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Abstract
The aim is to assess the associations of jaw functional limitation and jaw overuse
behavior with pain modified by function as a required diagnostic criterion for painful
temporomandibular disorders. This cross-sectional study from the TMJ Impact Project
utilized secondary data analyses of 249 participants who met the inclusion criteria of
having facial pain in the prior 30 days and valid responses to the pain modified by
function (Items 4A–D derived from the Diagnostic Criteria for Temporomandibular
Disorders (DC/TMD) Symptom Questionnaire). Independent t-tests (alpha = 0.05) were
used to assess the associations between pain modified by function items with similarly
assessed concepts from the Jaw Functional Limitation Scale (JFLS) and Oral Behavior
Checklist (OBC). The magnitude of each association was converted to an effect size for
interpretation. Pain modified by mastication (item A) and jaw mobility (item B) were
significantly associated with the corresponding JFLS items (effect sizes <0.1–1.0) and
exhibited a hierarchical pattern. Pain modified by jaw overuse behaviors (item C) was
associated with the corresponding OBC items (effect sizes <0.1–0.8). Pain modified
by other functions (item D) exhibited associations with the corresponding JFLS items
(effect sizes 0.5–0.9). Pain modified by function is an integral part of musculoskeletal
disorders and anchored to the interoceptive body experience. Results indicate that the
DC/TMD pain modified by function questions used as diagnostic criteria have sufficient
scope and the responses fit with data measuring related constructs pertaining to etiology
(OBC) or consequences (JFLS).
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1. Introduction

Among the various types of musculoskeletal (MSK) disorders,
one feature shared in common is pain modified by function
which refers to whether pain is altered (either improved or
worsened) in response to function or physical activities [1, 2].
Function refers to a physiological action or property performed
by any of the body organs [3], while physical activity refers
to any skeletal movement that necessitates the expenditure of
energy, which includes activities such as playing, working,
active transportation, home chores and exercise [4]. The inclu-
sion of pain modified by function or parafunction (henceforth,
modified by function) in the diagnostic criteria for various
MSK disorders is intended to identify a specific tissue as
being a potential source of nociception, with nociception as
the marker of assumed tissue abnormality underlying the MSK
disorder. The individual report of pain modified by function
is interpreted to reflect this underlying nociceptive process
wherein pain reports aid in localizing the source of nociception.

For example, costochondritis is a painful MSK disorder in
which the chest wall is the source of nociception, and function
such as breathing aggravates the pain which allows identifying
the chest wall as the nociceptive source [5]. Taken further,
the incorporation of pain modified by function as a diagnostic
criterion for an MSK disorder formally assists in ruling out
other types of pain such as heterotopic pain [6]. Heterotopic
pain is pain perceived in a location other than the true source
of nociception [7].

The MSK disorders literature was searched across different
areas of medicine in order to assess how pain modified by
function has been implemented, that is, as a feature or as a
mandatory diagnostic criterion, in order to further shape our
study aim. The following databases were consulted: Medline,
CINAHL, Embase, Web of Knowledge, PsycInfo and Scopus.
The search strategy included any combination of the following
key terms: pain, movement, modify and physical activity.
Specific references [5, 8–17] were selected across a variety
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of journals and various MSK disorders and are summarized
in Table 1. Overall, the medical literature does not appear
to use the concept pain modified by function as a mandatory
diagnostic criterion; rather, it was described more so as an
MSK disorder characteristic.
For MSK disorders affecting the masticatory system, con-

sensus emerged in 2014 regarding the incorporation of pain
modified by function as a necessary and clearly stated criterion
[18, 19]. Specifically, the Diagnostic Criteria for Temporo-
mandibular Disorders (DC/TMD) requires clinical examina-
tion and history components for pain modified by function
[18], which apparently is somewhat unique within the med-
ical literature for MSK disorders. The history component is
assessed using the self-report instrument Symptom Question-
naire (SQ) which includes four questions (A–D) regarding pain
modified by function [20]. These questions address a spectrum
of frequent jaw functions from the domains of mastication, jaw
mobility, jaw overuse behaviors and other functions known to
be associated with painful TMDs. More broadly, the inclusive
range of functions assessed for the masticatory system parallel
the kinds of functions thatmodify pain for otherMSKdisorders
(see Table 1) [18, 21].
In addition to the SQ, the Jaw Functional Limitation Scale

(JFLS) and the Oral Behaviors Checklist (OBC) separately
assess jaw functions but in a manner that conceptually overlaps
with the SQ assessment. The JFLS is comprised of three
subscales: mastication, mobility and communication, each
of which assesses a range of limitation in functioning [22,
23]. For example, the JFLS measures the extent of limitation
associated with chewing. The OBC is a self-report instrument
that assesses the frequency of 21 oral behaviors [24, 25].
For example, the OBC assesses the frequency of awake teeth
clenching.
A comparison between pain modified by function, as as-

sessed by SQ 4A–D, and similarly assessed concepts from the
JFLS and OBC may indicate the extent to which responses
to the pain modified by function questions in the SQ reflect
alterations in an MSK structure, befitting the status of the
questions as diagnostic criteria. Alternatively, this comparison
may help clarify if responses to the questions in the SQ are
influenced more broadly within the biopsychosocial model
and perhaps with less than assumed specificity for local tissue
alterations sufficient as potential nociceptive sources. The SQ,
for example, assesses whether chewing tough or hard food
aggravates pain with a dichotomous response, while the same
function could also be indirectly assessed in the JFLS as the
extent of functional limitation ranging from no limitation (0,
on the rating scale) to severe limitation [10]. A moderate
association would be expected between some of the variables
within these two domains since limitation in such function
is also an expected part of an MSK disorder; such findings
would remain consistent with pain modified by function as
indicative of tissue alteration. However, a large association
would point to potential lack of sufficient distinction between
the constructs of painmodified by function and of limitation. A
small association would point to an unexpected greater extent
of factors other than limitation in function contributing towards
the pain being modified by function.
Similarly, the frequency of overuse behaviors would be

expected to have a parallel predictedmoderate association with
similar functions that modify the pain. For example, teeth
clenching is a behavior known to contribute to the development
of TMD [26]. On the contrary, extremely large or small asso-
ciations between such behaviors and the corresponding pain
modified by function question would represent concerns about
understanding what pain modified by function is intended to
represent.
The overall aim of the study was to assess the associations

between pain modified by function and, as appropriate, jaw
functional limitation and jaw overuse behavior.

2. Methods

2.1 Study sample and design
The study sample was obtained from the TMJ Impact Study
which is a longitudinal follow up study from the Research
Diagnostic Criteria for Temporomandibular Disorders
(RDC/TMD) Validation Project (2001–2007). A complete
description of the Validation Project’s methods and recruitment
process as well as of the participant characteristics is available
[27–31]. In brief, the Validation Project was a multicenter
project conducted at the University at Buffalo, the University
of Minnesota and the University of Washington. It included a
final sample of 720 subjects (614 TMD cases, 91 controls and
15 unclassified) recruited from both community and clinic
settings. The inclusion and exclusion criteria are described
elsewhere [29].
The TMJ Impact Study enrolled 401 subjects from among

the Validation Project participants who remained available 8
years later. The sample size was based on block recruit-
ment, according to Validation Study diagnosis, in order to
obtain balanced diagnostic subgroups at follow-up. Clinical
measures for diagnosis were administered similarly to the
current DC/TMDAxis I protocol. A pre-publication version of
the DC/TMD Symptom Questionnaire (SQ) was administered
[20]. Three participants reported (using the SQ) that they
had jaw pain in the past 30 days while reporting (during the
exam, in which both time frame and location are anchored very
specifically) that they did not have pain, and were excluded. In
contrast, one participant reported (using the SQ) that they did
not have jaw pain in the past 30 days, but reported (during the
exam) otherwise, and was included. Therefore, we considered
the participant responses regarding pain status as confirmed by
examiners as the reference standard for meeting the pain and
location criterion.
The subject flowchart (Fig. 1) illustrates the final selection

of the study sample. Of 401 subjects, 249 were selected based
on both of the following two criteria:
1- Pain associated with any masticatory structure (i.e., mus-

cle, joint, connective tissue) in the past 30 days, confirmed
during the clinical examination;
2- Valid responses for the pain modified by function items

A–D, obtained from the SQ-long form.

2.2 Study measures
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TABLE 1. A brief summary of how the concept “pain modified by function” is presented in selected literature.
Reference Domain Study type Disorder How “pain modified by function” was

implemented
Overton et al.
[16], 2022

Physiotherapy Prospective
longitudinal study

Knee osteoarthritis Viewed activity-related pain as an
inclusion criterion

Leemans et
al. [17], 2022

Physical
therapy

Systematic review
and meta-analysis

Chronic MSK pain Movement-evoked pain (MEP) is a
frequently symptom in people with

musculoskeletal pain
Teo et al.
[15], 2021

Physiotherapy Qualitative study Knee osteoarthritis Viewed activity-related pain as
inclusion criterion

Molen et al.
[8], 2021

Public health Review article A—Elbow tendinopathy
B—Subacromial pain

syndrome

A—Pain worsened by activity
B—Shoulder pain worsened by active

elevation
Mota et al.
[9], 2016

Public health Cross-sectional Chronic low back pain Pain worsened by the performance of
heavy activities

Ranelli et al.
[10], 2014

Clinical
physiotherapy

Cross-sectional Chronic MSK pain Pain worsened during playing musical
instruments

Pereira et al.
[11], 2013

Physical
therapy

Cross-sectional Chronic MSK pain Physical exercise significantly worsen
the pain

Ayloo et al.
[5], 2013

Family
medicine

Review article A—Costochondritis
B—Tietze syndrome

A—Pain worsened by upper body
movements, e.g., deep breathing
B—Pain worsened by movements

Casazza BA.
[12], 2012

Family
Medicine

Review article Lumbar strain/sprain Pain worsened by movement and
improved with rest

Abreu-Ramos
et al. [13],
2007

Physical
medicine and
rehabilitation

Cross-sectional Upper body MSK pain Pain worsened by physical activity

Van et al.
[14], 2003

Clinical
epidemiology

Review article A—Radiating neck pain
B—Tension neck syndrome

A—Radiating pain worsened by
test movements

B—Pain worsened by movement
MSK: musculoskeletal.

FIGURE 1. Flowchart for subjects meeting the inclusion criteria. TMJ: Temporomandibular Joint.
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2.2.1 Pain modified by function
Within the SQ-long form, there are four “pain modified by
function” questions that are equivalent to DC/TMD SQ items
4A–D and are termed items A–D for this study. These ques-
tions address a wide spectrum of frequent jaw functions from
the domains of mastication, vertical jaw mobility, jaw overuse
behaviors and other functions (talk, kiss, yawn). The four
questions as featured in the SQ: (A) Chewing hard or tough
food; (B) Opening your mouth or moving your jaw forward
or to the side; (C) Jaw habits such as holding teeth together,
clenching/grinding teeth or chewing gum; and (D) Other jaw
activities such as talking, kissing or yawning [20].

2.2.2 Functional limitations
Functional limitation is defined as subjectively assessed
indices of disease impact at the organ level and was
measured with the JFLS. Each of the three JFLS subscales—
mastication, movement and communication—contains items
that correspond, respectively, to three of the “pain modified
by function” questions. The JFLS has very good reliability,
with each of Cronbach’s alpha and temporal stability equal to
0.87, and excellent validity based on both an item response
measurement model and classical test theory convergent
validity [22].

2.2.3 Report of jaw overuse behaviors
The extent of jaw overuse behaviors was reported using the
OBC. This scale measures the frequency of 21 jaw-related
behaviors, yielding a single score [28]. This instrument ex-
hibits excellent reliability, with test-retest reliability ranging
from 0.60 to 0.98 and validity was established via multivariate
modeling of electromyography (EMG) with the ability to dis-
tinguish tasks from each other [24, 25] and from an electronic
diary field study [32].
The content of each study instrument is presented in Sup-

plementary Table 1 (JFLS) and Supplementary Table 2
(OBC); each appendix also includes short variable names as
used elsewhere in this report.

2.3 Data reduction and analysis
Age, sex, education and income were used to generate de-
mographic statistics (frequencies and percentages for the cat-
egorical variables) for the selected sample. The differences
in the demographic proportions and each of the independent
variables “pain modified by function” items A–D were tested.
To test for the demographic differences across the four SQ
items, a Chi-Square test was used.
Descriptive box plots were created for each item from the

OBC and JFLS using R statistics package. The JFLS and OBC
items, all notable for positively skewed distributions, were
tested for the normality assumption using Shapiro-Wilk test.
None of the items from the JFLS and OBC met the normality
assumption (p < 0.001). In an effort to select an appropriate
statistical method, the independent t-test, Mann-Whitney U
test and permutation test were compared for representative
dependent variables, and all three methods yielded the same
statistical conclusion. Simulations have demonstrated that the
t-statistic is remarkably robust to skew and is appropriate for

ordinal response data [33], and in the present instance, skew
was in the same direction for both levels of the independent
variable. In addition, the t-statistic produces a self-evident
effect size (ES). Consequently, the independent t-test was cho-
sen for simplicity and used to test the univariate associations
between each of the individual JFLS and OBC items and
each of the “pain modified by function” items A–D. For all
variables. For all variables, mean and standard deviation (SD)
were reported. ES were calculated as Cohen’s d and can be
interpreted as follows: Small = 0.2 to <0.5, Medium = 0.5 to
<0.8; or Large ≥0.8 [34, 35].
While the main interest of this study was to compare the

similar concepts from the JFLS and theOBC to the correspond-
ing individual “pain modified by function” items A–D, we fur-
ther tested the relative importance of the primary comparison
variables from each of JFLS and OBC by using the remaining
variables from each of those two instruments to test against
the corresponding A–D item responses. Such comparisons
are typically considered a basis for discriminant validity and
permitted us to gauge the relative ES (See Supplementary
Tables 3,4,5,6).
The IBM® SPSS® Statistics Premium 27 Mac (SPSS Inc.,

Chicago, IL, USA) software was used to conduct the statistical
analyses including ES calculations. An alpha of less than 0.05
was used to determine significance for all tests.

3. Results

3.1 Demographic characteristics of
participants
Characteristics of the 249 participants are provided in Table 2.
Participants had a mean age of 46.6 (SD = 12.9), were pre-
dominately female (n = 220, 88%), had a college education or
higher (n = 169, 67.9%) and earned an income of $40,000 or
higher (n = 145, 61.1%).

3.2 Demographic differences across pain
modified by function items A--D
Results showed no differences in age, education, income and
location across the Symptom Questionnaire items A–D (pain
modified by mastication, jaw mobility, jaw overuse behaviors
and other functions, respectively) (p > 0.05). Sex was, how-
ever, different across items A, C and D (p = 0.006, p < 0.001
and p = 0.036, respectively), whereas sex did not differ by item
B (p = 0.735) (see Table 2) A majority (67.1%) of females
reported that their pain wasmodified bymastication, compared
to only 6% of males; similar patterns were observed for pain
modified by parafunctional behaviors (69.5% vs. 5.6%) and for
pain modified by other functions (45% vs. 3.6%). In contrast,
pain modified by jawmobility was reported equally by females
(68.6%) and of males (65.5%).

3.3 Pain modified by mastication and the
JFLS 6-itemmastication subscale
Fig. 2 shows the distributions of reported limitation to items
from the JFLS mastication items, stratified by the relevant
pain modified by function question. For those whose pain
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TABLE 2. Demographic differences across pain modified by function questions.
Characteristics Frequency (%) Symptom Questionnaire: p values

Item A
Mastication

Item B
Mobility

Item C
Overuse behaviors

Item D
Verbal/emotional

Age group
≤40 83 (33.3)

0.671 0.502 0.058 0.55541–54 82 (32.9)
≥55 84 (33.7)

Sex
Male 29 (11.6)

0.006 0.735 <0.001 0.036
Female 220 (88.4)

Income
$0–$39,999 53 (21.3)

0.707 0.825 0.774 0.926
$40,000–$79,999 80 (32.1)
$80,000 or higher 74 (29.7)
Don’t know or did not disclose 42 (16.9)

Education
High school or less 16 (6.4)

0.643 0.447 0.240 0.456
Some college 64 (25.7)
College graduate 109 (43.8)
Professional or postgraduate level 60 (24.1)

Study site
Minnesota 73 (29.3)

0.167 0.221 0.060 0.334New York 88 (35.3)
Washington 88 (35.3)

Associations tested using Chi-square test.

FIGURE 2. Distributions of reported limitation to items from the JFLS mastication subscale, stratified by the relevant
pain modified by function question. Standard boxplots are shown.
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was not modified by mastication, each of the 6 mastication
item scores was lower (median = 0). In contrast, when pain
was modified by mastication, relatively higher mastication
item scores (median ranged 5–0) occurred. Pain modified by
mastication was significantly associated with four out of the
six mastication subscale items. The last two items, chew soft
food and eat soft food (p = 0.226, p = 0.743, respectively) show
an insignificant association (see Table 3).
Themagnitude of the associations using ES showed a hierar-

chical pattern that ranged from 1.0 to <0.1. Chew tough food
(ES 1.0) and chew hard bread (0.9) exhibited a large effect.
Chew chicken (0.5) and chew crackers (0.4) exhibited medium
and small effects, respectively. Further, chew soft food (0.1)
and eat soft food (<0.1) exhibited negligible effect sizes (see
Table 3).

3.4 Pain modified by jaw mobility and JFLS
4-itemmobility subscale items
Fig. 3 shows the distributions of reported limitation to items
from the JFLS movement subscale, stratified by the relevant
pain modified by function question. A pattern similar to that
in Fig. 2 was observed in which individuals with pain modified
by jaw mobility had higher scores to the 4 movement subscale
items (median ranged 4–0) compared to those whose pain was
not modified by jaw mobility (1–0). When pain modified by
jaw mobility was compared to the four similar jaw movement
subscale items, significant associations were found across the
four items (p< 0.05). While medium to negligible effect sizes
were observed, the effect sizes demonstrated a hierarchical
pattern (0.6, 0.5, 0.4 and 0.2 respectively) (see Table 4).

3.5 Pain modified by jaw overuse behaviors
and similar items from the OBC
Fig. 4 shows the distributions of reported jaw overuse be-
haviors from the OBC items, stratified by the relevant pain
modified by function question. Similarly, individuals whose
pain was modified by jaw overuse behaviors had higher scores
to the five similar OBC items (median ranged 3–0) than those
whose pain was not modified by jaw overuse behaviors (1–0).
Table 5 shows the associations between the pain modified by
jaw overuse behaviors and the five similar items from theOBC.
Associations occurred across four of the OBC items (p< 0.05),
those that are inclusive of the words: clenching, grinding or
pressing. A large effect size was observed in one item: clench
teeth together during waking hrs. (0.8). Clench or grind teeth
when asleep (0.7) and grind teeth together during waking hours
items showed medium effect sizes (0.7 and 0.5, respectively).
Press, touch or hold teeth together item (0.3) showed a small
effect size. Using chewing gum item did not, however, reach
a significant association (p = 0.61) and a negligible effect size
was observed (<0.1) (see Table 5).

3.6 Pain modified by other functions and
similar items from the JFLS items
Fig. 5 shows the distributions of reported limitation to items
from the JFLS, stratified by the relevant pain modified by
function question. Individuals whose pain was modified by

other functions had higher scores to the three similar items
from the JFLS (median ranged 0–1) than those whose pain
was not modified by other functions (0). Table 6 shows the
associations between pain modified by other functions and
three similar items from the JFLS: talk, kiss and yawn, which
all were associated with pain modified by other functions (all
p < 0.001). The effect sizes were large for yawn (0.9) and
medium for kiss (0.4) and talk (0.3).

4. Discussion

In examining responses to pain modified by functions and their
associations with similar items from the JFLS and OBC we
found that the four individual pain modified by function items,
used as a diagnostic criterion, were significantly associated
with relevant items from the JFLS and OBC. A large majority
of the hypothesized JFLS and OBC items exhibited associa-
tions with effect sizes ranging from 0.1 to 1.0. Furthermore,
the associations between the JFLS mastication and mobility
subscale items and the corresponding pain modified by func-
tion questions showed effect sizes that formed a hierarchical
pattern, with the largest effect sizes observed in JFLS and OBC
items that have similar core wording, and the smallest effect
sizes observed among items dissimilar in their core wording
to the pain modified by function questions, yet related to the
construct of interest.
Among demographic variables, only sex exhibited a sig-

nificant effect on pain modified by mastication, jaw overuse
behaviors and other functions. Equal proportions of females
reported pain modified by each of mastication, jaw mobility
and jaw overuse behaviors, while a somewhat lower propor-
tion reported pain modified by other functions. In contrast,
an equally high proportion of males (compared to females)
reported pain modified by jaw mobility, whereas very low
proportions of males reported pain modified by the three re-
maining assessed functions. The sex difference in pain has
been attributed to numerous biological and psychosocial path-
ways, such as the effect of sex hormones on pain sensitivity
amongwomen [36]. Early life exposure, pain coping strategies
and gender stereotyping are among the psychological attributes
that may explain the pain difference between men and women
[37]. Surprisingly, pain modified by jaw mobility was the only
question with high endorsement from both sexes, which was an
unexpected finding.
Despite the different measurement aims of the SQ and JFLS,

the significant associations between pain modified by function
items A, B and D and the corresponding items from the JFLS
mastication and mobility and other functions subscales can
be explained by various ways. Both instruments have items
that appear to fall within related constructs; for example, the
pain modified by mastication question from the SQ could be
interpreted as the inverse of the five items in the mastication
subscale from the JFLS—that is, the greater the reported lim-
itation with an extreme function such as chewing, the more
likely pain would be aggravated by chewing, which would
increase the probability of reporting yes to that question.
Yet, the item correspondence only explains part of the re-

lationship: the effect sizes formed a hierarchical pattern ob-
served among each of the JFLS mastication and mobility
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TABLE 3. Descriptive statistics and the association between the reported limitation from JFLS mastication subscale.
JFLS mastication subscale “Chewing hard or tough food” p-value Effect size

Yes No
N Mean SD N Mean SD

Chew tough food 181 4.84 3.0 67 1.76 2.7 <0.001 1.0
Chew hard bread 180 4.66 3.2 67 1.70 2.8 <0.001 0.9
Chew chicken 178 1.30 2.1 66 0.21 0.9 <0.001 0.5
Chew crackers 180 0.84 1.7 67 0.15 0.8 <0.001 0.4
Chew soft food 181 0.27 0.8 67 0.12 0.8 0.226 0.1
Eat soft food 181 0.09 0.3 67 0.12 0.8 0.743 <0.1
Items and the relevant pain modified by function question. p-value from independent sample t-test. Abbreviations: JFLS: Jaw
Functional Limitation Scale; SD: Standard Deviation.

FIGURE 3. Distributions of reported limitation to items from the JFLSmobility subscale, stratified by the relevant pain
modified by function question. Standard boxplots are shown.

TABLE 4. Descriptive statistics and the association between the reported limitation from JFLS mobility subscale items
and the relevant pain modified by function question.

JFLS mobility subscale “Opening your mouth or moving your jaw forward or to the side” p-value Effect size
Yes No

N Mean SD N Mean SD
Open to bite apple 167 4.03 3.4 79 2.04 2.8 <0.001 0.6
Open to bite sandwich 169 2.71 2.9 79 1.18 2.0 <0.001 0.5
Open to talk 169 0.54 1.3 79 0.06 0.2 <0.001 0.4
Open to drink from a cup 169 0.19 0.6 79 0.06 0.2 0.022 0.2
p-value from independent sample t-test. Abbreviations: JFLS: Jaw Functional Limitation Scale; SD: Standard Deviation.
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FIGURE 4. Distributions of reported jaw overuse behaviors from theOBC items, stratified by the relevant painmodified
by function question. Standard boxplots are shown.

TABLE 5. Descriptive statistics and the association between the reported jaw overuse behaviors from OBC items and
the relevant pain modified by function question.

OBC items “Jaw habits such as holding teeth together, clenching/grinding or chewing gum” p-value Effect size
Yes No

N Mean SD N Mean SD
Sleep bruxism 186 2.65 1.3 62 1.55 1.5 <0.001 0.7
Awake bruxism 186 0.78 1.0 62 0.26 0.5 <0.001 0.5
Clench teeth 186 1.59 0.9 62 0.81 0.7 <0.001 0.8
Touch/hold teeth 186 1.56 1.0 62 1.15 1.2 0.012 0.3
Chew gum 186 0.95 1.0 62 0.89 1.0 0.673 <0.1
p-value from independent sample t-test. Abbreviations: OBC: The Oral Behavior Checklist; SD: Standard Deviation.

subscales with the corresponding SQ questions. The hierar-
chical pattern reflected the item response model of the items
in each of the two subscales. This model determines the
likelihood of endorsing each item in the JFLS subscales based
on the overall extent of the corresponding limitation, and
collectively the items define a construct whose measurement
follows the hierarchy. Items with small or negligible effect
sizes indicate that the effect size decreases as the functional
demands decrease and vice versa; for example, chew tough
food of the JFLS mastication subscale had the largest effect

size (1.0) compared to chew soft food item from the same
subscale (0.1) that had a negligible effect size. Similarly, the
same progressive pattern was observed in the JFLS mobility
items: open wide enough to bite on an apple had the largest
effect size (0.6) compared to open wide enough to drink from
a cup exhibited the smallest effect size (0.2).

The hierarchical pattern in the probabilities corresponds to
the observed effect sizes and implicates an underlying con-
struct, for example mastication, that goes beyond the responses
to the individual items, and thereby suggesting that the spe-
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FIGURE 5. Distributions of reported limitation to items from the JFLS, stratified by the relevant pain modified by
function question. Standard boxplots are shown.

TABLE 6. Descriptive statistics and the association between the reported limitation from JFLS items and the relevant
pain modified by function.

JFLS items “Other jaw activities such as talking, kissing or yawning” p-value Effect size
Yes No

N Mean SD N Mean SD
Yawn 122 3.0 3.0 126 0.8 1.6 <0.001 0.9
Talk 122 0.7 1.4 126 0.7 0.4 <0.001 0.5
Kiss 122 0.9 1.8 124 0.1 0.6 <0.001 0.5
p-value from independent sample t-test. Abbreviations: JFLS: Jaw Functional Limitation Scale; SD: Standard Deviation.

cific function examples within some of the pain modified by
function questions (e.g., “chewing”) generalize to the domain
(e.g., mastication), and that the participant responses to the
pain modified by function question are not limited by the
examples but rather occur in response to the intention behind
the question. That is, pain modified by function question A
asks about chewing, but the intention is whether mastication
affects the pain. Mastication as measured via the JFLS is
based on items selected according to item response modeling,
and as such the items necessarily represent a hierarchy for
difficulty in mastication. When question A is compared to
those items, the resultant effect sizes are ordered from small to
large parallel with the item hierarchy of difficulty. We interpret

this pattern of effect sizes to support a primary relationship
between mastication, taken broadly and its impact on chewing
as a cause for pain.
When an individual reports pain being modified by any of

the stated functions, this description reflects an experience
of pain perhaps most readily explained by Craig’s model of
pain processing [38]. In this model, pain is a homeostatic
emotion, similar to thirst hunger, muscle ache and homeostatic
emotion drives behaviors. The model elucidates the role of
the interoceptive system, a comprehensive network of sensory,
proprioceptive and kinesthetic fibers, which monitors the body
status for integrity. The interoceptive system activity initiates,
as needed, homeostatic regulatory mechanisms that also in-
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clude autonomic, neuroendocrine and behavioral mechanisms.
For example, nociceptive fibers transmit details regarding po-
tential or actual tissue damage within the various tissues such
as skin, muscle, joints and teeth. These input fibers eventually
connect to the interoceptive cortex via the posterior part of
the ventral medial nucleus (VMpo) which is associated with
generation of feelings. Pain, as a homeostatic emotion, is
comprised of both the sensory representation (generated in the
interoceptive cortex by the VMpo) and motivation (generated
in limbic motor cortex by the medial dorsal nucleus (MDvc)),
as a driver of response to the nociception and is directly
affected by autonomic adjustments [38–40]. In this view,
the concept “pain modified by function” is anchored to the
interoceptive experience. For instance, in an individual with
painful TMD such as myalgia of the masseter muscle, the
sensory input fibers located on the masseteric visceral tissues
relay information to lamina I in the spinal trigeminal nucleus
during jaw-related activities such as chewing, tooth clenching
or talking. If the tissue function underlying the activity is
abnormal, the interoceptive monitoring, which can include
both nociceptive and non-nociceptive systems, serves as an
alert by the homeostatic system for potential bodily threat.
Localization of that threat, as highlighted before by asking
about pain modified by function, can presumably identify the
true source of nociception from where the dysfunction occurs.
Significant associations were also found between pain mod-

ified by jaw overuse behaviors and items with similar core
wording from the OBC; OBC items that contain “clenching”,
“grinding” or “hold” showed small to large effect sizes, sup-
porting the notion that such items represent the construct pain
modified by jaw overuse behaviors, in that such behaviors were
reported with some frequency. Of all similar items from the
OBC, surprisingly, only using chewing gum did not show an
association (that is, it had a negligible effect size), which can be
explained two ways. First, chewing gum is a frequent behavior
among the young population and is not commonly endorsed by
the older population, thus, it was not expected to be a frequent
behavior among the current study sample which had a mean
age in the mid-forties. Second, individuals with painful TMDs
are often aware that chewing gum makes their pain worse and
they voluntarily reduce or stop the behavior—andwhichwould
attenuate any association between chewing gum frequency (on
the OBC) and reporting yes to the corresponding SQ question.
A potential limitation concerning the results of this study is

that this initial exploration was necessarily restricted to only
univariate analyses; however, other variables may play an ad-
ditional role in the tested relationships and should be explored
using multivariate analyses. An example is pain intensity
potentially modifying the relationship between the diagnostic
criterion pain modified by function and jaw limitation. A
second limitation is that the relationships examined here are
not further explored according to diagnostic classification; this
is a topic for a subsequent publication from this study.
The investigation of pain modified by function also had one

other purpose: whether the DC/TMD could be improved with
regard to this particular diagnostic criterion. Chewing gum,
as an example, was not a commonly endorsed behavior by the
study subjects and could be dropped as an example function
in order to streamline the corresponding pain modified by

function question; on the other hand, because chewing gum
is used more extensively by young adults, for patients in that
age group the chewing gum example may have high utility
which can be investigated in a future investigation using age-
stratification. In terms of how the OBC instrument might
be revised, it is interesting that all of the non-hypothesized
OBC items exhibited a small effect size in their individual
associationswith the painmodified by function questions. This
small effect size warrants separate investigation and we see
three possible explanations: (i) due to having no impact on
pain; (ii) due not to being captured as part of an underlying
construct—for example, the mastication construct is active for
a different SQ item; or (iii) due to being potentially under-
reported on the OBC [32]. Further evaluation of the relation-
ship of pain modified by functions with functional limitations
and jaw overuse behaviors needs to consider measurement
issues as well as incorporate additional domains; multivariable
statistical models will contribute to better understanding of
what positive responses to pain modified by function reflect
and the extent to which the construct is grounded in muscu-
loskeletal function as initially proposed in the DC/TMD.

5. Conclusions

In conclusion, the present study provides insight into themean-
ingfulness of the diagnostic criterion painmodified by function
as part of the pain diagnoses within the DC/TMD. Overall,
each pain modified by function question has an appropriate
relationship with similarly worded but differently purposed
items within the DC/TMD assessment framework. Responses
to each pain modified by function question appear to reflect a
probabilistic process whereby a critical threshold is reached for
a yes response which does not appear to be random but rather
reflect likely tissue abnormality consistent with their intended
purpose.

6. Clinical implications

• Pain modified by function is an important diagnostic crite-
rion formusculoskeletal pains within the TMDs, as highlighted
by the significant associations of pain modified by function
with functional limitation and behavioral frequencies.

• The DC/TMD pain modified by function questions used as
diagnostic criteria have sufficient scope and the responses fit
with data measuring related constructs pertaining to etiology
(OBC) or consequences (JFLS).
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