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CHAPTER 1

The temporomandibular joint (TMJ) is a unique synovial joint that dllavs bot
hinge-like and sliding movement. Anatomically, the joint cetmerisendibular
condyle and the mandibular fossa of the temporal bone, enclosed baetidbgbi

a brous capsule and multiple ligaments. The articular disc, a lageattshion,
divides the joint into an upper and lower compartment and facilitatés smoot
articulation and effective load distribution during fdrfetgume 1) Together with

the masticatory muscles, these structures cooperate precisely torapbbie ¢
mandibular movements required for daily functions whilalsonimg occlusal
stability

Figure 1 Anatomical structures of the masticatory system, composed of the mastScétergnd the
temporomandibular joint. The articular capsule surrounds anésthkijiaint. The articular disc allows
effective load distribution over the articular surfaces. SollecevBlbelli TJ, Mantilla-Rivas E, et al.
A Plastic Surgeon’s Guide to the Temporomandibular Joint: Parmnl. A#A&l&. 2023;4(2):228-231.
Reprint permission pre-approved.

Temporomandibular dysfunction and its classi cations

Pathologies arising within the masticatory system are colleatively t@fas
temporomandibular dysfunction (TMD). According to the Americeampadd
Orofacial Pain, TMD is de ned as “a group of disorders involving the ngsticato
muscles, the temporomandibular joint and the associated sttugti2gs

one of the most common causes of chronic orofacial pain, affecting 5-46% of th
population worldwide and occurring at least twice as ofteomen, typically
between ages of 20 and 20 The clinical presentation includes pain, restricted
motion, joint locking, and joint ndigesvhich can signi cantly impair quality of
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GENERAL INTRODUCTION

life’® and contribute to a considerable socioeconomic burdenpsti estimated
to be about twice those of unaffected individuals

Despite its high prevalence and public health signi cance, the eahaagt

clinical understanding of TMD remains ambiguous. In ronitakpriactice, the

term “TMD” is still often used as an umbrella term for a heterogeneous group of
conditions involving distinct anatomical structures and often cteatduytelistinct
pathophysiological mechanisms. This lack of speci city has creatpdtamb (!
in research and patient care, as a “one-size- ts-all” approach to d&gnos
management and research is frequently applied. Consequently, toeétorars

are often suboptimal and external validity of research ndings isniteéfii

To address these challenges and improve diagnostic prékesiDiagnostic
Criteria for Temporomandibular Dysfunction (DCFTiIM&%E introduced. This
dual-axis framework integrates both a somatic (axis |) and psytlia@siscif
domain and distinguishes between primarily joint-related and primacily-
related disorders. In clinical practice, however, thistiistis often less clear,

as symptoms of both myogenous and arthrogenous origin frequenity prese
concurrentht2. Nevertheless, accurately identifying the primary origin of
symptoms is critical for effective treatment planning and enharspegitbity

of research methodologfes®.

Temporomandibular joint disorders

Within the DC/TMD, joint-related TMDs are classi ed as distinct &aitidse.,
arthralgia) is one of the primary symptoms of intra-articular patftéaging
approximately 7% of the populatioilthough a variety of entities may lead to
arthralgia, the most commonly associated diagnoses are disc displacements an
degenerative joint disease (B*JD)

Disc displacement

Disc displacement refers to an abnormal positional relatietsiipn the articular

disc and the mandibular condyle, which in almost all cases is characterized by a
anterior shift Two main subtypes are recognized: anterior disc displacements with
reduction (ADDwR) and anterior disc displacements without reductieyR)ADD

In ADDwWR, the displaced disc repositions to its “correct” positignrawth
opening, whereas in ADDwoR it remains anteriorly displaced. Hakever

de nition of a “correct” disc position remains a subject of debate. Whjle man
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CHAPTER 1

consider a 12 o'’clock position of the posterior edge of the disc ideal naguetgxi
30% of asymptomatic individuals exhibit an anteriorly positioned desstirsyg
that the latter may represent a normal anatomical variation or phgbjmocess
rather than patholofjy°. Since radiologically con rmed anteriorly positioned discs
do not consistently correlate with dysfunction 8rjaénclinical and conceptual
distinction should be made between an asymptomatic antepiositi®nd the
clinically more relevant symptomatic anteriodidjgacemefts.

Degenerative joint disease

DJD encompasses both osteoarthrosis and osteoarthritis. Whergasstrath
distinction between both terms was made in the dental TMJ literature based on th
presence or absence of pain, both nomenclatures are now classi ed ueder one t
due to inconsistencies in its use. Instead, the process is now descdbheithas DJ
or without arthraldiaThe condition is characterized by progressive degeneration
of the articular cartilage and abnormal remodeling of the underlyitig*btine

has a non-in ammatory origin, unlike pathologies like rheumatat@aritut
mechanical loading changes often induce a secondary in ammatongeeispo

the joint that contributes to pain and dysfutietiBarsistent in ammation can lead

to bony changes that are detectable through imaging. Given that maualadi
with degenerative changes remain asymptomatic and do niveaee&nt, it is
worth considering whether a distinction should be mademheweconceptual

and clinical diagnosis of DJD.

Relation between disc displacements and degenerative joint disease

Although disc displacements and DJD are regarded as separate legyities, t
often coexist and share a strong associétiowhether disc displacements

are the result or the cause of DJD remains debated, and clear associations have
not been established to date. Imaging studies suggest that disentksplac
increases the likelihood of degenerative ch#rgesupporting the view that
altered biomechanics in the joint induce in ammation and subsequent joint
degradatioff. Contrarily, others suggest that disc displacements are a manifestation
of degeneration, where an alteration of the sliding properties of thefigoied su
leads to disc hesitation and displaceéiffei@ince degenerative changes can be
present with a “normal” disc posft#dand disc positions other than the 12 o’clock
position are often not seen with degenerative ciafigasds likely that neither
condition is an exclusive cause of the other.

12



GENERAL INTRODUCTION

Taken together, these ndings point toward a bi-directional reiationshich

disc displacement and DJD likely represent interrelated mangestatghared
degenerative process. This perspective supports the view thas theyiidic,
integrated organ in which the articular disc, the synovium and the saitimdroend
function as interdependent structukéschanical, in ammatory or degenerative
alterations in any component can disrupt joint loading and the local ibedchem
environment, affecting the integrity of the entire system. Fronpd&uisvpers
symptomatic disc displacements and DJD re ect a distuniesastadic state of 1
the joint, underscoring the importance of viewing the TMJ as an integrated func
unit rather than focusing on isolated structural hdings

Etiology and pathophysiological mechanisms of TMJ disorders

The etiology and pathogenesis of degeneration of the TMJ remainstatgomple
understood. Historically, considerable emphasis was placed on thdeantalo
occlusion as a causal factor, a perspective that shaped clinical mahagemen
for year$?°. Although this occlusion-centered approach still in uences clinical
practice, recent evidence has largely refuted a primary role of densabrocclu

as a cause for TMD, suggesting that clinicians should abandon thisdakdfash
gnathological paradigrif. Instead, current research supports a biopsychosocial
framework, which views TMDs as multifactorial conditions arisingraotioirg
between biological, mechanical and psychosocial protdssdss model, joint-
related disorders such as disc displacements and DJD are thought talipe primar
characterized by biomechanical overloading and maladaptive jpionhses,
leading to in ammation and progressive cartilage and bone degradatiimese
mechanisms operate within a broader biopsychosocial contexbtiraresche

in uence of psychosocial factors on symptom experience and erprébsi
following sections focus primarily on the mechanical and biological cdidépts o
disorders, while shortly acknowledging their integration witthém psychosocial
framework.

Mechanical and biological framework

Pathologies of the TMJ are believed to develop from a disturbance it the join
homeostasis, in which mechanical forces exceed the joint's adaptilidesmpab

for tissue synthesis and répaiiln healthy joints, mechanical stress induces
constant remodeling of the joint’'s articular surfaces to allow projey doad
maintain joint integfft§:. This dynamic balance may be disturbed in two ways:
absolute overloading, where excessive mechanical forces are appuieadadly
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CHAPTER 1

adaptive tissue (e.g., trauma, parafunction), and relatleadiver, where normal
mechanical forces act on tissues with reduced adaptive capalglit®s{emic
disease, hormonal imbalance or genetic predisp8sitioRyom this perspective,
TMJ disorders are best understood as existing along a continuum of adaptive a
degenerative responses, rather than as isolated pathologicéfisjate )

Excessive mechanical loading of the joint triggers the release @frmada@ibrs,
including reactive oxygen species, pro-in ammatory cytopiedsrfiinantly
interleukin-1 and -6, tumor necrosis fatocatabolic enzymes (such as matrix
metalloproteinases) and breakdown products into the syno¥id!-*uidhese
biochemical changes induce a secondary synovial in ammatory respgonse (i.e
synovitis) and accelerate cartilage and subchondral boneddggna further
disturbing the homeostatic balance of th&jbifftigure 2)

Joint homeostasis ‘ Joint overloading

Relative overl

Joint - > Physlalogical /5'\

remodeling articular surface

\_/

Mechanical stress

19 ]‘
ical overload

ﬂ

Joint degeneration S S Synovitis

Figure 2 Pathophysiological mechanism of temporomandibular joint degeneratiophysiclegical
circumstances, mechanical stress induces joint remodelingthiasrhameostasis. Joint overloading of
the joint occurs when the adaptive capabilities of the joint are ceatpfatstive overloading) or when
excessive mechanical forces are applied (absolute overloading)gresuttaladaptive remodeling.
This triggers biochemical changes in the synovial uid, includisg oflero-in ammatory cytokines,
catabolic enzymes and reactive oxygen species, resulting inssgndvitiogressive cartilage and
bone degeneration.
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GENERAL INTRODUCTION

This in ammatory cascade is now considered the primary cangmb$ginptoms

in TMJ disorders. Contrary to earlier assumptions, joint pain arigédg prima
from in ammatory processes rather than mechanical interferen@s disch
displacements. Elevated levels of pro-in ammatory cytokinesrantegiators
following joint overloading are the main cause of synovitisidhtt Pa Likewise,

a restricted mouth opening, traditionally attributed to mechapilcgément from

a non-reducing displaced di¥¢8, is instead associated with synovitis-induced
brous adhesions or an analgesic muscle inhibition re ex, a proteckigeismc 1
that deactivates the muscles around the joints with pain and in dfmation
Collectively, these ndings suggest that synovitis and its assucagetidular
molecular cascades play a central role in the pathogenesis of TMJ.disorders

Psychosocial framework

Psychosocial factors play a signi cant role in modulating pain joer@ayt
disease experience in TMJ disorders. Growing eviden@eadicmutually
strengthening relationship between mental health and TM 3patioolwibuting

to a complex disease proc8s®atients with TMJ disorders frequently show
elevated levels of psychological distress, pain catastrophiziagsidep anxiety,
somatization and maladaptive coping behavfofs These factors can in uence
pain perception by altering pathophysiological mechanisms of paintiormdula
especially when nociceptive signals are prolonged.

Clinical course

The clinical course of TMJ disorders is variable but generally favanapieidinal
studies show that, in most patients, symptoms resolve spontathectsiyegi c
interventiori3*3. This self-limiting course is attributed to the adaptive capacities of
the joint, whereby structural and functional remodeling allows chareggsnical
loading and gradually restores homeostasis

However, a subset of patients follows a less favorable tréfiektahese cases,
delayed or inadequate treatment may result in prolonged periods of pain and
functional impairments. A persistent nociceptive stimulation@apenigheral
sensitization, characterized by increased excitability of paitorgc®pWhen

this nociceptive input continues, it subsequently may lead to neiizatise, in

which neuroplastic changes within the central nervous system lowes palofsthr

and increase pain responses, such as allodynia and hyperalgas@iter the

initial pain stimulus has resol¥dThese mechanisms increase the likelihood of

15



CHAPTER 1

pain chronicity and explain why symptoms may persist despite manaigiimen
primary joint patholoéfy'®.

A proper understanding of the factors that in uence this variable canefeiis th
crucial for optimizing patient care. Identifying patients at risgtofrsghronicity
and structural degeneration remains challenging, underscoring the mghd fo
quality, longitudinal research to determine prognostic factors fdsdddé d
progression.

Current treatment paradigm for TMJ disorders

Effective management of TMJ disorders begins with a systematiic gisyess,
including a detailed anamnesis and clinical examination consilstere D€/

TMD framewoPk Imaging is used to con rm speci ¢ subdiagnoses. Magnetic
resonance imaging (MRI) is preferred for evaluating the position afulae art
disc and other soft tissue to diagnose disc displacements. Conenfjaaiedco
tomography (CBCT) or conventional computed tomography (Cd yadaesect
osseous changes consistent with*DJD

“Form follows function”

As discussed in the previous paragraphs, current evidence indiqaeéas éina
dysfunction are mostly associated with synovitis, capsular pattblugchemical
alterations within the joint, rather than disc malpositfoil€Cdrskquently, TMJ
disorders are regarded primarily as functional disturbances rathpurely
structural pathologies. Therefore, initial treatmeults Ehoritize symptom relief
and restoration of function, moving away from earlier disc-focuseidrpara
that aimed to correct joint anat8fiy°®. This treatment concept aligns with the
principle thatform follows function’once normal joint function is restored, the
surrounding morphology may adapt to a new state of homedaghasisthe need

for anatomical correction.

Stepwise treatment approach

Within the current function-focused treatment paradigm, regtimemts consist
of reversible, conservative treatments like patieni@uyaaysical therapy, anti-
bruxism splints and pharmacological treatments (e.g., n@istetieid ammatory
drugs, muscle relaxants and antidepres8értts)rhese interventions aim to reduce
joint loading and in ammation while retaining function, and they arensditic
the majority of patients.

16



GENERAL INTRODUCTION

Minimally invasive surgical methods, such as arthrocentesis and@ytlan@sc
often only indicated when conservative treatments provide insuhgxomsy
relief>>2. Arthrocentesis involves the lavage of the upper TVAI &pacemote
tissue recovery by removing in ammatory cytokines anddagteding enzymes
which are thought to be responsible for symytdms is usually performed
through two needles using saline or Ringer’s lactate solution as lieigded| T
lavage volume needs yet to be determined, but evidence sudgast8a0ml is
necessary to achieve optimal removal of in ammatory cyfolkegsrted success 1
rates average around 83.5%Arthrocentesis emerged as a simpli ed, derivative
of arthroscopy, developed after arthroscopic studiesstemted that symptomatic
improvement could be achieved without disc reposfiosilggesting that lavage
has a central therapeutic role.

TMJ arthroscopy involves inserting a small endoscope into the upper TMJ
compartment, allowing visualization of the intra-articularesrantiiperformance

of targeted therapeutic maneuvers such as lysis of adhesions, dépusilicetion

into in amed tissue and electrocauterization of redundant andemyjoetiasue.
During the procedure, continuous lavage is performed to distend thecmint s
and provide clear visigRigure 3) Since its introduction, technical advancements
have led to different arthroscopic levels based on complexity and esgsiven
These range from simple diagnostic arthroscopy (level 1) or arithhpsiscgnd
lavage (ALL) under local anesthesia, to more advanced arthrospepicAS),
without (level 1) or with (level 1ll) disc repositioning and xatiodyrescander
general anesthe$#&®. Reported success rates range between 50% aftl 96%

17



CHAPTER 1

Figure 3Introduction of two portals during TMJ arthroscopy into the upppagainThe upper and
lower joint spaces are enlarged for illustrative purposes. SawgjcéHTaan Bakelen NB, Spijkervet
FKL. [Minimally invasive treatments and open joint surg&sgriters of the temporomandibular joint].
Ned Tijdschr Tandheelkd. 2024 May;131(5):223-230. Dutch.

Finally, open joint surgery is only reserved for a few advancecctorietases
involving severe structural damage, ankylosis or severklgtithgbend-stage
DJD. These interventions include discectomy, arthraplasty wo other option
remains, total joint replacement. Contemporary position statemeirtg, tima$ed
from the American Association of Oral and Maxillofacial Ser¢&a®MS)
emphasize that these irreversible surgical methods should be onkeoraftata
exhausting all conservative and minimally invasive surgical*éptfons

18
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Limitations and evidence gaps in current treatment paradigm

Despite the widespread acceptance of a stepwise treatment apyradioltal
implementation remains inconsistent and characterized by sewvdeddeno
gaps. The rst knowledge gap concerns the timing of treatment esdadation w
conservative interventions fail. Currently, no consensus existdécodehioe
treatment failure or when to proceed to minimally invasive surgeguéliyse
clinicians often rely on individual judgement rather than standandeaie- 1
based criteria, resulting in variability in practice. Furtadsetause TMJ disorders

are often self-limiting, treatment escalation in patients who eulftdra earlier
intervention is often delayed. This delay can lead to prolonged pairiiaradidgs

and increases the risk of chronicity, which in turn may reduce respomsiveness t
subsequent intervent®nExtended conservative treatments also place a greater
burden on healthcare resouféeend requires sustained patient compliance.
Identifying the optimal timing for minimally invasive surgeryaseticeneial to
optimizing patient care. Although a growing body of evidencetsuggesarlier
intervention may enhance recovery and functional oUtcdntas ideal timing

for minimally invasive treatments and their comparative resatiasgitvative
treatments are still lackmg

The second knowledge gap involves the selection of minimally invasave surg
technique. While arthroscopy and arthrocentesis demonstratechigh ief
symptom reduction, their relative effectiveness compared wittheacnd
indications remain understudied. Arthrocentesis offers simplidiégsand
invasiveness, whereas arthroscopy allows for diagnostic visualichtargeted
therapeutic maneuvers. Few studies have directly compared o dlities,
leaving clinicians without clear evidence to guide the choice between the

The third knowledge gap concerns the management of patients who dandot resp
suf ciently to initial minimally invasive surgery. While a few saudiesported
bene cial outcomes of re-arthroscéfy research evaluating the full spectrum of
subsequent treatments remains scarce. Speci callgynlbbastcomprehensively
investigated the retreatment outcomes after unsuccessfaitinieentesis.
Gaining insights into retreatment success rates, predictatsnehtreuccess
and the optimal sequencing of retreatments may contribute to a mmetstruct
evidence-based pathway for managing refractory cases.

19
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Thesis outline and aims

While the current stepwise approach provides a framework for TMJ disorder
management, its clinical application is hindered by a fésngha: 1) the absence

of consensus for treatment escalation after conservative sedjrtrentack of
comparative evidence between minimally invasive surgical methoypshand 3
uncertainty regarding retreatment strategies after failéaithit@centesis. The
purpose of this thesis is to rede ne the role of minimally invasive suriyly fo
disorders by addressing these three gaps. Chiagteiddress the rst knowledge

gap, chapters-7 the second and chaptthe third. Speci cally, the study aims

are as follows:

1. To systematically review the current literature to evaluate thef datgaife
arthrocentesis for symptomatic TMJ disorders, by comparing itvatognse
treatment at all endpoints and for all clinical outc@magstér 2)

2. To evaluate the long-term ef cacy of arthrocentesis as treatment for
temporomandibular joint arthralgia compared to conservative tteamnaen
randomized controlled tri@&hapter 3)

3. To assess whether the timing of initial arthrocentesis for TMa aftbcatyi
treatment outcomes in a cohort stOdgter 4)

4. To systematically review the current literature to evaluate thef daugaife
arthroscopy for symptomatic TMJ disorders, by compararghitocentesis as
well as to conservative treatment at all endpoints and foicallalittomes
(Chapter 5, Chapter 6)

5. To evaluate the ef cacy of arthroscopy as treatment for TMJ pain anébdysfunct
compared to arthrocentesis in a randomized controlleGhiagkér 7)

6. To examine the prevalence and success rates of retreatmiddtarthralgia

patients who did not achieve adequate symptom relieftialtarihirocentesis
in a cohort studZhapter §.
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CHAPTER 2

Abstract

This systematic review aimed to evaluate the ef cacy of arthicenipared

to conservative treatments for symptomatic temporomandibular jdersdisor

A systematic search for randomized, prospective and reiv@speantrolled

trials was undertaken in ve electronic databases. Various patientoatmwme
economic evaluations were analyzed for short-term (<6 monthsdiaterm

term (6 months to 5 years) and long-term (5 years) follow-up periods; Primar
meta-analyses were performed for randomized controlled trials ndog-ra
effects models. Arthrocentesis was superior to conservativet$reagaueing

pain reduction at short-term (MD 14.5 (95% CI 9.7, 1&4),RCT9)=545
patients|?= 48%, high quality of evidence) and intermediate-teww-qil (MD

14.2 (95% CI 7.3; 21.1k=9 RCTx:)=547 patientsl?>= 81%), moderate quality

of evidence). Furthermore, arthrocentesis was superior to canserattient
regarding maximum mouth opening improvement at short-term (i (25%6

Cl 0.8; 4.1)k=8 RCT:=472 patientsl>= 80%, moderate quality of evidence)

and intermediate-term follow-up (MD 2.2 mm (95% CI 0.K3®RCT3)=468
patientsl?= 75%, moderate quality of evidence). Trial sequential analywitesupp

the conclusions of all primary meta-analyses. Results were clmieallfoepain
improvement, but not for maximum mouth opening improvement. Resultmat long-ter
follow-up and for other study outcomes were either lacking or too heterogeneous for
meta-analysis, highlighting the need for more standardized, highegpeaitgh.
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Introduction

Temporomandibular joint (TMJ) disorders affect apprdyimmaethird of the
general population and manifest primarily as disc displacen@ntsn(D

or degenerative joint disease (BJ)e majority of patients experience minor
symptoms, however, more severe symptoms may substantially ititigaat qua
life. This is attributed to the interference with essential funttiasseating,
speaking and laughihgTypically, conservative treatments such as counselling,
dental splint application, physiotherapy and medication (e.g.enodhasanti-

in ammatory drugs and muscle relaxants) are rst-line treatmentgheirddw

risk of side effects. Within this context, arthroceniesaillis only considered
when non-surgical treatments have fail@dring this procedure, lavage of the
upper TMJ space is facilitdtadth the aim to reduce symptoms by removing pro-
in ammatory cytokines, degradation products and matrixdiegenzymes.
Recent studies have advocated to perform arthrocentesis at an gafifer sta
since patients with chronic symptoms (e.g., after prolongedvimetinservative
treatment) are less likely to respond positively to subsequehinsengéraiofts:.

To address this, a pair-wise systematic review comparing aeRi®c@nsus
conservative treatments for TMJ disorders has been perfexiveslir This
study focused on joint pain and mouth opening at 6 months follow-exerHow
systematic reviews reporting on long-term results as well as otheufcatiess o
and economical evaluations are lacking. This systenmationithh meta-analysis
and trial sequential analysis therefore aimed to guide evidence-basad cli
decisions comparing arthrocentesis versus consemraiiinertts for symptomatic
TMJ disorders, including short-, intermediate- and long-terneswtcoinjective
(i.e., maximum mouth opening, joint blocks and noises, protrusiverand la
mandibular movements and costs/ cost-effectiveness) aativeufbje., joint pain,
mandibular function and quality of life) outcomes.

Materials and methods

The present study was conducted in compliance with the Cbeamdinmok

for systematic reviéhand reported according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) gtfid€heestudy protocol

was registered in the International Prospective Register of iSyRereat
(PROSPERO; CRD42022355646) before the literature search.
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Eligibility criteria and data items

The selection of study records through the in- and exclusion criteria was done
using the PICOTS format. Studies were included with (P) patieintg suffer
from symptomatic TMJ disorders as classi ed by the Diagnostic Griteria f
Temporomandibular DisordersMJ arthralgia, disc displacements with and/

or without reduction and degenerative joint disease. The (I) integrenpo
consisted of TMJ arthrocentesis using any technique, withubrcartcomitant
therapies or injections, whereas the (C) control group consistedrofttomse
non-surgical treatments in any modality, such as medication, phyasjgal ther
oral splints or any combination of conservative treatment m@)Hibias pfimary

study outcome for the current study was pain during mandibular mevaiment

or function using a continuous numeric scale. The secondary outcmads incl
pain at rest using a continuous numeric scale, maximum mouth openjng (MMO
measured as interincisal distance in millimeters, mandibular(Rigcticsing the
mandibular function impairment questionnaire ¥1Br@hewing ability), joint
blocks and noises, protrusive and lateral movements, qualitp@tCifstsicost-
effectiveness. (T) Measurements of study outcomes wer@ttividieee follow-up
ranges: short-term (<6 months), intermediate-term (6 monthsy-angéong-

term (5 years). The latest outcome measure in each follow-up range was used.
(S) Randomized controlled trials (RCTs), prospective nonzadaamirolled

trials and retrospective cohort studies with a control group viBes@liopclusion.
Additionally, all studies must have included at least 10 participants and been
published in peer-reviewed journals. There were no language or paldatatio
restrictions. The exclusion criteria were case reports, conferexuts, abstews,
experts’ opinions, letters-to-editors or patients younger thamsléfyage, with
congenital or acquired dentofacial deformities, rheumaticedss@ahnective

tissue disorders or bony ankylosis of the TMJ.

Search strategy and information sources

Five electronic databases (Pubmed, Embase, Web of Science, Cochngne Libra
Scopus) were systematically searched using controlled vocabeiry évid

free text terms with the help of a biomedical literature specialis{dBpdWd)ix

A). In addition, the grey literature was searched. A reference check ofrralevant t
and reviews on the same topic was performed and experts on the study subject
(NBvB and FKLS) were inquired about potentially relevant study ahéclast

search was performed on thed? August 2024. No language or publication date
restrictions were applied.
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Study selection process

Records identi ed after the literature searches were de-dupliceg¢deusiethod

of Bramer et &l. Hereafter, two reviewers (YHT and NBvB) independestigdcre

all titles and abstracts for full-text assessment eligitititgl the subsequent full-

text assessment. A consensus meeting was held to resolve disagre@ndents. A t
reviewer (FKLS) was consulted if no agreement could be reachddstagea

the inter-observer agreement was indicated using the Cohen’s kapparstiatis

the percentage of agreement was described. Kappa value was interprgted as sli
(0-0.20), fair (0.21-0.40), moderate (0.41-0.60), substanti&iL{®.80) or high

(>0.81).

Data collection process

Data collection from the included studies was done using aguledendardized
form. After the data was completely collected by one reviewer (YHT), 5% of th
records were independently collected by a second reviewer (NBvB) gargdom
to the corresponding data of the rst reviewer. If agreement betweeie\werse
was <90%, the second reviewer had to assess the remaining recsedsidpllo
another consensus meeting. The following data were collectée fraruded
records: authors, publication date, study design, study outcome#atdatel
follow-up, characteristics of study participants (number okpgteder, age),
duration of symptoms, treated diagnosis and treatment sped (atiatment
modality, technique, co-interventions and the pre- and postvepeeatiment
regimen). All the pain scores reported on a continuous scale werateatadcul
a visual analog scale (VAS)-score of 0-100 mm (higher score equatgséne
to allow more accurate between-study comparisons and quantityisesan

If additional data from included records was required foitgtigatanalysis,
corresponding authétg® were contacted via email in March 2023 and January
2024 in attempts to retrieve the data. If the requested data were ueavalab
reply was received or when no contact could be establishee;dtus were
excluded from quantitative analyses.

Quality assessment

The risk of bias assessment for RCTs was performed using the Cochrane Risk of Bi
Tool for Randomized Trials, version 2 (RoB2ye, studies were judged either

a low risk of bias, some concerns or a high risk of bias, based on ve different
domains. For the risk of bias assessment of non-randomized studigatdtie vali
Methodological Index for Non-Randomized Studies (MINGRS)used. Studies
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were assessed on 12 items, which were each scored either 0 (not reported), 1
(reported but inadequate) or 2 (reported and adequate). Riak aEvessment

of studies from the current research group were performaddbyirrdependent

and unaf liated researcher (JAMS; see acknowledgement).

For the assessment of clinical heterogeneity between studiesdtacacalysis,

the Clinical Diversity In Meta-Analyses (CDIM) tool was 4tiliidg this tool,

each study was evaluated on four domains (i.e., setting diversitjopaiptdasity,
intervention diversity and outcome diversity) withaf titstiems. Each item was
assigned an equal weight and scored 0 (low diversity), 1 (moderatty diversi
unknown) or 2 (high diversity), adding up to a score of 0—-22. A total score of
0-11 indicated a low clinical heterogeneity, 12 to 18 indicated a medératal
heterogeneity and 19 to 22 indicated a high clinical heterogeneigehehe
studies.

The Grading of Recommendations Assessment, Development and Evaluation
(GRADE)-approach was used to rate the certainty of evidence for &fcomes
The quality of evidence was rated either high, moderate, low or very low.

Abovementioned quality assessments were carried out independevily by t
reviewers (YHT an NBvB) and any disagreements were resolved in asconsensu
meeting. Due to the nature of each toollapproach, Risk of Bias afsessme
were performed for all included studies, whereas the assessmentsicdlthe clin
heterogeneity and the certainty of evidence were performed for each primary meta-
analysis.

Effect measures and data synthesis

Primary meta-analyses were performed based on the highest avalabe ev
(RCTs only). The a priori drafted study protocol included non-randodigehs
case insuf cient evidence could be gathered from RCTs during theedétancoll
process. In that case, evidence of non-randomized studies would bedpsssen
accessory data to ensure comprehensive coverage of the topic. Suieehary ef
measures were calculated if 2 studies reported on the same study*®outcome
For the continuous variables suitable for quantitatiysigrtae mean difference
(MD) and corresponding 95% con dence intervals (Cl) were cofpDtexito

an expected presence of heterogeneity between studies, a raedtsnreifiel

with the DerSimonian-Laird estirffai@s used for the meta-analys&tatistical
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heterogeneity between studies per meta-analysis was evataatgdfthnd was
considered substantial if 58%

If only standard deviations (SDs) of the baseline and follow-spveteneported,

the SDs of the changes were estimated from those measurements usitigna correla
coef cient of 0.528. Furthermore, if studies were included with three or more arms
from which at least two suited a single intervention group as de ned for the curren
review, similar groups were combined to allow pair-wtaeamalysi. If studies

only reported on medians with range, these were recalculated to nme8bs wit
before the synthesis of summary effect estithadawilarly, standard errors were
transformed into SDs if these were the only estimates reportedin a study

A priori de ned subgroup analyses were performéd) ftve duration of symptoms,
i.e., acute (<3 months) or chronic ( 3 mor{@)gje use of co-medication during
arthrocentesis, e.g., hyaluronic acid(@pthe diagnosis, e.g., only for disc
displacement without reduction (DDwoR). Sensitivity analgspsnsmed
where(1) high risk of bias studies were excluded and \@)each study was
omitted one by one from the primary meta-analysis to evaluaigithmimedfects
of the studies. All meta-analyses and forest-plots were synthesizesionR
4.2.2 (R Core team), using mhetapackage, version 6.130

In addition, trial sequential analyses (TSA) were pertiuen@dthe susceptibility
of conventional meta-analyses to type-I errors (i.e., false poditigs}. A
random-effects model TSA using the DerSimonian-Laitdbes@sngerformed
with Trial Sequential Analysis Viewer, version 0.9.5.10 Betan@ymoefrial Unit,
Centre for Clinical Intervention Research, Rigshd9pifaleguired information
size (RIS; i.e., the required sample size for the meta-analysis) masedeter
for each primary meta-analysis to provide an indication of the robdgimess o
conclusions drawn. A p-value <0.05 was considered statistically digmiatan
analyses.
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Results

Study selection

After removal of duplicates, 1876 unique records were screened by tliksract a
(Figure )} and 34 reports were selected for full-text reads. The inter-observer
agreement was substantial (Cohenss kappa coef €iend(78; percentage of
agreement = 99.3%).

Following full text-assessment (high inter-observer agreenie8t; percentage

of agreement = 93.9%) and expert consultation, 21 records were detabbd sui

for inclusionFrom those records 16 were used for qualitative analyses and meta-
analyse'$*-4 and ve for qualitative analy$8$°44°, Excluded records after full-

text reads are presente@ppendix Btogether with the reasons for exclusion. For
the data collection process, the agreement was 100% between the twisreviewe
The third reviewer was not consulted throughout the study screenlagtimmd se
procedure.

Study characteristics

From the included records, three involved the reportififgrehtioutcomes or
follow-up from a single RCP°, leading to the inclusion of 19 unique studies.
Of these, ten studies were RTP38-40.43-47 gnd nine non-randomized
studie’§-20:33-36.4142 pyplication years ranged from 1995 to 2024. A total of
2725 study participants were included in the review (ranging from 24 to 1752
participants per study), from who 622 were patrticipating in RCTsdReljxste

up moments and study participants characteristics diidgicdre shown fable

1. Arthrocentesis techniques between studies exhibited a degreetygf birhtlae

use of co-interventions, such as hyaluronic acid, oral splints or medigation, v
considerably between studies. Additionally, a substantialiyamebonservative
methods was present between the stUdibk ().
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CHAPTER 2

Risk of bias assessment

Risk of bias assessment resulted in a ‘high risk of bias’ judgement fosteereport

to a high risk of bias in the randomization préaesteviations from the intended
interventiorts. The remaining nine reports had a ‘some concerns’ assessment,
primarily due to missing information regarding the randomyzatess, deviations

from the intended intervention and/or the measurement of the outcome. result (i
measurement of the subjective outcome pain with non-blinded stijplgrpsit

(Table 2. The risk of bias assessment of non-randomized studiefowasgar

nine studies. Studies scored between 10 and 19 on a scale of 0-24, with a lower
score reported in studies with a retrospective (Esige 3.

Table 2 Risk of bias assessment of randomized controlled trials using #me Giskof Bias Tool 2.

D4 D5 Overall Bias

D1 D2 D3

Guarda Nardini et al. . | .
(2005)*® :

Diracoglu et al. (2009} | . .
Vos et al. (201%, 2018)*° . | .
Hosgor et al. (2017% . .
Tatli et al. (2017) | . .
Malekzadeh et al. (201%) . . .
Abbasgholizadeh et al. |

(2020)* :

De Almeida et al. (2023) . . .
Tang et al. (2023) . I .
Correa Silva et al. (2028) | . .
Li et al. (2024) . I . I

D1 Randomization process; D2 Deviations from intended interventionsinpdMome data; D4
Measurement of the outcome result; D5 Selection of the reported results.

Author (year)

. Low risk of bias

Some concerns

| High risk of bias
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Table 3.Risk of Bias assessment of non-randomized studies using the Me#idddigior Non-
randomized Studies.

Unbiased assessment of the study endpoint
Follow-up period appropriate to study aim

£
© [0}
> N
g E z
@ S 3 S %)
s 8 s 2 o
o S e © ©
2 c o) 5 S 4 S
5 o©o B S = © & g =@
[3) = = v K] ) > c ©
= 5] e S v S = o ) o
s 2 2 9 s & 2 © § B C:
5] © © o 2 © 9] 5 5 8
— y— ) © o () O = o 7]
8 o = %) = = © o 7] o
» s © IS L © = = ) =
2 3 2 8 2 & 3 5 s 3
I =] ) o %) = =
Author 3 5 & = g ¢ ¥ & & B s
(year) O £ o w | o < O m < F
Murakami et 1
al. (1995)3
Onder et al. 1
(2009)*
Machon et 1
al. (2011y8
Lee et al. 1
(2013)*
Malachovsk 1
et al. (2019%
Yilmaz et al. 1
(2019)*
Goyal et al. 1
(2020)*
Altaweel et 1
al. (2021y°
Helal et al. 1
(2021)%

0 not reported; 1 reported but inadequate; 2 reported and adequate.

Primary outcome

Pain during mandibular movement and/or function

Pain during mandibular movement and/or function was presented in & repor
Of those, 15 were used for quantitative analifégpsr¢ 2 Figure 3. Remaining
studies lacked suf cient informati#r® or were the only study in the follow-up
rangé€. Of the studies reporting on pre- and post-operative differenashfor e
treatment arm, 13 reports showed improvement of pain scores over tiintieen bo
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arthrocentesis and conservative treatment YitgaEg3237394042-45 three studies
showed improvement over time in only the arthrocentesfsffoope study
showed no statistical signi cant improvement over time in botP? guodipao
studies did not adequately report pre- and post-operative d&&éfénc

At short-term follow-up (range 1 to 3 months) treatment effeaboéarelis

was superior to conservative treatments in pain reduction (MD 14.5 (95% CI 9.7;
19.4), k=9 RCTH)=545 patientsl?=48%, high quality of evidence). Including
non-randomized studies resulted in larger differences accompanigiteby h
statistical heterogeneity (MD 18.8 (95% CI 13.8; 288)3 studiesn=2382
patientsl?= 89%) Figure 2. At intermediate-term follow-up (range 6 to 12 months),
arthrocentesis was superior to conservative treatments in yaionrgD

14.2 (95% CI 7.3; 21.1k=9 RCT9)=547 patientsl?’= 81%, moderate quality

of evidence). Including non-randomized studies resulted in laegencif
accompanied by higher statistical heterogeneity (MD 22% (@b 11.5;

33.1), k= 14 studiesn=2490 patientsl?= 99%) Figure 3. One RCT reported

on pain reduction at long-term follow-up (median of 6.2 Ydartat study,
arthrocentesis was found more ef cacious in pain reduction (10.23 (95% CI
-17.86;-2.60), p= 0.009) compared to conservative treaiwenthe entire follow-

up period.

Sensitivity analyses revealed a lower statistical heterogénd@® at both
short-term and intermediate-term follow-up) in the RCT-onlnahetasaafter
excluding the study of Diracoglu ét.allo methodological or clinical explanation
could be given for this outlier, therefore not warranting the exclusgastuafyth
No substantial differences were observed after exclusion of thevittudyhigh
risk of bias assessment.
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Arthrocentesis Conservative
Study Mean SD Total Mean SD Total Mean Difference Weight MD 95%-Cl
Randomized Controlled Trial
Diracoglu et al. (2008) 3110 233 54 620 158 56 — 94% 248 [17.4;324)]
Vos et al. (2014) 3470 228 26 1860 3341 30 -~ 5.8% 161 [ 1.4;308]
Hosgor et al. (2017) 4500 7.2 10 3767 9.2 30 - 10.3% 7.3 [ 18129
Tatli et al. (2017) 4300 2041 80 33.00 228 40 —— 89% 150 [ 6.7;23.3]
Malekzadeh et al. (2019) 2450 181 12 19.40 278 12 4.3% 51 [-14.0,24.2)
Abbasgholizadeh et al. (2020) 50.00 16.2 15 3890 151 30 L 81% 111 [ 1.3;20.9]
de Almeida et al. (2023) 34.00 191 26 18.00 235 26 —— 7.2% 16.0 [ 4.4;27.6]
Correa-Silva et al. (2024) 2970 329 11 1460 29.0 13 3.0% 151 [-9.9/40.1]
Lietal. (2024) 3730 231 37 2000 26.2 a7 : T4% 17.3 [ 6.0;28.6]
Random effects model 271 274 644% 145 [ 9.7;19.4)
Heterogeneity; [* = 48%, +* = 23,3508, p = 0.05
Non-randomized Study :
Onder et al. (2009) 3180 79 15 260 64 10 i —— 10.3% 29.2 [23.6; 34.8] 2
Lee et al. (2013) 38.80 17.8 17 2230 140 13 —— 7.3% 165 [ 5.1;27.9]
Malachovsky et al. (2018) 5030 100 419 2000 87 1333 = 11.8% 303 [29.2;314]
Goyal et al. (2020) 3150 196 20 500 173 10 ——— 6.2% 265 [12.840.2]
Random effects model 471 1366 - 356% 28.0 [23.4;325]
Heterageneily: * = 50%, v = 104514, p = 0.11
Random effects model 742 1640 - 100.0% 18.8 [13.8;23.8]
Heterogeneity: I° = 89%, +* = 54.5140, p < 0.01 I T T 1
Test for subgroup differences: % = 15.70, df = 1 {p < 0.01) 40 -20 0 20 40

Favours Conservalive Care  Favours Arthrocentesis

Figure 2 Forest plot of pain reduction (visual analog scale, 0-100) at shootitevrof (<6 months).
Abbr.: SD standard deviation; MD mean difference; 95%-Cl 95% con denad.in

Arthrocentesis Conservative
Study Mean SD Total Mean SD Total Mean Difference Weight MD 95%-Cl
Randomized Controlled Trial
Diracoglu et al. (2009) 4740 214 54 1220 176 56 - 7.5% 352 [27.9;425)]
Vos etal. (2014) 39.20 264 28 2740 38 30 T 6.8% 118 [-3.2;26.8]
Hosgor et al, {2017) 4800 64 10 3667 83 30 = T.0% 113 [ 64,16.3]
Tatli et al. (2017) 61.50 13.8 80 4800 21.0 40 . 7.5% 135 |[58212]
Malekzadeh et al. (2019) 47.70 156 12 3850 274 12 i 6.4% 92 [-8627.0]
Abbasgholizadeh et al. (2020) 70.00 8.0 15 6295 121 30 L4 76% 70 [1.1;130
de Almeida et al, (2023) 43.00 21.5 26 38.00 241 26 —— TA% 50 [-T.4174]
Correa-Silva et al. (2024) 2650 347 11 1280 314 13 L 53% 136 [-13.1;40.3]
Li et al. (2024) 4540 21.3 a7 2860 3.0 ar = TA% 168 [ 4.7;28.9]
Random effects model 273 274 <> 63.0% 142 [ 7.3;21.1]
Heterogeneity: 1° = 81%, t° = 75.7460, p < 0.01
Non-randomized Study
Murakami et al. (1995) 45.00 21.8 20 2900 259 63 - 7.2% 160 [ 4.527.5]
Onder et al. (2009) 3270 1341 15 280 83 10 - 7.5% 299 [22.2,378]
Lee et al. {2013) 4380 184 17 2920 149 13 i+ TA% 146 [ 27,265
Malachovsky et al. (2019) 4690 9.7 419 -30.80 81 1333 [+ ] 7.8% TVI7 [T76.7,78.7]
Yilmaz et al. (2019) 3875 193 36 353 151 17 - TA% 423 [32.7,518]
Random effects model 507 1436 i 37.0% 36.5 [13.5;59.5]
Heterogeneity: 1° = 99%, v° = 866.0757, p < 0.01
Random effects model 780 1710 - 100.0% 223 [11.5;33.1]
Heterogeneity: 1° = 89%, r° = 380.0949, p = 0 I !
Test for subgroup differences: o = 3.33, df = 1 {p = 0.07) -50 0 50

Favours Conservative care Favours Arthrocentesis

Figure 3.Forest plot of pain reduction (visual analog scale, 0-100) at intéeatediafollow-up (6
months-5 years). Abbr.: SD standard deviation; MD mean differen€d; ®%eon dence interval.
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Secondary outcomes

Maximum mouth opening

MMO measured as interincisal distance was reported in 19 reports. Of those, 15
were used for quantitative analy&égufe 4 Figure 5. Of the studies reporting

on pre- and post-operative differences for each treatment arm, tlslepoed

MMO improvement over time in both the arthrocentessrasedvative treatment
groupg033.47.36,3739.40.4243.45.48 - ya studies showed improvement over time in only
the arthrocentesis grétip*+448 one study showed no statistical signi cant
improvement over time in both gréfugosd two studies did not adequately report
pre- and post-operative differedt¥s

At short-term follow-up (range 1 to 3 months) a signi cantly greateireffe
MMO improvement of arthrocentesis was observed compared to conservative
treatments after pooling RCTs (MD 2.4 mm (95% CI 0.8+-8.BCT9)=472
patientsl?= 80%, moderate quality of evidence), which maintains when including
non-randomized studidsdure 4. At intermediate-term follow-up (range 6 to 12
months), arthrocentesis was superior to conservative treasneowiaff RCTs

(MD 2.2 mm (95% CI 0.5; 3.%+8 RCT9)=468 patientsl?= 75%, moderate
quality of evidence), which maintains when including non-randomized studie
(Figure 3. No studies reported on long-term results for MMO improvement.

Arthrocentesis Conservative
Study Mean SD Total Mean SD Total Mean Difference Weight MD 95%-Cl
Randomized Controlled Trial £
Diracoglu et al. (2009) 382 61 54 417 78 56 —— 89% -02 [28;24]
Vos et al. (2014) 460 65 27 170 86 30 e B a— 62% 29 [1.0;68]
Hosgor et al. (2017) 520 24 10 387 28 30 -—-9--— 10.9% 1.3 [-0.4;3.1)
Tatli et al. (2017) 1250 4.3 80 620 3.2 40 [ 11.9% 63 [4.9:7.7]
Malekzadeh et al. (2019) 1250 34 12 11.00 5.0 12 —r = T.2% 15 [-19:49]
Abbasgholizadeh et al. (2020) 7.54 34 15 617 3.2 30 T 10.3% 1.4 [0.7.3.4]
de Almeida et al. (2023) 540 3.2 26 240 25 26 = = 11.4% 3.0 [14:4.6]
Correa-Silva et al. (2024) 923 82 11 683 68 13 — 36% 24 [37.85]
Random effects model 235 237 -l"- 70.4% 24 [0.8;4.1]
Heterogeneily: I* = B0%, t° = 3.7108, p < 0.01
Non-randomized Study
Onder et al. (2009) 170 7.8 15 100 6.7 10 —_— 39% 07 [50:64]
Lee etal, (2013) 835 6.8 17 477 37 13 — 6.4% 36 [0374]
Malachovsky et al. (2019) 000 07 419 -008 14 1333 13.5% 041 [0.0:0.2]
Goyal et al.(2020) 510 7.5 20 060 42 10 = 58% 45 [03:8.7]
Random effects model 47 1366 -*— 29.6% 1.8 [-0.7;:4.2]
Heterogeneity: I = 60%, v = 3.3525, p = 0.06
Random effects model 706 1603 - 100.0% 23 [0.9; 3.6]
Heterogeneity: /7 = 90%, t° = 3.4742, p < 0.01
Test for subgroup differences: ﬁ =0.20, df = 1 (p = 0.65) 5 0 5

Favours Conservative care  Favours Arthrocentesis

Figure 4.Forest plot of maximum mouth opening improvement (millimeterspandotovw-up (<6
months). Abbr.: SD standard deviation; MD mean difference; 95%-CI @é&¥ceanterval.
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Arth . e vative

Study Mean SD Total Mean SD Total Mean Difference Weight MD 95%-ClI
Randomized Controlled Trial

Diracoglu et al. (2009) 6.68 6.2 54 620 65 56 — 76% 05 [1.9 29
Vos et al. (2014) 570 B8O 25 410 78 28 63% 1.6 [27 59
Hosgor et al. (2017) 7.30 25 10 433 27 30 — 79% 30 [12 48
Tatli et al. (2017) 14.70 4.1 80 B9D 36 40 N 81% 58 [44; 72
Malekzadeh et al. (2019) 1550 5.3 12 17.90 64 12 — 1 6.0% -24 [7.1; 23]
Abbasgholizadeh et al. (2020) 1090 3.2 15 916 33 30 - 7.8% 1.7 [02 37
de Almeida et al. (2023) 580 a7 26 240 25 26 - T79% 3.2 [15 49
Correa-Silva et al. (2024) 308 82 11 550 66 13 —_— 51% -1.5 [7.5 4.5
Random effects model 233 235 - 56.8% 2.2 [0.5 3.9]
Heterogeneity: [© = T5%, 1~ = 3.9545, p = 0.01

Non-randomized Study H

Murakami et al.(1995) 11.90 57 20 910 78 63 T—— 71% 2.8 [04; 6.0
Onder et al. (2009) 500 6.2 15 2.00 6.2 10 18— 59% 3.0 [1.9 7.9
Lee etal. (2013) 10.00 6.9 17 662 a7 13 T— 6.6% 34 [05 7.2 2
Yilmaz et al. {2019) 538 55 36 -140 40 17 i — T5% 6.8 [42 94]
Malachovsky et al. (2019) 1000 08 419 092 14 1333 83% 91 [9.0; 92]
Helal et al. (2021) 388 12 18 1066 44 18 — i T8% 6.8 [8.9 47
Random effects model 525 1454 -*—- 43.2% 3.1 [-1.5; 7.6]
Heterogenalty: I* = 98%, 1 = 30.0468, p = 0.01 :

Random effects model 758 1689 - 100.0% 2.3 [0.1; 4.5]
Heterogeneity: I = 97%, +* = 15.0438, p < 0.01

Test for subgroup differences: ﬁ =013, df=1{p=0.71) -5 1] 5

Favours Conservative care  Favours Arthrocentesis

Figure 5Forest plot of maximum mouth opening improvement (millimeters) aatatéemeébllow-up
(6 months-5 years). Abbr.: SD standard deviation; MD mean differése¢s; 9% con dence interval.

Sensitivity analyses revealed a substantially lower statistiogéhetty [{= 0%

at short-term ar#ék= 36% at intermediate-term follow-up) in the RCT-only meta-
analyses after excluding the study of Tatlf%etNod. methodological or clinical
explanation could be given for this outlier, therefore not wattamgrglusion of

this study. No substantial differences were observed after exclusistudfft

with a high risk of bias assessment.

Joint pain at rest

Joint pain at rest was described in four ré€oftfS. Reduction of pain at rest over

time was seen in both the arthrocentesis and consenathentrgroup in three
report&*348 whereas in another study, only the arthrocentesis group improved over
timé®. No difference was observed between groups at intermediatttsvm f

up in two studi#&s’®. When considering the entire length of the follow-up period
(median 6.2 years), arthrocentesis was superior over atusérgatment ( 8.39

(95% CI -13.70;-3.08), p= 0.002)appendix C).

Mandibular function

Mandibular function was described in six reports using varisusamest tools.

In four reports, both arthrocentesis and conservative traarireproved the
mandibular function over t1{3é*“¢, whereas in two studies only the arthrocentesis
group improved mandibular functi&h On short-term follow-up, no differences
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between groups were obser¥d*. At intermediate-term follow-up, two
studies reported superiority of arthrocentesis over conseeaitherit** and
three reported no differences between gibtips At long-term follow-up, no
differences were reported between both gtd¢appendix C)

Joint blocks and noises

The severity of joint noises and blocks was reported in st $tt#dtés*4. From
those, three studies reported no within group impro¥éhigmne reported
improvement in both groti®ne reported only improvement in joint blocks in the
arthrocentesis grotipand one reported only improvement in the arthrocentesis
group in a subgroup involving patients with disc displacement wiibrfeduc
Between group comparisons showed no differences in all studies @ttdrensho
and intermediate-term follow{appendix C)

Lateral and protrusive movements

Lateral and protrusive mandibular movement improvement were nefouted i
studie¥4°4>47. Within-group improvements in both treatment groups weveabser

in all studies. Regarding lateral movements, one stutlydepdetween-group
differences at short- and intermediate-term folf8yiwp study reported statistical
signi cant superiority of arthrocentesis over splints at shorteenddiate-

term follow-uf3#’, whereas another study reported the superiority of splints over
arthrocentesis at intermediate-term foll&wHegarding protrusive movements, no
differences were reported in two studies between the two treatmeritsaadsh
intermediate-term follow2eiff (appendix C)

Quality of life

Quality of life was reported in ve stuti&s®4345, Measurement tools included

the oral health impact pro le (OHIP) questionti&irehe disability questions
from the Research Diagnostic Criteria for Temporomandiiiot Disorders
(RCD/TMD) Axis Il biobehavioral questionffaiee psychosocial status sébore

and a VAS. Quality of life improvement was observed in both groups in three
studie¥“**45, and only in the arthrocentesis group in two Stdtiesr between-
group comparison, arthrocentesis resulted in superior quaditynpiréiement
compared to conservative treatment in three studies at shogrmediate-term
follow-up®>®"45, whereas no difference between groups was seen in the remaining
studies at short- and intermediate-term fol&w2 @ppendix C)
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Costs and cost-effectiveness

Costs, cost-effectiveness and cost-utility were analyzed inygheTsidnean

societal cost (i.e., direct and indirect medical and nonmedical costewés |0
arthrocentesis (795 United States dollars) compared to atimegnterventions
(2266 United States dollars). Furthermore, arthrocentesis nedutibdr cost-
effectiveness (for outcome pain during movement) and costsutgitgu@iity

adjusted life years) compared to conservative treatapgasdix C)

Subgroup analyses

The effect estimates of type of intervention on pain reduction betwegnotips su
acute symptoms subgroup versus chronic symptoms at short-tenmnieliewot
signi cantly different (p= 0.30). Also at intermediatefdaom-up, acute symptoms
and chronic symptoms were not statistically signi cantly difenezeidh other
regarding pain reduction (p= 0.@8ppendix D)Furthermore, effect estimates on
maximum mouth opening improvement between acute and chronicssyichptim
signi cantly differ at short-term (p= 0.86) or intermediate-liemndp (p= 0.54)
(appendix E) Regarding the use of hyaluronic acid, no statistically signi cant
difference in effect estimates on pain reduction was found between #ti@applic
of hyaluronic acid as adjuvant to arthrocentesis and when no hyaluroras acid w
applied at short-term (p= 0.86) or intermediate-term fal@w0.13)(@appendix
F).Furthermore, maximum mouth opening improvement in the groupvarth adj
hyaluronic acid application did not signi cantly differ from the grdupowit
hyaluronic acid application at short-term (p= 0.12) or intermediateitew-up

(p= 0.12)(appendix G).

Analyses with studies involving participants suffering from DédNte irethe
superiority of arthrocentesis over conservative treatment idyadionrat short-
term (MD 17.6 (95% CI 10.6; 24.6)) and intermediate-term follow-up (D 16.
(95% CI 2.7; 30.5) and an equal ef cacy in MMO improvement between the
treatment groups at short-term (MD 2.8 mm (95% CI 0.0; 5.7)) and iatermedi
term follow-up (MD 2.2 mm (95% CI -1.0; fafpendix H).There was insuf cient
data available to perform subgroup analysis regarding other diagnoses.

Certainty of evidence

Clinical diversity among studies was assessed as low in glirpgtaaanalyses.

For both pain during mandibular movement and/or functidviM@dthe CDIM

score was 10 (short-term follow-up) or 11 (intermediate-termup)lowt of

22 (appendix I).Despite a ‘low clinical diversity’ judgement, heterogeneity was
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observed between studies in the ‘intervention’ domain, prisgaritjmng the
techniques and timing of arthrocentesis and conservative tresbpemdsx(l)

TSA was performed for the primary meta-analyses. In all TSA the RIS, i.e., the
required sample size in meta-analysis was reéapeendix J) Hence, TSA
suggests that the available evidence from the meta-analyses arectidibsubj
potential false neutral outcomes and, thus, supportscthsicos of these meta-
analysegappendix J)

Assessment of the certainty of evidence using the GRADE-appraatinresult
a high quality of evidence for the primary meta-analysis for pain irapt@atem
short-term follow-up. A moderate quality of evidence judgemenewdsrgive
remaining three primary meta-analyses involving the outconiepmaiament

at intermediate-term follow-up and MMO improvement at botk-oqs. All
outcomes had an initial assessment of high quality ofedidena the inclusion

of solely RCTs. Downgrading of one level occurred due to inconsikteresuitst

as no plausible explanation could be identi ed during full-text readiQipéM-
assessment, despite the presence of a substantial statisticahieydfo&0%0)

in all primary analyseBaple 4.

Table 4 Summary of ndings of primary meta-analyses (randomized contrd$lealy)a

Outcome Follow-up (months) MD of participants  Certainty of the
(95% ClI) between (studies) evidence
interventions (GRADE)

i ) Short-term 14.5 (9.7,19.4) 545 (9)

Pain reduction 1-3) High

(VAS, 0-100; ) A

higher is worse) Intermediate-term  14.2 (7.3;21.1) 547 (9)

(6-12) Moderaté

Short-term 2.4 (0.8;4.1) 472 (8) N
MMO (1-3) Moderaté
improvement (MMjntermediate-term 2.2 (0.5:3.9) 468 (8) n

(6-12) Moderaté

Abbr.: MD mean difference; 95% CI 95% con dence interval, GRABBgEsf Recommendations
Assessment, Development and Evaluation; VAS visual analog scale; MM@nnmaguth
openingDowngraded one level due to inconsistency: unexplained heterogenedsethat accounted
for in the analyse$ (150%).
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Discussion

This systematic review evaluated the ef cacy of arthrocentesisedotmpa
conservative, non-surgical treatments in any modality for sympitdatic
disorders. Meta-analyses of RCTs showed that arthrocentésigaligtsuperior

to conservative treatments regarding pain reduction at shorttavrudo
(high quality of evidence; RIS reached with TSA) and intermediatésterm fo
up (moderate quality of evidence; RIS reached with TSARathgeMMO
improvement at short- and intermediate-term follow-up (moderéte ajuali
evidence; RIS reached with TSA).

Several previous studies have researched the clinical importanugesfiohzain

scores and emphasize the importance of taking baseline scoresidecation

when evaluating pain scores. Reductions in chronic pain scores of 10-20% may
re ect the minimally clinically important difference (MCIDgas88% reduction
indicate a moderate clinically important diffefemeenore recent study determined

the MCID for pain VAS in TMD patients is determined to b& 12harafore, pain

during mandibular function reduction at short- (MD 14.5 mm) and iatermedi
term follow-up (MD 14.2 mm) in this study were not only statisticatrgjdnit

also clinically relevant: baseline pain scores in the groups rangea 3&tvee

and 74.0 on the VAS, translating to a 20%-41% difference at shortdeam an
19%-40% difference at intermediate-term follow-up between tbeeattsis

and conservative treatments. As for MMO-improvement, the MClBbnisielete

to be between 6 and 9 rfimHowever, this range does not consider the baseline
MMO. Yet, since the statistical signi cant differences in MM®@ampri between
treatment groups were 2.4 mm (short-term follow-up) and 2.2 nmediater

term follow-up), and baseline values ranged between 27.2 and 39.0 niatifigans

to a difference between groups of 6%0—9% and 6%—8%), it is not likely that these
differences are clinically relevant.

The observation that arthrocentesis is superior to conservative treatments i
reducing pain aligns with the hypothesis that joint lavage @lidsinating pro-

in ammatory cytokines and degradation products responsible fotig§fov

Since synovitis has been linked to the severity of pain patientsceXpehie

current results suggest that the superior pain reduction obisielartdracentesis

could be attributed to its ef ciency in eliminating in ammagdigtors from the

upper joint space. In TMJ disorders, a restricted mouth opening maynresult fr
biomechanical issues within the joint, such as intra-artibesiomdormation
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or a non-reducing displaced disc, or pain originating from the joint atongstic
musclesse, In the current results, the equal effect found between both treatment
groups could indicate that arthrocentesis is equally ef cacious exbrigar
conservative treatments in addressing the articularidisz-articular adhesions.
Alternatively, since arthrocentesis targets the joint, ierpagsible that it
addresses the biomechanical issues superiorly, but is less ef catavigtiagal
masticatory muscle pain compared to conservative treatments.

Results for the outcomes joint pain at rest, mandibular;, jamttidocks and noises,
lateral and protrusive movements, quality of life and costdecstaiess were
too scarce or heterogeneous, therefore disallowing meta-analysithelsaer
for the outcomes pain at rest, mandibular function, lateral andeorotwsiwents
and quality of life, the general tendency was that after both attésiscand
conservative treatments an improvement over time was seen. $¥heangob
between-group comparisons, results were mixed. Generally, argsiscent
was either superior or equal to conservative treatments for all climioa outc
measurements. An outcome of particular interest is quality afiifiglyseemore
invasive treatment does not negatively impact the subjectivingelietients.
Lastly, the only study available on the economical perspective oitssatygests
that arthrocentesis may be superior over conservative treatraatiteyregst-
effectivene&s

The current results are in partial agreement with those of a receshigyl iidly

by Thorpe et &. In their study, the authors reported a borderline statistically
signi cant superiority of arthrocentesis over conservative treatnpein f
reduction and MMO improvement after six months follow-up, but statedehat t
results might not be clinically relevant. The discrepancy obseareed thett study

and the current review could be attributed to the inclusiannawvir C %>

and the exclusion of a RCT that used a synovial uid aspiration as captfol gro
in the current review. The authors of the current paper argue thatlawggnovia
aspiration does not align with the de nition of conservative treatdhbat@n
therefore, not included this speci ¢ study in the current review.

The subgroup analysis performed based on the duration of symptomsoyielded n
statistical differences between studies treating acute or chpoimsyan pain
reduction or MMO-improvement. This nding contradicts the notionahiat chr
symptoms are less responsive to arthrocEntdsiwever, since a sizeable
effect difference was seen between the subgroups for pain imptoenay
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be possible that the limited number of studies included might have anovide
insuf cient sample size to detect a signi cant differendiioAdlly, subgroup
analysis involving adjuvant hyaluronic acid injection after antbsieelid not
result in greater symptom improvement than when only performing asistocent
This nding aligns with the current evidence, indicating that whitenltyatid

may be effective as monotherapy, its use as an addition to arthrocemtesis doe
not further alleviate sympt&nis Results from the subgroup analyses for studies
involving only DDwoR did not clinically differ from the primary ankdygis, |
because the majority of studies involved participants were sudferiDvioR,

thus signi cantly in uencing the overall results. Sybamalyses based on other
diagnoses, however, were not possible due to the between-stamyehetty

and limited available data. It is important to emphasize that the oestits fr
subgroup analyses are merely hypothesis generating, since thayeddrden
indirect, between-study comparisons and a limited amount of studiesuland
therefore be interpreted with cadition

Besides the magnitude of treatment effects, several other factors @eed to b
considered before decision-making regarding the optimal treatnemincno
take place, such as the safety, the feasibility and the (societal) teosts.df
safety, arthrocentesis is widely considered to be a safe procddarminiinum
risk of severe complications. Nevertheless, the risk of conglaidtmugh mostly
transient and mild in nature, are not abs@uaincerning feasibility, the success of
arthrocentesis may not be as dependent on patient compliance aodgimeng

as conservative treatments, which frequently require extended feeiaithsent.
Regarding (societal) costs, the current evidence of costs arfdatvetreks is
limited to a single study and necessitates further research. Thentesémsgre
term economic implications in relation to potential health outcomasasynere
make informed clinical decisions about optimal treatment choices.

To objectify clinical heterogeneity, the validated CDIM-tool wasdisssithy low

overall clinical heterogeneity. Despite this, a heterogeneity wagidiesisveen

studies included in the quantitative analyses in patient diagnoses mpue$echn
regarding arthrocentesis and conservative treatments r&hetefotation of the
current study is that it cannot be ruled out for certain that the poolingJof all TM
disorders (i.e., DD, DJD, arthralgia) as well as the various conseatativet tr

types may have in uenced the generalizability of the current resutgerHow
TMJ disorders are often closely related and concurrently occumiimg sghdar
treatment indications. As such, the conclusions drawn may re ect the clinical
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reality, where these diagnoses are not always distinctly skpauatieermore,
the decision to pool the different conservative treatment types was nsade to e
the feasibility of the statistical analysis, given theitaiiatséatment approaches
and durations used across institutions. Since many healthcane mpel@ent
their own patient-tailored versions of conservative treatments hesaidiyérse
treatment regimens provides a more realistic represeritab@naonservative
treatments are applied in practice for TMJ disorders.

Currently, several directions for further research may be rdievaptinial timing
for arthrocentesis to date remains a subject of debate. Since noxersgasu
regarding how long conservative treatment needs to be employed lezfeme de
ineffective, there is a risk that patients are subjected to them foreasauitpec
long period, decreasing the success chances of subsequent treatmeniisgand wast
time and resources. One systematic review investigating the ioptigrébrt
arthrocentesis has been perfoféhdd that study, no de nitive conclusion could
be drawn due to the lack of high quality studies and the exddence presented.
Future research identifying at-risk patients with disepsensymefractory to
conservative treatment and/or comparing different timingbrfcantesis in a
single clinical trial may aid in the determination of which patientsiagasy lpeme t
from earlier arthrocentesis. To date, study outcomes other than\iisi® asuth

as the mandibular function or the quality of life have been scarcelgtevestig
assessed using highly varied measurement tools. Intensifyirngeteetarand
using validated measurement tools, such as th& MRl OHI®, could result
in a more comprehensive understanding of the true therbpHattaof different
treatments for TMJ disorders. Moreover, the considerable atintoath wbserved
regarding the execution of treatments across different ingiitdéossores the
importance of adhering to rigorously developed protocols andirpsded
standardized approach for treatment techniques, use of wentides, timing,
outcome registration, statistical analysis and data reportisg@ilovere robust
study results. Finally, the absence of long-term study resghtshighheed for
research designs that include extended follow-up periods.

In conclusion, arthrocentesis is statistically signi caetipistgp conservative
treatments regarding improvement of pain during mandibular moveroent and
function and MMO at short- and intermediate-term follow-up for sgtigoidnd
disorders. Results of pain improvement were clinically relevaas thifgewas not

the case for MMO improvement. Long-term results and outcomes regarding pain a
rest, mandibular function, joint blocks and noises, protrusive@nddasments,
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guality of life and costs/cost-effectiveness were lagkitogy heterogeneous
for meta-analyses, but revealed a general trend of an equal to supetiof effe
arthrocentesis.
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Appendix A.Overview of search queries per electronic database.

Database Search terms Hits
(09-09-2022) (24-11-2023 (02-08-2024)

Hits

Hits

Pubmed

(“Temporomandibular Joint"[Mesh] OR 812
“Craniomandibular Disorders’[Mesh]
OR Temporomand*{tiab] OR
temporo-mand*tiab] OR tmij[tiab]

OR craniomandibular*tiab] OR
myofascial[tiab])

AND (“Arthrocentesis”[Mesh] OR
Arthrocentes*[tiab] OR “Therapeutic
Irrigation’[Mesh] OR lavage*[tiab] OR
irrigat*[tiab] OR lysis[tiab] OR minimally
invasiv¥tiab] OR minimal invasiv*[tiab])

147

80

Embase

(‘temporomandibular joint/ 1065
exp OR ‘temporomandibular

joint disorder/exp OR
Temporomand*.ab,ti,kw OR ‘temporo-
mand*:ab,ti,kw OR tmj:ab,ti,kw

OR craniomandibular*ab,ti,kw OR
myofascial:ab,ti,kw)

AND (‘arthrocentesislexp OR ‘lavage’
exp OR Arthrocentes*.ab,ti,kw OR
lavage*:ab,ti,kw OR irrigat*.ab,ti,kw

OR lysis OR ‘minimally invasiv*:ab,ti,kw
OR ‘minimal invasiv*:ab,ti,kw)

188

86

Web of
Science

TS= (Temporomand*OR temporo- 596
mand* OR tmj OR craniomandibular*

OR myofascial)

AND TS= (Arthrocentes* OR lavage*

OR irrigat* OR lysis OR “minimally

invasiv¥” OR “minimal invasiv*")

107

29

Cochrane (Temporomand* OR “temporo-mand* 146

Library

OR tmj OR craniomandibular* OR
myofascial)

AND (Arthrocentes* OR lavage*
OR irrigat* OR lysis OR “minimally
invasiv¥” OR “minimal invasiv*”)

35

34

Scopus

TITLE-ABS-KEY (Temporomand* 1084
OR “temporo-mand*’ OR tmj OR
craniomandibular* OR myofascial)

AND TITLE-ABS-KEY (Arthrocentes*

OR lavage* OR irrigat* OR lysis OR
“minimally invasiv*” OR “minimal

invasiv”)

205

74
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Appendix BOverview of excluded reports after full-text screening.

Author (year)

Reason for exclusion Regarding

Al-Rifae et al. (2021

Intervention does not t current review Inclusion criteria

Bilici et al. (2018)

Intervention performed when control group fdiketlision criteria

Diracoglu et al. (2008)

Conference abstract Exclusion criteria

Hasson et al. (2000)

Review paper Exclusion criteria

Isik et al. (2023)

Control group does not t current review  Inclusion criteria

Kholakiya et al. (2015)

Conference abstract Exclusion criteria

Moreno-Sanchez et al. (2022) Review paper Exclusion criteria

Ritto et al. (2022)

Control group does not t current review (jomaiusion criteria
aspiration)

Rodrigues et al. (2023)

Control group does not t current review  Inclusion criteria

Sato et al. (1997

Control group does not t current review  Inclusion criteria

Vos et al. (2013)

Conference abstract Exclusion criteria

Yucel et al. (201%)

Outcome measurement does not t current reiielusion criteria

Cueto (2020%

Study protocol Exclusion criteria
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CHAPTER 2

A

Artt i (o vative
Study Mean SD Total Mean SD Total Mean Difference Weight MD 95%-CI
Acute
Diracoglu et al. (2008} 3110 233 54 6.20 158 56 —=—  358% 249 [17.4;324]
Vos et al. (2014) 3470 226 26 18.60 331 30 — 12.8% 161 [ 1.4;30.8]
Tatli et al.(2017) 48.00 2041 80 33.00 2286 40 —— 34% 150 [ 6.7;23.3)]
Liet al. (2024) 3730 231 37 20.00 262 37 — 20.0% 17.3 [ 6.0;28.6]
Random effects model 197 163 e 100.0% 191 [13.4; 24.9]
Heterogeneity: #=14%, v* = 9.6436, p = 0.32
Chronic
Malekzadeh et al. (2019) 24.50 1941 12 1940 278 12 —— 20.9% 5.1 [-14.0; 24.2]
de Almeida et al. (2023) 34.00 1941 26 18.00 235 26 — T01% 16.0 [ 4.4;27.6]
Random effects model 38 38 i 100.0% 13.0 [ 3.1; 23.0]
Helerogeneity: 0%, v =0,p=0.34
Test for subgroup differences: = 1.08, df = 1 (p = 0.30) ! L ! !

T
-30 -20 <10 0 10 20 30
Favours Conservative care  Favours Arthrocentesis

B

Artt tesi C vative
Study Mean SD Total Mean SD Total Mean Difference Weight MD 95%-Cl
Acute
Diracoglu et al. (2009) 4740 214 54 1220 176 56 —%— 283% 352 [27.9;425]
Vos et al. (2014) 39.20 264 28 2740 318 30 E—E— 204% 118 [3.2,26.8)
Tatli et al. (2017) 61.50 188 80 48.00 21.0 40 —— 27.9% 135 [58 21.2]
Li et al.(2024) 4540 21.3 37 2860 310 a7 —— 23.4% 168 [4.7,28.9]
Random effects model 199 163 i 100.0% 20.0 [8.7;31.4]
Heterogeneity: /* = 85%, 1° = 104.9743, p < 0.01
Chronic
Malekzadeh et al.(2019) 47.70 1586 12 3850 274 12 —1— 43.5% 9.2 [8627.0]
de Almeida et al. (2023) 43.00 215 26 38.00 24.1 26 56.5% 5.0 [74,17.4]
Random effects model 38 38 s 100.0% 6.4 [-3.8; 16.6]
Heterogeneity: I° = 0%, «“ = 0, p = 0.70

Test for subgroup differences: % = 3.09, df =1 (p = 0,08) T T T 1
-40 -20 1] 20 40
Favours Conservative care  Favours Arthrocentesis

Appendix DForest plots of pain reduction (visual analog scale, 0-100) compagiogigs with patients
with acute symptoms (<3 months) and chronic syngXonosiths) at (A) short-term and (B) intermedi
ate-term follow-up. Abbr.: SD standard deviation; MD misardie; 95%-CIl 95% Con dence interval.
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ARTHROCENTESIS VS. CONSERVATIVE TREATMENT SYSTEMATIC REVIEW

A
Arth tesi Ci vative
Study Mean SD Total Mean SD Total Mean Difference Weight MD 95%-Cl
Acute
Diracoglu et al. (2009) 392 641 54 417 78 56 —— 33.5% -0.2 [2.924]
Vos et al. (2014) 460 6.5 27 170 886 30 - 255% 29 [1.0;68]
Tatli et al. (2017) 1250 4.3 80 620 32 40 —=— 409% 63 [4977]
Random effects model 161 126 —relll— 100.0% 3.1 [-0.9;7.1]
Heterogeneity: I* = 90%, «° = 10.4724, p < 0.01
Chronic
Malekzadeh et al. (2019) 1250 3.4 12 1100 50 12 —f 418% 15 [1.9;49]
de Almeida et al. (2023) 540 3.2 26 240 25 26 —— 58.2% 3.0 [1.4;4.6]
Random effects model a8 38 - 100.0% 2.7 [1.3;4.2)
Heterogeneity: [* = 0%, v* =0, p = 0.43 2
Test for subgroup differences: xf =003, df =1 (p = 0.86) T T
£ 4 -2 0 2 4 6
Favours Conservative care  Favours Arthrocentesis
B
Arth tesi Ci vative
Study Mean SD Total Mean SD Total Mean Difference Weight MD 95%-Cl
Acute
Diracoglu et al. (2009) 668 6.2 54 620 65 56 — 35.2% 05 [[1.9:29]
Vos et al. (2014) 570 8.0 25 410 78 28 —_—T 252% 1.6 [-27;59]
Tatli et al. (2017) 1470 4.1 80 890 386 40 —%— 396% 58 [44,7.2]
Random effects model 159 124 e 100.0% 2.8 [-0.7;6.4]
Heterogenelty: 1° = 87%, * = 7.7288, p < 0.01
Chronic
Malekzadeh et al. (2019) 1550 5.3 12 1790 64 12 ———&%—— aT6% -24 [7.1;23]
de Almeida et al. (2023) 560 3.7 26 240 25 26 —— 62.4% 32 [1.549]

Random effects model a8 38 100.0% 0.8 [-4.6;6.3]
Heterogenelty: I° = T8%, v° = 12,4292, p = 0.03
Test for subgroup differences: 35 = 0.37, df = 1 (p = 0.54)

6 4 -2 0 2 4 8
Favours Conservative care  Favours Arthrocentesis

Appendix EForest plots of maximum mouth opening improvement (mm) comparings swiblg roaup
tients with acute symptoms (<3 months) and chronic syr$ptoomi(s) at (A) short-term and (B} inter
mediate-term follow-up. Abbr.: SD standard deviation; MD mean afféE&h-Cl 95% Con dence
interval.
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CHAPTER 2

A

Arthrocentesis Conservative
Study Mean SD Total Mean SD Total Mean Difference Weight MD 95%-Cl
HA after arthrocentesis
Tatli et al. (2017) 48.00 201 80 3300 228 40 —— 38.0% 150 [67:233
Abbasgholizadeh et al. (2020) 50.00 16.2 15 3890 151 30 —_— 333% 1. [1.3;209]
de Almeida et al. (2023) 34.00 194 26 18,00 235 26 — 21.7% 160 [ 4.4;27.6]
Random effects model 121 96 - 100.0% 14.0 [ B.4;19.5]
Heterageneity: 1° = 0%, 1 =0, p = 0.78
No adjuvant injection
Diracoglu et al. (2009) 3110 233 54 620 158 56 —F—  271% 249 [17.4;324]
Vos et al. (2014) 3470 226 26 1860 331 30 — 131% 161 [ 1.4;30.8]
Hosgor et al. (2017) 4500 7.2 10 3767 92 30 — 325% 73 [ 18129
Malekzadeh et al. (2019) 24,50 191 12 1940 278 12 — ] 8.9% 51 [-14.0;242]
Liet al, (2024) 3130 234 37 2000 262 v . 184% 17.3 [ 6.0;28.6]
Random effects model 139 165 i 100.0% 149 [ 7.0; 22.7]
Heterogeneily: /° = 73%, +° = 48,6770, p < 0.01
Test for subgroup differences: 2 = 0.03, df = 1 (p = 0.86) LI |

=30 <20 <10 0 10 20 30
Favours Conservative care  Favours Arthrocentesis

B Arthrocentesis Conservative

Study Mean SD Total Mean SD Total Mean Difference Weight MD 95%-Cl
HA after arthrocentesis

Tatli et al. (2017} 61.50 18.8 80 4800 21.0 40 —_ 349% 135 [58:21.2)
Abbasgholizadeh et al. (2020) 70.00 8.0 15 6295 121 30 - 373% 7.0 [1.1:13.0
de Almeida et al. (2023) 43.00 215 26 38.00 241 26 —tii— 278% 50 [7T4;174]
Random effects model 121 96 - 100.0% 8.9 [4.1;13.8]
Heterogeneity: I* = 6%, +* = 2.7080, p = 0.35

Mo adjuvant injection

Diracoglu et al. (2009) 4740 214 54 1220 178 56 ——  241% 352 [27.9;42.5]
Vos etal. (2014) 39.20 264 28 2740 3.8 30 -T—— 164% 11.8 [-3.2;26.8]
Hosgor et al. (2017) 48.00 6.4 10 3667 83 30 B = 26.2% 113  [6.4;16.3]
Malekzadeh et al. (2019) 4770 156 12 3850 274 12 —_——— 140% 9.2 [-8.6; 27.0]
Li et al. (2024) 4540 21.3 37 2880 310 a7 —— 19.2% 168 [4.7:28.9]
Random effects model 141 165 i 100.0% 178 [7.4;28.1)
Heterogeneity: (= B7%, v = 104.5103, p < 0.01

Test for subgroup differences: 3} = 2.29, df =1 (p = 0.13) f T T !

-40  -20 1] 20 40
Favours Conservative care  Favours Arthrocentesis

Appendix FForest plots of pain reduction (visual analog scale, 0-100) comphgrayps involving
adjuvant hyaluronic acid after arthrocentesis and no hyalurdnisaait (A) short-term and (B)-nter
mediate-term follow-up. Abbr.: SD standard deviation; MD mean ckffé8a-Cl 95% Con dence
interval; HA hyaluronic acid.
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ARTHROCENTESIS VS. CONSERVATIVE TREATMENT SYSTEMATIC REVIEW

A

Arthrocentesis Conservative
Study Mean SD Total Mean SD Total Mean Difference Weight MD 95%.-Cl
HA after arthrocentesis
Tatli et al. (2017) 1250 4.3 80 620 32 40 —— 351% 63 [4977]
Abbasgholizadeh et al. (2020) 7.54 34 15 847 32 30 e 309% 14 [0.7; 34]
de Almeida et al. (2023) 540 3.2 26 240 25 26 —— 34.0% 3.0 [14,48
Random effects model 121 96 i 100.0% 3.6 [0.8;6.5]
Heteroganalty: 1° = 88%, 1 = 56230, p < 0.01

No adjuvant injection

Diracoglu et al. (2009) 392 641 54 417 78 56 — 26.7% -02 [-29 24]

Vos et al. (2014) 460 B5 27 170 B6 30 ——%—— 192% 29 [1.0:648

Hosgor et al. (2017) 520 24 10 387 28 30 T 32.0% 1.3 [-04;3.1]

Malekzadeh et al. (2019) 1250 34 12 11.00 50 12 —_— 220% 15 [1.9;49] 2
Random effects model 103 128 e 100.0% 1.1 [-0.1; 2.4]

Heterogeneity: I* = 0%, +* =0, p = 0.58

Test for subgroup differences: xf =244, di=1(p=0.12) T T 1

6 4 2 0 2 4 6
Favours Conservative care Favours Arthrocentesis

B

Arthrocentesis Conservative
Study Mean SD Total Mean SD Total Mean Difference Weight MD 95%-ClI
HA after arthrocentesis
Tatli et al. (2017) 1470 4.1 80 890 36 40 —— B1% 58 [44,72
Abbasgholizadeh et al. (2020) 1080 3.2 15 916 33 30 T 315% 17 [02,37]
de Almeida et al. (2023) 580 37 26 240 25 26 —— 334% 32 [1549
Random effects model 121 96 —efie— 100.0% 3.7 [1.3;6.0]
Heterogeneity; 1# = 83%, v° = 3.5364, p =001
No adjuvant injection
Diracoglu et al. (2009) 6.68 6.2 54 620 65 56 — 303% 05 [1.9:29]
Vos et al. (2014) 570 8.0 25 410 7.8 28 —i—— 186% 16 [-2.7.59]
Hosgor et al. (2017} 730 25 10 433 27 30 — 34.4% 30 [1.2:4.8]
Malekzadeh et al. (2019) 1550 5.3 12 1790 64 12 —B—— 16.7% -24 [-7.1;2.3]
Random effects model 101 126 —aEEE— 100.0% 1.2 [-0.8; 3.3]
Heterogeneity: /° = 49%, +* = 1.9778, p = 0.12
Test for subgroup differences: 2 = 2.38, df =1 (p = 0.12) T 11

6 4 -2 0 2 4 8
Favours Conservative care Favours Arthrocentesis

Appendix G Forest plots of maximum mouth opening improvement (mm) compaoungssinlglving
adjuvant hyaluronic acid after arthrocentesis and no hyalurdniseeit (A) short-term and (B)-nter
mediate-term follow-up. Abbr.: SD standard deviation; MD mean afféE&h-Cl 95% Con dence
interval; HA hyaluronic acid.
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CHAPTER 2

Arthrocentesis Conservative
Study Mean SD Total Mean SD Total Mean Difference Weight MD 95%-Cl
Diracoglu et al. (2009) 31.10 233 54 620 158 56 —=—  348% 249 [17.4;324]
Tatli et al. (2017) 48.00 201 80 33.00 2286 40 — 32.0% 150 [ 6.7.23.3]
Malekzadeh et al. (2019) 24.50 191 12 1940 278 12 10.9% 51 [14.0;24.2]
de Almeida et al. (2023) 34.00 191 26 18.00 235 26 — 223% 16.0 [ 4.4;27.6]
Random effects model 172 134 ~  100.0% 17.6 [10.6;24.6]
Helerogenaity: I° = 46%, 1 = 22.2888, p = 0.13 T
=30 20 <10 0 10 20 30
Favours Conservative care Favours Arthrocentesis
Arth tesi C vative
Study Mean SD Total Mean SD Total Mean Difference Weight MD 95%-Cl
Diracoglu et al. (2009) 4740 214 54 1220 176 56 i 278% 352 [27.9,425]
Tatli et al. (2017) 61.50 188 B0 4800 21.0 40 —=— 276% 135 [58 21.2]
Malekzadeh et al. (2019) 47.70 156 12 3850 274 12 — 202% 9.2 [-86 27.0]
de Almeida et al. (2023) 4300 215 26 3800 241 26 - 243% 50 [7.4;174]
Random effects model 172 134 — et 100.0% 16.6 [2.7; 30.5]
Heterogeneity: 1° = 8%, 1° = 167.7329, p < 0.01 f T 1
-40 -20 0 20 40
Favours Conservative care  Favours Arthrocentesis
Arthrocentesis Conservative
Study Mean SD Total Mean SD Total Mean Difference Weight MD 95%-Cl
Diracoglu et al. (2009) 392 81 54 417 78 56 ——: 238% -02 [29,24]
Tatli et al. (2017) 1250 43 80 6.20 3.2 40 Po—e—  2T9% 63 [4977]
Malekzadeh et al. (2019) 1250 34 12 11.00 5.0 12 ——— 209% 1.5 [1.9:4.9)
de Almeida et al. (2023) 540 3.2 26 240 25 26 —— 274% 3.0 [1.4:4.8]
Random effects model 172 134 --— 100.0% 2.8 [0.0;5.7]
Heterogeneity: 1* = 88%, * = 6.9797, p < 0.01 T T 1
6 4 -2 0 2 4 6
Favours Conservative care Favours Arthrocentesis
Arthr i C vative
Study Mean SD Total Mean SD Total Mean Difference Weight MD 95%-Cl
Diracoglu et al. (2009) 6.68 6.2 54 6.20 6.5 56 258% 05 [-1.9 29
Tatli et al.(2017) 1470 4.1 80 890 38 40 283% 58 [44,72

183% 24 [7.1.23]
276% 32 [154.9)]

Malekzadeh et al, (2019) 15.50 5.3 12 1790 64 12
de Almeida et al. (2023) 560 3.7 26 240 25 26

Random effects model 172 134 — e 100.0% 2.2 [-1.0; 5.4]
Heterogeneity: I = 86%, 1° = 9.0632, p < 0.01 L
6 4 -2 0 2 4 6
Favours Conservative care  Favours Arthrocentesis

Appendix HForest plots of studies involving patients with disc displacemetntediibtion. (A) Pain
reduction (visual analog scale, 0-100) at short-term and (B) ind¢ertean follow-up. (C) Maximum
mouth opening (mm) at short-term and (D) intermediate-termpioAdvru SD standard deviation;
MD mean difference; 95%-Cl 95% Con dence interval.
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ARTHROCENTESIS VS. CONSERVATIVE TREATMENT SYSTEMATIC REVIEW

Appendix JTrial sequential analyses of the primary meta-analyses.

Outcome Total N/RIS Crossed Crossed Crossed Interpretation

conventional O’'Brien- futility

boundary  Fleming boundary

boundary
Pain improvement at 545/471 Yes Yes NA Arthrocentesis
short-term follow-up is superior to
conservative care

Pain improvement at 547/287 Yes Yes NA Arthrocentesis
intermediate-term is superior to
follow-up conservative care 5
Maximum mouth 472/239 Yes Yes NA Arthrocentesis
opening improvement is superior to
at short-term follow- conservative care
up
Maximum mouth 468/440 Yes Yes NA Arthrocentesis
opening improvement is superior to
at intermediate-term conservative care
follow-up

Abbr.: N number of patients; RIS required information size (sampédlside NA not available.
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CHAPTER 3

Abstract

Arthrocentesis for arthralgia of the temporomandibular joini(D4dh only
indicated when conservative, non-surgical interventions have faiederHo
performing arthrocentesis as initial therapy mayafacéarlier and better
recuperation of the joint. The aim of this study was to assess the ef cacy of this
therapy with a long-term follow-up. Eighty-four patiemtsameéomly allocated to
receive either arthrocentesis as initial treatrredit)(or non-surgical intervention
(n=43). Pain (100-mm visual analog scale, VAS) and mandibularnfunctio
impairment questionnaire scores (MFIQ, 0—100) were recorded aaBd126
weeks, and 5 years (median 6.2, interquartile range 5.6—7.4 yeargyialies
analyses were performed and linear mixed-effect models were ednBatients

in the arthrocentesis group experienced signi cantly lower Thdiatbmpared

to those treated non-surgically (pain during movement: h@2®5% con dence
interval 17.86; 2.60); pain at rest: 8.39 mm (95% con denaeiival 13.70;
3.08)), while mandibular function remained similar in the two grol@sZME

(95% con dence interval 8.61; 3.78)). Of the nal sample, 10 patie@39(1

26%) in the non-surgical intervention group and two pati8ats6f®) in the
arthrocentesis group received additional treatment during follDlusipinitial
treatment with arthrocentesis reduced TMJ arthralgia more eflgadlcaunon-
surgical intervention in the long term, while maintaining similawlanafiuiction.
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Introduction

Arthralgia of the temporomandibular joint (TMJ) is a frequentlingcandr
debilitating problem, affecting an estimated 8% of the popukdtivough a
multitude of causes may give rise to TMJ arthralgia, degenerativsegsat di
(DJD; i.e., osteoarthritis) and internal derangement (ID) are dmeolegsting

causes About 75% of patients with symptomatic DJD have some type of ID, while
approximately 50% of all patients with symptomatic ID experience Dd® to so
degreé. Despite often being observed simultaneously, the two esratitio
different entities and do not necessarily precede each other

In both DJD and ID, the manifestation of symptoms often indicatésrcdistur
in the homeostasis of the articular tissue, where degenerative prrcesdes

the joint's adaptive capability for tissue synthesis and relabiliteiere,

the synovial uid of the TMJ contains elevated levels of proin ayroyaakines,
matrix degradation enzymes, and breakdown products that cannotesasily b
cleared from the synovial cavityA secondary in ammatory response may arise
subsequently, which is often accountable for most symptoms suatgées, arthr
restricted mouth opening, blockages, and joint-hoise

Arthrocentesis may be performed to remove the in ammatory mediators and
degradation products that are thought to be responsible for the cliptoahsym

this involves lavage of the upper TMJ compattithanbwever, current
management regimens often only indicate arthrocentesis if conservative, non-
surgical interventions, based primarily on load reductionegme$hription of
non-steroidal anti-in ammatory drugs (NSAIDs), prove to beeénsir reducing
symptontst. Previous studies performed at the authors’ institution §niversit
Medical Center Groningen) showed that arthrocentesis as theefiired i

for TMJ arthralgia was more ef cacious in reducing clinical syhgstdmas

more cost-effectiehan conservative, non-surgical intervention after 6 months
of follow-up. However, limited evidence exists regarding therlongf-tacy of

the immediate performance of arthrocentesis, particularly wherdampter
therapies.

Therefore, the aim of this study was to determine the ef cacy of aslg@sente

the initial treatment modality in reducing TMJ arthralgia, comparesiuigivah-
intervention, during long-term follow-up of 5 years.
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CHAPTER 3

Materials and methods

The 2010 CONSORT guidelines were followed in the reporting of this study.
The study was conducted in accordance with the principles of the Dedlaration o
Helsinki (adapted version 2013, Fortaleza, Brazil) andtitte‘Medical Research
Involving Human Subjects Act’ (WMO).

Clinical trial design

This single-center randomized controlled trial was performed in then®gpa

of Oral and Maxillofacial Surgery of the University Medical Centeng&moni
(UMCG), the Netherlands. Study subjects were recruited between2iiifua

and July 2012. Approval was given by the Institutional Review Board of UMCG
(METc 2008/197) and signed informed consent was obtained from all oflthe st
participants prior to the commencement of any study-related r@scedu

Study population

The study patients were recruited from the outpatient clinic of thadbépar
of Oral and Maxillofacial Surgery of UMCG. A sample size cabrulaas
performed for the primary outcome measure for the initialujplferiod of
the study, as described previdudlige inclusion criteria were age 16 years,
pain in the TMJ region aggravated by mandibular movemermgr@trusion,
maximal mouth opening, and/or lateral excursions) and/angdtuiction, the
presence of TMJ arthralgia after 2 weeks of 600 mg ibuprofen theekilyr(éo
exclude acute in ammatory pain), and the disappearance of TMJ aréfiratgia
diagnostic intra-articular injection with a local anesthetic inJtfidlffdtain D-S
Forte; Sano , Amsterdam, the Netherlands; to exclude myogené&us pain)

The exclusion criteria were systemic rheumatic disease, bonisaikiyles
TMJ, prior open TMJ surgery, pregnancy, concurrent use of anti-in ymmator
drugs, muscle relaxants, anti-depressants, and/or sterdids, noddical
contraindications, unwillingness to receive either stachetrieand the inability

to speak Dutch or English.

Study procedures

The study patients were randomly allocated (1:1 ratio) to either the tpeatiment
(arthrocentesis) or the control group (non-surgical interve&jcioy Mitial
treatment, by an independent colleague, using randomization sofatsDa¢st
version 2.7.7; StatsDirect Ltd, Birkenhead, United Kingdomal®até&nnh to the
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initial treatment modality was concealed from the physicians arudhegseising
opague, sequentially numbered, sealed envelopes. An indepersiemvealed
the group allocation once the patient had agreed to participate in the study.

The patients allocated to arthrocentesis underwent lavageppfieahTMJ space

with at least 300 ml isotonic saline, while the patients allocated to the NSIgroup ha
to follow a strict soft diet protocol for at least 6 weeks. Patients in the N&group w
received additional physical therapy and/or splint therapy earefully selected
during a critical interim evaluation, 2 weeks after the start of the sofociét pro
Physical therapy was provided if the maximum mouth openinintidave, while

splint therapy was provided if the pain did not subside. 3

All of the arthrocentesis procedures were performed under lot@siady a

single oral and maxillofacial surgeon (B. Stegenga). Futdiisradéhe procedure

have been reported previodslgrior to treatment, panoramic radiographs,
transcranial radiographs (Schuller projection), and transpharaujegiaphs
(Parma projection) of the TMJ were obtained and examinealuate\the
degree of osseous degeneration. The evaluation of the radiographic images
and DJD diagnosis were done according to the critenidodddry Ahmad et #l.

The ID diagnostic categories were determined according to thetidgyiteria

for Temporomandibular Disorders (DC/T\Based on patient history and clinical
examination.

Outcome measures

The main outcome parameter of the study was the extent of TMJ pain, according t
a visual analog scale (VAS), during mandibular movement (and/on¥@Jat8m;

0-100 mm, with O indicating no pain). The secondary outcome meastfdélvere
pain at rest (VASr; 0-100 mm, with O indicating no pain), mandibulimnfunc
impairment as determined using the validated Mandibular Function Impairmen
Questionnaire (MFIQ; 0-108)and the number of patients who needed additional
treatment during follow-up. A higher MFIQ score indicates worse mandibula
function. The outcome measures were recorded at baseline and at four follow-
up time points: 3, 12, and 26 weeks (in the outpatient clinic) and 5 years (via
telephone interview). The patients who received addigatmaktmt during follow-

up due to insuf cient symptom reduction after the primary treatmengtsienecre
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Statistical analysis

Normally distributed variables were presented as the mean andistaxiddion

(SD) values. Non-normally distributed continuous variables wentgat@s the
median with the rst and third quartiles (interquartile range, 1QR)rgradted
using the Mann-Whitnéjtest. The assumption of a normal distribution of
continuous data was assessed by visually examining the Q—Q thietStmabiro—

Wilk test. All categorical variables were described as frequéticgreentages

and compared using Fisher’'s exact test.

The analyses were performed using IBM SPSS Statistics for Windmws, versi
23 (IBM Corp., Armonk, NY, USA). Graphs were drawn usimg \Rnision 9
(GraphPad Software Inc., San Diego, CA, USA). Linear mixed-e&ksciLivid)

were tted to assess the effect of the interventions on repeatednmassife
VASm, VASr, and MFIQ. Simple multivariable models included the xed effec
of the type of intervention and follow-up in weeks. The full multivadatde m
included the xed effects of the baseline score, type of interventioupfatio
weeks, sex, age, presence and type of ID, degree of DJD seen on radiographic
imaging, and any additional treatments. These variables werd belemiise of

their prognostic nature and based on model improYerdditional treatments

were included as time-varying variables by taking into account at whiiripgin
follow-up the additional treatments were performed. The included edfetts

were the participants. Additionally, the xed interaction betweetethenition

and time and/or the random effect of time were only incluldedaim signi cantly
improved the multivariable model. Between models, model improwesnent w
tested using likelihood ratio tests. Participants were only incluel@ahaty sis

if the baseline and at least one follow-up measurement of one or more outcome
variables were recorded. All models yielded an estimated regressioantoef ci
(© with corresponding 95% con dence interval (95%°C0.05 (two-tailed)

was considered statistically signi cant. All of the LMM analyses \i@ragzer

in R, version 4.0.5 (R Core team; R Foundation for Statistical Computing, Vien
Austria), using the Ime4 packége

92



ARTHROCENTESIS VS. CONSERVATIVE TREATMENT RANDOMIZE D IEDNTRAL

Results

A total of 84 patients were initially enrolled in the $tiglyg ). Of these, 41

were allocated to receive arthrocentesis and 43 to receivaduge (). After
randomization, 11 patients were excluded from the stegistilysis: seven (17%)

from the arthrocentesis group and four (9%) from the NS group. The reasons for
exclusion are presentedrigure 1

Assessed for eligibility

: + Two weeks of NSAIDs
[ Enrollment J « Intra-articular anesthesia
3
Excluded
+ Not meeting inclusion criteria
7 + Declined to participate
+ Other reasons
Randomized (n=84)
x i Allocation Il u
Allocated to arthrocentesis (n=41) Allocated to non-surgical intervention
+ Received arthrocentesis (n=38) (n=43)
+ Did not receive arthrocentesis due to * Received non-surgical intervention
absence of arthralgia on the day of the (n=43)

intervention (n=2)
+ Consent withdrawn due to group
allocation disagreements (n=1)

¥ Follow-Up |

L J

Lost to follow-up (n=4) Withdrawal of consent (n=3)
s Mo-show due to recovery after s  Follow-up burden too much (n=1)
treatment (n=1) s  For unknown reasons (n=2)

+ No-show for unknown reaseons (n=3)
Lost to follow-up (n=1)
* No-show for unknown reasons (n=1)

v ‘l Analvsis | L ]

Analyzed (n=34) Analyzed (n=39)
* None excluded from statistical analysis » None excluded from statistical analysis

Figure 1.CONSORT ow diagram (version 2010) of subject enrolment, allocatidio)laweup. In
the arthrocentesis group, two patients did not receive treatmertielabgerice of arthralgia on the
day of the intervention. These two patients did not meet the inc&rgan thie rst place and were
therefore mistakenly randomized. The outcome measurements of thia patierfoups who were
excluded after treatment were not registered at any of the follow-upsm@neering linear mixed
model analyses of these subjects impossible.
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Table 1Baseline characteristics of the study population after randomiadtiba, aal study sample.

Predictors After randomization Final study sample
Arthrocentesis  Non-surgical Arthrocentesis  Non-surgical
intervention intervention
Sample sizey 41 43 34 39
Femalen (%) 30 (73) 34 (79) 25 (73) 32 (82)
Age in yearsnedian 28 (23-55) 31 (21-49) 27 (23-50) 29 (21-41)

(Q1-Q3)

VASmM in mnmean
(SD)

51.60 (18.88)

54.80 (24.46)

53.16 (17.82)

54.45 (23.96)

VASr in mmmedian
(Q1-Q3)

15.00

(00.0-34.00)

17.00
(0.00-44.75)

17.50
(0.00-34.75)

17.00
(0.00-44.25)

MFIQ,mean (SD)

49.43 (14.51)

47.79 (19.10)

49.16 (14.79)

48.98 (18.10)

ID,n (%)
No ID 6 (16) 6 (14) 6 (18) 6 (15)
ID (A) 9 (24) 12 (29) 8 (24) 11 (28)
ID (B) 11 (29) 10 (24) 10 (29) 9 (23)
ID (C) 12 (32) 13 (31) 10 (29) 12 (31)
ID (D) 0 (0) 1(2) 0 (0) 1(3)
ID, missing* 3 1 0 0
DJDn (%)
No DJD 19 (48) 24 (57) 16 (47) 22 (56)
DJD (A) 12 (30) 10 (24) 9 (27) 9 (23)
DJD (B) 9 (23) 8 (19) 9 (27) 8 (21)
DJD, missing* 1 1 0 0

Abbr.: Q1-Q3 First and third quartile; SD standard deviation; VASmyzdianatg scale during
mandibular movement (and/or function); VASr pain visual analog scajé/eil@snandibular function
impairment questionnaire; ID internal derangement; ID (A) anteriepldiserdent with reduction; ID
(B) anterior disc displacement with reduction and intermittent lo¢kihgntBrior disc displacement
without reduction and with limited mouth opening; ID (D) antericspdidg®eient without reduction
and without limited mouth opening; DJD Degenerative Joint dif€e@Sgirdéterminate for DJD; DJD
(B) evidence of DJD. *Missing indicates unregistered diagfith®edrop-outs. The missing subjects are
not included in the depiction of the percentages.
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The nal arthrocentesis group included 25 female patients (74%) andl@ine m
patients (26%); median age was 27 years (IQR 23-50 years). The gaupS
included 32 female patients (82%) and seven male patients (18%); needias ag
29 years (21-41 years). The median time interval betwebas#ee and the
latest follow-up (5 years) was 6.2 years (IQR 5.6—7.4 years).

All of the NS patients adhered to the strict soft diet proéocpatients (26%) in
the NS group received additional physical therapy, 15 (38&tyed additional
splint therapy, and two (5%) received both additional physical antiesployt t
Also, 10 patients in the NS group (26%) underwent additional arthi®demniteg
follow-up (at a median of 41 weeks (IQR 30—80 weeks)); tlysosticdmes of six
of these patients (15%) were recorded after the additional proceduredjaina m
41 weeks (IQR 25-104 weeks)).

In the arthrocentesis group, two patients (6%) receivedradditatment:

one patient underwent another arthrocentesis (after 75 weeks) and
subsequently diagnostic arthroscopy (after 136 weeks); oeet pateived

a methylprednisolone injection against the joint egp$i@r 8 weeks). No
serious adverse events were recorded; four patients experiéht¢echpoirary
swelling around the TMJ directly after arthrocentesis.

The median scores of the outcome variables VASm, VASr, QroovdviFime

are presented Higure 2 the scores at the latest follow-up are reporiatlia

2. The simple multivariable LMM analysis indicated a signi cantlyASneimv

the arthrocentesis group compared to the NS group (11.13 mm (95% @t 20.0
2.21)), as shown iable 30f the secondary outcome measures, VASr was
signi cantly lower in the arthrocentesis group (8.72 5% (0 16.23; 1.21)),
whereas the MFIQ score did not differ signi cantly between the treedopEnt g
(3.89 (95% CI 11.16; 3.37)) Table 3.
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Figure 2 Progression of (a) pain during movement (VASm), (b) pain at resh@/&ppeaceived man
dibular function (MFIQ score) over time for non-surgical intervedtastheocentesis. The graphs are
based on the raw data (not the linear mixed models), presented as the hedizanarthird quartile
range error bars. Abbr.: VASm pain visual analog scale shamaigboular movement (and/or function);
VAST pain visual analog scale at rest; MFIQ mandibular functiomenpgquestionnaire; TO, baseline;
T1, 3-week follow-up; T2, 12-week follow-up; T3, 26-week follow;up-yfear follow-up.
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Table 2 Results of study outcomes registered at latest follow-up (T4, 5 years).

Study outcome Treatment group P-value
Arthrocentesis Non-surgical intervention

VASm (mmipedian (Q1-Q3)  0.00 (0.00-15.00) 1.00 (0.00-57.5) 0.097

VASr (mm)nedian (Q1-Q3) 0.00 (0.00-10.00) 0.00 (0.00-37.5) 0.154

MFIQ,median (Q1-Q3) 4.41 (1.47-18.38) 13.97 (0.00-33.46) 0.360

Abbr.: Q1-Q3 First and third quartile; SD standard deviation; VASmuyzdianasg scale during
mandibular movement (and/or function); VASr pain visual analog scajévelf@snandibular function
impairment questionnaire.

In the full multivariable model, there was no xed intefaetio®en intervention
and time and/or the random effect of time did not signi cantly improvel#ie mo
(VASmR=0.971); VASrR= 0.888); MFIQ = 0.298)). In this model, VASm
was signi cantly lower in the arthrocentesis group compared to theulS g
over the entire follow-up (10.23mm (95% CI 17.86; 2.60)aljle 3. Of the
secondary outcome measures, VASr was signi cantly lower in thendéetisoce
group (8.39mm (95% CI 13.70; 3.08)). However, the MFIQ score did ret dif
signi cantly between the treatment groups (2.41 (95% CI 8.61; 3.7T&) a
adjustment for confoundéralfle 3.

In the full multivariable model, the overall presence of ID or DdBigadaant

in uence on the outcome measures when compared to patients withvalgspect
no clinical signs of ID or radiological signs of Tatle(3.
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CHAPTER 3

Discussion

The aim of this study was to evaluate the ef cacy of antbeisas the initial
treatment for TMJ arthralgia compared to non-surgical imardeming long-
term follow-up (5 years). In addition to the previous tepdere promising
results were reported for the 6-month follow-up, the ndings of the gitesen
demonstrate that arthrocentesis as the initial treatmerd if oacious in
reducing TMJ arthralgia over a period of 5 years than conservatisargioat
intervention.

LMM analyses in this study allowed the accurate longiweination of treatment

ef cacy. Results from these analyses are a better representatiomeoit eéaacy

than results from comparing solely the outcome variables of thalifalleid-up
momentsHjgure 2Table 3. This is because the LMM allowed the inclusion of the
time of latest follow-up (which differed between subjects) and the beseds as
predictors in the statistical model. Comparison of the outcomes\airthlel latest
follow-up, however, showed a smaller spread in the arthroceotgsismdicating

a more predictable treatment outcome compared {6akie @.

The study ndings support current evidence that arthrocentesiseraydie

for patients with ID and/or DIB. More importantly, the timing of arthrocentesis
is paramount to optimize the treatment outcome. Performing interasntio
soon as possible enhances the immediate joint recovery processoi$e resp
to arthrocentesis is more evident in acute cases of TMJ artimgigiza to
chronic onés However, traditional conservative care encompassesraypblo
treatment period, putting patients more at risk of developing chromicipai
event that those treatment methods are insuf cient in reducingsyhigi@fore,

a reconsideration of the current therapeutic stratégies iof arthrocentesis could
potentially be bene cial for patients.

The important role of performing minimally invasive treptovenlures early

is supported by a recent systematic review, in which thre aattoduded that

such procedures are more bene cial than conservative care in thensl{dt ter
months) and intermediate term (6 months—4%¥e@t® current study provides
further evidence that arthrocentesis is superior in improving gadreed-r
outcomes in the long term. On the other hand, another recent systematic review
investigating the in uence of the timing of arthrocentesis on pai@nesuin

relation to conservative care, concluded that in addition to the favdcalohes of
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arthrocentesis in general, the optimal results were ohtagredrthrocentesis was
performed within 3 months after conservativ&.cHne authors noted, however,
that the evidence was of low to moderate quality due to thailawikty of well-
designed studies and the heterogeneity between studienasesiagreatment
modalities, and techniques used. De nitive conclusions regardingnla¢ op
timing of arthrocentesis may be drawn once different tirgingsnpared in a
single clinical trial in the future.

Interestingly, mandibular function, expressed as the MFIQ score, iffiernot d
signi cantly between the two treatment groups in the speci c study mode
Seemingly, the patients who underwent arthrocentesis did not exparience a
improvement in performing daily activities related to their jaaredrgpthe
patients who received NS, despite having less pain. It is hypothesatdrhat f
other than pain may also play a role in the patients’ perception of mandibular
function, such as mouth opening restrictions due to mechanical obstringions, or t
psychosocial pro le (i.e., pain-avoiding behavior and fear).

Additional treatment during the follow-up was not associated withelagttient
outcomes in the full multivariable model. Remarkably, 10 (26%s péivewere
allocated to the NS group required additional treatment, six of whosgeoutco
measurements were recorded afterwards, whereas only two (6%) pateies al

to the arthrocentesis group received additional treatment. Tlege anel in

line with the results of Tatli ét,alho reported the superiority of arthrocentesis
over splint therapy after 6 months for the treatment of anterior disentisp!
(ADD) without reduction (success rate of 93% for arthrocentesiO%eifsus 6
splint therapy).

Neither age nor sex was associated with the degree of TMJ arthralgiamalfunctio
impairment in the current full multivariable model. FurthermegredeidDJD
seen on radiographic imaging was not signi cantly associated withhralgiart
which is consistent with previous n#iffgd his is because observed radiographic
changes in bony structures may have also been the result ofrgrimtiet
context of joint recuperation, indicating a return to a homeostatic staté@fltr
structuresThe presence of ID was not statistically associated with Bldibarthr
in the multivariable model, which is also consistent with the?iterature

The main strength of this study is that it is one of only a few randomizedl controll
trials that have been performed on the ef cacy of arthrocentesis compmared to n
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surgical intervention, speci cally with a long-term follow-up.sOtragths of the
study include a thorough study design, using the intra-articlitam prjecedure
as a diagnostic tool, and the relatively large number opatighys. Furthermore,
appropriate statistical models for longitudinal analyses wereatedst

This study has some limitations. No magnetic resonance(iifabisgans were
performed, which may have affected the diagnostic testing of ID. gozonein
DC/TMD®, de nitive diagnosis of ID, with the exception of ADD withaetioed
with limited mouth opening, requires an MRI to acdegeate diagnostic
sensitivity (i.e., 70%) and speci city (i.e., 95%). However, thieipants were
included in this study several years before the general consensng mgardl
diagnostic testing using imaging was described in the c@#FEMIDD More
importantly, an MRI-con rmed displaced disc is not exclusive to agiedholo
condition; it is present in approximately 30% of asymptoutéeictéand

does not in uence the treatment choice or oute®na the present study, the
psychosocial pro les of the study patients over time were notde€hisleould
have distorted the results, since psychosocial factors areolm®associated with
temporomandibular pdif°. However, due to the duration of follow-up, answering
additional extensive questionnaires on the phone many yeaespuosttrcould
have resulted in an excessive burden for the study participaetsnérnestthe

trial may be limited in its generalizability to other elniggeneral populations
with temporomandibular disorders. Patient inclusion tardisgmnostic intra-
articular injection allowed the accurate selection of patientgsudieripain that
primarily originated from the jBirtiowever, since many patients often experience
myogenous symptoms concurrently with arthralgia, some arthralgis witie
more prominent myogenous symptoms may have been excluded from the study.
Moreover, in the non-surgical intervention group, any additisieapbiysplinting
therapy was given based on the response to the initial soft diet advice, igdch resu
in treatment heterogeneity within the control group. The authdmsddsiga the
study in such a manner, as this is believed to be an accueatntafon of the
clinical reality, where conservative therapies are mostly pdtesd-and given
based on clinical presentation.

In conclusion, arthrocentesis was found to be more ef cacious as animgattrea
in reducing TMJ arthralgia than non-surgical intervention oveufotdws
years, although mandibular function was similar after both trea&rfentsng
arthrocentesis at an earlier stage to treat TMJ arthralgia allows @minitgtian
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of joint recuperation, which is sustained over the long term.dfedfehg current
study results is mandatory to substantiate this conclusion.
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CHAPTER 4

Abstract

Arthrocentesis is commonly employed for symptomaticotaammbbular joint

(TMJ) disorders when conservative treatments are unsuccessiuhd ojptanal

timing for initiating arthrocentesis remains unclear. Tipgcet®study of a
two-decade cohort at a tertiary center aimed to evaluate the associagen bet
symptom duration and treatment success of initial arthrocentesigtAdalbful

TMJ disorders were included. Exclusion criteria were prior TMJ suegaiy, sys
rheumatic or connective tissue diseases, bony ankylosis, det¢bdacidgies or

signi cant TMJ trauma. The primary study outcome was patiend-tegatrtesnt
success over a period of 5 years. Generalized estimating equations (GEE) mode
were performed to evaluate the association between symptom duration and
treatment success and included the prognostic factors age, djagdesis,
preoperative conservative treatments, and adjuvant therapy dbrotgatesis.

A total of 438 subjects were included in the study. GEE models indicated that a
longer duration of symptoms was signi cantly associated with lower otldstef pa
reported treatment success over a follow-up period of 5 YREOM per month

[95% CI 0.966-0.983];p<0.001). Within its limitations, this study indicates that
performing arthrocentesis at an earlier stage may increase the ¢haaching
adequate symptom reduction in the management of painful TMJ disorders.
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Introduction

Temporomandibular joint (TMJ) disorders are a group of disordeffethat a
approximately one-third of the general popufatdanagement strategies for
symptomatic cases typically follow a stepwise approach based on treatment
response. Here, rst-line treatment often involves conserneatigations such as
splint application, physiotherapy and pharmacological therapy. Miniraaileinv
surgical procedures, such as arthrocentesis, are effective treataiitiesrand

often only performed if conservative treatments fail in adequabensyatigst

A major challenge in the current clinical practice is determining tHeioptigha
for transitioning to subsequent treatments when initial interverdidmtetav
The absence of a consensus on de ning treatment failure and timingnéat treat(( 4
escalation often leads to variability in clinical decision-mHEleinge, some
patients undergo prolonged conservative treatments without any sgymiptom
resolution. Understanding the timely use of subsequent, meeetiredsients

is critical, as prolonged ineffective treatments may contribute toddease
progression, which may lead to resistance to future tréafifmerstsidentifying
the ideal timing for initial arthrocentesis could aid clinici@ndenision-making
process within the stepwise treatment framework for TMJ disordeémg follo
unsuccessful conservative treatment.

Currently, the evidence regarding the optimal timing of arthrecemesns
scarce. Some evidence suggests that performing arthrocenteaidién stage

may be bene cidlP. A recent systematic review assessing the ideal timing of
arthrocentesis concluded that early arthrocentesis (i.e., withths3ohfailing
conservative treatment) may be more effective in symptom reducéimmddomp

late arthrocentesis (i.e., after at least 3 months of atvsématmerftHowever,

direct evidence from studies examining the relationsfeprisymptom duration

and treatment success remains inconéfusive

The current study aims to assess whether the timing of initial arthfocentesi
painful TMJ disorders affects treatment outcomes. Speciecaliynény study
goal is to evaluate the association between the duration of symptomsitiaior to i
arthrocentesis and the patient-reported success of the procedaré-gear
follow-up period.
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Methods

Study design

A retrospective cohort study was performed at the University @edieal
Groningen (UMCG), the Netherlands, a tertiary referral center andesgpatés

for TMJ surgery. A pre-speci ed protocol was nalized before trinbmitRatient
records of individuals who underwent TMJ arthrocentesis at least vgoyears a
were retrospectively and consecutively analyzed, beginningwitbstirecent
cases and progressing chronologically backwards.

Study population

All study subjects were treated at the outpatient clinic of the Depatirakaind
Maxillofacial Surgery of the UMCG. The inclusion criteria were stilif@yesans

and older that underwent arthrocentesis under local anesthesia and that suffered
from TMJ-arthralgia, proven with a diagnostic intra-articuldoinggth articaine

(4%) and epinephrine (1:100,060Bubjects were excluded if they suffered from
systemic rheumatic diseases, connective tissue disegsas\osis, congenital

or acquired dentofacial deformities or had a history of trauma tleat iregt or

TMJ pain, bony changes or growth restrictions. Furthermore, subjextéuded

if they had previous surgical treatment of the same TMJ or when no duration of
symptoms or follow-ups was reported in the patient les.

Outcome measures

Since standardized outcomes such as the pain scores werectedexpbe
routinely reported in the patient les, the primary study outcorad tinopatient-
reported success of primary arthrocentesis over time. This outconesseas ass

at 1 year and 5 years follow-up. For this binary study outcome, patigatrep
success was de ned as the subjective feeling of adequate treatmentdffect an
additional treatment was not required. The secondary binary outeoives in

the pain-related succes8{%* or >12mm? improvement on a visual analog
scale (VAS) 0-100mm) assessed at 1 and 5 years, maximum mouth opening
(MMO)-related successamnd® improvement in subjects with a restricted mouth
opening) assessed at 1 and 5 years and the combined success of pain and MMO
(postoperative30mm VAS ang35mm MMO). Furthermore, continuous secondary
outcomes involved pain reduction (VAS) and MMO improvement assessed at 1 and
5 years. Finally, the number of retreatments in the follow-up perid)fiolitaV
arthrocentesis was registered.
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Statistical analysis

Normality of continuous data was evaluated through visual examinati@n of Q-
plots and the Shapiro-Wilk test. Normally distributed data wered@garteans

and standard deviations (SD), while non-normally distributed vasiatdes
presented as medians with rst and third quartiles (Q1-Q3).

To evaluate the association between symptom duration and repeateder@asure

of treatment success, GEE models were employed for the primary stuely outcom
(patient-reported success). Because the outcome variable was: thimayial
distribution with a logit link function was tted. GEE models were selected to
account for repeated measures within subjects and the inclusiettepituent
covariates. Predictors included in the GEE model were selected based on thei
potential prognostic relevance. These variables comprisedttbe diisgmptoms 4
before initial arthrocentesis in months, follow-up duration in, ag@tseX,
previous conservative treatments (i.e., physiotherapy, gphiotsséeroidal anti-

in ammatory drugs), adjuvant therapy during arthrocentesisrieosteroids and
hyaluronic acid) and underlying diagnosis (i.e., disc displacethertugtion,

disc displacement without reduction and degenerative joint diseassllgects

could have more than one diagnosis, each diagnostic category was modelled as
a separate binary predictor. An exchangeable correlatioustruas applied

in all models to account for intra-subject correlation. A secondarig avesdys
performed to further investigate the association between symptom ahdati
patient-reported success, using a dichotomized predictor of sympatmm dur
instead of the continuous variable. In this analysis, symptom durdtssiveas c

into timely<G months) and delayed (>6 months) treatment. This approach enabled
the estimation of the relative odds of treatment success across botllssatipto
intervals. The threshold was selected based on the author’s clinicad. jiigme
concordance index (C-index) for each GEE model was caladaig predicted
probabilities to assess its discriminatory capabilities. lroadseds whether
diagnostic heterogeneity in uenced results, a sensitivity amadypesrformed

where the cohort was strati ed into pre- and post-implementaitals pérthe
Diagnostic Criteria for Temporomandibular Disorders (DC/TRBE models

were then employed for each subgroup to assess the robustnes®ofatiersss
between the diagnostic periods and with the primary analysis.

All models yielded odds ratios with corresponding 95% coe detecvals
(95% CI). GEE were performed in R, version 4.5.0 (R Core Team; R Foundation for
Statistical Computing, Vienna, Austria), using the geepack Ppabiesgeiptive
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statistics and two-grouped comparison tests were performed inrSie82gye
IBM Corp., Armonk, NY, USA). A p-value of 0.05 (two-tailed) was considered
statistically signi cant.

Table 1Baseline characteristics of study population.

Predictors Baseline values Totaln
Male, n (%) 65 (14.8) 438
Age in years, median (Q1-Q3) 38.5(24.0 - 54.0) 438
Duration of symptoms in months, median (Q1-Q3) 13 (7.8 — 25.0) 438
Duration of symptoms 6 moniingo) 80 (18.3) 438
Pain 0-100mm, median (Q1-Q3) 70.0 (50.0 - 80.0) 98
MMO in mm, mean (SD) 31.6 (8.9) 364
Diagnosis

ADDWRD (%) 111 (25.3) 438

ADDwoRn (%) 167 (38.1) 438

DJDn (%) 166 (37.9) 438
Pre-operative conservative treatment

Physiotherapw, (%) 162 (37.0) 438

Splintn (%) 106 (24.2) 438

NSAIDn (%) 251 (57.3) 438
Adjuvant therapy during arthrocentesis

Corticosteroids, (%) 321 (73.3) 438

Hyaluronic acid) (%) 45 (10.3) 438

Abbr.: n number of subjects; Q1-Q3 rst to third quartile; MMO maximum peoirtly;0SD standard
deviation; ADDwWR anterior disc displacement with reduction; ADEnioRdisc displacement without
reduction; DJD degenerative joint disease; NSAID nonsteridisledarmatory drugs.

Results

A total of 691 patient les from between March 2000 and March 2026 wer
analyzed in order to include 438 subjects. The primary reasexgdifsion were
previous surgical treatment or trauma of the joint, a history of rheuassgiordise
Ehlers-Danlos syndrome, age of under 18 and missing data regarding symptom
duration or follow-up. Of the study population, the medianaasge8.5 (24.0-

54.0), with primarily women (85.2%). The median duration of symptoms was 13
(7.8-25.0) months. All the baseline characteristics are displtafad h
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Patient-reported success was reported in all subjeet3§ and was 70.3% at
1-year follow-up and 65.5% at 5-year follow-up. Regarding pain, suates
were 92.1% at 1 yeanE 63) and 92.3% at 5-year follow-up=13). Here, an
average reduction of 51.0 (24.8) mm at 1 yaar §3) and 58.1 (27.6) mm at 5
years i = 13) was seen. For MMO, success rates were 60.8% at th y&F6)

and 59.1% at 5-year follow-up= 66). Here, an average improvement of 5.8 (8.3)
mm at 1 yean(= 223) and 6.0 (9.3) mm at 5 yeans=(79) was seen. Pain and
MMO combined success rates were 59.0% at 1iyea83q) and 71.4% at 5 years
(n= 28) follow-ugTable 2) A total of 136 subjects (31.1%) received an additional
treatment within 5-year follow-up after initial arthrocentesis.

Table 2 Results of study outcomes at each follow-up.

Outcomes 1-year follow-up 5-year follow-up 4
Events (%) n Events (%) n

Patient-reported success 308 (70.3) 438 287 (65.5) 438

Pain-related success* 58 (92.1) 63 12 (92.3) 13

MMO-related success 107 (60.8) 176 39 (59.1) 66

Combined success” 23 (59.0) 39 20 (71.4) 28
Mean (SD) n Mean (SD) n

Pain reduction 51.0 (24.8) 63 58.1 (27.6) 13

MMO improvement 5.8 (8.3) 223 6.0 (9.3) 79

Abbr.: n number of subjects; MMO maximum mouth opening; SD standéwd He8G# or>12mm
improvement on visual analog scale (0-108mm improvement in subjects with a restricted mouth
opening, only in subjects with a restricted mouth opening, * postex&imm (visual analog scale
(0-100) and>35mm MMO.

For patient-reported success, GEE indicated that a loatien addfisymptoms was
signi cantly associated with a lower odds of treatment success over a period of 5
years (OR 0.974 per month [95% CI 0.966-0.983]0.001) (Table 3) The model
showed a good discriminative ability, with a C-index of 0.719. Faré)ehe use
of adjuvant corticosteroids or hyaluronic acid was signi canthatsbsodih lower
odds of patient-reported success. Age, gender, diagnosiegmerformance
of preoperative conservative treatments were not prognosticféacsorccess.
Secondary GEE analysis indicates that subjects trested mionths of symptom
initiation had 2.7 times higher odds of experiencing treatment suncéss¢ha
treated later (OR 2.71 [95% CI 1.40-5.26} 0.003). Here, a C-index of 0.676
indicated moderate discriminative ability of the model.
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Table 3Results of generalized estimating equations on patient-reported success

Predictors OR 95% ClI p
Duration of symptoms in months 0.974 0.966 — 0.983 <0.001
Follow-up duration in months 0.996 0.994 — 0.998 <0.001
Age in years 0.999 0.984 —1.010 0.884
Gender (ref. = male) 0.624 0.313-1.250 0.181
Diagnosis

ADDWR 1.020 0.542 - 1.930 0.942

ADDwoR 1.070 0.611 — 1.880 0.809

DJD 0.937 0.546 — 1.610 0.815
Pre-operative conservative treatment

Physiotherapy 0.762 0.463 — 1.250 0.286

Splint 0.852 0.478 — 1.420 0.489

NSAID 0.865 0.526 — 1.420 0.568
Adjuvant therapy during arthrocentesis

Corticosteroids 0.389 0.209 - 0.723 0.003

Hyaluronic acid 0.358 0.153 - 0.835 0.018

Abbr.: OR odds ratio; 95% CI 95% con dence interval; ADDaridadisc displacement with reduction;
ADDwoR anterior disc displacement without reductiatgdeierative joint disease; NSAID nonsteroidal
anti-in ammatory drugs.

The sensitivity analysis stratifying the cohort betwean8&2)(and post-
implementatiom E126) of the DC/TMD yielded results consistent with tlaeyprim
GEE moddAppendix A & B)Differences in diagnostic cohort did not substantially
in uence study results, as associations were comparable across ¢laeasitia
primary models.

Discussion

The current study aimed to evaluate the association betweem afusgtigptoms

prior to initial arthrocentesis and treatment success of the tragpaiafulfdMJ
disorders over a 5-year follow-up period in a cohort of 438 subjectsl imeate

a tertiary referral institution over two decades. Results of thisvstudjyrate a

signi cant negative association between the duration of symptomsearted pat
reported success (OR 0.974 per month [95% CI 0.966-0.983%);001).

Speci cally, each additional month of symptoms prior to treatment wiatea@lssoc
with a 2.6% decrease in odds of treatment success. Furtheraharghiodentesis

within 6 months of symptom onset drastically improved odds of treatnssnt succe
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compared to treatment employed after 6 months of symptoms (OR 2.71 [95% CI
1.40-5.26]; p = 0.003). In other words, patients treated within 6 months of symptom
onset had 2.7 times higher odds of experiencing success compared to those
treated after 6 months. These ndings suggest that prolonged syngtiom dur
may diminish the likelihood of achieving satisfactory outcome$fonerdesis,
highlighting the importance of timely referral and early arthrodeititss in

patients with painful TMJ disorders.

The rationale for symptom reduction following arthrocentesis isloypothésized

to be attributed to the washing out of pro-in ammatory cytokiesdegrading
enzymes and metabolic waste products from tHe\diith contribute to synovitis

and consequently p&inHowever, this mechanism does not explain the reduced
ef cacy of arthrocentesis observed in patients with prolongedrsydapdtion. 4
The association between symptom duration and treatment outcome observed
in this study may, therefore, be partly attributed to the involvemestirafta di
pathophysiological system in certain patients with chronic syptanstance,

in individuals with prolonged and intense pain, continuous activatmoeptors

may lead to peripheral sensitization, in which increased excivdthidge
nociceptors result in intensi ed pain respBtisdhis chronic pain may persist if
the underlying pathology remains active. In some subjects, ongoing perigtheral inp
may progress to central sensitiz&fgra condition in which persistent peripheral
pain signals lead to changes in the central nervous system, resuléingaimlow
thresholds and intensi ed pain responses such as allodynia and hypeeakyesi

after removal of the stimifisin such cases, the central nervous system may be
triggered by persistent in ammatory activity in the joint, but maiy reaimpéoms
independently from damage from the peripheral’tis§hies mechanism could
explain why some patients continue to experience symptoms desadteirige w

out of symptom-inducing products from the joint. Consetiuegtigup of patients

may bene t from additional therapeutic modalities other than artbsegesuch

as interventions based on a more centrally modulated apit&adkiternatively,
persistent pain after arthrocentesis could also result from anhpainifrom the
masticatory muscl&sa secondary reactive response to arthrogenous pain that
does not fully resolve with joint-focused interventions.

In the present study, the primary GEE model indicated that predictors such as age
gender, diagnosis and preoperative conservative treatments didi cahsig

in uence patient-reported success. The nding that age and gender are not
prognostic factors for treatment success has been established befdoeisn p
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studie®?*. This may be due to treatment outcomes being more likelipydthe
underlying pathophysiology (for example, in ammatory, nieahand pain-
processing factors), rather than demographic factors.

Although arthrocentesis has been shown to be effective for antdispiatiscent
and degenerative joint disease, evidence suggests that it is most feffecti
symptomatic anterior disc displacement without retdetiorthe current results,
the underlying diagnosis concurrently occurring with arthralgia jdi aingly
impact patient-reported success. Sensitivity analyses yielldedesiults as the
primary analysis, indicating that the discrepancy from previoussriesarligely to
be explained by diagnostic heterogeneity, but rather underlying faeptoned

in the present study. Furthermore, preoperative treatment iottiepdqyy splint
and/ or nonsteroidal anti-in ammatory drugs were not associated wihddcp
patient-reported success. This may be due to the fact that patienteeadhdoproc
arthrocentesis represent a more treatment-resistant subgroupconsdrvative
options have already failed, minimizing their predictive fealpostoperative
success. Additionally, such conservative treatments taagenantra-articular
pathologies, such as adhesion formation, as adequately as artbisacente
the GEE model, the use of adjuvant hyaluronic acid or corticosteroids during
arthrocentesis was associated with lower odds of patient-reporiezl slitarigh
the effectiveness of these adjuvant therapies remains debateéd*3tdaasnt
evidence does not suggest that they worsen outcomes. Therefiorentheding

is likely attributable to confounding by indication, where subfeotsitevere
symptoms were more likely to receive adjuvant treatmebisdived association
between the use of adjuvant treatment and lower treatment successddikielis mo
to re ect the use of these therapies in patients with nepeesyevptoms, rather
than a detrimental effect of these therapies themselves.

Within the limitations of the substantial amount of missing data fondagysec
success criteria (i.e., pain scores and MMO), patient-reported syqezsged

to show similar rates of improvement as success based on MMO. In contrast, pain
related success was higher than patient-reported success, pabelidatiiyg

that a reduction of 12mm on the VAS or a 30% decrease in pain intensity may not
be suf cient for patients to perceive the treatment as successful. Wiegimgons
continuous outcomes, joint pain demonstrated an improvement ovethtime, wi
mean VAS reduction of 51.0 (SD 24.8) at one year and 58.1 (SD 2A8) at

years of follow-up. These ndings are consistent with the curreme®¥jden
supporting the notion that arthrocentesis is primarily effectexgaitingl joint
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pain, while contributing only modestly to improvements in MMO. Nemsethe
the substantial proportion of missing data for the secondary outéoraes pa
MMO improvement introduces a risk of attrition bias. Since only a proptngo
subjects reported these outcomes, observed results may dispraboraécete
outcomes of subjects with a speci ¢ disease severity. This may lienitahe int
validity and generalizability of the ndings. As such, these secosulés\sheuld

be interpreted with caution and regarded as exploratory.

This study has several limitations. The retrospective designeliatiéty tto
control for confounding variables and may have introduced selectitinitiomn a
bias inherent to this study design. Furthermore, the study populatiatedvas tre
at a tertiary referral center, potentially limiting the gener&jizabaibroader
population. The strengths of the current study include the long-teum,follow? 4
providing insights into the sustained effects of arthrocentégie oseditionally,
using patient-reported success as the outcome represents a sigangémt st
as it involves the patient’s perspective and represents an irzeigjduelient-
centered measure. However, it is not based on a quantitative metric aamtlis inher
subjective, potentially in uenced by factors such as individuetatixps or
satisfaction. Past studies focused on quanti able success wliesi@ [sin
reduction and MMO improvement, which neglect what tréasnadrout in the
end: patient-reported success.

This retrospective study may serve as a hypothesis-generating &itude f
prospective research. Future studies, ideally prospective tudiest ar
randomized controlled trials, should aim to standardize tifewsamprehensive

set of outcome measures based on both the pre- and postoperative change score
Establishing uniform and clear de nitions of treatment success is allamiahtp
meaningful comparisons across studies and improving the inoerofesttidy
results. Importantly, upcoming studies should not be liouitedrtes such as pain
and MMO, but should also incorporate validated, quanti able patientedp
outcomes, such as the validated Mandibular Function Impairmeni@irestio
(MFIQJ¥°. Only through standardized and comprehensive evaluation in well-
designed prospective studies can de nitive conclusiainavire regarding the
relationship between symptom duration and treatment success.

In conclusion, the current study indicates that longer sympiomisimegatively
associated with the patient-reported success of initial artisisatberapy
for painful TMJ disorders. Each additional month of symptoms priat to initi
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arthrocentesis is associated with a 2.6 % decrease in odds of treatesnt succ
and patients treated within 6 months of symptom onset/hawe2higher odds

of experiencing success compared to those treated after 6 monthsheNithin t
limitations of the study, results indicate that perforthingeantesis at an earlier
stage may increase the chances of achieving adequate symptom reduction fro
arthrocentesis.
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Appendix A.Results of generalized estimating equations on patient repm#sd suPre-DC/TMD
subgroup (n = 312).

Predictors OR 95% ClI p
Duration of symptoms in months 0.971 0.959 - 0.982 <0.001
Follow-up duration in months 0.996 0.994 - 0.999 0.002
Age in years 1.00 0.984 - 1.02 0.686
Gender (ref. = male) 1.10 0.486 — 2.51 0.813
Diagnosis

ADDwWR 1.88 0.825-4.28 0.133

ADDwoR 1.38 0.697 - 2.73 0.356

DJD 1.01 0.516 — 1.98 0.977
Pre-operative conservative treatment

Physiotherapy 0.550 0.293-1.03 0.063

Splint 115 0.576 — 2.30 0.692

NSAID 0.625 0.330-1.19 0.150
Adjuvant therapy during arthrocentesis

Corticosteroids 0.429 0.211 - 0.872 0.019

Hyaluronic acid 0.211 0.0615 - 0.725 0.016

Abbr.: OR odds ratio; 95% CI 95% con dence interval; ADDeridadisc displacement with reduction;
ADDwoR anterior disc displacement without reductiatedeiierative joint disease; NSAID nonsteroidal
anti-in ammatory drugs.
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Appendix BResults of generalized estimating equations on patient reportedrsRost<3C/TMD
subgroup (n = 126).

Predictors OR 95% ClI p
Duration of symptoms in months 0.984 0.971 - 0.996 <0.001
Follow-up duration in months 0.996 0.991 - 1.00 0.069
Age in years 0.989 0.965 - 1.01 0.383
Gender (ref. = male) 0.360 0.081 - 1.60 0.179
Diagnosis

ADDwWR 0.317 0.090 — 1.12 0.0739

ADDwoR 0.877 0.283 - 2.72 0.820

DJD 0.736 0.257 -2.11 0.568
Pre-operative conservative treatment

Physiotherapy 113 0.478 — 2.69 0.777 4

Splint 0.671 0.256 — 1.76 0.419

NSAID 1.09 0.443 - 2.66 0.856
Adjuvant therapy during arthrocentesis

Corticosteroids 0.390 0.102 - 1.49 0.168

Hyaluronic acid 0.786 0.207 — 2.98 0.723

Abbr.: OR odds ratio; 95% CI 95% con dence interval; ADDeridadisc displacement with reduction;
ADDwoR anterior disc displacement without reductiatedeierative joint disease; NSAID nonsteroidal
anti-in ammatory drugs.
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CHAPTER 5

Abstract

The aim of this systematic review was to assess the ef cacy of arthroscopy
compared to arthrocentesis and to conservative treatments fomangibrdar

joint disorders. Thirteen controlled studies on various patiene®uteoen
included after a systematic search in seven electronic databasesalM&ta-an
were conducted separately for arthroscopic surgery (AS)thrusewpic lysis
and lavage (ALL), and short-term (<6 months), inteerte@dia{6 months to 5
years), and long-term ( 5 years) follow-up periods were consideregnNtasi
differences in pain reduction and complication rates were found #SveeexiL

and arthrocentesis. Regarding improvement in maximum mouath (bpda),

both AS at intermediate-term and ALL at short-term follow-uguaiyetcient
when compared to arthrocentesis. However, at intermediatdlereronf, ALL was
superior to arthrocentesis for MMO improvement (mean difference 83%mm
con dence interval 2.7-7.1 mm). Trial sequential analysis sapihertonclusion

of the meta-analysis for MMO improvement for ALL versus arthrocghéssis s
at intermediate-term follow-up, but not for the other meta-anatygese i
evidence exists to draw conclusions regarding other patient outconoes or ab
comparisons between arthroscopy and conservative treatmertstiaulow
quality of the primary studies, further research is warranted la¢fayaclusions

can be drawn regarding the management of temporomandibular joietslisord
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Introduction

Disorders of the temporomandibular joint (TMJ) occur in appigx80&i of
the adult population and encompass primarily, but not exclusivelyditfson
internal derangement (ID) and degenerative joint disease@DaD) their often
debilitating nature, TMJ disorders have a signi cant impact on itiyeofjlitd of
patients

Treatment options for TMJ disorders vary from conservativgicelrapproaches

to minimally invasive and open joint surgeries. Typically, cives¢reatment
modalities are the rst choice for initial therapy and qoimsistily of counselling,
splints, physiotherapy, and medications (i.e., non-steroiolehamtiatory drugs
(NSAIDs) and muscle relaxants). Minimally invasive suiegitrakents, such as
arthroscopy and arthrocentesis, are only considered if cousetregtiment
modalities have failed to adequately reduce pain or improve fuhidivaver, S
there is growing evidence that using minimally intlasrapies as an initial
treatment may be more ef cient at reducing clinical symptoms whend:tmmpare
conservative treatmeénts

TMJ arthroscopy allows the visualization of the inner tissues of theldipper T
compartment for diagnostic purposes and subsequentdatrgettznent of

the visualized tissues, i.e., the lysis of adhesiati®nirgé medication into the

in amed tissue, and electrocauterization/coblation of redunddrtygeraemic
tissue. Technical advancements over the years have resulted irettiatibfie

of arthroscopy according to its complexity and level of invasivene#$eremt
modalities of arthroscopy vary in their therapeutic maneuversy faomi
simple diagnostic arthroscopy (level 1) or arthroscopic lysis ared(Rlvapto

more advanced arthroscopic surgery (AS), without (level I1) or litH)(igc
repositioning and xation procedures

Despite its widespread application in the treatment of TMJ disohdessppyt

has received minor attention regarding its ef cacy in comparison toatthentre
modalities, such as arthrocentesis or conservative noal-gtggiments. A
systematic review with meta-analysis published in 2015 comparezhtlyeoéf
arthroscopy with arthrocentesis in the management belDMJt and concluded

that arthroscopy resulted in more favorable outcomes than arthisoeathies
regard to pain reduction and improvement in mouth opening, while hdamng sim
complication ratésHowever, that review also noted that more high-quality studies
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would be needed before nal conclusions could be drawn. Sincedwer)|

new studies comparing the two treatment modalities haveohdanteti™.
Additionally, no pair-wise systematic review has been performedit gatsénts
direct evidence of the ef cacy of arthroscopy versus consemeattiverits, and no
review has included outcome variables other than pain reduction, iergriovem
maximum mouth opening (MMO), and complication rates. An updatedtgystema
review, complying with the highest review standards, is therefededmpeovide

a more comprehensive overview of the current evidence regarding theo&f cacy
TMJ arthroscopy.

Hence, the aim of the current systematic review was to assess the ef cacy and
feasibility of AS and ALL as treatment modalities for TMJ disorders versus
arthrocentesis and versus conservative treatments, by analypiaig,jdhMO,
mandibular function, joint blocks and noises, mandibular range of motipn, quali

of life, safety, and costs/cost-effectiveness.

Methods

This systematic review was performed and reported in accordidntieew
Cochrane Handbook for Systematic Reviews of Interventions (vetsand6.3)

the Preferred Reporting Items for Systematic Reviews and Meta-(RiRIISHA)
guideline’s. The research protocol was registered in the International Prospective
Register of Systematic Reviews (PROSPERO; CRD420228231G8)he initial
literature search.

Eligibility criteria and data items
The PICOTS format was used to formulate the inclusion and exclusion criteria and
the subsequent selection of articles, as outlined below.

Population (P): studies were eligible for inclusion if thepsfpudation
encompassed patients diagnosed with the followingort@mandibular
disorders (TMD) as classi ed by the Diagnostic Criteria for Tempdrolaand
Disordef$: TMJ arthralgia, ID of the TMJ (i.e., disc displacement with or without
reduction, and any synonyms such as closed lock and anchoreddisepbg),

and DJD of the TMJ (i.e., osteoarthritis or osteoartRig$i®rmore, studies
involving participants with more general TMJ disorder3J arthropathy,
intra-articular or capsular disorder of the TMJ, TMJ synovitisn@mdandibular
disorder) were also eligible for inclusion. The exclusion criteriadiesy @stlving
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patients younger than 16 years of age and those with patients who suffered fr
congenital or acquired dentofacial deformities, rheumaticedis@aahnective
tissue disorders, or bony ankylosis of the TMJ.

Intervention (1): the intervention group in the study had undergone TMJ
arthroscopy (i.e., diagnostic arthroscopy, arthroscapanigidavage, arthroscopic
surgery, level -1l arthroscopy). Due to the differences in theutieenagneuvers
performed between arthroscopic interventions, thegpafaiharthroscopy types

was considered inappropriate. The intervention groupeveireh strati ed into

ALL and AS for all of the analyses. ALL was de ned in accordance with the technique
described by Sandé&raind with level | arthroscépyhere visualization of the
upper joint compartment is established in combination with joint lavage an
instrument sweep for lysis of any present adhesions. AS was de ned asute proced
where any additional surgical maneuvers on top of ALL were performed, as also
described for level Il or level Il arthroScdpys often encompasses the introduction
of additional portals and includes techniques such as anterolatelal cHpase,
(electro)coagulation of hypervascular (retrodiscal) tissdies,naanipulation/

xation of the articular disc

Control (C): the control group consisted either of (1) arthrecgitteksivage of
the TMJ using any technique (i.e., single/double needle use) or @)atiovse
non-surgical treatments of any modality or a combination of thesemada)it
soft diet advice, medications such as NSAIDs and muscle relaxant&rppysiot
and/or splints/oral appliances.

Outcomes (0O): the primary study outcome was pain during mandibulaniovem
and/or function, assessed using a visual analog scale (VAS) or amoitngs s
numerical scale. Secondary study outcomes included pain at rest assgssed u
VAS or another continuous numerical scale, MMO in millimeters, ménaitiolar
(assessed for instance using the Mandibular Function ImpairmennQiest
(MFIQ}¥® or with regard to chewing ability), joint blocks and noisedipoian
range of motion (i.e., lateral and protrusive movements), quiditgafetiy (i.e.,
complication rates), and costs/cost-effectiveness.

Time points (T): the outcome measures were strati ed into three firh@wy-u

ranges for the analyses: short-term (<6 months), intermedigetenths to 5
years), and long-term ( 5 years). If multiple measureneeateported from the
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same study population that were within a single follow-up range, tleptatest r
outcome measurement in that range was used for the quantitative analyses.

Study design (S): the study types that were eligible for inclusion wereednd
controlled trials (RCTs), prospective non-randomized abdliradel trials (CCTSs),

and retrospective cohort studies with a control group. Case repfetence
abstracts, reviews, letters to the editor, and expert opinrenexaleded.
Furthermore, the studies had to have included at least 10 participants and bee
published in a peer-reviewed journal. No restriction was placed on language or
publication date.

Search strategy and information sources

With the help of a biomedical literature specialist, a sensitive iglectron
literature search was performed in seven electronic databdgesl registers
using controlled vocabulary (medical subject heading, MeSH) andkfree te
terms(Appendix A. The electronic databases and registers were PubMed,
Embase, Web of Science, Cochrane Library, S&imisaltrials.gowvand the
International Clinical Trials Registry Platform (ICER&esttsearch date was
February 15, 2023. No language or publication date restrictions weredapplie
In addition, the grey literature was searched. The reference listanbftirialev

and systematic reviews on the same topic were screened, and expertsyn the stud
subject (NBvB and FKLS) were asked about relevant articles.

Study selection process

After de-duplication following the method of Brame¥ etvwad. reviewers (YHT

and NBvB) independently assessed the titles and abstracts of the wadards fo
the literature search to identify those eligible for full-text esseRenords that
lacked suf cient information in the title and abstract were alsideleittll-text
assessment. The full-text assessment was performed by the same tfemindepen
reviewers. After each stage, the assessments were de-blinded aadsasons
meeting was held between the two reviewers to resolve any disagrédmeeats. |
was a lack of consensus, a third reviewer (FKLS) would be asked to aid in the
decision-making. The inter-observer agreement (Cohen’'s kappa and gercentag
of agreement) was calculated for both stages.
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Data collection process

A prede ned standardized form was used to collect the data from the eligible
studies. One reviewer (YHT) collected the data from all of the reportg while t
second reviewer (NBvB) reviewed 15% of the reports indepenteatiye€ment
between the reviewers regarding the data collection wasdequie 90%. If this

was not the case, the second reviewer had to evaluate all of the remaining reports
followed by a consensus meeting.

The following data were collected from each study: authors aratipohdate,
primary and secondary outcome measures, baseline patiantesisdics (age,

sex, and number of patients), study design, speci cations of thatseateaeh
study arm (i.e., type, technique, additional intraoperatit®ngeanesthesia
modality, and pre- and postoperative treatment regimens), and thdisgrdef
treated. If multiple outcome measures from different follow-up periegsowede r

in a single study, all of the outcome measures from each follonpomtimere S
collected. If multiple reports were published for a single studgpthe measures
were checked for duplication and, if present, the duplicates were rethofed. A
the reported continuous pain scores were recalculated to a numericalevVAS sc
of 0100 mm (the higher the value the greater the pain) to allow betwgen-stud
comparisons and quantitative analyses.

An attempt was made to contact the corresponding authors of included article
in the event that additional study data were required for both thevgualtithti
guantitative analyses. The additional data were only included inettestuly

if the authors could provide the necessary data.

Quality assessment

The assessment of methodological and clinical heterogeneity of teéé includ
studies was conducted independently by two reviewers (YHT and NBvB). Any
inconsistencies were resolved through discussion in a conseinsysTrheet
methodological heterogeneity assessment was performed for all of the included
studies, while the clinical and statistical heterogeneity asses&reionly
performed for the studies included in the quantitative analysda;dyatysis.

The risk of bias in the RCTs was assessed using the Cochrane Risk of Bias Tool f
Randomized Trials, version 2 (R&BRlye domains were assessed to obtain an
indication of whether the study had either a low risk of bias, some concerns of bia
or a high risk of bias. The validated Methodological Index for Non-Raddomize

133



CHAPTER 5

Studies (MINORS) was used to assess the risk of bias in the non-randomized
studie. Using this tool, the studies were assessed for 12 items that were then
scored as either 0 (not reported), 1 (reported but inadequate), or 2qrapdrt
adequate).

The assessment of the certainty of the body of evidence for outcomes veals perform
using the Grading of Recommendations Assessment, DevelupEealtiations
(GRADE) approaéhby two independent reviewers (YHT and NBvB. The quality
of the evidence was rated high, moderate, low, or very low for each gentitati
analyzed study outcome, after being potentially up- or downgraded bhased o
factors as described by the GRADE working group system (e.g., dogvngradin
quality of evidence due to inconsistency or inaccuracy of the results).

The clinical heterogeneity between the studies included in theigeianitgses

was systematically evaluated using the Clinical Diversity-amilgszs (CDIM)

tooP:. The clinical heterogeneity of each meta-analysis was measured onlan ordina
scale based on four domains, i.e., setting diversity, populatidy, dntersention
diversity, and outcome diversity, with a total of 11 items. Each itemedds scor
(low diversity), 1 (moderate diversity or unknown), or 2 (kigityivand assigned

an equal weight, resulting in a total score of 0—22. A total score of 0—1kdhdicat
low clinical heterogeneity, 12-18 indicated moderate clinical geteity, and

19-22 indicated high clinical heterogeneity between the studies.

Effect measures and data synthesis

Inter-observer agreement, examined by Cohen’s kappa statistigpanzbtitage
of agreement, was calculated using IBM SPSS Statistics 8gi&ivh Qorp.,
Armonk, NY, USA).

A summary effect estimate was calculated if two or more studies reparted sim
study outcom®slf study subjects had been excluded from an analysis in the original
study for reasons other than the exclusion criteria set by the currerg.reéfiew (i
excluded subjects would t within the scope of the current review), atodhe ou
data were available for the excluded subjects, these subjects wer im¢hed

effect measures calculation.

Dichotomous variables were presented as events and totalsjdhotnenddds
ratio (OR) and 95% con dence interval (Cl) were calculated. The Maatedzél
xed-effects method was used due to the limited number éf. évenlies with
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zero events in both arms were included in the main meté&s avidlys reciprocal
continuity correction of the opposite arm (i.e., correction = 14ssiaglof

opposite arnf). A sensitivity analysis using conventional methods, where studies
with zero events in both arms were excluded, was also perfegaeding the
continuous variables suitable for quantitative analysis, the fieeamcdi (MD)

and corresponding 95% CI were calculated as effect m&astistadies only
reported the standard deviations (SDs) of the baseline aek@is/e outcome

scores, the SDs of the changes were estimated from the baseline measurements
with a correlation coef cient of 8:3. The meta-analyses and forest plots were
synthesized in R version 4.2.2 (R Core team; R Foundation for Statistiirag,Compu
Vienna, Austria), using thetapackage, version 6.120 A random-effects model

with the DerSimonian—Laird estirffabmas used, based on the assumption that
there was a high likelihood of clinical heterogeneity between th€. shadisisivity
analyses were performed based on the study design (inclusion of only RCTs) and
per diagnosis of the study participants (i.e., ID, DJD, or arthralgia). S

As traditional meta-analyses are prone to type | errors (i.e., faige-pdsigs),
additional trial sequential analyses (TSA) were perféribd TSA, with a
random-effects model (DerSimonian—Laird estimator), was\@eénising Trial
Sequential Analysis Viewer version 0.9.5.10 Beta (Copenhab@nitri@entre for
Clinical Intervention Research, Rigshospitalet, Coperibagerark). TSA was
used to determine the required information size (RIS) (i.e., the samptiedize ne
for the meta-analysis) of each outcome to provide an indication of theg®bust
of the conclusion from the meta-analysis. Statistical heterogeneitgideied
substantial if was 509%42. AP-value <0.05 was considered statistically signi cant
in all of the analyses.
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Results

Study selection

After the initial and updated search, a total of 1619 unique records weezliden

for title and abstract screenikgg(re ). Based on this screening, 28 records
were selected for full-text reading. The inter-observer agreemerghwas hi
(Cohen’s kappa coef cieng(= 0.88; percentage of agreement = 99.6%). After
the full-text assessment, 11 records were selected for #H&hIsipe= 1.00;
percentage of agreement = 100%). Two additional records were dtaftere
guestioning the experts on the subjadtimately leading to the inclusion of 13
studies in the qualitative review. Finally, nine studies were intladpcititative
analyse%3033-37_ The third reviewer was not consulted in the study screening
and selection proceggopendix Bprovides an overview of the records that were
excluded after full-text reading, including the reasons. The agretmesnt the

two reviewers regarding the data collection was 100%. S

Study characteristics

From the 13 included studies, a total of 609 study participants were included
in this review. One study compared arthroscopy with both artésiscand
conservative treatm&nivhile the remaining studies compared arthroscopy with
either arthrocentesis or conservative treatment.

Studies involving arthroscopy versus arthrocentesis

Ten studies compared arthroscopy and arthroct#t®sts®”, and of these,

three were RCT¥-%, two were CC¥s$? (one study reported two groups without
statistically comparing ti#&mand ve were retrospective cohort studies with a
control grouf?®2336:37 (Table 13. The studies were published between 1995 and
2023 and included a total of 430 patients, the majority of whom were female. Four
studies involved AS322% and six studies reported®AL*-%" as the intervention.

None of the studies reported the use of level Ill AS. The studies refdtated resu
for one or several postoperative follow-up time-points, ranging from Hday to
years. One study included patients diagnosed with either |B arhiddEhe other
studies included patients with a diagnosis of ID. Among the studiesydbepac
procedures varied to a greater extent than the arthrocentesis psofabie

1a). The preoperative and postoperative treatment regimens vagiderably
between the studiésaple 2a.
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Studies involving arthroscopy versus conservative treatments

Four studies involved conservative non-surgical treatimeensegs the control
group®3t38.39 of which three studies were RC*F& and one study was a
retrospective cohort study with a control gi@ipe 10*°. The studies, published
between 1993 and 2014, included a total of 204 patients, the majority of whom
were female. Three studies reported of?AS and one study on AL&s the
intervention. One study reported the use of levé!.ITASstudies recorded one or
several postoperative follow-up time-points, ranging from laroytats. One
study included patients with movement restricting afthratgia the other studies
included patients with a diagnosis of ID. There was a higigdreéy in the
conservative treatment procedures between the Stabiedl). The preoperative
and postoperative treatment regimens varied considerablgiébeestudies
(Table 2b.
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CHAPTER 5

Table 2aPre- and post-operative treatment regimens of included stotlisgyiavthroscopy versus
arthrocentesis.

Author (year) Study design  Pre-operative treatment Post-operative treatment

Arthroscopic surgery as intervention

Murakami et al. Retro. Arthroscopy group: none ofSelf-exercise
(1995)%0 after 1-2 weeks of NSAIDs

and muscle relaxants,

physiotherapy and up to 12

weeks splint. Arthrocentesis

group: none

Sanroman (2004j CCT 4-6 months of soft Self-exercise, 2 weeks of
diet advice, NSAIDs, NSAIDs and splint
physiotherapy and splint

Hobeich et al. Retro. Splint Self-exercise, 2 weeks

(2017)* of NSAIDs and muscle

relaxants
Atteya et al. (202¢H) RCT 6 months of conservative Self-exercise, 2 months of

treatment (non-speci ed). soft diet advice, 3 days of
NSAIDs and antibiotics

Arthroscopic lysis and lavage as intervention

Fridrich et al. RCT Soft diet advice, NSAIDs, 1 week of soft diet advice,
(1996)3 ice therapy, physiotherapy 4 weeks of NSAIDs,
and splint physiotherapy and splints
Goudot et al. RCT 6 months of self-exercise, Self-exercise, 2 weeks
(2000)* psychologic support, of soft diet advice and
physiotherapy and splint  physiotherapy
Tan et al. (2012) Retro. 3-8 weeks of NSAIDs and Soft diet advice, NSAIDs,
muscle relaxants and splinpphysiotherapy and splint
Xu et al. (2013} Retro. NA NA
Rajpoot et al. CCT NA Self-exercise, 2 weeks of
(2021)yw soft diet advice, analgesics,
antibiotics
Talaat et al. (2022) Retro. 2 months of soft diet adviceSelf-exercise, 3 days of
NSAIDs, physiotherapy andNSAIDs and splint
splint.

Abbr.: Retro. Retrospective cohort study with control group; CCTiRrasperandomized controlled
trial; RCT Randomized controlled trial; NSAIDs non-steroidal antabogndnugs; NA not available.
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Table 2b.Pre- and post-operative treatment regimens of included stotlisgyiavthroscopy versus

conservative treatment.

Author (year) Study design

Pre-operative treatment Post-operative treatment

Arthroscopic surgery as intervention

Stegenga et al. RCT Explanation, self-exercise, Arthroscopy group:
(1993)%8 soft diet advice physiotherapy, ice
massage and self-exercises

Murakami et al. Retro. Arthroscopy group: none orArthroscopy group: self-
(1995)%° after 1-2 weeks of NSAIDs exercises

and muscle relaxants,

physiotherapy and up to 12

weeks of splint use
McNamara et al. RCT 12 months of explanations, Arthroscopy group:
(1996)%* self-exercise, soft diet advicgonservative treatment

and medication (not further (physiotherapy and splint)
speci ed)

Arthroscopic lysis and lavage as intervention

Schiffman et al. RCT Arthroscopy group: Arthroscopy group:
(2014)* physiotherapy and cognitivemedical management
behavioral therapy (education, self-exercise,

methylprednisolone,
NSAIDs, muscle relaxants)
and physical rehabilitation
(physiotherapy, cognitive
behavioral therapy, splint)

Abbr.: Retro. Retrospective cohort study with control groupn&@iiizea controlled trial; NSAIDs

non-steroidal anti-in ammatory drugs.
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Author (year) Intervention D1 D2 D3 D4 D5 Overall

bias
Arthrocentesis as control
Atteya et al. AS
(2020
Fridrich et al. ALL ] i
(1996)3 i : .
ALL Low risk of bias

Goudot et al. |
(2000)3 :

Conservative treatment as control

Stegenga et al. AS | | :

(1993)* : . Some concerns
McNamara et AS | | | |

al. 1996)*° : : : 1 .
Schiffman et al. ALL . . .
e 000000 -

Figure 2Risk of bias assessment of randomized controlled trials using #me Goskiof Bias Tool 2.
D1 Randomization process; D2 Deviations from intended interventionsinpMome data; D4
Measurement of the outcome result; D5 Selection of the reported results.

Risk of bias in the studies

The risk of bias assessment for the six RCTs using the RoB 2 tool resulted in ‘some
concerns’ as the overall judgement for ve St =°, primarily due to the

lack of information regarding concealment of the allocation se@lesmatons

from the intended interventions, and the statistical analysesde@pleyudy

had a low risk of bias as the overall judgémdihiere was no ‘high risk of bias’
assessment for any of the domeigsife 2. MINORS was used to assess the risk

of bias of the seven CCTs and retrospective cohort'$f4dié%%¢-*". The score

for each study ranged from 13 to 16 on a scale of G=igdife 3.
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Inclusion of consecutive patients
Prospective collection of data

Endpoints appropriate to the study aim
Unbiased assessment of the study endpaint
Follow-up period appropriate to study ain
Lost to follow-up <5%

Prospective calculation of study size
Adequate control group

Contemporary groups

Baseline equivalence

Adequate statistical analysis

Clearly stated aim

Total

Author (year)

Arthroscopic surgery as intervention

Murakamiet
al. (1995)°

Sanroman
(2004)*

Arthroscopic lysis and lavage as intervention

Tan et al.
(2012)%

(2013)¥

Rajpoot et al.
(2021)w

Talaat et al.
(2022)°

Figure 3Risk of Bias assessment of non-randomized studies using the ifietidaddéx for Non-ran
domized Studies. 0 not reported; 1 reported but inadequate; 2 repdreetbgnate.

Primary outcome — pain

None of the studies made a distinction between the pain score duriinglanand
movement/function and when at rest, therefore general pain \&5Svsrerused
to represent the main study outcome.

Studies comparing arthroscopy versus arthrocentesis

All 10 studies involving arthroscopy and arthrocentesis itedgtiggpain VAS
scores using a numerical scAfgendix C.)>-1:3032-37 The pain scores improved
signi cantly at follow-up compared to the scores at baseline, in bpthigraili
10 studies.
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One study involving AS and arthrocentesis reported an improveniaravarpa

time for both groups, but the study outcomes were only reported in a graphical
manner with no between-group comparisons, therefore not allowingvgualita

or quantitative analysis in the context of thi&s@fithe remaining three studies
comparing AS and arthrocentesis, one reported short-term resultd forqueir),

with no statistically signi cant difference between the twd'gillifizree studies
reported intermediate-term results for pain (range 6-+24syavith no signi cant
difference between the groups after pooling the data (MD 2.2, 95% CI 15.4 to
19.7; 1> = 87%, very low qualitlyigure 4A3°33, None of the studies comparing

AS and arthrocentesis reported long-term results for pain.

Among the six studies comparing ALL and arthrocentesis, three hepbtrted s
term results for pain (range 1-3 months), with no signi carendéfeetween

the groups after pooling the data (MD 2.8, 95% CI 8.9 to E4661%, very

low qualityfigure 4B°%3. Of note, patients who were excluded from one
study® based on criteria other than those of the current review were included in
this meta-analysis. Two studies reported intermediatestétsnfor pain (range

6—12 months), with no signi cant difference between the groups aliteg fie

data (MD 4.4, 95% CI 16.0 to 7.2t> = 31%, very low qualitiyigure 4¢3,

One study comparing ALL and arthrocentesis reported long-tésnforgsailn

(60 months), with no signi cant difference between the twa’groups

Sensitivity analyses including only RCTs or based on the diaghosiss{bldy po

for ID) did not yield any differences in outcome when compared toghgaaaiv
meta-analyses.
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Figure 4 Pooled results for the reduction in VAS pain score in the studies cortipasiogpg versus
arthrocentesis. In all studies, the study participants weredreatgpd of internal derangement. Trial
sequential analysis did not support the conclusions drawn in kat¢hreEtmeta-analyses regarding
the reduction in pain score, indicating potentially false neuttsl Adsbr.: VAS visual analog scale; AS
arthroscopic surgery; ALL arthroscopic lysis and lavage; SDisdaniddion; MD mean difference;
95% CI 95% con dence interval.

Studies comparing arthroscopy versus conservative treatments

Out of the four studies comparing arthroscopy with conservathentedhree
investigated pain VAS scores using a numerical Apakendlix C.80:3839,
Quantitative analysis was considered unfeasible due to the limitedaimoun
suitable data.

Among the studies comparing AS and conservative treatmaentestigaied
pain in the short term (range 1-3 mofiffisBoth of these studies reported no
statistically signi cant difference between the groups. Thieg GtudS versus
conservative treatment reported intermediate-term pain resal&-{angonths),
with no signi cant difference between the g#ét#5& None of the studies that
compared AS and conservative treatments reported any long-teasutisin r
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Only one study compared ALL with conservative treathisrgfjdy found

no statistical difference between ALL and medical management/ roah-surgi
rehabilitation regarding pain intensity and frequency over tleeaf@gdsnonths,
however the outcomes were measured on a dichotomotis scale

All of the studies reported a signi cant reduction in pain over time forupsth gro
Secondary outcomes

Studies comparing arthroscopy versus arthrocentesis

Maximum mouth opening

All 10 studies comparing arthroscopy and arthrocentesisddhperimprovement
in MMO (Appendix C.p-1:3032-87 A sjgni cant improvement in MMO was seen
in both groups in all 10 studies.

One study on AS and arthrocentesis depicted MMO only in a graphical manner
without a between-groups comparison, therefore not allowing anhlysigriteit

of this stud¥% None of the AS and arthrocentesis comparative studies reported
short-term results for MMO. Three studies reported intermeadiaestés for

MMO (range 6—24 months), which showed no signi cant difference between
the groups after pooling the data (MD 1.1, 95% CI 1.1 td?3=20%, very low
quality;Figure 5A"2%3% None of the studies comparing AS and arthrocentesis
reported long-term results for MMO.

Of the studies comparing ALL and arthrocentesis, three reportetnshort
results for MMO (range 1-3 months), with no signi cant differencedhse
groups after pooling the data (MD 1.4, 95% CI 8.1 to B.3;89%, very low
quality;Figure 5B8°3¢37. Of note, patients excluded from one $tbdged on
criteria other than those of the current review were included in thimlysta-a
Three studies reported intermediate-term results for MMO (rafgadis),
with a signi cant difference favoring arthroscopy after poolingteh@vtD 4.9,
95% CI 2.7 to 7.12 = 18%, low qualitfigure 5¢°3+35, One study comparing
ALL and arthrocentesis reported long-term results for MMO (60 mibimths), w
signi cant difference between the two groups

Sensitivity analyses including only RCTs or based on the diagnosiss{bldy po
for ID) did not yield any differences in outcome compared to the conventiona
meta-analyses.
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Figure 5Pooled results for the improvement in MMO in the studies comparingpy theosas arthro
centesis. In all studies, the study participants were treated for atgrpaldérangement. Trial sequen
tial analysis did not support the conclusions drawn in the metasaeglysing the improvement in
MMO for AS versus arthrocentesis at intermediate-term follodtlprersus arthrocentesis at short-term
follow-up, indicating potentially false neutral results (A, Bydaddwal sequential analysis supported the
conclusions drawn in the meta-analysis involving ALL versus dtgaténermediate-term follow-up
(C). Abbr.: MMO maximum mouth opening; AS arthroscopic surgery;réédoaithysis and lavage;
SD standard deviation; MD mean difference; 95% CI 95% con dence.interval

Mandibular function

Three studies with arthrocentesis as the control grodpdremomandibular
function, each using a different measurememppeindix C.>3%34, One study

on AS reported the jaw function score (numerical scale of 0—20) and dietar
evaluation score (numerical scale of 0—72) at intermediate-temnufol(6
monthsy. AS improved the dietary evaluation score signi cantlythbenaw
function score. Arthrocentesis, on the other hand, improveditasttasthe
follow-up. The second study, which was on ALL, scored disability in time long te
(5 years) on a categorical scale from Ottn&hat study, both treatments improved
the disability scores signi cantly. The third study, alstnon¥d L, looked at the
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intermediate-term chewing ability (6—24 months) using a 0-1@@icalrscale
and found that both treatments signi cantly improved chewingatsitjollow-
up**. All three studies reported no signi cant difference betweercapiarsd
arthrocentesis.

Joint blocks and noises

Regarding joint blocks and noises, only one study compasng aithrocentesis
described the subjective intensity of joint noises at interreedifdtow-up (624
months) based on a 0—100 numerical scafpéndix C.2*. Both treatments
decreased the subjective intensity of the joint noises, with ndlgtsitisiicant
difference between them.

Mandibular range of motion

Three studies reported the mandibular range of nAgtpeEm(ix C.E°32%. One

study on AS reported maximum contralateral and pramasgi®ular movements
solely in a graphical manner, therefore not allowing further #ndlgsisecond
study reported superior ef cacy of ALL over arthrocentesis (MD 1.1 hem) for t
improvement in contralateral movement at short-term follow-up (B’nidmehs
third study reported a superior effect of ALL over arthrocentesisgontament

of left lateral (MD 1.0 mm), right lateral (MD 0.7 mm), and protrusiveeno(MD

0.3 mm) at intermediate-term follow-up (6 m&n#ls)of the studies reported an
improvement in mandibular range of motion over time for both groups.

Safety

The complication rates for both treatments were described in segeistudie
involving AS and six involving AE134-*" as the intervention. One study looked

at safety per complication type instead of per study parficipatitat study,
transient facial nerve paralysis, uid extravasation, and bleetlingddn 66.6%,
46.6%, and 26.6%, respectively, of the participants intttaearitesis group and
0.0%, 26.6%, and 40.0%, respectively, of those in the ARL. groel other six
studies reported the presence of complications per sticpqor#, which ranged
between 0% and 6.1% among the treated participants in the arthroscopydyroup a
between 0% and 6.9% in the arthrocentesis group. The study comparing AS and
arthrocentesis reported no complications in either of the groupsohvitpthe

data of the ve studies involving ALL versus arthrocentesis, thergmasanb si
difference between the two groups (OR 1.2, 95% CI 0.3 164 @, very low
quality;Figure 6A°34-37. A sensitivity analysis, in which studies with zero events
in both arms were excluded, also resulted in no signi cenendiéf between the
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groups regarding the complication rate (OR 1.2, 95% CI 0.3 t6=0Pb, very
low qualityfFigure 6B

Figure 6.Pooled results for the complication rate in the studies comparisepastiversus arthroeen
tesis. Study participants were treated for a type of internal denaingeatt studies except the study by
Talaat et dl, in which participants suffering from internal derangement artlostsoaere selected. A
sensitivity analysis in which this study was excluded showed no imubacesults. Trial sequential
analysis did not support the conclusion drawn from the meta-analysecipitocal continuity correction
regarding the complication rate, indicating potentially falsel nesuitts (A). Abbr.: ALL, arthroscopic
lysis and lavage; OR, odds ratio; 95% CI, 95% con dence interval.

Quiality of life and costs/ cost-effectiveness

None of the studies that compared arthroscopy with arthrocentesis tbpe
effect of either treatment on quality of life or the costs/cost«efiess of the
treatments.

Studies comparing arthroscopy versus conservative treatments

Maximum mouth opening

A gquantitative analysis of the secondary outcomes was not performei@gor st
using conservative treatments as the control group, due to a lack ofataitAfile d

four studies comparing arthroscopy versus conservative tiealndead MMO as

an outcomeAppendix C.2031383% Among the studies involving AS, one reported

a reduced MMO in the AS group and improved MMO in the conservative treatment
group at the short-term and intermediate-term follow-ups (3 andhs) besed
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on analysis of variance with repeated me&sufé® other two studies involving

AS and conservative treatment reported an improvement in MMO for bsth group
with no between-group difference in the short term (B#rmritiiermediate term

(6 monthsy8. The only study with ALL as the intervention reported a signi cant
improvement in MMO over the long-term follow-up period (60 months) for the ALL,
physical rehabilitation, and medical management groups, b wifference
between the three grotips

Mandibular function

All four studies comparing arthroscopy with conservative tteatpented
mandibular function, but used different measurememppelsdix C.2. Of the
three studies involving AS, one used the Helkimo Clinicaitibpdfuwhex scofe

(on a numerical scale of 0-25) at the short-term and intermediate-terap$o(®
and 12 month®) Another noted the categorical global pain impact $cpeesgje
0-5) and the converted Mandibular Functional Impairment QuestiQkifrh{))
score¥ (range 1-3) at short-term and intermediate-term follow-up (1 and 6
monthsy. The third study reported the Activities of Daily Living scores#2nge 0
and jaw function scores (range 0-20) at intermediate follow-up (6)hontles
study involving ALL reported mandibular function impairment as endighoto
outcome, over a period of 60 mofitHa all of the studies, a signi cant treatment
effect was seen over time, with no between-group differences.

Joint blocks and noises

Only one study comparing arthroscopy and conservative treatmetat oggoite
blocks and noise8fgpendix C.2 ALL and conservative treatments did not improve
joint clicking or joint crepitus over time and there was no between-fievepsali

over a 60-month periéid The same study investigated mandibular range of motion
and reported that lateral and protrusive movements improved affdrlband
conservative treatments over a period of 60 mawpisn(dix C.2. There were

no differences between the groups.

Quality of life

One study involving AS reported quality of life using a total well-bengased

on the West Haven—Yale Multidimensional Pain In¢eataiyhe General Health
Questionnairg, at short-term and intermediate-term follow-ups (1 and 6 months)
(Appendix C.2%. There was no signi cant difference between the groups or
improvement over time.
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Complication rates
None of the studies comparing arthroscopy and conservative tsegdpueied
the safety or complication rates of the proced\pper{dix C.2.

Costs/ cost-effectiveness

One study looked at the costs of the treatments based orete @&s incurred
per study participamggpendix C.2. Medical management resulted in the lowest
average costs ($1385, range $410-$3555), followed by rehabilitg®$a379,
range $1375-$5240) and then by ALL ($7890, range $5830-$15,940)

Certainty of the evidence

Assessment of the certainty of the evidence using the GRADE apptedch resu

in a very low quality of evidence for the outcomes improvement in pain and
complication rates. Regarding the improvement in MMO, bweqguality of
evidence judgement was obtained for the outcomes of AS versus arthrocentesis
at intermediate-term follow-up and ALL versus arthrocentesiseatrsfalbw-

up. For ALL versus arthrocentesis at intermediate-term follow-gpaéity of
evidence judgement was obtained. All outcomes had an initial assédsment o
quality of evidence due to the inclusion of non-randomized studiesadiog/ngr
occurred due to inconsistency or imprecibadie( 3.
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The assessment of clinical diversity among the studies, using thé'Cietvited|

in a judgement of low clinical heterogeneity for all of the meta-analpseederf

for the outcomes pain by VAS score (CDIM score range 9-11) and MMO (CDIM
score range 8-10)ppendix D.1-D.& The clinical diversity among the studies in
the meta-analysis regarding safety (complication rate) wastsjodamly due to

the heterogeneity between the study intervention group treatments atrdlthe co
group treatments (CDIM score Efendix D.7.

TSA was performed only for the study outcomes with pooled data, hence only for
those studies that had compared arthroscopy with arthrocegesisgReain on

a VAS, the RIS (i.e., the sample size needed in the meta-analysis) was not reachec
and the conventional and O’Brien—Fleming boundaries wesessed in any

of the three meta-analyses (AS vs arthrocentesis at intermatifaiéoteup,

ALL versus arthrocentesis at short-term follow-up, and ALL vermrdgesithr

at intermediate-term follow-upppendix B Therefore, TSA indicates that the [(5
current available evidence from these meta-analyses may be ineahotut
potential false neutral outcomes. For MMO, TSA did not support the m®nclusio
from the meta-analyses involving AS versus arthrocentesis at irdeermadiat
follow-up and ALL versus arthrocentesis at short-term folloee upe RIS was

not attained and the boundaries were not croapeeridix & However, the RIS

was attained and the boundaries were crossed for the meta-analyisig bl

versus arthrocentesis on MMO at intermediate-term foll&ywpgndix B For

this analysis, TSA supports the conclusion that ALL may be supeoiceritearsh

in improving MMO. Finally, TSA did not support the conclusions drawn from the
meta-analysis regarding safety (complication rAfgs3ridix B

Discussion

The aim of this systematic review was to compare the ef cacy and fefasibility o
arthroscopic techniques (AS and ALL) with arthrocentesis and alssemtitive
treatment regimens for TMJ disorders. AS at internesthdtalow-up and ALL at
short-term and intermediate-term follow-ups were equally &b eightocentesis

at reducing pain. Additionally, AS at intermediate-term follava-éh.b at short-

term follow-up were equally ef cient to arthrocentesis at improving MMO, b
ALL was superior to arthrocentesis with regard to the improvement in MMO at
intermediate-term follow-up. TSA only supported the conclusidmh. tmaty e
superior to arthrocentesis in improving MMO in the intermediateeerwagh

no difference in complication rates between the procedures. The ddilagrega
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mandibular function, joint blocks and noises, mandibular range of motign, quali
of life, and costs/cost-effectiveness were too heterogeneous otscheave

any conclusions from. Only a limited number of studies compared pythrosco
with conservative treatment regimens. Due to the high heterogevesty the
conservative treatment methods used in these studies, the perédrmetzc
analyses was considered inappropriate.

The nding that arthroscopy and arthrocentesis are equaineatreducing

pain is in accordance with the notion that joint lavagatesitite removal of

the proin ammatory cytokines and degradation protddtthat contribute

to synovitfé4’. Synovitis, in turn, has been found to be associated with the intensity
of pain experienced by pati¢fit$ience, the observed similarity in pain reduction
between the procedures suggests that both interventions have eqiadlipotent
alleviating pain through the removal of in ammatory mediaim the joint space.

Two recent studies found that an additional subsynovial corticogeeion

during TMJ arthroscopy is more effective at alleviating pain whanedotop

no injectiof?*°. It should be noted that none of the studies included in the current
review performed this procedure. Subsynovial injections caneotobeqd

during arthrocentesis as this requires direct visualization ofibd tisaues. This
highlights the potential advantages of arthroscopy over arthredepiresiding
additional therapeutic options. Further research is warranigdighebe ef cacy

of co-interventions during arthroscopy.

In TMJ disorders, limited mouth opening is partly atttibthedformation of
intra-articular adhesidhsSince arthroscopy allows direct visualization of the
joint, a more targeted lysis of any intra-articular adhesiossidepd his could
explain why the results indicate a superiority of ALL over arthsoftenies
improvement in MMO at intermediate-term follow-up. Surprisingt/nd8ead

to a better improvement in MMO, while ALL did at intermediafetiow-up. It is
hypothesized that during electrocautery, a proceduigedhBt possible during AS,
thermal shrinkage of the intra-articular tissue may occur, leagdiigiortazement

or even a reduction in MMO.

The ndings of this study present a general tendency that patients veithhdevs) d
experience a reduction in clinical symptoms over time regardless dfrtbettrea
received. This nding is in line with humerous non-compezptivis in the
literature suggesting bene cial effects of arthrddcépgrthrocentesit, and
conservative treatméntson symptom reduction based on pre- and post-treatment
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differences. However, in a signi cant proportion of patients, TMbnsgave

a propensity to decrease in severity or to resolve on their own &fer Tihnie
therefore, emphasizes the need to conduct comparative studies anchanalyze t
systematically, in order to evaluate the ‘true’ therapeutic efteetslitierent
treatment modalities. The current study focused exclusively omato@mpa
studies involving arthroscopy. Despite the fact that sevemhatg@mmpared
arthrocentesis with conservative treathterta/as considered beyond the scope
of the current review to assess such studies systematically.

The studies included in this review examined populations with varitioisscond
including function-limiting arthrafgitD and DJDor only |B-130-3739 |t should

be noted that these conditions are often associated with each other and occur
simultaneoushf?, and that having one condition does not exclude the other,
despite the studies making a clear distinction between them. Herndeydt cou
that a signi cant proportion of the study participants diagnosed witierzl su S
concurrently from DJD and vice versa. Moreover, since all of the stutkeés repo
pain scores, it is conceivable that only ID and DJD patients were inclueéed who w
simultaneously experiencing arthralgia, i.e., painful ID anDlor DJ

The arthroscopy group in the current review was strati ed into twaigschniq
based on the complexity of the treatment, instead of the commddhigedevel
classi cation described by McCaifihe decision for this approach was based
on the notion that the repositioning and/or xatibthe articular disc, which
plays a central part in level 1l arthroscopy, has no in uence on clinitansymp
severity or treatment outcoffi€s Hence, distinguishing between level Il and
level 11l arthroscopy would not have led to additional insights in thtestudlye
Furthermore, since the only study involving level Il artffagasmpot included

in any meta-analysis, considering level Ill arthroscopy as a seplaraseapic
technique would not have affected the study ndings.

The ndings of the current study do not completely correspond with those of a
previous systematic review with meta-analysis pulbli2B#st i which concluded

that arthroscopy is superior to arthrocentesis in regaaingnd improving

mouth opening, while the two have similar complication rates. Theseediffe
could be explained by methodological differences between the tws.reuist,

the previous review performed xed-effects meta-analyses for theoosnti
outcomes, which ignore heterogelieilgspite the clear presence of statistical
and methodological heterogeneity between studies (e.g., differengalgsging
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arthroscopic techniques, setting, and study population). To actioeiobserved
heterogeneity, a random-effects model is preferBstondly, the previous
systematic review utilized end-point values to synthesize effect imsasade

of change-from-baseline scores. The use of end-point values may b&epprop
for study designs involving randomization proc&dibrgshey do not account for
potential baseline imbalances between groups in non-randomized stweaies. S
most of the studies in that review did not allocate the study particg@mtg, ran
biased effect measures may have been used. Therefore, the choice to use end-
point values in the previous review may have in uenced the accuracy of the data
Additionally, no strati cation of postoperative follow-upgsedr arthroscopic
techniques during the analysis of the outcomes was performed in thetuslyeci

It is important to note that, when applying random-effects models and change
from-baseline scores in the meta-analysis of the previous reviesvenoediff

pain score reduction or MMO improvement is found between arthroscopy and
arthrocentesis.

Several limitations need to be acknowledged concerning theajulaé evidence
presented in the current review. Only one included study had a low risk of bias
judgement, and only a few RCTs on TMJ arthroscopy haverioketech The
inclusion of non-randomized comparative studies may have introduaed bias i
the results of the individual studies and, consequently, reducengtheo$tthe
evidence provided in this review. Additionally, TSA indicated that the S w
reached in any but one of the meta-analyses, implyingtbatrént available
evidence may be inconclusive due to insuf cient sample sizes. This may also ha
been caused by the fact that none of the studies included in the meta-analyses
performed a prospective sample size calculation. Furtheeweral of the non-
randomized studies included in this study implemented a subject indedime p

based on factors such as clinical symptom severity or the patiergsicpref
Hence, these study designs may not have accounted for the effect of tiroe as a fact
for symptom reduction, or corrected for the severity of the symptomeegt baseli
leading to imbalances between the groups. Consequently, these stpaias ar

to selection bias by indication. Additionally, in the current quantitdyisesan
despite strati cation of the data based on arthroscopy type and folleviedp p

and a low to medium clinical judgement based on the CDIM tool, a certain degree
of heterogeneity persists between studies, mainly regardicigdieel diagnoses,

the preoperative treatment regimens, and co-interventiolthasghAsensitivity
analyses based on diagnosis did not change the results or conclusioos, it cann
be ruled out for certain that the identi cation of true therapeutic efydtayen
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been complicated because of this heterogeneity. Finally, the iotlSiovas

not stated in the a priori stated study protocol. During the performantelyf the s

the authors realized that the scope of the review could be enhanced to provide a
more comprehensive overview of the current evidence regarding TMdm@rthros
Since the addition of these extra analyses would not interfere or itheence t
procedures or the results in this study as speci ed in thelpmmdias was
introduced because of it.

The current systematic review offers the most comprehensive anadysia©f the

of TMJ arthroscopy compared to arthrocentesis as treatment for défd ttisor
date. Furthermore, it appears that this review is novel in providimyiaw ove

of the available literature comparing TMJ arthroscopy &\aiihg treatment
regimens. The strengths of this study include a pre-registereddrshnsparent
methodology, which is in accordance with the latest Cochrane Hafatbook
Systematic Reviews and the PRISMA guidelines. Furthermorayeattemgde to S
reach out to authors to retrieve any absent data in order to ¢hbaocepleteness

of the data collection procedure. An overview of the authors contaceasahs

for the contact, and the resultant outcome is provilgpeindix EIn order to
improve the reliability of the conclusions drawn, additional TSA vezneeuerf
Finally, the use of the CDIM tool allowed for a comprehensive assessment of the
clinical diversity between studies.

Due to the limited availability of high-quality studies, resulting invéow to

low quality of evidence, additional research is necessary to esebiiste d
conclusions. The current heterogeneity between clinics and lack of megtigdolog
robust studies underscore the signi cance and necessity of awlhppraptiately

drafted protocols and standardized guidelines prior to reaching okisiomns.
Adhering to internationally accepted guidelines may lead to a more consistent
performance of therapies for TMJ disorders regardimggiee, timing, the use

of co-interventions, and the pre- and postoperative treatment redthmgh A

the authors emphasize the importance of uniformity for researcts ptirppse

are aware that it may also be a challenge in daily practice, as TMD treatments
are often individualized to t the speci ¢ needs of the patient. Noretaetieg)

in accordance with guidelines allows a more comprehensive and stathdardize
approach to outcome registration, setting follow-up intervalg;astatiatysis

and data reporting, which in turn can allow proper conclusions tawre d
Future research should consider reporting outcome measurésantipain

scores and MMO in order to gain a better understanding of the therapetsic effe
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of different treatments for TMJ disorders. Currently, there is aViagnoé e
regarding the impact of treatments on outcomes such as mandibulandunction
quality of life, and costs/cost-effectiveness. Intensifgaghesfforts and using
validated questionnaires such as the ¥Ry address this gap. Additionally,
the authors believe that the rate of symptom reduction, rather thareboicy

at nal follow-up, should be considered when evaluating the ef cacytrokitea
modalities. Proper study designs in future studies, suctirag $tlidy participants
early on and at several follow-up time-points, and the ugees$i@n analysés

are essential for evaluating the speed of recovery.

In the context of future research, several topics may be consideredras releva
Although this study did not focus on the use of intra-articular ssilssteimce
as hyaluronic acid and platelet-rich plasma as additional treatmerttaaptthedi
number of studies on this subject is incfédsidgldressing these subjects in future
research would allow further insight into the potential therapeeitic diethese
substances and their roles as adjuvants in relation to arthroscopycaaheasis.
Furthermore, advancements in the development of surgical indtavadeds

to the possibility of performing arthroscopy under local aresibiesj smaller
portal§®72. This development presents an interesting focus for further assearch
it could lead to a lesser burden for patients by eliminating the needrébr gen
anesthesia, as well as to greater ef ciency regarding time and costthasgh
many clinics advocate the use of minimally invasive therapies afteatoanse
treatments have been exhausted, an increasing bodyeoicevadiggests that
these may be performed at an earlier stage to allow faster joint rec@peration
The current review did not aim to explore the debate onrigeofiminimally
invasive procedures, but rather to highlight the existing know[etigE ghould

be addressed in future research.

In conclusion, based on qualitative and quantitative analyses of titéy curre
available data, TMJ arthroscopy results in similar pain reduction @icdtom
rates to arthrocentesis. Additionally, arthroscopic lysis arel ingagerior to
arthrocentesis in increasing maximum mouth opening at interenatdiatiew-up.
However, these conclusions should be interpreted with caution dus tutiigyo

of the primary studies and the low to very low quality of evidence. THesierg insu
evidence available to draw any conclusions regarding the effectostapthr
versus arthrocentesis on mandibular function, joint blocks andnaoidiésilar
range of motion, quality of life, and costs/cost-effectivendssnkam, there is
insuf cient evidence from the comparison of TMJ arthroscopy and tigeserva
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treatment regimens to draw any conclusions regarding their ef catgah cli
symptom reduction.
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Appendix A.Search terms used per electronic database for the literature search.

Database Search terms Hits Hits
(initial (second
search)  search)

Pubmed (“Craniomandibular Disorders’[Mesh] OR “Tem 793 52
poromandibular Joint"[Mesh] OR temporomandib*{
tiab] OR temporo-mandib*[tiab] OR tmij[tiab] OR
craniomandib*[tiab]) AND (“Arthroscopy”’[Mesh] OR
“Therapeutic Irrigation”[Mesh] OR arthroscop*[tiab]
OR irrigat*[tiab] OR lavage*{tiab] OR minimally-in
vasiveltiab]) NOT ((“Animals”’[Mesh] NOT “Hu-
mans’[Mesh]) OR “Case Reports” [pt] OR “Review”

[pt])

Embase (‘jaw diseaselde/mj OR ‘temporomandibular joint 861 62
disorder/exp OR ‘temporomandibular joint/exp OR
(temporomandib* OR ‘temporo-mandib* OR tmj OR
craniomandib*):ab,ti,kw) AND (‘arthroscopy/de OR
‘arthroscopic surgery’exp OR ‘lavagel/de OR ‘ar-
throscopic lavage’exp OR (arthroscop* OR irrigat*
OR lavage* OR ‘minimally invasive'):ab,ti,kw) NOT
((animal’exp NOT ‘human’exp) OR ‘review/de OR
‘case report/exp OR ‘conference abstract/it)

Web of Science TS=(temporomandib* OR temporoman 860 a7
dib* OR tmj OR craniomandib*) AND TS=(ar-
throscop* OR irrigat* OR lavage* OR “minimally-in
vasive”) AND DT=(article)

Cochrane Library  ([mh “Craniomandibular Disorders”] OR [mh+Tem 103 6
poromandibular Joint”] OR temporomandib*:ti,ab
OR temporo-mandib*:ti,ab OR tmj:ti,ab OR cranio
mandib*:ti,ab) AND ([mh Arthroscopy] OR [mh
“Therapeutic Irrigation”] OR arthroscop*:ti,ab OR
irrigat*:ti,ab OR lavage*:ti,ab OR minimally-inva
sive:ti,ab)

Scopus TITLE-ABS-KEY (temporomandib* OR “temporo-man85s 69
dib*” OR tmj OR craniomandib*) AND TITLE-ABS-
KEY (arthroscop* OR irrigat* OR lavage* OR “mini-
mally-invasive”) AND (LIMIT-TO ( DOCTYPE , “ar”))

Clinicaltrials.gov  (temporomandib* OR temporoman 3 2
dib* OR tmj OR craniomandib*) AND arthroscop*
OR irrigat* OR lavage* OR minimally-invasive)

International (temporomandib* OR temporo-ran 22 1
Clinical Trials dib* OR tmj OR craniomandib*) AND (ar-
Registry Platform throscop* OR irrigat* OR lavage* OR minimally-in

vasive)
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Appendix BExcluded reports after full-text screening.

Author (year) Reason for exclusion Did not meet
Ahmed (2013 No control group Inclusion criteria
Bare (1987) Review paper Exclusion criteria
Brignardello-Peterson (2018) Review paper Exclusion criteria
Brignardello-Peterson (2019) Review paper Exclusion criteria
Gonzalez-garcia (201%) Review paper Exclusion criteria
Goudot (1998j Technical note Exclusion criteria
Hosgor (2017) Intervention does not t current review Inclusion criteria
Indresano (200%) No control group Inclusion criteria
Ohnuki (2006) Arthroscopy performed after arthrocentesisclusion criteria
Polso (2010Y Intervention does not t current review Inclusion criteria
Sahlstrém (2013) Intervention does not t current review Inclusion criteria
Sakamoto (2003 Intervention does not t current review Inclusion criteria
Schiffman (200%) Conference abstract Exclusion criteria
Schiffman (2007 Outcome measures do not t current reviewnclusion criteria
Stasko (2020) Control treatment does not t current reviewmclusion criteria
Tarro (2001 Letter to the editor Exclusion criteria
Yoda (1997¥ Arthroscopy performed after arthrocentesisiclusion criteria
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ARTHROSCOPY VS. ARTHROCENTESIS AND VS. CONSERVATIVE TREATHEMKXTICGREVIEW

Appendix D.1Clinical heterogeneity between studies involving arthroscopic susgysrgnthrocentesis
for pain scores at intermediate-term follow-up using the CDIM tool.

Murakami et al. Hobeich et al. Atteya et al. Score
(1995) (2007)% (2020)*

Setting

1. Yearsreported 1995 (A); developed 2007 (A); developing2020 (A); 2

(A), performed country, Japan (B);  country, Lebanon (B)leveloped &
in developed vs  outpatient clinic & specialized private developing

developing countryprobably OT hospital clinic (C) country, Spain
(B), unittype (C) (C) & Egypt (B); OT
hospital (C)
Population
2. Mean age 32.0 31.0 349
3. Sex 89% woman 83% woman 88% woman 0
4. Inclusion criteria Closed Lock Wilkes [IIADD wio R; ID, Wilkes II-11l; 2
and baseline baseline VAS 52.0mmbaseline VAS baseline VAS
disease severity 57.3mm* 73.8mm*
5. Comorbidities Not reported Not reported Not reported 0
Intervention
6. Intensity, strengthsALL + antero-lateral ALL + coagulation ALL + antero- 1
or duration of capsular release; synovitis + lateral capsular
intervention double portal; GA. cauterization release;
retrodiscal tissue;  cauterization
double portal; GA  retrodiscal tissue;
double portal; GA
7.  Timing Symptom duration Symptom duration Symptom duration 2
6.3 mo.; Pre-op: AS 12-24 mo.; Pre- not reported;
group conservative  op: anterior Pre-op: 6 mo.
treatment rst** deprogrammer of conservative
device treatment
8. Control Arthrocentesis with 2 Arthrocentesis with 2Arthrocentesis 0
intervention needles; LA; 200ml needles; LA; 200ml with 2 needles;
Ringer lactate Ringer lactate LA; Ringer lactate
9. Cointerventions Betamethasone after Sodium hyaluronate Sodium 2
procedures; after procedures;  hyaluronate after
Post-op: jaw exercisesPost-op: jaw procedures;

exercises, 2 weeks Post op: jaw

NSAIDs and muscle exercises, 2 mo.

relaxants soft diet, 3 days
antibiotics and
NSAIDs
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Appendix D.1Clinical heterogeneity between studies involving arthroscopic susysrgnthrocentesis
for pain scores at intermediate-term follow-up using the CD Db tdiolued

Murakami et al. Hobeich et al. Atteya et al. Score
(1995)8 (2007)% (2020)*
Outcome
10. De nition of the  VAS (0-10) VAS (0-10) VAS (0-10) 0
outcome
11. Timing of outcome6 mo. 18-24 mo. 6 mo. 2
Total score 1

* VVAS-score converted to 0-100 scale. ** Arthroscopic surgery wasdalbgidhoice or when subjects
were refractory to conservative treatment (1-2 weeks non-steroidarantatory drugs and muscle
relaxants, then physiotherapy, then pivot splints for up tek).vidbr.: OT operating theatre; VAS
visual analog scale; ADD wio R anterior disc displacement withoubmediDdhternal derangement;
ALL arthroscopic lysis and lavage; GA general anesthesimntits; LA local anesthesia; NSAIDs non-
steroidal anti-in ammatory drugs.
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Appendix D.2 Clinical heterogeneity between studies involving arthroscopiodylsigage versus
arthrocentesis for pain scores at short-term follow-up using the CDIM tool.

Tanetal. (2012f  Xuetal. (2013F Rajpoot et al. Score
(2021)2¢
Setting
1. Years reported 2012 (A); developed 2013 (A); 2021 (A); 0
(A), performed country, Singapore developed developed
in developed vs (B); country, China  country, India (B);
developing country OT hospital (C) (B); probably OT OT hospital (C)
(B), unit type (C) hospital (C)
Population
2. 2.Mean age 34.6 36.6 34.6
3. Sex 75% woman 75.6% woman  73.3% woman
4. Inclusion criteria andClosed lock/ Painful Anterior disc ID; baseline VAS
baseline disease click; baseline VAS displacement; 81.4mm*
severity 64.5mm* baseline VAS
56.8mm*
5. Comorbidities Not reported Not reported Not reported 0
Intervention
6. Intensity, strengths, ALL + blind sweep; Arthroscopic Level 1 1
or duration of single portal; GA; lavage; double arthroscopy;
intervention 200ml Saline portal; LA; 500ml single portal;

Ringer lactate

anesthesia not
reported; 300ml
Ringer lactate

Intervention

7.  Timing

Symptom duration Symptom duration Symptom duration 2

8.8 mo; not reported; 12.1 mo;
Pre-op: 3-8 weeks Pre-op: not Pre-op: not
NSAID/ muscle reported reported
relaxant + splint for
bruxism patients
8. Control intervention Arthrocentesis with Arthrocentesis ~ Arthrocentesis 1
needles; LA; 200ml with 2 needles;  with single

saline

LA; 500ml Ringer
lactate

puncture double
needle; LA; 300ml
Ringer lactate

9. Cointerventions

Post-op: NSAIDs,
physiotherapy and
soft diet. Splint
continuation.

Sodium
hyaluronate after
procedure;
Post-op: not
reported

Post-op: ice, 2
antibiotics,
analgesics,
physiotherapy

from 2¢week and

2 weeks soft diet
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Appendix D.2Clinical heterogeneity between studies involving arthroscopindylsigage versus
arthrocentesis for pain scores at short-term follow-up using the CCivtioakd

Tan etal. (2012¢  Xuetal. (2013F Rajpoot et al. Score
(2021)2¢
Outcome
10. De nition of the VAS (1-10) VAS (1-100) VAS 0
outcome
11. Timing of outcome 1 mo. 3 mo. 1 mo. 1
Total score 9

* VVAS-score converted to 0-100 scale. Abbr.: OT operating theatre; VIiBalsgascale; ID internal
derangement; ALL arthroscopic lysis and lavage; GA general apéstHesal anesthesia; mo. months;
NSAIDs non-steroidal anti-in ammatory drug.
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Appendix D.3.Clinical heterogeneity between studies involving arthrosco@odylsisage versus
arthrocentesis for pain scores at intermediate follow-up using tited@DIM

Goudot et al. Rajpoot et al. Score
(2000)= (2021)2¢

Setting

1.  Yearsreported 2000 (A); developed country, 2021 (A); developed country, 1
(A), performed Switzerland (B); probably OT India (B); OT hospital (C)
in developed vs hospital (C)
developing country
(B), unit type (C)

Population
2. Mean age Not reported 34.6 1
3.  Sex Not reported 73.3% woman 1
4. Inclusion criteria andMJ pain dysfunction ID; baseline VAS 81.4mm** 2
baseline disease  syndrome*; baseline VAS
severity 56.5mm**
5.  Comorbidities Not reported Not reported 0

Intervention

6. Intensity, strengths ALL; single portal; GA; Ringet.evel 1 arthroscopy; single 0

or duration of lactate portal; anesthesia not reported;
intervention 300ml Ringer lactate
7. Timing Symptom duration at least 6 Symptom duration 12.1 mo.; 2

mo., for the rest not reported Pre-op: not reported
Pre-op: 6 mo. of consulting,

splint and physiotherapy,

psychologic support

8.  Control interventionArthrocentesis with 2 needlesArthrocentesis with single 1
LA; 100-150ml saline. puncture double needle; LA;
300ml Ringer lactate
9.  Cointerventions Post-op: physiotherapy, 2  Post-op: ice, antibiotics, 1
weeks soft diet, analgesics, physiotherapy from
2 week and 2 weeks soft diet
Outcome
10. De nition of the VAS (0-10) VAS 0
outcome
11. Timing of outcome 12 mo. 6 mo. 2
Total score 1

* Internal derangement, muscular dysfunction and psycho-affeatiles #isSdAS-score converted
to 0-100 scale. Abbr.: OT operating theatre; TMJ temporomandibul&ABimisual analog scale; ID
internal derangement; ALL arthroscopic lysis and lavage; GA generadianesihenonths; LA local
anesthesia; NSAIDs non-steroidal anti-in ammatory drugs
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Appendix D.4Clinical heterogeneity between studies involving arthccsaogery versus arthrocentesis
for maximum mouth opening at intermediate follow-up using the CDIM tool.

Murakami et al. Hobeich et al. Atteya et al. Score
(1995)18 (2007)% (2020)=

Setting

1. Years reported 1995 (A); developed2007 (A); 2020 (A); 2
(A), performed country, Japan (B); developing countrydeveloped &
in developed vs outpatient clinic Lebanon (B); developing
developing country & probably OT specialized private country, Spain
(B), unit type (C) hospital (C) clinic (C) & Egypt (B); OT

hospital (C)

Population

2. Mean age 32.0 31.0 34.9

3. Sex 89% woman 83% woman 88% woman

4. Inclusion criteria andClosed Lock Wilkes ADD wio R; ID, Wilkes I1-lll;
baseline disease  IlII; baseline MMO baseline MMO baseline MMO
severity 28.8mm 34.1mm 29.9mm

5. Comorbidities Not reported Not reported Not reported 0

Intervention

6. Intensity, strengths, ALL + antero-lateralALL + coagulation ALL + antero- 1
or duration of capsular release; synovitis + lateral capsular
intervention double portal; GA. cauterization release;

retrodiscal tissue; cauterization
double portal; GA retrodiscal tissue;
double portal;

GA
7.  Timing Symptom duration Symptom duration Symptom duration 2
6.3 mo.; Pre-op: AS 12-24 mo; not reported;

group conservative Pre-op: anterior  Pre-op: 6 mo
treatment rst** deprogrammer of conservative

device treatment
8. Control intervention Arthrocentesis with Arthrocentesis Arthrocentesis 0
needles; LA; 200ml with 2 needles; with 2 needles;
Ringer lactate LA; 200ml Ringer LA; Ringer lactate
lactate
9. Cointerventions Betamethasone afteBodium hyaluronat&odium 2
procedures; after procedures; hyaluronate after
Post-op: jaw Post-op: jaw procedures; Post
exercises exercises, 2 weeksop: jaw exercises,
NSAIDs and muscl@ mo soft diet, 3
relaxants days antibiotics
and NSAIDs
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Appendix D.4Clinical heterogeneity between studies involving arthroscopig wenges arthrocentesis
for maximum mouth opening at intermediate follow-up using the Cdhtonled

Murakami et al. Hobeich et al. Atteya et al. Score
(1995) (2007)% (2020)%
Outcome
10. De nition of the MMO in mm MMO in mm MMO in mm 0
outcome
11. Timing of outcome 6 mo. 18-24 mo. 6 mo. 2
Total score 10

* Arthroscopic surgery was decided by choice or when the subjects naeteryefo conservative
treatment (1-2 weeks medication, then physiotherapy, then pitefaplip to 12 weeks). Abbr.: OT
operating theatre; MMO maximum mouth opening; ADD w/o R anteriorsglacainent without
reduction; ID internal derangement; ALL arthroscopic lysis an@lagegegral anesthesia; mo. months;
LA local anesthesia; NSAIDs non-steroidal anti-in ammatory drugs
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Appendix D.5Clinical heterogeneity between studies involving arthroscopiodylsigage versus
arthrocentesis for maximum mouth opening at short-term follow-up @§itlg tbel.

Tan et al. Xu et al. Rajpoot et al. Score
(2012) (2013)% (2021)2¢
Setting
1.  Yearsreported 2012 (A); 2013 (A); 2021 (A); 0
(A), performed developed country, developed country, developed country,

in developed vs Singapore (B); China (B); probablyIndia (B); OT
developing country OT hospital (C) OT hospital (C) hospital (C)
(B), unit type (C)

Population
2.  Mean age 34.6 36.6 34.6
3.  Sex 75% woman 75.6% woman 73.3% woman 0
4. Inclusion criteria andClosed lock/ Anterior disc ID; baseline MMO 1
baseline disease  Painful click; displacement; 25.8mm
severity baseline MMO baseline MMO
30.9mm 25.1mm
5.  Comorbidities Not reported Not reported Not reported 0
Intervention
6. Intensity, strengths, ALL + blind sweep; Arthroscopic Level 1 arthroscopy; 1
or duration of single portal; GA; lavage; double single portal,
intervention 200ml Saline portal; LA; 500ml anesthesia not
Ringer lactate reported; 300ml
Ringer lactate
7.  Timing Symptom durationSymptom duration Symptom duration 2
8.8 mo; not reported; 12.1 mo;

Pre-op: 3-8 weeks Pre-op: not reportedPre-op: not reported
NSAID/ muscle

relaxant + splint for

bruxism patients

8.  Control intervention Arthrocentesis withArthrocentesis Arthrocentesis with 1

2 needles; LA; with 2 needles; single puncture
200ml saline LA; 500ml Ringer double needle;
lactate LA; 300ml Ringer
lactate
9. Cointerventions Post-op: NSAIDs, Sodium hyaluronateéPost-op: ice, 2

physiotherapy and after procedure; antibiotics,

soft diet. Splint Post-op: not analgesics,
continuation. reported physiotherapy from

2" week and 2
weeks soft diet
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Appendix D.5Clinical heterogeneity between studies involving arthroscopiondylsigage versus
arthrocentesis for maximum mouth opening at short-term follow-up @G§ilg tbelContinued

Tan et al. Xu et al. Rajpoot et al. Score
(2012)% (2013)* (2021)%
Outcome
10. De nition of the MMO in mm MMO in mm MMO in mm 0
outcome
11. Timing of outcome 1 mo. 3 mo. 1 mo. 1
Total score 8

Abbr.: OT operating theatre; MMO maximum mouth opening; ID irgeangkdnent; ALL arthroscopic
lysis and lavage; GA general anesthesia; LA local anesthesia; moN8AhErsnon-steroidal anti-
in ammatory drugs.
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Appendix D.6.Clinical heterogeneity between studies involving arthroscomodylsisage versus
arthrocentesis for maximum mouth opening at intermediate-term fadiog-tne CDIM tool.

Fridrich et al. Goudot et al. Rajpoot et al. Score
(1996)22 (2000)= (2021)2¢
Setting
1.  Yearsreported 1996 (A); developed2000 (A); 2021 (A); developed 1
(A), performed  country, USA (B), Oteveloped country, country, India (B);
in developed vs hospital (C) Switzerland (B); OT hospital (C)
developing country probably OT
(B), unit type (C) hospital (C)
Population
2. Mean age 31.0 Not reported 34.6
3.  Sex 100% woman Not reported 73.3% woman 1
4, Inclusion criteria  ADD w/ and wo/ TMJ pain ID; baseline MMO 1
and baseline R; baseline MMO  dysfunction* 25.8mm
disease severity 31.3mm syndrome; baseline
MMO 29.2mm
5.  Comorbidities Not reported Not reported Not reported 0

Intervention

6. Intensity, strengthsALL; dual portal; GAALL; single portal; Level 1 arthroscopy; 0
or duration of Ringer lactate GA; Ringer lactate single portal;
intervention anesthesia not

reported; 300ml
Ringer lactate

7. Timing Symptom duration Symptom duration aBymptom duration 1
not reported. least 6 mo., for the 12.1 mo;
Pre-op: Treatment rest not reported  Pre-op: not reported
when refractory Pre-op: 6 mo. of
to NSAIDs, soft consulting, splint
diet, moist heat, and physiotherapy,
ice therapy, habit psychologic support
modi cation,
physical therapy and
occlusal appliance

therapy

8.  Control Arthrocentesis Arthrocentesis with Arthrocentesis with 1

intervention with dual port; 2 needles; LA; 100- single puncture
IVS; 120ml Ringer 150ml saline. double needle; LA;
lactate; 300ml lactated
Ringer

9.  Cointerventions Betamethasone uslPost-op: Post-op: ice, 2
after procedure; physiotherapy, 2  antibiotics,
Post-op: full liquid weeks soft diet, analgesics,
to soft diet, jaw physiotherapy from
exercises, 4 weeks 2" week and 2
NSAIDs, splint weeks soft diet

continuation
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Appendix D.6.Clinical heterogeneity between studies involving arthroscomiodylsisage versus
arthrocentesis for maximum mouth opening at intermediatéet@rapfoking the CDIM toGbntinued

Fridrich et al. Goudot et al. Rajpoot et al. Score
(1996)22 (2000)% (2021)2¢
Outcome
10. De nition of the ~ MMO in mm MMO in mm MMO in mm 0
outcome
11. Timing of outcome12.9 mo. 12 mo 6 mo. 2
Total score 10

*Internal derangement, muscular dysfunction and psychiveaffiscrder Abbr.: OT operating theatre;
ADD w/ R anterior disc displacement with reduction; ADD wo/Roerisc displacement without
reduction; MMO maximum mouth opening; TMJ temporomandibularijuietnéDderangement; ALL
arthroscopic lysis and lavage; GA general anesthesia; NSAIDs oidatstati-in ammatory drugs;
mo. months; IVS intravenous sedation; LA local anesthesia.
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Appendix ETrial sequential analyses involving arthroscopy versus atésiscgudies for pain scores,
maximum mouth opening and complication rates.

Outcome  Total N/RIS Crossed Crossed Crossed futility Interpretation
conventional O’Brien-Fleming boundary
boundary boundary

Pain VAS  104/15901 No No No Inconclusive,

(AS IFU) potentially false
neutral

Pain VAS  128/2897 No No No Inconclusive,

(ALL SFU) potentially false
neutral

Pain VAS  92/1295 No No No Inconclusive,

(ALL IFU) potentially false
neutral

MMO (AS  133/1061 No No No Inconclusive,

IFU) potentially false
neutral

MMO (ALL 128/5727 No No No Inconclusive,

SFU) potentially false
neutral

MMO (ALL 11173 Yes Yes No Arthroscopy

IFU) is superior to
arthrocentesis

Complication243/31074 No No No Inconclusive,

rates (ALL) potentially false
neutral

Abbr.: N sample size; RIS required information size; VAS visual afglédgsadhroscopic surgery;
IFU intermediate-term follow-up; ALL arthroscopic lysis and &sdgshort-term follow-up; MMO
maximum mouth opening.
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Appendix FStudy records from which additional data was required and the cairggontacted

authors.

Author (year)

Reason for contact

Date of contact

Outcome of contact

Murakami et al. Study design unclear  26-01-2023 Received clari cation
(1995)8 about the study design
Fridrich et al. Standard deviations 13-12-2022 Received relevant data
(1996)2 missing from the study regarding outcomes, but

outcomes

not for the meta-analysis

McNamara et al.

Study outcomes only

No contact due to

(1996)* depicted in a gure unavailability of contact
information
Sanroman Study outcomes only  13-12-2022 No response
(2004y depicted in gure
Schiffman etal. Mean + standard 13-12-2022 Database not available
(2014)%* deviation missing from the

study outcomes

Rajpoot et al.

Standard deviations

13-12-2022

Received the requested

(2021)* missing from the study data with relevant data
outcomes for the meta-analysis

Talaat et al. Short- and intermediate 13-12-2022 & No response

(2022)*" term study outcomes  29-12-2022

missing
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CHAPTER 6A

| read with great interest the recent article by Tanfoet tle comparative
ef cacy of arthroscopy versus arthrocentesis and conservative tseftment
temporomandibular joint (TMJ) disorders. This comprehensive syst@matic r
and meta-analysis provides valuable insights into the relative dethdémitations
of these treatment modalities. However, | wish to highlight a critt#haspas
underexplored in the study: the long-term cost-effectivenessrittiveséions.

TMJ disorders are known to impose signi cant economic burdens duértorticeir ¢
nature, which often necessitates prolonged treatment and multipigiomzrv
While Tang et &lprovided a robust analysis of clinical outcomes such as pain
reduction and maximum mouth opening, the long-term economicangpbtati
arthroscopy versus arthrocentesis and conservative treatnramtsfuraner
discussion.

In healthcare, cost-effectiveness is a pivotal factdimg treatment decisions,
especially for chronic conditions like TMJ disorders. The study by Tizwegébas

the lack of suf cient data to draw conclusions on cost-effectivemessrHo

this aspect could be crucial in guiding both clinicians and patients toweards mo
sustainable treatment options. For instance, while arthroscoffgmsayperior
short-term clinical outcomes, its higher upfront costs campeitadcentesis and
conservative treatments might not justify its use unless it alsatésrsopstior
long-term cost bene ts.

A previous study indicated that minimally invasive proceduresriseapy,
despite higher initial costs, can potentially reduce longfiermesxby decreasing
the need for repeated treatments and improving overall patitentesimore
effectively than conservative approachdewever, these ndings have been
inconsistent, and more high-quality, long-term studies are needednto c
these economic bene ts. Speci cally, the comprehensive asgexsousts,
including those associated with rehabilitation and additionentiters, remains
underexplored. Given that the cost of medical managementcisnsighdower
compared to surgical interventions, incorporating cost—utilitsearialyuture
research is essential.

Additionally, Tang et ‘atightly pointed out the heterogeneity in pre- and
postoperative care regimens among the included studies. This eagiatuibiytly
affects the overall cost and should be standardized in future reseaitale & en
more accurate comparison of the economic impacts. For jnstamperating
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a uniform rehabilitation protocol could provide a clearer picture akthestis
associated with each treatment modality.

A possible approach to address this gap in the literature is to include a cost—
utility analysis in future studies, which considers both the direliteahdasts
associated with each treatment option, along with quality-adjesyens
(QALYSs). Such analyses would offer a more comprehensive undecdtémeling
value provided by each treatment, beyond immediate clingahes. This would

be particularly bene cial in assessing the overall impact of treatmestierd

quality of life, a factor that is often underrepresented in cliniesakstuidi crucial

for chronic conditions.

Ethics approval and consent to participate
Not applicable.

Funding o
None.

Patient consent

Not required.
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CHAPTER 6B

We would like to thank the reader for their interest in our sSgstewiedy
on arthroscopy versus arthrocentesis and versus conservanntseair
temporomandibular joint (TMJ) disotdass well as for drafting the valuable
comments that are provided. The reader addresses the limitashdi$tiedong-
term economic appraisal of treatments for TMJ disorders in our syestewatic r

We fully agree that cost-effectiveness and cost—utility analysseat@alan a
comprehensive evaluation of medical treatment modalitiegné\#seésng-term
costs of treatments against their potential health bene ts or hacesseye

for making informed clinical decisions about optimal treatment. dhbites

we provided an overview of studies involving the costs and costredtechf
treatments in the systematic review, we acknowledge that the econcimicfaspe
the interventions and their clinical implications could have beeeddisguesater
detail. However, as also mentioned in our review, extensive economigsapprais
of treatments in the eld of TMJ disorders, like in other medical eldsgitg curr
lacking.

Economic appraisals should encompass the direct medical costs aséibciated w
the treatments (e.g., medical equipment, operating room time, personnel) and
indirect costs related to the disease (e.g., additional interventibabilitation

visits). In addition, current guidelines for economic evaluationisaarbealtjuire
evaluation of direct and indirect non-medical costs (e.g., prodassegyttavel
expenses, and own contributibrigliidelines advocate for the use of standardized
methods for registering these costs in clinical trials, such as the y@aisictivit
Questionnaire (iPCQ) and the Medical Consumption Questionrna®? fitvm

the Institute for Medical Technology Assessment.(iIMTA)

We support the statement of the reader that future clinical trials cowe enha
our understanding of the value of treatments by incorpooathagfectiveness
analyses based on clinical outcomes and cost-utility analyses baseiyon qual
adjusted life years (QALYs). Of note, Vos'efrain our institute, compared the
cost-effectiveness of arthrocentesis with conservative treaemeptigsical
therapy and splint therapy) in a randomized controlledTtnialstudy calculated
the total cost-effectiveness per group and related this to TMJ pain aifitydost—ut
terms of QALYs. It was concluded that the total societal costs, includiagtboth d
and indirect medical and non-medical costs, were loheiriitrocentesis group
(mean costs of US $795) compared to the conservative triegtowp (mean
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costs of US $2266), while the health outcomes were also more favorable in the
arthrocentesis group.

Indeed, the high heterogeneity between clinics in pre- and pos®frettnent
regimens may in uence health outcomes and overall cost evaluatiensa@ens
treatments employed before surgical interventions aftdremseen clinics, a
factor frequently overlooked in study outcome evaluations. Fuethsinoer
there is ongoing debate about the ideal timing of subsequent surgitahtirea
patients are currently subjected to varying lengths of conservateatsgaior
to surgery. Therefore, we advocate for standardizing preoperative practines to g
a better understanding of treatment implications. For example,aatepgvise
approach where treatments are employed for a standardized duration before
initiating subsequent treatments. Simultaneously, we rettegeizallenge of
implementing uniform pre- and postoperative protocols due to an often needed
patient-tailored treatment approach and differences in avgilabiliancial
resources between countries. Nevertheless, uniform practicesrdial éar
producing more generalizable study results.

6b
In conclusion, the currently available evidence may provide indicatibas o
effectiveness of arthroscopy compared to arthrocentgdis epnservative
treatments on health outcomes, but it only partially addhességical and
societal implications. Comprehensive economic appraisalsnoéritegor TMJ
disorders require consideration before making de nitive clirtisibde.

Ethics approval and consent to participate
Not applicable.

Funding

None.

Patient consent

Not required.

209



CHAPTER 6B

References

210

Tang Y, Bakelen N van, Gareb B, Spijkervet F. Arthroscopy vessasi@gls and
versus conservative treatments for temporomandibutiisgoddrs: a systematic
review with meta-analysis and trial sequential anhlysi©ral Maxillofac Surg
2024;53:503-520.

Dutch Institute National Health Care (Zorginstituut Nede@andeline for
economic evaluations in healthcare (2024 version). Zorgtniigderland.
2024. Accessed November 11, 2025ttps:fenglish.zorginstituutnederland.nl/
documents/2024/01/16/guideline-for-economic-evaluations-ealthcare

Bouwmans C, Krol M, Severens H, Koopmanschap M, Brouwer W, Hakkaart-va
Roijen L. The iMTA Productivity Cost Questionnaire: A Standatdizadrinfor
Measuring and Valuing Health-Related Productivity Losses.

Vos L, Stegenga B, Stant A, Quik E, Huddleston Slater J. Costesfectiven
of Arthrocentesis Compared to Conservative Therapy for Arthfatigéa o
Temporomandibular Joint: A Randomized Controlled)T@edl Facial Pain
Headache 2018;32(2):198-207. doi:10.11607/ofph.1457



IN REPLY TO COMMENT ON CHAPTER 5

211

&






CHAPTER 7

Tang YH van Bakelen NBGareb B Spijkervet FKL

1. Department of Oral and Maxillofacial Surgery, Universitigdll€knter Groningen,
University of Groningen, Groningen, The Netherlands.

Published
J Clin Med. 2025 Apr;14(9):2929



CHAPTER 7

Abstract

Background/Objectives: Arthroscopy and arthrocentesis &relpperformed

for temporomandibular joint (TMJ) disorders, but high-quality evidardiageg
their ef cacy relative to each other is scarce. The cudgraspart of an ongoing
randomized controlled trial, aimed to compare of ce-based arhimlysis and
lavage with arthrocentesis for TMJ pain and dysfunction. Methods; 1&8dult
years old) referred to a tertiary care hospital with TMJ arthralgiacimeledin

The exclusion criteria comprised systemic rheumatic diseasdyedizsest
disease, bony ankylosis, congenital or acquired dentofacialitiesoarhistory

of signi cant jaw trauma, or systemic illnesses. The pritbanyeowas joint pain
during mandibular movement/function (visual analog scale (VAS); 9+100

The secondary outcomes included pain at rest (VAS), maximum mogth openin
(mm), maximum mouth opening without increased pain (mm), prodrlsgmeaban
movements (mm), joint noises (absent/present), and mandibular(ifogctitular
function impairment questionnaire score). The outcomes weedragisiseline

and 3-, 6-, and 12-month follow-ups. Linear mixed models@uaeafiects logistic
regressions were utilized to evaluate the effects of ildesventthe repeated
outcome measurements. Results: Twenty subjects were randomly allocated to of ce-
based arthroscopic lysis and lavage (n = 10) or arthrocente$is (duttivariable
mixed-effects models showed signi cantly higher pain scoresrmaigular
movement/function in the arthrocentesis group compared witscapii(22.42

mm (95% CI. 5.28 to 39.57); p = 0.011). The secondary outcomes were not
signi cantly different between the interventions. Conclusiondimimapreesults
show the superiority of of ce-based arthroscopy over arthrocentediscing

pain during mandibular movement/function over a follow-up period ofvthjiea
showing no differences between interventions regarding other stuggsoutco
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Introduction

Minimally invasive surgical therapies, such as arthroscopy andragsisycae

frequently indicated for symptomatic temporomandibular joint @dldisdighen

conservative treatments fail to provide suf cient symp¢dnB@h procedures
have demonstrated high effectiveness in symptom (i.engaipsfunction)
reduction, with reported success rates of approximately 86:-90%

Technological advancements have led to the differentiation of complékéy and
possibility of reducing the invasiveness of arthroscopy. Tiefuidutmedopment

of of ce-based arthroscopy under local anesthesia and arthrocefithais
reduced the need for general anesthesia in initial surgical intervelitiomg
unsuccessful conservative treatments for TMJ pain and dysfunction.

Despite their routine use, the choice between arthroscopy and tetisoearains
debated and is often dictated by patient-speci c factors gedsyreferences.
Arthroscopy offers the advantage of direct joint visualizationriostiGagurposes

and the possibility for additional therapeutic manenkigesarthrocentesis is often
preferred for its simplicity, lower invasiveness, and |loxe¢rcdsés Notably,

both procedures facilitate the adjuvant use of intra-articul@orisjesuch as 7
hyaluronic acid, which has been suggested to improve joint lubrication and, thus,
clinical symptorhsA recent systematic review found no signi cant difference
between arthroscopy and arthrocentesis in reducing pain dunididputza
movement, although the evidence was of low to very low quality. However,
arthroscopic lysis and lavage was superior to arthrocémt@sisimum mouth
opening (MMO) improvement at intermediate-term (6 months to 5 years) fol
up®. This review highlighted the lack of high-quality studies directly comparing
these interventions. Only a handful of randomized controlled trialséssedas

the ef cacy of arthroscopic lysis and lavage versus arthrocentiesisjings
showing no signi cant differences between interventipas inreductidf!?,
However, these studies were performed over two decades ago, did reot alway
report results suf ciently, and have a high risk of bias, highlightmedtife n
high-quality clinical trials to evaluate the ef cacy of tieeseaénts for TMJ pain

and dysfunction.

The present study is part of an ongoing randomized controlled triadesigne
assess the ef cacy of of ce-based, single-portal arthroscepg aethrocentesis
for the treatment of TMJ pain and dysfunction. Speci cally, this stddy aim

215



CHAPTER 7

evaluate post-operative TMJ pain, MMO, protrusive and lateral olandib
movements, joint noises, and patient-perceived mandibularafuingpiainment
over a 1-year follow-up period.

Materials and methods

This study is reported according to the CONSORT 2010 statement and was
conducted according to the principles of the Declaration of Helginti (s&gion

2013, Fortaleza, Brazil) and the Dutch ‘Medical Researbhrigyduman Subjects

Act’ (WMO).

Clinical Trial Design

A mono-center, parallel-group randomized controlled trial washpeaifat the
University Medical Center Groningen (UMCG), the Netherkamelgiary care
hospital. The trial was registered at the International Clinical TstaysHRatdorm
and the Overview of Medical Research in the Netherlands (NL-OMONZ2{@th71) w
the study acronym DIAMOND-trial. A pre-speci ed protocol was nalifee be
the trial initiation. Ethical approval was given by the Institutional Bardexi B
the UMCG (METc 2021/275), and all subjects signed informed consentriforms p
to the start of study-related procedures.

Study Population

All study subjects were recruited at the outpatient clinic of the Depérdra

and Maxillofacial Surgery of the UMCG. Patients referred for the management
of TMJ disorders were screened for inclusion in this study. The inchigsion crite
were subjects of 18 years and older with unilateral symptoms of Tigihgothral
bilateral symptoms in which the non-surgically treated joint had a paih<s3@r

mm on a visual analog scale (VAS; scale: 0100 mm)), proven with a diagnostic
intra-articular injection with articaine (4%) and epinefh100,000%, and the
presence of TMJ arthralgia after two weeks of non-steroigiehamtiatory drugs
(NSAIDs) to exclude acute in ammatory pain. The exclusion crieesabjects
suffering from systemic rheumatic diseases, connective tissubaligeasylosis

of the TMJ, congenital or acquired dentofacial deformities, a historyauma

that resulted in jaw or joint pain, bony changes or mandibular growtiomestric

a psychiatric disorder, or a medical comorbidity, such as coagulatiers]isord
diabetes mellitus, kidney failure, cardiac ischemia or failure,ayahfaiman
immunode ciency virus. Furthermore, subjects were excludearficpating

when they had received prior TMJ surgery, were unwilling to particdpade, di
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speak English or Dutch, were pregnant, or used concurrent sterdidss,seda
muscle relaxants, or anti-in ammatory drugs other than the pleSSAIBS.

Sample Size Calculation

Prior to the study commencement, an estimation of sample size was performed
based on a two-side®of 0.05, power of 0.80, 3 follow-up measurements, an
estimatede of 0.5, and an effect size f of 0.41 (based on a 10 mm pain VAS
as a clinically relevant difference, as determined by the #uthbesjequired
sample size was estimated to be a total of 140 subjects after accounting for a 10%
margin for dropouts. Since no proper effect sizes of of ce-based epthawec
available in the literature, an a priori-determined interim anal/sisnaucted

after the inclusion of 10 subjects per arm, with a nal follow-up of 1 year to obtain
the most reliable effect sizes for a sample size re-calculation. Dathfrecgive
unlocking the database for the purpose of sample size recalculatioedviere us

the current study.

Study Procedures

All study subjects were randomly allocated (1:1 ratio) to either thatioterve
(arthroscopy) or control (arthrocentesis) group by the surgganwesirbased
randomization tool (ALEA clinical, version 18.7, FormsVision BVeAbheud 7
Netherlands) after signing the informed consent forms. Blockzetiatomith
random block sizes was performed for the distribution of subjeets libe
groups. Allocation concealment was ensured due to the central rammomiza
process, thereby preventing the operators from deducing th@alkeguence.

The treatment assignment was revealed to the operator immediateherior to t
procedures via an email sent by the randomization software, pyesewntin

in uence on patient enrollment or baseline assessment. The researzhay analy
the data was blinded to the treatment allocation.

Subjects underwent radiographic assessment using eaoneebmputed
tomography (CBCT) for intra-operative orientation purposes aati@vaf the

extent of pre-treatment bony changes observed. The evaluation of tma@BCT i

and degenerative joint disease (DJD) diagnoses was based on the classi cation o
the Diagnostic Criteria for Temporomandibular Dysfunction (DGS &Ecribed

by Ahmad et d}. The anterior disc displacement (ADD) diagnostic categories were
based on patient histories and clinical examinations, as described iTkHg°DC/
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All procedures were performed under local anesthesia bygarenced TMJ
surgeons (FKLS and NBvB). Arthroscopy was performed with a singieptutal. P

the procedure, the TMJ was locally anesthetized with articaine (4%)ephhiregpi
(1:100,000). Thereafter, an 18-gauge needle was inserted in theopostess

of the superior joint space, 10-12 mm anterior to the mid-tragus, and 09% salin
was used to insuf ate this joint space. The rst needle was replaced by a 1.9 mm
diameter cannula with a sharp trocar to enter the joint. Next, the shanasroca
replaced by a blunt obturator for further joint advancement. A 1.2 mnrdiamete
arthroscope (OnPointTM Scope System; Zimmer Biomet, Warsaw, IN\SUSA) w
then introduced into the cannula to allow the visualization of the goticelar s

A second 18-gauge needle was then introduced into the joint space as an out ow
tract, 7-10 mm anteriorly and 7-10 mm caudally from the rst insertion rigedle. A

a diagnostic sweep, the out ow needle was used to cut intra-articulamadhesio
and/or to inject 0.5 mL of methylprednisolone (40 mg/mL subsyhavialiyhe

in amed tissue, if present and surgically possible. During theauyhessattempt

was made to lavage the joint with a minimum of 100 mL of 0.9% saline. For the
arthrocentesis, two 18-gauge needles were introduced into the npppa{s,

in the same locations as during the arthroscopy, after localgtairegthe TMJ.

Similar to the arthroscopic procedure, an attempt was made to ush a minimum of
100 mL of 0.9% saline through the joint once communication was established. No
additional drugs or substances were applied. Following both precedsirect

soft diet protocol was recommended for six weeks.

Outcome Measures

The primary study outcome was pain during mandibular movement anidfr funct
using the VAS (range: 0-100 mm). The secondary study outcomes padtude

at rest using the VAS (range: 0-100 mm), the maximum incisal mouth opening in
millimeters using a sliding caliper (MMO,; interincisal distance), Ghevikigut
perceiving (increased) pain in millimeters using a sliding calipesjya@nd

lateral mandibular movements in millimeters using a dentgbprbbeises in the

last month (present/absent), and the impairment of mandibular figictjdhe
validated mandibular function impairment questionnaire (MFIQ); 15citesds

on a Likert scale; score: 0—100)

Outcome measurements were registered at baseline and at each post-operative
follow-up control (3, 6, and 12 months) by the operating surgeon anddbglsize
blinded researcher (YHT). MFIQ was registered through digitalle stomimgires

at baseline and each follow-up. In the arthroscopy group, the o@isidgects
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who underwent adhesiolysis and/or subsynovial corticostejeitions was
recorded. Additionally, data were collected for cases where subjrotseteive
adhesiolysis or corticosteroid injections, as well as instances wisoasdhe
synovitis were absent, respectively. Any additional treatnmgnfiodior/-up was
registered.

Statistical Analysis

The baseline characteristic registration included gender, agssisijdgaaluration
of symptoms that were so signi cant that help from a healthcare provaieghwas s
the total duration of symptoms, and the lavage volume during treatment.

The results were analyzed using the intention-to-treat principleoCowariables

with a normal distribution were reported as means and standard devizdjons (S
and compared with the unpaired Student’s t-test, whereas noty-distmialited
variables were presented as medians with rst and third quartiles @heQ3
compared using the Mann-Whitney U test. The normality of thestataluated
through visual Q—Q plot inspection and the Shapiro—Wilk test. Theicatego
variables were expressed as frequencies and percentagesabreédnising
Fisher's exact test. The abovementioned analyses were performesP§3B
statistics for Windows, version 28 (IBM Corp., Armonk, NY, USA). 7

As primary statistical analyses, linear mixed models and mixsdefietit
regression were applied to evaluate the effects of the interventerepeatad
outcome measurements. The multivariable models involved xedetfects f
treatment group and the follow-up in days. The study subjects werk asclude
random effects. Additionally, the xed interactions betweaedbhment group
and time and/or the random effect of time were only included in the model if the
multivariable model was signi cantly improved. Model impeavevas tested
using likelihood ratio tests. All models with continuous outcomesyésitiedheed
regression coef cieng(with a corresponding 95% con dence interval (95% CI).
For outcome measures with dichotomous outcomes, odds raai@&S%itG|
were also calculated. All of the mixed-effects models were performagionR, ve
4.0.5 (R Core team; R Foundation for Statistical Computing, Viersausunsfri
the Ime4 packadfe A p-value of 0.05 (two-tailed) was considered statistically
signi cant.
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Results

The rst 10 study subjects per study arm of the ongoing trial were enrakd betw
January 2022 and May 2023 and analyzed after a total follow-upletion time

of 1 year. No study subjects were lost to followigpré ). In the arthroscopy
group, all subjects were females, with a mean age of 45.0 years (17.2).idme med
duration of symptoms that were so signi cant that help from a healthi@ee pro
was sought was 4.0 months (2.4-10.5), while the median total duratiqgriarisym

was 15.0 months (3.8-47.3). In the arthrocentesis group, 88%jetts were
female, with a mean age of 36.7 (15.3). The median duration of symptoms that
were so signi cant that help from a healthcare provider was sought was 10.5
months (6.0-15.0), while the median total duration of symptoms was 18s0 mont
(9.8—48.0) (Table ). The diagnosis of each study subject and the baseline outcome
values are describedTable 1

In each study arm, additional treatments were performed on three duwrimegct
the follow-up period. In the arthroscopy group, two subjects recdigedtecoid
injections against the articular capsule, and one subject recensst @it
surgery under general anesthesia 6 months after the initial treatment. In the
arthrocentesis group, all three subjects who underwent an add&édmednt
received an of ce-based, single-portal arthroscopy under locahesiast
During the initial arthroscopy, adhesiolysis was successfuthepdrfdrsubjects
(40%). In 2 subjects (20%), surgical adhesiolysis was not feasible, wjeibeés4 sub
(40%) showed no visible intra-articular adhesions. With respect no\sabsy
corticosteroid injections, this procedure was successfully cainelsubjects
(30%). However, in 6 subjects (60%), the injection could not be perfgioealy,sur
and in 1 subject (10%), no synovitis was observed.
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Figure 1CONSORT ow diagram of subject enrolment, allocation, and followauyjédts allocated
to the treatment groups completed follow-up and were included inythesanal
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Table 1Baseline characteristics.

Characteristics Arthroscopy  Arthrocentesis
Sample size, n 10 10
Female, 1§%) 10 (100) 8 (80)

Age (years), mean (SD) 45.0 (17.2) 36.7 (15.3)

Duration of symptoms that required healthcare provider 4.0 (2.4-10.5) 10.5 (6.0-15.0)
assistance (months), median (Q1-Q3)

Total duration of symptoms (months), median (Q1-Q3) 15.0 (3.8-47.3) 15.0 (9.8-48.0)

ADD, n (%)
No ADD 1 (10) 1 (10)
ADDWR 2 (20) 0 (0)
ADDwWR with intermittent locking 2 (20) 1(10)
ADDwoR with limited mouth opening 4 (40) 8 (80)
ADDwoR without limited mouth opening 1(10) 0 (0)
DJD, n (%)
No DJD 1(10) 2 (20)
Indeterminate for DJD 1(10) 0 (0)
Evidence for DJD 8 (80) 8 (80)
Lavage volume during treatment (ml), mean (SD) 380.0 (71382.5 (131.3)
Pain during mandibular movement (mm), mean (SD) 67.0 (10.6) 67.0 (16.4)
Pain at rest (mm), median (Q1-Q3) 0.0 (0.0-0.0) 0.0(0.0-17.5)
MMO without (increase in) pain (mm), mean (SD) 29.6 (6.5) 30.7 (5.2)
MMO (mm), mean (SD) 33.3(6.5) 36.2 (5.4)
Protrusive movement (mm), mean (SD) 6.2 (2.0) 5.6 (1.7)
Ipsilateral movement (mm), mean (SD) 9.2 (2.2) 7.4 (2.8)
Contralateral movement (mm), mean (SD) 7.2 (2.8) 7.4 (2.7)
MFIQ-score, mean (SD) 57.9 (11.8) 61.6 (10.9)
Joint noises present, n (%) 5 (50) 6 (60)

Abbr.: n number of patients; SD standard deviation; Q1-Q3 rst and thilésyusDD anterior disc
displacement; ADDwWR anterior disc displacement with reduction; ADBriaRlisctdisplacement
without reduction; DJD degenerative joint disease; MMO maximumpmioimtdy &1FIQ mandibular
function impairment questionnaire.
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Table 2 Results of study outcomes registered at each follow-up.

Study outcome Follow-up Post-operative change scores p
(months) Arthroscopy Arthrocentesis
Pain during mandibular 3 -25.0 (-15.0 to -62.5)* 0.0 (12.5to0 0.0)* 0.005
movement (mm) 6 -35.5 (32.2) 6.0 (151¢  0.021
12 -47.5 (23.0)* -21.5 (25.2)* 0.027

Pain at rest (mm)

0.0 (0.0 to 0.0)*

0.0 (2.5 to -2.5)*0.796

6 0.0 (0.0 to 0.0)* 0.0 (10.0 to -10.0)* 0.529

12 0.0 (0.0 to 0.0)* 0.0 (2.5to0 -2.5)* 1.000

MMO without increase in 3 2.1 (3.8)* 4.2 (8.0)* 0.465
pain (mm) 5.2 (3.6)¢ 35(10.7¢  0.640
12 10.2 (7.0)* 5.6 (9.3) 0.228

MMO (mm) 2.4 (4.0)* 1.4 (5.5)* 0.646
5.0 (4.0)* 3.4 (8.8)* 0.607

12 10.5 (6.7)* 4.3 (9.0) 0.098

Protrusive movement (mm) 3 0.3 (-1.3 to 1.0)* 0.0 (-1.0to 2.5 0.829
0.5 (-0.8 to 1.4)* 1.0 (-0.5t0 3.5)* 0.549

12 0.5(0to 2.3)* 0.0 (-2.0to 2.5)* 0.905

Ipsilateral movement (mm) 3 0.5 (-1.5to 2.3)* 2.0 (-1.5t0 2.5 0.905
0.0 (-1.0to 0.3)* 1.5(1.0to 3.0)* 0.007

12 0.5 (-1.0to 1.8)* 0.0 ((1.3t0 2.3)* 0.579

Contralateral movement (mm) 3 0.5 (-2.5 to 2.0)* -0.5(-2.5t0 1.5)* 0.661
0.2 (2.7)* 0.6 (3.6)* 0.807

12 1.7 (2.2)* -0.6 (3.8)* 0.123

MFIQ-score -13.7 (20.3)* -8.8 (24.1* 0.632
-17.7 (27.3)* -10.6 (17.7)* 0.501

12 -37.2 (21.8)* -11.9 (19.4)# 0.013

Study outcome Follow-up Post-operative scores p
(months) Arthroscopy Arthrocentesis

Joint noises present, n(%) 3 7 (70) 6 (60) >0.999
6 7 (70) 8 (80) >0.999

12 9 (90) 7 (70) 0.582

Abbr.: MMO maximum mouth opening; MFIQ mandibular function impagjuesionnaire; n number
of patients. = Pre-operative score subtracted from the post-operative sddegliam( rst and third
quartiles), # = Mean (standard deviation).
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Table 3Linear mixed model results of clinical study outcome.

Outcome Predictors Estimates 95% ClI p

Pain during mandibular movement (n= 20)
FU (weeks) -0.60 -0.80t0-0.40 <0.001
Treatment (ref= AS) 22.42 5.28t039.57 0.011

Pain at rest in mm (n=20)

FU (weeks) 0.00 -011t00.12 0.961
Treatment (ref= AS) 8.50 -2.681019.68 0.134

MMO without pain in mm (n= 20)

FU (weeks) 0.13 0.08t00.18 <0.001
Treatment (ref= AS) 0.03 -4.481t04.53 0.990

MMO in mm (n= 20)

FU (weeks) 0.13 0.09t00.18 <0.001

Treatment (ref= AS) 0.63 -3.78t05.04 0.775
Protrusive movement in mm (n= 20)

FU (weeks) 0.02 0.01t0 0.03  0.006

Treatment (ref= AS) -0.24 -1.67t01.19 0.740
Ipsilateral movement in mm (n= 20)

FU (weeks) 0.01 -0.01t0 0.04 0.308

Treatment (ref= AS) -1.36 -3.08t00.36  0.119
Contralateral movement in mm (n= 20)

FU (weeks) 0.02 -0.01t0 0.04 0.145

Treatment (ref= AS) -0.14 -1.70to 1.42  0.861

MFIQ-score (n= 20)

FU (weeks) -0.39 -0.55t0-0.24 <0.001
Treatment (ref= AS) 12.94 -0.58t0 26.46  0.060
Outcome Predictors OR Cl p

Joint noises, present or absent (n= 20)
FU (weeks) 1.00 1.00t0o 1.01  0.048
Treatment (ref= AS) 0.82 0.09t0 740  0.856

Abbr.: Cl Con dence interval; n number of patients; FU follow-up; eategf@f arthroscopy; MMO
maximum mouth opening; MFIQ mandibular function impairment quest@Rnadids ratio.
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The results of each outcome variable at each follow-up antgot@d@ble 2 The
multivariable mixed models show signi cantly higher paia dooreg movement
and/or function in the arthrocentesis group comparednihitbszopy (22.42 mm
(95% CI: 5.28 to 39.57))lable 3. The secondary outcomes were not signi cantly
different between interventiofasb(e 3. Additionally, a signi cant improvement
over time was observed for the outcomes of pain during movement andioy funct
MMO without an increase in pain, MMO, protrusive movements, joint ndises, a
MFIQ scores, regardless of the treatment empiajad §.

One adverse event was registered in the arthroscopy group, which imeolved t
perforation of the external acoustic meatus with the out ow needlecddwa@ro

was stopped immediately after the ushing of saline into the externairaeatist

was observed. The puncture hole resolved within a few days owitisaawany
sequelae. Two weeks later, a successful arthroscopy was performedran the sa
subject.

Discussion

This study, as part of an ongoing randomized controlled trial, aimetigatmves

the ef cacy of of ce-based arthroscopy compared with agthtesis for TMJ pain 7
and dysfunction (i.e., painful ADD with/without reduction and DJDgliifinespy

results of the trial indicate that arthroscopy was more ef cacious ig padacin
during mandibular movement and/or function than arthrocentesigtouiifig

month follow-up. No signi cant differences between the interventonisseared

for the secondary outcomes (i.e., pain at rest, MMO without an increase in pai
MMO, protrusive and lateral movements, joint noises, and MFIQ scores).

It has been reported in a previous study that patients with temporcanandibul
dysfunction may show a large improvement in general health when an absolute
pain reduction of 9-19 mm is achiéb¥etherefore, the magnitude of the pain
reduction observed between both treatments over the entire folldw-opr(2

on a 0-100 mm VAS) in the current study indicates both a signi cant ang clinicall
relevant difference. Alternatively, a reduction in tha@iacpen VAS score of
10-20% indicates a minimally clinically important difference, wofiterad®uction
indicates a moderate difference clinfal§onsidering the baseline pain scores

in the current study of 67.0 nfiabe }, the 33% difference between groups over

the entire follow-up further emphasizes the clinically relevant difference

225



CHAPTER 7

A proposed mechanism for pain reduction in both arthrocentesis ascbasthro

is the washing out of pro-in ammatory cytokines and matrix-degradintes
responsible for the in ammatory response and subsequérit pldimwever, since

both arthroscopy and arthrocentesis allow the lavage of the uppeageirthsp
mechanism alone may not account for the superior effect in pain redaction wit
arthroscopy. Some studies suggest that factors, such as the lavag# aoldme

the duration of symptoms before the initial tre&tmet in uence the treatment
outcomes. Alternatively, the superior ef cacy of arthroscpainineduction

may be partly explained by the subsynovial corticosteroid injectionsgxe
during the procedure, which have recently been shown to betawe eff@ceuver

for symptom reducti®#’. However, in this study, only three of the ten subjects
undergoing arthroscopy received a corticosteroid injegtluar, because there
was no synovitis present or it was surgically unfeasible to perforatitime Trije

nal results will provide further clari cation of the relationship urriet ¢rial
between the lavage volume, the duration of symptoms, and the subm@gatimnal in

of corticosteroids and pain reduction.

The treatment choice did not appear to have a statistically signiczom éfdO
improvement in the current study sample, despite the superionibsod@ytim

pain reduction and its potential for the targeted lysis of intraraatibesions

that might restrict mouth opening. These ndings inditatéhtitocentesis may be
similarly effective in addressing the mechanical intra-artineks chrestricted

mouth opening, or that other factors may have played a role, such as secondary
muscle contractures after a prolonged period of MMO restiction

A cautious interpretation of the current ndings in a clinical contextntedarra
due to the preliminary nature of this study. Moreover, beyond healtiesutc
alone, several additional factors are crucial for a comprehensive evafuation
medical interventions. First, economic assessments in relatiotiaiohpatén
bene ts are necessary to support clinicians in making optimal trebtioes.

The cost-effectiveness of both treatments (based on the primartcstudyaad

the total costs, and on the MFIQ score and the total costs) will be evaluated and
presented after the nal study’s completion. Furthermore, the impbenoéntat
surgical treatments requires the consideration of the learrgérand the resources
required for proper training. For example, performing TMJ arthnesgoms
extensive experience and specialized training to achieve eXpeartimd can

limit its widespread adoption. Finally, the treatment clmite abnsider the
additional diagnostic capabilities of arthroscopy that are absenoiceattdsis.
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Arthroscopy allows the direct visualization of the internal jourestranabling a
more accurate understanding of pathological processes and guiditiggaitnent
decisions if the initial surgery is unsuccessful.

A limitation of the current study was the lack of patient blinding, which may have
in uenced the perception and reporting of subjective patient-reportedesitc
such as pain. However, achieving effective blinding in interventidiesl s
where procedures are performed without general anesthesia presasastsig
challenges. In the current study, attempts were made to blind tlseasubjeci

as possible by using disposable sterile surgical sheets during thespaockaly

using similar operating theatre set-ups. Nevertheless, subjbaterbagn able

to identify their treatment allocation from procedure-speci ovees)eendering
complete blinding unfeasible. Furthermore, since the curtsrdnedalsed on

only a portion of the nal sample size, the results are undezgaand may

be subject to type-Il errors (i.e., false-negative ndings). Lasihglehecater
nature of this study, which is being conducted at a tertiary referral @agnter, m
limit the generalizability of the ndings to the broader populatioreotsatith

TMJ disorders. Future studies incorporating a multicenter dédignhaoge the
external validity and, thus, increase the generalizability.

One of the main strengths of the current study lies in its rigorous dastgrizeda

by randomized subject enrolment and researcher blinding. Adiittoamal priori-
determined sample size allows this study to be the rst one compargswppythro
with arthrocentesis that achieves suf cient statistical poweclugeni of a
comprehensive set of patient outcomes allowed a comprehensive fiterpreta
of the clinical effects of the treatments. The use of the MFIQ as a patteht-repor
outcome measure provided an accurate assessment of eatk patith status,

free from clinician interpretation. Furthermore, mixed-modeiss afialyed the
longitudinal evaluation of outcomes after both interventions.

Conclusively, these preliminary results suggest a superioribe-dfaséd
arthroscopy over arthrocentesis in reducing pain during mendibuément
and/or function for the treatment of TMJ pain and dysfurftéiofiZamonths of
follow-up. No differences between the interventions were observeidgebard
outcomes of pain at rest, MMO, protrusive and lateral movementssésinandi
mandibular function. More de nitively, better-powered results willlisbgd after
the completion of the trial.
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CHAPTER 8

Abstract

When arthrocentesis for temporomandibular joint (TMJ) disorders provides
insuf cient symptom relief, retreatment involves non-surgitakiite re-
arthrocentesis, arthroscopy, open joint surgery @itdtaplacement. The optimal
retreatment strategy after unsuccessful initial arthrocemaisis unclear. This
retrospective cohort study assessed 5-year retreatmenesiatier unsuccessful
initial arthrocentesis in adults with TMJ arthralgiairifeymutcome was patient-
reported success at 5 years, de ned as adequate perceived treatmemt witho
further intervention need. The secondary outcomes were retreatedlenterev
and associated success rates. Of 438 subjects, 136 (31%) receivaudertreat
and were included. Retreatment was successful in 114 (83%) subjeotsal Addit
retreatments beyond the rst one, regardless of treatment type, wasiatddss
with success after 5 years (OR 1.00 (95% CI 0.95-1.06); p30.®rger symptom
duration before initial arthrocentesis was associated withdtreatment success
(OR 0.985 per month (95% CI 0.976-0.994); p= <0.001). Success rates did not
differ between arthroscopic lysis and lavage, arthroscopic surgeey ¢wiot
surgery compared to re-arthrocentesis as retreatment. Conctasredleatments

may contribute to success, but additional retreatments offer lineited\be
retreatment type does not signi cantly in uence outcomes, desigioid be
individualized. Moreover early arthrocentesis seems essemipmbfong outcome

and preventing disease progression.
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Introduction

Temporomandibular joint (TMJ) disorders represent a common disapefs
affecting approximately one third of the general poptl&ionptoms like pain
and dysfunction, although not always present, can signi cantly umapgjiraj
life by affecting daily functions such as eating, speaking and faughiomg
the various treatment modalities, arthrocentesis is widely afareptgibnts
unresponsive to conservative, non-surgical treatment marfagement

Despite its effectiverf@snitial arthrocentesis does not always result in adequate
symptom relief. In these situations, further interventions, sudhrasertesis,
arthroscopy or open joint surgery can be performed to manage symptonhg. Current
there is a signi cant variability among clinics regarding the timing imedotho
these subsequent interventions. Decisions are oftdibgaidecian expertise and
patient factors rather than standardized, evidence-based guithiniaghting

the need for robust studies to optimize treatment strategiesr Ardeastanding

of retreatment outcomes may help guide more consistent, dadedaiecision-
making and support individualized management strategies.

Although the topic is clinically relevant, the current literatureflask# slata
regarding the outcomes and prevalence of necessary retreatments following
unsuccessful initial arthrocentesis. Previous studies showedl ledfect 8
regarding pain improvement and maximum mouth opening improvement for
repeated arthroscopy after unsuccessful arthroscopic®sukgmgver, research
investigating the entire spectrum of subsequent treattogrnitg) funsuccessful

initial treatments for TMJ disorders remains scarceki@xdedge, no previous

study has comprehensively investigated the outcomes of netseftmEMJ
disorders after unsuccessful initial arthrocentesis.

The present study aims to evaluate whether the number andttgpénoémes (i.e.,
re-arthrocentesis, arthroscopy, open-joint surgery, andribtaljeicement) are
associated with patient-reported success at 5-year follow-up andarghfalgia
patients who experienced insuf cient symptom relief follovahgrihitocentesis.
In addition, the prevalence of retreatments and their associated aescass r
examined.
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Methods

Study design

All study participants of this retrospective cohort study were ttethied a
University Medical Center Groningen (UMCG), the Netherlands, areidiaay
center and expertise center for TMJ surgery. Medical records oftgéady su
who had undergone TMJ arthrocentesis at least ve years prior werareviewe
retrospectively and consecutively, starting with the most resemtdpsogressing
chronologically backward.

Study population

All participants included in the current cohort were 18 ydarslanand received

a surgical retreatment after an unsuccessful initial arthroaahie&epartment

of Oral and Maxillofacial Surgery of the UMCG. The initial arthrosevassi
performed for TMJ-arthralgia, which was proven with a diagnosticticutara
injection with articaine (4%) and epinephrine (1:100800®jividuals were
excluded if they had systemic rheumatic or connective tissue disargers, bo
ankylosis, congenital or acquired dentofacial deformitiesy hmoiuth opening

that was not arthralgia related or previous trauma leading to jaw or TMdpain, bo
changes or growth impairments. Additionally, subjects were exdheletiad
surgical treatment of the joint prior to the initial arthrocentesis amtentiion
regarding symptom duration or follow-up data were lacking.

Outcome measures

The primary outcome was the patient-reported success of the ovatralbnetre
trajectory at 5-year follow-up. Success was de ned as the patientivsiibgicty

of suf cient therapeutic bene t and the absence of a need for further mmerventi
The secondary outcomes included the prevalence of each retreatment and t
associated patient-reported success rates. Subsequent sr@areardtegorized

as re-arthrocentesis, level | arthroscopic lysis and (Alayearthroscopic surgery
(AS), open joint surgery (OJ; i.e., condylectomy, or (gap)arthrepldsotal joint
replacement (TJR).

Statistical analysis

The normality of continuous variables was assessed using visual misReio
plots and the Shapiro-Wilk test. The non-normally distributed datassebed
as medians with rst and third quartiles (Q1-Q3). Characteristicsrisompa
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between the successfully and unsuccessfully retreated groupfevereghasing
the Mann-Whitney U test and the Chi-squared or Fisher’s Exact test.

The overall 5-year success rates and retreatment prevalence apdnubnges
success rates were presented as frequencies and perceGagEslized
estimating equations (GEE) models were employed to assess the effecodf numb
retreatments and type of retreatments on patient-reported sucgeasfatlbw-

up while accounting for repeated measurements per subject overdufitamrin a
since primarily the duration of symptoms was associated with ttiatosss

in this cohottthis predictor was also included in the model as prognostic factor.
Additional retreatments were included as time-varying variatbestiag for the
speci ¢ timing and sequence at which they were performed duringgolltwe-u
concordance index (C-index) was calculated to assess tHis giedeéminatory
performance.

Results of the GEE model were presented as odds ratios with corresponding 95%
con dence interval (95% CI). Statistical analyses were conduaed, wsrsion

4.5.0 (R Core team; R Foundation for Statistical Computing, Vieraausingsri

the geepack packa$fe A two-tailed p-value of 0.05 was considered statistically

signi cant.

Results 8

From the total cohort of 691 patient records dated between March 2000 and
March 2020, 438 patients were initially treated with arthroce@égiese, 136
(31.1%) underwent retreatment within 5 years and were included iretite curr
study. Among the retreated subjects, 114 (83.8%) reported treatioess at
5-year follow-up. Baseline characteristics of the retreatmentigaogidepicted
intable 1

Results from the GEE model (C-index = 0.696) indicate that addiéan@eets
beyond the rst, regardless of treatment type, did not signiatentgye patient-
reported success at 5-year follow-up (OR 1.00 (95% CI 0.954:06)379).
Furthermore, ALL (OR 0.98 (95% CI 0.88-1.07); p= 0.603), AS (OR 1.03 (95% ClI
0.92-1.16); p= 0.598) or OJ (OR 0.99 (95% CI 0.86-1.13); p= 0.846) comtpar

to re-arthrocentesis as retreatment were not associatepwitednsuccess.
Lastly, the duration of symptoms prior to the initial arthrocentesis caashgign
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negatively associated with retreatment success at 5-year folldwveu@8®Eper
month (95% CI 0.976-0.994); p= <0.0@Tjable 2)

Table 1Characteristics of retreated patients.

Total Successful Unsuccessful p
(n=136) (n=114) (n=22)

Male, n (%) 11 (8.1) 10 (8.8) 1(4.5) 1.000
Age in years, median (Q1-Q3) 36 (24-51) 34 (24-51) 43 (25-57) 0.239
Duration of symptoms in months, 23.5 22.0 76.0 0.012
median (Q1-Q3) (12.0-60.0) (11.75-42.25) (12.3-132.0)
Diagnosis

ADDwRn (%) 31 (22.8) 27 (23.7) 4 (18.2) 0.573

ADDwoRn (%) 48 (35.3) 43 (37.7) 5(22.7) 0.178

DJDn (%) 60 (44.1) 48 (42.1) 12 (54.5) 0.282

Abbr.: Q1-Q3 rst to third quartile; ADDwWR anterior disc displacethergduiction; ADDwoR anterior
disc displacement without reduction; DJD degenerative joint disease

Table 2 Results of generalized estimating equations on patient-reported success

Predictor OR (95% CI) p
Number of retreatments 1.00 (0.95-1.06) 0.879
Retreatment type (ref = AC)
ALL 0.98 (0.88-1.07) 0.603
AS 1.03 (0.92-1.16) 0.598
0J 0.99 (0.86-1.13) 0.846
Duration of symptoms 0.985 (0.976—0.994) <0.001

Concordance index = 0.696. Abbr.: OR odds ratio; 95% CI 95&enoca interval, AC re-arthrocentesis;
ALL arthroscopic lysis and lavage; AS arthroscopic surgery; O.hbgerygiy, Nretreated subjects,
N, subjects in total cohort.

total
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The retreatment course differed between subjects, with a varidigrintypen

and sequences of procedures perforfrigadie 1) Re-arthrocentesis (84) was

the most commonly employed retreatment after unsucceslsfuthirottentesis

and was successful in 53 (63.1%) of the subjects. ALL was performed astretreatmen
in 19 subjects, from which 7 (36.8) experienced adequate symptom reksf. AS w
performed in 51 subjects, from which 30 (58.8%)vessslymptoms. OJ was
performed in 31 subjects, from which 24 (77.4) resolved syn(iguns 1).

Finally, no TIR was performed in all the subjects within the rst 5 yeatal after ini
arthrocentesis. The sequential retreatment pathways and susoésstragment

types are depicted igure 1.

Discussion

This study assessed the outcomes of retreatments after unsuciadssful ini
arthrocentesis over a two-decade period. Within 5 years afterthitieemntesis,

31.1% of the patients received a retreatment. From the retreatés] 830386
achieved adequate symptom relief at 5-year follow-up. Symptomssoiedr

with re-arthrocentesis in 63.1% of cases, ALL in 36.8%, AS in 58.0% and OJ in 77.4%
of the cases. No patient progressed to TJR within 5 years following fuhsuccess
initial arthrocentesis.

Additional retreatments beyond the rst, regardless of type, did ircangign
affect the likelihood of treatment success at 5-year fallGlinigally, this suggests
that the bene t of further retreatments after an unsuccessful rst @nknmiay b
potentially because these patients are more likely to present wighenoeng
chronic conditions. Similar ndings were reported previously,ngdicatiwhile
arthroscopy may reduce the percentage of patients reqpgmdMJ surgery,
it may also lower the success rates of subsequent treatermcismgared to
patients who did not receive arthroséopy

Furthermore, ALL, AS or OJ as retreatment modalitiesl [ziavilde outcomes
compared to re-arthrocentesis. The absence of a clear superianeatreat
modality supports the current recommendation of a stegatreerit approach,
beginning with the least invasive option in most dasefack of signi cant effect
for retreatment type may re ect indication bias, wherenvese treatments are
typically reserved for patients with more advanced diset@seigly masking their
true ef cacy. The ndings that neither additional retreatments beyosidnibie
the speci c retreatment type signi cantly in uenced eatontcome highlight
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the importance of an individualized approach for retreatment sgjectan by
patient preference, anatomical factors and clinician judgement.

Although data regarding retreatment ef cacy after unsuccesshdemtesis
remains scarce, the ndings of the current study align with previeuaditatiag
successful retreatment outcomes following unsuccessful artftossepgral
factors have been implicated to potentially in uence the responsiveaksstef
to initial arthrocentesis, such as the symptom éukratittvermore, the preoperative
disease severity and the extent of bony changes in the cdhthdg also impact
outcomes. Additionally, improper selection of patients, surgedenerp@ost-
operative complications and improper postoperative care have alldrgieed

as potential contributors to treatment failure

In the current GEE model, a longer symptom duration was signi canthgdssocia
with lower treatment success at 5-year follow-up, conststpnevious ndings
These results support previous reports highlighting the importanely of t
interventidfri®. In this context, retreatments cannot ‘correct for’ the negats/e effec
of a delayed initial arthrocentesis. Combined with theaabsiarited bene t of
additional retreatments, these ndings suggest that the window wingypor
recovery may be early in the disease process.

One limitation of the current study was its retrospective design, echarh tredi 8
accuracy and completeness of patient records. In addition, becaataaptr
orders were individualized for each patient, this may have introducgdea de

of selection bias, where more subjects with more severe symptoms cgeeived m
invasive treatments. Furthermore, while retreatment numbernveere typalyzed

using GEE, the low number of subjects who did not achieve success ab®-year foll
up disallowed detailed analysis about particular treatment ssyaaddiming
between procedures, or the addition of more predictor variables insticaktat
model. Given the complexity and heterogeneity between treatjeturiea

and clinical decisions made, current conclusions should be considehedisyp
generative rather than conclusive. Furthermore, it needs to be dgkddivéd

the patient-reported outcome measure is subjective in nature anuduireydible

to bias. However, the use of this outcome with robust analysgs@tleminsights

for the clinical practice, where clinicians often rely on patient feedjosad their
decision-making process. On the other hand, notable strengthsayf ithelisdie

the substantial patient population and the long-term follow-up periadgallow
meaningful, population-level insights on the long-term.
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Future studies should ideally be performed with a prospectizenteultiesign to
facilitate larger sample sizes. This approach would enhance gévilirabzshe

results and allows more detailed analyses of retreatment typesreptnent
sequences and patient subgroups to whom this applies to. This would allow a
deeper understanding of the treatment strategies and enables morezpdrsonali
decision-making. Lastly, the use of standardized, objective atidesobjieomes
measures, such as the interincisal maximum mouth opening, pain sceres and th
validated, quanti able, patient-reported outcome Mandibulardfumsgiairment
Questionnaire (MFI®)is necessary to allow cross-institutional comparisons and
interpretations.

Conclusively, retreatments following initial arthrocentdd#Jfdisorders occur

in roughly 31% of patients. From the retreated subjects, 83.8% neyainiet
success at 5-year follow-up. While rst retreatments may condribaitierit-
reported success on the long-term, further retreatments appearimatbdve |
bene t. The window of opportunity for recovery may, therefore, be early in the
disease process. Given that retreatment type does not signi caotlguogess,
decisions on retreatments should be individualized based on patiemfesmd su
factors, next to considerations about treatment invasivenesgsrasolcosts.

Early intervention is essential for improving treatment outcome artthgrev
disease progression toward chronicity.
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CHAPTER 9

“Form follows functionThis Bauhaus design principle postulates that the shape
or design of an object should be determined by its function. This idea parallels
current approaches to the management of degenerative temporomgodibular
(TMJ) disorders (which in this thesis refer speci cally to symptg@iadiatee

joint disease and disc displacements), where treatment shoutd pyionitiom

relief and function restoration, rather than attempting anatomicaconmedc-
manipulation®. Once normal joint function is restored, the surrounding structures
often adapt to a new balance without requiring anatomical modi cation.

The rst-line treatment option in TMJ disorders involves coasanrasurgical
treatments, aiming to reduce joint loading and in amaf&ticgduidelines
recommend the performance of minimally invasive surgery, such agpgrthrosc
and arthrocentesis, only when conservative, non-surgical treaéniesu$ ecient

in alleviating symptorfisOpen joint surgery, such as discectomy, (gap)arthroplasty
and total joint replacement, often permanently alter anatomical strodtares a
indicated only in a very select group of cases, e.g., end-stage joint tiegenera
and ankylosis.

Although the current stepwise treatment frameworkdoegiye TMJ disorders
provides guidance, its evidence base supporting the consersatygproach
remains limited. Several challenges exist within the current ppasaaign. First,
both the ef cacy and optimal timing of minimally invasitredrda in degenerative
TMJ disorders are not well de hddading to uncertainty about when clinicians
should escalate from conservative to surgical treatnsefdacK lof consensus
contributes to variability in clinical practice and potential, uangcdedays that
may contribute to chronic TMJ pain and reduced treatment respchSesoesk
the indications and ef cacy of arthrocentesis and arthroscopy renfaiiemtly

de ned, as few, high-quality studies have compared thesqueskdirectly. Third,
limited evidence exists on how to manage patients with degeneratiserdbts
who do not respond to initial minimally invasive surgery, including ebeatto r
a procedure and when to escalate.

Together, these gaps de ne the central aim of this thesis: to rede eeothe rol

minimally invasive surgery in degenerative TMJ disorderblishexjdheir place
within the broader treatment framework.
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GENERAL DISCUSSION

Ef cacy of arthrocentesis and its timing

The rst part of this thesis examined the ef cacy and diptiimguof arthrocentesis

for degenerative TMJ disorders. Before determining the optimalotiming f
arthrocentesis (de ned here as its position within the treatmemtrkamrelation

to symptom duration and response to conservative therapy), it wasynecessa
establish whether arthrocentesis provides clinically meaningfubbgond
continued conservative treatment. Questions regarding the apimgaobfti
arthrocentesis are only relevant if conservative treatmentssiit motoenparable
outcomes. Establishing this comparative effectivenesdoiethgurerequisite

for subsequently evaluating whether earlier intervention with aetbisoo®any
improve treatment success.

Chapter 2 comprehensively compared the ef cacy of arthrocentesis with
conservative treatments in a systematic review with meta-addhaisequential
analysis. When considering only randomized controlled trials (Rdsgraesis
demonstrated superior pain reduction at short- and intermediabdeteronpf

A statistically signi cant superiority in maximum mouth openingsmngpro
was, however, clinically irrelevant. Other outcomes such as mandittidar, fu
joint blocks and noises, lateral and protrusive movements, gdalanaiclst-
effectiveness were insuf ciently or too heterogeneously reportedrteeathingful
synthesis. These ndings were strengthened by the results of ttieaRET 3n
where arthrocentesis demonstrated superior ef cacy over noalstergiments
for pain reduction sustained over the long-tebnyd€ars), while both treatments
showed similar improvement in mandibular function. Togetheudiesseost rm
arthrocentesis as a durable intervention that is superior to camsaredtipain
management.

These ndings are consistent with proposed biological mechanisitriavddein
Arthrocentesis is hypothesized to ush out intra-articulanat@ymediators that
perpetuate synovitis and pain, hence immediately contributingdogeeation

of the intra-articular homeosta8isThe observed superiority of arthrocentesis
over conservative care supports this rationale and indicates tadraetis is

an effective treatment modality for TMJ disorders.

Chapter 4evaluated the in uence of the timing of arthrocentesis for painful TMJ
disorders in a two-decade cohort study and demonstrated that edaohaddit
month of symptoms prior to treatment was associated with a 2.6% lower odds of
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patient-reported success, suggesting that delayed arttsisaaatecompromise
treatment outcomes. Furthermore, patients treated within 6 freymiiptoon

onset had a 2.7 times higher odds of experiencing treatment success compared
to patients who were treated after 6 months. Collectively, theaesitpters

2-4 imply that timing of arthrocentesis is an important determinabnehtrea
success in degenerative TMJ disorders. Early consideratiomif.®. manths)

of arthrocentesis may also prevent the transition from acute to chr@imcgain
delayed adequate treatment risks the development of centrabSensitjz

which may diminish responsiveness to subsequent intéfvénttbisscontext,

the window of opportunity for recovery may be early in the disease process.

Beyond biological considerations, arthrocentesis als@uoifg#isal advantages
compared to conservative treatments. It is a single predictablerpradeld
conservative treatments are often extended over a prolonged pemed(fof ti
example, splint usage and medication consumption or multiple phpgiother
sessions spanning over several weeks or months), variable in nagypenaiedtd

on the often low patient complidhc€hese factors of conservative treatments
increase disease burden and complicates decision-makeajoemnt escalation.
Moreover, prolonged conservative treatment may be less cost-effectiive du
higher societal costs incurred during the treatmentparstbject that warrants
further economic evaluation in future research.

The ndings ofhapters 2-4align with previous systematic reviéwsggesting
that earlier arthrocentesis may result in better outcomes in gataggenérative
TMJ disorders. In contrast to those reiesyster 4provides direct evidence that
delaying surgery is associated with reduced success. Neverheetgsanal
timing of intervention for degenerative TMJ disorders remains undsatay, N
prospective, but non-randomized, studies in arthié&tbaye similarly reported
better outcomes when treatment is performed early rather than latecashe d
process, showing parallel support for the importance gf tioimever, these
results cannot be directly extrapolated to arthrocentesisiv®elaiti cation
would require a RCT comparing early versus delayed arthroddtitesitely,
clinical decision making should balance the potential bene terfiagetvention
(do not delay) against the risk of overtreatment (do not harm). Thepmptaci a
would be to let the decision of escalation to be guided by determiskngatients
for unsuccessful conservative treatment, considering synepiiynaise\duration
and psychosocial and quality of life factors.
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Arthroscopy versus arthrocentesis

The second part of the thesis examined the comparative ef cacy abpythros
versus arthrocentesis, a topic where robust evidence was lacking. Most TMJ
arthroscopy studies are non-randomized studies without goouips, and
considering the natural self-limiting course of degenerative Tkigisare
therapeutic effects of arthroscopy have been dif cultrtifgimthese studfes'.

The systematic review with meta-analysis and triattsdcum®alysis presented

in chapters 5and 6 indicates that arthroscopy and arthrocentesis result in similar
pain reduction and complication rates in patients withedatjpes TMJ disorders.
Arthroscopic lysis and lavage was statistically superior in incredsnugmnacuth
opening at intermediate-term follow-up. There was insuf cient evidéiatdéea

to draw any conclusions for the outcomes mandibular function, joint blocks an
noises, mandibular range of motion, quality of life, and ecsireffess, nor

for the comparison arthroscopy versus conservative care. Theeoizendyl of
evidence was low to very low due to inconsistent reporttigsesnple sizes

and substantial methodological limitations, making the coraprediey of the
treatments dif cult to quantify.

Chapter 7provides the rst comprehensive, robust, comparative evidence between
of ce-based arthroscopy and arthrocentesis in a randomizedIlledntrial
(DIAMOND-trial). Preliminary results suggested that arthnescdi@d in greater

pain reduction, while improvements of other outcomes such as maximum mouth
opening or mandibular function (although borderline signi cantimiéaie $he
discordance between these ndings and thosectiapter 5Smay be partially
attributed to the use of subsynovial corticosteroid injections, gemtreau

has been previously shown to be effective at alleviatiffgpanal performed

in chapter 7 but not in previous comparative studies between arthiraadop
arthrocentesis. While these preliminary results carefully suggestoatgu

of arthroscopy, nal results from the full cohort are required befatesele n
conclusions can be made.

The interpretation of studies on TMJ arthroscopy must account famlsubstant
technological advancemeiitsince its introduction by Onishi in M odern
systems utilize higher-de nition optics, smaller instruments angedorimed
in an increasing amount of circumstances under local arfésthesiking older
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studie¥*° increasingly less representative and comparisons across timdesusceptib
to temporal bias.

Beyond clinical outcomes, practical and societal consideratioit @0
considered when choosing between arthroscopy and arthrecéntesbscopy
requires higher technical pro ciency, specialized equipment and claiidiagt tr
which requires adequate infrastructure in specialized units, |lyolieritiag its
widespread adoption. In contrast, arthrocentesis is less tgcth@matiding,
requires fewer resources and may thus be more accessible, makindaitlyartic
suitable for general oral and maxillofacial practice or practitioners without
specialized arthroscopic surgical training and expertise.rrorghéine economic
appraisal of treatments is also essential to considezudsetisChapter 6 such
evaluations can be performed through cost-effectiveness anatygbsesn bhsical
outcomes and cost—utility analyses based on quality-adjusteddif@Qydar’s).

A comprehensive analysis should include direct (e.g., equipmatitigopme,
personnel) and indirect medical costs (e.g., additional intervensbakilitation)

as well as direct and indirect non-medical costs (e.g., prodiossas, travel
expenses, and patient contributi@fs)Although arthroscopy incurs higher
initial costs, it may ultimately prove to be cost-effective by reduciegce,
absenteeism or the need for subsequent retreatment. Howesteevidbnce
regarding economic evaluations is still lacking.

Finally, it is important to consider that arthroscopy offers thegedetidieect
visualization of intra-articular structures and targeted therapaneuvers,
allowing additional diagnostic insights when initiahteeatis unsuccessful.
Identifying patient subgroups who are most likely to bene t fromttiveseapic
advantages may result in developing a treatment framework winéeetroques
are complementary to each other rather than competitors, wignoeachure
having distinct indications depending on patient charactersiioser availability
and surgical expertise.

Retreatment options when arthrocentesis fails

The nal challenge addressed in this thesis concerns the managemensof patient
with degenerative TMJ disorders who do not experience adequatenstigito

after initial arthrocenteshapter 8shows that approximately 31% of patients
initially treated with arthrocentesis undergo retreatment, wisishs cofnre-
arthrocentesis, arthroscopy and/ or open joint surgery. Imgp8&8&o of those

252



GENERAL DISCUSSION

who received at least one retreatment achieved patient-reportedasicgeas
follow-up, resulting in an overall 5-year success rate of apprgx@hdeif the
full treatment trajectory. No patients underwent a total joint replactrimetitevi
rst ve years, most likely indicating the slow progression of TMJ degearca
that the treatment is generally reserved for severely disabling editetage

Howeverchapter 8demonstrated that while the rst retreatment provided added
bene t, subsequent retreatments did not signi cantly increasdsHerddng-

term success, indicating decreasing therapeutic effects withresichergt as
disease chronicity increases. This diminishing theraffeaticoncurs with the
negative association between symptom duration and treatment sinoesagre

the notion that the negative effects of a delayed initial treatment eduihot b
compensated by later procedures. Together, these ndings sugbesttimataw

of opportunity” for optimal bene t from arthrocentesisaligsie the disease
process (e.g., within 6 months, as discussed in chapter 4).

The results are consistent with studies reporting that repecoy thrag yield
favorable outcomes after unsuccessful initial arthfé&tdpyis suggests that the
current treatment framework should not be viewed as a rigid stepwide hiera
but as a continuum in which repeating the same surgery may be appropriate in
some cases. An initially unfavorable outcome should therefore natallydmeat
interpreted as a de nitive treatment failure requiring treatméattascaimilarly,
symptom recurrence after an initially successful interventiotifynegpgesting

the same procedure.

Despite this, a clear evidence-based framework for retreatmielatskimgtand it
remains unclear which retreatment modality is most appropriateisits@tions.
Chapter8 showed that retreatment type does signi cantly in uence success beyo
the rst retreatment, highlighting that decisions beanttividualized and guided

by anatomical considerations, clinician judgement and overall clmiext
instead of procedural hierarchy alone. The development of a strigtuitidna
could help reduce variability and aid clinicians in making appropriaterdein
retreatment sequencing.

Finally patient factors need to be carefully evaluated. Repeatedgrsicaitaures

may contribute to treatment fatigue, undermining patient o ded
adherenc®, and increase healthcare costs. In this context, prolonged treatment
trajectories without proper patient guidance may also promote “nhegicsigs,
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particularly with patients with unmet expectations. Sharedrde@kiag is
therefore essential. Patients should be informed about the redilncext |dde
bene t with each additional retreatment and the associated risksy alidwidual
cost-bene t assessments to guide whether further interventioing avhirtheir
expectations.

Quiality of evidence and clinical interpretation

Quiality of evidence

The ndings of this thesis should be interpreted in the context of the gie&hodolo
quality of the available evidence. Regarding arthrocentesis vessngative
treatments for degenerative TMJ disorders, the primary apadgsesed in
chapter 2demonstrated high quality of evidence for short-term pain improvement
and moderate quality of evidence for intermediate-term pain improveiment an
maximum mouth opening improvement according to GRADE"&ité&rial
sequential analys€scon rmed that the required information sizes were met,
indicating that outcomes were not subject to false-geuatfaisions. Together
with the results from the RCGhapter 3 there is a reasonable certainty in the
therapeutic value of arthrocentesis and its superiority over deadezaainents

in pain reduction for degenerative TMJ disorders.

Contrarily, the comparative evidence for arthroscopy vettsusemtesis for
degenerative TMJ disorders presentetidpters 5and 6 was low to very low,
largely due to the lack of RCTs, small sample sizes, unexplained aitisogen
between study results and the overall high risk of bias. Refgumadiam sizes

were not met in most analyses after trial sequential analyses. Hensgenar e
gaps existed at the time of revighapter 7addresses this gap through a rigorously
designed RCT, but the results remain preliminary and underpowerede, Therefor
evidence regarding the ef cacy of arthroscopy versus arthrocentesis oémain
reduced quality and de nitive conclusions cannot yet be drawn.

Finally, the retrospective cohort studigsapters 4and 8 should be viewed as
hypothesis-generating. Their retrospective design potentoallyces selection
and attrition bias, particularly because treatment and retreatricaas cbiold
have been clinician dependent and possibly in uenced by diseasg aederit
anatomical considerations. Hence, observed results, whileuinseiire
con rmation in future prospective studies.
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Clinically relevant differences

Statistical signi cance does not always re ect a clinical bene t fartpaln TMJ
disorder research, the minimal clinically important differencé igvidiiinated

as 9-19mm absolute pain improvement on a 0-100 visual analotf,scake

10-20% relative improvement, with a 30% reduction indicating a modecate cl
differencé&. For maximum mouth opening improvement, the MCID is estimated to
be 6-9mm improveméht

Considering these thresholds, the short- and intermediabetiween-group
differences in pain reduction observechapter 2(14.5mm and 14.2mm in
favor of arthrocentesis), represent both statistically signndanliracally
relevant improvements. In contrast the between-group differenagisniom
mouth opening improvement (2.2mm and 2.4mm in favor of arthrocentesis)
were statistically signi cant but clinically irrelevachajpter 3 the long-term
between-group difference in pain reduction (10.2mm) falls within dh#eabs
and above the relative MCID range, indicating a clinically meanimgfgh th
modest, benet of arthrocentesis over continued conservative vareerHo
because the estimated treatment effect re ects the average acriss Hageam
follow-up, it may underrepresent any early symptomatic bene t of aghi®mcent
Earlier short-term res@i|tthe initial trajectory of pain scorehapter 3 and the
short- and intermediate-term ndingshapter 2,all suggest that arthrocentesis
produces faster symptom reduction than conservative treatment$mptitien
degenerative TMJ disorders. This early advantage is clinically, retranlarly
when considering the tendency of some degenerative TMJ disordeosdo impr
spontaneously over time, causing between-group differences tecutrioaimg;

term follow-up. Hence, the true early clinical bene t of arthrocentesis ma
underestimated in the statistical model, but this could not be assessbé due t
absence of a “treatment-by-time” interaction in the maepter 5 the greater
increase in maximum mouth opening after arthroscopic lysis and latiegéorel
arthrocentesis (4.9mm) does not reach the MCID, indicating a ciirieaignt
difference. Nevertheless, the upper bound of the 95% con dence interng! (7.
of this outcome overlaps the MCID, suggesting that a clinically fééetaainaot

be ruled out for certain.@mapter 7the 22.4mm greater reduction in pain after
arthroscopy compared to arthrocentesis exceeds the MCID, suggetimipiyp
clinically relevant difference in favor of arthroscopy.
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Heterogeneity and generalizability

Heterogeneity in disease presentation, treatment approacheseandhres
remains a major challenge in degenerative TMJ disorders, limiigugloitity,
interpretability and generalizability of outcomes. Although tred diwecsity

in meta-analysis (CDIM)-tool indicated low overall clinical heterogerbéy
meta-analyses ohapters 2and5, a substantial variation was observed within the
interventiomlomain, particularly regarding procedural modalities and techniques.
Between clinics, the technical execution of arthrosdagyrancentesis may differ
considerably, including the adjuvant co-medication adminisigrelayéduronic

acid, corticosteroids, platelet-rich plasm&)the number of needles or portals
used”™°, the type of anesthesia (local or general) apigfiethe lavage volurtie

and irrigation uiét used, the arthroscopic surgical level performed (level 1, 2 or
3)%5% and the pre- or postoperative regimens employed. These differecices re
real-world variability in surgical practice and limit comparability studses.
Overcoming this problem requires methodological standardization medteult
collaboration to ultimately increase the robustness of evidence.

Heterogeneity is also inherent to the TMJ disorders themselves. TM3 condition
encompass a spectrum of intra-articular pathologies, occur atthcurre
with myogenous disorders, and may vary in symptom presentatioral structu
degeneration and psychological bufd&h This makes it challenging to isolate
disease severity and treatment effects. Moreover, outcomes beyamd pain
mouth opening are inconsistently reported, limiting interprefabigrall disease
severity and hindering meaningful evidence synthesis.

Furthermore, the pooling of different diagnoses or padd¢edoniques ohapters

2 and5, which were necessary to allow evidence synthesis, could have reduced
external applicability. Lastly, generalizability may have beéed betause the
RCTgchapters 3and7) and cohort studiesh@pters 4and8) were conducted at

a tertiary referral hospital, where patients typically presentn@ideweoe, more
chronic or previously treated symptoms. As such, while the gviaded in the
current thesis provide valuable insights, caution must be exercissguplyhey

them to primary or secondary care settings.
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Clinical recommendations

1. Timely and responsive stepwise management

Conservative treatment should remain the rst-line option for alegeidnJ
disorders, but prolonged treatment without improvement risks unngogssany s
persistence and progression towards chronicity. Clinicians shemallaee
patients at de ned intervals and consider treatment escaddier early when
clinical improvement stagnates (e.g., within 6 months). €idemte supports
arthrocentesis as more ef cacious and predictable for pain reductiontihaaao
conservative care, with similar effects on mouth openiingy Haist suggest
that symptom duration is a predictor of treatment successcanthteeaarlier
intervention may be advantageous. Although the window of oppartikaty i
to be early in the disease, the exact optimal timing needs yet to be determined in
a prospective comparative trial. Early identi cation of non-respamil timely
referral or escalation are therefore essential. Neverthelesseatéisis remains
a surgical procedure and requires an individualized risk—bene t @Fgessm

2. Arthroscopy or arthrocentesis

Both arthrocentesis and arthroscopy are effective minimalhg ioptisins for
degenerative TMJ disorders, but high-quality comparative eviddhbimitedt
Preliminary results suggest a potential advantage of of ce-basestcagy for
pain reduction, while improvements in mouth opening and other outpeares ap
comparable. Arthroscopy provides additional diagnostic and thterapeabilities

but requires specialized training and infrastructure. Impatdmmtgcopy ranges
from simple of ce-based treatment to more advanced arthroscopic aualges
availability varies between centers worldwide. In settings withoexgertise,
arthrocentesis remains a simple, accessible and effective alternativ

3. Retreatment after minimally invasive surgery

Evidence on retreatment strategies following unsuccessfulymimiasive
surgery for degenerative TMJ disorders is scarce. Current, mostbsisyp
generating, evidence indicates that a rst retreatmentlicgieldtimeaningful
bene t, but additional retreatments beyond that do not activelputentoi
treatment success. Retreatments should therefore not be repeaately,irmohd
clinicians should reassess the diagnosis, evaluate psychosocial bowrnuabidi
involve multidisciplinary care when symptoms persist aftexdrepsatcessful
interventions.
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4. Multidisciplinary care and broader treatment goals

Since TMJ disorders are multifactorial and heterogeneous, effattnentre
requires addressing not only intra-articular pathology butratsdiztities, muscle
involvement and psychosocial factors. Although not directly relseatdbehesis,

a multidisciplinary approach can improve diagnostic accuracy and riteatme
ef cacy?®. Treatment should take place in a broader, holistic context and success
should be de ned beyond pain and mouth opening alone, incorporating&linctio
recovery, quality of life and patient satisfatt®imilarly, perceived “unsuccessful
treatment” should prompt reassessment of treatment goalshaspisytactors,

not automatic treatment escal&tidblear patient education and shared decision-
making are essential to align expectations.

Future perspectives

Scienti ¢ interest in TMJ disorders has expanded substantiallgdarthemvo
decades, with PubMed entries on “temporomandibular joint” igcneasérthan
three-fold since the start of this century. Despite this growtntikpmedge
gaps remain regarding disease mechanisms, diagnostics and optigeineana
trajectories. The following sections outline several directiongdaretearch
aimed at improving patient care.

Identifying at-risk patients for disease chronicity and progression
Although most TMJ disorders improve spontaneously, a subdtsetidéselops
chronic symptoms and progressive joint degeneration. Futurle sbeegddocus
on identifying at-risk patients for disease progression througlsteti@s clinical
characteristi€&**, psychosocial factét8®, imaginé*®’, molecular biomarké&ter
genetic¥. Quantitative measures such as the number-needed-to-treatlaerd n
needed-to-harm analyses may reduce overtreatment or harmfuedttagntr
Despite an increasing insight into individual risk factors|atied contributions
and interactions remain insuf ciently understood. High-qualpggiree studies
are therefore needed to clarify which patients are most biglteraeatment
resistance and disease progression, allowing more timely and tergtrtenht.

Developing predictive models for treatment selection

Current comparative studies evaluate TMJ surgical treatments atl,aldyeher
population level, implying that all patients share the saméimdidas does not
re ect clinical reality where patients differ in disease chaiastarighorbidities
and response to prior treatments. Future studies should therefanedmeloping
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evidence-based predictive models that integrate clinical @&mt-ppdici ¢ factors
to guide treatment selection. Such models are for examplé toegdiele the
selection between arthroscopy and arthrocentesis.

Diagnostic tools may play an important role in both the identi catiorslof at-ri
patients and the development of predictive models for treatewitnsand
success. Although conventional imaging modalities such as cammumgsgphy

(CT) and magnetic resonance imaging (MRI) are frequehftlyr asagnosis, their

role in guiding treatment choice or predicting treatment responsesiadiede
Previous studies show an association between MRI-detected joint edfusion an
symptom sevelity®’°, but validated imaging biomarkers of disease progression
and treatment responsiveness are still lacking. Emerging techri@egiesidl
intelligence-assisted image analysis, may help detect indicasemsefgbverity.
Including these advanced imaging tools into predictive framewat ks gmye

early identi cation of patients at risk for chronicity, optimizesd@cininimally
invasive procedures and enable better monitoring of treatmergerespon

Expanding treatment outcomes

Current clinical research primarily evaluates whether symptoruallgvent
resolve, but this outcome does not fully re ect patient-relevamiesdtcclinical
practice. Because many TMJ disorders improve spontaneously overdieef the
improvement might be just as clinically meaningful as haf lee@very. In this
context, arthrocentesis or arthroscopy “buy time” by accelsyatippm relief.
Future studies should therefore also assess the speed of symptorantrgogrdvem
functional recovery. Furthermore, future studies should icEldde patient-
centered outcomes using validated tools such as thé dtEh@ OHIP to gain

a more complete understanding of the therapeutic effects of thetsrdzdistn
economic evaluations like cost-effectiveness and cost-utyi#gsaaed needed

to determine the societal impact of treatments.

Determining optimal treatment timing

An important unresolved question is when conservative trehimoghtbe
considered insuf cient and when minimally invasive interventilohisesbtiared.
Although ndings from this thesis suggest that delayedemtidnss may reduce
the likelihood of patient-reported success, the speci ¢ timirchatritfiocentesis
provides most bene t remains unclear. Future prospefsally prospective,
controlled trials evaluating early versus delayed arthrocentebidariy when
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transitioning from conservative care to arthrocentesssnudkimal bene t and
whether a true therapeutic “window of opportunity” exists.

Treatment within broader biopsychosocial and interdisciplinary framework
Although this thesis focuses on intra-articular interyérttiomsesearch requires
moving beyond a purely structural or joint-centered perspectivésoriiersd
involve an interplay between structural, functional and biopsiaitiastor®- .
The correlation between structural abnormalities and symptonissawiety ™,
and psychosocial factors such as stress, anxiety, depressiapltatagstrongly
in uence pain and disability perception and treatment re§ponse

Despite this, psychosocial factors remain underrecdgoizeecognized in
isolation, re ecting the tendency to focus on isolated ddir@irbiomechanical,
molecular or psychosocial) in clinical practice and researchthathategrating
them into a uni ed comprehensive ntéd&lshift towards interdisciplinary models,
combining expertise of TMJ surgeons, dentists, physitshesygisologists, pain
specialists and neuroscientists is esSeRtmting TMJ disorder research within the
broader eld of pain science may facilitate a more comprehensiv&anmiag

of disease mechanisms and improve clinical management.

Biological mechanisms and treatment approaches

Finally, although outside the primary scope of this thegieraudderstanding of
molecular and cellular mechanisms underlying TMJ in amanatidegeneration
should be a target for future research. Pre-clinical researchrigtegykcular
biology and genetics may allow better understanding of disease etiology,
progression, treatment responsiveness and supportdlupment of novel
biologically targeted interventions. Emerging treatments, sucheasftivdras
articular adipose-derived stromal vascular fréotiostem-cell based therapies

may offer promising ways to modulate intra-articular homeostasarant w
further investigation.

Key ndings and conclusion

The current literature indicates that arthrocentesis for degemétd disorders
provides statistically and clinically superior pain reduction ctopzoaservative
treatments at short- and intermediate-term follow-up, whilecgi$ferenaximum
mouth opening are not clinically relevant. Other outcomes andectiserélss

could not be evaluated due to inconsistent or lack of refOhtapger 2)
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Arthrocentesis is more effective than conservative treatnredticing pain
during mandibular movement over 5 years, but both treatments riesildt in s
improvements in mandibular function for patients with degendrhtisoiders
(Chapter 3)

Symptom duration is negatively associated with patient-reported sticutial
arthrocentesis for degenerative TMJ disorders at 5-year follow-@oldiamial

month before arthrocentesis is associated with a 2.6% reduction in atiieof tre
success and patients treated within 6 months have 2.7 times higher odds of succe
than those treated later. Performing arthrocentesis at an egelieagtancrease

the odds of achieving succ@sapter 4)

The current literature indicates that arthroscopy leads to siméduptonrand

complication rates as arthrocentesis for degenerative TMJ diguidgtispagh

arthroscopic lysis and lavage results in a greater mouth-openingnraptothis
difference is clinically irrelevant. Conclusions are limited due todoida v
quality of evidence, indicating a current knowledge gap. Other outodroesta
effectiveness, and the comparison of arthroscopy versus ¢eassFaanents,
could not be evaluated due to inconsistent or lack of refOhtpder 5)

Preliminary results from the rst rigorous RCT suggestetbased arthroscopy
results in greater reduction in pain during mandibular movement ath$2 mont
compared with arthrocentesis for degenerative TMJ disordexsotinnil
outcomes are comparable between treatments. Final reswlesioently running
DIAMOND-trial are required before drawing de nitive conclug©@napter 7)

Approximately 31% of patients require retreatment after an ihit@deatesis
for degenerative TMJ disorders. Among those, 83.3% achieve patited-rep
treatment success at 5-year follow-up, indicating an overall 5-yeas sate
of approximately 95% across the entire treatment trajectoryt Tegeatment
offers meaningful bene t, but additional retreatments do not furdver sengress.
Retreatment type does not signi cantly in uence successtdegdgtion remains
essential for optimizing treatment out¢Gimepter 8)
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CHAPTER 10

Degenerative temporomandibular joint (TMJ) disorders are commogbdmana
through a stepwise treatment framework, in which conservatingasiva;i
reversible treatments are the rst-line option. These include patatibred
physiotherapy, splints and medications, aimed at reducing joint load, easin
symptoms and maintaining or improving function. When these measaires do n
provide suf cient symptom relief, minimally invasive bprgimedures such as
arthrocentesis and arthroscopy may be considered. Arthrooesmtesis ushing

the upper joint space of the TMJ to remove in ammatory mediators and aid joint
adaptation to a new homeostatic balance. Arthroscopy allowssliaatation of
intra-articular structures of the upper joint space and enables taey@tettions

such as releasing adhesions, injecting medication intd tissjmror performing
anatomical modi cations, while simultaneously ushing the joimjoDdpsurgery

is reserved for a select group of refractory cases involving severe fidddtibege

after all other options have been exhausted.

Despite the widespread use of this stepwise approachaimpoowledge
gaps in TMJ disorder management research contribute to varialtiiigaln c
practice. First, there is no consensus on when conservative treailddrg s
considered unsuccessful, which makes the timing of escalation tpimiagiva
surgery unclear. Furthermore, when minimally invasiventréatmdicated,
there is limited guidance on choosing between arthrocentesis rasdaayh
Lastly, it is unclear how to best manage patients who do not aelsgpiadely
to initial arthrocentesis. This thesis addresses thesergdpae the role of
minimally invasive surgical procedures and to support nsiseecband effective
management of degenerative TMJ disorders.

Ef cacy of arthrocentesis and its timing

Before determining the optimal timing of arthrocentesis (de newsitidts ip

the current treatment framework regarding symptom duration and cesmservati
treatment response) for degenerative TMJ disorders, its ef samyaluated
compared to conservative treatments. In chapter 2, a systematidtremetaw
analysis and trial sequential analysis was conducted tdestladueomparative

ef cacy of arthrocentesis versus conservative treatmeatdgefoerative TMJ
disorders. The last systematic search was performed in August 2024.r¥he prima
meta-analyses across randomized controlled trials indicated thatrigtyzion

(visual analog score; 0-100 mm), arthrocentesis resudtsthtistically signi cant

and clinically relevant superiority over conservative treatneoms && months,
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MD 14.5 mm [95% CI 9.7; 19.4], k= 9 RCTs, n= 545 subjects %@2+igd quality
of evidence) and intermediate-term follow-up (6 months to 5 years2Miin14.
[95% CI 7.3; 21.1], k=9 RCTs, n= 547 subjects, 12= 81% rat@dpiality of
evidence). Furthermore, a statistical superiority@déemtbsis for maximum mouth
opening improvement was observed at short- and intermediditdideronp, but
this was not clinically relevant. Trial sequential analyses suppootaastness of
the primary analyses. Results at long-term follow-up ( 5 years) @hnerfstualy
outcomes (i.e., pain at rest, mandibular function, joint btbokésas, protrusive
and lateral movements, quality of life and costs/ cosiveffiests) were either
lacking or too heterogeneous for meta-analysis. Overall, thisigtedysswith
moderate to high con dence that arthrocentesis is superior to tveseska at
short- (<6 months) and intermediate-term (6 months te)Fgl&aw-up for pain
management, but not for mouth opening improvement.

In chapter 3, a randomized controlled trial with long-term follo®yga(s)
was conducted comparing arthrocentesis with conservative tiedtmen
degenerative TMJ disorders. A total of 84 subjectsamel@nly allocated to
either treatment group. Linear mixed models indicated that aesisonilted
in greater pain reduction (visual analog score; 0-100 mm) over the lentigpofol
period compared to conservative treatments (pain during movedn2®imrh
[95% CI 17.86; 2.60]; pain at rest: 8.39 mm [95% CI 13.70; 3.08]). The
mandibular function improvement was similar between bpth §ewer subjects
required additional treatment during follow-up in the arthrecgnbep (6% vs.
26%). Conclusively, this study suggests that arthrocentesis isiembia pain
reduction than conservative treatments over the long-term, niaileingesimilar
mandibular function.

10

Because the optimal timing of arthrocentesis remained unde reedeadde
retrospective cohort study was performed of 438 subjects with pgémietats/e

TMJ disorders in chapter 4. This study evaluated the impact of syntgiorardura
patient-reported success of initial arthrocentesis over a 5-yehrGeneralized
estimating equations models indicated that longer symptom duratiorciagesdasso

with reduced odds of success (OR 0.974 per month [95% CI 0.988}),0

whereas treatment within 6 months of symptom onset more than doubled the odds
of a favorable outcome (OR 2.71 [95% CI 1.40; 5.26]). These ndings highligh

the importance of timely referral and early arthrocentesisnnitiptiients with
degenerative TMJ disorders.
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Arthroscopy versus arthrocentesis

Once minimally invasive surgery is indicated, clinicians can cho@sn betw
arthrocentesis and arthroscopy, yet the evidence regardindattiegr é&cacy

had not been clearly established. To address this, a systematic remetawit
analysis and trial sequential analysis comparing arthroscopy witbragbioas

well as with conservative treatments was performed in Bhdjptersystematic
search was last performed in February 2023. Arthroscopy was strati edrbased o
complexity into arthroscopic lysis and lavage (ALL) andcpic surgery (AS) for

all analyses. Meta-analysis indicated that arthroscopythrmtantesis resulted in
comparable pain reduction and complication rates. Alddrasalslightly greater
increase in maximum mouth opening at intermediate-term follow-up (6 Bonths t
years), but this difference was not clinically relevant. Adllwttveup intervals, and

in comparisons involving AS, no signi cant differences in maxintuopeiag
improvement were observed or insuf cient data were dwataience for long-
term outcomes ( 5 years), for comparisons between arthroscopy andatives
treatments, and for other study outcomes (i.e., pain at rest, mamaddbiaiay f
joint blocks and noises, protrusive and lateral movements, qéi@lgépdtbsts/
cost-effectiveness) was too scarce or heterogeneous for meis-@wvalsa!, no
differences were observed in ef cacy between arthroscopy and artsiecente
conclusions were limited by low methodological quality of theystutkes and
substantial heterogeneity across studies.

The letter-to-the-editor with reply in chapter 6 expands on thédigtasspter
5, emphasizing the need for comprehensive economic evaluationg oudtidin
effectiveness and cost-utility analyses, to place the clinical outdivitesusgery
within the broader context of societal and healthcare cotisiter@linically, this
implies that when arthrocentesis and arthroscopy demonstpatebte ef cacy

in symptom reduction, arthrocentesis may be preferred lieisassociated with
lower costs, fewer resource requirements, and less technical dereanulgeoth

To address the lack of high-quality comparative evidence, preliminayy ndin
from an ongoing randomized controlled trial are presented in chaphes 7.
study compares of ce-based arthroscopic lysis and lavagettitit@ntesis for
degenerative TMJ disorders over a follow-up period of 1 year. For tieapyelim
results, a total of 20 subjects were randomly allocated to eithemtrgetone
Multivariable linear mixed models showed a signi cantbeweduction in pain
during mandibular function (visual analog score; 0-100 mm) witlceantibscs
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compared to arthroscopy (22.42 mm [95% CI: 5.28; 39.57]). The secondary
outcomes (i.e., pain at rest, maximum mouth opening, maximum maogth openi
without increased pain, protrusive and lateral movements, j@st aiods
mandibular function) were not signi cantly different between ifgasvertiese
preliminary results suggest a potential superiority of arthoy&apyhrocentesis

in pain reduction after one-year follow-up, but de nitive conclustumse r
completion of the full trial.

Retreatment after arthrocentesis

Since the evidence on retreatment strategies following unsuccessfily min
invasive surgery was scarce, a two-decade retrospective cohort study was
conducted in chapter 8. In this study, the 5-year retreatment outtemes af
unsuccessful initial arthrocentesis were evaluated.ifppetk 31% of subjects
required retreatment, which consisted of repeat arthrocentieiscapy or
open joint surgery. Of those subjects, 83% were retreated sucaedishlilyyi

an overall 5-year success rate of approximately 95% across the etitientrea
trajectory. However, additional retreatments beyond the rst ondlesgaf
treatment type, did not improve long-term success at 5 years, suggesisig@l

ef cacy with each additional retreatment. Furthermore, retreatotlity did

not in uence outcomes, supporting individualized retreatmegiedrdtastly,
symptom duration before initial arthrocentesis was associatedewitildisnof
retreatment success in the retreated study population (OR 0.985 p&5fhonth [
Cl1 0.976; 0.994]), emphasizing the importance of timely intervention.

Integration and implications 10

In chapter 9, the ndings of this thesis are summarized and interpreted in the
context of the methodological quality of the available evidencelinfczl c
relevance and the heterogeneity in research and clinical practisegendral
discussion, the quality of evidence of each individual study ofsigsdisesssed,
distinguishing between more certain and less certain or hypothesissgenera
evidence. It furthermore emphasizes that treatmentledtddtbes interpreted in

terms of clinically relevant differences alongside statisticadigrgigesults and
acknowledges that heterogeneity in disease presentatiica) secniques and
treatment settings may limit generalizability of study results sedrehl re
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Following these considerations, four clinical recommendations arel pidyesse
include following a stepwise treatment strategy for degenerativisortieis]
starting with the least invasive interventions and escalating ttiaadntiemely
manner. Furthermore, the choice between arthroscopy amckatésis should
be individualized and based on clinical context, available resourcasgaot s
expertise. While a rst retreatment after unsuccessful arthisoceytssll provide
bene t, further retreatments are less likely to provide bene t dddesbto the
critical reassessment of diagnosis and treatment strategies.

Finally, future research should aim at addressing remaining knowledigd i
research, like identifying at-risk patients for disease chrenigibpidg predictive
models for treatment selection, expanding the range of treatmens aswessed,
determining the optimal treatment timing of minimally invasivensprogspgctive
studies, placing treatment within a broader biopsychosocial friaamsviurther
investigating the biological mechanisms underlying TMJ degeneration.
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Degeneratieve aandoeningen van het kaakgewricht (temporomandibuielity

worden doorgaans behandeld op een stapsgewijze manier, waasbijpebieve,
reversibele, niet-invasieve therapieén als eerste wgeten. iDeze behandelingen
omvatten onder andere een duidelijke voorlichting omtrent de aandoening en he
te verwachten beloop, (orofaciale) fysiotherapie, een stabjiisatplaat en
medicatie (zoals pijnstillers, spierverslappers of antidegrddst doel van

deze behandelingen is het reduceren van klachten en het verbeteren of behouden
van de functie van het kaakgewricht. Wanneer deze maatregeleloeamiel

effect hebben, kan minimaal invasieve chirurgie, zoalsraeseas artroscopie,
worden overwogen. Bij artrocentese wordt de bovenste gewrichtskahedr va
kaakgewricht gespoeld om ontstekingsstoffen te verwijderen en aptimtead
herstelproces van het gewricht te ondersteunen. Bij artroscopie asirtigtna
spoelen van het gewricht, ook directe visualisatie van de intectgggtmadturen
mogelijk gemaakt. Hierdoor kunnen aanvullende therapeutische handelingen
worden uitgevoerd, zoals het losmaken van intra-articulaire vgekiefi het
inspuiten van medicatie in ontstoken gewrichtsweefsel. Opsrtgelirurgie

wordt uitsluitend toegepast bij een selecte groep patiénten die endsigejen
degeneratie van het gewricht hebben en onvoldoende reageren op andere, minder
invasieve therapieén.

Hoewel dit stapsgewijze behandelalgoritme vaak wordt toeglegsistan er
belangrijke kennishiaten die bijdragen aan een grote variatie tussenlhatsande

met betrekking tot de praktijkvoering. Ten eerste ontbreekt er consensus over
wanneer conservatieve, reversibele behandelingen voor degemeratie
kaakgewrichtsaandoeningen als onvoldoende effectief worden beschouwd,
waardoor het optimale moment voor het inzetten van de daasopeafginimaal
invasieve behandeling onduidelijk blijft. Ten tweede zijn er onvoldadiede s

die artroscopie met artrocentese vergelijken, waardo@ude tussen beide
behandelmodaliteiten onvoldoende berust op wetenschappelijk bawliggdE

is er weinig bekend over de optimale behandelstrategieeer een eerste
minimaal invasieve ingreep onvoldoende effectief is. [@s siutlt proefschrift
onderzoeken de bovenstaande kennishiaten, om hiermee wetenschappelijk
onderbouwde handvatten te bieden voor meer consistente enesffedieran
minimaal invasieve chirurgie bij degeneratieve aandoeningen vangestiielak
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Effectiviteit van artrocentese en het belang van timing

Alvorens de optimale timing van artrocentese (gede nieerd als op melkt mo
deze wordt ingezet in het kader van het huidige behandelalgoritme) voor
degeneratieve kaakgewrichtsaandoeningen vast te stellen, statd effectiviteit

van artrocentese in vergelijking met conservatieve behandelingesteldst

op basis van de bestaande literatuur. In Hoofdstuk 2 wordtsesmadisch
literatuuronderzoek met meta-analyse en trial sequential analysevieesc
waarin de effectiviteit van artrocentese werd vergeleken mevateser
behandelingen. De laatste zoekactie in de literatuur werd uitgevagusing
2024. Meta-analyses van uitsluitend gerandomiseerde onderzoeken met
controlegroep (RCT’s) toonden aan dat artrocentese statistisistiésiperieur

was aan conservatieve behandelingen met betrekking tot pipeengi(visual
analog score; 0-100 mm) op zowel de korte (<6 maanden, MD 14.5 mm [95%
Cl1 9.7; 19.4], k= 9 RCT's, n= 545 proefpersonen, 12= 48%, hogealitigst)

als op de middellange termijn (6 maanden tot 5 jaren, MD 14.2 mm [95% ClI
7.3; 21.1], k=9 RCT's, n= 547 proefpersonen, 12= 81%, matigekbalifst).
Hoewel artrocentese voor verbetering in maximale mondogtatisigsch gezien
superieur bleek te zijn, was dit verschil klinisch niettr&egaittaten op de lange
termijn (5 jaren) en voor andere uitkomsten (pijn in rust, marefiouictie,
gewrichtsgeluiden en -blokkades, protrusieve en laterale bewegingkteit

van leven en de kosteneffectiviteit) bleken onvoldoende gerapperigjeradf

te heterogeen om een meta-analyse uit te kunnen voeren. Concluderend kan me
matige tot hoge zekerheid gesteld worden dat, op basis van de heidigen,
artrocentese effectiever is dan conservatieve behandelingenoofe € é<k6
maanden) en middellange termijn (6 maanden tot 5 jaar) voompijcezing

bij degeneratieve kaakgewrichtsaandoeningen. 11

In Hoofdstuk 3 wordt een RCT met een lange-termijn follow-up ¢égeesenteerd

waarin artrocentese werd vergeleken met conservatieve belyamdblj 84
willekeurig toegewezen proefpersonen. Linear mixed models toonden aan dat
artrocentese gemiddeld over de gehele follow-up periode resulteerdgatezen
pijnreductie (visual analog score; 0-100 mm) dan conservatieve digigen

(pijn bij bewegen: 10.23 mm [95% CI 17.86; 2.60]; pijn in rust: 8.39 195&]

Cl 13.70; 3.08]). De verbetering in mandibulaire functie wergelijkbaar tussen

beide groepen. Daarnaast was aanvullende behandeling minder vaak dedig i
artrocentese-groep (6% versus 26%). Deze resultaten suggeretercdatese

voor degeneratieve kaakgewrichtsaandoeningen ook op dedamgje superieur
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is aan conservatieve zorg met betrekking tot de pijnvermindeiijhgetbetering
in functionele uitkomsten vergelijkbaar is.

Omdat de optimale timing voor het inzetten van artrocentese nogignaasiel
werd in hoofdstuk 4, middels een retrospectieve cohortstudie met&had8npati

de associatie tussen symptoomduur en patiént-gerapporteerd slerzesun

over een periode van 5 jaar. Generalized estimating equations modetlen t

aan dat een langere symptoomduur véér de behandelagsarieerd was

met een lagere odds op succes (OR 0.974 per maand [95% CI 0.966; 0.983]).
Behandeling binnen 6 maanden na aanvang van klachten resulteerde in een meer
dan verdubbeling van de odds op behandelsucces (OR 2.71 [95% CI 1.40; 5.26]).
Deze resultaten benadrukken het belang van vroege vemdgitghandelaars

die beschikken over specialistische kennis over kaakgeavri@amgen en het

tijdig inzetten van artrocentese bij degeneratieve kaakgewridbeaagen.

Artroscopie versus artrocentese

Wanneer minimaal invasieve chirurgie geindiceerd is binatageve
kaakgewrichtsaandoeningen, kunnen zowel artrocentese als agringmEngt
worden. Om een indruk te krijgen over welke behandeling effectiever is, is i
Hoofdstuk 5 een systematisch literatuuronderzoek met meta-anaigse en tr
sequential analyse uitgevoerd, waarin artroscopie (ondervendgtiosicopische

lysis en lavage [ALL] en artroscopische chirurgie [AS]) werd e nyelekowel
artrocentese als conservatieve behandelingen. De laatste e e daditeratuur

werd uitgevoerd in februari 2023. De meta-analyses toonden aan dab@ieo

en artrocentese even effectief waren in het reduceren van pijn en aezgelijkb
complicatierisico’s hadden. ALL was gering effectiever dan areoae et
verbeteren van de mondopening op de middellange termijn (6 maanden tot 5
jaar), maar deze superioriteit was klinisch niet relevant. Voor deingrisete

de mondopening werden op andere follow-up momenten en bij vergelijkingen met
betrekking tot AS geen signi cante verschillen gevonden of was er ongoldoend
data beschikbaar. Resultaten op de lange termijn (5 jaren) en onuegat an
studie uitkomsten (pijn in rust, mandibulaire functie, gewriiétsgekblokkades,
protrusieve en laterale bewegingen, kwaliteit van leven estelecki@ctiviteit)
werden onvoldoende gerapporteerd of te heterogeen voor meta-analyse.
Samengevat werden geen relevante verschillen in effectiwtaiiegevssen
artrocentese en artroscopie. De interpretatie van deze eavetdsichter beperkt
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door de heterogeniteit en de lage methodologische kwaliteit varchikdzes
studies.

In Hoofdstuk 6 wordt in de vorm van een letter-to-the-editor, en de aasampie d

de noodzaak voor aanvullende economisch evaluaties, zoals kasidteifée en
kostenutiliteitsanalyses, bij vergelijkende onderzoeken nagischigungrepen
bediscussieerd. Zodoende kunnen behandelingen worden beoordeeld in een
bredere maatschappelijke en zorgcontext. Vertaald n&knig& zou, bij gelijke
effectiviteit tussen artroscopie en artrocentese, de voorkeumiarden gegeven

aan artrocentese, aangezien deze behandeling gepaard gaat met lagare kost
minder gebruik van middelen en minder vaardigheden van de operaisur vere

Omdat er een gebrek was aan wetenschappelijk bewijs omtrent detaiffectivi
tussen artroscopie en artrocentese als gevolg van de heterogessiteiies en

lage methodologische kwaliteit, worden in hoofdstuk 7 de voorleplter van

een lopende RCT gepresenteerd. In deze nog lopende studie wordt arbrescopisc
lysis en lavage onder lokale anesthesie vergeleken met artrocentese. In de
voorlopige resultaten werden 20 proefpersonen gerandomiseerd naan een va
beide behandelgroepen. Na een evaluatieperiode van één jaar was amroscop
effectiever in het reduceren van pijn bij bewegen (visual analog dédfre; O-
mm) dan artrocentese (22.42 mm [95% CI: 5.28; 39.57]). Verbetering in de
secundaire uitkomsten (pijn in rust, maximale mondopeningulaiaadinctie,
gewrichtsgeluiden en -blokkades, protrusieve en laterale bewggangehilden

niet tussen beide groepen. Deze bevindingen suggereren een mogelijkeeguperi
van artroscopie ten aanzien van pijnreductie, maar de nitieve cerlainsien

pas worden getrokken na voltooiing van de volledige studie.

11
Herbehandeling na artrocentese

In Hoofdstuk 8 werd, in een retrospectieve cohortstudie, de uitkomst van
herbehandeling na onvoldoende resultaat van een initiéle artmostes
degeneratieve kaakgewrichtsaandoeningen onderzocht over een peridde van
jaar. Ongeveer 31% van de patiénten die initieel met artrocesrtiese lehandeld
onderging een herbehandeling, variérend van her-artrocentese tot artroscopie of
opengewrichtschirurgie. Van deze herbehandelde groep, werd bijssét al
patiént-gerapporteerd succes behaald, wat resulteert in eergaaippbrteerd
behandelsucces van ongeveer 95% van het complete behandeltrejecte &e

of daaropvolgende herbehandeling droeg echter niet meer bij aan patiént-
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gerapporteerd succes. Evenmin had het type herbehandeling invioed op het
resultaat. Een langere symptoomduur voorafgaand aantdeaeieosentese was

weél geassocieerd met lagere odds op een succesvolle herbehandelin§§OR 0.9
per maand [95% CI 0.976; 0.994]), wat het belang van tijdige behandelswitc
van niet-invasieve, conservatieve therapie naar een minimaaldénmterventie
opnieuw benadrukt.

Interpretatie van resultaten en implicaties

In hoofdstuk 9 worden de bevindingen van dit proefschrift geirastpnete
bredere context van de kwaliteit van het beschikbare bewijsekiatésentie en

de heterogeniteit in ziektepresentatie en behandeling. Meirgtatlide kwaliteit

van het beschikbare bewijs kan op basis van de studies in dit proefschrift met
redelijke zekerheid worden gesteld dat artrocenteseseéfierstidan conservatieve

zorg in het reduceren van pijn bij degeneratieve kaakgewrichtsaageinebdeze
superioriteit is niet alleen statistisch signi cant, maar odk tdieigant. Voor de
vergelijking tussen artroscopie en artrocentese isdiekliee® bewijs beperkt

en van lage kwaliteit, mede door het gebrek aan goed uitgevoerde RQT’s. In he
systematisch literatuuronderzoek in dit proefschrift werd gebrrédavant verschil

in effectiviteit tussen beide behandelingen gevonden. De voorlopigerresnlta

de daarna uitgevoerde RCT laten echter wél een Klinisch relevartetsitperi

van artroscopie zien voor pijnreductie. Bij de interpretatie vavircinigen in

dit proefschrift dient rekening te worden gehouden met de heterayenite|
ziektepresentatie als behandeling bij degeneratieve kaakgewanidbsangen.
Variatie in chirurgische technieken en aanvullende b&hged tussen studies en
behandelcentra kan de vergelijkbaarheid van studies beperken. Daamaast
kaakgewrichtsaandoeningen een heterogene groep aandoeningersiemlizm

in dit proefschrift uitgevoerd in een tertiair zorgcentrum, waatequetatie en
generaliseerbaarheid van de resultaten beperkt kunnen zijn.

Vanuit de bevindingen van dit proefschrift kunnen de volgenddelinis
aanbevelingen gedaan worden voor de behandeling van degeneratieve
kaakgewrichtsaandoeningen. Ten eerste wordt geadviseerthreen de
huidige stapsgewijze behandelstrategie, waarbij wordt gestaohseztvatieve
behandeling, bij onvoldoende effect tijdig (binnen 6 maanden) te escaleren naar e
minimaal invasieve behandeling. Daarnaast dient de keuze tussmpi@t&os
artrocentese geindividualiseerd te worden, vanwege het gebrekglwaldeit
bewijs omtrent de effectiviteit van beide behandelingen. Daarbde dienze
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gebaseerd te zijn op de klinische context, beschikbare midakdanage waarin
de behandelaar beschikt over voldoende speci eke kennis en vaardghblden
gebied van kaakgewrichtspathologie. Verder kan een eerste herbedpaadsin
ineffectieve initi€le artrocentese bijdragen aan een succexvatlddbuitkomst,
maar zal de effectiviteit van elke opeenvolgende beharstetdg verder dalen.
Ineffectiviteit van een behandeling is aanleiding voor een Krgibgwordeling
van de diagnostiek en de behandelstrategie.

Toekomstig onderzoek dient zich te richten op het identi ceren van patiéeten me
verhoogd risico op het ontwikkelen van chronische klachten. Ook kike¢lentwi
van predictiemodellen voor behandelkeuze en het gebruik vapat@et-
gerapporteerde uitkomstmaten in prospectieve studies zullenjdesdentaan

de effectiviteit van behandelingen van degeneratieve kaakgeammbbéssngen.
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réntgenlaborantenbedankt voor jullie onmisbare rol in de patiéntenzorg, die
essentieel is geweest voor het goed verlopen van de DIAMONR-8albers,

beste Gert, ik wil jou in het bijzonder bedanken voor jouw grote betrdkbignhei
de zorg voor de TMJ-patiénten en jouw rol in de inclusie van onderzoéspatién

N. Geurts-Jager, L. Kempers, T. van der \éeeh. de Vriesbeste Nienke,
Lisa, Titia en Angelika, hartelijk bedankt voor jullie onderstgdensgdit
promotieonderzoek. Ik heb het erg gewaardeerd dat ik altijd bijqullie k
binnenlopen om te overleggen over onderzoeksgerelateerde zaken.

Drs. M.A. SuluderenDr. J.A.M. Schippebedankt dat jullie mijn paranimfen
willen zijn. Beste Mehmet, het is mooi om te zien dat we sinds de studie geneeskunde
altijd maten zijn gebleven en steeds ook weer collega’s worden, vandaghwebt

tot nu bij de MKA-chirurgie. Of het nu gaat om onze gedeelde passie voor hip
hop van twijfelachtig kwaliteit, de zoektocht naar exotischev&gbaten bij

de lokale snackbar of de ambitieuze, maar sporadische gymsessiekijdhet is a
gezellig. Dank hiervoor! Beste Jan Aart, sinds ik jou heb leren kennen aan het
begin van mijn wetenschappelijke stage heb ik altijd goed met jou kumeen spa
over onderzoek. In de afgelopen jaren zijn we bovendien ook goede vrienden
geworden. De congresbezoeken, met als hoogtepunt Vancouver,ebateels|

zijn met jou nooit saai. De beste gesprekken ontstaan vaak op momenpen waaro
dingen even in rook opgaan. Ik kijk er naar uit om de komende periode van d
MKA-opleiding samen met jou te doorlopen.

Mede-onderzoekers en kamergenoten van de MKA-chirurgie, bextarddtes
gezellige momenten binnen en buiten het ziekebhuitgster Groeneweggen
bedankt voor de gezellige tijd op de oude kamer, die wijnavond met Jan Aart
moeten we nog steeds een keer inplabmenJantien de Bewlss. Jarno Hakkers

drs. Niels Sluijperslrs. Pepijn van der Aendr. Vincent Donkehet feit dat we

ons in een vergelijkbare fase van het promotietraject bevonden zakgadzova
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een waardevolle uitwisseling van ideeén, de nodige nuaneel emderlinge
morele steun. Bedankt voor de altijd goede sfeer op de kamer.

Geachte MKA-chirurgen en andere medewerkers van de MKA-chinuiggd va
NijSmellinghe Ziekenhuisstedrs. Hendrik van Gogirs.Henk Sillevis Snilrs.
Lauretta Oeyendr. Pepijn Gielkenkartelijk dank voor de leerzame en gezellige
tijd die ik het afgelopen jaar bij jullie heb gehad. Henk, jou wil ik in hetbijzond
bedanken voor de manier waarop je mij de eerste stappen \@ria@ldeolaire
chirurgie hebt geleerd. Ik kijk met veel plezier terug op de afgelopae. perio

Beste mede-VBT eBjorn Date Melany Niels SanneenUzmaBedankt voor de
gezellige jaren, zowel tijdens als buiten de tandheelkunde gpl&itieb enorm
genoten van de etentjes, de juice op skills en de DMG wintersport metjullie. Dat
jou wil ik in het bijzonder bedanken voor de vriendschap van de afgelopen jaren.
Door onze gedeelde passie voor duursport ben jij de afgelopen jaren min of meer
mijn hardloomrchnemesigeworden. Ik kijk uit naar de komende periode waar
we samen AIOS zijn, de volgende (klaverjas)borrel, en het momepiknjaarv

snelste marathontijd ga verbeteren.

Hoa, mannen van het Gill®©ndanks alle aalheid kunnen jullie natuurlijk niet
ontbreken aan dit dankwoord. Het sielje, retraite, de paamp, de grotaande br

Zijn slechts een kleine greep van de vele voor mij mooie herinneringéa aan ju
tijdens de studie. Bij deze ook een eerbetodithting Rubbergraafrthur, Rob,

Stefan en Tim, hoewel we inmiddels door het land verspreid zijn, hoop ik dat we
elkaar weer vaker gaan zien. Verder i8hikzi, Coen, David, Hidde, Jesse, Jorke,
Kees, Mehmet, Mees, Mike, Mischa, Stijn, Thijs, Tijmen, Tem na&tumrlijk nog

vele andere bedanken voor de onvergetelijke jaren!

Heren van het OHDTNC (of toch OHDTOC?)! Hoewel ik mijn vraagtekens heb bij
wat jullie hebben bijgedragen aan dit proefschrift, wil ik jullie \makbad/oor

onze jarenlange vriendschap. De Golden Miles en buitenlandreizemdeaaro
Mexico en Oezbekistan, zijn elk jaar weer momenten waar ik naarAlgxXijk.
(Lex!), ik hoop dat ik de kitesur essen nog eens bij jou kan afArgken.
(Adriaan), ben je al bij Jungle Wok geweksifi (Spareribs), bedankt dat je mijn
getuige wilde zijn. Mooi dat we van huisgenoten weer buurmannen zijn geworden.
(Martijn enMeinhardi wanneer gaan we weer wijnen proeven? Ik heb nog wel
een Dornfelder staaRoelof(de Fiscus), ik kijk nog steeds met plezier terug op
Barcelona, op die boottocht na. Heren, ik kijk uit naar de komende reizesi en Mil
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LiebeEvg auch dir mochte ich von Herzen flr deine Unterstlitzung in den
vergangenen Jahren danken. Durch die Entfernung kénnen wir uns leider nicht
oft sehen, aber jeder Besuch fuhlt sich flr mich wie ein Nachhausekommen bei der
Familie an. Auch dRalph vielen Dank fir die schonen gemeinsamen Momente
jedes Jahr. Ich freue mich schon darauf, in der kommenden Zeit wieddr mehr Zei
miteinander zu verbringen. Liddartin, Carlottaund natirlicMaivi, ich bin froh,

Teil eurer Familie zu sein, und hoffe, dass wir uns bald wieder 6fter sehen.

LieveCindy ik ben trots dat ik mij jouw broer mag noemen. Door de jaren heen
merk ik steeds meer hoe erg we soms op elkaar lijken, hoewel dat soms in eerste
instantie niet zo lijkt. Ik heb bewondering voor hoe jij het voor elkaan laligg o

zo makkelijk en zorgeloos te laten lijken, iets wat ik ooit nog van je hoop te lere
We zien elkaar eigenlijk te weinig (dat ligt deels aan mij), maar hopeldlexer

dat snelJorn dankjewel voor jouw steun aan mijn zusje, ik merk hoe gelukkig jij
haar maakt. Die spelletjesavond met Paula moeten we nu wel echt een keer gaan
inplannen.
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&\M@&EHX& %k.”.8,6 & %k :nzae% Ma&E HXDAYK(¢& W% Om' &\%Y%YsHX
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DearPaula this thesis carries your mark as much as it does mine. Quite literally,
through your design of this cover, these chapter pages and your helatingh cre
images for the manuscripts. Thank you for all the eveningskamdisvereat you

spent with me to make that happen. But your mark is here in another, more importan
way too: your unconditional love and support all those years, no matterrhow muc
you had on your plate. Thank you for your patience and for giving me the space to
do my things, but also for reminding me when | sometimes shBaldinbam

happy to have you by my side, to share life and all its adventures with you. | look
forward to everything that still lies ahead of us. | love you.
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