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ABSTRACT

Objective: Perform a clinimetric analysis of the visual analogue scale (VAS) and active pain-free
mouth opening (PFMO) in patients with muscular temporomandibular disorder (mTMD).
Methods: Reliability (intraclass correlation coefficient=ICC), construct validity, responsiveness
(area under the curve=AUC), minimal detectable change (MDC), and minimal clinically important
difference (MCID) values were calculated.

Results: The VAS-24hr (ICC=0.59), VAS-7day (ICC= 0.54), and PFMO (ICC=0.86) exhibited accepta-
ble reliability. Both the VAS (AUC=0.96) and PFMO (AUC=0.87) exhibited a high level of respon-
siveness. The MCID was 15.5mm (VAS-24 and VAS-7day) and 3.5mm (PFMO) in the improved
group; and 27.5mm (VAS-24), 21mm (VAS-7day), and 6.6mm (PFMO) in the much-improved group.
The MDC was 9.6mm (VAS-24), 9.5mm (VAS-7day), and 6.1Tmm (PFMO). All outcomes demonstrated
strong construct validity (Pearson’s r; p<0.001)

Conclusions: All three outcome measures demonstrated acceptable clinimetric properties in
patients with mTMD at the 3-month follow-up. The MCID lies outside measurement error in all
outcomes in the much-improved group.
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Introduction a lack of large-scale high-quality evidence supporting
the clinimetric properties of these routinely used out-
comes in patients with mTMD. Although the VAS has
acceptable clinimetric properties in common musculos-
keletal [7-10] and non-musculoskeletal [11] conditions,
currently there is no reliable data on the VAS in patients
with mTMD. In regard to measures of mouth opening,
only two small studies have reported reliability of max-
imal mouth opening (MMO), ranging from 0.85 to 0.96
[12-14], and only one study indicated good reliability
(0.78) of active pain-free mouth opening (PFMO) [12].
Minimal detectable change (MDC) values for MMO
range from 6 to 14 mm [14,15]. Lastly, just one smaller
high-quality analysis (n = 61; 100% female) reported the
meaningful clinically important difference (MCID) of
the VAS (range: 0 to 19 mm) and MMO (range: 2.5 to
2.7mm).> A recent randomized clinical trial (RCT)
compared these outcomes (VAS & PFMO) in mTMD

Temporomandibular disorders (TMDs) are considered
a group of conditions that may cause signs and symp-
toms, such as orofacial pain and dysfunction of muscu-
loskeletal origin [1]. TMDs are often complex, affecting
the temporomandibular joint and its related structures
including the articular disc, joint capsule and muscles of
mastication [2]. The overall prevalence of TMD is esti-
mated to be 31% in adults/elderly and 11% in children/
adolescents [3]. Conservative management of muscular
TMD (mTMD) includes strategies that impact anatomic
structures directly related to the specific etiology,
including the upper cervical spine, joint capsule, articu-
lar disc and muscles of mastication, specifically the
superior and inferior head of the lateral pterygoid [4].
The visual analogue scale (VAS) and measurements of
mouth opening are commonly used outcome measures
in patients with mTMD [5,6]. Unfortunately, there is
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patients (n =120) receiving treatment with an interoc-
clusal appliance, NSAIDs and joint mobilization to the
temporomandibular joint (TM]) or upper cervical spine
manipulation and electrical dry needling to the muscu-
lar/periarticular regions associated with mTMD [16].
The purpose of this study was to address the outcome
data from this previous trial [16] and comprehensively
analyze the reliability, construct validity and responsive-
ness of the VAS and measures of PFMO in this large
sample of patients treated with mTMD.

Materials and methods

A secondary clinimetric analysis of a prior multicenter
randomized clinical trial [16] was performed on con-
secutive individuals (n = 120) with chronic (i.e., greater
than 3 months) mTMD. The original trial was approved
by the ethics committee at [anonymised] and was pro-
spectively registered (ClinicalTrials.gov:[anonymised]).
To be eligible, patients had to be at least 18 years old and
meet the following criteria: (1) a clinical diagnosis of
mTMD consistent with the Revised TMD group 1
Muscle Disorders Diagnostic Algorithm [17], (2) TMD
symptoms for at least 3 months, and (3) an intensity of
TMD symptoms of at least 30 mm on the VAS (0-100-
mm) [18,19]. Patients were treated once or twice per
week over a 4-week period with either an interocclusal
appliance, NSAIDs (diclofenac), and non-thrust joint
mobilization to the TM] or upper cervical spine manip-
ulation and electrical dry needling (EDN) [16].
Exclusion criteria and specific treatment procedures
can be found in the original trial [16].

Outcome measures

The primary outcome was jaw pain intensity over the
last 7 days, as measured by the VAS. Secondary out-
comes included jaw pain intensity over the past 24 hr
(VAS), active pain-free mouth opening (mm), and the
Global Rating of Change (GROC). VAS ratings were
analyzed at 3-months follow-up. The VAS consists of
a 100 mm line, whereby the left side (starting from
0 mm) represents “no pain” and the right side (ending
with 100 mm) represents “the worst pain imaginable.”
Patients were asked to make a mark on the line at the
position that best represents their average pain intensity
over the last 7 days. The VAS is an efficient, reliable and
valid method of measuring subjective pain intensity in
various patient populations, to include TMD [20-23].
The minimal clinically important difference (MCID) for
the VAS has been shown to be 9-11 mm [24,25], and the
minimal detectable change (MDC) for pain related to

TMD is 10 mm to 14 mm in patients with TMD/juvenile
idiopathic arthritis [15]. The MCID of the VAS in
patients with TMD has been reported to range from
Omm to 6mm for moderately improved patients
(GROC +1 to+3) and 2.0 mm to 19mm for largely
improved patients (GROC = +4 to + 7) with TMD [5].

Maximum mouth opening (MMO) or active, pain-
free mouth opening (PFMO) are commonly used out-
comes to measure functional improvements in
patients with TMD [18,26,27]. In the original trial
[16] PFMO was used and measured as follows: the
patient was asked to open their mouth as wide as
possible without causing pain, from a supine position.
At the end position, the distance between the upper
and lower central incisors was measured in mm, and
the average was taken over three attempts. Test-retest
reliability of MMO (ICC=0.85) and PFMO (ICC=
0.78) has been found within various diagnostic cate-
gories of TMD [12,13]. Test-retest reliability
(Pearson’s r) for MMO has also been reported to
vary between 0.90 and 0.96 [14]. Prior studies have
identified 6 mm to 9 mm as the smallest detectable
change on MMO [14], while an MCID of 2.5mm
and 2.7mm has been reported [5]. However, in
patients specifically with mTMD, the MDC and
MCID for PFMO remains to be established.

Patients also completed a 15-point GROC scale
described by Jaeschke et al. [28] The scale ranges from
—7 (a very great deal worse) to zero (about the same) to
+7 (a very great deal better). Scores of +3 to+5 are
commonly used to identify “improved” versus “stable”
(-2 to+2) patients for psychometric/clinimetric ana-
lyses [29-31].

Data analysis

We categorized patients into three non-mutually exclu-
sive groups at the 3-month follow-up based on their
GROC scores: (a) those scoring from -2 to+2 were
considered clinically stable (minimal to no change); (b)
those scoring >+3 (improved); and (c) those scoring >+5
(much improved). Patient variables for the improved
(GROC 23 points) and stable (GROC -2 to + 2) groups
were compared at baseline using independent ¢-tests for
continuous data and chi-square tests for categorical data.
Patients could be classified into more than one group, as
these different groups were used for one or more analyses
of reliability, validity, and responsiveness. Our main ana-
lysis focused on patients who were stable and those who
reported being improved at the 3-month follow-up,
whereas the groups reporting being much improved
were used for clinical comparative analysis.
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Test-retest reliability was examined for the VAS-
24 hr, VAS-7day, and PFMO using “stable” patients
by comparing scores at the initial examination with
those at the 3-month follow-up. The intra-class cor-
relation coefficient (ICC) was calculated according to
the procedure described by Shrout and Fleiss [32].
Values <0.50 indicate poor reliability, while values

between 0.50-0.75, 0.75-0.90, and >0.90 denote
moderate, good, and excellent agreement,
respectively.

Construct validity of the VAS-24 hr, VAS-7day, and
PFMO was examined by comparing the change in out-
come scores for the “stable” and “improved” groups
using separate, two-way mixed-model analyses of var-
iance for the repeated measures at baseline and reeva-
luation. We hypothesized that “‘stable™ patients in each
group would have VAS-24 hr, VAS-7day, and PFMO
intake values that did not change, whereas patients
classified in the improved categories would demonstrate
a significant change in their values. This would be
represented by a significant group x time interaction.
Pearson’s r correlation coeflicient was also examined
between all outcome measures.

Responsiveness, the ability of a measure to recog-
nize change when change has occurred, was assessed
for the VAS-24 hr, VAS-7day, and PFMO using the
clinically “‘stable,” and “improved” groups at the
3-month follow-up point. Receiver operator charac-
teristic (ROC) curves [33] were constructed by plot-
ting sensitivity values (true-positive rate) on the
y-axis and 1-specificity values (false-positive rate) on
the x-axis for each level of change score. Separate
ROC curves were constructed for the VAS-24hr,
VAS-7day, and PFMO. The area under the curve
(AUC) and the 95% CI were obtained as a method
for determining the ability of each measure to distin-
guish improved patients from stable patients in each
category. An AUC of 0.50 indicates that the measure
has no diagnostic accuracy beyond chance, whereas
a value of 1 suggests perfect accuracy [33]. MCID, the
smallest difference that patients perceive as beneficial,
was calculated by identifying the point on the ROC
curve nearest to the upper left-hand corner, which is
considered to be the best cutoff score for distinguish-
ing improved and stable patients [22]. Sensitivity and
specificity values for the selected cutoff scores were
also calculated. MDC, the amount of change that
must be observed before the change can be consid-
ered to have exceeded measurement error, was calcu-
lated by determining the standard error of
measurement (SEM) for the VAS-24hr, VAS-7day,
and PFMO in the stable group (n=23) from the
ICC reliability analysis. The SEM was calculated

with the formula SD/IIn, where SD is the standard
deviation of the change score values and n= the
sample size. The SEM was multiplied by 1.65 to
determine the 90% CI (MDC90), and then multiplied
by the II2 to account for the errors taken with
repeated measurements.

Results

One hundred and twenty patients satisfied the inclusion
and exclusion criteria, completed the study, and were
included in data analysis. Baseline characteristics are
located in Table 1. The mean GROC score for all
patients included in the analysis at the 3-month follow-
up was + 3.8 (SD + 2.6). The mean GROC score for the
improved vs. stable groups was + 5.2 (SD + 1.4) and +
0.9 (SD + 1.2), respectively. At the 3-month follow-up,
83 (69.2%) patients were classified as improved, and 35
(29.2%) remained stable. There was a significant differ-
ence (p<.001) in mean change scores between stable
and improved patients for the VAS-24 hr, VAS-7day,
and PFMO, at the 3-month follow-up (Table 2).
Additionally, all three outcome measures exhibited
strong construct validity (Pearson’s r ranging from
0.57 to 0.85, Table 4)

The test-retest (ICC) values and MDC calculated
from the stable patients are reported in Table 3. At the
3-month follow-up, the VAS-24 hr (ICC: 0.59, 95%CI
0.20-0.80) and VAS-7 day (ICC: 0.54, 95%CI 0.16-0.76)
had fair reliability, while PFMO had excellent reliability
(ICC: 0.86, 95%CI 0.67-0.94). At 3-months, the MDC
was 9.6 mm, 9.5mm and 6.1 mm for the VAS-24 hr,
VAS-7 day and PFMO, respectively.

The VAS-24 hr, VAS-7 day and PFMO all demon-
strated excellent responsiveness (AUC range: 0.87 to
0.96) and are reported in Table 3. Individual ROC
curves can also be found in Figure 1. The MCID thresh-
old and the sensitivity/specificity associated with each
cutoff score are also located in Table 3. In the improved
group (GROC +3 to +7), the MCID was 15.5 mm for
the VAS-24 hr, 15.5 mm for the VAS-7 day and 3.5 mm
for PEMO. In the much-improved group (GROC +5 to
+7), the MCID was 27.5mm for the VAS-24 hr,

Table 1. Baseline characteristics.

Outcome Measures N=120
Gender: male/female 30/90
Age: yrs. 416128
Weight: kg 73.0+£145
Years with jaw pain 7179
Visual Analogue Scale — 24hrs (0-100) 49.2+143
Visual Analogue Scale — 7 days (0-100) 53.7+13.6
Active Pain Free Mouth Opening (mm) 321+73
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Table 2. Difference between change scores from baseline to 3-months follow-up on outcomes measures.

Improved Stable
GROC (+3to+7) N=83 GROC (-2to+2) N=35 Mean Difference
Outcome Measure Mean (SD) Mean (SD) (95% Cl) P
VAS-Past 24hr (mm) 35.43 (16.8) 7.37 (10.7) 28.1 (22; 34.2) p <.001
VAS-Past 7 days (mm) 39.06 (18.0) 7.91 (11.5) 31.2 (25.1; 37.2) p <.001
Active Pain Free Mouth Opening (mm) 10.24 (7.1) 2.06 (3.6) 8.9 (2.4, 14.0) p < .001

VAS = visual analogue scale (0-100), Active Pain Free Mouth Opening (mm), GROC = global rating of change, SD=standard deviation, Cl = confidence interval.

Table 3. Clinimetric properties of patient-rated outcome measures used for temporomandibular disorder.

AUC MCID MCID
95% CI Sn; Sp AUC Sn; Sp ICC
Improved Improved 95% Cl Much Improved 95% Cl
Outcome (GROC+3to+7) (GROC +3to+7) Much Improved (GROC +5to +7) Stable
Measure N=283 N=283 (GROC +5 to+7) N=60 N=60 (GROC=-2to+2) N=35 MDC
VAS-24hr (mm) 0.93 15.5 0.96 27.5 0.59 9.6
0.88; 0.98 0.94; 0.84 0.92; 0.99 0.90; 0.90 0.20, 0.80
VAS-7 days (mm) 0.94 15.5 0.96 21.0 0.54 9.5
0.90; 0.99 0.95; 0.81 0.93; 0.99 0.95; 0.87 0.16; 0.76
Active Pain Free 0.86 35 0.87 6.5 0.86 6.1
Mouth Opening (mm) 0.79; 0.92 0.81; 0.73 0.80; 0.94 0.83; 0.82 0.67; 0.94

VAS = visual analogue scale (0-100), AUC = area under the curve, GROC = global rating of change, MCID = minimally clinically important difference, Sn =
sensitivity, Sp = specificity, ICC = intraclass correlation coefficient, Cl = confidence interval, MDCyy = minimal detectable change.

Table 4. Pearson'’s correlation coefficient (r).

VAS-24hr s VAS-7 day s GROC
Outcome Measures r (95% Cl) r (95% Cl) r (95% Cl)
Pain Free Mouth Opening 0.57 (0.44; 0.68) 0.60 (0.48; 0.71) 0.61 (0.48; 0.71)
p <.001 p <.001 p <.001
VAS-24 hr — 0.85 (0.79; 0.86) 0.76 (0.68; 0.82)
p <.001 p <.001
VAS-7 days — — 0.82 (0.75; 0.87)
p <.001

VAS = visual analogue scale (0-100), GROC = global rating of change, GROC = global rating of change scale, Cl-

confidence interval.

RQC Curve

Sensitivity

~— Active Pain Free Mouth Opening
= Jaw Pain Intensity Past 24 Hours
= Jaw Pain Intensity Last 7 Days
—Reference Line

0.2

0.0
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Figure 1. Receiver operating curves for all outcomes.

21.0 mm for the VAS-7 day and 6.5 mm improvement
for PFMO.

Discussion

This study comprehensively examined the clinimetric
properties of the VAS (24 hr and 7day) and PFMO in
patients successfully treated with chronic mTMD at
a 3-month follow-up. The VAS-24 hr, VAS-7 day and
PEMO exhibited acceptable reliability, strong construct
validity, and a high-level of responsiveness in this
patient population (Tables 2-4, Figure 1).

Regarding reliability of the VAS, no prior studies
have reported data for patients with chronic mTMD.
Our results found only moderate reliability of the VAS-
24 hr (ICC =0.59) and VAS-7 day (0.54) in this patient
population, and this may be a result of self-report
dependency [34]. Although the moderate reliability of
the VAS may be statistically acceptable, clinicians and
researchers should use caution when solely using
PROMs in patients with TMDs. Using both PROMs
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and physical objective outcomes including MMO/
PFMO may give a better estimate of improvement.
Prior test-retest, reliability of MMO (ICC=0.85) and
PFMO (ICC=0.78) has been reported within mixed
diagnostic categories of TMD [12], while a single dated
study examined 25 patients with painfully restricted
TMD and reported reliability (Pearson’s r) to be
between 0.90 and 0.96 [14]. Unfortunately, Pearsons’
r only gives a sense of “relative reliability”, lacking
clinical discernment to systematic measurement errors
[35]. Our data suggests that measures of PFMO have
excellent reliability (ICC = 0.86) at the 3-month follow-
up in patients with mTMD (Table 3).

In the current study, the responsiveness values of the
VAS (AUC range: 0.93 to 0.94) in the improved group
(GROC: +3 to +7) are in contrast with prior clinimetric
analysis of a moderately improved group (GROC: +1 to +
3) with TMD (VAS: AUC range 0.62 to 0.69) [5].
However, in the same analysis [5], the largely improved
group (GROC +4 to +7) had more comparable respon-
siveness of the VAS (AUC range=0.81 to 0.87) to the
much improved group (GROC:+5 to +7) in the current
analysis (AUC=0.96). The responsiveness of mouth
opening measures in the current study (PFMO: AUC =
0.86; Table 2) is also in contrast to prior findings (MMO:
AUC range = 0.57 to 0.65) [5]. To compare and contrast,
the Calixtre et al [5] study included # = 61 female patients
(18 = moderately improved; 13 = largely improved), while
the current study included a larger sample of 120 male and
female patients (83 = improved; 63 = much improved:
Tables 1 and 2). Furthermore, the analysis by Calixtre et al
[5] was performed based on a 5-week follow-up rather
than the 3-month follow-up used in the current study.

In the current study, the MDC/MCID of the VAS-
24 hr was 9.6 mm/15.5 mm in the improved group and
9.6 mm/27.5mm in the much-improved group. The
MDC/MCID for the VAS-7 day was 9.5 mm/15.5 mm
in the improved group and 9.5/27.5 in the much-
improved group. The smallest detectable change
(10mm to 14mm) has been assessed in 33 TMD
patients with juvenile idiopathic arthritis [15].
Importantly, the aforementioned study had a mean age
of 14 year [15] and may not be generalizable with the
findings of our current study (mean age =42 years).
Notably, the Calixtre et al [5] study did not report the
MDC; however, the MCID of the VAS ranged from
Omm to 6 mm for the moderately improved group
and 2.0 mm to 19 mm in the largely improved group.
Regarding mouth opening measures, the MDC/MCID
of PFMO in the current study was 6.1 mm/3.5 mm in
the improved group and 6.1 mm/6.5 mm in the much-
improved group. Kropmans et al [14] reported 6-9 mm
as the “smallest detectable difference” of MMO in 25

patients with TMD at the one week follow-up, while
Calixtre et al [5] reported the MCID of MMO was
2.5mm for the moderately improved group and
2.7 mm in the largely improved group. The contrast in
sample size, age/gender distribution, statistical meth-
ods/description of the MDC, and follow-up time frames
may be components swaying these differences between
studies. Furthermore, the inclusion of “pain-free”
mouth opening in the current study vs. “maximal”
mouth opening in prior studies may have had an impact
on the difference in measurements, and hence the clini-
metric outcomes. We suggest readers to refer to Table 3
for a summary of the clinimetric properties of VAS and
PFMO in patients with TMD.

In regard to construct validity, all three outcome
measures demonstrated strong correlation with each
other (Table 4). Additionally, the original RCT,
Dunning et al [16] found significant between group
differences in pain, PEMO, and the GROC, favoring
the spinal manipulation and EDN group. In contrast,
a small RCT [36] investigated the addition of cervical
spine thrust-manipulation to a treatment program of
behavioral education, soft tissue mobilization and
home exercise in patients with TMD. The results sug-
gested there were significant differences between groups
in PROMs of jaw function, fear of movement, and the
GROC favoring the spinal manipulation group [36].
However, there was no interaction between groups
with MMO and the NPRS [36]. Although the RCT by
Reynolds et al [36] lacks clinimetric analysis, and lim-
ited statistical comparisons can be made to the current
study, the differences in sample size (n-120'® vs. n=
50°°), baseline jaw pain scores (5.4' vs. 3.7°°), the use of
PEMO [16] vs. MMO [36], a more robust treatment
group treating pain mechanisms (spinal manipulation
+ EDN) [16], and follow-up time frames (3-month [16]
vs. 4-week [36] may have had an effect on the difference
in outcomes between the two RCT's [16,36], and positive
clinimetric outcomes of the current study.

Study limitations

The current analysis does not come without limitations.
First, our results may not be generalizable to all gender
sample imbalances, subgroups, diagnostic categories,
and available interventions/outcome measures in
patients with mTMD. Our analysis included only those
patients with mTMD involved in the original rando-
mized clinical trial, including two standardized treat-
ment interventions and two standardized outcome
measures. Second, the results are short-term in nature,
not expanding beyond 3-month follow-up. Third, self-
reported pain scores could introduce bias due to
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subjective interpretation. Future research should
address the above limitations, and any innovative tools
used for assessing outcomes in patients with mTMD.

Conclusion

To date, this is the largest comprehensive clinimetric
analysis of pain (VAS) and PFMO in patients treated
with mTMD. Our results suggest that the VAS and
PFMO both exhibited acceptable reliability, strong con-
struct validity and a high level of responsiveness over
time. To be considered clinically meaningful, clinicians
and researchers should expect a 15.5mm change on
both VAS scales, and a 3.5 mm increase with PFMO in
improved patients at the 3-month follow-up. In patients
that reported being much-improved, a 21 mm change
(VAS-24 hr), a 27.5mm change (VAS-7 day), and
a 6.5 mm improvement with PFMO should be expected.
The MCID found in improved group should be consid-
ered, as it lies outside measurement error in all three
outcomes.
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