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CHAPTER 1

General Introduction

CHAPTER 1

Patients profiles and outcomes of care in temporomandibular disorders

Temporomandibular disorders (TMDs) are a collective term for pain and dysfunction
of the masticatory muscles and temporomandibular joints (TMJs) [1]. TMDs are regarded as the second most common cause of orofacial pain, following odontogenic
pain [2,3]. The prevalence of TMDs in an adult population is estimated to be around
18% [4]. Furthermore, based on the Orofacial Pain Prospective Risk Evaluation and
Assessment (OPPERA) prospective cohort study in the USA, the average incidence of
first onset painful TMDs is about 4% per year [5].
Temporomandibular joint osteoarthritis (TMJ OA) is one of the subtypes of TMDs
and the most common form of arthritis occurring in TMJs [6,7]. TMJ OA has an estimated prevalence of about 4-5% in the general population [8-10], while that in TMD
patients ranges up to 22% [11-13]. Chronic orofacial pain is the main symptom of
TMDs, including TMJ OA, and also the main reason for TMD patients to seek treatment [14]. Chronic orofacial pain is generally defined as a pain that occurs for at least
15 days during each month for more than 3 months [15,16]. The pain is either continuous or occurs in episodes lasting for more than 4 hours each time [15,16]. Disc
displacement (DD) is one of the most common internal derangement of TMJs, which
is caused by a disc displaced from its normal position between the condyle and the
articular eminence [17].The prevalence of DD in the general population is around 8%
[10], while that in TMD patients ranges from 38% to 73% [13,18,19].
Diagnosis

In both clinical practice and research,TMDs and its subtypes are commonly diagnosed
with dual-axis Research Diagnostic Criteria for Temporomandibular Disorders (RDC/
TMD) or new dual-axis Diagnostic Criteria for Temporomandibular Disorders (DC/
TMD) [20,21]. The DC/TMD optimized the diagnostic algorithms of TMDs on the
basis of RDC/TMD, which seems to be more applicable in the clinical practice and
research [21-23]. However, in both RDC/TMD and DC/TMD, the validity for the diagnosis of a DD is inadequate without imaging [21,22]. For most cases, DD is a stable,
pain-free, and lifelong condition of the joints, but in a small minority of patients, a DD
may cause reduced mouth opening and may be associated with pain. Therefore, in
case there is an urge of an objective diagnosis of a suspected DD, the presence of a
DD needs to be confirmed by TMJ imaging. In clinical practice, Magnetic Resonance
8
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Imaging (MRI) was so far described as the gold standard for diagnosis of DDs [24]. It is
reported that the diagnostic accuracy of MRI is 95% and 93% in determining the disc
position and bone changes, respectively, when compared to cryosectioning of TMJs
[25]. However, MRI has several drawbacks in clinical practice. For example, MRI cannot
be carried out in patients with pacemakers or metallic prosthesis, or in claustrophobic
patients [26,27]. Also, the use of MRI is limited by the required centralized facilities,
the high costs, and the long time it takes for scanning compared to other imaging
modalities like computed tomography (CT) [27]. Therefore, more advanced imaging
techniques are required for the diagnosis of DD. Ultrasonography (US) can be used
for the visualization of the disc for both research purposes and patient care, which has
gained increasing attention in the recent decades. Compared to other imaging techniques like MRI or CT, US is less expensive, less time-consuming, and easily accessible
[28]. Besides, it can be used to directly observe the disc movement during opening
and closing of the mouth, thus allowing the investigators to detect disc positions more
accurately [29]. However, the interpretation of US is reported to be highly dependent
on the operators, and the visualization of the disc with US is difficult, because the disc
can be visualized only through the small gap between the zygomatic process of the
temporal bone and the head of the condyle [24]. Also, the standardized diagnostic
criteria of US for the diagnosis of DD have not yet been well-established. Therefore,
despite an increasing number of studies focusing on the diagnostic accuracy of US for
the diagnosis of DD, it is still controversial whether US has sufficient added diagnostic
values over MRI and whether US can replace MRI for the diagnosis of DD in clinical
practice.

Oral health related quality of life (OHRQoL)

Nowadays, OHRQoL is regarded as an important outcome measure for assessment
of the effectiveness of dental treatment.Traditionally, effectiveness of dental treatment
was usually based on objective clinical parameters such as success or failure. However,
such a point of view does not take into consideration the patients’ subjective expectations, experience or feelings. To illustrate, a partial prosthetic denture may be manufactured perfectly from a technical point of view, but the patient may not wear at all
9
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because he/she feels painful or discomfortable when eating and speaking while wearing the denture. Patients’ subjective evaluation, like OHRQoL, seems to be increasingly
important for the assessment of the effectiveness of dental treatment. This is because
patients’ subjective evaluation can truly reflect patients’ feelings of the effectiveness of
treatment with regard to their own health. Clinicians’ increasing importance placed on
patients’ subjective evaluation makes patients more active in the decision-making process of treatments, thus making the assessment of treatment effectiveness more comprehensive and patient-oriented [30]. The concept of “Quality of life (QoL)” is broad,
diverse and dynamic over time, but the conceptualization that considers QoL on the
basis of life satisfaction is the most recommended [31]. Health related quality of life
(HRQoL) is one aspect of QoL, which specifically focuses on an individual’s subjective
experience which relates to health, disease, disability, impairment, and effectiveness of
treatment [32]. The definition of OHRQoL by the National Institute of Health (NIH)
is “a multidimensional construct that reflects people’s comfort when eating, sleeping,
and engaging in social interaction; their self-esteem; and their satisfaction with respect
to their oral health” [33], which is a result of the interaction of oral health conditions,
social and contextual factors, and the rest of the body [34].
Pain is a key symptom related to possible impairment of OHRQoL, not only because
pain directly affects patients by hurting them physically, but also because patients with
chronic pain are very likely to have a variety of psychosocial and behavioral comorbid conditions. This can negatively affect patients’ interpersonal relationships with
friends, family, and health care providers as well as patients’ daily life, activities, and
work [35,36]. Also, other clinical signs and symptoms of TMDs, including limitation
of jaw movement, are thought to impair OHRQoL of TMD patients [36,37]. As such,
OHRQoL was demonstrated to be negatively influenced among TMD patients based
on a systematic review [38]. Barros Vde et al. reported that TMD patients with muscular disorders (Group I based on axis I of RDC/TMD) or TMJ OA (Group IIIb) had a
greater impaired OHRQoL than those without muscular disorders or TMJ OA [39].
Reissmann et al. reported that patients with diagnoses of Group I (myofascial pain)
or Group III (arthralgia, osteoarthritis, or osteoarthrosis) had a significantly worse
OHRQoL than patients with a Group II (DD) TMD diagnosis, while there was no
significant difference between Group I and Group III in OHRQoL [40]. He also re10
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ported that compared with mean scores of OHIP-49 for general population subjects
without any sign or symptom or for general population subjects without any RDC/
TMD diagnoses, the score of OHIP-49 for patients with TMJ OA tended to be higher but without statistical significance [40]. John et al. reported that compared with
the norms of OHIP-49 in the general population, the mean scores of OHIP-49 for
all subtypes of TMDs based on the RDC/TMD except for DD with reduction was
significantly higher [41]. This indicated that OHRQoL of patients with TMJ OA was
significantly impaired.Therefore, it can be hypothesized that patients with pain-related
TMD or osteoarthrosis (Group I and Group III of RDC/TMD) are more likely to have
lower OHRQoL than patients with other subtypes of TMD. However, the studies that
specifically focused on the effect of TMJ OA on patients’ OHRQoL is scared [40,41].
Chronic pain and psychological wellbeing

It has been mentioned that patients with chronic pain are more likely to have psychological disorders than patients without chronic pain [35,36]. Chronic orofacial
pain is highly prevalent in TMD patients. It is reported that the prevalence of orofacial
pain in the general population ranges from 4.0% to 15.0% [42-45]. In TMD patients,
it is reported that 12% of patients experienced a singular-episode of orofacial pain
or headache, 65% experienced recurrent orofacial pain or headache, and 12% experienced persistent orofacial pain or headache [46]. Recently, several studies have
found positive associations between pain-related disability and certain psychological
problems like depression, somatization, sleep dysfunction, worry, and catastrophizing
[47-49]. This may provide clinicians with some important clues in clinical practice
that if TMD patients have severe pain-related disability, these groups of patients may
be more likely to have psychological disorders. Therefore, clinicians should pay more
attention to the psychological wellbeing of these patients and give them psychological
support if necessary. However, the available information on the associations between
pain intensity and psychological problems or on the association between pain-related
disability and other psychological problems like stress, optimism, or daytime sleepiness
in TMD patients is absent.

11
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Management

Given the multidimensional nature of TMDs, recently, several types of physical and
psychological treatments have been advocated for treating TMDs in clinical practice.
Clinicians who manage patients’ treatment should decide which type of treatments
are most cost-effective and evidence-based, and which have the greatest potential
to bring patients long-term symptom relief [50]. Based on international consensus
reached in 1995 and 2010, reversible and conservative treatments should be recommended for the first-line intervention for TMD patients [51,52]. So, various reversible
and conservative treatments like physiotherapy, splint, and psychological treatment
have been adopted widely for most TMD patients. It has been shown that splints
are beneficial for masticatory muscle pain, TMJ pain, TMJ noises, restricted jaw mobility, and TMJ dislocation in those who grind or clench their teeth at night [51,53].
Physiotherapy, which includes massage or targeted exercises, aims to decrease pain,
enable muscle relaxation, reduce muscular hyperactivity, and re-establish muscle function and joint mobility [53,54]. Psychological treatment is also well-established nowadays as a supplemental treatment for TMD patients with possible psychological disorders to relieve their pain and improve their psychological wellbeing [55,56]. However,
not all types of treatments are equally effective for all patients. Therefore, clinicians’
decision-making of which treatment is optimal for which groups of individual patients,
is of great importance. As such, the process of clinicians’ decision-making is complicated and influenced by multiple factors, including patient and disease characteristics,
the clinicians’ knowledge, profession traditions, clinical judgment, clinical routines, and
even clinicians’ psychological status [57]. As the number of subjective factors that goes
into formulating a treatment plan increases, the possibility of inaccuracy and variability
in clinical decision-making among clinicians increases [58], which may negatively affect
patients’ health and clinicians’ reputation. Therefore, a standardized model, driven by
valid data from patient care which are objective and easy-to-collect, is necessary to
develop in order to make the process of decision-making more standardized, transparent, accurate, and easier for clinicians.
Although reversible and conservative treatments are recommended for most TMD
patients, there is a small proportion of patients who may require a surgical intervention [59]. One surgical intervention is arthrocentesis, which is a simple and minimally
12
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invasive procedure with the purpose of removing inflammatory and pain mediators
from the joint cavity, simply by intraarticular injection of saline [60,61]. Arthrocentesis
is widely used as a treatment option for various types of TMDs, including TMJ OA [62].
Hyaluronic acid (HA) is one of the components of synovial fluid (SF), which is related
to the physical and functional features of TMJs [63] and has an important role in impairing the lubricating properties of SF and the cartilage in the TMJs [64,65]. Several
previous studies have shown that arthrocentesis with HA is safe and can reduce
orofacial pain in patients with TMJ OA [62,66-68]. Besides, oral medication is regarded
as a supplement treatment to reduce orofacial pain and improve jaw functions [69].
Glucosamine has recently been suggested to relieve the symptoms of patients suffering from OA by supplying the components for cartilage repair, thus alleviating pain and
disability [70]. For TMJ OA, oral glucosamine hydrochloride (GH) can be regarded as
a supplement to other types of treatment [7]. Li et al. compared the effectiveness and
safety between an intervention group (combined oral GH and arthrocentesis with
HA injections) and a control group (combined oral placebo and arthrocentesis with
HA injections) for TMJ OA patients based on a randomized controlled trial [62]. The
study found that the intervention group had significantly larger improvement in maximal mouth opening and pain on opening than the control group [62]. Additionally, no
serious drug events were detected in both groups, and patients’ OHRQoL was equally
improved in both groups [62]. However, the studies assessing the effectiveness of oral
GH for TMJ OA are still scarce [62]. Furthermore, no studies focused on how oral
GH with arthrocentesis with HA affects the OHRQoL of TMJ OA patients in short
and long term after the treatment. In addition, arthrocentesis with HA is a widely used
treatment for TMJ OA, but it is invasive and not always effective for improving chronic
orofacial pain for all patients with TMJ OA. So, in clinical practice, it is very important
for clinicians to predict whether the OHRQoL of individual patients can be improved
after completion of arthrocentesis with HA.
Aim and structure of thesis

The purpose of the present thesis is to increase the currently available knowledge
about patient profiles and outcomes of care in TMDs.To this end, the following studies
will be performed:
13
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The aim of the study in Chapter 2 is to assess the effect of arthrocentesis with HA
injections, combined with orally administered GH, on short and long-term OHRQoL,
in patients with TMJ OA. The OHRQoL of patients with TMJ OA is recorded at baseline, at the first month, third month, and sixth month after baseline using the Chinese
version of the 14-item Oral Health Impact Profile (OHIP-C14). Possible changes in
OHRQoL across these time points are assessed.
The aim of the study in Chapter 3 is to assess the association between OHRQoL
and severity of clinical symptoms and signs in patients with TMJ OA. The patients’
OHRQoL is assessed with the OHIP-C14. The severity of clinical symptoms and signs
of the patients is assessed with the Helkimo clinical dysfunction index (HDI).
The aim of the study in Chapter 4 is to develop two prediction models for OHRQoL
in patients with TMJ OA one month and six months after arthrocentesis with HA
injections. Patient characteristics and history data, outcomes of clinical examinations,
and questionnaire data are recorded at baseline as potential predictors in the models.
Patients’ OHRQoL at one and six months after completing treatment is regarded as
the outcome in both models. Logistic regression analyses are used to develop the
prediction models.
The aim of the study in Chapter 5 is to assess the association of several psychological and socio-demographic factors with pain intensity and pain-related disability in
TMD patients. The psychological status of patients is assessed with several questionnaires including the 7-item general anxiety disorder (GAD-7) for anxiety, the 15-item
Patient Health Questionnaire (PHQ-15) for somatization, the 9-item Patient Health
Questionnaire (PHQ-9) for depression, a 7-item questionnaire for stress, the Epworth
Sleeping Scale (ESS) for daytime sleepiness, and the Life Orientation Test-Revised
(LOT-R) for optimism. The pain intensity and pain-related disability of patients are
assessed with the characteristic pain intensity (CPI) scale and disability points from
the Graded Chronic Pain Scale (GCPS), respectively.
The aims of the study in Chapter 6 are twofold. The first aim is to identify which
potential predictors in patient profiles are significantly associated with the types of
treatment indicated for TMD patients. In this aim, the differences and similarities of
predictors that are associated with different types of treatment are found out and
compared. The second aim is to derive weights of the predictors and then develop
14
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a clinical prediction model to predict types of treatment indicated for future TMD
patients in clinical practice. Patients’ characteristics and disease characteristics are
recorded at baseline as the potential predictors of the model. Types of treatments
including no treatment (NT), physical treatment only (PTO) including splint and/or
physiotherapy, and combined physical and psychological treatment (CPPT) are regarded as the outcomes of the model. Multinomial logistic regression analyses are used
to identify the similarities and differences of predictors in patient profiles for differentiation of types of treatment indicated for TMD patients and are used to develop a
prediction model for types of treatment indicated for TMD patients.
The aim of the study in Chapter 7 is to assess the added diagnostic value of ultrasonography (US) for detection of disc displacement (DD) in the temporomandibular
joints (TMJs) based on a systematic review. Pubmed and EMBASE are searched electronically to identify diagnostic accuracy studies that assessed the diagnostic value of
US for the diagnosis of DD, using MRI as the reference standard. Quality Assessment
of Diagnostic Accuracy Studies-2 (QUADAS-2) is used to assess the risk of bias of
the included studies. Meta-analyses are performed with Metadisc 1.4 and RevMan 5.3.

15
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Abstract

Objectives: To evaluate the changes in oral health related quality of life (OHRQoL)
in patients with temporomandibular joint osteoarthritis (TMJ OA) who underwent
five weekly hyaluronic acid injections together with oral glucosamine hydrochloride
for three months.
Materials and methods: This prospective observational study included 211 consecutive patients who completed the Chinese version of the 14-item Oral Health Impact
Profile (OHIP-C14) before treatment (T0), and at first month (T1), third month (T2),
and sixth month (T3) after the first injection.
Results: Significant changes in the sum scores on the OHIP-C14 were observed during follow-up (P < 0.001).The scores were significantly reduced at T1,T2, and T3 compared with T0 (P < 0.001), and were significantly reduced from T0 to T1 (P < 0.001)
and T1 to T2 (P < 0.001), but not from T2 to T3 (P=0.369). Compared with the norms
of the OHIP-C14 in Chinese population, the OHIP-C14 scores were significantly higher at T0 (P < 0.001), not significantly different at T1 (P = 0.482), and significantly lower
at T2 (P = 0.013) and T3 (P = 0.003). The changes in the scores differed significantly
among age groups (P = 0.012) but not between genders (P = 0.293).
Conclusions: TMJ OA has a negative effect on patients’ OHRQoL. OHRQoL scores
were improved to normal levels in both short and long terms after the treatment.
OHRQoL improvement was the greatest in the youngest group, but did not differ
between genders.
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Introduction
Oral health related quality of life (OHRQoL) is a multidimensional concept which assesses the impact of oral conditions on individuals’ normal functions [1].Various questionnaires have been developed to assess OHRQoL in recent decades [2]. The Oral
Health Impact Profile (OHIP), which has been shown to have satisfactory psychometric properties [3], is widely accepted in dentistry for the assessment of patient-centred oral health [4]. The OHIP uses a frequency-based approach and is presented as
a full 49-item version (OHIP-49) and a 14-item abbreviated version (OHIP-14) [5].
Temporomandibular disorders (TMDs) are painful musculoskeletal involving the temporomandibular joints (TMJs), masticatory muscles, and other relevant structures, and
the main clinical symptoms are orofacial pain, limited mouth opening, and TMJ click
[5,6]. Up to one third of the population suffer TMDs [7], and OHRQoL is negatively
affected in these individuals [8]. Osteoarthritis (OA) of the TMJs is a very common
and severe form of TMDs and is associated with pain in the TMJs [9]. The burden of
OA will intensify as the world’s population ages [10].
Temporomandibular joint osteoarthritis (TMJ OA) can be treated clinically with arthrocentesis with hyaluronic acid (HA) injections, which is widely used in the treatment of TMD and has proved to be highly efficient in improving jaw function and
reducing pain levels in TMJ OA patients [11]. Glucosamine has recently been suggested
to relieve the symptoms of patients suffering OA by supplying the components for
cartilage repair, thus alleviating pain and disability [10]. Several clinical trials have reported the excellent efficacy and safety of glucosamine hydrochloride (GH) in treating
OA of the knees and hips [12,13].
The aim of this study was to evaluate the changes in OHRQoL after patients with TMJ
OA received arthrocentesis with HA injections combined with oral GH in the short
term and long term, and to assess in which age group and gender group the treatment
was most effective in improving OHRQoL.
Material and methods
Study design

This was a prospective observational study including adult patients who underwent
treatment for TMJ OA at the Department of Oral and Maxillofacial Surgery at West
23
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China Hospital of Stomatology, Chengdu, China. The study complied with the principles of the Declaration of Helsinki. A consecutive sample of 286 patients at the
department was screened for their suitability to receive arthrocentesis with HA injections (2 mL per cartridge; Shipeite; Bausch Freda, Shandong, China) in a cycle of five
weekly one-needle arthrocentesis (one per week) of both the superior and inferior
TMJ spaces, combined with oral GH tablets (0.24 g per tablet; Bumaixin; Xinsidun
Pharmaceutical Co. Ltd, Sichuan, China), with 0.48 g per treatment three times a day
after meals for three months. The inclusion criteria were that the patient: was aged
18-70 years; had a diagnosis of TMJ OA based on the Chinese version of the Research
Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD Axis I group IIIb)
[14]; and provided his/her written informed consent. The exclusion criteria were that
the patient: had no diagnosis of TMJ OA, has a rheumatic disease; was allergic to HA
or GH; had taken any medication in the past four weeks that may affect the HA or
GH treatment or assessment; had participated in another clinical trial in the past three
months; had severe cardiovascular, hepatic, nephritic, or systemic blood disease; or
could not be followed-up regularly.
Injection technique

The preauricular area of the face was disinfected with povidone iodine and ethanol.
A 5 mL syringe containing 4 mL of 2% lidocaine and a 22-gauge needle were used
for the joint injection. The entry point of the needle was located at about 10 mm in
front of the tragus. After insertion, the needle went deeper into joint space anteriorly,
superiorly, and medially until the tip of the needle reached the glenoid fossa of the
superior joint space. 2% lidocaine (1 mL) was then injected and aspirated in order
to anesthetize and wash out the space. The 5 mL syringe was then removed, and an
ampoule containing 0.5 mL of HA was connected to the needle in situ and then HA
was injected into the joint space. The ampoule was removed and a new syringe of 2%
lidocaine was connected to the needle in situ.The operator then moved the needle to
the inferior joint space until the condyle head was reached.The patient was instructed
to open his or her mouth to an incisal distance of 1 cm, while the operator moved the
needle posteromedially to enter the inferior joint space along the posterior surface of
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the condylar head. Another 1 mL of 2% lidocaine was then injected with a new syringe
and aspirated to anesthetize and wash out the inferior space. Then 0.5 mL of HA was
injected into the inferior joint space. The patient was then instructed to move his or
her lower jaw actively without manipulation by the operator.

2

OHRQoL

OHRQoL was assessed with the Chinese version of the 14-item Oral Health Impact
Profile (OHIP-C14), whose psychometric properties has been assessed in healthy
Chinese population [15].
OHIP-C14 is a short version of the Oral Health Impact Profile [16]. OHIP-C14 has
seven domains including functional limitation, physical pain, psychological discomfort,
physical disability, psychological disability, social disability, and handicap. Each domain
has two items. Each item of the OHIP-C14 is scored from 0 to 4: 0 = never; 1 =
hardly ever; 2 = occasionally; 3 = fairly often; and 4 = very often. The OHIP-C14 sum
score ranges from 0 to 56, and the score of each domain ranges from 0 to 8. A higher
OHIP-C14 sum score represents lower OHRQoL.
OHRQoL was assessed at baseline before the HA injection at the first visit (T0), and
first month (T1), third month (T2), and sixth month (T3) after the first injection.
Statistical analysis

A nonparametric analysis was used to explore OHRQoL changes after arthrocentesis
with HA injections combined with oral GH, because the data of OHRQoL followed
a Poisson distribution. Friedman two-way analysis of variance (ANOVA) was used to
assess the overall changes of both sum scores and domain scores of the OHIP-C14
across different time points.Then, the Wilcoxon signed rank test was used to compare
both sum scores and domain scores of the OHIP-C14 at T1, T2, and T3 separately
with the sum score and domain score of the OHIP-C14 at T0. The Wilcoxon signed
rank test was also used to assess the changes in the sum scores and domain scores
of the OHIP-C14 between T2 and T1 and between T3 and T2. A one-sample t test
then was used to compare the sum scores of the OHIP-C14 at T0, T1, T2, and T3 with
the norms of the OHIP-C14 (11.89). The Kruskal-Wallis test was used to compare
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the changes in the sum scores of the OHIP-C14 between baseline (T0) and the final
follow-up (T3) in the three age groups (< 45 years, 45-60 years, and > 60 years).
The Nemenyi test was used to compare any two age groups at the same time point
in order to identify the age group(s) in which OHRQoL changed most significantly.
Finally, the Wilcoxon signed rank test was used again to compare the changes in the
sum scores of the OHIP-C14 between T0 and T3 for both males and females in order
to test whether the treatment differed significantly between genders in improving
OHRQoL. The significance level was set at P < 0.05 for all statistical procedures.
Results
Of the 286 adults investigated, 234 adults met the inclusion criteria and were enrolled
in the study and 211 adults completed the OHRQoL assessment at all four time
points, comprising 90.2% of the original 234 subjects. The median age of the subjects
was 34 years (interquartile range, 20-48), and 17.5% (37/211) were male. There was
no significant difference in the OHIP-C14 scores at baseline between patients who
completed the follow-up assessments of OHRQoL (who were included in the study)
and those who did not complete the follow-up assessments of OHRQoL (who were
excluded from the study) (P > 0.05).
The outcomes showed significant changes in OHRQoL across time points. Significant
overall changes were observed in the sum scores and all the seven domain scores of
the OHIP-C14 across different time points (P < 0.001) (Table 1 and Fig. 1). The sum
scores of the OHIP-C14 at T1, T2, and T3 were all significantly lower than the sum
score at T0 (P < 0.001) (Table 2). Also, the scores of all the seven domains of the
OHIP-C14 at T1, T2, and T3 were all significantly lower than those at T0 (Table 2).
Besides, the OHIP-C14 sum scores were significantly decreased from T0 to T1 (P <
0.001) and from T1 and T2 (P < 0.001), but not from T2 and T3 (P = 0.369) (Table 3).
The changes of the seven domain scores of the OHIP-C14 between the adjacent time
points were also presented in Table 3. The OHIP-C14 sum scores were significantly
higher than the Chinese norms (11.98) at T0 (P < 0.001), were not significantly different at T1 (P = 0.482) and were significantly lower at T2 (P = 0.013) and T3 (P = 0.003).
When age was considered, the OHIP-C14 sum scores of the three age groups at
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baseline were not significantly different (P = 0.067). At the final follow-up (T3), the
youngest patients had the lowest OHIP-C14 sum scores, whereas the other two
groups (45-60 years and > 60 years) had similar sum scores. In general, OHRQoL
improvement was more evident in patients < 45 years old when arthrocentesis with
HA injections with oral GH were administered (Table 4 and Fig. 2).
When gender was considered, the outcomes did not differ significantly between the
male and female patients at baseline (P = 0.920) or at the final follow-up (T3) (P =
0.673). In general, males and females showed similar improvement in OHRQoL when
treated with HA injections and oral GH (Table 4 and Fig.3).
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G

H

Fig. 1. Mean OHIP-C14 sum scores and domain scores at four time points. A: mean sum scores; B-H: mean
scores for domains 1-7, respectively.

Fig. 2. Mean OHIP-C14 sum scores for the three
age groups at four time points.
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Fig. 3. Mean OHIP-C14 sum scores for male and
female groups at four time points.
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Table 1 Comparison of relative changes in OHRQoL at different time points during treatment (N=211)
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Table 2 OHRQoL at T1, T2, and T3 compared with baseline (T0) (N=211)
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Table 3 Changes in OHRQoL between adjacent treatment times (N=211)
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8.01

8.77

5.27

SD

9.00

9.00

11.00

12.00

9.00

Median

7.00

7.00

13.00

12.00

6.00

IQR

0.673

0.001

P

T0-T3

8.34

9.62

4.20

7.91

9.21

Mean

8.32

7.36

4.78

9.99

7.66

SD

8.00

9.00

3.00

8.00

9.00

Median

10.00

10.50

6.00

13.00

9.00

IQR

0.293

B-C:0.036

A-C: 0.011

A-B: 0.935

p=0.012

P

OHIP-C14: the Chinese version of the 14-item Oral Health Impact Profile; IQR: interquartile range; SD: standard deviation; T0: at the baseline before the HA
injection at the first visit; T3: at sixth month after the first injection.

Genders

Ages

P

Mean

IQR

T3

Median

Mean

SD

T0
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Table 4 OHIP-C14 sum scores for age groups and genders (N=211)
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Discussion
TMD is defined as a group of heterogeneous pains and dysfunctions involving the masticatory system. Common signs and symptoms include facial and jaw pain, clicking or
crepitus of the joints, restricted mandibular movement, and deviation on opening [15].
According to a systematic review, TMD has a negative effect on the quality of life [8].
OA is a common type of TMD encountered clinically. The main characteristics of TMJ
OA is degeneration of the bone, cartilage, and supporting tissues of TMJs [12,13]. It is
caused by both mechanical and biological events that make the normal coupling of the
degradation and synthesis of the articular cartilage and subchondral bone imbalanced
[13].TMJ OA is caused by trauma, including macrotrauma and repetitive microtrauma,
or a rare infective arthritis disease [16]. Patients with TMJ OA always complain of jaw
pain [16]. In other words, as a component of TMDs, TMJ OA can negatively affect a
patient’s normal life.
The high response rate in our study shows the clinical feasibility of measuring patient-centred OHRQoL. Evaluating OHRQoL helps us to understand the effects of
the treatment on patients’ feelings, because these effects are important when the
overall effectiveness of the arthrocentesis with HA injections and oral GH was assessed. Various OHRQoL instruments have been developed in the past 20 years due
to the increased concern about the impact of oral health on individuals’ quality of life
[8]. OHIP, developed and evaluated by Slade and Spencer, is one of the most widely used instruments for OHRQoL [17]. OHIP is widely used in dentistry to assess
OHRQoL in patients with TMDs and has proved to be sensitive in these patients
[18,19]. OHIP has been translated into several languages and has two major versions,
OHIP-49 and OHIP-14 [18,19]. We used OHIP-C14, which is widely used in dentistry
in China because it is concise and practicable for evaluating OHRQoL. OHIP-C14 has
been shown to have high reliability and validity in Chinese population. In a study of 550
healthy volunteers aged 18-65 years, Cronbach’s alpha for the OHIP-C14 was 0.93,
and the corrected item total correlation ranged from 0.53 to 0.71, so the OHIP-C14
scores were significantly associated with the perceived oral health status and the perceived need for dental care [15].The good psychometric properties of the OHIP-C14
provide theoretical support for its further application to the Chinese population [15].
It should be noted that the Chinese norm was determined in 550 Chinese volunteers
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selected randomly from a community in southern China with good oral health, with
no consideration of age, sex, economic level, social status, or education level [15].
The Chinese version of RDC/TMD, which has been proved to have high reliability
and validity in Chinese TMDs patients, was used to diagnose TMJ OA in the present
study. Cronbach’s alpha for the Chinese version of RDC/TMD was 0.93, the split-half
coefficient was 0.71, and there was a significant logical correlation in the scale [14].
Significant changes in OHRQoL were found in this study in both the short term (one
month and three months) and long term (six months) after arthrocentesis with HA
injections combined with oral GH in TMJ OA patients. Compared with the pretreatment scores, the OHIP-C14 showed improvements in OHRQoL at T1, T2, and T3.
When compared with the Chinese norms for OHRQoL assessed with OHIP-C14,
the outcomes showed that the TMJ OA patients had significantly worse OHRQoL
than the normal population before treatment (T0), so TMJ OA had a negative effect
on patient OHRQoL. OHRQoL was significantly improved to the normal level at T1
and was even superior to that of the normal population at T2 and T3. OHRQoL was
better at T2 than at T1, and there was no significant difference between T2 and T3, so
the treatment had excellent and stable effects on the OHRQoL of TMJ OA patients in
both the short and long terms.
In terms of the domains, the seven domains all showed better OHRQoL at T1, T2,
and T3 than those at T0. Furthermore, the domains of physical pain, psychological
discomfort, physical disability, and social disability were improved at T2 relative to T1.
Compared with T2, psychological discomfort was improved at T3.Thus, arthrocentesis
with HA injections with oral GH were useful for TMJ OA patients in both the short
and long term, especially in terms of their psychological discomfort, which improved
continuously within the six months after the first injection.
HA injections together with oral GH seemed to improve OHRQoL more strongly
in the youngest group than in the middle-aged and oldest groups, but OHRQoL improvement did not differ significantly between males and females. It should be noted
that according to the WHO, the definition of “elderly” is individuals aged > 65 years.
However, citizens aged > 60 years are defined as elderly people in China, which is a developing country and has a shorter average life expectancy than developed countries.
Therefore, in this study, we used 60 years to delimit the elderly group.
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These outcomes might be explicable when the pharmacological and clinical effects of
the treatments are considered. HA is a natural component of the synovial fluid in TMJs
[20]. The mechanical function of HA is to lubricate joint and prevent joint from wearing secondary to adhesions [20]. Also, HA can alleviate jaw pain by reducing the levels
of inflammatory mediators in the joint, and HA has a positive effect on joints even
when the HA itself has been metabolized [20,21]. However, the mechanism of HA in
improving joint disease is not entirely clear. Glucosamine, as a component of the cartilage matrix of TMJs, can improve pain and disability of OA patients by supplying the
components for cartilage repair [10]. In a Cochrane systematic review, glucosamine
was shown to be superior to a placebo for pain alleviation and joint function, and
that glucosamine was as safe as the placebo [22]. However, the active mechanism
of glucosamine is also unknown, and until now, glucosamine has always been used
for knees and hips, and seldom for TMJ. Some experimental studies have assessed
the effectiveness of HA injections in treating intra-articular derangements in animals
[23] and several clinical trials have reported that HA can reduce OA symptoms and
maintain improvements over time [24,25]. A randomized controlled trial reported
that HA injections combined with oral GH was more effective in treating TMJ OA
patients than HA injections without oral GH [26]. HA injections with oral GH have
also shown satisfactory safety [26]. Therefore, HA combined with oral GH might be
better than HA injections alone in improving the symptoms, clinical signs, and overall
condition of TMJ OA, and might explain why OHRQoL improved during follow-up in
the present study. TMJ OA patients were advised to take oral GH for three months
after first injection, so the action of GH and the long-term effects of HA mentioned
above might explain the improvement in OHRQoL from T2 to T3. According to the
principles of health-related quality of life defined by WHO [27], when physiological
health improves, psychological health improves in response. After both physiological
health and psychological health improve, the capacity for social communication and
social adaptation improves, with subsequent improvement in social disability.That may
be why after the treatment, all the domains of OHRQoL of the patients with TMJ
OA, including physical, psychological and social aspects of OHRQoL, improved in the
present study.The course of TMJ OA might be shorter and less severe for younger individuals, so their condition might be more easily improved after receiving treatments.
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However, the course of TMJ OA might be longer for middle-aged and old groups, so
their conditions might be more severe, and the regeneration of the local cartilage and
tissues and the absorption of pharmaceutical products might be slower and more difficult, so their symptoms might be more refractory to treatment. That might explain
why arthrocentesis with HA injections with oral GH improved OHRQoL better in
the young group than in the middle-aged and elderly groups.
This study was not free of limitations. First, the study followed an observational design
and was not randomized controlled trial. It may be better to compare the changes
in OHRQoL between a treated group and a no-treatment group (control group).
However, no-treatment group may be questionable in ethnics. Second, the sample is
limited in generalizability of the findings in other types of TMDs. Third, OHRQoL is
a relative concept instead of an absolute concept [28], so assessment of OHRQoL
is merely the reflection of patients’ subjective experiences and feelings. Although we
identified significant changes in OHRQoL of patients with TMJ OA in this study, it is
unclear whether those changes were clinically significant.
We hope that more high-quality clinical trials which focus on the efficacy and safety
of arthrocentesis with HA injections combined with oral GH for TMJ OA patients will
be undertaken to further evaluate the utility of this treatment.
Conclusion
TMJ OA has a negative effect on OHRQoL of patients with TMJ OA. Changes in
OHRQoL occurred during the follow-up after arthrocentesis with HA injection combined with oral GH. This treatment greatly improved OHRQoL of patients with TMJ
OA. OHRQoL of the patients reached the levels of the healthy Chinese population in
both short and long terms. The treatment improved OHRQoL more effectively in the
young group of patients than in the middle-aged and elderly groups, but was equally
effective in improving OHRQoL in males and females.
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Abstract

Objectives: To evaluate the correlation between oral health related quality of life
(OHRQoL) and the Helkimo clinical dysfunction index (HDI) in patients with temporomandibular joint osteoarthritis (TMJ OA).
Materials and methods: Clinical data and scores for the Chinese version of the
14-item Oral Health Impact Profile (OHIP-C14) were recorded and analyzed for 541
patients with TMJ OA. Each patient was assigned an HDI score of 1 to 25, which was
used to classify severity into three categories. OHRQoL was assessed by using the
OHIP-C14 score, which ranged from 0 to 56.
Results: Both HDI score and severity were significantly correlated with total
OHIP-C14 sum score (P < 0.001 for both comparisons). The scores for all HDI
domains except function impairment (P = 0.205) were significantly correlated with
OHIP-C14 sum score. The scores for all seven OHIP-C14 domains were significantly
correlated with HDI score and severity. Several correlations between OHIP-C14 domain scores and HDI domain scores were significant.
Conclusions: HDI score and severity were correlated with OHIP-C14 score in TMJ
OA patients. As compared with function-related domains, pain-related HDI domains
were more strongly inversely related to OHRQoL.

40

Patients profiles and outcomes of care in temporomandibular disorders

CHAPTER 3
1

Introduction
The temporomandibular disorders (TMDs) are painful musculoskeletal disorders involving the masticatory muscles, temporomandibular joints (TMJ), and other orofacial
anatomical structures [1]. TMDs are thought to be the second most common cause
of chronic orofacial pain, after dental pain [2]. Previous studies indicate that at some
stage of life 50 to 70% of the global population exhibits signs and symptoms of TMD,
including pain, limited range of jaw movement, and TMJ noises [3,4]. In epidemiological
samples, 3 to 7% of individuals report seeking treatment for TMDs [5]. TMJ osteoarthritis (TMJ OA) is an age-related degenerative joint disease that results in progressive
destruction of articular tissues in the TMJ condyle and glenoid fossa [6]. TMJ OA is
common and an important subtype of TMD [7]. A main cause of TMJ OA is overloading of the TMJ, including malocclusion and oral parafunctional habits [7,8], but most
TMJ OA cases are not attributable to overloading, and the reasons for the destruction
of articular tissues in such cases have yet to be determined [7].
Clinical TMD examination is essential for TMDs. There is an urgent need for a standardized classification that can be used to evaluate TMD signs and symptoms, measure
and compare TMD severity in populations, and evaluate patient response to treatment
[9]. Moreover, a tool that can assess etiological factors is necessary [9]. The Helkimo
clinical dysfunction index (HDI), developed by Helkimo in 1974, is believed to be the
first tool for assessing TMD severity and pain [10].The HDI focuses on five basic signs
and symptoms in the masticatory system: range of mandibular motion, TMJ function
impairment, pain during mandibular movement, TMJ pain during palpation, and muscle
tenderness during palpation[11]. The HDI is now widely used in dental practice to
evaluate the severity of TMDs, including TMJ OA [12-14].
There is increasing interest in oral health related quality of life (OHRQoL) [15], a multifactorial construct that assesses the adverse effects of orofacial disease on normal
oral-related functions [16]. A systematic review in 2010 [15] reported that the most
widely used OHRQoL instrument was the Oral Health Impact Profile (OHIP), which
has been translated and validated in several languages, including Chinese, German, and
Swedish [17-19]. The OHIP can be administered in its original, 49-item, format or in a
brief, 14-item, format. The Chinese version of the OHIP-14 (OHIP-C14) was reported
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to have high reliability and validity and is widely used in dentistry in China [20]. Oral
diseases such as caries and periodontitis can affect various aspects of life and quality
of life [21]. Several studies reported that the adverse effects on OHRQoL are worse
for TMDs [15,22] than for periodontal, dental, and neurological/vascular orofacial pain
conditions [23,24].
Some studies reported positive correlations between the severity of TMD symptoms and OHRQoL [1,25]; however, other studies found no such correlation [26].
Therefore, we investigated whether the severity of signs and symptoms, as determined by the HDI, were correlated with OHRQoL in patients with TMJ OA. This is
the first study to assess specific correlations with TMJ OA.
Material and methods
Study design

This study was approved by the Ethics Committee of the West China Hospital of
Stomatology at Sichuan University (WCHSIRB-D-2013-092). We reviewed the clinical
records and OHIP-C14 questionnaires of patients with TMJ OA who sought treatment at the Orofacial Pain Clinic of West China Hospital of Stomatology between
January 2013 and January 2014. The inclusion criteria were age 18–70 years and a
diagnosis of TMJ OA, which was based on the Research Diagnostic Criteria for TMDs
(RDC/TMD axis I group IIIb), namely, presence of arthralgia and either crepitus in the
joints or bony changes on cone-beam computed tomography, including flattening, erosion, or sclerosis of joint surfaces or osteophyte formation [27]. All patients provided
written informed consent. Patients were excluded if they had no diagnosis of TMJ OA,
had TMJ trauma, a history of TMJ surgery, condyle fracture, or polyarthritis, or if they
had missing data for any variable.
Clinical data for the five HDI items (TMJ function impairment, muscle tenderness during
palpation, TMJ pain during mandibular movement, range of mandibular motion, and TMJ
pain during palpation) [10] were extracted from the medical records of all the included
patients.All patients included were assigned a score of 0, 1, or 5 for each HDI item, based
on the severity of the five clinical signs and symptoms above. Included patients were
classified into four groups on the basis of their total score for the five HDI items: HDI
0 was defined as absence of TMD signs and symptoms (0 points), HDI 1 was defined as
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mild TMD signs and symptoms (score range, 1-4 points), HDI 2 was defined as moderate
TMD signs and symptoms (5-9 points), and HDI 3 was defined as acute/serious TMD
signs and symptoms (10-25 points). All clinical examinations were performed by the
same oral and maxillofacial expert, who has more than 40 years of clinical experience.
OHRQoL was measured with the OHIP-C14, which is reported to have superior validity and reliability in the Chinese population [20].The OHIP-C14 was developed according to a conceptual model of oral health and contains seven OHRQoL domains: functional limitation, physical pain, psychological discomfort, physical disability, psychological
disability, social disability, and handicap. Responses on the OHIP-C14 were coded as
follows: 0 = never, 1 = hardly ever, 2 = occasional, 3 = fairly often, and 4 = very often.The
OHIP-C14 sum score ranges from 0 to 56 and was calculated by summing the response
codes for the 14 items.Additionally, domain scores were calculated by summing the two
response codes for each domain. Higher OHIP-C14 scores indicate worse OHRQoL
Statistical analysis

Statistical analyses were performed with SPSS 17.0 (SPSS Inc., Chicago, IL, USA).
The sum and domain scores for the OHIP-C14 and HDI score are expressed as
mean ± standard deviation (SD). The one-sample t-test was used to compare the
mean OHIP-C14 sum score for the present patients with the Chinese norm (11.89).
Differences in OHIP-C14 sum score and domain scores in relation to HDI severity and scores for HDI domains were analyzed by one-way ANOVA. The Spearman
rank correlation test was used to assess correlations of HDI score and severity with
OHIP-C14 sum score; OHIP-C14 domain scores with HDI score and severity; HDI
domain scores with OHIP-C14 sum score; and HDI domain scores with OHIP-C14
domain scores. A P value of <0.05 was considered to indicate statistical significance.
Results
A total of 541 patients (134 men and 407 women) who satisfied the inclusion criteria
were included in the present study. Mean age was 38.59 ± 15.52 years (women: 38.82
± 15.49; men: 37.87 ± 15.68). The sum score for the OHIP-C14 was 16.10 ± 11.17,
which was significantly higher than the Chinese norm for the OHIP-C14 (11.98) (P <
0.001).The mean OHIP-C14 domain scores are shown in Table 1. Zero (0%) patients
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were classified as HDI 0, 68 (12.6%) as HDI 1, 179 (33.1%) as HDI 2, and 294 (54.3%)
as HDI 3. The mean HDI score for the 541 patients was 11.28 ± 5.05. HDI score distributions and severity are shown in Table 2. The OHIP-C14 sum score significantly
increased as HDI severity increased from 1 to 3 (P < 0.001). In addition, OHIP-C14
domain scores significantly increased as HDI severity increased from 1 to 3 (Table 3).

Table 1 Mean scores and standard deviations for OHIP-C14 domains (N=541)
Domains

Mean score

Standard deviation

Function limitation

1.28

1.78

Physical pain

3.89

2.28

Psychological discomfort

2.51

2.28

Physical disability

2.64

2.28

Psychological disability

2.36

2.08

Social disability

1.65

1.88

Handicap

1.77

1.96

Sum score

16.10

11.17

OHIP-C14: Chinese version of the 14-item Oral Health Impact Profile.

Table 4 shows mean OHIP-C14 sum score and domain scores in relation to HDI
domain scores. An increase from 1 to 5 in the score for TMJ function impairment on
the HDI was associated with a significant increase in the OHIP-C14 score for physical
pain (P = 0.008). An increase in the score for muscle tenderness during palpation on
the HDI was significantly associated with increases in the OHIP-C14 sum score and
scores for all OHIP-C14 domains. In addition, an increase in the score for TMJ pain during palpation on the HDI was significantly associated with increases in OHIP-C14 sum
score and all the OHIP-C14 domain scores except functional limitation (P = 0.232).
Additionally, an increase in the score for pain during mandibular movement on the HDI
was significantly associated with increases in the OHIP-C14 sum score and scores for
physical pain (P < 0.001), physical disability (P < 0.001), and social disability (P < 0.001)
but not with other OHIP-C14 domains. Furthermore, an increase in the score for range
of mandibular motion on the HDI was significantly associated with the OHIP-C14 sum
score and OHIP-C14 scores for physical pain (P < 0.001), physical disability (P < 0.001),
and psychological disability (P = 0.035) but not with other OHIP-C14 domains.
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HDI score was significantly associated with the OHIP-C14 sum score (P < 0.001; correlation coefficient, r, = 0.399), and HDI severity was significantly associated with the
OHIP-C14 sum score (P < 0.001; r = 0.459). The scores for all HDI domains except
TMJ function impairment (P = 0.205, r = -0.055) were significantly associated with the
OHIP-C14 sum score (Table 5).The scores for all seven OHIP-C14 domains were significantly associated with HDI score and severity (Table 6).As shown in Table 7, there

3

were correlations between some scores for OHIP-C14 domains and HDI domains.

Table 2 Distribution of patients in relation to HDI scores and severity (N=541)
HDI severity

HDI scores

Number of patients

HDI 0

0

0

HDI 1

1

0

2

4

3

41

4

23

Total
HDI 2

68
5

0

6

7

7

38

8

99

9

35

Total
HDI 3

179
10

0

11

16

12

64

13

53

15

2

16

65

17

52

20

14

21

26

25

2

Total

294

HDI: Helkimo clinical dysfunction index
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Table 3 Mean (SD) OHIP-C14 sum and domain scores in relation to HDI severity (N=541)
HDI severity
OHIP scores

1

2

3

P value

OHIP sum score

6.68 (6.44)

13.08 (9.39)

20.24 (11.15)

<0.001

Functional limitation

0.65 (1.36)

1.07 (1.70)

1.56 (1.86)

<0.001

Physical pain

1.88 (1.98)

3.16 (2.01)

4.82 (2.02)

<0.001

Psychological discomfort

1.01 (1.41)

2.14 (2.01)

3.10 (2.39)

<0.001

Physical disability

1.12 (1.47)

1.95 (2.01)

3.43 (2.28)

<0.001

Psychological disability

1.06 (1.60)

2.01 (1.85)

2.90 (2.14)

<0.001

Social disability

0.40 (0.85)

1.26 (1.63)

2.19 (2.00)

<0.001

Handicap

0.56 (1.31)

1.49 (1.72)

2.23 (2.09)

<0.001

SD: standard deviation; OHIP-C14: Chinese version of the 14-item Oral Health Impact Profile;
HDI: Helkimo clinical dysfunction index.

Discussion
About 15% of the global population has OA [28], and TMJ OA is the most common
form of arthritis in the TMJ [29]. Clinical studies indicate that TMJ OA affects 8 to 16%
of the global population and is more prevalent in women [30]. The most common
clinical symptom of TMJ OA is pain [29], specifically, a dull ache that may be sharp
during movement [30]. TMJ OA pain is more common during the early stages of the
disease, because of the presence of synovitis [30]. Crepitus is often present during
oral functions such as chewing. Other clinical signs of TMJ OA are joint tenderness,
radiographic bony changes of the condyles and glenoid fossa, and narrowing of joint
spaces [29].
Table 5 Correlations of OHIP-C14 sum score with HDI domains (N=541)
OHIP-C14 sum score
HDI domains

P value

r

TMJ function impairment

0.205

-0.055

Muscle tenderness during palpation

<0.001

0.235

TMJ pain during palpation

<0.001

0.200

Pain during mandibular movement

<0.001

0.198

Range of mandibular motion

<0.001

0.152

r: correlation coefficient; OHIP-C14: Chinese version of the 14-item Oral Health Impact Profile;
HDI: Helkimo clinical dysfunction index.
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277

5

47

21

5

401

140

1

5

82

350

1

5

287

184

1

5

P value

70

0

P value

109

0

P value

0

0

P value

208

1

0.002

18.46
(11.35)

14.98
(10.85)

14.49
(11.17)

<0.001

17.71
(11.41)

13.74
(11.22)

12.68
(9.19)

<0.001

19.74
(11.42)

14.83
(10.82)

0

< 0.001

25.71
(13.71)

18.32
(11.24)

13.97
(10.32)

0.078

17.20
(10.86)

14.71
(10.36)

0

OHIP sum
score

0.648

1.38
(1.76)

1.23
(1.81)

1.23
(1.73)

0.291

1.37
(1.82)

1.16
(1.67)

1.09
(1.73)

0.232

1.44
(1.78)

1.23
(1.78)

0

0.004

1.57
(1.43)

1.58
(1.87)

1.06
(1.71)

0.188

1.38
(1.86)

1.16
(1.64)

0

Functional
limitation

<0.001

4.46
(2.21)

3.61
(2.27)

3.51
(2.21)

<0.001

4.41
(2.14)

3.17
(2.10)

2.76
(2.30)

<0.001

4.60
(2.08)

3.64
(2.23)

0

< 0.001

5.43
(2.11)

4.33
(2.12)

3.49
(2.29)

0.008

4.36
(2.11)

3.39
(2.33)

0

Physical pain

0.151

2.77
(2.33)

2.41
(2.24)

2.27
(2.24)

0.079

2.67
(2.32)

2.29
(2.35)

2.17
(2.05)

0.005

2.98
(2.50)

2.35
(2.18)

0

<0.001

4.10
(2.76)

2.88
(2.39)

2.17
(2.08)

0.090

2.64
(2.30)

2.25
(2.06)

0

Psychological
discomfort

Domains of OHIP-C14

<0.001

3.28
(2.32)

2.34
(2.21)

2.14
(2.14)

< 0.001

3.01
(2.32)

1.95
(2.15)

1.96
(1.99)

<0.001

3.25
(2.35)

2.42
(2.22)

0

0.008

3.95
(2.94)

2.77
(2.31)

2.46
(2.18)

0.074

2.83
(2.33)

2.42
(2.12)

0

0.035

2.68
(2.12)

2.22
(2.04)

2.10
(2.09)

0.084

2.50
(2.10)

2.22
(2.19)

2.02
(1.92)

<0.001

2.92
(2.24)

2.17
(1.99)

0

< 0.001

3.81
(2.64)

2.70
(2.12)

2.04
(1.94)

0.096

2.55
(2.10)

2.15
(1.88)

0

Physical disability Psychological
disability

SD: standard deviation; OHIP-C14: Chinese version of the 14-item Oral Health Impact Profile; HDI: Helkimo clinical dysfunction index.

Range of mandibular motion

Pain during
mandibular
movement

TMJ pain during
palpation

312

0

P value

264

1

Muscle tenderness during
palpation

0

0

TMJ function
impairment

Number of
patients

Score for HDI
domains

HDI Domains

Handicap
0
1.77
(1.79)
1.74
(2.01)
0.815
1.42
(1.85)
2.10
(1.94)
3.67
(2.27)
< 0.001
0
1.57
(1.87)
2.34
(2.03)
<0.001
1.52
(1.72)
1.59
(2.00)
1.89
(2.02)
0.160
1.84
(2.21)
1.59
(1.85)
2.01
(2.02)
0.074

Social
disability
0
1.57
(1.64)
1.70
(1.98)
0.524
1.33
(1.69)
1.97
(1.94)
3.19
(2.60)
< 0.001
0
1.45
(1.77)
2.21
(2.07)
<0.001
1.16
(1.42)
1.37
(1.84)
1.87
(1.97)
0.001
1.39
(1.84)
1.56
(1.85)
1.88
(1.91)
0.092
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Table 4 Mean (SD) OHIP-C14 sum and domain scores in relation to HDI domain scores (N=541)
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Table 6 Correlations of HDI score and severity with OHIP-C14 domain scores (N=541)
HDI score

HDI severity

OHIP-C14 domains

P value

r

P value

r

Functional limitation

<0.001

0.179

<0.001

0.203

Physical pain

<0.001

0.396

<0.001

0.463

Psychological discomfort

<0.001

0.260

<0.001

0.305

Physical disability

<0.001

0.340

<0.001

0.402

Psychological disability

<0.001

0.288

<0.001

0.308

Social disability

<0.001

0.315

<0.001

0.355

Handicap

<0.001

0.283

<0.001

0.297

r: correlation coefficient; HDI: Helkimo clinical dysfunction index; OHIP-C14: Chinese version of the
14-item Oral Health Impact Profile.

We found that TMD severity, as determined by the HDI, was correlated with OHRQoL
in TMJ OA patients. That is, a higher HDI score and greater severity was associated
with worse OHRQoL, which is consistent with the findings of several previous studies
[31]. Pain is thought to be the most important factor in diminished OHRQoL. The
initial nociceptive stimulus can be modulated and weakened via several mechanisms
in the body before the stimulus is converted to pain in the central nervous system
(CNS). The pain sensation is caused by an imbalance between the amount of stimulus
and the effectiveness of modulation mechanisms. Furthermore, the pain sensation can
be maintained and exacerbated when the nociceptive stimulus is of high magnitude or
repetitive, which can cause peripheral and CNS changes. Chronic orofacial pain can be
caused by peripheral input as well as CNS changes. Patients with chronic pain usually
have various psychosocial and behavioral comorbid disorders, including psychological stress, depression, and sleep disorders [2], which can compromise OHRQoL. In
addition, patients with diverse chronic pains can have abnormal reactions, including
pain-related belief, catastrophizing, and compromised coping strategies. Pain-related
catastrophizing is defined as excessive attention to pain, exaggeration of the pain-related threat, and helplessness regarding pain control, all of which may adversely affect
OHRQoL. These reactions are strongly associated with pain intensity and OHRQoL
impairment [2].TMJ OA is pain-related, and TMJ OA patients usually have chronic pain
in the TMJ and muscle areas [7]. This may explain why the OHRQoL scores for the
present TMJ OA patients were
48

0.545 (0.026)

0.073 (-0.077)

0.735 (0.015)

0.247 (-0.050)

0.552 (-0.026)

Psychological discomfort

Physical disability

Psychological disability

Social disability

Handicap

<0.001 (0.240)

<0.001 (0.204)

<0.001 (0.182)

0.033 (0.092)

<0.001 (0.175)

<0.001 (0.217)

<0.001 (0.189)

<0.001 (0.172)

<0.001 (0.151)

<0.001 (0.160)

0.013 (0.107)

<0.001 (0.178)

0.090 (0.073)

P value (r)

TMJ pain during palpation

0.070 (0.078)

<0.001 (0.156)

0.022 (0.098)

<0.001 (0.219)

0.029 (0.094)

<0.001 (0.307)

0.113 (0.068)

P value (r)

Pain during mandibular
movement

r: correlation coefficient, OHIP-C14: Chinese version of the 14-item Oral Health Impact Profile; HDI: Helkimo clinical dysfunction index.

<0.001 (0.209)

Physical pain

<0.001 (0.173)

P value (r)

P value (r)

0.482 (-0.030)

Muscle tenderness during
palpation

TMJ function impairment

Function limitation

OHIP-C14 domains

HDI domains

0.077 (0.076)

0.012 (0.108)

0.010 (0.111)

<0.001 (0.201)

0.050 (0.083)

<0.001 (0.158)

0.322 (0.043)

P value (r)

Range of mandibular motion
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Table 7 Correlations of OHIP-C14 domain scores with HDI domain scores (N=541)
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associated with pain severity on the HDI, including muscle tenderness during palpation, TMJ pain during palpation, and pain during mandibular movement.
In our analysis of dysfunction in HDI domains, range of mandibular motion was correlated with OHRQoL. Limited mandibular mobility is a key symptom and clinical sign
of TMD. Limited mandibular function—including mouth opening, lateral movement,
and mandible protrusion—can interfere with chewing and speaking and thus has adverse effects on social behaviors, including group activities, and can increase patient
discomfort [1]. This is reflected by an increase in OHIP score. The domain of TMJ
function impairment was not correlated with OHRQoL score, which is consistent
with a previous study [32]. TMJ function impairment includes clicks, locking, and luxation of the TMJ. However, previous studies found that joint sounds do adversely affect
OHRQoL because frequent clicks during chewing in public places may limit social
activities [1,33]. This discrepancy between past and present findings may be attributable to the fact all the present patients had TMJ OA rather than other types of TMD.
Chronic pain and limited mouth opening are the main complaints for TMJ OA patients,
and TMJ click may thus be a less important symptom.
HDI score and severity were associated with all OHIP-C14 domains. As shown in
Table 3, the scores for OHIP-C14 domains significantly increased in relation HDI
severity, which indicates that patients with more severe signs and symptoms of TMJ
OA tended to have lower OHRQoL. HDI encompasses orofacial pain and dysfunction
due to TMJ. Pain can have various adverse effects on a person’s physical condition [26].
Therefore, it is understandable that changes in orofacial pain are related to changes
in the OHRQoL domains of physical pain and physical disability, as was reported in a
previous study [26]. Interestingly, changes in HDI score and severity were correlated
in the present study with changes in the domain of social disability, which includes
irritability and difficulty performing usual tasks. This finding is consistent with an empirical model of oral health in which pain is thought to be correlated with physical and
psychological measures, social disability, and social handicap [34].
Psychological and psychosocial factors are very important in understanding TMDs
[35]. Depression, psychological stress, somatization, and anxiety can change individuals’ thresholds for pain sensation by altering nociceptive impulses from the CNS and
release of neurotransmitters [36]. In addition, psychological disorders can increase the
50
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frequency, intensity, and duration of oral parafunctional habits (e.g., sleep bruxism and
diurnal clenching), thereby resulting in hyperactivity of masticatory muscles, TMJ overloading, and joint or muscle changes accompanied by pain and functional limitations,
which increase TMD severity [37]. Persistent pain can also cause psychological problems. Several studies of the correlations between depression, anxiety, stress, and pain
found that individuals with muscular pain may have more psychological disorders and
worse sleep quality and use more anti-anxiolytics [1,36,38], thus reducing OHRQoL.
This explains why HDI score and severity were correlated with the domains of psychological discomfort and psychological disability in the present study.
An interesting finding of the present study is that the OHIP-C14 domain of functional
limitation was correlated with HDI score and severity. This domain focuses on pronunciation difficulty and change in taste sensation. There is no evidence that TMJ pain
and dysfunction adversely affect the pronunciation of TMJ OA patients. Moreover,
taste sensation is thought to be modulated in the brain regions that process nociceptive signals [39]; there is therefore an inherent interaction between these two sensory
systems. Persons with TMD pain are more likely to have taste disturbances than those
without TMD pain [39]. A graded interaction was demonstrated between perceived
taste and TMD pain: pain was positively correlated with the frequency of taste complaints [39]. That finding explains why HDI score and severity were correlated with
the domain of function limitation in the present study.
Moreover, pain-related HDI domains (muscle tenderness during palpation, TMJ pain
during palpation, and pain during mandibular movement) were correlated with
pain-related and psychological OHIP-C14 domains (physical pain and psychological
discomfort/disability). Higher scores for pain-related HDI domains were significantly
associated with higher scores for pain-related and psychological OHIP-C14 domains,
as shown in Table 4 and Table 7. It is important to note that the domain of muscle
tenderness was significantly correlated with all OHIP-C14 domains, that is, higher
scores for muscle tenderness were significantly associated with higher scores for all
OHIP-C14 domains, which indicates that muscle pain has a clear adverse impact on
OHRQoL. TMD patients with muscular pain were found to have greater OHRQoL
impairment as compared with patients with other types of TMD [25,40,41], which was
confirmed in the present study. In addition, function-related HDI domains (TMJ func51
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tion impairment and range of mandibular motion) were not correlated with several
domains from OHIP-C14, and the r values for function-related domains tended to be
lower than those for pain-related domains, which indicates that pain has a greater adverse effect than dysfunction on OHRQoL in patients with TMJ OA. This is consistent
with the findings of several other studies [25,40,41].
This study has some limitations. First, the present inclusion criteria differed from those
of previous studies, which could result in bias. Second, although the HDI instrument
used in this study is widely used in dentistry to assess TMD severity and provides a
numerical score for TMD severity, it is based completely on objective examinations
by dentists and thus may not reflect the true severity of patient signs or symptoms,
as compared with other scales that depend on patients’ subjective assessment of
symptoms. This might complicate interpretation of the present results and reduce
the clinical applicability of our findings. Third, a new OHIP called the OHIP-TMDs
was introduced in 2011 [42]. This instrument was developed for TMD patients and
has only 22 items. It includes more items relevant to TMD and may be an appropriate
biopsychosocial, patient-centered outcome measure for assessment of OHRQoL in
TMD patients.
Conclusion
In summary,TMJ OA had an adverse effect on patient OHRQoL. HDI score and severity were correlated with OHRQoL sum score in TMJ OA patients. Scores for all HDI
domains except TMJ function impairment were correlated with OHRQoL. Scores for
all seven OHIP-C14 domains were correlated with HDI scores, and scores for all
OHIP-C14 domains except function limitation were correlated with HDI severity.
Pain-related HDI domains had a greater adverse effect than function-related domains
on OHRQoL in patients with TMJ OA.
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Abstract

Objectives: To develop models for prognostic prediction of oral health related quality
of life (OHRQoL) for patients with temporomandibular joint osteoarthritis (TMJ OA)
at 1- and 6-month follow-up of arthrocentesis with hyaluronic acid (HA) injections.
Materials and methods: From a cohort of 522 adult patients with TMJ OA treated
with arthrocentesis with HA injections, 510 and 463 adult patients were included at
1- and 6- month follow-up, respectively. Patients characteristics and history, clinical
examinations, and questionnaires were recorded as potential predictors at start of
treatment. All patients were treated identically: arthrocentesis with HA injections.
Patients’ OHRQoL at one and six months after completing the treatment as outcomes. Logistic regression analyses were used to develop the prediction models for
both follow-up. The internal validity, calibration, discrimination and clinical values of
models were determined.
Results: The models showed a reasonable calibration and good discrimination, with
an area under the receiver-operating characteristic curves (AUCs) of both 0.80. The
internal validity of both models was good, with shrinkage factors of 0.91 and 0.89,
respectively. The added values of the two models at cutoff for predicted probability
for ruling in the risk of low OHRQoL were 19% and 31%, while those for ruling out
were 28% and 15%.
Conclusions: The accuracy and validity of both prediction models were acceptable.
The added values of both models at cutoff for predicted probability were considered
sufficient for ruling in and ruling out the risk of low OHRQoL in patients with TMJ OA
at 1 month and 6 months after arthrocentesis with HA injections.
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Introduction
Over the last decade, oral health related quality of life (OHRQoL) has gained increased attention in the field of temporomandibular joint disorders (TMDs) [1-4]. It
has been shown that patients with TMDs suffer from a significantly reduced OHRQoL
[5].Temporomandibular joint osteoarthritis (TMJ OA) has also been reported to have
negative effect on patients’ OHRQoL [6].TMJ OA is an inflammatory condition within
the joint that results from a degenerative condition of the joint structures, which is
defined as the presence of arthralgia and either crepitus in the temporomandibular
joints or bony changes in radiographic examinations, including flattening, erosion, or
sclerosis of joint surfaces or osteophyte formation [7]. Chronic pain is the main symptom of TMJ OA [8].The prevalence of TMJ OA is estimated at about 4% in the general
population [9,10], while the prevalence of TMJ OA in TMD patients ranges up to
22% [11-13]. Orofacial pain, comorbid headache and body pain, functional limitation,
parafunctional habits, age, and psychological factors are thought to negatively affect
OHRQoL in patients with TMDs [1,12,14,15]. However, studies specifically focusing
on the risk factors of low OHRQoL in patients with TMJ OA are scarce [16].
OHRQoL is regarded as “a multidimensional construct that reflects people’s wellbeing
in general, and their comfort when eating, sleeping, and engaging in social interaction;
their self-esteem; and their satisfaction with respect to their oral health” [17]. It is
associated with functional, psychological, and social factors, and with experience of
pain or discomfort [17]. Over the past 30 years, the use of bio-psycho-social indicators in dental epidemiology has been widely advocated because single measures of
clinical disease do not truly reflect the full impact of oral disorders [18]. Assessment
of OHRQoL allows for a shift from traditional assessment of disease to evaluation of
health and care with a focus on person’s social and emotional experience [19].
OHRQoL is a highly relevant summary measure of individual wellbeing and outcomes
of oral health care. Its evaluation, and more in particular predicting the risk of low
OHRQoL in patients with TMJ OA, may provide important information for decision
making for patient management in health care and informing the patient. As such, the
aim of this study was to establish the optimal models for predicting OHRQoL in patients with TMJ OA one month and six months after completing a standardized treatment: arthrocentesis with hyaluronic acid (HA) injections (once a week for 4 weeks).
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Material and methods
Study design

The study was designed as a cohort study with OHRQoL as the observational
outcome at follow-up. The cohort involved 522 patients with TMJ OA who sought
treatment at the Orofacial Pain Clinic, West China Hospital of Stomatology, Sichuan
University, between January 2013 and January 2014. The study was approved by the
Ethics Committee of the West China Hospital of Stomatology at Sichuan University
(WCHSIRB-CT-2013-077).The experiments were undertaken with the understanding
and written consent of each participant and according to ethical principles including
the World Medical Association Declaration of Helsinki.
Participant enrolment

The inclusion criteria and exclusion criteria for patients were presented in Table 1.
Study participants provided informed consent before data collection on their baseline
status. Thereafter, each included patient received an identical and standardized treatment: arthrocentesis with HA injections (2 mL per cartridge; Shipeite; Bausch Freda,
Shandong, China) once a week for 4 subsequent weeks. All patients were treated by
the same experienced clinician (SZ) who had practiced oral and maxillofacial surgery
for more than 20 years and performed arthrocentesis with HA injection for 5 years.
Potential predictors

The potential predictors, which were decided based on the previous literature
[1,2,5,14,15,20-25] and group discussions, were presented in Table 2. All the included
predictors were collected by the same clinician mentioned above (SZ; for an overview
of data, see Table 2) and were classified hierarchically into three blocks: Patients’
characteristics and history, clinical examinations and questionnaires.
Study endpoint

The study outcomes, OHRQoL at 1-month and 6-month follow-up after the 4th HA
injection, were assessed using the Chinese version of 14-item Oral Health Impact
Profile (OHIP-C14) [26]. Each item is scored on a 5-point scale: 0 = never; 1 = hardly
ever; 2 = occasionally; 3 = fairly often; and 4 = very often or every day, where “fairly
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often” and “very often or every day” indicate a negative impact [27-30]. The OHIP
summary score (OHIP-SC) for each patient was calculated as the number of items
with a response indicating a negative impact. So, the OHIP-SC ranges from 0 to 14. An
OHIP-SC >0 indicated that patients reported at least one negative impact among the
14 items of OHIP. This was considered essentially impaired [27-30] and was regarded as low OHRQoL. OHRQoL of each patient in the follow-up was completed via
email, postal mail, or responses have been documented via telephone or face-to-face
meeting.
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Table 1 Inclusion criteria and exclusion criteria for the patients
Inclusion criteria
1.
2.
3.

Age > 18 years;
A diagnosis of TMJ OA according to the Research Diagnostic Criteria for TMDs (RDC/TMD axis
I group IIIb);
A treatment plan of receiving arthrocentesis with HA injections for TMJ OA complaints.

Exclusion criteria
1.
2.
3.
4.
5.
6.
7.
8.

Allergy to HA;
Taking any medication in the preceding four weeks that could interact with HA or confound its
effect;
Participation in another clinical trial(s) in the previous three months;
A history of TMJ surgery;
Condylar fracture or jaw trauma;
Rheumatic disease or polyarthritis;
Severe systematic co-morbidity such as cardiovascular, hepatic, nephritic, or systematic blood
disease;
Could not be follow-up within six months.

TMDs: Temporomandibular disorders; HA: Hyaluronic acid; TMJ OA: Temporomandibular joint osteoarthritis;TMJ: Temporomandibular joint.

Missing data

Possible differences in distributions across predictors between patients who were
available at 1-month and 6-month follow-up and patients who were lost to 1-month
and 6-month follow-up were assessed using the Chi-square test.
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110 (22%)
89 (17%)
311 (61%)

0: no pain on movement;
1: pain on 1 movement;
2: pain on ≥ 2 movements

Pain on active movements of the jaw during opening of the jaw to the maximum, protrusion of the jaw
to the maximum, and maximum laterotrusion of the
jaw to the left and right [7,24]

244 (48%)
266 (52%)

Normal: ≥ 7 mm;
Abnormal: < 7 mm

Maximal protrusion of the jaw [7,24]

163 (32%)
347 (68%)

Normal: ≥ 7 mm;
Abnormal: < 7 mm

Maximal laterotrusion of the jaw to the right [7,24]

225 (44%)
285 (56%)

Normal: ≥ 7 mm;
Abnormal: < 7 mm

102 (22%)
80 (17%)
281 (61%)

225 (49%)
238 (51%)

152 (33%)
311 (67%)

209 (45%)
254 (55%)

228 (49%)
235 (51%)

33 (7%)

38 (7%)

248 (49%)
262 (51%)

430 (93%)

115 (25%)

128 (25%)
472 (93%)

348 (75%)

290 (63%)
117 (25%)
56 (12%)

121 (26%)
342 (74%)

Number of
patients (%) for
6-month follow-up (N=463)

382 (75%)

321 (63%)
127 (25%)
62 (12%)

129 (25%)
381 (75%)

Number of
patients (%)
for 1-month
follow-up
(N=510)

Maximal laterotrusion of the jaw to the left [7,24]

Maximal unassisted opening of the jaw (MMO)
[7,24]

Normal: ≥ 40 mm;
Abnormal: < 40 mm

No: absence of history of mental
diseases;
Yes: presence of history of mental
diseases

History of mental diseases diagnosed by doctors
such as depression and anxiety in the past

Clinical Examinations

No: absence of pain in other joints than
TMJ;
Yes: presence of pain in other joints
than TMJ

1: < 45 years;
2: 45-60 years;
3: > 60 years

Age[6]

Pain in other joints than TMJs including knees,
ankles, shoulders, wrists, elbow joints, hips and
phalangeal joints

0: Male;
1: Female

Descriptions of coding

Gender

Patient Characteristics and History

Predictors

1 (8%)
3 (25%)
8 (67%)

4 (33%)
8 (67%)

4 (33%)
8 (67%)

4 (33%)
8 (67%)

5 (42%)
7 (58%)

0 (0%)

12 (100%)

6 (50%)

6 (50%)

5 (42%)
3 (25%)
4 (33%)

3 (25%)
9 (75%)

Number of
patients (%) of
loss-to-followup at 1 month
(N=12)

9 (15%)
12 (20%)
38 (64%)

23 (39%)
36 (61%)

15 (25%)
44 (75%)

20 (34%)
39 (66%)

25 (42%)
34 (58%)

5 (9%)

54 (91%)

19 (32%)

40 (68%)

36 (61%)
13 (22%)
10 (17%)

11 (19%)
48 (81%)

Number of patients (%) of lossto-follow-up at 6
months (N=59)

Table 2 Descriptions of coding criteria and distributions of potential predictors at 1-month (N=510) and 6-month (N=463) follow-up

0.819

0.403

0.722

0.356

0.749

0.776

0.151

0.398

0.670

P value
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172 (37%)

189 (37%)

0: TMJ crepitus in 1 joint on opening,
closing or excursion movement of the
jaw;
1: TMJ crepitus in both joints on opening,
closing or excursion movement of the
jaw

TMJ crepitus on opening, closing, or horizontal
excursions [24]

141 (30%)
322 (70%)

139 (30%)
324 (70%)

362 (78%)
101 (22%)

34 (58%)
14 (24%)
8 (14%)
3 (5%)
21 (35%)
24 (41%)
14 (24%)
38 (64%)

21 (36%)

56 (95%)

3 (5%)

50 (85%)
9 (15%)

50 (85%)
9 (15%)
19 (32%)
40 (68%)
19 (32%)
40 (68%)

7 (58%)
2 (17%)
2 (17%)
1 (8%)
3 (25%)
5 (42%)
4 (33%)
8 (67%)

4 (33%)

11 (92%)

1 (8%)

11 (92%)
1 (8%)

10 (83%)
2 (17%)
3 (25%)
9 (75%)
3 (25%)
9 (75%)

0.604

0.964

0.683

0.833

0.976

0.989

0.946

0.947

TMJ: Temporomandibular joint; OBC: Oral Behavior Checklist; OHRQoL: Oral health related quality of life; OHIP-C14: Chinese version of 14-item Oran Health
Impact Profile; OHIP-SC: summary score of Oral Health Impact Profile.

157 (31%)
353 (69%)

No: none of the time;
Yes: a little of the time, some of the time,
most of the time or all of the time

Chewing-side preference (CSP): Chew food on one
side only (from OBC ) [25]
Normal OHRQoL: OHIP-SC= 0
Low OHRQoL: OHIP-SC > 0

155 (30%)
355 (70%)

No: none of the time;
Yes: a little of the time, some of the time,
most of the time or all of the time

Awake bruxism (AB): Clench teeth or grind teeth
together during waking hours (from OBC) [25]

OHRQoL at baseline (from OHIP-C14 ) [26]

402 (79%)
108 (21%)

No: none of the time;
Yes: < 1 night/month, 1-3 nights/month,
1-3 nights/week or 4-7 nights/week

382 (83%)
81 (17%)

23 (5%)

25 (5%)

421 (82%)
89 (18%)

440 (95%)

485 (95%)

Sleep bruxism (SB): Clench or grind teeth when
asleep, based on any information you may have (from
OBC ) [25]

Questionnaires

291 (63%)

321 (63%)

Absent: smooth movement without TMJ
click on opening, closing or excursion
movement of the jaw;
Present: TMJ click in 1 or both joints on
opening, closing or excursion movement
of the jaw

TMJ click on opening, closing, or horizontal excursions [24]

176 (38%)
161 (35%)
126 (27%)

194 (38%)
180 (35%)
136 (27%)

0: pain in 1 site;
1: pain in 2 sites;
2: pain in 3 or 4 sites

256 (55%)
87 (19%)
69 (15%)
51 (11%)

Joint pain with palpation on lateral and posterior
joints of both sides [7,24]

283 (56%)
99 (19%)
75 (15%)
53 (10%)

0: no pain in any site;
1: pain in 1-3 sites;
2: pain in 4-6 sites;
3: pain in 7 or more sites

Muscular pain with palpation on posterior temporalis, middle temporalis, anterior temporalis, superior
masseter, middle masseter, and inferior masseter,
and posterior mandibular region and submandibular
region of both sides [7]
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Statistical analysis
Modeling

Chi-square test was used to test the univariate association of each potential predictor
with OHRQoL at the follow-up. Predictors with a P value ≤ 0.20 [31] were selected for
the subsequent multivariable analyses. The candidate predictors were then selected for
the final multivariable logistical regression model, using hierarchy modeling procedures.
Hierarchy modeling is a sequential process involving the entry of predictors in steps.The
order of predictors entry into the analysis is based on a priori knowledge of theory and
previous researches instead of based on the computer software [32]. During the hierarchy modeling, the predictors were fell into 3 hierarchical blocks: Block A (Patients’ characteristics and history); Block B (Clinical assessment); and Block C (Questionnaires). A
first multivariable logistic regression analysis was done for all the predictors in Block
A. Then, a second logistic regression analysis was done for all the predictors in Block B
together with the remained predictors in Block A which had a P value ≤ 0.20 in the first
logistic regression analysis. Finally, a third logistic regression analysis was done for all the
predictors in Block C together with the remained predictors which had a P value ≤ 0.20
in the second logistic regression analysis.
Internal validation

A bootstrapping technique was used to assess the internal validity of the final models
[33,34]. Bootstrap samples were drawn from the full data set with replacement and 300
replications.This bootstrapping technique produces a shrinkage factor that ranges from
0 to 1. The regression coefficients of the predictors in the models were multiplied by
this shrinkage factor to prevent for overfitting of a model that has been developed from
a dataset in which it is tested and for over-optimism in similar future patients [33,34].
Discrimination

Discrimination is the ability of a model to differentiate between those with and those
without the outcome event [35]. The area under the receiver-operating characteristic
curve (AUC) was used to assess the performance of the models in terms of accuracy
of correct prediction [36]. The curve illustrates the ability of the models to discriminate between cohort members with and without low OHRQoL at subsequent cutoffs
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for predicted probability along the range of the predicted probabilities. An AUC of 0.5
indicates no discrimination above the chance, whereas an AUC of 1.0 indicates perfect
discrimination [36].
The optimal cutoff for the predicted probability of the models was defined as the predicted probability with the maximum sum of sensitivity and specificity in the receiver-operating characteristic curve (ROC).
Calibration

Calibration refers to the agreement between observed outcomes and predicted outcomes [35]. Calibration of the models was assessed by plotting the predicted individual
probability against the observed actual probability. For this, study members were grouped
into deciles according to their predicted probability for low OHRQoL in the follow-up
according to the models. The prevalence of the endpoint within each decile represents
the observed probability. In a calibration plot, the actual and predicted probabilities were
compared across the range of predicted risks.The calibration of the multivariable models
was also evaluated using the Hosmer-Lemeshow goodness-of-fit statistic test (HL test). If
P value of HL test > 0.10, it indicates the model has good calibration [37].
Clinical values

Clinical values of the models based on the optimal cutoff for the predicted probability
were assessed using the prevalence, positive predictive values (PPV) and negative predictive values (NPV) of patients with low OHRQoL at follow-up. PPV was defined as the
risk of presence of low OHRQoL based on the models in patients with low OHRQoL
based on the OHIP-C14. NPV was defined as the risk of absence of low OHRQoL
based on the models in patients without low OHRQoL based on the OHIP-C14. The
(added) predictive value of the models at the certain cutoff for predicted probability for
ruling in an increased risk of low OHRQoL at the follow-up was defined as PPV minus
prevalence while that for ruing out an increased risk of low OHRQoL was defined as
NPV minus complement of prevalence (1 minus prevalence).
Scoring system

A clinical prediction rule was developed for the low OHRQoL in patients with TMJ
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OA to provide an estimate for individual patients of their absolute risk of having low
OHRQoL. For the final multivariable logistic regression models, the probability (P) of
low OHRQoL is predicted with P = 1-1/[1+exp(constant + β1X1 + … + βiXi)], where

β is the regression coefficient of a predictor in the models. The status of a patient for
any dummy or binary variable included in the models can be expressed as either 0 or 1.
To facilitate the application of the prediction models in practice, the final regression
models were converted to a score chart, where an individual’s absolute risk for low
OHRQoL can be examined by adding the score weight for predicting. Then, the models were transformed into line charts. The X axis of the line charts represented the
total scores of individual patients while Y axis represented the predicted probability
for low OHRQoL in the follow-up of individual patients.
The discrimination, calibration, clinical values, and scoring system of the two models
were all assessed based on the shrunken regression coefficients. All the statistical analyses were performed with SPSS software 21.0 (IBM, New York, USA) and R software
3.2.3 (R Development Core Team,Vienna, Austria).
Results
For 1-month follow-up, a total of 510 patients who completed the follow-up were included in the analyses. The corresponding follow-up rate at 1-month was 98%. Among
the 510 included patients, 381 (75%) were female and 129 (25%) were male.The mean
age was 39 (SD=16) for women and 38 (SD=16) for men.
For 6-month follow-up, a total of 463 patients completed the follow-up and were included in the analyses. The corresponding follow-up rate at 6-month was 89%. Among
the 463 included patients, 342 (74%) were female and 121 were male (26%).The mean
age was 39 (SD=16) for women and 37 (SD=16) for men.
The distribution of the potential predictors is presented in Table 2. Twelve patients
were lost to follow-up at 1 month and 59 patients at 6 month follow-up, because they
changed their phone numbers, gave us incorrect email addresses or phone numbers,
or moved to other places so that we could not contact them. However, the differences
of distributions of potential predictors between patients who were available at 1- and
6-month follow-up and patients who were absent at 1- and 6-month follow-up were
not statistically significant. Fig. 1 showed the flow chart regarding the relationship of
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number of patients with normal OHRQoL, number of patients with low OHRQoL
and number of patients lost to follow-up over time from the baseline to the 6-month
follow-up. The number of patients with low OHRQoL at 1-month follow-up and at
6-month follow-up was 212 (42%) and 163 (35%), respectively.
The univariate association between the potential predictors and the outcome for both 1and 6-month follow-up is presented in Table 3. Table 4 shows the predictors included
in the final models based on hierarchy modeling in the multivariable logistic regressions.

4

Fig. 1. Flow chart regarding the relationship of number of patients with normal oral health related quality
of life (OHRQoL), number of patients with low OHRQoL and number of patients lost to follow-up over
time from the baseline to the 6-month follow up.

The shrinkage factors of the two models were 0.91 and 0.89, respectively, showing
a good internal validity of the two models. The AUCs of the two models were 0.80
(95%CI: 0.77 ; 0.84) and 0.80 (95%CI: 0.76 ; 0.84), respectively (Fig. 2). The calibration
plots showed that there was good fit between the predicted probability and actual
probability of low OHRQoL in the two models (Fig. 2), which indicated that most
plotted points were lying close to the diagonal line.With a resulting P-value for the HL
tests of 0.86 and 0.73, the goodness of fit of the two models was good.
The cutoffs for the predicted probability for low OHRQoL of patients in TMJ OA in the
two models were 0.38 and 0.43 respectively. The sensitivity, specificity, PPV, NPV, false
positives and false negatives of the two models at the cutoffs were presented in Table
5. The added value of the model at 1-month follow-up for ruling in the patients with
low OHRQoL was 0.19 (95%CI: 0.12 ; 0.25), while that for ruling out the patients with l
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ow OHRQoL was 0.28 (95%CI: 0.22 ; 0.35). The added value of the model at 6-month
follow-up for ruling in the patients with low OHRQoL was 0.31 (95%CI: 0.22 ; 0.39),
while that for ruling out the patients with low OHRQoL was 0.15 (95%CI: 0.09 ; 0.21).

Table 3 Univariate analyses of the potential predictors based on OHRQoL in patients with TMJ OA for
1-month follow-up (N=510) and 6-month follow-up (N=463) using the Chi-square tests
Variables

Model 1 (1-month follow-up)

Model 2 (6-month follow-up)

Number of
patients with
low OHRQoL
(N=212, 42%)

Number of patients P value
with normal
OHRQoL (N=298,
58%)

159
53

222
76

116
58
38

205
69
24

Number of
patients with
low OHRQoL
(N=163, 35%)

Number of patients
with normal
OHRQoL (N=300,
65%)

121
42

221
79

79
49
35

211
68
21

P value

Patients characteristic and history
Gender, n (%)
Female
Male

Age (years)
< 45
45-60
> 60

0.897

<0.001*

0.001*

Pain in other joints than TMJ
including knees, ankles, shoulders,
wrists, elbow joints, hips and
phalangeal joints
No
Yes

151
61

231
67

History of mental diseases
No
Yes

182
30

290
8

0.895

0.106 *

<0.001*

105
58

243
57

138
25

292
8

77
86

151

149

79
84

130
170

54
109

98
202

76
87

149
151

<0.001*

< 0.001*

Clinical Examination
Maximal unassisted opening of
the jaw
Normal (≥ 40 mm)
Abnormal (< 40 mm)

92
120

156
142

Maximal laterotrusion of the
jaw to the left
Normal (≥ 7 mm)
Abnormal (< 7 mm)

88
124

137
161

Maximal laterotrusion of the
jaw to the right
Normal (≥ 7 mm)
Abnormal (< 7 mm)

65
147

98
200

88
124

156
142

Maximal protrusion to the jaw
Normal (≥ 7 mm)
Abnormal (< 7 mm)

Pain on active movement of
the jaw

0.317

0.289

0.595

0.919

0.016*

39
29
144

71
60
167

Muscular pain with palpation
No pain in any site
Pain in 1-3 sites
Pain in 4-6 sites
Pain in > 6 sites

82
44
44
42

201
55
31
11

Joint pain with palpation
Pain in 1 site
Pain in 2 sites
Pain in 3 or 4 sites

56
71
85

138
109
51

0.532

0.066*

0.023*

No pain on movement
Pain on 1 movement
Pain on ≥ 2 movements

66

0.525

0.046*

26
30
107

76
50
174

67
33
34
29

189
54
35
22

33
54
76

143
107
50

< 0.001*

< 0.001*

< 0.001*

< 0.001*
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TMJ click
No click in either joint
click in 1 or both joints

139
73

182
116

TMJ crepitus
Crepitus in 1 joint
Crepitus in both joints

198
14

287
11

Sleep bruxism (SB)
No (absence of SB)
Yes (Presence of SB)

169
43

252
46

Awake bruxism (AB)
No (absence of AB)
Yes (Presence of AB)

146
66

256
42

Chewing-side preference (CSP)
No (absence of CSP)
Yes (presence of CSP)

48
164

107
191

OHRQoL at baseline
Normal OHRQoL
Low OHRQoL

16
196

141
157

0.301

0.133*

103
60

188
112

153
10

287
13

124
39

258
42

107
56

255
45

39
124

100
200

20
143

121
179
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0.911

0.394

Questionnaires
0.007*

0.155*

< 0.001*

< 0.001*

0.001*

0.035*

< 0.001*

< 0.001*

4

*: P < 0.20; OHRQoL: Oral health related quality of life; TMJ: Temporomandibular joint.

Fig. 2. Discrimination (A and B) and calibration (C and D) of the final models for prediction of the low
oral health related quality of life (OHRQoL) in patients with temporomandibular joint osteoarthritis (TMJ
OA) at 1-month (A and C) and 6-month (B and D) follow-up. In A and B, the diagonal represents a model
has no discrimination with the AUC of 0.50. • indicates 38% predicted probability (cutoff point) of low
OHRQoL with sensitivity of 0.87 and specificity of 0.59 in the model at 1-month follow-up (A) and 43%
predicted probability (cutoff point) of low OHRQoL with sensitivity of 0.62 and specificity of 0.83 in the
model at 6-month follow-up (B). In C and D, the diagonal represents that the predicted probability of the
model is the same as the actual probability of the model and the prediction is neither underestimated nor
overestimated. • represents the deciles of the study members based on their predicted probability.
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68

Reference
-0.179 (0.279)
0.077 (0.313)
1.329 (0.397)

Reference
-0.099 (0.260)
0.512 (0.282)

Muscular pain with palpation
No pain in any site
Pain in 1-3 sites
Pain in 4-6 sites
Pain in > 6 sites

Joint pain with palpation
Pain in 1 site
Pain in 2 sites
Pain in 3 or 4 sites

Reference
1.989 (0.321)

-2.979 (0.354)

Constant

7.308 (3.892 13.724)

-2.804 (0.346)

Reference
0.555 (0.310)

-2.510

0.497

0.296

0.502

0.514

0.501
1.428

1.364

0.594

0.530
1.141

1.743 (0.949 3.198)

1.391 (0.839 2.307)

1.751 (1.017 3.017)

1.776 (0.993 3.176)

1.751 (1.003 3.056)
4.929 (2.694 9.019)

4.590 (1.768 11.917)

1.942 (1.169 3.227)

1.807 (1.066 3.063)
3.580 (1.760 7.281)

OR (95%CI)

β: Regression coefficient; TMJ: Temporomandibular joint; SE: Standard error; OR: Odds Ratio; CI: Confidence Interval; TMJ: Temporomandibular joint; OHRQoL: Oral health related quality of life.

-2.715

1.813

Reference
0.330 (0.258)

OHRQoL at baseline
Normal OHRQoL
Low OHRQoL

1.911 (1.194 3.059)

Reference
0.648 (0.240)

Chewing-side preference (CSP)
No (absence of CSP)
Yes (presence of CSP)
0.590

Reference
0.560 (0.277)

1.731 (1.034 2.898)

Reference
0.549 (0.263)

Awake bruxism (AB)
No (absence of AB)
Yes (Presence of AB)
0.500

Reference
0.574 (0.296)

0.906 (0.544 1.508)
1.668 (0.960 2.900)

0.836 (0.484 1.446)
1.080 (0.585 1.995)
3.776 (1.733 8.225)

Sleep bruxism (SB)
No (absence of SB)
Yes (Presence of SB)

-0.090
0.466

-0.163
0.071
1.211
Reference
0.560 (0.284)
1.595 (0.308)

Reference
0.446 (0.213)

Maximal protrusion to the jaw
Normal (≥ 7 mm)
Abnormal (< 7 mm)
1.562 (1.029 2.369)

Reference
1.524 (0.487)

Reference
1.246 (0.471)

History of mental diseases
No
Yes

0.406

Reference
0.664 (0.259)

Pain in other joints than TMJ
No
Yes

1.136

Reference
0.592 (0.269)
1.275 (0.362)

3.478 (1.382 8.752)

β (SE)

Shrunken β

Model 2 (6-month follow-up)
OR (95%CI)

β (SE)
Shrunken β

Model 1 (1-month follow-up)

Age (years)
< 45
45-60
> 60

Variables
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Table 4 Multivariable binary logistic regression analyses (using hierarchy modeling procedures) of the potential predictors based
on OHRQoL in patients with TMJ OA for 1-month follow-up (N=510) and for 6-month follow-up (N=463)
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To enhance clinical usefulness of the models, we transformed the final regression
models into a score chart and line charts (Fig. 3). A doctor can easily calculate the
total points and determine the corresponding predicted probability of low OHRQoL
of an individual patient with Fig 3.The cutoff of total points of the two models for low
OHRQoL is 145 and 141, respectively.
Table 5 Sensitivity, specificity, positive predictive value, negative predictive value, false
positives and false negatives of the two models at the cutoff for the predicted probability
Model

Sensitivity
(95%CI)

Specificity
(95%CI)

PPV
(95%CI)

NPV
(95%CI)

FP
(95%CI)

FN
(95%CI)

Model 1

0.87
(0.82 0.91)

0.59
(0.53 0.64)

0.60
(0.55 0.65)

0.87
(0.81 0.91)

0.24
(0.21 0.28)

0.05
(0.04 0.08)

Model 2

0.62
(0.54 0.69)

0.83
(0.78 0.87)

0.66
(0.58 0.73)

0.80
(0.75 0.84)

0.11
(0.09 0.14)

0.13
(0.11 0.17)

4

PPV: Positive predictive value; NPV: Negative predictive value; FP: False positives; FN: False negatives;
CI: Confidence Interval; Model 1: the model was based on 1-month follow-up; Model 2: the model was
based on 6-month follow-up.

Discussion
In the present study, based on several common and easily obtainable variables of
patients that were treated with arthrocentesis with HA injections for their TMJ OA,
we have derived two models to predict low OHRQoL at 1-month and 6-month follow-up. To our knowledge, we present the first prediction models for low OHRQoL
in oral health care, and in patients with TMJ OA in particular.
For dentists, it is important to know the risk of low OHRQoL of patients after completing a series of HA injections. Based on the reported models, dentists can predict the
patients’ OHRQoL 1-month and 6-month after the injection treatments before they
initiate such treatment. This provides them with information for decisions at patient’s
first visit on whether to start HA injection by assessing that whether HA injections have
sufficient benefits to improve patients’ OHRQoL, and if not, whether other treatments,
such as psychological and social support or other types of physical treatments are needed for the patients. Moreover, the reported models may help to shape expectations of
patients on their OHRQoL at 1-month and 6-month after HA injections.
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Fig. 3. Score chart for the risk of the low oral health-related quality of life (OHRQoL) in patients with
temporomandibular joint osteoarthritis (TMJ OA) for 1-month follow-up and 6-month follow-up and line
charts for reading the predicted probability of total point for the model at 1-month follow-up (A) and
6-month follow-up (B).
Instructions: If a predictor is scored positively in the score chart, a given weighted score is assigned.
Subsequently, the score of each predictor are added to calculate the “Total points” of the 1-month
follow-up and 6-month follow-up respectively. From the line charts below the score chart, the exact risk
(%) of low OHRQoL for an individual patient (Axis Y) can be determined based on the Total points (Axis
X) and the curve.
Footnotes: Model 1: the model was based on 1-month follow-up; Model 2: the model was based on
6-month follow-up; OHRQoL = Oral health related quality of life; TMJ = Temporomandibular joints.
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It is important to determine the optimal cutoff for predicted probability for risk stratification. It is the point for which the sum of sensitivity and specificity is at its maximum, and the amount of misclassification is lowest. In the present models, we regard
0.38 and 0.43 as the cutoffs for predicted probability of low OHRQoL at 1-month follow-up and at 6-month follow-up respectively, because the sum of sensitivity and specificity at both points are maximum in each model. Hence, when the scores of patients
are over 145 and 141 in the two models, respectively, patients are most accurately
predicted to have low OHRQoL one month or six month after the HA injections.
In the present study, the added values of the two models for ruling in low OHRQoL
were 0.19 and 0.28, respectively while those for ruling out were 0.31 and 0.15, respectively. It indicated that if a patient with TMJ OA has a predicted probability of low
OHRQoL of more than the cutoff of 0.38 (over 145 scores) in the model at 1-month
follow-up or more than the cutoff of 0.43 (over 141 scores) in the model at 6-month
follow-up, the posterior risk of low OHRQoL of this patient can be increased by 0.19
and 0.28, respectively, when compared to the prevalence of low OHRQoL at 1-month
follow-up and 6-month follow-up. Similarly, if a patient with TMJ OA has a predicted
probability of low OHRQoL of less than 0.38 in the model at 1-month follow-up or
less than 0.43 in the model at 6-month follow-up, the posterior probability of normal
OHRQoL of this patient can be increased by 0.31 and 0.15, respectively, when compared to the prevalence of normal OHRQoL (complement of the prevalence of low
OHRQoL) at 1-month follow-up and 6-month follow-up.
We report the absolute values for the conventional predictive measures at the cutoff
for predicted probability, notably sensitivity, specificity, PPV, and NPV. However, for
clinical decision-making the sensitivity and specificity are not very helpful. They indicate how good a test discerns a priori cases from a priori non-cases. The PPVs of the
two models in the present study were 0.60 and 0.66, respectively, which is relatively
low and indicates more than 1/3 of true positives would be missed by the models.
However, the PPV and NPV themselves are not important for decision making in practice. Instead, the posterior probabilities, notably PPV and NPV, should be compared
with the prior probabilities, in order to explore the added value of the models for
ruling in and ruling out the risk of low OHRQoL of patients with TMJ OA at 1-month
and 6-month follow-up after the HA injection treatments. For the defined cutoff of
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the two models, the added values are considerable, so they add to accurate prediction
of low OHRQoL.
In addition, it should be noted that with a false positive prediction, a patient that may
not need more comprehensive treatments or more frequent follow-up for re-evaluations, is likely to receive this anyway, and therefore give rise to an increase in the
financial and psychological burden and a waste of resources. Moreover, with a false
negative prediction, a patient that may need more comprehensive treatment or regular follow-up for re-evaluations, is unlikely to receive this, and this may result in less
desired health outcomes. The risk of false negative or false positive prediction of low
OHRQoL, however, is 0.05 and 0.24 in the model at 1-month follow-up and 0.13 and
0.11 in the model at 6-month follow-up. The risk for false positives and false negatives
therefore can be considered relatively small.
In the present study, we prospectively followed a cohort to collect outcome data. We
clearly deviated from the conventional multivariable approach to the data analyses of
causal research. The two prediction models derived for low OHRQoL is multivariable
but descriptive in nature. That is, we stay away from causal claims between included
predictors and the outcome, and control for confounding by multivariable adjustment
for covariables. Moreover, we simply tried to weigh the relative contribution of the
different predictors to the risk of low OHRQoL. The relative contribution of each
predictor was expressed as a weight that was included in the score chart (Table 3),
which can be used to calculate a risk of low OHRQoL for an individual. Furthermore,
in the derivation of the model we clearly deviated from using the conventional P value
of 0.05 as the threshold for statistical significance. We used a less stringent threshold in the Chi-square tests and in the multivariable regression analyses in selection
and exclusion of variables to minimize false negatives in the final model. This could
avoid false negative findings in both modeling stages, which could lead to unjustified
exclusion of independent predictors from the final model [38]. Besides, we did not
use the treatment as a predictor for OHRQoL at follow-up because all the included
patients received the same treatment, which cannot result in a regression weight for
treatment. However, it should be noted that if the treatment was effective for the
OHRQoL, which either positively affect or negatively affect OHRQoL, it could cause
a different intercept of the prediction models. This means that part of the variability
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of the regression weights of the other predictors would be taken away, resulting in
underestimation or overestimation of the true regression weights of the predictors
in a model [39]. Currently, most evidence points that arthrocentesis with HA injections has a beneficial effect on reducing orofacial pain in patients with TMJ OA [4042]. Therefore, this indicates that the treatment is more likely to result in an overall
underestimation of the true regression weights of the predictors in the models. In
clinical practice, underestimation of a model is better accepted than overestimation of
a model. Therefore, our model without the treatment as a predictor can be accepted.
The present model can generalize to future individuals who also receive arthrocentesis with HA injections, but not to those who remain without this treatment or with
other treatment for TMJ OA.
A small number of events relative to the high number of potential predictors is a common limitation in many studies. The events per variable (EPV) of 10 is widely advocated for multivariable logistic regression analyses to obtain a reliable outcome [43,44].
In our model, we had 10 predictors included both in the model at 1-month follow-up
and in the model at 6-month follow-up for multivariable analysis. In our study, we
were able to achieve this conventional threshold criterion with 21 EVP in the model
at 1-month follow-up and 16 EVP in the model at 6-month follow-up.
Conclusions
The two models for predicting low OHRQoL in patients with TMJ OA at one month
and six months follow-up were developed and validated. The added values of the two
models at cutoff for predicted probability may be considered sufficient for both ruling
in and ruling out the risk of low OHRQoL at 1-month and 6-month follow-up in the
decision-making. The score chart and line charts based on these models may assist
clinicians in risk stratification of patients in TMJ OA with low OHRQoL. As such, both
prediction models may serve in decision making for patient management in health
care and informing the patient.The performance of the models still needs to be tested
in other populations of patients with TMJ OA.
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Associations of pain intensity and painrelated disability with psychological and
socio-demographic factors in patients with
temporomandibular disorders: a crosssectional study at a specialised dental clinic
This chapter has been published as:
Su N, Lobbezoo F, van Wijk A, van der Heijden GJ,Visscher CM. Associations of pain
intensity and pain-related disability with psychological and socio-demographic factors
in patients with temporomandibular disorders: a cross-sectional study at a specialised
dental clinic. J Oral Rehabil 2017; 44: 187-196.

CHAPTER
CHAPTER 5
1

Patients profiles and outcomes of care in temporomandibular disorders

Abstract

Objectives: To assess whether psychological and socio-demographic factors, including somatization, depression, stress, anxiety, daytime sleepiness, optimism, gender
and age are associated with pain intensity and pain-related disability in patients with
temporomandibular disorders (TMD).
Materials and methods: In total, 320 TMD patients were involved in the study.
The psychological status of each patient was assessed with questionnaires, including
the 7-item Generalized Anxiety Disorder (GAD-7) scale, the 15-item Patient Health
Questionnaire (PHQ-15), the 9-item Patient Health Questionnaire (PHQ-9), Epworth
Sleeping Scale (ESS), stress questionnaire, and Life Orientation Test-Revised (LOT-R).
TMD pain, including pain intensity and pain-related disability, was assessed with characteristic pain intensity (CPI) and disability points scales. The associations of psychological and socio-demographic factors with pain intensity and pain-related disability
were assessed through logistic regression analyses.
Results: Higher pain intensity was significantly associated with more severe anxiety (P = 0.004), more severe somatization (P < 0.001), more severe depression (P <
0.001), more severe stress (P = 0.001), and lower optimism (P = 0.025) in univariate
regression analyses. However, multiple regression analysis showed that only somatization was significantly associated with pain intensity (P < 0.001). Higher pain-related
disability was significantly associated with more severe anxiety (P < 0.001), more
severe somatization (P < 0.001), more severe depression (P < 0.001), more severe
stress (P < 0.001) and lower optimism (P = 0.003) in univariate regression analyses.
However, multiple regression analysis showed that only depression was significantly
associated with pain-related disability (P = 0.003).
Conclusions: Among the psychological and socio-demographic factors in the present study, somatization was the best predictor for pain intensity, while depression was
the best predictor for pain-related disability.
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Introduction
Temporomandibular joint disorders (TMD), which consist of a group of disorders that
is related to temporomandibular joint (TMJ), masticatory muscles, or both [1], is considered as the most common non-odontogenic chronic orofacial pain condition that is
seen by dentists [2]. It has been shown that 50-70% of the population worldwide has
signs and symptoms of TMD at some stage of their life, including pain, limited range
of jaw movement, and TMJ noises [3]. For most TMDs pain is the main symptom and
also the main reason for patients to seek treatment [4]. In case of persistent or recurrent pain, TMD may follow a chronic course [3]. It is reported that the prevalence of
TMD pain in the general population ranges from 4.0% to 15.0% in countries around
the world [5-8].
Nowadays, it is recognized that pain is influenced by a dynamic interaction between
physical, psychological and social factors [9]. Each individual has the unique experience
of pain. Also several psychological and social factors can interact with physical pathology to affect a patient’s self-report of symptoms and subsequent disability [9]. Several
psychological factors, such as somatization, depression, anxiety, and psychological
stress, are understood to be important in the assessment and management of TMD
[10]. Besides, chronic pain is disabling, and can impair cognitive functions like concentration and memory, disrupt the sleep cycle, produce changes in personality, lead to a
decrease in activities of daily living, and stop people to participate in social and other
activities [11]. Therefore, it has been suggested that the primary goal of treatment for
chronic pain should focus on prevention or reduction of prolonged pain-related disability [11]. Several previous studies have shown that TMD patients with high levels of
pain-related disability or Graded Chronic Pain Scale (GCPS) showed the highest level
of depression, somatization, sleep dysfunction, worry, and catastrophizing thoughts
[12-14]. Another study [15], however, showed that GCPS was not significantly associated with depression in TMD patients and the author attributed the controversy of
the association between depression and GCPS to the small sample size.
Until now, although studies generally have found positive associations between
pain-related disability and psychological factors, the available information on the associations between pain intensity and psychological factors or on the association between pain-related disability and optimism, sleep or on the association of both pain
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intensity and pain-related disability with socio-demographic factors in TMD patients
is scarce. Insight into the relationship between pain intensity or pain-related disability
and these psychological factors is important to provide dentists with underlying diagnostic inferences, deepen our insight into the complex interaction between patients’
physical pain intensity or pain-related disability and psychosocial impairment. Besides,
the Diagnostic Criteria for TMDs (DC/TMD) was newly introduced in 2014. The axis
II of the DC/TMD for psychosocial assessment is suggested to be useful in the clinical
setting [16]. However, no previous study concerning the association of pain intensity
or pain-related disability with psychological factors has been done using the data
gathered by use of the axis II of the DC/TMD before. It is nonetheless important to
have the DC/TMD data collected to test whether different components of the axis
II assessments of the DC/TMD are related to each other, and to compare them with
findings from the previous investigations using different psychosocial questionnaires
in the Research Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD).
So, for this study, the purpose was to evaluate whether psychological and socio-demographic factors including somatization, depression, anxiety, daytime sleepiness, stress,
optimism, gender and age are associated with pain intensity or pain-related disability
in TMD patients.
Material and methods
Patient sample

The data collection followed a cross-sectional design, and included 320 patients
who were referred from September 2014 through February 2016 for TMDs to the
Department of Oral Kinesiology of the Academic Centre for Dentistry Amsterdam.
Included patients were at least 18 years of age, diagnosed with TMD according to
the Axis I of the Diagnostic Criteria for TMDs (DC/TMD) [16], provided written
informed consent, and had no missing data for any variable and outcome. At intake,
the procedure follows the DC/TMD protocol, which consists of several questions , a
standardized oral history, and a clinical examination.
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Collection of data
Pain intensity

Orofacial pain intensity was measured with the characteristic pain intensity (CPI)
scale [17]. This scale ranges from 0 (no pain) to 100 (pain as bad as it could be), and is
the mean of pain intensities reported for ‘current pain’ status, and the ‘worst pain’ and
‘average pain’ in the past 6 months. Pain intensity was classified into 2 categories: low
intensity (CPI < 50) and high intensity (CPI ≥ 50) [17].
Pain-related disability

Orofacial pain-related disability was assessed with the so-called disability points [17].
Disability points range from 0 to 6 and are based on the disability score (the mean ratings of how much the pain has interfered in performing activities of daily living, work,
and social activities in the last 6 months) and disability days (the number of days that
the respondent was away from usual activities in the last 6 months due to facial pain)
[17]. Pain-related disability was classified into 2 groups: no disability (disability points
< 3) and moderate-severe disability (disability points ≥ 3) [17].
Anxiety

The 7-item Generalized Anxiety Disorder (GAD-7) scale was used to assess patients’
anxious mood and behavior over the past 2 weeks. Higher scores indicate more severe anxiety disorder.The sum score of GAD-7 can be classified into 4 categories: No
anxiety, mild anxiety, moderate anxiety, and severe anxiety [18].
Somatization

The 15-item Patient Health Questionnaire (PHQ-15) was used to assess patients’
non-specific physical symptoms, also referred to as functional symptoms or medically
unexplained symptoms, over the past 4 weeks. Higher sum scores indicate more severe somatization. The sum score of PHQ-15 can be classified into 4 categories: No
somatization, low somatization, medium somatization, and high somatization [19].
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Depression

The 9-item Patient Health Questionnaire (PHQ-9) was used to assess patients’ depressed mood over the past 2 weeks. Higher sum scores indicate more severe depression. The sum score of PHQ-9 can be classified into 5 categories: No depression,
mild depression, moderate depression, moderate-severe depression, and severe depression [20].
Stress

Psychological stress during daily live was measured using a 7-item questionnaire developed by Van der Meulen et al. [21], covering the stress on the following 6 domains:
home or family, work or school, financial, social or personal relationships, health, and
other worries in the last 6 months. Another question asked directly for the overall
amount of stress experienced during the past month. Higher sum scores indicate
more stress in daily live. The mean of the sum score of stress questionnaire can be
classified into 5 categories: No stress (0), a little bit stress (1), somewhat stress (2),
much stress (3), and very much stress (4).
Daytime sleepiness

The Epworth Sleeping Scale (ESS) [22] was used to evaluate patients’ average chronic
daytime sleepiness in recent times, and consists of 8 questions. Patients report on
how likely it is that they would doze off in 8 different situations. Higher scores indicate more severe chronic daytime sleepiness in daily life. The sum score of ESS can be
classified into 3 categories: Normal, sleepy, and very sleepy.
Optimism

Patients’ optimism was assessed using the Life Orientation Test-Revised (LOT-R)
[23], which consists of 10 questions: 6 items to measure optimism and 4 filler items.
Among the 6 actual items, 3 are worded positively for optimism and the other 3 are
worded negatively for pessimism. The total score ranges from 0 to 24, with higher
scores indicating higher level of optimism.
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Statistical analysis

For the category variables (anxiety, somatization, depression, stress, and daytime
sleepiness), the distributions of data for low/high pain intensity and no/moderate-severe pain-related disability were expressed as absolute numbers of patients for each
category of variables. For the continuous variable (optimism), the distribution of data
were expressed as mean (standard deviation). Mann-Whitney U tests were used to
compare the mean ranking of different categories of category(ordinal) variables between low and high pain intensity and between no and moderate-severe pain-related
disability. Independent-samples t-tests were used to compare the means between low
and high pain intensity and between no and moderate-severe pain-related disability for
continuous variable. Collinearity tests of the variables were performed with Spearman
rank correlation tests. If the correlation coefficients between variables were smaller
than 0.9, the variables were thought to have no collinearity and can be included in
the regression analyses. Binary logistic regression analysis was then used to evaluate
the associations between pain intensity or pain-related disability and psychological
factors. Firstly, univariate regression analyses were used to detect which independent
variables were significantly associated with pain intensity or pain-related disability.
Variables with a P value equal to or below 0.10 were selected in the multiple regression analyses. The multiple regression analyses (backward selection procedures, P
> 0.05 for removal) were used to find out the best independent variables that can
predict pain intensity or pain-related disability. All results were considered statistically
significant at P < 0.05.
All the statistics mentioned above were performed using SPSS 21.0 (IBM, New York,
the USA).
Results
A total of 320 patients (250 females and 70 males) met the inclusion criteria and were
enrolled in the study.The mean age of included patients was 43.2 ± 14.6 years (females
43.4 ± 14.5 and males 42.1 ± 15.2).
As for CPI, 156 (48.8%) patients had low intensity of TMD pain and 164 (51.3%) had
high intensity of TMD pain. The distributions of psychological and socio-demographic
factors for the 2 pain intensity groups are presented in Table 1. Statistically significant
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differences between the low pain intensity group and the high pain intensity group
were found for anxiety (U = 10576.0, P = 0.003), somatization (U = 7917.5, P < 0.001),
depression (U = 9311.5, P < 0.001), stress (U = 9725.5, P < 0.001), and optimism (t =
2.275, P = 0.024).
As for the pain-related disability, 236 (73.8%) patients had no disability and 84 patients
(26.2%) had moderate-severe disability due to TMD pain. The distributions of psychological and socio-demographic factors based on pain-related disability are presented
in Table 1. Statistically significant differences between the two disability groups were
found for anxiety (U = 6327.0, P < 0.001), somatization (U = 5810.0, P < 0.001), depression (U = 5524.0, P < 0.001), stress (U = 7089.5, P < 0.001), and optimism (t =
3.024, P = 0.003).
The correlation coefficients between variables were all smaller than 0.9 (Table 2).
Hence, all the variables could be included for logistic regression analyses.
As for the CPI, in the univariate analyses, the direction of overall effect was the same
for all included independent variables, except optimism, gender and age. That is, higher pain intensity tended to be associated with more severe anxiety, somatization,
depression, stress and daytime sleepiness but lower optimism and younger age. Also,
females were more likely to have higher pain intensity than males. The variables of
anxiety, somatization, depression, stress, optimism, and gender did not reach the 0.10
threshold for significance and were included for multivariable analyses (Table 3). In
the multivariable
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SD: Standard deviation.

Age (mean ± SD)

Female
Male

320

250
70

320

Gender

Optimism (mean ± SD)

37
155
61
41
26

Stress
No stress
A little bit
Somewhat
Much
Very much

49
11

156
93
37
21
13

Depression
No depression
Mild
Moderate
Moderate-severe
Severe

260

64
115
88
53

Somatization
No somatization
Low
Medium
High

Daytime Sleepiness
Normal
Sleepy
Very sleepy

187
69
41
23

Anxiety
No anxiety
Mild
Moderate
Severe

Number of
patients

43.58 ± 15.40

115
41

16.13 ± 4.42

128
26
2

21
90
25
15
5

91
49
11
3
2

44
69
33
10

101
37
14
4

42.73 ± 13.91

135
29

14.96 ± 4.77

132
23
9

16
65
36
26
21

65
44
26
18
11

20
46
55
43

86
32
27
19

High Intensity
(N = 164)

Pain intensity

Low Intensity
(N = 156)

0.604

0.063

0.024

0.600

< 0.001

< 0.001

< 0.001

0.003

P value

64
20
43.08 ± 14.66

43.17 ± 14.66

14.24 ± 4.79

16.00 ± 4.50
186
50

63
15
6

6
32
13
16
17

22
19
22
12
9

7
18
31
28

32
15
22
15

197
34
5

31
123
48
25
9

134
74
15
9
4

57
97
57
25

155
54
19
8

Moderate-severe
disability (N = 84)

Pain-related disability
No disability
(N = 236)

0.963

0.617

0.003

0.067

< 0.001

< 0.001

< 0.001

< 0.001

P value
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Table 1 Distributions of data of psychological and socio-demographic variables based on both pain intensity and pain-related disability (N = 320)
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Table 2 Correlation coefficients between variables
Anxiety

Somatization

Depression

Stress

Daytime
sleepiness

Optimism

Somatization

0.453

Depression

0.678

0.625

Stress

0.684

0.453

0.615

Daytime sleepiness

0.294

0.189

0.303

0.268

Optimism

-0.417

-0.237

-0.422

-0.366

-0.141

Gender

-0.023

-0.209

-0.073

-0.049

0.041

-0.029

Age

-0.015

-0.024

0.028

-0.046

0.029

0.038

Gender

-0.037

analyses, the results showed that only somatization was included in the final model as
a significant predictor for pain intensity (Table 3).
As for the pain-related disability, in the univariate analyses, the direction of overall
effect was the same for all included independent variables, except optimism and age.
That is, higher pain-related disability tended to be associated with more severe anxiety, somatization, depression, stress and daytime sleepiness but lower optimism. Also,
males were more likely to have higher pain-related disability than females and age
was not associated with pain-related disability. The variables of anxiety, somatization,
depression, stress, daytime sleepiness and optimism did not reach the 0.10 threshold
for significance (Table 4). In the multivariable analyses, the results showed that only
depression was included in the final model as a significant predictor for pain-related
disability (Table 4).
Discussion
In the present study, somatization was the best predictor for pain intensity. Higher
pain intensity was associated with more severe somatization. Patients with low somatization, medium somatization and high somatization had 1.5, 3.7 and 9.5 times higher
odds of suffering high pain intensity relative to no somatization.The size, direction and
significance of somatization did not change from univariate analyses to multivariate
analyses. In the PHQ-15, physical symptoms include pain like headache and pain
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Reference
0.016
0.818
1.719

Reference
0.383
1.299
2.247

Reference
0.229
1.197
2.128
2.041

Reference
-0.053
0.637
0.822
1.707

Reference
-0.153
1.473

-0.056

Reference
-0.507

-0.004

Anxiety
No anxiety
Mild
Moderate
Severe

Somatization
No somatization
Low
Medium
High

Depression
No depression
Mild
Moderate
Moderate-severe
Severe

Stress
No stress
A little bit
Somewhat
Much
Very much

Daytime sleepiness
Normal
Sleepy
Very sleepy

Optimism

Gender
Female
Male

Age

0.008

0.274

0.025

0.312
0.792

0.370
0.422
0.464
0.598

0.264
0.395
0.644
0.786

0.330
0.348
0.443

0.282
0.361
0.569

Standard Error
(SE)

0.996 (0.981 1.011)

0.603 (0.352 1.031)

0.946 (0.901 0.993)

0.858 (0.465 1.581)
4.364 (0.925 20.587)

0.948 (0.459 1.956)
1.890 (0.827 4.320)
2.275 (0.916 5.648)
5.512 (1.707 17.802)

1.257 (0.750 2.108)
3.309 (1.527 7.172)
8.400 (2.376 29.703)
7.700 (1.651 35.913)

1.467 (0.768 2.801)
3.667 (1.853 7.255)
9.460 (3.973 22.528)

1.016 (0.584 1.767)
2.265 (1.117 4.592)
5.578 (1.828 17.027)

Odds Ratio (OR)
(95% CI)

*: Overall P value of the variable is < 0.05; CI: Confidence interval; B: Regression coefficient.

B

Univariate analyses

Variables

0.603

0.064

0.025*

0.623
0.063

0.147

0.885
0.131
0.076
0.004

0.001*

0.385
0.002
0.001
0.009

< 0.001*

0.246
< 0.001
< 0.001

< 0.001*

0.956
0.023
0.003

0.004*

P value

Reference
0.383
1.299
2.247

B

Odds Ratio (OR)
(95% CI)

1.467 (0.768 2.801)
3.667 (1.853 7.255)
9.460 (3.973 22.528)

Standard Error
(SE)

0.330
0.348
0.443

Multivariate analyses

0.246
< 0.001
< 0.001

< 0.001*

P value
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Table 3 Univariate and multivariable (backward selection, P > 0.05 for removal) logistic regression analyses of psychological
variables for CPI in TMD patients (N = 320)

5

87

88

Reference
0.297
1.724
2.206

Reference
0.413
1.488
2.210

Anxiety
No anxiety
Mild
Moderate
Severe

Somatization
No somatization
Low
Medium
High

Reference
0.296
0.336
1.196
2.278

Reference
0.322
1.322

-0.082

Reference
0.151

0.000

Stress
No stress
A little bit
Somewhat
Much
Very much

Daytime sleepiness
Normal
Sleepy
Very sleepy

Optimism

Gender
Female
Male

Age

0.009

0.302

0.028

0.342
0.623

0.488
0.545
0.549
0.607

0.345
0.406
0.497
0.643

0.476
0.458
0.486

0.351
0.368
0.479

Standard Error
(SE)

1.000 (0.983 1.017)

1.162 (0.644 2.100)

0.921 (0.872 0.973)

1.380 (0.706 2.697)
3.752 (1.108 12.713)

1.344 (0.516 3.499)
1.399 (0.481 4.070)
3.307 (1.127 9.699)
9.759 (2.968 32.091)

1.564 (0.795 3.075)
8.933 (4.029 19.807)
8.121 (3.064 21.526)
13.705 (3.883 48.369)

1.511 (0.595 3.839)
4.429 (1.803 10.877)
9.120 (3.519 23.638)

1.345 (0.677 2.675)
5.609 (2.724 11.548)
9.082 (3.552 23.219)

Odds Ratio (OR)
(95% CI)

*: Overall P value of the variable is < 0.05; CI: Confidence interval; B: Regression coefficient.

Reference
0.447
2.190
2.094
2.618

No depression
Mild
Moderate
Moderate-severe
Severe

Depression

B

Univariate analyses

Variables

0.963

0.618

0.003*

0.347
0.034

0.080

0.545
0.537
0.029
< 0.001

< 0.001*

0.195
< 0.001
< 0.001
< 0.001

< 0.001*

0.385
0.001
< 0.001

< 0.001*

0.397
< 0.001
< 0.001

< 0.001*

P value

Reference
0.447
2.190
2.094
2.618

B

0.345
0.406
0.497
0.643

Standard Error
(SE)

Multivariate analyses

1.564 (0.795 3.075)
8.933 (4.029 19.807)
8.121 (3.064 21.526)
13.705 (3.883 48.369)

Odds Ratio
(OR) (95% CI)

0.195
< 0.001
< 0.001
< 0.001

< 0.001*

P value
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Table 4. Univariate and multivariable (backward selection) logistic regression analyses of psychological variables for pain-related disability in TMD patients (N = 320)
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in stomach, back, chest, arms, legs or joints as well as non-pain symptoms like feeling
tired or having low energy or dizziness. The reason why TMD patients with more
severe somatization are more likely to have higher intensity of orofacial pain may be
due to chronic widespread musculoskeletal pain (CWMP) [24]. The muscles, whether
healthy or painful, have the capacity to produce symptoms. Evidence points towards a
significant role of the central nervous system (CNS), with central sensitization as the
presumed underlying mechanism [25]. Central sensitization is defined as an amplification of neural signaling within the CNS that elicits pain hypersensitivity and can cause
a spread of pain sensitivity across the peripheral nerve system [26]. This spread of
pain is a normal, and short-lived response of the nervous system in case of nociceptive
input [25]. However, in some patients this normally transient response develops into
a chronic state [25]. In this situation, pain usually becomes more widespread and may
result in CWMP. Pain hypersensitivity can cause heightened responsiveness to quantitative sensory testing as well as spontaneous clinical pain from deep tissues such as
muscles, joints and visceral organs [27]. So, patients with CWMP often present with
multiple pain conditions including orofacial pain [25]. Genetic predisposition and psychological stressors are thought to influence the development of central sensitization
[24,25,27-29]. Also, some other possible reasons were reported based on previous literature. Firstly, somatic symptoms could result from parafunctional behaviors such as
bruxism or nail-biting or other behavioral changes such as sleep disturbance and this
can in turn increase the risk of TMD, thus exacerbating the symptoms of TMD including pain intensity [29]. Secondly, somatic symptoms can reflect underlying physiological
perturbation that might contribute directly to the pathogenesis of TMD [29]. Also,
brain imaging findings suggest that overlapping neural alterations may lead to somatization and chronic pain states [30]. Additionally, persistent TMD pain may heighten
sensitivity to internal physical sensations and pain. A biological sensitivity to somatic
feelings could predispose a person to developing somatization [31]. Other psychological factors, such as depression, anxiety or stress, may also be associated with pain
intensity based on the previous literature, but the association was not direct, because
pain was not their major symptom. So, it is not surprising that the association between
pain intensity and other psychological factors may be weaker than that between pain
intensity and somatization.
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Also, we found that depression was the best predictor for pain-related disability.
Higher pain-related disability was associated with more severe depression. Patients
with mild depression, moderate depression, moderate-severe depression and severe
depression had about a 1.6, 8.9, 8,1 and 13.7 times higher odds of suffering moderate-severe pain-related intensity relative to no depression. The size, direction and
significance of depression did not change from univariate analyses to multivariate
analyses. Depression is defined as a state of low mood and aversion to activity which
have a negative effect on person’s thoughts, behavior, feelings, and sense of well-being
[32]. Compared to other psychological factors, like anxiety, stress or sleep disorders,
the most evident characteristic of depression is that patients may lose interest in all
what happens around them and they may get no satisfaction from the activities that
were pleasurable before [33]. It is reported that a patient who suffers from more
severe depression may become increasingly disabled because of a reduction in activity through low motivation and energy levels, thus leading to muscle deconditioning
and stiffness [34]. Also, they may have problems concentrating or communicating and
be always in a sad mood, a gloomy solitary and apathetic attitude [33]. So, it is not
surprising that patients with depression caused by chronic pain may have difficulties
in coping with daily activities like work, school or housework. Other psychological
factors may be also associated with pain-related disability, but the association may not
be direct considering these psychological factors are less likely to make patients lose
the interest in daily life directly. So, the association between pain-related disability and
other psychological factors may not be as large as that between pain-related disability
and depression.
In clinical practice, early biobehavioral intervention is thought to reduce the risk of
patients developing persistent or chronic pain [35,36]. A psychosocial disorder should
be regarded a very important comorbid condition contributing to TMD onset and
being associated with TMD pain [29,36]. Hence, clinicians should attach importance
to the relationship between pain intensity and somatization and between pain-related
disability and depression. If a patient has a high TMD pain intensity or pain-related
disability in clinic, he/she has high possibility to suffer more severe somatization or
depression. So in this situation clinicians should assess the somatization or depression conditions of patients with high pain intensity or pain-related disability in time.
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If the patients has a diagnosis of somatization or depression, they should be provided with multiple treatments including psychological support instead of only physical
treatments.
One important limitation of the present study is its cross-sectional design, which only
allows for the evaluation of the associations between TMD pain and psychological
factors rather than causal mechanisms between TMD pain and psychological factors.
Nevertheless, this type of approach may provide future studies with relevant information on which variables to focus in longitudinal studies for causality. Furthermore, Item
3 of the PHQ-15 includes pain in the joints which may include pain from the temporomandibular joint. Consequently, there may have been some overlap in outcomes of the
PHQ15 and the CPI, which may partly explain the association found between somatization and pain intensity and may cause bias to the outcome. Besides, a small number of
events relative to a high number of potential predictors (i.e., the number of response
categories without the reference category for ordinal or nominal independent variables
plus the number of continuous independent variables) is a common limitation in many
studies. In order to obtain a reliable outcome, general guidelines have been suggested
for the minimum number of events per variable (EPV). An EPV of 10 is widely advocated
for multivariable logistic regression analyses to obtain a reliable outcome [37,38]. In
the present study, the number of response categories without the reference category
for ordinal or nominal independent variables plus the number of continuous variables
included in the multivariable models of both pain intensity and pain-related disability was
16. Hence, 160 events for both models are recommended in the present study. For the
model of pain intensity, the events of “high pain intensity” were 164, which meets the criteria. However, for the model of pain-related disability, the events of “moderate-severe
pain-related disability” were 84, which is smaller than the criteria. So, the sample size in
the present study may limit statistical power for parts of the analysis. Moreover, in general, all these kinds of regression modelling approaches carry a large burden of inflation
of their goodness of fit, so commonly there is over-fitting of the regression model on the
data from which it is derived. Nevertheless, this is how far we can get in our center for
this with the data at hand and we would be neglecting important information contained
by this paper if we would dismiss our study based on a conservative approach to priori
sample size assumptions.
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For the future, more follow-up studies are needed for exploration of the causal relationship between psychological factors and TMD pain and the changes in psychological
functioning that accompany the onset of TMD. Also, future researches are needed
to examine the role of these psychological variables in the transition from acute to
chronic pain in TMD patients.
Conclusions
In a conclusion, from the psychological and socio-demographic factors included in the
present study, somatization is the best predictor for pain intensity, while depression is
the best predictor for pain-related disability in TMD patients.
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Abstract

Objectives: To identify potential predictors in patient profiles that allow prediction of
types of treatment indicated for patients with temporomandibular disorders (TMDs)
and to develop a prediction model for types of treatment indicated for TMD patients.
Materials and methods: The derivation cohort at baseline involved 356 adult patients with TMDs. Patients’ and disease characteristics were recorded at the baseline
as the potential predictors of the model. Types of treatment that were indicated for
TMD patients were the endpoint of the model, which were classified into no treatment (NT), physical treatment only (PTO) including splint or/and physiotherapy, and
combined physical and psychological treatment (CPPT). Multinomial logistic regression analysis was used to develop the prediction model. The internal validation, calibration, discrimination, and external validation of the model were determined. For
practical use, the prediction model was converted into score charts and line charts.
Results: Patients’ age, gender, anxiety, sleep bruxism, pain-related TMD, function-related TMD, stress, passive stretch of maximum mouth opening, and depression were
significantly associated with the types of treatment indicated for TMD patients. The
multinomial model showed a reasonable calibration and good discrimination with an
area under the curve (AUC) of 0.76-0.86.The internal validity of the model was good,
with a shrinkage factor of 0.89. The external validity of the model was acceptable.
Conclusions: The similarities and differences of potential predictors in patients profiles for prediction of types of treatment indicated for TMD patients were identified.
The internal validity, calibration, discrimination, and external validity of the model
were acceptable.
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Introduction
Temporomandibular disorders (TMD) is a collective term that encompasses several
clinical problems related to masticatory muscles, temporomandibular joints (TMJs),
and the associated structures [1], which manifests clinically as pain in the TMJ or masticatory muscle, TMJ sounds including clicking, popping and crepitus, headache limited
to the temporal region, and otalgia or tinnitus or both in the absence of aural disease
[2]. TMD is also conceptualized from a biopsychosocial perspective, which views pain
and disability as a result of dynamic interactions among physical, psychological, behavioral, and social factors [3]. Nowadays, various reversible and conservative methods of
physical treatments have been commonly adopted in TMD patient care, such as physiotherapy, splint, and pain education [2,4,5]. Research evidence suggests that psychosocial factors also have an important role in treatment response and in the transition
to chronicity [3]. Reports showed that psychological treatment, including cognitive
behavioral therapy and relaxation techniques, can be effective in treating TMD [6]. In
the clinical practice, of course, not every TMD patient needs the same treatment, if
any treatment at all. So, pain and TMD specialists have emphasized the need to identify
subgroups of patients who do not need treatment, who need only physical treatment
including splint or/and physiotherapy (uni-treatment), and who need psychological
treatment in addition to physical treatment (multi-treatment), and then to use this
information for patient-tailored interventions [3].
Traditionally, types of treatment indicated for TMD patients is based on the presentation of complaints from the patients, observation, history taking and clinical testing
by the care professional, additional (laboratory) testing, and imaging. Conventionally,
expertise and consensus between professionals drives clinical routines in patient care.
However, probably not all procedures routinely used in daily practice will contribute
to the efficacy and accuracy of the differential diagnosis and subsequent types of treatment indicated for patients.
In current patient care for TMD patients, clinicians’ decision-making on which types of
treatment is indicated for a patient is affected by several factors, such as the clinicians’
knowledge, professional traditions, clinical routines, clinical judgment, and differential
diagnostic reasoning. It has been suggested that variation in treatment decisions of
clinicians stem essentially from two main sources: perceptual variation and judgmental
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variation [7]. Also, patients characteristics can have an influence on which treatment
is indicated. It was shown that clinicians generally use patients’ demographic characteristics as a starting point in their assessments [8]. In addition, disease characteristics
are another factor that affect which treatment is indicated. Different complaints of
patients, signs and symptoms, and psychosocial status can result in clinicians choosing
different treatment options for comparable patients.
To gain insight into clinical decision-making regarding different treatment choices
for TMD patients, contemporary predictive modeling methodologies can be applied.
This can improve transparency, efficiency, consistency, and accuracy in clinicians’ decision-making. Moreover, data collected while following conventional practice may
provide a framework for identification of factors that weigh most strongly on decision-making on which treatment is indicated.
Therefore, the aims of the present study were to (1) identify potential predictors in
patient profiles that allow prediction of types of treatment indicated for TMD patients, including no treatment (NT), physical treatment only (PTO) including splint or/
and physiotherapy, and combined physical and psychological treatment (CPPT); and (2)
develop, validate, and calibrate a model for prediction of types of treatment indicated
for TMD patients based on patient profiles.
Material and methods
Participants

In the present cross-sectional study, consecutive TMD patients referred to the clinic of
the Department of Oral Kinesiology of the Academic Centre for Dentistry Amsterdam
(ACTA) between September 2013 and February 2016 were included in this study as the
derivation cohort.The inclusion criteria were: patients that entered the clinic for orofacial pain and/or functional disturbances, 18 years of age or above, and with a complete
diagnosis of TMD based on the Diagnostic Criteria for TMD (DC/TMD) [9].
Collection of data
Potential predictors

Potential predictors, including patient characteristics (gender and age), disease characteristics, and diagnosis based on DC/TMD, were collected and documented (Table
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1). For inclusion of potential predictors in the models, we adopted a hierarchically
approach, i.e. we followed the variable with most important contribution to the types
of treatment indicated for TMD patients and the variable with the lowest burden to
TMD patients will be included first.
Diagnosis of TMD

The criteria of patients’ diagnoses for TMD were based on the DC/TMD [9].The diagnoses can be classified into: (1) myalgia; (2) arthralgia; (3) headache attributed to TMD;
(4) disc displacement; (5) degenerative joint disease; and (6) subluxation. Pain-related
TMD was defined as the presence of myalgia or/and arthralgia, and no pain-related
TMD was defined as the absence of both myalgia and arthralgia. Function-related
TMD was defined as the presence of disc displacement, degenerative joint disease, or
subluxation, and no function-related TMD was defined as the absence of disc displacement, degenerative joint disease, and subluxation. Furthermore, function-related TMD
was classified into function-related TMD without treatment need and function-related
TMD with treatment need. The former was defined as patients who only had one or
more of the following diagnoses: disc displacement with reduction, disc displacement
without reduction without limited mouth opening, or degenerative joint disease. The
latter was defined as patients who had at least one of the following diagnoses: disc
displacement with intermittent locking, disc displacement without reduction with limited opening, and subluxation. The criteria for coding of the diagnosis of TMD are
presented in Table 1.
TMD pain screener

The TMD pain screener was used to identify whether patients suffered from pain-related TMD conditions or not in the last 30 days [10]. The questionnaire consists of
6 items, covering how long the pain lasted in the jaw and temple areas, whether the
patient had pain or stiffness in the jaw on awakening, and whether daily activities including chewing hard or tough food, mouth opening or moving the jaw forward or to
the side, jaw habits, and other activities change any pain in the jaw or temple areas.
Item 1 can take on scores of 0 (no pain), 1 (pain comes and goes), and 2 (pain is always
present). Item 2-6 are scored as No (0) or Yes (1). The answers to these 6 items are
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summed and higher sum scores indicate a higher risk of a pain-related TMD (Table
1) [10].
Graded Chronic Pain Scale (GCPS)

The GCPS was used to assess patients orofacial chronic pain intensity and pain-related
disability [11]. Orofacial chronic pain intensity was assessed using the Characteristic
Pain Intensity (CPI) scale from the GCPS [11].The score of CPI is between 0 and 100,
which is assessed by calculating the mean of current facial pain intensity, as well as
the worst and average facial pain intensity during the last 6 months. Orofacial chronic
pain-related disability was measured with the disability points based on the GCPS
[11]. Disability points are between 0 and 6. Disability points are determined with the
disability score (the mean ratings of how much facial pain has interfered with patients’
daily activities, recreational, social and family activities and work ability during the last
6 months) and disability days (the total number of days that facial pain keeps patients
from doing usual activities during the last 6 months). The categories of GCPS, which
range from 0 to 4, are based on both CPI and pain-related disability. In the present
study, Category 3 and Category 4 were combined since both of the two categories
focused on the pain-related disability regardless of CPI (Table 1).
Oral Behavior Checklist (OBC)

The OBC is an instrument for determining the presence or awareness of oral
parafunctional behaviors during sleep and during waking hours [12]. In the present
study, patients’ self-reported awake bruxism (clenching and grinding) and sleep bruxism (clenching and grinding) were based on the OBC. Patients are asked to report
the frequency of awake bruxism and sleep bruxism over the past month. For sleep
bruxism, the responses of each item ranged from “none of the time” (0), “< 1 night per
month” (1), “1-3 nights per month” (2), and “1-3 nights per week” (3) to “4-7 nights
per week” (4). For awake bruxism, the responses of each item ranged from “none of
the time” (0), “a little of the time” (1), “some of the time” (2), and “most of the time”
(3) to “all of the time” (4) (Table 1) [12].
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Psychosocial assessment

The 7-item Generalized Anxiety Disorder (GAD-7) was used to evaluate patients’
anxiety during the last 2 weeks. For each item, the frequency of anxious problems
patients are bothered by in daily life can be rated ranging from not at all (0), several
days (1), and more than half of the days (2) to nearly every day (3). The sum score of
GAD-7 ranges from 0 to 21. Higher sum score indicates more severe anxiety (Table
1) [13].
The 15-item Patient Health Questionnaire (PHQ-15) was used to evaluate patients’
non-specific physical symptoms during the last 4 weeks. On each item, the extent in
which patients are bothered by several somatic problems such as stomach pain, back
pain, or headaches can be rated ranging from not bothered (0) and bothered a little
(1) to bothered a lot (2). The sum score of PHQ-15 ranges from 0 to 30. Higher sum
score indicates more severe somatization (Table 1) [14].
The 9-item Patient Health Questionnaire (PHQ-9) was used to evaluate patients’ depression during the last 2 weeks. On each item, the frequency of depressed problems
in daily life can be rated ranging from not at all (0), several days (1), and more than half
of the days (2) to nearly every day (3). The sum score of PHQ-9 ranges from 0 to 27.
Higher sum score indicates more severe depression (Table 1) [15].
A 7-item questionnaire developed by van der Meulen et al. was used to evaluate
patients’ psychological stress in the daily life during the past 6 months [16]. Another
question focused on patients’ self-reported overall stress experienced over the past
month. On each item, the extent of stress can be rated ranging from none (0), a little
bit (1), somewhat (2), and rather much (3) to very much (4). The sum score ranges
from 0 to 28. Higher sum score indicates more stress in daily life (Table 1) [16].
The Epworth Sleeping Scale (ESS) was used to assess patients’ recent chronic daytime
sleepiness in daily life. It includes 8 items that are related to how likely patients doze
off in 8 different situations in daily life. The answer scale for each item ranges from
never doze (0), slight chance of dozing (1), and moderate chance of dozing (2) to high
chance of dozing (3). The sum score is ranging from 0 to 24. Higher sum score indicates more severe chronic daytime sleepiness (Table 1) [17].
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Chronicity of TMD pain

Patients’ chronicity of TMD pain was assessed by one question extracted from DC/
TMD Symptom Questionnaire: How many years or months ago did your pain in the
jaw, temple, in the ear, or in front of the ear first begin? (Table 1) [9].
Previous treatment

Patients were asked “Have you undergone treatment for the complaint previously?
“ and “Have you undergone psychological or psychiatric treatment previously?”, The
answers to both of the two questions were classified into “yes” or “no”? (Table 1).
Passive stretch of maximum mouth opening

The passive stretch of maximum mouth opening was defined as patients assisted
maximum mouth opening minus patients unassisted maximum mouth opening (Table
1) [9].
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Descriptions of coding

Female
Male

Continuous

No pain-related TMD
Pain-related TMD

No functional-related TMD or
Function-related TMD without
treatment need
Functional-related TMD with treatment need

No pain-related TMD (score ≤ 3)
Pain-related TMD (score > 3)

0: No TMD pain in prior 6 months
1: Low intensity pain without disability
2: High intensity pain without disability
3/4: Moderately/severely limiting

None of the time
Yes (< 1 night per month/1-3 nights
per month/1-3 nights per week/4-7
nights per week)

None of the time
Yes (a little of the time/some of the
time/most of the time/all of the time)

No anxiety (score: 0-4)
Mild anxiety (score: 5-9)
Moderate/severe anxiety (score:
10-21)

Predictors

Gender

Age**

Pain-related TMD

Function-related TMD

TMD pain screener

Graded Chronic Pain
Scale (GCPS)

Clench or grind teeth
when asleep, based on
any information you may
have (OBC)

Clench or grind teeth
during waking hours
(OBC)

Generalized Anxiety
Disorder (GAD-7)
217 (61%)
84 (24%)
55 (15%)

104 (29%)
252 (71%)

118 (33%)
238 (67%)

74 (21%)
88 (25%)
86 (24%)
108 (30%)

64
15
9

34
54

47
41

33
20
11
24

61
27

10

88 (25%)
141 (39%)
215 (61%)

78

65
23

47.8±
15.5

60
28

NT
(N=88)

268 (75%)

137 (39%)
219 (61%)

43.4±
14.8

279 (78%)
77 (22%)

Number of
patients (%)

118
28
12

48
110

49
109

33
47
39
39

55
103

47

111

53
105

42.2±
14.3

128
30

PTO
(N=158)

35
41
34

22
88

22
88

8
21
36
45

25
85

31

79

19
91

41.5±
14.4

91
19

CPPT
(N=110)

31 (17%)
47 (26%)
58 (32%)
44 (24%)
66 (37%)
114 (63%)

54 (30%)
126 (70%)
116 (64%)
43 (24%)
21 (12%)

< 0.001

0.015

< 0.001

32 (18%)

< 0.001

148 (82%)

0.004

59 (33%)
121 (67%)

6

53 (29%)
127 (71%)

< 0.001

< 0.001

30

44.9±
14.8

0.005

30
5
1

21
15

19
17

15
9
6
6

26
10

29
7

52.6±
16.1

29
7

144 (80%)
36 (20%)

0.026

NT
(N=36)

Number of
patients (%)

P
value#

61
18
4

21
62

31
52

13
24
33
13

25
58

18

65

20
63

44.1±
14.3

64
19

PTO
(N=83)

25
20
16

12
49

16
45

3
14
19
25

8
53

8

53

4
57

41.3±
13.4

51
10

CPPT
(N=61)

< 0.001

< 0.001

0.032

< 0.001

< 0.001

0.405

< 0.001

0.002

0.626

P
value#
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Table 1 Description of coding and univariate association analyses between outcome and potential predictors in derivation cohort (N=356) and validation cohort (N=180)

6

103

104
51 (14%)
173 (49%)
132 (37%)
307 (87%)
49 (13%)

No stress (score: 0-3)
Somewhat (score: 4-10)
Quite/much/very much (score: 11-28)

Normal (score: 0-9)
Sleepy or very sleepy (score: 10-24)

No
< 6 months
6 months to 2 years
> 2 years

No
Yes

No
Yes

< 5 mm
≥ 5 mm

Psychological stress (van
der Meulen)

Epworth Sleeping Scale
(ESS)

How many years or
months ago did your pain
in the jaw, temple, in the
ear, or in front of the
year first begin?

Has the patient previously undergone treatment
for the complaint?

Has the patient undergone psychological or
psychiatric treatment
previously?

Passive stretch of maximal mouth opening

84
4

55
33

58
30

31
12
17
28

78
10

14
52
22

50
26
12

24
41
23

112
46

108
50

93
65

30
18
50
60

142
16

33
89
36

102
39
17

40
66
52

83
27

44
66

64
46

8
21
37
44

87
23

4
32
74

33
30
47

12
29
69

< 0.001

< 0.001

0.473*

< 0.001

0.031

< 0.001

< 0.001

< 0.001

144 (80%)
36 (20%)

116 (64%)
64 (36%)

92 (51%)
88 (49%)

28 (16%)
19 (11%)
48 (27%)
85 (47%)

154 (86%)
26 (14%)

44 (24%)
73 (41%)
63 (35%)

90 (50%)
57 (32%)
33 (18%)

42 (23%)
66 (37%)
72 (40%)

33
3

30
6

17
19

12
1
9
14

33
3

11
17
8

22
10
4

15
14
7

62
21

54
29

46
37

13
9
24
37

69
14

25
40
18

50
29
4

20
36
27

49
12

32
29

29
32

3
9
15
34

52
9

8
16
37

18
18
25

7
16
38

#: P values in this table was based on the univariate association analyses between the outcome and each predictor; **: the P value of the predictor was based on Kruskal-Wallis Test; *: P value of
the predictor was > 0.20; NT: No treatment; PTO: Physical treatment only; CPPT: Combined physical and psychological treatment; TMD: temporomandibular disorders; OBC: oral behavior
checklist.

279 (79%)
77 (21%)

207 (58%)
149 (42%)

215 (60%)
141 (40%)

69 (19%)
51 (15%)
104 (29%)
132 (37%)

185 (52%)
95 (27%)
76 (21%)

No depression (score: 0-4)
Mild depression (score: 5-9)
Moderate-severe depression (score:
10-27)

Patient Health
Questionnaire (PHQ-9)

76 (21%)
136 (38%)
144 (41%)

No somatization (score: 0-4)
Low somatization (score: 5-9)
Medium/high somatization (score:
10-30)

Patient Health
Questionnaire (PHQ-15)

0.104

0.012

0.564

0.010

0.475

< 0.001

< 0.001

< 0.001
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Outcomes
The type of treatment that was indicated for each patient (NT, PTO, or CPPT) was extracted from the patient records by the first author (N.S.). Physical treatment includes
splint and physiotherapy, and psychological treatment was recorded when the patient
was referred to the multidisciplinary team’s psychologist as part of the treatment. The
initial treatments indicated for patients were proposed by the clinician who performed
the intake examination based on the patients’ diagnosis as well as on the patient and
disease characteristics. For uncomplicated patients, the type of treatment indicated for
patients was discussed between the clinician who performed the intake examination
and a senior consultant for a final decision. More complex patients were discussed in
the multidisciplinary team (including senior consultants, dentists, physiotherapists, and
a psychologist), and the staff represented in the multidisciplinary team made the final
decisions together.The final decision-making of the senior consultants and the multidisciplinary team was based on their expertise, experience, and knowledge as well as on
patients’ specific signs and symptoms in both physical and psychological aspects.
Statistical analysis
Screening of potential predictors and modeling

First, we tested the univariate association of each potential predictor with the three-categorical outcome (NT, PTO, and CPPT) by using the chi-square test for categorical predictors and Kruskal-Wallis test for continuous predictors. Predictors with a univariate
P value ≤ 0.20 were selected for inclusion in the subsequent multivariable multinomial
logistic regression analyses.The candidate predictors were included or excluded (p>0.20)
in the final model using backward-selection procedures to prevent untoward restriction
in number of variables, using SPSS software 21.0 (IBM, New York, USA). In the multinomial logistic regression analyses, NT was regarded as the reference outcome category. If
a multinomial regression model has very diverse outcome categories, that is, each outcome category is associated with different predictors, this may make the model involve
too many predictors and too many regression coefficients estimated. In order to limit
and optimize the number of regression coefficients in a multinomial model, some predictors were only considered for one outcome category (P < 0.20) by setting the coefficient
of the other outcome category to zero when performing the procedures below [18].
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Internal validation

A bootstrapping techniques are commonly applied to assess the internal validity of a
model. However, bootstrapping of multinomial logistic regression models cannot be
standardly performed with statistical software packages [18]. Shrinking the regression coefficient in the model can prevent for overfitting of a model that has been
developed from a dataset in which it is tested and for over-optimism in similar future
patients [19,20]. So, a heuristic shrinkage factor for multinomial logistic regression
coefficients was applied in the present study, which can be calculated as:
(modelX2-df)/ modelX2,
where modelX2 indicates the likelihood ratio of the fitted model (i.e. the difference in
-2log likelihood between the model with and without predictors), and df indicates the
degrees of freedom of the number of candidate predictors considered for the model
[18,21].
Calibration

Calibration is defined as the agreement between predicted outcomes and observed
outcomes [22]. Calibration is assessed by plotting the predicted individual probabilities against the observed actual probabilities for each outcome category. For this,
study members will be grouped into deciles based on their predicted probability for
treatment separately. The prevalence of the endpoint within each decile represents
the observed probability. In a calibration plot, the actual and predicted probabilities
will be compared across the range of predicted risks, and the calibration of the multivariable models will also be evaluated using the Pearson goodness-of-fit statistic. If the
P-value of the Pearson goodness-of-fit statistic test is > 0.05, it indicates the model is
correctly specified [23-25].
Discrimination

Discrimination is defined as the ability to differentiate between those with and those
without the outcome event [22]. For the binary or ordinal logistic models, it is common to use the c-statistic or area under the receiver operating characteristics curve
(ROC area) as the single measure for discrimination [18]. However, for the multinomial logistic regression analyses with three unordered categories in the present study,
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discrimination is assessed with three ROC areas, relating one outcome category to
the other two outcome categories in each ROC area [18].
Performance

Overall model performance is measured with the Nagelkerke R2. R2, which is between 0
and 1, means that how many percentages of variation in outcomes can be explained by
the model. The higher R2 value indicates better overall performance of the model [18].
Scoring system

We developed a clinical prediction rule for the type of treatment indicated for TMD
patients to provide an estimate for individual patients of their absolute risk of certain
type of treatment that was indicated. For the final multivariable multinomial logistic
regression model, patients with NT were regarded as the reference category of the
outcome, so the probability (P) of receiving PTO and CPPT is predicted using the
formulas [18] as below:

exp(LPpto)

PPTO =

1+ exp(LPcppt)+exp(LPpto);

PCPPT =

1+ exp(LPcppt)+exp(LPpto).

exp(LPcppt)

where
LPpto = linear predictor of PTO = β0PTO + β1PTOX1 + … + βiPTOXi;
LPcppt = linear predictor of CPPT = β0CPPT + β1CPPTX1 + … + βiCPPT Xi.
As the sum of predicted probabilities of each outcome category in any logistic model
is 1, the probability of receiving NT can be predicted with PNT=1- PPTO- PCPPT [18].
Patients are allocated to the outcome category with the highest predicted probability.
To facilitate the calculation of the probabilities of NT, PTO, and CPPT in individual
patients separately, the multinomial regression model was converted to a score chart.
The score of each included predictor in the score chart was produced by the shrunk107
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en regression coefficients being divided by the smallest regression coefficient of the
predictors and subsequently rounded. Line charts were then developed, which helps a
clinician to determine the predicted probability of NT, PTO, and CPPT.
All the statistical procedures mentioned above were based on the derivation cohort.
The discrimination, calibration and the scoring system of the model were all assessed
based on the shrunken regression coefficients.
External validation

To assess the general applicability of the multinomial model, we validated the shrunken
multinomial model in a new sample of TMD patients based on the DC/TMD, and who
received an intake examination at the clinic of the Department of Oral Kinesiology of
ACTA between February 2016 and January 2017.The new sample was regarded as the
validation cohort. The inclusion criteria for patients were the same as for the derivation cohort. In the validation cohort, the predicted probability for type of treatment
indicated for each TMD patient was calculated based on the developed multinomial
model in the derivation cohort described above. The validity of the validated multinomial model was also assessed in aspects of calibration (calibration plots and Pearson
goodness-of-fit statistic), discrimination (AUC), internal validity (shrinkage factor) and
overall performance (Nagelkerke R2). All the statistical analyses were performed with
SPSS software 21.0 (IBM, New York, USA).
Results
A total of 356 patients were enrolled in the derivation cohort. Among the 356 included patients, 279 (78%) were female and 77 (22%) were male. The mean age (standard
deviation, SD) was 44 (15) for females and 40 (14) for males. The distributions of
potential predictors based on types of treatment indicated for TMD patients are presented in Table 1.
The univariate associations between the potential predictors and the types of treatment indicated for TMD patients are presented in Table 1. In total, all the 17 predictors, except for the predictor “Has the patient previously undergone treatment
for the complaint?” (P = 0.473), were significantly associated with the types of treatment indicated for TMD patients using Chi-square tests or the Kruskal-Wallis test.
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Therefore, 16 predictors were selected for possible inclusion in the multivariable
multinomial logistic regression analyses using the backward selection procedure (P
> 0.20).
Table 2 presents the predictors included in the final model based on the multivariable
multinomial logistic regression analysis. When PTO was compared with NT, age, sleep
bruxism, pain-related TMD, function-related TMD with treatment need, stress, stretch
of assisted mouth opening, and depression were significantly associated with the outcome. When CPPT was compared with NT, age, anxiety, sleep bruxism, pain-related
TMD, function-related TMD with treatment need, gender, stress, and stretch of assisted mouth opening were significantly associated with the outcome.
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Reference
-0.113 (0.464)
0.040 (0.705)

Reference
1.178 (0.346)

Reference
1.415 (0.334)

Reference
1.075 (0.451)

Reference
0.434 (0.372)

Reference
-0.037 (0.447)
0.827 (0.610)

Reference
3.140 (0.826)

Reference
1.206 (0.608)
1.312 (0.621)

-1.221 (0.899)

GAD-7
No anxiety
Mild anxiety
Moderate/severe anxiety

Sleep bruxism (SB)
No
Yes

Pain-related TMD
No
Yes

Function-related TMD with
treatment need
No
Yes

Gender
Male
Female

Stress
High
Low
No stress

Stretch of assisted mouth
opening
< 5 mm
≥ 5 mm

PHQ-9
Moderate-severe
depression
Mild depression
No depression

Intercept

1.073
1.168

2.795

-0.033
0.736

0.386

0.957

1.259

1.048

-0.101
0.036

-0.032

3.338 (1.014 10.987)
3.714 (1.100 12.540)

23.110 (4.575 116.737)

0.963 (0.401 2.313)
2.287 (0.691 7.564)

1.543 (0.745 3.195)

2.929 (1.210 7.091)

4.116 (2.140 7.913)

3.248 (1.650 6.392)

0.807 (0.360 2.218)
1.041 (0.261 4.146)

0.965(0.943 0.986)

OR (95%CI)

0.175

0.047
0.035

< 0.001

0.934#
0.175

0.243#

0.017

< 0.001

0.001

0.807#
0.954#

0.002

P value

Reference
-0.164 (0.706)
1.037 (0.791)

Stress
No
Low
High

Intercept

PHQ-9
No depression
Mild depression
Moderate-severe
depression

-2.074 (0.979)

-0.274 (0.627)

Reference
-0.318 (0.479)

Reference
2.295 (0.849)

Reference
0.824 (0.465)

Gender
Male
Female

Stretch of assisted mouth
opening
< 5 mm
≥ 5 mm

Reference
1.018 (0.496)

Reference
2.247 (0.399)

Function-related TMD with
treatment need
No
Yes

Pain-related TMD
No
Yes

Reference
1.431 (0.422)

Reference
0.893 (0.495)
0.901 (0.701)

Sleep bruxism (SB)
No
Yes

-0.037 (0.013)

Age

β (SE)

-0.244

-0.283

2.043

-0.146
0.923

0.733

0.906

2.000

1.274

0.795
0.802

-0.033

Shrunken
β

0.760 (0.222 2.598)

0.727 (0.284 1.861)

9.924 (1.878 52.446)

0.849 (0.213 3.390)
2.819 (0.599 13.282)

2.278 (0.917 5.682)

2.768 (1.047 7.313)

9.456 (4.328 20.664)

4.182 (1.828 9.567)

2.442 (0.926 6.439)
2.463 (0.618 9.808)

0.964 (0.940 0.989)

OR (95%CI)

Combined physical with psychological treatment vs. No treatment*

GAD-7
No anxiety
Mild anxiety
Moderate/severe anxiety

Predictors

0.034

0.662#

0.507#

0.007

0.817#
0.190

0.076

0.040

< 0.001

0.001

0.071
0.200

0.005

P value

*: No treatment is the reference category; β: regression coefficient; OR: odds ratio; #: the coefficients of these categories were regarded as 0 when calculating the predicted probability and developing
the score chart; GAD-7: 7-item Generalized Anxiety Disorder; TMD: temporomandibular disorders; PHQ-9: 9-item Patient Health Questionnaire.

-0.036 (0.011)

Age

Shrunken
β

Physical treatment only vs. No treatment*

β (SE)

Predictors
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Table 2 Multivariable multinomial logistic regression analyses (After backward selection, P ≤ 0.20) based
on the types of treatment indicated for TMD patients (N=356)
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The -2 Log Likelihoods of intercept only and of the final model were 752.736 and
540.178, respectively. The degrees of freedom of the number of candidate predictors
in the model were 24. So, the shrinkage factor was 0.89, which showed a good internal
validity of the model.
Fig. 1A-1C shows the calibration plot of the model based on the derivation cohort.
Most plotted points in three categories of outcome were lying close to the diagonal
line, which indicated that there was good fit between the predicted probability and
actual probability of types of treatment indicated for TMD patients in the model.
With a resulting P value for the Pearson goodness-of –fit test of 0.29, the multinomial
model based on the derivation cohort was shown to be correctly specified with good
calibration. The ROC areas for NT, PTO, and CPPT were 0.86 (95%CI: 0.82 0.90),
0.76 (95%CI: 0.71 0.81) and 0.83 (95%CI: 0.79 0.87), respectively, which showed a
very good discrimination of the model based on the derivation cohort (Fig. 2A-2C).
Nagelkerke R2 of the model was 0.51, which showed that the model had a good overall model performance.
To enhance clinical usefulness of the model, we transformed the final multinomial
regression model into a score chart based on the shrunken regression coefficients
(Table 3). Based on the score chart, a doctor can calculate the sumscores for PTO
and for CPPT separately, based on the predictors. Then, a doctor can determine the
corresponding predicted probability of PTO and CPPT based on the sumscore for
PTO and for CPPT and the total sumscore (the sum of both sumscores for PTO
and CPPT) using Fig. 3. Finally, the corresponding predicted probability of NT can
be calculated by 1 minus the corresponding predicted probability of PTO minus the
corresponding predicted probability of CPPT.
For the validation cohort, the distributions of the predictors are also presented in
Table 1. The calibration, discrimination, internal validity, and overall performance of
the model based on the validation cohort were shown to be moderate to good and
similar to those based on the derivation cohort (Fig. 1D-1F, Fig. 2D-2F, Table 4).
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Fig. 1. Calibration plots of the multinomial regression model for the three outcome categories in TMD
patients in derivation cohort (N=356) (A-C) and in validation cohort (N=180) (D-F). A represents
the calibration plot of no treatment in the derivation cohort (The number of patients with actual no
treatment is 88 while that with predicted no treatment is 135); B represents the calibration plot for
physical treatment only in the derivation cohort (The number of patients with actual physical treatment
only is 158 while that with predicted physical treatment only is 115); C represents the calibration plot for
combined physical and psychological treatment in the derivation cohort (The number of patients with
actual combined physical and psychological treatment is 110 while that with predicted combined physical
and psychological treatment is 106); D represents the calibration plot for no treatment in the validation
cohort (The number of patients with actual no treatment is 36 while that with predicted no treatment
is 53); E represents the calibration plot for physical treatment only in the validation cohort (The number
of patients with actual physical treatment only is 83 while that with predicted physical treatment only is
79); F represents the calibration plot for combined physical and psychological treatment in the validation
cohort (The number of patients with actual combined physical and psychological treatment is 61 while
that with predicted combined physical and psychological treatment is 48). The diagonal represents the
predicted probability of the model is the same of the actual probability of the model so that the prediction is neither underestimated nor overestimated. The dots represent the deciles of the study members
based on their predicted probability.
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Fig. 2. Discriminative ability of the multinomial regression model for prediction of the three outcome
categories in TMD patients in derivation cohort (N=356) (A-C) and in validation cohort (N=180) (D-E).
A represents the ROC areas of no treatment vs. physical treatment only + combined physical and psychological treatment in the derivation cohort with a AUC of 0.86 (95%CI: 0.82 0.90); B represents the ROC
areas of physical treatment only vs. no treatment + combined physical and psychological treatment in the
derivation cohort with a AUC of 0.76 (95%CI: 0.71 0.81); C represents the ROC areas of combined physical and psychological treatment vs. no treatment + physical treatment only in the derivation cohort with a
AUC of 0.83 (95%CI: 0.79 0.87); D represents the ROC areas of no treatment vs. physical treatment only
+ combined physical and psychological treatment in the validation cohort with a AUC of 0.83 (95%CI:
0.75 0.91); E represents the ROC areas of physical treatment only vs. no treatment + combined physical
and psychological treatment in the validation cohort with a AUC of 0.71 (95%CI: 0.63 0.78); F represents
the ROC areas of combined physical and psychological treatment vs. no treatment + physical treatment
only in the validation cohort with a AUC of 0.77 (95%CI: 0.70 0.84).
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Table 3 Score chart of the multinomial model for prediction of types of treatment indicated for TMD patients (N=356)
Physical treatment only

Combined physical with psychological treatment

Predictors

Value

Score

Predictors

Value

Score

Age

≥ 18

100-Age

Age

≥ 18

100-Age

SB

No
Yes

0
33

SB

No
Yes

0
39

Pain-related TMD

No
Yes

0
39

Pain-related TMD

No
Yes

0
61

Function-related TMD
with treatment need

No
Yes

0
30

Function-related TMD
with treatment need

No
Yes

0
27

Stress

Somewhat/Quite/
much
/very much
No

0

Stress

No/Somewhat
Quite/much/
very much

0
28

Stretch of assisted
mouth opening

< 5 mm
≥ 5 mm

0
87

Stretch of assisted
mouth opening

< 5 mm
≥ 5 mm

0
62

PHQ-9

Moderate-severe
Mild
No

0
34
37

GAD-7

No
Mild/Moderate/
severe

0
24

Gender

Male
Female

0
22

Sumscore for physical treatment only (Sp):

23

Sumscore for combined physical with psychological
treatment (Sc):

Total sumscore (St) = Sp + Sc
The score chart can be used to calculate the sumscores for physical treatment only and the sumscores
for combined physical and psychological treatment. The total sumscore equals the sumscores for physical
treatment only + the sumscores for combined physical and psychological treatment; SB: sleep bruxism;
TMD: temporomandibular disorders; PHQ-9: 9-item Patient Health Questionnaire; GAD-7: 7-item
Generalized Anxiety Disorder.
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Fig. 3. The line charts of the multinomial model for determining the predicted probability of physical
treatment only (A) and combined physical and psychological treatment (B). The sumscores for physical
treatment only and for combined physical and psychological treatment are presented on the horizontal
axis of A and B and the total sumscore on the vertical axis of A and B. The diagonal represents the sumscore for the outcome category is the same as the total sumscore (Y = X). The cross point of a vertical
line drawn from the X axis and a horizon line drawn from the Y axis shows the corresponding predicted
probability of the outcome category. The corresponding predicted probability of no treatment can be
calculated by 100% - the predicted probability of physical treatment only - the predicted probability of
combined physical and psychological treatment.
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Table 4 Discrimination, calibration, internal validity and performance of the models of the derivation
cohort (N=356) and the validation cohort (N=180)
AUC (95%CI)

Pearson Goodness-offit test

Shrinkage
factor

Nagelkerke R2

NT

PTO

CPPT

Chi-square

P value

Derivation
cohort

0.86
(0.82 0.90)

0.76
(0.71 0.81)

0.83
(0.79 0.87)

669.665

0.288

0.89

0.51

Validation
cohort

0.83
(0.75 0.91)

0.71
(0.63 0.78)

0.77
(0.70 0.84)

270.248

0.326

0.81

0.58

AUC: Areas under the curve; NT: No treatment; PTO: Physical treatment only; CPPT: Combined physical and psychological treatment.

Discussion
In the present study, when PTO was compared with NT, patients with younger age,
sleep bruxism, pain-related TMD, function-related TMD with treatment need, less severe stress, larger stretch of assisted mouth opening, and less severe depression were
more likely to receive PTO. When CPPT was compared with NT, female patients with
younger age, more severe anxiety, sleep bruxism, pain-related TMD, function-related
TMD with treatment need, more severe stress, and larger stretch of assisted mouth
opening are more likely to receive CPPT.
Based on Table 2, we found that most predictors for prediction of PTO and CPPT
based on NT in the final model were the same, including age, sleep bruxism, pain-related TMD, function-related TMD with treatment need, stress, and stretch of assisted mouth opening. However, gender was significantly associated with the outcome
“CPPT vs NT”, which indicated that female patients have 2.3 times higher odds of
receiving CPPT as compared to male patients, with NT as the reference. However,
gender was not significantly associated with the outcome “PTO vs NT”. Similarly, anxiety was significantly associated with the outcome “CPPT vs NT” but not associated
with the outcome “PTO vs. NT”, while depression was significantly associated with
the outcome “PTO vs. NT” but not associated with the outcome “CPPT vs. NT”.That
is, female TMD patients with more severe anxiety are more likely to receive CPPT
than NT while TMD patients with less severe depression are more likely to receive
PTO than NT. Furthermore, some predictors played opposite roles in predicting PTO
and CPPT. For example, when PTO was compared with NT, patients with less severe
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stress were more likely to receive PTO. However, when CPPT was compared with
NT, patients with more severe stress were more likely to receive CPPT. That is, TMD
patients with higher stress are more likely to receive CPPT and TMD patients with
lower stress are more likely to receive PTO. Besides, the weights of predictors in
predicting different types of treatment indicated for TMD patients were different. For
example, pain-related TMD was positively associated with both outcomes “PTO vs
NT” and “CPPT vs NT”, however, patients with pain-related TMD had 4.1 times higher
odds of receiving PTO as those without pain-related TMD when PTO was compared
with NT, while patients with pain-related TMD had 9.5 times more odds of receiving
CPPT as those without pain-related TMD when CPPT was compared with NT. This
indicated that TMD patients with pain-related TMD are very likely to receive certain
types of treatment and they are more likely to receive CPPT than PTO. Likewise,TMD
patients with function-related TMD with treatment need and larger stretch of assisted
mouth opening are more likely to receive PTO than CPPT, while TMD patients with
sleep bruxism are more likely to receive CPPT than PTO.
Based on common and easily obtainable clinical variables mentioned above, we have
derived a multinomial model to predict the three types of treatment indicated for
TMD patients (NT, PTO, and CPPT) in TMD patients. To our knowledge, we present
the first prediction model to support decision-making on patient management, in
particular, in patients with TMD. The AUCs of the multinomial model in the derivation
cohort ranged from 0.76 to 0.86, which indicated that the discriminative ability of the
model is good. For NT, the AUC of 0.86 meant that given 100 discordant pairs, i.e.,
one was indicated to have NT and one was indicated to have any of the other two
treatment (PTO or CPPT), the model could correctly discriminate 86% of them. For
PTO, the AUC of 0.76 meant given 100 discordant pairs (one was indicated to have
PTO and one was indicated to have NT or CPPT, the model could correctly discriminate 76% of them. For CPPT, the AUC of 0.83 meant given 100 discordant pairs (one
was indicated to have CPPT and one was indicated to have NT or PTO, the model
could correctly discriminate 83% of them. Besides, the calibration plots and Pearson
goodness-of-fit test both showed that the model was reasonably calibrated in general.
The external validation with respect to internal validity, discrimination, calibration, and
overall performance of the model was acceptable based on the validation cohort from
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the same clinic as the derivation cohort, which indicated that the generalizability of
the multinomial model was acceptable. This showed that the multinomial model can
be well applied to new TMD patients in the future for predicting type of treatment
indicated for TMD patients in ACTA. For other clinics or hospitals, the rules for decision-making of treatments may be not be completely the same, so the model needs
to be tested and adjusted in other clinics or hospitals to determine its generalizability.
However, the present profiling of the model can provide clinicians with important
clues towards the factors that may be taken into consideration when they make patient-tailored treatment plans for TMD patients.
For clinicians, it is important to know whether the TMD patient should receive treatment or not, and if so, whether this may be physical treatment only or should be combined with psychological treatment. The present model provides mirror information
for clinicians on the patient profiles that relate to the type of treatment indicated for
TMD patients. Besides, the model provides guidance for novices, junior clinicians, and
solo clinicians when they make decisions on which treatment is indicated for a TMD
patient. This may make their decision-making more accurate, transparent, and consistent. Also, this model may be helpful for clinicians to find out their own potential
errors of decision-making in TMD patient care. The model may thus help to optimize
TMD patient care.
In the present study, we simply tried to weigh the relative contribution of the different predictors to the types of treatment indicated for TMD patients. The relative
contribution of each predictor was expressed as a weight that was included in the
score chart (Table 3), which can be used to calculate a possibility of each of the three
outcome categories for an individual. Table 5 presents an example for how to use the
score chart. In this example, a male patient with TMD came to the clinic to seek for
the treatment. He was 40 years old, with presence of sleep bruxism, pain-related TMD,
function-related TMD with treatment needed , stretch of assisted mouth opening of
8 mm, mild depression, mild anxiety, and no stress. So, this patient got a sumscore for
PTO of 306 and a sumscore for CPPT of 274. The total sumscore of this patient was
580. Then, based on the line charts (Fig. 3), we can estimate that the predicted probability for PTO was around 84% while that for CPPT was around 16%. The predicted
probability for NT can be calculated by 1-84%-16%=0%. Therefore, the clinician can
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make a decision that PTO is indicated for this patient, because the predicted probability for PTO was the highest.
Sample size is typically a severe problem for multinomial regression models, because
one or more of the outcome categories often has very low prevalence, which necessitates the availability of large data sets to have a sufficient number of events per
variable (EPV) for such categories [26]. For the multinomial regression model, the
power is determined by the number of patients in the smallest group [18]. For the
dichotomous model, a rule of thumb is that EPV should be ≥ 10 [27,28]. In the multinomial model, with three outcome categories, each predictor has been estimated
twice and has two regression coefficients. So, EPV should be ≥ 20 in the multinomial
regression model [18]. In the present study, we did not meet this criterion because
of the small sample size, which is a limitation of this study. Besides, in the derivation
of the model we clearly deviated from using the conventional P value of 0.05 as the
threshold for statistical significance. Instead, we used a less stringent threshold of P
value of 0.20 in both the univariate Chi-square tests (or Kruskal-Wallis Test) and the
multivariable regression analyses in selection and exclusion of potential predictors.
This could avoid false negative findings in both modeling stages especially when the
sample size is small, which could cause unjustified exclusion of independent predictors
from the final model [29].
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Table 5 An example for how to use the score chart
Similar predictors

Different predictors

Variables

PTO

CPPT

Age (40 years old)

60

60

SB (Yes)

33

39

Pain-related TMD (Yes)

39

61

Function-related TMD with treatment need (Yes)

30

28

Stress (No stress)

23

0

Stretch of assisted mouth opening (Yes)

87

62

PHQ-9 (Mild depression)

34

------

GAD-7 (Mild anxiety)

--------

24

Gender (Male)

--------

0

306

274

Sumsocre
Total sumscore
Predicted Probability

580
Predicted probability for PTO: 84%;
Predicted probability for CPPT: 16%
Predicted probability for NT: 0%

PTO: Physical treatment only; CPPT: Combined physical and psychological treatment; SB: Sleep bruxism; TMD: Temporomandibular disorders; PHQ-9: 9-item
Patient Health Questionnaire; GAD-7: 7-item Generalized Anxiety Disorder.
Also, the model can only be used to predict type of treatment indicated for TMD patients instead of treatment outcomes due to the absence of follow-up data. Whether
the treatment that was indicated for TMD patients selected from the present model
truly result in optimal treatment outcome in the follow-up in TMD patients still needs
to be confirmed with follow-up data.Therefore, further studies should assess whether
the type of treatment indicated for TMD patients in the present study are related to
optimized treatment outcome in the follow-up.
Conclusions
The similarities and differences of potential predictors in patients profiles for prediction of types of treatment indicated for TMD patients were identified.The multinomial
regression model for types of treatment indicated for TMD patients (NT, PTO, or
CPPT) were developed and validated and the score chart and line charts may assist
clinicians in decision-making on which types of treatment was indicated for TMD
patients.
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Abstract
Objectives: To assess the added diagnostic value of ultrasonography (US) for establishing the presence or absence of disc displacements (DDs) in temporomandibular
joints (TMJs).
Materials and methods: Pubmed and EMBASE were searched electronically to
identify diagnostic accuracy studies that assessed the diagnostic value of US for the
diagnosis of DD, using Magnetic resonance imaging (MRI) as the reference standard.
Meta-analyses were performed with Metadisc 1.4 and RevMan 5.3.
Results: A total of 16 studies qualified for meta-analyses. For the diagnosis of DD
at closed mouth position (DD-CM) and DD at maximum mouth opening position
(DD-MMO), the added values of a positive result with US for ruling in DD-CM and
DD-MMO were 22% and 41%, while those of a negative result with US for ruling out
DD-CM and DD-MMO were 30% and 20%. For the diagnosis of DD with reduction
(DDWR) and DD without reduction (DDWoR), the added values of a positive result
in US for ruling in DDWR and DDWoR were 35% and 41%, while those of a negative
result in US for ruling out DDWR and DDWoR were 21% and 27%.
Conclusions: Using MRI as reference standard, the added values of both positive
predictive values and negative predictive values of US for ruling in and ruling out DDs
are sufficient in the decision-making in dental practice. US can be a good imaging tool
to supplement clinical examination findings in patients with suspected DDs. Combined
static and dynamic examinations using high-resolution US should be preferred.
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Introduction
Temporomandibular disorders (TMDs) are a type of musculoskeletal disorders with
pain that compromise masticatory muscles, temporomandibular joints (TMJs), and
other anatomical structures in the orofacial region [1]. Disc displacement (DD), i.e., an
abnormal location of the TMJ disc, is a highly prevalent derangement within the TMJs
[2]. The prevalence of DD in general population ranges from 18% to 35% [2], while
that in TMD patients ranges from 38% to 73% [3-5]. DD is categorized based on the
relation of the displaced disc with the mandibular condyle. The displacement of the
disc can be anterior, anterolateral, anteromedial, lateral, medial, and posterior [6]. DD
can be classified as DD with reduction (DDWR) or DD without reduction (DDWoR)
[7]. DDWR was thought to be the most common internal derangement within the
human TMJs [8]. In the general population, the prevalence of DDWR is about 40%,
while that of DDWoR is 4% [9]. In TMD patients, the prevalence of DDWR ranges
from 24% to 47%, while that of DDWoR ranges from 11% to 26% [3-5]. In DDWR,
which is the most frequent type, the displaced disc returns to the normal position on
mouth opening, thereby producing a “reciprocal click”, while DDWoR is a non-clicking
condition that may be accompanied by a limited mouth opening and a deviation of
the jaw to the affected side [7]. It is reported that DDWR is mostly a stable, pain-free
and lifelong condition of the joint [2]. However, in a very small number of cases, the
disc loses its capacity to reduce on opening [2]. The loss of disc reduction may be
accompanied by signs and symptoms of a closed lock like painful and limited mouth
opening [2].A disc displacement may be a progressive disorder of the TMJ, starting as a
DDWR early upon opening, then progressing to a disc displacement with a reduction
late upon opening and finally, to a DDWoR [2]. However, there are indications that
DDWR or DDWoR may either retard or arrest condylar growth. Therefore, DDWR
or DDWoR may be associated with mandibular retrognathia and/or facial asymmetry,
though these skeletal consequences are probably rare and small [2].
Following clinical examination, imaging of the TMJ can be used to confirm a possible
disc displacement when indicated [10]. A proper diagnosis may inform the decision on
its management [11]. In such instances, magnetic resonance imaging (MRI) is one of
the most common imaging tools. It is in general widely regarded as the most accurate
method, because it displays the anatomic details of the TMJ and high sensitivity and
127
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specificity of MRI have been reported [12,13]. However, it has several drawbacks in
clinical practice. MRI cannot be carried out in patients with pacemakers and metallic
prosthesis or claustrophobic patients [14,15]. Also, the use of MRI is limited by the
required centralized facilities, the high cost, and the long time it takes for scanning
compared to other imaging modalities like computed tomography (CT) [15]. Recently,
visualization of the TMJ and its disc with US has gained attention and importance for
by both research and patient care, because it is less expensive, less time-consuming,
and easily accessible [16]. Also, it can be used to directly observe the joint disc movement during opening and closing of the mouth, which is considered an advantage,
because it allows the investigator to detect disc position more accurately [17].
Although US is not yet commonly used in the diagnosis of TMJ DD, it has gained considerable attention over the last few years. However, its use in clinical practice is complicated by the wide and unexplained variation of the reported sensitivity, specificity,
and accuracy, ranging from 13% up to 100%, from 62% up to 100%, and from 52% up
to 100%, respectively. Moreover, the (added) diagnostic value of US compared to that
of patients before receiving US for ruling in and ruling out the DD in clinical practice
has not been established.
Thus, the purpose of this systematic review of clinical diagnostic outcome studies is
to establish the diagnostic accuracy of US in patients with suspected of TMJ DD. The
findings of this review will provide a summary on the utility of US in ruling in and
ruling out DD. As such, the added diagnostic value that will be reported may facilitate
decision-making on patient in daily practice.
Material and methods

This systematic review and meta-analyses are carried out based on the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses:The PRISMA Statement [18].
Search strategy

Relevant publications were searched in electronic bibliographic sources, including
PUBMED and EMBASE, without language restriction, up to May 2016. Relevant dental
journals and reference lists of included studies were manually searched to avoid selection bias.
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A combination of free text words and systematic vocabulary (Medical Subject
Headings, EMTREE terms and topics) was used in the search strategies. The search
strategy is presented in Table 1.
Table 1 The search strategies for the included studies
Database

Search strategies

Pubmed

("Ultrasonography"[Mesh] OR "ultrasonography"[All Fields] OR "ultrasound"[All Fields] OR "sonography"[All Fields]) AND ("Temporomandibular
Joint Disorders"[Mesh] OR "Temporomandibular Joint Disorders"[All Fields]
OR "Temporomandibular Joint Disc"[Mesh] OR "Temporomandibular Joint
Disc"[All Fields] OR "Temporomandibular Joint Dysfunction Syndrome"[Mesh]
OR "Temporomandibular Joint Dysfunction Syndrome"[All Fields] OR
"Temporomandibular Joint"[Mesh] OR "Temporomandibular Joint"[All Fields] OR
"Craniomandibular disorders"[Mesh] OR "craniomandibular disorders"[All Fields])

EMBASE

('echography' or ultrasonography or ultrasound or sonography) and ('temporomandibular joint' or 'jaw disease' or 'temporomandibular joint disorder' or
(temporomandibular and joint and disc) or (temporomandibular and joint and
dysfunction and syndrome) or (craniomandibular and disorders))

Selection criteria

Only publications reporting studies satisfying the following criteria were included:

7

1.

Evaluating the diagnostic accuracy of US for DDs;

2.

Patients with any symptoms or clinical signs related to a DD without considering
type of displacement, gender, age, race, and social economic status;

3.

MRI used as the reference test;

4.

False-positive (FP), true-positive (TP), false-negative (FN), and true-negative (TN)
values of US based on MRI for the diagnosis of DD are reported, or sufficient
reporting of data to (re)calculate these.

For US, a normal disc position has been defined for the closed-mouth position as
the location of the intermediate zone of the disc between the anterosuperior aspect
of the mandibular condyle and the posteroinferior aspect of the articular eminence,
while for the open-mouth position it is the location of the intermediate zone of the
disc between the condyle and the articular eminence. DD is seen when compared to
the above, the intermediate zone of the disc is positioned to the anterior, anteromedial, anterolateral, medial, or lateral [17,19].
On MRI, a normal disc position is seen when the posterior band of the disc is located
between 12 and 3 o’clock or in superior position relative to the condyle. DD is de129
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fined when the posterior band of the disc is in an anterior, anteromedial, anterolateral,
medial, or lateral position relative to the superior part of the condyle [17].
DDWR is defined as displaced position of the disc in relation to the superior part of
the condyle in the closed-mouth position and normal disc position in the open-mouth
position. DDWoR is defined as displaced position of the disc in relation to the superior part of the condyle in both closed- and open-mouth positions.
Based on US, the disc can be identified as hyperechoic, hypoechoic and isoechoic.
Hyperechoic is defined that the disc is highly reflective and echo rich when compared
with neighboring structures and appears as varying shades of lighter gray. Hypoechoic
is defined that the disc is less reflective and low amount of echoes when compared
with neighboring structures and appears as varying shades of darker gray. Isoechoic is
defined that the disc has similar echogenicity to a neighboring structure [20].
Studies which met the following criteria were excluded:
1.

Case-control studies, review articles, and case reports;

2.

Duplicate publications.

Two reviewers (SN and LY) independently assessed the titles and abstracts of all
identified studies from the electronic searches. Full texts were obtained for studies
that met the inclusion criteria, or where a clear decision could not be made from the
title and abstract alone. In the latter case, selection was based on full text reading.
During subsequent quality assessments and data extraction, the reviewers were neither masked for the study findings and reported conclusions, nor for the identity of
the journal, the authors, and their affiliations. Reviewers resolved initial disagreements
by consensus discussion.
Data extraction

For all included studies, the following data were extracted using a standardized form:
(a) authors’ names; (b) centers involved in the study and their locations; (c) year of
publication; (d) demographic characteristics of participants, such as age and gender;
(e) study design features; (f) inclusion and exclusion criteria; (g) diagnostic criteria; (h)
type of US: US was performed at closed-mouth position and maximum-mouth-opening
position (static) and/or US was performed during the mouth opening movement (dynamic); (i) the US positioning (horizontal or vertical); and (j) US resolution (high or low).
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High-resolution US (HRUS) is defined as the resolution of US being 12 MHz or
more, while low-resolution US (LRUS) is defined as the resolution being lower than
12 MHz [15].
In addition, we aimed to extract the total number of study patients included and analyzed, as well as those with a true-positive, false-positive, false-negative, and true-negative finding of US based on MRI for the diagnosis of DD. These were either reported
or recalculated from the reported data and explored missing data. Thereafter, we recalculated the prevalence of DD according to MRI and US, as well as the positive predictive value (PPV), negative predictive value (NPV), sensitivity, and specificity. PPV was
defined as the risk of the presence of DD based on MRI in those with presence of DD
based on US (TP/(TP + FP)). NPV was defined as the risk of the absence of DD based
on MRI in those with absence of DD based on US (TN/(FN + TN)). Sensitivity was
defined as the percentage of patients with a DD, as based on MRI, correctly identified
as such based on US (TP/(TP + FN)), while specificity was defined as the percentage of
patients free of a DD, as based on MRI, correctly identified as such based on US (TN/
(FP + TN)).The added value of US for ruling in the DD is calculated by subtracting the
prior probability (prevalence) from the PPV. The added value of US for ruling out the
DD is calculated by subtracting the complement of the prevalence (1 minus the prior
probability) from the NPV.
Quality assessment

The QUADAS-2 tool was used to assess the methodological quality of the diagnostic
accuracy studies [21]. The tool includes four domains, including patient selection, index test, reference standard, and flow and timing. Each domain was assessed in terms
of risk of bias, with the first three domains also considered in terms of applicability
concerns. A "Risk of bias" judgment ('high', "low", or "unclear") was made for each
domain. If the answers to all signaling questions within a domain were judged as "yes",
which indicated low risk of bias for each question, the domain was judged to be at low
risk of bias. If any signaling question within a domain was judged as "no", which indicated a high risk of bias for at least one question, the domain was judged to be at high
risk of bias. Otherwise, the domain was judged to be at unclear risk of bias. This was
followed by a judgment about concerns regarding clinical applicability for the patient
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7

CHAPTER 7
1

Patients profiles and outcomes of care in temporomandibular disorders

selection, index test, and reference standard domains. Concerns about applicability
were rated as “low”, “high”, or “unclear”. High concern was rated when the study did
not match the review question in any domain, while low concern was rated when the
study matched the review question in each domain. Unclear domain was rated only
when insufficient data were reported.
Two independent raters, blinded for each other’s ratings, performed the QUADAS-2
assessment. Reviewers resolved initial disagreements by consensus discussion.
Statistical analysis

The data analysis was conducted using RevMan software, version 5.3 (RevMan,
Copenhagen, Denmark; the Nordic Cochrane Centre, the Cochrane Collaboration,
2008), and Meta-Disc 1.4 (Meta-Disc, Clinical Biostatistics Unit, Ramon y Cajal
Hospital, Madrid, Spain).
A random-effects model was used to calculate the overall pooled estimates of sensitivity, specificity, positive likelihood ratio (LR+), negative likelihood ratio (LR-), and
diagnostic odds ratio (DOR) with 95% CIs. The forest plot and summary receiver operating characteristic (SROC) curve were generated to graphically present the interaction between sensitivity and specificity. The overall test performance was quantified
using the area under the SROC curve (sAUC) and Q* (the point where sensitivity
equals specificity on the SROC curve). sAUC measures the overall capacity of the test
to discriminate between participants with the disease and those without it. A sAUC
of 0.5 or lower indicates no discriminative ability.The higher a sAUC is, the higher the
diagnostic accuracy of US is.
Finally, clinical value of US was assessed using the prevalences (prior probabilities)
and the posterior probabilities, being the positive predictive values (PPV) and negative
predictive values (NPV).The PPVs and prevalences were used to assess the (added) diagnostic value of US for ruling in an increased risk of DD. The NPVs and complement
of the prevalences (1 minus prevalence) were used to assess the (added) diagnostic
value of US for ruling out an increased risk of DD.
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Results
Results of search and selection

The initial search identified a total of 559 studies. During screening the titles and
abstracts, 532 of them did not satisfy the inclusion criteria. Another 11 studies eventually did not satisfy the inclusion criteria after carefully reading the full text publications. Therefore, a total of 16 studies were included in the present review (Fig. 1)
[17,19,22-35].

7

Fig. 1. Flow diagram of study inclusion
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Characteristics of included studies

With respect to the design of the included studies, all of the 16 studies were prospective follow-up studies. The centers involved in the diagnostic assessments were
various. Seven of the included studies were performed in the University of Innsbruck,
Austria [19,22,24,26,28,31,33], and another two were performed in Frankfurt
University Medical Center, Germany [23,30]. The interpretation of US imaging varied among these studies. Eight studies identified the disc as hypoechoic to isoechoic
[23,24,26,27,29-31,33] and another three studies as hyperechoic [17,25,32]. However,
the remaining five studies did not report the radiographic features of disc in US. The
other characteristics are presented in Table 2.

134

Country

Austria

Austria

Turkey

Germany

Austria

Israel

Study ID

Jank 2005
[22]

Brandlmaier
2003 [19]

Bas 2011
[17]

Landes
2006 [23]

Jank 2001
[24]

Habashi
2015 [25]

Bruce
and Ruth
Rappaport
School of
Medicine/
March 2011
to October
2011

University of
Innsbruck/
date is not
mentioned

Frankfurt
University
Medical
Centre/July
2002 to May
2003

Ondokuz
Mayis
University/
date is not
mentioned

University of
Innsbruck/
date is not
mentioned

University of
Innsbruck/
date is not
mentioned

Center and
date

Patients with a
clinical diagnosis
of ID

Patients with
symptoms and
signs of TMJ
disorders

132

78

66 patients (51
Females/13
Males); 13-78
years, mean
38.2 years

39 patients (26
Females/13
Males); 18-77
years, mean
37.23 ± 16.26
years

Patients with
clinical diagnosis
of ID

Patients with
reported pain and
dysfunction of TMJ
region

Patients with
indefinite diagnosis
of TMD, failed therapy, or need for
presurgical MRI

Patients with
reported pain and
dysfunction of TMJ
areas

182

96

200

Inclusion criteria

136

68 patients (44
Females/24
Males); 14-77
years, mean 32
years

91 patients (74
Females/17
Males); mean
25 years

48 patients (35
Females/13
Males); 17-67
years, mean 38
years

100 patients;
aged ≥ 16
years

Patient
characteristics

5-17 MHz

12 MHz

8-12.5 MHz

10 MHz

12 MHz

Unclear

Transducer
of US (MHz)

A hypoechogenic structure
surrounded by a
hyperechogenic
rim

3T
A central
hyperechoic lines
surrounded by
a shadow hypoechoic rim

60 degrees to
the Frankfort
plane

Horizontal
and vertical

Horizontal

Horizontal
and vertical

Horizontal
and vertical

Static
and
dynamic

Static,
3D

Static

Static
and
dynamic

A hypoechogenic
band overlying
the lateral
condylar pole

A thin area of
hyperechogenicity surrounded
by a hypoechoic
halo

Unclear

TP

36
53
24
33

19
11
33
24
DD-CM
DD-MMO
DDWR
DDWoR

35
69

DD-CM
68
DD-MMO 33

36
73

34

30
57
55
57

1.5T

95

53
20
19
20

57
113

TN

DD-CM
29
DD-MMO 9

DD-CM

DD-CM
DD-MMO
DDWR
DDWoR

DD-CM
127
DD-MMO 66

Outcome

1.5T

0.5T

1.5T

2.2T

Static

Unclear

Unclear

MRI
scanner
(T)

Static
and
dynamic

Radiographic
features of disc
in US

Initial
Positioning
of US

Type of
US

19
21

7
7
9
12
16
7
12
9

18
12

41

9
7
16
7

11
10

FN

10
9

22
13

12

4
12
6
12

5
11

FP
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135

136

University of
Innsbruck/
date is not
mentioned

Frankfurt
University
Medical
Centre/May
2004 to July
2004

University of
Innsbruck/June
2000 to March
2001

Austria

Egypt

Germany

Austria

Italy

Emshoff
1997 [28]

Razek 2015
[29]

Landes
2007 [30]

Emshoff
2002(b)
[31]

Tognini
2005 [32]

University of
Pisa/date is
not mentioned

Mansoura
Faculty of
Dentistry/
date is not
mentioned

The First
Hospital of
Neijiang/June
2008 to June
2011

China

Yang 2012
[27]

66

128

82

33 patients (23
Females/10
Males); 14-77
years, mean 34
years

64 patients
(55 Females/9
Males); 17-65
years, mean
35.5 years

41 patients

40

34

17 patients
(14 Females/3
Males); 16-60
years, mean
33.8 years

20 patients
(17 Females/3
Males); 15-57
years, mean
26.1 years

40

35 patients (20
Females/15
Males); 19-63
years, mean
37.3 ± 9.6
years

Patients with
at least one of
the clinical signs
including joint
sounds, joint pain
or restricted or
deviated mandibular function

Patients with
TMJ ID

Patients with
reported pain and
dysfunction of TMJ
areas

Patients with
symptoms of
TMJ ID

Patients with signs
and symptoms of
TMD

Patients with pain
or dysfunction in
the TMJ regions

A thin area of
hyperechogenicity surrounded
by a hypoechoic
halo

Vertical
Static
and
dynamic

8-20 MHz

A hypoechogenic
band

A hypoechogenic
band

Unclear

A thin
hypoechogenic
band

A thin
hypo-to-isoechoic band lying
adjacent to the
inferior relation

Horizontal

Horizontal
and vertical

Horizontal

Vertical

Vertical

Static,
2D, 3D

Static

Static
and
dynamic

Static

12 MHz

8-12.5 MHz

12 MHz

7.5 MHz

12 MHz

2D
DD-CM
2D
DD-MMO
3D
DD-CM
3D
DD-MMO
DDWR
DDWoR

DD-CM

1.5T

1.5T

DD-CM

Static
DD-CM
Static
DD-MMO
Dynamic
DD-CM
Dynamic
DD-MMO

7

19
42

20
8

17

33

96
65

40

8

22
50

17

19

8

8

5
3

9

17

11

19

10

5
10

7

10

7

11

6

1
18

1
23

3

16
0

7
10

1

7

5

13

5

6
1
4

14

1
1
1

13

9
16
16

2

DD-CM
24
DD-MMO 22
DDWoR
19

1.5T

1.5T

1.5T

1.5T
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Germany

Starke 2011
[35]

Faculty of
Economic
and Social
Sciences,
Osnabruck/
September
2010 to
November
2010

Ankara
Physical
Medicine and
Rehabilitation
Education
and Research
Hospital/
date is not
mentioned

22 patients
(16 Females/6
Males); 20-70
years, mean 48
years

52 patients
(47 Females/5
Males); mean
28.30 ± 10.76
years

44

52

Patients with
a diagnosis of
craniomandibular
dysfunctions

Patients with
unilateral chronic
TMJ pain

Static
and
dynamic

Static
and
dynamic

7.5 MHz

4-13 MHz

Vertical

Unclear

Unclear

1.5T

1.5T

DD-CM

DD-CM
DDWR
DDWoR

17

42
22
8

12

1
8
32

7

5
13
4

0

4
9
8

TMJ: temporomandibular joint; TMD: temporomandibular disorders; US: ultrasonography; TP: true positives; TN: true negatives; FP: false positives; FN: false negatives;
DD-CM: Disc displacement at closed mouth position; DD-MMO: Disc displacement at maximum mouth opening; DDWR: Disc displacement with reduction; DDWoR:
Disc displacement without reduction.

Turkey

Kaya 2010
[34]
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Quality assessment

With respect to the patient selection domain, we consider the risk of bias unclear in
eight studies due to poor reporting on sampling procedures [24,26-28,30,32,34,35].
For the index test domain, we consider the risk of bias high in one study [35], because
the index test results were interpreted without blinding of the reference standard findings. Also, we consider the risk of bias unclear in another four studies [24,29,32,33],
because we were unable to confirm whether the index test results were interpreted
in a blinded manner of the reference standard findings. For the reference standard
domain, we consider the risk of bias high in one study [35], because the reference
standard findings were interpreted without blinding of the index test results. The risk
of bias in another four studies was considered unclear [24,29,32,33], because we were
unable to confirm whether the reference standard results were interpreted in a blinded manner of the index test findings. In the flow and timing domain, we considered
the risk of bias high in three studies [23,28,35], because not all the patients included
were in the final analysis in these studies. The risk of bias in other seven studies was
considered unclear [17,27,29,30,32-34], because the time interval between the index
test and the reference standard was not provided. Overall, there were six studies
[17,19,22,25,26,31] that carried a low risk of bias in all four domains or an unclear
risk of bias in only one of the four domains, and there were three studies [23,28,35]
that carried a high risk of bias in at least one domain (Fig. 2).
The evaluation of the applicability of included studies for the domains of the selection
of patients, the index test and the reference standard showed that for only one study
[26] insufficient information was provided on the index test. Furthermore, there were
no concerns on the evaluated domains of the applicability for all the other included
studies (Fig. 2).
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Fig. 2. Summary of risk of bias assessment based on QUADAS 2

Results of meta-analysis
Disc displacement at closed-mouth position

Fourteen studies were pooled [17,19,22-30,32,34,35], and the pooled prevalence (prior probability) of DD-CM was 63% (95%CI: 60% - 65%). The pooled PPV was 85%
(95%CI: 82% - 87%), and the added value for ruling in an increased risk of DD-CM was
22% (95%CI: 19% - 26%).The pooled NPV was 68% (95%CI: 64% - 71%), and the added
value for ruling out an increased risk of DD-CM was 30% (95%CI: 26% ; 35%) (Table
3).The pooled sensitivity was 0.78 (95%CI: 0.75 - 0.81), and the pooled specificity was
0.77 (95%CI: 0.73 - 0.80). Besides, the pooled LR+ was 3.02 (95%CI: 1.96 - 4.64), and
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the pooled LR- was 0.32 (95%CI: 0.23 - 0.45). The summary DOR was 10.80 (95%CI:
5.46 - 21.38), and the sAUC was 0.836 with a Q* of 0.768 (Table 4 and Fig. 3).
When the three studies with high risk of bias [23,28,35] were excluded, the pooled
added values for ruling in and ruling out an increased risk of DD-CM of the remaining
11 studies were 23% (95%CI: 19% - 26%) and 33% (95%CI: 28% - 37%), respectively.
The pooled sensitivity was 0.80 (95%CI: 0.77 - 0.82), and the pooled specificity was
0.79 (95%CI: 0.75 - 0.82). Besides, the pooled LR+ was 3.31 (95%CI: 1.93 - 5.66), and
the pooled LR- was 0.29 (95%CI: 0.21 - 0.40). The summary DOR was 12.25 (95%CI:
5.89 - 25.45), and the sAUC was 0.851 with a Q* of 0.782. The outcomes without
the three studies of high risk of bias were very similar to the outcomes with all the
studies included.
The subgroup analyses were performed for the types of US (static and/or dynamic), the resolution of US (high resolution or low resolution) and the centers of the
researches (University of Innsbruck or other centers). The pooled added values for
ruling in and out an increased risk of DD-CM based on the subgroups are presented
in Table 3 and Fig. 4.The pooled sensitivity, specificity, LR+, LR-, DOR, and sAUC are
presented in Table 4.
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Fig. 3. Summary reviewer operator characteristics (sROC) curves. Symbols represent included studies
in meta-analyses (DD-CM: Disc displacement at closed mouth position; DD-MMO: Disc displacement
at maximum mouth opening; DDWR: Disc displacement with reduction; DDWoR: Disc displacement
without reduction).

Disc displacement at maximum-mouth-opening position

Nine studies were pooled [19,22-28,30], and the pooled prevalence (prior probability) of DD-MMO was 35% (95%CI: 33% - 38%). The pooled PPV was 77% (95%CI:
72% - 81%), and the added value for ruling in an increased risk of DD-MMO was 41%
(95%CI: 36% - 47%).The pooled NPV was 84% (95%CI: 81% - 87%), and the added value for ruling out an increased risk of DD-MMO was 20% (95%CI: 16% - 23%) (Table
3). The pooled sensitivity was 0.70 (95%CI: 0.65 - 0.74), and the pooled specificity
was 0.88 (95%CI: 0.86 - 0.91). Besides, the pooled LR+ was 5.08 (95%CI: 3.36 - 7.68),
and the pooled LR- was 0.40 (95%CI: 0.26 - 0.63). The summary DOR was 13.53
(95%CI: 6.27 - 29.18), and the sAUC was 0.952 with a Q* of 0.894 (Table 4 and Fig.
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3). When the two studies [24,29] with high risk of bias were excluded, the pooled
added values for ruling in and ruling out an increased risk of DD-CM of the remaining
seven studies were 43% (95%CI: 37% - 48%) and 22% (18% - 26%), respectively. The
pooled sensitivity of the remaining seven studies was 0.72 (95%CI: 0.67 - 0.77), and
the pooled specificity was 0.89 (95%CI: 0.86 - 0.92). Besides, the pooled LR+ was 5.95
(95%CI: 3.99 - 8.85), and the pooled LR- was 0.33 (95%CI: 0.23 - 0.47). The summary
DOR was 19.74 (95%CI: 9.60 - 40.62), and the sAUC was 0.947 with a Q* of 0.886.
The outcomes without the two studies of high risk of bias were very similar to the
outcomes with all the studies included.
The subgroup analyses were performed for the types of US (static and/or dynamic), the resolution of US (high resolution or low resolution) and the centers of the
researches (University of Innsbruck or other centers). The pooled added values for
ruling in and out an increased risk of DD-MMO based on the subgroups are presented
in Table 3 and Fig. 4.The pooled sensitivity, specificity, LR+, LR-, DOR, and sAUC are
presented in Table 4.
DDWR
Four studies were pooled [19,25,31,34], and the pooled prevalence (prior probability)
of DDWR was 38% (95%CI: 33% - 43%).The pooled PPV was 73% (95%CI: 65% - 80%)
and the added value for ruling in an increased risk of DDWR was 35% (95%CI: 26% 44%). The pooled NPV was 82.4% (95%CI: 77% - 87%), and the added value for ruling
out an increased risk of DDWR was 21% (95%CI: 14% - 28%) (Table 3). The pooled
sensitivity was 0.71 (95%CI: 0.63 - 0.79), and the pooled specificity was 0.84 (95%CI:
0.78 - 0.88). Besides, the pooled LR+ was 3.76 (95%CI: 1.26 - 11.18), and the pooled
LR- was 0.40 (95%CI: 0.24 - 0.68). The summary DOR was 9.79 (95%CI: 2.24 - 42.87),
and the sAUC was 0.7946 with a Q* of 0.731 (Table 4 and Fig. 3).
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Fig. 4. Pooled posterior probabilities of ultrasonography for ruling in or ruling out disc displacement
compared to prevalences of disc displacement (A: Positive predictive values of ultrasonography for ruling
in the presence of Disc displacement at closed mouth position (DD-CM), Disc displacement at maximum
mouth opening (DD-MMO), Disc displacement with reduction (DDWR) and Disc displacement without
reduction (DDWoR); B: Negative predictive values of ultrasonography for ruling out the presence of DDCM, DD-MMO, DDWR and DDWoR; C: Positive predictive values of ultrasonography for ruling in the
presence of DD-CM based on subgroups; D: Negative predictive values of ultrasonography for ruling out
the presence of DD-CM based on subgroups; E: Positive predictive values of ultrasonography for ruling in
the presence of DD-MMO based on subgroups; F: Negative predictive values of ultrasonography for ruling
out the presence of DD-MMO based on subgroups). The diagonals represent the posterior probability
(PPV or NPV) were the same as the prior probability (prevalence) and there was no added values for
ruling in or ruling out the DDs at this diagonal.
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Table 3 Predictive values of ultrasonography for the diagnosis of disc displacement based on MRI
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DD-CM (Overall)

Static

Static and dynamic
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< 12 MHz
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Innsbruck

Other centers

DD-MMO (Overall)

Static

Static and dynamic
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< 12 MHz

University of
Innsbruck

Other centers
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0.79
(0.73-0.84)

0.71
(0.63-0.79)

0.65
(0.53-0.75)
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(0.65-0.76)

0.70
(0.64-0.76)

0.82
(0.73-0.89)

0.66
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0.70
(0.65-0.74)

0.74
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0.71
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(0.76-0.84)

0.81
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0.35
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0.32
(0.23-0.45)

LR-

29.18
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9.79
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20.69
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(6.27-29.18)

5.30
(3.05-9.23)

28.27
(11.68-68.42)

5.80
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DOR

0.9375
(0.0379)

0.7946
(0.0770)

0.9638
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0.9415
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(0.0432)

0.8670
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AUC (SE)

0.8743
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(0.0668)
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(0.0371)
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(0.0548)
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(0.0296)
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(0.0333)

0.7061
(0.0362)

0.7975
(0.0249)

0.7861
(0.0624)

0.7373
(0.0432)

0.7681
(0.0321)

Q* (SE)

LR+: positive likelihood ratio; LR-: negative likelihood ratio; DOR: diagnostic odds ratio; AUC: area under the curve; SE: standard error; DD-CM:
Disc displacement at closed mouth position; DD-MMO: Disc displacement at maximum mouth opening; DDWR: Disc displacement with reduction;
DDWoR: Disc displacement without reduction.
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DDWoR

Six studies were pooled [19,25,27,31,33,34], and the pooled prevalence (prior probability) of DDWoR was 42% (95%CI: 38% - 46%). The pooled PPV was 83% (95%CI:
77% - 88%), and the added value for ruling in an increased risk of DDWoR was 41%
(95%CI: 34% - 48%). The pooled NPV was 85% (95%CI: 81% - 89%), and the added
value for ruling out an increased risk of DDWoR was 27% (95%CI: 21% - 33%) (Table
3). The pooled sensitivity was 0.79 (95%CI: 0.73 - 0.84) and the pooled specificity was
0.88 (95%CI: 0.84 - 0.92). Besides, the pooled LR+ was 6.39 (95%CI: 3.46 - 11.78), and
the pooled LR- was 0.26 (95%CI: 0.15 - 0.46). The summary DOR was 29.18 (95%CI:
9.35 - 91.07), and the sAUC was 0.938 with a Q* of 0.874 (Table 4 and Fig. 3).
Discussion
The findings in this systematic review indicate that US has sufficient added values for
both ruling in and ruling out DD. With the use of US, the probabilities for ruling in or
ruling out DDs may increase, with a difference of about 20% or more between prior
and posterior probability.
Radiographic imaging can be used for confirming the diagnosis of DD after clinical examination.That is, the ability of US for ruling out a DD is important in selective cases in dental
practice based on the Diagnostic Criteria for Temporomandibular Disorders (DC/TMD)
[10]. In the present systematic review, if a patient had suspected DDs symptoms and signs
or had a clinical diagnosis of DDs, the prior probability of not having DD at closed-mouth
position and maximum mouth opening position is 37.2% and 64.7%, respectively. With a
negative US result, the posterior probability of not having a DD is increased to 67.6% and
84.2% . Hence, the negative results of US have good added values for ruling out a DD and
may help dentists to confirm the absence of a DD when indicated.
For dentists and patients, it is important to confirm the diagnosis of DD after clinical
examinations in selective cases, for example, in patients who experience a substantial
influence of the DDs on their oral health-related quality of life (OHRQoL). For policy makers, such information could provide evidence whether US should be used in
dental practice as a screening tool after clinical examinations to confirm the diagnosis
of DD. For researchers, US can replace MRI for the diagnosis of DDs because US is
cheaper and more accessible.
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Besides, in the present systematic review, the sAUC s of DD-CM, DD-MMO, DDWR,
and DDWoR ranged from 0.79 to 0.95, which indicated that the diagnostic values of
US for the diagnosis of DD are good to excellent [22,36]. Also, sensitivity and specificity of US for the diagnosis of DD were presented in the review. The sensitivity of
US for the diagnosis of DD ranged from 0.70 to 0.79, while the specificity ranged
from 0.77 to 0.88. Except for DD-CM, the specificity was significantly higher than the
sensitivity, which also suggests that the US has better ability to exclude those patients
without actual DD than to include those with actual DD, and this result is consistent
with a previous review [15]. However, for clinical decision-making, the sensitivity and
specificity are not very helpful, because they only indicate how good a test discerns
cases from non-cases.
The present review shows that for almost all the included studies, the PPVs and NPVs
for DD-CM, DD-MMO, DDWR, and DDWoR exceeded the prior probabilities to a
large extent (see Fig. 5). This indicates that the added values of US for DD are sufficient. However, there was an exception that the PPV and NPV were both below the
diagonal in one study in DD-MMO. This means that, compared to MRI, US resulted
in major misclassification and so in a large number of false-positive and false-negative
findings.
This suggests that something might have gone wrong in that particular study [28]. A
possible explanation might be that this was the first study (published in 1997) exploring the use of US in the diagnosis of DD. So, the researchers may still have been rather
inexperienced in experimenting with the use of US and exploring its interpretation.
Moreover, in this particular study, low resolution US was used, which may have contributed to the low accuracy of US [15,22,36].
In this systematic review, we evaluated the accuracy of US for DD-CM and DD-MMO
in several subsamples of included studies. Dynamic examination is regarded as “real-time”, as it allows dentists to detect the disc position in more detail during mouth
opening and jaw movement [22,36]. However, there are no studies published on the
diagnostic value of dynamic examination alone. Still, the added diagnostic values of the
combined static and dynamic examinations of US for ruling in and ruling out DD-CM
and DD-MMO tended to be higher than for static examination alone. High-resolution
US allows better visualization of joint structures than low-resolution US [15]. Current
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evidence shows that the added diagnostic values of US for ruling in and ruling out DD
are both higher than with low-resolution US.
To date, a protocol for using and interpreting US in DD has neither been established
nor has a recommendation for this been published. In the 16 included studies, six studies adopted vertical scans, three adopted horizontal scans, five adopted combined vertical and horizon scans, and one chose 60 degrees to the Frankfort plane as the initial
position to scan. In the included studies, the definitions of the disc in the US images are
not the same and ranged from hyperechogenic and isoechogenic to hypoechogenic.
Hence, there seems to be neither a consensus on a standardized position of US in TMJ
areas, nor a prevailing standardized approach for its interpretation.

Fig. 5. Positive and negative predictive values of ultrasonography compared to the prevalences of Disc
displacement at closed mouth position (DD-CM), Disc displacement at maximum mouth opening (DDMMO), Disc displacement with reduction (DDWR), and Disc displacement without reduction (DDWoR)
for each included study. Red circles represent positive predictive values of US of the included studies and
green circles represent negative predictive values of US of the included studies. (A, DD-CM; B, DD-MMO;
C, DDWR; D, DDWoR). The red diagonals represent the positive predictive value was the same as prevalence and there was no added value for ruling in the DDs at this diagonal. The green diagonals represent
the negative predictive value was the same as the compliment of prevalence (1 – Prevalence) and there
was no added value for ruling out the DDs at this diagonal.
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The performance of US in clinical practice is reported to be operator-dependent [16].
Visualization of the disc through US can be technically challenging, because the disc can
be visualized only through the small gap between zygomatic process of the temporal
bone and the top of the condyle [16]. However, constantly adjusting the position of the
transducers and well-trained operators are thought to be helpful to obtain better visualization of the disc [16]. So, training and calibration are necessary in operating US and interpreting images in clinical practice [16].We found that seven of the included 16 studies
have been reported by the University of Innsbruck. It has been the first center to study
the diagnostic utility of US for DD [28], and the investigators in this center clearly were
focused on this. So they may have gained more experience in using US and interpreting
its findings. Interestingly, the added diagnostic value of US in these seven studies from the
University of Innsbruck tended to be higher than those performed in the other centers.
In interpreting the findings of the present systematic review, there are some limitations
that should be taken in consideration.
First, MRI was used as the reference standard in the review. However, MRI may not
have perfect diagnostic accuracy for diagnosis of DD. Compared to cryosectional morphology of the TMJ on autopsy, the sensitivity of MRI ranged from 0.75 to 0.90, while
the specificity ranged from 0.80 to 1.00 for the diagnosis of TMJ disc position [37-39].
Unfortunately, no comparison has been made with US in such autopsy studies. Still, MRI
can be regarded as the reference standard for diagnosis of DDs for pragmatic reasons.
Second, while publication bias cannot be excluded, we did not search for unpublished
research. Moreover, there is no registry or mechanism of registration for designs of
diagnostic accuracy studies such as with randomized trials. As such, it will be difficult to
retrieve unpublished diagnostic accuracy studies.
Third, in the 16 included studies of the present systematic review, seven studies were
from the same institution (University of Innsbruck) from 1997 to 2005. However, five
of them did not report the starting and end date of the researches so we cannot confirm whether the same subjects were participated in more than one study in these five
studies. If that was the case, it may affect the results of meta-analyses and cause potential
bias.
It should be mentioned that there are two systematic reviews published in 2012 and
2015 on the same topic as the present systematic review [13,40]. These two previous
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systematic reviews both showed that US can be accepted as a rapid preliminary diagnostic method for DD, which is similar as the results of the present systematic review.
However, these two previous studies mainly focused on the sensitivity and specificity
of US based on MRI, which is meaningful for researchers but cannot be directly used in
clinical practice for dentists. In the present study, we showed US is an acceptable method for diagnosis of DD in clinical practice based on the added values of PPV and NPV of
US.That is, the first-line dentists can make decisions about the risk of an individual having
a diagnosis of DD directly based on our results. Besides, for the previous systematic reviews, both follow-up studies and case-control studies were included for meta-analyses.
However, in the present systematic review, we only included follow-up studies because
case-control studies cannot truly reflect the prevalence, PPV, NPV, sensitivity, and specificity, and can be prone to bias [41] so that we cannot obtain the real added values of US
for ruling in and ruling out DD. So, the results of the present systematic review should
be more reliable than the previous ones.
For the future studies and clinical practice, a standardized protocol for the diagnostic
use of US in patients suspected of DD should be established, and US operators should
be well-trained and calibrated to reduce the variations in US across operators and studies. Also, additional higher-quality studies are needed for further assessment of the value
of different types of US for diagnosis of DD. Besides, in the future studies, improvement
of the reference standard that with higher certainty results in an accurate external
benchmark for the presence of DD clinical practice should be considered. If this is not
available, a latent variable approach can be adopted for data analysis, by combining multiple diagnostic tests using a latent class modeling (LCM) [42].This may help to improve
the reliability of US for ruling in and out DD.
Conclusions
With MRI being used as the reference standard, the added diagnostic value of US for ruling in and ruling out DD is sufficient for its use in the decision-making in dental practice.
After sufficient training and calibration of operating and interpretation, US can be considered as a relevant imaging tool to supplement clinical examination in patients with
suspected DDs in selected cases. Combined static and dynamic examinations using
high-resolution US should be preferred.
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The main aim of the present thesis was to increase the currently available knowledge about patients profiles and outcomes of care in temporomandibular disorders
(TMDs) and to help clinicians for decision-making in clinical practice. In the present
thesis, we found that temporomandibular joint osteoarthritis (TMJ OA) has a negative
effect on oral health related quality of life (OHRQoL) of patients. The severity of patients’ clinical symptoms and signs is negatively associated with OHRQoL in patients
with TMJ OA. Arthrocentesis with hyaluronic acid (HA) injections combined with oral
glucosamine hydrochloride (GH) is effective to improve OHRQoL of patients with
TMJ OA. The prediction models for OHRQoL of patients with TMJ OA at 1-month
and 6-month after patients had completed arthrocentesis with HA injections have
good internal validity, calibration, discrimination and sufficient clinical added values.
Besides, we found that somatization is the best predictor for orofacial pain intensity
while depression is the best predictor for pain-related disability in TMD patients.
The prediction model for types of treatments indicated for TMD patients has good
internal validity, external validity, calibration and discrimination. Also, we found that
ultrasonography (US) can be considered as a useful imaging tool to supplement the
clinical examination in patients with suspected disc displacements (DDs).
In the paragraphs below, three specific points which are important through the entire
thesis are discussed in a broader context.

OHRQoL of patients with TMJ OA
In the present thesis, OHRQoL was used as an outcome measure on multiple occasions: in a longitudinal study (Chapter 2) to determine the effectiveness of arthrocentesis with HA injections with oral GH as a treatment option for TMJ OA; to determine
possible associations with clinical signs and symptoms of patients suffering from TMJ
OA (Chapter 3); and as an outcome measure (low versus normal OHRQoL) in prediction models for patients suffering from TMJ OA 1 and 6 months after treatment
with arthrocentesis (Chapter 4). In these chapters, OHRQoL of patients with TMJ
OA was significantly impaired.The severity of clinical symptoms, especially the pain-related symptoms, were significantly associated with OHRQoL. Arthrocentesis with HA
injections with oral GH was shown to be effective in terms of improving OHRQoL.
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Finally, prediction models were developed for low OHRQoL 1-month and 6-month
after the arthrocentesis with HA injections in individual patients. To our knowledge,
this was the first time that OHRQoL was used as an outcome measure to assess the
effectiveness of arthrocentesis with HA injections with oral GH in dentistry. This is
congruent with contemporary views on patient-centered care [1] and allows oral
healthcare professionals to assess the effectiveness of treatment from the patients‘
perspectives [2].The prediction models are also the first models for prediction of low
OHRQoL in oral healthcare and in patients with TMJ OA in particular.
In these chapters, the 14-item Oral Health Impact Profile (OHIP-14) was used to
assess OHRQoL.The OHIP-14 is the most commonly used instrument for the assessment of OHRQoL of TMD patients nowadays [3]. OHIP-14 is reported to have similar
psychometric properties as the OHIP-49 for the assessment of OHRQoL in TMD
patients [4]. However, compared with the OHIP-49, the OHIP-14 makes it easier to
assess OHRQoL in diverse settings, reduces patients’ burden and saves patients’ time
[4]. Compared with the OHIP-5, OHIP-14 showed better psychometric properties
for the assessment of OHRQoL of TMD patients with better reliability and validity
[4]. Therefore, among the three versions of the OHIP, the OHIP-14 is the preferred
instrument to assess OHRQoL of TMD patients. However, this instrument is not specifically tailored to the unique characteristics or problems that TMD patients might
experience in daily life. All the items in the OHIP-14 are focused on the problems with
patients’ teeth, mouth, or dentures instead of muscles and joints specifically.Therefore,
the OHIP-14 may not be very sensitive to some factors that affect TMD patients [5].
Besides, the OHIP-14 may contain a small number of redundant items which are not
related to TMDs, like “sense of taste has worsened” (Fig. 1). The redundant items
may dilute the responsiveness of OHIP-14 to change in TMDs to some extent [5-7].
Therefore, although the OHIP-14 is the best option for the assessment of OHRQoL
of TMD patients from a pragmatic point of view, the question whether the OHIP-14 is
the best available option to measure OHRQoL of TMD patients remains unanswered.
A 22-item TMDs-specific version of the OHIP (OHIP-TMDs) has been developed
by Durham et al. in 2011 [6]. In the 22 items of OHIP-TMDs, 20 items are from the
OHIP-49 and the other two are new items derived from qualitative research based
on patients with TMDs [6]. In the OHIP-TMDs, each item was modified to be more
155

8

CHAPTER
CHAPTER 8
1

Patients profiles and outcomes of care in temporomandibular disorders

suitable for the characteristics of TMDs [6]. So, the OHIP-TMDs is thought to be an
instrument which is more sensitive and tailored to the problems that TMD patients
may experience than other versions of the OHIP. In 2015,Yule et al. reported that the
OHIP-TMDs had good reliability and validity in the assessment of OHRQoL in TMD
patients [5]. Fig. 1 shows a comparison of the items of the OHIP-14 and those of
the OHIP-TMDs. The OHIP-TMDs contains the same domains as the OHIP-14 does,
including functional limitation, physical pain, psychological discomfort, physical disability, psychological disability, social disability, and handicap. A total of 9 items is present
in both the OHIP-14 and the OHIP-TMDs. Although the other items are different
between the OHIP-14 and the OHIP-TMDs, most of these items in the same domain
between the OHIP-14 and the OHIP-TMDs are comparable in contents. As can be
seen in Fig. 1, all the items in the OHIP-14 are focused on patients’ problems caused
by teeth, mouth, and dentures in the past year, while all the items in the OHIP-TMDs
are specifically focused on the problems caused by muscles and joints besides teeth,
mouth, and dentures in the last month. These small modifications make the OHIPTMDs more sensitive and discriminative to assess small changes in TMD patients’
OHRQoL over time than the OHIP-14 [5]. It is reported that compared with OHIP14, OHIP-TMDs shows somewhat better psychometric properties for the assessment
of OHRQoL in TMD patients [6].
However, research so far has provided some but rather limited evidence on the psychometric properties of the OHIP-TMDs. Yule et al. tested the reliability and validity
of the OHIP-TMDs only with a limited number of 20 TMD patients for test-test reliability determination, and assessed the discriminative validity and responsiveness to
change in 76 TMD patients with 76 matched controls [5]. Moreover, the TMD patients
in both the study of Yule et al. [5] and that of Durham et al. [6] were diagnosed with
the Research Diagnostic Criteria for Temporomandibular Disorders (RDC/TMD) instead of the more recently developed Diagnostic Criteria for Temporomandibular
Disorders (DC/TMD) [5,8]. Therefore, it is recommended that future studies on the
psychometric properties of the OHIP-TMDs should include a larger number of TMD
patients, diagnosed with the more recent diagnostic criteria system DC/TMD. These
future studies should also assess whether the OHIP-TMDs is more sensitive to detect different levels of OHRQoL in different subtypes and severity of TMDs than the
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OHIP-14. Also, whether the OHIP-TMDs is more sensitive to detect the changes in
OHRQoL of TMD patients over time than the OHIP-14 should be further assessed.

8

Fig. 1. Items of the OHIP-14 and the OHIP-TMDs. The items in bold are shared in both the OHIP-14 and
the OHIP-TMDs (Slade 1997 [9] and Durham et al. 2011 [6])

Clinical prediction models
In Chapter 4, prediction models for OHRQoL 1 month and 6 months after arthrocentesis with HA injections in patients with TMJ OA were developed. With these
models, clinicians can predict the probability of low OHRQoL in the follow-up for
individual patients with TMJ OA based on the patients’ profiles. With the help of the
predicted probability of individual patients, clinicians can make decisions at patients’
first visit about whether arthrocentesis with HA injections will likely have sufficient
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benefits to improve patients’ OHRQoL in the follow-up, and if not, whether other
treatments, like psychological and social support, are needed or to be preferred. In
Chapter 7, a prediction model for types of treatments indicated for TMD patients
was developed. With the model, clinicians can find out which factors in patients’ profile are significantly associated with different types of treatment indicated for TMD
patients and determine which treatment option would be recommended given a specific TMD patient.
Clinical prediction models are relatively new but important in dentistry. Prediction
modelling is defined as a process by which combinations of clinical findings, that have
been statistically demonstrated to be meaningful predictors of a condition or outcome
of interest, are used to categorize a heterogeneous group of patients into subgroups
(binary or multinomial subgroups) based on an individual likelihood of the presence
of that condition or outcome [8]. Clinical prediction models can, for instance, provide
both clinicians and patients with important information about risks and benefits associated with different types of treatment [10]. Clinicians can use clinical prediction
models to make more informed decisions about the diagnosis, treatment, or prognosis of individual patients before starting invasive examination or treatment. Individual
patients can be informed more accurately, which will result in more realistic expectations regarding diagnosis, treatment, or prognosis. Moreover, clinical prediction models are useful to make optimal use of medical resources and to optimize patients’ care,
and are therefore important to be developed and used in dentistry.
The clinical usefulness of clinical prediction models should be the most important
purpose to develop these models. For such purpose, determining a cutoff for the
predicted probability to correctly classify patients into targeted outcome categories
is an important premise for clinical usefulness. In both Chapter 4 and Chapter 7,
the cutoffs were determined solely based on statistical criteria. In Chapter 4, the
ROC curves, where the sum of sensitivity and specificity is the maximum, were used
to determine the cutoffs for the probability to dichotomize the patients with TMJ
OA into low OHRQoL or normal OHRQoL. In Chapter 7, the TMD patients were
assigned to one out of three types of treatment based on which probability was
the highest. However, when the optimal cutoff was determined, the relative weight
of false-negatives and false-positives in the decision context is recommended to be
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considered in addition to statistical criteria [11,12]. For example, if a false-positive
decision is much less important than a false-negative decision, the cutoff for the positive outcome should be low. However, if a false-positive decision results in serious
risks, the cutoff for the positive outcome should be high. Biesheuvel et al. developed
a multinomial prediction model for the diagnoses of residual retroperitoneal mass
histology in patients with nonseminomatous testicular germ cell tumor [13]. The differential diagnoses have three outcome categories, including benign tissue, mature
teratoma, and viable cancer. The predicted probability of each category was weighted
with 1:3:8, respectively [13]. The ratio of 1:3:8 was the relative severity of the three
categories based on the evidence in the previous literature, which showed that the
untoward and irreversible consequence for under-treatment is more severe than that
for over-treatment in viable cancer, while the untoward and irreversible consequence
for under-treatment is less severe than that for over-treatment in benign tissue [13].
However, based on the clinical experience, the severity of consequences for false-negative and that for false-positive in both Chapter 4 and Chapter 7 are not obviously different, and the consequences of both false-negatives and false-positives are
not likely to cause irreversible and extremely severe loss of health in TMD patients.
Therefore, we consider the cutoffs that we determined based on statistical criteria
as acceptable in clinical practice. In clinical practice, when prediction models are used
in patient care, the potential consequences for an individual patient resulting from
false-positives and false-negatives is important to consider in advance.
The models developed in the present thesis were the first models developed in TMDs.
So, the models need to be externally validated and updated in TMD patients from
other populations. Also, the model in Chapter 7 can only give insight into what types
of treatments are chosen for which types of patients, and not the effectiveness of
treatment, due to the absence of follow-up data. However, it would be very interesting
to see whether those treatments are effective in improving the health outcomes of
TMD patients. That is what future research can be aimed at.
RDC/TMD and DC/TMD
RDC/TMD and DC/TMD are both commonly used diagnostic systems to classify
TMD patients into different subcategories in clinical practice and research [14,15]. In
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Chapter 2 to Chapter 4, the RDC/TMD was used to diagnose patients with TMJ OA
in West China School of Stomatology, China. However, in Chapter 5 and Chapter 6,
the DC/TMD was used to diagnose patients with TMDs at ACTA, the Netherlands.
The DC/TMD was newly developed in 2014 in order to improve validity and clinical
utility of RDC/TMD [14]. Compared to the RDC/TMD, the DC/TMD optimizes the
classifications of TMD diagnoses in axis I based on findings of the literature published
recently, and adds more subtypes of TMDs than RDC/TMD [14]. The reason why the
new DC/TMD was not used in Chinese TMD patients in the present thesis is that
there was no Chinese version of DC/TMD available at the time that the data were
collected.
In the RDC/TMD, TMJ OA is defined as the presence of arthralgia, and either crepitus
in the temporomandibular joints or bony changes in radiographic examinations [15].
However, in the DC/TMD, TMJ OA is no longer a subtype of TMDs. TMJ OA is dually
coded as degenerative joint disease (DJD) and arthralgia in DC/TMD [14] (Fig. 2).
That is, the same patient diagnosed with TMJ OA in the RDC/TMD is diagnosed with
both arthralgia for the pain in the joint and DJD for the crepitus detected with palpation in the DC/TMD. However, in the DC/TMD, some modifications in the collection
of patients’ history and clinical examinations were made compared to the RDC/TMD.
Fig. 2 summarizes the similarities and differences in diagnostic algorithms of TMJ OA
between the RDC/TMD and the DC/TMD. It shows that there were some minor
modifications in the DC/TMD in history and clinical examinations, but the main structure of examinations remained the same. That is, in both RDC/TMD and DC/TMD,
the clinical examinations contain pain on TMJ palpation, pain on TMJ movement, and
crepitus on palpation. Actually, the main reason for the modifications in DC/TMD was
to make clinical examinations discriminate better between TMD patients and nonTMD patients and to be easier to use by clinicians, but not to change the definition of
TMJ OA. Therefore, we can expect that most patients who are diagnosed with both
DJD and arthralgia in the DC/TMD can be diagnosed with TMJ OA in RDC/TMD. So,
the findings of Chapter 2 to Chapter 4 are unlikely to be significantly changed when
applied to the patients diagnosed with DC/TMD. Similarly, the findings of Chapter 5
and Chapter 6, which were based on the TMD patients diagnosed with the DC/TMD
are also unlikely to be significantly changed when applied in the patients diagnosed
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with the RDC/TMD. This is because all the subtypes of TMDs in the DC/TMD except
subluxation have corresponding subtypes in the RDC/TMD, although the classification
system was not completely the same between the RDC/TMD and the DC/TMD (Fig.
3). The prevalence of subluxation without any other subtypes of TMDs in TMD patients is rare. In Chapter 6, which included a total of 536 consecutive TMD patients
at ACTA from September 2013 to January 2017, only 1 patient had a diagnosis of
sole subluxation (1/536). That is, whether or not patients with sole subluxation were
included is unlikely to significantly influence the outcomes. Furthermore, it is true that
some modifications in history and clinical examinations were made for diagnosis of
different subtypes of TMDs in the DC/TMD, so it is possible that some patients who
were diagnosed with TMDs in the RDC/TMD may not be diagnosed with TMDs in
the DC/TMD or vice versa. However, this may only occur in a very small number of
patients.Therefore, the findings in Chapter 5 and Chapter 6 should still be valid after
being updated and adjusted when applied to TMD patients diagnosed with RDC/TMD.
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Fig.2. Similarities and differences in diagnostic algorithms of TMJ OA between RDC/TMD and DC/TMD.
The black boxes in RDC/TMD indicate that the diagnostic criteria of the same horizontal level in DC/
TMD is not a part of the criteria in RDC/TMD. The black box in DC/TMD indicates that the diagnostic
criteria of the same horizontal level in RDC/TMD is not a part of the criteria in DC/TMD (Dworkin and
LeResche 1992 [15] and Schiffman et al. 2014 [14]).
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Fig. 3. Subtypes of TMDs in RDC/TMD and DC/TMD. The black box indicates that subluxation is not a
diagnosis in RDC/TMD (Dworkin and LeResche 1992 [15] and Schiffman et al. 2014 [14]).

In the future, researchers should develop and test a Chinese version of the DC/TMD
in order to make the DC/TMD widely used in China. This is because the DC/TMD
optimizes diagnostic procedures in history and clinical examinations compared to the
RDC/TMD and improves the diagnostic validity. This is also because it is better to use
the same diagnostic system of TMDs as other research groups in order to compare
or bundle results, such as the effectiveness of different treatment options for different
types of patients, from different studies conducted in different countries. Researchers
can also update the findings of Chapter 2 to Chapter 4 based on the TMD patients diagnosed with the DC/TMD in the future. Besides, although the differences
in diagnostic algorithms between the DC/TMD and the RDC/TMD are unlikely to
significantly influence the outcomes, it is still worthy assessing the concordance rate
of patients who are diagnosed with TMDs or non-TMDs between the RDC/TMD and
the DC/TMD and the discordance for patients who are diagnosed with TMDs only
in one diagnostic system but without TMDs in the other diagnostic system. This may
make it possible to directly compare the findings of a study which used one diagnos163
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tic system with that which used the other diagnostic system and quantify how much
extent that the findings based on TMD patients diagnosed with one diagnostic system
can be applied to another TMD patients diagnosed with the other diagnostic system.
Conclusion
OHRQoL is an important outcome measure for patients with TMJ OA. Future research can be aimed at developing and validating OHRQoL measures which are tailored specifically to TMD related problems. Prediction models can be used for optimizing health care by aiding to clinical decision-making and informing patients about
risks and benefits of different treatment options. Future research can be aimed at
validating the models in the present thesis in new populations, with the DC/TMD as
the recommended classification scheme for the diagnosis of TMDs.
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The present thesis increases the currently available knowledge about patient profiles
and outcomes of care in temporomandibular disorders (TMDs) and can be helpful to
clinicians for decision-making in clinical practice. This chapter aims to present a brief
chapter-to-chapter summary of the studies included in this thesis.
In Chapter 2, Oral health related quality of life (OHRQoL) of patients with
Temporomandibular joint osteoarthritis (TMJ OA) was assessed, and patients were
treated with arthrocentesis with hyaluronic acid (HA) injections (once a week for 5
subsequent weeks) together with oral glucosamine hydrochloride (GH) (0.48g per
time and three times per day for three months) in order to determine whether their
OHRQoL would improve. The study included 211 consecutive patients who had the
diagnosis of TMJ OA based on the Research Diagnostic Criteria for Temporomandibular
Disorders (RDC/TMD) and completed five weekly arthrocentesis with HA injections
together with three monthly oral GH. The included patients completed the Chinese
version of the 14-item Oral Health Impact Profile (OHIP-C14) at baseline (T0), and one
month (T1), three months (T2), and six months (T3) after the first injection. The study
showed that, compared to OHRQoL of the healthy Chinese population, OHRQoL of
TMJ OA patients at baseline was significantly lower. Compared to OHRQoL at baseline,
OHRQoL significantly improved at T1,T2, and T3. Also, OHRQoL significantly improved
from T0 to T1 and from T1 to T2, but not from T2 to T3. Therefore, it was concluded
that TMJ OA has a negative effect on patients’ OHRQoL, and that arthrocentesis with
HA injections combined with oral GH was beneficial to improve patients’ OHRQoL.
The maximal effect of the treatment on OHRQoL was reached at three months after
the first injection.Therefore, arthrocentesis with HA injections with oral GH can be regarded as an effective treatment option for patients with TMJ OA. Future studies could
further explore whether arthrocentesis with HA injections alone or combined with
oral GH is more effective for the improvement of OHRQoL in patients with TMJ OA.
In Chapter 3, we assessed the association between OHRQoL and the severity of TMD
signs and symptoms measured with the Helkimo clinical dysfunction index (HDI) in
patients with TMJ OA. The study included 541 patients with TMJ OA diagnosed with
the RDC/TMD. The relevant clinical data and scores of the OHIP-C14 of the included
patients were recorded. Each patient was assigned an HDI sum score ranging from 1
to 25 covering five domains: TMJ function impairment, muscle tenderness during pal168
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pation, TMJ pain during mandibular movement, impaired range of mandibular mobility,
and TMJ pain during palpation. Higher sum scores of the HDI represent more severe
signs and symptoms. The patients were classified into three categories based on the
HDI sum scores. Higher categories indicated higher sum scores of the HDI and therefore more severe TMJ OA. Separate Spearman rank correlation tests were used to
assess the associations of HDI sum scores/categories with the OHIP-C14 sum scores;
HDI domain scores with the OHIP-C14 sum scores; the OHIP-C14 domain scores
with HDI sum scores/categories; and HDI domain scores with the OHIP-C14 domain
scores. The results showed that HDI sum scores/categories were positively associated with the sum score of the OHIP-C14. The domain scores for all HDI domains
except TMJ function impairment were significantly associated with the sum score of
the OHIP-C14. The domain scores for all the seven domains of the OHIP-C14 were
significantly associated with HDI sum score/categories. Several significant correlations were found between HDI domain scores and the OHIP-C14 domain scores.
Therefore, we concluded that the severity of signs and symptoms was significantly
associated with OHRQoL of patients with TMJ OA. Compared with function-related HDI domains, pain-related HDI domains were more strongly inversely associated
with OHRQoL. This study confirms previous evidence that pain is the key factor that
affects OHRQoL in TMD patients.
In Chapter 4, we developed prediction models for low OHRQoL in patients with
TMJ OA at 1-month and 6-month after arthrocentesis with HA injections (once a
week for 4 subsequent weeks). The cohort study involved 522 patients diagnosed
with TMJ OA at baseline, while 510 and 463 patients were included in the 1-month
and 6-month follow-up, respectively. Patients’ history and characteristics, clinical examinations, and questionnaires were recorded at the start of treatment as potential
predictors. Patients’ OHRQoL was assessed by the OHIP-C14. Patients’ OHRQoL at
baseline was also used as one of the potential predictors, while patients’ OHRQoL
assessed at 1 and 6 months after completing arthrocentesis with HA injections were
regarded as the endpoints. For this analysis, OHRQoL was dichotomized as “low” or
“normal”. Multivariable binary logistic regression analyses were used to develop the
prediction models for low OHRQoL for both follow-up. The internal validity, calibration, discrimination, and clinical values of the models were assessed. In the final model
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for low OHRQoL at 1-month follow-up, we identified the presence of a history of
mental diseases, a smaller distance of maximal mandibular protrusion, more severe
muscle and joint pain with palpation, the presence of awake bruxism, the presence of
chewing-side preference, and low OHRQoL at baseline as independent predictors.
In the final model for low OHRQoL at 6-month follow-up, we identified older age,
the presence of the pain in other joints, the presence of a history of mental diseases,
more severe joint pain with palpation, the presence of sleep bruxism and of awake
bruxism, the presence of chewing-side preference, and low OHRQoL at baseline as
independent predictors. The results of the study showed that both logistic regression
models had a good internal validity, reasonable calibration, and good discrimination.
Besides, the two models both had sufficient added values at the cutoffs of predicted
probability for both ruling in and ruling out the risk of low OHRQoL in patients with
TMJ OA. For practical use, the prediction models were converted into score charts
and line charts. The models can provide clinicians with information for decisions at an
individual patient’s first visit on whether a low OHRQoL is to be expected one and
six months after arthrocentesis with HA injections.
In Chapter 5, we assessed whether pain intensity and pain-related disability are associated with psychological and socio-demographic factors including somatization, depression, stress, anxiety, daytime sleepiness, optimism, age and gender in TMD patients diagnosed with the Diagnostic Criteria for Temporomandibular Disorders (DC/TMD). In
total, 320 TMD patients were involved in the study. The psychological wellbeing of each
patient was assessed using questionnaires including the Generalized Anxiety Disorder
(GAD-7) questionnaire for anxiety, the 15-item Patient Health Questionnaire (PHQ-15)
for somatization, the 9-item Patient Health Questionnaire (PHQ-9) for depression, the
7-item stress questionnaire for psychological stress, the Epworth Sleeping Scale (ESS)
for chronic daytime sleepiness, and the Life Orientation Test-Revised (LOT-R) for optimism. TMD pain intensity and pain-related disability were assessed with the Graded
Chronic Pain Scale (GCPS).Two separate multivariable logistic regression analyses were
performed to assess the associations of psychological and socio-demographic factors
with TMD pain intensity and pain-related disability, respectively. The results of the two
multivariable logistic regression analyses after backward selection of the included predictors showed that pain intensity was only significantly associated with somatization,
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Patients profiles and outcomes of care in temporomandibular disorders

CHAPTER
CHAPTER 9
1

while pain-related disability was only significantly associated with depression. The associations of pain intensity with somatization and of pain-related disability with depression
were both positive. So, among the psychological and socio-demographic factors, somatization played a dominant role in the prediction of pain intensity while depression played
a dominant role in the prediction of pain-related disability. The results confirm earlier
findings that chronic pain is associated with psychological factors in TMD patients. For
clinicians, this means that TMD patients with more severe orofacial pain (in terms of
intensity and disability) are more likely to have somatization or depression. Hence, in
clinical practice, clinicians should be attentive to the possible influence of the psychological status of these patients on the severity of their complaints, and provide psychological
support for them if necessary.
In Chapter 6, we identified which potential predictors in patient profiles are significantly associated with the types of treatment indicated for patients with TMDs, and developed a prediction model for types of treatments indicated for future TMD patients
in clinical practice. The derivation cohort at baseline involved 356 adult patients with
TMDs diagnosed with the DC/TMD. Patient characteristics and disease characteristics
at baseline were recorded as the potential predictors of the model.Types of treatments
that were indicated for TMD patients based on the consensus in a multidisciplinary
team were the endpoint of the model. The types of treatments were classified into no
treatment (NT), physical treatment only (PTO) and combined physical and psychological treatment (CPPT). Multivariable multinomial logistic regression analyses were used
to develop the prediction model. The internal validation, calibration, discrimination,
and external validation were determined. In the final model, age, anxiety, sleep bruxism, pain-related TMD, function-related TMD with treatment needed, gender, stress,
stretch of assisted mandibular opening, and depression were the significant predictors
in the model for the types of treatment indicated for TMD patients. The results of the
study showed that the model had a good internal validity, reasonable calibration, good
discrimination and acceptable external validity. For practical use, the prediction model
was converted into score charts and line charts. The model provides information on
the patient profiles that relate to types of treatment indicated and provides guidance
for clinicians, especially novices, junior clinicians, and solo clinicians when they make
decisions on which treatment is indicated for a TMD patient.
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In Chapter 7, we assessed the added diagnostic value of ultrasonography (US) for detecting the presence or absence of disc displacements (DDs) in TMJs based on a systematic review. We used PubMed and EMBASE to search for articles which assessed
the diagnostic accuracy of US for the diagnosis of DD with magnetic resonance imaging (MRI) as the gold standard. Quality Assessment of Diagnostic Accuracy Studies-2
(QUADAS-2) was used to assess the methodological quality of each included article.
Meta-analyses were performed with Metadisc 1.4 and Revman 5.3. Finally, a total of 16
studies qualified for meta-analysis. The diagnostic added values of US for ruling in and
ruling out the presence of a DD at closed mouth position (DD-CM), DD at maximum
mouth opening position (DD-MMO), DD with reduction, and DD without reduction
were all sufficient. In the subtype analyses, the added values of combined static and
dynamic examination of US for ruling in and ruling out DD-CM and DD-MMO tended
to be higher than that of static examination alone. Also, the added values of high-resolution US for ruling in and ruling out DD-CM and DD-MMO are higher than that of
low-resolution US. Therefore, using MRI as the reference standard, the added value of
US for ruling in and ruling out DD is sufficient for its use in the decision-making in dental
practice. US can be considered as a useful imaging tool to supplement clinical examination in patients with suspected DDs in selected cases. Combined static and dynamic
examinations using high-resolution US are to be preferred.
In conclusion, the thesis showed that TMJ OA has a negative effect on patients’
OHRQoL. OHRQoL is significantly associated with patients’ clinical symptoms and
signs. Arthrocentesis with HA injections combined with oral GH is effective to improve
OHRQoL of patients with TMJ OA. The two prediction models for low OHRQoL in
patients with TMJ OA at 1-month and 6-month after arthrocentesis with HA injections
both showed good internal validity, calibration, and discrimination and showed sufficient
added values in clinical use. Besides, for TMD patients, somatization played a dominant
role in the prediction of pain intensity while depression played a dominant role in the
prediction of pain-related disability. The prediction model for types of treatments indicated for TMD patients showed good internal validity, calibration, discrimination, and
external validity. For patients with DDs, US is considered as a useful imaging tool to
supplement clinical examination in patients with suspected DDs.
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Dit proefschrift levert een bijdrage aan de beschikbare kennis omtrent patiëntprofielen en uitkomsten van zorg bij temporomandibulaire aandoeningen (TMD’s) en kan
behulpzaam zijn voor clinici met betrekking tot besluitvorming en de klinische praktijkvoering. Dit hoofdstuk geeft een korte samenvatting van het proefschrift.
In Hoofdstuk 2 is mondgezondheid-gerelateerde kwaliteit van leven (OHRQoL) van
patiënten met artritis van het temporomandibulaire kaakgewricht (TMJ OA) onderzocht. Aan de studie namen 211 opeenvolgende patiënten deel, met de diagnose TMJ
OA gebaseerd op de Research Diagnostic Criteria for Temporomandibular Disorders
(RDC/TMD). Patiënten werden behandeld met intra-articulaire hyaluronzuur- (HA-)
injecties (eens per week gedurende 5 weken), gecombineerd met orale glucosamine
hydrochloride (GH) (0.48g per keer, drie maal daags gedurende 3 maanden). Deze
behandeling was erop gericht de TMJ OA-gerelateerde klachten te verminderen en
het effect hiervan op de OHRQoL te evalueren. De patiënten hebben de Chinese
versie van de 14-item Oral Health Impact Profile (OHIP-C14) ingevuld vóór aanvang
van de behandelingen (T0), één maand (T1), drie maanden (T2) en zes maanden (T3)
na de eerste injectie. De studie wees uit dat, vergeleken met de OHRQoL van de
Chinese bevolking, de OHRQoL van TMJ OA-patiënten bij nulmeting aanzienlijk lager
was. Vergeleken met de OHRQoL bij nulmeting, bleek de OHRQoL aanzienlijk hoger
bij T1, T2 en T3. Daarnaast verbeterde de OHRQoL aanzienlijk tussen T0 en T1 en
tussen T1 en T2, maar niet tussen T2 en T3. Op basis hiervan is geconcludeerd dat TMJ
OA een negatief effect heeft op de OHRQoL van patiënten, en dat artrosynthese met
HA-injecties gecombineerd met orale GH een gunstig effect heeft op de OHRQoL
van patiënten. Het maximale effect van de behandeling voor OHRQoL werd bereikt
bij drie maanden na de eerste injectie. Derhalve kan artrocentese met HA injecties
met orale GH beschouwd worden als een effectieve behandeling voor patiënten met
TMJ OA. Toekomstige studies zouden kunnen evalueren wat de toegevoegde waarde
van orale gezondheid is bij artrocentese met HA injecties ter verbetering van de
OHRQoL voor patiënten met TMJ OA.
In Hoofdstuk 3 is het verband onderzocht tussen OHRQoL en de ernst van TMDklachten en symptomen bij patiënten met TMJ OA, gemeten met de Helkimo klinische
dysfunctie index (HDI). Aan de studie namen 541 patiënten deel, gediagnosticeerd
met TMJ OA op basis van de RDC/TMD. De relevante klinische data en scores op de
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OHIP-C14 van de deelnemende patiënten werden in kaart gebracht. Iedere patiënt
werd geclassificeerd volgens de HDI, op een schaal van 1 tot 25, in de volgende vijf
domeinen: TMJ-functiebeperking, spiergevoeligheid tijdens palpatie, TMJ-pijn tijdens
mandibulaire beweging, beperkte mate van mandibulaire mobiliteit, en TMJ-pijn tijdens palpatie. Hogere totaalscores op de verschillende HDI-domeinen representeren
heviger TMD-klachten en symptomen. De patiënten werden vervolgens in 3 categorieën verdeeld, gebaseerd op de HDI-totaalscores. Hogere categorieën indiceerden
hogere HDI-totaalscores en dus heviger TMJ OA. Afzonderlijke Spearman rangcorrelaties zijn berekend om de associaties tussen de HDI-totaalscores en de OHIPC14-totaalscores, de OHIP-C14-domeinscores met HDI-totaalscores, en de HDIdomeinscores met de OHIP-C14-domeinscores te onderzoeken. De resultaten lieten
zien dat HDI-totaalscores positief waren geassocieerd met de totaalscores op de
OHIP-C14. De associaties tussen de domeinscores voor alle HDI-domeinen, behalve
TMJ-functiebeperking, met de totaalscore van de OHIP-C14, waren sterk. De domeinscores van alle zeven domeinen van de OHIP-C14 waren sterk geassocieerd met de
HDI-totaalscore. Er werden een aantal significante correlaties gevonden tussen HDIdomeinscores en de OHIP-C14-domeinscores. Op basis hiervan is geconcludeerd dat
de ernst van de klachten en symptomen sterk geassocieerd is met de OHRQoL van
patiënten met TMJ OA. Vergeleken met functie-gerelateerde HDI-domeinen, waren
de pijn-gerelateerde HDI-domeinen sterk negatief geassocieerd met OHRQoL. Deze
studie bevestigt eerder bewijs dat pijn in hoge mate de OHRQoL van TMD-patiënten
beïnvloedt.
In Hoofdstuk 4 is een model ontwikkeld waarmee kan worden voorspeld welke
patiënten met TMJ OA een normale of een lage OHRQoL kunnen verwachten op
1-maand en 6-maanden na artrocentese met HA-injecties (eenmaal per week gedurende 4 weken). De cohortstudie bestond uit 522 patiënten gediagnosticeerd met
TMJ OA, waarvan er 510 en 463 patiënten resteerden bij de respectievelijk 1-maand
en 6-maand controles. Bij de start van de behandeling werden patiëntgeschiedenis en
patiëntkarakteristieken, klinische onderzoeken en scores op vragenlijsten gebruikt als
potentiële voorspellers. De OHRQoL van de patiënt werd beoordeeld door middel
van de OHIP-C14. De OHRQoL op baseline werd ook gebruikt als een van de potentiële voorspellers, terwijl de OHRQoL van patiënten gemeten bij 1 en 6 maanden
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na afronding van de artrocentese met HA injecties, beschouwd werden als eindpunten. Voor deze analyse werd de OHRQoL onderverdeeld in “laag” of “normaal”.
Multivariate binaire logistische regressie-analyses zijn gebruikt om de voorspelmodellen te ontwikkelen voor lage OHRQoL tijdens follow-up. De interne validiteit, kalibratie, het onderscheidend vermogen en klinische waarden van de modellen werden
beoordeeld. In het definitieve model voor lage OHRQoL bij 1-maand follow-up,
identificeerden we de aanwezigheid van een geschiedenis van mentale aandoeningen,
een kleinere maximale protrusiebeweging, heviger spier- en gewrichtspijn bij palpatie,
aanwezigheid van bruxisme overdag, aanwezigheid van een voorkeur van kauwzijde,
en een lage OHRQoL op baseline als onafhankelijke voorspellers. In het definitieve
model voor lage OHRQoL bij de 6 maanden follow-up, identificeerden we hogere
leeftijd, aanwezigheid van pijn in andere gewrichten, aanwezigheid van geschiedenis van
mentale aandoeningen, heviger gewrichtspijn bij palpatie, aanwezigheid van slaap- en
waakbruxisme, aanwezigheid van een voorkeur van kauwzijde en een lage OHRQoL
op de baseline meting als onafhankelijke voorspellers. De resultaten van de studie
lieten zien dat beide logistische regressie modellen een goede interne validiteit, redelijke kalibratie, en een goed onderscheidend vermogen hadden. Daarnaast hadden
beide modellen voldoende toegevoegde waarde bij de afkapwaardes van voorspelde
waarschijnlijkheid voor het vaststellen van de kans op lage OHRQoL bij patiënten met
TMJ OA. Voor praktisch gebruik werden de voorspelmodellen omgezet naar scoregrafieken en lijngrafieken. De modellen kunnen clinici bij het eerste bezoek van een
individuele patiënt voorzien van informatie of een lage OHRQoL is te verwachten bij
1 en 6 maanden na artrocentese met HA injecties.
In Hoofdstuk 5 is bij TMD-patiënten, gediagnosticeerd met de Diagnostic Criteria
for Temporomandibular Disorders (DC/TMD), onderzocht of pijnintensiteit en pijn-gerelateerde invaliditeit geassocieerd zijn met sociaal-demografische factoren en
psychologische factoren, waaronder somatisatie, depressie, stress, angst, slapeloosheid
overdag en optimisme. In totaal namen 320 patiënten deel aan de studie. Het psychologisch welzijn van iedere patiënt werd beoordeeld aan de hand van vragenlijsten,
waaronder de 7-item Generalized Anxiety Disorder (GAD-7) vragenlijst, de 15-item
Patient Health Questionnaire (PHQ-15) voor somatische symptomen, de 9-item
Patient Health Questionnaire (PHQ-9) voor depressie, de 7-item stressvragenlijst
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voor psychische stress, de Epworth Sleeping Scale (ESS) voor chronische slaapneigingen overdag en de Life Orientation Test-Revised (LOT-R) voor optimisme. TMD-pijn
intensiteit en pijn-gerelateerde invaliditeit werden beoordeeld met de Graded Chronic
Pain Scale (GCPS). Er werden twee separate multivariabele logistische regressie-analyses uitgevoerd om de associaties tussen psychologische en sociaal-demografische
factoren en respectievelijk TMD-pijnintensiteit en pijn-gerelateerde invaliditeit te
beoordelen. De resultaten lieten zien dat pijnintensiteit uitsluitend geassocieerd bleek
met somatisatie, terwijl pijn-gerelateerde invaliditeit uitsluitend met depressie geassocieerd bleek. De associaties tussen pijnintensiteit en somatisatie, en van pijn-gerelateerde invaliditeit met depressie, waren beide positief. Dus, van alle onderzochte
psychologische en sociaal-demografische factoren heeft somatisatie de meeste betekenis voor de samenhang met de pijnintensiteit, terwijl depressie de meeste betekenis
heeft voor de samenhang met pijn-gerelateerde invaliditeit. De resultaten bevestigen
eerdere bevindingen dat chronische pijn geassocieerd is met psychologische factoren
bij TMD-patiënten.Voor clinici betekent dit dat TMD-patiënten met heviger orofaciale
pijn (met betrekking tot intensiteit en invaliditeit) vaker last kunnen hebben van somatisatie of depressie. Vandaar dat clinici alert moeten zijn op de mogelijke invloed van
de psychologische status op de hevigheid van de klachten van TMD-patiënten en, indien geïndiceerd, deze patiënten van psychologische ondersteuning moeten voorzien.
In Hoofdstuk 6 is geïdentificeerd welke potentiële voorspellers in patiëntprofielen geassocieerd zijn met het type behandeling van patiënten met TMD’s en is een
voorspelmodel ontwikkeld voor typen behandelingen voor toekomstige TMDpatiënten in de klinische praktijk. Het cohort bij de baseline meting bestond uit
356 volwassen patiënten met TMD’s gediagnosticeerd volgens de DC/TMD criteria.
Patiëntkarakteristieken en ziektekarakteristieken bij de baselinemeting werden in
kaart gebracht als zijnde potentiële voorspellers van het model. Type behandelingen,
gebaseerd op de consensus in een multidisciplinair team, die werden geïndiceerd voor
de TMD-patiënten, waren het eindpunt van het model. De type behandelingen werden
geclassificeerd in geen behandeling (NT), enkel fysieke behandeling (PTO) en gecombineerde fysieke en psychologische behandeling (CPPT).Voor de ontwikkeling van het
voorspelmodel werden multivariabele multinominale logistische regressie-analyses gebruikt. De interne validatie, kalibratie, onderscheidend vermogen en externe validatie
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werden vastgesteld. In het definitieve model waren leeftijd, angst, nachtelijk bruxisme,
TMD-pijn, functie-gerelateerde TMD, geslacht, stress, passieve maximale mondopening
en depressie de significante voorspellers in het model voor de typen behandeling
geïndiceerd voor TMD-patiënten. De resultaten van de studie toonden aan dat het
model een goede interne validiteit, redelijke kalibratie, goed onderscheidend vermogen en acceptabele externe validiteit had. Voor praktische toepassing werd het voorspelmodel omgezet naar scoregrafieken en lijngrafieken. Het model verstrekt informatie over de patiëntprofielen die relateren aan typen geïndiceerde behandelingen
en voorziet in een richtsnoer voor clinici, met name novices, junior clinici en alleen
werkende clinici bij het bepalen welke behandeling volgens klinische, academische
experts geïndiceerd is voor een TMD patiënt.
In Hoofdstuk 7 is middels een systematische review onderzocht wat de toegevoegde
diagnostische waarde van ultrasonografie (US) is voor het detecteren van de aan- of
afwezigheid van discusverplaatsingen (DD’s) in TMJ’s. In PubMed en EMBASE zijn artikelen opgezocht die over de diagnostische nauwkeurigheid van US bij de diagnose
van DD rapporteerden. Als referentiestandaard voor de diagnose DD moest daarbij
magnetic resonance imaging (MRI) gebruikt zijn. De methodologische kwaliteit van de
geïncludeerde artikelen werd bepaald op basis van Quality Assessment of Diagnostic
Accuracy Studies-2 (QUADAS-2). Meta-analyses werden uitgevoerd met Metadisc 1.4
en Revman 5.3. Uiteindelijk kwamen 16 studies in aanmerking voor meta-analyse. De
toegevoegde diagnostische waarden van US voor het vaststellen van de aanwezigheid
van een DD bij een gesloten mond (DD-CM), DD bij een maximaal geopende mond
(DD-MMO), DD met reductie en DD zonder reductie waren alle voldoende. Daarbij
neigden de waarden van gecombineerd statisch en dynamisch onderzoek van US voor
het in- dan wel uitsluiten van DD-CM en DD-MMO naar hogere uitkomsten dan bij
statisch onderzoek alleen. Daarnaast zijn de toegevoegde diagnostische waarden van
hoge resolutie-US voor het in- dan wel uitsluiten van DD-CM en DD-MMO hoger dan
bij die van lage resolutie-US. Aldus is bij gebruik van MRI als de referentiestandaard,
de toegevoegde waarde van US ter bepaling van de aanwezigheid van DD voldoende
voor gebruik bij besluitvorming in tandheelkundige praktijk. US kan worden beschouwd als een nuttig, eenvoudig en weinig belastend beeldvormend hulpmiddel dat bij
patiënten met vermoedelijke DD’s in geselecteerde gevallen voor klinisch onderzo178
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ek aanvullende diagnostische waarde heeft. Gecombineerde statische en dynamische
onderzoeken waarbij hoge resolutie-US gebruikt wordt, hebben de voorkeur.
Resumerend
Het onderzoek dat in dit proefschrift beschreven is, laat zien dat TMJ OA een negatief
effect heeft op de OHRQoL van patiënten. Een lagere OHRQoL is geassocieerd met
de ernst van klinische symptomen en signalen bij patiënten. Artrocentese met HAinjecties, gecombineerd met orale GH, is effectief om de OHRQoL bij patiënten met
TMJ OA te verbeteren. De twee voorspelmodellen voor een lage OHRQoL bij patiënten met TMJ OA bij 1-maand en 6-maanden na artrocentese met HA-injecties lieten
zowel een goede interne validiteit, kalibratie en onderscheiding zien met voldoende
toegevoegde waarde voor klinisch gebruik. Bovendien speelde bij TMD-patiënten somatisatie een dominante rol bij het voorspellen van pijnintensiteit, terwijl depressie
een dominante rol speelde bij het voorspellen van pijn-gerelateerde invaliditeit. US
kan worden beschouwd als een nuttig beeldvormend middel ter aanvulling van klinisch
onderzoek bij patiënten met vermoedelijke DD’s.
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本论文研究了颞下颌关节紊乱病患者情况及治疗结局的相关内容，有助
于临床医师在临床实践中做相关决策。本章节主要目的是简要总结本论
文中涉及的主要研究。
在第二章中，我们研究了颞下颌关节骨关节炎患者的口腔健康相关生存
质量以及患者接受关节腔内注射透明质酸钠（一周一次，共五周）及口
服盐酸氨基葡萄糖（一次服用0.48克，每天三次，共三个月）后口腔健
康相关生存质量改善情况。本研究共连续纳入了211名由颞下颌关节紊
乱病研究诊断标准（RDC/TMD）诊断出颞下颌关节骨关节炎且完成了
五周的关节腔内注射透明质酸钠联合口服盐酸氨基葡萄糖治疗的患者。
纳入的患者在初诊时（T0）、第一次注射后1个月（T1）、3个月（T2
）、及6个月（T3）时分别完成了中文版14条目口腔健康影响程度量表
（OHIP-C14）。本研究显示相比健康中国人群的口腔健康相关生存质
量，颞下颌关节骨关节炎患者初诊时的口腔健康相关生存质量显著降
低。与初诊时口腔健康相关生存质量相比，患者在T1、T2及T3时的口腔
健康相关生存质量显著改善。患者的口腔健康相关生存质量在从T0到T1
以及T1到T2时均有显著改善，但从T2到T3时无明显改善。因此，本研究
得出结论：颞下颌关节骨关节炎对患者口腔健康相关生存质量有负面影
响；关节腔内注射透明质酸钠联合口服盐酸氨基葡萄糖治疗能够有效改
善患者口腔健康相关生存质量；该治疗的最大效果在患者第一次注射后
第三个月出现。因此，关节腔内注射透明质酸钠联合口服盐酸氨基葡萄
糖治疗是一种能够有效治疗颞下颌关节骨关节炎的方法。我们希望将来
有更多学者能够探索仅采用关节腔内注射透明质酸钠治疗和采用关节腔
内注射透明质酸钠联合口服盐酸氨基葡萄糖治疗在改善颞下颌关节骨关
节炎患者口腔健康相关生存质量方面是否存在显著差异。
在第三章中，我们评估了颞下颌关节骨关节炎患者口腔健康相关生存
质量与由Helkimo临床障碍指数（HDI）测量的颞下颌关节紊乱病症状
和体征严重程度间的相关性。本研究纳入了541个由RDC/TMD诊断为
颞下颌关节骨关节炎的患者。纳入患者相关的临床数据和OHIP-C14分
数被记录。HDI共包含五个纬度，即颞下颌关节功能障碍、咀嚼肌触压
痛、颞下颌关节触压痛、下颌运动疼痛及下颌运动范围受限。患者HDI
分数均介于1-25分之间，分数越高代表患者临床症状和体征越严重。
患者根据HDI分数高低被分为三个等级，等级越高说明患者HDI分数越
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高，因此颞下颌关节骨关节炎越严重。我们采用Spearman等级相关检
验分别评估HDI分数／等级与OHIP-C14总分的关联性；HDI纬度分数与
OHIP-C14 总分的关联性；OHIP-C14纬度分数与HDI总分／等级的关联
性；以及HDI纬度分数与OHIP-C14纬度分数的关联性。结果显示HDI总
分／等级与OHIP-C14总分显著正向相关；除了颞下颌关节功能障碍纬
度以外的所有HDI纬度分数与OHIP-C14总分显著相关；OHIP-C14所有
七个纬度分数均与HDI总分／等级显著相关；HDI纬度分数与OHIP-C14
纬度分数部分显著相关。因此，本研究得出结论：颞下颌关节骨关节炎
患者临床症状和体征严重程度与口腔健康相关生存质量显著相关。相比
HDI功能相关纬度，HDI疼痛相关纬度与患者口腔健康相关生存质量关
联性更强。本研究再次印证了以前研究的发现：疼痛是影响颞下颌关节
紊乱病患者口腔健康相关生存质量最重要的因素。
在第四章中，我们建立了能够预测颞下颌关节骨关节炎患者在完成关节
腔内注射透明质酸钠（每周一次，共四周）治疗1个月和6个月后口腔健
康相关生存质量的预测模型。该队列研究在基线时共纳入522名颞下颌
关节骨关节炎患者，而在1个月和6个月随访时分别有510名和463名患
者最终被纳入。患者在初诊时的病史及特征、临床检查及问卷被记录并
作为潜在预测因子。患者的口腔健康相关生存质量用OHIP-C14评估。
患者在初诊时的口腔健康相关生存质量被当作潜在预测因子之一，而在
完成治疗后1个月和6个月时的口腔健康相关生存质量被当作结局指标。
在分析时，患者的口腔健康相关生存质量被分为两类：口腔健康相关生
存质量低或正常。我们使用多变量二元逻辑回归分析建立该预测模型以
预测患者在随访时遭遇低口腔健康相关生存质量的风险。模型的内部有
效性、校正度、区分度及临床价值也被评估。在随访1个月的模型中，
有精神疾病史、更小的下颌最大前伸距离、更严重的肌肉和关节触压
痛、有白天磨牙、有偏侧咀嚼习惯以及在初诊时口腔健康相关生存质量
低的患者更可能在治疗完成后1个月时有低口腔健康相关生存质量。在
随访6个月的模型中，年龄较大、其他关节有疼痛、有精神疾病史、更
严重关节触压痛、有夜磨牙和白天磨牙、有偏侧咀嚼习惯以及在初诊时
口腔健康相关生存治疗低的患者更可能在治疗完成后6个月时有低口腔
健康相关生存质量。本研究结果显示两个逻辑回归模型均有良好的内部
有效性、合理的校正度以及良好的区分度。另外，两个模型在预测概率
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临界值时均有足够的临床增益价值纳入阳性结局患者（低口腔健康相关
生存质量）及排除阴性结局患者（正常口腔健康相关生存质量）。在临
床实践中，预测模型被转化为分数表和线图。该预测模型可在患者初诊
时告知临床医师该患者是否可能在接受关节腔内注射透明质酸钠治疗后
1个月或6个月时有低口腔健康相关生存质量。
在第五章中，我们评估了由颞下颌关节紊乱病诊断标准（DC/TMD）诊
断的颞下颌关节紊乱病患者疼痛强度及疼痛相关障碍与心理社会及人口
学因素（躯体症状、抑郁、压力、焦虑、白天嗜睡、乐观度、性别及年
龄）之间的关联性。本研究共纳入320名颞下颌关节紊乱病患者。每位
纳入患者的心理健康状态由心理问卷包括用于评估焦虑的7条目广泛性
焦虑量表（GAD-7）、评估躯体症状的15条目患者健康问卷（PHQ-15
）、评估抑郁情绪的9条目患者健康问卷（PHQ-9）、评估心理压力的7
条目心理压力量表、评估白天慢性嗜睡的Epworth嗜睡量表、以及评估
乐观度的修订版生活取向测验量表（LOT-R）评估。患者颌面部疼痛强
度及疼痛相关障碍由慢性疼痛等级量表（GCPS）评估。我们使用两个
多变量逻辑回归分析分别评估患者心理社会人口学因素与颌面部疼痛强
度的关联性以及与颌面部疼痛相关障碍的关联性。通过逐步后退法筛选
纳入模型的预测因子的逻辑回归分析结果显示疼痛强度仅与躯体症状显
著相关，而疼痛相关障碍仅与抑郁显著相关。疼痛强度与躯体症状的相
关以及疼痛相关障碍与抑郁的相关均是正向的。因此，在心理社会人口
学因子中，躯体症状在预测患者颌面部疼痛强度时有着主导作用，而抑
郁在预测患者颌面部疼痛相关障碍时有着主导作用。该结果印证了之前
文献的发现：颞下颌关节紊乱病患者慢性疼痛与心理因素相关。对于临
床医师而言，颞下颌关节紊乱病患者如果有更严重的颌面部疼痛（强度
和障碍方面），则该患者更有可能有躯体症状和抑郁。因此在临床实践
中，临床医师应该重点关注有严重颌面部疼痛的颞下颌关节紊乱病患者
的心理状态，必要时给他们提供心理支持。
在第六章中，我们辨别了哪些颞下颌关节紊乱病患者潜在的预测因子与
患者接受的治疗方式显著相关，并建立了一个能够在临床实践中预测
将来颞下颌关节紊乱病患者接受治疗方式的预测模型。本研究中原始队
列在基线时共纳入356名由DC/TMD诊断为颞下颌关节紊乱病的成年患
者。初诊时的患者特征及疾病特征被记录并作为模型的潜在预测因子。
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患者接受治疗的方式被作为模型的结局指标。患者接受治疗的方式是基
于多学科团队讨论达成的共识确定的，治疗方式包括无需治疗、仅物理
治疗、以及物理心理联合治疗。我们使用多变量多项逻辑回归分析建立
该预测模型。模型的内部有效性、校正度、区分度及外部有效性也被评
估。在最终模型中，患者年龄、焦虑、夜磨牙、疼痛相关颞下颌关节紊
乱病、需治疗的功能相关颞下颌关节紊乱病、性别、压力、下颌被动伸
展距离以及抑郁是预测患者接受治疗方式的显著预测因子。本研究结果
显示模型具有良好的内部有效性、合理的校正度、良好的区分度以及能
够接受的外部有效性。该预测模型转化为了分数表及线图以便于临床使
用。该模型提供了与患者接受治疗方式相关预测因子的信息，并为临床
医师，尤其是年资较浅的医师在对颞下颌关节紊乱病患者治疗方式做决
策时提供了指导。
在第七章中，我们基于系统评价评估了超声诊断关节盘移位的增益诊断
价值。我们使用PubMed和EMBASE搜索了评估超声诊断关节盘移位准
确度（以核磁共振为金标准）的相关文章，并使用QUADAS-2评估纳
入文章的方法学质量。使用Metadisc 1.4及Revman 5.3进行Meta分
析。最终一共有16篇文章用于Meta分析。超声在纳入和排除患者在闭
口位的关节盘移位、最大开口位的关节盘移位、可复性关节盘移位、以
及不可复性关节盘移位方面均具有足够的诊断价值。在亚组分析中，动
静态相结合的超声检查在纳入和排除患者在闭口位的关节盘移位和最大
开口位的关节盘移位方面的增益价值高于静态超声检查的增益价值。另
外，高分辨率超声在纳入和排除患者在闭口位的关节盘移位和最大开口
位的关节盘移位方面的增益价值高于低分辨率超声的增益价值。因此，
在使用核磁共振作为参考标准时，超声在纳入和排除关节盘移位的增益
价值足够。在临床需要确诊可疑的关节盘移位时，超声可被作为临床检
查基础上的有力补充工具。使用高分辨率超声以静动相结合方式检查的
诊断准确性更高。
总的来说，本论文发现颞下颌关节骨关节炎对患者口腔健康相关生存质
量有负面影响。患者口腔健康相关生存质量与患者临床症状和体征显著
相关。关节腔内注射透明质酸钠联合口服盐酸氨基葡萄糖能够有效改善
颞下颌关节骨关节炎患者口腔健康相关生存质量。用于预测颞下颌关节
骨关节炎患者接受关节腔内注射透明质酸钠治疗后1个月及3个月时口腔
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健康相关生存质量的两个预测模型均具有良好的内部有效性、校正度及
区分度，并在临床实践中具有足够的增益价值。另外，对于颞下颌关节
紊乱病患者而言，躯体症状在预测颌面部疼痛强度时有主导作用，而抑
郁在预测颌面部疼痛相关障碍时有主导作用。用于预测颞下颌关节紊乱
病患者接受治疗方式的预测模型具有良好的内部有效性、校正度、区分
度及外部有效性。对于关节盘移位患者而言，超声在临床诊断可疑关节
盘移位时可被作为临床检查基础上的有力补充工具。
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