UNIVERSITY OF AMSTERDAM
X

UvA-DARE (Digital Academic Repository)

Patients profiles and outcomes of care in temporomandibular disorders

Su, N.

Publication date
2018

Document Version
Other version

License
Other

Link to publication

Citation for published version (APA):
Su, N. (2018). Patients profiles and outcomes of care in temporomandibular disorders.
[Thesis, fully internal, Universiteit van Amsterdam].

General rights

It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations

If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, P.O. Box 19185, 1000 GD Amsterdam, The Netherlands.
You will be contacted as soon as possible.

UVA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)
Download date:08 Oct 2026


https://handle.uba.uva.nl/personal/pure/en/publications/patients-profiles-and-outcomes-of-care-in-temporomandibular-disorders(8e8ad73c-ef64-43be-bdc6-4021201c3882).html

CHAPTER 6

A prediction model for types of
treatment indicated for patients
with temporomandibular joint disorders

This chapter has been submitted to
Journal of Oral & Facial Pain and Headache as:

Su N,Visscher CM, van Wijk AJ, Lobbezoo F, van der Heijden GJMG.A prediction
model for types of treatment indicated for patients with temporomandibular joint

disorders.
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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 pa-
tients 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 treat-
ment (NT), physical treatment only (PTO) including splint or/and physiotherapy, and
combined physical and psychological treatment (CPPT). Multinomial logistic regres-
sion analysis was used to develop the prediction model. The internal validation, cali-
bration, 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-re-
lated 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 pro-
files 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 [|], which manifests clinically as pain in the TMJ or mas-
ticatory 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, behav-
ioral, and social factors [3]. Nowadays, various reversible and conservative methods of
physical treatments have been commonly adopted in TMD patient care, such as phys-
iotherapy, splint, and pain education [2,4,5]. Research evidence suggests that psycho-
social 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 presenta-
tion 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 treat-
ment 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 charac-
teristics 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’ de-
cision-making. Moreover, data collected while following conventional practice may
provide a framework for identification of factors that weigh most strongly on deci-
sion-making on which treatment is indicated.

Therefore, the aims of the present study were to () identify potential predictors in
patient profiles that allow prediction of types of treatment indicated for TMD pa-
tients, 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 orofa-
cial 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 char-

acteristics, and diagnosis based on DC/TMD, were collected and documented (Table
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l). 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 diag-
noses 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 displace-
ment, 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 lim-
ited 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-re-
lated 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 in-
cluding 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 | can take on scores of 0 (no pain), | (pain comes and goes),and 2 (pain is always

present). ltem 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 [I I]. Orofacial chronic pain intensity was assessed using the Characteristic
Pain Intensity (CPI) scale from the GCPS [I ].The score of CPl 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 O 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 I).

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 brux-
ism (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),“< | night per
month” (I),“l-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 (l),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 I5-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-I15 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’ de-
pression 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 (I),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 indi-

cates 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 ).

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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Outcomes

The type of treatment that was indicated for each patient (NT, PTO, or CPPT) was ex-
tracted 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 multidis-
ciplinary 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-cat-
egorical outcome (NT, PTO, and CPPT) by using the chi-square test for categorical pre-
dictors 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 multino-
mial logistic regression analyses, NT was regarded as the reference outcome category. If
a multinomial regression model has very diverse outcome categories, that is, each out-
come 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 predic-
tors 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 regres-
sion 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:
(modelX?-df)/ modelX?,

where modelX? 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 probabil-
ities 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 multi-
variable 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 com-
mon 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 multino-

mial 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 R% which is between 0
and |, means that how many percentages of variation in outcomes can be explained by

the model. The higher R? 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);
exp(LPcppt)
PCPPT L exp(LPcppt)+exp(LPpto).
where

LPpto = linear predictor of PTO = B0, + Bl XI + ... + Bi_ Xi;

LPcppt = linear predictor of CPPT = 30 X1+ .+ Biger Xi

crer T Bl CPPT
As the sum of predicted probabilities of each outcome category in any logistic model
is |, the probability of receiving NT can be predicted with P =I- P, - P, [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 shrunk-
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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 deriva-
tion 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 multino-
mial 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 R?).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 includ-
ed patients, 279 (78%) were female and 77 (22%) were male.The mean age (standard
deviation, SD) was 44 (I5) for females and 40 (14) for males. The distributions of
potential predictors based on types of treatment indicated for TMD patients are pre-
sented in Table 1.

The univariate associations between the potential predictors and the types of treat-
ment indicated for TMD patients are presented in Table 1. In total, all the 17 pre-
dictors, except for the predictor “Has the patient previously undergone treatment
for the complaint?” (P = 0.473), were significantly associated with the types of treat-

ment 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.VWWhen 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 out-
come.When CPPT was compared with NT, age, anxiety, sleep bruxism, pain-related
TMD, function-related TMD with treatment need, gender, stress, and stretch of assist-

ed mouth opening were significantly associated with the outcome.
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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. | A-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%Cl: 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 R? of the model was 0.5, which showed that the model had a good over-
all 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 | 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 |.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. I D-1F, Fig. 2D-2F, Table 4).
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Fig. I. 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 | I5); 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 | 10 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 predic-
tion 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 psycho-
logical 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%Cl:0.71 0.81); C represents the ROC areas of combined physi-
cal and psychological treatment vs. no treatment + physical treatment only in the derivation cohort with a
AUC of 0.83 (95%Cl: 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%Cl:
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%Cl: 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%ClI: 0.70 0.84).
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Table 3 Score chart of the multinomial model for prediction of types of treat-
ment indicated for TMD patients (N=356)

Physical treatment only Combined physical with psychological treatment

Age 218 100-Age  Age 218 100-Age

Pain-related TMD No 0 Pain-related TMD No 0
Yes 39 Yes 61

Stress Somewhat/Quite/ 0 Stress No/Somewhat 0
much Quite/much/ 28
Ivery much very much
No 23

PHQ-9 Moderate-severe 0 GAD-7 No 0
Mild 34 Mild/Moderate/ 24
No 37 severe

Sumscore for physical treatment only (Sp): Sumscore for combined physical with psychological
treatment (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 sum-
score 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%Cl) Pearson Goodness-of-  Shrinkage =~ Nagelkerke R?
fit test factor
NT PTO CPPT Chi-square P value
Derivation  0.86 0.76 0.83 669.665 0.288  0.89 0.51
cohort (0.820.90) (0.710.81) (0.790.87)
Validation ~ 0.83 0.71 0.77 270.248 0326 0.8l 0.58
cohort (0.75091) (0.630.78)  (0.70 0.84)

AUC:Areas under the curve; NT: No treatment; PTO: Physical treatment only; CPPT: Combined physi-
cal 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 se-
vere 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-re-
lated TMD, function-related TMD with treatment need, stress, and stretch of assist-
ed 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, anx-
iety 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 discrim-
inate 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 deci-
sion-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 pa-
tient-tailored treatment plans for TMD patients.

For clinicians, it is important to know whether the TMD patient should receive treat-
ment or not,and if so, whether this may be physical treatment only or should be com-
bined 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 con-
sistent. 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 dif-
ferent 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 prob-
ability for PTO was around 84% while that for CPPT was around 16%.The predicted
probability for NT can be calculated by |-84%-16%=0%. Therefore, the clinician can
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make a decision that PTO is indicated for this patient, because the predicted probabil-
ity 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 ne-
cessitates 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 mul-
tinomial model, with three outcome categories, each predictor has been estimated
twice and has two regression coefficients. So, EPV should be 2 20 in the multinomial
regression model [I8]. 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
Variables PTO CPPT

SB (Yes) 33 39

Function-related TMD with treatment need (Yes) 30 28

Stretch of assisted mouth opening (Yes) 87 62

GAD-7 (Mild anxiety) e 24

Sumsocre 306 274

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

PTO: Physical treatment only; CPPT: Combined physical and psychological treat-
ment; 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 pa-
tients 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 predic-
tion 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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