
Interexaminer Reliability and Validity for Diagnosis of
Temporomandibular Disorders of Visual Leg
Measurements Used in Dental Kinesiology

In the past 2 decades, it has been suggested that dental occlusion
may influence the whole body posture.1–6 According to this
hypothesis, functional disturbances (eg, in chewing and swallow-

ing) of the masticatory muscles can be transmitted to distal muscu-
lature along the so-called “muscle chains.”7,8 Masticatory disorders
may therefore result in postural asymmetries and/or pain conditions
that most often affect the craniocervical musculature, the shoulder
musculature, the low back musculature, and the leg musculature.9 It
has also been suggested that this etiological chain of events may be
reversed. Hence, a difference in length of the legs may be considered
either a consequence of a disorder affecting the masticatory appara-
tus or a risk factor for a masticatory disorder.10,11

Although the current scientific evidence of these causal relation-
ships is weak or nonexistent,12 the dental kinesiologic approach is
followed not only by numerous chiropractors,10,11,13,14 but also by
many dental practitioners. In Italy as well as in other developed
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Aims: To determine the reliability and the validity of visual leg
measurements used in dental kinesiology, which suggests that a
masticatory dysfunction, such as occurs in temporomandibular
disorders (TMD), can influence the length and the internal rota-
tion of lower limbs. Methods: The leg-length inequality test and
the internal foot-rotation test were performed independently by 3
different examiners on 41 subjects who were also screened for
TMD. Data were analyzed by means of kappa statistics and by
calculation of sensitivity and specificity values. Results: Chance-
corrected reliability was generally poor for both the leg-length
inequality test (0.33 ≤ k ≤ 0.39) and the internal foot-rotation test
(0.15 ≤ k ≤ 0.27). Sensitivity and specificity values of the tests to
differentiate TMD and healthy subjects were below acceptable
thresholds; they ranged from 0.41 to 0.57. Conclusion: Visual
evaluations of leg-length inequality and internal foot rotation were
unreliable and are not valid for TMD diagnoses. The results of
chiropractic visual leg measurement procedures in dentistry should
be interpreted with caution, particularly when clinical decisions
may lead to nonreversible dental treatment. J OROFAC PAIN
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countries (eg, the United States, France, Spain),
these beliefs have also been widely spread by the
Internet and by local magazines and television pro-
grams, yielding a large number of patients seeking
concomitant treatment for occlusal and postural
disorders. As a result, many dentists have intro-
duced in their clinical practice diagnostic tests aim-
ing to evaluate inequalities or “imbalances” in var-
ious part of the body, particularly the lower limbs,
and their potential relation to dental occlusion and
to masticatory function and dysfunction (eg, tem-
poromandibular disorders [TMD]).11–14 The out-
come of these tests often influences the treatment
modality suggested to the patient, which may con-
sist of invasive and nonreversible occlusal therapy.

A critical issue when using a diagnostic test in
clinical practice is the evaluation of its reliability
and validity. A test is considered reliable when the
variation of random fluctuation due to errors in
measurement is relatively small; a test is valid when
it identifies correctly people with or without a cer-
tain disease. The aim of the present study was to
determine the interexaminer reliability and validity
of 2 diagnostic tests for masticatory dysfunction
that are frequently used by dentists: the leg-length
inequality test and the internal foot-rotation test.

Materials and Methods

Subjects and Examiners

Dental students from the University of Naples
were recruited for the study. The sample (n = 41)
consisted of 23 male subjects and 18 female sub-
jects ranging from 21 to 34 years of age (mean ±
SD, 24.5 ± 3.4 years).

The subjects underwent a stomatognathic func-
tional examination for TMD that was performed
by a calibrated dentist (AM) according to Axis I of
the Research Diagnostic Criteria for TMD
(RDC/TMD).15 This examination included palpa-
tion and auscultation of the temporomandibular
joints (TMJs), palpation of the masticatory mus-
cles, and measurement of the unassisted mandibu-
lar range of motion.

No exclusion or inclusion criteria were used to
restrict the selection of the subjects to be included
in the study. Informed consent was obtained from
all the subjects participating in the study. Care was
taken to provide the subjects with only general
information about the study to avoid influencing
the results.

Three examiners were selected for the study.
The first examiner (rater A) was an expert chiro-

practor who had been practicing for 10 years. The
second examiner (rater B) was a dentist with 10
years of experience in chiropractic. The third
examiner (rater C) was a general dentist. Rater A
had been extensively trained and calibrated during
his 5-year educational program in chiropractic in
France. Rater B had worked with rater A for about
10 years in a private practice and had been exten-
sively trained by rater A. Rater C was acquainted
with and trained in all the test procedures during a
single-day session by rater A. 

Diagnostic Tests and Procedures

All the tests were performed during a single-day
session in a single room. The subjects were exam-
ined in sequence in alphabetical order by surname.
Each subject was asked to remove his or her shoes
and was invited to lie supine and relaxed on an
examining table, keeping the arms straight. The
subject was asked to breathe deeply and slowly, to
swallow, and to maintain the mouth closed with
the mandibular and maxillary teeth in slight con-
tact. Thereafter, the examiner performed the first
test, comparing the position of medial malleolus
and identifying the side of leg-length inequality.
Comparison between sides was performed by
visual observation.16 Differences in leg length up to
approximately 0.5 cm, and differences of internal
foot rotation less than approximately 15 degrees,
were considered normal values. The possible out-
comes of the test were normal, right leg longer, or
left leg longer. In the second test, the examiner
manually exerted a slightly forced internal rotation
of the foot in order to detect potential differences
in the amount of rotation and end-play. The possi-
ble outcomes of the test were: normal, rotation
lower at the right leg, or rotation lower at the left
leg. The order of examiners testing each subject
was randomly determined. Examinations were per-
formed independently, with each examiner blinded
to the findings of the other examiners. The subject
was repositioned at each evaluation. Subjects were
allowed a few minutes’ rest between examinations.

Statistical Analysis

Data for agreement were summarized in 3 � 3
tables. Interexaminer reliability was determined by
means of proportion agreement (%) and chance-
corrected kappa statistics for categorial scales.17,18

pij denoted the observed proportion of subjects
classified as category i by the first examiner and
category j by the other. pi represented the marginal
probability of assignment to category i by 1 exam-
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iner; pj represented the marginal probability of
assignment to category j by the other examiner.
The chance-corrected agreement by the kappa
coefficient for a nominal scale with n categories
may be estimated as follows: 

where     is the proportion of 

observed agreement, and is the ex-
pected agreement. 

The standard error (SE) and the overall values of
kappa for multiple examiners were calculated
according to Fleiss et al.19,20 A 1-tailed statistical
test by reference to the standard normal distribu-
tion (z test) was carried out in order to test the null
hypothesis that agreement was better than chance.
Kappa values below 0.4 indicated poor agreement,
between 0.4 and 0.75 fair agreement, and values
from 0.75 to the maximum of 1 excellent agree-
ment.17 Diagnostic validity of the tests performed
by the chiropractor to differentiate between TMD

patients and healthy subjects was assessed with
sensitivity and specificity values. The “gold stan-
dard” for the TMD diagnosis was the examiner
(AM) calibrated according to the TMD/RDC crite-
ria.15 Sensitivity is the proportion of subjects with
a disease who obtain a positive test result, whereas
specificity is the proportion of those without a dis-
ease who get a negative test result. Statistical anal-
yses were carried out by means of commercial soft-
ware (Microsoft Excel 97).

Results

Seven subjects (17%) were diagnosed as having
myofascial pain of the jaw muscle without limited
opening, and 12 subjects (29%) as having anterior
disc displacement of the TMJ. Twenty-eight sub-
jects (68%) were free of any TMD. Leg-length
inequality was found to be highly prevalent in the
subjects investigated. Indeed, the percentages of

� =
po – pe

1 – pe

po = �pii

n

i=1

Pe = �pi•p•i

n

i=1

Tables 1a to 1c Agreement Among Raters for the
Leg-Length Inequality Test

Table 1a Rater A Versus Rater B

Rater B
Rater A Equal R longer L longer Total

Equal 11 6 1 18
R longer 3 9 0 12
L longer 5 1 5 11
Total 19 16 6 41

R = right leg; L = left leg.

Table 1b Rater A Versus Rater C

Rater C
Rater A Equal R longer L longer Total

Equal 9 5 4 18
R longer 6 6 0 12
L longer 2 0 9 11
Total 17 11 13 41

R = right leg; L = left leg.

Table 1c Rater B Versus Rater C

Rater C
Rater B Equal R longer L longer Total

Equal 9 2 8 19
R longer 7 9 0 16
L longer 1 0 5 6
Total 17 11 13 41

R = right leg; L = left leg.

Tables 2a to 2c Agreement Among Raters for the
Internal Foot-Rotation Test

Table 2a Rater A Versus Rater B

Rater B
Rater A Equal R longer L longer Total

Equal 14 4 2 20
R lower 2 5 0 7
L lower 12 1 1 14
Total 28 10 3 41

R = right leg; L = left leg.

Table 2b Rater A Versus Rater C

Rater C
Rater A Equal R longer L longer Total

Equal 11 4 5 20
R lower 1 5 1 7
L lower 7 1 6 14
Total 19 10 12 41

R = right leg; L = left leg.

Table 2c Rater B Versus Rater C

Rater C
Rater B Equal R longer L longer Total

Equal 15 4 9 28
R lower 3 5 2 10
L lower 1 1 1 3
Total 19 10 12 41

R = right leg; L = left leg.
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length inequalities found by the 3 examiners were
56.1%, 53.6%, and 58.5%, respectively, for the
raters A, B, and C. A different internal foot rota-
tion was found in 51.2% of the subjects by rater
A, in 31.7% of the subjects by rater B, and in
53.6% of the subjects by rater C.

The outcomes of the 2 tests for measuring the
interexaminer agreement are detailed in Tables 1a
to 1c and 2a to 2c. The proportion of observed
agreement between examiners ranged from 0.56 to
0.61 for the leg-length test and from 0.49 to 0.54
for the internal rotation test. The computational
procedure for calculation of kappa is summarized
in Table 3. Kappa values were in general low,
ranging from 0.33 to 0.39 for the leg-length
inequality test and from 0.15 to 0.27 for the inter-
nal rotation test. The kappa values were statisti-
cally significant (P < .001) between all the examin-
ers for the leg-length inequality test, and between
raters A and C and raters B and C for the internal
rotation test. The null hypothesis that agreement
was better than chance could not be rejected for
the internal foot-rotation test between rater A and
rater B (P > .05). The proportion of full agreement
among all the raters was 0.41 for the leg-length
test and 0.31 for the internal rotation test. The

overall values of kappa among the 3 examiners
were 0.35 (SE = 0.065) for the leg-length test and
0.20 (SE = 0.002) for the internal rotation test.
Sensitivity and specificity ranged from 0.41 to
0.57. These values are summarized in Table 4.

Discussion

The proportions of both leg-length inequality and
different internal rotation resulting from the 2
diagnostic tests used in this study were surprisingly
high. Differences in regard to leg length and rota-
tion for the 2 legs were found in more than half
the sample. Such high prevalence values, however,
are in agreement with other chiropractic findings
in studies where exclusion and inclusion criteria
were not used.21,22

In spite of the widespread use of these “quick”
visual leg measurement procedures, their reliability
and biomechanical significance are still controver-
sial; so far, mixed findings have been reported.23

While several authors have reported good reliabil-
ity (k = 0.7) for the supine leg length test when
used by experienced clinicians,24 others have
reported very low agreement values for both

Table 3 Computational Procedure for Kappa Statistics

po pe � SE(�) z P

Leg-length inequality test
Rater A – Rater B 0.61 0.36 0.39 0.11 3.56 .00018
Rater A – Rater C 0.58 0.34 0.37 0.11 3.30 .00048
Rater B – Rater C 0.56 0.35 0.33 0.11 3.04 .00120

Internal foot-rotation test
Rater A – Rater B 0.49 0.40 0.15 0.10 1.50 .067
Rater A – Rater C 0.54 0.37 0.27 0.11 2.38 .008
Rater B – Rater C 0.51 0.40 0.19 0.10 1.86 .031

Po = proportion of observed agreement; Pe = proportion of expected agreement; 
SE(k) = standard error of kappa. P values were 1-tailed.

Table 4 Sensitivity and Specificity of Leg-Length and Internal
Rotation Tests for Myofascial Pain of the Jaw Muscle and Anterior
Disc Displacement (RDC Ia and IIa)

Sensitivity Specificity

Leg-length inequality test
Myofascial pain of the jaw muscles 0.43 0.41
Anterior TMJ disc displacement 0.50 0.41

Internal foot-rotation test
Myofascial pain of the jaw muscles 0.43 0.47
Anterior TMJ disc displacement 0.57 0.52

Only data obtained from rater A (the chiropractor) were used for calculations.
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expert and normal examiners.25 A recent system-
atic review made by chiropractors themselves23

concluded that the reliability of chiropractic tests
for lumbo-pelvic spine had not been sufficiently
evaluated, and that most current tests do not yield
consistently acceptable results.

In the present study, the agreement between an
experienced chiropractor and 2 dental examiners
was evaluated. The experienced chiropractor was
considered the reference examiner, and no attempt
was made to test the measurement validity against a
more objective procedure (eg, x-ray, sliding calipers,
or mechanical identification devices). The aforemen-
tioned procedures have been used elsewhere for
evaluation of leg-length inequality.26,27 This is a lim-
itation of the present study. since the experienced
chiropractor cannot be considered an acceptable
“gold standard” to determine a “true” leg asymme-
try. In previous studies, the validity of visual mea-
surements has been tested against the reference of
radiographs taken in a standing position, with
rather poor results.28,29 The findings of these stud-
ies, however, have been questioned by chiroprac-
tors, because x-ray measurements reveal actual
anatomic asymmetry, whereas supine leg measure-
ments determine “abnormal activation of pelvic and
suprapelvic muscles” (ie, physiologic/functional
asymmetry).22 Other measurements not related
solely to anatomic asymmetries would probably be
more appropriate, but unfortunately, robust gold
standards for these purposes do not appear to exist.
In the present study, the decision to test “visual
examination” of leg length against a chiropractic
test was intentional, as this represents what is
commonly done by colleagues using this approach. 

The rationale for the choice of the 3 examiners
represents an attempt to mimic what usually hap-
pens in the clinical setting: chiropractors identify a
“general dysfunction” originating from the mastica-
tory system, and thereafter they refer the patient to
a dentist who is often unacquainted with the
approach. Some dentists do attend short courses
about dental kinesiology and learn the basic princi-
ples of this approach, and a few dentists embrace
dental kinesiology completely and start to treat
patients accordingly. As a first objective, the
authors determined whether a general dental practi-
tioner would be able to perform chiropractic tests
correctly; secondly, the authors determined whether
an experienced dentist would perform better than
an inexperienced dentist. The results of the present
study suggest that agreement between dentists and a
chiropractor, although better than chance, was in
general poor, particularly for the internal rotation
test, and provide little support for the use of these

clinical tests in dentistry. In addition, when the find-
ings of an experienced dentist were compared with
those of an ordinary dentist, the former did not
produce better agreement with the chiropractor; in
some cases, agreement was worse. It is therefore
unlikely that the poor results may be ascribed only
to the examiners’ lack of adequate experience or to
their educational background.30

The diagnostic validity of visual leg measure-
ments as tests to differentiate between TMD
patients and healthy subjects was tested by calcula-
tion of sensitivity and specificity using the chiro-
practor as the reference standard. The recommen-
dations of the American Academy of Orofacial
Pain31 indicate that sensitivity and specificity of
diagnostic tests for TMD should be higher than
0.7. In the present study, however, both the sensi-
tivity and specificity values of the tests were far
below 0.7; thus, the present findings gave little sup-
port to the diagnostic validity of visual leg measure-
ments for TMD, as both the sensitivity and speci-
ficity values of the tests were far below 0.7. Hence,
it may be argued that in most cases, a decision of
“treatment need” should not be made based on
these tests. It should also be stressed that visual leg
measurements are often performed in apparently
healthy subjects, and that these tests suggest the
need for irreversible occlusal treatments (eg,
orthodontics, prosthodontics).

The proportions of subjects with myofascial
pain and anterior disc displacement found in the
sample fit with previous estimates of the preva-
lence of TMD in the general population.32

However, although TMD diagnoses were made in
the sample investigated, the subjects could not be
considered representative of a patient population
seeking treatment for TMD complaints. Thus, it
would be appropriate to consider the present data
as preliminary findings that need to be replicated
with larger sample sizes and multiple examiners.

In conclusion, leg-length inequality and asym-
metric internal foot rotation are highly frequent in
a student population. The interexaminer reliabili-
ties of the leg-length inequality test and of the inter-
nal foot-rotation test were poor. Indeed, kappa val-
ues obtained from a chiropractor and 2 dentists
were always below the critical threshold of 0.4, and
in several cases the agreement between examiners
was not better than chance. The diagnostic validity
of quick visual leg measurements as tests to differ-
entiate between TMD patients and healthy subjects
was also very low. The outcome of these tests used
in dentistry should therefore be interpreted with
caution, particularly when clinical decisions may
lead to nonreversible dental treatment.
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