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Abstract
Our purpose was to examine the effects of pubertal status on generalized joint laxity in a population
of male and female athletes. We hypothesized that females would show higher generalized joint
laxity after the onset of puberty while males would not. This cross-sectional cohort study included
275 female and 143 male middle school and high school basketball and soccer athletes. Joint laxity
was assessed using the Beighton and Horan Joint Mobility Index. BHJMI scores were averaged and
female and male athletes were compared by pubertal stage. Females demonstrated increased joint
laxity scores between pre-pubertal and post-pubertal groups (P=0.042), while males did not. Pre-
pubertal male and female athletes were not different in cumulative joint laxity scores (female pre-
puberty Mean=2.00; male pre-pubertal Mean=1.66). However, following the onset of puberty
females (pubertal Mean=2.96; post-pubertal Mean= 3.03) demonstrated a greater joint laxity score
compared to males (pubertal Mean=1.24; post-pubertal Mean=1.30). Gender differences in BHJMI
score was found at puberty and post-puberty (P<0.001). In contrast to males, females may have
greater generalized joint laxity following the onset of puberty. Structural and physiological changes
that occur during puberty such as alterations in passive joint restraints, may affect the type, severity
and incidence of injuries in the maturing adolescent population.
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Introduction
Epidemiological studies indicate that adolescents experience an increased rate of ligament
sprains and sports injuries as they mature [1,2]. Both males and females experience ligament
sprains at similar rates prior to puberty; however, after 12 years of age females demonstrate
higher ligament sprain rates compared to males [3,4]. The anterior cruciate ligament (ACL)
injury incidence is 2–8 fold higher in adolescent female athletes compared to males.[5] Prior
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to puberty, however, there does not appear to be a significant difference in ACL injury rates
between the genders.[6,7] Cumulatively, these studies suggest a potential association between
changes that occur during the onset of puberty and increased ACL injury risk in female athletes.

While males and females exhibit similar changes in relative limb segment growth and
development associated with puberty, there is divergence in other anatomical [8], hormonal
[9] and neuromuscular measures.[10–13] Identification of anatomical, hormonal or
neuromuscular gender differences related to puberty may help to delineate the mechanisms
underlying the increased risk of ACL injuries in females compared to males. One potential
measure that may be related to higher risk of knee and ACL injury is increased generalized
joint laxity and knee joint laxity.[14,15] Increased generalized joint laxity (hypermobility) is
defined as increased joint range of motion relative to the normal population. Joint stabilization
provided by both active and passive restraints help provide protection against joint injury.
Ligaments are passive joint restraints, while muscles contribute to both passive and active joint
restraints. Ligaments, joint capsules, joint surface contacts, passive or reflexive muscle tension
and soft tissues all contribute to joint stability and end-range of motion. [16] Therefore,
alterations in any of these structures during puberty may compromise joint stability and could
potentially lead to joint injury and loss of function.

While the effects of chronological age, race, and gender on generalized joint laxity and the
prevalence of hyperlaxity are relatively well defined in a non-athletic population [17–19], the
effects of pubertal status on laxity measures in an athletic population are not established in the
literature. Although chronological age is a common covariate employed in gender studies,
comparison of males and females by chronological age during the adolescent period may not
be optimal.[20] The average onset of puberty differs between the genders, with females
beginning puberty at an earlier age; hence comparisons of puberty dependent variables in males
and females by age during this pubertal period may not be valid. The purpose of the present
study was to examine the effects of pubertal status on generalized joint laxity in a population
of male and female athletes. We hypothesized that females would show an increase in
generalized joint laxity after the onset of puberty while males would not demonstrate a
comparable increase.

Materials and Methods
Subjects

The present study employed a cross-sectional cohort experimental design. Subjects for this
study were 275 female and 143 male (ages 11–18) healthy preadolescent and adolescent
athletes from local middle school and high schools within the same school district. Data was
collected just prior to the start of the athletes’ competitive soccer or basketball seasons.
Informed written consent was obtained from a guardian of each subject and approved by the
Institutional Review Board prior to screening. After the informed consent was obtained, height
and mass were recorded (Table 1). Subjects who reported prior knee injuries were excluded
from the data analysis.

Subjects were classified into three pubertal categories (pre-pubertal, pubertal, and post-
pubertal) using the modified Pubertal Maturational Observational Scale (PMOS). The PMOS
utilizes parental questionnaires and investigator observations to classify subjects into the
pubertal categories, pre-pubertal (equivalent to Tanner Stage I), pubertal (equivalent to Tanner
Stage 2 and 3) or post-pubertal (equivalent to Tanner Stages 4 and 5).[21] The PMOS scale
has shown high reliability and can be used to differentiate between pubertal stages based on
indicators of adolescent growth, breast development, menstruation status, axillary and leg hair
growth, muscular development, presence of acne and evidence of sweating during physical
activities.[10,11,21,22]
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Procedures
Each subject was tested by the same licensed physical therapist for generalized joint laxity
using the Beighton and Horan Joint Mobility Index (BHJMI).[23] Generalized joint laxity tests
consisted of fifth-finger hyperextension greater than 90 degrees (Figure 1A), elbow
hyperextension greater than 10 degrees (Figure 1B), wrist and thumb to forearm opposition
(Figure 1C), knee hyperextension greater than 10 degrees (Figure 1D) and palms to floor with
knees fully extended (Figure 1E). All tests were performed bilaterally, except for trunk flexion
(Figure 1E), with goniometric measurements following placement guidelines by Norkin and
White [24] and procedures as previously described.[23] A point value of 1 was given each time
an athlete surpassed the designated laxity measure at each of the 9 joints tested (right thumb,
left thumb, right knee, left knee, right fifth-finger, left fifth-finger, right elbow, left elbow, and
palms to floor). An injury allowance point was given to a joint that did not surpass the
designated laxity measure if a subject had a history of a significant injury to that joint that
limited mobility (e.g., elbow or thumb fracture) and the subject displayed a positive test on the
corresponding contralateral joint.[25] Points were summed to give an overall BHJMI score (0–
9). Subject composite scores were categorized into 3 categories (0–2, 3–4,5–9), with the last
category representing the most hypermobile subjects.[23] A reliability study of the collected
measurements was also performed. Six subjects participated in a three-session between day
reliability assessment of the testing procedure. The sessions were held at approximately the
same time of day. The intrarater reliability of the measurement of joint laxity score was high
(ICC=0.972).

Statistical Analysis
Statistical means and standard deviations were calculated to compare gender and pubertal
stages (pre-pubertal, pubertal, and post-pubertal). Nonparametric analyses were utilized based
on evidence that the data were not normally distributed (Kolmogorov-Smirnov normality test
P < 0.001) and consisted of Kruskal-Wallis and Mann-Whitney (P < 0.05). Statistical analyses
were conducted in SPSS for Windows, release 12.0 (SPSS Inc., Chicago, Illinois).

Results
Figure 2 displays the BHJMI Joint Laxity scores for the male and female athletes at the three
different pubertal stages: pre-pubertal, pubertal and post-pubertal. Female athletes
demonstrated a significant difference in generalized joint laxity, between pubertal groups
(P=0.042), as measured by the BHJMI. In contrast, there was not a BHJMI score difference
between pubertal groups in the male athletes (P=0.582). Specifically, females had significantly
greater BHJMI scores post-pubertal, (P=0.042), while males did not.

When gender differences within each pubertal group were examined separately, there were no
significant differences between males and females in cumulative joint laxity scores prior to
puberty (P=0.385; female pre-pubertal =2.0; male pre-pubertal 1.7). Table 2 shows
hypermobility prevalence (Beighton and Horan Joint Mobility Index score of greater than or
equal to 5) in the subject population. The prevalence of hypermobility was not different
between the genders in the pre-pubertal group of athletes (female 10.7%, male 3.2%, P = 0.286).
However, following puberty, females (pubertal =3.0; post-pubertal = 3.0) demonstrated
significantly greater (P<0.001) joint laxity scores compared to males (pubertal =1.2; post-
pubertal =1.3). The prevalence of hypermobility (score ≥ 5) was 10.7%, 33.3% and 28.5% in
females throughout the pubertal stages, respectively. In comparison, the prevalence of
hypermobility in males was 3.2%, 2.3% and 6.5% (Table 2). Table 3 presents the gender
specific percentage of athletes who demonstrated positive laxity scores at each of the tested
joints.
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Discussion
The findings of the current study support the hypothesis that generalized joint laxity increases
in female, but not male, athletes during puberty. Prior to puberty, males and females
demonstrated similar BHJMI scores. The study findings indicate that following the onset of
puberty, females develop greater generalized joint laxity, while no similar changes in joint
laxity are observed in male athletes. This potentially leads to decreased static stability in female
athletes and indicates that generalized laxity changes that occur during puberty are likely to
underlie decreased passive joint stability in females.

Several prior studies have examined joint laxity in children, adolescents and adults with
somewhat conflicting results. [17–19,25–29] The reported prevalence of increased joint laxity
in studied populations has varied widely, ranging from 5% to 34% and appears to be influenced
by age, gender, and race. [17–19,25–29] In general, traditional theories relating laxity to
maturation speculate that children exhibit "looser" joints but as they age they tend to "tighten"
and to demonstrate a decrease in joint range of motion.[18,28,30] Although numerous studies
report that laxity decreases with age, an extensive review of the literature failed to produce any
studies that examined the association between puberty and generalized joint laxity.[19,25] In
order to compare females and males during adolescence, pubertal stage rather than
chronological age is a superior measure for comparing adolescent children during growth and
development. Though previous studies have examined laxity differences between males and
females, they report conflicting results; some report that females tend to show more ligament
laxity than males, while others report no significant difference between genders.[25,29–31]
The purpose of this study was to examine the effects of both gender and pubertal status in an
adolescent population, specifically, an athletic population.

In the current study, approximately 33% of the female athletes tested after the start of puberty
were classified as hypermobile according to the BHJMI criteria. Prior investigations indicate
that post-pubertal females tend to demonstrate higher incidence of increased knee laxity [14,
32] and increased generalized joint laxity [18,19,25,27] compared to their male counterparts.
The increase in laxity in females after the onset of puberty may be related to gender differences
in hormonal or anatomical changes that occur during puberty. Specifically, the relationship
between sex hormones and their possible effects on joint laxity and ACL injury risk have been
studied extensively. Hormones may affect ligament synthesis, degradation, and loading
properties; however, the effects of sex hormones on ligament biology and ACL injury risk are
currently not well understood[9,33]. Future research should focus on establishing the role of
sex hormones in generalized joint laxity and ACL injury risk.

Although hypermobility may be an asset for dancers and musicians [34,35] and may act as a
positive selective factor for these activities, the benefits of hypermobility for athletes have yet
to be determined and are likely to be highly specific to the sport. In fact, several studies relate
joint hypermobility in athletes to a higher risk for injury, including ACL rupture, in jumping
and cutting sports.[14,15,36] Uhorchak et al. reported that increased (greater than one standard
deviation above the mean) generalized joint laxity increased the risk of ACL injury.[15]
Similarly, Ramesh et al. found ACL injury was more prevalent in those with increased joint
laxity, specifically those with increased knee joint laxity.[36] Rozzi et al. reported that
compared to males, females demonstrate greater knee joint laxity and longer time intervals
needed to detect knee joint movement into extension. Similarly, Shultz et al. showed that female
collegiate athletes with increased knee joint laxity also had delayed reflex time and increased
reflex amplitude in biceps femoris muscle activity following a perturbation.[37] These findings
indicate that increased joint laxity may partially underlie neuromuscular deficits that may
increase risk for sports injury, specifically knee injury and ACL injury, when compared to
those with more normal passive joint stability. [14,15,36]
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Female athletes demonstrate measurable neuromuscular deficits compared to males. Hewett
et al. demonstrated that compared to males, females display greater maximum lower extremity
valgus angles and greater total medial motion of the knees during a jump task following the
onset of puberty.[11] These decreases in dynamic knee stability are coupled with decreased
knee flexor torques in female athletes after puberty, compared to males.[11] In addition, while
males demonstrate a neuromuscular spurt during puberty, demonstrated by increased vertical
jump height and increased ability to attenuate landing forces, females do not experience a
similar increase in neuromuscular performance.[10] Poor dynamic knee control and the
absence of a neuromuscular spurt, coupled with increased generalized joint laxity in maturing
females, may be linked to the increased dynamic coronal plane knee motion, which may
increase ACL injury risk following the onset of puberty. [11,38] Neuromuscular interventions
may help to compensate for decreased passive joint stability by increasing dynamic joint
stability since resistance training, in addition to increasing muscle strength and recruitment,
may also result in advantageous adaptations in bones, tendons and ligaments and help reduce
injuries.[39,40] Therefore, increased joint awareness and improved active joint motion
restraints may provide joint protection for an athlete that demonstrates looser passive joint
restraints as evidenced by ligament laxity.

There are several limitations to the present study. Tanner Staging, the "Gold Standard"
measurement for determining pubertal status, was not used for this study. However, the current
study utilized one experienced rater to quality control the reported variables for each athlete
at the time of testing and to determine accurate pubertal categorizations. In addition, the PMOS
has been used successfully in prior investigations with similar populations and is reported to
be a reliable assessment tool to determine pubertal status. Another limitation to this study is
the reliability of generalized joint laxity testing. Although generalized joint laxity testing has
been used in many studies, the reproducibility and reliability can be relatively low, as evidenced
by studies that show conflicting results regarding joint laxity prevalence. [17–19,25–30] This
limitation was minimized in the current study by using one rater with over 12 years experience
in the physical therapy setting and with multiple years of experience screening hundreds of
athletes using the BHJMI. Intrarater reliability tested for this individual was high. An additional
concern is that this study was cross-sectional in nature and therefore the study design could
not be used to determine changes over time within the subjects tested. Future studies should
address this question with longitudinal study designs in order to determine changes in
individuals and groups of individuals over time. Despite these limitations, this study accurately
measured the effects of puberty and gender on generalized joint laxity in a large mixed age
group of male and female athletes.

Summary and Conclusions
In conclusion, the current findings support the hypothesis that female athletes experience an
increase in generalized joint laxity following the onset of puberty, while males do not
demonstrate a significant change in laxity with puberty. This increase in joint laxity associated
with the onset of puberty in females may be related to their concomitant increase in knee and
ACL injury incidence in female athletes.
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Figure 1.
Figure 1A) Fifth finger hyperextension test. Each subject’s forearm, wrist, and fingers were
stabilized on a flat table. The tester passively extended the subjects fifth finger as far as possible
without pain. Hyperextension of 90 degrees or greater resulted in a score of 1. Hyperextension
less than 90 degrees resulted in a score of 0.
Figure 1B) Elbow hyperextension test. Each subject’s shoulder was abducted to approximately
80 degrees, with the forearm supinated. The axis of the goniometer was placed over the lateral
epicondyle of the humerus, with the distal end aligned with the radial styloid process and the
proximal arm aligned along the lateral midline of the subject’s humerus. If elbow
hyperextension was 10 degrees or greater a score of 1 was given. Hyperextension of less than
10 degrees resulted in a score of 0.
Figure 1C) Thumb opposition test. Each subject flexed the wrist and pulled the thumb towards
the forearm using the opposite hand. If the thumb could be abducted to touch the forearm the
score of 1 was given. Inability to touch the forearm resulted in a score of zero.
Figure 1D) Knee hyperextension test. Each subject was placed in a supine position with a box
placed under both ankles. The axis of the goniometer was aligned with the lateral epicondyle
of the femur. The distal arm was positioned with the lateral malleolus and the proximal arm
was aligned with the greater trochanter. Hyperextension of the knee 10 degrees or greater
resulted in a score of 1, anything less than 10 degrees resulted in a score of 0.
Figure 1E) Palms to floor test. Each subject was instructed to keep both knees extended and
attempt to touch the floor with the palms flat to the floor. The ability to touch both palms flat
on the floor resulted in a score of 1. If the subject was unable to place both palms flat on the
floor a score of 0 was given.
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Figure 2.
Gender and pubertal comparison (measured by the Pubertal Maturational Observational Scale)
of the mean (± 1 SEM) Beighton and Horan Joint Mobility Index scores. *Females
demonstrated higher generalized joint laxity scores compared to males at the pubertal and post-
pubertal stages (P < 0.001).†Pubertal females demonstrated higher generalized joint laxity
scores when compared to pre-pubertal females (P < 0.05).
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