Inclusion and exclusion criteria

Inclusion criteria

Population

1. Patients with a midfacial trauma

Ó°��i>���À��i`�>��>}i��v�«>Ì�i�ÌÃ�Ĉ�£È�Þi>ÀÃ

3. Admission to emergency department or outpatient clinic

Index test

{°�*�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�`i`�V>Ìi`�Ì��Ì�i���`v>V�>��Ài}����>�`�`�>}��ÃÌ�V�>VVÕÀ>VÞ�v�À���`v>V�>��
�����vÀ>VÌÕÀiÃ�i°}°]�>�Þ�V�>�}iÃ�Ì��Ì�i�Û�ÃÕ>��>««i>À>�Vi]�w�`��}Ã�Ài�>Ìi`�Ì��Ì�i��>Ã>��>�`��VÕ�>À�>ÃÃiÃÃ�i�Ì]�
������ÌÀ>��À>��Ài�>Ìi`�V�>�}iÃ]�`i�Ì>��>�`��VV�ÕÃ>��>L��À�>��Ì�iÃ]�vÕ�VÌ���>��V�>�}iÃ�>�`�w�`��}Ã�Ài�>Ìi`�
    to palpation).

Type of outcome measures

x°���`v>V�>��vÀ>VÌÕÀiÃ�i°}°]�vÀ��Ì>��Ã��ÕÃ]��>Ý���>ÀÞ�Ã��ÕÃ]��>Ã>�]��>Ã��ÀL�Ì�iÌ����`]�âÞ}��>Ì�V��>Ý���>ÀÞ]�
������ÀL�Ì>�]��>Ý���>ÀÞ��À��i���ÀÌ�ÌÞ«i�vÀ>VÌÕÀiÃ®�`�>}��Ãi`�ÕÃ��}\
�����>®�
��«ÕÌi`�/���}À>«�Þ��À�L®�
��i�	i>��
��«ÕÌi`�/���}À>«�Þ�
	
/®

Data

È°�ƂÛ>��>L���ÌÞ��v�Ãi�Ã�Ì�Û�ÌÞ]�Ã«iV�wV�ÌÞ]�«Ài�ÌiÃÌ�«À�L>L���ÌÞ]�«�Ã�Ì�Ûi�«Ài`�VÌ�Ûi�Û>�Õi]��i}>Ì�Ûi�«Ài`�VÌ�Ûi�
�����Û>�Õi]�«�Ã�Ì�Ûi����i�����`�À>Ì��]��i}>Ì�Ûi����i�����`�À>Ì��]�`�>}��ÃÌ�V��``Ã�À>Ì����À�>�,"
ÉƂ1
�VÕÀÛi��À�
�����i��Õ}��`>Ì>�Ã��Õ�`�Li�>Û>��>L�i�Ì��V��ÃÌÀÕVÌ�ÌÜ��LÞ�ÌÜ��V��Ì��}i�VÞ�Ì>L�iÃ�Ì��V��«ÕÌi�>�Þ��v�Ì�iÃi�
    statistics

Ç°� -ÌÕ`Þ�`iÃ�}��Li��}�i�Ì�iÀ�>®�
���ÀÌ]�L®�
>Ãi�V��ÌÀ��]�V®�
>Ãi�Ài«�ÀÌ�Ĉ�£ä�«>Ìi�ÌÃ®]�`®���>}��ÃÌ�V 
    Randomized Controlled Trials

n°��Õ���ÌiÝÌ�>Û>��>L���ÌÞ

9. No language or time restrictions

Exclusion criteria 
£°�
>Ãi�Ài«�ÀÌÃ���£ä�«>Ì�i�ÌÃ®]�iÝ«iÀÌ��«�����Ã]�V��viÀi�Vi�>LÃÌÀ>VÌÃ]�ÀiÛ�iÜÃ�>�`�ÃÞÃÌi�>Ì�V�ÀiÛ�iÜÃ�

Statistical analysis
��ÌiÀ�LÃiÀÛiÀ�>}Àii�i�Ì�Ü>Ã�V>�VÕ�>Ìi`�ÕÃ��}�Ì�i�-Ì>Ì�ÃÌ�V>��*>V�>}i�v�À�Ì�i�-�V�>��

Sciences version 23 (SPSS, IBM Corp., Armonk, New York, USA). A meta-analysis, 
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Ì��V>�VÕ�>Ìi�Ì�i�«���i`�Ãi�Ã�Ì�Û�ÌÞ]�Ã«iV�wV�ÌÞ�>�`�`�>}��ÃÌ�VÃ��``Ã�À>Ì���ÕÃ��}�,�

statistics package for Meta-Analysis of Diagnostic Accuracy (MADA version 0.5.10, 

R Foundation for Statistical Computing, Vienna, Austria) 50, was performed for 

>��� Ì�i�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�Ì�>Ì�ÜiÀi�Ài«�ÀÌi`���Ài�Ì�>����Vi�v�À�Ì�i�

Ã>�i�vÀ>VÌÕÀi��ÕÌV��i°�*�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�ÜiÀi����Þ�V��L��i`��v�Ì�i�

Ài«�ÀÌi`�«�À>Ãi���}Þ�Ü>Ã�«�>ÕÃ�L�Þ�>L�ÕÌ�Ì�i�Ã>�i�w�`��}�i°}°]���vÀ>��ÀL�Ì>���iÀÛi�

hypoesthesia and reduced sensation in the maxillary division of the trigeminal nerve). 

Regarding the diagnostic odds ratio calculations, 0.5 was added to all the cells of 

Ì�i�V��Ì��}i�VÞ�Ì>L�i� ���V>Ãi��v�>�âiÀ��Vi���V�Õ�Ì�51°�/iÃÌ��}�v�À�«ÕL��V>Ì����L�>Ã�

Ü>Ã�«iÀv�À�i`�ÕÃ��}��ii�½Ã�vÕ��i��«��ÌÃ�>ÃÞ��iÌÀÞ�ÌiÃÌ�LÞ�>�Ài}ÀiÃÃ�����v�Ì�i�

`�>}��ÃÌ�V� ��}��``Ã�À>Ì���>}>��ÃÌ�Ì�i� ��ÛiÀÃi��v�Ì�i�ÃµÕ>Ài�À��Ì��v�Ì�i�ivviVÌ�Ûi�

sample size 52,53°�/�i�ÃÌ>Ì�ÃÌ�V>��Ã�}��wV>�Vi��v�Ì�i�Ã��«i�V�ivwV�i�Ì�Ü>Ã�`iw�i`�>Ã�>�

p-value < 0.05. A meta-regression analysis was undertaken if more than ten studies 

Ài«�ÀÌi`�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�Ü�Ì��Ì�i�Ã>�i��ÕÌV��i°

Results

5VWF[�KFGPVKƂECVKQP�CPF�UGNGEVKQP
/�i����Ì�>��>�`�Õ«`>Ìi`���ÌiÀ>ÌÕÀi�Ãi>ÀV���`i�Ì�wi`�>�Ì�Ì>���v�Î£Ç£�«ÕL��V>Ì���Ã�w}ÕÀi�

£®°�ƂvÌiÀ� Ài��Û��}�Ì�i�`Õ«��V>ÌiÃ]�ÓÎÈÇ�«ÕL��V>Ì���Ã�ÜiÀi�ÃVÀii�i`�LÞ�Ì�Ì�i�>�`�

>LÃÌÀ>VÌ°�/�i�«iÀVi�Ì>}i��v�>}Àii�i�Ì]��>««>�>�`��ÜiÌ½Ã�Ƃ
£�ÃÌ>Ì�ÃÌ�V�ÜiÀi��n¯]�

ä°xx�>�`�ä°�n]�ÀiÃ«iVÌ�Ûi�Þ°�Ƃ�Ài�>����}�Ì�Ì>���v�ÎÓ�«ÕL��V>Ì���Ã�Ü>Ã�i��}�L�i�v�À�vÕ���

ÌiÝÌ�ÃVÀii���}°�/Üi�ÌÞ�>ÀÌ�V�iÃ�ÜiÀi�iÝV�Õ`i`�LiV>ÕÃi�Ì�iÞ�`�`���Ì�vÕ�w��Ì�i���V�ÕÃ����

�À�iÝV�ÕÃ����VÀ�ÌiÀ�>°�/�i�«iÀVi�Ì>}i��v�>}Àii�i�Ì]��>««>�>�`��ÜiÌ½Ã�Ƃ
£�ÃÌ>Ì�ÃÌ�V��v�

Ì�i�vÕ���ÌiÝÌ�Ãi�iVÌ���Ã�ÜiÀi��Ç¯]�ä°�Î�>�`�ä°�{]�ÀiÃ«iVÌ�Ûi�Þ°�ƂvÌiÀ�Ì�i�ÃiV��`�À�Õ�`]�

>�Ì�Ì>���v�£Ó�«ÕL��V>Ì���Ã�ÜiÀi�w�>��Þ���V�Õ`i`�v�À�L�Ì��µÕ>��Ì>Ì�Ûi�>�`�µÕ>�Ì�Ì>Ì�Ûi�

syntheses. It was not necessary to consult the third reviewer for a consensus.

Methodological quality
��}ÕÀi�Ó�«ÀiÃi�ÌÃ�Ì�i�µÕ>��ÌÞ�>ÃÃiÃÃ�i�Ì��v�Ì�i���V�Õ`i`�ÃÌÕ`�iÃ�>VV�À`��}�Ì��Ì�i�

+1Ƃ�Ƃ-�Ó�Ì���°���}��À�Ã���v�L�>Ã����«>Ì�i�Ì�Ãi�iVÌ����Ü>Ã�`iÌiVÌi`����Ì�Àii�ÃÌÕ`�iÃ�

Óx¯®°�1�V�i>À�À�Ã���v�L�>Ã�Ü>Ã�v�Õ�`�v�À�Ì�i�¼��`iÝ�ÌiÃÌ½�Çx¯®]�¼ÀiviÀi�ViÃ�ÌiÃÌ½�xä¯®�

>�`�¼y�Ü�>�`�Ì����}½�Çx¯®�`��>��Ã��v�Ì�i��>��À�ÌÞ��v�Ì�i�ÃÌÕ`�iÃ°�Ƃ``�Ì���>��Þ]���}��

V��ViÀ�Ã�Ài}>À`��}�>««��V>L���ÌÞ�ÜiÀi�v�Õ�`�v�À�¼«>Ì�i�Ì�Ãi�iVÌ���½����wÛi�ÃÌÕ`�iÃ�

{£°Ç¯®�>�`�¼ÀiviÀi�Vi�ÃÌ>�`>À`½����i�iÛi��ÃÌÕ`�iÃ��£°Ç¯®]�Ü�iÀi>Ã�Ì�i�¼��`iÝ�ÌiÃÌ½�

Ü>Ã�Õ�V�i>À�v�À���ÃÌ��v�Ì�i�ÃÌÕ`�iÃ�Çx¯®°

2
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Figure 1: ���ÜV�>ÀÌ��v�Ì�i�ÃÌÕ`Þ��`i�Ì�wV>Ì����>�`�Ãi�iVÌ����«À�ViÃÃ°

Study characteristics
/�i���V�Õ`i`�«ÕL��V>Ì���Ã�V��Ã�ÃÌi`��v�i�}�Ì�ÀiÌÀ�Ã«iVÌ�Ûi�ÃÌÕ`�iÃ]�Ì�Àii�«À�Ã«iVÌ�Ûi�

studies and one case control study. All 12 studies included emergency department 

«>Ì�i�ÌÃÆ�i�iÛi��ÃÌÕ`�iÃ���ÛiÃÌ�}>Ìi`�«>Ì�i�ÌÃ�vÀ���>�Ã��}�i�Vi�ÌiÀ�>�`���i�ÃÌÕ`Þ��>`�

patients from two-centers. Among the single-center studies, eight studies included 

patients from level I trauma centers, two studies included patients from level II 

trauma centers and one study included patients from a level III center. The two-

Vi�ÌiÀ�ÃÌÕ`Þ���V�Õ`i`�«>Ì�i�ÌÃ�vÀ���L�Ì��>��iÛi����>�`����ÌÀ>Õ�>�Vi�ÌiÀ°

Patient characteristics
/�i��Õ�LiÀ��v�«>Ì�i�ÌÃ����Ì�i�ÃÌÕ`�iÃ�À>�}i`�vÀ���{Ç�Ì��ÓÓÈÓ]�ÀiÃÕ�Ì��}����>�Ì�Ì>��

of 9017 patients of whom 6007 were male and 3010 female. The reported mean 

age was 37.1 years, and the reported median age ranged from 28 to 50. The study 

population included midfacial trauma patients (n=1) 54, maxillofacial trauma patients 

(n=4) 55–58]��ÀL�Ì>��ÌÀ>Õ�>�«>Ì�i�ÌÃ��rÓ®�59,60]��i>`�>�`��ÀL�Ì>��ÌÀ>Õ�>�«>Ì�i�ÌÃ��rÎ®�
61–63]�����À��i>`����ÕÀÞ�«>Ì�i�ÌÃ�Ü�Ì��>�L�>V��iÞi��r£®�64]�>�`�ÌÀ>Õ�>Ì�V�LÀ>������ÕÀÞ�

patients with facial trauma (n=1) 65. All the studies had used CT as a reference test 
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and thus no studies were included where CBCT was used as a reference test. Any 

��`v>V�>��vÀ>VÌÕÀi�Ü>Ã�ÕÃi`�>Ã�>���ÕÌV��i�LÞ���i�ÃÌÕ`Þ�54, whereas any midfacial or 

�>�`�LÕ�>À�vÀ>VÌÕÀi�Ü>Ã�ÕÃi`�>Ã�>���ÕÌV��i�LÞ�ÃiÛi��ÃÌÕ`�iÃ�55–58,61,64,65]�>�`��ÀL�Ì>��

vÀ>VÌÕÀi�Ü>Ã�ÕÃi`�>Ã�>���ÕÌV��i�LÞ�v�ÕÀ�ÃÌÕ`�iÃ�59,60,62,63. In one study, midfacial and 

�>�`�LÕ�>À�vÀ>VÌÕÀi��ÕÌV��iÃ�ÜiÀi�ÃÌÀ>Ì�wi`�>Ã�vÀ��Ì>��Ã��ÕÃ]�âÞ}��>]��ÀL�Ì>��y��À]�

�>Ã��iÌ����`>�]��>Ã>�]��>Ý���>�>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�57. The fracture prevalence 

À>�}i`�vÀ���£Î°n¯�Ì���£°Ó¯]�ÀiÃÕ�Ì��}����>��>ÛiÀ>}i��v�{£°Ó¯°

2J[UKECN�GZCOKPCVKQP�ƂPFKPIU
Ƃ�Ì�Ì>���v�{Ó�`�ÃÌ��VÌ�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�ÜiÀi��`i�Ì�wi`�>�`�V>Ìi}�À�âi`�

into 5 distinct groups: visual appearance, nasal assessment, ocular assessment, intra-

�À>��>ÃÃiÃÃ�i�Ì]�>�`�w�`��}Ã�Ài�>Ìi`�Ì��vÕ�VÌ���>��>�`�«>�«>Ì����>ÃÃiÃÃ�i�Ì°�/�i�

`�>}��ÃÌ�V�>VVÕÀ>VÞ��v�i>V����`�Û�`Õ>��«�ÞÃ�V>��iÝ>���>Ì����w�`��}��Ã�«ÀiÃi�Ìi`����

/>L�i�Î°���À�Îä�w�`��}Ã]�Ì�i�̀ �>}��ÃÌ�V�>VVÕÀ>VÞ�Ü>Ã�Ài«�ÀÌi`������Ài�Ì�>����i�ÃÌÕ`Þ°�

�iÌ>�>�>�ÞÃ�Ã�Ü>Ã�vi>Ã�L�i�v�À�>�Ì�Ì>���v�Î£�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã���}ÕÀi�Î®°

Findings related to visual appearance
Ƃ�Ì�Ì>���v�Ó{�`�ÃÌ��VÌ�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�ÜiÀi��`i�Ì�wi`�>Ã�Li��}�Ài�>Ìi`�

to the visual appearance of the patient and reported 52 times in the included studies 
54,55,66,56,58–63,65°�/�i��ÕÌV��iÃ��v�Ì�i�w�`��}Ã�ÜiÀi�>�Þ���`v>V�>���À��>�`�LÕ�>À�vÀ>VÌÕÀi�

�r{ä®]�>�Þ���`v>V�>��vÀ>VÌÕÀi��rÓ®]�>�Þ��ÀL�Ì>��vÀ>VÌÕÀi��rÇ®]��ÀL�Ì>��y��À�vÀ>VÌÕÀi�

�r£®�>�`�âÞ}��>�vÀ>VÌÕÀi��rÓ®°�/�i��`i�Ì�wi`�w�`��}Ã���V�Õ`i`�ÃÜi����}]��i�>Ì��>]�

�>ViÀ>Ì���]�>ÃÞ��iÌÀÞ]�}��Li�«�Ã�Ì����V�>�}i�>�`��>�>À�i���i�Vi�y>ÌÌi���}°�,i}>À`��}�

swelling, hematoma and laceration, the diagnostic accuracy was also reported for 

Ã«iV�wV�Ài}���Ã��v�Ì�i���`v>V�>��Ã���°���À�ÃÜi����}]�Ì��Ã���V�Õ`i`�Ì�>Ì�̀ �>}��ÃÌ�V�>VVÕÀ>VÞ�

Ü>Ã�>�Ã��Ài«�ÀÌi`�v�À�Ã«iV�wV>��Þ�Ì�i�«iÀ��ÀL�Ì>��Ài}����55,56,58,59°�/�i�Ài}����Ã«iV�wV�

w�`��}Ã�v�À��i�>Ì��>���V�Õ`i`�Ì�i�v�Ài�i>`�55,56]�«iÀ���ÀL�Ì>��Ài}����54–56,59–61,63, eyelid 
61,62, nasal region 55,56, malar region 55,56, and the facial or scalp region 61. For laceration, 

Ài}����Ã«iV�wV�w�`��}Ã���V�Õ`i`�Ì�i�v�Ài�i>`�54–56,65]�«iÀ���ÀL�Ì>��Ài}����55,56,59]�iÞiLÀ�Ü�
61, eyelid 61, conjunctiva 61, nasal region 55,56,61, malar region 55,56, peri-oral region 55,56 and 

the lip 61°�Ƃ���}�Ì�i�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�Ài�>Ìi`�Ì��ÃÜi����}]��i�>Ì��>�>�`�

�>ViÀ>Ì���]���}��«���i`�Ã«iV�wV�ÌÞ�Ü>Ã�v�Õ�`�v�À�iÞi��`��i�>Ì��>]�iÞiLÀ�Ü��>ViÀ>Ì���]�

conjunctival laceration, nasal laceration and malar laceration ranging from 0.19 to 

ä°�n�/>L�i�Î�E���}ÕÀi�Î>®°�/�i�`�>}��ÃÌ�V��``Ã�À>Ì���v�À�Ì�iÃi�«�ÞÃ�V>��iÝ>���>Ì����

w�`��}Ã� À>�}i`� vÀ���£°£ä� Ì��Î°{n°�,i}>À`��}�>ÃÞ��iÌÀÞ]�}��Li�«�Ã�Ì���� V�>�}i�

>�`��>�>À�i���i�Vi�y>ÌÌi���}]�Ì�i�Ã«iV�wV�ÌÞ]�**6�>�`��,³�ÜiÀi�v�Õ�`�Ì��Li���}�°

2
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Findings related to nasal assessment
«�ÃÌ>Ý�Ã�Ü>Ã� Ì�i����Þ� Ài«�ÀÌi`�«�ÞÃ�V>�� iÝ>���>Ì���� w�`��}� Ài�>Ìi`� Ì�� Ì�i��>Ã>��

assessment and was reported in 6 studies 54–56,59,64,65. The outcomes included any 

��`v>V�>���À��>�`�LÕ�>À� vÀ>VÌÕÀi� �r{®]�>�Þ���`v>V�>�� vÀ>VÌÕÀi� �r£®]�>�`�>�Þ��ÀL�Ì>��

vÀ>VÌÕÀi� �r£®°�/�i�«���i`�Ã«iV�wV�ÌÞ�Ü>Ã� v�Õ�`� Ì��Li���}�� ä°�{®�>�`� Ì�i�«���i`�

Ãi�Ã�Ì�Û�ÌÞ�Ài�>��i`���Ü�ä°Óx®°�/�i�̀ �>}��ÃÌ�V��``Ã�À>Ì���Ü>Ã�x°{Î�/>L�i�Î�E���}ÕÀi�ÎL®°

Findings related to ocular assessment
Ƃ�Ì�Ì>���v�È�`�ÃÌ��VÌ�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�ÜiÀi��`i�Ì�wi`����Ài�>Ì����Ì��Ì�i�

ocular assessment and reported 23 times in the included studies 55,56,59–61,63,64,66. 

/�i��ÕÌV��iÃ�ÜiÀi�>�Þ���`v>V�>���À��>�`�LÕ�>À�vÀ>VÌÕÀi��r££®]�>�Þ��ÀL�Ì>��vÀ>VÌÕÀi�

�r£ä®]��ÀL�Ì>��y��À�vÀ>VÌÕÀi��r£®�>�`�âÞ}��>�vÀ>VÌÕÀi��r£®°�/�i��`i�Ì�wi`�w�`��}Ã�

��V�Õ`i`�ÃÕLV���Õ�VÌ�Û>���i��ÀÀ�>}i�55,56,59,61,63,64,66, hyphema 59, diplopia 55,56,59,60,63,64, 

extra-ocular movement limitation 55,56,59,63, extra-ocular movement pain 59, and visual 

acuity change 55,56,63°�/�i�«���i`�Ã«iV�wV�ÌÞ��v�>���Ì�i�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�

was high, ranging from 0.89 to 0.94, and the pooled sensitivity was low, ranging 

vÀ���ä°ä��Ì��ä°ÎÈ�/>L�i�Î�E���}ÕÀi�ÎV®°�/�i�`�>}��ÃÌ�V��``Ã�À>Ì���À>�}i`�vÀ���£°Ç��

to 3.27. Although the outcomes varied, most of the studies reported a high PPV and 

�,³�v�À�Ì�i�w�`��}Ã�Ài�>Ìi`�Ì��Ì�i��VÕ�>À�>ÃÃiÃÃ�i�Ì]�Ü�Ì��ÌÜ����`�Û�`Õ>��ÃÌÕ`�iÃ�

Ài«�ÀÌ��}�>�**6��v�£ää�>�`���w��Ìi��,³�v�À�`�«��«�>�>�`�Û�ÃÕ>��>VÕ�ÌÞ�V�>�}i�56,63.

Findings related to the intra-oral assessment
Ƃ�Ì�Ì>���v�Î�`�ÃÌ��VÌ�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�ÜiÀi��`i�Ì�wi`�Ì��Li�Ài�>Ìi`�Ì��Ì�i�

intra-oral assessment and reported in 10 times of the included studies 55,56,58,61,65. All 

�v�Ì�iÃi�Ài«�ÀÌi`�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�ÜiÀi�ÃÌÕ`�i`�ÕÃ��}�>�Þ���`v>V�>���À�

�>�`�LÕ�>À�vÀ>VÌÕÀi�>Ã��ÕÌV��i��r£ä®°��`i�Ì�wi`�w�`��}Ã���V�Õ`i`��>��VV�ÕÃ����55,56,58, 

intra-oral laceration 55,56,61, and tooth avulsion 55,56,58,65°�/�i�«���i`�Ã«iV�wV�ÌÞ�Ü>Ã���}�]�

À>�}��}�vÀ���ä°�Ó�Ì��ä°�n]�>�`�Ì�i�Ãi�Ã�Ì�Û�ÌÞ�Ü>Ã���Ü�v�À�>���w�`��}Ã]�À>�}��}�vÀ���ä°£ä�Ì��

ä°Ó£�/>L�i�Î�E���}ÕÀi�Î`®°�/�i�̀ �>}��ÃÌ�V��``Ã�À>Ì���À>�}i`�vÀ���Î°{£�Ì��È°È{°�/�i�**6�

found higher than 80.0 in almost all of the studies, with one study reporting a PPV of 100 

>�`�>����w��Ìi��,³�v�À��>��VV�ÕÃ����>�`�Ì��Ì��>ÛÕ�Ã����58. The NPV was low in all studies.

Findings related to functional assessment and palpation of the midface
,i}>À`��}� w�`��}Ã� Ài�>Ìi`� Ì�� Ì�i� vÕ�VÌ���>�� >ÃÃiÃÃ�i�Ì� >�`� «>�«>Ì���� �v� Ì�i�

��`v>Vi]�>�Ì�Ì>���v�n�`�ÃÌ��VÌ�«�ÞÃ�V>��iÝ>���>Ì����ÜiÀi��`i�Ì�wi`�Ì�>Ì�ÜiÀi�Ài«�ÀÌi`�

24 times in the included studies 55,56,58–60,63,64,66. The outcomes were any midfacial 

�À��>�`�LÕ�>À� vÀ>VÌÕÀi� �r£Ó®]� >�Þ� �ÀL�Ì>�� vÀ>VÌÕÀi� �rn®]� �ÀL�Ì>�� y��À� vÀ>VÌÕÀi�

2
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�r£®]��>Ã>��L��i�vÀ>VÌÕÀi��r£®�>�`�âÞ}��>�vÀ>VÌÕÀi��rÓ®°�/�i��`i�Ì�wi`�w�`��}Ã�

included facial pain 55,56]���vÀ>��ÀL�Ì>���iÀÛi�«>ÀiÃÌ�iÃ�>�55,56,59,60,63,64,66]�ÃÕLVÕÌ>�i�ÕÃ�

emphysema 60,64, tenderness on palpation 59,66]�«>�«>L�i�ÃÌi«��vv�55,56,58,59,64, trismus 
59,66]��>�`�L�i���V�i`��«i��59, and open fracture 55,56°�/�i�«���i`�Ã«iV�wV�ÌÞ�Ü>Ã���}��

v�À� ��vÀ>��ÀL�Ì>���iÀÛi�«>ÀiÃÌ�iÃ�>]�ÃÕLVÕÌ>�i�ÕÃ�i�«�ÞÃi�>]�«>�«>L�i�ÃÌi«��vv]�

ÌÀ�Ã�ÕÃ]��>�`�L�i���V�i`��«i��>�`��«i��vÀ>VÌÕÀi]�À>�}��}�vÀ���ä°È��Ì��ä°��°�/�i�

«���i`�Ãi�Ã�Ì�Û�ÌÞ�Ài�>��i`���Ü�v�À�Ì�i�w�`��}Ã]�À>�}��}�vÀ���ä°ä{�Ì��ä°Î��/>L�i�

Î�E���}ÕÀi�Îi®°�/�i�`�>}��ÃÌ�V��``Ã�À>Ì���À>�}i`�vÀ���£°Î��Ì��££°În°�Ƃ���}��**6�

>�`��,³�Ü>Ã�v�Õ�`�v�À���vÀ>��ÀL�Ì>���iÀÛi�«>ÀiÃÌ�iÃ�>]�ÃÕLVÕÌ>�i�ÕÃ�i�«�ÞÃi�>]�

«>�«>L�i�ÃÌi«��vv�>�`��«i��vÀ>VÌÕÀi°���`�Û�`Õ>��ÃÌÕ`�iÃ�Ài«�ÀÌi`�>�**6��v�£ää�>�`�

>�V�ÀÀiÃ«��`��}���w��Ìi��,³�v�À���vÀ>��ÀL�Ì>���iÀÛi�«>À>iÃÌ�iÃ�>]�«>�«>L�i�ÃÌi«��vv�

and open fracture 55,56,58. A high NPV was found for tenderness on palpation. The 

 *6��v�Ì�i��Ì�iÀ�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�Ü>Ã���Ü°

Publication bias
/�i��ii�½Ã� vÕ��i�� «��Ì� ÌiÃÌÃ� Ã��Üi`� Ì�>Ì� «ÕL��V>Ì���� L�>Ã� Ü>Ã� Ã�}��wV>�Ì� v�À�

ÃÕLV���Õ�VÌ�Û>���i��ÀÀ�>}i�Ü�Ì����`v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ°�/�i�ÃÌ>Ì�ÃÌ�V>��

Ã�}��wV>�Vi��v�Ì�i�«ÕL��V>Ì����L�>Ã�V�Õ�`���Ì�Li�>ÃÃiÃÃi`�v�À�£x�«�ÞÃ�V>��iÝ>���>Ì����

w�`��}Ã�LiV>ÕÃi����Þ�ÌÜ��ÃÌÕ`�iÃ�«À�Û�`i`�`>Ì>°

Clinical decision aids

����V>��`iV�Ã����>�`Ã�ÜiÀi�Ài«�ÀÌi`����n�ÃÌÕ`�iÃ�/>L�i�{®°���ÕÀ�ÃÌÕ`�iÃ�>ÃÃiÃÃi`�Ì�i�

7�ÃV��Ã���VÀ�ÌiÀ�>�55–58°�/�i�VÀ�ÌiÀ�>�ÜiÀi�`iw�i`�>Ã�>�Þ�«ÀiÃi�Vi��v�>�L��Þ�ÃÌi«��vv�

�À���ÃÌ>L���ÌÞ]��>��VV�ÕÃ���]�Ì��Ì��>LÃi�Vi]�«iÀ���ÀL�Ì>��ÃÜi����}��À�V��ÌÕÃ���]�>�`�

>���>Ã}�Ü�V��>�ÃV�Ài��v��iÃÃ�Ì�>��£{]�ÕÃ��}�>�Þ���`v>V�>���À��>�`�LÕ�>À�vÀ>VÌÕÀi�

as an outcome 55°�/�i�Ãi�Ã�Ì�Û�ÌÞ��v�Ì�iÃi�VÀ�ÌiÀ�>�À>�}i`�vÀ���nä°Ó�Ì���n°Ó¯]�>�`�

Ì�i�Ã«iV�wV�ÌÞ�À>�}i`�vÀ���ÓÓ°Î¯�Ì��{£°Ó¯°�
����V>��`iV�Ã����>�`Ã�Ã«iV�wV>��Þ�v�À�

�ÀL�Ì>��vÀ>VÌÕÀiÃ�ÜiÀi�«ÀiÃi�Ìi`����Ó�ÃÌÕ`�iÃ�62,63. One study focused on the need 

for a facial CT for head injury patients 62, and constructed a clinical decision aid 

Ì�>Ì�«À�`ÕVi`�>�Ãi�Ã�Ì�Û�ÌÞ��v�xx°£¯�>�`�>�Ã«iV�wV�ÌÞ��v�£ää°ä¯����Ì�i�«ÀiÃi�Vi��v�

i�Ì�iÀ�L�i«�>À��i�>Ì��>������i��À�ÌÜ���ÀL�ÌÃ]�«>�«>L�i�vÀ>VÌÕÀi����i]���vÀ>��ÀL�Ì>��

�iÀÛi��Þ«iÃÌ�iÃ�>]��VÕ�>À���Ì���ÌÞ�`�ÃÌÕÀL>�Vi]�Ã����i�«�ÞÃi�>]�i��«�Ì�>���Ã�

or exophthalmos, impaired pupil reaction, and decrease in vision. Another study 

v�VÕÃi`���� Ì�i� �`i�Ì�wV>Ì�����v��i>`� ���ÕÀÞ�«>Ì�i�ÌÃ�Ü����>`�Li�iwÌÌi`� vÀ���

��V�Õ`��}�Ì�i��ÀL�ÌÃ����Ì�i��i>`�
/�63. Another clinical decision aid was constructed 

L>Ãi`� ��� Õ�L�Õ�`i`� ÃÕLV���Õ�VÌ�Û>�� �i��ÀÀ�>}i]� Ài`ÕVi`� Ãi�Ã>Ì���� ��� Ì�i 
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Chapter 2
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Systematic review and meta-analysis 

`�ÃÌÀ�LÕÌ�����v�Ì�i���vÀ>��ÀL�Ì>���iÀÛi]�V�>�}i����Ì�i�«�Ã�Ì�����v�Ì�i�}��Li]�Ài`ÕVi`�

Û�ÃÕ>��>VÕ�ÌÞ��À�>�Þ�ÌÜ���v�Ì�i�v����Ü��}]�«iÀ���ÀL�Ì>��LÀÕ�Ã��}]�`�«��«�>�>�`�����Ìi`�

iÞi���Ûi�i�Ì°�/�i�«ÀiÃi�Vi��v�>�Þ��v�Ì�iÃi�w�`��}Ã�«À�`ÕVi`�>�Ãi�Ã�Ì�Û�ÌÞ��v�

nä°ä¯�>�`�Ã«iV�wV�ÌÞ��v�Çx°ä¯°�/Ü��ÃÌÕ`�iÃ�«À�`ÕVi`�>�V����V>��`iV�Ã����>�`�v�À�

�ÀL�Ì>�� vÀ>VÌÕÀiÃ�ÕÃ��}�>�À�Ã��ÃV�Ài�59,60. In one study, the risk score consisted of 

>ÃÃ�}���}�>�«���Ì�v�À��ÀL�Ì>��À���Ìi�`iÀ�iÃÃ]�«iÀ���ÀL�Ì>��i�«�ÞÃi�>]�ÃÕLV���Õ�VÌ�Û>��

hemorrhage, impaired extra-ocular movement, painful extra-ocular movement 

and epistaxis 59. The other study assigned one point for male sex, etiology other 

Ì�>��>ÃÃ>Õ�Ì]�«iÀ���ÀL�Ì>��iVV�Þ��Ã�Ã]�«iÀ���ÀL�Ì>��i�«�ÞÃi�>]���vÀ>��ÀL�Ì>���iÀÛi�

hypoesthesia and diplopia. One study introduced clinical decision aids, which were 

ÀiviÀÀi`�Ì��>Ã�Ì�i�-Ì��Þ�	À����1��ÛiÀÃ�ÌÞ���Ã«�Ì>��-	1�®�VÀ�ÌiÀ�>]�v�À��ÀL�Ì>��y��À�

fractures, zygoma fractures and nasal fractures66. The respective sensitivities and 

Ã«iV�wV�Ì�iÃ�ÜiÀi��Ó°ä¯�>�`�Çx°ä¯�v�À��ÀL�Ì>��y��À�vÀ>VÌÕÀiÃ]�nn°�¯�>�`�x£°Î¯�v�À�

âÞ}��>�vÀ>VÌÕÀiÃ]�>�`�nÇ°x¯�>�`�nÇ°n¯�v�À��>Ã>��vÀ>VÌÕÀiÃ°

Discussion

/�i�>ÃÃiÃÃ�i�Ì��v���`v>V�>��>�`��>�`�LÕ�>À� ���ÕÀÞ� �Ã�V�>À>VÌiÀ�âi`�LÞ�«>ÀÌ�VÕ�>À�

«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã°�1�`iÀÃÌ>�`��}�Ì�i�«Ài`�VÌ�Ûi�Û>�Õi��v�i>V��w�`��}�

may help emergency physicians to deliver a more optimal diagnostic management. 

��� Ì��Ã� ÃÞÃÌi�>Ì�V� ÀiÛ�iÜ�>�`��iÌ>�>�>�ÞÃ�Ã]�Üi� ÃÞ�Ì�iÃ�âi`� Ì�i�LiÃÌ� >Û>��>L�i�

iÛ�`i�Vi�Ài}>À`��}�Ì�i�`�>}��ÃÌ�V�>VVÕÀ>VÞ��v�Ì�i�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�

and the accompanying clinical decision aids. The meta-analysis provided evidence 

�v���}��Ã«iV�wV�ÌÞ�>�`���Ü�Ãi�Ã�Ì�Û�ÌÞ�v�À���ÃÌ��v�Ì�i���`�Û�`Õ>��«�ÞÃ�V>��iÝ>���>Ì����

w�`��}Ã�Ài�>Ìi`�Ì��Ì�i�Û�ÃÕ>��>««i>À>�Vi��v�Ì�i�«>Ì�i�Ì]��>Ã>�]��VÕ�>À�>�`���ÌÀ>��À>��

>ÃÃiÃÃ�i�ÌÃ]�>�`�w�`��}Ã�Ài�>Ìi`�Ì��Ì�i�vÕ�VÌ���>��>ÃÃiÃÃ�i�Ì�>�`�«>�«>Ì�����v�Ì�i�

��`v>Vi°�/��Ã���`�V>ÌiÃ�Ì�>Ì�Ì�i�>LÃi�Vi��v�>�Þ�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�V>��Li�

used to successfully identify patients who do not have a midfacial fracture, whereas 

Ì�i�«ÀiÃi�Vi��v���`�Û�`Õ>��w�`��}Ã�`�iÃ���Ì��iViÃÃ>À��Þ��i>��Ì�>Ì�«>Ì�i�ÌÃ��>Ûi�>�

��`v>V�>��vÀ>VÌÕÀi°�Ƃ���}�Ì�iÃi�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã]�Üi��LÃiÀÛi`�>���}��

`�>}��ÃÌ�V��``Ã�À>Ì���v�À�i«�ÃÌ>Ý�Ã]�Ì��Ì��>ÛÕ�Ã���]��>��VV�ÕÃ���]���vÀ>��ÀL�Ì>���iÀÛi�

«>À>iÃÌ�iÃ�>�>�`�«>�«>L�i�ÃÌi«��vv]� ��`�V>Ì��}�Ì�>Ì�Ì�i� ���i�����`��v�`�>}��Ã��}�

>���`v>V�>�� vÀ>VÌÕÀi� �Ã���}��Ü�i��Ì�iÃi�w�`��}Ã�>Ài�«ÀiÃi�Ì�`ÕÀ��}�Ì�i�«�ÞÃ�V>��

iÝ>���>Ì���°�Ƃ�Ã�]�«>ÀÌ�VÕ�>À�w�`��}Ã��>`�>���}��**6�>�`�V�ÀÀiÃ«��`��}��,³°��À���>�

V����V>��«iÀÃ«iVÌ�Ûi]�i�iÀ}i�VÞ�`i«>ÀÌ�i�Ì�«�ÞÃ�V�>�Ã�>Ài�L���`i`�v�À�Ì�i�«�Ìi�Ì�>��

presence of a fracture during the physical examination and so these individual 

2
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w�`��}Ã�>Ài�iÃ«iV�>��Þ�ÕÃivÕ�� v�À� �`i�Ì�vÞ��}�«>Ì�i�ÌÃ�>Ì�À�Ã���v�Ì�i�«ÀiÃi�Vi��v�>�

��`v>V�>��vÀ>VÌÕÀi�>�`�À>`����}�V>����>}��}�Ã��Õ�`�Li�ÃÌÀ��}�Þ�V��Ã�`iÀi`�v�À�Ì�iÃi�

patients. The NPV and LR- remained low for almost all the physical examination 

w�`��}Ã°��i�Vi]�Ì�i���`�Û�`Õ>��w�`��}Ã�ÜiÀi�Õ�>L�i�Ì���`i�Ì�vÞ�«>Ì�i�ÌÃ�Ü�Ì��>���Ü�

À�Ã���v���`v>V�>��vÀ>VÌÕÀiÃ�>�`�Ü���`�`���Ì�ÀiµÕ�Ài�À>`����}�V>����>}��}°���ÜiÛiÀ]�

Ì��Ã�Ã��Õ�`�Li���ÌiÀ«ÀiÌi`�Ü�Ì��V>ÕÌ����`Õi�Ì�i���Ü��Õ�LiÀ��v���V�Õ`i`�ÃÌÕ`�iÃ�>�`�

Ì�i���}��`i}Àii��v�À�Ã���v�L�>Ã�>�`�V��ViÀ�Ã�Ài}>À`��}�Ì�i�>««��V>L���ÌÞ��v���ÃÌ��v�

the studies.

�Ì� �Ã� �v� «>ÀÌ�VÕ�>À� ��ÌiÀiÃÌ� ��Ü� >� V��L��>Ì���� �v� «�ÞÃ�V>�� iÝ>���>Ì���� w�`��}Ã�

performs as a clinical decision aid. Accordingly, the studies included in this systematic 

ÀiÛ�iÜ�«À�«�Ãi`�>�Û>À�iÌÞ��v�V����V>��`iV�Ã����>�`Ã�ÕÃ��}�>�Þ���`v>V�>���À��>�`�LÕ�>À�

vÀ>VÌÕÀi]��ÀL�Ì>��vÀ>VÌÕÀi]��ÀL�Ì>��y��À�vÀ>VÌÕÀi]��>Ã>��vÀ>VÌÕÀi]�>�`�âÞ}��>�vÀ>VÌÕÀiÃ�

>Ã�>���ÕÌV��i°�/�i�1��ÛiÀÃ�ÌÞ��v�7�ÃV��Ã���«À�`ÕVi`�>�V����V>��`iV�Ã����>�`�Ü�Ì��

ÃÕvwV�i�Ì�`�>}��ÃÌ�V�>VVÕÀ>VÞ�v�À�«>Ì�i�ÌÃ�ÃÕÃ«iVÌi`��v���`v>V�>���À��>�`�LÕ�>À�

fractures 55. However, validation of these criteria was unsuccessful in three other 

studies due to lower diagnostic accuracy outcomes 56–58. The other studies focused 

���V����V>��`iV�Ã����>�`Ã�v�À�Ì�i��`i�Ì�wV>Ì�����v�Ã«iV�wV���`v>V�>��vÀ>VÌÕÀiÃ]�wÛi��v�

Ü��V��ÜiÀi�v�À��ÀL�Ì>��vÀ>VÌÕÀiÃ�59,60,62,63,66°�/�i�Ài�iÛ>�Vi��v�Ã«iV�wV>��Þ�ÃÌÕ`Þ��}�Ì�i�

�>ÌÌiÀ��Ã�i�«�>Ã�âi`�v�À�ÌÜ��Ài>Ã��Ã°���ÀÃÌ]��ÀL�Ì>��vÀ>VÌÕÀiÃ�>Ài�V������Þ�v�Õ�`����

patients presenting with a head injury and, therefore, it is often discussed whether 

Ì�i��ÀL�ÌÃ�Ã��Õ�`�Li���V�Õ`i`�Ü�i��«iÀv�À���}�>��i>`�
/�7,62,65°�-iV��`]��ÀL�Ì>��

fractures are associated with complications, such as entrapment of the extraocular 

�ÕÃV�iÃ��À�ÀiÌÀ�LÕ�L>À��i��ÀÀ�>}i]�Ì�>Ì�ÀiµÕ�Ài����i`�>Ìi�ÃÕÀ}�V>����ÌiÀÛi�Ì����

>�`�Ã��Õ�`�Ì�iÀiv�Ài���Ì�Li���ÃÃi`�15,67–70°�/�Àii��v�Ì�i�wÛi�ÃÌÕ`�iÃ�ÃÕVViÃÃvÕ��Þ�

produced a clinical decision aid with this focus, whereas the two other produced 

>�ÃV�Ài�Ì��ÃÌÀ>Ì�vÞ�«>Ì�i�ÌÃ���Ì��À�Ã��V>Ìi}�À�iÃ�v�À�Ì�i�«ÀiÃi�Vi��v��ÀL�Ì>��vÀ>VÌÕÀiÃ�
59,60°�"�i�ÃÌÕ`Þ�L>Ãi`�Ì�i�À�Ã��ÃV�Ài����«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã����Þ�59 whereas 

the other study also included sex and the mechanism of injury 60. Although these 

ÃV�ÀiÃ��`i�Ì�wi`�Ì�i���}��À�Ã��vÀ>VÌÕÀi�«>Ì�i�ÌÃ]�Ì�i�>ÕÌ��ÀÃ�i�«�>Ã�âi`�Ì�>Ì�vÕÀÌ�iÀ�

research is needed to determine a weighted cut-off. Nevertheless, patients with a 

��}��ÃV�Ài�ÜiÀi�ÃÌÀ��}�Þ�ÃÕÃ«iVÌi`��v��>Û��}��ÀL�Ì>��vÀ>VÌÕÀiÃ°� ��i��v�Ì�iÃi�V����V>��

decision aids were validated.

Most importantly, this systematic review did not identify a clinical decision aid that 

ÕÃi`�>�Þ���`v>V�>��>�>Ì��Þ�>Ã�>���ÕÌV��i°�9iÌ]�L�Ì��Ì�i���`v>Vi�>�`��>�`�L�i�>Ài�
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���Ü��v�À�Ì�i�À�V�>À>VÌiÀ�ÃÌ�V�>�`�V��«�iÝ�>�>Ì��Þ]�V��ÃiµÕi�Ì�Þ�i>V��«À�`ÕV��}�

Ài}����Ã«iV�wV�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã°��i�Vi]�Üi�Li��iÛi� Ì�>Ì�L�Ì�� Ì�i�

��`v>V�>��>�`��>�`�LÕ�>À�Ài}����Ã��Õ�`��>Ûi�>�`i`�V>Ìi`�V����V>��`iV�Ã����>�`]�>�`�

Üi�ÃÕÃ«iVÌ�Ì�>Ì�v>�Ãi�«�Ã�Ì�Ûi�w�`��}Ã���}�Ì�Li���Ài����i�Þ����ÃÌÕ`�iÃ�Ü�iÀi�>�Þ�

��`v>V�>���À��>�`�LÕ�>À�vÀ>VÌÕÀi��Ã�ÕÃi`�>Ã�>���ÕÌV��i°���À���ÃÌ>�Vi]�Ì�i�7�ÃV��Ã���

VÀ�ÌiÀ�>�ÃV�Ài�Ü>Ã�«�Ã�Ì�Ûi�v�À�«>Ì�i�ÌÃ�ÃÕvviÀ��}�«iÀ���ÀL�Ì>���i�>Ì��>�Ü���i�Li��}�

`�>}��Ãi`�Ü�Ì��>��>�`�LÕ�>À�vÀ>VÌÕÀi°�
��ÛiÀÃi�Þ]��>��VV�ÕÃ�����Ã�V��Ã�`iÀi`�Ì��

Li�>���Ài�V������w�`��}�����>�`�LÕ�>À�ÌÀ>Õ�>�«>Ì�i�ÌÃ�`Õi�Ì��V�>�}iÃ�Ì��Ì�i�

Ìi�«�À��>�`�LÕ�>À�����ÌÃ�>�`�Ì�i���Ài�«À����i�Ì�«�Ã�Ì�����v�Ì�i�>�Ûi��>À�«À�ViÃÃ°�

�i`�V>Ì��}�>�V����V>��`iV�Ã����>�`�Ì����`v>V�>��vÀ>VÌÕÀiÃ�Ü�Õ�`�>���Ü��Ì�Ì��Li�v�VÕÃi`�

���«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�Ài�>Ìi`�Ì��Ì�i���`v>V�>��Ài}���]��>���}��Ì���Ài�

i>Ã��Þ�Ài«À�`ÕV�L�i°�/��Ã��Ã�iÃ«iV�>��Þ�>««ÀiV�>Ìi`�LiV>ÕÃi�>��>��À�ÌÞ��v���`v>V�>��

ÌÀ>Õ�>�«>Ì�i�ÌÃ�>Ài����Ì�>��Þ�>ÃÃiÃÃi`�LÞ�i�iÀ}i�VÞ�«�ÞÃ�V�>�Ã�>�`�ÌÀ>Õ�>�ÃÕÀ}i��Ã�

Ü���>Ài���Ì�Ã«iV�wV>��Þ�ÌÀ>��i`�Ì��>ÃÃiÃÃ�Ì�iÃi�«>Ì�i�ÌÃ°

"ÕÀ�ÃÞÃÌi�>Ì�V�ÀiÛ�iÜ�`�`���Ì�w�`�>�Þ�ÃÌÕ`�iÃ�Ì�>Ì�ÕÃi`�
	
/�>Ã�>�ÀiviÀi�Vi�ÌiÃÌ°�

CBCT scanners are dedicated to the oral and maxillofacial region and datasets are 

>VµÕ�Ài`�Ü���i�Ì�i�ÃÞÃÌi��À�Ì>ÌiÃ�>À�Õ�`�Ì�i�«>Ì�i�Ì�22,33,71°�Ƃ�«À�L>L�i�iÝ«�>�>Ì����

�Ã�Ì�>Ì�Ì�i�ÃÞÃÌi��V>�����Þ�Li�ÕÃi`����«>Ì�i�ÌÃ�Ü�Ì���Ã��>Ìi`���`v>V�>��ÌÀ>Õ�>]��À�

patients for whom the initial management did not provide evidence of additional 

injuries 72°���À� Ì�>Ì� Ài>Ã��]� Ì�i�>Û>��>L���ÌÞ��v�
	
/�ÃV>��iÀÃ� ��� Ì�i�i�iÀ}i�VÞ�

department is usually limited, and the systems are mostly used in outpatient clinics. 

Ƃ�
/]����Ì�i��Ì�iÀ��>�`]� �Ã�>L�i�Ì��ÃV>���Õ�Ì�«�i�L�`Þ�«>ÀÌÃ�ÀiÃÕ�Ì��}� ���Ã��}�i�

`>Ì>�>VµÕ�Ã�Ì����LÞ�ÌÀ>�Ã«�ÀÌ��}�Ì�i�«>Ì�i�Ì�Ì�À�Õ}��Ì�i�}>�ÌÀÞ����ÃÞ�V�À��Þ�Ü�Ì��

V��Ì��Õ�ÕÃ�`>Ì>�>VµÕ�Ã�Ì����73. This is especially appreciated for midfacial trauma 

patients with concomitant cervical spine and head injuries which force the patients 

into a supine position 7,74–77°� iÛiÀÌ�i�iÃÃ]� L�Ì��
/� >�`�
	
/��>Ûi� Ì�i��>��À�

>`Û>�Ì>}i�Ì�>Ì�Ì�iÞ��ÛiÀV��i�ÃÕ«iÀ��«�Ã�Ì�����v�ÃÌÀÕVÌÕÀiÃ�Ì�>Ì���iÛ�Ì>L�Þ��VVÕÀÃ�

with conventional radiography 22,30,32.

�����ÃÌ��v�Ì�i���V�Õ`i`�ÃÌÕ`�iÃ]�Ì�iÀi�Ü>Ã�>��Õ�V�i>À�À�Ã���v�L�>Ã�v�À�Ì�i�`��>��Ã�

�v�Ì�i���`iÝ�ÌiÃÌ]�ÀiviÀi�Vi�ÃÌ>�`>À`]�>�`�y�Ü�>�`�Ì����}°���v�À�>Ì����Ài}>À`��}�

i�Ì�iÀ�Ì�i�L���`i`���ÌiÀ«ÀiÌ>Ì�����v�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã]��À�Ì�i�L���`i`�

��ÌiÀ«ÀiÌ>Ì�����v�
/�`>Ì>]�Ü>Ã���Ì� Ài«�ÀÌi`� ��� Ì�iÃi�ÃÌÕ`�iÃ°� �Ì�L���`��}� Ì�i�

��ÌiÀ«ÀiÌ>Ì������ÌÀ�`ÕViÃ���«�ÀÌ>�Ì�L�>ÃiÃ�ÃÕV��>Ã]�v�À�iÝ>�«�i]�ÀiV�À`��}�«�ÞÃ�V>��

iÝ>���>Ì����w�`��}Ã�>Ã�«ÀiÃi�Ì���Ài����i�Þ��v�Ì�i�i�iÀ}i�VÞ�`i«>ÀÌ�i�Ì�Ü�À�iÀÃ�

2
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>Ài�>Ü>Ài�>�«À��À���v�vÀ>VÌÕÀiÃ�Li��}�`�>}��Ãi`����>�
/°�/��Ã�ÌÞ«i��v�L�>Ã�V>���Ì�

Li�V��ÌÀ���i`�>�`�Ì�iÀiv�Ài�Ü>Ã� �Õ`}i`�>Ã�Õ�V�i>À� ���Ì�i�ÃÌÕ`�iÃ°���}��Õ�V�i>À�

À�Ã���v�L�>Ã�Ü>Ã�v�Õ�`�v�À�Ì�i�y�Ü�>�`�Ì����}�`��>���LiV>ÕÃi������v�À�>Ì����Ü>Ã�

«À�Û�`i`�Ài}>À`��}�Ì�i���ÌiÀÛ>��LiÌÜii��Ì�i�>ÃÃiÃÃ�i�Ì��v�Ì�i�«�ÞÃ�V>��iÝ>���>Ì����

w�`��}Ã�>�`�Ì�i�
/°�/�i�>VVÕÀ>VÞ��v�Ì�i���ÌiÀ«ÀiÌ>Ì����`iVÀi>ÃiÃ�>Ã�Ì�i���ÌiÀÛ>��

��VÀi>ÃiÃ�>�`�Ã��Õ�`�Ì�iÀiv�Ài�Li�>Ã�Ã��ÀÌ�>Ã�«�ÃÃ�L�i°���ÜiÛiÀ]� �Ì� �Ã� ���i�Þ�Ì�>Ì�

in an emergency department setting the majority of patients are assessed within 

hours after the trauma, and a CT is conducted within the same time frame. High 

>««��V>L���ÌÞ�V��ViÀ�Ã�ÜiÀi�v�Õ�`�v�À�Ì�i�«>Ì�i�Ì�Ãi�iVÌ����>�`�ÀiviÀi�Vi�ÃÌ>�`>À`�

domains. Regarding the selection of patients, a variety of studies focused on 

head injury patients only who, one would expect, were injured more severely, 

Ì�iÀiv�Ài���ÌÀ�`ÕV��}�Ãi�iVÌ����L�>Ã�>�`�>vviVÌ��}�Ì�i���ÌiÀ«ÀiÌ>Ì�����v�Ì�i�«�ÞÃ�V>��

iÝ>���>Ì����w�`��}Ã°�
��ViÀ�Ã�Ài}>À`��}�Ì�i�>««��V>L���ÌÞ��v�Ì�i�ÀiviÀi�Vi�ÃÌ>�`>À`�

ÜiÀi�`Õi�Ì��Ì�i�ÕÃi��v�>���ÕÌV��i��Ì�iÀ�Ì�>��¼>�Þ���`v>V�>��vÀ>VÌÕÀi½°�
��ViÀ�Ã�

Ài}>À`��}�Ì�i�>««��V>L���ÌÞ��v�Ì�i���`iÝ�ÌiÃÌ�ÜiÀi�Õ�V�i>À�����>�Þ�ÃÌÕ`�iÃ��°i°]�Ì�i�

ÃÌ>�`>À`�â>Ì���]��>�`���}��À� ��ÌiÀ«ÀiÌ>Ì�����v�Ì�i�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã®°�

�Ì�Ü>Ã�iÃ«iV�>��Þ�Õ�V�i>À���Ü�Ì�i�ÃV�À��}��v�Ì�i�V�>ÀÌ�ÀiÛ�iÜ�Ü>Ã��>�`�i`�LÞ�Ì�i�

retrospective studies, and if the data were reported systematically. Not reporting 

`>Ì>�>Ã�>��>LÃi�Ì�«�ÞÃ�V>��iÝ>���>Ì����w�`��}�V�Õ�`�ÀiÃÕ�Ì� ���L�>Ã�`Õi�Ì��v>�Ãi�

�i}>Ì�Ûi��ÕÌV��iÃ°�Ƃ�Ã�]�Ì�i���V�Õ`i`�ÃÌÕ`�iÃ�`�`���Ì�Ài«�ÀÌ���Ü�¼��Ì�>ÃÃiÃÃ>L�i½�

«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�ÜiÀi��>�`�i`]�v�À���ÃÌ>�Vi�Ì�i���>L���ÌÞ�Ì��ÃV�Ài��VÕ�>À�

Ài�>Ìi`�w�`��}Ã����«>Ì�i�ÌÃ�Ü�Ì��ÃiÛiÀi�«iÀ���ÀL�Ì>��ÃÜi����}°

/�i�ÃÌÀi�}Ì���v�Ì��Ã�ÀiÛ�iÜ��Ã�Ì�i�`iÌ>��i`���ÌiÀ>ÌÕÀi�Ãi>ÀV�]�i��}�L���ÌÞ�>ÃÃiÃÃ�i�Ì��v�

ÃÌÕ`�iÃ�LÞ�ÌÜ����`i«i�`i�Ì�ÀiÛ�iÜiÀÃ]�}��`���ÌiÀ��LÃiÀÛiÀ�>}Àii�i�Ì]�ÃÌÀÕVÌÕÀi`�

À�Ã���v�L�>Ã�>ÃÃiÃÃ�i�Ì�ÕÃ��}�Ì�i�+1Ƃ�Ƃ-�Ó�Ì���]�>�`�V��`ÕVÌ��}�>�`�Ài«�ÀÌ��}�

>�>�ÞÃiÃ�>VV�À`��}�Ì��Ì�i�
�V�À>�i��>�`L����>�`�*,�-�Ƃ�ÃÌ>Ìi�i�Ì°�Ƃ��>��À�

limitation is the interpretation of the pooled outcomes due to the low or unclear 

µÕ>��ÌÞ��v�Ì�i�ÃÌÕ`�iÃ]�>Ã�Üi���>Ã�Ì�i���}��V��ViÀ�Ã�Ài}>À`��}�>««��V>L���ÌÞ°�/�i����i�Þ�

Ã�ÕÀVi��v�Ì��Ã�L�>Ã�Ü>Ã�`Õi�Ì��Ì�i�«>Ì�i�Ì�Ãi�iVÌ���Ã�>�`�Ì�i�vÀ>VÌÕÀi��ÕÌV��iÃ°�

Ƃ�Ã�]���ÃÌ��v� Ì�i�ÃÌÕ`�iÃ�ÜiÀi�Ã��}�i�Vi�ÌiÀ�ÌÀ�>�Ã� Ì�iÀiLÞ�«�ÃÃ�L�Þ� ��ÌÀ�`ÕV��}�

}i�}À>«��V�>�`�`i��}À>«��V�L�>ÃiÃ°�Ƃ��Ì�iÀ�����Ì>Ì�����Ã�Ì�>Ì�Üi�ÜiÀi�Õ�>L�i�Ì��

«iÀv�À��>��iÌ>�Ài}ÀiÃÃ����>�>�ÞÃ�Ã��v�Ì�i���`v>V�>�� vÀ>VÌÕÀi�ÃÕL}À�Õ«Ã�`Õi�Ì�i�

����Ìi`��Õ�LiÀ��v�ÃÌÕ`�iÃ�>�`�`>Ì>°
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Future research should focus on the diagnostic accuracy of the physical examination 

w�`��}Ã�ÕÃ��}�¼>�Þ���`v>V�>��vÀ>VÌÕÀiÃ½�>Ã�>���ÕÌV��i°�*>ÀÌ�VÕ�>À���ÌiÀiÃÌ�Ã��Õ�`�Li�

«>�`�Ì��Ì�i�+1Ƃ�Ƃ-�Ó�`��>��Ã�Ü�iÀi���}��>�`�Õ�V�i>À�À�Ã���v�L�>Ã�Ü>Ã��LÃiÀÛi`°�

Studies should include a consecutive population of midfacial trauma patients 

>�`���>««À�«À�>Ìi�iÝV�ÕÃ���]�ÃÕV��>Ã��Õ�Ì��ÌÀ>Õ�>�«>Ì�i�ÌÃ]�Ã��Õ�`�Li�>Û��`i`°�

Ƃ�ÃÌ>�`>À`�âi`�ÃiÌ��v�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�Ã��Õ�`�Li�Ài«À�`ÕV�L�i�>�`�

Ã��Õ�`�Li�>ÃÃiÃÃi`�Liv�Ài����Ü��}�Ì�i�
/��ÕÌV��i°�/�i���ÌiÀ«ÀiÌ>Ì�����v�Ì�i�
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midfacial fracture patients should allow for a regression analysis to study how 
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of patients to unnecessary radiological imaging.
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identify patients with midfacial fractures. Although, various clinical decision aids 

and risk scores were presented in the reviewed studies, none focused on the 
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Chapter 3

Abstract

Objective: /��>ÃÃiÃÃ�Ì�i�`�>}��ÃÌ�V�>VVÕÀ>VÞ��v�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�ÕÃi`�
Ì���`i�Ì�vÞ�«>Ì�i�ÌÃ�>Ì�À�Ã��v�À���`v>V�>���À��>�`�LÕ�>À�vÀ>VÌÕÀiÃ°

Methods:�Ƃ�wÛi�Þi>À�ÀiÌÀ�Ã«iVÌ�Ûi�V���ÀÌ�Ü>Ã�V��ÃÌÀÕVÌi`�vÀ���>���i�iÀ}i�VÞ�
`i«>ÀÌ�i�Ì� «>Ì�i�ÌÃ� Ü�Ì�� >� ��`v>V�>�� �À� �>�`�LÕ�>À� ÌÀ>Õ�>°� /�i� Ãi�Ã�Ì�Û�ÌÞ]�

Ã«iV�wV�ÌÞ]�«Ài�ÌiÃÌ�«À�L>L���ÌÞ]�«�Ã�Ì�Ûi�«Ài`�VÌ�Ûi�Û>�Õi]��i}>Ì�Ûi�«Ài`�VÌ�Ûi�Û>�Õi]�

positive likelihood ratio and negative likelihood ratio data was calculated for 19 and 

£{�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�v�À���`v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�ÀiÃ«iVÌ�Ûi�Þ°�

Computed Tomography and panoramic radiography were used as index tests.

Results:�Ƃ�Ì�Ì>���v�£{n{�«>Ì�i�ÌÃ�ÜiÀi��`i�Ì�wi`�>���}�Ü����{ä°{¯���`v>V�>��>�`�
ÎÎ°{¯��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�ÜiÀi�`�>}��Ãi`°�"ÛiÀ>��]�Ã«iV�wV�ÌÞ�Ü>Ã�v�Õ�`�Ì��Li�

��}�iÀ�Ì�>��Ãi�Ã�Ì�Û�ÌÞ°�,i}>À`��}���`v>V�>�� vÀ>VÌÕÀiÃ]���}��Ã«iV�wV�ÌÞ�Ü>Ã�v�Õ�`�

v�À�À>VV����iÞiÃ]��>�>À�i���i�Vi�y>ÌÌi���}�>�`�>���Ì�i�w�`��}Ã�Ì�>Ì�>Ài�Ài�>Ìi`�Ì��

«>�«>Ì���]�Ì�i��>Ã>�]��VÕ�>À�>�`���ÌÀ>��À>��>ÃÃiÃÃ�i�Ì°��>�>À�i���i�Vi�y>ÌÌi���}]�

iÝÌiÀ�>���>Ã>��`iv�À��ÌÞ]��>Ã>��Ãi«ÌÕ���i�>Ì��>]�V�>�}i��v�}��Li�«�Ã�Ì����>�`�

«>�«>L�i�ÃÌi«��vv��>`�>`���}��«�Ã�Ì�Ûi�«Ài`�VÌ�Ûi�Û>�Õi�>�`�«�Ã�Ì�Ûi� ���i�����`�

À>Ì��°�,i}>À`��}��>�`�LÕ�>À�vÀ>VÌÕÀiÃ���}��Ã«iV�wV�ÌÞ�Ü>Ã�v�Õ�`�v�À���ÕÌ���«i���}�

ÀiÃÌÀ�VÌ���]�>Õ`�Ì�ÀÞ�V>�>��L�ii`��}]���ÌÀ>��À>��>ÃÃiÃÃ�i�Ì�Ài�>Ìi`�w�`��}Ã]�«>�«>L�i�

step-off, inferior alveolar nerve paresthesia, the angular compression test and chin 

axial pressure test.

Conclusion: /�i�`�>}��ÃÌ�V�>VVÕÀ>VÞ��v�Ài�iÛ>�Ì�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�ÜiÀi�
�`i�Ì�wi`�v�À�Ì�i�«Ài`�VÌ�����v���`v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ°
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Retrospective cohort study 

Introduction

�>Ý����v>V�>�� ���ÕÀ�iÃ� V��«À�Ãi�>� ÃÕLÃÌ>�Ì�>��«>ÀÌ��v� �i>`�>�`��iV�� ÌÀ>Õ�>½Ã� ���

Ì�`>Þ½Ã�i�iÀ}i�VÞ�`i«>ÀÌ�i�Ì°�/�i�«À��>ÀÞ�>�`�ÃiV��`>ÀÞ�>ÃÃiÃÃ�i�ÌÃ�>Ài�ÕÃi`�

to evaluate all injuries and to identify critically injured patients. For the maxillofacial 

region, patients are assessed clinically to determine which patients are at risk for 

��`v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�>�`�ÀiµÕ�Ài�À>`����}�V>����>}��}°

/�i�«�ÞÃ�V>��iÝ>���>Ì�����v� Ì�i���`v>Vi�>�`��>�`�L�i� �Ã�V�>À>VÌiÀ�âi`�LÞ� Ì�i�

V��«�iÝ�>�>Ì��Þ�>�`�LÀ�>`�À>�}i��v�«�Ìi�Ì�>�� vÀ>VÌÕÀi�ÌÞ«i��ÕÌV��iÃ°��i�Vi]�

the physical examination should cover all aspects such as the visual appearance, 

«>�«>L�i�>L��À�>��Ì�iÃ]�Ãi�Ã�ÀÞ�`�ÃÌÕÀL>�ViÃ�>�`��VÕ�>À�Ài�>Ìi`�w�`��}Ã°�*ÀiÛ��ÕÃ�

ÃÌÕ`�iÃ�>ÃÃiÃÃi`���Ü�>�Ãi�iVÌ�����v�Ì�iÃi�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�V>��Li�

ÕÃi`� Ì��«Ài`�VÌ���`v>V�>��>�`��>�`�LÕ�>À� vÀ>VÌÕÀiÃ� 1–3. However, those studies 

���Þ���ÛiÃÌ�}>Ìi`�>�Ãi�iVÌ�����v�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã]�>�`�`>Ì>�vÀ����Ì�iÀ�

w�`��}Ã�Ài}>À`��}�«Ài`�VÌ>L���ÌÞ��Ã��>V���}°

/�ÕÃ]�iÛ�`i�Vi� �Ã� ÀiµÕ�Ài`� Ài}>À`��}� Ì�i�`�>}��ÃÌ�V�>VVÕÀ>VÞ��v�>���>�«�Ìi�Ì�>��

��`v>V�>�� >�`� �>�`�LÕ�>À� «�ÞÃ�V>�� iÝ>���>Ì���� w�`��}Ã� >�`� Õ�`iÀÃÌ>�`��}�

Ì�i��V�Õ�`�Li�ÕÃi`�v�À�>�LiÌÌiÀ�`�>}��ÃÌ�V�Ü�À��Õ«�>�`�>�«�Ìi�Ì�>��Ài`ÕVÌ�������

unnecessary radiological investigations. Therefore, we gathered a large retrospective 

V���ÀÌ��v�i�iÀ}i�VÞ�`i«>ÀÌ�i�Ì�«>Ì�i�ÌÃ�Ü�Ì��i�Ì�iÀ�>���`v>V�>���À��>�`�LÕ�>À�

ÌÀ>Õ�>�Ì��>ÃÃiÃÃ�Ì�i�`�>}��ÃÌ�V�>VVÕÀ>VÞ��v�Ài�>Ìi`�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã°

Material and Methods

Study design
A retrospective cohort study was conducted of maxillofacial trauma patients 

admitted to the emergency department. Chart review was conducted to calculate 

Ì�i�̀ �>}��ÃÌ�V�>VVÕÀ>VÞ��v�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�v�À���`v>V�>��>�`��>�`�LÕ�>À�

fractures. The local Medical Ethical Review Board reviewed the study design and 

waived further need for approval (ref.nr. M17.212837). The study was reported using 

the STARD guidelines (Standards for Reporting of Diagnostic Accuracy Studies) 4.

3
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Study cohort
/�i�V���ÀÌ�V��Ã�ÃÌi`��v�«>Ì�i�ÌÃ�Ü�Ì����`v>V�>���À��>�`�LÕ�>À�ÌÀ>Õ�>�Ì�>Ì�ÜiÀi�

admitted consecutively to the emergency department of the level I trauma center 

�v�Ì�i�1��ÛiÀÃ�ÌÞ��i`�V>��
i�ÌiÀ��À����}i�]�Ì�i� iÌ�iÀ�>�`Ã�LiÌÜii��Óä£Î�Óä£Ç°�

The patients who had undergone Computed Tomography (CT) or panoramic 

À>`��}À>«�Þ��v�Ì�i��i>`�>�`��iV��Ài}����ÜiÀi��`i�Ì�wi`�vÀ���>���Ì�i�i�iÀ}i�VÞ�

`i«>ÀÌ�i�Ì�ÀiV�À`Ã°�*>Ì�i�Ì�Ãi�iVÌ����Ü>Ã�L>Ãi`����>}i�Ĉ£ÈÞÀ°®]�ÌÀ>Õ�>�Ài�>Ìi`�

Û�Ã�ÌÃ]� À>`����}�V>�� ��>}��}� «À�Ì�V��Ã� >�`� vÕ��� >Û>��>L���ÌÞ� �v� �i`�V>�� ÀiV�À`Ã°�

-ÕLÃiµÕi�Ì�Þ]�i>V���i`�V>��ÀiV�À`�Ü>Ã���`�Û�`Õ>��Þ�V��ÃÕ�Ìi`�Ì��>ÃÃiÃÃ�Ü�iÌ�iÀ�

Ì�i�«>Ì�i�ÌÃ��>`�ÃÕÃÌ>��i`�ÌÀ>Õ�>��v�Ì�i���`v>V�>��>�`É�À��>�`�LÕ�>À�Ài}���Ã°

Index test

/Ã��v�Ì�i��>Ý����v>V�>��Ài}����>�`�«>��À>��V�À>`��}À>«�Þ��v�Ì�i��>�`�L�i�ÜiÀi�

ÕÃi`�>Ã�>����`iÝ�ÌiÃÌ°�/�i��ÕÌV��i�Ü>Ã�Ì�i�`�>}��Ã�Ã��v�>�Þ���`v>V�>���À��>�`�LÕ�>À�

vÀ>VÌÕÀi°�Ƃ���`v>V�>��vÀ>VÌÕÀi�Ü>Ã�̀ iw�i`�>Ã�>�Þ�vÀ>VÌÕÀi��v�Ì�i�vÀ��Ì>��Ã��ÕÃ]��ÀL�Ì>��À���

>�`�Ü>��Ã]��>Ý���>ÀÞ�Ã��ÕÃ]�âÞ}��>Ì�V��>Ý���>ÀÞ�V��«�iÝ]��>Ã��ÀL�Ì�iÌ����`�V��«�iÝ]�

�>Ã>��L��i]��i���ÀÌ��]���]�����V��«�iÝ�>�`��>Ý���>ÀÞ�`i�Ì�>�Ûi��>À�V��«�iÝ�vÀ>VÌÕÀiÃ°�

Ƃ��>�`�LÕ�>À� vÀ>VÌÕÀi�Ü>Ã�`iw�i`� >Ã� >�Þ� vÀ>VÌÕÀi� �v� Ì�i��i`�>�]� «>À>�i`�>�]�

V�À«ÕÃ]�>�}Õ�>À]�V�À����`�>�`�V��`Þ�>À�«À�ViÃÃ]�>�`�vÀ>VÌÕÀiÃ��v�Ì�i��>�`�LÕ�>À�

`i�Ì�>�Ûi��>À�V��«�iÝ°�/�i�
/�>�`�«>��À>��V�À>`��}À>«�Þ�`>Ì>�Ü>Ã�iÝ>���i`�LÞ�

>�L�>À`�ViÀÌ�wi`�À>`����}�ÃÌ��À��À>��>�`��>Ý����v>V�>��ÃÕÀ}i��°�/�i���ÌiÀ«ÀiÌ>Ì����

�v� Ì�i� ��`iÝ� ÌiÃÌ� V�Õ�`� ��Ì� Li� L���`i`� `Õi� Ì�i� ÀiÌÀ�Ã«iVÌ�Ûi� ÃÌÕ`Þ� `iÃ�}�°

Reference standard
*�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�Ài�>Ìi`�Ì����`v>V�>��>�`��>�`�LÕ�>À�ÌÀ>Õ�>Ã�ÜiÀi�ÕÃi`�

>Ã�Ì�i�ÀiviÀi�Vi�ÃÌ>�`>À`°�Ƃ�«Ài�`iw�i`�Ãi�iVÌ�����v�£��«>À>�iÌiÀÃ�v�À���`v>V�>��

>�`�£{�«>À>�iÌiÀÃ�v�À��>�`�LÕ�>À�ÌÀ>Õ�>�«>Ì�i�ÌÃ�Ü>Ã�iÝÌÀ>VÌi`�vÀ���Ì�i�`>Ì>�

V���iVÌi`�vÀ���Ì�i��i`�V>��ÀiV�À`Ã��v�Ì�i�i�iÀ}i�VÞ�`i«>ÀÌ�i�Ì½Ã�«À��>ÀÞ�>�`�

ÃiV��`>ÀÞ�>ÃÃiÃÃ�i�ÌÃ��v�Ì�i�«>Ì�i�ÌÃ°�/�i�`>Ì>�Ü>Ã�V>Ìi}�À�âi`�>Ã�>LÃi�Ì]�«ÀiÃi�Ì]�

��Ì�>ÃÃiÃÃ>L�i]��À���Ì�Ài«�ÀÌi`°�/�i�v����Ü��}�«>À>�iÌiÀÃ�ÜiÀi�V��Ã�`iÀi`�>Ã���Ì�

>ÃÃiÃÃ>L�i�v�À�«>Ì�i�ÌÃ�Ü����>`�Lii��Ãi`>Ìi`�>�`���ÌÕL>Ìi`�`ÕÀ��}�Ì�i�V����V>��

iÝ>���>Ì���\��VÕ�>À���Ûi�i�ÌÃ]�`�«��«�>]�Û�ÃÕ>��>VÕ�ÌÞ]��VV�ÕÃ>��V�>�}iÃ]���vÀ>�ÀL�Ì>��

nerve paresthesia, inferior alveolar nerve paresthesia, compression pain, and axial 

V����«ÀiÃÃÕÀi�«>��°�/�i�v����Ü��}�«>À>�iÌiÀÃ�ÜiÀi�V��Ã�`iÀi`�>Ã���Ì�>ÃÃiÃÃ>L�i�v�À�

vÕ��Þ�Ài��Û>L�i�`i�ÌÕÀi��À�i`i�ÌÕ��ÕÃ�«>Ì�i�ÌÃ\��VV�ÕÃ>��V�>�}iÃ]�Ì��Ì����L���ÌÞ]�
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�ÕÝ>Ì�����À�>ÛÕ�Ã���°�	���`��}��v�Ì�i�ÀiviÀi�Vi�ÌiÃÌ�V�Õ�`���Ì�Li�V��ÌÀ���i`�`Õi�Ì�i�

retrospective study design.

Data extraction
The data was extracted using a chart review template. Additional data on gender, 

>}i�`�ÃÌÀ�LÕÌ���]�ÌÀi>Ì�i�Ì�ÕÀ}i�VÞ]�Ì��i��v�>`��ÃÃ����>�`��iV�>��Ã���v� ���ÕÀÞ]�

was collected and categorized according to the Manchester Triage System (MTS) 5.

Statistical analysis
The Statistical Package for the Social Sciences was used for the data analysis (IBM 


�À«°�,i�i>Ãi`�Óä£x°��	��-*--�-Ì>Ì�ÃÌ�VÃ�v�À�7��`�ÜÃ]�6iÀÃ����ÓÎ°ä®°�
��Ì��Õ�ÕÃ�

Û>À�>L�iÃ�ÜiÀi�Ài«�ÀÌi`�>Ã��i`�>��>�`���ÌiÀµÕ>ÀÌ��i�À>�}i�>�`�V>Ìi}�À�V>��Û>À�>L�iÃ�

ÜiÀi�«ÀiÃi�Ìi`�>Ã�vÀiµÕi�VÞ�`�ÃÌÀ�LÕÌ���Ã�>�`�«iÀVi�Ì>}iÃ°�
��Ì��}i�VÞ�Ì>L�iÃ�

ÜiÀi�V��ÃÌÀÕVÌi`�v�À�Ì�i���`�Û�`Õ>��«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�Ì��V>�VÕ�>Ìi�Ì�i�À�

Ãi�Ã�Ì�Û�ÌÞ]�Ã«iV�wV�ÌÞ]�«Ài�ÌiÃÌ�«À�L>L���ÌÞ]�«�Ã�Ì�Ûi�«Ài`�VÌ�Ûi�Û>�Õi�**6®]��i}>Ì�Ûi�

«Ài`�VÌ�Ûi� Û>�Õi�  *6®]� «�Ã�Ì�Ûi� ���i�����`� À>Ì��� �,³®� >�`� �i}>Ì�Ûi� ���i�����`�

À>Ì��� �,�®]� Ü�Ì�� V�ÀÀiÃ«��`��}� ÃÌ>�`>À`� iÀÀ�À� >�`� �x¯� V��w`i�Vi� ��ÌiÀÛ>�� 6. 

The calculations were performed according to whether the physical examination 

Ài«�ÀÌi`�º«ÀiÃi�Ì»�>�`�º>LÃi�Ì»�w�`��}Ã��À�º`�`���Ì� Ài«�ÀÌ�>LÃi�Ì»�w�`��}Ã°�

Ƃ``�Ì���>��V>�VÕ�>Ì���Ã�ÜiÀi�«iÀv�À�i`�������Þ�º«ÀiÃi�Ì»�>�`�º>LÃi�Ì»�Ài«�ÀÌi`�

«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã°

Results

Patient characteristics
Ƃ�Ì�Ì>���v�£{n{��>Ý����v>V�>��ÌÀ>Õ�>�«>Ì�i�ÌÃ�ÜiÀi��`i�Ì�wi`�w}ÕÀi�£®°��À���Ì��Ã�

«�«Õ�>Ì���]�£ÎÇx��>`�ÃÕÃÌ>��i`�>���`v>V�>��ÌÀ>Õ�>�>�`�xxÈ�{ä°{¯®��v�Ì�iÃi�«>Ì�i�ÌÃ�

ÜiÀi�`�>}��Ãi`�Ü�Ì��>���`v>V�>��vÀ>VÌÕÀi°�"v�Ì�i�Î{Ç�«>Ì�i�ÌÃ�Ü�Ì��>��>�`�LÕ�>À�

ÌÀ>Õ�>]�££È�ÎÎ°{¯®�ÜiÀi�`�>}��Ãi`�Ü�Ì��>��>�`�LÕ�>À�vÀ>VÌÕÀi°�Ƃ�Ì�Ì>���v�ÓÎÈ�£x°�¯®�

«>Ì�i�ÌÃ�ÜiÀi�`�>}��Ãi`�Ü�Ì��L�Ì��>���`v>V�>��>�`��>�`�LÕ�>À�ÌÀ>Õ�>°�/�i�«>Ì�i�Ì 
V�>À>VÌiÀ�ÃÌ�VÃ�>Ài�ÃÕ��>À�âi`����Ì>L�i�£�>�`�w}ÕÀi�Ó°

3
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Figure 1: ���ÜV�>ÀÌ��v���`v>V�>��>�`��>�`�LÕ�>À�ÌÀ>Õ�>�«>Ì�i�Ì��`i�Ì�wV>Ì���°
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Table 1: Patient characteristics

Total patients (n) 1484

�i�`iÀ�`�ÃÌÀ�LÕÌ�����¯®®

Male 1021 (68.8)

Female 463 (31.2)

Age

�i`�>��>�`���ÌiÀµÕ>ÀÌ��i�À>�}i�Þi>ÀÃ® 40 (34.75)

Range (years) 16-96

Ƃ}i�`�ÃÌÀ�LÕÌ�����¯®®

16-19 years 119 (8)

20-29 years 424 (28.6)

30-39 years 184 (12.3)

40-49 years 214 (14.4)

50-59 years 189 (12.6)

60-69 years 152 (10.1)

70-79 years 107 (7.4)

80-89 years 73 (5.0)

90-99 years 22 (1.4)

�iV�>��Ã���v����ÕÀÞ��¯®®

At home and private 357 (24.1)

7�À��Ài�>Ìi` 62 (4.2)

/À>vwV 674 (45.4)

Sports 73 (4.9)

Violence 234 (15.8)

Other 66 (4.4)

 �Ì�Ài«�ÀÌi`��À�ÛiÀ�w>L�i 18 (1.2)

�/-�ÕÀ}i�VÞ�ÌÀ�>}i�V�`i��¯®®

Blue – Non urgent 4 (0.3)

Green – Standard 320 (21.6)

Yellow - Urgent 444 (29.9)

Orange – Very Urgent 467 (31.5)

Red – Immediate 249 (16.8)

/��i��v�>`��ÃÃ�����¯®®

Night (00:00-05:59) 403 (27.2)

Morning (06:00-11:59) 263 (17.7)

Afternoon (12:00-17:59) 460 (31.0)

Evening (18:00-23:59) 358 (24.1)

ƂLLÀiÛ�>Ì���Ã\��/-��>�V�iÃÌiÀ�/À�>}i�-ÞÃÌi�

3
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Figure 2: Patient characteristics.

4GRQTVGF�RJ[UKECN�GZCOKPCVKQP�ƂPFKPIU
/�i�`>Ì>�v�À��Ì�i�Ài«�ÀÌi`�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�>Ài�ÃÕ��>À�âi`����Ì>L�i�

Ó°�Ƃ���}�Ì�i���`v>V�>��ÌÀ>Õ�>Ã]�ÃÜi����}�{{°£¯®]��>ViÀ>Ì���Ã�xÓ°Ó¯®�>�`�«iÀ���ÀL�Ì>��

�i�>Ì��>�xä°£¯®�ÜiÀi�Ì�i���ÃÌ�V������Þ�Ài«�ÀÌi`�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã°�

-Üi����}� £{°Ó¯®]���ÕÌ�� �«i���}� ÀiÃÌÀ�VÌ���� £x°Ç¯®]��>�`�LÕ�>À���Ûi�i�Ì� «>���

£È°Ó¯®�>�`��>��VV�ÕÃ����Ó£°£¯É�£x°ä¯®�ÜiÀi�Ì�i���ÃÌ�V������Þ�Ài«�ÀÌi`�«�ÞÃ�V>��

iÝ>���>Ì����w�`��}Ã�v�À��>�`�LÕ�>À�ÌÀ>Õ�>½Ã°�/�i���}�iÃÌ�À>ÌiÃ�«�ÞÃ�V>��iÝ>���>Ì����

w�`��}Ã�V��Ã�`iÀi`���Ì�>ÃÃiÃÃ>L�i�ÜiÀi�v�Õ�`�v�À��VÕ�>À���Ûi�i�Ì�����Ì>Ì���Ã]�̀ �«��«�>]�

visual acuity changes, malocclusion, dental injury, angular compression test, chin axial 

«ÀiÃÃÕÀi�ÌiÃÌ�>�`�>ÃÃiÃÃ�i�Ì��v���vÀ>��ÀL�Ì>���>�`���viÀ��À�>�Ûi��>À��iÀÛi�«>ÀiÃÌ�iÃ�>°

Diagnostic accuracy for midfacial and mandibular fractures
/>L�i�Î�Ã��ÜÃ�Ì�i�̀ �>}��ÃÌ�V�>VVÕÀ>VÞ��v�Ì�i�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�v�À���`v>V�>��

vÀ>VÌÕÀiÃ°�"ÛiÀ>��]�Ã«iV�wV�ÌÞ�Ü>Ã�v�Õ�`�Ì��Li���}�iÀ�Ì�>��Ãi�Ã�Ì�Û�ÌÞ°���}��À>ÌiÃ��v�

Ã«iV�wV�ÌÞ�ÜiÀi�v�Õ�`�v�À�À>VV����iÞiÃ��n°Ó¯®]��>�>À�i���i�Vi�y>ÌÌi���}���°È¯®]�

iÝÌiÀ�>���>Ã>��`iv�À��ÌÞ���°{¯®]�i«�ÃÌ>Ý�Ã��Î°n¯®]��>Ã>��Ãi«ÌÕ���i�>Ì��>�£ää¯®]�

ÃÕLV���Õ�VÌ�Û>���i��ÀÀ�>}i��Ç°È¯®]��VÕ�>À���Ûi�i�Ì�����Ì>Ì���Ã��Ç°È¯®]�`�«��«�>�

�n°x¯®]�Û�ÃÕ>��>VÕ�ÌÞ�V�>�}iÃ��Ç°x¯®]�V�>�}i��v�}��Li�«�Ã�Ì����£ää¯®]��>��VV�ÕÃ����

��°£É�n°Ó¯®]� Ì��Ì����L���ÌÞ� �À� �ÕÝ>Ì���� �Ç°Ó¯®]� Ì��Ì�� >ÛÕ�Ã���� �n°£¯®]� «>�«>L�i�
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ÃÌi«��vv� ��°È¯®]�L��Þ� VÀi«�ÌÕÃ� ��°{¯®� >�`� ��vÀ>�ÀL�Ì>�� �iÀÛi�«>ÀiÃÌ�iÃ�>� �n°£¯®°�

��}��**6�>�`��,³�À>ÌiÃ�ÜiÀi� v�Õ�`�v�À��>�>À�i���i�Vi�y>ÌÌi���}]�iÝÌiÀ�>���>Ã>��

`iv�À��ÌÞ]��>Ã>��Ãi«ÌÕ���i�>Ì��>]�V�>�}i��v�}��Li�«�Ã�Ì����>�`�«>�«>L�i�ÃÌi«��vv°

Table 2:�,i«�ÀÌi`�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�V�>À>VÌiÀ�ÃÌ�VÃ

,i«�ÀÌi`�`>Ì>��¯®®

No fracture Fracture Total

Preva-
�i�Vi�¯®

Present Present ƂLÃi�Ì Not asses-
Ã>L�i

Not 
reported

Midface

Swelling 44.1 297 (21.6) 310 (22.5) 70 (5.1) 0 (0) 698 (50.8)

Laceration 52.2 431 (31.3) 287 (20.9) 108 (7.9) 0 (0) 549 (39.9)

*iÀ���ÀL�Ì>���i�>Ì��> 50.1 400 (29.1) 289 (21.0) 48 (3.5) 0 (0) 638 (46.4)

Raccoon eyes 3.4 15 (1.1) 32 (2.3) 21 (1.5) 0 (0) 1307 (95.1)

External nasal deformity 3.3 5 (0.4) 40 (2.9) 65 (4.7) 1 (0.1) 1264 (91.9)

�>�>À�i���i�Vi�y>ÌÌi���} 4.1 3 (0.2) 53 (3.9) 83 (6.0) 5 (0.3) 1231 (89.5)

Epistaxis 12.1 51 (3.7) 115 (8.4) 57 (4.1) 0 (0) 1152 (83.8)

Nasal septal hematoma 0.2 0 (0.0) 3 (0.2) 145 (10.5) 2 (0.1) 1225 (89.1)

-ÕLV���Õ�VÌ�Û>���i��ÀÀ�>}i 5.6 20 (1.5) 56 (4.1) 124 (9.0) 7 (0.5) 1168 (84.9)

Ocular movement limitations 1.8 5 (0.4) 19 (1.4) 557 (40.5) 137 (10.0) 657 (47.8)

Diplopia 2.5 12 (0.9) 22 (1.6) 321 (23.3) 129 (9.4) 891 (64.8)

Visual acuity changes 2.4 20 (1.5) 12 (0.9) 245 (17.8) 122 (8.9) 976 (71.0)


�>�}i��v�}��Li�«�Ã�Ì��� 0.3 0 (0.0) 4 (0.3) 26 (1.9) 4 (0.3) 1341 (97.5)

Malocclusion (solitary midfacial traumas) 0.9 6 (0.5) 5 (0.4) 213 (18.7) 118 (10.4) 797 (70.0)

Malocclusion (all midfacial traumas) a 2.5 14 (1.0) 20 (1.5) 295 (21.5) 165 (12.0) 881 (64.1)

/��Ì����L���ÌÞ��À��ÕÝ>Ì��� 4.5 23 (1.7) 38 (2.8) 249 (18.1) 41 (3.0) 1024 (74.5)

Tooth avulsion 2.5 15 (1.1) 19 (1.4) 261 (19.0) 41 (3.0) 1039 (77.3)

*>�«>L�i�ÃÌi«��vv 5.4 3 (0.2) 71 (5.2) 314 (22.8) 23 (1.7) 964 (70.1)

Bony crepitus 2.4 5 (0.4) 27 (2.0) 84 (6.1) 1 (0.1) 1258 (91.5)

��vÀ>�ÀL�Ì>���iÀÛi�«>ÀiÃÌ�iÃ�> 5.3 15 (1.1) 58 (4.2) 359 (26.1) 92 (6.7) 851 (61.9)

�>�`�L�i

Swelling 14.2 26 (7.5) 23 (6.7) 16 (4.6) 0 (0) 280 (81.2)

Extra-oral lacerations 34.8 70 (20.3) 50 (14.5) 18 (5.2) 0 (0) 207 (60.0)

Mouth opening restriction 15.7 22 (6.4) 32 (9.3) 60 (17.4) 11 (3.2) 220 (63.8)

�>�`�LÕ�>À���Ûi�i�Ì�«>�� 16.2 28 (8.1) 28 (8.1) 25 (7.2) 11 (3.2) 253 (73.3)

ƂÕ`�Ì�ÀÞ�V>�>��L�ii`��} 4.9 9 (2.6) 8 (2.3) 14 (4.1) 0 (0) 314 (91.0)

�>��VV�ÕÃ����Ã���Ì>ÀÞ��>�`�LÕ�>À�ÌÀ>Õ�>Ã® 21.1 6 (5.5) 17 (15.6) 45 (41.3) 3 (2.8) 38 (34.9)

�>��VV�ÕÃ����>����>�`�LÕ�>À�ÌÀ>Õ�>Ã®�a 15.0 15 (4.3) 37 (10.7) 128 (37.1) 50 (14.5) 115 (33.3)

/��Ì����L���ÌÞ��À��ÕÝ>Ì��� 9.0 12 (3.5) 19 (5.5) 121 (35.1) 13 (3.8) 180 (52.2)

Tooth avulsion 2.6 2 (0.6) 7 (2.0) 127 (36.8) 13 (3.8) 196 (56.8)

Intra-oral hematoma 11.5 15 (4.3) 25 (7.2) 102 (29.6) 2 (0.6) 201 (58.3)

Intra-oral lacerations 13.1 24 (7.0) 21 (6.1) 66 (19.1) 1 (0.3) 233 (67.5)

Angular compression test pain 6.7 3 (0.9) 20 (5.8) 59 (4.6) 25 (7.2) 238 (69.0)

Chin axial pressure test pain 4.1 2 (0.6) 12 (3.5) 42 (12.2) 25 (7.2) 264 (76.5)

*>�«>L�i�ÃÌi«��vv 2.9 3 (0.9) 7 (2.0) 41 (11.9) 5 (1.4) 290 (84.1)

Inferior alveolar nerve paresthesia 3.2 1 (0.3) 10 (2.9) 49 (14.2) 25 (7.2) 260 (75.4)

a���V�Õ`��}�«>Ì�i�ÌÃ�Ü�Ì��L�Ì��>���`v>V�>��>�`��>�`�LÕ�>À�ÌÀ>Õ�>

3
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Retrospective cohort study 
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Chapter 3

��À��>�`�LÕ�>À�vÀ>VÌÕÀiÃ]�Ì�i�`�>}��ÃÌ�V�>VVÕÀ>VÞ��v�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�

>Ài�«ÀiÃi�Ìi`����Ì>L�i�{°���}��Ã«iV�wV�ÌÞ�Ü>Ã�v�Õ�`�v�À���ÕÌ���«i���}�ÀiÃÌÀ�VÌ����

�ä°Ó¯®]�>Õ`�Ì�ÀÞ�V>�>��L�ii`��}��È°£¯®]��>��VV�ÕÃ�����ä°n¯É�Ó°n¯®]�Ì��Ì����L���ÌÞ�

�À� �ÕÝ>Ì�����{°x¯®]�Ì��Ì��>ÛÕ�Ã������°£¯®]� ��ÌÀ>��À>���i�>Ì��>��Î°n¯®]�>�}Õ�>À�

V��«ÀiÃÃ����ÌiÃÌ�«>����n°È¯®]�V����>Ý�>��«ÀiÃÃÕÀi�ÌiÃÌ�«>�����°£¯®]�«>�«>L�i�ÃÌi«�

�vv���°£¯®�>�`���viÀ��À�>�Ûi��>À��iÀÛi�«>ÀiÃÌ�iÃ�>���°x¯®°�Ƃ���}��**6�Ü>Ã�v�Õ�`�v�À�

��viÀ��À�>�Ûi��>À��iÀÛi�«>ÀiÃÌ�iÃ�>�>�`�>���}���,³�Ü>Ã�v�Õ�`�v�À�>�}Õ�>À�V��«ÀiÃÃ����

test pain, chin axial pressure test pain and inferior alveolar nerve paresthesia.

Discussion

�iÀ}i�VÞ�`i«>ÀÌ�i�Ì�«>Ì�i�ÌÃ�Ü�Ì���i>`�>�`��iV��ÌÀ>Õ�>�ÀiµÕ�Ài�>�ÃÞÃÌi�>Ì�V�

>ÃÃiÃÃ�i�Ì��v�Ì�i��>Ý����v>V�>�� Ài}���°�ƂL��À�>��«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�

are used to assess the injury severity and guide the need for radiological imaging. 

Emergency department workers need an insight into the diagnostic properties 

�v� Ì�iÃi� w�`��}Ã� Ì�� �`i�Ì�vÞ� >�Þ� «>Ì�i�ÌÃ� >Ì� À�Ã�� v�À���`v>V�>�� >�`��>�`�LÕ�>À�

fractures. This large retrospective cohort study of 1484 patients calculated the 

`�>}��ÃÌ�V�>VVÕÀ>VÞ��v���`�Û�`Õ>��«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�v�À�L�Ì����`v>V�>��

>�`��>�`�LÕ�>À� vÀ>VÌÕÀiÃ°�/�i�«ÀiÃi�Ìi`�`>Ì>� v�À�>� Ì�Ì>���v�£��>�`�£{�«�ÞÃ�V>��

iÝ>���>Ì����w�`��}Ã�v�À���`v>V�>��>�`��>�`�LÕ�>À�ÌÀ>Õ�>�«>Ì�i�ÌÃ�ÀiÃ«iVÌ�Ûi�Þ]�

�>Ã���Ì�Lii��ÃÌÕ`�i`�Liv�Ài°

For midfacial fractures, a variety of studies focused on the diagnostic accuracy of 

«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã°�Ƃ�ÀiÌÀ�Ã«iVÌ�Ûi�ÃÌÕ`Þ��v�xÓx��>Ý����v>V�>��ÌÀ>Õ�>�

«>Ì�i�ÌÃ�>ÃÃiÃÃi`�Ì�i�`�>}��ÃÌ�V�>VVÕÀ>VÞ��v�i�}�Ì�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�1. 

/�iÞ�v�Õ�`���}��Ãi�Ã�Ì�Û�ÌÞ�v�À�ÃÜi����}�n£°ä¯®]��>ViÀ>Ì���Ã�È�°Î¯®]�>�Þ�V��ÌÕÃ����

nÇ°{¯®� >�`�«iÀ���ÀL�Ì>�� V��ÌÕÃ���� Ç{°£¯®� >�`���}�� Ã«iV�wV�ÌÞ� v�À� Ãi�Ã�ÀÞ� ��ÃÃ�

�x°�¯®]�L��Þ�ÃÌi«��vv��À���ÃÌ>L���ÌÞ�n�°È¯®]��>��VV�ÕÃ�����Ó°Ç¯®�>�`�Ì��Ì��>LÃi�Vi�

�Ç°�¯®°�7�Ì����Ì�i�À�>�>�ÞÃ�Ã]����`�vviÀi�Ì�>Ì����Ü>Ã��>`i�LiÌÜii����`v>V�>��>�`�

�>�`�LÕ�>À�vÀ>VÌÕÀiÃ°�Ƃ��Ì�iÀ�L���`i`�«À�Ã«iVÌ�Ûi�ÃÌÕ`Þ��v�xÇ�«>Ì�i�ÌÃ�v�Õ�`���}��

Ãi�Ã�Ì�Û�ÌÞ�v�À�Ìi�`iÀ�iÃÃ�nn¯®�����>Ã>��L��i�vÀ>VÌÕÀiÃ]�ÃÕLV���Õ�VÌ�Û>���i��ÀÀ�>}i�

ÇÈ¯®�>ÃÃ�V�>Ìi`�Ü�Ì���ÀL�Ì>��y��À�vÀ>VÌÕÀiÃ]�>�`�V�ii��y>Ì�iÃÃ� ÇÓ¯®�Ài�>Ìi`�Ì��

zygomaticomaxillary fractures 2°�"ÕÀ�ÃÌÕ`Þ½Ã�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�`�`���Ì�

`i���ÃÌÀ>Ìi���}��Ãi�Ã�Ì�Û�ÌÞ°���ÜiÛiÀ]�Üi�`�`�w�`�>���}��Ã«iV�wV�ÌÞ�v�À�À>VV����

iÞiÃ]��>�>À�i���i�Vi�y>ÌÌi���}]�iÝÌiÀ�>���>Ã>��`iv�À��ÌÞ]�i«�ÃÌ>Ý�Ã]��>Ã>��Ãi«ÌÕ��

�i�>Ì��>]�ÃÕLV���Õ�VÌ�Û>���i��ÀÀ�>}i]��VÕ�>À���Ûi�i�Ì� ����Ì>Ì���Ã]�`�«��«�>]�
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Retrospective cohort study 

Û�ÃÕ>��>VÕ�ÌÞ�V�>�}iÃ]�V�>�}i��v�}��Li�«�Ã�Ì���]��>��VV�ÕÃ���]�Ì��Ì����L���ÌÞ��À�

�ÕÝ>Ì���]�Ì��Ì��>ÛÕ�Ã���]�«>�«>L�i�ÃÌi«��vv]�L��Þ�VÀi«�ÌÕÃ�>�`���vÀ>��ÀL�Ì>���iÀÛi�

«>ÀiÃÌ�iÃ�>°�Ƃ�Þ�w�`��}Ã�Ì�>Ì�`����Ì�>««i>À�>L��À�>��Ãii��«>ÀÌ�VÕ�>À�Þ�ÕÃivÕ��v�À�

iÝV�Õ`��}���`v>V�>��vÀ>VÌÕÀiÃ°��>�>À�i���i�Vi�y>ÌÌi���}]�iÝÌiÀ�>���>Ã>��`iv�À��ÌÞ]�

�>Ã>��Ãi«ÌÕ���i�>Ì��>]�V�>�}i��v�}��Li�«�Ã�Ì����>�`�«>�«>L�i�ÃÌi«��vv�ÀiÃÕ�Ìi`�

���>���}��**6�>�`��,³°�/�i��,³�v�À��>Ã>��Ãi«ÌÕ���i�>Ì��>�>�`�V�>�}i��v�}��Li�

«�Ã�Ì����Ü>Ã� ��w��Ìi� >�`� Ì�ÕÃ� «>Ì��}������V°� ƂÃ� Ì�iÃi� «�ÞÃ�V>�� iÝ>���>Ì����

w�`��}Ã�ÃÌÀ��}�Þ�ÃÕ}}iÃÌ�Ì�i�«ÀiÃi�Vi��v�>���`v>V�>��vÀ>VÌÕÀi]�À>`����}�V>����>}��}�

Ã��Õ�`�Li�ÃÌÀ��}�Þ�V��Ã�`iÀi`°

*ÕL��V>Ì���Ã��v� Ì�i�`�>}��ÃÌ�V�>VVÕÀ>VÞ��v��>�`�LÕ�>À� vÀ>VÌÕÀi� Ài�>Ìi`�«�ÞÃ�V>��

iÝ>���>Ì���� w�`��}Ã� >Ài� ����Ìi`°�Ƃ�«À�Ã«iVÌ�Ûi� ÃÌÕ`Þ��v� ££��«>Ì�i�ÌÃ� v�Õ�`� >�

��}��Ã«iV�wV�ÌÞ�v�À��>��VV�ÕÃ�����È¯®]�v>V�>��>ÃÞ��iÌÀÞ��È¯®]�VÀi«�ÌÕÃ��È¯®�>�`�

ÃÕL���}Õ>���i�>Ì��>��È¯®� 3. Furthermore, they noted a high PPV and NPV for 

�>��VV�ÕÃ�����Ó¯ÉnÇ¯®�>�`�v>V�>��>ÃÞ��iÌÀÞ�nn¯ÉÇÈ¯®°�/�i�>ÕÌ��ÀÃ�>�Ã��>ÃÃiÃÃi`�

Ì�i�Ã��V>��i`�Ì��}Õi�L�>`i�ÌiÃÌ]�ÀiÃÕ�Ì��}����>�Ãi�Ã�Ì�Û�ÌÞ��v��x¯�>�`�>� *6��v��È¯°�

/�iÞ�ÃÌ>Ìi`�Ì��Ã�ÌiÃÌ� �Ã�ÕÃivÕ�� v�À�iÝV�Õ`��}��>�`�LÕ�>À� vÀ>VÌÕÀiÃ°�"Ì�iÀ�ÃÌÕ`�iÃ�

V�ÀÀ�L�À>Ìi`�Ì��Ã�ÃÌ>Ìi�i�Ì�7,8. However, in their study, the authors used conventional 

radiography as an index test. As far as we know, our present study provides the 

`�>}��ÃÌ�V�>VVÕÀ>VÞ��v��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�Ài�>Ìi`�Ì��«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�

Ì�>Ì��>Ûi���Ì�Lii��«ÕL��Ã�i`�Liv�Ài°�7i�w�`���}��Ã«iV�wV�ÌÞ�v�À���ÕÌ���«i���}�

ÀiÃÌÀ�VÌ���]�>Õ`�Ì�ÀÞ�V>�>��L�ii`��}]��>��VV�ÕÃ���]�Ì��Ì����L���ÌÞ��À��ÕÝ>Ì���]�Ì��Ì��

avulsion, intra-oral hematoma, angular compression test pain, chin axial pressure 

ÌiÃÌ�«>��]�«>�«>L�i�ÃÌi«��vv�>�`���viÀ��À�>�Ûi��>À��iÀÛi�«>ÀiÃÌ�iÃ�>°��ÕÀÌ�iÀ��Ài]�>�

��}��**6�>�`��,³�Ü>Ã�v�Õ�`�v�À�>�}Õ�>À�V��«ÀiÃÃ����ÌiÃÌ�«>��]�V����>Ý�>��«ÀiÃÃÕÀi�

ÌiÃÌ�«>���>�`���viÀ��À�>�Ûi��>À��iÀÛi�«>ÀiÃÌ�iÃ�>°�/�iÃi�ÀiÃÕ�ÌÃ�i�«�>Ã�âi�Ì�>Ì�L�Ì��

iÝÌÀ>�>�`���ÌÀ>��À>��>ÃÃiÃÃ�i�ÌÃ�Ã��Õ�`�Li�«>ÀÌ��v�Ì�i�ÃÌ>�`>À`�âi`�>ÃÃiÃÃ�i�Ì��v�

�>�`�LÕ�>À�ÌÀ>Õ�>�«>Ì�i�ÌÃ°�/�i���ÌÀ>��À>��>ÃÃiÃÃ�i�Ì�Ã��Õ�`���V�Õ`i�iÛ>�Õ>Ì����

of occlusal changes, dental injury, gingival or mucosal lacerations and musical or 

ÃÕL���}Õ>���i�>Ì��>°

Ƃ�Ì��Õ}���À>��>�`��>Ý����v>V�>��ÃÕÀ}i��Ã�>Ài�ÌÀ>��i`�Ì��Ã«iV�wV>��Þ�>ÃÃiÃÃ���`v>V�>��

>�`��>�`�LÕ�>À�ÌÀ>Õ�>�«>Ì�i�ÌÃ]���i�Ã��Õ�`�Ài>��âi�Ì�>Ì�Ì�i�«À��>ÀÞ�>ÃÃiÃÃ�i�Ì��Ã�

��ÃÌ�Þ�«iÀv�À�i`�LÞ�i�Ì�iÀ�i�iÀ}i�VÞ�«�ÞÃ�V�>��>�`�Ã«iV�>��âi`�ÌÀ>Õ�>�ÃÕÀ}i��Ã°�

Furthermore, primary care physicians, such as general practitioners and dentists, 

>Ài�>�Ã��v>Vi`�Ü�Ì��Ì�iÃi�«>Ì�i�ÌÃ�>�`�ÀiµÕiÃÌi`�Ì��«À�Û�`i�>`iµÕ>Ìi�`�>}��ÃÌ�V�

3
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Chapter 3

�>�>}i�i�Ì����Ì�i�>LÃi�Vi��v����i`�>Ìi�>Û>��>L���ÌÞ��v�À>`����}�V>����>}��}°���À�

Ì�>Ì�Ài>Ã��]�Ì�i�`�>}��ÃÌ�V�>VVÕÀ>VÞ��v�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�v�Õ�`����Ì��Ã�

ÃÌÕ`Þ�V>��Li�ÕÃi`�v�À�Ì�i����Ì�>���>�>}i�i�Ì�v�À�Ì�iÃi�«>Ì�i�ÌÃ°�Ã«iV�>��Þ�w�`��}Ã�

Ì�>Ì�«À�`ÕVi`�>�**6�>�`��,³��>Þ�>�`�����`i�Ì�vÞ��}�«>Ì�i�ÌÃ�Ü����>Ûi�>���}��À�Ã��

�v�>� vÀ>VÌÕÀi�>�`]�ÃÕLÃiµÕi�Ì�Þ]�Ã��Õ�`�Li�ÀiviÀÀi`� v�À� À>`����}�V>�� ��>}��}��À�

>``�Ì���>��>ÃÃiÃÃ�i�Ì�LÞ�>���À>��>�`��>Ý����v>V�>��ÃÕÀ}i��°�ƂL�Ûi�>��]��ÕÀ�`>Ì>�

emphasizes the need to standardize the physical examination for each maxillofacial 

trauma patient. Other authors suggested the use of a structured record keeping tool 

to improve documentation 9°�����ÕÀ�ÃÌÕ`Þ]�Üi�V��Ãi�>�ÃÌÀ>Ì�wV>Ì����LiÌÜii��iÝÌÀ>��

and intraoral assessment, nasal, ocular, and palpation related parameters, which is 

>�vi>Ã�L�i�ÃÌÀÕVÌÕÀi�v�À�Ì�i�À�ÕÌ��i�>ÃÃiÃÃ�i�Ì��v���`v>V�>��>�`��>�`�LÕ�>À�ÌÀ>Õ�>�

«>Ì�i�ÌÃ°��iÃ«�Ìi�Ì�i�w�`��}Ã�v�Õ�`�`ÕÀ��}�Ì�i�«�ÞÃ�V>��iÝ>���>Ì���]���ÌiÀ«ÀiÌ>Ì����

Ã��Õ�`�>�Ü>ÞÃ�Li�V��`ÕVÌi`����Ài�>Ì����Ì��Ì�i�«>Ì�i�Ì½Ã���ÃÌ�ÀÞ]��iV�>��Ã���v����ÕÀÞ�

and trauma severity.

In our study, diagnostic accuracy calculations were performed for individual physical 

iÝ>���>Ì����w�`��}Ã°���ÜiÛiÀ]�`iV�Ã�����>���}� ��� Ì�i�i�iÀ}i�VÞ�`i«>ÀÌ�i�Ì�

�Ã�Ì�i�ÀiÃÕ�Ì��v�>��Õ�Ì�ÌÕ`i��v�>L��À�>��«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã°�Ƃ�Ì��Õ}��

�ÕÀ�ÃÌÕ`Þ�Ü>Ã�V��`ÕVÌi`�Ì��>ÃÃiÃÃ���`�Û�`Õ>��«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã]��Ì�iÀ�

ÃÌÕ`�iÃ�«À�«�Ãi`�>�V��L��>Ì�����v�w�`��}Ã�>Ã�>�`iV�Ã���>�� ��ÃÌÀÕ�i�Ì°�ƂÕÌ��ÀÃ�

vÀ��� Ì�i�Õ��ÛiÀÃ�ÌÞ��v�7�ÃV��Ã���«À�Û�`i`� Ì�i�i«��Þ��ÕÃ�VÀ�ÌiÀ�>�LÞ��>�Õ>��Þ�

>ÃÃi�L���}�wÛi�w�`��}Ã���V�Õ`��}�L��Þ�ÃÌi«��vv��À���ÃÌ>L���ÌÞ]��>��VV�ÕÃ���]�Ì��Ì��

>LÃi�Vi]�«iÀ��ÀL�Ì>��ÃÜi����}��À�V��ÌÕÃ����>�`�>���>Ã}�Ü�
��>�-V>�i�ÃV�Ài��v��iÃÃ�

Ì�>��£{�ÀiÃÕ�Ì��}����>�Ãi�Ã�Ì�Û�ÌÞ��v��n°Ó¯�1. Although internal validation resulted 

���>�Ãi�Ã�Ì�Û�ÌÞ��v��Ç°{¯]�Ì�i�>ÌÌi�«Ì�Ì��Û>��`>Ìi�Ì�i���ÃÌÀÕ�i�Ì�iÝÌiÀ�>��Þ]�Ü�Ì��>�

Ãi�Ã�Ì�Û�ÌÞ��v�n£¯]�Ü>Ã�Õ�ÃÕVViÃÃvÕ��10,11°�/�iÃi�7�ÃV��Ã���VÀ�ÌiÀ�>�ÜiÀi�V��«>Ài`�

Ì��Ì�i�ÀiÃÕ�ÌÃ��v�>�L���`i`�«À�Ã«iVÌ�Ûi�ÃÌÕ`Þ��v�xÇ�«>Ì�i�ÌÃ�ÕÃ��}�}À�Õ«i`�«�ÞÃ�V>��

iÝ>���>Ì����w�`��}Ã� v�À�>Ài>�Ã«iV�wV� vÀ>VÌÕÀiÃ°�-i�Ã�Ì�Û�Ì�iÃ��v�n�¯]��Ó¯]�nn¯�

>�`�£ää¯�ÜiÀi�v�Õ�`�v�À�âÞ}��>Ì�V��>Ý���>ÀÞ]��ÀL�Ì>��y��À]���Ãi�>�`��>�`�L�i�

fractures respectively. Another study proposed a decisional instrument for displaced 

âÞ}��>Ì�V��>Ý���>ÀÞ� vÀ>VÌÕÀiÃ]� V��L��}� «>�«>L�i� ÃÌi«��vv]� ÃÕLV���Õ�VÌ�Û>��

�i��ÀÀ�>}i]���vÀ>�ÀL�Ì>���iÀÛi�«>ÀiÃÌ�iÃ�>�>�`�«>�«>L�i�i�«�ÞÃi�>]�ÀiÃÕ�Ì��}����

>�Ãi�Ã�Ì�Û�ÌÞ��v�£ää¯�>�`�>�Ã«iV�wV�ÌÞ��v�ÇÓ°È¯� 12. In contrast to our study, they 

V��Ãi�>�Ã«iV�wV�vÀ>VÌÕÀi�ÌÞ«i�>Ã�>���ÕÌV��i°���ÜiÛiÀ]�vÀ���>�V����V>��«iÀÃ«iVÌ�Ûi]�

i�iÀ}i�VÞ�`i«>ÀÌ�i�Ì�Ü�À�iÀÃ� >Ài�L���`i`� Ì��>�LÀ�>`� Ã«iVÌÀÕ���v�«�Ìi�Ì�>��

��`v>V�>��>�`��>�`�LÕ�>À� vÀ>VÌÕÀiÃ�>Ã��ÕÌV��iÃ°�/�iÀiv�Ài]�Üi�Li��iÛi�Ì�>Ì�Ì�i�
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Retrospective cohort study 

«�ÞÃ�V>��iÝ>���>Ì�����v� Ì�i���`v>V�>�� >�`��>�`�LÕ�>À� Ài}���Ã� Ã��Õ�`�Li�`��i�

Ãi«>À>Ìi�Þ�Ã��Vi�Ã«iV�wV�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�>Ài�>ÃÃ�V�>Ìi`�Ü�Ì��vÀ>VÌÕÀiÃ�

in these regions. All things considered, there is need for a well validated and 

Ài«À�`ÕV�L�i�`iV�Ã������ÃÌÀÕ�i�Ì�Ì�>Ì��Ã�}i�iÀ>��â>L�i�v�À�`�vviÀi�Ì���ÃÌ�ÌÕÌ���Ã°��>Ì>�

vÀ���Ì�i�VÕÀÀi�Ì�ÃÌÕ`Þ�>�`�«ÀiÛ��ÕÃ�ÃÌÕ`�iÃ�Ã��Õ�`�Li�ÕÃi`�v�À�Ì�i�V��Vi«ÌÕ>��â>Ì����

of a prospective multicenter study to produce a clinical decision aid consisting of 

standardized physical examination parameters.

/�i� >L�Ûi� Ü>Ã� Ì�i��>��� ����Ì>Ì���� �v� Ì�i� «ÀiÃi�Ì� ÃÌÕ`Þ]� `Õi� Ì�i� ��>L���ÌÞ� Ì��

standardize the physical examination. A common phenomenon of retrospectively 

`iÃ�}�i`�ÃÌÕ`�iÃ��Ã�Ì�>Ì�Ì�i�`>Ì>��Ã�iÝ«�Ãi`�Ì��L�>Ã�`Õi�Ì��Õ�V��ÌÀ���i`�Û>À�>L�iÃ]�

��V��Ã�ÃÌi�VÞ��v�`>Ì>�>VVÕ�Õ�>Ì����>�`���ÃÃ��}�`>Ì>°�7i���Ìi`�Ì�>Ì�Ì�i��ÕÌV��iÃ�

�v�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�>Ài���Ì�ÃÞÃÌi�>Ì�V>��Þ�Ài«�ÀÌi`]�ÀiÃÕ�Ì��}������}��

À>ÌiÃ��v���ÃÃ��}�`>Ì>°�Ƃ�Ì��Õ}�]��Õ�Ì�«�i� ��«ÕÌ>Ì����Ü�Ì��V�>��i`�iµÕ>Ì���Ã� �Ã�

ÃÕ}}iÃÌi`�v�À�ÃÕV��Ã�ÌÕ>Ì���Ã]�Ì�iÃi�ÃÌ>Ì�ÃÌ�V>����`i�Ã�>Ài���Ì�ÕÃ>L�i�Ü�Ì��>���}��

degree of missing data 13°�
��ÃiµÕi�Ì�Þ]�Ì�i�`�>}��ÃÌ�V�>VVÕÀ>VÞ�Ü>Ã�>�Ã��V>�VÕ�>Ìi`�

v�À����Þ�º>LÃi�Ì»�>�`�º«ÀiÃi�Ì»�Ài«�ÀÌi`�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã]�ÀiÃÕ�Ì��}����

��}�iÀ�Ãi�Ã�Ì�Û�ÌÞ�>�`���ÜiÀ�Ã«iV�wV�ÌÞ��ÕÌV��iÃ°�1Ã��}�Ì��Ã�>««À�>V�]�Üi�«À�Û�`i�

an appropriate representation of the range of diagnostic accuracy for each physical 

iÝ>���>Ì����w�`��}°�Ƃ��Ì�iÀ� ����Ì>Ì�����v��ÕÀ�ÃÌÕ`Þ�Ü>Ã�Ì�>Ì����Þ�«>Ì�i�ÌÃ�ÜiÀi�

included which received CT or panoramic radiography. In these patients, physical 

iÝ>���>Ì����w�`��}Ã� >Ài���Ài� ���i�Þ� Ì��Li�«ÀiÃi�Ì°� /�iÀiv�Ài]� vÕÌÕÀi� ÀiÃi>ÀV��

should include a reference standard for each patient, regardless the likelihood of 

a maxillofacial fracture.

���V��V�ÕÃ���]�Ì�i�`�>}��ÃÌ�V�>VVÕÀ>VÞ��v���`�Û�`Õ>��«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�

Ü>Ã�V>�VÕ�>Ìi`�v�À�L�Ì����`v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ°�/�i��`i�Ì�wi`�Ài�iÛ>�Ì�

w�`��}Ã�>Ài�ÃÕ�Ì>L�i�>Ã�¼>�«À��À�½����Ü�i`}i�v�À�i�iÀ}i�VÞ�`i«>ÀÌ�i�Ì�«�ÞÃ�V�>�Ã�

v�À�Ì�i�>ÃÃiÃÃ�i�Ì��v���`v>V�>��>�`��>�`�LÕ�>À�ÌÀ>Õ�>°�*À�Ã«iVÌ�Ûi��Õ�Ì�Vi�ÌiÀ�`>Ì>�

�Ã��ii`i`�Ì��V��ÌÀ�LÕÌi�Ì�Ü>À`Ã�Ì�i�ÃÌ>�`>À`�â>Ì�����v�Ì�i�«�ÞÃ�V>��iÝ>���>Ì����>�`�

the consecutive construction of a validated clinical decision aid.

3
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Chapter 4a

Abstract

Objective: To assess «�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�Ài�>Ìi`�Ì���>Ý����v>V�>��ÌÀ>Õ�>�Ì��
�`i�Ì�vÞ�«>Ì�i�ÌÃ�>Ì�À�Ã���v���`v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�>�`�Ì�i��Ì��V��ÃÌÀÕVÌ�

>�V����V>��`iV�Ã����>�`�Ì��ÀÕ�i��ÕÌ�Ì�i�«ÀiÃi�Vi��v���`v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�

in emergency department patients.

Methods: 7i�«iÀv�À�i`�>�«À�Ã«iVÌ�Ûi��Õ�Ì�Vi�ÌÀi�V���ÀÌ�ÃÌÕ`Þ����v�ÕÀ���Ã«�Ì>�Ã�
in the Netherlands, including consecutive patients with maxillofacial trauma. Each 

«>Ì�i�Ì�ÀiVi�Ûi`�>�ÃÌ>�`>À`�âi`�«�ÞÃ�V>��iÝ>���>Ì����V��Ã�ÃÌ��}��v�wvÌii��>�`�v�ÕÀÌii��

w�`��}Ã�v�À���`v>V�>��>�`��>�`�LÕ�>À�ÌÀ>Õ�>]�ÀiÃ«iVÌ�Ûi�Þ°�
��ÃiµÕi�Ì�Þ]�V����V>��

`iV�Ã����>�`Ã�ÜiÀi�V��ÃÌÀÕVÌi`�Ü�Ì��Ì�i�v�VÕÃ�Li��}����ÀÕ���}��ÕÌ�Ì�i�«ÀiÃi�Vi��v�

��`v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ]�>�`�`�>}��ÃÌ�V�>VVÕÀ>VÞ�Ü>Ã�V>�VÕ�>Ìi`°

Results: Ƃ� Ì�Ì>���v���Î�V��ÃiVÕÌ�Ûi�«>Ì�i�ÌÃ�ÜiÀi� �`i�Ì�wi`��v�Ü����ÇÈÈ�>�`�
Ónä�«>Ì�i�ÌÃ�ÜiÀi�ÃÕÃ«iVÌi`��v���`v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ]�ÀiÃ«iVÌ�Ûi�Þ°�

��`v>V�>�� vÀ>VÌÕÀiÃ�ÜiÀi�`�>}��Ãi`����ÎÎ��«>Ì�i�ÌÃ� {{°Î¯®]�Ü�iÀi>Ã��>�`�LÕ�>À�

vÀ>VÌÕÀiÃ�ÜiÀi��LÃiÀÛi`� ��� ÈÈ�«>Ì�i�ÌÃ� ÓÎ°È¯®°� /�i�`iV�Ã���� >�`� v�À���`v>V�>��

ÌÀ>Õ�>�V��Ã�ÃÌ��}��v�«iÀ���ÀL�Ì>���i�>Ì��>]�i«�ÃÌ>Ý�Ã]��VÕ�>À���Ûi�i�Ì�����Ì>Ì���]�

��vÀ>��ÀL�Ì>���iÀÛi�«>ÀiÃÌ�iÃ�>]�«>�«>L�i�ÃÌi«��vv�>�`�Ì��Ì����L���ÌÞ��À�>ÛÕ�Ã���]�

«À�`ÕVi`�>�Ãi�Ã�Ì�Û�ÌÞ��v�n�°Ç� nÈ°ä��Ó°x®]�>�Ã«iV�wV�ÌÞ��v�{Ó°È� În°ä�{Ç°{®]�>�`�>�

�i}>Ì�Ûi�«Ài`�VÌ�Ûi�Û>�Õi��v�nÎ°�¯�Çn°{�nn°Ó®°�/�i�`iV�Ã����>�`�v�À��>�`�LÕ�>À�

ÌÀ>Õ�>�V��Ã�ÃÌ��}��v�Ì�i�>�}Õ�>À�V��«ÀiÃÃ����ÌiÃÌ]�>Ý�>��V����«ÀiÃÃÕÀi�ÌiÃÌ]��L�iVÌ�Ûi�

�>��VV�ÕÃ���]�Ì��Ì����L���ÌÞ��À�>ÛÕ�Ã����>�`�Ì�i�Ì��}Õi�L�>`i�L�Ìi�ÌiÃÌ]�ÀiÃÕ�Ìi`�

���>�Ãi�Ã�Ì�Û�ÌÞ��v��n°x��£°����°Ç®�>�Ã«iV�wV�ÌÞ��v�Î{°È�Ón°x�{£°Ó®]�>�`�>��i}>Ì�Ûi�

«Ài`�VÌ�Ûi�Û>�Õi��v��n°Ç¯��Ó°n���°n®°

Conclusion: The constructed clinical decision aids for maxillofacial trauma may aid 

���ÃÌÀ>Ì�vÞ��}�«>Ì�i�ÌÃ�ÃÕÃ«iVÌi`�v�À���`v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�Ì��Ài`ÕVi�

unnecessary diagnostic imaging.
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Introduction

�>Ý����v>V�>�����ÕÀ�iÃ�V��«À�Ãi�>�ÃÕLÃÌ>�Ì�>��«>ÀÌ��v�Ì�`>Þ½Ã�i�iÀ}i�VÞ�`i«>ÀÌ�i�Ì�

Û�Ã�ÌÃ°�
��«ÕÌi`�/���}À>«�Þ�
/®��>Ã�Lii��Ü�`i�Þ�>VVi«Ìi`�>Ã�Ì�i�À�ÕÌ��i���>}��}�

modality of choice for the diagnosis of these injuries. In the past decades, the 

increased use of CT has raised concerns regarding radiation dose associated risks, 

such as the carcinogenic potential 1. Thus, clinical decisions aids were proposed to 

reduce unnecessary diagnostic imaging and associated health care costs.

/�i�7�ÃV��Ã���VÀ�ÌiÀ�>�ÜiÀi�ÃÕ}}iÃÌi`�>Ã�>�V����V>��`iV�Ã����>�`�v�À���`v>V�>��>�`�

�>�`�LÕ�>À� vÀ>VÌÕÀiÃ� 2. Attempts to validate these criteria was unsuccessful in 

other studies 3–5°�Ƃ�Û>À�iÌÞ��v�ÃÌÕ`�iÃ�«ÕL��Ã�i`�À�Ã��ÃV�ÀiÃ�>�`�V����V>��`iV�Ã����

>�`Ã�Ã«iV�wV>��Þ�v�À��ÀL�Ì>�� vÀ>VÌÕÀiÃ� 6–9. Separate clinical decision aids were also 

«À�«�Ãi`�v�À�âÞ}��>]��ÀL�Ì>��y��À]��>Ã>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�4,10,11. However, 

Ì�iÃi�`iV�Ã����>�`Ã��>Ûi� ��«�ÀÌ>�Ì� ����Ì>Ì���Ã°���ÀÃÌ]�>�`iV�Ã����>�`� v�À�Ã«iV�wV�

fracture types is only useful for a selection of the maxillofacial trauma population. 

-iV��`]�V��L����}���`v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�>Ã��ÕÌV��i�`�iÃ���Ì�>���Ü�

v�À�Ãi«>À>Ìi�`iV�Ã�����>���}�v�À�«>Ì�i�ÌÃ�Ü�Ì�� �Ã��>Ìi`���`v>V�>���À��>�`�LÕ�>À�

trauma. Third, most studies collected data in single-centers resulting in geographic 

>�`�`i��}À>«��V�L�>ÃiÃ°

/���ÕÀ�Li��iv]�>�V����V>��`iV�Ã����>�`�v�À��>Ý����v>V�>��ÌÀ>Õ�>�Ã��Õ�`�Li�ÃÌÀ>�}�Ìv�ÀÜ>À`�

>�`� Ài«À�`ÕV�L�i� v�À�>���i�iÀ}i�VÞ�`i«>ÀÌ�i�Ì�Ü�À�iÀÃ]� ��V�Õ`��}�i�iÀ}i�VÞ�

physicians and specialized trauma surgeons. Moreover, a clinical decision aid should 

Li�>««��V>L�i�Ì��L�Ì���Ã��>Ìi`�>�`��Õ�Ì�ÌÀ>Õ�>�«>Ì�i�ÌÃ°����Ì�`>Þ½Ã�i�iÀ}i�VÞ�V>Ài]�

diagnostic imaging is routinely considered in case of signs related to maxillofacial 

ÌÀ>Õ�>°�/�iÀiv�Ài]��Ì�Ü�Õ�`�Li�iÃ«iV�>��Þ�ÕÃivÕ��v�À��`i�Ì�vÞ��}�«>Ì�i�ÌÃ�Ü�Ì��>���Ü�

À�Ã���v��>Ý����v>V�>��vÀ>VÌÕÀiÃ�Ì�ÕÃ�Ài`ÕV��}�Õ��iViÃÃ>ÀÞ���>}��}�>�`]�ÃÕLÃiµÕi�Ì�Þ]�

�����ÜiÀ��}�À>`�>Ì����iÝ«�ÃÕÀi�>�`�>ÃÃ�V�>Ìi`��i>�Ì��V>Ài�V�ÃÌÃ°�Ƃ�Ã�]�Üi�Li��iÛi�

�Ì�Ü�Õ�`��«Ì���âi�Ì�i�Ü�À�y�Ü��v�i�iÀ}i�VÞ�`i«>ÀÌ�i�Ì�Û�Ã�ÌÃ�v�À�Ì�iÃi�Ã«iV�wV�

«>Ì�i�ÌÃ°�7i�Ì�iÀiv�Ài����Ì�>Ìi`�>�«À�Ã«iVÌ�Ûi��Õ�Ì�Vi�ÌiÀ�Ã��V>��i`�,�1
/�" ���

study (REDucing Unnecessary Computed Tomography In MaxillOfacial INjury). The 

aim of this study was twofold. First, to assess the diagnostic accuracy of physical 

iÝ>���>Ì����w�`��}Ã�v�À�«>Ì�i�ÌÃ�Ü�Ì��V����V>��Þ�ÃÕÃ«iVÌi`���`v>V�>���À��>�`�LÕ�>À�

ÌÀ>Õ�>°�-iV��`]�Ì��V��ÃÌÀÕVÌ�>�V����V>��`iV�Ã����>�`�Ü�Ì��Ì�i�v�VÕÃ�Li��}����ÀÕ���}�

4a
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�ÕÌ�Ì�i�«ÀiÃi�Vi��v���`v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ����i�iÀ}i�VÞ�`i«>ÀÌ�i�Ì�

patients.

Material and Methods

Study design and ethical approval
Ƃ�«À�Ã«iVÌ�Ûi��Õ�Ì�Vi�ÌiÀ��LÃiÀÛ>Ì���>��V���ÀÌ�ÃÌÕ`Þ�Ü>Ã�V��`ÕVÌi`��v�>���«>Ì�i�ÌÃ�

>`��ÌÌi`�Ü�Ì��>���`v>V�>���À��>�`�LÕ�>À�ÌÀ>Õ�>°�/�i��i`�V>��Ì��V>��
����ÌÌii�

�v�Ì�i�1��ÛiÀÃ�ÌÞ��i`�V>��
i�ÌiÀ��À����}i��V��wÀ�i`�Ì�>Ì�Ì�i��i`�V>��,iÃi>ÀV��

��Û��Û��}��Õ�>��-ÕL�iVÌÃ�ƂVÌ�`�iÃ���Ì�>««�Þ� �/V�V�`i�Óä£ÇÉÓ{�®�>�`� ��V>��

vi>Ã�L���ÌÞ�Ü>Ã�>««À�Ûi`�v�À�Ì�i��Ã>�>���Ã«�Ì>�Ã��/
£Ç£Óän®�>�`� ���-�i����}�i�

��Ã«�Ì>�� �
ÈÎnÎÉ�-ÉƂ	®°� /�i� ÃÌÕ`Þ� Ü>Ã� «iÀv�À�i`� ��� V��«��>�Vi� Ü�Ì�� Ì�i�

Declaration of Helsinki and the FEDERA (Foundation Federation of Dutch Medical 

-V�i�Ì�wV�-�V�iÌ�iÃ®�V�`i��v�V��`ÕVÌ°�/�i�ÃÌÕ`Þ�Ü>Ã�Ài}�ÃÌiÀi`�>Ì�
����V>�/À�>�Ã°

gov (NCT03314480) and reported according to the STARD guidelines (Standards 

for Reporting of Diagnostic Accuracy Studies) and Methodologic Standards for 

Interpreting Clinical Decision Rules in Emergency Medicine 12,13.

Inclusion and exclusion criteria
Ƃ���V��ÃiVÕÌ�Ûi�«>Ì�i�ÌÃ�«ÀiÃi�Ì��}�Ü�Ì��>���`v>V�>���À��>�`�LÕ�>À�ÌÀ>Õ�>�>Ì�Ì�i�

emergency department of the University Medical Center Groningen (level I), Isala 

hospital Zwolle (Level I), Isala Diaconessenhuis hospital Meppel (level III) and Nij 

-�i����}�i���Ã«�Ì>���À>V�Ìi���iÛi�����®�LiÌÜii��Ì�i�«iÀ��`��v��>Þ�Óä£n�>�`�"VÌ�LiÀ�

2019 were included. Patients younger than 18 years and patients admitted a second 

time for maxillofacial trauma within the inclusion period were excluded. Patients 

were also excluded if the initial assessment was performed in another hospital or 

access to medical records was declined.

Standardized assessment
Ƃ��� Ì�i� i��}�L�i� «>Ì�i�ÌÃ� Õ�`iÀÜi�Ì� >� vÕ��� «�ÞÃ�V>�� iÝ>���>Ì���� V��Ã�ÃÌ��}� �v�

wvÌii�� >�`� v�ÕÀÌii�� «�ÞÃ�V>�� iÝ>���>Ì���� w�`��}Ã� `i`�V>Ìi`� Ì�� Ì�i���`v>V�>��

>�`��>�`�LÕ�>À�Ài}����ÀiÃ«iVÌ�Ûi�Þ°�/�i�«�ÞÃ�V>��iÝ>���>Ì����Ü>Ã�V��`ÕVÌi`�LÞ�

emergency physicians, surgeons or resident physicians of these professions. The 

«À�ViÃÃ�Ì��ÃÌ>�`>À`�âi�Ì�i�«�ÞÃ�V>��iÝ>���>Ì����Ü>Ã�iÃÌ>L��Ã�i`�ÕÃ��}�>�ÌÀ�«>ÀÌ�Ìi�

strategy. First, each physician received an individual hands-on instruction on how to 

standardize each physical examination parameter. Second, we provided instructional 
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Û�`i�Ã����>���«i��>VViÃÃ�L�i������i�i`ÕV>Ì���>��Ì���°�/��À`]�>�«�V�iÌ�V>À`�Ü>Ã�

«À�Û�`i`� v�À�Li`Ã�`i�ÕÃi]� V��Ì>����}�i��}�L���ÌÞ� VÀ�ÌiÀ�>� >�`� Û�ÃÕ>��âi`�«�ÞÃ�V>��

iÝ>���>Ì����w�`��}Ã°�/�i�w�`��}Ã�ÜiÀi�>ÃÃiÃÃi`�`ÕÀ��}�Ì�i�«À��>ÀÞ��À�ÃiV��`>ÀÞ�

>ÃÃiÃÃ�i�Ì]�>�`�ÃV�Ài`�>Ã�>LÃi�Ì]�«ÀiÃi�Ì��À���Ì�>ÃÃiÃÃ>L�i�ÃÕ««�i�i�Ì>ÀÞ�Ì>L�i�

-£®°�/�i�w�`��}Ã�ÜiÀi�>ÃÃiÃÃi`�Ü�Ì��ÕÌ����Ü�i`}i��v�Ì�i�À>`����}�V>�� ��>}��}�

�ÕÌV��i]�Õ��iÃÃ�Ì�i�i�iÀ}i�Ì��i`�V>���ii`��v�Ì�i�«>Ì�i�Ì�ÀiµÕ�Ài`��Ì�iÀÜ�Ãi°

Outcome and radiological imaging
/�i�«À��>ÀÞ��ÕÌV��i�Ü>Ã�Ì�i�«ÀiÃi�Vi��v�i�Ì�iÀ�>���`v>V�>���À��>�`�LÕ�>À�vÀ>VÌÕÀi�

diagnosed with Computed Tomography (CT), Cone Beam Computed Tomography 

(CBCT) or panoramic orthopantomography (OPT). Midfacial fractures were 

`iw�i`�>Ã�>�Þ�vÀ>VÌÕÀi��v�Ì�i�vÀ��Ì>��Ã��ÕÃ]��ÀL�Ì>��À���>�`�Ü>��Ã]��>Ý���>ÀÞ�Ã��ÕÃ]�

âÞ}��>Ì�V��>Ý���>ÀÞ�V��«�iÝ]��>Ã��ÀL�Ì�iÌ����`� "®�V��«�iÝ]��>Ã>��L��i]��i�

��ÀÌ��]���]�����V��«�iÝ]�>�`��>Ý���>ÀÞ�`i�Ì�>�Ûi��>À�V��«�iÝ°�Ƃ��>�`�LÕ�>À�vÀ>VÌÕÀi�

Ü>Ã�`iw�i`�>Ã�>�Þ�vÀ>VÌÕÀi��v�Ì�i�ÃÞ�«�ÞÃi>�]�«>À>ÃÞ��ÞÃi>�]�V�À«ÕÃ]�>�}Õ�>À]�

À>�ÕÃ]�V�À����`�>�`�V��`Þ�>À�«À�ViÃÃ]�>�`�vÀ>VÌÕÀiÃ��v�Ì�i��>�`�LÕ�>À�̀ i�Ì�>�Ûi��>À�

V��«�iÝ°�
/�`>Ì>ÃiÌÃ�ÜiÀi�>ÃÃiÃÃi`�LÞ�À>`����}�ÃÌÃ]�>�`�
	
/�>�`�"*/�ÜiÀi�

>ÃÃiÃÃi`�LÞ��À>�� >�`��>Ý����v>V�>�� ÃÕÀ}i��Ã°�,>`����}�V>�� ��ÌiÀ«ÀiÌ>Ì���Ã�ÜiÀi�

«iÀv�À�i`�L���`i`�vÀ���Ì�i�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã°��À>VÌÕÀi�V�>ÃÃ�wV>Ì����

Ü>Ã�«iÀv�À�i`�LÞ�>�L�>À`�ViÀÌ�wi`��À>��>�`��>Ý����v>V�>��ÃÕÀ}i���	Û�®°�-iV��`>ÀÞ�

outcomes were source of referral, mechanism of injury, age, reported alcohol use, 

state of consciousness in accordance with the Glasgow Coma Score, and status of 

��ÌÕL>Ì����>�`�Ãi`>Ì���°

Statistical analysis
The Statistical Package for the Social Sciences was used for the data analysis (IBM 


�À«°�,i�i>Ãi`�Óä£x°��	��-*--�-Ì>Ì�ÃÌ�VÃ�v�À�7��`�ÜÃ]�6iÀÃ����ÓÎ°ä°�ƂÀ����]� 9\�

�	��
�À«°®°�
>Ìi}�À�V>��Û>À�>L�iÃ�ÜiÀi�Ài«�ÀÌi`�>Ã�vÀiµÕi�V�iÃ�>�`�«iÀVi�Ì>}iÃ°�

 �À�>��Þ�`�ÃÌÀ�LÕÌi`�Û>À�>L�iÃ�ÜiÀi�Ài«�ÀÌi`�>Ã��i>�Ã�>�`�ÃÌ>�`>À`�`iÛ�>Ì���Ã]�

>�`�Û>À�>L�iÃ�Ü�Ì��>�Ã�iÜi`�`�ÃÌÀ�LÕÌ����ÜiÀi�Ài«�ÀÌi`�>Ã��i`�>��>�`���ÌiÀ�µÕ>ÀÌ��i�

À>�}i°� �À�>��ÌÞ�Ü>Ã�iÝ>���i`�ÕÃ��}�+�+�«��ÌÃ�>�`�ÌiÃÌi`�ÕÃ��}�Ì�i������}�À�Û�

-��À��Û�ÌiÃÌ°�/�i�`�>}��ÃÌ�V�>VVÕÀ>VÞ�Ü�Ì��V�ÀÀiÃ«��`��}��x�«iÀVi�Ì�V��w`i�Vi�

��ÌiÀÛ>�Ã�Ü>Ã�V>�VÕ�>Ìi`�v�À�Ì�i���`�Û�`Õ>��«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�V��Ã�`iÀ��}�

>LÃi�Ì�>�`�«ÀiÃi�Ì�w�`��}Ã°

4a
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Principle component analysis (PCA) was used to construct a clinical decision aid for 

��`v>V�>��>�`��>�`�LÕ�>À�ÌÀ>Õ�>�Ãi«>À>Ìi�Þ]�Ü�Ì��Ì�i�v�VÕÃ�Li��}�����`i�Ì�vÞ��}�

«>Ì�i�ÌÃ�Ü�Ì��>���Ü�vÀ>VÌÕÀi�À�Ã�°�/�i�*
Ƃ�>�>�ÞÃ�Ã�Ü>Ã�«iÀv�À�i`�Ü�Ì��ÃÕLÃiµÕi�Ì�

promax rotation and Kaiser normalization, and used to identify the underlying 

ÃÌÀÕVÌÕÀi�>���}�«�ÞÃ�V>�� iÝ>���>Ì����w�`��}Ã°�/�i�	>À�iÌÌ½Ã� ÌiÃÌ��v� Ã«�iÀ�V�ÌÞ�

>�`�Ì�i��>�ÃiÀ��iÞiÀ�"������i>ÃÕÀi��v�Ã>�«���}�>`iµÕ>VÞ�ÜiÀi�V��`ÕVÌi`�Ì��

ÌiÃÌ�Ü�iÌ�iÀ� Ì�i�Û>À�>L�iÃ�ÜiÀi�Õ�V�ÀÀi�>Ìi`� ��� Ì�i�V�ÀÀi�>Ì�����>ÌÀ�Ý°��>VÌ�ÀÃ�

with Eigenvalues greater than one were initially retained. The factor loadings and 

V����V>��V��Ã�`iÀ>Ì���Ã��v�ÌÜ��L�>À`�ViÀÌ�wi`��À>��>�`��>Ý����v>V�>��ÃÕÀ}i��Ã����>�`�

	Û�®�ÜiÀi�«iÀÕÃi`�Ì���`i�Ì�vÞ�Ì�i�LiÃÌ�V��L��>Ì�����v�V����V>��«�ÞÃ�V>��iÝ>���>Ì����

w�`��}Ã�Ì��«Ài`�VÌ�Ì�i�«ÀiÃi�Vi��v���`v>V�>���À��>�`�LÕ�>À�vÀ>VÌÕÀiÃ°�
��Ì��}i�VÞ�

Ì>L�iÃ�ÜiÀi�V��ÃÌÀÕVÌi`�Ü�Ì��Ì�i�>LÃi�Ì�w�`��}Ã�Li��}���ÃÌi`�>Ã�¼�i}>Ì�Ûi½�Ü�iÀi>Ã�

Ì�i�«ÀiÃi�Ì]���Ì�ÌiÃÌ>L�i�>�`���ÃÃ��}�w�`��}Ã�ÜiÀi���ÃÌi`�>Ã�>�¼«�Ã�Ì�Ûi½�w�`��}Ã°�/�i�

`�>}��ÃÌ�V�>VVÕÀ>VÞ��ÕÌV��iÃ���V�Õ`i`\�«ÀiÛ>�i�Vi]�«Ài�ÌiÃÌ�«À�L>L���ÌÞ]�Ãi�Ã�Ì�Û�ÌÞ]�

Ã«iV�wV�ÌÞ]�«�Ã�Ì�Ûi�«Ài`�VÌ�Ûi�Û>�Õi�**6®]��i}>Ì�Ûi�«Ài`�VÌ�Ûi�Û>�Õi� *6®]�«�Ã�Ì�Ûi�

���i�����`�À>Ì����,³®�>�`��i}>Ì�Ûi����i�����`�À>Ì����,�®°

Results

2CVKGPV�KFGPVKƂECVKQP
A total of 1128 consecutive patients with clinically suspected maxillofacial fracture(s) 

ÜiÀi�ÃVÀii�i`����Ì�i�v�ÕÀ�«>ÀÌ�V�«>Ì��}���Ã«�Ì>�Ã��v�Ü����£Îx�£Ó°ä¯®�ÜiÀi�iÝV�Õ`i`�

w}ÕÀi�£®°�Ƃ���}�Ì�i�Ài�>����}���Î�«>Ì�i�ÌÃ]�ÇÈÈ�ÜiÀi�ÃÕÃ«iVÌi`��v���`v>V�>��

vÀ>VÌÕÀiÃ]�Ónä��v��>�`�LÕ�>À�vÀ>VÌÕÀiÃ°�"v�Ì�i�Ì�Ì>��«�«Õ�>Ì���]�Óän�«>Ì�i�ÌÃ�ÜiÀi�

ÃÕÃ«iVÌi`�v�À�L�Ì����`v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ°�*>Ì�i�Ì�V�>À>VÌiÀ�ÃÌ�VÃ�>Ài�

ÃÕ��>À�âi`����/>L�i�£°

Radiological imaging

/�Ü>Ã��LÌ>��i`����ÇxÓ��n°Ó¯®�>�`�
	
/����£{�£°n¯®���`v>V�>��ÌÀ>Õ�>�«>Ì�i�ÌÃ�

�v�Ü����vÀ>VÌÕÀiÃ�ÜiÀi�`�>}��Ãi`����ÎÎ��«>Ì�i�ÌÃ�{{°Î¯®°���À��>�`�LÕ�>À�ÌÀ>Õ�>�

«>Ì�i�ÌÃ]�
/�Ü>Ã��LÌ>��i`����ÓÎn�nx°ä¯®�«>Ì�i�ÌÃ]�
	
/����£ä�Î°È¯®�«>Ì�i�ÌÃ]�>�`�

"*/� ���ÎÓ� ££°{¯®�«>Ì�i�ÌÃ°��>�`�LÕ�>À� vÀ>VÌÕÀiÃ�ÜiÀi�`�>}��Ãi`� ���ÈÈ� ÓÎ°È¯®�

«>Ì�i�ÌÃ°�Ƃ���}� Ì�i�Óän�«>Ì�i�ÌÃ�Ü�Ì��L�Ì����`v>V�>��>�`��>�`�LÕ�>À� ÌÀ>Õ�>]�

£äÈ�x£°ä¯®��v�Ì�i�«>Ì�i�ÌÃ����Þ��>`���`v>V�>�� vÀ>VÌÕÀiÃ�>�`�Ón�£Î°x¯®����Þ��>`�

�>�`�LÕ�>À�vÀ>VÌÕÀiÃ°�/�i�Ài�>����}�££�x°Î¯®�«>Ì�i�ÌÃ��>`�L�Ì��>���`v>V�>��>�`�

�>�`�LÕ�>À�vÀ>VÌÕÀi°
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Table 1: Patient characteristics

Total patients (n) 993

��Ã«�Ì>���¯®®

University Medical Center Groningen 331 (33.3)

Isala hospital Zwolle 449 (45.2)

Isala Diaconessenhuis hospital Meppel 71 (7.2)

Nij Smellinghe hospital Drachten 142 (14.3)

�i�`iÀ�`�ÃÌÀ�LÕÌ�����¯®®

Male 522 (52.6)

Female 471 (47.4)

Age (years)

Median 56

��ÌiÀµÕ>ÀÌ��i�À>�}i 41

Range 18-102

-�ÕÀVi��v�ÀiviÀÀ>���¯®®

Ƃ�LÕ�>�Vi 591 (59.5)

Ƃ�À�>�LÕ�>�Vi�ÃiÀÛ�ViÃ Óx�Ó°x¯®

General practitioner Óx{�Óx°È¯®

Dentist n�ä°n¯®

Self-referral 88 (8.9)

Other ÓÇ�Ó°Ç¯®

�iV�>��Ã���v����ÕÀÞ��¯®®

Activities of daily living, home or private 312 (31.4)

7�À� 34 (3.4)

/À>vwV 443 (44.6)

Motor vehicles 10 (1.0)

Scooters and mopeds 37 (3.7)

Bicycles 334 (33.6)

Pedestrians 15 (1.5)

Sports 33 (3.3)

Violence 121 (12.2)

Fall from same level 4 (0.4)

Fall from high level 0 (0)

Suspected suicide attempt 3 (0.3)

Other 33 (3.3)

 �Ì�ÛiÀ�w>L�i� 10 (1.0)

,i«�ÀÌi`�>�V�����ÕÃi��¯®® 226 (22.8)

�
-�V>Ìi}�À�iÃ��¯®®

Minor (14-15) 941 (94.8)

Moderate (9-13) 9 (0.9)

Severe (3-8) 33 (3.3)

Not reported 10 (1.0)

-Ì>ÌÕÃ��v���ÌÕL>Ì����>�`É�À�Ãi`>Ì�����¯®® 25 (2.5)

ƂLLÀiÛ�>Ì���Ã\��
-���>Ã}�Ü�
��>�-V>�i
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2J[UKECN�GZCOKPCVKQP�ƂPFKPIU�HQT�OKFHCEKCN�VTCWOC�RCVKGPVU
/�i�`�>}��ÃÌ�V�>VVÕÀ>VÞ��ÕÌV��iÃ��v�Ì�i���`�Û�`Õ>��«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�>Ài�

ÃÕ��>À�âi`����/>L�i�Ó°�-Üi����}�n£°£¯®]��>ViÀ>Ì����xÈ°£¯®]�«iÀ���ÀL�Ì>���i�>Ì��>�

{È°Î¯®�>�`�i«�ÃÌ>Ý�Ã�ÎÇ°Ç¯®�ÜiÀi�Ì�i���ÃÌ�V������«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�

v�À�Ì�i���`v>V�>��ÌÀ>Õ�>�«�«Õ�>Ì���Ã°�*�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�Ì�>Ì�ÜiÀi��i>ÃÌ�

V��������V�Õ`i`��VÕ�>À���Ûi�i�Ì�����Ì>Ì���Ã�£°�¯®]�`�«��«�>�Ó°�¯®]�>�`�ÃÕL�iVÌ�Ûi�

Î°Ç¯®�>�`��L�iVÌ�Ûi��>��VV�ÕÃ����£°{¯®°���}��Ãi�Ã�Ì�Û�ÌÞ�Ü>Ã�v�Õ�`�v�À�ÃÜi����}�

nÈ°Ç¯®�>�`���}��Ã«iV�wV�ÌÞ�Ü>Ã�v�Õ�`�v�À�v>V�>��`i«ÀiÃÃ������°Î®]� À>VV����iÞiÃ�

�x°Î®]� ÃÕLV���Õ�VÌ�Û>�� �>i��ÀÀ�>}i� �x°�®]� �VÕ�>À���Ûi�i�Ì� ����Ì>Ì���Ã� ��°n®]�

`�«��«�>��n°Î®]���vÀ>��ÀL�Ì>���iÀÛi�«>ÀiÃÌ�iÃ�>��Ç°ä®]�ÃÕL�iVÌ�Ûi��n°Ó®�>�`��L�iVÌ�Ûi�

�>��VV�ÕÃ�����n°È®]�Ì��Ì����L���ÌÞ��À�>ÛÕ�Ã�����È°x®]�«>�«>L�i�ÃÌi«��vv��n°È®�>�`�

�>Ý���>ÀÞ���L���ÌÞ��È°£®°�Ƃ���}��**6�>�`�V�ÀÀiÃ«��`��}��,³�Ü>Ã�v�Õ�`�v�À�v>V�>��

`i«ÀiÃÃ�����Î°�ÉÓä°ä®]��VÕ�>À���Ûi�i�Ì�����Ì>Ì���Ã��Ó°ÎÉ£È°Î®�>�`�«>�«>L�i�ÃÌi«�

�vv� �£°ÓÉ£Î°È®°���À� *6��v�Ì�i���`�Û�`Õ>��«�ÞÃ�V>��w�`��}Ã�Ü>Ã���Ü]�À>�}��}�vÀ���

57.5 to 70.6.

2J[UKECN�GZCOKPCVKQP�ƂPFKPIU�HQT�OCPFKDWNCT�VTCWOC�RCVKGPVU
��À� �>�`�LÕ�>À� ÌÀ>Õ�>� «>Ì�i�ÌÃ]� �>Ü� ��Ûi�i�Ì� «>��� {Ç°È¯®� >�`� ÃÕL�iVÌ�Ûi�

�>��VV�ÕÃ����xx°ä¯®�ÜiÀi�Ì�i���ÃÌ�V������«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã]�Ü�iÀi>Ã�

��viÀ��À�>�Ûi��>À��iÀÛi�«>ÀiÃÌ�iÃ�>�Î°£¯®]�«>�«>L�i�ÃÌi«��vv�È°Î¯®�>�`�Ì��Ì����L���ÌÞ�

�À�>ÛÕ�Ã����È°È¯®�ÜiÀi��iÃÃ�V�����°���}��Ãi�Ã�Ì�Û�ÌÞ�Ü>Ã�v�Õ�`�v�À��>Ü���Ûi�i�Ì�

«>��� �x°Ó®�>�`���}��Ã«iV�wV�ÌÞ�Ü>Ã�v�Õ�`�v�À� ��viÀ��À�>�Ûi��>À��iÀÛi�«>ÀiÃÌ�iÃ�>�

�n°ä®]���ÌÀ>��À>���i�>Ì��>��Ó°Î®]�«>�«>L�i�ÃÌi«��vv���°x®]�Ì��Ì����L���ÌÞ��À�>ÛÕ�Ã����

�È°Ç®]��L�iVÌ�Ûi��>��VV�ÕÃ�����È°Ó®�>�`�Ì�i�Ì��}Õi�L�>`i�L�Ìi�ÌiÃÌ��x°ä®°�Ƃ���}��

**6�>�`��,³�Ü>Ã�v�Õ�`�v�À�«>�«>L�i�ÃÌi«��vv��{°£Éxx°Ç®�>�`��L�iVÌ�Ûi��>��VV�ÕÃ����

�x°xÉ£È°x®�Ü�iÀi>Ã���}�� *6�>�`���Ü��,��Ü>Ã�v�Õ�`�v�À�ÃÜi����}��ä°�Éä°Î®]� �>Ü�

��Ûi�i�Ì� «>��� �Ç°�Éä°£®]� ��ÕÌ�� �«i���}� ����Ì>Ì���Ã� �x°ÇÉä°Ó®]� Ì�i� >�}Õ�>À�

V��«ÀiÃÃ����ÌiÃÌ��{°ÇÉä°Ó®]�Ì�i�>Ý�>��V����«ÀiÃÃÕÀi�ÌiÃÌ��{°�Éä°Ó®�>�`�Ì�i�Ì��}Õi�

L�>`i�L�Ìi�ÌiÃÌ��ä°xÉä°x®°
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Chapter 4a

Clinical decision aids
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Ài�iÛ>�Ì°�/�i�`iV�Ã����>�`�v�À���`v>V�>��ÌÀ>Õ�>�V��Ã�ÃÌi`��v\�«iÀ���ÀL�Ì>���>i�>Ì��>]�

i«�ÃÌ>Ý�Ã]��VÕ�>À���Ûi�i�Ì� ����Ì>Ì���]� ��vÀ>��ÀL�Ì>���iÀÛi�«>À>iÃÌ�iÃ�>]�«>�«>L�i�

ÃÌi«��vv�>�`�Ì��Ì����L���ÌÞ��À�>ÛÕ�Ã����ÀiÃÕ�Ì��}����Ãi�Ã�Ì�Û�ÌÞ��v�n�°Ç�nÈ°ä��Ó°x®]�

 *6��v�nÎ°��Çn°{�nn°Ó®�>�`�>��,���v�ä°Ó�ä°Ó�ä°Î®°�/�iÀiLÞ]�>�Ì�Ì>���v�£nÓ�ÓÎ°n¯®�

ÌÀÕ�Þ��i}>Ì�Ûi�«>Ì�i�ÌÃ�ÜiÀi��`i�Ì�wi`�Ü�i��>���Ì�i�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�

ÜiÀi�>LÃi�Ì°�/�i�vÀ>VÌÕÀi�ÌÞ«iÃ�Ì�>Ì�ÜiÀi�ÀÕ�i`��ÕÌ�LÞ�Ì�i�V����V>��`iV�Ã����>�`�

��V�Õ`i`��ÀL�Ì>��vÀ>VÌÕÀiÃ��r�®]�âÞ}��>Ì�V��>Ý���>ÀÞ�V��«�iÝ�vÀ>VÌÕÀiÃ��r£x®�>�`�

�>Ã>��L��i�vÀ>VÌÕÀiÃ��r£Ó®� Ì>L�i�{®°�,i}>À`��}��>�`�LÕ�>À�ÌÀ>Õ�>�«>Ì�i�ÌÃ]�Ì�i�

decision aid consisted of the angular compression test, axial chin pressure test, 

�L�iVÌ�Ûi��>��VV�ÕÃ���]�Ì��Ì����L���ÌÞ��À�>ÛÕ�Ã����>�`�Ì�i�Ì��}Õi�L�>`i�L�Ìi�ÌiÃÌ]�

resulting in a sensitivity of 98.5 (91.9-99.7), NPV of 98.7 (92.8-99.8) and a LR- of 0.0 

ä°ä�ä°Î®°�Ƃ�Ì�Ì>���v�Ç{�ÓÈ°{¯®�ÌÀÕ�Þ��i}>Ì�Ûi�«>Ì�i�ÌÃ�ÜiÀi��`i�Ì�wi`�Ü�i��>���Ì�iÃi�

«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�ÜiÀi�>LÃi�Ì°�/�i�V����V>��`iV�Ã����>�`�`�`���Ì�ÀÕ�i��ÕÌ�

>�ÃÞ�«�ÞÃi>�É«>À>ÃÞ��ÞÃi>��vÀ>VÌÕÀi��r£®°

Table 4: Fracture outcomes

Clinical decision aid False negatives (n) True positives (n) Total (n)

Midface 35 304 339

Frontal sinus 1 24 25

"ÀL�Ì>��À���>�`�Ü>��Ã 9 87 96

Maxillary sinus 4 26 30

Zygomaticomaxillary complex 15 119 134

 >Ã��ÀL�Ì�iÌ����`�V��«�iÝ 0 17 17

 >Ã>��L��i 12 114 126

Le Fort I 1 8 9

Le Fort II 1 7 8

Le Fort III 0 6 6

Dentoalveolar complex 1 14 15

�>�`�L�i 1 65 66

Symphyseal or parasymphyseal 1 23 24

Corpus 0 17 17

Angular 0 8 8

Ramus 0 7 7

Coronoid 0 4 4

Condylar process 0 44 44

Dentoalveolar complex 0 1 1
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Discussion

�iÀ}i�VÞ�`i«>ÀÌ�i�Ì�Ü�À�iÀÃ�>Ài�vÀiµÕi�Ì�Þ�v>Vi`�Ü�Ì��«>Ì�i�ÌÃ�ÃÕÃ«iVÌi`��v�

vÀ>VÌÕÀiÃ��v� Ì�i��>Ý����v>V�>�� Ài}���°�	�Ì�� Ì�i���`v>V�>��>�`��>�`�LÕ�>À� Ài}����

>Ài�V�>À>VÌiÀ�âi`�LÞ�>�ÃiÌ��v�`�ÃÌ��VÌ�Ûi�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�Ì�>Ì�V>��Li�

ÕÃi`�Ì��«Ài`�VÌ� Ì�i� ���i�����`��v�>� vÀ>VÌÕÀi�>�`]�V��ÃiµÕi�Ì�Þ]� �ÕÃÌ�vÞ� Ì�i��ii`�

for radiological imaging. Clinical decision aids were constructed for this large 

prospective multicentre cohort study of emergency department patients with the 

>���Ì��`�>}��Ãi��À�ÀÕ�i��ÕÌ�Ì�i�«ÀiÃi�Vi��v���`v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ°�

7i�v�Õ�`�Ì�>Ì�Ì�i�V����V>��`iV�Ã����>�`�v�À���`v>V�>��ÌÀ>Õ�>�«>Ì�i�ÌÃ�«À�`ÕVi`�>�

Ãi�Ã�Ì�Û�ÌÞ��v�n�°Ç�>�`� *6��v�nÎ°�]�V�ÀÀiVÌ�Þ��`i�Ì�vÞ��}�ÓÎ°n¯��v�Ì�i�«>Ì�i�ÌÃ�Ü���

`�`���Ì��>Ûi�>�vÀ>VÌÕÀi°�/�i�>�`�v�À��>�`�LÕ�>À�ÌÀ>Õ�>�«>Ì�i�ÌÃ�}>Ûi�>�Ãi�Ã�Ì�Û�ÌÞ�

�v��n°x�>�`� *6��v��n°Ç�Ì�ÕÃ��`i�Ì�vÞ��}�Ì�>Ì�ÓÈ°{¯��v�Ì�i�«�«Õ�>Ì����`�`���Ì��>Ûi�

>�vÀ>VÌÕÀi°��i�Vi]�Ì�i�V����V>��`iV�Ã����>�`�V>��Li�ÕÃi`�Ì��Ài`ÕVi�Õ��iViÃÃ>ÀÞ�ÕÃi�

�v�À>`����}�V>����>}��}]�V��ÃiµÕi�Ì�Þ�Ài`ÕV��}�À>`�>Ì����iÝ«�ÃÕÀi�>�`�>ÃÃ�V�>Ìi`�

health care costs for this population of patients.

*�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�Ài�>Ìi`�Ì����`v>V�>��ÌÀ>Õ�>�>Ài�L>Ãi`����Ì�i�`�ÃÌ��VÌ�Ûi�

and complex anatomy of the midface. Since facial depression, ocular movement 

����Ì>Ì���Ã]���vÀ>��ÀL�Ì>���iÀÛi�«>À>iÃÌ�iÃ�>�>�`�«>�«>L�i�ÃÌi«��vv���`�Û�`Õ>��Þ��>`�

>���}��**6���ä®�>�`��,³��£ä®��i>�Ã�>���`v>V�>��vÀ>VÌÕÀi��Ã�ÛiÀÞ����i�Þ�Ü�i����i��À�

��Ài��v�Ì�iÃi�w�`��}Ã��Ã�«ÀiÃi�Ì°�"ÕÀ�V����V>��`iV�Ã����>�`]�V��Ã�ÃÌ��}��v�«iÀ���ÀL�Ì>��

�>i�>Ì��>]�i«�ÃÌ>Ý�Ã]��VÕ�>À���Ûi�i�Ì�����Ì>Ì���]���vÀ>��ÀL�Ì>���iÀÛi�«>À>iÃÌ�iÃ�>]�

«>�«>L�i�ÃÌi«��vv�>�`�Ì��Ì����L���ÌÞ��À�>ÛÕ�Ã���]�Ü>Ã�Õ�>L�i�Ì���`i�Ì�vÞ��ÛiÀ��ä¯��v�

Ì�i�«>Ì�i�ÌÃ�Ü�Ì��ÕÌ�vÀ>VÌÕÀiÃ°�Ƃ�Ì��Õ}��£nÓ�«>Ì�i�ÌÃ�ÜiÀi�V�ÀÀiVÌ�Þ��`i�Ì�wi`�>Ã���Ì�

�>Û��}�>�vÀ>VÌÕÀi]�Îx�«>Ì�i�ÌÃ�ÜiÀi���ÃÃi`�>���}�Ü�����ÀL�Ì>�]�âÞ}��>Ì�V��>Ý���>ÀÞ�

complex and nasal fractures were most common. Clinical decision aids for midfacial 

ÌÀ>Õ�>�ÜiÀi�>�Ã��«À�«�Ãi`�LÞ��Ì�iÀ�>ÕÌ��ÀÃ°���À�iÝ>�«�i]�Ì�i�7�ÃV��Ã���VÀ�ÌiÀ�>�

ÕÃiÃ�>�V��L��>Ì�����v�L��Þ�ÃÌi«��vv��À���ÃÌ>L���ÌÞ]�«iÀ���ÀL�Ì>��ÃÜi����}��À�V��ÌÕÃ���]�

>���>Ã}�Ü�
��>�-V>�i�ÃV�Ài��v��iÃÃ�Ì�>��£{]��>��VV�ÕÃ����>�`�Ì��Ì��>LÃi�Vi�Ó°�/�i�

>ÕÌ��ÀÃ�V��L��i`���`v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�>Ã�>���ÕÌV��i°�/�i�«ÀiÃi�Vi�

�v�>�Þ��v�Ì�iÃi�w�`��}Ã�ÀiÃÕ�Ìi`����>� *6��v�nÇ°n�>�`�>�Ãi�Ã�Ì�Û�ÌÞ��v��n°Ó]�Ü�iÀi>Ã�

Ì�i�Û>��`>Ì�����v�Ì�iÃi�VÀ�ÌiÀ�>�LÞ�Ì�Àii�ÃÌÕ`�iÃ�ÀiÃÕ�Ìi`����>� *6��v�n£°Î]�Ón°È�>�`�Èä]�

and a sensitivity of 97.4, 90.0 and 81.0, respectively. Other authors presented clinical 

`iV�Ã����>�`Ã�v�À�Ã«iV�wV���`v>V�>��vÀ>VÌÕÀi�ÌÞ«iÃ�n]£{°�Ƃ�`iV�Ã����Ì����v�À��ÀL�Ì>��

vÀ>VÌÕÀiÃ�Ü>Ã�`iw�i`�>Ã�>�Þ�«ÀiÃi�Vi��v�ÃÕLV���Õ�VÌ�Û>���>i��ÀÀ�>}i]���vÀ>��ÀL�Ì>��

4a
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�iÀÛi�«>À>iÃÌ�iÃ�>]�>�V�>�}i����«�Ã�Ì�����v�Ì�i�}��Li]�Ài`ÕVi`�Û�ÃÕ>��>VÕ�ÌÞ��À�>�Þ�

ÌÜ��vÀ���«iÀ���ÀL�Ì>���>i��ÀÀ�>}i]�`�«��«�>��À�����Ìi`�iÞi���Ûi�i�Ì]�ÀiÃÕ�Ì��}����

a NPV of 56.3 and a sensitivity of 80.0 8. Another study provided a decision tool 

v�À��ÀL�Ì>��y��À�vÀ>VÌÕÀiÃ����Ì�i�«ÀiÃi�Vi��v�>�Þ��v�Ì�i�v����Ü��}\�ÃÕLV���Õ�VÌ�Û>��

�>i��ÀÀ�>}i]� ��vÀ>��ÀL�Ì>���iÀÛi�«>À>iÃÌ�iÃ�>�>�`�iVV�Þ��Ã�Ã��À�ÃÜi����}]�>�`�

resulted in a NPV and PPV of 92.3 and 74.2, respectively 14. They also provided a 

decision aid for nasal and zygomaticomaxillary fractures, showing a NPV of 97.8 and 

�ä°�°�/�i�V����V>��`iV�Ã����>�`Ã�«ÀiÃi�Ìi`����Ì�i�À�ÃÌÕ`Þ�ÜiÀi�Ã«iV�wV>��Þ�V��ÃÌÀÕVÌi`�

to rule out particular fracture types. However, from a clinical perspective, emergency 

`i«>ÀÌ�i�Ì�Ü�À�iÀÃ�>Ài�L���`i`�v�À�Ì�i��ÕÌV��i��v���ÌiÀiÃÌ�>�`]�Ì�iÀiv�Ài]��ii`�Ì��

consider the full range of potential fracture types. In this present study, any midfacial 

vÀ>VÌÕÀi�Ü>Ã�V��Ãi��>Ã�>���ÕÌV��i�Ì��ÀiyiVÌ�Ì�i�i�iÀ}i�VÞ�`i«>ÀÌ�i�Ì�ÃiÌÌ��}°�

*�ÃÌ���V�>�>�ÞÃ�Ã�V>��«À�Û�`i�iÛ�`i�Vi��v���Ü�Ì�i�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�

are related to these fracture types.

/�i�`�ÃÌ��VÌ�Ûi��>�`�LÕ�>À� ÌÀ>Õ�>�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�>Ài� Ài�>Ìi`� Ì��

Ì�i�L��>ÌiÀ>��Ìi�«�À��>�`�LÕ�>À�����Ì�>ÀÌ�VÕ�>Ì����Ì�>Ì�>���ÜÃ�`i�Ì>���VV�ÕÃ����>�`�

>ÀÌ�VÕ�>Ì����LÞ��>�`�LÕ�>À���Ì���°�ƂÃ� ��`�Û�`Õ>��w�`��}Ã]�«>�«>L�i�ÃÌi«��vv�>�`�

�L�iVÌ�Ûi��>��VV�ÕÃ����ÜiÀi�v�Õ�`�Ì���>Ûi�>�«>ÀÌ�VÕ�>À�Þ���}��**6�>�`��,³�>�`�Ã��

Ì�iÀiv�Ài�ÃÌÀ��}�Þ�ÃÕ}}iÃÌ�Ì�i�«ÀiÃi�Vi��v�>��>�`�LÕ�>À�vÀ>VÌÕÀi°�"��Ì�i��Ì�iÀ��>�`]�

swelling, jaw movement pain, mouth opening limitation, the angular compression 

ÌiÃÌ]�Ì�i�>Ý�>��V����«ÀiÃÃÕÀi�ÌiÃÌ�>�`�Ì�i�Ì��}Õi�L�>`i�L�Ìi�ÌiÃÌ�}>Ûi�>���}�� *6�>�`�

�,�]���`�V>Ì��}�Ì�>Ì�Ì�iÃi���`�Û�`Õ>��w�`��}Ã�Ãii�Ã�«>ÀÌ�VÕ�>À�Þ�ÕÃivÕ��v�À�iÝV�Õ`��}�

Ì�i�«ÀiÃi�Vi��v��>�`�LÕ�>À�vÀ>VÌÕÀiÃ°�/��Ã��Ã�������i�Ü�Ì��«ÀiÛ��ÕÃ�ÀiÃi>ÀV��Ü��V��

>�Ã��v�Õ�`�>���}�� *6�v�À�Ì�i�Ì��}Õi�L�>`i�L�Ìi�ÌiÃÌ�14–16°�7i��>Ûi�ÃÕVViÃÃvÕ��Þ�

V��ÃÌÀÕVÌi`�>�V����V>��`iV�Ã����>�`�v�À��>�`�LÕ�>À�ÌÀ>Õ�>�«>Ì�i�ÌÃ�ÀiÃÕ�Ì��}� ���>�

 *6��v��n°Ç�>�`�Ã�� �`i�Ì�vÞ��}]� ÀiÌÀ�Ã«iVÌ�Ûi�Þ]� Ì�>Ì�ÓÈ°{¯��v� Ì�i�«>Ì�i�ÌÃ��>`�

redundantly received radiological imaging. The clinical decision aid only missed one 

patient with a symphyseal fracture. Moreover, the cumulative diagnostic accuracy 

ÀiÛi>�i`�Ì�>Ì�Ì�i�V����V>��`iV�Ã����>�`�Ü�Ì��ÕÌ�Ì�i�Ì��}Õi�L�>`i�L�Ìi�ÌiÃÌ�ÀiÃÕ�Ìi`�

���>� *6��v��n°ä�>�`�Ã���`i�Ì�wi`�Î{°Î¯��v�Ì�i�«>Ì�i�ÌÃ�V�ÀÀiVÌ�Þ°�/�iÀi��Ã����`>Ì>�

>Û>��>L�i�vÀ���«ÀiÛ��ÕÃ�ÀiÃi>ÀV�����Ì�i�>�}Õ�>À�V��«ÀiÃÃ����ÌiÃÌ�>�`�Ì�i�>Ý�>��V����

«ÀiÃÃÕÀi�ÌiÃÌ°�/�i�ÕÌ���ÌÞ��v�Ì�iÃi�ÌiÃÌÃ�Ãii�Ã�«>ÀÌ�VÕ�>À�Þ�ÕÃivÕ��LiV>ÕÃi��v�Ì�i�À�

}i�iÀ>��â>L���ÌÞ�>�`�Ài«À�`ÕV�L���ÌÞ�v�À�>���i�iÀ}i�VÞ�`i«>ÀÌ�i�Ì�Ü�À�iÀÃ°



107

The REDUCTION-I study 

The methodological strengths of the study include the prospective multicenter study 

`iÃ�}�]�Ì�i� �>À}i��Õ�LiÀ��v�V��ÃiVÕÌ�Ûi�«>Ì�i�ÌÃ�>�`�Ì�i�ÃÌ>�`>À`�âi`�«�ÞÃ�V>��

examinations strategy for each patient. Furthermore, we included patients whose 

«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�ÜiÀi�ÃÌ>Ìi`�>Ã�¼��Ì�ÌiÃÌ>L�i½°�"��ÕÃ��}�Ì��Ã�>««À�>V��

Üi�ÜiÀi�>L�i�Ì����V�Õ`i�«>Ì�i�ÌÃ�Ü���V�Õ�`���Ì�Li�>ÃÃiÃÃi`�LiV>ÕÃi��v]�v�À�iÝ>�«�i]�

ÃiÛiÀi�ÃÜi����}�Ü�Ì��ÀiÃ«iVÌ�Ì���VÕ�>À�Ài�>Ìi`�w�`��}Ã]��À�Ì�i�ÃÌ>Ìi��v�V��ÃV��ÕÃ�iÃÃ�

since interaction with the patients is necessary. The results of our study show that 

Ì�i�«�ÞÃ�V>��iÝ>���>Ì���Ã��v�L�Ì����`v>V�>��>�`��>�`�LÕ�>À�ÌÀ>Õ�>�«>Ì�i�ÌÃ�V>��

�i>`�Ì��º��Ì�ÌiÃÌ>L�i»�w�`��}Ã]�i�«�>Ã�â��}�Ì�i��ii`�Ì��ÃV�Ài�Ì��Ã�>Ã�>���ÕÌV��i°�

*ÀiÛ��ÕÃ�ÃÌÕ`�iÃ�`�`���Ì�Ài«�ÀÌ� Ì�iÃi�Ã«iV�wV��ÕÌV��iÃ°���ÃÌ� ��«�ÀÌ>�Ì�Þ]��ÕÀ�

>««À�>V��Ì��V��ÃÌÀÕVÌ��}�Ì�i�V����V>��`iV�Ã����>�`Ã��>�iÃ�Ì�i��>««��V>L�i�Ì��>�vÕ���

À>�}i��v���`v>V�>��>�`��>�`�LÕ�>À�ÌÀ>Õ�>�«>Ì�i�ÌÃ]�Ài}>À`�iÃÃ��v�>}i]��iV�>��Ã��

of injury or trauma severity.

����Ì>Ì���Ã��v��ÕÀ�ÃÌÕ`Þ���V�Õ`i�Ì�>Ì�Ì�i�«�ÞÃ�V>��iÝ>���>Ì����ÜiÀi�«iÀv�À�i`�LÞ�

various professions, each with different years of experience. However, from a clinical 

«iÀÃ«iVÌ�Ûi]�Ì�i�`�>}��ÃÌ�V��>�>}i�i�Ì��v�Ì�iÃi�«>Ì�i�ÌÃ� �Ã�>�Ã��V��`ÕVÌi`�LÞ�

a multidisciplinary team. Another limitation is that no validation was performed. 

Therefore, future research should focus on how these clinical decision aids safely 

can reduce unnecessary radiological imaging in a prospective cohort study with 

a new population of patients. Future research should also focus on how physical 

iÝ>���>Ì����w�`��}Ã�>Ài�Ài�>Ìi`�Ì����`v>V�>���À��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�Ì�>Ì�ÀiµÕ�Ài�

���i`�>Ìi� ��ÌiÀÛi�Ì���°���À�iÝ>�«�i]��ÀL�Ì>�� y��À� vÀ>VÌÕÀiÃ� >Ài� ���Ü�� v�À� Ì�i�

potential entrapment of the inferior rectus muscle, causing ocular movement 

����Ì>Ì���Ã�Ì�>Ì�ÀiµÕ�Ài�ÃÕÀ}�V>��iÝ«��À>Ì����>�`�Ã��Õ�`�Ì�iÀiv�Ài���Ì�Ì��Li���ÃÃi`°

���V��V�ÕÃ���]�Ì�i�`�>}��ÃÌ�V�>VVÕÀ>VÞ��v�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�Ü>Ã��`i�Ì�wi`�

v�À�«>Ì�i�ÌÃ�Ü�Ì��ÃÕÃ«iVÌi`���`v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ°�/�i�V��ÃÌÀÕVÌ����

of a clinical decision aid resulted in a NPV of 83.9 for midfacial trauma patients and 

>� *6��v��n°Ç�v�À��>�`�LÕ�>À�ÌÀ>Õ�>�«>Ì�i�ÌÃ�>�`��>Þ�>�`����ÃÌÀ>Ì�vÞ��}�«>Ì�i�ÌÃ�

suspected for fractures to reduce unnecessary diagnostic imaging.

4a
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Supplementary table S1: �iw��Ì�����v�Ì�i�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã

Midface

Swelling Ƃ�Þ�ÃÜi����}��v� Ì�i���`v>V�>�� Ài}���°�Ƃ�ºyes»�Ü>Ã�ÃV�Ài`� �v� Ì�iÀi�Ü>Ã�ÃÜi����}��v� Ì�i�
��`v>V�>��Ài}���°�Ƃ�ºno»�Ü>Ã�ÃV�Ài`��v�Ì�iÀi�Ü>Ã����ÃÜi����}��v�Ì�i���`v>V�>��Ài}���°�Ƃ�ºnot 
testable»�Ü>Ã�ÃV�Ài`��v�ÃÜi����}��v�Ì�i���`v>V�>��Ài}����V�Õ�`���Ì�Li�>ÃÃiÃÃi`°

Laceration Ƃ�Þ� iÝÌÀ>��À>�®� �>ViÀ>Ì�����v� Ì�i���`v>V�>�� Ã���°�Ƃ�ºyes»�Ü>Ã�ÃV�Ài`� �v� Ì�iÀi�Ü>Ã�>�Þ�
iÝÌÀ>��À>�®��>ViÀ>Ì�����v�Ì�i���`v>V�>��Ã���°�Ƃ�ºno»�Ü>Ã�ÃV�Ài`��v�Ì�iÀi�ÜiÀi����iÝÌÀ>��À>�®�
�>ViÀ>Ì�����v�Ì�i���`v>V�>��Ã���°�Ƃ�ºnot testable»�Ü>Ã�ÃV�Ài`��v��>ViÀ>Ì�����v�Ì�i���`v>V�>��
Ã����V�Õ�`���Ì�Li�>ÃÃiÃÃi`°

Facial 
depression

1���>ÌiÀ>��y>ÌÌi���}��À�`i«ÀiÃÃ�����v�Ì�i��>�>À�i���i�Vi]�V�ii���À�âÞ}��>Ì�V��>Ý���>ÀÞ�
V��«�iÝ°�Ƃ�ºyes” Ü>Ã�ÃV�Ài`��v�Ì�iÀi�Ü>Ã�Õ���>ÌiÀ>��v>V�>��`i«ÀiÃÃ���°�Ƃ�ºno»�Ü>Ã�ÃV�Ài`�
�v�Ì�iÀi�Ü>Ã����Õ���>ÌiÀ>��v>V�>��`i«ÀiÃÃ���°�Ƃ�ºnot testable” was scored if unilateral facial 
`i«ÀiÃÃ����V�Õ�`���Ì�Li�>ÃÃiÃÃi`]�v�À�iÝ>�«�i����Ã�ÌÕ>Ì���Ã�Ü�iÀi�«�ÞÃ�V>��iÝ>���>Ì����
Ü>Ã���Ì�«�ÃÃ�L�i�`Õi�ÃiÛiÀi�ÃÜi����}��À�iÝViÃÃ�Ûi�«>���`ÕÀ��}�«>�«>Ì���°

*iÀ���ÀL�Ì>��
hematoma

Ƃ�Þ��i�>Ì��>���V>��âi`�Ü�Ì�����À�>À�Õ�`�Ì�i��ÀL�Ì>���À�âÞ}��>Ì�V��>Ý���>ÀÞ�>Ài>�Ì�>Ì��Ã�
��Ì�`iw�i`�>Ã�À>VV����iÞiÃ°�Ƃ�ºyes»�Ü>Ã�ÃV�Ài`��v�Ì�iÀi�Ü>Ã�>�«iÀ���ÀL�Ì>���i�>Ì��>°�
Ƃ�ºno»�Ü>Ã�ÃV�Ài`��v�Ì�iÀi�Ü>Ã����«iÀ���ÀL�Ì>���i�>Ì��>°�Ƃ�ºnot testable»�Ü>Ã�ÃV�Ài`��v�
Ì�i�«ÀiÃi�Vi��v�>�«iÀ���ÀL�Ì>���i�>Ì��>�V�Õ�`���Ì�Li�>ÃÃiÃÃi`°

Raccoon eyes 	��>ÌiÀ>��iVV�Þ��Ã�Ã��À��i�>Ì��>���V>��âi`�Ü�Ì����>�`�>À�Õ�`�Ì�i�Õ««iÀ�>�`É�À���ÜiÀ�
iÞi��`Ã°�Ƃ�ºyes»�Ü>Ã�ÃV�Ài`�v�À�V>ÃiÃ�Ü�Ì��À>VV����iÞiÃ°�Ƃ�ºno»�Ü>Ã�ÃV�Ài`��v�À>VV����
iÞiÃ�ÜiÀi���Ì�«ÀiÃi�Ì°�Ƃ�ºnot testable»�Ü>Ã�ÃV�Ài`��v�Ì�i�«ÀiÃi�Vi��v�À>VV����iÞiÃ�V�Õ�`�
��Ì�Li�>ÃÃiÃÃi`°

Epistaxis Ƃ�Õ���>ÌiÀ>���À�L��>ÌiÀ>��>VÌ�Ûi��À�«>ÃÃi`���ÃiL�ii`°�Ƃ�ºyes»�Ü>Ã�ÃV�Ài`�v�À�V>ÃiÃ�Ü�Ì��
«>ÃÌ®�i«�ÃÌ>Ý�Ã°�Ƃ�ºno»�Ü>Ã�ÃV�Ài`��v�Ì�iÀi�Ü>Ã����«>ÃÌ®�i«�ÃÌ>Ý�Ã°�Ƃ�ºnot testable»�Ü>Ã�
ÃV�Ài`��v�Ì�i�«ÀiÃi�Vi��v�i«�ÃÌ>Ý�Ã�V�Õ�`���Ì�Li�>ÃÃiÃÃi`°

-ÕLV���Õ�VÌ�Û>��
hemorrhage

Ƃ�Ã�>À«�Þ�V�ÀVÕ�ÃVÀ�Li`�L�ii`��}��À��i��ÀÀ�>}i��v�Ì�i�V���Õ�VÌ�Û>������i��À�L�Ì��}��LiÃ°�
Ƃ�ºyes»�Ü>Ã�ÃV�Ài`��v�Ì�iÀi�Ü>Ã�ÃÕLV���Õ�VÌ�Û>���i��ÀÀ�>}i°�Ƃ�ºno»�Ü>Ã�ÃV�Ài`��v�Ì�iÀi�
Ü>Ã����ÃÕLV���Õ�VÌ�Û>���i��ÀÀ�>}i°�Ƃ�ºnot testable»�Ü>Ã�ÃV�Ài`��v�Ì�i�«ÀiÃi�Vi��v�>�
ÃÕLV���Õ�VÌ�Û>���i��ÀÀ�>}i�V�Õ�`���Ì�Li�>ÃÃiÃÃi`]�v�À�iÝ>�«�i�Ü�iÀi�ÃiÛiÀi�ÃÜi����}�
�À��i�>Ì��>��v�Ì�i�iÞi�V�Õ�`���Ì�Li�Û�ÃÕ>��âi`]�iÛi��Ü�Ì��>VÌ�Ûi��i�«°

Ocular 
movement 
limitation

Ƃ�Þ�ÀiÃÌÀ�VÌi`�}>â��}��À�����Ì>Ì�����v�Ì�i�iÞi���Ûi�i�ÌÃ����>�Þ�`�ÀiVÌ���°�Ƃ�ºyes»�Ü>Ã�
ÃV�Ài`��v�Ì�iÀi�ÜiÀi��VÕ�>À���Ûi�i�Ì� ����Ì>Ì���Ã°�Ƃ�ºno»�Ü>Ã�ÃV�Ài`��v�Ì�iÀi�ÜiÀi����
�VÕ�>À���Ûi�i�Ì�����Ì>Ì���Ã°�Ƃ�ºnot testable»�Ü>Ã�ÃV�Ài`��v��VÕ�>À���Ûi�i�ÌÃ�V�Õ�`���Ì�
Li�>ÃÃiÃÃi`]�v�À�iÝ>�«�i����V>Ãi��v�ÃiÛiÀi�ÃÜi����}�>�`É�À��i�>Ì��>��À��v�«>Ì�i�Ì½Ã�ÃÌ>Ìi�
of consciousness hindered active instruction of the patient.

Diplopia ��ÕL�i�Û�Ã����>�Ã�ÌÕ>Ì����Ü�iÀi�Ì�i�«>Ì�i�ÌÃ�ÃiiÃ�>�Ã��}�i��L�iVÌ� ���`Õ«��V>Ìi®]�i�Ì�iÀ�
«>ÃÃ�Ûi��À���`ÕVi`�`ÕÀ��}�Ì�i�>ÃÃiÃÃ�i�Ì��v�Ì�i��VÕ�>À���Ûi�i�ÌÃ°�Ƃ�ºyes»�Ü>Ã�ÃV�Ài`����
V>Ãi��v�`�«��«�>°�Ƃ�ºno»�Ü>Ã�ÃV�Ài`��v�Ì�iÀi�Ü>Ã����`�«��«�>°�Ƃ�ºnot testable»�Ü>Ã�ÃV�Ài`�
�v�Ì�i�«ÀiÃi�Vi��v�`�«��«�>�V�Õ�`���Ì�Li�>ÃÃiÃÃi`]�v�À�iÝ>�«�i�Ü�i��Ì�i�«>Ì�i�Ì½Ã�ÃÌ>Ìi�
of consciousness hindered communication.

��vÀ>��ÀL�Ì>��
nerve 
paresthesia

Ƃ�Þ��Õ�L�iÃÃ]�V�>�}i��À���ÃÃ��v�Ãi�Ã>Ì�����v�Ì�i���vÀ>�ÀL�Ì>���iÀÛi����iÀÛ>Ì����>Ài>�i°}°]�
Ì�i���ÜiÀ�iÞi��`]��>Ã>��ÛiÃÌ�LÕ�i]�«>ÀÌ��v�Ì�i�V�ii�]�Ì�i�Õ««iÀ���«]�Õ««iÀ���V�Ã�À]�V>���i�
>�`�«Ài���>ÀÃ®°�Ƃ�ºyes»�Ü>Ã�ÃV�Ài`��v�Ì�iÀi�Ü>Ã���vÀ>��ÀL�Ì>���iÀÛi�«>ÀiÃÌ�iÃ�>°�Ƃ�ºno»�
Ü>Ã�ÃV�Ài`��v�Ì�iÀi�Ü>Ã������vÀ>��ÀL�Ì>���iÀÛi�«>ÀiÃÌ�iÃ�>°�Ƃ�ºnot testable»�Ü>Ã�ÃV�Ài`��v�
Ì�i�«ÀiÃi�Vi��v���vÀ>��ÀL�Ì>���iÀÛi�«>ÀiÃÌ�iÃ�>�V�Õ�`���Ì�Li�>ÃÃiÃÃi`]�v�À�iÝ>�«�i��v�Ì�i�
«>Ì�i�Ì½Ã�ÃÌ>Ìi��v�V��ÃV��ÕÃ�iÃÃ����`iÀi`�V���Õ��V>Ì���°

-ÕL�iVÌ�Ûi�
malocclusion

��Ã>��}��i�Ì� �À� ��V�ÀÀiVÌ� Ài�>Ì���� LiÌÜii�� Ì�i� ÌiiÌ�� �v� Ì�i� ÌÜ�� `i�Ì>�� >ÀV�iÃ� >Ã�
iÝ«iÀ�i�Vi`�LÞ�Ì�i�«>Ì�i�Ì�Ì�>Ì�i�iÀ}i`�>vÌiÀ�Ì�i�ÌÀ>Õ�>°�Ƃ�ºyes»�Ü>Ã�ÃV�Ài`��v� Ì�i�
«>Ì�i�Ì�iÝ«iÀ�i�ViÃ�Ì�i�«ÀiÃi�Vi��v��>��VV�ÕÃ���°�Ƃ�ºno»�Ü>Ã�ÃV�Ài`��v�Ì�i�«>Ì�i�Ì�`�`�
��Ì�iÝ«iÀ�i�Vi��>��VV�ÕÃ���°�Ƃ�ºnot testable»�Ü>Ã�ÃV�Ài`��v�ÃÕL�iVÌ�Ûi��>��VV�ÕÃ����V�Õ�`�
��Ì�Li�>ÃÃiÃÃi`]�v�À�iÝ>�«�i����>�Ã�ÌÕ>Ì����Ü�iÀi�Ì�i�«>Ì�i�Ì½Ã�ÃÌ>Ìi��v�V��ÃV��ÕÃ�iÃÃ�
hindered communication, or in edentulous patients.
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Supplementary table S1 (continued)

"L�iVÌ�Ûi�
malocclusion

/À>Õ�>Ì�V���Ã>��}��i�Ì��À���V�ÀÀiVÌ�Ài�>Ì����LiÌÜii��Ì�i�ÌiiÌ���v�Ì�i�ÌÜ��`i�Ì>��>ÀV�iÃ�
>Ã��L�iVÌ�Ûi�Þ��`i�Ì�wi`�LÞ�Ì�i�>ÃÃiÃÃ�À�`ÕÀ��}���ÌÀ>��À>��iÝ>���>Ì����>ÃÃiÃÃ�i�Ì°�Ƃ�ºyes»�
Ü>Ã�ÃV�Ài`����Ì�iÀi�Ü>Ã��>��VV�ÕÃ���°�Ƃ�ºno»�Ü>Ã�ÃV�Ài`��v�Ì�iÀi�Ü>Ã�����>��VV�ÕÃ���°�Ƃ�
ºnot testable»�Ü>Ã�ÃV�Ài`��v�Ì�i��VV�ÕÃ����V�Õ�`���Ì�Li�>ÃÃiÃÃi`]�v�À�iÝ>�«�i��v�Ì�i�«>Ì�i�Ì�
�>`�`i�ÌÕÀiÃ]�Ü>Ã�i`i�ÌÕ��ÕÃ��À��v�Ì�i�«>Ì�i�Ì�Ü>Ã���ÌÕL>Ìi`�>�`�Ãi`>Ìi`°

/��Ì����L���ÌÞ
or avulsion

��L���ÌÞ��À�>ÛÕ�Ã�����v�>�Þ��>Ý���>ÀÞ�Ì��Ì��i�i�i�ÌÃ�i°}°]�wÀÃÌ�££�£n®�>�`�ÃiV��`�Ó£�Ón®�
µÕ>`À>�Ì�Ì��Ì��i�i�i�ÌÃ®°�Ƃ�ºyes» Ü>Ã�ÃV�Ài`����V>Ãi��v�Ì��Ì����L���ÌÞ��À�>ÛÕ�Ã���°�Ƃ�ºno»�
Ü>Ã�ÃV�Ài`��v�Ì�iÀi�Ü>Ã����Ì��Ì����L���ÌÞ��À�>ÛÕ�Ã���°�Ƃ�ºnot testable»�Ü>Ã�ÃV�Ài`��v�Ì�i�
«ÀiÃi�Vi��v�Ì��Ì����L���ÌÞ��À�>ÛÕ�Ã����V�Õ�`���Ì�Li�>ÃÃiÃÃi`]�v�À�iÝ>�«�i��v�Ì�i�«>Ì�i�Ì�
V�Õ�`���Ì�Li�ÃÕ�Ì>L�Þ���ÃÌÀÕVÌi`°

*>�«>L�i�
step-off

/�i�«ÀiÃi�Vi��v�>�L��Þ�ÃÌi«��vv]�ÃÌi«�`iviVÌ��À�`�ÃV��Ì��Õ�ÌÞ�v�Õ�`�Ü�i��«>�«>Ì��}�>�Þ�
�v�Ì�i�v����Ü��}���`v>V�>��>�>Ì���V>���>�`�>À�Ã\�£®�âÞ}��>Ì�V�>ÀV�]�Ó®���vÀ>��ÀL�Ì>��À��]�
Î®�ÃÕ«À>�>�`� �>ÌiÀ>���ÀL�Ì>�� À��]� {®��>Ã>��LÀ�`}i�>�`�x®�âÞ}��>Ì�V>�Ûi��>À�VÀiÃÌ� ��ÌÀ>�
�À>��Þ°�Ƃ�ºyes»�Ü>Ã�ÃV�Ài`��v�Ì�iÀi�Ü>Ã�>�«>�«>L�i�ÃÌi«��vv°�Ƃ�ºno»�Ü>Ã�ÃV�Ài`��v�Ì�iÀi�Ü>Ã�
���«>�«>L�i�ÃÌi«��vv°�Ƃ�ºnot testable»�Ü>Ã�ÃV�Ài`��v�Ì�i�«ÀiÃi�Vi��v�>�«>�«>L�i�ÃÌi«��vv�
V�Õ�`���Ì�Li�>ÃÃiÃÃi`]�v�À�iÝ>�«�i����V>Ãi�Ü�iÀi�ÃÜi����}�>�`É�À��i�>Ì��>����`iÀi`�
vÕ���«>�«>L�i�iÝ>���>Ì�����v�Ì�i���`v>Vi°

Maxillary 
��L���ÌÞ

��L���ÌÞ��v�Ì�i�V��«�iÌi�>�Ûi��>À�«À�ViÃÃ��v�Ì�i��>Ý���>�`ÕÀ��}�>VÌ�Ûi��>ÌiÀ>���À�vÀ��Ì>��
«>�«>Ì����>vÌiÀ�wÝ>Ì�����v�Ì�i���`v>Vi°�Ƃ�ºyes»�Ü>Ã�ÃV�Ài`����V>Ãi��v��>Ý���>ÀÞ���L���ÌÞ°�Ƃ�
ºno»�Ü>Ã�ÃV�Ài`��v�Ì�iÀi�Ü>Ã�����>Ý���>ÀÞ���L���ÌÞ°�Ƃ�ºnot testable»�Ü>Ã�ÃV�Ài`��v��>Ý���>ÀÞ�
��L���ÌÞ�V�Õ�`���Ì�Li�>ÃÃiÃÃi`°

Mandible

Swelling Ƃ�Þ�ÃÜi����}��v�Ì�i��>�`�LÕ�>À�Ài}���°�Ƃ�ºyes»�Ü>Ã�ÃV�Ài`��v�Ü>Ã�ÃÜi����}��v�Ì�i��>�`�LÕ�>À�
Ài}���°�Ƃ�ºno»�Ü>Ã�ÃV�Ài`� �v� Ì�iÀi�Ü>Ã����ÃÜi����}��v� Ì�i��>�`�LÕ�>À� Ài}���°�Ƃ�ºnot 
testable»�Ü>Ã�ÃV�Ài`��v�ÃÜi����}��v�Ì�i��>�`�LÕ�>À�Ài}����V�Õ�`���Ì�Li�>ÃÃiÃÃi`°

Extra-oral 
laceration

Ƃ�Þ�iÝÌÀ>��À>���>ViÀ>Ì�����v�Ì�i�Ã�����v�Ì�i��>�`�LÕ�>À�Ài}���°�Ƃ�ºyes»�Ü>Ã�ÃV�Ài`��v�Ì�iÀi�
Ü>Ã�>�Þ��>ViÀ>Ì�����v�Ì�i��>�`�LÕ�>À�V�ii���À�V���°�Ƃ�ºno»�Ü>Ã�ÃV�Ài`��v�Ì�iÀi�ÜiÀi����
�>ViÀ>Ì�����v�Ì�i��>�`�LÕ�>À�V�ii���À�V���°�Ƃ�ºnot testable»�Ü>Ã�ÃV�Ài`��v��>ViÀ>Ì�����v�
Ì�i��>�`�LÕ�>À�V�ii���À�V����V�Õ�`���Ì�Li�>ÃÃiÃÃi`°

Jaw movement 
pain

/�i�«ÀiÃi�Vi��v�«>���`ÕÀ��}��«i���}]�«À�ÌÀÕÃ�����À��>ÌiÀ>����Ûi�i�ÌÃ®��v�Ì�i��>�`�L�i°�
Ƃ�ºyes»�Ü>Ã�ÃV�Ài`��v�Ì�iÀi�Ü>Ã�«>���Ü�Ì���>Ü���Ûi�i�ÌÃ®°�Ƃ�ºno»�Ü>Ã�ÃV�Ài`��v�Ì�iÀi�Ü>Ã�
vÕ���À>�}i���Ûi�i�Ì��v�Ì�i��>Ü�Ü�Ì��ÕÌ�«>��°�Ƃ�ºnot testable»�Ü>Ã�ÃV�Ài`��v�«>���`ÕÀ��}��>Ü�
��Ûi�i�ÌÃ�V�Õ�`���Ì�Li�ÌiÃÌi`]�v�À�iÝ>�«�i�Ü�i��Ì�i�«>Ì�i�Ì½Ã�ÃÌ>Ìi��v�V��ÃV��ÕÃ�iÃÃ�
���`iÀi`�>`iµÕ>Ìi�V���Õ��V>Ì���°

Mouth opening 
limitations

/�i�Ài«�ÀÌi`���>L���ÌÞ�Ì���«i��Ì�i���ÕÌ��vÕ��Þ��À�>��i>ÃÕÀi`�ÀiÃÌÀ�VÌ�����v�Ì�i���ÕÌ��
�«i���}��v�Îx����À� �iÃÃ�`ÕÀ��}��«i���}��v��>�`�L�i°�Ƃ�ºyes»�Ü>Ã�ÃV�Ài`����V>Ãi��v�
��ÕÌ���«i���}�����Ì>Ì���Ã°�Ƃ�ºno»�Ü>Ã�ÃV�Ài`��v�Ì�iÀi�ÜiÀi������ÕÌ���«i���}�����Ì>Ì���Ã°�
Ƃ�ºnot testable»�Ü>Ã�ÃV�Ài`��v�Ì�i���ÕÌ���«i���}�����Ì>Ì���Ã�V�Õ�`���Ì�Li�>ÃÃiÃÃi`]�v�À�
iÝ>�«�i�Ü�i��Ì�i�«>Ì�i�Ì½Ã�ÃÌ>Ìi��v�V��ÃV��ÕÃ�iÃÃ����`iÀi`�>`iµÕ>Ìi�V���Õ��V>Ì���°

Inferior 
alveolar nerve 
paresthesia

Ƃ�Þ��Õ�L�iÃÃ]�V�>�}i��À���ÃÃ��v�Ãi�Ã>Ì�����v�Ì�i���viÀ��À�>�Ûi��>À��iÀÛi����iÀÛ>Ì����>Ài>�
i°}°]�Ã�����v�Ì�i���ÜiÀ���«�>�`�V���]�Ì�i��ÕV�Ã>�>�`�Ì�i�}��}�Û>��v�Ì�i���viÀ��À�ÛiÃÌ�LÕ�i®°�Ƃ�
ºyes»�Ü>Ã�ÃV�Ài`��v�Ì�iÀi�Ü>Ã���viÀ��À�>�Ûi��>À��iÀÛi�«>ÀiÃÌ�iÃ�>°�Ƃ�ºno»�Ü>Ã�ÃV�Ài`��v�Ì�iÀi�
Ü>Ã������viÀ��À�>�Ûi��>À��iÀÛi�«>ÀiÃÌ�iÃ�>°�Ƃ�ºnot testable»�Ü>Ã�ÃV�Ài`��v�Ì�i�«ÀiÃi�Vi��v�
��viÀ��À�>�Ûi��>À��iÀÛi�«>ÀiÃÌ�iÃ�>�V�Õ�`���Ì�Li�>ÃÃiÃÃi`]�v�À�iÝ>�«�i�Ü�i��Ì�i�«>Ì�i�Ì½Ã�
ÃÌ>Ìi��v�V��ÃV��ÕÃ�iÃÃ��v�Ì�i�«>Ì�i�Ì����`iÀi`�ÃÕvwV�i�Ì�V���Õ��V>Ì���°

Intra-oral 
hematoma

Any intra-orally localized hematoma either in the mucosa or gingival tissue, including 
ÃÕL���}Õ>���i�>Ì��>°�Ƃ�ºyes»�Ü>Ã�ÃV�Ài`��v�Ì�iÀi�Ü>Ã�>����ÌÀ>��À>���i�>Ì��>°�Ƃ�ºno»�Ü>Ã�
ÃV�Ài`��v�Ì�iÀi�Ü>Ã������ÌÀ>��À>���i�>Ì��>°�Ƃ�ºnot testable»�Ü>Ã�ÃV�Ài`��v�Ì�i�«ÀiÃi�Vi�
�v�>����ÌÀ>��À>���i�>Ì��>�V�Õ�`���Ì�Li�>ÃÃiÃÃi`°
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Supplementary table S1 (continued)

Intra-oral 
laceration

Ƃ�Þ���ÌÀ>��À>��Þ���V>��âi`�}��}�Û>�]�ÃÕL���}Õ>���À��ÕV�Ã>���>ViÀ>Ì���°�Ƃ�ºyes»�Ü>Ã�ÃV�Ài`��v�
Ì�iÀi�Ü>Ã�>����ÌÀ>��À>���>ViÀ>Ì���°�Ƃ�ºno»�Ü>Ã�ÃV�Ài`��v�Ì�iÀi�Ü>Ã������ÌÀ>��À>���>ViÀ>Ì���°�Ƃ�
ºnot testable»�Ü>Ã�ÃV�Ài`��v�Ì�i�«ÀiÃi�Vi��v�>����ÌÀ>��À>���>ViÀ>Ì����V�Õ�`���Ì�Li�>ÃÃiÃÃi`°

*>�«>L�i�
step-off

/�i�«ÀiÃi�Vi��v�>�«>�«>L�i�L��Þ�ÃÌi«��vv]�ÃÌi«�`iviVÌ��À�`�ÃV��Ì��Õ�ÌÞ����Ì�i��>�`�L�i]�
Ü�Ì��>�Þ��v�>�Þ��v�Ì�i�v����Ü��}��>�`�>À�Ã\�£®�>�Ûi��>À��>�`�LÕ�>À�«À�ViÃÃ���ÌÀ>��À>��Þ]�
Ó®���viÀ��À��>�`�LÕ�>À�À�`}i�iÝÌÀ>��À>��Þ�>�`�Î®�>�}Õ�>À]�À>�ÕÃ�>�`�V��`Þ�>À��>�`�LÕ�>À�
«À�ViÃÃ�iÝÌÀ>��À>��Þ°�Ƃ�ºyes»�Ü>Ã�ÃV�Ài`��v� Ì�iÀi�Ü>Ã�>�«>�«>L�i�ÃÌi«��vv°�Ƃ�ºno»�Ü>Ã�
ÃV�Ài`��v�Ì�iÀi�Ü>Ã����«>�«>L�i�ÃÌi«��vv°�Ƃ�ºnot testable»�Ü>Ã�ÃV�Ài`��v�Ì�i�«ÀiÃi�Vi��v�
>�«>�«>L�i�ÃÌi«��vv�V�Õ�`���Ì�Li�>ÃÃiÃÃi`]�v�À�iÝ>�«�i����V>ÃiÃ�Ü�iÀi�ÃÜi����}�>�`É�À�
�i�>Ì��>����`iÀi`�vÕ���«>�«>L�i�iÝ>���>Ì�����v�Ì�i��>�`�L�i°

/��Ì����L���ÌÞ�
or avulsion

��L���ÌÞ��À�>ÛÕ�Ã�����v�>�Þ��>�`�LÕ�>À�Ì��Ì��i�i�i�Ì�i°}°]�Ì��À`�Î£�În®�>�`�v�ÕÀÌ��{£�{n®�
µÕ>`À>�Ì�Ì��Ì��i�i�i�ÌÃ®°�Ƃ�ºyes» Ü>Ã�ÃV�Ài`����V>Ãi��v�Ì��Ì����L���ÌÞ��À�>ÛÕ�Ã���°�Ƃ�ºno»�
Ü>Ã�ÃV�Ài`��v�Ì�iÀi�Ü>Ã����Ì��Ì����L���ÌÞ��À�>ÛÕ�Ã���°�Ƃ�ºnot testable»�Ü>Ã�ÃV�Ài`��v�Ì�i�
«ÀiÃi�Vi��v�Ì��Ì����L���ÌÞ��À�>ÛÕ�Ã����V�Õ�`���Ì�Li�>ÃÃiÃÃi`]�v�À�iÝ>�«�i��v�Ì�i�«>Ì�i�Ì�
V�Õ�`���Ì�Li�ÃÕ�Ì>L�Þ���ÃÌÀÕVÌi`°

-ÕL�iVÌ�Ûi�
malocclusion

��Ã>��}��i�Ì� �À� ��V�ÀÀiVÌ� Ài�>Ì���� LiÌÜii�� Ì�i� ÌiiÌ�� �v� Ì�i� ÌÜ�� `i�Ì>�� >ÀV�iÃ� >Ã�
iÝ«iÀ�i�Vi`�LÞ�Ì�i�«>Ì�i�Ì�Ì�>Ì�i�iÀ}i`�>vÌiÀ�Ì�i�ÌÀ>Õ�>°�Ƃ�ºyes»�Ü>Ã�ÃV�Ài`��v� Ì�i�
«>Ì�i�Ì�iÝ«iÀ�i�ViÃ�Ì�i�«ÀiÃi�Vi��v��>��VV�ÕÃ���°�Ƃ�ºno»�Ü>Ã�ÃV�Ài`��v�Ì�i�«>Ì�i�Ì�`�`�
��Ì�iÝ«iÀ�i�Vi��>��VV�ÕÃ���°�Ƃ�ºnot testable»�Ü>Ã�ÃV�Ài`��v�Ì�i�«ÀiÃi�Vi��v�ÃÕL�iVÌ�Ûi�
�>��VV�ÕÃ����V�Õ�`���Ì�Li�>ÃÃiÃÃi`]�v�À�iÝ>�«�i�>�Ã�ÌÕ>Ì����Ü�iÀi�Ì�i�«>Ì�i�Ì½Ã�ÃÌ>Ìi��v�
consciousness hindered communication.

"L�iVÌ�Ûi�
malocclusion

/À>Õ�>Ì�V���Ã>��}��i�Ì��À���V�ÀÀiVÌ�Ài�>Ì����LiÌÜii��Ì�i�ÌiiÌ���v�Ì�i�ÌÜ��`i�Ì>��>ÀV�iÃ�
>Ã��L�iVÌ�Ûi�Þ��`i�Ì�wi`�LÞ�Ì�i�>ÃÃiÃÃ�À�`ÕÀ��}���ÌÀ>��À>��iÝ>���>Ì����>ÃÃiÃÃ�i�Ì°�Ƃ�ºyes»�
Ü>Ã�ÃV�Ài`����Ì�iÀi�Ü>Ã��>��VV�ÕÃ���°�Ƃ�ºno»�Ü>Ã�ÃV�Ài`��v�Ì�iÀi�Ü>Ã�����>��VV�ÕÃ���°�Ƃ�
ºnot testable»�Ü>Ã�ÃV�Ài`��v�Ì�i��VV�ÕÃ����V�Õ�`���Ì�Li�>ÃÃiÃÃi`]�v�À�iÝ>�«�i��v�Ì�i�«>Ì�i�Ì�
�>`�`i�ÌÕÀiÃ]�Ì�i�«>Ì�i�Ì�Ü>Ã�i`i�ÌÕ��ÕÃ��À��v�Ì�i�«>Ì�i�Ì�Ü>Ã���ÌÕL>Ìi`�>�`�Ãi`>Ìi`°

Angular 
compression 
test pain

Noteworthy presence of pain complaints in the symphyseal or parasymphyseal region 
��`ÕVi`�LÞ�Ã��Õ�Ì>�i�ÕÃ�L��>ÌiÀ>��«ÀiÃÃÕÀi��v�Ì�i��>�`�LÕ�>À�>�}�i�>�Ã�����Ü��>Ã�Ì�i�
>�}Õ�>À�V��«ÀiÃÃ����ÌiÃÌ°�Ƃ�ºyes»�Ü>Ã�ÃV�Ài`����V>Ãi��v���ÌiÜ�ÀÌ�Þ�«ÀiÃi�Vi��v�«>���
`ÕÀ��}�Ì�i�>�}Õ�>À�V��«ÀiÃÃ����ÌiÃÌ°�Ƃ�ºnoº�Ü>Ã�ÃV�Ài`��v�Ì�iÀi�Ü>Ã����«>���`ÕÀ��}�Ì�i�
>�}Õ�>À�V��«ÀiÃÃ����ÌiÃÌ°�Ƃ�ºnot testable»�Ü>Ã�ÃV�Ài`�Ü�i��Ì�i�>�}Õ�>À�V��«ÀiÃÃ����ÌiÃÌ�
V�Õ�`���Ì�Li�V��`ÕVÌi`]�v�À�iÝ>�«�i��v�V���Õ��V>Ì����Ü�Ì��Ì�i�«>Ì�i�Ì�Ü>Ã���Ì�«�ÃÃ�L�i°

Axial chin 
pressure test 
pain

 �ÌiÜ�ÀÌ�Þ� Õ���>ÌiÀ>�� �À� L��>ÌiÀ>�� «ÀiÃi�Vi� �v� «>��� V��«�>��ÌÃ� �v� Ì�i� V��`Þ�>À� �À�
Ìi�«�À��>�`�LÕ�>À�Ài}������`ÕVi`�LÞ�>Ý�>��«ÀiÃÃÕÀi����Ì�i�V���°�Ƃ�ºyes»�Ü>Ã�ÃV�Ài`����
V>Ãi��v���ÌiÜ�ÀÌ�Þ�«>���`ÕÀ��}�Ì�i�>Ý�>��V����«ÀiÃÃÕÀi�ÌiÃÌ°�Ƃ�ºno»�Ü>Ã�ÃV�Ài`��v�Ì�iÀi�
ÜiÀi����«>���`ÕÀ��}�Ì�i�>Ý�>��V����«ÀiÃÃÕÀi�ÌiÃÌ°�Ƃ�ºnot testable»�Ü>Ã�ÃV�Ài`�Ü�i��Ì�i�
>Ý�>��V����«ÀiÃÃÕÀi�ÌiÃÌ�V�Õ�`���Ì�Li�V��`ÕVÌi`]�v�À�iÝ>�«�i��v�V���Õ��V>Ì����Ü�Ì��Ì�i�
«>Ì�i�Ì�Ü>Ã���Ì�«�ÃÃ�L�i°

/��}Õi�L�>`i�
L�Ìi�ÌiÃÌ

/�i�«>Ì�i�Ì½Ã�>L���ÌÞ� Ì���>��Ì>���L��>ÌiÀ>�� ��ÌiÀ�>Ý���>ÀÞ�wÝ>Ì�����v�>�Õ��v�À��Ü��`i��
Ã«>ÌÕ�>��À�Ì��}Õi�`i«ÀiÃÃ�À�£xä�Ý�£n�Ý�£°È���®�Ü���i��Ì�Ü>Ã�LÀ��i��LÞ�>��i`�>��À�Ì>Ì����
LÞ�Ì�i�>ÃÃiÃÃ�À°�Ƃ�ºyes»�Ü>Ã�ÃV�Ài`��v�Ì�i�«>Ì�i�Ì�Ü>Ã���Ì�>L�i�Ì���>��Ì>���L��>ÌiÀ>��wÝ>Ì����
�v�Ì�i�Ü��`i��Ã«>ÌÕ�>�`ÕÀ��}�Ì�i�Ì��}Õi�L�>`i�L�Ìi�ÌiÃÌ°�Ƃ�ºnoº�Ü>Ã�ÃV�Ài`��v�Ì�i�«>Ì�i�Ì�
Ü>Ã�>L�i�Ì���>��Ì>���L��>ÌiÀ>��wÝ>Ì�����v�Ì�i�Ü��`i��Ã«>ÌÕ�>�`ÕÀ��}�Ì�i�Ì��}Õi�L�>`i�L�Ìi�
ÌiÃÌ°�Ƃ�ºnot testable»�Ü>Ã�ÃV�Ài`��v�Ì�i�Ì��}Õi�L�>`i�L�Ìi�ÌiÃÌ�V�Õ�`���Ì�Li�V��`ÕVÌi`]�
v�À�iÝ>�«�i����>�Ã�ÌÕ>Ì����Ü�iÀi�Ì�i�«>Ì�i�Ì�V�Õ�`���Ì�Li���ÃÌÀÕVÌi`°

4a





CHAPTER 4b

A clinical decision aid to discern 
patients without and with midfacial 
and mandibular fractures that require 
treatment (the REDUCTION-II study): 
a prospective multicentre cohort study
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�>«ÌiÀ�{L

Abstract

Objective: /��>ÃÃiÃÃ�Ì�i�`�>}��ÃÌ�V�>VVÕÀ>VÞ��v�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�>�`�
to construct clinical decision aids to discern emergency department patients without 

>�`�Ü�Ì����`v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�Ì�>Ì�ÀiµÕ�Ài�ÌÀi>Ì�i�Ì°

Methods: A prospective multicentre cohort study was conducted in four hospitals 

in the Netherlands. Consecutive maxillofacial trauma patients were included 

whereupon each patient underwent a standardized physical examination consisting 

�v�wvÌii��>�`�v�ÕÀÌii��w�`��}Ã�v�À���`v>V�>��>�`��>�`�LÕ�>À�ÌÀ>Õ�>]�ÀiÃ«iVÌ�Ûi�Þ°�

The primary outcome was the decision whether to treat during the emergency 

department stay or within 24 hours of admission. The diagnostic accuracy was 

V>�VÕ�>Ìi`� v�À� Ì�i� ��`�Û�`Õ>��«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�>�`�i�ÃÕ��}�V����V>��

`iV�Ã����>�`Ã�Ü�Ì��Ì�i�v�VÕÃ�Li��}����`iÌiVÌ��}���`v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�

Ì�>Ì�ÀiµÕ�Ài�>VÌ�Ûi�ÌÀi>Ì�i�Ì°

Results: Ƃ�Ì�Ì>���v�ÇÈÈ���`v>V�>�� ÌÀ>Õ�>�«>Ì�i�ÌÃ�ÜiÀi� �`i�Ì�wi`��v�Ü����ÎÎ��
{{°Î¯®��>`���`v>V�>��vÀ>VÌÕÀiÃ°�"v�Ì��Ãi]�Ç{�Ó£°n¯®�ÀiµÕ�Ài`�>VÌ�Ûi�ÌÀi>Ì�i�Ì°�Ƃ�

Ì�Ì>���v�Ónä��>�`�LÕ�>À�ÌÀ>Õ�>�«>Ì�i�ÌÃ�ÜiÀi��`i�Ì�wi`��v�Ü����ÈÈ�ÓÎ°È¯®��>`�

�>�`�LÕ�>À�vÀ>VÌÕÀiÃ°�"v�Ì��Ãi]�ÎÇ�xÈ°ä¯®�ÀiµÕ�Ài`�>VÌ�Ûi�ÌÀi>Ì�i�Ì°�/�i�`iV�Ã����

aid for midfacial trauma consisting of facial depression, epistaxis, ocular movement 

����Ì>Ì���]�«>�«>L�i�ÃÌi«��vv]��L�iVÌ�Ûi��>��VV�ÕÃ����>�`�Ì��Ì����L���ÌÞ��À�>ÛÕ�Ã����

�>`�>�Ãi�Ã�Ì�Û�ÌÞ��v��Ç°Î��ä°Ç���°Î®]�>�Ã«iV�wV�ÌÞ��v�În°È�Îx°ä�{Ó°Î®]�>�`�>��i}>Ì�Ûi�

«Ài`�VÌ�Ûi�Û>�Õi��v���°Î��Ç°Î���°n®°�/�i�`iV�Ã����>�`�v�À��>�`�LÕ�>À�ÌÀ>Õ�>�V��Ã�ÃÌ��}�

�v���ÕÌ���«i���}�����Ì>Ì���]��>Ü���Ûi�i�Ì�«>��]��L�iVÌ�Ûi��>��VV�ÕÃ����>�`�Ì��Ì��

��L���ÌÞ��À�>ÛÕ�Ã����ÀiÃÕ�Ìi`����>�Ãi�Ã�Ì�Û�ÌÞ��v�£ää°ä��ä°È�£ää°ä®]�>�Ã«iV�wV�ÌÞ��v�Î�°£�

(33.2-45.4), and a negative predictive value of 100.0 (96.1-100.0).

Conclusion:� /�i� V����V>�� `iV�Ã���� >�`Ã� ÃÕVViÃÃvÕ��Þ� �`i�Ì�wi`� ��`v>V�>�� >�`�
�>�`�LÕ�>À�ÌÀ>Õ�>�«>Ì�i�ÌÃ�ÀiµÕ�À��}�>VÌ�Ûi�vÀ>VÌÕÀi�ÌÀi>Ì�i�Ì�>�`�Ã���>Þ�Li�ÕÃivÕ��

in preventing unnecessary radiological procedures in the future.
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Introduction

��`v>V�>�� >�`� �>�`�LÕ�>À� vÀ>VÌÕÀiÃ� >Ài� vÀiµÕi�Ì�Þ� v�Õ�`� ��� ÌÀ>Õ�>� «>Ì�i�ÌÃ�

in the emergency department 1,2. Missing these fractures may have major long 

ÌiÀ�� ��À«����}�V>�]� vÕ�VÌ���>�� >�`� >iÃÌ�iÌ�V� V��ÃiµÕi�ViÃ°� 1«��� i�ÌiÀ��}�

Ì�i�i�iÀ}i�VÞ�`i«>ÀÌ�i�Ì]�i>V��«>Ì�i�Ì� Ã��Õ�`�Li� ÃÕL�iVÌi`� Ì��>� ÃÌÀÕVÌÕÀi`�

>ÃÃiÃÃ�i�Ì��v�Ì�i��>Ý����v>V�>��Ài}����>�`�Ì�i��LÃiÀÛi`�w�`��}Ã�Ã��Õ�`�Li�ÕÃi`�

Ì���`i�Ì�vÞ�Ü��V���>Ý����v>V�>��«>Ì�i�ÌÃ��>Þ��>Ûi���`v>V�>���À��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�1.

Ƃ�Ì��Õ}��Û>À��ÕÃ�ÃÌÕ`�iÃ��>Ûi�v�VÕÃi`������Ü�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�V>��Li�

ÕÃi`�Ì��«Ài`�VÌ���`v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�3–13 and to stratify patients at risk of 

vÀ>VÌÕÀiÃ�>�`�ÃÕLÃiµÕi�Ì�Þ�ÀiµÕ�À��}�À>`����}�V>����>}��}��v�Ì�i��>Ý����v>V�>��Ài}���]�

ÃÌÕ`�iÃ���� �`i�Ì�vÞ��}�«>Ì�i�ÌÃ�Ì�>Ì�ÀiµÕ�Ài�ÌÀi>Ì�i�Ì�>Ài� ����Ìi`� 10,11°� ���Ì�`>Þ½Ã�

emergency department landscape, the primary assessment of trauma patients 

�Ã���ÃÌ�Þ�«iÀv�À�i`�LÞ�i�iÀ}i�VÞ�«�ÞÃ�V�>�Ã�>�`�Ã«iV�>��âi`�ÌÀ>Õ�>�ÃÕÀ}i��Ã�

and, if maxillofacial fractures are diagnosed, an oral and maxillofacial surgeon is 

consulted to assess the need for active treatment. Therefore, early recognition of 

>�Þ�vÀ>VÌÕÀiÃ�LÞ�>���Ì�iÃi��i>�Ì��V>Ài�«À�viÃÃ���>�Ã�vÀ���Ì�i�«�ÞÃ�V>��iÝ>���>Ì����

w�`��}Ã� �Ã�ÀiµÕ�Ài`�Ì��`i��ÛiÀ���Ài�>VVÕÀ>Ìi�«>Ì�i�Ì��>�>}i�i�Ì°���Ài�ÛiÀ]� �Ì�

allows prioritization of other injuries and optimization of emergency department 

Ü�À�y�ÜÃ°�Ƃ�V����V>��`iV�Ã����>�`�ÕÃ��}�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�V�Õ�`�Li�ÕÃi`�

>Ã�>�v>ÃÌ�Li`Ã�`i�ÃÌÀ>Ìi}Þ�Ì��Ã��}�i��ÕÌ�«>Ì�i�ÌÃ�Ü�Ì���>Ý����v>V�>�� vÀ>VÌÕÀiÃ�Ì�>Ì�

ÀiµÕ�Ài�ÌÀi>Ì�i�Ì�LÕÌ]�Ì��`>Ìi]����ÃÕV��V����V>��`iV�Ã����>�`��>Ã�Lii��«ÕL��Ã�i`°

Hence, this prospective multicenter REDUCTION II study (REDucing Unnecessary 

Computed Tomography In MaxillOfacial INjury) was initiated with a twofold 

>��°���ÀÃÌ]�Ì�� �`i�Ì�vÞ�Ì�i�`�>}��ÃÌ�V�>VVÕÀ>VÞ��v�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã����

�`i�Ì�vÞ��}���`v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�Ì�>Ì�ÀiµÕ�Ài�ÌÀi>Ì�i�Ì°�-iV��`]�Ì�i�

V��ÃÌÀÕVÌ�>�V����V>��`iV�Ã����>�`�Ü�Ì�� Ì�i� v�VÕÃ�Li��}����ÃÕVViÃÃvÕ��Þ� ÀÕ���}��ÕÌ�

«>Ì�i�ÌÃ�Ü�Ì��Ì�iÃi�w�`��}Ã°

Material and Methods

Study design
Ƃ� «À�Ã«iVÌ�Ûi� �LÃiÀÛ>Ì���>�� V���ÀÌ� ÃÌÕ`Þ� Ü>Ã� V��`ÕVÌi`� �v� >��� i�iÀ}i�VÞ�

`i«>ÀÌ�i�Ì�«>Ì�i�ÌÃ�ÃÕÃ«iVÌi`��v���`v>V�>��>�`��>�`�LÕ�>À�ÌÀ>Õ�>�LiÌÜii��Ì�i�

4b
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«iÀ��`��v��>Þ�Óä£n�>�`�"VÌ�LiÀ�Óä£�°�/�i��i`�V>��Ì��V>��
����ÌÌii��v� Ì�i�

1��ÛiÀÃ�ÌÞ��i`�V>��
i�ÌiÀ��À����}i��V��wÀ�i`�Ì�>Ì�Ì�i��i`�V>��,iÃi>ÀV����Û��Û��}�

�Õ�>��-ÕL�iVÌÃ�ƂVÌ�`�`���Ì�>««�Þ��/V�V�`i�Óä£ÇÉÓ{�®�>�`���V>��vi>Ã�L���ÌÞ�Ü>Ã�

approved for the participating hospitals. The study was performed in compliance 

with the Declaration of Helsinki and according to the FEDERA (Foundation Federation 

�v��ÕÌV���i`�V>��-V�i�Ì�wV�-�V�iÌ�iÃ®�V�`i��v�V��`ÕVÌ°�/�i�ÃÌÕ`Þ�Ü>Ã�Ài}�ÃÌiÀi`�>Ì�

ClinicalTrials.gov (NCT03314480) and reported according to the STARD guidelines 

(Standards for Reporting of Diagnostic Accuracy Studies) and Methodologic 

Standards for Interpreting Clinical Decision Rules in Emergency Medicine 14,15.

Inclusion and exclusion criteria
All consecutive emergency department patients presenting with midfacial or 

�>�`�LÕ�>À�ÌÀ>Õ�>�>Ì�Ì�i�1��ÛiÀÃ�ÌÞ��i`�V>��
i�ÌiÀ��À����}i���iÛi���®]��Ã>�>���Ã«�Ì>��

Zwolle (Level I), Isala Diaconessenhuis hospital Meppel (level III) and Nij Smellinghe 

hospital Drachten (level III) were included. Patients younger than 18 years of age 

and patients admitted for a second time for maxillofacial trauma within the period 

of inclusion were excluded. Patients were also excluded if the initial assessment was 

performed in another hospital or access to medical records was declined.

Physical examination and radiological imaging
Ƃ���i��}�L�i�«>Ì�i�ÌÃ�ÀiVi�Ûi`�>�ÃÌ>�`>À`�âi`�vÕ���«�ÞÃ�V>��iÝ>���>Ì�����v�Ì�i���`v>V�>��

�À��>�`�LÕ�>À�Ài}���°�/�i�«�ÞÃ�V>��iÝ>���>Ì����V��Ã�ÃÌi`��v�wvÌii��w�`��}Ã�v�À�

��`v>V�>�� ÌÀ>Õ�>]� >�`� v�ÕÀÌii�� w�`��}Ã� v�À� �>�`�LÕ�>À� ÌÀ>Õ�>°� /�i� w�`��}Ã�

were consulted during the primary or secondary assessment of the patient, and 

standardized for all the included patients according to a tripartite strategy consisting 

�v�>����`�Û�`Õ>���>�`Ã������ÃÌÀÕVÌ���]������i�i`ÕV>Ì���>��Ì����>�`�Li`Ã�`i�ÕÃi��v�

a pocket card. Details regarding the process of standardization were provided 

«ÀiÛ��ÕÃ�Þ�LÞ��ÕÀ�ÀiÃi>ÀV��}À�Õ«°�*>Ì�i�ÌÃ�ÃÕÃ«iVÌi`��v���`v>V�>��vÀ>VÌÕÀiÃ�ÜiÀi�

examined using Computed Tomography (CT) or Cone Beam Computed Tomography 


	
/®°���`v>V�>��vÀ>VÌÕÀiÃ�ÜiÀi�`iw�i`�>Ã�>�Þ�vÀ>VÌÕÀi��v�Ì�i�vÀ��Ì>��Ã��ÕÃ]��ÀL�Ì>��

À���>�`�Ü>��Ã]��>Ý���>ÀÞ�Ã��ÕÃ]�âÞ}��>Ì�V��>Ý���>ÀÞ�V��«�iÝ]��>Ã��ÀL�Ì�iÌ����`�

 "®�V��«�iÝ]��>Ã>��L��i]��i���ÀÌ��]���]�����V��«�iÝ]�>�`��>Ý���>ÀÞ�`i�Ì�>�Ûi��>À�

V��«�iÝ°�*>Ì�i�ÌÃ� ÃÕÃ«iVÌi`��v��>�`�LÕ�>À� vÀ>VÌÕÀiÃ�ÜiÀi�`�>}��Ãi`�Ü�Ì��
/]�


	
/��À��ÀÌ��«>�Ì���}À>«�Þ�"*/®°��>�`�LÕ�>À� vÀ>VÌÕÀiÃ�ÜiÀi�`iw�i`�>Ã�>�Þ�

fracture of the symphyseal or parasymphyseal area, corpus, angle, ramus, coronoid 

process, condylar process and dentoalveolar complex. Radiological interpretation 
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was performed without knowledge of the radiological imaging outcome and the 

V�>ÃÃ�wV>Ì�����v�vÀ>VÌÕÀiÃ�Ü>Ã�«iÀv�À�i`�LÞ�>�L�>À`�ViÀÌ�wi`��À>��>�`��>Ý����v>V�>��

surgeon (BvM).

Treatment and outcome measures
/�i�«À��>ÀÞ��ÕÌV��i�Ü>Ã�Ì�i�`iV�Ã����v�À�ÌÀi>Ì�i�Ì��v���`v>V�>���À��>�`�LÕ�>À�

fractures as intended during the emergency department stay or within 24 hours 

�v�>`��ÃÃ���°�/�i�`iV�Ã�����v�ÌÀi>Ì�i�Ì�Ü>Ã�`iÌiÀ���i`�LÞ�>�V��ÃÕ�Ì>�Ì��À>��>�`�

maxillofacial surgeon or otorhinolaryngologist. Decisions were made according to 

the usual care in agreement with the treatment protocols of the Dutch Society of Oral 

and Maxillofacial Surgery (NVMKA) or Dutch Association of Otorhinolaryngology 

>�`��i>`�E� iV��-ÕÀ}iÀÞ� 6� "®�>Ã�V��ÃÕ�Ìi`�Ü�Ì����Ì�i�«iÀ��`��v� ��V�ÕÃ���°�

The decision of fracture treatment was assigned to either a conservative or active 

��Ìi�`°�
��ÃiÀÛ>Ì�Ûi�ÌÀi>Ì�i�Ì���V�Õ`i`�>`iµÕ>Ìi�>�>�}iÃ�VÃ]�>Û��`>�Vi��v���Ãi�

L��Ü��}��À����`��}�Ì�i���Ãi�Ü�i��Ã�iiâ��}]�>�Ã�vÌ�����V�iÜ��}�`�iÌ]�>�`�Ü>ÌV�vÕ��

�LÃiÀÛ>Ì���°�ƂVÌ�Ûi�ÌÀi>Ì�i�Ì�Ü>Ã�`�Û�`i`���Ì��V��Ãi`��À��«i��ÌÀi>Ì�i�Ì°�
��Ãi`�

treatment included reduction of nasal fractures under local anesthesia, nasal packing, 

��ÌiÀ�>Ý���>ÀÞ�wÝ>Ì���]�À�}�`�>�`�yiÝ�L�i�Ã«���Ì��}��À�>««��>�ViÃ�v�À�`i�Ì>�� ���ÕÀÞ°�

Open treatment included any surgical intervention in which the patient underwent 

�«i��Ài`ÕVÌ����>�`���ÌiÀ�>��wÝ>Ì�������>���«iÀ>Ì����Ì�i>ÌÀi°

Secondary outcomes included the presence of skull fractures and dental injury. Skull 

vÀ>VÌÕÀiÃ�ÜiÀi�`iw�i`�>Ã�>�Þ�vÀ>VÌÕÀi��v�Ì�i�Ã�Õ���L>Ãi]�vÀ��Ì>�]�Ìi�«�À>�]�«>À�iÌ>��

�À��VV�«�Ì>��L��i�`�>}��Ãi`�Ü�Ì��>�
/°��i�Ì>�� ���ÕÀÞ�Ü>Ã�`iw�i`�>Ã�>�Þ�V����V>��

�LÃiÀÛi`�>ÛÕ�Ã���]��ÕÝ>Ì�����À�vÀ>VÌÕÀi��v�Ì�i��>Ý���>ÀÞ��À��>�`�LÕ�>À�ÌiiÌ�°

Statistical analyses
The Statistical Package for the Social Sciences was used for the data analyses (IBM 


�À«°�,i�i>Ãi`�Óä£x°��	��-*--�-Ì>Ì�ÃÌ�VÃ�v�À�7��`�ÜÃ]�6iÀÃ����ÓÎ°ä°�ƂÀ����]� 9\�

�	��
�À«°®°��À>VÌÕÀi��ÕÌV��iÃ�ÜiÀi�«ÀiÃi�Ìi`�>Ã�vÀiµÕi�V�iÃ�>�`�«iÀVi�Ì>}iÃ°�/�i�

��`�Û�`Õ>��«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�ÜiÀi�«ÀiÃi�Ìi`�>Ã�Ì�i�«À�«�ÀÌ�����v�«>Ì�i�ÌÃ�

`�>}��Ãi`�Ü�Ì��>�vÀ>VÌÕÀi]�>�`�«>Ì�i�ÌÃ�`�>}��Ãi`�Ü�Ì��>�Þ�vÀ>VÌÕÀi�ÀiµÕ�À��}�>VÌ�Ûi�

ÌÀi>Ì�i�Ì°���À�Ì�i�ÃÕLÌÞ«iÃ��v�vÀ>VÌÕÀiÃ]�Ì�i�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�ÜiÀi�

«ÀiÃi�Ìi`�>Ã�Ì�i�«À�«�ÀÌ�����v�Ì�Ì>��̀ �>}��Ãi`���`v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ°�/�i�

`�>}��ÃÌ�V�>VVÕÀ>VÞ�Ü>Ã�V>�VÕ�>Ìi`�v�À�i>V����`�Û�`Õ>��«�ÞÃ�V>��iÝ>���>Ì����w�`��}°

4b
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Principle component analysis (PCA) was used to construct clinical decision aids 

V��Ã�ÃÌ��}��v�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã]�Ü�Ì�� Ì�i� v�VÕÃ�Li��}���� ÀÕ���}��ÕÌ�

«>Ì�i�ÌÃ�Ì�>Ì�ÀiµÕ�Ài�>VÌ�Ûi�ÌÀi>Ì�i�Ì�v�À���`v>V�>���À��>�`�LÕ�>À�vÀ>VÌÕÀiÃ°�/�i�*
Ƃ�

>�>�ÞÃ�Ã�Ü>Ã�«iÀv�À�i`�Ü�Ì��ÃÕLÃiµÕi�Ì�«À��>Ý�À�Ì>Ì����>�`��>�ÃiÀ���À�>��â>Ì����

>�`�ÕÃi`�Ì���`i�Ì�vÞ�Ì�i�Õ�`iÀ�Þ��}�ÃÌÀÕVÌÕÀi��v�Ì�i�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã°�

/�i�	>À�iÌÌ½Ã�ÌiÃÌ��v�Ã«�iÀ�V�ÌÞ�>�`�Ì�i��>�ÃiÀ��iÞiÀ�"������i>ÃÕÀi��v�Ã>�«���}�

>`iµÕ>VÞ�ÜiÀi�V��`ÕVÌi`�Ì��ÌiÃÌ�Ü�iÌ�iÀ�Ì�i�Û>À�>L�iÃ�ÜiÀi�Õ�V�ÀÀi�>Ìi`����Ì�i�

correlation matrix and factors with Eigenvalues greater than one were initially 

retained for the analysis.

/�i�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�Ãi�iVÌi`�Ì��V��ÃÌÀÕVÌ�Ì�i�V����V>��`iV�Ã����>�`Ã�

ÜiÀi�L>Ãi`����>�V��L��>Ì�����v�v>VÌ�À���>`��}Ã�>�`�Ì�i�V����V>��V��Ã�`iÀ>Ì���Ã��v�

w�`��}Ã�Ài�>Ìi`�Ì��vÀ>VÌÕÀiÃ�Ì�>Ì�ÀiµÕ�Ài�>VÌ�Ûi�ÌÀi>Ì�i�Ì�LÞ�ÌÜ��L�>À`�ViÀÌ�wi`�

�À>��>�`��>Ý����v>V�>��ÃÕÀ}i��Ã����>�`�	Û�®°�"L�iVÌ�Ûi��>��VV�ÕÃ����>�`�Ì��Ì��

��L���ÌÞ��À�>ÛÕ�Ã����ÜiÀi���Ìi�Ì���>��Þ���V�Õ`i`����L�Ì��V����V>��`iV�Ã����>�`Ã�LiV>ÕÃi�

Ì�iÞ�>Ài�iÃÃi�Ì�>��w�`��}Ã�v�À�i>V��«>Ì�i�Ì�ÃÕÃ«iVÌi`��v���`v>V�>��>�`��>�`�LÕ�>À�

vÀ>VÌÕÀiÃ�ÀiµÕ�À��}�ÌÀi>Ì�i�Ì°�/�i�V��Ì��}i�VÞ�Ì>L�iÃ�v�À�Ì�i�V����V>��`iV�Ã����>�`Ã�

ÜiÀi�V��ÃÌÀÕVÌi`�Ü�Ì��>LÃi�Ì�w�`��}Ã�Li��}�ÀiV�À`i`�>Ã�¼�i}>Ì�Ûi½�Ü�iÀi>Ã�«ÀiÃi�Ì]�

��Ì�ÌiÃÌ>L�i�>�`���ÃÃ��}�w�`��}Ã�ÜiÀi�ÀiV�À`i`�>Ã�¼«�Ã�Ì�Ûi½°

,i}>À`��}�Ì�i��ÕÌV��i��v���ÌiÀiÃÌ]�>�¼«�Ã�Ì�Ûi��ÕÌV��i½�Ü>Ã�`iw�i`�>Ã�>�«>Ì�i�Ì�

whose fractures underwent active treatment (e.g. closed or open treatment), 

>�`�>�¼�i}>Ì�Ûi��ÕÌV��i½�Ü>Ã�`iw�i`�>Ã�«>Ì�i�ÌÃ�Ü��Ãi�vÀ>VÌÕÀiÃ�ÜiÀi�ÌÀi>Ìi`�

V��ÃiÀÛ>Ì�Ûi�Þ��À�«>Ì�i�ÌÃ�Ü����>`�Lii��`�>}��Ãi`�>Ã���Ì��>Û��}�>�vÀ>VÌÕÀi°�/�i�

`�>}��ÃÌ�V�>VVÕÀ>VÞ�>�`�V�ÀÀiÃ«��`��}��x�«iÀ�Vi�Ì�V��w`i�Vi���ÌiÀÛ>���ÕÌV��iÃ�

��V�Õ`i`\�«ÀiÛ>�i�Vi]�«Ài�ÌiÃÌ�«À�L>L���ÌÞ]�Ãi�Ã�Ì�Û�ÌÞ]�Ã«iV�wV�ÌÞ]�«�Ã�Ì�Ûi�«Ài`�VÌ�Ûi�

Û>�Õi� **6®]��i}>Ì�Ûi�«Ài`�VÌ�Ûi�Û>�Õi�  *6®]�«�Ã�Ì�Ûi� ���i�����`�À>Ì��� �,³®�>�`�

negative likelihood ratio (LR-).

Results

Patient characteristics
Ƃ�Ì�Ì>���v���Î�«>Ì�i�ÌÃ�ÜiÀi�i��}�L�i� v�À� ��V�ÕÃ���°�Ƃ���}� Ì��Ã�«�«Õ�>Ì���]�ÇÈÈ�

«>Ì�i�ÌÃ��>`�ÃÕvviÀi`�>���`v>V�>��ÌÀ>Õ�>�>�`�Ónä�«>Ì�i�ÌÃ��>`�ÃÕvviÀi`�>��>�`�LÕ�>À�

ÌÀ>Õ�>°��À���Ì�i�Ì�Ì>��«�«Õ�>Ì���]�ÓÈÎ�«>Ì�i�ÌÃ�ÜiÀi��`i�Ì�wi`�Ü�Ì��L�Ì��>���`v>V�>��

>�`��>�`�LÕ�>À�ÌÀ>Õ�>°�-�Õ���vÀ>VÌÕÀiÃ�ÜiÀi��LÃiÀÛi`����x£�x°£¯®�«>Ì�i�ÌÃ°��i�Ì>��
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The REDUCTION-II study 

���ÕÀÞ��v�Ì�i��>Ý���>ÀÞ�ÌiiÌ��Ü>Ã��LÃiÀÛi`����nÎ�n°{¯®�«>Ì�i�ÌÃ]�>�`�`i�Ì>�����ÕÀÞ��v�

Ì�i��>�`�LÕ�>À�ÌiiÌ��Ü>Ã�v�Õ�`����Ón�Ó°n¯®�«>Ì�i�ÌÃ°

Treatment of midfacial fractures
��`v>V�>�� vÀ>VÌÕÀiÃ� ÜiÀi� `�>}��Ãi`� ��� {{°Î¯� �rÎÎ�®� �v� Ì�i� «>Ì�i�ÌÃ°�

<Þ}��>Ì�V��>Ý���>ÀÞ�V��«�iÝ�vÀ>VÌÕÀiÃ��r£Î{®]��>Ã>��L��i�vÀ>VÌÕÀiÃ��r£ÓÈ®�>�`�

�ÀL�Ì>��À���>�`�Ü>���vÀ>VÌÕÀiÃ��r�È®�ÜiÀi�Ì�i���ÃÌ�V������/>L�i�£®°�Ƃ���}�Ì��Ãi�

`�>}��Ãi`�Ü�Ì��>���`v>V�>��vÀ>VÌÕÀi]�ÓÈx�Çn°Ó¯®�«>Ì�i�ÌÃ�ÜiÀi�ÌÀi>Ìi`�V��ÃiÀÛ>Ì�Ûi�Þ]�

ÎÓ��°Ç¯®�ÀiVi�Ûi`�V��Ãi`�ÌÀi>Ì�i�Ì�>�`�{Ó�£Ó°{¯®�ÀiVi�Ûi`��«i��ÌÀi>Ì�i�Ì°�/�i�

ÌÀi>Ì�i�Ì��ÕÌV��iÃ��v�Ì�i���`v>V�>��vÀ>VÌÕÀi�ÃÕLÌÞ«iÃ�>Ài�«ÀiÃi�Ìi`����/>L�i�£°�

Conservative treatment occurred most commonly for patients suffering fractures 

�v�Ì�i�vÀ��Ì>��Ã��ÕÃ�È{°ä¯®]��ÀL�Ì>��À���>�`�Ü>��Ã� n{°{¯®]��>Ý���>ÀÞ�Ã��ÕÃ�nÈ°Ç¯®]�

âÞ}��>Ì�V��>Ý���>ÀÞ�V��«�iÝ�Ç�°�¯®]��>Ã��ÀL�Ì�iÌ����`�V��«�iÝ�Çä°È¯®�>�`�Ì�i�

�>Ã>��L��i�Çä°È¯®°��i���ÀÌ�ÌÞ«i�vÀ>VÌÕÀiÃ�ÜiÀi�}i�iÀ>��Þ�ÌÀi>Ìi`�ÃÕÀ}�V>��Þ°

Table 1: Fracture outcomes

Fracture type Total 
(n)

Conservative 
treatment 
��¯®®

Closed 
treatment 
��¯®®

Surgical 
treatment 
��¯®®

Midface fractures 339 265 (78.2) 32 (9.4) 42 (12.4)

Frontal sinus 25 16 (64.0) 0 (0.0) 9 (36.0)

"ÀL�Ì>��À���>�`�Ü>��Ã 96 81 (84.4) 4 (4.2) 11 (11.5)

Maxillary sinus 30 26 (86.7) 2 (6.7) 2 (6.7)

Zygomaticomaxillary complex 134 107 (79.9) 0 (0.0) 27 (20.1)

 >Ã��ÀL�Ì�iÌ����`�V��«�iÝ 17 12 (70.6) 1 (5.9) 4 (23.5)

 >Ã>��L��i 126 89 (70.6) 24 (19.0) 13 (10.3)

Le Fort I 9 4 (44.4) 1 (11.1) 4 (44.4)

Le Fort II 8 2 (25.0) 0 (0.0) 6 (75.0)

Le Fort III 6 3 (50.0) 0 (0.0) 3 (50.0)

Dentoalveolar complex 15 6 (40.0) 8 (53.3) 1 (6.7)

�>�`�L�i�vÀ>VÌÕÀiÃ 66 29 (43.9) 4 (6.1) 33 (50.0)

Symphyseal or parasymphyseal 24 6 (25.0) 0 (0.0) 18 (75.0)

Corpus 17 5 (29.4) 2 (11.8) 10 (58.8)

Angular 8 0 (0.0) 0 (0.0) 8 (100.0)

Ramus 7 4 (57.1) 0 (0.0) 3 (42.9)

Coronoid 4 1 (25.0) 0 (0.0) 3 (75.0)

Condylar process 44 21 (47.7) 4 (9.1) 19 (43.2)

Dentoalveolar complex 1 0 (0.0) 0 (0.0) 1 (100.0)

4b
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The REDUCTION-II study 

Findings related to midfacial fractures requiring treatment
�>V�>��`i«ÀiÃÃ�����Î°�¯®]��VÕ�>À���Ûi�i�Ì�����Ì>Ì�����Ó°Î¯®]���vÀ>��ÀL�Ì>���iÀÛi�

«>ÀiÃÌ�iÃ�>�nä°È¯®�>�`�«>�«>L�i�ÃÌi«��vv� �£°Ó¯®�ÜiÀi�Ì�i�«�ÞÃ�V>��iÝ>���>Ì����

w�`��}Ã���ÃÌ��vÌi��>ÃÃ�V�>Ìi`�Ü�Ì��Ì�i�«ÀiÃi�Vi��v�>���`v>V�>��vÀ>VÌÕÀi�/>L�i�Ó®°�

/�i�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�Ì�>Ì�ÜiÀi��vÌi��Ãii��Ü�Ì����`v>V�>�� vÀ>VÌÕÀiÃ�

ÀiµÕ�À��}�>VÌ�Ûi�ÌÀi>Ì�i�Ì�ÜiÀi�v>V�>��`i«ÀiÃÃ����{È°�¯®]�«>�«>L�i�ÃÌi«��vv�{£°Ó¯®]�

�L�iVÌ�Ûi� �>��VV�ÕÃ���� Î�°£¯®]� Ì��Ì�� ��L���ÌÞ� �À� �ÕÝ>Ì���� Îx°{¯®� >�`� �VÕ�>À�

��Ûi�i�Ì�����Ì>Ì����Îä°n¯®°�/�i�«�ÞÃ�V>��iÝ>���>Ì����w�`��}��ÕÌV��iÃ���`v>V�>��

vÀ>VÌÕÀi�ÃÕLÌÞ«iÃ�ÀiµÕ�À��}�ÃÕÀ}�V>��ÌÀi>Ì�i�Ì�>Ài�«ÀiÃi�Ìi`����/>L�i�Ó°

Treatment of mandibular fractures
�>�`�LÕ�>À�vÀ>VÌÕÀiÃ�ÜiÀi�`�>}��Ãi`����ÓÎ°È¯��rÈÈ®��v�Ì�i�«>Ì�i�ÌÃ°�-Þ�«�ÞÃi>��

or parasymphyseal (n=24), corpus (n=17) and condylar process (n=44) fractures were 

Ì�i���ÃÌ�V�������>�`�LÕ�>À�vÀ>VÌÕÀi�ÃÕLÌÞ«iÃ��LÃiÀÛi`�/>L�i�£®°�,i}>À`��}�Ì�i�

«>Ì�i�ÌÃ�Ì�>Ì�ÜiÀi�`�>}��Ãi`�Ü�Ì��>��>�`�LÕ�>À�vÀ>VÌÕÀi]�Ó��{Î°�¯®�ÜiÀi�ÌÀi>Ìi`�

V��ÃiÀÛ>Ì�Ûi�Þ]�{�È°£¯®�ÀiVi�Ûi`�V��Ãi`�ÌÀi>Ì�i�Ì�>�`�ÎÎ�xä°ä¯®�ÀiVi�Ûi`��«i��

ÌÀi>Ì�i�Ì°�/�i�ÌÀi>Ì�i�Ì��ÕÌV��iÃ��v�Ì�i�`�vviÀi�Ì��>�`�LÕ�>À�vÀ>VÌÕÀi�ÃÕLÌÞ«iÃ�

>Ài�«ÀiÃi�Ìi`����/>L�i�£°�,>�ÕÃ�xÇ°£¯®�>�`�V��`Þ�>À�«À�ViÃÃ�{Ç°Ç¯®�vÀ>VÌÕÀiÃ�ÜiÀi�

�vÌi��ÌÀi>Ìi`�V��ÃiÀÛ>Ì�Ûi�Þ°�"«i��ÌÀi>Ì�i�Ì�Ü>Ã�V������Þ��LÃiÀÛi`�v�À�«>Ì�i�ÌÃ�

Ü�Ì��vÀ>VÌÕÀiÃ��v�Ì�i�ÃÞ�«�ÞÃi>���À�«>À>ÃÞ�«�ÞÃi>��>Ài>�Çx°ä¯®]�>�}�i�£ää°ä¯®]�

V�À����`�«À�ViÃÃ�Çx°ä¯®�>�`�`i�Ì�>�Ûi��>À�V��«�iÝ�£ää¯®°

Findings related to mandibular fractures requiring treatment
��ÕÌ�� �«i���}� ����Ì>Ì���� È£°{¯®]� «>�«>L�i� ÃÌi«��vv� �{°£¯®]� Ì��Ì����L���ÌÞ� �À�

>ÛÕ�Ã����È£°£¯®]��L�iVÌ�Ûi��>��VV�ÕÃ����ÈÈ°Ç¯®]�>�«�Ã�Ì�Ûi�>Ý�>��V����«ÀiÃÃÕÀi�ÌiÃÌ�

È£°ä¯®]�>�`�«�Ã�Ì�Ûi�Ì��}Õi�L�>`i�L�Ìi�ÌiÃÌ�Èn°Ó¯®�ÜiÀi�Ì�i�«�ÞÃ�V>��iÝ>���>Ì����

w�`��}Ã���ÃÌ��vÌi��>ÃÃ�V�>Ìi`�Ü�Ì��Ì�i�«ÀiÃi�Vi��v�>��>�`�LÕ�>À�vÀ>VÌÕÀi�/>L�i�

Ó®°�/�i�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�Ì�>Ì�ÜiÀi�V������Þ�Ãii��Ü�Ì��>��>�`�LÕ�>À�

vÀ>VÌÕÀi�ÀiµÕ�À��}�ÃÕÀ}�V>��ÌÀi>Ì�i�Ì�ÜiÀi�«>�«>L�i�ÃÌi«��vv�nÓ°{¯®]�Ì��Ì����L���ÌÞ�

�À�>ÛÕ�Ã����{{°{¯®]��L�iVÌ�Ûi��>��VV�ÕÃ����{Ó°�¯®]�>�«�Ã�Ì�Ûi�Ì��}Õi�L�>`i�L�Ìi�ÌiÃÌ�

{ä°Î¯®�>�`�>�«�Ã�Ì�Ûi�>Ý�>��V����«ÀiÃÃÕÀi�ÌiÃÌ�{ä°Ó¯®°�/�i��ÕÌV��iÃ��v�«�ÞÃ�V>��

iÝ>���>Ì����w�`��}Ã�v�À�Ì�i�Ã«iV�wV��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�ÃÕLÌÞ«iÃ�ÀiµÕ�À��}�>VÌ�Ûi�

ÌÀi>Ì�i�Ì�>Ài�«ÀiÃi�Ìi`����/>L�i�Î°

4b
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The REDUCTION-II study 

Diagnostic accuracy
/�i�`�>}��ÃÌ�V�>VVÕÀ>VÞ��v�Ì�i���`�Û�`Õ>��«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�v�À�L�Ì��

Ì�i���`v>V�>��>�`��>�`�LÕ�>À�ÌÀ>Õ�>�«>Ì�i�ÌÃ�Ü����ii`i`�vÀ>VÌÕÀi�ÌÀi>Ì�i�Ì� �Ã�

«ÀiÃi�Ìi`����/>L�i�{°�/�i�Ãi�Ã�Ì�Û�ÌÞ��v�Ì�i�w�`��}Ã�v�À���`v>V�>��ÌÀ>Õ�>�«>Ì�i�ÌÃ�Ü>Ã�

��}��v�À�ÃÜi����}]�>�`�Ã«iV�wV�ÌÞ�Ü>Ã�v�Õ�`���}��v�À�>���ÃÌ�>���«�ÞÃ�V>��iÝ>���>Ì����

w�`��}Ã�iÝVi«Ì�v�À�ÃÜi����}]��>ViÀ>Ì���]�«iÀ���ÀL�Ì>���i�>Ì��>�>�`�i«�ÃÌ>Ý�Ã°�/�i�

 *6�Ü>Ã���}��v�À�>���w�`��}Ã°�/�i�Ãi�Ã�Ì�Û�ÌÞ��v�Ì�i�w�`��}Ã�v�À��>�`�LÕ�>À�ÌÀ>Õ�>�

patients was high for jaw movement pain, the angular compression test and the axial 

V����«ÀiÃÃÕÀi�ÌiÃÌ°���}��Ã«iV�wV�ÌÞ�Ü>Ã�v�Õ�`�v�À���viÀ��À�>�Ûi��>À��iÀÛi�«>ÀiÃÌ�iÃ�>]�

��ÌÀ>��À>���i�>Ì��>]�«>�«>L�i�ÃÌi«��vv]�Ì��Ì����L���ÌÞ��À�>ÛÕ�Ã���]�>�`�>�«�Ã�Ì�Ûi�

Ì��}Õi�L�>`i�L�Ìi�ÌiÃÌ°���À��>Ü���Ûi�i�Ì�«>��]�>� *6��v�£ää°ä�>�`���w��ÌiÃ��>��

�,��Ü>Ã�v�Õ�`°� *6�Ü>Ã�>�Ã��v�Õ�`���}��v�À�>����Ì�iÀ�w�`��}Ã°

Clinical decision aids
Clinical decision aids were successfully constructed to discern patients with midfacial 

�À��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�Ì�>Ì�ÀiµÕ�Ài�ÌÀi>Ì�i�Ì°���À���`v>V�>��ÌÀ>Õ�>�«>Ì�i�ÌÃ]�Ì�i�

clinical decision aid consisted of facial depression, epistaxis, ocular movement 

����Ì>Ì���]�«>�«>L�i�ÃÌi«��vv]��L�iVÌ�Ûi��>��VV�ÕÃ���]�>�`�Ì��Ì����L���ÌÞ��À�>ÛÕ�Ã���°�

/�i�>�`��>`�>�Ãi�Ã�Ì�Û�ÌÞ��v��Ç°Î��ä°Ç���°Î®]�>�Ã«iV�wV�ÌÞ��v�În°È�Îx°ä�{Ó°Î®]�>� *6��v�

��°Î��Ç°Î���°n®]�>�`�>��,���v�ä°£�ä°ä�ä°Î®�Ü�i��>���Ì�i�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�

ÜiÀi��LÃiÀÛi`�>Ã�Li��}�>LÃi�Ì°�/�i�`iV�Ã����>�`��i�«i`����>VVÕÀ>Ìi�Þ�«�V���}��ÕÌ�

Î{°�¯��rÓÈÇ®��v�Ì�i�«>Ì�i�ÌÃ�Ü���ÀiµÕ�Ài`�>VÌ�Ûi�ÌÀi>Ì�i�Ì�v�À���`v>V�>��vÀ>VÌÕÀiÃ°�

Ƃ�Ì�Ì>���v�Ó�ä°Î¯®�vÀ>VÌÕÀi�«>Ì�i�ÌÃ�ÜiÀi���Ì��`i�Ì�wi`]�L�Ì���v�Ü�����>`��>Ã>��

vÀ>VÌÕÀiÃ°�/�i�V����V>��`iV�Ã����v�À��>�`�LÕ�>À�ÌÀ>Õ�>�«>Ì�i�ÌÃ�V��Ã�ÃÌi`��v���ÕÌ��

�«i���}�����Ì>Ì���]��>Ü���Ûi�i�Ì�«>��]��L�iVÌ�Ûi��>��VV�ÕÃ���]�>�`�Ì��Ì����L���ÌÞ�

�À�>ÛÕ�Ã���]�>�`��>`�>�Ãi�Ã�Ì�Û�ÌÞ��v�£ää°ä��ä°È�£ää°ä®]�>�Ã«iV�wV�ÌÞ��v�Î�°£�ÎÎ°Ó�

{x°{®]�>� *6��v�£ää°ä��È°£�£ää°ä®�>�`�>����w��ÌiÃ��>���,�°�/�i�`iÌ>��Ã��v�Ì�i�V����V>��

`iV�Ã����>�`Ã�>Ài�«ÀiÃi�Ìi`����/>L�i�x°

Discussion

�>Ý����v>V�>�����ÕÀÞ��Ã�vÀiµÕi�Ì�Þ��LÃiÀÛi`����«>Ì�i�ÌÃ�>`��ÌÌi`�Ì��Ì�i�i�iÀ}i�VÞ�

department with trauma. Early recognition of maxillofacial fractures in these patients 

�Ã�iÃÃi�Ì�>�]����«>ÀÌ�VÕ�>À�LiV>ÕÃi���ÃÃ��}�Ì�iÃi�vÀ>VÌÕÀiÃ��>Þ��i>`�Ì��>�`iVÀi>Ãi����

aesthetic and functional outcomes in the long term. Moreover, missing fractures that 

ÀiµÕ�Ài�ÃÕÀ}�V>����ÌiÀÛi�Ì����V�Õ�`��iViÃÃ�Ì>Ìi�>�ÃiV��`>ÀÞ�ÀiV��ÃÌÀÕVÌ���]��i>`��}
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The REDUCTION-II study 

Ì��>``�Ì���>���i>�Ì�V>Ài�V�ÃÌÃ]���VÀi>Ãi`�LÕÀ`i��>�`]�«�Ìi�Ì�>��Þ]�>�«��À��ÕÌV��i°�

-ÕL�iVÌ��}�i>V���>Ý����v>V�>��ÌÀ>Õ�>�«>Ì�i�Ì�Ì��>�ÃÌÀÕVÌÕÀ>��«�ÞÃ�V>��iÝ>���>Ì�����>Þ�

help in identifying or ruling out these fractures at an early stage of treatment. In this 

prospective multicenter study, we assessed the diagnostic accuracy of the physical 

iÝ>���>Ì����w�`��}Ã�v�À���`v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�ÀiµÕ�À��}�>VÌ�Ûi�ÌÀi>Ì�i�Ì°�

Clinical decision aids were constructed focusing discerning patients with these type 

�v�vÀ>VÌÕÀiÃ]�ÀiÃÕ�Ì��}����>� *6��v���°Î¯�v�À���`v>V�>��ÌÀ>Õ�>�«>Ì�i�ÌÃ]�>�`�>� *6��v�

£ää°ä¯�v�À��>�`�LÕ�>À�ÌÀ>Õ�>�«>Ì�i�ÌÃ°�7�i��>���Ì�i�Ài�>Ìi`�«�ÞÃ�V>��iÝ>���>Ì����

w�`��}Ã� ��� Ì�iÃi� V����V>�� `iV�Ã���� >�`Ã� >Ài� >LÃi�Ì��i>�Ã� ��i� V>�� ÃÕVViÃÃvÕ��Þ�

ÀÕ�i� �ÕÌ� «>Ì�i�ÌÃ�Ü�Ì����`v>V�>�� >�`��>�`�LÕ�>À� vÀ>VÌÕÀiÃ� ÀiµÕ�À��}� ÌÀi>Ì�i�Ì°

"ÕÀ�ÃÌÕ`Þ��`i�Ì�wi`���Ü���`�Û�`Õ>��«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�>Ài�>ÃÃ�V�>Ìi`�

Ü�Ì��`�vviÀi�Ì�ÃÕLÌÞ«iÃ��v���`v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�Ì�>Ì�ÀiµÕ�Ài�>VÌ�Ûi�

treatment. For example, midfacial fractures were found in almost every patient 

Ü�Ì��v>V�>��`i«ÀiÃÃ����>�`�>���ÃÌ�xä¯��v�Ì�i�ÌÀi>Ìi`�vÀ>VÌÕÀiÃ�ÜiÀi�>ÃÃ�V�>Ìi`�Ü�Ì��

vÀ>VÌÕÀiÃ��v�Ì�i�âÞ}��>Ì�V��>Ý���>ÀÞ�V��«�iÝ°�Ƃ��Ì�iÀ�iÝ>�«�i��Ã�Ì�>Ì��>�`�LÕ�>À�

vÀ>VÌÕÀiÃ�ÜiÀi�vÀiµÕi�Ì�Þ�v�Õ�`����«>Ì�i�ÌÃ�Ü�Ì���>��VV�ÕÃ���]���ÃÌ��v�Ü�����>`�

Ì��Li�ÌÀi>Ìi`°���ÃÌ��v�Ì�iÃi�«>Ì�i�ÌÃ�«ÀiÃi�Ìi`�Ü�Ì��ÃÞ�«�ÞÃi>�]�«>À>ÃÞ�«�ÞÃi>��

>�`�V��`Þ�>À�«À�ViÃÃ�ÃÕLÌÞ«i�vÀ>VÌÕÀiÃ]�ÃÕ««�ÀÌ��}�Ì�i� v>VÌ� Ì�>Ì�`�Ã«�>Vi�i�Ì�

of fractures in these regions cause traumatic misalignment of the dental arches. 

-«iV�wV�«�ÞÃ�V>�� iÝ>���>Ì����w�`��}Ã� V>��Li���}��Þ�ivviVÌ�Ûi� ��� Ì�i�`�>}��Ã�Ã�

�v��>Ý����v>V�>�� vÀ>VÌÕÀi�ÃÕLÌÞ«iÃ�ÀiµÕ�À��}�ÌÀi>Ì�i�Ì� ���i�iÀ}i�VÞ�`i«>ÀÌ�i�Ì�

«>Ì�i�ÌÃ]�>�`�À>`����}�V>����>}��}�Ã��Õ�`�Ì�iÀiv�Ài�Li�ÃÌÀ��}�Þ�V��Ã�`iÀi`�v�À�Ì�i�°�

1�`iÀÃÌ>�`��}�Ì�iÃi���`�Û�`Õ>��«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�V>��Li�ÕÃivÕ��v�À�i>À�Þ�

�`i�Ì�wV>Ì�����v�>�«>Ì�i�Ì�>Ì�À�Ã���v���`v>V�>���À��>�`�LÕ�>À�vÀ>VÌÕÀiÃ°

In this study, we found that the sensitivity remained low for physical examination 

w�`��}Ã� Ài�>Ìi`� Ì����`v>V�>�� ÌÀ>Õ�>�Ü�iÀi>Ã� Ì�i� Ãi�Ã�Ì�Û�ÌÞ��v� Ì�i�w�`��}Ã� v�À�

�>�`�LÕ�>À�ÌÀ>Õ�>�«>Ì�i�ÌÃ�Ü>Ã���}��v�À� �>Ü���Ûi�i�Ì�«>��]�>�«�Ã�Ì�Ûi�>�}Õ�>À�

V��«ÀiÃÃ����ÌiÃÌ�>�`�>�«�Ã�Ì�Ûi�>Ý�>��V����«ÀiÃÃÕÀi�V����ÌiÃÌ°�/�i�Ã«iV�wV�ÌÞ�Ü>Ã���}��

v�À���ÃÌ��v�Ì�i���`v>V�>��>�`��>�`�LÕ�>À�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã]���`�V>Ì��}�

Ì�>Ì�Ì�iÃi�w�`��}Ã�>Ài�V������Þ�>LÃi�Ì�>���}�«>Ì�i�ÌÃ�Ü��Ãi�vÀ>VÌÕÀiÃ�V>��Li�

ÌÀi>Ìi`�V��ÃiÀÛ>Ì�Ûi�Þ��À�`����Ì��>Ûi�>�vÀ>VÌÕÀi°�/��Ã��Ã�ÃÕ««�ÀÌi`�LÞ�Ì�i�v>VÌ�Ì�>Ì�

>���ÃÌ�>���Ì�i�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�«À�`ÕVi`�>��iÝVi«Ì���>��Þ���}�� *6�

>�`]�V��ÌÀ>À��Þ]�>���Ü�**6°�"ÕÀ�ÀiÃÕ�ÌÃ�ÃÕ}}iÃÌ�Ì�>Ì�Ì�i�>LÃi�Vi��v�Ì�iÃi�«�ÞÃ�V>��

iÝ>���>Ì����w�`��}Ã��i>�Ã�Ì�i�Õ����i�����`��v�>���`v>V�>���À��>�`�LÕ�>À�vÀ>VÌÕÀi�

4b
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�>«ÌiÀ�{L

Ì�>Ì�ÀiµÕ�ÀiÃ�ÌÀi>Ì�i�Ì°�/�iÀiv�Ài]�Ì�iÃi���`�Û�`Õ>��w�`��}Ã�V>��Li�ÕÃi`�Ì��ÃÌÀ>Ì�vÞ�

patients into low or high risk fracture groups.

Ƃ�Ì��Õ}����`�Û�`Õ>��«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�V>��Li�ÕÃivÕ�]��Ì��Ã��v�«>ÀÌ�VÕ�>À�

��ÌiÀiÃÌ���Ü�>�V��L��>Ì�����v�w�`��}Ã�V>��«iÀv�À��>Ã�>�V����V>��`iV�Ã����>�`����Ì�i�

emergency department. In our study, clinical decision aids were constructed with the 

>���Ì��`�vviÀi�Ì�>Ìi�«>Ì�i�ÌÃ�Ü�Ì��ÕÌ��À�Ü�Ì����`v>V�>���À��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�Ì�>Ì�

ÀiµÕ�Ài�>VÌ�Ûi�ÌÀi>Ì�i�Ì�i°}°]�V��Ãi`��À�ÃÕÀ}�V>��ÌÀi>Ì�i�Ì®°�Ƃ��>««À�>V��Ü>Ã�V��Ãi��

���Ü��V��Ì�i�«�ÞÃ�V�>�Ã�>ÃÃiÃÃi`�Ì�i�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã���Ì����Ü��}�

Ì�i��ÕÌV��i��v� ��ÌiÀiÃÌ]� Ài«ÀiÃi�Ì��}� >�L���`i`� V����V>��Ü�À�y�Ü��v� >ÃÃiÃÃ��}�

emergency department patients. The clinical decision aid constructed for midfacial 

trauma patients consisted of facial depression, epistaxis, ocular movement limitation, 

«>�«>L�i�ÃÌi«��vv]��>��VV�ÕÃ���]�>�`�Ì��Ì����L���ÌÞ��À�>ÛÕ�Ã���°�/�i�>LÃi�Vi��v�>���

Ì�iÃi�w�`��}Ã�«À�`ÕVi`�>�Ãi�Ã�Ì�Û�ÌÞ��v��Ç°Î¯]�>�Ã«iV�wV�ÌÞ��v�În°È]�>�`�>� *6��v�

��°Î¯°�/�i�V����V>��`iV�Ã����>�`����Þ���Ã`�>}��Ãi`�ÌÜ��«>Ì�i�ÌÃ��°i°]�v>�Ãi��i}>Ì�ÛiÃ®�

Ü�Ì���>Ã>��vÀ>VÌÕÀiÃ�Ì�>Ì�ÀiµÕ�Ài`�>�V��Ãi`�ÌÀi>Ì�i�Ì�«À�Ì�V��°�/�iÃi�ÌÜ��«>Ì�i�ÌÃ�

ÜiÀi���ÃÃi`�`iÃ«�Ìi���V�Õ`��}�«>�«>Ì�����v�Ì�i��>Ã>��LÀ�`}i�>�`�i«�ÃÌ>Ý�Ã����Ì�i�

�>Ã>��Ài�>Ìi`�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã°� >Ã>��vÀ>VÌÕÀiÃ�>Ài�V������Þ�v�Õ�`����

maxillofacial trauma patients, emphasizing the need to consider these fractures for 

i>V��«>Ì�i�Ì�ÃÕvviÀ��}�>�Þ��>Ý����v>V�>��ÌÀ>Õ�>°���Ài�ÛiÀ]�LiV>ÕÃi�Ì�i���Ãi�«À��iVÌÃ�

from the face, any nasal fracture displacements may have important aesthetic 

V��ÃiµÕi�ViÃ°� iÛiÀÌ�i�iÃÃ]� Ì�i�V����V>��`iV�Ã����>�`�>VVÕÀ>Ìi�Þ�«�V�i`��ÕÌ�Ì�i�

�>��À�ÌÞ��v�«>Ì�i�ÌÃ�Ü�Ì����`v>V�>��vÀ>VÌÕÀiÃ�Ì�>Ì�ÀiµÕ�Ài`�>VÌ�Ûi�ÌÀi>Ì�i�Ì°�*ÀiÛ��ÕÃ�

ÀiÃi>ÀV�� �Ã� ����Ìi`�>�`�«Ài�����>ÀÞ�v�VÕÃi`����Ì�i�`�>}��Ã�Ã��v��ÀL�Ì>�� vÀ>VÌÕÀiÃ�

ÀiµÕ�À��}�ÌÀi>Ì�i�Ì°�/�i�>ÕÌ��ÀÃ��v�>�«À�Ã«iVÌ�Ûi�V���ÀÌ�ÃÌÕ`Þ��v�ÓÓÈÓ�i�iÀ}i�VÞ�

`i«>ÀÌ�i�Ì� «>Ì�i�ÌÃ�Ü�Ì�� L�Õ�Ì� �ÀL�Ì>�� ÌÀ>Õ�>� V��ÃÌÀÕVÌi`� >�� �ÀL�Ì>�� vÀ>VÌÕÀi�

risk score focusing on the need for emergent surgical intervention 5. One point 

Ü>Ã�>ÃÃ�}�i`�v�À\��ÀL�Ì>��À���Ìi�`iÀ�iÃÃ]�«iÀ��ÀL�Ì>��i�«�ÞÃi�>]�ÃÕLV���Õ�VÌ�Û>��

hemorrhage, impaired extra-ocular movement, painful extra-ocular movement and 

epistaxis. The authors stated the risk score was successful as only three patients 

�>`�Lii����Ã`�>}��Ãi`°����>��Ì�iÀ�ÀiÌÀ�Ã«iVÌ�Ûi�V���ÀÌ�ÃÌÕ`Þ��v��£Ó��ÀL�Ì>��ÌÀ>Õ�>�

«>Ì�i�ÌÃ]�>���ÀL�Ì>�� vÀ>VÌÕÀi� À�Ã��ÃV�Ài�Ü>Ã�V��ÃÌÀÕVÌi`� Ì��«Ài`�VÌ� Ì�i��ii`� v�À�

surgery 11°�"�i�«���Ì�Ü>Ã�}�Ûi��v�À�«iÀ��ÀL�Ì>��i�«�ÞÃi�>�>�`��>�i�ÃiÝ]�>�`�ÌÜ��

«���ÌÃ�v�À�`�«��«�>�>�`���vÀ>��ÀL�Ì>���iÀÛi�«>ÀiÃÌ�iÃ�>°�Ƃ�VÕÌ��vv��v�ÌÜ��«���ÌÃ�Ü>Ã�

`iw�i`�>Ã�Ì�i�LiÃÌ�V��«À���Ãi�v�À�Ì�i�À�Ã���v�ÃÕÀ}�V>����ÌiÀÛi�Ì���]�«À�`ÕV��}�>�

 *6��v��Ó°£¯�>�`�>�Ãi�Ã�Ì�Û�ÌÞ��v�nÓ°x¯°
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/�i�V����V>��`iV�Ã����>�`�Üi�V��ÃÌÀÕVÌi`�v�À��>�`�LÕ�>À�ÌÀ>Õ�>�«>Ì�i�ÌÃ�V��Ã�ÃÌi`�

�v���ÕÌ���«i���}� ����Ì>Ì���]� �>Ü���Ûi�i�Ì�«>��]��>��VV�ÕÃ���]� Ì��Ì����L���ÌÞ�

or avulsion. The clinical decision aid correctly discerned all the patients who did 

��Ì�ÀiµÕ�Ài�>VÌ�Ûi�ÌÀi>Ì�i�Ì�v�À��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�Ì�À�Õ}��Ì�i�>LÃi�Vi��v�Ì�i�

«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã°�/��Ì�i�LiÃÌ��v��ÕÀ����Ü�i`}i]����ÃÌÕ`�iÃ��>Ûi�Lii��

conducted focusing on such a clinical decision aid. Our clinical decision aids were 

���Þ�V��ÃÌÀÕVÌi`�Ü�Ì��«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã°�/�i��>���>`Û>�Ì>}i��Ã�Ì�>Ì�Ì�i�

`iV�Ã���Ã�>Ài�V��Ã�ÃÌi�Ì]�>�Ã��v�À�«>Ì�i�ÌÃ�Ü�Ì��Õ�V�i>À��À�Õ�ÛiÀ�w>L�i�V��«��i�ÌÃ�

such as age, sex or mechanism of injury. The clinical decision aids allow for early 

Li`Ã�`i��>�>}i�i�Ì�`ÕÀ��}�>��i>À�Þ�ÃÌ>}i��v�Ì�i�«À��>ÀÞ��À�ÃiV��`>ÀÞ�>ÃÃiÃÃ�i�Ì°�

Maxillofacial trauma patients often have concomitant injuries and our clinical decision 

>�`Ã���}�Ì��i�«����ÃÌÀ>Ì�vÞ��}�Ü��V�����ÕÀ�iÃ�ÀiµÕ�Ài�«À��À�Ì�â>Ì����v�À�ÀiÃÕÃV�Ì>Ì���°�

��Ài�ÛiÀ]�Ì�i�V����V>��`iV�Ã����>�`Ã�V>��Li�ÕÃi`�Ì���`i�Ì�vÞ�Ì�i�«>Ì�i�ÌÃ�ÀiµÕ�À��}�>�

consultation with an oral and maxillofacial surgeon or an otolaryngologist.

The study has several limitations. First, only those patients who had undergone 

radiological imaging were included. Nevertheless, we focused on patients who 

ÀiµÕ�Ài`�>VÌ�Ûi�ÌÀi>Ì�i�Ì�>�`���i�Ü�Õ�`�iÝ«iVÌ�Ì��Ãi���Ì��ii`��}�À>`����}�V>��

��>}��}�>Ã��>Û��}���Ü�vÀ>VÌÕÀi�À�Ã�Ã°�-iV��`]�Ì�i�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�ÜiÀi�

>ÃÃiÃÃi`�LÞ�i�iÀ}i�VÞ�`i«>ÀÌ�i�Ì�«�ÞÃ�V�>�Ã�Ü�Ì��Û>ÀÞ��}�Þi>ÀÃ��v�iÝ«iÀ�i�Vi°�

Ƃ�Ì��Õ}��Üi�ÌÀ�i`�Ì��`iw�i�i>V��«�ÞÃ�V>��iÝ>���>Ì����w�`��}�V�i>À�Þ]�ÌÀ>��i`��À>��

and maxillofacial surgeons have more experience in the assessment of maxillofacial 

ÌÀ>Õ�>�«>Ì�i�ÌÃ�>�`�>Ài��vÌi��v>Vi`�Ü�Ì��«>Ì�i�ÌÃ�Ì�>Ì�ÀiµÕ�Ài�ÌÀi>Ì�i�Ì°�/��À`]�

Ì�i�ÌÀi>Ì�i�Ì�`iV�Ã����Ü>Ã�iÃÌ>L��Ã�i`�ÕÃ��}��ÕÌV��ÌÀi>Ì�i�Ì�«À�Ì�V��Ã°���ÜiÛiÀ]�

�Ì�iÀ���ÌiÀ�>Ì���>��ÌÀi>Ì�i�Ì�«À�Ì�V��Ã�v�À��>Ý����v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�

��}�Ì�Li�`�vviÀi�Ì]�Ü��V��V��w�iÃ�Ì�i�}i�iÀ>��â>L���ÌÞ��v�Ì�i�V����V>��`iV�Ã����>�`Ã°�

/�ÕÃ]�Ì�iÃi�V����V>��`iV�Ã����>�`Ã�Ã��Õ�`�Li�Û>��`>Ìi`�LÞ�vÕÌÕÀi�ÀiÃi>ÀV��Ü�Ì��>��iÜ�

population of patients.

���V��V�ÕÃ���]�Ì�i�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã����Ì�i�V����V>��`iV�Ã����>�`Ã�v�VÕÃ��}�

���«>Ì�i�ÌÃ�Ü�Ì����`v>V�>���À��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�Ì�>Ì�ÀiµÕ�Ài�>VÌ�Ûi�ÌÀi>Ì�i�Ì�>Ài�

`�>}��ÃÌ�V>��Þ�>VVÕÀ>Ìi�>�`�Ì�ÕÃ�V>��Li�ÕÃi`�Ì��ÃÌÀ>Ì�vÞ�«>Ì�i�ÌÃ�>Ì�>��i>À�Þ�ÃÌ>}i�

of assessment.

4b
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Abstract

Objective: The aim of this study was to assess the incidence and severity of midfacial 

>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�v����Ü��}�i�L��i�>�`�V��Ûi�Ì���>��L�VÞV�i�>VV�`i�ÌÃ°

Methods: A retrospective cohort study was conducted of all the consecutive 

«>Ì�i�ÌÃ�Ü�Ì���>Ý����v>V�>��ÌÀ>Õ�>�`Õi�Ì��i�L��i�>�`�V��Ûi�Ì���>��L�VÞV�i�>VV�`i�ÌÃ°�

�>Ý����v>V�>�� ���ÕÀÞ�ÃiÛiÀ�ÌÞ�Ü>Ã�>ÃÃiÃÃi`�ÕÃ��}�Ì�i��>Ý��Õ��ƂLLÀiÛ�>Ìi`����ÕÀÞ�

Scale (MAIS) and Facial Injury Severity Scale (FISS). Binary logistic regression analysis 

was applied to assess differences in the risk of maxillofacial injury and for severe 

�>Ý����v>V�>��vÀ>VÌÕÀiÃ�LiÌÜii��Ì�i�V��Ûi�Ì���>��L�VÞV�i�}À�Õ«�>�`�Ì�i�i�L��i�}À�Õ«°

Results\� ���Ì�Ì>�]�Î££�«>Ì�i�ÌÃ�ÜiÀi� ��V�Õ`i`�ÇÎ�i�L��iÀÃ�>�`�ÓÎn�V��Ûi�Ì���>��
VÞV��ÃÌÃ®°� �L��iÀÃ� ÃÕÃÌ>��i`���`v>V�>�� vÀ>VÌÕÀiÃ���Ài� vÀiµÕi�Ì�Þ� {Ç¯� ÛÃ°� Î{¯]�

prä°ä{®]�Ü�iÀi>Ã�V��Ûi�Ì���>��VÞV��ÃÌÃ���Ài��vÌi���>`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�£¯�

ÛÃ°�££¯]�p=0.01). Although the median MAIS and FISS scores did not differ, the 

ÃiÛiÀi��>Ý����v>V�>��vÀ>VÌÕÀiÃ���--�ÃV�Ài�Ĉ�Ó®�ÜiÀi��LÃiÀÛi`�Ã�}��wV>�Ì�Þ���Ài��vÌi��

���Ì�i�V��Ûi�Ì���>��VÞV��ÃÌÃ�{x¯�ÛÃ°�Óx¯]�p=0.04). Logistic regression analysis did 

��Ì�Ã��Ü�>�Þ�`�vviÀi�ViÃ�LiÌÜii��i�L��iÀÃ�>�`�V��Ûi�Ì���>��VÞV��ÃÌÃ�Ài}>À`��}�Ì�i�

��V�`i�Vi��v���`v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�>Ã�Üi���>Ã�Ì�i�ÃiÛiÀi�vÀ>VÌÕÀiÃ�Ü�i��

V�ÀÀiVÌ��}�v�À�>}i�>�`�V���ÀL�`�Ì�iÃ°

Conclusion\�	�Ì��Ì�i�`�ÃÌÀ�LÕÌ����>�`�Ì�i�ÃiÛiÀi��>Ý����v>V�>�� vÀ>VÌÕÀiÃ�`�vviÀi`�
LiÌÜii��Ì�i�i�L��i�>�`�V��Ûi�Ì���>��L�VÞV�i�>VV�`i�Ì�«>Ì�i�ÌÃ°�*>Ì�i�Ì�Ã«iV�wV�

V�>À>VÌiÀ�ÃÌ�VÃ]�ÃÕV��>Ã�>}i�>�`�V���ÀL�`�Ì�iÃ��>Þ��>Ûi�>�}Ài>ÌiÀ� ��yÕi�Vi����

ÃÕÃÌ>����}��>Ý����v>V�>�����ÕÀ�iÃ�Ì�>��Ì�i�ÌÞ«i��v�L�VÞV�i�À�``i�°
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�iVÌÀ�V�>�`�V��Ûi�Ì���>��L�VÞV�i�Ài�>Ìi`��>Ý����v>V�>��vÀ>VÌÕÀiÃ

Introduction

	�VÞV�iÃ�>Ài�LiV����}�>����VÀi>Ã��}�«�«Õ�>À��i>�Ã��v�ÌÀ>�Ã«�ÀÌ°��iVÌÀ�V�L�VÞV�iÃ��À�

¼i�L��iÃ½��>Ûi�Lii��V>Ìi}�À�Ãi`�>Ã�>ÃÃ�ÃÌi`�«�ÞÃ�V>��«i`>����}�Ü�Ì��i�iVÌÀ�V�«�ÜiÀ]�

Ü�Ì��Ì�i�V>«>V�ÌÞ�Ì��ÌÀ>Ûi��>Ì���}�iÀ�Ã«ii`Ã��v�Õ«�Ì��Óx���É���À�£x�«�°�7�Ì��Ì�i�

��VÀi>Ãi`�ÕÃi��v�L�Ì��V��Ûi�Ì���>��L�VÞV�iÃ�>�`�i�L��iÃ�����ÕÌV��VÞV���}�«>Ì�Ã]�

Ì�i��Õ�LiÀ�>�`�«À�«�ÀÌ�����v�L�VÞV�i�Ài�>Ìi`�ÌÀ>Õ�>��>Ã���VÀi>Ãi`�>VV�À`��}�Þ�1.

	�VÞV�i�Ài�>Ìi`�>VV�`i�ÌÃ�>Ài�vÀiµÕi�Ì�Þ�>ÃÃ�V�>Ìi`�Ü�Ì���i>`�>�`�v>V�>�� ���ÕÀ�iÃ°�

�>V�>��ÌÀ>Õ�>��>Ã�Lii��Ãii�����Î{¯��v�Ì�i����ÕÀi`�VÞV��ÃÌÃ�>`��ÌÌi`�Ì��Ì�i�i�iÀ}i�VÞ�

department (ED) 2°��L��i�>VV�`i�ÌÃ�>�Ã��Ãii��Ì��vÀiµÕi�Ì�Þ��i>`�Ì��v>V�>�����ÕÀÞ�3,4. 

Ƃ�ÃÌÕ`Þ�V��«>À��}�L�Ì��ÌÞ«iÃ��v�L�VÞV�i�Ài�>Ìi`�>VV�`i�ÌÃ�Ài«�ÀÌi`�Ì�>Ì�Î£¯��v�

Ì�i�i�L��iÀÃ�ÃÕvviÀi`�v>V�>�� ���ÕÀÞ�V��«>Ài`�Ì��În¯��v�Ì�i�V��Ûi�Ì���>��VÞV��ÃÌÃ]�

Ü�Ì��iµÕ>��ÃiÛiÀ�ÌÞ�5°�Ƃ��Ì�iÀ�ÃÌÕ`Þ�v�VÕÃ��}����i�L��i�Ài�>Ìi`��>Ý����v>V�>�����ÕÀ�iÃ�

Ã��Üi`�Ì�>Ì�âÞ}��>Ì�V��>Ý���>ÀÞ�V��«�iÝ�vÀ>VÌÕÀi�Ü>Ã�Ì�i���ÃÌ�vÀiµÕi�Ì��LÃiÀÛi`�

���ÕÀÞ�v����Üi`�LÞ�Ã�vÌ�Ì�ÃÃÕi����ÕÀ�iÃ�4°�
��ÃiµÕi�Ì�Þ]�ÃiÛiÀ>��ÃÌÕ`�iÃ�ÃÕ}}iÃÌi`�

Ì�>Ì��i��iÌ�ÕÃi�V>��`iVÀi>Ãi�Ì�i�À�Ã���v]��À�iÛi��«ÀiÛi�Ì]�v>V�>�� ���ÕÀÞ� ���L�VÞV�i�

accidents 6,7°�ƂÃ�L�VÞV�i�Ài�>Ìi`�>VV�`i�ÌÃ�>Ài�V��Ã�`iÀi`���i��v�Ì�i��>��À�V>ÕÃiÃ�

�v��>Ý����v>V�>�� vÀ>VÌÕÀiÃ]�ÀiV���i�`>Ì���Ã��>Ûi�Lii���>`i�Ì���>�i�Üi>À��}�>�

helmet mandatory for cyclists 8°�7�Ì��Ì�i���VÀi>Ãi`�«ÀiÃi�Ì>Ì�����v�«>Ì�i�ÌÃ�>Ì�Ì�i�

��>vÌiÀ�L�VÞV�i�>VV�`i�ÌÃ]�ÀiÃi>ÀV��v�VÕÃ��}����Ì�i�i«�`i�����}�V>��v>VÌ�ÀÃ��v�Ì�i�

ÃÕÃÌ>��i`��>Ý����v>V�>�����ÕÀÞ��Ã�LiV����}���VÀi>Ã��}�Þ���Ài���«�ÀÌ>�Ì°

However, there is a lack of epidemiological data on maxillofacial injuries following 

i�L��i�>�`�V��Ûi�Ì���>��L�VÞV�i�>VV�`i�ÌÃ�>Ã�Üi���>Ã�iÛ�`i�Vi��v�Ì�i�`�vviÀi�ViÃ����

Ì�i�ÌÞ«iÃ�>�`�ÃiÛiÀ�ÌÞ��v��>Ý����v>V�>��ÌÀ>Õ�>�LiÌÜii��Ì�iÃi�L�VÞV�i�ÌÞ«iÃ°�Ƃ�«À��À��

`>Ì>������`v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ��>Þ�>ÃÃ�ÃÌ���«iÀÃ���i��Ü�i��>ÃÃiÃÃ��}�

�>Ý����v>V�>��ÌÀ>Õ�>�`Õi�Ì��V��Ûi�Ì���>��L�VÞV�i�>�`�i�L��i�>VV�`i�ÌÃ°�/�iÀiv�Ài]�

the aim of this study was to compare the incidence and severity of midfacial and 

�>�`�LÕ�>À�vÀ>VÌÕÀiÃ�>vÌiÀ�V��Ûi�Ì���>��L�VÞV�i�>�`�i�L��i�Ài�>Ìi`�>VV�`i�ÌÃ°

Material and Methods

Study design
A retrospective cohort study was conducted of all the patients selected from our 

ÀiÃi>ÀV��}À�Õ«½Ã�`>Ì>L>Ãi�V��Ì>����}�«>Ì�i�ÌÃ�Ü�Ì����`v>V�>���À��>�`�LÕ�>À�ÌÀ>Õ�>�

5



138

Chapter 5

>ÌÌi�`��}�Ì�i����v�v�ÕÀ���Ã«�Ì>�Ã����Ì�i���ÀÌ���v�Ì�i� iÌ�iÀ�>�`Ã�LiÌÜii���>Þ�Óä£n�

>�`�"VÌ�LiÀ�Óä£�°�/�i���ÃÌ�ÌÕÌ���>��,iÛ�iÜ�	�>À`��v�Ì�i�1��ÛiÀÃ�ÌÞ��i`�V>��
i�ÌÀi�

�À����}i�� �À����}i�]� Ì�i� iÌ�iÀ�>�`Ã®� V��wÀ�i`� Ì�>Ì� Ì�i��i`�V>�� ,iÃi>ÀV��

��Û��Û��}��Õ�>��-ÕL�iVÌÃ�ƂVÌ�`�iÃ���Ì�>««�Þ� �/V�V�`i�Óä£ÇÉÓ{�®�>�`� ��V>��

vi>Ã�L���ÌÞ�Ü>Ã�>««À�Ûi`�LÞ�>���Ì�i���Ã«�Ì>�Ã°

Patient population
Ƃ��� Ì�i�«>Ì�i�ÌÃ�>}i`�£n�Þi>ÀÃ��À���`iÀ�«ÀiÃi�Ì��}�Ü�Ì����`v>V�>���À��>�`�LÕ�>À�

ÌÀ>Õ�>�>Ì� Ì�i��� v����Ü��}� >� V��Ûi�Ì���>�� L�VÞV�i��À� >�� i�L��i� >VV�`i�Ì�ÜiÀi�

��V�Õ`i`°�*>Ì�i�ÌÃ�ÃÕvviÀ��}��>Ý����v>V�>��ÌÀ>Õ�>�`Õi�Ì���Ì�iÀ�ÌÞ«iÃ��v�L�VÞV�iÃ�i°}°]�

Ã«ii`�«i`i�iVÃ]�À>V��}�L�VÞV�iÃ��À���Õ�Ì>���L��iÃ®�ÜiÀi�iÝV�Õ`i`°�*>Ì�i�ÌÃ�Ü���

declined access to their medical records were also excluded.

Data extraction
�>Ì>�Ü>Ã�V���iVÌi`�vÀ���Ì�i�i�iVÌÀ���V�«>Ì�i�Ì�w�iÃ�>�`�Ì�i��ÕÌV��/À>Õ�>�,i}�ÃÌÀÞ�

�/,®°�/�i��/,��Ã�L>Ãi`����Ì�i��>��À�/À>Õ�>�"ÕÌV��i�-ÌÕ`Þ��/"-³®�>�`���V�Õ`iÃ�

patient demographics, vital signs on admission, injury mechanism, anatomical 

injury characteristics and outcome 9. The demographic parameters included age, 

}i�`iÀ]�>�V�����ÕÃi]�V����ÀL�`�Ì�iÃ]�>�`�Îä�`>Þ���ÀÌ>��ÌÞ°�/�i����ÕÀÞ�V�>À>VÌiÀ�ÃÌ�VÃ�

V���iVÌi`�vÀ���Ì�i�i�iVÌÀ���V�«>Ì�i�Ì�w�iÃ�>�`�À>`��}À>«�Ã�V��Ã�ÃÌi`��v�Ì�i�«ÀiÃi�Vi�

>�`�V�>ÃÃ�wV>Ì�����v���`v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ]�`i�Ì>�����ÕÀÞ]�Ã�Õ���vÀ>VÌÕÀiÃ]�

treatment decisions, concomitant injuries diagnosed at the ED, discharge destination 

after the ED and days hospitalised.

Outcome measures
/�i�«À��>ÀÞ��ÕÌV��i�Ü>Ã�Ì�i���V�`i�Vi�>�`�ÃiÛiÀ�ÌÞ��v���`v>V�>��>�`��>�`�LÕ�>À�

vÀ>VÌÕÀiÃ°���`v>V�>��vÀ>VÌÕÀiÃ�ÜiÀi�V>Ìi}�À�Ãi`�>Ã\�Ì�i�vÀ��Ì>��Ã��ÕÃ]��ÀL�Ì>�]��>Ý���>ÀÞ�

Ã��ÕÃ]� âÞ}��>Ì�V��>Ý���>ÀÞ� V��«�iÝ]� �>Ã��ÀL�Ì�iÌ����`]� �>Ã>�]� �i� ��ÀÌ� ÌÞ«i�

fractures, and dentoalveolar fractures of the maxilla 10°��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�ÜiÀi�

categorised as: symphyseal and parasymphyseal, corpus, angular, ramus, coronoid, 

condyle and dentoalveolar 11.

/�i�ÃiÛiÀ�ÌÞ��v�Ì�i��>Ý����v>V�>��ÌÀ>Õ�>�Ü>Ã�>ÃÃiÃÃi`�ÕÃ��}�Ì�i��>Ý��Õ��ƂLLÀiÛ�>Ìi`�

Injury Scale (MAIS) of the facial region 12°�/�i��Ƃ�-��Ã�Ì�i�ƂLLÀiÛ�>Ìi`����ÕÀÞ�-V>�i�

Ƃ�-®�ÃV�Ài��v�Ì�i���ÃÌ�ÃiÛiÀi����ÕÀÞ�ÃÕÃÌ>��i`°�/�i�Ƃ�-��Ã�>��>�>Ì���V>��Þ�L>Ãi`�

���ÕÀÞ�ÃiÛiÀ�ÌÞ�ÃV�À��}�ÃÞÃÌi��Ì�>Ì�V�>ÃÃ�wiÃ�i>V�����ÕÀÞ�>VV�À`��}�Ì��L�`Þ�Ài}�������>�
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6-point scale with higher scores indicating higher injury severity. The maxillofacial AIS 

scores go from 1 to 4. The MAIS facial region score is used as a representation of the 

severity of the maxillofacial trauma. Maxillofacial fracture severity was scored using the 

Facial Injury Severity Scale (FISS), on which e>V���>Ý����v>V�>��vÀ>VÌÕÀi�ÃÕLÌÞ«i��>Ã�>�

score of 1 to 6 points 13°�/�i���--�ÃV�Ài��Ã�Ì�i�ÃÕ��>Ì�����v�Ì�i�«���ÌÃ��v�Ì�i��LÃiÀÛi`�

maxillofacial fractures. FISS scores were categorised into minor (FISS score = 1) or 

ÃiÛiÀi��>Ý����v>V�>��vÀ>VÌÕÀiÃ���--�ÃV�Ài�Ĉ�Ó®°�*>Ì�i�ÌÃ�Ü�Ì��ÕÌ�>��>Ý����v>V�>��vÀ>VÌÕÀi�

(FISS score = 0) were excluded from the analyses regarding maxillofacial fractures. 

The overall injury severity was measured according to the Injury Severity Score (ISS), 

Ü��V���Ã�Ì�i�ÃÕ���v�Ì�i�ÃµÕ>ÀiÃ��v�Ì�i�Ì�Àii���}�iÃÌ�Ƃ�-�ÃV�ÀiÃ��v�Ì�i�ÃÌÕ`�i`�L�`Þ�

regions 14°�-iÛiÀi��Õ�Ì�ÌÀ>Õ�>��Ã�`iw�i`�>Ã�>���--���£x°��i�Ì>�����ÕÀÞ���Û��Ûi`\�ÃÕL®

�ÕÝ>Ì���]�>ÛÕ�Ã�����À�>�vÀ>VÌÕÀi��v�Ì�i�ÌiiÌ���À�Ì��Ì�°�-�Õ���vÀ>VÌÕÀiÃ�ÜiÀi�`iw�i`�

>Ã\�vÀ��Ì>�]�Ìi�«�À>�]�«>À�iÌ>���À��VV�«�Ì>�]��À�Ã�Õ���L>Ãi�vÀ>VÌÕÀi°�Ƃ�V�����ÕÃ>}i�Ü>Ã�

ÃV�Ài`�>Ã�i�Ì�iÀ�ÞiÃ�>�V�����ÕÃi]��ÀÀiÃ«iVÌ�Ûi��v�Ì�i��Õ�LiÀ��v�>�V�����Õ��ÌÃ®��À�������

>�V�����ÕÃi��À�>�V�����ÕÃi�Ü>Ã���Ì���Ìi`����Ì�i�i�iVÌÀ���V�«>Ì�i�Ì�w�i®°�/�i��Õ�VÌ���>��


���ÀL�`�ÌÞ���`iÝ��
�®�Ü>Ã�ÕÃi`�Ì��ÃV�Ài�Ì�i�«ÀiÃi�Vi��v�£n�V���ÀL�`�V��`�Ì���Ã�

QÃii�ÀiviÀi�ViR]�ÀiÃÕ�Ì��}����>�Ì�Ì>��ÃV�Ài�LiÌÜii��ä�Ì��£n°�Ƃ���}�iÀ��
��ÃV�Ài���«��iÃ�

}Ài>ÌiÀ�V���ÀL�`�ÌÞ�>�`�V�ÀÀi�>ÌiÃ�Ü�Ì��Ài`ÕVi`�«�ÞÃ�V>��vÕ�VÌ����15.

Statistical analysis
The Statistical Package for the Social Sciences was employed for the data analysis 

�	��
�À«°�,i�i>Ãi`�Óä£x]� �	��-*--�-Ì>Ì�ÃÌ�VÃ� v�À�7��`�ÜÃ]�6iÀÃ����ÓÎ°ä®°�/�i�

V>Ìi}�À�V>��Û>À�>L�iÃ�ÜiÀi�«ÀiÃi�Ìi`�>Ã�vÀiµÕi�V�iÃ�>�`�«iÀVi�Ì>}iÃ°�,i}>À`��}�

Ì�i� V��Ì��Õ�ÕÃ� Û>À�>L�iÃ]� Ì�i���À�>��Þ�`�ÃÌÀ�LÕÌi`� Û>À�>L�iÃ�ÜiÀi�`�Ã«�>Þi`�>Ã�

�i>�Ã�Ü�Ì��Ì�i�ÃÌ>�`>À`�`iÛ�>Ì���]�>�`�Ì�i�������À�>��Þ�`�ÃÌÀ�LÕÌi`�Û>À�>L�iÃ�ÜiÀi�

Ài«ÀiÃi�Ìi`�>Ã�Ì�i��i`�>��Ü�Ì��Ì�i���ÌiÀµÕ>ÀÌ��i�À>�}i°�*i>ÀÃ��½Ã�ȮÓ�ÌiÃÌ��À���ÃV�iÀ½Ã�
iÝ>VÌ�ÌiÃÌ�ÜiÀi�ÕÃi`�Ì��ÌiÃÌ�Ì�i�`�vviÀi�ViÃ�����>Ý����v>V�>�����ÕÀÞ���V�`i�Vi�LiÌÜii��

Ì�i�V��Ûi�Ì���>��L�VÞV�i�}À�Õ«�>�`�Ì�i�i�L��i�}À�Õ«°�/�i��>���7��Ì�iÞ�1�ÌiÃÌ�

Ü>Ã�ÕÃi`�Ì��ÌiÃÌ�`�vviÀi�ViÃ����Ì�i�������À�>��Þ�`�ÃÌÀ�LÕÌi`�`>Ì>°�	��>ÀÞ���}�ÃÌ�V�

regression analysis was applied to assess differences in the risk of maxillofacial injury 

>�`�v�À�ÃiÛiÀi��>Ý����v>V�>��vÀ>VÌÕÀiÃ�LiÌÜii��Ì�i�V��Ûi�Ì���>��L�VÞV�i�}À�Õ«�>�`�

Ì�i�i�L��i�}À�Õ«°�-i«>À>Ìi�>�>�ÞÃiÃ�ÜiÀi�V��`ÕVÌi`�v�À�Ì�i���`v>V�>�� vÀ>VÌÕÀiÃ]�

�>�`�LÕ�>À�vÀ>VÌÕÀiÃ]�Ã�Õ���vÀ>VÌÕÀiÃ]�`i�Ì>�����ÕÀÞ�>�`��>Ý����v>V�>��vÀ>VÌÕÀiÃ�Ü�Ì��>�

��--�ÃV�Ài�Ĉ�Ó��°i°]�ÃiÛiÀi��>Ý����v>V�>��vÀ>VÌÕÀiÃ®°�Ƃ}i]�>�V�����ÕÃi�>�`��
��ÃV�Ài�

were added to the analyses as potential cofounders. The FCI score was dichotomised 

v�À�Ì�iÃi�>�>�ÞÃiÃÆ�Ì�i�«>Ì�i�ÌÃ�i�Ì�iÀ��>`�����À���i�V���ÀL�`�ÌÞ��
��ć�£®��À�ÌÜ���À�

5
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��Ài�V���ÀL�`�Ì�iÃ��
��Ĉ�Ó®°�Ƃ}i�Ü>Ã�V>Ìi}�À�Ãi`���Ì��£n�x{]�xx�Ç{�>�`�Çx³�Þi>ÀÃ°�

Ƃ�«�Û>�Õi��v�ć�ä°äx�Ü>Ã�ÕÃi`�Ì����`�V>Ìi�ÃÌ>Ì�ÃÌ�V>��Ã�}��wV>�Vi°

Results

Patient characteristics
/�i�`iÌ>��Ã��v�Ì�i�«>Ì�i�Ì�V�>À>VÌiÀ�ÃÌ�VÃ�>Ài�«ÀiÃi�Ìi`����/>L�i�£°�Ƃ�Ì�Ì>���v�Î££�

patients were included. Of those, 238 patients had suffered a conventional related 

L�VÞV�i�>VV�`i�Ì�ÇÇ¯®]�>�`�ÇÎ�>��i�L��i�Ài�>Ìi`�>VV�`i�Ì�ÓÎ¯®°�/�i�i�L��i�}À�Õ«�

Ü>Ã�Ã�}��wV>�Ì�Þ���`iÀ�Ü�Ì��>��i`�>��>}i��v�ÈÈ�Þi>ÀÃ�V��«>Ài`�Ì��Ì�i�V��Ûi�Ì���>��

L�VÞV�i�}À�Õ«½Ã��i`�>��>}i��v�xÎ� p��ä°ää£®°��i�`iÀ�`�ÃÌÀ�LÕÌ����Ü>Ã�iµÕ>�� ���

L�Ì��}À�Õ«Ã°�/�i�«ÀiÃi�Vi��v�V���ÀL�`�Ì�iÃ� p�ä°ää£®�>�`�Ì�i�Ì�Ì>���Õ�LiÀ��v�

V���ÀL�`�Ì�iÃ� «�ä°ää£®�Ü>Ã� v�Õ�`� Ì��Li�Ã�}��wV>�Ì�Þ���}�iÀ� v�À�i�L��i�VÞV��ÃÌÃ�

Ì�>��v�À�V��Ûi�Ì���>��VÞV��ÃÌÃ°�Ƃ�V�����ÕÃi�vÀiµÕi�VÞ�Ü>Ã�Ã�}��wV>�Ì�Þ���}�iÀ����Ì�i�

V��Ûi�Ì���>��L�VÞV�i�}À�Õ«�ÎÓ¯®�Ì�>�����Ì�i�i�L��i�}À�Õ«�£È¯®�p=0.008).

Table 1: Patient characteristics

Total 
��Ûi�Ì���>��L�VÞV�i �L��i p-value

Patients (n) 311 237 74

�>�i�}i�`iÀ���¯®® 141 (45) 108 (46) 33(45) 0.88

Ƃ}i����Þi>ÀÃ��i`�>���+,®® 56 (35) 53 (38) 66 (18) < 0.001*

FCI


���ÀL�`�Ì�iÃ�«ÀiÃi�Ì���¯®® 123 (40) 80 (34) 43 (58) < 0.001*


���ÀL�`�Ì�iÃ��Õ�LiÀ��i`�>���+,®® 0 (1) 0 (1) 1 (2) < 0.001*

Ƃ�V�����ÕÃi���¯®® 88 (28) 76 (32) 12 (16) 0.008*

ISS

-V�Ài��i`�>���+,®® 5 (7) 4 (4) 6 (10) 0.001*

-iÛiÀi��Õ�Ì�ÌÀ>Õ�>���¯®® 1 14 (5) 11 (5) 3 (4) 1

Discharge destination

��Ã«�Ì>����¯®® 123 (40) 81 (34) 42 (57) 0.001*

Ƃ`��ÃÃ����`ÕÀ>Ì�������`>ÞÃ��i`�>���+,®® 2 (2) 2 (1) 3 (4) 0.01*

�
1���¯®® 8 (3) 4 (2) 4 (5) 0.1

Ƃ`��ÃÃ����`ÕÀ>Ì�������`>ÞÃ��i`�>���+,®® 3 (6) 3.5 (8) 3 (6) 0.76

/��ÀÌÞ�`>Þ���ÀÌ>��ÌÞ���¯®® 1 (0) 1 (0) 0 (0) 1

ƂLLÀiÛ�>Ì���Ã\��+,Æ���ÌiÀ�+Õ>ÀÌ��i�,>�}i]��
�Æ��Õ�VÌ���>��
���ÀL�`�ÌÞ���`iÝ]��--Æ����ÕÀÞ�-iÛiÀ�ÌÞ�-V�Ài]��
1Æ�
Intensive Care Unit
1��--�ÃV�Ài���£x��Ã�V��Ã�`iÀi`�ÃiÛiÀi��Õ�Ì�ÌÀ>Õ�>
* p < 0.05



141

�iVÌÀ�V�>�`�V��Ûi�Ì���>��L�VÞV�i�Ài�>Ìi`��>Ý����v>V�>��vÀ>VÌÕÀiÃ

Fi
gu

re
 1

: �
>Ý
��
Õ�
�Ƃ
L
L
Ài
Û�
>Ì
i`
���
�Õ
ÀÞ
�-
V>
�i
��
Ƃ
�-
®�>
�`
��
>V
�>
���
��
ÕÀ
Þ�
-i
Ûi
À�
ÌÞ
�-
V>
�i
��
Ƃ
�-
®�Ã
V�
Ài
Ã

5



142

Chapter 5

Maxillofacial trauma outcome
/�i�`�ÃÌÀ�LÕÌ����>�`�ÃiÛiÀ�ÌÞ��v��>Ý����v>V�>�����ÕÀ�iÃ�>Ài�«ÀiÃi�Ìi`������}ÕÀi�£�>�`�

/>L�i�Ó°���`v>V�>�� vÀ>VÌÕÀiÃ�ÜiÀi��LÃiÀÛi`�Ã�}��wV>�Ì�Þ���Ài��vÌi�����Ì�i�i�L��i�

}À�Õ«� {Ç¯�ÛÃ�ÎÎ¯]�prä°äÎ®°��>�`�LÕ�>À� vÀ>VÌÕÀiÃ�ÜiÀi��LÃiÀÛi`� Ã�}��wV>�Ì�Þ�

��Ài��vÌi�����Ì�i�V��Ûi�Ì���>��L�VÞV�i�}À�Õ«�££¯�ÛÃ�£¯]�p=0.01). There were no 

Ã�}��wV>�Ì�`�vviÀi�ViÃ����Ì�i��i`�>���Ƃ�-�>�`���--�ÃV�ÀiÃ�LiÌÜii��Ì�i�ÌÜ��}À�Õ«Ã°�

/�i�ÃiÛiÀi��>Ý����v>V�>��vÀ>VÌÕÀiÃ���--�ÃV�Ài�Ĉ�Ó®�ÜiÀi�v�Õ�`�Ã�}��wV>�Ì�Þ���Ài��vÌi��

���Ì�i�V��Ûi�Ì���>��L�VÞV�i�}À�Õ«�{x¯�ÛÃ°�Óx¯]�p=0.04).

Table 2: ��`v>V�>��>�`��>�`�LÕ�>À�ÌÀ>Õ�>��ÕÌV��iÃ�>�`�ÃiÛiÀ�ÌÞ

Total 
��Ûi�Ì���>��L�VÞV�i �L��i p-value

Midfacial fractures

*>Ì�i�ÌÃ���¯®® 114 (37) 79 (33) 35 (47) 0.03*


��ÃiÀÛ>Ì�Ûi�ÌÀi>Ì�i�Ì���¯®® 95 (83) 64 (81) 31 (87)

ƂVÌ�Ûi�ÌÀi>Ì�i�Ì���¯®® 19 (17) 15 (19) 4 (11) 0.32

Closed 12 (11) 11 (14) 1 (3)

Surgical 7 (6) 4 (5) 3 (9)

�>�`�LÕ�>À�vÀ>VÌÕÀiÃ

*>Ì�i�ÌÃ���¯®® 26 (8) 25 (11) 1 (1) 0.01*


��ÃiÀÛ>Ì�Ûi�ÌÀi>Ì�i�Ì���¯®® 12 (46) 11 (44) 1 (100)

ƂVÌ�Ûi�ÌÀi>Ì�i�Ì���¯®® 14 (54) 14 (56) 0 (0) 0.46

Closed 4 (15) 4 (16) 0 (0)

Surgical 10 (39) 10 (40) 0 (0)

�i�Ì>�����ÕÀÞ���¯®® 48 (15) 43 (18) 5 (7) 0.02*

-�Õ���vÀ>VÌÕÀiÃ���¯®® 30 (10) 19 (8) 11 (15) 0.08

MAIS Face

-V�Ài��i`�>���+,®® 1(1) 1(1) 1(1) 0.16

�Ƃ�-�ÃV�Ài��v�£���¯®® 214 (69) 168 (71) 46 (62) 0.16

�Ƃ�-�ÃV�Ài��v�Ó���¯®® 90 (29) 64 (27) 26 (35) 0.18

�Ƃ�-�ÃV�Ài��v�Î���¯®® 7 (2) 5 (2) 2 (3) 0.76

FISS

-V�Ài��i`�>���+,®® 1 (1) 1 (1) 1 (1) 0.07

��--�ÃV�Ài�r�£���¯®® 83 (61) 56 (55) 27 (75)
0.04*

��--�ÃV�Ài�Ĉ�Ó���¯®® 54 (39) 45 (45) 9 (25)

ƂLLÀiÛ�>Ì���Ã\��Ƃ�-Æ��>Ý��Õ��ÃV�Ài����Ì�i�ƂLLÀiÛ�>Ìi`����ÕÀÞ�-V>�i]���--Æ��>V�>�����ÕÀÞ�-iÛiÀ�ÌÞ�-V>�i
* P < 0.05
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Fracture types
/�i� ��`v>V�>�� >�`� �>�`�LÕ�>À� vÀ>VÌÕÀi� �ÕÌV��iÃ� >Ài� «ÀiÃi�Ìi`� ��� />L�i� Î°�

<Þ}��>Ì�V��>Ý���>ÀÞ�V��«�iÝ�vÀ>VÌÕÀiÃ�£�¯®�ÜiÀi�Ì�i���ÃÌ�vÀiµÕi�Ì�Þ��LÃiÀÛi`�

�>Ý����v>V�>��vÀ>VÌÕÀi�ÌÞ«i]�v����Üi`�LÞ��ÀL�Ì>��vÀ>VÌÕÀiÃ�£ä¯®�>�`��>Ã>��vÀ>VÌÕÀiÃ�

�¯®°�,i}>À`��}� Ì�i�V��Ûi�Ì���>��L�VÞV�i� Ài�>Ìi`�>VV�`i�ÌÃ]� Ì�i���ÃÌ� Ài«�ÀÌi`�

vÀ>VÌÕÀiÃ�ÜiÀi�âÞ}��>Ì�V��>Ý���>ÀÞ�V��«�iÝ�£�¯®]��>Ã>���¯®]��ÀL�Ì>��y��À�>�`�À���

n¯®�>�`�V��`Þ�i�«À�ViÃÃ�>�`��i>`�vÀ>VÌÕÀiÃ�n¯®°����Ì�i�i�L��i�}À�Õ«]�Ì�i���ÃÌ�

Ài«�ÀÌi`�vÀ>VÌÕÀiÃ�ÜiÀi�âÞ}��>Ì�V��>Ý���>ÀÞ�V��«�iÝ�Óä¯®]��ÀL�Ì>��y��À�>�`�À���

£�¯®�>�`��>Ã>��vÀ>VÌÕÀiÃ�n¯®°�-�}��wV>�Ì�Þ���Ài�ÃÞ�«�ÞÃi>��vÀ>VÌÕÀiÃ�ÜiÀi�v�Õ�`�

���Ì�i�V��Ûi�Ì���>��L�VÞV�i�}À�Õ«�prä°äÎ®]�Ü���i�Ã�}��wV>�Ì�Þ���Ài��ÀL�Ì>��p=0.005) 

and Le Fort II (prä°ä{®�vÀ>VÌÕÀiÃ�ÜiÀi�Ãii�����Ì�i�i�L��i�}À�Õ«°

Table 3: ��V�`i�Vi��v���`v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ

Total 
��Ûi�Ì���>��L�VÞV�i �L��i p-value

��`v>V�>��vÀ>VÌÕÀiÃ���¯®®

Frontal sinus 5 (2) 5 (2) 0 (0) 0.60

"ÀL�Ì>��y��À�>�`�À�� 32 (10) 18 (8) 14 (19) 0.005*

Zygomaticomaxillary complex 58 (19) 43 (18) 15 (20) 0.68

 >Ã��ÀL�Ì�iÌ����` 5 (2) 3 (1) 2 (3) 0.34

Maxillary sinus 8 (3) 6 (3) 2 (3) 1

Nasal 28 (9) 22 (9) 6 (8) 0.76

Le Fort I 5 (2) 3 (1) 2 (3) 0.34

Le Fort II 4 (1) 1 (0) 3 (4) 0.04*

Le Fort III 1 (0) 0 (0) 1 (1) 0.24

Dentoalveolar process 8 (3) 8 (3) 0 (0) 0.21

�>�`�LÕ�>À�vÀ>VÌÕÀiÃ���¯®®

Symphyseal and parasymphyseal 14 (5) 14 (6) 0 (0) 0.03*

Corpus 6 (2) 6 (3) 0 (0) 0.34

Angular 1 (0) 1 (0) 0 (0) 1

Ramus 3 (1) 3 (1) 0 (0) 1

Coronoid 1 (0) 1 (0) 0 (0) 1

Condyle process and head 19 (6) 18 (8) 1 (1) 0.05

Dentoalveolar process 0 (0) 0 (0) 0 (0) �É>

* P < 0.05

5
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Logistic regression analysis
/�i���}�ÃÌ�V�Ài}ÀiÃÃ����>�>�ÞÃiÃ�ÀiÃÕ�ÌÃ�>Ài�«ÀiÃi�Ìi`����/>L�i�{°�ƂvÌiÀ�V�ÀÀiVÌ��}�

v�À�Ài�iÛ>�Ì�V��v�Õ�`��}�v>VÌ�ÀÃ]�Ì�iÀi�ÜiÀi����Ã�}��wV>�Ì�`�vviÀi�ViÃ����Ì�i�À�Ã��

�v�ÃÕÃÌ>����}���`v>V�>��vÀ>VÌÕÀiÃ]��>�`�LÕ�>À�vÀ>VÌÕÀiÃ]�Ã�Õ���vÀ>VÌÕÀiÃ]�`i�Ì>�����ÕÀÞ�

>�`�ÃiÛiÀi��>Ý����v>V�>��vÀ>VÌÕÀiÃ�LiÌÜii��Ì�i�i�L��iÀÃ�>�`�V��Ûi�Ì���>��VÞV��ÃÌÃ°

Table 4: ��}�ÃÌ�V�Ài}ÀiÃÃ����>�>�ÞÃ�Ã��v�`�vviÀi�ViÃ����Ì�i�À�Ã���v��>Ý����v>V�>��ÌÀ>Õ�>�LiÌÜii��i�L��iÀÃ�>�`�
conventional cyclists

Outcome 1 B SE P OR �x¯�
�

Midfacial fractures 2 0.27 0.29 0.35 1.31 0.74 to 2.30

�>�`�LÕ�>À�vÀ>VÌÕÀiÃ�3,4 -1,17 1.08 0.28 0.31 0.04 to 2.54

Skull fractures 2 0.47 0.43 0.28 1.60 0.69 to 3.74

Dental injury 2 -0.73 0.52 0.16 0.48 0.18 to 1.34

-iÛiÀi��>Ý����v>V�>��vÀ>VÌÕÀiÃ���--�Ĉ�Ó®�2 -0.83 0.48 0.08 0.48 0.17 to 1.11

ƂLLÀiÛ�>Ì���Ã\��
�Æ��Õ�VÌ���>��
���ÀL�`�ÌÞ���`iÝ]�	Æ���}�ÃÌ�V�,i}ÀiÃÃ����
�ivwV�i�ÌÃ]�-Æ�-Ì>�`>À`�ÀÀ�À]�PÆ�
*�Û>�Õi]�",Æ�"``Ã�,>Ì��]�
�Æ�
��w`i�Vi���ÌiÀÛ>�]���--Æ��>V�>�����ÕÀÞ�-iÛiÀ�ÌÞ�-V�Ài
1 Conventional cyclists were used as the reference group
2�
�ÀÀiVÌi`�v�À�>}i]�>�V�����ÕÃi�>�`�V���ÀL�`�Ì�iÃ��
�®
3 Corrected for age and alcohol use
4�
���ÀL�`�Ì�iÃ��
�®�Ü>Ã���Ì�>�Ài�iÛ>�Ì�V�v�Õ�`iÀ

Discussion

Bicycle-related accidents often result in maxillofacial injury 8°�7�Ì��Ì�i���VÀi>Ãi`�

ÕÃi��v�i�L��iÃ]� Ì�iÀi� �Ã� >��ii`� Ì�� ÃÌÕ`Þ� Ì�i�i«�`i�����}�V>�� V�>À>VÌiÀ�ÃÌ�VÃ��v�

the maxillofacial injuries. Thus, the aim of the present study was to compare the 

��V�`i�Vi�>�`�ÃiÛiÀ�ÌÞ��v��>Ý����v>V�>�� vÀ>VÌÕÀiÃ�>vÌiÀ� V��Ûi�Ì���>��L�VÞV�i�>�`�

i�L��i�Ài�>Ìi`�>VV�`i�ÌÃ°�/��Ã�ÃÌÕ`Þ�Ã��Üi`�Ì�>Ì���`v>V�>�� vÀ>VÌÕÀiÃ�ÜiÀi�v�Õ�`�

��Ài�vÀiµÕi�Ì�Þ����i�L��i�>VV�`i�ÌÃ�Ü���ÃÌ��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�ÜiÀi��LÃiÀÛi`���Ài�

���V��Ûi�Ì���>��L�VÞV�i�>VV�`i�ÌÃ°��>Ý����v>V�>��ÌÀ>Õ�>�>�`�vÀ>VÌÕÀi�ÃiÛiÀ�ÌÞ�`�`���Ì�

`�vviÀ�LiÌÜii��L�Ì��}À�Õ«Ã°���ÜiÛiÀ]�Ì�i�ÃiÛiÀi��>Ý����v>V�>��vÀ>VÌÕÀiÃ�ÜiÀi�v�Õ�`�

��Ài��vÌi�����Ì�i�V��Ûi�Ì���>��L�VÞV�i�}À�Õ«°

Ƃ�Ì��Õ}��L�Ì��Ì�i��i`�>��ÃV�Ài�>�`�Ì�i�`�vviÀi�ViÃ�����>Ý����v>V�>��ÌÀ>Õ�>�ÃiÛiÀ�ÌÞ�

ÜiÀi���Ì�Ã�}��wV>�Ì]�Ì�i��Ƃ�-���`�V>Ìi`�Ì�>Ì�Ì�i��>Ý����v>V�>�����ÕÀ�iÃ�`Õi�Ì��i�L��i�

>VV�`i�ÌÃ�>««i>Ài`���Ài�ÃiÛiÀi�Ì�>�����V��Ûi�Ì���>��VÞV��ÃÌÃ°�Ƃ�ÌÀi�`�Ü>Ã��LÃiÀÛi`�

Ì�>Ì�i�L��iÀÃ�ÃÕvviÀi`�viÜiÀ�����À��Ƃ�-�£®�LÕÌ���Ài���`iÀ>Ìi��>Ý����v>V�>�����ÕÀ�iÃ�

(MAIS 2) compared to conventional cyclists. The potential factors involved could 
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�iVÌÀ�V�>�`�V��Ûi�Ì���>��L�VÞV�i�Ài�>Ìi`��>Ý����v>V�>��vÀ>VÌÕÀiÃ

Li�Ì�i���}�iÀ�Ã«ii`��v�>��i�L��i��À�Ì�>Ì�Ì�i�i�L��i�}À�Õ«�Ü>Ã�Ã�}��wV>�Ì�Þ���`iÀ°�

Previous research stated that elderly cyclists have a higher chance of more severe 

injuries 16. However, serious (MAIS 3) and severe maxillofacial trauma (MAIS 4) were 

Õ�V���������L�Ì��}À�Õ«Ã°�"ÛiÀ>��]�Ì�iÀi�Ü>Ã����ÃÌ>Ì�ÃÌ�V>��Þ�Ã�}��wV>�Ì�`�vviÀi�Vi�

����i`�>���>Ý����v>V�>��vÀ>VÌÕÀi�ÃiÛiÀ�ÌÞ�iÛi��Ì��Õ}��Ì�i�i�L��i�Ài�>Ìi`�>VV�`i�ÌÃ�

ÀiÃÕ�Ìi`� ��� >���}�iÀ���--� ÃV�Ài� Ì�>�� Ì�i� V��Ûi�Ì���>��L�VÞV�i�}À�Õ«°���ÜiÛiÀ]�

>vÌiÀ� >�`�ÃÌ��VÌ����Ü>Ã��>`i�LiÌÜii������À� ��--�r£®� >�`� ÃiÛiÀi��>Ý����v>V�>��

vÀ>VÌÕÀiÃ���--�Ĉ�Ó®]�Üi�Ã>Ü�Ì�>Ì�Ì�i���V�`i�Vi��v�ÃiÛiÀi��>Ý����v>V�>��vÀ>VÌÕÀiÃ�Ü>Ã�

Ã�}��wV>�Ì�Þ���}�iÀ�>���}�Ì�i�V��Ûi�Ì���>��VÞV��ÃÌÃ°�����Ì�iÀ�Ü�À`Ã]�Ì�i�i�L��iÀÃ½�

�>Ý����v>V�>��vÀ>VÌÕÀiÃ�ÜiÀi��iÃÃ�ÃiÛiÀi�LÕÌ�ÜiÀi�ÃÕÃÌ>��i`���Ài�vÀiµÕi�Ì�Þ�Ü�iÀi>Ã�

Ì�i�V��Ûi�Ì���>��VÞV��ÃÌÃ�ÃÕÃÌ>��i`��>Ý����v>V�>��vÀ>VÌÕÀiÃ��iÃÃ�vÀiµÕi�Ì�Þ�LÕÌ]��v�Ì�iÞ�

did, the fractures were more severe. A study focusing on patients hospitalised 

`Õi�Ì��i�iVÌÀ�V�«�ÜiÀi`�L��i�>VV�`i�ÌÃ� Ài«�ÀÌi`�Ì�>Ì� Ì�i��>��À�ÌÞ��v��À>���>�`�

�>Ý����v>V�>��Ài�>Ìi`����ÕÀ�iÃ�ÜiÀi���`iÀ>Ìi��Ƃ�-�Ó®�v����Üi`�LÞ�����À��Ƃ�-�£®�17. 

Two studies on patients who sustained maxillofacial fractures due to conventional 

L�VÞV�i� >VV�`i�ÌÃ� Ài«�ÀÌi`� >��i>�� ��--� ÃV�Ài� >Ã� >� Ài«ÀiÃi�Ì>Ì���� �v� ÃiÛiÀ�ÌÞ, 

namely 1.9 and 2.0, respectively 18,19°�"ÕÀ�ÃÌÕ`Þ�Ài«�ÀÌÃ�>��i`�>����--��v�£�v�À�L�Ì��

V��Ûi�Ì���>��>�`�i�L��i�Ài�>Ìi`�>VV�`i�ÌÃ°����}i�iÀ>�]��>Ý����v>V�>�����ÕÀÞ�ÃiÛiÀ�ÌÞ�

Ãii�Ã�Ì��Li�V��«>À>L�i�LiÌÜii��Ì�i�ÌÜ��ÌÞ«iÃ��v�VÞV��ÃÌÃ°�	�Ì��ÃÕÃÌ>��i`�����À�

�>Ý����v>V�>�����ÕÀ�iÃ���Ài�vÀiµÕi�Ì�Þ]�v����Üi`�LÞ���`iÀ>Ìi��>Ý����v>V�>�����ÕÀ�iÃ°�

���iÜ�Ãi]�L�Ì��}À�Õ«Ã��v�VÞV��ÃÌÃ��>`���Ài��>Ý����v>V�>��vÀ>VÌÕÀiÃ�Ü�Ì��>���--�ÃV�Ài�

�v�£�v����Üi`�LÞ��>Ý����v>V�>��vÀ>VÌÕÀiÃ�Ü�Ì��>���--�ÃV�Ài��v�Ó°�/��Ã�Ãii�Ã�Ì��Li����

���i�Ü�Ì��Ì�i�ÀiÃÕ�ÌÃ��v�>�ÃÌÕ`Þ�Ü�iÀi�Ì�i�i�L��i�>VV�`i�Ì����ÕÀÞ�«>ÌÌiÀ�Ã�>Ài���Ài�

V��«>À>L�i�Ü�Ì��V��Ûi�Ì���>��L�VÞV�i�>VV�`i�ÌÃ�Ì�>��Ü�Ì����Ì�ÀVÞV�i�>VV�`i�ÌÃ�
20°�/�i��iV�>��Ã�Ã�Ì�>Ì�>Ài�vÀiµÕi�Ì�Þ���Û��Ûi`����L�VÞV�i�>VV�`i�ÌÃ�>�`����ÕÀÞ�>Ài�

��ÃÃ��v�L>�>�Vi]�v>����}�Ü���i���Õ�Ì��}��À�`�Ã��Õ�Ì��}]��À�}iÌÌ��}�Ã«���i`�LÞ��Ì�iÀ�

ÌÀ>vwV°�/�i�VÞV���}�Ûi��V�ÌÞ����ÃÕV��V>ÃiÃ��>Þ�Li���Ü�>�`�Ì�i�ÀiÃÕ�Ì��}�v>���Ì>�iÃ�«�>Vi�

on a level surface, thus rarely leading to severe maxillofacial trauma 19. These low 

i�iÀ}Þ�v>��Ã�>Ài����Ü��Ì��vÀiµÕi�Ì�Þ��i>`�Ì��Ã�vÌ�Ì�ÃÃÕi����ÕÀ�iÃ]�ÃÕV��>Ã�>LÀ>Ã���Ã]�

�>i�>Ì��>½Ã�>�`��>ViÀ>Ì���Ã]�>����v�Ü��V��>Ài�����À��>Ý����v>V�>�����ÕÀ�iÃ�21–23.

/��Ã� ÃÌÕ`Þ� Ã��Üi`� Ì�>Ì� Ì�i���ÃÌ� vÀiµÕi�Ì� vÀ>VÌÕÀiÃ� Ãii�� ���L�Ì��}À�Õ«Ã�ÜiÀi�

âÞ}��>Ì�V��>Ý���>ÀÞ� V��«�iÝ� vÀ>VÌÕÀiÃ]� �ÀL�Ì>�� vÀ>VÌÕÀiÃ� >�`� �>Ã>�� vÀ>VÌÕÀiÃ°�

�>�`�LÕ�>À� vÀ>VÌÕÀiÃ�ÜiÀi��LÃiÀÛi`� �iÃÃ� vÀiµÕi�Ì�Þ�>�`]� Ài�>À�>L�Þ]����Þ���i�

�>�`�LÕ�>À�vÀ>VÌÕÀi�Ü>Ã�Ài«�ÀÌi`����Ì�i�i�L��i�}À�Õ«°�/�i�ÀiÃÕ�ÌÃ��v�Ì�i�«ÀiÃi�Ì�

study are in line with previous studies which reported zygomaticomaxillary complex 

5
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vÀ>VÌÕÀiÃ� >�`��ÀL�Ì>�� vÀ>VÌÕÀiÃ� >Ã� Ì�i���ÃÌ� vÀiµÕi�Ì�Þ� Ãii����`v>V�>�� vÀ>VÌÕÀiÃ�

v����Ü��}� V��Ûi�Ì���>�� L�VÞV�i� >VV�`i�ÌÃ� 18,19,24,25°� /�i� ��V�`i�Vi� �v��>�`�LÕ�>À�

vÀ>VÌÕÀiÃ� ����ÕÀ� ÃÌÕ`Þ� �Ã�>�Ã�� ���>VV�À`>�Vi�Ü�Ì�� Ì�>Ì� Ãii��LÞ�«ÀiÛ��ÕÃ� ÃÌÕ`�iÃ�

Ü�iÀiLÞ�V��Ûi�Ì���>��L�VÞV�i�>VV�`i�ÌÃ�vÀiµÕi�Ì�Þ��i>`�Ì���>�`�LÕ�>À�vÀ>VÌÕÀiÃ]�Ü�Ì��

V��`Þ�i�vÀ>VÌÕÀiÃ�Li��}�Ì�i���ÃÌ�V������ÃÕLÌÞ«i�18,19,24,25. Two studies presented 

âÞ}��>Ì�V��>Ý���>ÀÞ�V��«�iÝ�vÀ>VÌÕÀiÃ�>Ã�Ì�i���ÃÌ�vÀiµÕi�Ì���`v>V�>��vÀ>VÌÕÀi�`Õi�

Ì��i�L��i�>VV�`i�ÌÃ�4,17°�/�iÀi�V�Õ�`�Li�Û>À��ÕÃ�Ài>Ã��Ã�v�À�Ì�i���}�iÀ���V�`i�Vi��v�

��`v>V�>�� vÀ>VÌÕÀiÃ�>�`�>� ��ÜiÀ� ��V�`i�Vi��v��>�`�LÕ�>À� vÀ>VÌÕÀiÃ�>���}�i�L��i�

Ài�>Ìi`�>VV�`i�ÌÃ°�Ƃ�«�Ìi�Ì�>��iÝ«�>�>Ì�����Ã�Ì�i��i>Û�iÀ�Üi�}�Ì��v�>��i�L��i]�Ü�Ì��

��Ài�V�>�Vi��v�v>����}�Ã�`iÜ>ÞÃ�Ì�>��Ì�««���}��ÛiÀ�Ì�i��>�`�iL>À�Ü�Ì����Ü�Ã«ii`�

ÌÀ>Õ�>°����>``�Ì���]�Ì�i�i�L��i�V���ÀÌ�Ü>Ã�Ã�}��wV>�Ì�Þ���`iÀ�>�`���Ü�Ã«ii`�ÌÀ>Õ�>�

�iV�>��Ã�Ã]� ��V�Õ`��}�ÃÕ``i��ÃÌ�«Ã�>�`���Ã��}�L>�>�Vi]�>Ài����Ü��Ì��Li���Ài�

common among elderly cyclists 26,27. A study showed that the majority of the midface 

vÀ>VÌÕÀiÃ�`Õi�Ì��V��Ûi�Ì���>��L�VÞV�i�>VV�`i�Ì�ÜiÀi�Ã�ÌÕ>Ìi`����Ì�i��>ÌiÀ>��Ài}����25. 

��ÜiÛiÀ]��v�i�L��iÀÃ�>Ài���Ài����i�Þ�Ì��v>���Ã�`iÜ>ÞÃ�Ì�>��V��Ûi�Ì���>��VÞV��ÃÌÃ]�Ì�i��

Ì�i��>ÌiÀ>��ÃÌÀÕVÌÕÀiÃ�Ü����Li���Ài�vÀiµÕi�Ì�Þ�>vviVÌi`]�«�ÃÃ�L�Þ�ÀiÃÕ�Ì��}������Ài�

��`v>V�>�� vÀ>VÌÕÀiÃ�>�`�viÜiÀ��>�`�LÕ�>À� vÀ>VÌÕÀiÃ�>���}�i�L��iÀÃ°� ���V��ÌÀ>ÃÌ]�

Ì�««���}��ÛiÀ�Ì�i��>�`�iL>À��i>`Ã�Ì��«�Ìi�Ì�>��vÀ��Ì>����«>VÌ����Ì�i�V����Ü��V��V>��

result in fractures in the symphyseal region and indirect fractures of the condyles, 

>�V������ÃiµÕi��Ì��v>����}��vv�>�L�VÞV�i�18,24°�/��Ã��Ã�>�Ã��ÀiyiVÌi`����Ì�i��>�`�L�i�

fractures seen among our group of conventional cyclists, with the most reported 

ÃÕLÌÞ«iÃ�Li��}�V��`Þ�i�>�`�ÃÞ�«�ÞÃi>��vÀ>VÌÕÀiÃ°

Ƃ��Ì�iÀ���«�ÀÌ>�Ì�w�`��}��v�Ì��Ã�ÃÌÕ`Þ�Ü>Ã�Ì�>Ì�Ì�i�L�VÞV�i�ÌÞ«i��Ã���Ì�Ã�}��wV>�Ì�Þ�

>ÃÃ�V�>Ìi`�Ü�Ì��>����VÀi>Ãi`�À�Ã���v���`v>V�>��vÀ>VÌÕÀiÃ]��>�`�LÕ�>À�vÀ>VÌÕÀiÃ]�Ã�Õ���

fractures and dental injury, and severe maxillofacial fractures. This suggests that cyclist 

V�>À>VÌiÀ�ÃÌ�VÃ]�ÃÕV��>Ã�>}i]�>�V�����ÕÃi�>�`�V���ÀL�`�Ì�iÃ]�«�>Þ�>����«�ÀÌ>�Ì�«>ÀÌ�

in sustaining maxillofacial fractures as well as the severe cases. The use of a helmet 

v�À�V��Ûi�Ì���>��VÞV��ÃÌÃ��>Ã�Lii��«À�Ûi��Ì��Ài`ÕVi��i>`����ÕÀÞ�>�`��>Ã�>�«À�ÌiVÌ�Ûi�

effect on facial injuries and fractures 7°�Ƃ�ÃÌÕ`Þ�>�Ã��Ã��Üi`���Ài�ÃiÛiÀi�LÀ>������ÕÀ�iÃ�

>���}�i�L��iÀÃ�V��«>Ài`�Ì��V��Ûi�Ì���>��VÞV��ÃÌÃ�5. Considering that this study 

v�Õ�`�Ì�>Ì�i�L��iÀÃ�ÜiÀi���Ài�vÀiµÕi�Ì�Ì��ÃÕvviÀ�vÀ>VÌÕÀiÃ�Ì��Ì�i�Ã�Õ���>�`�«ÀiÃi�Ìi`�

Ì�>Ì�Ì�i�VÞV��ÃÌ�V�>À>VÌiÀ�ÃÌ�VÃ�>Ài�ÃÌÀ��}�Þ��v���yÕi�Vi�v�À�Ì�i��>Ý����v>V�>�����ÕÀÞ]�

�i��iÌ�ÕÃi��Ã�ÃÌÀ��}�Þ�>`Û�Ãi`�v�À�i�L��iÀÃ�>Ã�Üi���v�À�ÛÕ��iÀ>L�i�>�`�i�`iÀ�Þ�VÞV��ÃÌÃ°
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The primary strength of this study is the use of data from a large multicentre cohort, 

>�`� Ài«�ÀÌ��}� ��� L�Ì�� Ì�i� ��V�`i�Vi� >�`� Ì�i� ÃiÛiÀ�ÌÞ� �v��>Ý����v>V�>�� ���ÕÀ�iÃ�

ÃÕÃÌ>��i`� ���i�L��i�Ài�>Ìi`�>VV�`i�ÌÃ�V��«>Ài`�Ì��V��Ûi�Ì���>��L�VÞV�i�Ài�>Ìi`�

accidents. The participating hospital EDs cover a range of hospital trauma levels (level 

£�Î®]�«�«Õ�>Ì���Ã�>�`�}i�}À>«��V>��`�vviÀi�ViÃ]�Ì�iÀiLÞ�Ài`ÕV��}�v�À�Ã��v�Ãi�iVÌ����

L�>Ã°�/�i�ÃiV��`�ÃÌÀi�}Ì���v�Ì��Ã�ÀiÃi>ÀV���Ã�V�ÀÀiVÌ��}�v�À�«�ÃÃ�L�i�V��v�Õ�`iÀÃ�

Ì��>ÃÃiÃÃ�Ì�i�ÌÀÕi�ivviVÌ��v�Ì�i�ÌÞ«i��v�L�VÞV�i����Û>À��ÕÃ��>Ý����v>V�>��vÀ>VÌÕÀiÃ°

/��Ã�ÃÌÕ`Þ��>Ã�>��Õ�LiÀ��v�����Ì>Ì���Ã°���ÀÃÌ]�Ì�i�`�ÃÌÀ�LÕÌ����>���}�Ì�i�ÌÜ��L�VÞV�i�

}À�Õ«Ã�Ü>Ã�`�Ã«À�«�ÀÌ���>Ìi�>Ã�Ì�i��Õ�LiÀ��v�i�L��i�Ài�>Ìi`�>VV�`i�Ì�«>Ì�i�ÌÃ�

was limited. Another limitation is that the outcome measures are only a limited 

representation of severity. The AIS for maxillofacial injury ranges from 1 to 4 and 

Ì�i�Î�>�`�{�ÃV�ÀiÃ�ÜiÀi�Õ�V���������L�Ì���v��ÕÀ�}À�Õ«Ã°�����Ì�iÀ�Ü�À`Ã]�Ì�i�Ƃ�-�

�vviÀÃ����Þ�>�����Ìi`�`i}Àii��v�`�ÃÌ��VÌ����v�À�v>V�>�����ÕÀ�iÃ°�/�i���--��Ã�Õ�>L�i�Ì��

assess minor maxillofacial traumas as it consists almost exclusively of maxillofacial 

vÀ>VÌÕÀiÃ°� iÛiÀÌ�i�iÃÃ]�L�Ì��ÃV>�iÃ�ÜiÀi�ÕÃi`�Ã�`i�LÞ�Ã�`i�Ì��>ÃÃiÃÃ�Ì�i�ÌÀ>Õ�>�

>Ã�Ì��À�Õ}��Þ�>Ã�«�ÃÃ�L�i°���Ài�ÛiÀ]� ��ÃÌi>`��v�>�µÕ>�Ì�Ì>Ì�Ûi��iÌ��`�>�L��>ÀÞ�

registration of facial fractures was used, which may have over- or underrepresented 

ÃiÛiÀ>��vÀ>VÌÕÀi�ÌÞ«iÃ°���ÜiÛiÀ]�/�i���--�`�iÃ�Ì>�i�Ì�i��Õ�LiÀ��v�vÀ>VÌÕÀiÃ���Ì��

consideration, minimizing the over- and under-representation when assessing the 

severity of these fractures.

�ÕÌÕÀi�ÀiÃi>ÀV������>Ý����v>V�>��v>V�>�����ÕÀ�iÃ�>vÌiÀ�i�L��i�>�`�V��Ûi�Ì���>��L�VÞV�i�

>VV�`i�ÌÃ� Ã��Õ�`� ��VÀi>Ãi� Ì�i� Ã>�«�i� Ã�âi]� iÃ«iV�>��Þ� >vÌiÀ� i�L��i� >VV�`i�ÌÃ°�

Increasing the sample size allows to provide more data on injury differences 

LiÌÜii�� L�Ì�� L�VÞV�i� ÌÞ«iÃ°���Ài�ÛiÀ]� «À�Ã«iVÌ�Ûi� ÀiÃi>ÀV�� ����>Ý����v>V�>��

���ÕÀÞ�>vÌiÀ�L�VÞV�i�>VV�`i�ÌÃ�V�Õ�`�v�VÕÃ����Ã«iV�wV���yÕi�ViÃ�ÃÕV��>Ã��i��iÌ�ÕÃi]�

µÕ>�Ì�vÞ��}�>�V�����ÕÃi�>�`�Ì�i��iV�>��Ã���v����ÕÀÞ°�/�i�>`Û>�Ì>}iÃ��v�>��i��iÌ�

>Ã�>�«À�ÌiVÌ�Ûi��i>ÃÕÀi�v�À�i�L��iÀÃ]�>Ã�Üi���>Ã�v�À�ÛÕ��iÀ>L�i�>�`�i�`iÀ�Þ�VÞV��ÃÌÃ]�

Ã��Õ�`�Li�>`Û�V>Ìi`�>�`�Ì�i�� ��ÛiÃÌ�}>Ìi`�vÕÀÌ�iÀ�}�Ûi��Ì�i�v>VÌ�Ì�>Ì�i�L��iÀÃ�

ÃÕvviÀi`�vÀ>VÌÕÀiÃ�Ì��Ì�i�Ã�Õ�����Ài�vÀiµÕi�Ì�Þ]�>�`�Ì�>Ì�VÞV��ÃÌ�V�>À>VÌiÀ�ÃÌ�VÃ�V�Õ�`�

��yÕi�Vi��>Ý����v>V�>�����ÕÀÞ°

���V��V�ÕÃ���]�i�L��iÀÃ�ÃÕvviÀi`���`v>V�>�� vÀ>VÌÕÀiÃ�Ã�}��wV>�Ì�Þ���Ài��vÌi�]�>�`�

�>�`�LÕ�>À�vÀ>VÌÕÀiÃ��iÃÃ��vÌi�]�Ì�>��V��Ûi�Ì���>��VÞV��ÃÌÃ°�/�i�`�vviÀi�Vi����L�Ì��

�>Ý����v>V�>��ÌÀ>Õ�>�>�`��>Ý����v>V�>��vÀ>VÌÕÀi�ÃiÛiÀ�ÌÞ�LiÌÜii��L�Ì��}À�Õ«Ã�Ü>Ã�
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��Ì�Ã�}��wV>�Ì� ��� Ì��Ã�ÃÌÕ`Þ°���ÜiÛiÀ]�ÃiÛiÀi��>Ý����v>V�>�� vÀ>VÌÕÀiÃ�ÜiÀi� v�Õ�`�

Ã�}��wV>�Ì�Þ���Ài� vÀiµÕi�Ì�Þ� >���}� Ì�i� V��Ûi�Ì���>�� VÞV��ÃÌÃ°� *>Ì�i�Ì� Ã«iV�wV�

V�>À>VÌiÀ�ÃÌ�VÃ]�ÃÕV��>Ã�>}i�>�`�V���ÀL�`�Ì�iÃ��>Þ��>Ûi�>�}Ài>ÌiÀ� ��yÕi�Vi����

ÃÕÃÌ>����}��>Ý����v>V�>�����ÕÀ�iÃ�Ì�>��Ì�i�ÌÞ«i��v�L�VÞV�i�À�``i�°
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Chapter 6

Abstract

Objective\�<Þ}��>Ì�V��>Ý���>ÀÞ�vÀ>VÌÕÀiÃ�V>��Li�`�>}��Ãi`�Ü�Ì��i�Ì�iÀ�V��«ÕÌi`�
tomography (CT) or direct digital radiography (DR). The aim of the present study 

was to assess the effect of CT dose reduction on the preference for facial CT versus 

DR for accurate diagnosis of isolated zygomaticomaxillary fractures.

Methods\��}�Ì�âÞ}��>Ì�V��>Ý���>ÀÞ�vÀ>VÌÕÀiÃ�ÜiÀi���y�VÌi`����v�ÕÀ��Õ�>��V>`>ÛiÀÃ�
Ü�Ì��>� vÀii�v>��� ��«>VÌ�À�ÌiV���µÕi°�/�i�V>`>ÛiÀÃ�ÜiÀi�ÃV>��i`�ÕÃ��}�i�}�Ì�
/�

protocols, which were identical except for a systematic decrease in radiation dose 

per protocol, and one DR protocol. Single axial CT images were displayed alongside 

a DR image of the same fracture creating a total of 64 dual images for comparison. A 

Ì�Ì>���v�x{��LÃiÀÛiÀÃ]���V�Õ`��}�À>`����}�ÃÌÃ]�À>`��}À>«�iÀÃ�>�`��À>��>�`��>Ý����v>V�>��

surgeons, made a forced choice for either CT or DR.

Results\���ÀÌÞ��ÕÌ��v�x{��LÃiÀÛiÀÃ� Ç{¯®�«ÀiviÀÀi`�
/��ÛiÀ��,�>���Ü�Ì��*�ä°äx®°�
Preference for CT was maintained even when radiation dose reduced from 147.4 

µSv to 46.4 µSv (DR dose was 6.9 µSv). Only a single out of all raters preferred DR 

*rä°äääÎ®°�/�i�Ài�>����}�£Î��LÃiÀÛiÀÃ��>`����Ã�}��wV>�Ì�«ÀiviÀi�Vi°

Conclusion: This study demonstrates that preference for axial CT over DR is 

��Ì� >vviVÌi`� LÞ� ÃÕLÃÌ>�Ì�>�� HÇä¯®� 
/� `�Ãi� Ài`ÕVÌ���� v�À� Ì�i� >ÃÃiÃÃ�i�Ì� �v�

zygomaticomaxillary fractures.
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Introduction

/�i��ÀL�Ì��âÞ}��>Ì�V�>Ài>�Ài«ÀiÃi�ÌÃ�Ì�i��>��À�vÀ>VÌÕÀi�Ã�Ìi�>���}��>Ý����v>V�>��

traumas 1–4°�/À>vwV�>VV�`i�ÌÃ�>�`�>ÃÃ>Õ�Ì��>Ûi�Lii��`iÃVÀ�Li`�>Ã�Ì�i��>���V>ÕÃiÃ�

of zygomaticomaxillary fractures 1,4–6°� �Ì��>Ã�Lii��`i���ÃÌÀ>Ìi`� Ì�>Ì�i>À�Þ�>�`�

correct diagnosis are important factors determining treatment outcome 7–9. 

Both clinical examination and diagnostic imaging are used for the assessment of 

potential zygomaticomaxillary fractures. Isolated zygomaticomaxillary fractures are 

ÃÕÃ«iVÌi`�>vÌiÀ���`v>Vi�ÌÀ>Õ�>�Ü�Ì����Ü�V����V>����`iÝ��v�ÃÕÃ«�V����v�À��ÀL�Ì>���À�

visual complications. Computed tomography (CT), direct digital radiography (DR) 

and Cone Beam Computed Tomography (CBCT) are the current imaging modalities 

to assess zygomaticomaxillary fractures 9–11. This study focuses on the use of CT 

>�`��,�`Õi�Ì�i�VÕÀÀi�Ì��>V���v�
	
/�>VViÃÃ�L���ÌÞ����Ì�i�i�iÀ}i�VÞ�`i«>ÀÌ�i�Ì°

����>�Þ�V>ÃiÃ]��,��Ã�wÀÃÌ�V���Vi�Ì��V�iV��L��i���Ìi}À�ÌÞ�>vÌiÀ�v>V�>��ÌÀ>Õ�>°��Ì��Ã�µÕ�V�]�

i>ÃÞ�>VViÃÃ�L�i������ÃÌ���Ã«�Ì>�Ã�>�`�>ÃÃ�V�>Ìi`�Ü�Ì����Ü�À>`�>Ì����`�Ãi�11. Apart 

vÀ���Ì�iÃi�Li�iwÌÃ]��,��>Ã�>�viÜ���«iÀ>Ì�Ûi�`�Ã>`Û>�Ì>}iÃ°���ÀÃÌ]�Ì�i�«�Ã�Ì�����}�

�v�Ì�i��i>`�V>��Li�`�vwVÕ�Ì�V>ÕÃ��}�`�ÃV��v�ÀÌ�Ì��Ì�i�«>Ì�i�Ì°�-iV��`]�Ì�i���>}iÃ�

>Ài�Ài�>Ì�Ûi�Þ�`�vwVÕ�Ì�Ì����ÌiÀ«ÀiÌ�`Õi�Ì��ÃÕ«iÀ��«�Ã�Ì�����v�L��i�ÃÌÀÕVÌÕÀiÃ°����>��Þ]�

if the assessment is inconclusive, patients need to undergo an additional CT scan, 

Ì�iÀiLÞ�>``��}� Ì�� À>`�>Ì����LÕÀ`i�°� �Ü>`>ÞÃ]� �����ÃÌ�i�iÀ}i�VÞ� À���� ,®�

ÃiÌÌ��}Ã�
/��Ã�ÛiÀÞ�i>Ã��Þ�>VViÃÃ�L�i°�
��«>Ài`�Ì���,]��Õ�Ì�`iÌiVÌ�À�
/�ÀiµÕ�ÀiÃ�

V��Ã�`iÀ>L�i��iÃÃ�Ì��i]��Ã�Ã>viÀ]�>�`���Ài�V��v�ÀÌ>L�i�v�À�«>Ì�i�ÌÃ�12–15.

/�i�µÕiÃÌ������ÜiÛiÀ�Ài�>��Ã�Ü�iÌ�iÀ��À���Ì�Ì�i���}��À>`�>Ì����`�Ãi��Ã��ÕÃÌ�wi`����

cases of non-complex maxillofacial trauma, like zygomaticomaxillary fractures. The 

ÕÃi��v���Ü�`�Ãi�
/���}�Ì�V��L��i�Ì�i�>`Û>�Ì>}iÃ��v�
/�>�`��,]�LÕÌ��Ì��Ã�Õ�V�i>À�

to what extend low dose CT images are preferred compared to DR for diagnosing 

zygomaticomaxillary fractures. The aim of the present study therefore was to assess 

the effect of CT dose reduction on the preference of radiographers, radiologists and 

oral and maxillofacial (OMF) surgeons for facial CT versus DR for accurate diagnosis 

of isolated zygomaticomaxillary fractures.

6
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Material and Methods

Research design
<Þ}��>Ì�V��>Ý���>ÀÞ� vÀ>VÌÕÀiÃ� ÜiÀi� ��y�VÌi`� ��� v�ÕÀ� �Õ�>�� V>`>ÛiÀ� �i>`Ã°�

-ÕLÃiµÕi�Ì�Þ]�L�Ì��
/�>�`��,���>}iÃ�ÜiÀi�}i�iÀ>Ìi`°��Õ�Ì��Ã«�À>��
/�ÃV>�Ã�ÜiÀi�

«iÀv�À�i`�Ü�Ì�� ���i>À�`�Ãi�Ài`ÕVÌ����>Ã�>V��iÛi`�LÞ�À>�Ã��}�Ì�i����Ãi� ��`iÝ�v�À�

i�}�Ì�`�vviÀi�Ì�
/�«À�Ì�V��Ã°�Û>�Õ>Ì�����v�Ì�i���>}iÃ�Ü>Ã�«iÀv�À�i`�LÞ�>�«>�i��

�v�x{���`i«i�`i�Ì��LÃiÀÛiÀÃ]�V��Ã�ÃÌ��}��v�ÎÇ�À>`��}À>«�iÀÃ]�£Î�À>`����}�ÃÌÃ�>�`�

{�"���ÃÕÀ}i��Ã°�-i�iVÌ����VÀ�ÌiÀ����v�À�«>ÀÌ�V�«>Ì��}����Ì�i��LÃiÀÛiÀ�}À�Õ«�Ü>Ã�Ì��

�>Ûi�V����V>��iÝ«iÀ�i�Vi����}i�iÀ>Ì��}�>�`�ÌiV���V>��Þ�iÛ>�Õ>Ì��}�L�Ì��
/�>�`��,�

��>}iÃ�v�À�Ì�i�À�`�>}��ÃÌ�V�Û>�Õi����V����V>��«À>VÌ�Vi�v�À�>Ì��i>ÃÌ���i�Ó®Þi>À°�"LÃiÀÛiÀÃ�

V��«>Ài`�
/���>}iÃ�Ü�Ì���,���>}iÃ����À>�`����À`iÀ�`ÕÀ��}�>�`�ÕL�i�L���`�v�ÀVi`�

choice comparison test, i.e.�L�Ì��Ì�i�ÀiÃi>ÀV�iÀÃ�>�`��LÃiÀÛiÀÃ�ÜiÀi�L���`i`�v�À�

the scan parameters that were used to generate the presented CT image.

Human cadaver heads
Four fresh Caucasian adult human cadavers (two males and two females) were used 

in this study. Their age ranged from 72 to 87 yr. The human cadavers were purchased 

vÀ���>�`�«À�Û�`i`�LÞ�Ì�i�ÃiVÌ����>�>Ì��Þ��v�Ì�i��i«>ÀÌ�i�Ì��v� iÕÀ�ÃV�i�ViÃ��v�

the University Medical Center Groningen, Groningen, the Netherlands. Legal and 

iÌ��V>��>««À�Û>��v�À�Ì�i�ÕÃi��v�Ì�i��Õ�>��V>`>ÛiÀÃ�Ü>Ã�«À�Û�`i`�LÞ�Ì�i�ÃiVÌ����

anatomy of the Department of Neurosciences of the University Medical Center 

Groningen, Groningen, the Netherlands. All experiments were conducted in 

V���>L�À>Ì����Ü�Ì��Ì�i�V��ÃiÀÛ>Ì�ÀÃ��v�Ì�i�Ƃ�>Ì��Þ�-iVÌ����>�`�ÜiÀi�iÝiVÕÌi`�

>VV�À`��}�Ì��ÃÌ>�`>À`Ã�v�À�Ü�À���}�Ü�Ì���Õ�>��V>`>ÛiÀÃ�>Ã�«À�Û�`i`�LÞ��ÕÌV���>Ü°

+PƃKEVKQP�QH�\[IQOCVKEQOCZKNNCT[�HTCEVWTGU
Ƃ�L�Õ�Ì� ÌÀ>Õ�>�Ü>Ã�ÃÞÃÌi�>Ì�V>��Þ� ��y�VÌi`�ÕÃ��}�Ó°ä��}�Üi�}�ÌÃ�>�`�>� vÀii� v>���

��«>VÌ����>ÌÌi�«Ì�Ì����y�VÌ�âÞ}��>Ì�V��>Ý���>ÀÞ�vÀ>VÌÕÀiÃ�ÌÞ«�V>��Þ�v�Õ�`����V����V>��

«À>VÌ�Vi°��ÕÀ��}�>�ÛiÀÌ�V>��`À�«]�>�£Èä�V��ÌÕLi�}Õ�`i`�Ì�i�Üi�}�ÌÃ�Ì��Ì�i��>�>À�

i���i�Vi���}ÕÀi�£®°�Ƃ�V>�VÕ�>Ì����L>Ãi`����Ì�i�L���iV�>��V>��Ì��iÀ>�Vi�v�ÀVi��v�

Ì�i�âÞ}��>Ì�V�L��i���`�V>Ìi`�>������>��`À�«��i�}�Ì��v�ÇÓ�V��16. The human cadaver 

heads were placed on a 52 degree wooden wedge to ensure perpendicular impact 

on the malar eminence (Figure 2). An OMF surgeon clinically examined the midface 

�v�Ì�i�Ã«iV��i��>vÌiÀ���«>VÌ]�v�VÕÃ��}����y>ÌÌi���}��v�Ì�i�V�ii��>�`�ÃÌi«Ã�>Ì�Ì�i�

��vÀ>�ÀL�Ì>��À����À�>Ì�Ì�i���V>Ì�����v�Ì�i�âÞ}��>Ì�V�>�Ûi��>À�VÀiÃÌ�����À`iÀ�Ì��V��wÀ��
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Ì�i�âÞ}��>Ì�V��>Ý���>ÀÞ�vÀ>VÌÕÀiÃ°��À>VÌÕÀiÃ�ÜiÀi���y�VÌi`����L�Ì��Ì�i��ivÌ�>�`�Ì�i�

right zygomaticomaxillary complex for each cadaver head.

     
Figure 1: ��y�VÌ�����v�Ì�i�âÞ}��>Ì�V��>Ý���>ÀÞ�vÀ>VÌÕÀiÃ°����Figure 2: Positioning of the human cadaver heads.

Computed Tomography
/�i�âÞ}��>Ì�V��ÀL�Ì>��vÀ>VÌÕÀiÃ�ÜiÀi�ÃV>��i`�ÕÃ��}�>�����}�ÌÃ«ii`�1�ÌÀ>�n�-��Vi�
/�

�i�iÀ>���iVÌÀ�V�
�°]��>�Àwi�`]�
���iVÌ�VÕÌ]�1��Ìi`�-Ì>ÌiÃ®°��>V�>���Õ�Ì�`iÌiVÌ�À�
/�

Ü>Ã�«iÀv�À�i`�ÕÃ��}�Ì�i�>VµÕ�Ã�Ì����«>À>�iÌiÀÃ�>Ã�Ài«�ÀÌi`����/>L�i�£°����i>À�`�Ãi�

Ài`ÕVÌ����Ü>Ã�>V��iÛi`�LÞ�À>�Ã��}�Ì�i����Ãi���`iÝ�v�À�i�}�Ì�`�vviÀi�Ì�
/�«À�Ì�V��Ã�

/>L�i�£®°�/�i�ivviVÌ�Ûi�`�Ãi�Ü>Ã�V>�VÕ�>Ìi`�ÕÃ��}�`�Ãi��i�}Ì��«À�`ÕVÌÃ���*®�>�`�

V��ÛiÀÃ���� v>VÌ�ÀÃ�>VV�À`��}� Ì�� Ì�i�ÕÀ�«i>��}Õ�`i���iÃ����µÕ>��ÌÞ�VÀ�ÌiÀ�>� v�À�

computed tomography 17.

Direct digital radiography
�,���>}iÃ�ÜiÀi�}i�iÀ>Ìi`�ÕÃ��}�>�V>��LÀ>Ìi`�"�`i�vÌ�
>����/À�>Ì������,�"�`i�vÌ�

	i�i�ÕÝ� �Ì`°]� 6ii�i�`>>�]� /�i� iÌ�iÀ�>�`Ã®°��iÌ>��Ã� Ài}>À`��}� Ì�i� >VµÕ�Ã�Ì����

«>À>�iÌiÀÃ�ÜiÀi�«À�Û�`i`����/>L�i�Ó°���À�i>V��Ã«iV��i��v�ÕÀ�`�vviÀi�Ì��,���>}iÃ�

ÜiÀi� Ì>�i�°� /�i� V>`>ÛiÀ� �i>`Ã�ÜiÀi� «�Ã�Ì���i`� ��� >� Li`� v�À� �VV�«�Ì��i�Ì>��

projection. From this position DR images were generated 15 degrees craniocaudal, 

«iÀ«i�`�VÕ�>À�ÛiÀÌ�V>��7>ÌiÀÃ®]�£x�>�`�Îä�`i}ÀiiÃ�V>Õ`�VÀ>��>��Ì��i�ÃÕÀi�>�vÕ���Û�iÜ�

�v�Ì�i���`v>Vi�>�>Ì��Þ°�vviVÌ�Ûi�`�Ãi���À�>��â>Ì����Ì��`�Ãi�>Ài>�«À�`ÕVÌÃ��-ÛÉ

Gy·cm2) was derived from report NRPB-R262 of the British National Radiological 

Protection Board (IRCP-60) 18.

6
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Table 1:��i�iÀ>���iVÌÀ�V���}�ÌÃ«ii`�1�ÌÀ>�n�-��Vi�
��«ÕÌi`�/���}À>«�Þ�ÃV>��iÀ�>VµÕ�Ã�Ì����«>À>�iÌiÀÃ�v�À�
the eight different scan protocols.

Scan type Helical

/ÕLi�Û��Ì>}i 100 kV

Noise index range 24.00 – 60.00

Slice thickness 0.625 mm

Position increment 0.625 mm

Collimation 8 x 0.625mm

Average scan range 109 mm

Pitch 1.0

Rotation time 1.0 s

Exposure time 1.3 s

Grayscale depth £È�L�Ì

Field of View (FOV) 250.0 mm

Matrix 512 x 512

Reconstruction type Filtered Back Projection

Convolution kernel BonePlus

Table 2: "�`i�vÌ�
>����/À�>Ì������,�>VµÕ�Ã�Ì����«>À>�iÌiÀÃ

/ÕLi�Û��Ì>}i 70 kV

Exposure control mode AEC

Focal Distance 100 cm

Filtration 0.1 mm Cu

Grayscale depth £Ó�L�Ì

Grid ratio 8:1 (focussed)

Detector type Scintillation Flat panel

Pixels 2208 * 2688 pixels

Pixel pitch 160 * 160 microns

Spatial resolution 160 micron

ƂLLÀiÛ�>Ì���Ã\��,���}�Ì>��À>`��}À>«�ÞÆ�Ƃ
�ƂÕÌ��>Ì�V�Ý«�ÃÕÀi�
��ÌÀ��

Image assessment
For forced comparison, a representative DR image as well as a single and 

representative CT image from each of the eight different dose protocol scans was 

Ãi�iVÌi`�LÞ�>��iÝ«iÀ�i�Vi`�>�`���`i«i�`i�Ì�À>`����}�ÃÌ]�Ü���Ü>Ã�ÃÕLÃiµÕi�Ì�Þ�

excluded from the image assessment for this research study. The single slice that 

was chosen was at the same level of anatomy for each scan protocol. For each 
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human cadaver head the eight different CT images were randomly paired with the 

V�ÀÀiÃ«��`��}��,���>}i°�Ƃ��iÌiÀ�}i�i�ÕÃ�}À�Õ«��v��LÃiÀÛiÀÃ�V��Ã�ÃÌ��}��v�ÎÇ�

radiographers, 13 radiologists and 4 OMF surgeons from the University Medical 

Center Groningen (Groningen, NL), Deventer hospital (Deventer, NL), and the Nij 

Smellinghe hospital (Drachten, NL) rated each of the 64 comparisons (specimen 

£�{®]�Ã�`i��ivÌÉÀ�}�Ì®]�>�`�
/�«À�Ì�V���£�n®°�>V���LÃiÀÛiÀ�Ü>Ã�v�ÀVi`�Ì��Ãi�iVÌ�>�

preferred image from a randomly paired comparison of a CT- and DR image of the 

Ã>�i�vÀ>VÌÕÀi���}ÕÀi�Î®°�/�i��LÃiÀÛiÀ�Ü>Ã�>Ã�i`�Ì��Ãi�iVÌ�Ì�i���>}i����Ü��V��Ì�i�

vÀ>VÌÕÀi�Ü>Ã�LiÌÌiÀ�Û�ÃÕ>��âi`]�Ã��i�Ì�iÀ��,��À�
/°���>}iÃ�ÜiÀi�iÛ>�Õ>Ìi`����>�`Õ>��

3MP Eizo Radiforce GS310 or dual 5MP Eizo Radiforce G51 monochrome AAPM 

validated monitor (Eizo Nanao Co., Hakusan, Japan).

Statistical analysis
The null hypothesis of .50 CT preference was tested against its two-sided alternative 

LÞ�Ì�i�«À�«�ÀÌ���Ã�ÌiÃÌ�19,20. The proportion of preference for CT was computed 

separately per profession, side, specimen and CT dose together with its 95 

«iÀVi�Ì�V��w`i�Vi���ÌiÀÛ>�°����>��Þ]�>�}i�iÀ>��âi`�iÃÌ��>Ì����>««À�>V��Ü>Ã�ÕÃi`�

Ì����`i��Ì�i�«ÀiviÀi�Vi�ÀiÃ«��ÃiÃ�LÞ�}i�iÀ>��âi`���Ýi`���`i�Ã�Ài«i>Ìi`���}�ÃÌ�V�

Ài}ÀiÃÃ���®�ÕÃ��}��LÃiÀÛiÀÃ�>Ã�À>�`���ivviVÌÃ�����À`iÀ�Ì��ÌiÃÌ�v�À�«�ÃÃ�L�i�ivviVÌÃ��v�

side, profession, specimen and CT dose 21,22°�7�Ì��ÀiÃ«iVÌ�Ì��Ì�i��>ÌÌiÀ]�Ì�i�`i}Àii�

of noise was centered and added as a co-variate to the model. P-values <0.05 were 

V��Ã�`iÀi`�ÃÌ>Ì�ÃÌ�V>��Þ�Ã�}��wV>�Ì°

Figure 3: Randomly paired comparison of a CT- and DR image of the same fracture. Representative examples 
of CT, minimal dose CT and DR images of a zygomatic fracture (arrows). The rater was forced to select either 
Ì�i�
/��À�Ì�i��,���>}i��v�Ì�i�Ã>�i�vÀ>VÌÕÀi����Ü��V��Ì�i�vÀ>VÌÕÀi�Ü>Ã�LiÌÌiÀ�Û�ÃÕ>��âi`°

6
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Results

Forced choice comparison test
Ƃ���x{��LÃiÀÛiÀÃ�V��«�iÌi`�Ì�i�v�ÀVi`�V���Vi�V��«>À�Ã���ÌiÃÌ°�Ƃ�Ì�Ì>���Õ�LiÀ�

�v�{ä��ÕÌ��v�x{��LÃiÀÛiÀÃ��>`�>� Ã�}��wV>�Ì�«ÀiviÀi�Vi� v�À�
/��ÛiÀ��,°�"��Þ�>�

Ã��}�i��LÃiÀÛiÀ�>�À>`����}�ÃÌ®��>`�>�Ã�}��wV>�Ì�«ÀiviÀi�Vi�v�À��,°�/�i�Ài�>����}�

£Î��LÃiÀÛiÀÃ��>`����Ã�}��wV>�Ì�«ÀiviÀi�Vi°�Ƃ���ÛiÀÛ�iÜ��v�>���«ÀiviÀi�ViÃ��Ã�Ã��Ü��

���/>L�i�Î°�/�i�«À�«�ÀÌ�����v�«ÀiviÀi�Vi� v�À�
/�Ü>Ã�V��«ÕÌi`�Ãi«>À>Ìi�Þ�«iÀ�

«À�viÃÃ���]�Ã�`i]�Ã«iV��i��>�`�
/�`�Ãi�/>L�i�Ó®°�1�`iÀ�>���iÝ«iÀ��i�Ì>��V��`�Ì���Ã�

Ì�iÀi��Ã�>�Ã�}��wV>�Ì�«ÀiviÀi�Vi�v�À�
/�«À�«�ÀÌ������ä°x�>�`�>����x¯�V��w`i�Vi�

intervals are to the right hand side of 0.5). The preference for CT sustained after 

ÃÕLÃÌ>�Ì�>��HÇä¯®�`�Ãi�Ài`ÕVÌ����vÀ���£{Ç°{��-Û�Ì��{È°{��-Û�/>L�i�{�>�`�x®°��,�

`�Ãi�Ü>Ã�È°���-Û�/>L�i�x®°

Table 3: -�}��wV>�Ì�ÛiÀÃÕÃ�����Ã�}��wV>�Ì���`>��ÌÞ�«ÀiviÀi�Vi�«iÀ�«À�viÃÃ����a

Radiographers OMF surgeons Radiologists Total

-�}��wV>�Ì�
/�«ÀiviÀi�Vi 29 4 7 40

 ���-�}��wV>�Ì�
/�«ÀiviÀi�Vi 6 0 4 10

-�}��wV>�Ì��,�«ÀiviÀi�Vi 0 0 1 1

 ���-�}��wV>�Ì��,�«ÀiviÀi�Vi 2 0 1 3

Total 37 4 13 54

ƂLLÀiÛ�>Ì���Ã\��,���ÀiVÌ���}�Ì>��À>`��}À>«�Þ��,®Æ�
/�
��«ÕÌi`�/���}À>«�ÞÆ�"���"À>��>�`��>Ý����v>V�>�
a�*�Û>�ÕiÃ���ä°äx�ÜiÀi�V��Ã�`iÀi`�Ã�}��wV>�Ì

Table 4: Radiation dose results for each of the eight Computed Tomography scan protocols on average for 
the four human cadaver specimen.

Protocol Noise index Exposure 
(mA)

/ÕLi�VÕÀÀi�Ì�
(mAs)

Scan range 
(mm)

CTDIvol 

(mGy)
DLP 
(mGy*cm)

Eff. Dose 
(µSv)

1 24.00 27.3 ± 8.3 14.3 ± 4.3 109 5.52 64.09 147.4

2 25.55 14.3 ± 4.3 13.3 ± 4.3 109 4.85 56.27 129.4

3 27.40 22.5 ± 8.0 12.0 ± 4.4 109 4.20 48.73 112.1

4 29.73 19.0 ± 6.9 10.0 ± 3.2 109 3.56 41.33 95.0

5 32.81 15.0 ± 5.3 8.3 ± 2.5 109 2.92 33.84 77.8

6 37.00 11.0 ± 2.9 6.0 ± 1.9 109 2.36 27.61 63.5

7 43.50 9.0 ± 0 4.3 ± 0.4 109 1.91 22.16 51.0

8 60.00 5.3 ± 2.2 3.3 ± 0.4 109 1.74 20.19 46.4

ƂLLÀiÛ�>Ì���Ã\�
/���
��«ÕÌi`�/���}À>«�Þ���Ãi���`iÝ�6��Õ�iÆ���*���Ãi��i�}Ì��*À�`ÕVÌÆ�vv°���Ãi�vviVÌ�Ûi�̀ �Ãi
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Table 5:�*À�«�ÀÌ�����v�
/�«ÀiviÀi�Vi�Ü�Ì���ivÌ�>�`�À�}�Ì�����Ì��v��x�«iÀVi�Ì�V��w`i�Vi���ÌiÀÛ>��v�À�«À�viÃÃ���]�
specimen, side and CT dose. DR dose was 6.9 µSv.

Proportion �x¯�
�

Profession

Radiographers 0.77 0.75 - 0.79

Radiologists 0.67 0.64 - 0.70

OMF surgeons 0.89 0.84 - 0.92

Specimen

1 0.74 0.71 - 0.77

2 0.84 0.81 - 0.86

3 0.77 0.74 - 0.80

4 0.68 0.65 - 0.71

Side

Left 0.78 0.76 - 0.80

Right 0.73 0.71 - 0.75

Effective CT Dose (µSv)

147.4 0.76 0.72 - 0.80

129.4 0.76 0.71 - 0.80

112.1 0.77 0.73 - 0.81

95.1 0.79 0.75 - 0.83

77.8 0.75 0.71 - 0.79

63.5 0.75 0.71 - 0.79

51.0 0.73 0.69 - 0.77

46.4 0.73 0.68 - 0.77

ƂLLÀiÛ�>Ì���Ã\�
/�
��«ÕÌi`�/���}À>«�ÞÆ��,���ÀiVÌ���}�Ì>��,>`��}À>«�ÞÆ�
��
��w`i�Vi���ÌiÀÛ>�Æ�"���"À>��
and Maxillofacial

Logistic regression analysis
����À`iÀ� Ì��V�ÀÀiVÌ� v�À� ��ÌiÀ�`i«i�`i�V�iÃ�Ü�Ì�����LÃiÀÛiÀÃ�>� Ài«i>Ìi`� ��}�ÃÌ�V�

Ài}ÀiÃÃ����Ü>Ã�«iÀv�À�i`�/>L�i�È®�21,22°�/�i�ÀiÃÕ�Ì��}�̀ �vviÀi�Vi������}��``Ã�LiÌÜii��

À�}�Ì�>�`��ivÌ�Ã�`iÃ��v�Ì�i�V>`>ÛiÀ��i>`��Ã���Ì�Ã�}��wV>�Ì�«rä°ÈÇ®°�/��Ã���`�V>ÌiÃ�Ì�>Ì�

there was no difference in preference for either CT or DR within the cadaver heads, 

Ì��Õ}��Ì�iÀi�ÜiÀi�`�vviÀi�Vi�LiÌÜii��Ì�i�v�ÕÀ�V>`>ÛiÀ��i>`Ã°���À�Ì��Ã�Ài>Ã���Ì�i�

preferences were not analyzed statistically for each individual fracture. Instead, 

fractures within one human cadaver head were analyzed, resulting in an N=4 sample 

Ã�âi���ÃÌi>`��v� rn°�/�iÀi�Ü>Ã�>�`�vviÀi�Vi������}��``Ã�LiÌÜii���Õ�>��V>`>ÛiÀ�

head 2 and 4 compared to human cadaver head 1. Reduction of CT radiation dose 

LÞ�HÇä¯�`�`���Ì���yÕi�Vi�Ì�i�«ÀiviÀi�Vi�v�À�
/Æ��LÃiÀÛiÀÃ�V��Ã�ÃÌi�Ì�Þ�«ÀiviÀÀi`�

6
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CT for fracture detection even after lowering radiation dose. After correcting for 

profession, side, specimen and CT dose, the estimated odds of the CT preference 

of OMF surgeons is exp(.77) = 2.16 times that of a radiographer, which is in line with 

Ì�i�À>Ì����v��``Ã�ä°n�É£�°n�®Éä°ÇÇÉ£�°ÇÇ®®�r�Ó°{Ó��LÌ>��i`�vÀ���Ì�i�«À�«�ÀÌ���Ã����

Ì>L�i�x°�/�i�`�vviÀi�Vi������}��``Ã�LiÌÜii��À>`��}À>«�iÀÃ�>�`�À>`����}�ÃÌÃ��Ã���Ì�

Ã�}��wV>�Ì]�Ü�iÀi>Ã�Ì�>Ì�LiÌÜii��À>`��}À>«�iÀÃ�>�`�"���ÃÕÀ}i��Ã��Ã�/>L�i�È®°

Table 6:�ÃÌ��>Ìi`�ivviVÌÃ��v�«À�viÃÃ���]�Ã�`i]�Ã«iV��i��V�ÀÀiVÌi`�v�À�Ì�i����Ãi���`iÝ��v�
/�LÞ�Ài«i>Ìi`�L��>ÀÞ�
��}�ÃÌ�V�Ài}ÀiÃÃ����L>Ãi`�Õ«���wÌÌ��}�}i�iÀ>��âi`�iÃÌ��>Ì��}�iµÕ>Ì���Ã°

EE SE 7>�` p-value

(Intercept) 1.19 0.21 32.07 0.00

Radiologist -0.41 0.31 1.72 0.19

OMF surgeon 0.77 0.20 14.66 0.00

Right side 0.07 0.17 0.18 0.67

Specimen 2 1.13 0.37 9.55 0.00

Specimen 3 -0.36 0.24 2.29 0.13

Specimen 4 -0.81 0.17 24.01 0.00

Centered noise index 0.00 0.00 0.00 0.98

ƂLLÀiÛ�>Ì���Ã\�
/�
��«ÕÌi`�/���}À>«�ÞÆ��ÃÌ��>Ìi`�vviVÌÆ�-�-Ì>�`>À`�ÀÀ�ÀÆ�"���"À>��>�`��>Ý����v>V�>�

Discussion

/�i���VÀi>Ãi`�À>`�>Ì����`�Ãi��v�
/�>Ã�V��«>Ài`�Ì���,��Ã�>�Ã�}��wV>�Ì�V��Ã�`iÀ>Ì����

Üi�}���}� Ì�i� À�Ã�Ã� ÛiÀÃÕÃ� Li�iwÌÃ� �v� 
/� >Ã� >� «À��>ÀÞ� `�>}��ÃÌ�V� Ì���� v�À� Ì�i�

assessment of isolated zygomaticomaxillary fractures. To our knowledge, the 

VÕÀÀi�Ì�ÃÌÕ`Þ��Ã�Ì�i�wÀÃÌ�Ì��`iÃVÀ�Li�>�Ã�}��wV>�Ì�«ÀiviÀi�Vi�v�À�
/��ÛiÀ��,]�iÛi��

>vÌiÀ�ÃÕLÃÌ>�Ì�>�� HÇä¯®�
/�À>`�>Ì����`�Ãi�Ài`ÕVÌ���°�/�iÃi�ÀiÃÕ�ÌÃ�ÃÕ««�ÀÌ�Ì�i�

>««��V>L���ÌÞ��v� ��Ü�`�Ãi�
/�>Ã�>�«À��>ÀÞ�`�>}��ÃÌ�V�Ì���� v�À�Ì�i�>ÃÃiÃÃ�i�Ì��v�

isolated zygomaticomaxillary fractures. The lowest CT dose was higher than that of 

�,�{È]{��-Û�ÛiÀÃÕÃ�È°���-Û�ÀiÃ«iVÌ�Ûi�Þ®]�LÕÌ�L�Ì��>Ài�ÃÕLÃÌ>�Ì�>��Þ���ÜiÀ�Ì�>��Ì�i�

L>Ãi���i�
/�`�Ãi�£{Ç°{�Õ-Û®°

/�Àii�>Ã«iVÌÃ��v�Ì��Ã�ÃÌÕ`Þ�`iÃ�}��Ü����Li�`�ÃVÕÃÃi`°�/�i��Õ�LiÀ��v��LÃiÀÛiÀÃ�>�`�

Ì�i�Ã�iÜ�̀ �ÃÌÀ�LÕÌ�����v�«À�viÃÃ���Ã��>Þ�Li�Ãii��>Ã�>�����Ì>Ì�����v�Ì��Ã�ÃÌÕ`Þ°���ÜiÛiÀ]�

Ì�i�}i�iÀ>��â>L���ÌÞ��v�Ì�i�ÃÌÕ`Þ�Ü>Ã�i��>�Vi`�LÞ�̀ �ÕL�i�L���`�iÃÃ��v�Ì�i�̀ iÃ�}��>�`�

conducting the experiment in three different hospitals in the Netherlands. The group 
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�v��LÃiÀÛiÀÃ�Ü>Ã��iÌiÀ�}i�i�ÕÃ�>Ã��Ì�Ài«ÀiÃi�Ìi`�Ì�i�«À�viÃÃ���Ã���Û��Ûi`����Ì�i�

assessment of zygomaticomaxillary images, i.e. radiographers (37), radiologists (13) 

>�`�"���ÃÕÀ}i��Ã�{®°�Ƃ�Ì��Õ}��Ì�i�}À�Õ«��v�"���ÃÕÀ}i��Ã�Ü>Ã�Ã�>�������Õ�LiÀ]��Ì�

demonstrated a homogeneous preference for CT. Our results are consistent in the 

>�Û>ÃÌ��>��À�ÌÞ��v�Ì�i��LÃiÀÛiÀÃ�«ÀiviÀÀi`�
/�Ì���,]�Ü�Ì��>�Ã��}�i�V�i>À�iÝVi«Ì���°�

-iV��`]�>�ViÀÌ>���`i}Àii��v�¼�LÃiÀÛiÀ�Üi>À��iÃÃ½��>Þ��>Ûi��VVÕÀÀi`�>vÌiÀ�iÛ>�Õ>Ì��}�

È{���>}i�V��L��>Ì���Ã°���ÜiÛiÀ]�`Õi�Ì��Ì�i�À>�`���`iÃ�}���v�Ì�i�v�ÀVi`�V���Vi�

comparison it seems safe to exclude such an effect. The third aspect is the fact that 

for this research a single axial CT slide only was used as opposed to the clinical 

«À>VÌ�Vi�Ü�iÀi��Õ�Ì�«�>�>À�ÀiV��ÃÌÀÕVÌ���Ã��*,®�>Ài�Li��}�ÕÃi`°��*,���VÀi>Ãi�Ì�i�

ivviVÌ�Ûi�iÃÃ��v�Û�ÃÕ>��â>Ì�����v�vÀ>VÌÕÀiÃ]�iÃ«iV�>��Þ������viÀ��À��ÀL�Ì>��Ü>���vÀ>VÌÕÀiÃ�
23°�
�À��>��ÀiV��ÃÌÀÕVÌ���Ã�V��ÌÀ�LÕÌi�Ì��Ì�i�`�>}��ÃÌ�V�«À�ViÃÃ��v��>Ý����v>V�>��

fractures 23,24°��ÕÀÌ�iÀ��Ài]�Û��Õ�i�Ài�`iÀ��}�
/�ÀiVÀi>ÌiÃ�Ì�i�ÃÕÀ}i��½Ã�V��«�iÝ�

mental process of visualizing fractures in operative planning 24. Volume rendering 

does not only give a more accurate diagnostic reading of radiographs, surgeons 

value it as a front line tool in the evaluation and management of acute facial trauma 
14. However, experienced radiologists and OMF surgeons continue to prefer and 

interpret 2D CT 11°��*,�>�`�Û��Õ�i�Ài�`iÀ��}�V>��Li�Ãii��>Ã�>�Û>�Õ>L�i�>``�Ì����

when choosing CT as primary diagnostic modality. Therefore, we expect that the use 

of MPR and volume rendering would result in an even a higher actual CT preference 

in clinical practice than demonstrated in this experimental study.

Ƃ�Ì��Õ}���,��>Þ�ÃÌ����Li�«ÀiviÀÀi`�Ì��>ÃÃiÃÃ�>�>Ì���V���Ìi}À�ÌÞ�>vÌiÀ�v>V�>��ÌÀ>Õ�>]�

iÛ�`i�Vi�Ì��ÃÕ««�ÀÌ�Ì�i�ÕÃi��v�
/�Ì��`�>}��Ãi�L��i�ÌÀ>Õ�>���VÀi>ÃiÃ]�iÃ«iV�>��Þ��v�

>�âÞ}��>Ì�V�ÌÀ>Õ�>��Ã�«>ÀÌ��v�Ì�i�`�vviÀi�Ì�>��`�>}��Ã�Ã°��Ì��>Ã�Lii��`i���ÃÌÀ>Ìi`�

that when choosing CT no additional radiographic imaging is needed, while patients 

often need additional facial imaging following DR. Therefore, the use of CT as 

«À��>ÀÞ�`�>}��ÃÌ�V�Ì����Ài`ÕVi`�v>V�>�� ��>}��}�>�`�>Ã�>�V��ÃiµÕi�Vi]�À>`�>Ì����

dose 2°���ÜiÛiÀ]��,���>}iÃ��>Þ�Üi���Li�«ÀiviÀÀi`����Ã�ÌÕ>Ì���Ã����Ü��V��«Ài��>�`�

«�ÃÌ��«iÀ>Ì�Ûi�iÛ>�Õ>Ì���� �Ã� ÀiµÕ�Ài`°� ���>``�Ì����Ì�� Ì�i�`iVÀi>Ãi� ���>``�Ì���>��

imaging when choosing CT as primary diagnostic tool, several other advantages 

�>Ûi�Lii��`iÃVÀ�Li`�«ÀiÛ��ÕÃ�Þ� 1,2,13,25°�
/� ÀiµÕ�ÀiÃ�V��Ã�`iÀ>L�i� �iÃÃ� Ì��i�>�`�

V>��Li�«iÀv�À�i`�Ü�Ì���iÃÃ�«�Ìi�Ì�>��Þ��>â>À`�ÕÃ�«�Ã�Ì�����}��v� ���ÕÀi`�«>Ì�i�ÌÃ�

as compared to DR 2,13. As manipulation of the head in the unconscious multi-

ÌÀ>Õ�>�«>Ì�i�Ì��Ã���Ì�>`Û�Ã>L�i]�
/��Ã�Ã>viÀ�>�`���Ài�V��v�ÀÌ>L�i�v�À�Ì�i�«>Ì�i�Ì�
2,15°��>Ý����v>V�>�� vÀ>VÌÕÀiÃ�>Ài��vÌi��>ÃÃ�V�>Ìi`�Ü�Ì��LÀ>��� ���ÕÀÞ�>�`É�À�i`i�>°�

6
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/�iÀiv�Ài]�>��>��À�Li�iwÌ��v�
/��ÛiÀ��,��Ã�Ì�>Ì�
/�i�>L�iÃ�>ÃÃiÃÃ�i�Ì��v�vÀ>VÌÕÀiÃ�

`iÃ«�Ìi�Ì�i�«ÀiÃi�Vi��v�i`i�>]��v����ÕÀ�iÃ���Û��Û��}�Ì�i�LÀ>��]�iÞiL>��Ã]��«Ì�V��iÀÛiÃ�

and other soft tissue structures 13,25–27°�
��ViÀ���}�`�>}��ÃÌ�V�>VVÕÀ>VÞ]��Ì��>Ã�Lii��

demonstrated that facial CT imaging is more accurate compared to DR, as CT is 

superior in displaying fracture lines and the orientation of fracture fragments 13. 

Tanrikulu et al.�v�Õ�`����Ã�}��wV>�Ì�`�vviÀi�Vi�LiÌÜii��>Ý�>��
/]�V�À��>��
/�>�`��,�

for the diagnosis of zygomaticomaxillary fractures when assessed independently 

LÞ�ÌÜ��iÝ>���iÀÃ�9°� iÛiÀÌ�i�iÃÃ]�
/�Ü>Ã�«ÀiviÀÀi`�LiV>ÕÃi��v�ÌÜ��Ài>Ã��Ã°���ÀÃÌ]�

Ì�i�iÝ>VÌ�`�>}��Ã�Ã��v�`�Ã«�>Vi�i�Ì��v�i>V���v�Ì�i�wÛi��>��À�>ÀÌ�VÕ�>Ì���Ã��v�Ì�i�

âÞ}��>Ì�V��>Ý���>ÀÞ�V��«�iÝ�V>��Li�LiÌÌiÀ�iÛ>�Õ>Ìi`�Ü��V��v>V���Ì>ÌiÃ�Ì�i�Ãi�iVÌ����

�v�Ì�i�LiÃÌ�ÃÕÀ}�V>��>««À�>V��28. Second, depression of the zygomatic arch may 

ÌÀ>«�Ì�i�V�À����`�«À�ViÃÃ��v�Ì�i��>�`�L�i�>�`�Ì��Ã�V��«��V>Ì���� �Ã���Ài�i>Ã��Þ�

appreciated using CT 29.

���V��V�ÕÃ���]�Ì�i�VÕÀÀi�Ì�ÃÌÕ`Þ�Ã��ÜÃ�Ì�>Ì� ��Ü�`�Ãi�
/� ��>}iÃ�>Ài�«ÀiviÀ>L�i�

over DR images for the assessment of isolated zygomaticomaxillary fractures. This 

conclusion adds to an increasing amount of evidence on the advantages of CT over 

�,°�/�i�`>Ì>�«ÀiÃi�Ìi`����Ì��Ã�ÃÌÕ`Þ��ÕÃÌ�wiÃ���Ài�ÀiÃi>ÀV����Ì��Ì�i�ÕÃi��v���Ü�`�Ãi�

CT as primary diagnostic tool for the assessment of zygomaticomaxillary fractures.
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Abstract

Objective:�/��>ÃÃiÃÃ�Ì�i�`�>}��ÃÌ�V�Ài��>L���ÌÞ��v���Ü�`�Ãi��Õ�Ì�`iÌiVÌ�À�
��«ÕÌi`�
Tomography (MDCT) and Cone Beam Computed Tomography (CBCT) for 

zygomaticomaxillary fracture diagnosis.

Methods:�1���>ÌiÀ>��âÞ}��>Ì�V��>Ý���>ÀÞ�vÀ>VÌÕÀiÃ�ÜiÀi���y�VÌi`����v�ÕÀ��ÕÌ��v�Ã�Ý�
fresh frozen human cadaver head specimens. All specimens were scanned using 

four MDCT and two CBCT imaging protocols of which the radiation exposure was 

ÃÞÃÌi�>Ì�V>��Þ�Ài`ÕVi`°�Ƃ�L���`i`�`�>}��ÃÌ�V�À�ÕÌ��i�Ü>Ã�Ã��Õ�>Ìi`�>Ì�Ü��V��£È�

radiologists and 8 oral and maxillofacial (OMF) surgeons performed 144 randomized 

��>}i�>ÃÃiÃÃ�i�ÌÃ°�7i�V��Ã�`iÀi`�Ì�i�w�`��}Ã�`ÕÀ��}�>���«i���«iÀ>Ì�Ûi�>««À�>V��

of the zygomatic region as the gold standard.

Results:�<Þ}��>Ì�V��>Ý���>ÀÞ�vÀ>VÌÕÀiÃ�ÜiÀi�V�ÀÀiVÌ�Þ�`�>}��Ãi`�����ä°Î¯��r£Îä®�
of the image assessments. The zygomatic arch was most often correctly diagnosed 

�£°ä¯®°�/�i�âÞ}��>Ì�V�>�Ûi��>À�VÀiÃÌ�Ã��Üi`�Ì�i���ÜiÃÌ�`i}Àii��v�V�ÀÀiVÌ�`�>}��Ã�Ã�

Èx°Î¯®°���Ãi�Ài`ÕVÌ����`�`���Ì�Ã�}��wV>�Ì�Þ�>vviVÌ�Ì�i��L�iVÌ�Ûi�Û�ÃÕ>��â>Ì�����v�

vÀ>VÌÕÀiÃ��v�Ì�i�âÞ}��>Ì�V��>Ý���>ÀÞ�V��«�iÝ°�/�i�Ãi�Ã�Ì�Û�ÌÞ�>�`�Ã«iV�wV�ÌÞ�>�Ã��

remained consistent among the low dose scan protocols. Dose reduction did not 

`iVÀi>Ãi�Ì�i�>L���ÌÞ�Ì��>ÃÃiÃÃ�`�Ã��V>Ì���]�V�����ÕÌ���]��ÀL�Ì>��Û��Õ�i]�Û��Õ�i�

rendering and soft tissues. OMF surgeons considered the low dose protocols 

ÃÕvwV�i�Ì�v�À�ÌÀi>Ì�i�Ì�«�>����}°

Conclusion:���Ãi�Ài`ÕVÌ����`�`���Ì�`iVÀi>Ãi�Ì�i�`�>}��ÃÌ�V�Ài��>L���ÌÞ��v���
/�
and CBCT for the diagnosis of zygomaticomaxillary fractures.
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��>}��ÃÌ�V�Ài��>L���ÌÞ��v���Ü�`�Ãi���
/�>�`�
	
/

Introduction

Multidetector Computed Tomography (MDCT) and Cone Beam Computed 

Tomography (CBCT) are the imaging modalities of choice in midfacial trauma 

diagnostics and treatment planning 1–3. Both modalities are utilized to detect and 

characterize midfacial fractures 2,4,5°�/�i�âÞ}��>Ì�V��>Ý���>ÀÞ�LÕÌÌÀiÃÃ�Ài«ÀiÃi�ÌÃ�

the most common site of facial fractures 6,7. Disruption of the zygomatic position can 

V>ÕÃi�>��>iÃÌ�iÌ�V�>�`�vÕ�VÌ���>��`iwV�Ì°��Ì��Ã�Ì�iÀiv�Ài��>�`>Ì�ÀÞ�Ì�>Ì�âÞ}��>Ì�V�

L��i����ÕÀ�iÃ�>Ài�«À�«iÀ�Þ�`�>}��Ãi`�>�`�>`iµÕ>Ìi�Þ��>�>}i`�8.

Although CBCT is considered to produce a generally lower radiation dose, there 

>Ài�Ã��i�V����V>��V��Ã�`iÀ>Ì���Ã�v�À�Ì�i�V������ÕÃi��v���
/�Ì��iÛ>�Õ>Ìi�L�Õ�Ì�

facial trauma 1,9°���ÀÃÌ]�Ì�iÀi� �Ã� ����Ìi`�>Û>��>L���ÌÞ��v�
	
/�Ü�Ì����Ì�i�i�iÀ}i�VÞ�

department, where the majority of the patients are presented initially. Second, 

additional traumatic injuries may impede examinations using CBCT in which the 

patient is scanned in a natural head position. Third, only MDCT allow soft tissue 

ÀiV��ÃÌÀÕVÌ���Ã]�Ü��V��>Ài�>««ÀiV�>Ìi`�v�À�Ì�i�>L���ÌÞ�Ì��`iÌiVÌ�>ÃÃ�V�>Ìi`�Ã�vÌ�Ì�ÃÃÕi�

injury in midfacial trauma 10.

However, there is an increasing concern regarding the potential radiation induced risks 

due to the exponentially increased use of MDCT and CBCT in medicine 1,11. Keeping 

Ì�i�À>`�>Ì����`�Ãi�>Ã� ��Ü�>Ã�Ài>Ã��>L�Þ�>V��iÛ>L�i]�Ài�>��Ã�Ì�i���ÃÌ� ��«�ÀÌ>�Ì�

strategy for limiting the risks 12,13. There is limited evidence regarding the effect of 

dose reduction for the diagnosis of maxillofacial trauma. In two studies, evidence 

v�À�Ì�i�«�Ìi�Ì�>���v�ÃÕLÃÌ>�Ì�>��`�Ãi�Ài`ÕVÌ����v�À�Ì�i�`�>}��Ã�Ã��v���`v>Vi�vÀ>VÌÕÀiÃ�

was successfully provided 14,15. However, these studies were not randomized and the 

�LÃiÀÛiÀÃ�ÜiÀi���Ì�L���`i`�v�À�Ì�i��ÕÌV��i��v���ÌiÀiÃÌ°�/�i�>����v�Ì�i�«ÀiÃi�Ì�ÃÌÕ`Þ�

Ü>Ã�Ì��>ÃÃiÃÃ�Ì�i�`�>}��ÃÌ�V�Ài��>L���ÌÞ��v���Ü�`�Ãi���
/�>�`���Ü�`�Ãi�
	
/�v�À�

âÞ}��>Ì�V��>Ý���>ÀÞ�vÀ>VÌÕÀiÃ�ÕÃ��}�>�À>�`���âi`�>««À�>V��Ü�Ì��L���`i`��LÃiÀÛiÀÃ°

Material and Methods

Study subjects
-�Ý�vÀiÃ��vÀ�âi���Õ�>��V>`>ÛiÀ��i>`Ã�ÜiÀi��LÌ>��i`�vÀ���Ì�i�ÃiVÌ����>�>Ì��Þ��v�Ì�i�

Department of Neurosciences of the University Medical Center Groningen (Groningen, 

 �®°�/�iÃi�V>`>ÛiÀÃ��>Ûi�Lii��̀ ��>Ìi`�v�À��i`�V>��ÀiÃi>ÀV��>�`�i`ÕV>Ì���>��«ÕÀ«�ÃiÃ�

7
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according to the legal and ethical guidelines of the Dutch uniform anatomical gift act. 

Their age ranged from 60 to 96 years old. Thawing the cadaver specimens to room 

temperature occurred 48 hours prior to experimentation. The specimens were isolated 

>Ì�Ì�i�VÀ>���ÛiÀÌiLÀ>���Õ�VÌ�����ii«��}�Ì�i���ÌÀ>VÀ>��>��V��Ìi�ÌÃ���Ì>VÌ°

Experimental design
Ƃ��iÝ«iÀ��i�Ì�Ü>Ã�`iÃ�}�i`�Ì��ÃÞÃÌi�>Ì�V>��Þ���y�VÌ�Õ���>ÌiÀ>��âÞ}��>Ì�V��>Ý���>ÀÞ�

vÀ>VÌÕÀiÃ����v�ÕÀ��ÕÌ��v�Ã�Ý�Ã«iV��i�Ã°�Ƃ�L�Õ�Ì�v>V�>��ÌÀ>Õ�>�Ü>Ã�Ã��Õ�>Ìi`�ÕÃ��}�

a guided free fall method as an impact model (Figure 1) 15–17. The specimens were 

«�>Vi`���À�â��Ì>��Þ����>�Ã���`�Üi`}i�v�À�ÃÌ>L���Ã>Ì���°�/�i�`�ÀiVÌ�����v���«>VÌ�Ü>Ã�

V��Ãi��>Ì�>�{ä�`i}Àii�>�}�i�vÀ���Ì�i���`�Ã>}�ÌÌ>��ÃiVÌ����«�>�i�����À`iÀ�Ì���LÌ>���

perpendicular impact on the malar eminence. A cylindrical 2.0 kg impactor with a 

y>Ì���«>VÌ��}�ÃÕÀv>Vi�Ü>Ã�ÕÃi`�>Ã�>�vÀii�v>����}��>ÃÃ°�Ƃ�`À�«��i�}�Ì�iÃÌ��>Ì�����v�

Çä�V��Ü>Ã�V>�VÕ�>Ìi`�ÕÃ��}�L���iV�>��V>�� vÀ>VÌÕÀi�Ì��iÀ>�Vi�`>Ì>�Ü�iÀi�«�ÜiÀ�

of collision was measured in dynamic loads 17–19. An independent consultant oral 

and maxillofacial (OMF) surgeon physically examined the zygomaticomaxillary 

complex for fracture presence after impact. The drop height was raised with 10 cm 

V��ÃiµÕi�Ì�Þ��v����`�ÃViÀ��L�i�iÛ�`i�Vi�v�À�>�vÀ>VÌÕÀi�Ü>Ã�v�Õ�`°

Figure 1:���«>VÌ���`i��ÕÃi`�Ì����y�VÌ�Õ���>ÌiÀ>��âÞ}��>Ì�V��>Ý���>ÀÞ�vÀ>VÌÕÀiÃ°

Diagnostic imaging
All specimens were scanned using four MDCT and two CBCT protocols (Figure 2). 

/�i�ÃV>��wi�`��v�Û�iÜ��"6®�Ü>Ã�ÃÌ>�`>À`�âi`�vÀ���Ì�i��>Ý���>ÀÞ�`i�Ì�Ì����Õ«�Ì��

Ì�i�ÃÕ«iÀ��À��ÀL�Ì>��À����v�Ì�i�vÀ��Ì>��Ã��ÕÃ°���
/���>}��}�Ü>Ã�«iÀv�À�i`�ÕÃ��}�

a third generation Siemens SOMATOM Force scanner (Siemens Healthcare AG, 

Erlangen, Germany). Automatic exposure control (AEC) was used for radiation dose 

�«Ì���â>Ì����>`>«Ì��}�ÌÕLi�VÕÀÀi�Ì� 
Ƃ,���Ãi{�]�-�i�i�Ã®�>�`�ÌÕLi�Û��Ì>}i�


Ƃ,��6]�-�i�i�Ã®°���À�i>V��Ã«iV��i��Ì�i�ÌÕLi�Û��Ì>}i�Ü>Ã�wÝi`�v�À�V��ÃiVÕÌ�Ûi�
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��>}��ÃÌ�V�Ài��>L���ÌÞ��v���Ü�`�Ãi���
/�>�`�
	
/

ÃV>�Ã��>`i�vÀ���Ì�i�L>Ãi���i�«À�Ì�V��°�+Õ>��ÌÞ�ÀiviÀi�Vi��ƂÃ�Ü>Ã�ÕÃi`�>Ã�Ì�i����Þ�

Û>À�>L�i�Ì��ÃÞÃÌi��V>��Þ�Ài`ÕVi�Ì�i�À>`�>Ì����`�Ãi�v�À�i>V����
/�ÃV>��«À�Ì�V��°�

>V��Ã«iV��i��Ü>Ã�ÃV>��i`�ÕÃ��}�>�µÕ>��ÌÞ�ÀiviÀi�Vi��ƂÃ��v�xä]�{ä]�Îä�>�`�Ì�i�

��ÜiÀ�����Ì��v�Óä°�-V>��«>À>�iÌiÀ�`iÌ>��Ã�v�À���
/�>Ài�v�Õ�`����/>L�i�£°�/�i�À>Ü�

`>Ì>�Ü>Ã�ÀiV��ÃÌÀÕVÌi`���Ì��ä°È����L��i�>�`�Ã�vÌ�Ì�ÃÃÕi�Û��Õ�i�`>Ì>ÃiÌÃ�ÕÃ��}�Ì�i�

Siemens Hr59d and Hr32d kernels respectively. CBCT imaging was performed using 

the ProMax 3D Mid (Planmeca Oy, Helsinki, Finland). Each specimen was scanned 

using two 0,4 mm isotropic scan protocols. One of these datasets was scanned using 

Ì�i�Õ�ÌÀ>���Ü�`�Ãi�1��®���`i°�-V>��«>À>�iÌiÀ�`iÌ>��Ã�v�À�
	
/�>Ài�v�Õ�`����/>L�i�

Ó°���À�L�Ì����
/�>�`�
	
/�Ì�i�L��i�Û��Õ�iÌÀ�V�`>Ì>ÃiÌÃ�ÜiÀi�ÀiV��ÃÌÀÕVÌi`���Ì��

>�Î��Û��Õ�i�Ài�`iÀ��}�L>ÌV��ÕÃ��}�>�L��i�Ìi�«�>Ìi°�/��Ã�`>Ì>�Ü>Ã�«ÀiÃi�Ìi`����>�

`Þ�>��V�ÎÈä�`i}Àii�À�Ì>Ì���>��Û�iÜ�À�Õ�`�>�wÝi`�ÛiÀÌ�V>��>Ý�Ã�«À�Û�`��}�Ì�i�Ã«>Ì�>��

relationship of the osseous midfacial anatomy. All data was exported in a Digital 

Imaging and Communications in Medicine (DICOM) standard.

Table 1: Siemens SOMATOM Force MDCT scan parameters.

/ÕLi�Û��Ì>}i���`Õ�>Ì����a CARE kV

-«iV��i��£�È®�wÝi`��6 90 100 80 90 80 90

/ÕLi�VÕÀÀi�Ì���`Õ�>Ì����L CARE Dose4D

Scan protocol 1 2 3 4

+Õ>��ÌÞ�ÀiviÀi�Vi��ƂÃ 50 40 30 20

Average effective mAs 77 52 40 29

Average CTDIvol (mGy) 4.6 3.5 2.7 1.8

Average DLP (mGy*cm) 61.9 48.8 37.2 24.6

ADMIRE Strength 1

Field of view 220.0 mm

Collimation 192 x 0,6 mm

Average scan length 118 mm

Slice thickness 0.6 mm

Position increment 0.4 mm

Grayscale depth £Ó�L�Ì

Pitch 0.6

Rotation time 0.5 s

Exposure time 0.5 s

Scan time 3,4 s

Matrix 512 x 512

ƂLLÀiÛ�>Ì���Ã\� ��
/� �Õ�Ì�`iÌiVÌ�À� 
��«ÕÌi`� /���}À>«�ÞÆ� Ƃ���,� Ƃ`Û>�Vi`� ��`i��i`� �ÌiÀ>Ì�Ûi�
,iV��ÃÌÀÕVÌ���Æ�
/��vol�6��Õ�i�7i�}�Ìi`�
��«ÕÌi`�/���}À>«�Þ���Ãi���`iÝÆ���*���Ãi��i�}Ì��*À�`ÕVÌÃ

>� ��À�i>V��Ã«iV��i��Ì�i�ÌÕLi�Û��Ì>}i�Ü>Ã�wÝi`�v�À�V��ÃiVÕÌ�Ûi�ÃV>�Ã��>`i�vÀ���Ì�i�L>Ãi���i�«À�Ì�V��
L��/�i�µÕ>��ÌÞ�ÀiviÀi�Vi��ƂÃ�Ü>Ã�ÕÃi`�Ì��ÃÞÃÌi��V>��Þ�Ài`ÕVi�Ì�i�À>`�>Ì����̀ �Ãi�v�À�v�ÕÀ�̀ �vviÀi�Ì�ÃV>��«À�Ì�V��Ã

7
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Figure 2: A right sided zygomaticomaxillary fracture in the zygomatic arch, the anterior and posterior sinus 
�>Ý���>ÀÞ�Ü>��°�/�i�L>Ãi���i�Ƃ³
®�>�`�Ì�i���ÜiÃÌ�`�Ãi�	³�®�«À�Ì�V��Ã�v�À�L�Ì���Õ�Ì�`iÌiVÌ�À�
��«ÕÌi`�
Tomography and Cone Beam Computed Tomography are compared consecutively.
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��>}��ÃÌ�V�Ài��>L���ÌÞ��v���Ü�`�Ãi���
/�>�`�
	
/

Table 2: *�>��iV>�*À��>Ý�Î����`�
	
/�ÃV>��«>À>�iÌiÀÃ�v�À�Ì�i�L>Ãi���i�>�`�1���«À�Ì�V��°

/ÕLi�Û��Ì>}i 90 kV

/ÕLi�VÕÀÀi�Ì 10 mA

DAP (mGy) 15.6

/ÕLi�VÕÀÀi�Ì�1�� 7 mA

DAP ULD (mGy) 3.2

Exposure time 13,6 s

Exposure time ULD 4,5 s

Grayscale depth £Ó�L�Ì

Scan time 18-26 s

Field of view 200 x 100

Radiation source Pulsed

Rotation degree Single 200 degree rotation

Projections per rotation 300

Detector type Flat panel detector

Voxel size (x,y,z) 0,4 mm3

Matrix 512 x 512

ƂLLÀiÛ�>Ì���Ã\�
	
/�
��i�	i>��
��«ÕÌi`�/���}À>«�ÞÆ��Ƃ*���Ãi�ƂÀi>�*À�`ÕVÌÆ�1���1�ÌÀ>���Ü���Ãi

Gold standard
Ƃ�}��`�ÃÌ>�`>À`�Ü>Ã�VÀi>Ìi`����>�V��Ãi�ÃÕÃ��iiÌ��}�LiÌÜii��>�ÕÀ�«i>��ViÀÌ�wi`�

�i>`�>�`��iV��À>`����}�ÃÌ��7®�>�`�>��"���ÃÕÀ}i���Ü�Ì��Ã«iV�wV�VÀ>����>Ý����v>V�>��

trauma experience (BM). Both were not included in the image assessment procedure. 

/�i�«ÀiÃi�Vi��v�vÀ>VÌÕÀiÃ��v�Ì�i�âÞ}��>Ì�V�Ài}����ÜiÀi�ÀiV�À`i`�LÞ�Ì�i�À>`����}�ÃÌ�

Ü����>`�>VViÃÃ�Ì��>���ÃV>��i`���
/�>�`�
	
/�`>Ì>°�/�iÃi�w�`��}Ã�ÜiÀi�Û>��`>Ìi`�

LÞ�Ì�i�"���ÃÕÀ}i���ÕÃ��}�>�V��L��i`���V>��ÌÀ>�ÃVÕÌ>�i�ÕÃ�>�`��>Ý���>ÀÞ�ÛiÃÌ�LÕ�>À�

>««À�>V���v�Ì�i�Ã«iV��i�½Ã�âÞ}��>Ì�V��>Ý���>ÀÞ�V��«�iÝ���}ÕÀi�Î®°���ÃVÀi«>�V�iÃ�

were discussed and advocated.

Assessment setup
/�i�`�>}��ÃÌ�V�µÕ>��ÌÞ��v�>���ÃV>��«À�Ì�V��Ã�Ü>Ã�Ài>`����£{{���>}i�>ÃÃiÃÃ�i�ÌÃ�LÞ�>�

}À�Õ«��v�Ó{��LÃiÀÛiÀÃ�V��Ã�ÃÌ��}��v�À>`����}�ÃÌÃ��r£È®�>�`�"���ÃÕÀ}i��Ã��rn®�vÀ���

the University Medical Center Groningen (Groningen, NL), Isala hospital (Zwolle, NL), 

Nij Smellinghe hospital (Drachten, NL), Tjongerschans hospital (Heerenveen, NL) and 

-���ÃLiÀ}���Ã«�Ì>������Õ�]� �®°�>V���LÃiÀÛiÀ�«iÀv�À�i`���>}i�>ÃÃiÃÃ�i�ÌÃ�v�À�

all six patient cases. One of the six scan protocols was randomly allocated for each

7
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Figure 3: Ƃ««À�>V��ÕÃi`�>Ã�}��`�ÃÌ>�`>À`°���À�Ì��Ã�Ã«iV��i��Ì�i�Î��Û��Õ�i�Ài�`iÀ��}�Ƃ³
®��Ã�V��«>Ài`�
Ì��Ì�i�ÃÕÀ}�V>��>««À�>V��	³�®�vÀ���Ì�i�Ã>�i�«À��iVÌ���°��À>VÌÕÀiÃ�ÜiÀi�ÀiV�À`i`����Ì�i�âÞ}��>Ì�V�>ÀV�]�
vÀ��Ì�âÞ}��>Ì�V�ÃÕÌÕÀi]���vÀ>��ÀL�Ì>��À��]�>�ÌiÀ��À��>Ý���>ÀÞ�Ã��ÕÃ�Ü>���>�`��>ÌiÀ>���ÀL�Ì>��Ü>��°

of these patient cases using a research randomizer 20. The order in which the patient 

cases were assessed was also randomized. Each image assessment was simulated as 

>�`�>}��ÃÌ�V�À�ÕÌ��i�Ü�iÀi�i>V��Ã«iV��i��Ü>Ã�«ÀiÃi�Ìi`�>Ã�>�wVÌ�Ûi�«>Ì�i�Ì�V>Ãi�Ü�Ì��

>�ÃÕÃ«iVÌi`�âÞ}��>Ì�V��>Ý���>ÀÞ�vÀ>VÌÕÀi°�/�i��LÃiÀÛiÀ�Ü>Ã�L���`i`�v�À�Ì�i��ÕÌV��i�

of interest and all scan parameters. The use of a medical diagnostic display was set 

as a condition for radiologist. These displays all met the acceptance and constancy 

tests following the American Association of Physicists in Medicine (AAPM) Task Group 

18 (TG18) guidelines 21. /�i���
"��`>Ì>ÃiÌÃ�ÜiÀi�«À�Û�`i`����>���L��i�/iÀ>,iV���

ƂµÕ>À�ÕÃ�� ÌÕ�Ì������
"��6�iÜiÀ�/iÀ>,iV��]���ÃÌiÀ�
�ÌÞ]�
>��v�À��>]�1��Ìi`�-Ì>ÌiÃ®°�/��Ã�

viewer application allowed the features and functionalities that a medical professional 

would use in the daily clinical care. MDCT patient cases were provided with two 

`>Ì>ÃiÌÃ�ÕÃ��}�>�L��i�>�`�Ã�vÌ�Ì�ÃÃÕi�ÀiV��ÃÌÀÕVÌ�����iÀ�i�°�>V��
	
/�«>Ì�i�Ì�V>Ãi�

Ü>Ã�«À�Û�`i`�Ü�Ì��Ì�i�Ã��}�i�ÀiV��ÃÌÀÕVÌ����`>Ì>ÃiÌ°�/�i�Û��Õ�i�Ài�`iÀ��}�L>ÌV��Ü>Ã�

>Û>��>L�i�v�À�L�Ì��>VµÕ�Ã�Ì������`>��Ì�iÃ°�/�i��LÃiÀÛiÀ�Ü>Ã�>���Üi`�Ì��>`�ÕÃÌ�Ü��`�Ü�

Ü�`Ì��>�`�Ü��`�Ü��iÛi��vÀ���>�ÓäääÉÓxä�L��i�>�`�{ääÉ{ä�Ã�vÌ�Ì�ÃÃÕi�«ÀiÃiÌ°�6��Õ�i�

datasets were presented into orthogonal axial, sagittal and coronal plane where free 

angle adjustment using the multi planar reconstruction (MPR) module was allowed.
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/�>�`�
	
/

Image assessment
>V��«>Ì�i�Ì�V>Ãi�Ü>Ã�«À�Û�`i`�Ü�Ì��wVÌ�Ûi�«iÀÃ��>��«>ÀÌ�VÕ�>ÀÃ]��iV�>��Ã���v����ÕÀÞ]�

V����V>��«ÀiÃi�Ì>Ì����>�`�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã°�>V����>}i�>ÃÃiÃÃ�i�Ì�Ü>Ã�

`�Û�`i`���Ì��>���L�iVÌ�Ûi�>�`�ÃÕL�iVÌ�Ûi�>�>�ÞÃ�Ã°�/�i��L�iVÌ�Ûi�>�>�ÞÃ�Ã�V��Ã�ÃÌi`��v�

>�vÀ>VÌÕÀi�`�>}��Ã�Ã���V�Õ`��}�>���V>Ì����`iÌiÀ���>Ì����ÕÃ��}�>�«Ài`iw�i`�Ãi�iVÌ����

of zygomaticomaxillary fracture associated anatomical sites. The gold standard was 

ÕÃi`�Ì��ÛiÀ�vÞ�Ì�i�V�ÀÀiVÌ�iÃÃ��v�Ì�iÃi��LÃiÀÛ>Ì���Ã°�/�i�ÃÕL�iVÌ�Ûi�>�>�ÞÃ�Ã�Ü>Ã�

ÕÃi`�Ì��ÃÌÕ`Þ�Ì�i�ÃÕvwV�i�VÞ��v�Ì�i���>}i�µÕ>��ÌÞ�Ì��>ÃÃiÃÃ�«>À>�iÌiÀÃ�Ài�iÛ>�Ì�Ì��

`�>}��Ã��}�vÀ>VÌÕÀiÃ����Ì�i��>Ý����v>V�>��Ài}���°�Ƃ�Ã�]�Ì�i�>VVi«Ì>L���ÌÞ��v�Ì�i���>}i�

µÕ>��ÌÞ�v�À�Î��Û��Õ�i�Ài�`iÀ��}�>�`�Ã�vÌ�Ì�ÃÃÕi�ÀiV��ÃÌÀÕVÌ���Ã�Ü>Ã�>ÃÃiÃÃi`°�Ƃ���

«>À>�iÌiÀÃ��v�Ì�i���>}i�>ÃÃiÃÃ�i�Ì�>Ài�ÃÕ��>À�âi`����/>L�i�Î����`iÌ>��°

Table 3: "L�iVÌ�Ûi�>�`�ÃÕL�iVÌ�Ûi���>}i�>ÃÃiÃÃ�i�Ì�«>À>�iÌiÀÃ�ÕÃi`�Ì��>ÃÃiÃÃ�Ì�i�`�>}��ÃÌ�V�Ài��>L���ÌÞ�v�À�
each of the scan protocols.

Objective (presence and location) Subjective�ÃV>��«À�Ì�V���ÃÕvwV�i�VÞ®

Question; do the following anatomical sites of the 
midface comprise a fracture?

3WGUVKQP��KU�VJG�KOCIG�SWCNKV[�UWHƂEKGPV�VQ�CUUGUU�
the following parameters?

(yes/no/inconclusive) 
UWHƂEKGPV�PQV�UWHƂEKGPV�

Frontozygomatic suture Fracture dislocation

�>ÌiÀ>���ÀL�Ì>��Ü>�� Fracture comminution

Zygomatic arch "ÀL�Ì>��Û��Õ�i

"ÀL�Ì>��y��À Volume rendering

Zygomatic alveolar crest Soft tissue a

Anterior maxillary sinus wall /Ài>Ì�i�Ì��>�>}i�i�Ì�ÃÕvwV�i�VÞ�L

Posterior maxillary sinus wall �À>VÌÕÀi�>ÃÃiÃÃ�i�Ì�ÃÕvwV�i�VÞ c

Zygomatic corpus

a -�vÌ�Ì�ÃÃÕi�ÀiV��ÃÌÀÕVÌ���Ã�ÜiÀi����Þ�>Û>��>L�i�v�À��Õ�Ì�`iÌiVÌ�À�
��«ÕÌi`�/���}À>«�Þ
L�/��Ã�«>À>�iÌiÀ�Ü>Ã����Þ�>ÃÃiÃÃi`�LÞ��À>��>�`��>Ý����v>V�>��ÃÕÀ}i��Ã
c /��Ã�«>À>�iÌiÀ�Ü>Ã����Þ�>ÃÃiÃÃi`�LÞ�À>`����}�ÃÌÃ

Effective dose estimations
vviVÌ�Ûi�`�Ãi�iÃÌ��>Ì���Ã�ÜiÀi����Þ�>VViÃÃ�L�i�v�À���
/�ÕÃ��}�Û��Õ�i�Üi�}�Ìi`�

CT dose indices (CTDIvol®�>�`���Ãi��i�}Ì��*À�`ÕVÌÃ���*®�«À�Û�`i`�LÞ�Ì�i�ÃV>��iÀ°�

�i>`�V��ÛiÀÃ����V�ivwV�i�ÌÃ�ä°ääÓ£��-Û���Þ-1 cm-1®�µÕ�Ìi`�LÞ�Ì�i�ƂƂ*��ÜiÀi�

used to convert DLP to effective dose 22.

7
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Statistics
Data analysis was performed using the R environment for statistical computing and 

graphics (version 3.3.3) 23. A generalized linear mixed model (GLMM) was constructed 

Ì��>ÃÃiÃÃ� Ì�i�ivviVÌ��v�`�Ãi� Ài`ÕVi`� ÃV>��«À�Ì�V��Ã� v�À� Ì�i��L�iVÌ�Ûi� vÀ>VÌÕÀi�

`iÌiVÌ>L���ÌÞ��ÕÌV��i°�/�i�>�>�ÞÃ�Ã�Ü>Ã�«iÀv�À�i`�Ãi«>À>Ìi�Þ�v�À���
/�>�`�
	
/�

>�`�Ì�i�L>Ãi���i�«À�Ì�V��Ã�ÜiÀi�ÕÃi`�>Ã���ÌiÀVi«Ì°�/�i�`�>}��ÃÌ�V�>VVÕÀ>VÞ��v�Ì�i�

i�}�Ì�vÀ>VÌÕÀiÃ�Ã�ÌiÃ]�>Ã�ÛiÀ�wi`�LÞ�Ì�i�}��`�ÃÌ>�`>À`]�Ü>Ã�ÕÃi`�>Ã�ÀiÃ«��Ãi�Û>À�>L�i�

/>L�i�Î®°�/�i�Û>À�>L�i�Ü>Ã�`iw�i`�L��>ÀÞ�>�`� ��V��V�ÕÃ�Ûi� Ài«�ÀÌi`�`>Ì>�Ü>Ã�

ÃÌ>Ì�ÃÌ�V>��Þ��>�`�i`�>Ã�>����V�ÀÀiVÌ�`�>}��ÃÌ�V�w�`��}�>Ã��Ì�Ü�Õ�`��Ì�iÀÜ�Ãi�ÀiÃÕ�Ì����

>��̀ �ÃÌ�ÀÌi`�Ã�iÜ�Ì�Ü>À`Ã�>�̀ �>}��ÃÌ�V�Ài��>L�i��ÕÌV��i°�/�i�ÃV>��«À�Ì�V���V�Û>À�>Ìi�

Ü>Ã���V�Õ`i`�>Ã�>�wÝi`�ivviVÌ�>�`�Ì�i��LÃiÀÛiÀ]�«>Ì�i�Ì�V>Ãi�>�`�vÀ>VÌÕÀi���V>Ì����

covariates nested within the patient case were included as random effects to account 

v�À�Ì�i�V�ÀÀi�>Ì����>���}�Ì�i�Ài«i>Ìi`��i>ÃÕÀi�i�ÌÃ°�/�i�Ã�}��wV>�Vi��iÛi��Ü>Ã�ÃiÌ�

>Ì�x¯°�ƂÃ�>��>``�Ì���>���ÕÌV��i�v�À�Ì�i��ÛiÀ>���`�>}��ÃÌ�V�Ài��>L���ÌÞ]�Ì�i�Ãi�Ã�Ì�Û�ÌÞ�

>�`� Ã«iV�wV�ÌÞ�ÜiÀi� V>�VÕ�>Ìi`� v�À� i>V�� ÃV>��«À�Ì�V��� LÞ�«�����}� Ì�i� ÛiÀ�wi`�

assessment outcomes for all the anatomical sites of the zygomaticomaxillary complex.

Results

<Þ}��>Ì�V��>Ý���>ÀÞ�vÀ>VÌÕÀiÃ�ÜiÀi�ÃÕVViÃÃvÕ��Þ���y�VÌi`����>���v�ÕÀ�Ã«iV��i�Ã����

Û>ÀÞ��}�`i}Àii��v�ÃiÛiÀ�ÌÞ°�/�i�V��Ãi�ÃÕÃ��iiÌ��}�V�ÀÀiÃ«��`i`�Ì�>Ì�Ì�i�L>Ãi���i�

«À�Ì�V��Ã��v���
/�>�`�
	
/�>««i>Ài`�ÃÕvwV�i�Ì�Ì��Û�ÃÕ>��âi�>���vÀ>VÌÕÀiÃ��v�Ì�i�

anatomical sites selection of the midface. Over the total of 144 image assessments, 

�ä°Î¯��r£Îä®��v�Ì�i�âÞ}��>Ì�V��>Ý���>ÀÞ�vÀ>VÌÕÀiÃ�ÜiÀi�V�ÀÀiVÌ�Þ�`�>}��Ãi`�>�`�

Ç°È¯��r££®�ÜiÀi���Ã`�>}��Ãi`°����>��Ì�iÀ�Ó°£¯��rÎ®�Ì�i�`�>}��Ã�Ã�Ü>Ã�Ài«�ÀÌi`�

as inconclusive. The four specimens that sustained a fracture were diagnosed 

V�ÀÀiVÌ�Þ�LÞ�>���Ó{��LÃiÀÛiÀÃ�£ää¯®°��À���Ì�i�ÌÜ��Ã«iV��i�Ã�Ü�Ì��ÕÌ�>�vÀ>VÌÕÀi]�

��i�Ü>Ã�`�>}��Ãi`�V�ÀÀiVÌ�Þ�LÞ�ÓÎ��LÃiÀÛiÀÃ��x°n¯®�Ü���ÃÌ�Ì�i��Ì�iÀ�Ü>Ã�`�>}��Ãi`�

V�ÀÀiVÌ�Þ�LÞ�££��LÃiÀÛiÀÃ�{x°n¯®°�/�i��L�iVÌ�Ûi�`iÌiVÌ>L���ÌÞ�«iÀVi�Ì>}iÃ�Û>À�i`�

ÃÕLÃÌ>�Ì�>��Þ�>���}�Ì�i�>ÃÃiÃÃi`�>�>Ì���V>��Ã�ÌiÃ�/>L�i�{®°�<Þ}��>Ì�V�>ÀV��vÀ>VÌÕÀiÃ�

ÜiÀi���ÃÌ��vÌi��`�>}��Ãi`�V�ÀÀiVÌ�Þ��£°ä¯®°�"��>ÛiÀ>}i]�Ì�i���}�iÃÌ�`i}Àii��v�

misdiagnosis was found for zygomatic alveolar crest fractures. For patient case four 

there was an outlying degree of misdiagnosis for the anterior and posterior maxillary 

Ã��ÕÃ�Ü>���>�`�Ì�i��ÀL�Ì>��y��À°����Ì�i�V��Ãi�ÃÕÃ��iiÌ��}]�Ì�iÃi�vÀ>VÌÕÀiÃ�ÜiÀi�v�Õ�`�

Ì��Li������>��>�`�����`�Ã��V>Ìi`°���À�«>Ì�i�Ì�V>Ãi�Ã�Ý]�Ì�iÀi�Ü>Ã�>���}��`i}Àii�

of zygomaticomaxillary fracture misdiagnosis when compared to the other patient 
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V>ÃiÃ°���À�Ì�i�ÃÕL�iVÌ�Ûi�>�>�ÞÃ�Ã]�Ì�iÀi�Ü>Ã�>���}��`i}Àii��v�V��v�À��ÌÞ�Ì�>Ì�Ì�i�

��>}i�µÕ>��ÌÞ�Ü>Ã�ÃÕvwV�i�Ì�Ì��>ÃÃiÃÃ�Ì�i�vÀ>VÌÕÀi�`�Ã��V>Ì�����x°x¯®]�V�����ÕÌ����

n�°Ó¯®�>�`�Ì�i��ÀL�Ì>��Û��Õ�i��x°x¯®°�/��Ã�Ü>Ã�>�Ã��Ì�i�V>Ãi�v�À�Ì�i�Î��Û��Õ�i�

Ài�`iÀ��}�L>ÌV��nx°È¯®�>�`�Ì�i�Ã�vÌ�Ì�ÃÃÕi�ÀiV��ÃÌÀÕVÌ���Ã��À���
/��£°n¯®°�/�i�

>}Àii�i�Ì�Ài�>��i`�V��Ã�ÃÌi�Ì�>���}�Ì�i�ÃV>��«À�Ì�V��Ã�/>L�i�x®°

Effect of dose reduction
	�Ì��Ì�i��ÕÌV��iÃ��v�Ì�i��L�iVÌ�Ûi�`iÌiVÌ>L���ÌÞ��v�Ì�i�i�}�Ì�>�>Ì���V>��vÀ>VÌÕÀi�

Ã�ÌiÃ�>�`�Ì�i�ÃÕL�iVÌ�Ûi�>ÃÃiÃÃi`�«>À>�iÌiÀÃ�Ài�>��i`�V��Ã�ÃÌi�Ì�>���}�Ì�i�Ã�Ý�

ÃV>��«À�Ì�V��Ã� />L�i�x®°�/�i������>�>�ÞÃ�Ã�Ã��Üi`�Ì�>Ì�Ì�i��L�iVÌ�Ûi�vÀ>VÌÕÀi�

`iÌiVÌ>L���ÌÞ� >VVÕÀ>VÞ�`�`���Ì�`�vviÀ� Ã�}��wV>�Ì�Þ�LiÌÜii�� Ì�i�`�vviÀi�Ì���
/�

>�`�
	
/�ÃV>��«À�Ì�V��Ã� />L�i�È®°�/�i�Ãi�Ã�Ì�Û�ÌÞ�>�`�Ã«iV�wV�ÌÞ�>�Ã��Ài�>��i`�

consistent among the scan protocols. For radiologists, there was a high agreement 

v�À� Ì�i��ÛiÀ>���ÃÕvwV�i�VÞ��v�Ì�i� ��>}i�µÕ>��ÌÞ�Ì��>ÃÃiÃ� vÀ>VÌÕÀiÃ� v�À�Ì�i���
/�

«À�Ì�V��Ã�>�`�Ì�i�L>Ãi���i�
	
/�«À�Ì�V��°�/�i�
	
/�1���«À�Ì�V���Ü>Ã�v�Õ�`�

ÃÕvwV�i�Ì� ���xÈ°Î¯°���À�"���ÃÕÀ}i��Ã]� Ì�i� ÌÀi>Ì�i�Ì��>�>}i�i�Ì� ÃÕvwV�i�VÞ�

Ài�>��i`�V��Ã�ÃÌi�Ì�Þ���}��v�À�>���ÃV>��«À�Ì�V��Ã�/>L�i�x®°�/�i�ivviVÌ�Ûi�`�Ãi�v�À�

��
/�iÝ>���>Ì���Ã��i>�´-�®�Ü>Ã�Ài`ÕVi`�LÞ�Èä°Ç¯�vÀ���£Ó�°��´��°Ó�Ì��x£°ä�´�

{°Ó��-Û�/>L�i�x®°

Table 6: �i�iÀ>��âi`����i>À���Ýi`���`i���ÕÌV��i�>�`�Ãi�Ã�Ì�Û�ÌÞ�>�`�Ã«iV�wV�ÌÞ�v�À�i>V��ÃV>��«À�Ì�V��°

OR CI p-value a -i�Ã�Ì�Û�ÌÞ�¯®�L -«iV�wV�ÌÞ�¯®�L

MDCT protocol

50 (intercept) 78 77

40 0.91 0.47 - 1.76 0.78 78 81

30 0.75 0.37 - 1.53 0.44 78 83

20 1.10 0.57 - 2.14 0.78 76 81

CBCT protocol

Baseline (intercept) 80 79

ULD 1.43 0.76 - 2.70 0.27 82 85

ƂLLÀiÛ�>Ì���Ã\�",�"``Ã�,>Ì��Æ�
��
��w`i�Vi���ÌiÀÛ>�Æ���
/��Õ�Ì�`iÌiVÌ�À�
��«ÕÌi`�/���}À>«�Þ]�
	
/�
Cone Beam Computed Tomography, ULD Ultra Low Dose

a Generalized linear mixed model were used to assess the effect of scan protocols for the outcome of the 
assessment
L��/�i�Ãi�Ã�Ì�Û�ÌÞ�>�`�Ã«iV�wV�ÌÞ�ÜiÀi�V>�VÕ�>Ìi`�«�����}�Ì�i�ÛiÀ�wi`��ÕÌV��i�v�À�>���>ÃÃiÃÃi`�>�>Ì���V>��Ã�ÌiÃ�
of the zygomaticomaxillary complex
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Chapter 7

Discussion

���Ì��Ã�ÃÌÕ`Þ]�Üi�>ÃÃiÃÃi`�Ì�i�`�>}��ÃÌ�V�Ài��>L���ÌÞ��v���Ü�`�Ãi���
/�>�`�
	
/�

v�À� Ì�i� `�>}��Ã�Ã� �v� âÞ}��>Ì�V��>Ý���>ÀÞ� V��«�iÝ� vÀ>VÌÕÀiÃ� ��� >� L���`i`� >�`�

À>�`���âi`�ÃÌÕ`Þ�`iÃ�}�°�7i�Ã��Üi`�Ì�>Ì�`�Ãi�Ài`ÕVÌ����`�`���Ì�Ã�}��wV>�Ì�Þ�

>vviVÌ�Ì�i��L�iVÌ�Ûi�Û�ÃÕ>��â>Ì�����v�vÀ>VÌÕÀiÃ��v�Ì�i�âÞ}��>Ì�V��>Ý���>ÀÞ�V��«�iÝ°�

ƂL�Ûi�Ì�>Ì]�Ì�i�Ãi�Ã�Ì�Û�ÌÞ�>�`�Ã«iV�wV�ÌÞ�Ài�>��i`�V��Ã�ÃÌi�Ì�>���}�Ì�i���Ü�`�Ãi�

scan protocols. Similar results were found in a previous study in which low dose 

«À�Ì�V��Ã�ÜiÀi�V��Ã�`iÀi`�ÃÕvwV�i�Ì�v�À�Ì�i�`�>}��Ã�Ã��v�L�Ì��`�Ã��V>Ìi`�>�`�����

dislocated midface fractures 14.

�iÃ«�Ìi�Ì�iÃi�w�`��}Ã]�`iÌiVÌ>L���ÌÞ�«iÀVi�Ì>}iÃ�Û>À�i`�ÃÕLÃÌ>�Ì�>��Þ�>���}�Ì�i�

assessed anatomical sites. Potential explanations are discussed. First, patient case 

six was falsely diagnosed with a zygomatic arch fracture whilst no trauma was 

��y�VÌi`����Ì��Ã�Ã«iV��i�°�Ƃ�V��Ã���`>Ìi`�vÀ>VÌÕÀi�Ü>Ã�ÃÕÃ«iVÌi`�LÕÌ�����i`�V>��

ÀiV�À`Ã�ÜiÀi�>Û>��>L�i�v�À�ÛiÀ�wV>Ì���°�-iV��`]�Ì�i���}�iÃÌ�`i}Àii��v���Ã`�>}��Ã�Ã�

was found for zygomatic alveolar crest fractures. The zygomatic alveolar crest is 

��V>Ìi`����Ì�i���vÀ>âÞ}��>Ì�V�Ài}���°��Ì��Ã�V����V>��Þ�>««ÀiV�>Ìi`�LiV>ÕÃi�Ì�i�V�ÀÌ�V>��

L��i�Ì��V��iÃÃ�«À�Û�`iÃ�>�V��À>}i�v�À�Ì�i��ÃÌi�ÃÞ�Ì�iÃ�Ã�ÃVÀiÜÃ�`ÕÀ��}�ÃÕÀ}iÀÞ�
24°�7i�Li��iÛi�Ì�>Ì�Ì�i�`iÌiÀ���>Ì�����v�>�vÀ>VÌÕÀi����Ì��Ã�Ài}����Ü>Ã�`�ÕLÌvÕ��v�À�

Ì�i��LÃiÀÛiÀ]�>Ã�Ì�i�âÞ}��>Ì�V�>�Ûi��>À�VÀiÃÌ��Ã�Õ�V�i>À�Þ�`i�>ÀV>Ìi`����>�>Ì���V>��

ÌiÀ�Ã°�/��À`]�Ì�i���Ü�`iÌiVÌ����À>ÌiÃ�v�À�Ì�i��ÀL�Ì>��y��À]�Ì�i�>�ÌiÀ��À�>�`�«�ÃÌiÀ��À�

�>Ý���>ÀÞ�Ã��ÕÃ�Ü>���v�À�«>Ì�i�Ì�V>Ãi�v�ÕÀ�V�Õ�`�Li�iÝ«�>��i`�LÞ�Ì�i�À������>��>�`�

non-dislocated characteristics. Although not evaluated in the present study, 

Ì�i�V����V>��V��ÃiµÕi�ViÃ��v���ÃÃ��}�����`�Ã��V>Ìi`�vÀ>VÌÕÀiÃ�V�Õ�`�Li�>À}Õi`°�

 iÛiÀÌ�i�iÃÃ]�Ì�i�`iÌiVÌ����Û>À�>L���ÌÞ�>���}�Ì�i�>�>Ì���V>��Ã�ÌiÃ�`�iÃ�i�«�>Ã�âi�

Ì�>Ì�V>ÀivÕ��Ài>`��}�>�`�>`iµÕ>Ìi�>�>Ì���V>��«À�wV�i�VÞ��Ã�>�ÀiµÕ�Ã�Ìi�Ì��>ÃÃiÃÃ�

`>Ì>ÃiÌÃ��v�>�ÃÕÃ«iVÌi`���`v>Vi�vÀ>VÌÕÀi�ÃÕvwV�i�Ì�Þ°

	�Ì����
/�>�`�
	
/�`�Ãi�Ài`ÕVi`�«À�Ì�V��Ã�ÜiÀi�v�Õ�`�ÃÕvwV�i�Ì�Ì��>ÃÃiÃÃ�Ì�i�

vÀ>VÌÕÀi�`�Ã��V>Ì���]�Ì�i�iÝÌi�`��v�V�����ÕÌ����>�`�Ì�i��ÀL�Ì>��Û��Õ�i°�Ƃ�Ã�]����

`iVÀi>Ãi�Ü>Ã�v�Õ�`�v�À�Ì�i�`�>}��ÃÌ�V�µÕ>��ÌÞ�ÃÕvwV�i�VÞ��v�Ì�i�Û��Õ�i�Ài�`iÀ��}�

and soft tissue reconstructions. The use of 3D volume rendering provides a 

Û�ÃÕ>��Ã>Ì�����v�Ì�i�Ã«>Ì�>��Ài�>Ì���Ã��«Ã��v�Ì�i���`v>Vi�LÕÌÌÀiÃÃiÃ�>�`��Ã�>Û>��>L�i�v�À�

L�Ì����
/�>�`�
	
/�25. For MDCT, the soft tissue reconstructions allow evaluation 
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��>}��ÃÌ�V�Ài��>L���ÌÞ��v���Ü�`�Ãi���
/�>�`�
	
/

of soft tissue injury which, in case of midfacial fractures, is predominantly utilized to 

assess the extraocular muscles 10,26,27.

��À�"���ÃÕÀ}i��Ã]�`�Ãi� Ài`ÕVÌ����`�`���Ì�>vviVÌ� Ì�i�V>«>L���ÌÞ� v�À� ÌÀi>Ì�i�Ì�

�>�>}i�i�Ì°���À�À>`����}�ÃÌÃ]� Ì�i��ÛiÀ>���ÃÕvwV�i�VÞ�Ì��>ÃÃiÃÃ�Ì�i�vÀ>VÌÕÀi�`�`�

��Ì�`iVÀi>Ãi�v�À���
/�«À�Ì�V��Ã°�Ƃ�Ì��Õ}��Ì�i��L�iVÌ�Ûi�vÀ>VÌÕÀi�`iÌiVÌ>L���ÌÞ�

`�`���Ì�`iVÀi>Ãi�Ã�}��wV>�Ì�Þ]�Ì�i�1���«À�Ì�V����v�
	
/�Ü>Ã����Þ�v�Õ�`�ÃÕvwV�i�Ì�

ÃÕL�iVÌ�Ûi�Þ����xÈ°Î¯��v�Ì�i�>ÃÃiÃÃ�i�ÌÃ°�7i�Li��iÛi�Ì�>Ì�Ì��Ã��Ã�wÀÃÌ]�`Õi�Ì����Ài�

evident artefacts in this protocol and second, due to the fact that the application and 

interpretation of CBCT is dedicated to OMF surgeons. From a clinical perspective, 

Ì�iÀi� �Ã� >� `�vviÀi�Vi� ��� ��>}i� ��ÌiÀ«ÀiÌ>Ì���� LiÌÜii�� À>`����}�ÃÌÃ� >�`� "���

ÃÕÀ}i��Ã°�7i�Ì�����Ì�>Ì�"���ÃÕÀ}i��Ã�«Ài`����>�Ì�Þ�v�VÕÃ����`iÌiÀ���>Ì�����v�

the treatment pathway and planning of potential surgery. This is in contrast to 

À>`����}�ÃÌÃ�Ü���>Ài�ÀiÃ«��Ã�L�i�v�À�>�V�ÀÀiVÌ�`�>}��Ã�Ã�>�`�Ì�iÀiv�Ài�>ÃÃiÃÃ�Ì�i�

��>}i�µÕ>��ÌÞ�vÀ���>�`�vviÀi�Ì�>««À�>V�°�/��Ã�>���V>Ì�����v�À��iÃ�Ã��Õ�`�Li�Ì>�i��

into account when MDCT and CBCT are used for maxillofacial fracture diagnosis.

In this study, effective dose estimations were only provided for MDCT. For CBCT, a 

previous study used thermoluminescent dosimeters in anthropomorphic Alderson 

radiation therapy phantoms to estimate effective radiation dose and reported 

£ÓÓ�-Û�>�`�Ón�-Û�v�À�L>Ãi���i�>�`���Ü�`�Ãi��i`�Õ���"6�`i�Ì��>�Ûi��>À�«À�Ì�V��Ã�

using the same CBCT device 28°�7�i��V��«>Ài`]� Ì�i�ivviVÌ�Ûi�`�Ãi��v���
/�

remained well in range of CBCT. Moreover, the effective dose of the MDCT low 

`�Ãi�«À�Ì�V��Ã�Ài�>��i`�Li��Ü�Ì�i�L>Ãi���i�
	
/�«À�Ì�V��°�Ƃ��Ì�iÀ�ÃÌÕ`Þ�V�Õ�`�

>�Ã��ÃÕVViÃÃvÕ��Þ�V��wÀ��`�Ãi�Ài`ÕVÌ�����v���
/�Li��Ü�Ì�i��iÛi�Ã��v�
	
/�29. This 

`>Ì>��Ã����V��ÌÀ>ÃÌ�Ì��Ì�i�V������Li��iÛi�Ì�>Ì���
/�`i��ÛiÀÃ�>���}�iÀ�À>`�>Ì����

exposure compared to CBCT 1,5,9,30. The delivered radiation dose is the result of 

Ì�i� ��ÌiÀ«�>Þ�LiÌÜii��>�Û>À�iÌÞ��v�i�i�i�ÌÃ°�ƂL�Ûi�>��]���i�Ã��Õ�`�Li�>Ü>Ài��v�

the large exposure ranges among MDCT and CBCT devices 9,31,32. For CBCT, a 

`�ÃÌ��VÌ�����Ã��ii`i`�LiÌÜii��Ã�>���]��i`�Õ��]�>�`��>À}i��"6Ã�28. Optimization 

Ã��Õ�`�Li�«iÀv�À�i`�ÕÃ��}�>��>««À�«À�>Ìi�ÃV>��À>�}i�`iÌiÀ���>Ì���]�ÌÕLi�«�Ìi�Ì�>��

and reconstruction algorithm. For MDCT, some studies propose the use of a full 

head protocol 9,14. However, maxillofacial trauma protocols should predominantly 

Li�ÕÃi`�Ì��Û�ÃÕ>��âi�Ì�i��ÃÃi�ÕÃ�>�>Ì��Þ]�ÀiµÕ�À��}���ÜiÀ��iÛi�Ã��v�À>`�>Ì����`�Ãi°�

Ƃ�Ã�]�Ì�i�ÕÃi��v�Ƃ
���«À�ÛiÃ�V��Ã�ÃÌi�VÞ��v�Ì�i���>}i�µÕ>��ÌÞ�>�`�VÕÀÌ>��Ã�Ì�i�

radiation dose for each individual patient 12. In this study this was accomplished for 

7
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Chapter 7

L�Ì��Ì�i�ÌÕLi�VÕÀÀi�Ì�
Ƃ,���Ãi{�®�>�`�ÌÕLi�Û��Ì>}i�
Ƃ,��6®°��ÕÀÌ�iÀ��Ài]�

w�ÌiÀi`�L>V��«À��iVÌ�����	*®��Ã�VÕÀÀi�Ì�Þ�Ì�i�Üi���iÃÌ>L��Ã�i`�ÀiV��ÃÌÀÕVÌ����ÌÞ«i�

v�À�V����V>����
/�«À�Ì�V��Ã°�/�i�ÀiVi�Ì�>Û>��>L���ÌÞ��v��ÌiÀ>Ì�Ûi�ÀiV��ÃÌÀÕVÌ�����,®�

>�}�À�Ì��Ã��vviÀÃ��iÜ�«�ÃÃ�L���Ì�iÃ�v�À�À>`�>Ì����`�Ãi�Ài`ÕVÌ����14,33. In this study 

�	*�Ü>Ã�V��L��i`�Ü�Ì��>���`i��L>Ãi`��,�Ƃ���,�£]�-�i�i�Ã®°�ƂÃ�Ì�iÀi��Ã�����Ìi`�

evidence regarding the use of IR algorithms for maxillofacial trauma, further research 

Ã��Õ�`� v�VÕÃ� ��� Ì�i�«�Ìi�Ì�>�� �v� `�Ãi� Ài`ÕVÌ���]� Ì�i� V����V>�� >««��V>L���ÌÞ� >�`�

V��«ÕÌ>Ì���>��Ì��i�ÀiµÕ�Ài�i�ÌÃ°

This study has some limitations. First, the post-mortem status of human cadaver 

Ã«iV��i��V>ÀÀ�iÃ�«À�ViÃÃ�V�>�}iÃ�Ì�>Ì��>Þ�>vviVÌ�Ì�i���ÌiÀ«ÀiÌ>L���ÌÞ��v�Ì�i�ÃV>�Ã°�

-iV��`]�ÌÀ>Õ�>�«>Ì�i�ÌÃ��>Þ��>Ûi���`�ÀiVÌ�«Ài`�VÌ�Ûi�
/�w�`��}Ã]�ÃÕV��>Ã�Ã��ÕÃ�

�«>V�wV>Ì���� >�`� «iÀ��ÀL�Ì>�� V��ÌÕÃ���]� Ì�>Ì� �>Ûi� `�ÃVÀ����>Ì�ÀÞ� Li�iwÌÃ� v�À�

predicting midface fractures in trauma patients 34°�/�iÃi�w�`��}Ã�>Ài�>LÃi�Ì� ���

�Õ�>��V>`>ÛiÀÃ°� iÛiÀÌ�i�iÃÃ]�Üi�Li��iÛi�Ì�>Ì]�>Ã�>�ÃÕÀÀ�}>Ìi���`i�]��Ì��Ã�Ì�i���ÃÌ�

accurate approach of a maxillofacial trauma patient.

Ƃ��Ì�iÀ� ����Ì>Ì���� �Ã� Ì�>Ì� Üi� ÜiÀi� ���Þ� >L�i� Ì�� ÕÃi� Ã�Ý� �Õ�>�� V>`>ÛiÀÃ� >Ã� >�

representation of a midface trauma patient population. Therefore, the statistical 

«�ÜiÀ��Ã�����Ìi`�>�`�Ì�iÀi�Ü>Ã�>��>V���v�Û>À�>L���ÌÞ��v�vÀ>VÌÕÀi�«>ÌÌiÀ�Ã°�/��Ã�ÃÌÕ`Þ�

focuses on the diagnosis of zygomaticomaxillairy fractures only, whilst clinicians are 

v>Vi`�Ü�Ì��>�LÀ�>`�À>�}i��v�vÀ>VÌÕÀi�«>ÌÌiÀ�Ã�ÃÕV��>Ã��i���ÀÌ��À��>Ã���ÀL�Ì�iÌ����`�

vÀ>VÌÕÀiÃ�Ì�>Ì�ÜiÀi���Ì�>ÃÃiÃÃi`�Ü�Ì��Ì�i�«ÀiÃi�Ì�ÃÌÕ`Þ�`iÃ�}�°���ÜiÛiÀ]�Üi�Li��iÛi�

Ì�>Ì� Ì�i�iÝ«iÀ��i�Ì>��>««À�>V���v� Ì��Ã� ÃÌÕ`Þ�«À�Û�`i`�ÃÕLÃÌ>�Ì�>��iÛ�`i�Vi� Ì��

vÕÀÌ�iÀ�ÃÌÕ`Þ�Ì�i�V����V>��>««��V>L���ÌÞ��v���Ü�`�Ãi��>Ý����v>V�>��ÌÀ>Õ�>�«À�Ì�V��Ã����

�Õ�>��ÃÕL�iVÌÃ°

In conclusion, the results of this human cadaver study show that dose reduction 

`�`���Ì�`iVÀi>Ãi�Ì�i�`�>}��ÃÌ�V�Ài��>L���ÌÞ��v���
/�>�`�
	
/�v�À�Ì�i�`�>}��Ã�Ã��v�

âÞ}��>Ì�V��>Ý���>ÀÞ�vÀ>VÌÕÀiÃ°���Ü�`�Ãi�«À�Ì�V��Ã�ÜiÀi�>�Ã��V��Ã�`iÀi`�ÃÕvwV�i�Ì�

for treatment management according OMF surgeons. Further research should focus 

���Ì�i�«�Ìi�Ì�>���v��,�>�}�À�Ì��Ã�>�`�Ì�i�>««��V>L���ÌÞ��v���Ü�`�Ãi���
/�>�`�
	
/�

protocols in a clinical environment.
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Abstract

Objectives\�/��µÕ>�Ì�Ì>Ì�Ûi�Þ�>ÃÃiÃÃ�Ì�i���>}i�µÕ>��ÌÞ��v�>`Û>�Vi`���`i�i`��ÌiÀ>Ì�Ûi�
reconstruction and the PixelShineTM deep learning algorithm for the optimization of 

low dose CT protocols in midfacial trauma.

Methods: A total of six fresh frozen human cadaver head specimens were CT 

ÃV>��i`� ÕÃ��}� L�Ì�� ÃÌ>�`>À`� >�`� ��Ü� `�Ãi� ÃV>�� «À�Ì�V��Ã°� 6>ÀÞ��}� �ÌiÀ>Ì�Ûi�

ÀiV��ÃÌÀÕVÌ����ÃÌÀi�}Ì�Ã�ÜiÀi�>««��i`�Ì��ÀiV��ÃÌÀÕVÌ�L��i�>�`�Ã�vÌ�Ì�ÃÃÕi�`>Ì>ÃiÌÃ�

>�`�Ì�iÃi�ÜiÀi�ÃÕLÃiµÕi�Ì�Þ�>««��i`�Ì��>�`ii«��i>À���}�>�}�À�Ì��°�-�}�>��Ì�����Ãi�

>�`�V��ÌÀ>ÃÌ�Ì�����Ãi�À>Ì��Ã�ÜiÀi�V>�VÕ�>Ìi`�v�À�i>V��`>Ì>ÃiÌ�LÞ�ÕÃ��}�Ì�i���>}i�

noise measurements of ten consecutive image slices from a standardized region of 

interest template.

Results:�/�i���Ü�`�Ãi�ÃV>��«À�Ì�V���ÀiÃÕ�Ìi`����>�È£°Ç¯�`iVÀi>Ãi����Ì�i�À>`�>Ì����
`�Ãi°�,>`�>Ì����`�Ãi�Ài`ÕVÌ����Ã�}��wV>�Ì�Þ�Ài`ÕVi`�>�`��ÌiÀ>Ì�Ûi�ÀiV��ÃÌÀÕVÌ����

>�`�Ì�i�`ii«��i>À���}�>�}�À�Ì���Ã�}��wV>�Ì�Þ���«À�Ûi`�V��ÌÀ>ÃÌ�Ì�����Ãi�À>Ì���v�À�

L��i�>�`�Ã�vÌ�Ì�ÃÃÕi�`>Ì>ÃiÌÃ°�/�i�>�}�À�Ì��Ã���«À�Ûi`�Ì�i� ��>}i�µÕ>��ÌÞ�>vÌiÀ�

ÃÕLÃÌ>�Ì�>��`�Ãi�Ài`ÕVÌ���°�/�i���}�iÃÌ�ivviVÌÃ��v�Ã�}�>��Ì�����Ãi�>�`�V��ÌÀ>ÃÌ�Ì��

noise ratio improvement was found using the iterative reconstruction algorithm.

Conclusion: Both advanced modeled iterative reconstruction and deep learning 

>�}�À�Ì��Ã� Ã�}��wV>�Ì�Þ� ��«À�Ûi� ��>}i�µÕ>��ÌÞ� >vÌiÀ� ÃÕLÃÌ>�Ì�>�� À>`�>Ì����`�Ãi�

reduction.
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Introduction

CT has evolved as the imaging modality of choice for the assessment of maxillofacial 

���ÕÀÞ°����ÀiVi�Ì�Þi>ÀÃ]�«>ÀÌ�VÕ�>À�>ÌÌi�Ì�����>Ã�Lii��`�ÀiVÌi`�Ì�Ü>À`Ã�Ì�i�ivviVÌÃ�

of radiation exposure within this population of patients. Novel reconstruction 

>�}�À�Ì��Ã��>Ûi�Lii��«À�«�Ãi`�Ì���«Ì���âi�>�`�Ài`ÕVi�Ì�i�À>`�>Ì����`�Ãi��v�Ì�iÃi�

CT protocols.

In recent years, the iterative reconstruction algorithms and a new deep learning 

>�}�À�Ì����>Ûi�i�iÀ}i`�Ì��«À�Û�`i�ÃÕLÃÌ>�Ì�>����>}i����Ãi�Ài`ÕVÌ�������
/�`>Ì>ÃiÌÃ�
1. First, the iterative reconstruction (IR) algorithm was introduced as an alternative to 

the standard Filtered Back Projection (FBP) reconstruction. To this date, CT vendors 

have released different generations of the IR algorithm 2. First generation algorithms 

ÜiÀi�L>Ãi`����Ì�i���>}i�`��>������Þ]�Ü�iÀi>Ã�ÃiV��`�}i�iÀ>Ì�����À�Ã���}À>��

>vwÀ�i`��ÌiÀ>Ì�Ûi�ÀiV��ÃÌÀÕVÌ����ÕÃiÃ�L�Ì��L>V�Ü>À`�>�`�v�ÀÜ>À`�«À��iVÌ���Ã�Ì��

compute the differences and compare them with the actual measured CT. The 

newest generation, called the full or advanced modeled iterative reconstruction 

is a more complex algorithm that also removes geometric imperfections and has 

system and noise modeling to further decrease the image noise, reduce artifacts 

and improve spatial and contrast resolution 3.

-iV��`]� >� `ii«� �i>À���}� L>Ãi`� «À�Vi`ÕÀi�Ü>Ã� ���Ì�>Ìi`� >Ã� >� «�ÃÌ�«À�ViÃÃ��}�

denoising algorithm. This so called PixelShineTM (PS) algorithm is a software 

ÌiV�����}Þ�`iÛi��«i`�>�`�L>Ãi`����>��>ÀÌ�wV�>���iÕÀ>���iÌÜ�À��Ü��V���Ã�>�`ii«�

�>V���i� �i>À���}� ÌiV���µÕi� Ƃ�}��i`�V>� ��V°]�-Õ��ÞÛ>�i]�
>��v�À��>]�1-Ƃ®°�/�i�

>�}�À�Ì��� �Ã�«À�«À�iÌ>ÀÞ°�/Þ«�V>��`ii«� �i>À���}�ÌiV���µÕiÃ� v�À��i`�V>�� ��>}��}�

often include convolutional neural networks, such as U-Net17 or V-Net16, which 

are used for medical image segmentation 4,5°�/�i��iÌÜ�À��V�>ÃÃ�wiÃ�i>V��Û�Ýi��>Ã�

«>ÀÌ��v�>�Ài}�����v���ÌiÀiÃÌ��À�L>V�}À�Õ�`°�/�i��iÌÜ�À���Ã�ÌÀ>��i`�>Ì�«�Ýi���iÛi��>�`�

detects voxel patterns at different resolution scales to determine whether a pattern 

�Ã����Ãi��À�>�Ài�iÛ>�Ì�ÃÌÀÕVÌÕÀi°�/�i�viÜ�«ÕL��Ã�i`�ÀiÃi>ÀV��«>«iÀÃ�«À�«�Ãi�Ì�>Ì�Ì�i�

>�}�À�Ì���`i���Ãi�`>Ì>ÃiÌÃ�ÃÕLÃÌ>�Ì�>��Þ�6,7. This deep learning type of algorithm 

���Ì�>ÌiÃ�>�V��«�iÌi�Þ��iÜ�V��Vi«Ì�Ài}>À`��}���>}i�µÕ>��ÌÞ��«Ì���â>Ì����>�`�Ã��Õ�`�

Li�vÕÀÌ�iÀ�iÝ«��Ài`°

8
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ƂÃ�}i�iÀ>��Þ����Ü�]�>`iµÕ>Ìi�À>`�>Ì����iÝ«�ÃÕÀi��Ã��ii`i`�Ì��«À�`ÕVi�>VVi«Ì>L�i�

��>}i�µÕ>��ÌÞ°�/��Ã��Ã�>�«ÀiÀiµÕ�Ã�Ìi�v�À�Ì�i�Û�ÃÕ>��â>Ì�����v�vÀ>VÌÕÀiÃ������`v>V�>��ÌÀ>Õ�>�


/]�>Ã�Üi���>Ã� v�À� Ì�i�>ÃÃiÃÃ�i�Ì��v�Ã�vÌ� Ì�ÃÃÕi� ���ÕÀÞ�>�`�ÃÕLÃiµÕi�Ì�ÌÀi>Ì�i�Ì�

�>�>}i�i�Ì°�9iÌ]�Ì�i�«>Ì�i�Ì�À>`�>Ì����`�Ãi�Ã��Õ�`�Li��i«Ì�>Ã���Ü�>Ã�Ài>Ã��>L�Þ�

«�ÃÃ�L�i°�/�i� �,�>�`�*-�>�}�À�Ì��Ã�«�Ìi�Ì�>��Þ� ��«À�Ûi� Ì�i� ��>}i�µÕ>��ÌÞ��v�
/�

`>Ì>ÃiÌÃ�LÕÌ���Ì��ÕV��ÀiÃi>ÀV���>Ã�Lii��Ài«�ÀÌi`����Ì��Ã�Ì�«�V°�/�i�«ÕÀ«�Ãi��v�Ì��Ã�

ÃÌÕ`Þ�Ü>Ã�Ì��µÕ>�Ì�Ì>Ì�Ûi�Þ�>ÃÃiÃÃ�Ì�i���>}i�µÕ>��ÌÞ��v��,�>�`�*-�>�}�À�Ì��Ã�v�À�
/�

«À�Ì�V��Ã������`v>V�>��ÌÀ>Õ�>���>}��}�>vÌiÀ�ÃÕLÃÌ>�Ì�>��Þ�Ài`ÕV��}�Ì�i�À>`�>Ì����`�Ãi°

Material and Methods

/�i�Ü�À�y�Ü��v�Ì�i��>ÌiÀ�>��>�`��iÌ��`�ÃiVÌ�����v�Ì��Ã�ÃÌÕ`Þ��Ã�ÃÕ��>À�âi`����

��}ÕÀi�£½Ã���v�}À>«��V°

Study subjects (I)
-�Ý�vÀiÃ��vÀ�âi���Õ�>��V>`>ÛiÀ��i>`Ã�ÜiÀi��LÌ>��i`�vÀ���Ì�i�>�>Ì��Þ�ÃiVÌ����

of the Department of Neurosciences of the institution (University Medical Center 

�À����}i�®°�/�i�Ã«iV��i�Ã�ÜiÀi��LÌ>��i`�>VV�À`��}�Ì��Ì�i���V>���i}>��>�`�iÌ��V>��

}Õ�`i���iÃ�>Ã�«ÀiÛ��ÕÃ�Þ�`iÃVÀ�Li`����>�`�vviÀi�Ì�ÃÌÕ`Þ�LÞ��ÕÀ�ÀiÃi>ÀV��}À�Õ«�8.

Data acquisition (II)
All the specimens were scanned using a third generation Siemens SOMATOM Force 

scanner (Siemens Healthcare AG, Erlangen, Germany). Each specimen was situated 

���>�wÝi`�«�Ã�Ì����>�`�ÃV>��i`�ÕÃ��}�>��Õ�Ì�ÌÕ`i��v�ÃÌ>�`>À`�âi`�ÃV>�Ã��v� Ì�i�

��`v>V�>��Ài}���°�/�i�ÃV>��À>�}i�Ü>Ã�ÃiÌ�vÀ���Ì�i�Õ««iÀ�L�À`iÀ��v�Ì�i�vÀ��Ì>��Ã��ÕÃ�

Ì��Ì�i�V��«�iÌi��>Ý���>°�-V>�Ã�ÜiÀi�«À�`ÕVi`����L�Ì��Ì�i�ÃÌ>�`>À`�Àiv°��ƂÃ�xä®�

and radiation reduced (ref. mAs 20) scan protocol. All scan parameter details are 

}�Ûi�����/>L�i�£°

Data reconstruction (III)
Ƃ���Ì�i�À>Ü�̀ >Ì>ÃiÌÃ�ÜiÀi�ÀiV��ÃÌÀÕVÌi`�ÕÃ��}�>���`i��L>Ãi`��ÌiÀ>Ì�Ûi�ÀiV��ÃÌÀÕVÌ����

>�}�À�Ì���ÃiÌ�>Ì�ÃÌÀi�}Ì����i]�Ì�Àii�>�`�wÛi�Ƃ���,]�-�i�i�Ã��i>�Ì�V>Ài�Ƃ�®°�

Ƃ���,��>Ã�Õ«� Ì��wÛi�ÃÌÀi�}Ì�� �iÛi�Ã� Ì�>Ì� ÀiÃÕ�Ì� ��� �iÃÃ����Ãi�>�`� ÀiyiVÌ���Ü�

aggressively the algorithm is using IR over FBP during the raw data reconstruction. 

Ƃ���Ì�i�`>Ì>�Ü>Ã�ÀiV��ÃÌÀÕVÌi`�ÕÃ��}�L�Ì��>�L��i��Àx�`®�>�`�Ã�vÌ�Ì�ÃÃÕi��ÀÎÓ`®�

convolution kernel.
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Figure 1: 7�À�y�Ü��v�Ì�i��>ÌiÀ�>��>�`��iÌ��`Ã°

8
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Table 1: CT protocol and reconstruction parameters.

/ÕLi�Û��Ì>}i 80 kV

/ÕLi�VÕÀÀi�Ì���`Õ�>Ì��� CARE Dose4D

+Õ>��ÌÞ�ÀiviÀi�Vi��ƂÃ xä�E�Óä

ADMIRE strength £]�Î�E�x

Field of view 220.0 mm

Collimation 192 x 0,6 mm

Average scan length 118 mm

Slice thickness 0.6 mm

Position increment 0.4 mm

Grayscale depth £Ó�L�Ì

Pitch 0.6

Rotation time 0.5 s

Exposure time 0.5 s

Scan time 3,4 s

Matrix 512 x 512

Reconstruction kernels 	��i��Àx�`�E�-�vÌ�/�ÃÃÕi��ÀÎÓ`

Post-processing PixelShineTM deep learning processing

ƂLLÀiÛ�>Ì���Ã�\�
/�
��«ÕÌi`�/���}À>«�Þ]�Ƃ���,�Ƃ`Û>�Vi`���`i�i`��ÌiÀ>Ì�Ûi�,iV��ÃÌÀÕVÌ���°

Post-processing (IV)
Ƃ���Ì�i�ÀiV��ÃÌÀÕVÌi`�`>Ì>ÃiÌÃ�ÜiÀi�ÃÕL��ÌÌi`�Ì��Ì�i�`ii«��i>À���}�*-�>�}�À�Ì���

Û°£°Ó°xÇ®�v�À�>``�Ì���>�� ��>}i�µÕ>��ÌÞ��«Ì���â>Ì���°�	�Ì��Ì�i�«�ÃÌ�«À�ViÃÃi`�>�`�

original datasets were included for data analysis. All datasets were exported in a 

Digital Imaging and Communications in Medicine (DICOM) standard.

Image quality measurements (V)
Image noise was assessed as HU and standard deviation. ROI measurements were 

performed using a standardized template for each specimen and scan protocol 

ÕÃ��}�Ì�i�*ÞÌ����Ã�vÌÜ>Ài�>««��V>Ì����*ÞÌ����-�vÌÜ>Ài���Õ�`>Ì���]�7�����}Ì��]�

�i�>Ü>Ài]�1-Ƃ°�*ÞÌ�����>�}Õ>}i�,iviÀi�Vi]�ÛiÀÃ����Î°È°£°�ƂÛ>��>L�i�>Ì��ÌÌ«\ÉÉÜÜÜ°

python.org). The standardized template consisted of two homogenous circular ROI 

within each image slice as similary performed in a previous study 9°�/�i�wÀÃÌ�,"���v�

10.0 cm2�Ü>Ã�«�Ã�Ì���i`����Ì�i�«�ÃÌiÀ��À�v�ÃÃ>��v�Ì�i�ViÀiLÀÕ��>�`�Ì�i�ÃiV��`�,"��

of 2.5 cm2]�Ì�i�L>V�}À�Õ�`�ÀiviÀi�Vi]�Ü>Ã�«�Ã�Ì���i`����Ì�i��>ÌiÀ>��>�ÀÃ«>Vi°�/��Ã�

Measurements were performed for 10 image consecutive slices.
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Image quality calculations (VI)
Signal to noise ratios (SNR) and contrast to noise ratios (CNR) were calculated using 

image noise measurements 9,10°�- ,��Ã�>�V������Ü>Þ�Ì��µÕ>�Ì�vÞ���>}i����Ãi�>�`�


 ,�ÀiyiVÌÃ���Ü����Ãi�>vviVÌÃ�Ì�i�>L���ÌÞ�Ì��Ãii�>���L�iVÌ����>����>}i°�/�i�- ,�Ü>Ã�

`iw�i`�>Ã�Ì�i��i>��>ÌÌi�Õ>Ì�����v�Ì�i�ViÀiLÀÕ��,"��̀ �Û�`i`�LÞ��ÌÃ�ÃÌ>�`>À`�̀ iÛ�>Ì���°�

/�i�
 ,�Ü>Ã�`iw�i`�>Ã�Ì�i�`�vviÀi�Vi����Ì�i��i>��>ÌÌi�Õ>Ì�����v�Ì�i�ViÀiLÀÕ��

,"��>�`�Ì�i�>�À�Ã«>Vi�,"��`�Û�`i`�LÞ�Ì�i�ÃµÕ>Ài�À��Ì��v�Ì�i�ÃÕ���v�Ì�i�À�Û>À�>�ViÃ°�

�
��� �	�����������	������������	�
�

�
��� �������������	��������������
��������������������

�

�

Radiation dose estimations
Ƃ��iÃÌ��>Ì�����v�À>`�>Ì����`�Ãi�Ü>Ã�V>�VÕ�>Ìi`�LÞ�iÝÌÀ>VÌ��}�Ì�i�À>`�>Ì����iÝ«�ÃÕÀi�

parameters from the DICOM header for each dataset. The Computed Tomography 

Dose Index (CTDIvol) and scan range for each specimen was used to calculate the 

Dose Length Products (DLP) to compare the radiation dose outcome.

Statistical analysis
The data was analyzed with the Statistical Package for the Social Sciences was 

ÕÃi`�v�À�`>Ì>�>�>�ÞÃ�Ã��	��
�À«°�,i�i>Ãi`�Óä£x°��	��-*--�-Ì>Ì�ÃÌ�VÃ�v�À�7��`�ÜÃ]�

Version 23.0.) Boxplots were used to visualize the SNR and CNR outcomes. SNR 

>�`�
 ,���À�>��Ì�iÃ�ÜiÀi�iÝ>���i`�Û�>�Ì�i������}�À�Û�-��À��Û�ÌiÃÌ�>�`�Ì�i�+�+�

«��ÌÃ°����i>À���Ýi`���`i�Ã�ÜiÀi�ÕÃi`�Ì��«Ài`�VÌ�Ì�i�wÝi`�ivviVÌÃ��v�À>`�>Ì����`�Ãi�

Ài`ÕVÌ���]��,�ÃÌÀi�}Ì��>�`�Ì�i�ÕÃi��v�Ì�i�*-�>�}�À�Ì��������>}i�µÕ>��ÌÞ��ÕÌV��iÃ�

Ü���i�>VV�Õ�Ì��}�v�À�Ài«i>Ìi`��i>ÃÕÀiÃ�Ü�Ì����i>V��Õ��µÕi�`>Ì>ÃiÌ°�/�i�ÀiviÀi�Vi�

categories of the analyses were: low dose reference mAs 20 scan protocol, ADMIRE 

ÃÌÀi�}Ì��£�>�`����ÕÃi��v�*-°�/�i�Ã�}��wV>�Vi��iÛi��Ü>Ã�ÃiÌ�>Ì�x¯°

8
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Results

Ƃ�Ì�Ì>���v�Ó{�Õ��µÕi�`>Ì>ÃiÌÃ�ÜiÀi�ÀiV��ÃÌÀÕVÌi`�v�À�i>V��Ã«iV��i�°�,i«i>Ìi`�

image noise measurements were taken from a total of 1440 image slices.

SNR and CNR outcomes
The means and standard deviations of the noise, SNR and CNR outcomes are 

«ÀiÃi�Ìi`����/>L�i�Ó°���Ãi�Ài`ÕVÌ���]��,�ÃÌÀi�}Ì��>�`�Ì�i�*-�>�}�À�Ì�����yÕi�Vi`�

the HU. The SNR and CNR outcomes of the soft tissue datasets were superior to the 

L��i�`>Ì>ÃiÌÃ°�"ÛiÀ>��]�>�À>`�>Ì����`�Ãi�Ài`ÕVÌ����vÀ���Ì�i�ÀiviÀi�Vi��ƂÃ�xä�Ì��Ì�i�

reference mAs 20 protocol resulted in decreased SNR and CNR outcomes. The SNR 

�v�Ì�i�L��i�`>Ì>ÃiÌÃ�Ìi�`i`�Ì����VÀi>Ãi�Ã��}�Ì�Þ°�/�i�Ài`ÕVi`�À>`�>Ì����`�Ãi�Ü>Ã�

iµÕ�Û>�i�Ì�Ì��>�È£°Ç¯�`iVÀi>Ãi��v�Ì�i���*�/>L�i�Ó®°�,>�Ã��}�Ì�i��,�ÃÌÀi�}Ì����«À�Ûi`�

the SNR and CNR outcomes of all the datasets, especially the soft tissue datasets. The 

use of the PS algorithms further increased the SNR and CNR of all the datasets (Figure 

Ó®°�/�iÃi�ivviVÌÃ�>Ài�V�i>À�Þ����ÕÃÌÀ>Ìi`������}ÕÀi�Î�LÞ�Ì�i�L�Ý«��ÌÃ��v�Ì�i�- ,�>�`�


 ,�V��«>À�Ã����v�i>V��ÃV>��«À�Ì�V��°�/�i��,�ÃÌÀi�}Ì��wÛi�ÀiV��ÃÌÀÕVÌi`�`>Ì>ÃiÌÃ�

>�`�Ì�i�>``�Ì���>��ÕÃi��v�Ì�i�*-�>�}�À�Ì���}>Ûi�Ì�i�LiÃÌ�- ,�>�`�
 ,��ÕÌV��iÃ°�

The IR and PS algorithm improved the SNR and CNR to an extent that the outcomes 

for the reduced radiation protocol were well in range of the standard protocol.

Linear mixed model analysis outcomes
/�i�ÀiÃÕ�ÌÃ��v�Ì�i����i>À���Ýi`���`i�Ã�>�>�ÞÃ�Ã�>Ài�«ÀiÃi�Ìi`����/>L�i�Î°�Ƃ�À>`�>Ì����

dose reduction, from the standard to the low dose protocol, did not decrease 

Ì�i�- ,��v� Ì�i�L��i�`>Ì>ÃiÌÃ� Ã�}��wV>�Ì�Þ]�LÕÌ� �Ì�ViÀÌ>���Þ�`iVÀi>Ãi`� Ì�i�
 ,�

Ã�}��wV>�Ì�Þ°�,>�Ã��}�Ì�i��,�ÃÌÀi�}Ì��vÀ�����i�Ì��Ì�Àii�>�`�vÀ�����i�Ì��wÛi�Ü>Ã�

Ã�}��wV>�Ì�Þ�>ÃÃ�V�>Ìi`�Ü�Ì��L�Ì��Ì�i�- ,�>�`�
 ,��v�Ì�i�L��i�`>Ì>ÃiÌÃ°�Ƃ�Ã�]�Ì�i�

ÕÃi��v�Ì�i�*-�>�}�À�Ì���Ü>Ã�Ã�}��wV>�Ì�Þ�>ÃÃ�V�>Ìi`�Ü�Ì��L�Ì��Ì�i�- ,�>�`�
 ,�

L��i�`>Ì>ÃiÌ��ÕÌV��iÃ°�	>Ãi`����Ì�i�iÃÌ��>ÌiÃ]�Ì�i�ivviVÌÃ��v��,�ÃÌÀi�}Ì��>�`�ÕÃi�

of PS far outreach the effects of radiation dose on SNR and CNR outcome.

,i}>À`��}�Ì�i�Ã�vÌ� Ì�ÃÃÕi�`>Ì>ÃiÌÃ]� Ì�iÀi�Ü>Ã�>�Ã�}��wV>�Ì�>ÃÃ�V�>Ì����LiÌÜii��

L�Ì��- ,�>�`�
 ,�>�`�À>`�>Ì����`�Ãi�Ài`ÕVÌ���]�À>�Ã��}�Ì�i��,�ÃÌÀi�}Ì��>�`�Ì�i�

use of the PS algorithm. Based on the estimates, the effects of these predictors 

>Ài�ÃÕLÃÌ>�Ì�>��Þ��>À}iÀ�v�À�Ì�i�Ã�vÌ�Ì�ÃÃÕi�`>Ì>ÃiÌÃ�Ì�>��v�À�Ì�i�L��i�`>Ì>ÃiÌÃ°�/�i�

��}�iÃÌ�iÃÌ��>ÌiÃ�ÜiÀi�v�Õ�`����À>�Ã��}�Ì�i��,�ÃÌÀi�}Ì��vÀ�����i�Ì��wÛi°
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Figure 2: Visual presentation of ADMIRE iterative reconstruction and PixelShineTM deep learning algorithms 
v�À�L��i�Ƃ®�>�`�Ã�vÌ�Ì�ÃÃÕi�	®�ÀiV��ÃÌÀÕVÌi`�`>Ì>ÃiÌÃ°°
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Figure 3: Boxplots comparison of contrast to noise ratio and signal to noise ratio outcomes.

8
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Discussion

/��Ã��Ã�Ì�i�wÀÃÌ�ÃÌÕ`Þ�Ì��>ÃÃiÃÃ�Ì�i�ÕÃi��v��,�>�`�*-�>�}�À�Ì��Ã�Ì����«À�Ûi���>}i�

µÕ>��ÌÞ�>vÌiÀ�ÃÕLÃÌ>�Ì�>��À>`�>Ì����`�Ãi�Ài`ÕVÌ����v�À�
/�«À�Ì�V��Ã�Ì��>ÃÃiÃÃ���`v>V�>��

trauma. This study demonstrated that radiation dose reduction, raising the IR 

ÃÌÀi�}Ì��>�`�Ì�i�ÕÃi��v�Ì�i�*-�>�}�À�Ì���ÜiÀi�>���Ã�}��wV>�Ì�Þ�>ÃÃ�V�>Ìi`�Ü�Ì��- ,�

and CNR as outcomes. Most important, the decrease of SNR and CNR due to 

À>`�>Ì����`�Ãi�Ài`ÕVÌ����Ü>Ã�ÃÕLÃÌ>�Ì�>��Þ���«À�Ûi`�ÕÃ��}�Ì�i��,�>�`�*-�>�}�À�Ì��Ã°

In the past decades, CT has grown as a routine imaging method for the assessment 

�v��>Ý����v>V�>�����ÕÀÞ°�/�i�`�>}��ÃÌ�V�µÕ>��ÌÞ�>�`���VÀi>Ãi`�>Û>��>L���ÌÞ�Ü�Ì����Ì�i�

i�iÀ}i�VÞ�`i«>ÀÌ�i�Ì��>Ã� �i`�Ì�� ��VÀi>Ãi`��Õ�LiÀ��v�
/�iÝ>���>Ì���Ã°�ƂÃ�>�

result, there is an increasing concern regarding the associated radiation exposure 

within this population of patients 11. In this study, the estimated radiation dose of 

Ì�i���Ü�`�Ãi�
/�«À�Ì�V��Ã�ÜiÀi�V��«>À>L�i�Ì��>��Ì�iÀ��Õ�>��V>`>ÛiÀ�ÃÌÕ`Þ�Ü�iÀi�

a variety scan protocols for maxillofacial fractures was assessed 12.

7i�>�>�ÞÃi`�L�Ì��`>Ì>ÃiÌÃ�Ì�>Ì�ÜiÀi�ÀiV��ÃÌÀÕVÌi`�ÕÃ��}�L��i�>�`�Ã�vÌ� Ì�ÃÃÕi�

�iÀ�i�Ã°�	��i�`>Ì>ÃiÌÃ�vi>ÌÕÀi���}�iÀ���>}i����Ãi�`Õi�Ì��Ì�i�Ã��ViÃ�Li��}�Ì����iÀ�

>�`�Ì�i���}��Ã«>Ì�>��ÀiÃ��ÕÌ���°�-ÕV��>�Ã�>À«�V�>À>VÌiÀ�ÃÌ�V��Ã�ÀiµÕ�Ài`�Ì��Û�ÃÕ>��Ãi�

vÀ>VÌÕÀiÃ�>Ã�Ã�>���L��Þ�`�ÃV��Ì��Õ�Ì�iÃ°����Ì��Ã�ÃÌÕ`Þ]�Ì�i��,�>�`�*-���«À�Ûi`�Ì�i�- ,�

>�`�
 ,�>vÌiÀ�>�ÃÕLÃÌ>�Ì�>��Ài`ÕVÌ�������À>`�>Ì����`�Ãi°�/�iÃi�w�`��}Ã�>Ài�������i�

Ü�Ì��«ÀiÛ��ÕÃ�ÀiÃi>ÀV��Ü�iÀi�>�ÃÕLÃÌ>�Ì�>����«À�Ûi�i�Ì����
 ,�Ü>Ã�v�Õ�`�ÕÃ��}�

>`>«Ì�Ûi�ÃÌ>Ì�ÃÌ�V>��>�`���`i��L>Ãi`��,�v�À�L��i��iÀ�i��ÀiV��ÃÌÀÕVÌi`�`>Ì>ÃiÌÃ�13. 

��>}i����Ãi���«À�Ûi�i�Ì��Ã�v>Û�ÕÀ>L�i�v�À�vÀ>VÌÕÀi�`�>}��Ã�Ã�>�`�«ÀiÛ��ÕÃ�V>`>ÛiÀ]�

«�>�Ì���>�`���`Õ�>Ì����ÌÀ>�ÃviÀ�vÕ�VÌ����ÃÌÕ`�iÃ�LÞ��Ì�iÀ��,��>�Õv>VÌÕÀiÀÃ�>�Ã��

evidenced that spatial resolution is maintained after radiation dose reduction 14–16. A 

���Ü��`�Ã>`Û>�Ì>}i��v��,�ÀiV��ÃÌÀÕVÌi`�L��i�`>Ì>ÃiÌÃ��Ã�Ì�i����}iÀ�ÀiV��ÃÌÀÕVÌ����

Ì��i�>�`�Ì�>Ì�Ì�i� ��ÌiÀ«ÀiÌ>Ì���� �Ã�V��«��V>Ìi`�LÞ�Ì�i�Ü>ÝÞ��À�«�Ýi�>Ìi`���>}i�

appearance 17. This image appearance is not found when using the PS algorithm. 

Ƃ}>��ÃÌ�iÝ«iVÌ>Ì���Ã]�Ì��Ã�ÃÌÕ`Þ����Þ��LÌ>��i`���}�iÀ�- ,�>�`�
 ,��ÕÌV��iÃ�v�À�

Ì�i�L��i�`>Ì>ÃiÌÃ����V��«>À��}�Ì�i�Ài`ÕVi`�À>`�>Ì����«À�Ì�V���Ü�Ì��Ì�i�ÃÌ>�`>À`�

«À�Ì�V��°�/��Ã�w�`��}�ÃÕ}}iÃÌÃ�Ì�>Ì�Ì�i�`i���Ã��}�V>«>L���Ì�iÃ��v�Ì��Ã�>�}�À�Ì���>Ài�

stronger for datasets with high image noise. As the exact architecture of the PS 

>�}�À�Ì����Ã��>���Þ�Õ����Ü�]����V�i>À�iÝ«�>�>Ì����V�Õ�`�Li�v�Õ�`�v�À�Ì��Ã��ÕÌV��i°

8
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-�vÌ� Ì�ÃÃÕi�`>Ì>ÃiÌÃ�>Ài�>««ÀiV�>Ìi`� v�À� Ì�i�>L���ÌÞ� Ì��Û�ÃÕ>��âi� Ì�i� ��ÌÀ>��ÀL�Ì>��

contents of midfacial trauma. Midfacial fractures are associated with soft tissue 

related injuries, such as entrapment of the rectus muscles. The low contrast 

`iÌiVÌ>L���ÌÞ��v�Ì�i�Ã�vÌ�Ì�ÃÃÕi�`>Ì>ÃiÌÃ� �Ã��iViÃÃ>ÀÞ� ����À`iÀ�Ì��`�vviÀi�Ì�>Ìi�Ì�i�

V��Ãi�Þ�Ài�>Ìi`�`i�Ã�Ì�iÃ��v�Ì�i���ÌÀ>��ÀL�Ì>��>�>Ì��Þ°�/��Ã�ÃÌÕ`Þ�Ã��ÜÃ�Ì�>Ì�Ì�iÀi�

�Ã�>�Ã��>�Ã�}��wV>�Ì�>ÃÃ�V�>Ì����LiÌÜii��À>`�>Ì����`�Ãi�Ài`ÕVÌ���]��,�ÃÌÀi�}Ì��>�`�

*-�>�}�À�Ì��]�>�`�L�Ì��- ,�>�`�
 ,�v�À�Ì�i�Ã�vÌ�Ì�ÃÃÕi�`>Ì>ÃiÌÃ°�/�i�Ã�vÌ�Ì�ÃÃÕi�

datasets were more prone to a decrease in SNR and CNR following a decrease in 

À>`�>Ì����`�Ãi]�V��«>Ài`�Ì��Ì�i�L��i�`>Ì>ÃiÌÃ°�/�i�`iVÀi>Ãi� ���- ,�>�`�
 ,�

seems to maintain with the standalone use of the IR, raising the strength from one 

Ì��wÛi]�>vÌiÀ�À>`�>Ì����`�Ãi�Ài`ÕVÌ���°�Ƃ�«À��À�ÃÌÕ`Þ�>�Ã��v�Õ�`�Ì�>Ì�L�Ì��>`>«Ì�Ûi�

ÃÌ>Ì�ÃÌ�V>���,�>�`���`i��L>Ãi`��,��>`�>�Ã�}��wV>�Ì�Þ�LiÌÌiÀ�
 ,�Ì�>���	*�v�À�Ì�i�

optic nerve and inferior rectus muscle 18. Other studies provided a potential for 

radiation dose reduction using an IR algorithm for soft tissue datasets of cranial 

CTs 19,20°�Ƃ�Ì��Õ}�����Ì��Ã�ÃÌÕ`Þ]�Ì�i�*-�>�}�À�Ì���Ã�}��wV>�Ì�Þ� ��«À�Ûi`�Ì�i�Ã�vÌ�

Ì�ÃÃÕi�`>Ì>ÃiÌÃ]�Ì�i�ÃÌ>�`>���i�ÕÃi�`�`���Ì�Ãii��Ì���>��Ì>���Ì�i� ��>}i�µÕ>��ÌÞ�

after radiation dose reduction. Nevertheless, it provides important evidence that 

Ì��Ã���Ûi��`ii«��i>À���}�L>Ãi`�ÌiV�����}Þ��Ã�>L�i�Ì��`i���Ãi�L�Ì��L��i�>�`�Ã�vÌ�

Ì�ÃÃÕi��iÀ�i��ÀiV��ÃÌÀÕVÌi`�`>Ì>ÃiÌÃ�ÃÕLÃÌ>�Ì�>��Þ°

This study has limitations. Human cadaver specimens were used as representations 

of patient cases. The post mortem status of the fresh frozen specimens could have 

Ã�iÜi`�Ì�i���ÌiÀ«ÀiÌ>L���ÌÞ��v�Ì�i�`>Ì>ÃiÌÃ�>�`�Ì�i�À>`�>Ì����`�Ãi��ÕÌV��iÃ�V�Õ�`�

�>Ûi�Lii��Õ�`iÀiÃÌ��>Ìi`°� iÛiÀÌ�i�iÃÃ]�Ì��Ã�>««À�>V��>���ÜÃ�>�Ài��>L�i�V��«>À�Ã���

�v���>}i�µÕ>��ÌÞ��ÕÌV��i°�Ƃ��Ì�iÀ�����Ì>Ì�����Ã�Ì�>Ì�Ì�i�- ,�>�`�
 ,�ÜiÀi�Ì�i����Þ�

ÕÃi`�«>À>�iÌiÀÃ�>Ã�>���ÕÌV��i��v� ��>}i�µÕ>��ÌÞ°�Ƃ�Ì��Õ}��Ì�iÃi��ÕÌV��iÃ�>Ài�

Ü�`i�Þ�>VVi«Ìi`�Ü�i��>ÃÃiÃÃ��}����Ãi�Ài�>Ìi`���>}i�µÕ>��ÌÞ]����`�ÀiVÌ�>ÃÃÕ�«Ì���Ã�

V>�� Li��>`i� Ài}>À`��}� Ì�i� ivviVÌÃ� ��� `�>}��ÃÌ�V� �ÕÌV��i°� /�iÀiv�Ài]� vÕÌÕÀi�

ÀiÃi>ÀV��Ã��Õ�`�v�VÕÃ������Ü�Ì�iÃi�>�}�À�Ì��Ã�>vviVÌ��iÃ����`iÌiVÌ>L���ÌÞ°�Ƃ�«À��À��

���Ü�i`}i��v�Ì�i�>�}�À�Ì���V>«>L���Ì�iÃ��Ã��ii`i`�Ì���«Ì���âi�Ì�i�À>`�>Ì����`�Ãi��v�

CT protocols in relation to midfacial trauma. Future research should also focus on 

the use of these algorithms for low dose CT protocols in paediatrics, orthodontics 

and artefact reduction.
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��� V��V�ÕÃ���]� L�Ì�� >`Û>�Vi`���`i�� L>Ãi`� �,� >�`� *-� >�}�À�Ì��Ã� Ã�}��wV>�Ì�Þ�

��«À�Ûi�- ,�>�`�
 ,��v�L��i�>�`�Ã�vÌ�Ì�ÃÃÕi�`>Ì>ÃiÌÃ�v�À�
/�«À�Ì�V��Ã�ÕÃi`�v�À�

midfacial trauma. Improvements in SNR and CNR were particularly found for the soft 

Ì�ÃÃÕi�`>Ì>ÃiÌÃ°�/�i�>�}�À�Ì��Ã�«À�Û�`i�«�Ìi�Ì�>��Ì���>��Ì>�����>}i�µÕ>��ÌÞ�>vÌiÀ�

ÃÕLÃÌ>�Ì�>��À>`�>Ì����`�Ãi�Ài`ÕVÌ���°

8
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Abstract

Objective: The structural similarity index metric is used to measure the similarity 

LiÌÜii��ÌÜ����>}iÃ°�/�i�>����iÀi�Ü>Ã�Ì��ÃÌÕ`Þ�Ì�i�vi>Ã�L���ÌÞ��v�Ì��Ã��iÌÀ�V�Ì��

measure the structural similarity and fracture characteristics of midfacial fractures in 

CT datasets following radiation dose reduction, iterative reconstruction and deep 

learning reconstruction.

Methods:�<Þ}��>Ì�V��>Ý���>ÀÞ� vÀ>VÌÕÀiÃ�ÜiÀi� ��y�VÌi`���� v�ÕÀ��Õ�>��V>`>ÛiÀ�
specimen and scanned with standard and low dose CT protocols. Datasets 

were reconstructed using varying strengths of iterative reconstruction and the 

ÃÕLÃiµÕi�Ì�Þ�>««�Þ��}�Ì�i�*�Ýi�-���iTM deep learning algorithm as post processing. 

Individual small and non-dislocated fractures were selected for the data analysis. 

After attenuating the osseous anatomy of interest, registration was performed to 

ÃÕ«iÀ��«�Ãi�Ì�i�`>Ì>ÃiÌÃ�>�`�ÃÕLÃiµÕi�Ì�Þ�Ì���i>ÃÕÀi�LÞ�ÃÌÀÕVÌÕÀ>����>}i�µÕ>��ÌÞ°�


�>�}iÃ�Ì��Ì�i�vÀ>VÌÕÀi�V�>À>VÌiÀ�ÃÌ�VÃ�ÜiÀi��i>ÃÕÀi`�LÞ�V��«>À��}�i>V��vÀ>VÌÕÀi�

to the mirrored contralateral anatomy.

Results: Twelve fracture locations were included in the data analysis. The most 

ÃÌÀÕVÌÕÀ>����>}i�µÕ>��ÌÞ�V�>�}iÃ��VVÕÀÀi`�Ü�Ì��À>`�>Ì����`�Ãi�Ài`ÕVÌ����ä°�nääÎÈ�

± 0.011904), whilst the effects of iterative reconstruction strength (0.995399 ± 

0.001059) and the deep learning algorithm (0.999996 ± 0.000002) were small. 

Radiation dose reduction and iterative reconstruction strength tended to affect the 

vÀ>VÌÕÀi�V�>À>VÌiÀ�ÃÌ�VÃ°�	�Ì��Ì�i�ÃÌÀÕVÌÕÀ>����>}i�µÕ>��ÌÞ�>�`�vÀ>VÌÕÀi�V�>À>VÌiÀ�ÃÌ�VÃ�

ÜiÀi���Ì�>vviVÌi`�LÞ�Ì�i�ÕÃi��v�Ì�i�`ii«��i>À���}�>�}�À�Ì��°

Conclusion:�Û�`i�Vi��Ã�«À�Û�`i`�v�À�Ì�i�vi>Ã�L���ÌÞ��v�ÕÃ��}�Ì�i�ÃÌÀÕVÌÕÀ>��Ã����>À�ÌÞ�
��`iÝ��iÌÀ�V�v�À�Ì�i�>�>�ÞÃ�Ã��v�ÃÌÀÕVÌÕÀ>����>}i�µÕ>��ÌÞ�>�`�vÀ>VÌÕÀi�V�>À>VÌiÀ�ÃÌ�VÃ°
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Introduction

Computed Tomography (CT) is the routine imaging method of choice for the 

diagnosis of midfacial fractures in emergency department patients 1. Unfortunately, 

�LÌ>����}�>�}��`�µÕ>��ÌÞ���>}i���Û��ÛiÃ�>�ÃÕLÃÌ>�Ì�>��À>`�>Ì����`�Ãi�1,2. However, 

�ÌiÀ>Ì�Ûi�ÀiV��ÃÌÀÕVÌ�����,®�>�`�`ii«��i>À���}�>�}�À�Ì��Ã��>Ûi�Lii��«À�«�Ãi`�Ì��

�>��Ì>�����>}i�µÕ>��ÌÞ����Ài`ÕV��}�Ì�i�À>`�>Ì����`�Ãi�1,3.

/�i��,�>�}�À�Ì���Ü>Ã�`iÛi��«i`�Ì�� ��«À�Ûi�Ì�i� ��>}i�µÕ>��ÌÞ��v�ÀiV��ÃÌÀÕVÌi`�

`>Ì>ÃiÌÃ�LÞ�«À�`ÕV��}���>}i�`>Ì>�Ì�>Ì�>VVÕÀ>Ìi�Þ�V�ÀÀiÃ«��`Ã�Ì��Ì�i��i>ÃÕÀi`�

projection data 4°�/�i���ÃÌ�ÀiVi�Ì� vÕ�����`i��L>Ãi`��,�>�}�À�Ì�����Û��ÛiÃ�L�Ì��

L>V�Ü>À`�>�`� v�ÀÜ>À`�«À��iVÌ���°�/��Ã� V��«�iÝ� >�}�À�Ì���ÕÃiÃ� Ì�i�`�vviÀi�Vi�

LiÌÜii��>��iÃÌ��>Ì�����v�Ì�i�À>Ü�`>Ì>�>�`�Ì�i�Ài>���i>ÃÕÀi`�`>Ì>�vÀ���Ì�i���>}��}�

system to reduce the image noise in successive iterations 5.

Recently, deep learning processing was proposed as a completely new strategy 

Ì�� �«Ì���âi� Ì�i� ��>}i� µÕ>��ÌÞ� �v� ÀiV��ÃÌÀÕVÌi`� 
/� `>Ì>ÃiÌÃ°� /�i� «À�«À�iÌ>ÀÞ�

PixelShineTM (PS) >�}�À�Ì����Ã�>�Ã�vÌÜ>Ài�ÌiV�����}Þ�L>Ãi`����>�`ii«]�>ÀÌ�wV�>���iÕÀ>��

�iÌÜ�À��Ƃ�}��i`�V>���V°]�-Õ��ÞÛ>�i]�
>��v�À��>]�1��Ìi`�-Ì>ÌiÃ®°�/�i�>ÀÌ�wV�>���iÕÀ>��

�iÌÜ�À���Ã�ÌÀ>��i`�>Ì�«�Ýi���iÛi��>�`��i>À�Ã�Ì�i�Ài�>Ì���Ã��«�LiÌÜii��L>Ãi���i�>�`���Ü�

`�Ãi�̀ >Ì>ÃiÌÃ�Ì��̀ iÌiÀ���i�>�vÕ�VÌ����Ì�>Ì���«À�ÛiÃ�Ì�i���>}i�µÕ>��ÌÞ��v�Ì�i�̀ >Ì>ÃiÌ°

���>�«ÀiÛ��ÕÃ�ÃÌÕ`Þ�LÞ��ÕÀ�ÀiÃi>ÀV��}À�Õ«]�Üi�v�Õ�`�Ì�>Ì�L�Ì��Ì�i�>`Û>�Vi`���`i�i`�

�,�>�`�Ì�i�*-�>�}�À�Ì���ÃÕLÃÌ>�Ì�>��Þ���«À�Ûi�Ì�i����Ãi�Ài�>Ìi`���>}i�µÕ>��ÌÞ��v�
/�

protocols for maxillofacial trauma 3. Although outcomes such as the signal-to-noise 

>�`�V��ÌÀ>ÃÌ�Ì�����Ãi�À>Ì���µÕ>�Ì�vÞ� ��>}i����Ãi]�Ì�iÞ�>Ài���Ì�`�ÀiVÌ�Þ�Ài�>Ìi`�Ì��

how the fracture visualization is affected. The same is true for other more complex 

�iÌÀ�VÃ�ÃÕV��>Ã����Ãi�«�ÜiÀ�Ã«iVÌÀÕ�� *-®]����Ãi�iµÕ�Û>�i�Ì�µÕ>�Ì>� +®]�Ì�i�

��`Õ�>Ì����ÌÀ>�ÃviÀ�vÕ�VÌ�����/�®�>�`�`iÌiVÌ�Ûi�µÕ>�ÌÕ��ivwV�i�VÞ��+®�Ü��V��

are related more to the image formation process of the system 6. Thus, human 

�LÃiÀÛiÀ�ÃÌÕ`�iÃ�ÜiÀi�`iÃ�}�i`�Ì��«iÀv�À��>�Ã«iV�wV�Ì>Ã���À�Ì��µÕ>�Ì�vÞ�Ì�i���>}i�

µÕ>��ÌÞ�ÕÃ��}�>�V��w`i�Vi�À>Ì��}�ÃV>�i°���ÜiÛiÀ]��Õ�>���LÃiÀÛiÀ�ÃÌÕ`�iÃ�>Ài�«À��i�

Ì��Ì�i��>ÌÕÀ>������Ì>Ì���Ã��v�«iÀVi«Ì����>�`��LÃiÀÛiÀ�«Ài`�VÌ���Ã�L�>Ã°�/�iÀiv�Ài]�

the Structural Similarity Index Metric (SSIM) was developed for the assessment of 

��>}i�µÕ>��ÌÞ�7,8.

9
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--��� �i>ÃÕÀiÃ� Ì�i� Ã����>À�ÌÞ� LiÌÜii�� ÌÜ�� ��>}iÃ°� �Ì� �Ã� L>Ãi`� ��� �Õ���>�Vi�

differences, contrast differences and structural variations and ranges from minus 

one (opposite contrast) to zero (completely different) to one (completely identical) 
6. Later, a multi-scale structural similarity approach (MS-SSIM) was proposed for the 

>ÃÃiÃÃ�i�Ì��v�À>`����}�V>����>}iÃ°��Ì�Ã��Õ�>ÌiÃ�̀ �vviÀi�Ì�Ã«>Ì�>��ÀiÃ��ÕÌ���Ã�LÞ��ÌiÀ>Ì�Ûi�

downsampling and weighting the different values of each component 9. The aim of our 

ÃÌÕ`Þ�Ü>Ã�Ì��>ÃÃiÃÃ�Ì�i�vi>Ã�L���ÌÞ��v�Ì��Ã��iÌÀ�V�Ì���i>ÃÕÀi�Ì�i�ÃÌÀÕVÌÕÀ>����>}i�µÕ>��ÌÞ�

and fracture characteristics of midfacial fractures. These measures were assessed with 

reduced scan radiation dose protocols, and iterative reconstruction and deep learning 

ÀiV��ÃÌÀÕVÌ����>�}�À�Ì��Ã�ÜiÀi�ÕÃi`�v�À���>}i�µÕ>��ÌÞ��«Ì���â>Ì���°

Material and Methods

Human cadaver specimen
Ƃ�Ãi�iVÌ�����v�v�ÕÀ�vÀiÃ��vÀ�âi���Õ�>��V>`>ÛiÀ�Ã«iV��i�Ã�ÜiÀi��LÌ>��i`�vÀ���Ì�i�

anatomy section of the Department of Neurosciences of the University Medical 

Center Groningen (University of Groningen, Groningen, the Netherlands), in 

>VV�À`>�Vi�Ü�Ì���ÕÀ���ÃÌ�ÌÕÌi½Ã�Ài}Õ�>Ì���Ã°�/�i�ÃÌÕ`Þ�Ü>Ã�V��`ÕVÌi`����>VV�À`>�Vi�

with the Declaration of Helsinki (as revised in 2013).

#TVKƂEKCN�KPƃKEVKQP�QH�HTCEVWTGU
1���>ÌiÀ>��âÞ}��>Ì�V��>Ý���>ÀÞ�vÀ>VÌÕÀiÃ�ÜiÀi���y�VÌi`����i>V��Ã«iV��i��ÕÃ��}�>��

iÝ«iÀ��i�Ì>��`iÃ�}��Ü�iÀiLÞ�>�vÀii�v>����}��>ÃÃ�Ü>Ã�ÕÃi`�Ì��Ã��Õ�>Ìi�>�L�Õ�Ì�v>V�>��

ÌÀ>Õ�>°����Ì��Ã�iÝ«iÀ��i�Ì]�Ì�i�L���iV�>��V>��Ì��iÀ>�Vi��v�Ì�i�âÞ}��>Ì�V��>Ý���>ÀÞ�

complex to small and non-dislocated fractures was studied. More details regarding 

Ì��Ã�iÝ«iÀ��i�Ì>��>««À�>V��ÜiÀi�`iÃVÀ�Li`�«ÀiÛ��ÕÃ�Þ�LÞ��ÕÀ�ÀiÃi>ÀV��}À�Õ«�10.

Computer Tomography imaging
The specimens were scanned using a third generation Siemens SOMATOM Force 

Computed Tomography (CT) scanner (Siemens Healthcare AG, Erlangen, Germany). 

>V��Ã«iV��i��Ü>Ã�ÃV>��i`�ÕÃ��}�L�Ì��>�ÃÌ>�`>À`��>Ý����v>V�>��ÌÀ>Õ�>�«À�Ì�V���

(ref mAs 50) and a reduced radiation dose reduced protocol where the reference 

�ƂÃ�Ü>Ã�Ài`ÕVi`�Ì��Ì�i���ÜiÃÌ�����Ì�Àiv��ƂÃ�Óä®°�/�i�À>Ü�`>Ì>��v�L�Ì��«À�Ì�V��Ã�

ÜiÀi�ÀiV��ÃÌÀÕVÌi`�ÕÃ��}�>���`i��L>Ãi`��ÌiÀ>Ì�Ûi�ÀiV��ÃÌÀÕVÌ����>�}�À�Ì���Ü�Ì��

ÃÌÀi�}Ì�Ã��v���i]� Ì�Àii�>�`�wÛi]� Ì�i� �>ÌÌiÀ�Li��}�Ì�i���}�iÃÌ�ÃÌÀi�}Ì��«�ÃÃ�L�i�

Ƃ���,]�-�i�i�Ã��i>�Ì�V>Ài�Ƃ�]�À�>�}i�]��iÀ�>�Þ®�>�`�Ì�i��Àx�`�L��i��iÀ�i�°�
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-ÕLÃiµÕi�Ì�Þ]�>���Ì�i�`>Ì>ÃiÌÃ�ÜiÀi�ÃÕL�iVÌi`�Ì��Ì�i�`ii«��i>À���}�*-�>�}�À�Ì���

Û°£°Ó°xÇ®� Ì�� ��«À�Ûi� Ì�i� ��>}i�µÕ>��ÌÞ� vÕÀÌ�iÀ°�/�i�`>Ì>ÃiÌÃ�ÜiÀi�>���iÝ«�ÀÌi`�

according to the Digital Imaging and Communications in Medicine (DICOM) 

ÃÌ>�`>À`°�/�i�>VµÕ�Ã�Ì����>�`�ÀiV��ÃÌÀÕVÌ����«>À>�iÌiÀÃ�>Ài�ÃÕ��>À�âi`����/>L�i�£°

Table 1�\�-�i�i�Ã�-"�Ƃ/"����ÀVi�
/�>VµÕ�Ã�Ì����>�`�ÀiV��ÃÌÀÕVÌ����«>À>�iÌiÀÃ

/ÕLi�Û��Ì>}i 80 kV

/ÕLi�VÕÀÀi�Ì���`Õ�>Ì��� CARE Dose4D

+Õ>��ÌÞ�ÀiviÀi�Vi��ƂÃ xä�E�Óä

ADMIRE Strength £]�Î�E�x

Field of view 220.0 mm

Collimation 192 x 0,6 mm

Average scan length 118 mm

Slice thickness 0.6 mm

Position increment 0.4 mm

Grayscale depth £Ó�L�Ì

Pitch 0.6

Rotation time 0.5 s

Exposure time 0.5 s

Scan time 3,4 s

Matrix 512 x 512

Reconstruction kernels Bone Hr59d

Post-processing PixelShineTM deep learning processing (v.1.2.57)

CT Computed Tomography, ADMIRE Advanced Modelled Iterative Reconstruction.

Nondisplaced fracture selection
/�i�̀ >Ì>ÃiÌÃ�ÜiÀi�>ÃÃiÃÃi`�LÞ�>��iÝ«iÀ�i�Vi`���`i«i�`i�Ì�ÕÀ�«i>��ViÀÌ�wi`��i>`�

>�`��iV��À>`����}�ÃÌ�	�®�Ì���`i�Ì�vÞ�vÀ>VÌÕÀiÃ�ÃÕ�Ì>L�i�v�À�>�>�ÞÃ�Ã]�Ü�Ì��«>ÀÌ�VÕ�>À�

>ÌÌi�Ì����Li��}�«>�`�Ì�������>��>�`�����`�Ã��V>Ìi`�vÀ>VÌÕÀiÃ°�/�i�ÃÌ>�`>À`��>Ý����v>V�>��

trauma datasets (ref. mAs 50) were assessed on a medical diagnostic display.

Osseous anatomy attenuation
All the datasets were imported into a Python software application for data analysis 

*ÞÌ����-�vÌÜ>Ài���Õ�`>Ì���°�*ÞÌ�����>�}Õ>}i�,iviÀi�Vi]�ÛiÀÃ����Î°È°£°�ƂÛ>��>L�i�

����ÌÌ«\ÉÉÜÜÜ°«ÞÌ���°�À}®°�Ƃ���Õ�Ãwi�`�Õ��Ì��1®�L>Ãi`�Ã�}���`>��Ã�vÌ�Ì�ÀiÃ���`��}�

function was applied so that only the osseous anatomy of all the datasets was the 

«���Ì��v�v�VÕÃ]�ÕÃ��}�Ì�i�v����Ü��}�iµÕ>Ì���\

9
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(I)

After attenuation, the effects of radiation dose reduction, IR strength and the use of 

Ì�i�*-�>�}�À�Ì��Ã����vÀ>VÌÕÀi�Û�Ã�L���ÌÞ�ÜiÀi�>ÃÃiÃÃi`����ÌÜ��iÝ«iÀ��i�ÌÃ���}ÕÀi�£®°

Structural image quality measurements (I)
���Ì�i�wÀÃÌ�iÝ«iÀ��i�Ì]�Ì�i��-�--���Ü>Ã�ÕÃi`�Ì��>ÃÃiÃÃ�Ì�i�ivviVÌÃ��v�À>`�>Ì����`�Ãi�

Ài`ÕVÌ���]��,�ÃÌÀi�}Ì��>�`�Ì�i�ÕÃi��v�Ì�i�*-�>�}�À�Ì������ÃÌÀÕVÌÕÀ>����>}i�µÕ>��ÌÞ°�

An area of interest was isolated, consisting of a 1283 pixel VÕLi]�ÕÃ��}�Ì�i�vÀ>VÌÕÀi�

as the centre. The MS-SSIM was calculated to compare the corresponding areas of 

��ÌiÀiÃÌ��v�Ì�i�Û>ÀÞ��}�À>`�>Ì����`�Ãi�«À�Ì�V��Ã�Àiv°��ƂÃ�xä�E�Óä®]�Ƃ���,�ÃÌÀi�}Ì�Ã�

£]Î�E�x®�>�`�>vÌiÀ�>««�Þ��}�Ì�i�*-�>�}�À�Ì������E�ÞiÃ®°

Assessment of fracture characteristics (II)
In the second experiment, the MS-SSIM was used to measure the differences in 

vÀ>VÌÕÀi�V�>À>VÌiÀ�ÃÌ�VÃ�LÞ�V��«>À��}�i>V��vÀ>VÌÕÀi���V>Ì����Ü�Ì���ÌÃ�V��ÌÀ>�>ÌiÀ>��

anatomy. Using the fracture locations as the centre, a spherical area of interest was 

isolated using an 8-pixel radius. Accordingly, the uninjured side of the midface was 

V��«ÕÌ>Ì���>��Þ���ÀÀ�Ài`�>�`�ÃÕ«iÀ��«�Ãi`����Ì�i�Ã�`i�Ü�iÀi�>�vÀ>VÌÕÀi��>`�Lii��

��y�VÌi`°�ƂÃ�Üi����Þ�Ü>�Ìi`�Ì���i>ÃÕÀi�Ì�i�`�vviÀi�ViÃ���«�Ãi`�LÞ�Ì�i���y�VÌi`�

fracture, registration was used to undo misalignment due to anatomical asymmetry 

>�`���«iÀviVÌ�«�Ã�Ì�����}��v�Ì�i�Ã«iV��i�Ã�Ü�Ì����Ì�i�}>�ÌÀÞ�̀ ÕÀ��}�̀ >Ì>�>VµÕ�Ã�Ì���°�

First, solid registration aligned the fracture and uninjured side orthogonally, 

initialized with manual estimations of the registration angles and offsets. Secondly, 

i�>ÃÌ�V�Ài}�ÃÌÀ>Ì����V�ÀÀiVÌi`�v�À���Ã>��}��i�ÌÃ�`Õi�Ì��}��L>����Ã�>ÌV���}]�Ã���`�

Ài}�ÃÌÀ>Ì����>�`�>�>Ì���V>��>ÃÞ��iÌÀÞ�LiÌÜii��Ì�i�vÀ>VÌÕÀi`�>�`�Õ����ÕÀi`�Ã�`iÃ�
11°�/�i��-�--���Ü>Ã�V>�VÕ�>Ìi`�>�`�V��«>Ài`�v�À�i>V��V��L��>Ì�����v�`>Ì>ÃiÌÃ�

Ü�iÀi�Ì�i�À>`�>Ì����`�Ãi]� �,�ÃÌÀi�}Ì��>�`�*-�>�}�À�Ì����>`�Lii��>`�ÕÃÌi`°�/�i�

experiments are summarized in Figure 1.

Statistical analysis
The data were analysed with the Statistical Package for the Social Sciences (IBM Corp. 

,i�i>Ãi`�Óä£x°��	��-*--�-Ì>Ì�ÃÌ�VÃ�v�À�7��`�ÜÃ]�6iÀÃ����ÓÎ°ä°�ƂÀ����]� 9\��	��

Corp.). The MS-SSIM outcomes were presented as means and standard deviations. 

/�i� ��À�>��ÌÞ� Ü>Ã� ÌiÃÌi`� Ü�Ì�� +�+� «��ÌÃ� >�`� Ì�i� �����}�À�Û�-��À��Û� ÌiÃÌ°
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Figure 1: -ÌÕ`Þ�Ü�À�y�Ü�v�À��Õ�Ì�ÃV>�i�ÃÌÀÕVÌÕÀ>��Ã����>À�ÌÞ� �-�--��®� ��`iÝ��i>ÃÕÀi�i�ÌÃ� Ì�i�vÀ>VÌÕÀi�
example is an exaggerated example).

9
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Results

Fractures
<Þ}��>Ì�V��>Ý���>ÀÞ�vÀ>VÌÕÀiÃ�ÜiÀi�ÃÕVViÃÃvÕ��Þ���y�VÌi`����>���v�ÕÀ�V>`>ÛiÀÃ�vÀ���

Ü��V��>�Ì�Ì>���v�ÌÜi�Ûi���`�Û�`Õ>��vÀ>VÌÕÀi���V>Ì���Ã�ÜiÀi�Ãi�iVÌi`�>Ã�i��}�L�i�v�À�`>Ì>�

analysis. The fracture locations included the anterior maxillary sinus (n=6), posterior 

�>Ý���>ÀÞ�Ã��ÕÃ��rÎ®]��>ÌiÀ>���ÀL�Ì>��Ü>����r{®]�>�`�âÞ}��>Ì�V�>ÀV���r£®°

Structural image quality measurements
/�i��-�--����ÕÌV��iÃ�>Ài�«ÀiÃi�Ìi`����/>L�i�Ó�>�`���}ÕÀi�Ó°�/�i�}Ài>ÌiÃÌ�̀ iVÀi>Ãi�

���ÃÌÀÕVÌÕÀ>�� ��>}i�µÕ>��ÌÞ�Ü>Ã� v�Õ�`�v�À� À>`�>Ì����`�Ãi�Ài`ÕVÌ���� ä°�nääÎÈ�´�

ä°ä££�ä{®°�,i}>À`��}�Ì�i��,�>�}�À�Ì��]�>�̀ iVÀi>Ãi����ÃÌÀÕVÌÕÀ>����>}i�µÕ>��ÌÞ��VVÕÀÀi`�

with an increase in strength, whereas the highest effect was found for the 1 to 5 

ADMIRE strengths (0.995399 ± 0.001059). The effects of the PS algorithm were minimal 

LiV>ÕÃi�Ì�i��-�--����ÕÌV��iÃ�ÜiÀi�>���ÃÌ��`i�Ì�V>��Ì����i�ä°�����È�´�ä°äääääÓ®°

Table 2: MS---���v�À�ÃÌÀÕVÌÕÀ>����>}i�µÕ>��ÌÞ��ÕÌV��iÃ

Parameter Reference Comparison MS SSIM (mean ± SD)

Radiation dose protocol 1 Ref. mAs 50 Ref. mAs 20 0.980036 ± 0.011904

ADMIRE strength 2 1 3 0.999249 ± 0.000170

1 5 0.995399 ± 0.001059

3 5 0.998303 ± 0.000401

PS use 3 No Yes 0.999996 ± 0.000002

ƂLLÀiÛ�>Ì���Ã\��-�--��\��Õ�Ì��-V>�i�-ÌÀÕVÌÕÀ>��-����>À�ÌÞ� ��`iÝ��iÌÀ�VÆ�-�\�-Ì>�`>À`��iÛ�>Ì���Æ�,iv°��ƂÃ\�
�����>�«iÀi�ÃiV��`Ã�,iviÀi�ViÆ�Ƃ���,�Ƃ`Û>�Vi`���`i�i`��ÌiÀ>Ì�Ûi�,iV��ÃÌÀÕVÌ���Æ�*-\�*�Ýi�-���i°

1. Only the ref. mAs 50 radiation dose was adjusted to ref. mAs 20 and the ADMIRE was kept at strength 1 
and PixelShine was not used.
2. Only the ADMIRE strength was adjusted from 1 to 3 and 5 and the radiation dose was kept at ref. mAs 50 
and PixelShine was not used.
3. Only the PixelShine was used and the radiation dose was kept at ref. mAs 50 and the ADMIRE strength 
was kept at 1.
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Fracture characteristics analysis
/�i��-�--����ÕÌV��iÃ� >Ài�«ÀiÃi�Ìi`� ��� />L�i� Î� >�`���}ÕÀi� Ó°� /�i��-�--���

�ÕÌV��iÃ��v�>���Ì�i�`>Ì>ÃiÌÃ�ÜiÀi�Li��Ü�ä°�ä°�,i}>À`��}�À>`�>Ì����`�Ãi�Ài`ÕVÌ����

and the IR algorithm, the MS-SSIM tended to increase, indicating higher structural 

similarity when comparing the fractured side to the contralateral non-fractured side. 

 ��V�i>À�ÌÀi�`�Ü>Ã��LÃiÀÛi`�>vÌiÀ�>««�Þ��}�Ì�i�*-�>�}�À�Ì��°

Figure 2: �Õ�Ì�ÃV>�i�ÃÌÀÕVÌÕÀ>��Ã����>À�ÌÞ��-�--��®���`iÝ��i>�Ã�>�`�À>�}iÃ�v�À�ÃÌÀÕVÌÕÀ>����>}i�µÕ>��ÌÞ��®�
and fracture characteristics (II) analysis following radiation dose reduction (ref. mAs 50 and ref. mAs 20), 
Advanced Modeled Iterative Reconstruction strengths 1, 3 and 5 (ADMIRE) and PixelShine deep learning 
processing (no, yes).

9
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Table 3: MS-SSIM fracture characteristics outcomes

Radiation dose ADMIRE strength PS used MS SSIM (mean ± SD) 1

Ref. mAs 50 1 No 0.878369 ± 0.043958

Ref. mAs 20 1 No 0.881375 ± 0.042911

Ref. mAs 50 3 No 0.874766 ± 0.047197

Ref. mAs 20 3 No 0.884703 ± 0.046482

Ref. mAs 50 5 No 0.879656 ± 0.037421

Ref. mAs 20 5 No 0.880935 ± 0.037421

Ref. mAs 50 1 Yes 0.866955 ± 0.046103

Ref. mAs 20 1 Yes 0.867904 ± 0.049528

Ref. mAs 50 3 Yes 0.876707 ± 0.046604

Ref. mAs 20 3 Yes 0.868314 ± 0.048533

Ref. mAs 50 5 Yes 0.874656 ± 0.048757

Ref. mAs 20 5 Yes 0.875457 ± 0.051219

ƂLLÀiÛ�>Ì���Ã\��-�--��\��Õ�Ì��-V>�i�-ÌÀÕVÌÕÀ>��-����>À�ÌÞ���`iÝ��iÌÀ�VÆ�Ƃ���,\�Ƃ`Û>�Vi`���`i�i`��ÌiÀ>Ì�Ûi�
,iV��ÃÌÀÕVÌ���Æ�*-\�*�Ýi�-���iÆ�-�\�-Ì>�`>À`��iÛ�>Ì���Æ�,iv°��ƂÃ\������>�«iÀi�ÃiV��`Ã�,iviÀi�Vi°

1 The reference category involved the ref. mAs 50 protocol, IR strength 1 and not using the PS algorithm. 

Discussion

/�i�V��Vi«Ì��v� ÃÌÀÕVÌÕÀ>�� Ã����>À�ÌÞ��i>ÃÕÀi�i�ÌÃ� �Ã�L>Ãi`���� Ì�i�>ÃÃÕ�«Ì����

that the human visual system is highly adapted to extracting structural information 

from the scene whereas a measure of structural similarity can provide a good 

>««À�Ý��>Ì�����v�Ì�i�«iÀVi�Ûi`���>}i�µÕ>��ÌÞ�9. In this study the MS-SSIM was used 

Ì��ÃÌÕ`Þ�ÃÌÀÕVÌÕÀ>����>}i�µÕ>��ÌÞ�>�`�V�>�}iÃ�Ì����`v>V�>��vÀ>VÌÕÀi�V�>À>VÌiÀ�ÃÌ�VÃ°�

Scan protocols with reduced radiation doses were assessed and the IR and PS 

>�}�À�Ì��Ã�ÜiÀi�ÕÃi`�Ì����«À�Ûi�Ì�i���>}i�µÕ>��ÌÞ��v�Ì�i��ÕÌV��i��i>ÃÕÀiÃ�Ài�>Ìi`�

Ì��ÃÌÀÕVÌÕÀ>��Ã����>À�ÌÞ°�7i�v�Õ�`�Ì�>Ì�Ì�i�ÃÌÀÕVÌÕÀ>����>}i�µÕ>��ÌÞ�Ü�ÀÃi�i`�Ü�Ì��

radiation dose reduction, while the effects of IR and PS were small. Especially 

Ì�i��-�--����v�Ì�i�*-�>�}�À�Ì���Ü>Ã��LÃiÀÛi`�Ì��Li�iÝVi«Ì���>��Þ�V��Ãi�Ì����i]�

indicating a nearly identical structural image compared to datasets where the PS 

�>`���Ì�Lii��>««��i`°

This result is in line with the fracture characteristics analysis where no clear trend was 

�LÃiÀÛi`����>««�Þ��}�Ì�i�*-�>�}�À�Ì�����}ÕÀi�Ó®°�/��Ã���`�V>ÌiÃ�Ì�>Ì�Ì�i�*-�>�}�À�Ì���

denoises the dataset without affecting the fracture characteristics. Radiation dose 

reduction and IR strength tend to increase the MS-SSIM, indicating a greater 
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Ã����>À�ÌÞ�LiÌÜii��Ì�i�vÀ>VÌÕÀi�>�`�Ì�i�����vÀ>VÌÕÀi�Ã�`i°�Ƃ�Ì��Õ}��Ì�i�ivviVÌÃ�

ÜiÀi�Ã�>��]�>���-�--���Ìi�`i�VÞ�Ì�Ü>À`Ã�¼��i½� ��`�V>ÌiÃ�>�«�Ìi�Ì�>��Ã���Ì���}�

�À�iÀ>Ã��}��v�Ì�i���`�Û�`Õ>��vÀ>VÌÕÀiÃ°��iÃ«�Ìi�Ì�i�>L�Ûi�ÀiÃÕ�ÌÃ]�Üi�v�Õ�`�Ì�>Ì�Ì�i�

�-�--���v�À�vÀ>VÌÕÀi�V�>À>VÌiÀ�ÃÌ�VÃ½�>�>�ÞÃ�Ã�Ü>Ã���ÜiÀ�Ì�>��ä°�ä�v�À�>���Ì�i�`>Ì>ÃiÌÃ]�

Ü��V����}�Ì��>Ûi�Lii��V>ÕÃi`�LÞ�Ì�i�>�>Ì���V>��Û>À�>�Vi��v�Ì�i�V��ÌÀ>�>ÌiÀ>������

fractured side. Even though the variance was reduced to a minimum with solid and 

i�>ÃÌ�V�Ài}�ÃÌÀ>Ì���]�Ì�i�`�vviÀi�ViÃ������ÌiÀ�>��L��Þ�>ÀV��ÌiVÌÕÀi�V�Õ�`��>Ûi�>�Ã���i`�

to structural dissimilarities. One could consider unilateral analysis of the fracture 

Ã�`i�Liv�Ài�>�`�>vÌiÀ���y�VÌ��}�Ì�i�vÀ>VÌÕÀi°���ÜiÛiÀ]�Ài«�Ã�Ì�����}�Ì�i�Ã«iV��i�����

the gantry can also lead to dissimilarities due to a variance in orthogonal resolution. 

/�i�ÀiÃÕ�ÌÃ��v�Ì��Ã�vi>Ã�L���ÌÞ�ÃÌÕ`Þ�V>��Li�ÕÃi`�v�À�Ì�i�V��Vi«ÌÕ>��â>Ì�����v�vÕÌÕÀi�

research to explore the effects of these scan parameters further on structural image 

µÕ>��ÌÞ�>�`�V�>�}iÃ�Ì��vÀ>VÌÕÀi�V�>À>VÌiÀ�ÃÌ�VÃ°

���V��V�ÕÃ���]�Ì��Ã�vi>Ã�L���ÌÞ��Õ�>��V>`>ÛiÀ�ÃÌÕ`Þ��v�>�ÃÌÀÕVÌÕÀ>��Ã����>À�ÌÞ�>�>�ÞÃ�Ã�

�v���`v>V�>��vÀ>VÌÕÀiÃ�«À�Û�`iÃ�>��>ÃÃiÃÃ�i�Ì��iÌ��`�v�À�ÃÌÀÕVÌÕÀ>����>}i�µÕ>��ÌÞ�

and fracture characteristics using the multi-scale structural similarity index metric. 

-ÌÀÕVÌÕÀ>����>}i�µÕ>��ÌÞ�Ìi�`Ã�Ì��Li�>vviVÌi`�Ì�i���ÃÌ�LÞ�À>`�>Ì����`�Ãi�Ài`ÕVÌ���]�

Ü�iÀi>Ã�Ì�i�ivviVÌÃ��v��,�>�`�*-�Ìi�`�Ì��Li�Ã�>��°��À>VÌÕÀi�V�>À>VÌiÀ�ÃÌ�V�>�>�ÞÃiÃ�

Ü>Ã�V��w�i`�`Õi�Ì��>�>Ì���V>��Û>À�>�ViÃ]�LÕÌ�Ì�i�`>Ì>���`�V>Ìi�Ì�>Ì�Ài`ÕV��}�Ì�i�

radiation dose and increasing the IR strength negatively affects the MS-SSIM, while 

the PS algorithm does not tend to affect this measure.

9
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General discussion

�>Ý����v>V�>�� ���ÕÀÞ� �Ã� vÀiµÕi�Ì�Þ� «ÀiÃi�Ìi`� LÞ� ÌÀ>Õ�>� «>Ì�i�ÌÃ� >`��ÌÌi`� Ì��

the emergency department 1–3. The injuries range from isolated trauma to the 

�>Ý����v>V�>��Ài}����Ì��>��Õ�Ì��ÌÀ>Õ�>�ÃiÌÌ��}�Ü�iÀi��Õ�Ì�«�i�L�`Þ�«>ÀÌÃ�>Ài���Û��Ûi`°�

Thus, each maxillofacial trauma patient admitted to the emergency department 

Ã��Õ�`�Li�>ÃÃiÃÃi`�ÃÌÀÕVÌÕÀ>��Þ�>�`�ÃÞÃÌi�>Ì�V>��Þ�Ì���>Ý���âi�Ì�i��ÕÌV��iÃ�>�`�

to reduce the risk of undiscovered injuries 4,5°�>À�Þ��`i�Ì�wV>Ì�����v�vÀ>VÌÕÀiÃ����Ì�i�

�>Ý����v>V�>��Ài}����«�>ÞÃ�>�Ã�}��wV>�Ì�À��i����«ÀiÛi�Ì��}�>iÃÌ�iÌ�V�>�`�vÕ�VÌ���>��

ÃiµÕi�>i�6. As these fractures are known to vary widely in severity, each patient with 

suspected trauma to the maxillofacial region should receive a full examination to 

�`i�Ì�vÞ�Ü�iÌ�iÀ�Ì�iÞ�ÀiµÕ�Ài�À>`����}�V>����>}��}�2,7–10.

The utilization of CT in the emergency department has increased more than 

threefold in the last few decades 11,12°�
��ÃiµÕi�Ì�Þ]� Ì�iÀi� �Ã�>��>À�i`���VÀi>Ãi�

in radiation exposure and health care costs among this population of patients 13. 

��À�Ì�>Ì�Ài>Ã��]�Ì�iÀi��Ã�>����VÀi>Ãi`���ÌiÀiÃÌ����Û>�Õi�L>Ãi`��i>�Ì�V>Ài�Ài}>À`��}�

radiology with a focus on the unnecessary overutilization of diagnostic imaging and 

the associated costs 14°�Ƃ�Ã�]�VÀ�Ü`��}����Ì�i�i�iÀ}i�VÞ�`i«>ÀÌ�i�Ì��Ã�LiV����}�

>��>��À�}��L>���i>�Ì�V>Ài��ÃÃÕi�>�`�Ì�iÀi��Ã�>�}Ài>Ì�`iL>Ìi������Ü�Ì���«Ì���âi�Ì�i�

clinical throughput of patients 15,16°�
����V>��`iV�Ã����>�`Ã��>Ûi�Lii��«À�«�Ãi`�v�À�

i�iÀ}i�VÞ�`i«>ÀÌ�i�Ì�Ü�À�iÀÃ�Ì��ÃÕ««�ÀÌ�Ì�i��ÕÃÌ�wV>Ì�����v�À>`����}�V>����>}��}�

or the decision to treat. Although decision making protocols regarding the need for 

À>`����}�V>����>}��}�>Ài�Üi���iÃÌ>L��Ã�i`�v�À�Û>ÀÞ��}�V��`�Ì���Ã]�ÃÕV��>Ã�ÌÀ>Õ�>Ì�V�

LÀ>������ÕÀÞ�>�`�«Õ����>ÀÞ�i�L���Ã�]�«À�Ì�V��Ã�v�À�«>Ì�i�ÌÃ�ÃÕÃ«iVÌi`��v���`v>V�>��

�À��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�>Ài��>V���}�17,18.

/�i� �ii`� v�À� Ì�iÃi� «À�Ì�V��Ã� �Ã� i�«�>Ã�âi`� LÞ� Ì�i� v>VÌ� Ì�>Ì� Ì�i��>��À�ÌÞ� �v�

patients who sustain trauma to the maxillofacial region do not have fractures. In 

our systematic review (Chapter 2), the prevalence of maxillofacial fractures differs 

}Ài>Ì�Þ�£Î°n¯�Ì���£°Ó¯®�>���}�Ì�i�«>Ì�i�Ì�«�«Õ�>Ì���°����Ì�i�,�1
/�" ���V���ÀÌ�

study (Chapter 4a®]�vÀ>VÌÕÀi�«ÀiÛ>�i�ViÃ��v�{{°Ó¯�>�`�ÓÎ°È¯�ÜiÀi�v�Õ�`�>���}�
Ì�i�«>Ì�i�ÌÃ�Ü����>`�Õ�`iÀ}��i�À>`����}�V>�� ��>}��}�>vÌiÀ�Li��}�ÃÕÃ«iVÌi`��v�

�>Û��}�>���`v>V�>���À��>�`�LÕ�>À� vÀ>VÌÕÀi]�ÀiÃ«iVÌ�Ûi�Þ°�/�ÕÃ]� vÀ���>�Ì�i�ÀiÌ�V>��

«iÀÃ«iVÌ�Ûi]�À>`����}�V>����>}��}�Ü>Ã�Ài`Õ�`>�Ì����xx°n¯��v�Ì�i���`v>V�>��ÌÀ>Õ�>�

«>Ì�i�ÌÃ]�>�`����ÇÈ°{¯��v�Ì�i��>�`�LÕ�>À�ÌÀ>Õ�>�«>Ì�i�ÌÃ°�"�i�V�Õ�`�iÛi��>À}Õi�Ì�>Ì�
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the radiological imaging of patients whose fractures were treated conservatively had 

Lii��V��`ÕVÌi`�Ài`Õ�`>�Ì�Þ]�>Ã��Ì�̀ �`���Ì�V�>�}i�Ì�i��>�>}i�i�Ì��v�Ì�i�ÌÀi>Ì�i�Ì°�

,iyiVÌ��}�����ÕÀ�,�1
/�" ����V���ÀÌ�ÃÌÕ`Þ�Chapter 4b®]��°Ç¯�>�`�£Î°Ó¯��v�Ì�i�
Ì�Ì>��«>Ì�i�Ì�«�«Õ�>Ì����ÜiÀi�ÌÀi>Ìi`�>VÌ�Ûi�Þ�v�À���`v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ]�

ÀiÃ«iVÌ�Ûi�Þ]�>�`��Ì�V�Õ�`�Li�ÃÌ>Ìi`�Ì�>Ì�À>`����}�V>����>}��}�Ü>Ã����Þ�iÃÃi�Ì�>�����

these situations. However, while our studies focused on the diagnosis of fractures, 

��i�Ã��Õ�`�>�Ã����Ìi�Ì�>Ì�À>`����}�V>����>}��}��>Þ�Li�ÀiµÕ�Ài`�v�À�Ì�i�>ÃÃiÃÃ�i�Ì�

of the extraocular muscles and associated soft-tissue injury 19–21. In other situations, 

any considerations of scanning the maxillofacial region of patients undergoing CT 

��>}��}��v�Ì�i��i>`��À�ViÀÛ�V>��Ã«��i�>Ài�L>Ãi`����iÝÌi�`��}�Ì�i�ÃV>��À>�}i�22–26. 

/�i��ii`�v�À]�>�`�Ì�i�iÝÌi�Ì��v]�À>`����}�V>����>}��}��>Ã�Ì��Li�Ài�V��Ã�`iÀi`�v�À�

i>V����`�Û�`Õ>��«>Ì�i�Ì�>�`�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�Ã��Õ�`�Li�ÕÃi`�Ì���`i�Ì�vÞ�

the high risk fracture patients.

Clinical considerations

Our systematic review and meta-analysis (Chapter 2®� �`i�Ì�wi`���}��Ã«iV�wV�ÌÞ]�
LÕÌ���Ü�Ãi�Ã�Ì�Û�ÌÞ]�v�À���ÃÌ��v�Ì�i�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�Ài�>Ìi`�Ì��Û�ÃÕ>��

appearance, nasal and ocular assessments, intra-oral assessments, and functional 

and palpation assessments of midfacial fractures compared to CT scans. These 

results are in line with our retrospective and prospective cohort studies (Chapter 3 
and 4a®�Ü��V��ÃÕ}}iÃÌ�Ì�>Ì�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�>Ài�Õ����i�Þ�Ì��Li�«ÀiÃi�Ì�
�v�Ì�i�«>Ì�i�ÌÃ�`����Ì��>Ûi��LÃiÀÛ>L�i�vÀ>VÌÕÀiÃ°�Ƃ�Ã�]�>���}��«�Ã�Ì�Ûi�«Ài`�VÌ�Ûi�

Û>�Õi�**6®�>�`�«�Ã�Ì�Ûi����i�����`�À>Ì����,³®�Ü>Ã�v�Õ�`�v�À�Ã«iV�wV�w�`��}Ã�ÃÕV��>Ã�

v>V�>��`i«ÀiÃÃ���]�V�>�}i��v�}��Li�«�Ã�Ì���]��VÕ�>À���Ûi�i�Ì�����Ì>Ì���]�«>�«>L�i�

ÃÌi«��vvÆ�Ì�iÀi��Ã�>���}�����i�����`�Ì�>Ì�«>Ì�i�ÌÃ�Ü�Ì��Ì�iÃi�w�`��}Ã�Ü�����>Ûi�vÀ>VÌÕÀiÃ�

>�`�Ã��À>`����}�V>����>}��}�Ã��Õ�`�Li�ÃÌÀ��}�Þ�V��Ã�`iÀi`°�Ƃ�Ì��Õ}��Ì�iÃi�w�`��}Ã�

V>��Li�«>ÀÌ�VÕ�>À�Þ�ÕÃivÕ�� ��`�Û�`Õ>��Þ]� Ì�i�µÕiÃÌ����Ài�>��Ã���Ü�>VVÕÀ>Ìi�Þ�Ì�i�

«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�«iÀv�À��Ü�i��V��L��i`�>Ã�>�V����V>��`iV�Ã����>�`°����

our systematic review (Chapter 2®]�V����V>��`iV�Ã����>�`Ã�ÜiÀi�Ài«�ÀÌi`�LÞ�>�Ì�Ì>��
�v�n�ÃÌÕ`�iÃÆ�Ì�iÞ�>««i>À�Ì��Li�Li�iwV�>�� v�À�«Ài`�VÌ��}�Ì�i�«ÀiÃi�Vi��v��ÀL�Ì>��

fractures 23,26–28, nasal fractures 29, zygomaticomaxillary complex fracturs 29, or 

��`v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�8,29–31. However, most of these clinical decision 

>�`Ã� ÜiÀi� V��ÃÌÀÕVÌi`� L>Ãi`� ��� ÀiÌÀ�Ã«iVÌ�Ûi� V���ÀÌ� ÃÌÕ`�iÃ� >�`� ���i�ÜiÀi�

successfully validated. Most importantly, none of them were constructed with any 

��`v>V�>��vÀ>VÌÕÀi�>Ã�>���ÕÌV��i°�7i�Li��iÛi�Ì�>Ì��v�«>Ì�i�ÌÃ�>Ài�ÃÌÀ��}�Þ�ÃÕÃ«iVÌi`�
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�v��>Û��}���`v>V�>��vÀ>VÌÕÀiÃ��À��>�`�LÕ�>À�vÀ>VÌÕÀiÃ]�À>`����}�V>����>}��}�Ã��Õ�`�

Li��À`iÀi`�Ãi«>À>Ìi�Þ�v�À�Ì�iÃi�>�>Ì���V>��Ài}���Ã°�Ƃ�Ã�]���i�Ã��Õ�`�Ài>��âi�Ì�>Ì�

«�ÞÃ�V�>�Ã�>Ài�L���`i`�v�À�Ì�i��ÕÌV��i��v� ��ÌiÀiÃÌ�Ü�i��Ì�i�«>Ì�i�Ì� �Ã�>`��ÌÌi`�

Ì��Ì�i�i�iÀ}i�VÞ�`i«>ÀÌ�i�Ì°�/�iÀiv�Ài]�Ì�i�vÕ���À>�}i��v�«�Ìi�Ì�>��ÃÕLÌÞ«iÃ��v�

��`v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�Ã��Õ�`�Li�V>ÀivÕ��Þ�V��Ã�`iÀi`�v�À�i>V��«>Ì�i�Ì�

during the initial assessment.

���Ì�`>Þ½Ã�i�iÀ}i�VÞ�`i«>ÀÌ�i�Ì]�À>`����}�V>�� ��>}��}��Ã�i>Ã��Þ�>VViÃÃ�L�i�>�`�

therefore easily considered for each patient with maxillofacial trauma. Maxillofacial 

injury is known for its varying degrees of severity ranging from only soft tissue injury 

Ì��V�����ÕÌi`�vÀ>VÌÕÀiÃ�Ü�Ì��>VÌ�Ûi�L�ii`��}�ÀiµÕ�À��}����i`�>Ìi�>�ÀÜ>Þ�V��ÌÀ���7,32. 

/�iÀiv�Ài]��Ì��Ã��v�Ã«iV�wV���ÌiÀiÃÌ���Ü�Ì��`�ÃViÀ��«>Ì�i�ÌÃ�Ü�Ì��ÕÌ�>�`�Ü�Ì����`v>V�>��

>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�>�`�Ì��`iÌiÀ���i�Ì�i��ii`�v�À�À>`����}�V>����>}��}°����

this thesis, clinical decision aids were constructed focusing on picking out patients 

Ü�Ì����`v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�Chapter 4a®�>�`�Ì��Ãi�Ì�>Ì�ÀiµÕ�Ài�>VÌ�Ûi�
treatment (Chapter 4b). Regarding picking out patient with fractures, a sensitivity 

�v�n�°Ç¯�>�`�>�Ã«iV�wV�ÌÞ��v�{Ó°È¯�v�À�>�V����V>��`iV�Ã����>�`�V��ÃÌÀÕVÌi`�L>Ãi`�

���Ì�i�«ÀiÃi�Vi��v�>�Þ��v�Ì�i�v����Ü��}�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã\�«iÀ���ÀL�Ì>��

�>i�>Ì��>]�i«�ÃÌ>Ý�Ã]��VÕ�>À���Ûi�i�Ì�����Ì>Ì���]���vÀ>��ÀL�Ì>���iÀÛi�«>À>iÃÌ�iÃ�>]�

«>�«>L�i�ÃÌi«��vv�>�`�Ì��Ì����L���ÌÞ��À�>ÛÕ�Ã���°�/�i��i}>Ì�Ûi�«Ài`�VÌ�Ûi�Û>�Õi�Ü>Ã�

nÎ°�¯�Ü�i��>����v�Ì�iÃi�w�`��}Ã�ÜiÀi�>LÃi�Ì°�Ƃ�Ì��Õ}���ÕÀ�V����V>��`iV�Ã����>�`�

«�V�i`��ÕÌ�Ì�i��>��À�ÌÞ��v�«>Ì�i�ÌÃ�V�ÀÀiVÌ�Þ]�>�ÃÕLÃÌ>�Ì�>��«À�«�ÀÌ�����v�«>Ì�i�ÌÃ�

Ü�Ì���ÀL�Ì>�]�âÞ}��>Ì�V��>Ý���>ÀÞ�V��«�iÝ�>�`��>Ã>��L��i�vÀ>VÌÕÀiÃ�ÜiÀi�ÃÌ������ÃÃi`]�

��`�V>Ì��}�Ì�i�«ÀiÃi�Ì�V����V>��`iV�Ã����>�`�Ü>Ã�Õ�>L�i�Ì��«�V���ÕÌ�>���Ì�i�«>Ì�i�ÌÃ�

Ü�Ì����`v>V�>��vÀ>VÌÕÀiÃ]����i�Þ�`Õi�Ì��Ì�i�LÀ�>`�À>�}i��v�«�Ìi�Ì�>����`v>V�>��vÀ>VÌÕÀi�

ÃÕLÌÞ«iÃ°�/�i�V����V>��`iV�Ã����>�`�v�À��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�«À�`ÕVi`�>�Ãi�Ã�Ì�Û�ÌÞ�

�v��n°x¯�>�`�>�Ã«iV�wV�ÌÞ��v�Î{°È¯�v�À�Ì�i�«ÀiÃi�Vi��v�>�Þ��v�Ì�i�v����Ü��}�«�ÞÃ�V>��

iÝ>���>Ì����w�`��}Ã\��>��VV�ÕÃ���]� Ì��Ì����L���ÌÞ��À�>ÛÕ�Ã����>�`� Ì�i�>�}Õ�>À�

V��«ÀiÃÃ����ÌiÃÌ]�Ì�i�>Ý�>��V����«ÀiÃÃÕÀi�ÌiÃÌ�>�`�Ì�i�Ì��}Õi�L�>`i�ÌiÃÌ°�/�i� *6�

Ü>Ã��n°Ç¯�Ü�i��Ì�i�w�`��}Ã�ÜiÀi�>LÃi�Ì��i>���}�Ì�i�ÌiÃÌ�V�Õ�`�Li�V��Ã�`iÀi`�

>Ã� �i}>Ì�Ûi°� /��Ã� V����V>�� `iV�Ã���� >�`� V>�]� «�Ìi�Ì�>��Þ]� i�>L�i� Ì�i� Ã��««��}� �v�

radiological imaging after a systematic physical examination of a patient suspected 

�v��>�`�LÕ�>À�vÀ>VÌÕÀiÃ°���Ài�ÛiÀ]�Ì�i�V����V>��`iV�Ã����>�`�V�Õ�`�>�Ã��`�ÀiVÌ�Ì�i�

`�>}��Ã�Ã��v�Ã«iV�wV�ÃÕLÌÞ«iÃ��v��>�`�LÕ�>À�vÀ>VÌÕÀiÃ°���À�iÝ>�«�i]�ÃÞ�«�ÞÃi>��

>�`�«>À>ÃÞ�«�ÞÃi>��vÀ>VÌÕÀiÃ�>Ài�Ã«iV�wV>��Þ����Ü��Ì��LiV��i�ÛiÀÞ�«>��vÕ��Ü�i��

>««�Þ��}�Ã��Õ�Ì>�i�ÕÃ�L��>ÌiÀ>��«ÀiÃÃÕÀi����Ì�i��>�`�LÕ�>À�>�}�i�`ÕÀ��}�Ì�i�>�}Õ�>À�
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compression test. Also, fractures of the condylar process are painful when pressure 

is induced on the chin during the axial chin pressure test.

As far as we know, no previous studies have reported the diagnostic accuracy of 

Ì�iÃi�Ã«iV�wV�ÌiÃÌÃ°� ���Ì��Ã�Ì�iÃ�Ã]�Ãi�Ã�Ì�Û�Ì�iÃ��v�nx°ä¯�>�`�n{°Ç¯]�>�`� *6Ã��v�

�{°Ç¯�>�`��{°�¯�ÜiÀi�v�Õ�`�v�À�Ì�i�>�}Õ�>À�V��«ÀiÃÃ����ÌiÃÌ�>�`�Ì�i�>Ý�>��V����

«ÀiÃÃÕÀi�ÌiÃÌ]�ÀiÃ«iVÌ�Ûi�Þ]���`�V>Ì��}�Ì�>Ì�Ì�iÃi�ÌiÃÌÃ�V>��>�Ã��Li�ÕÃivÕ����`�Û�`Õ>��Þ�

Ü�i��Ã«iV�wV�ÃÕLÌÞ«iÃ��v��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�>Ài�ÃÕÃ«iVÌi`°�/�i�Ì��}Õi�L�>`i�

L�Ìi�ÌiÃÌ�«À�`ÕVi`�>�Ãi�Ã�Ì�Û�ÌÞ��v�x£°Ç¯�>�`�>� *6��v��ä°x¯°�Ƃ�Ì��Õ}��«ÀiÛ��ÕÃ�

ÃÌÕ`�iÃ�>�Ã��Ài«�ÀÌi`���}�� *6Ã]��>�i�Þ��x°Ó¯]��Ó¯�>�`�£ää¯]�Ì�i�Ãi�Ã�Ì�Û�ÌÞ�À>ÌiÃ�

ÜiÀi�ÃÕLÃÌ>�Ì�>��Þ���}�iÀ�>Ì�nn°x¯]��x°ä¯�>�`��x°Ç¯�33–35. This thesis extends the 

limited studies results and evidences that these accurate and easy to perform tests 

V>��Li�ÕÃi`�Ì��`�>}��Ãi�i>V��«>Ì�i�Ì�ÃÕÃ«iVÌi`��v��>�`�LÕ�>À�vÀ>VÌÕÀiÃ°

Although our clinical decision aids focus on the diagnosis of maxillofacial fractures, it 

�Ã�>�Ã��«>ÀÌ�VÕ�>À�Þ���ÌiÀiÃÌ��}�Ì���`i�Ì�vÞ�«>Ì�i�ÌÃ�ÀiµÕ�À��}�>VÌ�Ûi�vÀ>VÌÕÀi�ÌÀi>Ì�i�Ì�

(Chapter 4b®�LiV>ÕÃi��Ì�>���ÜÃ���Ài�>VVÕÀ>Ìi�«À��À�Ì�Ã>Ì�����v����ÕÀ�iÃ�>�`���i�V>��
�>�i�>�LiÌÌiÀ�iÃÌ��>Ì�����v�Ü�iÌ�iÀ�>���À>��>�`��>Ý����v>V�>��ÃÕÀ}i���Ã��Õ�`�Li�

consulted in an early stage. Regarding midfacial trauma patients, a clinical decision 

>�`�V��Ã�ÃÌ��}��v�v>V�>��`i«ÀiÃÃ���]�i«�ÃÌ>Ý�Ã]��VÕ�>À���Ûi�i�Ì�����Ì>Ì���]�«>�«>L�i�

ÃÌi«��vv]� �L�iVÌ�Ûi��>��VV�ÕÃ���]� >�`� Ì��Ì����L���ÌÞ� �À� >ÛÕ�Ã���]� ÀiÃÕ�Ìi`� ��� >�

Ãi�Ã�Ì�Û�ÌÞ��v��Ç°Î¯�>�`�>�Ã«iV�wV�ÌÞ��v�În°È¯°�Ƃ� *6��v���°Î¯�Ü>Ã�v�Õ�`�Ü�i��>���

Ì�iÃi�w�`��}Ã�ÜiÀi�>LÃi�Ì°�,i}>À`��}��>�`�LÕ�>À�ÌÀ>Õ�>�«>Ì�i�ÌÃ]�>�Ãi�Ã�Ì�Û�ÌÞ��v�

£ää¯]�>�Ã«iV�wV�ÌÞ��v�Î�°£¯�>�`�>� *6��v�£ää¯�Ü>Ã�v�Õ�`�v�À�Ì�i�v����Ü��}�«�ÞÃ�V>��

iÝ>���>Ì����w�`��}Ã\���ÕÌ���«i���}�����Ì>Ì���Ã]� �>Ü���Ûi�i�Ì�«>��]��L�iVÌ�Ûi�

�>��VV�ÕÃ����>�`�Ì��Ì����L���ÌÞ��À�>ÛÕ�Ã���°�Ƃ�Ì��Õ}��ÀiÃi>ÀV��v�VÕÃ��}����Ì��Ã�Ì�«�V�

�Ã� ����Ìi`]�À�Ã��ÃV�ÀiÃ�ÜiÀi�ÃÕVViÃÃvÕ��Þ�V��ÃÌÀÕVÌi`�LÞ�Ã��i�v�À��ÀL�Ì>��vÀ>VÌÕÀiÃ�

ÀiµÕ�À��}�ÌÀi>Ì�i�Ì�27,28�LÕÌ���Ì�v�À�>���Ì�i��Ì�iÀ���`v>V�>��vÀ>VÌÕÀi�ÃÕLÌÞ«iÃ°

ƂÃ�v>À�>Ã�Üi����Ü]����ÃÌÕ`�iÃ��>Ûi�Lii��«ÕL��Ã�i`�Ì�>Ì�v�VÕÃ����V����V>��`iV�Ã����>�`Ã�

v�À�i�iÀ}i�VÞ�`i«>ÀÌ�i�Ì�«>Ì�i�ÌÃ�ÃÕÃ«iVÌi`��v��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�Ì�>Ì�ÀiµÕ�Ài�

>VÌ�Ûi�ÌÀi>Ì�i�Ì°�/�i�V����V>��`iV�Ã����>�`Ã�«À�Û�`i`����Ì��Ã�Ì�iÃ�Ã�ÜiÀi����Þ�LÕ��Ì�Ü�Ì��

«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�Chapter 4b). The main advantage of this approach is 

Ì�>Ì�Ì�iÃi�w�`��}Ã�V>��Li�ÌiÃÌi`�`ÕÀ��}�Ì�i����Ì�>��Li`Ã�`i�>ÃÃiÃÃ�i�Ì��v�>�«>Ì�i�Ì]�

and therefore allows for early decision making at the emergency department.

10
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>V��«>Ì�i�Ì�ÃÕvviÀ��}���`v>V�>���À��>�`�LÕ�>À�ÌÀ>Õ�>�Ã��Õ�`]���ÜiÛiÀ]�Li�>ÃÃiÃÃi`�

Ü�Ì�� Ã«iV�wV� «>Ì�i�Ì� V�>À>VÌiÀ�ÃÌ�VÃ� ��� ���`� ÃÕV�� >Ã� >}i]� ÃiÝ]� V���ÀL�`�Ì�iÃ]�

mechanism of injury and concomitant injury. Insights into these epidemiological 

V�>À>VÌiÀ�ÃÌ�VÃ� V>�� Li� ÕÃi`� LÞ� i�iÀ}i�VÞ� `i«>ÀÌ�i�Ì� «�ÞÃ�V�>�Ã� >Ã� >� «À��À��

���Ü�i`}i�Ì��iÃÌ��>Ìi�Ü��V��«>Ì�i�ÌÃ�>Ài�>Ì�À�Ã���v���`v>V�>���À��>�`�LÕ�>À�vÀ>VÌÕÀiÃ°�

Assault, sports, motor vehicle accidents, and falls are common mechanisms of injury 

>�Ì��Õ}��Ì�i��À`iÀ��v���«�ÀÌ>�Vi�Û>À�iÃ�LiÌÜii��Ì�i�`�vviÀi�Ì�ÃÌÕ`�iÃ�>�`�Ài}���Ã�
36–39°���À�iÝ>�«�i]� ����ÕÀ�,�1
/�" �V���ÀÌ]�ÎÎ°È¯��v� Ì�i�«>Ì�i�ÌÃ�ÃÕvviÀi`�>�

�>Ý����v>V�>�����ÕÀÞ�`Õi�Ì��L�VÞV�i�Ài�>Ìi`�>VV�`i�ÌÃ�Chapter 4). Other studies also 

ÃÌ>Ìi�Ì�>Ì�L�VÞV�iÃ�>Ài�>����VÀi>Ã��}�«�«Õ�>À���`i��v�ÌÀ>�Ã«�ÀÌ�40–42 leading thus to a 

ÃÕLÃÌ>�Ì�>����VÀi>Ãi����Ài�>Ìi`�>VV�`i�ÌÃ�43. In line with our study, maxillofacial injuries 

V>ÕÃi`�LÞ�L�Ì��V��Ûi�Ì���>��>�`�i�iVÌÀ�V�L�VÞV�i�Ài�>Ìi`�>VV�`i�ÌÃ�ÜiÀi�V������Þ�

�LÃiÀÛi`� ����Ì�iÀ� ÃÌÕ`�iÃ°��>Ý����v>V�>�� ���ÕÀÞ� v����Ü��}�>� V��Ûi�Ì���>��L�VÞV�i�

>VV�`i�Ì�Ü>Ã��LÃiÀÛi`����{Ó°ä¯��v�Ì�i�«>Ì�i�ÌÃ]�Ü�iÀi>Ã�v�À�i�iVÌÀ�V�L�VÞV�iÃ�Ì��Ã�

Ü>Ã�{ä°Î¯�42°�7i�v�Õ�`�Ì�>Ì�Ì�i�i�iVÌÀ�V�L�VÞV�i�Ài�>Ìi`�>VV�`i�Ì�«>Ì�i�ÌÃ�ÃÕvviÀi`�

��Ài���`v>V�>��vÀ>VÌÕÀiÃ�>�`�viÜiÀ��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�V��«>Ài`�Ì��V��Ûi�Ì���>��

VÞV��ÃÌÃ°���Ài�ÛiÀ]�>�ÌÀi�`�Ü>Ã��LÃiÀÛi`�Ì�>Ì�Ì�i�i�iVÌÀ�V�L��i�>VV�`i�Ì�«>Ì�i�ÌÃ�

suffered more moderate maxillofacial injuries compared to the conventional cyclists. 

��ÜiÛiÀ]����Ã�}��wV>�Ì�`�vviÀi�ViÃ�ÜiÀi� v�Õ�`� ����>Ý����v>V�>�� ÌÀ>Õ�>�ÃiÛiÀ�ÌÞ�

(Chapter 5®°��ÕÀÌ�iÀ��Ài]� ��}�ÃÌ�V�Ài}ÀiÃÃ����>�>�ÞÃ�Ã�ÀiÛi>�i`�Ì�>Ì�L�VÞV�i�ÌÞ«i�
Ü>Ã���Ì� �`i�Ì�wi`�>Ã�>�Ã�}��wV>�Ì�V��v�Õ�`iÀ°�/�i�>L�Ûi�w�`��}Ã�ÃÕ}}iÃÌ�Ì�>Ì�

«>Ì�i�Ì�Ài�>Ìi`�v>VÌ�ÀÃ]�ÃÕV��>Ã�>}i]�ÃiÝ]��iV�>��Ã���v����ÕÀÞ�>�`�V���ÀL�`�ÌÞ]��>Þ�

�>Ûi���Ài�ivviVÌ����Ì�i�«ÀiÃi�Vi��v��>Ý����v>V�>��ÌÀ>Õ�>�Ì�>��L�VÞV�i�ÌÞ«i°���À�

example, previous research speculated that older and untrained patients may have 

Ã��ÜiÀ�Ài>VÌ���Ã�>�`��iÃÃ�V��ÌÀ����ÛiÀ�i�iVÌÀ�V�L��iÃ�Ã«iV�wV>��Þ�42. These patients 

V�Õ�`�Li�iwÌ�vÀ���ÕÃ��}��i>`�«À�ÌiVÌ���]�iÃ«iV�>��Þ�Ì��Ài`ÕVi�VÀ>���ViÀiLÀ>�����ÕÀÞ°�

Other authors also state that wearing a helmet can reduce maxillofacial injury in up 

Ì��{ä¯��v�Ì�i�«>Ì�i�ÌÃ�41.

/�i�`i`ÕVÌ�����Ã�Ì�>Ì�Û>À��ÕÃ�V����V>��V��Ã�`iÀ>Ì���Ã�Ã��Õ�`�Li�Ì>�i����Ì��>VV�Õ�Ì�

Ü�i��>ÃÃiÃÃ��}�«>Ì�i�ÌÃ�ÃÕÃ«iVÌi`��v���`v>V�>���À��>�`�LÕ�>À�vÀ>VÌÕÀiÃ°�Ƃ�Ì��Õ}��

V����V>��`iV�Ã����>�`Ã�>Ài�«�Ìi�Ì�>��Þ�ÕÃivÕ�� v�À�À�Ã��ÃÌÀ>Ì�wV>Ì���]�«>Ì�i�Ì�Ã«iV�wV�

V�>À>VÌiÀ�ÃÌ�VÃ�Ã��Õ�`�>�Ã��Li�V��Ã�`iÀi`�Ü�i��>ÃÃiÃÃ��}��>Ý����v>V�>��ÌÀ>Õ�>�«>Ì�i�ÌÃ°
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General discussion and future perspectives 

Radiological advancements

Full three dimensional imaging with CT and CBCT is considered the gold standard 

for the diagnostic management of maxillofacial trauma 44–49°�	�Ì����`>��Ì�iÃ�i�>L�i�

clinicians to visualize the maxillofacial structures using orthogonal planes in a three-

`��i�Ã���>�� Ã«>Vi]� ��V�Õ`��}� >�Þ� L��i� vÀ>}�i�ÌÃ]�Ü��V�� �Ã� �i�«vÕ�� ��� ÃÕÀ}�V>��

decision making and post-operative management 48,49. Nowadays, conventional 

�À�«�>���À>`��}À>«�Þ��Ã�}i�iÀ>��Þ��LÃ��iÌi�`Õi�Ì��ÃÕ«iÀ��«�Ã�Ì����>�`�`�vwVÕ�Ì�iÃ�

with patient positioning. CT is preferred for the diagnosis of maxillofacial trauma 

«>Ì�i�ÌÃ�>Ã�Ì�i�}i��iÌÀÞ�>���ÜÃ�v�À�Ì�i�ÃV>����}��v��Õ�Ì�«�i�L�`Þ�«>ÀÌÃ����>�Ã��}�i�

>VµÕ�Ã�Ì���]�ÃÕV��>Ã�ÌÀ>Õ�>Ì�V�LÀ>������ÕÀÞ�>�`�ViÀÛ�V>��Ã«��i����ÕÀÞ�50–54. CBCT and 

panoramic projections using OPG are also popular as diagnostic tools for these 

«>Ì�i�ÌÃ]�iÃ«iV�>��Þ�LiV>ÕÃi��v� Ì�i� ��ÜiÀ� À>`�>Ì����`�Ãi� 44,55–58°���ÜiÛiÀ]�L�Ì��

��>}��}��iÌ��`Ã�ÀiµÕ�Ài�Ì�i�«>Ì�i�Ì�Ì��Ã�Ì�����>ÌÕÀ>���i>`�«�Ã�Ì����Ü��V���Ã���ÃÌ�Þ�

��Ì�>���Üi`�v�À�i�iÀ}i�VÞ�`i«>ÀÌ�i�Ì�«>Ì�i�Ì°�ƂL�Ûi�>��]���i�Ã��Õ�`�V��Ã�`iÀ�Ì�>Ì�

radiation exposure is the main disadvantage of all of each these modalities.

ƂÃ��i�Ì���i`����Ì�i� ��ÌÀ�`ÕVÌ���]�Û>À��ÕÃ�ÃÌÀ>Ìi}�iÃ�V>��Li�ÕÃi`�Ì��Ài`ÕVi�Ì�i�

À>`�>Ì����`�Ãi�`ÕÀ��}�i>V����`�Û�`Õ>��
/�iÝ>���>Ì����ÃÕV��>Ã�Ài`ÕV��}�Ì�i�ÌÕLi�

current-time product or milliampere-seconds (mAs) 59°����Ì�i�ÃÌÕ`�iÃ�`iÃVÀ�Li`����

this thesis, the so-called noise index of the automatic exposure control (AEC) was 

��ÛiÃÌ�}>Ìi`�Ü�iÀiLÞ�Ì�i�ÌÕLi�VÕÀÀi�Ì�Ü>Ã���`Õ�>Ìi`�>ÕÌ��>Ì�V>��Þ�L>Ãi`����Ì�i�

«>Ì�i�Ì½Ã�>�>Ì��Þ]�Ã�>«i�>�`�Ã�âi� Chapters 6 to 9). Reducing the noise index 

ÀiÃÕ�ÌÃ����>�`iVÀi>Ãi����À>`�>Ì����iÝ«�ÃÕÀi�LÕÌ�Ì�iÀi��Ã�>�Ã��>����VÀi>Ãi������>}i�

���Ãi°�
��ÃiµÕi�Ì�Þ]�Ì��Ã�V��w�iÃ�Ì�i�>L���ÌÞ�Ì��vÕ�w��Ì�i�`�>}��ÃÌ�V�Ì>Ã��Ü�Ì��>�
/�

examination. During each individual examination, the radiation exposure should 

Li�Ài`ÕVi`����ÃÕV��>�Ü>Þ�Ì�>Ì� �Ì�`�iÃ���Ì�V��«À���Ãi�`�>}��ÃÌ�V�ivviVÌ�Ûi�iÃÃ°�

,i}>À`��}��>Ý����v>V�>�� ÌÀ>Õ�>]� Ì�i� ÕÃi� �v� ��Ü� `�Ãi� 
/Ã���}�Ì� V��L��i� Ì�i�

>`Û>�Ì>}iÃ��v�>�
/�>�`�V��Ûi�Ì���>�� À>`��}À>«�Þ]�LÕÌ� �Ì� �Ã��v� Ã«iV�wV� ��ÌiÀiÃÌ�

to know to what extent low dose CT images are preferred over conventional 

radiography. In our experimental cadaver study, we found that reducing the CT 

À>`�>Ì����`�Ãi�ÃÕLÃÌ>�Ì�>��Þ]�iÛi��LÞ�>««À�Ý��>Ìi�Þ�Çä¯]��i>`Ã�Ì��«ÀiviÀÀ>L�i�ÀiÃÕ�ÌÃ�

than conventional radiography in the assessment of midfacial fractures (Chapter 6). 

/�i��>���>`Û>�Ì>}i��v�
/��Ã�Ì�i�«�ÃÃ�L���ÌÞ��v�«�ÃÌ�«À�ViÃÃ��}�>vÌiÀ�`>Ì>�>VµÕ�Ã�Ì���]�
48,60–62�Ü��V��V>��Li�Li�iwV�>��v�À�>�>Ì���V>��>�>�ÞÃiÃ]�v����Üi`�LÞ�«�>����}�>�`�

intraoperative strategies for patients undergoing maxillofacial fracture surgery.

10
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Chapter 10

One of the major concerns of radiation dose reduction is a decrease in diagnostic 

«iÀv�À�>�Vi�`Õi�Ì��>�`iVÀi>Ãi������>}i�µÕ>��ÌÞ°����Ì��Ã�Ì�iÃ�Ã]�L�Ì��
/�>�`�
	
/�

`�Ãi�Ài`ÕVÌ���� «À�Ì�V��Ã� ÜiÀi� ÃÌÕ`�i`� >�`� Üi� v�Õ�`� Ì�>Ì� Ì�i� �L�iVÌ�Ûi� >�`�

ÃÕL�iVÌ�Ûi�>ÃÃiÃÃ�i�ÌÃ�ÜiÀi�V��Ã�ÃÌi�Ì�>���}�>���Ì�i��>Ý����v>V�>��ÃV>��«À�Ì�V��Ã�

(Chapter 7®°�Ƃ�Ã�]�Ì�i�Ãi�Ã�Ì�Û�ÌÞ�>�`�Ã«iV�wV�ÌÞ�Ài�>��i`�V��ÃÌ>�Ì�>vÌiÀ�À>`�>Ì����
`�Ãi�Ài`ÕVÌ���°�ƂL�Ûi�>��]�iÛ�`i�Vi�Ü>Ã�«À�Û�`i`�Ì�>Ì�Ì�i���>}i�µÕ>��ÌÞ��v�L�Ì��

low dose CT and CBCT protocols was still good enough for clinical decision making. 


��Ã�`iÀ��}� Ì�iÃi��ÕÌV��iÃ]� ��Ü�`�Ãi�«À�Ì�V��Ã� Ãii�� Ì��Li� V����V>��Þ� ÕÃ>L�i�

v�À�L�Ì��Ì�i�`�>}��ÃÌ�V�Ü�À�Õ«�>�`�Ì�i�ÌÀi>Ì�i�Ì��>�>}i�i�Ì��v��>Ý����v>V�>��

ÌÀ>Õ�>�«>Ì�i�ÌÃ°�/�i� ��>}i�>ÃÃiÃÃ�i�ÌÃ� ���Ì��Ã�ÃÌÕ`Þ�ÜiÀi�V��`ÕVÌi`�LÞ�L�Ì��

À>`����}�ÃÌÃ�>�`��À>��>�`��>Ý����v>V�>��ÃÕÀ}i��Ã°��À���>�V����V>��«iÀÃ«iVÌ�Ûi]�L�Ì��

Ì�iÃi�«À�viÃÃ���Ã���ÌiÀ«ÀiÌ�Ì�i�À>`����}�V>����>}iÃ�v�À�>�`�vviÀi�Ì�«ÕÀ«�Ãi°�7�iÀi>Ã�

radiologists focus on the presence and location of maxillofacial fractures, oral and 

�>Ý����v>V�>��ÃÕÀ}i��Ã�«À��>À��Þ�v�VÕÃ����Ì�i�V����V>��V��ÃiµÕi�ViÃ��v�Ì�iÃi�vÀ>VÌÕÀiÃ�

>�`�Ì�i�����`iV�Ã�����>���}�LÞ�Ã«iV�wV>��Þ�>ÃÃiÃÃ��}�Ì�i�`i}Àii��v�`�Ã��V>Ì����

>�`É�À�Ài�>Ìi`�V��«��V>Ì���Ã�Ì�>Ì�V>��ÀiÃÕ�Ì����Õ�v>Û�ÕÀ>L�i�vÕ�VÌ���>���À�>iÃÌ�iÌ�V�

outcomes. Considering displaced fractures, one would expect that radiation dose 

does not affect the diagnostic management as any disruption in the anatomical 

�>�`�>À�Ã��Ã�V�i>À�Þ�Û�ÃÕ>��âi`����Ì�iÃi�«>Ì�i�ÌÃ½�ÃV>�Ã°�ƂÃ�«ÀiÃi�Ìi`����Ì��Ã�Ì�iÃ�Ã]�>�

CT is also used for the assessment of soft tissue structures such as the optical nerve 

and extra-ocular muscles 21,63,64°�/��Ã��Ã��v��>��À���«�ÀÌ>�Vi�LiV>ÕÃi]�v�À�iÝ>�«�i]�

iÝÌÀ>�VÕ�>À��ÕÃV�i�i�ÌÀ>«�i�Ì�>�`�ÀiÌÀ�LÕ�L>À�v>Ì��iÀ��>Ì�����>Þ�ÀiµÕ�Ài����i`�>Ìi�

surgical intervention 28,65,66°�/��Ã�Ì�iÃ�Ã�Ã��ÜÃ�Ì�>Ì�Ì��Ã�Ã��Õ�`�Li�Ì>�i����Ì��V>ÀivÕ��

consideration as image noise is known to negatively affect the contrast-to-noise ratio 

Ã�}��wV>�Ì�Þ��v�`>Ì>ÃiÌÃ�ÀiV��ÃÌÀÕVÌi`�vÀ���>�Ã�vÌ�Ì�ÃÃÕi��iÀ�i�°�Ƃ�«ÀiÛ��ÕÃ�ÃÌÕ`Þ�

�v�Ì�i��«Ì�V��iÀÛi�>�`���viÀ��À�ÀiVÌÕÃ��ÕÃV�i�>�Ã��Ài«�ÀÌi`�>�Ã�}��wV>�Ì�`iVÀi>Ãi����

Ì�i�V��ÌÀ>ÃÌ�Ì�����Ãi�À>Ì���>vÌiÀ�>��nn°Ç¯�Ì���n°È¯�À>`�>Ì����`�Ãi�Ài`ÕVÌ���67. The 

authors also found that the use of adaptive statistical iterative reconstruction (ASIR) 

>�`���`i��L>Ãi`��ÌiÀ>Ì�Ûi�ÀiV��ÃÌÀÕVÌ�����	�,®�Ã�}��wV>�Ì�Þ���«À�Ûi`�Ì�i�V��ÌÀ>ÃÌ�

Ì�����Ãi�À>Ì����ÛiÀ�`>Ì>ÃiÌÃ�Ì�>Ì�ÜiÀi�ÀiV��ÃÌÀÕVÌi`�ÕÃ��}�w�ÌiÀi`�L>V��«À��iVÌ���°�

Ƃ��Ì�iÀ� ÃÌÕ`Þ� LÞ� Ì�i� Ã>�i� >ÕÌ��À� }À�Õ«� ÕÃi`� Ì�iÃi� �ÌiÀ>Ì�Ûi� ÀiV��ÃÌÀÕVÌ����

>�}�À�Ì��Ã�Ì��>ÃÃiÃÃ�Ì�i�`�>}��ÃÌ�V� ��>}i�µÕ>��ÌÞ��v���`v>V�>�� vÀ>VÌÕÀiÃ�68. They 

v�Õ�`�Ì�>Ì��ÌiÀ>Ì�Ûi�ÀiV��ÃÌÀÕVÌ����>�}�À�Ì��Ã�ÃÕLÃÌ>�Ì�>��Þ�Ài`ÕVi`�Ì�i���>}i����Ãi�

�v�Ì�i�Õ�ÌÀ>���Ü�`�Ãi�«À�Ì�V��Ã]�LÕÌ�Ì�i�`iÌiVÌ����À>ÌiÃ�V�Õ�`���Ì�Li� ��«À�Ûi`�

`Õi�Ì��Ã���Ì���}�ivviVÌÃ°�
��Ã�`iÀ��}�Ì�iÃi�w�`��}Ã]�À>`�>Ì����`�Ãi�Ài`ÕVÌ�����Ã�
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General discussion and future perspectives 

vi>Ã�L�i�v�À��>Ý����v>V�>��ÌÀ>Õ�>�«À�Ì�V��Ã�LÕÌ�ÀiV��ÃÌÀÕVÌ����>�}�À�Ì��Ã�Ã��Õ�`�Li�

V��Ã�`iÀi`�Ì����«À�Ûi�Ì�i���ÃÃ��v����Ãi�Ài�>Ìi`���>}i�µÕ>��ÌÞ°

�ÕÀÌ�iÀ��Ài]�Üi�«À�Û�`i�iÛ�`i�Vi�Ì�>Ì�L�Ì���ÌiÀ>Ì�Ûi�ÀiV��ÃÌÀÕVÌ����>�}�À�Ì��Ã�>�`�

>ÀÌ�wV�>����Ìi���}i�Vi�>�}�À�Ì��Ã�>Ài��v�}Ài>Ì�Û>�Õi�v�À��>��Ì>����}���>}i�µÕ>��ÌÞ�>vÌiÀ�

ÃÕLÃÌ>�Ì�>��À>`�>Ì����`�Ãi�Ài`ÕVÌ����Chapter 8®°�7i�v�Õ�`�Ì�>Ì�Ì�iÃi�>�}�À�Ì��Ã�
Ã�}��wV>�Ì�Þ���«À�Ûi�Ì�i�Ã�}�>��Ì�����Ãi�>�`�V��ÌÀ>ÃÌ�Ì�����Ãi�À>Ì���v�À�L��i�>�`�

Ã�vÌ�Ì�ÃÃÕi�ÀiV��ÃÌÀÕVÌi`�`>Ì>ÃiÌÃ��v��>Ý����v>V�>��ÌÀ>Õ�>�«>Ì�i�ÌÃ�>vÌiÀ�ÃÕLÃÌ>�Ì�>��

radiation dose reduction. The introduction of noise is known to especially decrease 

Ì�i���>}i�µÕ>��ÌÞ��v�Ã�vÌ�Ì�ÃÃÕi�ÀiV��ÃÌÀÕVÌi`�`>Ì>ÃiÌÃ�Ü��V��>Ài�ÕÃi`�Ì��Û�ÃÕ>��âi�

��ÌÀ>��ÀL�Ì>��V��Ìi�ÌÃ�21,69°�/�i�`i�Ã�Ì�iÃ]��À���Õ�Ãwi�`�Õ��ÌÃ]��v�Ì�iÃi�Ì�ÃÃÕiÃ�>Ài�

���Ü��Ì��Li�V��Ãi�Þ�Ài�>Ìi`�>�`]�Ì�iÀiv�Ài]�ÃÕvwV�i�Ì� ��Ü�V��ÌÀ>ÃÌ�`iÌiVÌ>L���ÌÞ�

�Ã� �ii`i`� Ì�� Û�ÃÕ>��âi� Ì�i� >ÃÃ�V�>Ìi`� ���ÕÀÞ°�
��Ã�`iÀ��}� Ì�>Ì� L�Ì�� >�}�À�Ì��Ã�

ÃÕLÃÌ>�Ì�>��Þ�Ài`ÕVi���>}i����Ãi]�Ì�iÞ�Ãii��Ì��Li�«>ÀÌ�VÕ�>À�Þ�ÕÃivÕ��v�À��«Ì���â��}�

soft tissue datasets 70°� �Ü>`>ÞÃ]��ÌiÀ>Ì�Ûi�ÀiV��ÃÌÀÕVÌ����>�}�À�Ì��Ã�>Ài�>Û>��>L�i�

for all CT vendors and are clinically well integrated into the dataset reconstruction 

Ü�À�y�Ü�71. The main advantage of these algorithms is that they reduce noise and 

>ÀÌiv>VÌÃ�V��«>Ài`�Ì��Ì�i��À�}��>��Þ�ÕÃi`�w�ÌiÀi`�L>V��«À��iVÌ����70,72. The algorithms 

ÜiÀi�«À�«�Ãi`�Ì���>��Ì>���Ì�i� ��>}i�µÕ>��ÌÞ�>vÌiÀ�À>`�>Ì����`�Ãi�Ài`ÕVÌ���� 73. 

However, the disadvantages of these algorithms include the long computational 

ÀiµÕ�Ài�i�ÌÃ�>�`�Û>À�>Ì���Ã������>}i�>««i>À>�Vi�Ì�>Ì��Ã�ÀiviÀÀi`�Ì��>Ã�¼L��ÌV�Þ½��À�

¼«�Ýi�>Ìi`½�72,73 (Chapter 8®°�/�`>Þ½Ã��ÌiÀ>Ì�Ûi�ÀiV��ÃÌÀÕVÌ����>�}�À�Ì��Ã�ÕÃi�>�«À�ViÃÃ�
�v� L>V�Ü>À`� >�`� v�ÀÜ>À`�«À��iVÌ���� Ì�� ÃÕ««ÀiÃÃ� ���ÃiÃ�Ü���i��>��Ì>����}� Ì�i�

structure of the image 72,74°�/�iÃi�«À��iVÌ���Ã�>Ài�L>Ãi`����Ã���Ì��iÃÃ�V��ÃÌÀ>��ÌÃ�

and cannot exploit more complex features of the image 75. The introduction of 

>ÀÌ�wV�>�� ��Ìi���}i�Vi]� �À�`ii«� �i>À���}� >�}�À�Ì��Ã]� �>Ã� i�>L�i`���Ài� V��«�iÝ�

image feature learning that potentially increases the performance of reconstruction 

methods further 70,75,76. In this thesis, we found that a deep learning algorithm is 

>L�i�Ì����«À�Ûi�Ì�i�Ã�}�>��Ì�����Ãi�>�`�V��ÌÀ>ÃÌ�Ì�����Ãi�À>Ì���ÃÕLÃÌ>�Ì�>��Þ�>vÌiÀ�

reconstructing the raw dataset using iterative reconstruction algorithms (Chapter 
8®°�/�i�>�}�À�Ì��Ã��>Ûi�Ì�i�«�Ìi�Ì�>��Ì��«À�`ÕVi�>���}��µÕ>��ÌÞ�ÀiV��ÃÌÀÕVÌ����vÀ���
a low dose CT dataset 75,77–79.

Ƃ�Ì��Õ}�����Ãi�Ài�>Ìi`��ÕÌV��iÃ�µÕ>�Ì�vÞ�Ì�i���>}i����Ãi]�Ì�iÞ�>Ài���Ì�`�ÀiVÌ�Þ�

related to the extent to which fracture visualization is affected. Hence, human 

�LÃiÀÛiÀ�ÃÌÕ`�iÃ�ÜiÀi�V��`ÕVÌi`�Ì��µÕ>�Ì�vÞ�Ì�i���>}i�µÕ>��ÌÞ�ÕÃ��}�>�V��w`i�Vi�

10
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À>Ì��}�ÃV>�i°���ÜiÛiÀ]��Õ�>���LÃiÀÛiÀÃ�>Ài�«À��i�Ì���>ÌÕÀ>������Ì>Ì���Ã��v�«iÀVi«Ì����

>�`�Ì���LÃiÀÛiÀ�«Ài`�VÌ����L�>Ã�Ã�]�-ÌÀÕVÌÕÀ>��-����>À�ÌÞ��i>ÃÕÀi�i�ÌÃ�--��®�ÜiÀi�

V��`ÕVÌi`�Ì��>ÃÃiÃÃ�Ì�i�ÃÌÀÕVÌÕÀ>����>}i�µÕ>��ÌÞ�>�`�Ì�i�V�>À>VÌiÀ�ÃÌ�VÃ��v���`v>V�>��

fractures (Chapter 9®°�"ÕÀ� w�`��}Ã� ÃÕ}}iÃÌ� Ì�>Ì� ÃÌÀÕVÌÕÀ>�� Ã����>À�ÌÞ� �Ã���ÃÌ�Þ�
>vviVÌi`�LÞ�À>`�>Ì����`�Ãi�Ài`ÕVÌ����Ü���i�Ì�i�ivviVÌÃ��v��ÌiÀ>Ì�Ûi�ÀiV��ÃÌÀÕVÌ���Ã�

>�`�`ii«��i>À���}�>�}�À�Ì��Ã�Ìi�`�Ì��Li�Ã�>��°�Ƃ�Ã�]�Ì�i�`ii«��i>À���}�>�}�À�Ì���

does not seem to affect the fracture characteristics, unlike radiation dose reduction 

and iterative reconstruction.

/>���}� Ì�i� >L�Ûi� ��Ì�� V��Ã�`iÀ>Ì���]� L�Ì�� �ÌiÀ>Ì�Ûi� ÀiV��ÃÌÀÕVÌ���� >�`� `ii«�

learning algorithms have the potential to provide image noise optimization without 

�i}>Ì�Ûi�Þ�>vviVÌ��}�Ì�i�ÃÌÀÕVÌÕÀ>�� ��>}i�µÕ>��ÌÞ�>�`�vÀ>VÌÕÀi�V�>À>VÌiÀ�ÃÌ�VÃ����>�


/°�Ƃ�Ì��Õ}���ÌiÀ>Ì�Ûi�ÀiV��ÃÌÀÕVÌ����>�}�À�Ì��Ã�>Ài�Üi��� ��V�À«�À>Ìi`����Ì�`>Þ½Ã�

`>Ì>�ÀiV��ÃÌÀÕVÌ����Ü�À�y�Ü]�`ii«��i>À���}�>�}�À�Ì��Ã�>Ài���Ì°�	�Ì��>�}�À�Ì��Ã½�

V��«ÕÌ>Ì���>��ÀiµÕ�Ài�i�ÌÃ��iiÌ�Ì�i�V����V>���ii`Ã�LÕÌ�Ì�i�>�}�À�Ì��Ã�Ã��Õ�`�Li�

incorporated into a continuous process of data reconstruction on the CT system. 


��Ã�`iÀ��}�Ì�i��ÕÌV��iÃ�`iÃVÀ�Li`����Ì��Ã�Ì�iÃ�Ã]�L�Ì��>�}�À�Ì���ÌÞ«iÃ�V>��Li�ÕÃi`�

Ì��Ài`ÕVi�Ì�i�À>`�>Ì����̀ �Ãi�>Ã���Ü�>Ã�Ài>Ã��>L�i�«�ÃÃ�L�i�v�À�i>V����`�Û�`Õ>��«>Ì�i�Ì°

Future perspectives

In the last few decades, CT imaging has emerged as the clinical cornerstone for 

the diagnostic management of trauma patients in the emergency department. The 

increased utilization has resulted in more radiation exposure among maxillofacial 

ÌÀ>Õ�>�«>Ì�i�ÌÃ°�
��ÃiµÕi�Ì�Þ]� vÕÌÕÀi�ÀiÃi>ÀV��Ã��Õ�`� v�VÕÃ������Ü�Ì��Ài`ÕVi�

Õ��iViÃÃ>ÀÞ�À>`����}�V>����>}��}�>�`�������âi�i>V����`�Û�`Õ>�½Ã�À>`�>Ì����iÝ«�ÃÕÀi�

through clinical and radiological considerations.

Nowadays, making decisions regarding the diagnostic management of midfacial 

>�`��>�`�LÕ�>À�«>Ì�i�ÌÃ��Ã�Ài�>Ìi`�Ì��>��Õ�Ì�ÌÕ`i��v�v>VÌ�ÀÃ���V�Õ`��}�Ì�i�«�ÞÃ�V>��

iÝ>���>Ì����w�`��}Ã]�ÌÀ>Õ�>�ÃiÛiÀ�ÌÞ]�V��V���Ì>�Ì����ÕÀ�iÃ�>�`��iV�>��Ã���v����ÕÀÞ°�

These factors can vary widely for different patient populations. Although the clinical 

decision aids presented in this thesis (Chapter 4®�>���Ü�v�À�LiÌÌiÀ�À�Ã��ÃÌÀ>Ì�wV>Ì����
�v�Ì�i�«>Ì�i�ÌÃ]� ��ÌiÀ�>��>�`�iÝÌiÀ�>��Û>��`>Ì���� �Ã� ÀiµÕ�Ài`� ���>��iÜ�«�«Õ�>Ì����

�v�«>Ì�i�ÌÃ�Ì��>ÃÃiÃÃ�Ì�i�À�V����V>�� Ài«À�`ÕV�L���ÌÞ°���Ài� ��«�ÀÌ>�Ì�Þ]� Ì�i�V����V>��

decision aids (Chapter 4a and 4b®�Ã��Õ�`�Li�ÕÃi`�Ì��V��ÃÌÀÕVÌ�>�V����V>��«À�Ì�V���
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�À�y�ÜV�>ÀÌ�Ì��}Õ�`i�Ì�i��ii`�v�À�À>`����}�V>����>}��}�v�À�i>V����`�Û�`Õ>��«>Ì�i�Ì�

Ì�>Ì��Ã�ÃÕÃ«iVÌi`��v���`v>V�>���À��>�`�LÕ�>À�vÀ>VÌÕÀiÃ°�/�i�`�>}��ÃÌ�V�>VVÕÀ>V�iÃ�

presented in this thesis (Chapter 2, 3 and 4) provide a priori knowledge on how to 

standardize the physical examination.

Future research should construct a clinical protocol with a score that allows patients 

Ì��Li�V�>ÃÃ�wi`�>VV�À`��}�Ì��¼��}�½]�¼��ÌiÀ�i`�>Ìi½��À�¼��Ü½�vÀ>VÌÕÀi�À�Ã��>�`�>�Ã��Ì��

V�>ÃÃ�vÞ�Ì�i��ii`�v�À�>VÌ�Ûi�ÌÀi>Ì�i�Ì°�-ÕLÃiµÕi�Ì�Þ]�>�ÌÀi>Ì�i�Ì�ÀiV���i�`>Ì����

V>��Li�>ÃÃ�}�i`�Ì��i>V��À�Ã��}À�Õ«°���À�iÝ>�«�i]���i�V�Õ�`�V��Ã�`iÀ�¼ÀivÀ>���vÀ���

À>`����}�V>����>}��}½�v�À�¼��Ü½�À�Ã��«>Ì�i�ÌÃ°

Ƃ�Ã�]�Ài}>À`��}�Ì�i�«>Ì�i�ÌÃ�V�>ÃÃ�wi`���Ì��Ì�i���ÌiÀ�i`�>Ìi�À�Ã��}À�Õ«]���i�V�Õ�`�

refrain from radiological imaging during the emergency department visit and 

reconsider it during an out-patient clinic follow-up. An outpatient low dose CBCT 

�À�"*��V�Õ�`�Li�ÕÃi`��v�À>`����}�V>����>}��}��Ã�V��Ã�`iÀi`��iViÃÃ>ÀÞ°�Ƃ�Ì��Õ}��

«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�ÜiÀi�Ì�i�«À��>ÀÞ�v�VÕÃ]�Ì�i�`�>}��ÃÌ�V��>�>}i�i�Ì��v�

each individual patient also depends on various other factors which were not taken 

��Ì��V��Ã�`iÀ>Ì�������Ì�i�ÃÌÕ`�iÃ�`iÃVÀ�Li`����Ì��Ã�Ì�iÃ�Ã°�ƂÃ�`�ÃVÕÃÃi`]�V��Ûi�Ì���>��

>�`�i�iVÌÀ�V�L��i�Ài�>Ìi`�>VV�`i�ÌÃ�ÜiÀi�>�V�������iV�>��Ã���v��>Ý����v>V�>��

trauma (Chapter 5), emphasizing the need to study this population of patients 

Ã«iV�wV>��Þ°��ÕÌÕÀi�ÀiÃi>ÀV��Ã��Õ�`�>�Ã��v�VÕÃ����Ì�i�«�ÃÃ�L�i�Ài�>Ì���Ã��«�LiÌÜii��

«>Ì�i�Ì�>�`�ÌÀ>Õ�>�Ài�>Ìi`�v>VÌ�ÀÃ� i°}°]��iV�>��Ã���v� ���ÕÀÞ]�>}i]�V���ÀL�`�ÌÞ]�

ÌÀ>Õ�>�ÃiÛiÀ�ÌÞ®�>�`� Ì�i�V����V>��w�`��}Ã]� ÃÕV��>Ã� Ì�i�«ÀiÃi�Vi��v��>Ý����v>V�>��

fractures, and the need for fracture treatment.

Ý«�ÃÕÀi�Ì������â��}�À>`�>Ì�����Ã�>����}���}�Ì�«�V��v�V��ViÀ��v�À�«>Ì�i�ÌÃ�ÃÕL�iVÌi`�

Ì��À>`����}�V>�� ��>}��}°�
/�«À�Ûi`�Ì��Li�Ì�i���>}��}��iÌ��`��v�V���Vi�v�À�Ì�i�

`�>}��Ã�Ã��v���`v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ����Ì�i��>��À�ÌÞ��v�«>Ì�i�ÌÃ�Chapter 
4a). Thus, future research should focus on how to reduce the radiation exposure 

vÕÀÌ�iÀ� v�À�i>V�� ��`�Û�`Õ>��«>Ì�i�Ì°�Ƃ�Ì��Õ}���ÌiÀ>Ì�Ûi�ÀiV��ÃÌÀÕVÌ����ÌiV���µÕiÃ�

>Ài� V����V>��Þ�Üi��� iÃÌ>L��Ã�i`� v�À� >���
/� Ûi�`�ÀÃ]� >ÀÌ�wV�>�� ��Ìi���}i�Vi��À�`ii«�

�i>À���}�ÌiV���µÕiÃ��>Ûi���ÌÀ�`ÕVi`�>�V��«�iÌi�Þ��iÜ�V�>«ÌiÀ�Ì��Ì�i��«Ì���â>Ì����

�v� Ì�i� ��>}i�µÕ>��ÌÞ��v�
/�`>Ì>ÃiÌÃ°���ÜiÛiÀ]� Ì�i�iÝ>VÌ� >ÀV��ÌiVÌÕÀi��v� Ì�iÃi�

ÌiV���µÕiÃ� �Ã�Õ����Ü��Ì��`>Ìi�>�`]� Ì�iÀiv�Ài]� vÕÌÕÀi� ÀiÃi>ÀV��Ã��Õ�`� v�VÕÃ����

Ì�i�ivviVÌÃ��v�Û>ÀÞ��}���>}i�µÕ>��ÌÞ��i>ÃÕÀiÃ°�/�i�ivviVÌÃ��v����Ãi�Ài�>Ìi`���>}i�

µÕ>��ÌÞ]� ÃÌÀÕVÌÕÀ>�� ��>}i�µÕ>��ÌÞ� >�`� vÀ>VÌÕÀi� V�>À>VÌiÀ�ÃÌ�VÃ�ÜiÀi� >ÃÃiÃÃi`����

10



234

Chapter 10

human cadaver specimens (Chapter 6 to 9). Future studies should incorporate 

L�Ì�� �ÌiÀ>Ì�Ûi� ÀiV��ÃÌÀÕVÌ����>�}�À�Ì��Ã�>�`�`ii«� �i>À���}�>�}�À�Ì��Ã� ��Ì�� Ì�i�

V����V>��ÃV>��«À�Ì�V��Ã�v�À��>Ý����v>V�>��ÌÀ>Õ�>�Ì��>ÃÃiÃÃ���Ü�À>`�>Ì����`�Ãi�V>��Li�

Ài`ÕVi`�Ì��>Ã���Ü�>Ã�Ài>Ã��>L�Þ�«�ÃÃ�L�i°��ÕÀÌ�iÀ��Ài]���i�V�Õ�`�>ÃÃiÃÃ���Ü�Ì�iÃi�

>�}�À�Ì��Ã��>��Ì>����À�iÛi����«À�Ûi�Ì�i���>}i�µÕ>��ÌÞ��v�Ì�i�V����V>��«À�Ì�V��Ã°

In conclusion, three dimensional radiological imaging is the cornerstone for the 

diagnosis of maxillofacial trauma patients in the emergency department once the 

�ii`� v�À� ��>}��}��>Ã�Lii��V����V>��Þ�iÃÌ>L��Ã�i`°�	�Ì��V����V>��>�`� À>`����}�V>��

V��Ã�`iÀ>Ì���Ã� Ã��Õ�`� Li� >ÃÃiÃÃi`� Ì�� >Û��`� Õ��iViÃÃ>ÀÞ� 
/� iÝ«�ÃÕÀi� �À� Ì��

Ài`ÕVi�Ì�i�À>`�>Ì����`�Ãi°��À���>�V����V>��«iÀÃ«iVÌ�Ûi]�>�V��L��>Ì�����v�«�ÞÃ�V>��

iÝ>���>Ì����w�`��}Ã���}�Ì�>VÌ�>Ã�>�V����V>��`iV�Ã����>�`�Ì��`�ÃViÀ��i�Ì�iÀ�«>Ì�i�ÌÃ�

>Ì�À�Ã���v��>Ý����v>V�>��vÀ>VÌÕÀiÃ]��À�«>Ì�i�ÌÃ�Ì�>Ì�ÀiµÕ�Ài�>VÌ�Ûi�ÌÀi>Ì�i�Ì°���Ài�ÛiÀ]�

Ì�i���ÃÌ�ivviVÌ�Ûi�Ü>Þ��v�������â��}�Ì�i�«>Ì�i�Ì½Ã�À>`�>Ì����`�Ãi��Ã���Ì�V��`ÕVÌ��}�

À>`����}�V>����>}��}�>Ì�>��]�Ü��V��Ã��Õ�`�Li�V��Ã�`iÀi`�`ÕÀ��}�i>V��iÝ>���>Ì���°�

Also, this is the most effective method to reduce health care costs and may have a 

positive effect on crowding in the emergency department. However, if radiological 

��>}��}��Ã�ÀiµÕ�Ài`]�Ì�i�vÕ���«�Ìi�Ì�>���v�Ì�i�>Û>��>L�i�ÌiV�����}�V>��>`Û>�ViÃ�Ã��Õ�`�

Li�>««��i`�Ì��������âi�À>`�>Ì����iÝ«�ÃÕÀi�Ü���i��>��Ì>����}�ÃÕvwV�i�Ì���>}i�µÕ>��ÌÞ°�

�ÕÌÕÀi�ÀiÃi>ÀV��Ã��Õ�`�v�VÕÃ������Ü�L�Ì��Ì�i�V����V>��>�`�À>`����}�V>��V��Ã�`iÀ>Ì���Ã�

V>��Li���V�À«�À>Ìi`���Ì��Ì�i�V����V>��Ü�À�y�Ü°
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Chapter 11

Summary

�>Ý����v>V�>�� ÌÀ>Õ�>� �Ã� >� vÀiµÕi�Ì� V>ÕÃi� v�À� «ÀiÃi�Ì>Ì���� >Ì� Ì�i� i�iÀ}i�VÞ�

`i«>ÀÌ�i�Ì°�ƂVÌ�Û�Ì�iÃ��v�`>��Þ���Û��}]�Ã«�ÀÌÃ]�>ÃÃ>Õ�Ì�>�`�ÌÀ>vwV�Ài�>Ìi`�>VV�`i�ÌÃ�>Ài�

the leading mechanisms of injury. Maxillofacial trauma is often divided into midfacial 

>�`É�À��>�`�LÕ�>À����ÕÀÞ°�>V���v�Ì�iÃi�Ài}���Ã�>Ài����Ü��v�À�Ì�i�À�V�>À>VÌiÀ�ÃÌ�V�>�`�

V��«�iÝ�>�>Ì��Þ�V��ÃiµÕi�Ì�Þ��i>`��}�Ì��`�ÃÌ��VÌ�Ûi�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã°

Maxillofacial fractures are known to present in varying degree of severity ranging 

vÀ�������`�Ã��V>Ìi`�vÀ>VÌÕÀiÃ�Ì��}À�ÃÃ�V�����ÕÌ�������Ü��V��«>Ì�i�ÌÃ��>Þ�Li�>Ì�À�Ã��

v�À�>�ÀÜ>Þ�V��«À���Ãi�Û�>��>Ý���>ÀÞ�«À��>«Ãi]�i`i�>]��À��i��ÀÀ�>}i°��`i�Ì�wV>Ì����

�v��>Ý����v>V�>��vÀ>VÌÕÀiÃ����>��i>À�Þ�ÃÌ>}i��v�ÌÀi>Ì�i�Ì��Ã�iÃÃi�Ì�>��LiV>ÕÃi��v�Ì�i�

«�Ìi�Ì�>�� vÕ�VÌ���>��>�`É�À�>iÃÌ�iÌ�V�V��ÃiµÕi�ViÃ� ���V>Ãi��v�`i�>Þi`��À� �>V���v�

treatment. Upon entering the emergency department, each trauma patient suspected 

v�À���`v>V�>���À��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�Ã��Õ�`�ÀiVi�Ûi�>�ÃÌÀÕVÌÕÀi`�>�`�ÃÌ>�`>À`�âi`�

assessment to determine the need of radiological imaging. However, radiological 

imaging is associated with exposure to ionizing radiation and health care costs. For 

Ì�>Ì�Ài>Ã��]��Ì��Ã��v�Ã«iV�wV���ÌiÀiÃÌ���Ü�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã��>Þ��i>`�Ì��

>��>`iµÕ>Ìi�ÃÌÀ>Ì�wV>Ì�����v�«>Ì�i�ÌÃ�>Ì�À�Ã��v�À���`v>V�>���À��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�Ì��

reduce unnecessary imaging. The purpose of this thesis is how clinical and radiological 

considerations avoid unnecessary CT exposure or to reduce the radiation dose.

Chapters 2 to 4�v�VÕÃ����Ì�i�`�>}��ÃÌ�V�>VVÕÀ>VÞ��v�«�ÞÃ�V>��iÝ>���>Ì����w�`��}�
v�À���`v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ°����Chapter 2, a systematic review and meta-

analysis was conducted with the aim to assess the diagnostic accuracy of physical 

iÝ>���>Ì����w�`��}Ã�>�`� Ài�>Ìi`����Ü��V����V>��`iV�Ã����>�`Ã]� ��� V��«>À�Ã��� Ì��

Computed Tomography (CT) and Cone Beam Computed Tomography (CBCT), for 

Ì�i�̀ �>}��Ã�Ã��v���`v>V�>��vÀ>VÌÕÀiÃ°�Ƃ�Ì�Ì>���v�{Ó�̀ �ÃÌ��VÌ�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�

ÜiÀi��`i�Ì�wi`°�/�i��iÌ>�>�>�ÞÃ�Ã�ÀiÛi>�i`�>���}��Ã«iV�wV�ÌÞ�>�`���Ü�Ãi�Ã�Ì�Û�ÌÞ�v�À�

��ÃÌ��v�Ì�i���`�Û�`Õ>��«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�Ài�>Ìi`�Ì��Ì�i�Û�ÃÕ>��>««i>À>�Vi�

�v�Ì�i�«>Ì�i�Ì]��>Ã>�]��VÕ�>À�>�`���ÌÀ>��À>��>ÃÃiÃÃ�i�ÌÃ]�>�`�w�`��}Ã�Ài�>Ìi`�Ì��Ì�i�

functional assessment and palpation of the midface. These results indicate that the 

>LÃi�Vi��v�>�Þ�«�ÞÃ�V>��iÝ>���>Ì����w�`��}�V>��Li�ÕÃi`�Ì��ÃÕVViÃÃvÕ��Þ� �`i�Ì�vÞ�

patients who do not have a midfacial fracture, whereas the presence of individual 

w�`��}Ã�`�iÃ���Ì��iViÃÃ>À��Þ��i>�� Ì�>Ì�«>Ì�i�ÌÃ��>Ûi�>���`v>V�>�� vÀ>VÌÕÀi°�"ÕÀ�

ÃÞÃÌi�>Ì�V�ÀiÛ�iÜ��`i�Ì�wi`�Û>À��ÕÃ�V����V>��̀ iV�Ã����>�`Ã�>�`�À�Ã��ÃV�ÀiÃ�L>Ãi`����Ì�iÃi�
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Summary

«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã]���ÜiÛiÀ]����i��v�Ì�i��v�VÕÃi`����Ì�i��`i�Ì�wV>Ì�����v�

>�Þ���`v>V�>��vÀ>VÌÕÀi�>Ã��ÕÌV��i°�/�i�À�Ã���v�L�>Ã�>ÃÃiÃÃ�i�Ì�ÀiÛi>�i`���Ü��À�Õ�V�i>À�

µÕ>��ÌÞ��v�Ì�i�ÃÌÕ`�iÃ°��ÕÀÌ�iÀ��Ài]�Ì�iÀi�ÜiÀi���}��V��ViÀ�Ã�Ài}>À`��}�>««��V>L���ÌÞ]�

>�`�Ì�iÀiv�Ài�Ì�i��ÕÌV��iÃ�Ã��Õ�`�Li���ÌiÀ«ÀiÌi`�Ü�Ì��V>ÕÌ���°

The goal of Chapter 3�Ü>Ã�Ì��V��ÃÌÀÕVÌ�>�wÛi�Þi>À�ÀiÌÀ�Ã«iVÌ�Ûi�V���ÀÌ�vÀ���>���
i�iÀ}i�VÞ�`i«>ÀÌ�i�Ì�«>Ì�i�ÌÃ�Ü�Ì��>���`v>V�>���À��>�`�LÕ�>À�ÌÀ>Õ�>°�Ƃ���«>Ì�i�ÌÃ�

who had undergone CT or panoramic orthopantomographic radiography (OPG) of 

Ì�i��i>`�>�`��iV��Ài}����ÜiÀi��`i�Ì�wi`�>�`�Ì�i�`�>}��ÃÌ�V�>VVÕÀ>VÞ�Ü>Ã�V>�VÕ�>Ìi`�

v�À�£��>�`�£{�«�ÞÃ�V>��iÝ>���>Ì����w�`��}Ã�v�À���`v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�

ÀiÃ«iVÌ�Ûi�Þ°�"ÛiÀ>��]�Ã«iV�wV�ÌÞ�Ü>Ã�v�Õ�`�Ì��Li���}�iÀ�Ì�>��Ãi�Ã�Ì�Û�ÌÞ°�,i}>À`��}�

��`v>V�>�� vÀ>VÌÕÀiÃ]���}��Ã«iV�wV�ÌÞ�Ü>Ã�v�Õ�`�v�À�À>VV����iÞiÃ]��>�>À�i���i�Vi�

y>ÌÌi���}]�w�`��}Ã�Ì�>Ì�>Ài�Ài�>Ìi`�Ì��«>�«>Ì����>�`�Ì�i��>Ã>���VÕ�>À�>�`� ��ÌÀ>�

�À>��>ÃÃiÃÃ�i�Ì°��>�>À�i���i�Vi�y>ÌÌi���}]�iÝÌiÀ�>���>Ã>��`iv�À��ÌÞ]��>Ã>��Ãi«ÌÕ��

�i�>Ì��>]�V�>�}i��v�}��Li�«�Ã�Ì����>�`�«>�«>L�i�ÃÌi«��vv��>`�>`���}��«�Ã�Ì�Ûi�

«Ài`�VÌ�Ûi� Û>�Õi� >�`� «�Ã�Ì�Ûi� ���i�����`� À>Ì��°� ,i}>À`��}��>�`�LÕ�>À� vÀ>VÌÕÀiÃ�

��}��Ã«iV�wV�ÌÞ�Ü>Ã�v�Õ�`�v�À���ÕÌ���«i���}�ÀiÃÌÀ�VÌ���]�>Õ`�Ì�ÀÞ�V>�>��L�ii`��}]�

��ÌÀ>��À>��>ÃÃiÃÃ�i�Ì�Ài�>Ìi`�w�`��}Ã]�«>�«>L�i�ÃÌi«��vv]� ��viÀ��À�>�Ûi��>À��iÀÛi�

paresthesia, the angular compression test and chin axial pressure test. Based on the 

ÀiÃÕ�ÌÃ��v�Ì��Ã�ÃÌÕ`Þ]�Ài�iÛ>�Ì�w�`��}Ã�ÜiÀi��`i�Ì�wi`�v�À�Ì�i�ÃÌ>�`>À`�âi`�«�ÞÃ�V>��

iÝ>���>Ì�����v�i>V��«>Ì�i�Ì�ÃÕÃ«iVÌi`�v�À���`v>V�>���À��>�`�LÕ�>À�vÀ>VÌÕÀiÃ°

In Chapter 4]�>�«À�Ã«iVÌ�Ûi��Õ�Ì�Vi�ÌiÀ��LÃiÀÛ>Ì���>��V���ÀÌ�ÃÌÕ`Þ�,�1
/�" �ÌÀ�>�®�
was conducted of all patients admitted to the participating emergency departments with 

>���`v>V�>���À��>�`�LÕ�>À�ÌÀ>Õ�>°����Ì��Ã�V���ÀÌ]�i>V��«>Ì�i�Ì�ÀiVi�Ûi`�>�ÃÌ>�`>À`�âi`�

«�ÞÃ�V>��iÝ>���>Ì����V��Ã�ÃÌ��}��v�wvÌii��>�`� v�ÕÀÌii��w�`��}Ã� v�À���`v>V�>��>�`�

�>�`�LÕ�>À�ÌÀ>Õ�>]�ÀiÃ«iVÌ�Ûi�Þ°�-ÕLÃiµÕi�Ì�Þ]����Chapter 4a, a clinical decision aid 

was constructed aiming on identifying patients with a low fracture risk. For midfacial 

ÌÀ>Õ�>�«>Ì�i�ÌÃ]�>�Ãi�Ã�Ì�Û�ÌÞ��v�n�°Ç¯�>�`�>�Ã«iV�wV�ÌÞ��v�{Ó°È¯�Ü>Ã��LÃiÀÛi`�v�À�>�Þ��v�

Ì�i�v����Ü��}�w�`��}ÃÆ�«iÀ���ÀL�Ì>���>i�>Ì��>]�i«�ÃÌ>Ý�Ã]��VÕ�>À���Ûi�i�Ì�����Ì>Ì���]�

��vÀ>��ÀL�Ì>���iÀÛi�«>À>iÃÌ�iÃ�>]�«>�«>L�i�ÃÌi«��vv�>�`�Ì��Ì����L���ÌÞ��À�>ÛÕ�Ã���°���À�

�>�`�LÕ�>À�ÌÀ>Õ�>�«>Ì�i�ÌÃ]�Ì�i�V����V>��̀ iV�Ã����>�`�«À�`ÕVi`�>�Ãi�Ã�Ì�Û�ÌÞ��v��n°x¯�>�`�

>�Ã«iV�wV�ÌÞ��v�Î{°È¯�v�À�>�Þ��v�Ì�i�v����Ü��}�w�`��}ÃÆ��>��VV�ÕÃ���]�Ì��Ì����L���ÌÞ��À�

avulsion and a positive angular compression test, a positive axial chin pressure test and 

>�«�Ã�Ì�Ûi�Ì��}Õi�L�>`i�ÌiÃÌ°�Chapter 4b focusses on a clinical decision aid to discern 

«>Ì�i�ÌÃ�Ü�Ì��ÕÌ�>�`�Ü�Ì����`v>V�>��>�`��>�`�LÕ�>À�vÀ>VÌÕÀiÃ�Ì�>Ì�ÀiµÕ�Ài�ÌÀi>Ì�i�Ì°�

11
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Chapter 11

For midfacial trauma patients, the clinical decision aid consisted of facial depression, 

i«�ÃÌ>Ý�Ã]��VÕ�>À���Ûi�i�Ì�����Ì>Ì���]�«>�«>L�i�ÃÌi«��vv]��L�iVÌ�Ûi��>��VV�ÕÃ���]�>�`�

Ì��Ì����L���ÌÞ��À�>ÛÕ�Ã���°�Ƃ�Ãi�Ã�Ì�Û�ÌÞ��v��Ç°Î¯�>�`�>�Ã«iV�wV�ÌÞ��v�În°È¯�Ü>Ã�v�Õ�`�

�v�>�Þ��v�>L�Ûi�Ì�i�«�ÞÃ�V>��iÝ>���>Ì����Ü>Ã�«ÀiÃi�Ì°���À��>�`�LÕ�>À�ÌÀ>Õ�>�«>Ì�i�ÌÃ]�

>�Ãi�Ã�Ì�Û�ÌÞ��v�£ää¯�>�`�>�Ã«iV�wV�ÌÞ��v�Î�°£¯�Ü>Ã�v�Õ�`�v�À�>�Þ��v�Ì�i�v����Ü��}�

w�`��}ÃÆ���ÕÌ���«i���}�����Ì>Ì���Ã]��>Ü���Ûi�i�Ì�«>��]��L�iVÌ�Ûi��>��VV�ÕÃ����>�`�

Ì��Ì����L���ÌÞ��À�>ÛÕ�Ã���°�7i�V��V�Õ`i`�Ì�>Ì�Ì�i�V����V>��`iV�Ã����>�`Ã�«ÀiÃi�Ìi`����

Chapter 4a and Chapter 4b�>���Ü�v�À�ÃÌÀ>Ì�wV>Ì�����v�«>Ì�i�ÌÃ���Ü�>Ì�À�Ã��v�À�vÀ>VÌÕÀiÃ]�
�À�«>Ì�i�ÌÃ�Ü�Ì��vÀ>VÌÕÀiÃ�Ì�>Ì�ÀiµÕ�Ài�ÌÀi>Ì�i�Ì°

Chapter 5�Ã«iV�wV>��Þ�v�VÕÃÃiÃ����Ì�i�i«�`i�����}�V>��V�>À>VÌiÀ�ÃÌ�VÃ��v�L�VÞV�i�
accidents and the aim was to compare the incidence and severity of maxillofacial 

vÀ>VÌÕÀiÃ��v�V��Ûi�Ì���>��L�VÞV�i�V��«>Ài`�Ì��i�L��i�Ài�>Ìi`�>VV�`i�ÌÃ°���`v>V�>��

vÀ>VÌÕÀiÃ� ÜiÀi� v�Õ�`� ��Ài� vÀiµÕi�Ì�Þ� ��� i�L��i� >VV�`i�ÌÃ� Ü���ÃÌ� �>�`�LÕ�>À�

vÀ>VÌÕÀiÃ�ÜiÀi��LÃiÀÛi`���Ài� ���V��Ûi�Ì���>��L�VÞV�i�>VV�`i�ÌÃ°�	>Ãi`���� Ì�i�

�>Ý��Õ��ƂLLÀiÛ�>Ìi`����ÕÀÞ�-V>�i��Ƃ�-®�>�`��>V�>�����ÕÀÞ�-iÛiÀ�ÌÞ�-V>�i���--®]�

Ì�i��>Ý����v>V�>��ÌÀ>Õ�>�>�`�vÀ>VÌÕÀi�ÃiÛiÀ�ÌÞ�`�`���Ì�`�vviÀ�LiÌÜii��L�Ì��}À�Õ«Ã�

iÛi��Ì��Õ}��vÀ>VÌÕÀiÃ����Ì�i�V��Ûi�Ì���>��L�VÞV�i�}À�Õ«�ÜiÀi���Ài�ÃiÛiÀi°�	>Ãi`�

�����}�ÃÌ�V�Ài}ÀiÃÃ����>�>�ÞÃ�Ã]�L�VÞV�i�ÌÞ«i�Ü>Ã���Ì�Ã�}��wV>�Ì�Þ�>ÃÃ�V�>Ìi`�Ü�Ì��>��

��VÀi>Ãi`�À�Ã���v���`v>V�>�� vÀ>VÌÕÀiÃ]��>�`�LÕ�>À�vÀ>VÌÕÀiÃ]�Ã�Õ��� vÀ>VÌÕÀiÃ]�`i�Ì>��

injury and severe maxillofacial fractures. These results indicate that other cyclist 

V�>À>VÌiÀ�ÃÌ�VÃ]�ÃÕV��>Ã�>}i]�>�V�����>�`�V���ÀL�`�Ì�iÃ]���}�Ì�«�>Þ�>����«�ÀÌ>�Ì�

role in sustaining maxillofacial fractures, especially severe ones.

Chapters 6 to 10 focus on radiation dose reduction of maxillofacial scan protocols and 

��Ü��ÌiÀ>Ì�Ûi�ÀiV��ÃÌÀÕVÌ����>�`�`ii«��i>À���}�>�}�À�Ì��Ã��«Ì���âi���>}i�µÕ>��ÌÞ°�Ƃ��

experimental cadaver study was conducted with the aim to assess the effects of CT dose 

reduction on the preference for CT and conventional radiography (CR) for the diagnosis 

of zygomaticomaxillary fractures (Chapter 6). In this study, zygomaticomaxillary fractures 

ÜiÀi���y�VÌi`����v�ÕÀ��Õ�>��V>`>ÛiÀ��i>`Ã�>�`�ÃÕLÃiµÕi�Ì�Þ�ÃV>��i`�Ü�Ì��
/�>�`�


,°���ÀVi`�À>�`�����>}i�V��«>À�Ã��Ã�ÜiÀi�«iÀv�À�i`�LÞ�>�Ì�Ì>���v�x{��LÃiÀÛiÀÃ�>�`�

>vÌiÀ�Çä¯�À>`�>Ì����`�Ãi�Ài`ÕVÌ���]�
/�Ài�>��i`�Ì�i�«ÀiviÀÀi`���>}��}�ÌiV���µÕi°�

In Chapter 7 Üi�`iÃVÀ�Li another human cadaver study with the aim to assess the 

`�>}��ÃÌ�V�Ài��>L���ÌÞ��v���Ü�̀ �Ãi�
��«ÕÌi`�/���}À>«�Þ�>�`�
	
/�v�À�Ì�i�̀ �>}��Ã�Ã��v�

�>Ý����v>V�>��vÀ>VÌÕÀiÃ°�	���`i`�À>�`���âi`��L�iVÌ�Ûi�>�`�ÃÕL�iVÌ�Ûi���>}i�>ÃÃiÃÃ�i�ÌÃ�
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ÜiÀi�V��`ÕVÌi`�LÞ�À>`����}�ÃÌÃ�>�`��À>��>�`��>Ý����v>V�>��ÃÕÀ}i��Ã°�/�i��L�iVÌ�Ûi�

>�>�ÞÃ�Ã�V��Ã�ÃÌi`��v���V>Ì����`iÌiÀ���>Ì�����v�vÀ>VÌÕÀiÃ����«Ài�`iw�i`�>�>Ì���V>��

Ã�ÌiÃ��v�Ì�i�âÞ}��>Ì�V��>Ý���>ÀÞ�V��«�iÝ°�-ÕL�iVÌ�Ûi�>�>�ÞÃ�Ã�Ü>Ã�V��`ÕVÌi`�Ì��>ÃÃiÃÃ�

Ì�i�ÃÕvwV�i�VÞ��v�Ì�i���>}i�µÕ>��ÌÞ�v�À�Ì�i�`�>}��Ã�Ã��v�vÀ>VÌÕÀiÃ�>�`�V����V>��`iV�Ã����

�>���}°�/�i�ÀiÃÕ�ÌÃ��v�Ì��Ã�ÃÌÕ`Þ�Ã��Üi`�Ì�>Ì�>vÌiÀ�ÃÕLÃÌ>�Ì�>��À>`�>Ì����̀ �Ãi�Ài`ÕVÌ���]�

Ì�i��L�iVÌ�Ûi�>�`�ÃÕL�iVÌ�Ûi�>ÃÃiÃÃ�i�ÌÃ�ÜiÀi�V��Ã�ÃÌi�Ì�>���}�>���Ì�i��>Ý����v>V�>��

ÃV>��«À�Ì�V��Ã°�Ƃ�Ã�]�iÛ�`i�Vi�Ü>Ã�«À�Û�`i`�Ì�>Ì�Ì�i���>}i�µÕ>��ÌÞ��v�L�Ì����Ü�`�Ãi�

CT and CBCT protocols was still good enough for clinical decision making.

In Chapter 8]� Ì�i� �Õ�>�� V>`>ÛiÀ� `>Ì>� Ü>Ã� ÃÌÕ`�i`� v�VÕÃ��}� ��� µÕ>�Ì�Ì>Ì�Ûi�Þ�
>ÃÃiÃÃ��}�Ì�i���>}i�µÕ>��ÌÞ��v�
/�>vÌiÀ�ÃÕLÃÌ>�Ì�>��À>`�>Ì����`�Ãi�Ài`ÕVÌ���°�>V���v�

these datasets was reconstructed using advanced modeled iterative reconstruction 

(IR) and the PixelShineTM (PS) deep learning algorithm. Signal to noise and contrast to 

���Ãi�À>Ì��Ã�- ,�>�`�
 ,®�ÜiÀi�V>�VÕ�>Ìi`�v�À�>���ÀiV��ÃÌÀÕVÌi`�̀ >Ì>ÃiÌÃ�LÞ�ÕÃ��}�Ì�i�

image noise measurements. This study demonstrated that radiation dose reduction, 

À>�Ã��}�Ì�i��,�ÃÌÀi�}Ì��>�`�Ì�i�ÕÃi��v�Ì�i�*-�>�}�À�Ì���ÜiÀi�>���Ã�}��wV>�Ì�Þ�>ÃÃ�V�>Ìi`�

with SNR and CNR as outcomes. Most important, the decrease of SNR and CNR due 

Ì��À>`�>Ì����̀ �Ãi�Ài`ÕVÌ����Ü>Ã�ÃÕLÃÌ>�Ì�>��Þ���«À�Ûi`�ÕÃ��}�Ì�i��,�>�`�*-�>�}�À�Ì��Ã°�

These algorithms provide potential for the optimization of clinical CT protocols.

Chapter 9��Ã�>�vi>Ã�L���ÌÞ�ÃÌÕ`Þ�v�VÕÃ��}����Ì�i��Õ�Ì��ÃV>�i�ÃÌÀÕVÌÕÀ>��Ã����>À�ÌÞ���`iÝ�
�iÌÀ�V��-�--��®�Ü�Ì��Ì�i�>���Ì��>ÃÃiÃÃ�Ì�i�vi>Ã�L���ÌÞ��v�Ì��Ã��iÌÀ�V�Ì���i>ÃÕÀi�Ì�i�

ÃÌÀÕVÌÕÀ>����>}i�µÕ>��ÌÞ�>�`�vÀ>VÌÕÀi�V�>À>VÌiÀ�ÃÌ�VÃ��v���`v>V�>��vÀ>VÌÕÀiÃ°�-�>���>�`�

non-dislocated fracture sites were selected from the datasets that were reconstructed 

in Chapter 6 to 8. After attenuating the osseous anatomy, registration was performed 

Ì��ÃÕ«iÀ��«�Ãi�Ì�i�`>Ì>ÃiÌÃ�>�`�ÃÕLÃiµÕi�Ì�Þ��i>ÃÕÀi�Ì�i�ÃÌÀÕVÌÕÀ>����>}i�µÕ>��ÌÞ°�


�>�}iÃ�Ì��Ì�i�vÀ>VÌÕÀi�V�>À>VÌiÀ�ÃÌ�VÃ�ÜiÀi��i>ÃÕÀi`�LÞ�V��«>À��}�i>V��vÀ>VÌÕÀi�

to the mirrored contralateral anatomy. The results of this study show that structural 

��>}i�µÕ>��ÌÞ�Ìi�`Ã�Ì��Li�>vviVÌi`�Ì�i���ÃÌ�LÞ�À>`�>Ì����̀ �Ãi�Ài`ÕVÌ���]�Ü�iÀi>Ã�Ì�i�

ivviVÌÃ��v��,�>�`�*-�Ìi�`�Ì��Li�Ã�>��°���À�Ì�i�vÀ>VÌÕÀi�V�>À>VÌiÀ�ÃÌ�V�>�>�ÞÃiÃ]�Ì�i�`>Ì>�

indicate that reducing the radiation dose and increasing the IR strength negatively 

affects the MS-SSIM, while the PS algorithm does not tend to affect this measure.

In the general discussion (Chapter 10®]� Ì�i� ÀiÃÕ�ÌÃ��v� Ì�i�ÃÌÕ`�iÃ�`iÃVÀ�Li`� ���
Chapters 2 to 10�ÜiÀi�`�ÃVÕÃÃi`����>�LÀ�>`iÀ�«iÀÃ«iVÌ�Ûi�>�`�ÀiV���i�`>Ì���Ã�
for future perspectives are given.

11
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/À>Õ�>�Û>���iÌ�>>�}iâ�V�Ì��Ã�ii��Ûii�Û��À���i�`i�Ài`i��Û��À��iÌ�Liâ�i�i��Û>��`i�

afdeling spoedeisende hulp van een ziekenhuis. De meest voorkomende oorzaken 

van aangezichtsletsel zijn de algemene dagelijkse levensverrichtingen, sport, geweld 

en verkeersongevallen. Letsel van het aangezicht wordt veelal onderverdeeld in 

�iÌÃi��Û>���iÌ���``i�}iâ�V�Ì�i��`i���`iÀ�>>���>�`�LÕ�>®°��i�>�>Ì���i�Û>��Li�`i�

Ài}��½Ã��Ã�V��«�iÝi��`i�>>�Üiâ�}�i�`�Û>��vÀ>VÌÕÀi���i�`i��Ûii�>��Ì�Ì��>À>�ÌiÀ�ÃÌ�i�i�

LiÛ��`��}i��L����iÌ���V�>�i�������`iÀâ�i�°��À>VÌÕÀi��Û>���iÌ�>>�}iâ�V�Ì�Û>À�lÀi�����

ernst en lopen uiteen van niet verplaatste fracturen tot comminutieve fracturen. Bij 

`i��iiÀÛ�Õ`�}i�vÀ>VÌÕÀi���Ã�iÀ�ii��}À�ÌiÀ�À�Ã�V���«�ii��Li`Ài�}`i�>`i�Üi}��«�

L>Ã�Ã�Û>��âÜi����}]�L��i`��}��v�ÛiÀ«�>>ÌÃ��}�Û>��`i��>Ý���>��v�`i��>�`�LÕ�>°

�iÌ� ÛÀ�i}Ì��`�}� �`i�Ì�wViÀi�� Û>�� >>�}iâ�V�ÌÃvÀ>VÌÕÀi�� �Ã� Û>��Üiâi������ Li�>�}�

Û��À��iÌ���âiÌÌi��Û>��`i��Õ�ÃÌi�Li�>�`i���}�i���iÌ�Û��À���i��Û>��vÕ�VÌ���i�i�i��

iÃÌ�iÌ�ÃV�i���>V�Ìi���«�`i��>�}i�ÌiÀ����°���i�«>Ì�l�Ì�`�i��>>À�`i�Ã«�i`i�Ãi�`i�

�Õ�«�ÛiÀÜiâi��Ü�À`Ì� ���ÛiÀL>�`��iÌ�ÌÀ>Õ�>�Û>���iÌ�>>�}iâ�V�Ì�`�i�Ì�`iÀ�>�Ûi�

gestructureerd en gestandaardiseerd onderzocht te worden om de noodzaak voor 

aanvullend radiologisch onderzoek zo goed mogelijk in the schatten. Radiologische 

Lii�`Û�À���}�}>>Ì�iV�ÌiÀ�}i«>>À`��iÌ���ÃÌi��i��ÃÌÀ>���}ÃLi�>ÃÌ��}°��iÌ��Ã�`>>À���

Û>��Li�>�}�Ìi�ÜiÌi��Üi��i�LiÛ��`��}i��Û>���iÌ���V�>�i�������`iÀâ�i��Û��ÀÃ«i��i�`�

â����Û��À�`i�>>�Üiâ�}�i�`�Û>��vÀ>VÌÕÀi�������iÀ�ii�����`�}i�ÃÌÀ>���}ÃLi�>ÃÌ��}�

i����ÃÌi��Û>��À��Ì}i���`iÀâ�i��Ìi�Û��À���i�°

Hoofdstuk 2 tot en met 4 richten zich op de voorspellende waarde van het 

lichamelijk onderzoek voor de aanwezigheid van fracturen van het middengezicht 

�v�`i��>�`�LÕ�>°�Hoofdstuk 2�LiÌÀivÌ�ii��ÃÞÃÌi�>Ì�ÃV�i�ÀiÛ�iÜ�i��ii���iÌ>�
>�>�ÞÃi� }iÀ�V�Ì� �«� `i� Û��ÀÃ«i��i�`i� Ü>>À`i� Û>�� ÛiÀÃV����i�`i� LiÛ��`��}i��

Û>���iÌ� ��V�>�i�������`iÀâ�i��i��`i��«Ìi�Ã�����iÀÛ>�� ���LiÃ��ÃÀi}i�Ã°�-«iV�wi��

werd gekeken naar de diagnostiek van fracturen van het middengezicht welke 

ÜiÀ`i�� Û>ÃÌ}iÃÌi�`��iÌ� Li�Õ�«� Û>�� V��«ÕÌiÀÌ���}À>wi� 
/®� �v� V��i�Li>��

V��«ÕÌiÀÌ���}À>wi�
	
/®°����Ì�Ì>>��ÜiÀ`i��{Ó���>v�>��i����i�LiÛ��`��}i��Û>���iÌ�

��V�>�i�������`iÀâ�i��}i�`i�Ì�wViiÀ`°��i��iÌ>�>�>�ÞÃi�Ì���`i�ii����}i�Ã«iV�wV�Ìi�Ì�

�>>À��>}i�Ãi�Ã�Ì�Û�Ìi�Ì�Û��À�LiÛ��`��}i��}iÀi�>ÌiiÀ`�>>��`i������ÃV�i�«ÀiÃi�Ì>Ì�i�

Û>��`i�«>Ì�l�Ì]�LiÛ��`��}i��Û>���iÌ��>Ã>>�]��VÕ�>�À�i����ÌÀ>��À>>����`iÀâ�i�]�i��

LiÛ��`��}i��Û>���iÌ�vÕ�VÌ���i�i���`iÀâ�i��i��«>�«>Ì�i�Û>���iÌ���``i�}iâ�V�Ì°�
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Deze resultaten impliceren dat de afwezigheid van een middengezichtsfractuur 

Û��ÀÃ«i�`��>��Ü�À`i��>�Ã�L�Ûi�}i��i�`i�LiÛ��`��}i��>vÜiâ�}� �i}>Ì�iv®�â���°�

Ƃ�`iÀâ��`Ã�LiÌi�i�Ì�`�Ì���iÌ�>�Ì��`�`>Ì�iÀ�ii��>>�}iâ�V�ÌÃvÀ>VÌÕÕÀ�>>�Üiâ�}��Ã�>�Ã�`i�

LiÛ��`��}i��Üi��>>�Üiâ�}�«�Ã�Ì�iv®�â���°��ii��Û>��`i�}iÛ��`i��LiÃ��ÃÀi}i�Ã�À�V�ÌÌi�

zich op de diagnostiek van middengezichtsfracturen alleen. De analyse van de 

studies liet daarnaast zien dat de kwaliteit veelal laag tot onduidelijk was. Tevens was 

iÀ�Ã«À>�i�Û>��ii�����}�À�Ã�V��Û��À�`i�Ì�i«>ÃL>>À�i�`�Û>��`i�ÃÌÕ`�iÃ�i��`iÀ�>�Ûi�

dient men terughoudend te zijn met directe interpretatie van de uitkomsten.

Hoofdstuk 3�LiÌÀivÌ�ii��ÀiÌÀ�Ã«iVÌ�iv�V���ÀÌ���`iÀâ�i��Û>��>��i�«>Ì�l�Ìi��`�i�`i�
>v}i��«i��Û��v��>>À��iÌ�ii��ÌÀ>Õ�>�Û>���iÌ���``i�}iâ�V�Ì��v�`i��>�`�LÕ�>�ÜiÀ`i��

`��ÀÛiÀÜiâi���>>À�̀ i�Ã«�i`i�Ãi�`i��Õ�«°�Ƃ��i�«>Ì�l�Ìi��̀ �i�À>`����}�ÃV����`iÀâ�i��

��`iÀ}��}i�� ���`i�Û�À��Û>��V��«ÕÌiÀÌ���}À>wi�Û>���iÌ����v`��>�Ã}iL�i`��v�

�ÀÌ��«>�Ì���}À>wi�"*�®�ÜiÀ`i��}i�`i�Ì�wViiÀ`�i��`i�Û��ÀÃ«i��i�`i�Ü>>À`i�

Û>��ÀiÃ«iVÌ�iÛi������i}i�Ì�i��i��ÛiiÀÌ�i��LiÛ��`��}i��Û>���iÌ���V�>�i�������`iÀâ�i��

Û��À��iÌ���``i�}iâ�V�Ì�i��`i��>�`�LÕ�>�ÜiÀ`i��LiÀi�i�`°�6��À�vÀ>VÌÕÀi��Û>��

�iÌ���``i�}iâ�V�Ì�ÜiÀ`�ii����}i�Ã«iV�wV�Ìi�Ì�}iÛ��`i��Û��À�`i�>>�Üiâ�}�i�`�

Û>��ii��LÀ���i�>Ì���]�>vÛ�>����}�Û>���iÌ�>>�}iâ�V�Ì]�«>�«iiÀL>Ài�vÀ>VÌÕÀi��i��

LiÛ��`��}i��}iÀi�>ÌiiÀ`�>>���iÌ��>Ã>>���i����ÌÀ>��À>>����`iÀâ�i�°�i����}i�«�Ã�Ì�iv�

voorspellende waarde en positieve likelihood ratio werd gevonden voor afvlakking 

van het aangezicht, scheefstand van de neus, septum hematoom, verandering 

Û>��`i�«�Ã�Ì�i�Û>��`i���}L���i��«>�«iiÀL>Ài�vÀ>VÌÕÀi�°�6��À��>�`�LÕ�>�vÀ>VÌÕÀi��

ÜiÀ`�ii����}i�Ã«iV�wV�Ìi�Ì�}iÛ��`i��Û��À����`�«i���}ÃLi«iÀ���}]�L��i`��}�

Õ�Ì�`i�iÝÌiÀ�i�}i���À}>�}]� ��ÌÀ>��À>>��}iÀi�>ÌiiÀ`i�LiÛ��`��}i�]�«>�«iiÀL>Ài�

fractuur, paresthesie van de nervus alveolaris inferior, de compressietest en de 

>Ã`ÀÕ�ÌiÃÌ°�"«�L>Ã�Ã�Û>��`i�ÀiÃÕ�Ì>Ìi��Û>��`�Ì���`iÀâ�i�����`i��LiÛ��`��}i��

worden geselecteerd die relevant zijn voor het standaardiseren van het lichamelijk 

��`iÀâ�i��Û>��«>Ì�l�Ìi��`�i�ÛiÀ`>V�Ì�Ü�À`i��Û>��vÀ>VÌÕÀi��Û>���iÌ���``i�}iâ�V�Ì�

�v�`i��>�`�LÕ�>°

Hoofdstuk 4� LiÃV�À��vÌ� ii�� «À�Ã«iVÌ�iv� �Õ�Ì�Vi�ÌiÀ� �LÃiÀÛ>Ì���ii�� V���ÀÌ�
��`iÀâ�i��,�1
/�" �ÌÀ�>�®�Û>��>��i�«>Ì�l�Ìi��`�i��>>À�`i�Ã«�i`i�Ãi�`i��Õ�«�

Û>��`i�`ii��i�i�`i�â�i�i��Õ�âi��ÛiÀÜiâi��ÜiÀ`i�����ÛiÀL>�`��iÌ�ÌÀ>Õ�>�Û>���iÌ�

��``i�}iâ�V�Ì��v�`i��>�`�LÕ�>°��i`iÀi�«>Ì�l�Ì���`iÀ}��}�ii��}iÃÌ>�`>>À`�ÃiiÀ`�

��V�>�i�������`iÀâ�i��Û>���iÌ���``i�}iâ�V�Ì�i�É�v�`i��>�`�LÕ�>°�"«�L>Ã�Ã�Û>��

`iâi�LiÛ��`��}i��ÜiÀ`����Hoofdstuk 4a ii��LiÃ��ÃÀi}i��Ã>�i�}iÃÌi�`�`�i�}iÀ�V�Ì�
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�Ã��«��iÌ��`i�Ì�wViÀi��Û>��«>Ì�l�Ìi���iÌ�ii���>>}�À�Ã�V���«�`i�>>�Üiâ�}�i�`�Û>��

ii��vÀ>VÌÕÕÀ°�6��À�vÀ>VÌÕÀi��Û>���iÌ���``i�}iâ�V�Ì�ÜiÀ`�ii��Ãi�Ã�Ì�Û�Ìi�Ì�Û>��n�°Ç¯�

i��ii��Ã«iV�wV�Ìi�Ì�Û>��{Ó°È¯�}iÛ��`i��Û��À�`i�>>�Üiâ�}�i�`�Û>��jj��Û>��`i�

Û��}i�`i�LiÛ��`��}i�\�«iÀ��ÀL�Ì>>���i�>Ì���]��iÕÃL��i`��}]�ÃÌ��À��ÃÃi��Û>��`i�

��}Û��}LiÜi}��}i�]�«>ÀiÃÌ�iÃ�i�Û>��`i��iÀÛÕÃ���vÀ>��ÀL�Ì>��Ã]�«>�«>Li�i�vÀ>VÌÕÕÀ�i��

`i�Ì>�i���L���Ìi�Ì��v�>ÛÕ�Ã�i°��i�LiÃ��ÃÀi}i��Û��À��>�`�LÕ�>�vÀ>VÌÕÀi��«À�`ÕViiÀ`i�

ii��Ãi�Ã�Ì�Û�Ìi�Ì�Û>���n°x¯�i��ii��Ã«iV�wV�Ìi�Ì�Û>��Î{°È¯�Û��À�`i�>>�Üiâ�}�i�`�

Û>��jj��Û>��`i�Û��}i�`i�LiÛ��`��}i�Æ��>��VV�ÕÃ�i]�`i�Ì>�i���L���Ìi�Ì��v�>ÛÕ�Ã�i]�

een positieve compressietest, een positieve asdruktest of een positieve tongue 

blade bite test. Hoofdstuk 4b�À�V�Ì�â�V���«�ii��ÛiÀ}i����L>Ài�LiÃ��ÃÀi}i���iÌ�>�Ã�
`�i����`iÀÃV�i�`�Ìi��>�i��ÌÕÃÃi��«>Ì�l�Ìi��`�i�Üi���v�}ii��>VÌ�iÛi�Li�>�`i���}�

Li��iÛi��Û��À�vÀ>VÌÕÀi��Û>���iÌ���``i�}iâ�V�Ì��v�`i��>�`�LÕ�>°��i�LiÃ��ÃÀi}i��

Û��À�vÀ>VÌÕÀi��Û>���iÌ���``i�}iâ�V�Ì�LiÃÌ>>Ì�Õ�Ì�>vÛ�>����}�Û>���iÌ�>>�}iâ�V�Ì]�

�iÕÃL��i`��}]� ÃÌ��À��ÃÃi�� Û>�� `i� ��}Û��}LiÜi}��}i�]� «>�«>Li�i� vÀ>VÌÕÕÀ]�

�>��VV�ÕÃ�i�i����L�i�i��v�}i>ÛÕ�ÃiiÀ`i�}iL�ÌÃi�i�i�Ìi�°�6��À�̀ i�>>�Üiâ�}�i�`�Û>��

ii��Û>��`iâi�LiÛ��`��}i��ÜiÀ`�ii��Ãi�Ã�Ì�Û�Ìi�Ì�Û>���Ç°Î¯�i��ii��Ã«iV�wV�Ìi�Ì�Û>��

În°È¯�}iÛ��`i�°�6��À�`i�LiÃ��ÃÀi}i��Û��À��>�`�LÕ�>�vÀ>VÌÕÀi��ÜiÀ`�ii��Ãi�Ã�Ì�Û�Ìi�Ì�

Û>�� £ää¯� i�� ii�� Ã«iV�wV�Ìi�Ì� Û>�� Î�°£¯� }iÛ��`i�� L��� jj�� Û>�� `i� Û��}i�`i�

LiÛ��`��}i�Æ����`�«i���}ÃLi«iÀ���}]� «�������i� �>>�LiÜi}��}i�]��>��VV�ÕÃ�i�

i����L�i�i��v�}i>ÛÕ�ÃiiÀ`i�}iL�ÌÃi�i�i�Ìi�°�"«�L>Ã�Ã�Û>��`i�LiÛ��`��}i��Û>��

Hoofdstuk 4a en 4b�V��V�Õ`iÀi��Üi�`>Ì�`iâi�LiÃ��ÃÀi}i�Ã�ÃÕVViÃÛ������ÃÌ>>Ì�â����
���«>Ì�l�Ìi��Ìi�ÃÌÀ>Ì�wViÀi��Û��À�`i�>>�Üiâ�}�i�`�Û>��ii��vÀ>VÌÕÕÀ�i��Û��À��iÌ�

�`i�Ì�wViÀi��Û>��«>Ì�l�Ìi��`�i�>VÌ�iÛi�Li�>�`i���}�Û>��`i�vÀ>VÌÕÀi��Li��iÛi�°

Hoofdstuk 5 À�V�Ì�â�V���«�`i�i«�`i�����}�i�Û>��wiÌÃ�}iÀi�>ÌiiÀ`i���}iÛ>��i��
met het doel om de incidentie en de ernst van aangezichtsfracturen met een 

V��Ûi�Ì���i�i�wiÌÃ�Ìi�ÛiÀ}i����i���iÌ�`�i�Û>����}iÛ>��i���iÌ�ii��i�L��i��vÜi��

ii��i�i�ÌÀ�ÃV�i�wiÌÃ°�	���i�L��i�}iÀi�>ÌiiÀ`i���}iÛ>��i��ÜiÀ`i��Û>�iÀ�vÀ>VÌÕÀi��

Û>���iÌ���``i�}iâ�V�Ì�}iÛ��`i�]�ÌiÀÜ�����>�`�LÕ�>�vÀ>VÌÕÀi��Û>�iÀ�ÜiÀ`i��}iâ�i��

L�����}iÛ>��i���iÌ�ii��V��Ûi�Ì���i�i�wiÌÃ°�À�ÜiÀ`�ÌÕÃÃi��`iâi�ÌÜii�}À�i«i��

}ii��ÛiÀÃV����}i�LÃiÀÛiiÀ`����iÀ�ÃÌ�Û>���iÌ�ÌÀ>Õ�>�i��`i�vÀ>VÌÕÕÀ��«�L>Ã�Ã�Û>��

de Maximum Abbreviated Injury Scale (MAIS) en Facial Injury Severity Scale (FISS), 

��iÜi��`i��iiÀ�iÀ�ÃÌ�}i� vÀ>VÌÕÀi��Û>�iÀ�ÜiÀ`i��}i�LÃiÀÛiiÀ`�L�����}iÛ>��i��

�iÌ�ii��V��Ûi�Ì���i�i�wiÌÃ°��i���}�ÃÌ�ÃV�i�Ài}ÀiÃÃ�i� ��iÌ�â�i��`>Ì��iÌ�ÌÞ«i�wiÌÃ�

��iÌ�Ã�}��wV>�Ì�}i>ÃÃ�V�iiÀ`��Ã��iÌ��iÌ�À�Ã�V���«�>>�}iâ�V�ÌÃvÀ>VÌÕÀi�]��>�`�LÕ�>�

fracturen, schedel fracturen, dentaal letsel en ernstige aangezichtsfracturen. De 
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ÀiÃÕ�Ì>Ìi����«��ViÀi��`>Ì�Ã«iV�wi�i�«>Ì�l�Ì�i��iÀ�i��â�>�Ã��iivÌ��`]�>�V����}iLÀÕ���

i��V���ÀL�`�Ìi�Ì���}i�����ii��Li�>�}À���iÀ�À�Ã�V��Û�À�i��Û��À�>>�}iâ�V�ÌÃvÀ>VÌÕÀi�]�

�iÌ��>�i�Û��À�iÀ�ÃÌ�}i�>>�}iâ�V�ÌÃvÀ>VÌÕÀi�]�`>���iÌ�ÌÞ«i�wiÌÃ�`>Ì�ÜiÀ`�LiÀi`i�°

Hoofdstuk 6 tot en met 10 richten zich op stralingsreductie van scanprotocollen 

Û��À� >>�}iâ�V�ÌÃÌÀ>Õ�>½Ã� i�� ��i� �ÌiÀ>Ì�iÛi� ÀiV��ÃÌÀÕVÌ�i� ÌiV���i�i�� i��deep 

learning� >�}�À�Ì�iÃ� `i� Lii�`�Ü>��Ìi�Ì� �Õ��i�� �«Ì��>��ÃiÀi�°� iÀÃÌ� ÜiÀ`� ii��

experimenteel kadaver onderzoek uitgevoerd met als doel de voorkeur van 

`�Ã�Ã}iÀi`ÕViiÀ`i�
/�«À�Ì�V���i��Ìi�ÛiÀ}i����i���iÌ�V��Ûi�Ì���i�i�À��Ì}i��
,®�

voor de diagnostiek van zygomafracturen (Hoofdstuk 6). In het onderzoek werden 

âÞ}��>vÀ>VÌÕÀi��>>�}iLÀ>V�Ì�L����Õ�>�i��>`>ÛiÀ�«Ài«>À>Ìi��`�i�ÛiÀÛ��}i�Ã��iÌ�


/�i��
,�ÜiÀ`i��}iÃV>�`°�Ƃ>��x{�Li��À`i�>>ÀÃ�ÜiÀ`i��Lii�`i��Û>��`i�ÌÜii�

��`>��Ìi�Ìi��Û��À}i�i}`�Ü>>ÀL���ii��ÛiÀ«��V�Ìi��iÕâi�}i�>>�Ì�`�i�`i�Ìi�Ü�À`i��

Û��À��iÌ��iiÃÌ�LÀÕ��L>Ài�Lii�`°�"«�L>Ã�Ã�Û>��`iâi�}i`Ü��}i��ÛiÀ}i������}i��

L�ii��`>Ì�âi�vÃ��>�ii��ÃÌÀ>���}ÃÀi`ÕVÌ�i�Û>��Çä¯�`i�Û��À�iÕÀ�Û��À�
/�Li��Õ`i��

L�iiv�Ìi���«â�V�Ìi�Û>��
,°

Hoofdstuk 7� LiÃV�À��vÌ� ii�� �Õ�>�i� �>`>ÛiÀ� ÃÌÕ`�i� �iÌ� �iÌ� `�i�� ��� `i�
diagnostische accuratesse van CT en CBCT te onderzoeken voor de diagnostiek 

Û>��>>�}iâ�V�ÌÃvÀ>VÌÕÀi�°���iÀL���ÜiÀ`i��}iL���`iiÀ`i��L�iVÌ�iÛi�i��ÃÕL�iVÌ�iÛi�

Lii�`ÛiÀ}i������}i��Õ�Ì}iÛ�iÀ`�`��À�À>`����}i��i���>>�V��ÀÕÀ}i�°��i��L�iVÌ�iÛi�

Li��À`i���}�LiÃÌ��`�Õ�Ì��iÌ�Li«>�i��Û>��>>�Üiâ�}�i�`�Û>��vÀ>VÌÕÀi�� ���Û��À>v�

}i`iw��iiÀ`i�>�>Ì���ÃV�i���V>Ì�iÃ�Û>���iÌ�âÞ}��>Ì�V��>Ý���>�Ài�V��«�iÝ°�	���`i�

ÃÕL�iVÌ�iÛi�Li��À`i���}�ÜiÀ`�`i�ÛÀ>>}�}iÃÌi�`��v�`i�}i«ÀiÃi�ÌiiÀ`i�Lii�`�Ü>��Ìi�Ì�

Ì�iÀi��i�`�Ü>Ã�Û��À�̀ i�̀ �>}��ÃÌ�i��Û>��vÀ>VÌÕÀi��i��̀ i������ÃV�i�LiÃ�Õ�ÌÛ�À���}�Û��À�

�iÌ���ÃÌi��i��Û>��`i�Li�>�`i���}°�<�Üi��`i��L�iVÌ�iÛi�>�Ã�ÃÕL�iVÌ�iÛi�Li��À`i���}i��

L�iÛi��V��Ã�ÃÌi�Ì]�âi�vÃ��>�ii���>Ý��>�i�ÃÌÀ>���}ÃÀi`ÕVÌ�i�Û>��Çä�«À�Vi�Ì°��i�
/�

i��
	
/�ÃV>�«À�Ì�V���i���iÌ��>}i�ÃÌÀ>���}Ã`�Ã�Ã�L�i�i��ÌiÛi�Ã�Ì�iÀi��i�`�Û��À�`i�

�����ÃV�i�LiÃ�Õ�ÌÛ�À���}���ÌÀi�Ì�`i�Li�>�`i���}°

In Hoofdstuk 8�ÜiÀ`i��`i�`>Ì>ÃiÌÃ�Û>��`i��Õ�>�i��>`>ÛiÀ�ÃÌÕ`�i�}iLÀÕ��Ì�Û��À�
ii���Ü>�Ì�Ì>Ì�iÛi�>�>�ÞÃi�Û>��`i�Lii�`�Ü>��Ìi�Ì��>�ii��ÃÕLÃÌ>�Ì�l�i�Ài`ÕVÌ�i�Û>��`i�

ÃÌÀ>���}ÃLi�>ÃÌ��}°�Ƃ��i�`>Ì>ÃiÌÃ�ÜiÀ`i��}iÀiV��ÃÌÀÕiiÀ`��iÌ�Li�Õ�«�Û>��advanced 

modeled iterative reconstruction (IR) en het PixelShineTM (PS) deep learning algoritme. 

iÀÃÌ�ÜiÀ`i���L�iVÌ�iÛi��iÌ��}i�]�}iÀ�V�Ì��«�Lii�`�Ü>��Ìi�Ì]�Õ�Ì}iÛ�iÀ`�Û��À�>��i�

gereconstrueerde datasets door het meten van de signaal-ruisverhouding en de 

11
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V��ÌÀ>ÃÌ�ÀÕ�ÃÛiÀ��Õ`��}°��iÌ���`iÀâ�i���>>Ì�â�i��`>Ì�ÃÌÀ>���}ÃÀi`ÕVÌ�i]��iÌ�}iLÀÕ���

Û>���,�ÌiV���i�i��i���iÌ�Ì�i«>ÃÃi��Û>��*-�>�}�À�Ì�i�Ã�}��wV>�Ì�}i>ÃÃ�V�iiÀ`�â����

�iÌ�`i�ÀÕ�Ã�}iÀi�>ÌiiÀ`i�Lii�`�Ü>��Ìi�Ì°�	�Ûi�`�i��Ü>Ã�iÀ��>�ÃÌÀ>���}ÃÀi`ÕVÌ�i�

Ã«À>�i�Û>��ÃÕLÃÌ>�Ì�l�i�ÛiÀLiÌiÀ��}�Û>��`i�Ã�}�>>��ÀÕ�ÃÛiÀ��Õ`��}�i��V��ÌÀ>ÃÌ�

ÀÕ�ÃÛiÀ��Õ`��}�`��À��iÌ�Ì�i«>ÃÃi��Û>��Li�`i�>�}�À�Ì�iÃ°��iÌ���`iÀâ�i����iÌ�â�i��

`>Ì�`iâi�>�}�À�Ì�iÃ�«�Ìi�Ì�ii��L�i`i��Û��À�}iLÀÕ���L��������ÃV�i�ÃV>�«À�Ì�V���i�°

Hoofdstuk 9�LiÌÀivÌ�ii����`iÀâ�i���>>À�`i�Õ�ÌÛ�iÀL>>À�i�`�Û>��`i�Multi-Scale 

Structural Similarity Index Metric (MS-SSIM) voor het meten van de structurele 

Lii�`�Ü>��Ìi�Ì�i��vÀ>VÌÕÕÀ��>À>�ÌiÀ�ÃÌ�i�i��Û>��vÀ>VÌÕÀi��Û>���iÌ���``i�}iâ�V�Ì°�

De datasets van Hoofdstuk 6 tot en met 8�ÜiÀ`i��}iLÀÕ��Ì�Û��À��iÌ�Ãi�iVÌiÀi��
Û>����i��i�i����iÌ�ÛiÀ«�>>ÌÃÌi�vÀ>VÌÕÀi�°��i�ÃÌÀÕVÌÕÀi�i�Lii�`�Ü>��Ìi�Ì�ÜiÀ`�}i�iÌi��

`��À�Ài}�ÃÌÀ>Ì�i�Û>��ÌÜii��«ii�Û��}i�`i�`>Ì>ÃiÌÃ��>��iÌ��Ã��iÀi��Û>��`i�Li��}i�

anatomie van het middengezicht. De fractuur karakteristieken werden daarentegen 

gemeten door het vergelijken van iedere individuele fractuur met de gespiegelde 

V��ÌÀ>�>ÌiÀ>�i�>�>Ì���i°��i�ÀiÃÕ�Ì>Ìi����iÌi��â�i��`>Ì�`i�ÃÌÀÕVÌÕÀi�i�Lii�`�Ü>��Ìi�Ì�

�iÌ��iiÃÌ�ÜiÀ`�Li��Û��i`�`��À�ÃÌÀ>���}ÃÀi`ÕVÌ�i�ÌiÀÜ����`i�ivviVÌi��Û>���,�i��*-�

Li«iÀ�Ì�Ü>Ài�°��i� vÀ>VÌÕÕÀ��>À>�ÌiÀ�ÃÌ�i�i��ÜiÀ`i���iÌ��iiÃÌ�Li��Û��i`�`��À�

stralingsreductie en toepassen van IR terwijl de effecten van het PS algoritme 

minimaal tot geen effect hadden.

Hoofdstuk 10���Û>Ì�`i�`�ÃVÕÃÃ�i�Û>���iÌ�«À�ivÃV�À�vÌ�Ü>>ÀL���`i�ÀiÃÕ�Ì>Ìi��Û>��
`i���`iÀâ�i�i��â�>�Ã�`iâi�LiÃV�ÀiÛi��ÜiÀ`i�����Hoofdstukken 2 tot en met 10 

Ü�À`i��Li`�ÃVÕÃÃ�iiÀ`����LÀi`iÀ�«iÀÃ«iVÌ�iv°�/iÛi�Ã�Ü�À`i��>>�LiÛi���}i��}i`>>��

voor toekomstig onderzoek.
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Dankwoord

7>Ì�Û��v��>>À�}i�i`i��Li}���>�Ã�ii����ÃV�Õ�`�}i�>vÃÌÕ`iiÀÃVÀ�«Ì�i�i��`�}`i����`�Ì�

«À�ivÃV�À�vÌ°��iÌ�ÜiÀ`�ii��Ài�Ã�Ü>>ÀL������`i��>�Ã��Àii}�����V�>ÃÃ�ÃÌi�ÌÃV�>««i��Ìi�

V��L��iÀi���iÌ�ÜiÌi�ÃV�>««i�������`iÀâ�i�°��>>À�>>ÃÌ���V�Ì����������}�L���Ûi��

ÜiÀ�i���«������ÛiÀÌÀ�ÕÜ`i�«�i��>�Ã�À��Ì}i��>L�À>�Ì°�Ƃ��Ã�i��ÜiÀ`�`Õ�`i�����`>Ì��iÌ�

promotieonderzoek een samenwerking werd tussen veel verschillende afdelingen. 

���ÜiÀ`���À��}`�`��À� ii��}i�k�iiÀ`�}iâi�ÃV�>«��iÌ� V���i}>½Ã� Û>��`i���Ƃ�

chirurgie, spoedeisende hulp, traumachirurgie, radiologie en informatie technologie. 

�iÌ�i�Ì��ÕÃ�>Ã�i�i��`i�LiÀi�`Ü����}�i�`�Ü>Ã���}i�i�`°���Ì�«À�ivÃV�À�vÌ� �Ã�ii��

Li�À����}��Ã��«�`i�ÃÕVViÃÛ���i�Ã>�i�ÜiÀ���}�ÌÕÃÃi��`iâi�>v`i���}i��i���iÌ�`�iÌ�

�i�}�i`����`i�Û��}i�`i��i�Ãi��`>>ÀÛ��À�Ìi�Li`>��i�°

�i>V�Ìi�«À�v°�`À°��°�°�°�-«���iÀÛiÌ]����}}i�iiÀ`i�«À���Ì�À]�LiÃÌi��Ài`]�1�}>v�����>�Ã�

«À���Ì�À]����}�iÀ>>À�i��>v`i���}Ã���v`�`i��>�Ã��iÌ�«À�ivÃV�À�vÌ�Ìi�ÃV�À��Ûi��L���i��

de afdeling MKA-chirurgie van het UMCG. Door uw verschillende functies heeft u 

ii��iÃÃi�Ì�l�i�À���}i�>`�����iÌ�Ü>>ÀL�À}i��Û>��`i�V��Ì��Õ�Ìi�Ì�Û>��`i�ÛiÀÃV����i�`i�

onderzoeken. Met name uw holistische visie op het proces van wetenschappelijk 

��`iÀâ�i���iL� ���i��À��}iÜ>>À`iiÀ`°�/��`i�Ã���âi� �>>À}iÃ«Ài��i��Ü�ÃÌi��Üi�

Û>>��ÛiÀÀ>ÃÃi�`�Ã�i��i��ivviVÌ�iv�ii��«�>��Ìi�Li`i��i�����`i�Û��ÀÌ}>�}�Û>��`i�

ÛiÀÃV����i�`i���`iÀâ�i�i�� Ìi�}>À>�`iÀi�°� >>ÃÌ�`i� ����Õ`i����i�L��`À>}i��>`�

Õ�������}�Û��À�����>�Ã�«iÀÃ���°���Ì��iL� ���L��â��`iÀ�}iÜ>>À`iiÀ`°�/��`i�Ã�`i�

V�À��>«>�`i��i��À}>��ÃiiÀ`i�Õ�L��ii����ÃÌi��Û��À�`i�Ì�Õ�Ã®��`iÀâ�i�iÀÃ����

�iÌ�ÜiÌi�ÃV�>««i�������`iÀâ�i���«�}>�}�Ìi���Õ`i�°����Li��Õ�`>��L>>À�Û��À��iÌ�

«�>Ìv�À��`>Ì�����iL�}i�Ài}i������iâi�v�Ìi���}i����ÌÜ���i�i��>�Ã�«À���Ûi�`ÕÃ�

�����iÀ�ii�ii��LiÃV�i�`i��L��`À>}i�Ìi��iÛiÀi��>>���iÌ���`iÀâ�i��Û>��`i�>v`i���}�

L���i��`i�ÌÀ>Õ�>Ì���}�i°

	iÃÌi�`À°�	°�Û>������i�]�âiiÀ}i�iiÀ`i�V�«À���Ì�À]�LiÃÌi�	>ÕV�i]�ii��`>��Ü��À`�

Û��À� �i� À���>�Ã�iiÀÃÌi�Li}i�i�`iÀ�ÛiÀ`�i�Ì��iiÀ�`>��L��â��`iÀi�>>�`>V�Ì°� ����>��

�i���}�>�Ã�`i�`>}� Û>��}�ÃÌiÀi���iÀ���iÀi����i�Üi�>�Ã�L�iÕi� ÃÌÕ`i�Ìi���	,/�

ÜiÀ`i��Õ�Ì}i��`�}`��iÌ�ii��>�L�Ì�iÕÃ�«�>��Û��À��iÌ�ÃV�À��Ûi��Û>��ii��ÃVÀ�«Ì�i°��i�

�À}>��ÃiiÀ`i�`>Ì�Üi�>�Ã�º��iÌ�1�
�½iÀÃ»�`i��Õ�«��Ài}i��Û>���iiÀ`iÀi�>v`i���}i��

L���i���iÌ�â�i�i��Õ�Ã°�Ƃ��Ã�i��ÜiÀ`�`Õ�`i�����`>Ì�Üi��«�ii�������â>Ìi�����`i�ÃVÀ�«Ì�i�

een vervolg te geven en enkele maanden latere lag er een plan voor een proefschrift 

Ü>>À�����âi�>V�ÌiÀ}À��`i��«iÀviVÌ�Ã>�i�Û��i�`i�°��iÌ�L�ii��ii��}�Õ`i��}Àii«°�
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�>>À�>��Ìi�Û>>��LiÃiv�����i�`>Ì����`�Ì�«À�ivÃV�À�vÌ���iÌ��>`��Õ��i��Û��LÀi�}i��â��`iÀ�

��ÕÜ�L��`À>}i°� ����>`��i�}ii��LiÌiÀi�Li}i�i�`iÀ� �Õ��i��Üi�Ãi�°� �i��iLÌ�ii��

ongekend organisatorisch talent en daardoor wisten we veel verschillende afdelingen 

>>����Ã���`iÀâ�i��Ìi�L��`i�°����À��i�V��ÃÌÀÕVÌ�iÛi�ÜiÀ���Õ`��}�i���i���i��`�}i�

i�Ì��ÕÃ�>Ã�i� ÛiÀ��iÌ� ��� i��i� >vÃ«À>>��ÜiiÀ� Û��� }�i`i���i`°�	�Ûi�`�i�� �iL� �i�

>�Ì��`���}�}i�>`�Û��À������«iÀÃ�������i�Ã�ÌÕ>Ì�i]�Ü>Ì�Û��À�����Û��À�iÀ}�Li�>�}À����

�Ã�}iÜiiÃÌ°�����iL��i�`>>À`��À�Ì��`i�Ã��iÌ�«À���Ì�iÌÀ>�iVÌ�����>��«iÀÃ����ÛiÀ`iÀ�

kunnen ontwikkelen. Daarnaast kijk ik uiteraard ook met genoegen terug op de 

}iÃ«Ài��i���ÛiÀ�Ƃ *,�V>�iÀ>½Ã]�ÛiÀ���À�iÌ��`i�]���i���âi�`i�Ìi�iv����>>�Ã�>>Ì�

�«�âi�`�>ÃÌi�]�̀ i�LiÃÌi�Õ�ÌÃ«À>�i��Û>���>ÀVi��Û>��̀ i�6i��i��̀ i�Li�>�}À���ÃÌi��iÃÃi��

Õ�Ì��>�«�6>�������}ÃLÀÕ}}i°�	>ÕV�i]���������ÌiÀÕ}��«�ii��v>�Ì>ÃÌ�ÃV�i�Ì��`�i��Li��

�i���ÌâiÌÌi�`�`>��L>>À�Û��À�`i�Ì��`�`�i�>V�ÌiÀ���Ã���}Ì°� Õ��iÌ���`iÀâ�i��ii�������

vervolg krijgt hoop ik dat we onze goede samenwerking verder mogen voortzetten.

	iÃÌi�`À°���}°��°�°�°���vv]�âiiÀ}i�iiÀ`i�V�«À���Ì�À]�LiÃÌi���V��i�]���âi�L>�`��Ã���iÌ�

}�i`�Ìi�Û>ÌÌi�����Ü��À`i�°�Ƃ��iÀiiÀÃÌ�>�Ã�V���i}>�i��Li}i�i�`iÀ°�Ƃ�Ã���Ƃ�V��ÀÕÀ}�

�iL��i��>>ÃÌ��i�ÜiÀ�����`i�>v}i��«i���>Ài��ii��ÃÕLÃÌ>�Ì�l�i�L��`À>}i�}i�iÛiÀ`�>>��`�Ì�

«À�ivÃV�À�vÌ°��>>ÀÛ��À�Li������i�i��À��̀ >��L>>À°��i�Ì�iÜ��`��}�LiÀi��Ìi�ii��̀ ÕÃ`>��}�

��Ûi>Õ�`>Ì��i��iÌ�}iÛ>>À�Û��À�i�}i���iÛi��LiÃ���Ì�`i���V�ÕÃ�i�Û>����âi�ÃÌÕ`�i�Ìi�

ÃÌ��Õ�iÀi��`��À���i`Ü����}�Û>���i�Û>`iÀÃ���Õ�Ì>��L��i�Ìi�Û>��i�°��i�}i`�Ã��ViiÀ`i�

âÞ}��>Ì�V��>Ý���>�Ài� vÀ>VÌÕÕÀ� `�i� Û��}`i]� L�ii�� Û>�� Li�>�}À���i� �iiÀÜ>>À`i�

Û��À��iÌ�Li�>�i��Û>����âi�ÃÌii�«À�iv��Û>�}°��>>À�>>ÃÌ�Li������i��>ÌÕÕÀ���������

`>��L>>À�Û��À� �i�À���>�Ã�ÛÀ�i�`�i��LÀ�i`iÀ°�7i��iLLi��ii��L�â>ÀÀi���iÛii��i�`�

}iâ>�i�����i���ÌiÀiÃÃiÃÆ��À}i��Õâ�i�]���`Ì��iÀ�ÌÀ>VÌ�Ài�]�L�iÀi����ÛiÀ�i�`o�����>��

��}�Üi��iÛi��`��À}>>�°�	�Ûi�>�]�Üi��iLLi��ii��ÛÀ�i�`ÃV�>«�Ü>>ÀÛ>��Üi�ÜiÌi��

dat deze gezegend is en nog vele jaren zal voortduren!

6ii��`>���>>��«À�v°�`À°�Ƃ°�°7°*°�,�Ãi�LiÀ}]�«À�v°�`À°��°
°�ÌiÀ��>>Ìi��i��«À�v°�`À°�

�° °����À�LiÀ}°�	i`>��Ì�`>Ì��Õ���i�>�Ã��iiÃV����ÃÃ�i�LiÀi�`�Ü>Ài���iÌ�«À�ivÃV�À�vÌ�

Ìi�Li��À`i�i�°

	iÃÌi�`ÀÃ°�*°�"�V���]�LiÃÌi�«>À>���v]��i`i«À���Ûi�`ÕÃ�i��ÛÀ�i�`]�LiÃÌi�*�iÌiÀ]�

��âi�ÛÀ�i�`ÃV�>«��>�� �����iÌ�}�i`�Û>�}i�����Ü��À`i���>>À�Û��}i�Ã�����Li�� ���

��iÌ�`i�i��}i°���iÜi��Üi�iÀ}�ÛiÀÃV����i�`�â����µÕ>��>À>�ÌiÀ]�â�ÌÌi��Üi�>LÃ��ÕÕÌ��«�

`iâi�v`i�}��yi�}Ìi°�"�âi�}iÃ«Ài��i��â����>�Ì��`�L�â>À�}�i`�i��`�i«}>>�`°�����iL�

Ûii��ÃÌiÕ��Û>���i�iÀÛ>Ài�]�����Ì�i��������`iÀ�}�i`���������Ûi��â>Ì°��>>À�L�Ûi�>��

12
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kunnen we altijd heel hard lachen om elkaars sarcastische humor. Ook voor de 

Ì�i���ÃÌ����«������}��>�}�LiÌÀ���i��Ìi�â����L����i�«�>��i���«�«À�viÃÃ���ii��Û�>��

en jullie prachtige gezin.

	iÃÌi�`ÀÃ°��°Ƃ°�°�-V��««iÀ]�LiÃÌi�«>À>���v]��i`i«À���Ûi�`ÕÃ�i��ÛÀ�i�`]�LiÃÌi�

�>��Ƃ>ÀÌ]�iÀ�â����Üi���}�V���i}>½Ã�Û��À�Ü�i����â��Ûii��ÀiÃ«iVÌ��iL�>�Ã�Û��À���Õ°�/�i��

����`i�Ì�iÛ�ÕV�Ì��>>À��À����}i��â�V�Ì��>``i��Üi�}i�����ii������Æ�ÛiÀÃV����i�`�µÕ>�

�>À>�ÌiÀ��>>À�>�Ì��`�}�i`i�}iÃ«Ài��i�°�����iL�>�Ã��>�iÀ}i���Ì�i��À��Ûii��ÃÌiÕ��

Û>���i�iÀÛ>Ài�Æ�Ã«>ÀÀi���ÛiÀ�Ü>Ì�«À>�Ì�ÃV�i�â>�i�]�ÃÌ����>vL�>âi���ÛiÀ�`i�`>}i����Ãi�

LiÃ����iÀ��}i��i��}À>Ì�Ã� Ài�>Ì�i�>`Û�iÃ°���Õ�ÛÀ>}i��>�Ã�«>À>���v�Ü>Ã�`>������

geen moeilijke keuze. Of een aanvullende intra-articulaire injectie van de stromale 

Û>ÃVÕ�>�Ài�vÀ>VÌ�i�L����iÌ�Ã«�i�i��Û>���iÌ��>>�}iÜÀ�V�Ì�â�À}Ì�Û��À�ii���>�}`ÕÀ�}i�

>v�>�i�Û>��«����i��ÛiÀLiÌiÀ��}�Û>��`i����`�«i���}�ÜiiÌ� �����iÌ]��>>À� ��� â>��

*ÕL�iL��>ÕÜ�iÌÌi�`����`i�}>Ìi����Õ`i�°

	iÃÌi�`À°��°�����Õ���]�LiÃÌi���ÃÌ>v>]�>�Ã�ÌÀ>Õ�>V��ÀÕÀ}�i��i«�`i������}��iÛiÀ`i�

�i�ii��iÃÃi�Ì�l�i�L��`À>}i�>>��`�Ì�«À�ivÃV�À�vÌ��«������ÃV��i���iÌ��`���}�ÃV��Û�>�°����

�iL�>�Ì��`�Ûii��Ü>>À`iÀ��}�}i�>`�Û��À��i��«ÀiV�Ìi�i��ÛiÀvÀ�ÃÃi�`��À�Ì�ÃV�i���Õ`��}°�

���Li���i�L��â��`iÀ�`>��L>>À�Û��À�`i�L��`À>}i�>>��`i�ÃÌ>Ì�ÃÌ�ÃV�i�Õ�ÌÜiÀ���}�Û>��

��âi������ÃV�i�ÃÌÕ`�iÃ°��i�Li�Ì�>�Ã�}ii��>�`iÀ����ÃÌ>>Ì����`i������ÃV�i�ÛÀ>>}�Û>��

�iÌ���`iÀâ�i��Ìi�ÛiÀÌ>�i���>>À�`i��Õ�ÃÌi�ÃÌ>Ì�ÃÌ�i�°�	�Ûi�>���iL��i�`i�Li�>�}À���i�

eigenschap om onderzoekresultaten zo simpel mogelijk te presenteren. Nog meer 

Ü>>À`iÀ��}��iL������ÃÃV��i��Üi��Û��À�>����âi�Õ�ÌÃÌ>«�iÃ�Ì��`i�Ã���âi�ÃÌ>Ì�ÃÌ�i�ÕÕÀÌ�iÃ]�

�iÌ���`iÀ�>�`iÀi�>�i�`�ÌiÃ�Õ�Ì�`i������i�]�`i�LiÜiÀ�i�����i�`�Û>��ÃÌ>Ì�ÃV�i�Ì�iÌÃi�]�

`i�LiÌ>>�L>>À�i�`�Û>��`i�â�À}]��>>À�����Ü>>À��iÌ���Õ�iV�Ì����`À>>�Ì�����iÌ��iÛi�°�

Bedankt daarvoor!

	iÃÌi�`À°�*°�Û>��"���i�]�LiÃÌi�*iÌiÀ]��i��iLÌ�ii��Li�>�}À���i�L��`À>}i�}i�iÛiÀ`�>>��

het radiologisch technische hoofdstuk van het proefschrift. Hierdoor kwam mijn 

ÜiÀ�iÀÛ>À��}�>�Ã�À>`��`�>}��ÃÌ�ÃV���>L�À>�Ì������Ã>�i���iÌ�`i���Ƃ�V��ÀÕÀ}�i°�

Ƃ�Ã�Ã«�������iÌ�ÜiL�LÀ>V�Ì��i��������V��Ì>VÌ��iÌ�`i��Õ�ÃÌi�«iÀÃ��i��Ü>>À`��À�Üi�

het onderzoek konden uitvoeren met een alternatieve technische invalshoek. Veel 

`>���Û��À��i�L��`À>}i�i����âiÌt

	iÃÌi�`ÀÃ°��°/°��ÀÕ�ÌL�ÃV�]��i�L��`À>}i�>�Ã�`>Ì>�ÃV�i�Ì�ÃÌ�Ü>Ã�����ÃL>>À°�"�âi�iiÀÃÌi�

meeting kan ik me nog goed herinneren. Binnen een uur hadden we een mooi plan 
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�«}iÃÌi�`�Û��À�ii��ÌÜiiÌ>��ÃÌÕ`�iÃ]��«�L>Ã�Ã�Û>����âi�À>`����}�ÃV�i�`>Ì>ÃiÌÃ�Û>��`i�

�>`>ÛiÀÃ°�Ƃ�Ã�«À�}À>��iÕÀ��Ü>���i��iÌ�ÛiÀvÀ�ÃÃi�`i��`iil���ÛiÀ��iÌ��Ü>�Ì�wViÀi��

Û>��`i�Lii�`�Ü>��Ìi�Ì��«�ii��>�ÌiÀ�>Ì�iÛi��>��iÀ°��i�Li�Ì�i�Ì��ÕÃ�>ÃÌ]�}i`ÀiÛi��i��

�i�LiÃV���Ì��ÛiÀ�ii��i��À��`��ÀâiÌÌ��}ÃÛiÀ��}i�°��>��â���`i�Ûi�i�ÕÀi��`�i��i����

�iÌ�«À��iVÌ��iLÌ�}iÃÌ��i���iivÌ�`i�À>`����}�ÃV�i���ÃÌii��Û>���iÌ�«À�ivÃV�À�vÌ�iV�Ì�

vorm gekregen. Bedankt daarvoor!

	iÃÌi�`À°��°��i���]�LiÃÌi����ÃÌ>�Ì��>]� �i�L��`À>}i�Û��À�`i�ÃÞÃÌi�>Ì�V�ÀiÛ�iÜ�Ü>Ã�

����ÃL>>À°� ��� �iL� Ûii��Ü>>À`iÀ��}� Û��À� �i� �À�Ì�ÃV�i� ��Õ`��}� i�� V��ÃÌÀÕVÌ�iÛi�

vii`L>V��Û>���iÌ��>�ÕÃVÀ�«Ì°���iÀ�ii�Ü�ÃÌi��Üi�`i�ÃÞÃÌi�>Ì�V�ÀiÛ�iÜ��>>À�ii��

��}iÀ���Ûi>Õ�Ìi�Ì���i�°�	i`>��Ì�Û��À��i�L��`À>}it

	iÃÌi�`ÀÃ°��°/°�`i�6À�iÃ]�LiÃÌi��ÞÃLiÀÌ]���âi�Ã>�i�ÜiÀ���}�Ü>Ã�ii��ÃV��Ì����`i�

À��Ã°����À� ��Õ�L��`À>}i��iLLi��Üi�`i�,�1
/�" �ÃÌÕ`�i�iV�Ì��>>À�ii����}iÀ�

��Ûi>Õ��Õ��i�� Ì���i�°��i��iLÌ�ii��i��À���À}>��Ã>Ì�À�ÃV�� Ì>�i�Ì�Ü>>À�ii� �i�`i�

��V�ÕÃ�i�Û>��«>Ì�l�Ìi������iÌ��Ã>�>�â�i�i��Õ�Ã��iiÀ�`>��Ã�i«i���iLÌ��>Ìi��ÛiÀ��«i�°����

Li���i�`>>ÀÛ��À�L��â��`iÀ�`>��L>>Àt��i�«>ÃÃ�i�Û��À�`i�Ã«�i`i�Ãi�`i�}i�iiÃ�Õ�`i�

�Ã�i��À��>>�ÃÌi�i�����i���iÌ�ÛiÀL>>ÃÌ��i�`>��������iÌ�`>Ì��i�Li�Ì�>>�}i���i��Û��À�

ii��vi���ÜÃ��«�����i�Û>�}iL�i`t�i���i�i�}�i`i�Ì��`�}iÜi�ÃÌt

	iÃÌi�`ÀÃ°�,°�6iÀLii�]�LiÃÌi�,i�j]� ����>���i��i�i�Ì��ÕÃ�>ÃÌi�Ài>VÌ�i���}�}�i`�

herinneren toen ik je vroeg of jullie vakgroep mee wilde helpen met includeren. De 

praktische vragen waren snel geregeld en als onderzoeker kon ik daarom veel zaken 

��Ã�>Ìi�°�����iL�Ûii��Ü>>À`iÀ��}�Û��À��i�«À�>VÌ�iÛi���Õ`��}�Ü>>À`��À�«À�L�i�i��

op de werkvloer sneller waren opgelost dan ik had kunnen opmerken. Bedankt 

daarvoor en ik hoop dat we Nij Smellinghe ook in de toekomst wetenschappelijk 

op de kaart kunnen zetten!

	iÃÌi�`À°��°�°�	���Ã�>]�LiÃÌi��>ÀÌ���]��i�Li}i�i�``i������iÌ��iÌ�ÃV�À��Ûi��Û>�������

�>ÃÌiÀÃVÀ�«Ì�i�}i�iiÃ�Õ�`i�i��Û��À��iÌ�«À�ivÃV�À�vÌ�L�ii��`�Ì��>ÌiÀ�`i�L>Ã�Ã�Û��À�

ii��ÛÀÕV�ÌL>Ài�Ã>�i�ÜiÀ���}��iÌ��iÌ� �Ã>�>�â�i�i��Õ�Ã°��i��iLÌ�ii��Li�>�}À���i�

L��`À>}i�}i�iÛiÀ`����`iâi�ÃVÀ�«Ì�i�Ìi�«ÕL��ViÀi��i��>�Ã�V�>ÕÌiÕÀ�Li������i�`>��L>>À�

Û��À��i�>�Ì��`�V��ÃÌÀÕVÌ�iÛi�vii`L>V�°�"���Ì�i��Üi��>ÌiÀ�LiÃ��Ìi��ÌÜii�ÃÌÕ`i�Ìi��

�	,/�Ìi�Li}i�i�`i���i�``i�`�Ì�Ì�Ì�ii��}�i`��«}iâiÌÌi�ÀiÌÀ�Ã«iVÌ�iÛi�ÃÌÕ`�i�`�i�

Üi��>ÌiÀ�Ã>�i��«ÕL��ViiÀ`i�°��i�L��`À>}i�>>���iÌ�«À�ivÃV�À�vÌ�Ü>Ã�����ÃL>>À�i��

`>>ÀÛ��À�Li������i�i��À��`>��L>>À°

12
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	iÃÌi�`ÀÃ°�9°�°���i��LiÀ}i�]�LiÃÌi��ÕÀÀ���]�>�Ã���Ƃ�V��ÀÕÀ}�����iÌ��Ã>�>�â�i�i��Õ�Ã�

Ã«ii�`i��i�ii��Li�>�}À���i�À���L���̀ i�Ì�ÌÃÌ>�`�����}�Û>����âi������ÃV�i�ÃÌÕ`�i�i���>ÌiÀ�

���`i�Õ�ÌÛ�iÀ��}�`>>ÀÛ>�°��i��>`�ÛiÀvÀ�ÃÃi�`i��`iil���ÛiÀ���i�Üi�`i�,�1
/�" �

ÃÌÕ`�i��iÌ�LiÃÌi����`i��Û�À�}iÛi�°�"���Ì��`i�Ã�̀ i���V�ÕÃ�i��iÛiÀ`i��i�ii��Li�>�}À���i�

L��`À>}i�`��À�`i�>ÀÌÃ�>ÃÃ�ÃÌi�Ìi�� Ìi�i�Ì��ÕÃ�>Ã�iÀi�������iÕÜi�«>Ì�l�Ìi��>>��

Ìi��i�`i��Û��À�`i�ÃÌÕ`�i°��i`i�`>>À`��À�ÜiÀ`i��`i��iiÃÌi�«>Ì�l�Ìi��Û>��`i�

ÃÌÕ`�i�}i��V�Õ`iiÀ`�����iÌ��Ã>�>�â�i�i��Õ�Ã°�����iL�Ûii��Ü>>À`iÀ��}�Û��À��i���âiÌ�i��

aanstekelijke enthousiasme. Ik kijk uit naar samenwerking voor een vervolgstudie!

	iÃÌi�`À°��°�°�°�,i����}>]�LiÃÌi���}i]�Üi�Ü>Ài���iÌ�iÀ�Ã�i���ÛiÀ�ii�Ã�`>Ì�Üi�i��>>À�

op een eerder moment in het promotietraject hadden moeten ontmoeten. Al tijdens 

��âi�iiÀÃÌi���Ì��iÌ��}�Ü>Ã� �i�i�Ì��ÕÃ�>ÃÌ�i���>`��i��iiÀ`iÀi� �`iil���ÛiÀ�`i�

Û�À�}iÛ��}�Û>��`i�`>Ì>L>Ãi�Û>����âi������ÃV�i�ÃÌÕ`�i°�"����i�À���Û>�Õ�Ì��iÌ�>VÕÌi�

zorgnetwerk gaf ons de gelegenheid om extra gegevens toe te voegen aan de 

`>Ì>L>Ãi°�À�Û��}`i�ii��ÛÀÕV�ÌL>Ài�Ã>�i�ÜiÀ���}�`�i��i�``i�Ì�Ì�ii��>ÀÌ��i���ÛiÀ�

>>�}iâ�V�ÌÃvÀ>VÌÕÀi��L���i�L��i�i��wiÌÃ�}iÀi�>ÌiiÀ`i���}iÛ>��i�°��>��t

	iÃÌi�`ÀÃ°�*°�°�Û>��`iÀ�<>>}]�LiÃÌi��>Ìi]��iÌ�Ûii��i�Ì��ÕÃ�>Ã�i�Li���i�Li}���i��

>>���i��«�i�`��}�Ì>�`�ii��Õ�`i�i��`>>À�>�`i��«�i�`��}�Ì�Ì���Ƃ�V��ÀÕÀ}°�"����iL�

je een mooie doorstart gemaakt met het huidige onderzoek. Door jouw inzet ligt 

iÀ����i�Ìii��ii��«À>V�Ì�}��>�ÕÃVÀ�«Ì�L����iÌ�Ì��`ÃV�À�vÌ�`�i���«i�����}i>VVi«ÌiiÀ`�

gaat worden. Ik kijk uit naar alle mooie onderzoeken die in het verschiet liggen en 

���«��«�ii��ÛÀÕV�ÌL>Ài�Ã>�i�ÜiÀ���}°

	iÃÌi�`ÀÃ°�	°7°�°�	i�Ã]�`ÀÃ°�	°���À}i��]�`À°��°��À>i��>]�`ÀÃ°��°*°Ƃ°�°�*��Ã]�`À°��°�

*�ÃÌ�ÕÃ�i��`À°��°°�7iÃÌiÀ�>>�°��Õ���i��iÛiÀ`i��Û>�Õ�Ì��Õ���i�i�}i��Û>�}iL�i`�ii��

Li�>�}À���i�L��`À>}i�>>��`i��>�ÕÃVÀ�«Ìi��Û>��`�Ì�«À�ivÃV�À�vÌ°�6ii��`>���`>>ÀÛ��Àt

Alle specialisten, specialisten in opleiding, arts assistenten en coassistenten van de 

Ã«�i`i�Ãi�`i��Õ�«�Û>���iÌ�1�
�]��Ã>�>�â�i�i��Õ�Ã�i�� ���-�i����}�i�â�i�i��Õ�ÃÆ�

`>��â��� �Õ���i� ��âiÌ� ���`i�� >��i� «>Ì�l�Ìi�� Û>�� `i� ,�1
/�" � ÃÌÕ`�i� Ü�À`i��

}i��V�Õ`iiÀ`°��i�`>Ì>L>Ãi�Û>��«>Ì�l�Ìi���iÌ�ii��>>�}iâ�V�ÌÃÌÀ>Õ�>��iivÌ�`i�

L>Ã�Ã�}iÛ�À�`�Û��À�ii��>>�Ì>��ÃÌÕ`�iÃ�i��â>������Û>>��}iLÀÕ��Ì�}>>��Ü�À`i��Û��À�

Ì�i���ÃÌ�}���`iÀâ�i�°��>>À�>��Ìi�Û>>���iL�����i�}iÀi>��ÃiiÀ`�`>Ì� ����iÌ�ÃÕVViÃ�

Û>��`�Ì�«À�ivÃV�À�vÌ�>>���Õ���i���âiÌ��iL�Ìi�`>��i�°�	i`>��Ì�Û��À��Õ���i�i�Ì��ÕÃ�>ÃÌi�

i��LiÌÀ���i����âiÌt
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Beste Hester Groenewegen, het doel was duidelijk: samen naar de eindstreep. 

7i��iLLi��Û>>��}iv>�Ì>ÃiiÀ`��ÛiÀ�ii��}À��Ì�ÃV�ÕÕÀviiÃÌ� ��� ‘It Heitelân’ mei in 

À�Þ>�i�v�>ÀÀ�i`�-×�iÀL��i�i��-���i�>������âi�«À���Ì�i�ii�Ã����ÃÌ����>v�Ìi�Ã�Õ�Ìi�°�

Maar helaas, het coronavirus gooide roet in het eten. Dat soort tegenslagen zijn we 

�>ÌÕÕÀ�����`i�L>>Ã]�Ìi��iiÀ��>�>��`�i�>vÜ��â��}i��Û>��Ì��`ÃV�À�vÌi���iÌ�`i�Ài`i��`>Ì�

�iÌ�>ÀÌ��i��º��iÌ�Û��`�i�`i����`i�ÃV�«i»�«>ÃÌi°��>>Ào�“�ÀÞÃ��L��i`�ÌÃ��V���«t�7���

���À�Ã�LÀ×âi�i��Ã�i`i” en we gingen vrolijk door. En Hester, dat is precies hoe ik je 

�iL��iÀi���i��i�°��i�Li�Ì�ii��iV�Ìi�`��ÀâiÌÌiÀ]�ii��v>�Ì>ÃÌ�ÃV�i��>�iÀ}i���Ì]�

altijd in voor een goed gesprek maar ook een kleine pauze met je speciale thee. 

Bedankt daarvoor!

	iÃÌi� `À°� �°°� 7�ÀÌ�>��]� �vÜi�� âiiÀ� }i�iiÀ`i� ÛÀ�ÕÜi]� LiÃÌi� �>}�>À]� ��� `i�

>vÀ��`i�`i�v>Ãi�Û>����Ã�«À�ivÃV�À�vÌ�ÜiÀ`i��Üi��>�iÀ}i��Ìi�°�7i��iLLi���iÌ�

Û>>��LiÃ«À��i�\�i�}i������â����Üi��ii��ÛiÀÃV����i�`]��>>À�`>Ì��>����iÌ�Üi}�`>Ì�Üi�

>�Ì��`�L�â>À�}�i`i�}iÃ«Ài��i���>``i�°�	i�`i��â����Üi�iÀ�>V�ÌiÀ�}i���i��`>Ì��iÌ�

schrijven van een proefschrift je niet komt aanwaaien. Maar hard werken loont en ik 

���«�`>Ì����L���i���ÀÌ��iÌ�`i�`�VÌ�ÀÃÌ�Ìi������i�Û�iÌÃ«�Ài���>}�ÌÀi`i�t

	iÃÌi�`ÀÃ°�	°��>ÀiL]�LiÃÌi�	>Àâ�]���`iÀ��i�`��}�Û>��	>ÕV�i�i�� �V���Ài}i��Üi�`i�

kans het onderzoek van de traumatologie van de MKA-chirurgie naar een hoger 

��Ûi>Õ�Ìi�Ì���i�°� ����iL��i� �iÀi���i��i��>�Ã�ii��Li}>>v`���`iÀâ�i�iÀ��iÌ�Ü�i� ���

altijd goed kon sparren over de inhoudelijke zaken van het  onderzoek. Bovendien 

���`i��Üi�>�Ì��`�iÛi��ÃÌ����>vL�>âi����`iÀ��iÌ�}i��Ì�Û>��ii��L>����vwi°� Õ��i����

`i�>vÀ��`i�`i�v>Ãi�Li�Ì�Û>���i�«À�ivÃV�À�vÌ]�`i��«�i�`��}�Ì�Ì�i«�`i������}�i��`i�

opleiding tot MKA-chirurg voorzie ik dat er veel mooi onderzoek van jouw hand 

gaat volgen. Bedankt voor de mooie tijden!

	iÃÌi��i`i��Û>��`i�/iÀÀ>LÞÌi�LÕ��iÀ]�����Li�i�`�>�Ã��iÌ��i���Ã���]�LiÃÌi�
>À��>]�

Caroline, Elise, Joyce, Marijke, Marjo en Pieter, jullie vormden het team waarmee het 

>��i�>>��Li}��°�����>`��i�}ii��Ü>À�iÀ�L>`��Õ��i��Û��ÀÃÌi��i�°��i`iÀii����i�«��«�

â����i�}i���>��iÀ�����������`i�Li}��v>Ãi��«�}>�}�Ìi��i�«i��i�������i�Ì��ÕÃ�>Ã�i�

�ÛiÀ�ÌÀi��iÀÃ�>>��Ìi���Ài�®°��>>À�>>ÃÌ��iL����Ûii��Ü>>À`iÀ��}�Û��À�`i�}iâi���}�Ì��`°�

Bedankt voor alles!

	iÃÌi��Ü°��i�«iÀÃ]��Ü°��i�6À�iÃ]��Ü°��iÕÀÌÃ��>}iÀ]�LiÃÌi���Ã>]�Ƃ�}i���>�i��

Nienke. Bedankt voor alle praktische ondersteuning en vooral de gezellige tijden 

12
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�«�`i�`iÀ`i�ÛiÀ`�i«��}°�"����������L��� �Õ���i�>�Ì��`�ÌiÀiV�Ì����iÛi��ÃÌ����>v�Ìi�

L�>âi�°�	i`>��Ì�`>>ÀÛ��Àt

	iÃÌi�`ÀÃ°�,° °��>ÀÌ�>�]�-°�Û>��`iÀ��Õ��]�LiÃÌi�,�V�>À`�i��-ÌiÛi�]���}�>�Ì��`������

ik positief terug op de tijd dat we in 2013 onze scriptie schreven voor de MBRT-

�«�i�`��}°��iÌ��iÌ�Li�>�i��Û>���iÌ�ÃÌ�«i�`�Õ��i���iÌ�Ü���i��Û>��`i�
ÀÕÝ�Ü�ÃÌi��

de scriptie echt tot een hoger niveau te tillen. Na het afronden van de opleiding 

gingen we onze eigen wegen: Richard inmiddels als longarts in opleiding en Steven 

>�Ã�À>`��`�>}��ÃÌ�ÃV���>L�À>�Ì����<Ü�ÌÃiÀ�>�`°�	i`>��Ì�Û��À�`i�v>�Ì>ÃÌ�ÃV�i�Ì��`t

	iÃÌi��À°��°�`i��À��Ì]�LiÃÌi��>ÀÌ���]� �i��iLÌ�>�Ã�`�Vi�Ì��	,/�ii��L��â��`iÀi�

À���}iÃ«ii�`� ���`i��iÕâi���� Ìi�}>>��«À���ÛiÀi�°�Ƃ�Ã���Liâ���i�� ÃÌÕ`i�Ìi��

ÃÌ>«Ìi��Üi� �i��>�iÀ�L���i���iÌ���}>��Ü>Ì�Ü��`i� �`iil���ÛiÀ�`i� ��ÛÕ����}�Û>��

onze afstudeerscriptie. Hoewel je collega-docenten ietwat terughoudend waren, 

Ü>Ã���ÕÜ�Ài>VÌ�i���ÛiÀ}iÌi����\�º�����Ì�}�i`]�}>��>>À�Ü>Ì��i�Ãi��Li��i�»°�Ƃ��Ã�i��

â>Ìi��Üi�L���	>ÕV�i�Û>������i��>>��Ì>vi��Ü>Ì�Õ�Ìi��`i������i�``i�Ì�Ì�`�Ì�«À�ivÃV�À�vÌ°�

 �iÌ� >��ii���iL� �i����� i�Ì��ÕÃ�>ÃÌ�}i�>>�Ì� Û��À�ÜiÌi�ÃV�>««i�������`iÀâ�i�]�

�>>À� �i�Li�Ì�����ii��À����`i��Û��À�����`��À� �i�«�Ã�Ì�iv��À�Ì�ÃV�i���Õ`��}�i���i�

doortastendheid. Veel dank daarvoor!

	iÃÌi�V���i}>½Ã�Û>��>v`i���}�À>`����}�i�Û>�� ���-�i����}�i]�Ì��`i�Ã�������i�i��«�i�`��}�

}i�iiÃ�Õ�`i���V�Ì�����Õ���i�L���Ûi����`iÀÃÌiÕ�i��>�Ã�À��Ì}i��>L�À>�Ì°��iÌ�Ü>Ã�`i�

afwisseling die ik nodig had om me steeds weer te realiseren waarvoor ik dit deed: 

`i�«>Ì�l�Ìi�â�À}t��Õ���i���Û��ÀÜ>>À`i����i�ÃÌiÕ�����`i��«�i�`��}�>v�Ìi�À��`i���iL�

���i��À��}iÜ>>À`iiÀ`°����}>��iÌ�ÜiÀ��>�Ã��>L�À>�Ì�i��À����ÃÃi�]��>>À�������iÌ�Ûii��

trots terug op de afdeling en wat daar de afgelopen jaren gepresteerd is. Lenie, 

Li`>��Ì�`>Ì��i��i����`i�>v}i��«i���>Ài��v>V���ÌiiÀ`i���������������`iÀâ�i��>v�Ìi�

kunnen ronden.

	iÃÌi�V���i}>½Ã�Û>��`i�>v`i���}�V��ÀÕÀ}�i�Û>���iÌ��>ÀÌ����â�i�i��Õ�Ã]�LiÃÌi�V��ÀÕÀ}i�]�

chirurgen in opleiding, arts-assistenten, de afrondende fase van dit proefschrift 

��V�Ì����V��L��iÀi���iÌ������iiÀÃÌi�ÃÌ>««i��>�Ã�`��ÌiÀ����`i������i�°��i�>v}i��«i��

�>>�`i��Ü>Ài��ii��L��â��`iÀ� �iiÀâ>�i]��>>À�L�Ûi�>��}iâi���}i� Ì��`°�	i`>��Ì�

daarvoor en op naar de komende tijd!
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Ƃ��iÀ��ivÃÌi�v>����i°�Ƃ��iÀiiÀÃÌ��i�Ì�i���i�]��Õ���i��iLLi���i�>�Ì��`���Û��ÀÜ>>À`i�����

}iÃÌiÕ�`����>��iÃ�Ü>Ì����`ii`°�����>��>�Ì��`�L����Õ���i�ÌiÀiV�Ì��iÌ�>�������ÛÀ>}i��i��

«À�L�i�i�°�"����iLLi���Õ���i��i�}i���«i���iÌ�>��i�«À>�Ì�ÃV�i�â>�i�]�Ü>>À��`iÀ�

�iiÀ`iÀi�ÛiÀ�Õ�â��}i�°���iÛi�7�ÕÌ�i�����`>�i��/i��it®]�����>`��i�}ii��LiÌiÀi�LÀ�iÀ�

en schoonzus kunnen wensen. Jullie staan altijd voor me klaar en door alles wat er 

���`i�>v}i��«i���>Ài��}iLiÕÀ`��Ã�â����Üi�i��À���>>À�i��>>À�Ì�i�}i}À�i�`°�����iL�

veel waardering voor de mooie en diepgaande gesprekken die we altijd hadden. 

Bedankt dat jullie als familie altijd voor me klaar staan!

Lieve Margreet, je kwam in de laatste fase van dit proefschrift in mijn leven. Ik kijk 

Õ�Ì��>>À�`i�Ûi�i�����i����i�Ìi��Ã>�i��i��Li��ÌÀ�ÌÃ�`>Ì��i���`iÀ`ii��Û>�������

�iÛi��Li�Ì�}iÜ�À`i�°
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He grew up in Damwâld and graduated for his pre-vocational secondary education 
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he started working as a diagnostic radiographer at the department of radiology 

of the Nij Smellinghe hospital. In 2015, he applied for the Pre-Master Medicine 
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which was awarded in 2017. His PhD thesis focussed on the clinical considerations 

and radiological advancements of maxillofacial trauma patients under supervision 

of dr. B. van Minnen and prof. dr. F.K.L. Spijkervet. His junior and senior internships 

ÜiÀi�`��i�>Ì�Ì�i�1��ÛiÀÃ�ÌÞ��i`�V>��
i�ÌiÀ��À����}i��>�`��Ã>�>���Ã«�Ì>�°�/�i�w�>��

internships were followed at the emergency department of the University Medical 

Center Groningen and department of surgery at the Martini hospital whereafter he 

ÀiVi�Ûi`���Ã��>ÃÌiÀ½Ã�`i}Àii����ÓäÓä°�,���i�Ü����V��Ì��Õi���Ã�V>ÀiiÀ�Ü�À���}�>Ì�Ì�i�

department of surgery of the Martini hospital.

Besides his professional career, he is interested in agriculture, mechanical engineering, 

��`Ì��iÀ� ÌÀ>VÌ�ÀÃ]�V�>ÃÃ�V>���À}>���ÕÃ�V]�«��Ì�}À>«�Þ]�w����}�>�`�Û�`i��i`�Ì��}°
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*À��Ì��}��v�Ì��Ã�Ì�iÃ�Ã�Ü>Ã�w�>�V�>��Þ�ÃÕ««�ÀÌi`�LÞ�Ì�i�7iÌi�ÃV�>«Ãv��`Ã��i`�ÃV��

-«iV�>��ÃÌi�� �Ã>�>� 7��®]� 1��ÛiÀÃ�ÌÞ� �i`�V>�� 
i�ÌiÀ� �À����}i�� 1�
�®]� /�i�

Graduate School of Medical Sciences of the University of Groningen (GSMS), 
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Radiologie (NVDMFR), Nederlandse Vereniging voor Traumachirurgie (NVT), 

����������i� i`iÀ�>�`Ãi��>>ÌÃV�>««���Ì�Ì�LiÛ�À`iÀ��}�`iÀ�/>�`�ii��Õ�`i�� �/®]�

 i`iÀ�>�`Ãi�7iÌi�ÃV�>««i����i�6iÀi��}��}�Û>��/>�`>ÀÌÃi�� 76/®]�-ÌÀ>Õ�>���

Group, KLS Martin Group and Noord Negentig.
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