
Journal of Athletic Training 281

Journal of Athletic Training 2003;38(4):281–285
q by the National Athletic Trainers’ Association, Inc
www.journalofathletictraining.org

Intrarater and Interrater Reliability of the
Beighton and Horan Joint Mobility Index
Kyndall L. Boyle; Philip Witt; Cheryl Riegger-Krugh

University of North Carolina at Chapel Hill, Chapel Hill, NC

Kyndall L. Boyle, MS, PT, OCS, contributed to conception and design; acquisition and analysis and interpretation of the data;
and drafting, critical revision, and final approval of the article. Philip Witt, PhD, PT, contributed to conception and design;
acquisition of the data; and critical revision and final approval of the article. Cheryl Riegger-Krugh, ScD, PT, contributed to
conception and design and drafting, critical revision, and final approval of the article.
Address correspondence to Kyndall L. Boyle, MS, PT, OCS, Department of Physical Therapy Education, Campus Box 2085,
Elon, NC 27244. Address e-mail to boylekyn@elon.edu.

Objective: Clinicians may benefit from using a joint mobility
index to screen for individuals on the high end of the spectrum
of joint laxity (ie, those with generalized joint laxity), which may
be associated with musculoskeletal complaints. Reliability of the
Beighton and Horan Joint Mobility Index (BHJMI) has not been
reported in the literature. Our purpose was to determine intra-
rater and interrater reliability of (1) composite BHJMI scores
(the overall score from 0 to 9), and (2) categorized scores, the
BHJMI scores in 3 categories (0 to 2, 3 to 4, and 5 to 9)

Design and Setting: This was an intrarater and interrater
reliability study. Data were collected in an academic physical
therapy department and in a high school.

Subjects: Forty-two (intrarater) and 36 (interrater) female
volunteers, aged 15 to 45 years.

Measurements: Subjects were screened using the BHJMI.
Percentage agreement and the Spearman rho were used to
analyze BHJMI composite and category scores.

Results: The percentage agreement and the Spearman rho
for intrarater and interrater reliability of BHJMI composite scores
were 69% and .86 and 51% and .87, respectively. The per-
centage agreement and the Spearman rho for intrarater and
interrater reliability of the category scores were 81% and .81
and 89% and .75, respectively.

Conclusions: Reliability of the BHJMI was good to excellent
in screening for generalized joint laxity in females aged 15 to
45 years.
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Generalized joint laxity (GJL), also known as systemic
joint laxity, is defined as a condition in which most of
an individual’s synovial joints have range of motion

beyond normal limits.1 Generalized joint laxity has been re-
ported to have a familial tendency,2–10 is more common in
females than males,5,6,11–15 and declines with age.15,16 The de-
gree of joint laxity seems to vary with ethnic origin, being
greatest for American Indians, followed by Africans and Cau-
casians.17,18 A potential consequence of GJL is the hypermo-
bility syndrome. This syndrome, first described by Kirk et al
in 1967,19 is GJL associated with musculoskeletal complaints
(eg, arthralgias and joint dislocations) in an otherwise normal
individual in whom all hereditary diseases are excluded. Other
authors1,3–6,11,12,16,19–25 reported the association of GJL and
musculoskeletal complaints such as arthralgias, joint sublux-
ations, joint dislocations, and sprains. Early-onset osteoarthri-
tis/osteoarthrosis has been implicated as part of the natural
history of GJL.19,26

Generalized joint laxity may be a risk factor for a variety
of musculoskeletal complaints and injuries. Clinical decisions
regarding intervention, specifically therapeutic exercise and
education, may be affected by the presence of GJL. For ex-
ample, when performing manipulation, GJL must be taken into
account and procedures adjusted accordingly,27,28 and athletes
identified with GJL in a preseason screening may be instructed
in altered training routines to lower their risk of injury. Edu-
cation regarding the benign nature of the condition is recom-

mended for individuals with GJL to ease concerns and elim-
inate unnecessary investigation or overuse of medication.29,30

An individual’s prognosis after injury may also be affected by
the presence of GJL. A slower rehabilitation course than com-
monly implemented may be more appropriate for an individual
with GJL.30 Consequently, an effective way of screening for
GJL is necessary.

Criteria for assessing GJL were first described by Carter and
Wilkinson in 1964,31 modified by Beighton and Horan in
1969,2 and amended in 1973 by Beighton et al.16 The Beigh-
ton and Horan index is the most commonly employed in-
dex,13,14,16,20,22,23,33–41 is easy to use, requires no special
equipment other than a goniometer, and takes less than 1 mi-
nute to complete. The index includes examination of fifth-
finger extension, opposition of the thumb to the forearm with
wrist flexion, elbow extension, knee extension, and trunk and
hip flexion. The Beighton and Horan Joint Mobility Index
(BHJMI) produces a composite, or overall, score between 0
and 9; 1 point is given if the criterion is met, 0 if it is not.
The composite index scores are often placed into 1 of 3 cat-
egories: 0 to 2, 3 to 4, or 5 to 9.5,12,23 This allows the clinician
to interpret the scores that are at the high end of the spectrum
(ie, 5 to 9) as indicative of GJL. Although the BHJMI has
been used over the past 34 years in numerous studies in a
wide variety of settings, its reliability has never been described
in the literature. Consequently, our purpose was to describe
the intrarater and interrater reliability of the BHJMI, including
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the composite or overall joint-mobility index scores and the
categorized joint-mobility index scores.

METHODS

We tested 42 female students for intrarater reliability and
36 of the 42 students for interrater reliability. Students were
from the Chapel Hill High School soccer team and the Uni-
versity of North Carolina at Chapel Hill physical therapy pro-
gram. The mean age was 25.4 6 4.2 years (range, 15 to 45
years). Relatively young females who were not injured were
chosen as subjects in this investigation because we believed
they represented a clinically relevant population, and their
joints could be assessed at end range. Females, particularly
relatively young females, are more likely to have GJL.5,6,11–16

Before participating in this investigation, all subjects read and
signed an informed consent approved by the institution’s in-
ternal review board for ethical treatment of human subjects,
which also approved the study.

Beighton and Horan Joint Mobility Index

Two raters were trained in the appropriate use of the
BHJMI. One rater had 6 years of full-time experience as a
physical therapist and was trained in the BHJMI in a continu-
ing education course. The other rater had 22 years of part-time
experience and was trained in the index by the first rater before
the study. All subjects examined for intrarater reliability (n 5
42) were tested on 2 occasions. Thirty-six of these subjects
were also tested a third time to assess interrater reliability.
Both examiners were blinded to previous results. Five of the
42 subjects who completed the intrarater reliability portion of
this experiment were not available for the interrater reliability
portion for logistical reasons. To determine intrarater reliabil-
ity, rater 1 tested subjects twice, 1 day to 2 weeks apart (mean
5 6 6 4 days). To determine interrater reliability, rater 2 tested
subjects once, on the same day or within 6 days of rater 1
(mean 5 1 6 2 days). Interrater testings on the same day were
spaced approximately 15 to 60 minutes apart. All tests were
conducted with the subject standing, except for the knee-hy-
perextension test, which was measured with the subject supine.
We measured fifth-finger extension using a medium-sized,
plastic, 8-in (20.32-cm) goniometer with 2-degree increments
and knee and elbow extension using a large, plastic, 12-in
(30.48-cm) goniometer with 1-degree increments. For all pro-
cedures, goniometer placement followed the guidelines pro-
vided by Norkin and White.42 Trunk and hip flexion and
thumb opposition were evaluated by the ability to complete a
specific task (see below); therefore, no measurement device
was needed for these tests. All measurements were performed
bilaterally, except for trunk flexion. The fifth-finger extension
test was demonstrated by the rater, and then the fifth finger
was passively extended by the subject. The distal portion of
the fifth metacarpal was stabilized with the thumb of the op-
posite hand, while the tip of the fifth finger was extended by
the subject using the index or middle finger as far as possible
without pain. Goniometric measurements were taken with the
fulcrum over the center of the metacarpophalangeal joint, the
distal arm along the length of the finger, and the proximal arm
along the fifth metacarpal. Fifth-finger hyperextension greater
than 90 degrees resulted in a score of 1. Hyperextension of 90
degrees or less resulted in a score of 0.

Wrist Flexion and Thumb Opposition

The thumb-opposition test was demonstrated by the rater
and then done passively by the subject. The subject stabilized
the distal portion of the forearm with the thumb of the opposite
hand, and the thumb being tested was passively abducted by
the fingers of the opposite hand toward the volar aspect of the
forearm with the wrist in flexion. If the thumb could be ab-
ducted to touch the forearm, then the score was 1. Opposition
less than this resulted in a score of 0.

Elbow Extension

The elbow-extension test was performed with the subject’s
shoulder abducted to approximately 80 degrees and the fore-
arm supinated. The rater then stabilized the proximal elbow
from the posterior side while applying a gentle force to the
subject’s palmar wrist to achieve passive end-range extension.
The center of the fulcrum was placed over the lateral epicon-
dyle of the humerus, and the distal arm of the goniometer was
positioned along the lateral midline of the forearm and aligned
with the radial styloid process. The proximal arm was posi-
tioned along the lateral midline of the subject’s humerus. Hy-
perextension of the elbow greater than 10 degrees resulted in
a score of 1. Hyperextension of the elbow less than 10 degrees
resulted in a score of 0.

Trunk and Hip Flexion

The trunk-flexion test was demonstrated by the rater and
then repeated by the subject. The subject attempted to touch
the palms flat to the floor while keeping the knees either ex-
tended or hyperextended. If the subject was able to flex the
trunk so that the palms were flat on the ground, then trunk
flexion received a score of 1; otherwise, a score of 0 was
assigned.

Knee Extension

The knee-extension test was conducted in supine with 1 or
2 towel rolls placed under the ankle. The fulcrum of the go-
niometer was placed over the lateral epicondyle of the femur,
and the proximal arm was aligned with the lateral midline of
the femur, using the greater trochanter for reference. The distal
arm was aligned with the lateral malleolus. Hyperextension of
the knee greater than 10 degrees resulted in a score of 1. Hy-
perextension of the knee less than 10 degrees resulted in a
score of 0. All 5 components of the BHJMI (right and left
fifth fingers, right and left wrist and thumb, right and left el-
bows, right and left knees and trunk and hip) were measured
and assigned either a 0 or 1. The scores, either 0 or 1 for each
component of the BHJMI, were totaled for the composite
score. The composite scores were then placed into 1 of 3 cat-
egories (0 to 2, 3 to 4, 5 to 9) to allow us to analyze the
reliability of category scores.

Statistical Analysis

We manually calculated percentage agreement for intrarater
and interrater reliability of the composite index scores (0 to 9)
and categorized joint-mobility index scores (0 to 2 5 category
1, 3 to 4 5 category 2, and 5 to 9 5 category 3). A Spearman
rho was calculated for the composite index scores and cate-
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Table 1. Reliability of the Beighton and Horan Joint Mobility
Index (BHJMI) Composite Scores

Difference in Composite
Scores on the BHJMI

BHJMI Intrarater
Reliability, %

BHJMI Interrater
Reliability, %

Perfect agreement
Agreement within 1 point
Agreement within 2 points
Agreement within 3 points

69
19
7
5

51
37
9
3

Table 2. Percentage Agreement of the Beighton and Horan Joint
Mobility Index (BHJMI) Category Scores

Difference in
Category

Mobility Scores

Intrarater Reliability
of BHJMI Scores,

%

Interrater Reliability
of BHJMI Scores,

%

0
1
2

81
19
0

89
8
3

Figure 1. Intrarater reliability of the Beighton and Horan Joint Mo-
bility Index composite scores (n 5 42).

Figure 2. Interrater reliability of the Beighton and Horan Joint Mo-
bility Index composite scores (n 5 36).

Figure 3. Intrarater reliability of the Beighton and Horan Joint Mo-
bility Index category scores (n 5 42).

Table 3. Interrater Reliability of the Beighton and Horan Joint
Mobility Index (BHJMI) Category Scores (n 5 36)*

Rater 2

Rater 1
Category

1 2 3

Category

1
2
3

18
1
0

2
8
2

1
1
3

*Rho 5 .75, P , .0001.

gorized joint-mobility scores using NCSS 2000 (Dataxiom
Software Inc, Los Angeles, CA).

RESULTS

Percentage Agreement

Composite index scores were within 1 point during both
intrarater and interrater testing 88% of the time (Table 1).
Agreement was 81% for intrarater testing and 89% for inter-
rater testing of categorized joint-mobility index scores (Table
2). Four cases differed between categories 1 and 2, and 4 cases
differed between categories 2 and 3.

Spearman Rho

Scatter plots describing the reliability of intrarater and in-
terrater testing of BHJMI composite scores and intrarater test-
ing of categorized scores are provided in Figures 1 through 3.
Reliability of interrater testing of BHJMI categorized scores is
provided in Table 3. All P values were significant at ,.0001.

The intrarater and interrater reliability of BHJMI composite
scores were excellent, with rho values of .86 and .87, respec-
tively. In comparison, the intrarater and interrater reliability of
BHJMI categorized scores were good to excellent, with rho
values of .81 and .75, respectively.
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DISCUSSION

A clinical test to screen for systemic joint laxity, (ie, GJL),
is needed. The presence of GJL in an individual may be as-
sociated with musculoskeletal complaints1,3–6,11,12,16,19–25 and
may influence clinicians’ interventions, such as therapeutic ex-
ercise and manual-therapy guidelines.26,28 Our investigation
provides the first report of reliability of a joint-mobility index
to screen for GJL. Intrarater and interrater reliability for both
BHJMI composite and categorized scores were good to ex-
cellent. Sources of error for all testing, which may contribute
to less than perfect reliability, may have included the time
interval among measurements, goniometric measurement error
(Rothestein et al43 reported knee and elbow intrarater and in-
terrater reliability to have 95% agreement), experimenter error,
weather changes, variability in verbal instructions to the sub-
jects for testing technique and position (ie, the amount of pres-
sure during the wrist-flexion and thumb-opposition test and the
location of the pressure at the thumb tip or the thumb inter-
phalangeal joint), and soft tissue surrounding the test joint hav-
ing been warmed up or not before testing.

These conditions, however, are more consistent with a clin-
ical environment rather than precisely controlled experimental
conditions and, therefore, yield results with greater external
validity. The 2-week interval between intrarater measurements
may have allowed subjects to gain or lose flexibility for the
spine test. A small goniometer in 1-degree increments would
have likely been more accurate for fifth-finger measurement
than the medium goniometer in 2-degree increments.

Weather changes may have affected repeat testing done on
different days and at different times of the day. Joint stiffness
varies throughout the day and increases with lower skin tem-
perature and decreases with local heating.43

During the study, we noted that a few subjects could touch
their forearms during the thumb test when pressing down on
the tip of their thumb but could not touch if they pressed on
the interphalangeal joint. Beighton and Horan did not include
this level of detail in their description of the index; therefore,
it was not included in our procedure. We recommend pressure
be applied over the interphalangeal joint for a more rigorous
criterion. Warming up the thumb before testing (perhaps
through extensive writing) might have allowed the criterion to
be met, when otherwise it would not have been.

Despite all of these potential sources of error, the measure
has good to excellent reliability, suggesting it is a valuable
clinical tool. Knowing where our athletes and patients fall in
the spectrum of joint mobility (hypomobile to hypermobile)
may influence our intervention and understanding of their
complaints. The BHJMI is one way to obtain this information.
The index is quick, taking 1 minute or less to complete, and
does not require any special equipment. Our results suggest
that the intrarater and interrater reliability of the BHJMI com-
posite and category scores is good to excellent for females
from 15 to 45 years of age.
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