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Aims: To assess the differential item functioning (DIF) of the Jaw Functional 
Limitation Scale (JFLS) due to gender, age, and language (English vs Spanish). 
Methods: JFLS data were collected from a consecutive sample of 2,115 adult 
dental patients from HealthPartners dental clinics in Minnesota. Participants 
with missing data were excluded, and analyses were performed using data from 
1,678 participants. Whether the item response theory (IRT) model assumptions 
of essential unidimensionality and local independence held up for the JFLS was 
examined. Then, using Samejima’s graded response model, the IRT log-likelihood 
ratio approach was used to detect DIF. The magnitude and impact of DIF based on 
Raju’s noncompensatory DIF (NCDIF) cutoff value of 0.096, Cohen’s effect sizes, 
and test (or scale) characteristic curves were also assessed. Results: Essential 
unidimensionality was confirmed, but locally dependent items were found on the 
JFLS. A few items were flagged with statistically significant DIF after adjustment 
for multiple comparisons. The NCDIF indices associated with all DIF items were 
< 0.096, and they had small effect sizes of ≤ 0.2. The differences between 
the expected scores shown in the test characteristic curves were little to none. 
Conclusion: The present results support the use of the JFLS summary score to 
obtain psychometrically robust score comparisons across English- and Spanish-
speaking, male and female, and younger and older dental patients. Overall, the 
magnitude of DIF was relatively small, and the practical impact minimal. J Oral 
Facial Pain Headache 2023;37:33–46. doi: 10.11607/ofph.3026

Keywords: differential item functioning, item response theory, jaw functional 
limitation scale, oral health, patient-reported outcome measures

Restricted jaw mobility can impact essential day-to-day functions 
such as biting, chewing, swallowing, and speech. Certain oral 
conditions, trauma-related injuries, aging, and treatment such 

as major prosthetic rehabilitation can alter functional jaw movements.1 
Jaw functional limitation is one among many other patient-reported out-
comes used to describe patient suffering.2 It is commonly used in sev-
eral disciplines, including dentistry. Severity of jaw functional limitation 
is typically measured by the Jaw Functional Limitation Scale (JFLS), a 
global measure of functional limitation.1,3–5 Due to its global application, 
the JFLS scores of several language versions1,3–4,6–8 need to be compa-
rable to allow for meaningful comparisons.

Previous studies have shown that the JFLS is a reliable and valid 
measure.3,4 However, measurement invariance (MI), an important statis-
tical property, has not yet been investigated for the JFLS. MI: 

“…requires not only that the measured constructs have same 
meaning across groups, but also that group comparisons 
of sample estimates (eg, means and variances) reflect true 
group differences and are not contaminated by group-
specific attributes that are unrelated to the construct of 
interest.”9

The MI of scores is supported when differential item functioning 
(DIF) is not found.10 DIF is detected when scale items behave differently 
across population subgroups (such as gender, age, language spoken, 
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race, ethnicity, religion, sexuality, education level, etc) 
after controlling for the attribute under investigation 
(eg, reported jaw function).10 The Patient-Reported 
Outcomes Measurement Information System 
(PROMIS) initiative recommends DIF assessment 
in key demographic groups as a crucial step for de-
veloping and validating patient-reported health mea-
sures.10 Doing so helps researchers know if observed 
group differences are based on biased estimates.

In the context of this paper, DIF analysis is nec-
essary for valid patient subgroup comparisons of 
perceived jaw functional limitation. Hence, it was hy-
pothesized that the JFLS item properties are equiva-
lent with respect to age, gender, and language. DIF 
related to language was assessed because item 
meanings may change during translation or because 
the interpretation of item meaning may vary in differ-
ent cultures. Ensuring equivalence of JFLS scores 
across cultural and demographic groups would en-
able health care providers and researchers to make 
valid group comparisons with respect to limitations 
in jaw function.12 The aim of this study was therefore 
to investigate DIF due to gender, age, and language.

Materials and Methods

Study Population, Recruitment, and Data 
Collection
A total of 2,115 adult dental patients were recruited 
from HealthPartners dental clinics in Minnesota for 
the original cross-sectional study.13,14 Secondary 
data from the original study were used, and 1,678 pa-
tients were included in the present analysis because 
they had sufficient information for characterizing the 
construct. Those with more than half of the items 
missing were dropped from the analysis. Those with 
missing data were similar in background character-
istics compared to those without missing data (data 
not reported but available upon request). The not ap-
plicable (NA) response option was also considered 
as missing. 

Recruitment for the original study occurred 
from July 2014 to April 2016. A consecutive sam-
ple of patients was recruited at each participating 
HealthPartners dental clinic. A battery of patient- 
reported outcome measures, including the JFLS, 
was mailed to the patients. They completed the 
questionnaires at home and sent them back to the 
HealthPartners Institute and were given $50 incen-
tive for their participation. Both English and Spanish 
speakers were identified using the language indicator 
in the electronic dental and medical records. Spanish 
speakers could also be bilingual patients; these bi-
lingual patients were identified by checking their 
country of origin in the electronic health record, and 

the patient was considered bilingual if their language 
was English or missing and if their country of origin 
was from the list of countries identified as Spanish-
speaking: Argentina, Bolivia, Chile, Colombia, 
Costa Rica, Cuba, Dominican Republic, Ecuador, El 
Salvador, Equatorial Guinea, Guatemala, Honduras, 
Mexico, Nicaragua, Panama, Paraguay, Peru, Spain, 
Uruguay, and Venezuela.11 The bilingual patients were 
offered an English version instead of Spanish if they 
preferred; thus, in this manner, bilingual individuals 
self-selected English or Spanish.

This research was conducted in accordance 
with accepted ethical standards for human-patient 
research practice. It was reviewed and approved by 
the Institutional Review Board of the HealthPartners 
Institute in Minneapolis, Minnesota (registration A11-
136). All of the participants completed an informed 
consent form before their enrollment.

Jaw Functional Limitation Scale
The details of the development of the JFLS have 
been published elsewhere3,4 and are briefly summa-
rized here. The JFLS was derived from the Research 
Diagnostic Criteria for Temporomandibular Disorders 
(RDC⁄TMD) checklist15 and the Mandibular Functional 
Impairment Questionnaire (MFIQ) and developed us-
ing Rasch methodology.16 Ohrbach et al initially cre-
ated a preliminary 8-item JFLS.3 Functional limitation 
as a unidimensional construct emerged from both 
the factor analytic and Rasch measurement mod-
eling results for this preliminary instrument.3 Based 
on the preliminary 8-item instrument, the developers 
then created a 20-item JFLS and posited 3 sepa-
rate constructs assessing limitations in mastication, 
jaw mobility, and verbal and emotional expression.4 
However, support for these subscales has been 
mixed,4,6 and the way in which researchers derive 
JFLS subscale scores has also differed.1,4,6 Thus, MI 
was evaluated for the total JFLS score1,7,8 only (as 
the JFLS subscale scores are not as widely used as 
the JFLS total score). The item responses were on 
a 0- to 10-point scale, with 0 meaning no limitation 
and 10 meaning severe limitation. Since the study 
participants were from a general dental population, 
an NA response option was also provided to them 
if the difficulties with jaw function were not applica-
ble to their oral condition.1,4 In line with the approach 
used in the original study, this option was excluded 
from the present analysis. While the original scale is 
on an 11-point (0 to 10) scale, the item responses 
were recoded to a 5-point (0–4) scale for the pres-
ent analysis. Often categories are collapsed into 
fewer options to deal with low frequencies in some 
response categories. Importantly, collapsing cate-
gories in the present study can be justified with the 
present statistical approach; ie, item response theory 
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(IRT) modeling using the graded response model.17 
Specifically, the following recoding scheme following 
the PROMIS guideline10,18 was used: 0 = 0; 1, 2, or 
3 = 1; 4,5, or 6 = 2; 7, 8, or 9 = 3; 10 = 4. This man-
ner of collapsing categories allows for the avoidance 
of any imbalance in alternatives. This approach was 
also in line with how response options are grouped 
together for the pain rating scales.19

The English version of the JFLS was translated 
into Spanish following a rigorous 11-step PROMIS-
recommended methodology for scale translation 
and harmonization across Spanish-language variet-
ies. Simancas-Pallares et al described the transla-
tion process in more detail for the Orofacial Esthetic 
Scale (OES).13 The OES was another questionnaire 
given to the same sample of patients as part of the 
same battery of patient-reported outcome measures.

Procedures and Statistical Approach
IRT-based methods were used to examine DIF. IRT 
is a psychometric theory that refers to a family of as-
sociated statistical models.20 IRT models predict the 
probability of correct responses based on the respon-
dents’ position on the latent traits (eg, perceived jaw 
functional limitation) continuum and the properties (or 
parameters) of the items on the scale.21 Before fitting 
the IRT models, it is important to check whether the 
data meets the model assumptions. These assump-
tions include: (1) unidimensionality, which means 
a set of items on a scale reflect a single latent trait 
or phenomenon; and (2) local independence, which 
means the relationship of the item responses to each 
other is accounted for by a single latent trait, and so 
the items are not statistically related to each other af-
ter the latent trait is accounted for or statistically held 
constant.21 The two assumptions for the JFLS data 
were checked before performing the DIF analyses.

Model Assumptions and Fit
Unidimensionality.
To test whether the assumption of “essential” uni-
dimensionality holds for the JFLS, exploratory fac-
tor analysis (EFA) was conducted using the iterated 
principal factor method.22 Differences in the mag-
nitude of the eigenvalues (or variance) between 
the factors were examined, and the proportion of 
variance was accounted for by the first factor.23,24 
Unidimensionality was considered if the first factors 
accounted for greater than 60% of the variance and if 
the ratio of the variance explained by the first and the 
second factor was above 4.24

Model fit was also assessed using the root mean 
square error of approximation (RMSEA)25,26 and 
Tucker-Lewis Index (TLI)27,28 based on the M2 statis-
tic, which is asymptotically chi-square distributed like 
a Pearson’s X2 statistic and the likelihood ratio statistic 

G2 but has better calibration and power.29 The follow-
ing criteria were used to assess model fit: for RMSEA,  
< 0.05 indicates close fit; 0.05 to 0.08 indicates rea-
sonable fit; > 0.08 to 0.10 indicates mediocre fit; and 
> 0.10 indicates poor fit and that the model is not 
recommended for use25,26; and for TLI values, > 0.95 
indicates good model fit.26

Local independence.
Locally dependent items were identified using multi-
ple criteria. The standardized correlations were exam-
ined among item score residuals once the variance 
due to the underlying latent trait was partialled out 
(Cramer’s V; correlation residuals > 0.15) as report-
ed in the multidimensional item response theory (mirt) 
package in R.20,21,30 Items with inflated item slope 
parameter estimates with values > 6 were also iden-
tified.31,32 It was further examined whether removing 
such items would make meaningful differences in the 
parameter estimates.32

Description of the model.
JFLS items have either a 0 to 10 numeric rating scale 
(original scale) or a 0 to 4 scale (used in analyses). 
Samejima’s graded response model (GRM) was 
used for ordered polytomous (> 2) response catego-
ries to conduct the DIF analyses.33,34 The GRM is an 
extension of the two-parameter logistic (2PL) model, 
which is often applied for dichotomous items.35 The 
2PL model is characterized by two item parameters 
or properties: discrimination (slope) and difficul-
ty (or location). As the discrimination parameters of 
JFLS items differ, these differences were taken into 
account when modeling the data by including the 
second parameter (discrimination).36 For instance, 
another IRT model, the Rasch model, only estimates 
the location parameter for each item and assumes 
that the discrimination parameter is constant across 
all items.35 Hence, the GRM was more appropriate 
for the JFLS because the discrimination parameter 
estimates were varying across all its items.
DIF detection procedure: IRT log-likelihood ratio 
modeling.
IRT log-likelihood ratio (IRTLR) modeling was used 
for DIF detection based on a nested model compar-
ison approach,34,37 and the null hypothesis that JFLS 
item discrimination and difficulty parameters do not 
differ with respect to age, gender, and language was 
tested. Age was treated as a categorical variable and 
was divided into two groups: 22 to 55 years and 56 
to 97 years (median: 56 years). 

For each of the three analyses (age, gender, and 
language), the test for DIF was performed by con-
structing (1) a model wherein the parameters of all 
items were fully constrained between the compari-
son groups; and (2) a model wherein the parameters 
for each item in the item set were varied (“studied 
item”) while the parameters for all other items were 
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constrained to be equal (“anchor items”).34,38 A mod-
ified “all-other” method was used where various it-
erative processes were involved. Since there was 
no prior information regarding DIF in the JFLS item 
set, an iterative process was used to select anchor 
items as an initial step. Specifically, DIF was tested 
for every item while treating the rest of the items as 
anchor items. Then, the final set of anchor items was 
identified using another iterative process called puri-
fication, where, with each iteration, an item displaying 
DIF is deleted and the model re-estimated absent 
that item. Such purification has been recommend-
ed because the presence of DIF leads to errors in 
estimation and ultimately errors in DIF detection.34,39 
Last, the studied items were retested relative to the 
final set of anchor items, which links the two groups 
in each DIF analysis.34,38 For evaluation of the DIF 
significance testing, the Benjamini-Hochberg (B-H) 
procedure40 was used to adjust the P values due to 
multiple comparisons. Note that a P value of .05 was 
used without any adjustment during selection of the 
anchor items to protect against type II error. 

The item’s discrimination, or slope parameter, 
which describes how well an item discriminates be-
tween individuals at different trait levels (ie, higher 
and lower levels of jaw functional limitation), was also 
examined.35,41 A difference in this parameter indi-
cates nonuniform DIF.41 Nonuniform DIF implies that 
one group is more likely to endorse the item at certain 
trait levels, while at other trait levels, the other group 
is more likely to endorse the item.35,41 Subsequently, 
the item’s location or intercept parameters (d1, d2, d3, 
and d4) were examined. Differences in the location 
parameters but not the item’s discrimination or slope 
parameter would indicate uniform DIF. Uniform DIF 
means that one group is consistently more likely than 
the other to endorse an item at each trait level or the 
DIF is in the same direction across the jaw functional 
limitation continuum.35,41

Evaluation of DIF magnitude and effect sizes.
The magnitude of DIF refers to the extent to which item 
performance differs between or among the groups 
conditional on the trait being examined.42 The mag-
nitude of DIF was assessed using the expected item 
scores. The expected item score for an item is com-
puted as the sum of the probabilities of a response 
to each of the possible response options or catego-
ries. The average of the difference in the expected item 
scores can be quantified using the noncompensatory 
DIF (NCDIF) index.43 This index is referred to as non-
compensatory because it does not account for bias 
from other items in the scale.43 The widely used cut-
off value of 0.096 was adopted for the NCDIF.36,44 As 
an effect size, the square root of NCDIF was used.34 
The NCDIF cutoff values were based on the most 
widely used criteria proposed by Raju et al.43 Cohen’s  

suggestions to evaluate the effect sizes were followed: 
0.2 was considered a small effect size, 0.5 a medium 
effect size, and 0.8 a large effect size.45

Evaluation of DIF impact.
“Impact” refers to the influence of DIF on the scale 
score. This was assessed with expected total scores, 
which are obtained by summing up all items for a par-
ticular value of a latent trait by varying the item param-
eters for the DIF items between groups. The group 
differences were visualized via test (or scale) char-
acteristic curves (TCCs), which provide the effect of 
DIF on the total score. Specifically, the impact was 
evaluated by plotting the TCCs for all items and for 
the items flagged as having DIF.34,46

Software.
All IRT analyses were performed using the mirt pack-
age in R.30 For the unidimensionality assumption 
checking, the statistical software package Stata ver-
sion 14.0 was used.47 The DFIT (Raju’s Differential 
Functioning of Items and Tests framework) package 
in R was used to calculate the NCDIF index.48

Results

Descriptive Analysis
Study participant characteristics.
Among the 1,678 participants used in the analysis, 
1,443 were English speakers and 235 were Spanish 
speakers. There were 592 male and 851 female 
English-speaking participants, and 96 male and 139 
female Spanish-speaking participants. The mean age 
of English speakers was 56.6 years, and of Spanish 
speakers was 42.6 years. A total of 18.7% of the par-
ticipants (16.3% among English speakers and 33.6% 
among Spanish speakers) were in a government assis-
tance program, indicating lower socioeconomic sta-
tus. Table 1 provides descriptive statistics of the study 
participants and of the JFLS items. Table 2 provides 
descriptive statistics of the JFLS total scores for the 
total sample stratified by age, gender, and language.

Model Assumptions and Fit
Unidimensionality
EFA results showed that the first factor accounted for 
about 87% of the variability, and the ratio of the vari-
ance explained by the first to the second factor was 
greater than 6. The first eigenvalue was substantially 
larger than the rest of the values, indicating “essen-
tial” unidimensionality.20 A value of M2 (26) = 84.26 
(P < .001) was obtained for a unidimensional mod-
el on the final 13 items. An RMSEA value of 0.042 
with a 90% confidence interval (0.032, 0.052) and 
TLI value of 0.993 were also obtained. Both indices 
indicated the unidimensional model closely fit the  
examined data.
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Local independence.
Results indicated violations of the local independence 
assumption, a prerequisite for applying the IRT-GRM 
model. The standardized residual correlations for some 
item pairs had values above 0.15 (Table 3). The item 
pairs of items 1 and 2, items 7 and 8, and items 19 and 
20 showed excessive residual correlations, with values 
over 0.20. Additionally, the slope estimates for items 10 
and 17 were exceedingly high, with values of 6.82 and 
6.68, respectively. A substantial impact of local de-
pendence was found when examined through IRT cali-
bration. The local dependence was strong enough that 
it could have defined additional latent variable(s) and 
led to misinterpretations of the findings from the DIF  

analysis.32 Hence, a sensitivity analysis was performed 
by removing the items showing local dependence se-
quentially, starting from the items with excessive re-
sidual correlations up to the items with less excessive 
residual correlations, leading to the exclusion of items 
1, 3, 7, 10, 15, 17, and 19. Exclusion of these items did 
not affect the scoring, as a single overall JFLS score 
was considered rather than separate subscale scores.

DIF Analyses
Language.
Three items, “chew hard bread” (item 2), “open wide 
enough to bite into a sandwich” (item 8), and “open 
wide enough to talk” (item 9), were identified as the 

Table 1 Sociodemographic Characteristics of the Participants and Mean Scores for JFLS Items

All participants 
(n = 1,678)

English speakers 
(n = 1,443)

Spanish speakers 
(n = 235)

Sociodemographic characteristics, n (%)
Women 993 (59.2) 854 (59.2) 139 (59.2)
Men 685 (40.8) 589 (40.8) 96 (40.9)
Lower socioeconomic status* 313 (18.7) 234 (16.3) 79 (33.6)
Mean (SD) age, y 54.7 (16.1) 56.6 (15.9) 43.0 (12.4)
JFLS items, mean (SD) score
JFLS 1: Chew tough food 2.4 (3.4) 2.4 (3.4) 2.4 (3.6)
JFLS 2: Chew hard bread 2.6 (3.5) 2.7 (3.5) 2.2 (3.4)
JFLS 3: Chew chicken 1.1 (2.3) 1.0 (2.2) 1.3 (2.5)
JFLS 4: Chew crackers 0.9 (2.0) 0.8 (1.9) 1.4 (2.6)
JFLS 5: Chew soft food 0.4 (1.3) 0.3 (1.2) 0.7 (1.8)
JFLS 6: Eat soft food requiring no 
chewing

0.3 (1.2) 0.2 (1.0) 0.5 (1.7)

JFLS 7: Bite from whole apple 1.5 (3.0) 1.5 (3.1) 1.2 (2.7)
JFLS 8: Bite into a sandwich 0.8 (2.1) 0.8 (2.1) 1.0 (2.4)
JFLS 9: Open wide enough to talk 0.4 (1.6) 0.4 (1.4) 0.9 (2.3)
JFLS 10: Open wide enough to 
drink

0.3 (1.3) 0.2 (1.1) 0.7 (2.0)

JFLS 11: Swallow 0.5 (1.6) 0.5 (1.4) 0.8 (2.1)
JFLS 12: Yawn 0.6 (1.7) 0.5 (1.6) 0.9 (2.4)
JFLS 13: Talk 0.5 (1.6) 0.4 (1.4) 0.9 (2.2)
JFLS 14: Sing 0.6 (1.7) 0.4 (1.5) 0.8 (2.2)
JFLS 15: Putting on a happy face 0.7 (1.9) 0.6 (1.7) 1.0 (2.4)
JFLS 16: Putting on an angry face 0.4 (1.5) 0.4 (1.4) 0.8 (2.2)
JFLS 17: Frown 0.3 (1.3) 0.3 (1.2) 0.7 (1.9)
JFLS 18: Kiss 0.5 (1.7) 0.4 (1.6) 0.9 (2.3)
JFLS 19: Smile 0.8 (2.1) 0.7 (2.0) 1.2 (2.7)
JFLS 20: Laugh 0.7 (2.0) 0.6 (1.8) 1.1 (2.7)
*Data pertaining to income, profession, etc, are difficult to obtain. Therefore, participation in a government assistance program data were used as an indica-
tor of lower socioeconomic status.

Table 2 Descriptive Statistics for JFLS Summary Scores

JFLS sum score Minimum value 25th percentile Median Mean 75th percentile Maximum value
Women 0 0 3 17.5 22 200
Men 0 0 2 13.9 14 200

Younger ( ≤ 55 y) 0 0 2 17.7 20 200

Older ( ≥ 56 y) 0 0 2 14.3 20 183

English 0 0 3 15.1 20 200
Spanish 0 0 1 21.5 21 200
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studied items to be retested for DIF. Using the speci-
fied anchor items (items 4, 5, 6, 11, 12, 13, 14, 16, 18, 
and 20), only item 2 was identified as having signifi-
cant uniform DIF after adjustment for multiple compar-
isons using B-H correction. The direction of DIF was 
such that English speakers who endorsed this item 
had worse jaw function than Spanish speakers who 
endorsed this item, which suggests that the item score 
did not provide the same measurement across lan-
guages. Table 4 shows the final parameter estimates 
(and their standard errors) and DIF tests for language. 
The NCDIF index of 0.072 was slightly lower than the 
cutoff (0.096). Based on Cohen’s suggestions,45 the 
effect size of 0.268 was considered small.

As shown in Fig 1, the expected total scale scores 
for English- and Spanish-speaking patients did not 
differ when the only item with DIF was included in the 
calculation of the total scores. Because only one item 
with language DIF was identified, a total score based 
on multiple DIF items was not able to be calculated, 
and so there is no plot showing total scores based on 
DIF items only. 

Gender
Four items, including “open wide enough to bite into a 
sandwich” (item 8), “open wide enough to talk” (item 
9), “yawn” (item 12), and “laugh” (item 20), were iden-
tified as the studied items to be retested for DIF due 

Table 3 Residual Correlations of JFLS Items

1 2 3 4 5 6 7 8 9 10
1:Chew tough food – 0.42* 0.17* 0.13 –0.12 –0.14 0.13 –0.11 –0.15 –0.18*
2: Chew hard bread – – 0.15* 0.12 –0.10 –0.12 0.13 –0.11 –0.13 –0.14
3: Chew chicken – – – 0.16* 0.11 –0.09 –0.08 –0.09 –0.10 –0.10
4: Chew crackers – – – – 0.12 0.10 –0.08 –0.09 –0.09 –0.09
5: Chew soft food – – – – – 0.14 –0.11 –0.09 –0.09 –0.08
6: Eat soft food requiring no chewing – – – – – – –0.13 0.10 –0.09 0.08
7: Bite from whole apple – – – – – – – 0.22* –0.12 –0.12
8: Bite into a sandwich – – – – – – – – 0.08 –0.09
9: Open wide enough to talk – – – – – – – – – 0.11
10: Open wide enough to drink – – – – – – – – – –
11: Swallow – – – – – – – – – –
12: Yawn – – – – – – – – – –
13: Talk – – – – – – – – – –
14: Sing – – – – – – – – – –
15: Putting on a happy face – – – – – – – – – –
16: Putting on an angry face – – – – – – – – – –
17: Frown – – – – – – – – – –
18: Kiss – – – – – – – – – –
19: Smile – – – – – – – – – –
20: Laugh – – – – – – – – – –

11 12 13 14 15 16 17 18 19 20
1: Chew tough food –0.12 –0.14 –0.15 –0.15 –0.15 –0.14 –0.12 –0.13 –0.13 –0.11
2: Chew hard bread –0.11 –0.13 –0.14 –0.14 –0.13 –0.14 –0.12 –0.13 –0.13 –0.11
3: Chew chicken –0.09 –0.11 –0.10 –0.10 –0.08 –0.10 –0.11 –0.10 –0.08 –0.09
4: Chew crackers –0.08 –0.10 –0.10 –0.10 –0.10 –0.10 –0.10 –0.09 –0.09 –0.10
5: Chew soft food –0.08 –0.09 –0.10 –0.09 –0.09 –0.09 –0.09 –0.10 –0.09 –0.09
6: Eat soft food requiring no chewing 0.07 –0.08 –0.09 –0.09 –0.08 –0.08 –0.09 –0.10 –0.09 –0.10
7: Bite from whole apple –0.09 0.14 –0.10 –0.10 –0.10 –0.11 –0.11 –0.09 –0.10 –0.11
8: Bite into a sandwich –0.08 0.10 –0.09 –0.10 –0.09 –0.11 –0.12 –0.09 –0.09 –0.09
9: Open wide enough to talk 0.10 0.08 0.11 0.10 –0.10 –0.10 –0.10 –0.10 –0.09 –0.09
10: Open wide enough to drink 0.12 0.10 0.10 0.11 –0.11 0.13 –0.11 0.10 –0.11 –0.10
11: Swallow – 0.12 0.10 0.10 –0.09 –0.09 0.11 –0.10 –0.10 –0.10
12: Yawn – – 0.10 0.11 –0.10 –0.10 –0.09 0.09 –0.10 –0.09
13: Talk – – – 0.14 –0.09 –0.10 –0.10 0.10 –0.10 –0.10
14: Sing – – – – 0.10 0.13 –0.12 0.10 –0.10 –0.11
15: Putting on a happy face – – – – – 0.14 0.13 0.11 0.19* 0.16*
16: Putting on an angry face – – – – – – 0.16* 0.13 –0.13 0.11
17: Frown – – – – – – – 0.12 0.12 –0.11
18: Kiss – – – – – – – – 0.13 0.12
19: Smile – – – – – – – – – 0.23*
20: Laugh – – – – – – – – – –
*Item pairs with standardized residual correlations above 0.15 violating local independence assumption.
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to gender. Specified anchor items (items 2, 4, 5, 6, 
11, 13, 14, 16, and 18) were used after adjustment for 
multiple comparisons. Items 8 and 12 showed signif-
icant nonuniform DIF. Item 20 showed uniform DIF, 
meaning female individuals who endorsed this item 
had worse jaw function than male individuals who en-
dorsed this item. Table 5 shows the final item param-
eters and DIF tests for gender. The NCDIF indices 
for all three items were < 0.001, clearly not reaching 
the cutoff (0.096). The corresponding effect sizes for 
items 8, 12, and 20 were .002, < .001, and < .001, 
respectively, representing small effect sizes. 

As shown in Fig 2b, the impact of DIF due to gen-
der on total scores based on just the four items ex-
hibiting DIF was minimal. When the total scores were 
based on all items as shown in Fig 2a, no evident 
impact of DIF due to gender was observed.

Age
Two items, “chew hard bread” (item 2) and “swal-
low” (item 11), were identified as the studied items 
to be retested for DIF. Using the specified anchor 
items (items 4, 5, 6, 8, 9, 12, 13, 14, 16, 18, and 20), 

Table 4  Comparison of Language Groups: Item Parameters and Standard Errors for the Anchor 
Items and Studied Items with DIF

Item name Group a d1 d2 d3 d4 a DIF d DIF

2: Chew hard bread*
English 2.09 (0.12) 0.36 (0.09) –1.27 (0.10) –2.11 (0.11) –3.59 (0.15) < 0.01 

(1.000)
15.6 

(0.006) Spanish 2.06 (0.25) –0.26 (0.25) –1.98 (0.30) –3.08 (0.35) –4.61 (0.45)

4: Chew crackers
English

2.80 (0.16) –2.23 (0.15) –4.20 (0.20) –5.73 (0.25) –7.88 (0.39) NS, anchor item
Spanish

5:  Chew soft food (eg, 
macaroni, canned or soft 
fruits, cooked vegeta-
bles, fish)

English
3.32 (0.24) –4.13 (0.27) –6.68 (0.37) –8.04 (0.45) –9.72 (0.63) NS, anchor item

Spanish

6:  Eat soft food requiring 
no chewing (eg, mashed 
potatoes, apple sauce, 
pudding, pureed food)

English 
3.24 (0.27) –5.13 (0.35) –7.24 (0.46) –8.56 (0.56) –10.01 (0.76) NS, anchor item

Spanish

8:  Open wide enough to 
bite into a sandwich

English
3.36 (0.21) –2.81 (0.19) –5.03 (0.26) –6.14 (0.30) –7.84 (0.38) NS, no DIF

Spanish
9:  Open wide enough to 

talk
English

5.33 (0.44)     –6.65 (0.52)        –9.30 (0.68)   –11.10 (0.80)     –13.04 (0.94)    NS, no DIF
Spanish

11: Swallow
English

2.76 (0.18) –3.18 (0.19) –5.24 (0.26) –6.63 (0.34) –8.13 (0.46) NS, anchor item
Spanish

12: Yawn
English

3.30 (0.22) –3.64 (0.23) –5.68 (0.30) –7.02 (0.37) –8.89 (0.49) NS, anchor item
Spanish

13: Talk
English

5.18 (0.41) –6.02 (0.46) –8.82 (0.61) –10.86 (0.73) –12.95 (0.89) NS, anchor item
Spanish

14: Sing
English

5.10 (0.42) –6.07 (0.47) –8.57 (0.61) –10.51 (0.74) –12.39 (0.87) NS, anchor item
Spanish

16:  Putting on an angry 
face

English
4.03 (0.32) –5.31 (0.38) –7.45 (0.48) –9.05 (0.58) -10.51 (0.69) NS, anchor item

Spanish

18: Kiss
English

3.80 (0.28) –4.71 (0.32) –6.68 (0.40) –8.05 (0.47) –9.09 (0.54) NS, anchor item
Spanish

20: Laugh
English

3.06 (0.20) –3.34 (0.21) –4.90 (0.26) –6.19 (0.31) –7.20 (0.36) NS, anchor item
Spanish

*Significant DIF item (P < .05).

Fig 1  Expected total score of the JFLS by language group. 
There is only one plot because it was not possible to calculate 
a total score based on multiple DIF items, as only one item with 
language DIF was identified. 
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items 2 and 11 showed significant uniform DIF af-
ter adjustment for multiple comparisons. Both items 
were a more severe indicator for the older partici-
pants. Table 6 shows the final item parameters and 
DIF tests for age. The NCDIF indices for items 2 and 
11 were 0.010 and < 0.001, respectively, lower than 
the cutoff (0.096). The effect sizes for items 2 and 
11 were 0.032 and 0.001, respectively, considered to 
be small effect sizes based on Cohen’s suggestions.

Figure 3b shows total scores based on just the two 
items displaying DIF due to age. On this graph, the im-
pact of DIF is noticeable. However, when total scores 
are based on the full set of items, as displayed by Fig 
3a, DIF due to age did not have an evident impact. 

Discussion

Patient-centered care is becoming increasingly prom-
inent in health care research and practice. Patient-

reported outcome measures play an important role 
in capturing patient experiences with oral health and 
overall health issues.49 Discussing health outcomes 
with patients can help engage them in treatment de-
cisions, which can improve their self-efficacy and 
relationship with their health care provider.50 Patient-
reported outcome measures are thus important for 
quality and performance measurement efforts to im-
prove health care quality.50

DIF analysis helps assess measurement equiv-
alence across diverse patient populations and thus 
paves a way for health care providers and research-
ers to better understand overall score differences.51 
Based on this hypothesis, the JFLS scores were 
equivalent for all studied groups. Few DIF items were 
detected that showed statistically significant DIF; 
however, the magnitude was small, and consequently 
these differences would have minimal and clinically 
irrelevant impact. Thus, researchers and clinicians 
can use the JFLS with confidence that the scores 

Table 5  Comparison of Gender Groups: Item Parameters and Standard Errors for the Anchor Items 
and Studied Items with DIF

Item name Group a d1 d2 d3 d4 a DIF d DIF

2: Chew hard bread
Female

2.02 (0.11) 0.53 (0.09) –1.08 (0.10) –1.94 (0.11) –3.41 (0.14) NS, anchor item
Male

4: Chew crackers
Female

2.83 (0.17) –1.90 (0.15) –3.85 (0.20) –5.37 (0.25) –7.49 (0.38) NS, anchor item
Male

5:  Chew soft food (eg, 
macaroni, canned 
or soft fruits, 
cooked vegetables, 
fish)

Female

3.38 (0.25) –3.74 (0.25) –6.29 (0.36) –7.64 (0.44) –9.31 (0.61) NS, anchor item
Male

6:  Eat soft food re-
quiring no chewing 
(eg, mashed pota-
toes, apple sauce, 
pudding, pureed 
food)

Female

3.32 (0.28) –4.77 (0.34) –6.88 (0.44) –8.19 (0.54) –9.64 (0.74) NS, anchor item

Male

8:  Open wide enough 
to bite into a sand-
wich*

Female 3.16 (0.23) –2.17 (0.19) –4.21 (0.27) –5.19 (0.31) –6.87 (0.41)
6.3 (0.012) 12.5 (0.014)

Male 4.16 (0.43) –3.05 (0.35) –5.77 (0.54) –7.26 (0.64) –9.06 (0.81)

9:  Open wide enough 
to talk

Female
5.43 (0.46) –6.05 (0.49) –8.69 (0.64) –10.48 (0.76) –12.39 (0.89) NS, no DIF

Male

11: Swallow
Female

2.83 (0.19) –2.88 (0.19) –4.93 (0.26) –6.32 (0.33) –7.82 (0.45) NS, anchor item
Male

12: Yawn*
Female 3.12 (0.25) –2.90 (0.23) –4.86 (0.31) –6.10 (0.39) –7.99 (0.55)

5.2 (0.023) 11.2 (0.024)
Male 4.11 (0.46) –4.26 (0.47) –6.58 (0.64) –8.22 (0.79) –10.07 (0.99)

13: Talk
Female

5.35 (0.43)  –5.50 (0.44) –8.33 (0.59) –10.37 (0.71) –12.48 (0.87) NS, anchor item
Male

14: Sing
Female

5.24 (0.43) –5.54 (0.45)   –8.04 (0.59)     –9.98 (0.71)       –11.86 (0.84)    NS, anchor item
Male 

16:  Putting on an 
angry face 

Female
4.13 (0.33) –4.88 (0.36)  –7.01 (0.46) –8.60 (0.56) –10.06 (0.68) NS, anchor item

Male

18: Kiss
Female

3.89 (0.29) –4.29 (0.30)  –6.26 (0.39) –7.62 (0.46) –8.65 (0.52) NS, anchor item
Male

20: Laugh*
Female 3.10 (0.24) –2.87 (0.23) –4.34 (0.29) –5.83 (0.36) –6.60 (0.41)

7.3 (0.660) 20.4 (0.046)
Male 3.21 (0.33) –3.23 (0.32) –5.02 (0.43) –5.88 (0.50) –7.36 (0.63)

*Significant DIF item (P < .05).
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Table 6  Comparison of Age Groups (22–55 vs 56–97 y): Item Parameters and Standard Errors for 
the Anchor Items and Studied Items with DIF

Item Group a d1 d2 d3 d4 a DIF d DIF

2:  Chew hard bread*

Older  
(≥ 56 y)

2.21 (0.16) 0.51 (0.12) –1.19 (0.13) –2.13 (0.15) –3.43 (0.19)
6.6 (0.341) 20.4 (0.045)

Younger 
(≤ 56 y)

1.86 (0.15) 0.21 (0.14) –1.36 (0.15) –2.15 (0.17) –3.84 (0.22)

4:  Chew crackers
Old

2.77 (0.17) –2.14 (0.16) –4.11 (0.21) –5.63 (0.26) –7.76 (0.39) NS, anchor item
Young

5:  Chew soft food (eg, 
macaroni, canned or 
soft fruits, cooked 
vegetables, fish)

Old

3.29 (0.25) –4.03 (0.27) –6.57 (0.38) –7.93 (0.46) –9.61 (0.63) NS, anchor item
Young

6:  Eat soft food requir-
ing no chewing (eg, 
mashed potatoes, 
apple sauce, pud-
ding, pureed food)

Old

3.19 (0.28) –5.01 (0.36) –7.11 (0.46) –8.41 (0.56) –9.86 (0.76)  NS, anchor item
Young

8:  Open wide enough 
to bite into a  
sandwich

Old
3.32 (0.22) –2.70 (0.21) –4.92 (0.27) –6.02 (0.31) –7.73 (0.39) NS, anchor item

Young

9:  Open wide enough 
to talk

Old
5.31 (0.46) –6.52 (0.54) –9.17 (0.69) –10.97 (0.80) –12.90 (0.94) NS, anchor item

Young

11: Swallow*
Old 2.62 (0.24) –2.71 (0.22) –4.96 (0.34) –6.66 (0.48) –8.95 (0.92)

6.1 (0.234) 17.2 (0.002)
Young 2.99 (0.29) –3.70 (0.34) –5.57 (0.43) –6.78 (0.52) –8.12 (0.64)

12: Yawn
Old

3.30 (0.24) –3.56 (0.24) –5.62 (0.32) –6.97 (0.38) –8.84 (0.50) NS, anchor item
Young

13: Talk
Old

5.15 (0.43) –5.89 (0.47) –8.70 (0.62) –10.73 (0.74) –12.84 (0.90) NS, anchor item
Young

14: Sing
Old

5.12 (0.44) –6.00 (0.50) –8.50 (0.63) –10.46 (0.76) –12.36 (0.88)  NS, anchor item
Young

16:  Putting on an angry 
face

Old
3.98 (0.33) –5.19 (0.38) –7.31 (0.49) –8.90 (0.58) –10.35 (0.69) NS, anchor item

Young

18: Kiss
Old

3.81 (0.30) –4.64 (0.33) –6.62 (0.42) –7.98 (0.49) –9.02 (0.55) NS, anchor item
Young

20: Laugh
Old

3.04 (0.21) –3.25 (0.22) –4.82 (0.27) –6.10 (0.31) –7.10 (0.37) NS, anchor item
Young
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Fig 2  Expected JFLS total score by gender groups based on (a) all items and (b) the 4 items exhibiting DIF.
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obtained are comparable, equivalent, and unbiased. 
The items reflect the construct of jaw functional lim-
itation irrespective of gender, age, and language. 
Specifically, it was found that 5 out of 13 JFLS items 
exhibited DIF due to language, age, or gender; how-
ever, the overall magnitude and impact of including 
the DIF items in the total scores was small based on 
Raju’s NCDIF cutoff values and Cohen’s guidelines 
for evaluating effect sizes.43,45 Minimal impact at the 
scale level was found when evaluating the effect of 
DIF on total scores by visually inspecting the TCCs 
for all items and for the items flagged as having DIF.

This is the first study to specifically assess DIF 
in the JFLS, and therefore the results are not able 
to be compared to the results of other studies. 
Few studies have performed DIF analysis of oth-
er patient-reported outcome measures in dentist-
ry.52–54 For example, in an earlier study, DIF across 
the English- and Spanish-language versions of the 
Orofacial Esthetic Scale (OES) were examined.52 
Similar to the present study, the IRTLR approach 
was used to detect DIF due to language for OES 
items. These findings evidenced measurement 
equivalence across the two language versions of 
the OES. Campos et al used structural equation 
modeling to investigate MI with respect to age, 
gender, socioeconomic status, and receipt of den-
tal treatment across the Portuguese version of the 
OES (OES-Pt).53 They found that the OES-Pt op-
erated similarly to capture the concept of orofa-
cial appearance in the comparison groups. In both 
studies, DIF assessment was performed on the full 
scale, as none of the OES items were locally de-

pendent. Of note is that the OES is a relatively short 
questionnaire with 7 items assessing the appear-
ance of orofacial structures. The present authors 
assume it presents fewer challenges in translation 
and analytical procedures compared to longer 
scales such as the JFLS. In another study, Lee et al 
assessed the equivalence of Oral Health Literacy 
Assessment (OHLA) scores between English- and 
Spanish-language groups.54 They also used the 
IRTLR approach and found DIF was present in 
23 out of 24 items, indicating a high level of item 
bias. The authors attributed DIF occurrences to 
cross-cultural differences and in how people from 
the two language groups perceive and understand 
oral health.54 Language-related DIF was found with 
one item, “chew hard bread” (item 2), and a differ-
ence in expected total scale score between the two 
language groups was not observed when including 
this item. Again, the investigated outcomes dif-
fered: While the OHLA measures individuals’ abil-
ity to obtain, process, and understand oral health  
information,55 the JFLS targets the impact of oral 
diseases on functional limitation.

Strengths
The present study investigated regular dental pa-
tients—a highly relevant target population for the 
assessment of jaw functional limitation—using a 
large sample (n = 1,678). There are no established 
guidelines on the sample size requirement for DIF 
analysis,56 as DIF detection methods vary. Typically, 
a sample size larger than 1,000 is deemed appro-
priate for DIF detection methods for polytomous 

Fig 3  Expected JFLS total score by age group based on (a) all items and (b) the 2 items exhibiting DIF.
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items.57 IRT-based approaches were used for the 
present DIF assessment. IRT provides some advan-
tages over confirmatory factor analysis (CFA), such 
as model flexibility, provision of useful psychometric 
statistics/applications, and modeling of more item 
parameters.58 In terms of model flexibility, CFA/SEM 
assumes equal distance or an interval between re-
sponse options (eg, the difference between 1 and 
2 and 7 and 8 is assumed the same), whereas IRT 
does not necessarily make this assumption, allowing 
for greater model flexibility. Item and test informa-
tion provide substantially more insight about psy-
chometric properties, such as score accuracy, that 
vary across levels of the latent trait. In contrast, CFA/
SEM assumes one constant value of score reliabil-
ity for the entire scale. Finally, because IRT models 
each response category, more model parameters are 
estimated, allowing for a more detailed comparison 
between the investigated groups.

Limitations
The generalizability of these results will be affect-
ed by particular features of the present methods. 
The original study used a consecutive sampling ap-
proach, which may have introduced sampling bias, 
limiting the representativeness of the target popu-
lation. The present authors did not specifically se-
lect a severely ill sample because the purpose was 
to evaluate the measurement properties of the JFLS 
in a general dental care population, which includes 
patients who are well and patients with a range of 
conditions. However, it is also to be noted that a key 
advantage of IRT over classical test theory (CTT) is 
its group-invariance principle.59,60 In IRT, item param-
eters or properties are not dependent on the charac-
teristics of the respondents; they are in fact invariant 
across samples given the IRT model fits the data. 
Bandalos61 explained: “. . . if the IRT model fits, item 
parameter estimates are not dependent on the group 
from which they were obtained, and examinee ability 
estimates are not dependent on the particular items 
chosen to be on the test.” Accordingly, the param-
eters of an item can be estimated from any group 
of subjects who have answered the item regardless 
of their position on the item response curve. For in-
stance, even if moving from a group of participants 
with lower scores or less severe impairments (repre-
sented on the left side of the curve) to a population 
with higher scores or more severe impairments, such 
as TMD patients (represented on the right side of the 
curve), the item parameters should still be the same. 
Nonetheless, the present authors still recommend 
further empirical evidence regarding DIF in more se-
verely ill patient populations. 

Although several NCDIF cutoff values are avail-
able,36,62,63 the present interpretations are based on 

the cutoff guideline used.43 NCDIF interpretations 
can differ based on the researchers’ use of a specif-
ic cutoff guideline. There are more effect size mea-
sures for DIF available (eg, signed/unsigned item 
difference in normal distribution, maximum difference 
in sample, expected score standardized difference) 
that offer detailed interpretations of DIF magnitude,64 
which needs more attention in future research evalu-
ating DIF for scores from patient-reported outcome 
measures. 

To examine age-related DIF, age was used as a 
categorical variable; particularly, groups of ≤ 55 
years and > 55 years were used for analysis. Thus, 
conclusions could change if different age groups 
were used for analysis. To test this, a sensitivity anal-
ysis using a different categorization (> 65 and ≥ 65 
years) was performed, and the results, while not iden-
tical (data not reported but available upon request), 
produced an effect size and impact on the scale 
scores that was small and similar to the results based 
on the age grouping in the present paper. Last, it is 
recognized that factors such as acculturation, educa-
tion, income, and other indicators of socioeconomic 
status were not included in the DIF assessment and 
may have influenced the results. It is likely that many 
of the Spanish-speaking participants were bilingual 
and self-selected into the preferred language group. 
It is also recognized that acculturation may have had 
some influence on language-related DIF.65 Although 
current study findings show that only one item dis-
played language-related DIF with small impact and 
magnitude, based on the available data, it is uncer-
tain to what extent acculturation may have influenced 
the results. Level of education can also influence DIF 
and has not been investigated in the present study.66 
The present authors recommend future research 
studies to incorporate acculturation, education, and 
other indicators of socioeconomic status in their DIF 
assessment.

As for the scale itself, the dimensional structure of 
the JFLS and how responses of all items are scored 
have differed among prior studies.1,3–8 While it is 
possible to score three separate subscale scores, a 
single overall score has been used most frequently 
in previous research and clinical application; thus, 
a single overall score was used.1 Additional tests 
were performed to demonstrate an underlying unidi-
mensional structure of the JFLS; this was important, 
as DIF may occur due to a misinterpretation of mul-
tidimensionality inherent in a measure. The present 
authors acknowledge that a reduced 13-item JFLS 
version was used for the DIF analysis; however, it 
was found that removing items with high residual cor-
relations helped satisfy the assumption of local item 
independence. If this assumption is violated, any sta-
tistical analysis based on it would be misleading.67 
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Recommendations for Future Research
In terms of future research, presence of DIF is not 
a problem in itself, but is rather an opportunity to 
further study factors that led to its occurrence; for 
instance, examining how well the item showing lan-
guage-related DIF has been translated and if it can 
be improved to better capture the intended meaning. 
The authors also recommend further scale refinement 
and evaluation efforts, including additional assess-
ment of the JFLS dimensional structure and of excess 
item covariation. Further investigation of the JFLS di-
mensionality is important to the interpretation of DIF 
analysis results for that measure. Multidimensionality, 
and not bias in measurement, can be the cause of 
significant DIF results.68 Researchers can apply the 
present methods to the analysis of JFLS data from 
other studies to determine whether any items violate 
assumptions of unidimensionality. Once found, those 
items can be dropped, and DIF analysis conducted 
on the remaining set. The DIF magnitude and impact 
were small, however, for caution, it is recommended 
that researchers carefully examine the individual DIF 
items for any possible response bias and evaluate 
whether the response bias results in clinically rele-
vant problems. As different language versions of the 
JFLS are present, ideally, DIF assessment for other 
versions not examined here should be carried out, al-
though it is presumed that other language versions 
developed with the same rigor as JFLS-English and 
-Spanish versions will likely not show substantial  
language-related DIF.  

Evidence-based practice relies on patient- 
reported outcome measure scores in several disci-
plines of medicine34,41,46 and dentistry.69–71 These 
scores are also essential for value-based care.72 
The present results provide assurance to health care 
providers and researchers that the JFLS scores are 
equivalent across English- and Spanish-speaking, 
younger and older dental patients of male and  
female sex and allow for meaningful score compari-
sons across these patient subgroups. 

Conclusions

While the JFLS needs more methodologic work, 
the present results suggest that its summary score 
allows psychometrically robust score comparisons 
across English- and Spanish-speaking, younger and 
older dental patients of male and female sex.

Highlights

• The JFLS has promising psychometric 
properties; however, DIF, while an important 
statistical property, has not yet been investigated 

for the JFLS. DIF occurs when items of an 
instrument show different measurement 
properties across groups of people who differ in 
background characteristics. The present study 
is the first to assess DIF due to gender, age, and 
language (English vs Spanish) in the JFLS using 
an IRT approach.

• It was found that JFLS scores are equivalent 
across English- and Spanish-speaking, younger 
and older dental patients of male and female 
sex and allow for meaningful score comparisons 
across these dental patient subgroups.
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Hennepin Healthcare is seeking applicants for a
Board Certified/Board Eligible Orofacial Pain Specialist
The Dentistry Department at Hennepin Healthcare (HHS) is a multi-specialty 
practice which includes General and Pediatric Dentistry, OMFS, and Orofacial 
Pain. HHS sponsors a Pediatric and a General Practice Residency program and 
provides rotations for OMFS and Orofacial pain residents from the University 
of MN. The dentistry clinic is located in our downtown Minneapolis Clinic and 
Specialty Center, which also houses radiology, an ambulatory surgery center, 
and numerous other clinics and medical specialty services, and is connected 
by skyway to the main hospital and campus. 

QUALIFICATIONS

• Expertise in management of orofacial pain and dental sleep medicine

• DDS, DMD, or equivalent dental degree and Completion of a CODA   
 accredited Orofacial Pain Program

• Board certification/board eligible status with American Board of 
 Orofacial Pain

• Previous teaching experience, and involvement in scholarly activities 
 is preferred but not required

Interested applicants or general inquiries should curriculum vitae and cover 
letter to Jessica Endres (Senior Recruiter) at jessica.endres@hcmed.org

We believe equity is essential for optimal health outcomes and are committed 
to achieve optimal health for all by actively eliminating barriers due to racism, 
poverty, and other social determinants of health. We are deeply committed 
to teaching and working in an environment characterized by celebrating 
diversity, equity, inclusion, and belonging. We are seeking and committed to 
bringing in individuals with new and cultural perspectives to assist in creating 
a more equitable healthcare organization.

Hennepin Healthcare is an integrated system of care that includes HCMC, a 
nationally recognized Level I Adult and Pediatric Trauma Center and acute 
care hospital. The comprehensive healthcare system includes a 484-bed 
academic medical center, a large outpatient Clinic & Specialty Center, and a 
network of primary and specialty care clinics in Minneapolis and in suburban 
communities. Hennepin Healthcare has a large psychiatric program and 
operates both a research institute and philanthropic foundation.
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