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Physiological Characteristics of
Young (9-12 Years) and Adolescent
(>13 Years) Rhythmic, Acrobatic,
and Artistic Female Gymnasts

Nili Steinberg, PhD,"% Liav Elbaz, MPE,T Gali Dar, PhD,* Dan Nemet, MD,$
and Alon Eliakim, MD$

Background: Elite gymnasts are exposed to high levels of physical stress, during both childhood and adolescence, with
significantly late maturation and high injury prevalence. Here, we compare the physiological characteristics of female
gymnasts in 2 age groups: young (9-12years) and adolescent (>13years) in 3 disciplines of competitive gymnastics.

Hypothesis: Participants’ physiological characteristics will differ by age group and by gymnastic discipline.
Study Design: Cohort study.
Level of Evidence: Level 2.

Methods: The study included 274 gymnasts, aged 11.8+1.9years. Data collection included anthropometric measures,
Tanner stage, and menarche age; ultrasound assessments were used to assess bone properties, including bone strength,
skeletal age, and final-height prediction.

Results: Univariate analysis of variance showed age x discipline interactions for body mass index (BMI) percentiles
(F() 2 6)—4 379; P=0.01), skeletal age (F, , '=3.808; P=0.02), and final-height prediction (F 2 20y =0:377, P=0. 04). Moreover,
in both age groups, artistic gymnasts eXhlblted significantly higher BMI percentiles than rhythmlc gymnasts (P<0.05). In
the adolescent group, final-height prediction for rhythmic gymnasts was significantly greater than that of artistic gymnasts
(P<0.05). Finally, in adolescent gymnasts, regression lines showed that skeletal age was lower than chronological age
(P<0.05).

Conclusion: Artistic gymnasts were shorter than rhythmic and acrobatic gymnasts. Despite similar BMI and body fat,
maturity patterns, and training-volume history, artistic gymnasts had lower bone-strength than rhythmic and acrobatic
gymnasts. Combined with their high-impact and intensive training, this could increase their risk of musculoskeletal injuries.

Clinical Relevance: The current study may help athletic trainers and medical teams define “norms” for different age groups
and gymnastic disciplines, based on what may be expected during the athletes” early and late maturation. This knowledge
can be used to modify, individualize, and optimize training programs.
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ighly intensive gymnastic activities, which include the

repetition of extreme movements, require a specific

body type, as is often reflected in the musculoskeletal
development of gymnasts.*!® During maturation, pubertal
development is accompanied by hormonal changes and rapid
skeletal growth.” High-energy-consuming gymnastic training,
coupled with the need to maintain body leanness during
maturation, may lead to the reduced availability of energy and
body fat, irregular hormonal cycles, late menarche, and
menstrual disorders.”” Furthermore, high loads on the immature
musculoskeletal system may affect anatomical structure and
function, such as changes in joint laxity and alterations in soft
tissue metabolism.*?” Data suggest that female gymnasts tend
to have reduced fat-masses and weight/height ratios, as well as
a tendency to exhibit later maturation.*"**!* Combined, these
factors might play a pivotal role in their high rates and risk of
musculoskeletal injuries.**

Important parameters among gymnasts during puberty include
bone strength and skeletal age.“/‘“'”'ﬁ36 On the one hand,
intensive weightbearing gymnastic training may enhance
bone-mineral density and bone strength in pre- and early-
pubertal gymnasts.4‘“‘13‘55‘56 On the other hand, some
biomechanical studies show that extreme repetitive activities
may impair bone properties and lead to accumulated bone
microdamage, with an increased risk of injury that is related to
such bone stress.*** Furthermore, intensive physical training,
particularly when accompanied by inadequate nutrition, may be
associated with delayed maturation and reduced estrogen
secretion, in turn leading to lower bone mass and strength, and
even to delayed skeletal age compared with chronological
age. 17,24

Both prepubertal and adolescent gymnasts may present
altered musculoskeletal characteristics that could impact their
athletic abilities and sports performance.” However, whether
these musculoskeletal changes are age- and maturity-dependent
remains unknown. In addition, it is unclear whether
physiological characteristics differ between rhythmic, acrobatic,
and artistic gymnasts,”"*" bearing in mind that all 3 disciplines
require similar long and high-impact training hours, fit
physiques, and lean body masses, with gymnasts in these fields
also exhibiting relatively late pubertal development and a high
prevalence of lower-extremity injuries.”** The aim of the
present study, therefore, was to compare the physiological
characteristics of competitive female gymnasts, by age (young
[9-12years] and adolescent [>13 years]), and by discipline
(thythmic, acrobatic, and artistic).

METHODS
Participants

A total of 274 female participants were included in the study,
including rhythmic, acrobatic, and artistic gymnasts. All
participants were competitive-level gymnasts who took part in
at least 4 national or international competitions each year. The
inclusion criteria required the gymnasts to have been fully active

in all gymnastic training over the 3months before the study,
with <3days absence from training due to pain, discomfort, or
injury over the 3months leading up to the study. The research
study was approved by the Adi-Negev Rehabilitation Hospital
Human Subjects Review Board, in accordance with the Helsinki
Declaration. A written consent form was signed and submitted
by each participant and by one of her parents (due to the
participants’ young age), and the gymnasts’ rights and safety
were protected throughout the study.

Procedure

Fach gymnast was assessed for anthropometric measures and

pubertal stage. They were also assessed for bone strength and
skeletal age using 2 different ultrasound devices. Skeletal age

measurements were used for final-height prediction.

Personal Details and Training Intensity

Data on the gymnast’s age, training background, and intensity
were collected, including the age at which they embarked on
such training and the total number of practice hours per week.

Pubertal Stage

The gymnasts completed the Tanner’s Sexual Maturity Rating
regarding breast development and pubic hair,”* and were asked
about their age of menarche.

Anthropometric Parameters

Bodyweight and standing height were measured using standard
scales and a stadiometer, and body mass index (BMI) and BMI
percentiles were calculated. Body composition was assessed
using the BC-545N device (TANITA Europe).

Bone Strength

Tibial and radial ultrasound measurements were taken of the
gymnasts’ right-side bones, using the Sunlight Omnisense
(Sunlight Medical), a quantitative ultrasonometry tool designed
to measure speed-of-sound (SOS) at different skeletal sites,
using the axial transmission method. SOS measurements are
based on the principle whereby ultrasound waves propagate
faster through bone than through soft tissue. The device consists
of a main desktop unit and several small probes, designed to
measure SOS at different sites. In this study, the measurement
site for the tibia was defined as the midpoint between the
medial-malleolus apex and the distal-patellar apex. The radius
was defined as the midpoint between the elbow and the tip of
the middle finger, parallel to the bone axis. The probe was
moved across the mid-tibial and mid-radius plane, to seek the
site with the maximal reading.*

Skeletal Age and Final-Height Prediction

To determine the gymnasts’ skeletal age and predict their final
height, based on the ultrasound examination, the BAUSport
(SonicBone) was used. This device is a small, portable bone
sonometer, used to analyze 3 sites of the left hand: (1) the distal
radial and ulnar secondary ossification centers of the epiphyses
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at the wrist; (2) the growth plate of the third metacarpal and the
shaft of the proximal phalanx; and (3) the distal metacarpal
epiphysis at the metacarpals. The device measures the speed of
propagation through the bone of inaudible high-frequency
waves of a short ultrasound pulse (m/s) and the distance
attenuation factor (decay rate). With the use of these
parameters, skeletal age was calculated (to the nearest
0.01years) using an algorithm that was integrated into the
BAUSport" software.*** All ultrasound examinations were
conducted by a trained professional, and in line with the
manufacturer’s manual. The examiner was blinded to the
participants’ gymnastic discipline, age, and pubertal status.

Data Analysis

Univariate analysis of variance (ANOVA) (age x discipline) was
conducted for each anthropometric measure and impact of
training, using Bonferroni corrections for multiple tests. Chi-
squared tests were used for categorical data such as Tanner’s
stages and menarche age. Regressions were used for presenting
chronological age versus skeletal age separately for the 2 age
groups and for the 3 disciplines. Statistical analyses were
performed using SPSS Version 25.0, with the significance level
being set at 0.<0.05 for all tests.

RESULTS

The mean biological age of the 274 female gymnasts who
participated in this study was 11.8+1.9years. Moreover, 154
were rhythmic gymnasts, 60 were acrobatic gymnasts, and 60
were artistic gymnasts.

Physiological Characteristics by Age

Group and by Gymnastic Discipline

When conducting the univariate ANOVA, a significant age-group
effect was seen for training impact (ie, the age at which the
gymnastics began their training, and the number of training
hours each week, during the current year and the previous
year), anthropometric parameters (height, weight, and BMD) and
for bone properties (radial bone-strength, tibial bone-strength,
tibial Z-scores, skeletal age, and final-height prediction)
(P<0.05). However, no age effect was found for BMI percentile
or for fat percentage (P>0.05) (Tables 1 and 2).

A discipline effect was found for training impact, whereby a
higher impact was seen in rhythmic gymnasts. A similar effect
was also seen for anthropometric parameters, whereby lower
BMI percentiles were seen among rhythmic and acrobatic
gymnasts. Finally, such an effect was also found for bone
properties, whereby greater tibial bone-strength and higher
final-height prediction were seen among rhythmic and acrobatic
gymnasts compared with artistic gymnasts (P<0.05). However, no
discipline effect was found for height, weight, or BMI (P>0.05).

Age xdiscipline interactions were found for weight, BMI, and
BMI percentile, with the latter being significantly higher in
artistic gymnastics than in rhythmic gymnastics in both age
groups. Interactions were also found for skeletal age and for

final-height prediction, whereby in the adolescent group,
final-height in rhythmic gymnasts was significantly greater than
in artistic gymnasts.

Bone Properties

Figure 1 presents regression lines for biological age, by
discipline and by skeletal age. The lines appear separately for
each age group. At 10.50years, where the 2 lines intersect, the
skeletal age of both groups was higher than their chronological
age of 10.94years. Yet at 16.0years, the skeletal age of the
adolescent group was lower than that of their chronological
age, i.e., 15.35years. No significant differences were found
between the regression lines of the 3 gymnastic disciplines,
indicating similar relationships between the participants’
biological age and their skeletal age in all 3 gymnastic
disciplines (P>0.05).

DISCUSSION

The current study examined physiological characteristics,
including anthropometric parameters, training impact, and bone
propetties, in female gymnasts from 2 age groups (young and
adolescent) and from 3 disciplines (thythmic, acrobatic, and
artistic). The artistic gymnasts were found to be significantly
shorter than the rhythmic and acrobatic gymnasts; however, a
similar prevalence of being in the late pubertal stage was seen
in both the rhythmic and the artistic gymnasts in the adolescent
group, who also conveyed similar menarche ages and fat
percentages. Furthermore, the BMI percentile of rhythmic
gymnasts was found to be significantly lower than that of
acrobatic and artistic gymnasts.

Studies tend to compare between gymnasts and other athletes,
or with age-matched peers, with limited research comparing
between gymnast disciplines.” The findings of the current study
are in line with previous data, whereby body proportions, body
compositions, and pubertal development among young
gymnasts were compared with those of high-level athletes, the
former’s height was found to be below average, and their BMI
and sum of skinfolds were lower than those of their age-
matched peers.>'*? Moreover, the mean weight-for-age in both
rthythmic and artistic gymnastics has been found to be below
the 50th percentile of the general population.” The findings of
the current study are in line with previous data, whereby
rhythmic and artistic gymnasts present a different somatotype
compared with other athletes.>'*">%> When body proportions,
body composition, and pubertal development among young
gymnasts were compared with those of high-level athletes, the
former’s height was found to be below average, and their BMI
and sum of skinfolds were lower than those of their age-
matched peers.*'*% Furthermore, Georgopoulos et al” reported
lower mean BMI and body-fat scores in rhythmic gymnasts than
in artistic gymnasts.”” Another study reported that national-level
gymnasts were also found to have lower BMI and body-fat
scores compared with age-matched nongymnasts, reflecting
later growth and maturation in the former."
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Table 1. Physiological characteristics of participants by age group and gymnastic discipline

Young gymnasts aged 9-12years Adolescent gymnasts aged >13years
Rhythmic Acrobatic Artistic Rhythmic Acrobatic Artistic
(n=101) (n=26) (n=48) (n=53) (n=34) (n=11) Significance
Age 10.6+1.1 10.9+1.0 10.5+1.2 13.7+£1.2 14.2+1.2 13.5+0.7 ok
o

Training impact

Age starting 49+15 56+1.7 56+1.8 55+1.9 6.5+2.1 6.5+1.3 *
gymnastic
training,
years

Hours per 18.9+8.1 14.5+6.3 14.9+6.9 26.4+10.8 17.9+8.3 22.0+5.3 *
week in o
previous o
year

Hours per 23.44+95 17.1+7.0 18.0£6.6 29.2+11.3 20.2+£9.0 23.2+75 o
week in $: 3%
current year # 4

Anthropometric parameters

Height, cm 138.2+19.2 134.8+£6.5 137.0+£7.3 154.8+8.2 155.1+£7.4 148.1+£5.4 ;895
#; #it; #HH
Weight, kg 31.0+5.7 28.2+3.6 31.8+5.4 44.0+9.1 45.6+7.9 39.9+6.2 o
#; #it; #HH
BMI, kg/mz 16.0+£1.6 15.5+1.1 16.9£1.7 18.2+2.6 18.8+£2.0 18.1£1.7 o
#; #HH
BMI 33+22 25120 44+ 21 34+24 41122 41+£20 o
percentile ;85
##
Fat, % 20.7+£2.3 19.4+24 20.6+2.1 21.7+3.8 20.6+3.3 20.8+2.1 i

Pubertal stage

Menarche 11.5+0.7 - - 12.3+1.3 12.9+1.2 13.0+1.0
onset, y
Menarche, % 2.1 0 0 241 39.5 20.0 #, 4
Tanner stage 3.1 0 2.2 32.8 61.8 26.7 # # #
3-5, % &

Bone properties

Skeletal 10.7+1.4 10.5+1.7 11.0+£1.6 13.0+£1.3 14.2+1.6 13.4+1.3 5
age, y #; #

(continued)
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Table 1. (continued)

Young gymnasts aged 9-12years

Adolescent gymnasts aged >13years

Rhythmic Acrobatic Artistic Rhythmic Acrobatic Artistic
(n=101) (n=26) (n=48) (n=53) (n=34) (n=11) Significance
Predicted 156.3+6.1 | 153.6+6.1 | 153.8+5.0 | 161.6+56 | 159.1+56 | 153.9+5.8 5858
final-height, ik
cm
Radial 3700+103 | 3680+96 | 3700+101 | 3754+118 | 3763+108 | 3752+81 i
strength
Radius 0.02+1.00 | -0.05+0.83 | 0.18+0.86 | —0.04+1.11 | 0.15+0.88 | 0.25+1.07 $
Z-score
Tibial 3548+131 3554 +91 3501+125 | 3616+107 | 3620+101 3526+85 3838
strength L
Tibia Z-score | 0.04+1.13 | 0.10+0.87 | -0.26+1.05 | -0.30+1.19 | —0.06+0.81 | —0.86+1.03 ;
$; $3$
#, #iH

*In the young group, significant differences (P<0.05) were seen between rhythmic and artistic gymnasts (*), between rhythmic and acrobatic gymnasts (**),

and between acrobatic and artistic gymnasts (***).

®In the adolescent group, significant differences (P<0.05) were seen between rhythmic and artistic gymnasts (%), rhythmic and acrobatic gymnasts (*%), and

between acrobatic and artistic gymnasts (**%).

*Significant differences (P<0.05) were seen between the 2 age groups, in rhythmic (*), acrobatic (**), and artistic gymnasts (

i
).

&Significant differences were seen between the 3 gymnastic disciplines in Tanner’s stages 3-5 stages (chi-squared = 8.954, P=0.01).

Consistent with the results of the current study, previous
research found rhythmic gymnasts to be taller than average for
their age compared with the artistic gymnasts, who were
relatively short.>™ It has been suggested that, although
thythmic gymnasts may mature later than the general
population, they tend to eventually be taller, with relatively
lower weight-for-height, and with less fat mass.” Artistic
gymnasts, on the other hand, tend to have relatively short limbs
compared with rhythmic gymnasts, possibly providing the
former with a mechanical-performance advantage.”

One especially interesting finding in this study is related to the
height differences that were seen between the artistic gymnasts
and the rhythmic ones; differences see only n in the adolescent
group, not in the young one. Most gymnasts in the young group
were prepubertal or in very early stages of puberty. It may be
that the shorter final height of artistic gymnasts results from
their reduced height-gains during puberty. This is consistent
with Georgopoulos et al'’, who suggest that excessive physical
training may negatively affect growth, especially during puberty.
Previous studies suggest that competitive-level female gymnasts
who undergo advanced and intermediate training tend to
exhibit relatively slow growth-spurt patterns, with an altered
tempo of growth and maturation. Their intensive physical
training and negative energy balance may also modify the

hypothalamic pituitary set point in puberty, while prolonging
the prepubertal stage and delaying pubertal development and
menarche, as seen in a variety of spots."”

However, the shorter height of artistic gymnasts during
puberty, as seen in this study, may not necessarily be related to
training volume (which is similar in both artistic and acrobatic
gymnasts) or to reduced body fat (which is significantly higher
among adolescent artistic gymnasts than among their younger
counterpart). Alternatively, a more masculine body structure, ie,
with shorter stature, may be associated with a competitive
performance advantage, thereby presenting a genetic
predisposition and leading to selection bias."” In contrast to our
current results, Damsgaard et al'* did not find a training-
intensity effect on height, body composition, or pubertal
development.

Skeletal maturation constitutes an essential component for
growth evaluation,"®"™¥ with differences between skeletal and
chronological ages likely stemming from multiple factors."”* In
the current study, no significant differences were seen between
the gymnasts’ skeletal and chronological age, in either the
young group or by discipline. In the adolescent group, however,
a lower skeletal age was seen compared with their
chronological age. Previous studies show a delay of 1.3 to
1.8years in skeletal maturation in prepubertal gymnasts
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Table 2. Effects and interactions of age group and disciplines effect for training impact, anthropometric parameters,

and bone properties

Age-group effect
((ATEIT)]

Discipline effect

((ATEIT)]

Age x discipline interactions

Training impact
Age starting gymnastic training (y) <0.01 <0.01 NS
Hours per week in previous year <0.01 <0.01 NS
Hours per week in current year <0.01 <0.01 NS

Anthropometric parameters
Height (cm) <0.01 NS NS
Weight (kg) <0.01 NS F, 267 =5-787, n=20.042, P<0.01
BMI, (kg/m?) <0.01 NS Fo. 266, = 13-807, 1 =2.027, P=0.03
BMI percentile NS 0.04 F(Z, 2ea)=4'379’ n?=2.032, P=0.01
Fat % NS 0.03 NS

Bone properties

Skeletal age (y) <0.01 NS Fo. o4 =3-808, n?=2.031, P=0.02
Predicted final-height (cm) <0.01 <0.01 F(Z, 240)=3.377, n?=2.027, P=0.04
Radial strength <0.01 NS NS
Radius Z-score NS NS NS
Tibial strength <0.01 <0.01 NS
Tibia Z-score 0.03 0.04 NS

NS, not significant.

compared with the general population, with pubertal
development tending to be in line with the athlete’s skeletal
rather than their chronological age.m16 It is believed that, in
gymnastics, the intensive physical training, relatively low
body-weight, and delayed maturation contribute to a significant
delay in skeletal age compared with chronological age.m’”’24
Specifically, in elite gymnasts, intensive training may be
associated with the gymnasts’ delayed age of menarche
compared with other female family members." In the current
study, the final-height prediction was similar in both age groups;
in contrast, among the rhythmic and acrobatic gymnasts, it was
significantly lower in the young group than in the adolescent
group. As such, the final-height predictions based on
ultrasonography assessments, as conducted in this study,
underestimated the height potential of young rhythmic and
acrobatic female gymnasts, and should therefore be addressed
with caution. Consistent with our findings, a previous study
found correlations between the final height of artistic gymnasts

and their skeletal-age height-prediction throughout maturation.®
In contrast to our findings, however, the final adult height of
rthythmic gymnasts has been found to be identical to the initial
predicted height, and even higher than the participants’ genetic
target height.””

The current study indicates that the tibial bone-strength
(Z-scores) of rhythmic and acrobatic gymnasts (in both young
and adolescent groups) were almost the same as age-matched
normally active controls. However, the bone strength of the
artistic gymnasts in the adolescent group was weaker than their
age-matched counterparts from the other 2 disciplines (Z-score,
-0.86+1.03), and weaker compared with rhythmic and acrobatic
gymnasts in both age groups. In athletes, high-impact loading
activities have been shown to improve bone formation and
bone-mineral density."” In rthythmic gymnasts who were
prepubertal or entering puberty, the mechanical loading of
high-intensity training actually had a beneficial effect on
bone-mineral density accumulation.”® A systematic review of the
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Figure 1. Regression lines for biological age by skeletal-age.

effects of gymnastic activities on bone accumulation during
growth indicates that both rhythmic and artistic gymnasts
present higher bone-mineral density and content values
compared with untrained controls.” It has been suggested that
their weightbearing activity has a positive influence on bone-
mineral accrual, which may overcome the possible undesirable
impact of a negative energy balance.* In contrast, however, the
findings of the current study indicate reduced bone-strength in
the artistic gymnasts compared with the rhythmic and acrobat
gymnasts.

We suggest that this difference may not be related to BMI or
fat mass, or to pubertal maturation or training volume; instead,
it may stem from the different training types and intensities in
which the participants take part. It might be that, in artistic
gymnastics, the stressful bone impact is higher than the
physiological bone limitation compared with the other 2
disciplines. A smaller tibial cortical bone shape was found in
athletes compared with nonathlete controls when mechanical
load exceeded the bone’s microdamage threshold." Repetitive
activities (such as hopping and landing in gymnastics), with
extreme bone stress and strain, were found to result in
accumulated bone microdamage and reduced bone properties.26
Additional research indicates that bones with reduced mineral
density have reduced shock-absorption capabilities along the
lower-limb kinematic chain.” The overloaded stress along the
“weaker” bones may lead to accumulated microdamage,
eventually resulting in injuries stemming from overuse, such as
stress fractures. *****% Another explanation for our results could
be related to the artistic gymnasts embarking on their training at
a significantly later age than rhythmic gymnasts. Jiirimide and
colleagues™ demonstrated that even 1year of specific
gymnastics training starting in prepubertal years had a favorable
effect on bone development in female gymnasts.

Limitations

This study offers important insights into differences in
anthropometric parameters, training impact, and bone
properties in female gymnasts from different age groups and

gymnastic disciplines. However, a number of research
limitations should be addressed. First, data were only collected
at 1 timepoint, and final-height prediction was based only on
skeletal data gathered through ultrasound measurements. In
addition, although all participants were within the same 2 age
groups, differences were seen in the mean ages of the
gymnasts by discipline, in both the young and the adolescent
groups.

Clinical Recommendations

Due to the limited data available on the growth and
development of young gymnasts, parents, healthcare
professionals, and, most importantly, the young girls themselves
may be apprehensive about the possible negative impact of
their participating in high-load training from a young age; such
concerns may include their training possibly stunting their
growth and limiting their final height, while altering their bone
properties and increasing their risk of injury.” The current study
reinforces the idea set forth in previous research, whereby
gymnastic training does not appear to affect growth.ls'm Since
gymnasts may restrict their caloric intake to maintain low
bodyweight, coaches should monitor and assess gymnasts
carefully as a means for detecting early anomalies and
preventing unhealthy weight reduction. Medical teams should
also be aware that the systematic practice of gymnastics (eg,
specific training volumes and loads, including repeated jumps,
weightbearing exercises, and strength activities) during
childhood and before menarche may actually have a positive
impact on bone accumulation.”****% Finally, the findings of the
current study may help clinicians, professional trainers, and
medical staff define the “norms” for different age groups and for
different disciplines among gymnastics, while identifying what
can be expected during their early and late maturation. Such
knowledge can be used to modify, tailor, and optimize
gymnastic training by age and discipline.

CONCLUSION

A review of the literature by Malina et al® from the Scientific
Commission of the International Gymnastics Federation
concluded that gymnastic training does not appear to attenuate
pubertal growth and maturation, in relation to both the rate of
growth and the timing and tempo of the growth spurt.”
However, the main findings of the present study indicate that
artistic gymnasts are shorter than acrobatic and rhythmic
gymnasts, and that the greatest decrease in growth gain among
artistic gymnasts may occur during puberty.

In addition, gymnast predicted final-height, based on skeletal
age and measured during pre- and early-puberty, was found to
underestimate height in the rhythmic and acrobatic groups.
Finally, despite similar BMI and body fat, maturity patterns, and
training-volume history, female artistic gymnasts exhibited lower
bone-strength compared with their acrobatic and rhythmic
peers. Combined with their high-impact and intensive training,
this could increase their risk of musculoskeletal injuries.
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