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Objectives: The purpose of this systematic review was to determine the diagnostic capability
of ultrasound to assess TMJ alterations as disc displacement (DD), joint effusion (JE) and
condylar changes (CC) using 3D imaging modalities as reference standard.

Methods: Studies were gathered by searching several electronic databases and partial grey
literature up to January eighth, 2018 without restrictions of language and time. The risk of
bias was evaluated using the second version of Quality Assessment Tool for Diagnostic of
Accuracy Studies-2 (QUADAS-2). The grading of Recommendation, Assessment, Devel-
opment and Evaluation (GRADEpro system) instrument was applied to assess the level of
evidence across the studies.

Results:  After applying the eligibility criteria, 28 studies were identified and synthesized. All
studies were methodologically acceptable presenting low applicability concerns, although none
of them fulfilled all QUADAS-2 criteria. The quantitative analysis included 22 studies, 2829
joints in total. The quality of the evidence evaluated by GRADE system suggested moderate
confidence in estimating the outcomes.

Conclusion: This systematic review demonstrated the ultrasound has acceptable capability to
screen for DD and JE in TMD patients. For screening of condylar changes, ultrasound needs
further studies using CT or CBCT as reference standard to support its use. More advanced
imaging such as MRI can thereafter be used to confirm the diagnosis if deemed necessary.
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Introduction

The temporomandibular joint (TMJ) is a synovial
articulation between the mandibular condyle and the
glenoid fossa in the temporal bone. Temporomandib-
ular joint disorders (TMD) constitute structural and/
or functional disorders that affect TMJ, masticatory
muscles and related structures. These disorders may
present with clinical signs such as articular noises,

Correspondence to: Dr. Fabiana Tolentino Almeida, E-mail: fabiana@ualberta.
ca

Received 11 April 2018; revised 02 August 2018; accepted 12 September 2018

TMJ pain and/or limitation in opening and closing
mouth.!

Diagnostic imaging is an essential part of the TMD
evaluation.? In the last two decades, several techniques
have been described in the literature to assess bony and
soft TMJ tissues.> Magnetic resonance imaging (MRI)
is accepted as the reference standard for imaging diag-
nosis of TMD.* MRI has ability to evaluate soft tissue
areas and inflammatory conditions; however, it has
limited value to accurately diagnose osseous alter-
ations.” Although MRI uses non-ionizing radiation,
its downside as a TMD screening tool is related to the
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high cost, time-consuming procedure and relatively
low availability. Computed tomography (CT) has been
the method of choice to evaluate the contours of the
cortical bone and TMD osseous alterations. A variation
of CT, Cone-beam CT (CBCT), has a diagnostic accu-
racy comparable with CT for detecting TMD osseous
changes and has the advantage of lower ionizing radia-
tion exposure.*” However, CT and CBCT poorly assess
TMJ soft tissues such as the articular disk.”®

Several studies have assessed ultrasound (US) to
evaluate TMJ alterations.”* The high-frequency
source pulse emitted, and the echoes detected are
accomplished by a transducer placed in contact to
the patient skin acquiring the image in real time. The
ultrasound frequency usually ranges from 2 MHz to
15 MHz depending on the anatomic region depth to
be evaluated. For TMJ, the imaging protocol includes
longitudinal and transverses scans using probes with
frequencies ranging from 7.5MHz to 20MHz. As
an option, static and dynamic evaluations can be
performed while the mouth is closed or open. This
non-ionizing imaging method is less expensive, trans-
portable, more comfortable to the patient, and could
be easily used in a dental setting.'®'* While not in
general clinical use, there are studies reporting that
ultrasound has acceptable diagnostic efficacy to detect
disk displacement.!>1

Although ultrasound assessment of TMJ disorders has
been reviewed previously,'3!7 these studies only assessed
disk displacement in patients without systemic diseases
using MRI or arthrography as reference standard. There-
fore, the purpose of this review is to systematically analyze
the capability of ultrasound to detect TMJ alterations,
specifically disk displacement (DD), joint effusion (JE)
and condylar changes (CC) using 3D appropriate imaging
modalities (MRI, CT and/or CBCT) as the reference
standard.

Methods and materials

This systematic review adhered to the Preferred
Reporting Items for a Systematic Reviews and
Meta-Analysis of Diagnostic Test Accuracy Studies,
PRISMA-DTA Checklist.'

Protocol and registration

This protocol was registered at PROSPERO-Interna-
tional Prospective Register of Systematic Reviews—
under number CRD42017078836.

Study design

A systematic review of human studies was undertaken
to answer the research question “For patients with
TMD with or without systemic diseases, does ultra-
sound imaging have similar diagnostic performance
as CT/CBCT or MRI to identify TMJ pathology
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including disk displacement, joint effusion and bony
structural changes?”.

Eligibility criteria

Inclusion criteria:  Diagnostic studies in which the
primary objective was to evaluate the diagnostic capa-
bility of 2D or 3D ultrasound imaging in assessing
adults or children with TMD were included. Patients
with or without systemic diseases that affected TMJ
were considered. The reference standard imaging was
established 3D imaging modalities (MRI, CT or CBCT).
No language or time restrictions were set.

Exclusion criteria: The following exclusion criteria
were applied: (1) Reviews, letters, personal opinions,
book chapters, and conference abstracts; (2) studies
involving in vitro with phantom or in vivo animal
models; (3) studies without the reference standard
comparison (MRI, CT or CBCT); (4) studies that did
not provide accuracy outcome variables such as sensi-
tivity and specificity or ROC curve.

Information sources and search strategy

Detailed individual search strategies for each of
the following electronic database were performed:
Cochrane, Embase, Medline, PubMed and Web of
Science. A partial gray literature was accessed using
Google Scholar by screening the abstracts for the first
100 results (filtered by “relevance”). The end search day,
across all databases, was January 8, 2018. In addition to
the electronic search, a hand search and experts’ consul-
tations were implemented, and the reference lists of the
selected articles screened.

Appropriate truncation and word combinations were
selected and adapted to each database search (Supple-
mentary Material 1) using the expertise of a health
sciences librarian. All references were managed by
reference manager software (Refworks-COS, ProQuest,
Bethesda, MD) and duplicate papers were removed.

Study selection

A two-phase selection of articles was conducted. In
Phase 1, two authors (FTA and CP-P) reviewed the
titles and abstracts of all the references independently.
These authors selected articles that appeared to meet
the inclusion criteria based on their titles and abstracts.
In Phase 2, the same authors assessed the full text of
all screened articles and excluded studies that did not
meet the inclusion criteria. We used in this phase the
Rayyan Application (Qatar Computing Research Insti-
tute, Doha, Qatar),' a specific tool for systematic review
screening process, available at https://rayyan.qcri.org/.
Disagreements between the two authors were initially
resolved by consensus. The final selections were always
based on the full text of the publication.

Data collection process and data extraction
One author (FTA) collected the required information
from the included articles and a second author (CP-P)
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crosschecked all the collected data. Once again, disagree-
ments between them were resolved by consensus.

For all included studies, the following information
was extracted: study characteristics (author, year and
country), sample characteristics (population studied,
age range), intervention characteristics (reference stan-
dard, index test, transducer frequency, target) and
outcome (sensitivity, specificity, ROC values). If the
required data were not complete, attempts were made to
contact the authors to retrieve the missing information.

Risk of bias and applicability

To assess the methodological quality and applicability
of the included studies, the Quality Assessment Tool
for Diagnostic Accuracy Studies-2 (QUADAS-2) was
applied.? One author (FTA) and one collaborator (SC)
independently evaluated the quality of each included
study and scored each item as “yes”, “no” or “unclear”.
A third author (CP-P) joined the discussion when
disagreements arose.

Diagnostic accuracy measures

Sensitivity and specificity of 2D or 3D US as diagnostic
tests against MRI, CT or CBCT were considered as the
primary outcome measures. Positive predictive values
(PPV), negative predictive values (NPV) as well as the
cut off values provided by ROC curves were considered
as secondary outcomes. Confidence interval at 95% was
considered. Other diagnostic measures were also consid-
ered: positive likelihood ratio (LR +), negative likelihood
ratio (LR-) and diagnostic odds ratio (DOR).

The diagnostic test accuracy (DTA) was evalu-
ated based on sensitivity, specificity, LR+, LR- and
DOR values. The DTA was considered excellent with
LR +>10/LR-<0.1 and acceptable with LR +>3/
LR-<0.3.2! High DOR values indicated better test
performance.?> We rated sensitivity/specificity as accept-
able (70-80%/80-90%) and excellent (>80%/>90%).%

Synthesis of results

The capability of the ultrasound to identify TMJ alter-
ations was evaluated by diagnostic accuracy measures
following the appropriate Cochrane Guidelines.* We
generated estimates of sensitivity, specificity and their
95% confidence intervals in forest plots and hierar-
chical receiver operating characteristic (ROC) curve
using Review Manager 5.3 (Rev-Man 5.3, The Nordic
Cochrane Centre, Copenhagen, Denmark) and Stata
13.0 (StataCorp. LP 2013, Stata Statistical Software,
Release 13. College Station, TX). For this quantitative
analysis, we extracted the data for the true positive,
true negative, false positive and false negative values
for index test in each included study. In addition, these
studies were clustered according to the target investi-
gated. (Group 1) studies which assessed disk displace-
ment (DD), (Group 2) studies which assessed condylar
changes (CC) and (Group 3) studies which assessed joint
effusion (JE). The studies were quantitatively analyzed
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by target investigated due to the diagnostic process for
each TMD (DD, JE, CC).

Studies that did not provide separate data were not
included in the quantitative analysis. For data not being
suitable for meta-analysis a qualitative analysis was
pursued.

Investigation of heterogeneity

We assessed heterogeneity by visually examining forest
plots of sensitivities and specificities and ROC space
for index test in all target investigated. In addition, it
was considered the heterogeneity values (I?) presented
in the forest plots. From the results of 12, the Cochrane
handbook parameters were followed for interpretation
as follows: 0 to 40%: might not be important; 30 to 60%:
representing moderate heterogeneity; 50 to 90%: repre-
senting substantial heterogeneity; 75 to 100%: consider-
able heterogeneity.

Assessment of reporting bias

A funnel plot to investigate reporting bias using the
statistical method suggested by Deeks et al** was created.
Significant asymmetry (p < 0.10) indicates the presence
of publication bias in the data.

Level of evidence

The grading of Recommendation, Assessment, Devel-
opment and Evaluation (GRADEpro system) instru-
ment recommended by Cochrane guidelines® was used
to assess the evidence level across the studies. The quality
of evidence was assessed based on the study design, risk
of bias (RoB), inconsistency, indirectness, imprecision,
and publication bias at the outcome level. The Grade
was applied in studies with TMD patients separated
by target. The quality of evidence was characterized as
high, moderate, low, or very low.” The GRADE was
assessed using the website http://gradepro.org

Results

Study selection

A flow diagram detailing the process of identifica-
tion, inclusion and exclusion of the studies is shown
in Figure 1. A full-text analysis was conducted on the
47 articles retrieved from the first phase of the selec-
tion process. This process led to the exclusion of 19
studies presented in Supplementary Material 2. Finally,
28 studies satisfied the inclusion criteria of this review
and were selected for the qualitative synthesis..* 42748
22 studies were quantitatively divided in groups and
analyzed by a meta-analysis,!0-14.27:28.30-40.43.46-48

Study characteristics

The included studies were published from 1997 to
2016. All articles were written in English, except one
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Figure 1 Flow Diagram of literature search and selection criteria adapted from PRISMA.

in Chinese® and one in Korean.** The studies were 27 studies were cohort studies '0-1427:28.31-4043.46-48 and
conducted in 14 different countries (Austria, Japan,  one was case-control design.*® Sample size ranged from
Italy, Germany, Turkey, France, China, Egypt, Norway, 3 to 100 patients with TMD. Those sample have patients
Korea, India, Brazil, Israel and Switzerland). with juvenile idiopathic arthritis (JIA),>* rheumatoid
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arthritis (RA) or psoriatic arthritis (PsA).** DD
was assessed in 22 studies,'0-1427:29-3841-43.4547.48 JE  p
9’9‘36,37,4044‘46 and CC in 11 Studies,10‘12‘13’28’34’36’39'41'4345
In total, 11 studies assessed more than one TMJ
alteration.10,12,13,34,36.37,4145

MRI was used as reference standard in 27
studies.” 14233354 One of them used MRI and/or CT.%
Only one study used CT alone* and none used CBCT as
reference standard.

Regarding the index test, 25 studies appraised 2D
US,o-1113:14.27-37.40-48 two-studies assessed 3D US** and
one study evaluated 2D and 3D US."? All of these studies
used extra oral ultrasound approach to evaluate TMJ.
The ultrasound transducer frequency used in the studies
ranged from 5 to 20 megahertz (MHz). A summary of
the descriptive characteristics of the included article is
given in Table 1.

Risk of bias ( RoB) and applicability

None of the studies fulfilled all of the methodological
quality criteria (Figure 2). The RoB of index test was
scored as “unclear” for all studies due to the lack of
information on the used threshold. Six studies!!-3433:41:4345
were evaluated as “unclear” in reference standard RoB
domain. 27 studies presented low applicability concerns
in all domains. Supplementary Material 3 shows the
QUADASS-2 criteria for each included study.

Results of individual studies

Four studies assessed TMJ alterations in rheumatic
diseases patients (JIA, RA and/or PsA)*#4>% and
the results from these studies were analyzed sepa-
rately from those in TMD patients. Melchiorre et
al** and Manfredini et al*' assessed DD with 2D US.
The sensitivity/specificity were 69%/30 and 56%/73%
respectively. All four studies evaluated JE using 2D
US. Two of these studies assessed JE indirectly using
the capsular distention measurements to discrimi-
nate joints with effusion from normal joints.”*! The
highest sensitivity (85%) for JE assessment was seen
in Manfredini et al* and Khirkus et al® described the
highest specificity (70%) using a cut-off value of 1.2
mm for capsular width. The CC was evaluated by two
studies.*'** The highest values were 67% sensitivity
and 26% specificity.*!

24 studies evaluated DD, JE and/or CC in TMD
patients, 0142740434548 Ty improve our interpretation
of the results, these studies were clustered in groups by
target assessed (DD, JE and CC).

US to DD assessment
In those studies, evaluating the ability for ultrasound to
detect DD in TMD patients (n = 20), a very wide range
of sensitivity (from 22 to 95%) and specificity (from 16
to 100%) was present (Table 1).

Seven studies reported excellent sensitivity (>80%)
and specificity (>90%).!337364 Using 2D dynamic US
with 12 MHz in 100 TMD patients (n = 200 joints),
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Jank et al*® reported a sensitivity and specificity of
92% in closed-mouth evaluation. Emshoff et al inves-
tigated 2D static and dynamic US (12MHz) in three
studies, they found a sensitivity ranging from 82 to 95%
and specificity ranging from 92 to 96% in closed and
opened-mouth, 3323

The capability of 3D US to assess DD was tested
by two studies.>*® Landes et al reported a sonographic
evaluation using 8-12.5 MHz with 53% sensitivity and
74% specificity.®® They emphasized that 3D sonography
could provide better results by using automated image
enhancement and higher transducer frequency.

US to JE assessment

Five studies addressed the ultrasound capability to eval-
uate JE in TMD patients.’*37404346 Using direct evalu-
ation of the articular space to detect effusion, Jank et
al*® described excellent sensitivity (83%) and specificity
(100%) and Mello et al** found 100% of specificity and
20% of sensitivity. Manfredini et al studied the cut-off
values of the capsular distention to evaluate effusion.
Ultrasound sensitivity was high (83.9%) with cut-off
values less than 1.9 mm values while US specificity was
high (88%) presenting cut-off greater than 2.1 mm.*

US to CC assessment

Nine studies assessed CC in TMD patients and the
results ranged from 0 to 94% for sensitivity and from
20 to 100% for specificity.!0-121328.3436.394345 I these
studies, CC were considered by the presence of bone
erosion,10,12513,28,34,36,39.44 ﬂattening12,28.34,39,45 andlor osteo-
phyte!>%3%45 Only Gook et al** used CT as a reference
standard for CC evaluation and the sensitivity was 87%
and specificity 62%. With ultrasound showing a sensi-
tivity of 87% and specificity of 20%, Brandlamaier et
al presented that US is valuable in diagnosing the pres-
ence but insufficient in diagnosing the absence of bone
erosion, flattening and/or osteophyte signs.?® On the
other hand, a sensitivity of 0% was found by other study
evaluating flattening and erosion in three patients with
TMD.#

Landes et al evaluated CC with 3D US (8-12.5 Mhz).
This index test had 75% accuracy (sensitivity 70%/speci-
ficity 76%), PPV 44% and NPV 90% and concluded that
3D US is more reliable than 2D US for CC exclusion.”

Synthesis of results—quantitative analysis

DTA tables were constructed by target for the studies
with TMD patients using the data extracted from each
article (sensitivity, specificity, PPV, NPV, LR+, LR- and
DOR) (Tables 2-4). Two out of 24 studies eligible for
those analysis did not provide separated data to calcu-
late DTA values.**# 24 These authors were contacted
without success.

Our quantitative analysis included 2829 joints (1533
in DD, 554 in JE and 742 in CC assessment). Measures
of the diagnostic test accuracy such as sensitivity and
specificity of each included study in the quantitative
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Table 1 Summary of descriptive characteristics of included studies

Study characteristics Sample characteristics Intervention characteristics Outcomes
Age Transducer
Population studied range Reference  Index test frequency Sensitivity  Specificity

Studyl Year Country (N = patients) (v) standard ~ (US) (MHz) Target (%) (%)

Static CM/

OM: 50/13

Dynamic
Emshoff et al., CM/OM: 71/70
1997 Austria TMD (17) 16-60 MRI 2D static/dynamic 7.5 DD 39/13 100/95
Hayashi et al., MRI and/
2001 Japan TMD (18) 812 orCT 2D dynamic 8or 10 DD 83 96
Jank et al., CM: 78 CM: 78
2001 Austria TMD (66) 13-78 MRI 2D static 12 DD OM: 61 OM: 95
Emshoff et al.,
2002 a Austria TMD (64) 17-65 MRI 2D dynamic 12 DD 82 95
Emshoff et al., CM: 90 CM: 94
2002 b Austria TMD (29) 19-62 MRI 2D static 12 DD OM: 95 OM: 91
Brandlmaier et al.,
2003 a Austria TMD (48) 17-67 MRI 2D static 12.5 DD 82 85
Tognini et al.,
2005 Italy TMD (41) ND MRI 2D static/dynamic 8-20 DD 65 80
Landes et al.,
2006 a Germany TMD (53) 14-77 MRI 3D static 8-12.5 DD 53 74
Cakir-Ozkan et al., CM: 57 CM: 78
2010 Turkey TMD (28) 16-51 MRI 2D static/dynamic 12 DD OM: 64 OM: 71
Dupuy-Bonafe et TMD (40) controls 21-59 CM: 22 CM; 96
al.,2012 France (20) 21-29 MRI 2D static/dynamic 5-12 DD OM: 0 OM: 98
Yang et al., 37.3
2012 China TMD (35) mean MRI 2D static 12 DD 82 94
Razek et al.,
2015 Egypt TMD (20) 15-57 MRI 2D static/dynamic 12 DD 79 72
Manfredini et al.,
2003 Italy TMD (69) ND MRI 2D static/dynamic 8-20 JE 83 73
Tognini et al.,
2003 Italy TMD (44) ND MRI 2D static/dynamic 8-15 JE 75 76
Kirkhus et al.,
2016 Norway JIA (55) <18 MRI 2D static 12-18 JE 72 70
Brandlamaier et
al.,
2003 b Austria TMD (40) 16-78 MRI 2D static 12.5 CC 87 20
Landes et al.,
2006 b Germany TMD (53) 14-77 MRI 3D static 8-12.5 CC 70 76
Melchiorre et al., DD 69 30
2003 Italy RA (22), PsA (11) 30-81 MRI 2D static/dynamic 7.5 JE 70 75
Kaya et al., 28.3 DD 91 16
2010 Turkey TMD (52) mean MRI 2D static/dynamic 7.5 JE 53 63
Gook et al., DD 95 90
2008 Korean TMD (20) ND CT 2D static 12 CC 87 62
Sinha et al., DD 33 100
2012 India TMD (3) ND MRI 2D dynamic 10 CC 0 100
Emshoff et al., DD 95 91
2003 Austria TMD (48) 15-72 MRI 2D dynamic 12 CC 83 63
Habashi et al., DD 74 84
2015 Israel TMD (39) 18-77 MRI 2D static/dynamic 5-17 CC 36 83
Landes et al., Germany TMD (33) 14-77 MRI 2D/3D static 8-12 DD 2D: 58 63
2007 CC 3D: 60 68

2D: 69 74

3D: 69 78

(Continued)
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Study characteristics Sample characteristics Intervention characteristics Outcomes
Age Transducer
Population studied range Reference  Index test frequency Sensitivity ~ Specificity
Studyl Year Country (N = patients) (y) standard (US) (MHz) Target (%) (%)
Muller et al., JE
2009 Switzerland ~ JIA (30) 2-16 MRI 2D static/dynamic 12 CC 33% 82%
CM/OM:
DD 92/86 92/91
Jank et al., JE 81 100
2005 Austria TMD (100) 216 MRI 2D dynamic 12 CcC 94 100
43.4 DD 56 73
Manfredini et TMD/RA/PsA mean JE 85 66
al.,2005 Italy (68) age MRI 2D static/dynamic 8-20 CC 67 26
CM/OM:
DD 83/0 100/100
Mello et al., JE 20 100
2011 Brazil TMD (38) 16-65 MRI 2D static 12.5 CcC 15 87

AC, accuracy; CC, condylar change; CM, closed mouth; CT, computed tomography; DD, disk displacement; JE, joint effusion; JIA, juvenile
idiopathic arthritis; MHz, megahertz; MRI, magnetic resonance imaging; ND, not described; OM, open mouth; PsA, psoriatic arthritis; RA,
rheumatoid arthritis; TMD, temporomandibular joint disorder; US, ultrasound; y, year; 2D, two dimensional; 3D, three dimensional; CM,

closed mouth;
*separate data not available.

analysis and summary sensitivity/specificity for each
TMD are shown in Figure 3. In general, ultrasound
sensitivity and specificity varied substantially, from 22
to 95% and 16 to 100%, respectively. Figure 4 shows the
ROC curve for each group.

For DD assessment in TMD patients (n = 17), 70%
of the included studies presented DTA values consid-
ered excellent or acceptable!®13:1427.3032364748 and 30%
reported poor values.!!2313738 Regarding PPV and
NPV, the studies from Jank et al** and Emshoff et al®®
reported the highest values respectively. Additionally,
the highest DOR values were observed in these two
studies (Table 2).

For JE assessment, the additional analyses were
done in five studies. 37404346 Jank et al* and Mello et
al¥ described excellent LR+, LR- and DOR values
(Table 3). Also, from eight studies used for CC assess-
ment additional analyses,!?121328343638.3943 only  one’
reported LR values (LR+ o, LR- 0.06) and DOR ()
excellent for DTA. This study provided the highest PPV
(100%) value and the best NPV (95%) was seen in Gook
et al article® (Table 4).

High heterogeneity (I ranging from 83.35 to 96.12)
was observed between the studies included in the
meta-analysis (Figure 3).

Risk of bias across studies

The main methodological limitations were related to
the lack of clear information in reporting QUADAS
domain 2 item 2 addressing/reporting the use of a
threshold. The potential bias is related to the fact that
the threshold may influence the interpretation of the
index test results. Additionally, QUADAS domain 4
item 1, exploring the interval between index test(s) and

reference standard, were scored as “unclear” as no infor-
mation on the timing between the examinations reported
in some studies. Figure 2 details RoB and applicability
concerns across included studies.

The Deeks funnel plot showed p-value = 0.39 for DD,
0.49 for JE and 0.65 for CC (Figure 5). This high asym-
metry in the data suggests possible publication bias.

Additional analysis—level of evidence

Overall, the quality of the evidence evaluated by
GRADE system was determined to be moderate.
It suggested moderate confidence in estimating the
outcomes. The indirectness factor was judged as serious
due to the different parameters used in the index test
studied and unclear information regarding images inter-
pretation expertise (Supplementary Material 4).

Discussion

The number of affected people with TMJ alterations or
TMD has been growing. A recent meta-analysis showed
that one in 6 children and adolescents have clinical signs
of TMD.*® Some studies suggested that the prevalence
of TMD in adults range from 1 to 75% and approxi-
mately 33% of the adults have at least one symptom.3->2
There is evidence that the TMD signs or symptoms
could be more common in the adult population than
it is reported.’> However, TMD prevalence in the adult
population is a subject under debate, due to the hetero-
geneity in the diagnostic criteria used and the modality
of patients’ recruitment. Recently, the Research Diag-
nostic Criteria for TMD (RDC/TMD) was reviewed and
a new Diagnostic Criteria (DC/TMD) was proposed.? In
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Figure 2 Risk of bias and applicability concerns graph: review authors’ judgments about each domain presented as percentages across included

studies. (A) Risk of bias graph; (B) Risk of bias summary.

this context, the diagnostic imaging plays an important
role in improving TMD detection.

This systematic review investigated the available
evidence on the diagnostic capability of ultrasound to
assess TM1 alterations (DD, JE and CC). It is important
to emphasize that multiple imaging modalities such as
panoramic radiography, CBCT, CT and MRI have been
used, with some limitations, to assess those TMJ alter-
ations. Conventional imaging techniques as panoramic

Dentomaxillofac Radiol, 48, 20180144
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radiography are not useful to detect the first stages of
the alterations just providing two-dimensional images.**
CT and CBCT are not used as screening method due
to ionizing radiation and they are not able to detect
articular disk alterations.® Currently, although MRI is
the method of choice to TMD evaluation, its limited
accessibility, somewhat limited assessment of osseous
changes, high-cost, and there are limitations related to
claustrophobic patients and patients using metal devices
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Table 2 Diagnostic test accuracy, measurements for US in DD assessment of TMD patients

tuthon Year ey Tronce S Specifciry (06) TPV NPy 05 Lree LR DORe
Emshoff et al, 1997 33 78 50 71 86 27 175 0.70 2.45
Hayashi et al, 2001 36 33 83 95 90 92 20.0 0.17 117.6
Jank et al, 2001 132 65 78 71 87 64 3.5 0.28 12.5
Emshoff et al, 2002a 128 21 81 95 81 95 16.45  0.19 81.0
Emshoff et al, 2002b 116 54 92 92 93 90 12.1 0.08 151.2
Emshoff et al, 2003 96 44 95 90 89 96 10.1 0.05 202.0
Brandlmaier et al, 2003a 192 46 82 85 82 85 5.2 0.21 25.33
Tognini et al, 2005 82 50 65 80 71 70 337 042 7.97
Jank et al, 2005 200 69 92 92 96 83 11.4 0.08 142.5
Landes et al, 2006a 105 44 61 62 58 66 .62 0.61 2.63
Landes et al, 2007 66 45 63 47 50 60 1.2 0.7 1.52
Gook et al, 2008 40 50 95 90 90 94 9.5 0.05 190
Kaya et al,2010 52 88 91 16 89 20 1.09  0.52 2.08
Dupuy-Bonafe et al, 2012 98 40 22 96 81 64 6.52 080 8.02
Yang et al, 2012 40 57 82 94 95 80 14.04  0.18 78
Razek et al, 2015 39 71 78 72 88 57 2.88  0.29 9.93
Habashi et al, 2015 78 38 74 83 73 83 4.4 0.31 13.9

DOR, diagnostic odds ratio; LR-, negative likelihood ratio; LR+, positive likelihood ratio; NPV, negative predictive value; PPV, positive

predictive value;

“when the data is not available, the authors calculated data from information available in the article.

with ferromagnetic properties.* Moreover, dynamic MRI
is hard to be acquired and have lower image quality than
static images. Therefore, as ultrasound has merits such
as low-cost, accessibility due to mobile units, non-inva-
sive and non-ionizing radiation, it could be considered
a screening method.!® For this reason, it is important to
investigate its diagnostic capability.

Disc displacement

The most data about DTA of ultrasound from this
study was provided by studies that assessed DD.
Regarding this TMD, 70% of the studies showed excel-
lent or acceptable DTA of ultrasound. These studies
used different methodologies to evaluate DD and the
disc in ultrasound images ranged from hyperechoic
to hypoechoic. Most likely, because the challenge of
viewing the disk due to the surrounding bone struc-
tures, the variation in ultrasound technical characteris-
tics and the absence of a standardized US protocol for
TMJ evaluation.> Ultrasound was tested using different
frequencies (ranging from 7.5 to 20MHz) and dynamic
and static imaging were investigated in closed and/or
open-mouth. In our review, excellent and acceptable
DTA values for DD assessment were found in studies
using dynamic and/or static US. The meta-analysis of
Su et al found higher diagnostic values of the combined
static and dynamic examinations than static examina-
tion alone.!” Other systematic review addressing this
subject applied meta-regression to determine if the clin-
ical heterogeneity could influence diagnostic accuracy.
The influence of the different types of ultrasound on
diagnostic efficacy was minimal. However, it is relevant

to question the meta-regression statistical power due to
few studies using dynamic and 3D US."

The majority of studies addressed 2D US and a wide
variation in accuracy values was observed in our review.
A disadvantage of the 2D US is that an incorrect trans-
ducer angulation could easily cause the correctly posi-
tioned disk to disappear from the sonographic picture
and could be the main reason for false-negative results.
Moreover, one of the major shortcomings of the 2D
US is the technique limitation to detect DD laterally or
medially. >3

Effusion

ultrasound has been used to detect synovitis and effu-
sion in several joints. It is accurate to detect intra
articular fluids in larger joints.>® With the technologies
progress in the last years, attempts are made to study
effusion in small joints using the ultrasound. The hall-
mark of JE in large joints is the distention of the joint
capsule and due to the lack of literature on this specific
issue in TMJ, the diagnostic criteria is not well estab-
lished. The presence of effusion using MRI is depicted
as hyperintense signal within articular space. In ultra-
sound evaluation, effusion may be detected by direct
visualization as a hypoechoic area within the articular
space or by indirect measurement of the capsular disten-
tion. In our results, just five studies investigated effusion
in TMD patients, while three of them presented accept-
able or excellent DTA values..’¢#*4 Manfredini et al, %
using indirect visualization of effusion, showed higher
sensitivity (83%) and specificity (73.7%) with 1.9 mm of
capsular distention. Jank et al* studied 200 joints and

birpublications.org/dmfr

Dentomaxillofac Radiol, 48, 20180144


http://birpublications.org/dmfr

Diagnostic ultrasound assessment of temporomandibular joints

10 of 16

"Apn1s 9Y) UI S[GR[TRAR UOTIRWLIOJUT WOIJ BIRP PAJR[NI[RI SIOYINE AY) “Q[QR[IBAR JOU ST BJBP ) UdYM,
anpea aanarpard aanisod ‘Add anfea 2anarpaid aAne3au ‘AN (O11BI POOI[ANI] ANEBIAU -3 T ‘onel pooyrayI] 2AnIsod ‘43T ‘onel sppo onsouserp YOd

Almeida ef a/

96T 8L0 0¢C 9¢ 99 8 9¢ 0S 8L S10C ‘T8 19 Iyseqey
811 960 l €3 0¢ L3 Sl Ll 9L 110T T8 19 O[IPIN
601 0c0 €€ 6 9¢ (4 L8 0¢ (V4 800C ‘& 12 300D
619 ¥'0 9¢C 83 St SL 89 149 99 LOOT ‘& 19 sapue]
899 ¥'0 87 06 144 SL 69 Ic 901 q900¢ ‘T® 19 sapue]
oo 90°0 o Sv 001 001 v6 S6 00¢ S00T ‘Te 12 uef
691 ¥9°0 801 81 88 0¢ L8 L8 08 Q€00 ‘T8 19 Jorewpuelg
w8 9¢0 ¥<T v6 143 (4 €8 81 81 €00¢ & 12jjoyswyg
HOd AT T (%) AN (%) Add (%) @oyivads — (9;) Ananisuag — (9;) 2ouapasid — (sjutof N) 221 ajduing ADag Hoyiny
syuaned JALL JO JUQWISSasse D)) Ul §() 10 sjuswaInseawr AovInooe 1593 onsousei] ¢ dqeL

9[O11IE AU} UI 9[qR[IBAR UOT)BULIOJUI WIOIJ BIEP PAIR[NO[LI SIOYINE ) O[qR[IBAR JOU SI BJEP O} UdYM,

conyea aAnorpald aanisod ‘Add onjeA 9A1noIpaId dANIRIIU ‘A JN O11RI POOYIAYI] QAIIBIIU ‘— T ‘01T POOYI[YI] dANISOd ‘43T ‘01RI SPPO MISOUSRIP YO

0 80 o0 ¥6 001 001 0¢ 9 9L 1T0T ‘T8 32 OIPIN
[4n! €L’0 7'l 0s 99 €9 €S LS [43 010 ‘& 10 ekey]
b 81°0 o €6 001 001 €8 6¢ 00¢ S00T Te 12 uef
0S°6 €0 [ 8L €L 9L SL o 88 €00C Te 10 1uIu3o],
. . . €00C
L9’S €0 L1 08 65 €L €8 144 8¢l ‘I8 10 IUIpalyuRI
HMOd AT AT o(%) AN (%) Add (%) Goyivads  (v5) Aj1apisuag o5 2oudaAd  (sjuiof N) 221 ajduing ADag oyiny

‘syuaned (JJALL JO JUSWISSSSE F [ UI S JOJ SJUWAINSLAW AoBINOJL 189) onsouSerq ¢ dqe],

birpublications.org/dmfr

Dentomaxillofac Radiol, 48, 20180144


http://birpublications.org/dmfr

suayle SENSTVITY (2% ) Swayle SPECIFICITY (86% CI)

|
1
|
1

| osspm-0m
I
i

L

Dupuy-Bonate et 12012

t

022[0.11-038) u | os7pss- 100

|
085 [084-085) = | ostprs-osn

[

os2(082-08m

m | onps-osm
u | osspss-ose
Emshott exavss? — =l | ompaz-os

|
r

081 (082084
— 0201020-070]
oss(o75-1.00] Gook et 2008 e | osopes-osg
o73[054-088) Habashi et 12015 - | osmpmn-osy
o&p0s2-058
os2(088-038)
& | ompes-osm

Hayasni et 2001 0s8075- 1.00)

J = | osps-om
o | ompes-os
0.17(000-084

|
« Ty

Fe | ostprs-os

—! 083 [0.44-050) Landes et 212007 ——— 0.4710:30-088]

—— 0e2[0.48-075) Lances et 212008 - 06210.48-074)

— | ompss-osz Razek et al2015 —=L | ompas-osy

omss-091)

Yang et ai2012 —» | osper-osy Yang et al2012 094 [0.71-1.00]

Q=14452.41= 10,00, p= 000 Q=11847, 41 = 10.0.p= 000

A
i
‘

o o 4 R
‘
‘
!
!

1226893 (8475-82.11) 1228854 81179191

Stuayle SENSITIVITY (35% CI) snayle SPECIFICITY (35% )

|
!
|
|
|
|
|
|
P —ol | omps-om ossa-os
i
|
|
;

Manfredin ot 21 2003 o | ospr2-082 053041004

Meboetal ot | —w——— 020[001-072) Melo et al 2011

100[035 - 1.00)
Togoin et 212003 —u— | ompe-oz Togain et 312003 — 0771002-038)

Sk ot 32005 o | ostppes-osy Jank ot 02005

B

1001087 - 1.00]

cousineD 0.7010.52-0.84) COMBINED < 0.58{0.48 - 1.00)

Q=28.17,01=400,p= 000 Q=10285, 81 = 400, p= 0.00

1228560 [74.82- 98.58] 12296.1234.00-86.23]

Stayid SENSTIVITY (35% CI) Suayle SPECIFICITY (35% CI)

Emshoft et 2003 —u— | ompss-o0se Emshott et 312003 = 063 [051-074)

Gook st V2008 — | ospar-1on Gook et al2008 — 08310.44-079)

Habashi et 32015 —— 03 p021-053 Habashi et 302015 +u | oszpes-osz

Jank et 212005 | osspss-om Jank ot 302005 || 100pse-100

Lances et /2007 —s | osspar-os Landes et 2172007 — 074[020-085)

Landes et a1 20080 —ad— | onpar-osm Landes et 21 20080 078 (085-058%)

L
4

vebo etai2ort | —— 015 [002-0.45) Melo et ak2011 087(0.77-094

Brandimaier ot 212003 = | osprT-084 Brandmaier et al200%b | —- 020(0.03-056)

couamen <> | ompm-om cousmnen om0e-08)
Qeio032 41 =700.p= 000

Q= 4203, 81=7.00,p= 000

122530218987 - 58.47)

R=s135[283- 5238

00 10 00

R

d

Figure 3 Forest plot with the diagnostic test accuracy (DTA) of each
study (sensitivity, specificity and 95% confidence interval) and heter-
ogeneity assessment. (A) Forest plot with the diagnostic test accuracy
(DTA) for US to DD assessment; (B) Forest plot with the diagnostic
test accuracy (DTA) for US to JE assessment; (C) Forest plot with the
diagnostic test accuracy (DTA) for US to CC assessment.

found the same sensitivity (83%) presented by Manfre-
dini et al** and higher values for specificity (100%). The
threshold used to evaluate JE was not detailed in Jank
et al study. Standardized parameters to detect JE was
further encouraged by all those studies and are rein-
forced by our results. At the moment, as there is no
clarified classification system for effusion diagnosis by
ultrasound, the comparison between the reference stan-
dard MRI and US could be not reliable.
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Condylar changes
The ultrasound capability to assess hard tissues is a
subject under controversy in the literature.!'*!*?® Only
one study out of eight included in the DTA table
showed an excellent capability to assess condylar erosion
reporting 94% of sensitivity and 100% of specificity.*® It
is important to discuss that ten of the studies addressing
CC in this systematic review used MRI as the reference
standard. Since MRI has limitations to assess bone
alterations as erosion, flattening and osteophyte, the
results of these studies could have been misinterpreted.
Brandlmaier discussed in his study that many of CC
diagnosed with ultrasound could be not visible in MRI
images.”® Using CT as the reference standard and 2D
static US, Gook et al found 87% for US sensitivity and
62% to specificity when evaluating condyle flattening
and erosion.* These results allow us to affirm that the
diagnostic capability of US to assess CC should be more
explored using CT or CBCT as the reference standard.
Overall, there is a very wide variation in sensitivity
and specificity of ultrasound for each type of pathology
across a variety of included studies. This variation
could be related to the parameters established to diag-
nose the presence or absence of the TMD such as
diagnostic criteria for disc displacement. On the other
hand, some of this variability could be due to technical
factors such as the transducer frequency used, probe
design, methods of examination and the diagnostic
ability of the sonographer and image reader. High-res-
olution transducers (=12 MHz) have shown a better
visualization of the TMJ structures with better results
than low-resolution devices.!®** Ultrasound requires an
experienced reader for image interpretation.’’ Technical
factors such as the type of gel or standoff pad used to
scan the patient, contact pressure and probe angle could
influence the quality of US image and its interpretation.
In general, the included studies in this review did not
provide detailed and replicable information about these
parameters. Also, the visualization of the disc, articular
space and condyle with US could be challenging due
to the anatomic configuration of the TMJ, especially
the medial part of the joint. The extraoral ultrasound
approach used by the included studies in the current
systematic review presented challenges to acquire the
images externally through the zygomatic process and
temporal bone. Recently, Katzberg et al described the
first trans-oral ultrasound approach using an intra-
oral probe and images were acquired with adequate
anatomic depth. The condyle and sub condylar space
were visible in 100% of the joints and the disc was visible
in 70%.%* For researches, could be a promising approach
to improving the limitations caused by the difficulty of
imaging structures behind bone and air.

3D US

On its acquisition process, the tissue block is obtained
and slicing in several plans which allow multiplanar
views (sagittal, coronal and axial) of a joint portion

birpublications.org/dmfr
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Figure 4 Receiver operating characteristic (ROC) curves for each group. (A) ROC curve for US to DD assessment; (B) ROC curve for US to JE

assessment; (C): ROC curve for US to CC assessment.

and favor the interpretation. In our study, three papers
from the same group tested the performance of 3D US
to assess TMD.'23%% One of them, compared 2D vs 3D
US and the 3D one presented better results, maybe due
to the better viewing.!> All those papers discussed that
the main advantage of using 3D US was to obtain a
complete overview of the articular disk and condyle.
They also discussed that the 3D US performance could
be improved by applying automated imaging enhance-
ment. 3D ultrasound have been currently used in some
areas of medicine and new technologies to improve those
image analyses have been tested.®¥ Hareendranathan
et al proposed a technique for semiautomatic segmen-
tation of echogenic structures from 3D US applied to
hip dysplasia. The study showed that it is a fast and
reliable method to delineate the surface and shape of

Dentomaxillofac Radiol, 48, 20180144
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the structures aiding in more accurate diagnosis of the
evaluated area. They emphasized the technique could
be applied for any 3D US.%® As the current approach to
evaluate TMD by ultrasound is a challenging, this type
of technology applied to the image could be an oppor-
tunity for further studies.

Inflammatory arthritis

We found just four papers addressing ultrasound for
TMJ alterations in rheumatic disease population,®#!:4244
too few to construct a meaningful DTA table, forest plot
or ROC curve and to draw conclusions. Besides that,
these papers studied different rheumatic diseases with
their own prevalence and TMD etiopathogenesis, which
could lead to misinterpretation if combined. A recent


http://birpublications.org/dmfr

Deeks' Funnel Plot Asymmetry Test
oo pvalue = 0.39
O Study
®@ . @  |-—-- Regression
@ ®
1] ® ®
® ®@
®
— ®
(9]
(%]
w
= 15
o
g i
® ®
2 1 T 1
1 o 10 = 100 - 1000
Diagnostic Odds Ratio
Deeks' Funnel Plot Asymmetry Test
i pvalue = 0.49
® Study
_____ Regression
; a ine
s
® /
g /-
s J
o /
g #
5 #
2 ® /
= Z
- 15 /
/
4
7
/
i
%
7
4
4/
7
T T T
1 0 : 00 1000
Diagnostic Odds Ratio
Deeks' Funnel Plot Asymmetry Test
pvalue = 0.65
®
12 - €] ® Study
_____ Regression
Line
14
2
w o |® c)
‘g o]
=
0]
18
@
T T 1

1 1000

Diagnostic Odds Ratio
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review investigated the performance of US compared
to MRI in JIA patients and found a wide variation in
the sensitivity (0-72%) and specificity ranging from 70

Diagnostic ultrasound assessment of temporomandibular joints
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to 83%. Furthermore, they found that in JIA patients,
dynamic US improves sensitivity and specificity
compared to static US.®

Summary of evidence

Based on this review results, the diagnostic ability for
ultrasound to diagnose TMJ pathology varied widely
from poor to excellent, depending on factors which are
not clearly delineated in the various reports. In summary,
the present synthesis showed US has a moderate diag-
nostic capability to assess DD and JE, which justify its
use in clinical practice for these purposes. We cannot
fully assess its diagnostic capability to CC assessment
since only one study presented acceptable DTA values.
Overall, the specificity and NPV of ultrasound seemed
slightly higher than sensitivity and PPV values for each
type of TMJ alteration. Clinically, these indicated that
ultrasound is better to exclude than to confirm TMD. In
this case, MRI should be used to confirm TMD detected
by US. Therefore, ultrasound may contribute to clinical
examination as an initial screening tool as has already
been proposed in some medical areas. More advanced
imaging can follow. That way the expensive resources
are used more efficiently.

For the future studies, a 3D US dynamic approach
with high-resolution transducer should be considered
to verify if the reliability of the examination would
increase. To DD assessment, the clinical significance of
the disc movement patterns and its position abnormali-
ties should be taken into account in further studies. Also,
researchers are encouraged to address the diagnostic
capability of US to CC assessment using appropriate
reference standard. Despite the large studies in this field
and the improvement of the ultrasound imaging in the
last years, it is still necessary to standardize the TMD
assessment by ultrasound. Possibly, studies stablishing
the normal parameters of ultrasound TMJ evaluation
could contribute to the standardization.

Limitations

Some limitations of this review should be considered.
First, some papers did not describe the thresholds to
determine the presence of DD, JE or CC. Second, six
papers did not provide information about the blind
interpretation of the reference standard results. These
two limitations may influence the test performance
estimation and DTA values presenting here could be
affected.

Despite the summary of sensitivity/specificity were
provided by the presented forest plots, caution should
be exercised while interpreting these pooled results.
First, positive and negative predictive values may vary
with disease prevalence. Second, high heterogeneity and
potential biases inherent to the included studies could
have magnified pooled accuracy. Finally, the combined

birpublications.org/dmfr

13 of 16

Dentomaxillofac Radiol, 48, 20180144


http://birpublications.org/dmfr

14 of 16

Diagnostic ultrasound assessment of temporomandibular joints
Almeida ef a/

approach does not take into account the possibility of
different test thresholds in the studies.

The forest plot shows a large range of accuracy
values, this could be due to the studies criteria to select
participants or the criteria used to acquire and to eval-
uate the images. There was a large number of studies
from the same group. 16 studies belong to three research
groups (Frankfurt University-Germany, Univer-
sity of Pisa-Italy and University of Innsbruck-Aus
tria),!2-1427.28.31-33.36.38-42.4647 Degpite this, the results vary
between the studies of the same group and no standard-
ization or protocol are observed for TMD assessment
by US.

Conclusion

This systematic review suggests that ultrasound may
have clinically acceptable capability to screen for disk
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displacement and joint effusion in TMD patients. For
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support its use. More advanced imaging such as MRI
can be used after a positive screening with ultrasound to
confirm the TMD diagnosis if deemed necessary.
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