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5.1 Introduction

Gymnastics has a long history as a competitive
sport, becoming part of the Olympic Games in
1896, and continuing as a very popular sport
internationally into today. The International
Gymnastics Federation has 148 affiliated or
associated federations, with an estimated 50
million people of all ages and around the world
participating in a gymnastics club [1]. In par-
ticular, gymnastics is one of the most popular
youth sports [2]. The sport includes artistic or
rhythmic gymnastics which are composed of
different elements. In addition, acrobatic sports
such as trampoline fall under the organizational
auspices of gymnastic governing bodies. In
artistic gymnastics, female athletes compete in
four elements—the uneven or asymmetric bars,
the balance beam, the vault, and the floor. Male
artistic gymnasts compete in six elements
including the vault and the floor which mirror
their female counterparts but also the parallel
bars, the high bar, the rings, and the pommel
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horse which have very different loads and
mechanics than the balance beam and uneven
bars. Rhythmic gymnasts compete as individu-
als or in groups on a padded floor mat using one
of four different pieces of equipment rope, hoop,
ball, clubs, ribbon, or in the case of group com-
petitions, combinations of apparatus. Rhythmic
gymnasts focus on balance, grace, coordination,
and flexibility while simultaneously using one
of the above apparatus. In trampoline, athletes
launch themselves up to 30 ft in the air while
performing twists and flips. Miss-landing on the
trampoline surface or completely leaving the
field of play can lead to significant or cata-
strophic injury. While many injuries and prob-
lems overlap across each category of gymnastics,
each also introduces specific injury patterns sec-
ondary to their unique demands.

Most forms of gymnastics involve training that
begins at a very young age, typically around 5 or
6 years old. The junior elite gymnasts train on
average 21-37 h per week, while the senior elite
train up to 40 h per week [1, 3]. Skeletally imma-
ture patients have an increased risk of injury dur-
ing times of rapid growth. Gymnastics requires
power, coordination, balance, and flexibility in
order to excel at the various skills. These athletes
often train year-round without any dedicated rest
period, advancing through various competition
levels as they train. Due to the format of gym-
nastics competition, many gymnasts may begin
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training to advance in one set of skills while com-
peting with another set of skills [4]. If they have
not mastered the fundamentals of one skill before
advancing to the next, then they are at increased
risk of falls or injuries. The most common inju-
ries are usually secondary to repetitive overuse
which occur when the athlete is not given enough
down time to recover from minor strains and
sprains. Continuing to compete and train when
injured, places the athlete at an increased risk of
even more severe injuries and longer time away
from sport to recover. When caring for gymnasts,
it is important to navigate the balance of their
need to intensely train and their risk of injury.

5.2  Unique Injury Risks
and Mechanics

of Gymnastics

Artistic gymnastics involves a combination of
explosive, balance, and artistic skills [1]. Large
impact loads and repetitive high velocity muscle
contractions are required both to take off and
land in a controlled fashion, leading to a high
risk of lower extremity injuries [3, 4]. In addi-
tion, the compressive, distractive, and rotational
forces of various joints may also increase the
risk of injury during skills other than landing
[3, 4]. For example, giant swings, a complete
360° around the bar, or catch and release skills,
require a significant amount of torque and power
from the shoulder joint, leading to increased
risk of injury to the labrum, rotator cuff, or liga-
ments of the shoulder [3]. Many skills require
extreme range of motion of the spine, shoulders,
and hips, which may predispose to pathology in
those anatomic areas, as well [3-5]. For artistic
gymnasts, a key factor to consider is the height
at which they perform. Potential energy and
risk of more severe injury is directly related to
height and is directly correlated with the amount
of kinetic energy leading to injury during a fall.
The high bar for male gymnasts is 9 ft above the
ground and the athletes fly 2-3 ft above that. The
upper of the uneven bars for women is 8 ft off
the ground, and the balance beam is 4 ft off the
ground.

Injuries vary depending on the sex, age, and
competitive level of the athlete. Younger athletes
with open growth plates have risk of growth plate
injuries due to repetitive trauma, particularly at
the wrist. Lower extremity injuries are more
common in female athletes and upper extremity
injuries are more common in male athletes, likely
due to upper body strength and weight-bearing
requirements [6—8]. Surface contact, particularly
with the floor apparatus, is the most common
injury mechanism [6, 8]. The beam is also com-
monly associated with injury for female athletes,
and the high bar for males [6, 8]. Landings have
the highest rates of injury (49-76%), followed by
falls and collisions (27.8%), which goes along
with the risk of surface contact, as well [6].
Athletes suffer from higher risk of injury during
competition though the type of injury also varies
depending on whether it occurs during training or
competition [8]. Training typically involves
chronic, overuse type injuries, while acute, insta-
bility type injuries occur during competition [3,
8]. This makes intuitive sense given the psycho-
logical component of competition.

While lower extremity injuries are the most
common, artistic gymnastics involves a signifi-
cant amount of upper extremity weight-bearing,
which is unique to the sport. A large proportion
of training time is spent performing maneuvers
on the upper limbs whether during static or
dynamic movements. Injury rates have been
described up to 50%, especially in male gym-
nasts [9]. The most common location of injuries
of the upper extremity in male and female gym-
nasts is the shoulder and wrist, respectively.
Several studies suggest that more than 80% of the
athletes will experience some wrist and elbow
pain during the season [10, 11]. Additionally,
Grapton et al. showed that forearm injuries were
independently related to trampoline skills [12].

For rhythmic gymnasts, the mechanics of
injury are more commonly related to repetitive
overuse and the sport’s demand for extremes of
flexibility. The athletes will toss, catch, attain a
specific posture, and repeat elements hundreds of
times to perfect their skills. If not balanced or
inadequate recovery time is allowed, then the risk
of overuse injuries rises. Rhythmic gymnastics,
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and to some degree women’s artistic gymnastics
are esthetic sport which awards visual presentation
and favors thin athletes. This introduces pres-
sures for the athlete to control weight which in
turn places them at risk of Relative Energy Deficit
Syndrome or the Female Athlete Triad.

For trampoline and acrobatic gymnasts, skill
level plays a significant role in injury patterns.
Attempting to perform advanced level skills
before a proper, sequential skill development
increases the risk of catastrophic injury. Injuries
are most commonly related to overuse; however,
the incidence of catastrophic injuries is likely
higher in trampoline and acrobatic sport [12].

5.3 Epidemiology

Gymnastics is a sport with high participation rates
leading proportionately to increased incident of
injury. More than 86,000 gymnastic injuries
require medical treatment every year [7].
Participation at the Olympic Games includes artis-
tic, rthythmic, and trampoline gymnastics, with
approximately 320 gymnasts registered to com-
pete at each Olympic Games, constituting about
3% of all registered athletes [1, 13]. Edouard et al.
reported the incidence of injuries in 963 registered
gymnasts during three consecutive Olympic
Games with 81 injuries per 1000 gymnasts at the
highest level of competition. Artistic gymnastics
accounted for most of the injuries (60.4%), fol-
lowed by rhythmic gymnastics (29.7%), and lastly
trampoline (9.9%) [1]. In the American collegiate
sports system, women’s artistic gymnastics was
reported to have the second highest prevalence of
injuries after American football [14]. The majority
of provided epidemiological data refers to female
artistic gymnasts, much less is known regarding
injury incidence in male gymnastics or rhythmic
and trampoline gymnastics.

In artistic gymnastics, injury rates range from
1.6 to 4.1 per 1000 h of training with elite-level
athletes presenting more severe injuries [15, 16].
The 1-year incidence of injury is higher in females
than males with 3.7 vs. 1.0 injuries per 1000 h,

respectively [6]. Conversely, the 1-year prevalence
reported for female and male gymnasts are equal
at 2.0 injuries per 1000 h of exposure [17]. The
injury risk for rhythmic gymnasts was noted to be
1.08 per 1000 h of training [18]. Lower extrem-
ity injuries are more common in female athletes
and upper extremity injuries are more common in
male athletes, likely due to upper body strength
and weight-bearing requirements [6—8]. The most
frequent reported injury location was the ankle
followed by the lumbar spine and knee [19]. In
a 10-year observational study by Westermann
et al. men’s gymnasts were at increased risk of
hand and wrist injuries followed by ankle and
foot, knee, shoulder, back, and elbow respectfully
[20] (Fig. 5.1). Head and neck injuries accounted
for 10-15% of injuries. For women gymnasts, the
most common anatomic site of injury was foot
and ankle followed by knee, low back, shoulder,
elbow, hip, and groin respectfully (Fig. 5.2). When
comparing men’s and women’s artistic gymnasts,
the men tended to have more upper extremity
and head and neck injuries. The type of injuries
among gymnasts are usually sprains (34%), fol-
lowed by articular pathology (17%), contusions
(9%), and fractures (7%) [1]. Similarly in rhyth-
mic gymnastics, the most common site of injury
was ankle or foot (26-39%) followed by low back
(22-25%) and knee (15-20%) [18, 21] (Fig. 5.3).
Leg pain accounted for an additional 15-20% of
complaints and injuries followed by hip/thigh and
wrist/hand. Shoulder/elbow and head/neck were
relatively rare in rhythmic gymnasts. Compared
to other acrobatic sports, the frequency of knee
and forearm injuries are significantly higher in
trampoline [1, 12].

The risk of injury during competition is about
two times higher than during practice sessions
causing a higher number of time-loss from sport
injuries [22]. Most of these injuries are acute in
nature. Campbell et al. reported the incidence of
acute injuries ranged from 55% to 83%, whereas
overuse injuries varied from 26% to 41%, respec-
tively. The incidence of recurrent injuries were
lower but considerable ranging from 8% to 32%
[6, 19].
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with Gymnastics

5.4.1 Ankle Sprains and Strains

The most common reported injury overall in
artistic and rhythmic gymnastics is to the lower
extremity, specifically sprains of the ankle fol-
lowed by injuries of the knee [4, 8]. While ankle
sprains are the most common injury, injuries to
the knee are the most common severe injury
requiring surgery [7, 8]. Trampoline skills has
been shown to be highly associated with knee
injuries, including bony injuries [12]. The mech-
anism of injury for ankle sprains or knee injuries
often stems from incorrect landing, which may
occur during a tumbling skill on the floor, skills
on the trampoline, a landing from the vault, or

stabilized appropriately by the core, or if not
absorbing the shock correctly through the knees
and hips, injury may occur. Less common inju-
ries of the lower extremity include osteochondral
defects of the talus, Osgood Schlatter’s, patello-
femoral syndrome, or injuries to the hip, such as
chondrolabral pathology [5, 8].

The common injuries to the lower extremity,
the strains and sprains, particularly of the ankle
are treated conservatively with rest, physical
therapy, and a guided return to sport. Our recom-
mended treatment and return to sport algorithm is
listed in Fig. 5.4. If at any point, the athlete is not
progressing as expected, the athlete may need
further workup and imaging to rule out fracture,
chondral injury, peroneal tendon injury, tarsal
coalition, or more severe ligamentous or syndes-
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motic injury [23-25]. If further workup is nega-
tive, the athlete may simply spend more time at
the previous step in the algorithm before pro-
ceeding. In the acute phase, the athlete will need
to rest the extremity and may require limited
weight-bearing depending on the severity of the
injury. Compressive wraps or stirrup braces may
help advance the athlete’s progression [23]. The
athlete can then progress through physical ther-
apy beginning with range of motion exercises as
the swelling decreases, especially since early
range of motion has been shown to help with
functional outcomes [23]. Therapy should then
progress to strengthening and proprioception
training, as well as endurance, coordination, and
motor control [23, 24]. Ultimately the athlete will
begin returning to landing exercises. Once the
athlete is prepared to return to gymnastics, he or

she should begin with already mastered skills
before moving on to more complex movements.

The majority of ankle sprains are treated
effectively with conservatively, however up to
20% may develop chronic ankle instability [25].
Surgical treatment is typically not necessary but
may be considered in the setting of chronic
instability, with a multitude of procedural
options depending on the patient and specific
injury [23, 25].

5.4.2 Wrist

The wrist is very vulnerable to injuries in male
and female gymnasts. Pommel horse and floor
exercise are common events causing wrist pain in
male gymnasts, whereas floor exercise and vault
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are the most common in female gymnasts.
Rhythmic gymnasts can develop overuse
tendinitis secondary to repetitive spirals with the
ribbon or when tumbling on the mat. While per-
forming certain skills in gymnastics, the joint
experiences forces up to 16 times the body weight
making it a common site for injures [11]. The
prevalence of wrist pain has been reported as
high as 88% in artistic gymnasts [26]. Wrist inju-
ries in gymnasts include distal radial physeal
injury, scaphoid stress fracture, triangular fibro-
cartilage complex (TFCC) tear, grip-lock inju-
ries, ulnar impaction syndrome, and scapholunate
dissociation [27].

Distal radial physeal and grip-lock injuries are
almost exclusive to artistic gymnastics. Distal
radial physis injury occurs in youth athletes with
open epiphyseal plates. It results from repetitive
compressive loading and shearing forces on the
wrist in extension. The distal radius bears about
80% of the axial load during upper extremity
weight-bearing activities. In skeletally immature

gymnasts, the axial load on the distal radius is
higher due to the characteristic negative ulnar
variance in this age group [28, 29]. Patients pres-
ent with chronic dull pain in the dorsal aspect of
the wrist. Sport-related activities as floor rou-
tines, vaulting or pommel horse precipitates the
symptoms. Pain usually is relieved with rest.
Chronicity of symptoms should be determined
during the assessment, with pain at rest as a sign
of severity [27].

Grade of severity is determined by radio-
graphic changes in three stages: stage 1 has an
absence of radiographic changes; stage 2 shows
cystic changes of the metaphysis and widening of
the physis; and in stage 3, there are additional
changes in the ulnar variance [7]. Caine et al.
described the presence of radiographic abnormal-
ities in 10-85% of gymnastics with distal physeal
injury [9]. Magnetic resonance imaging is recom-
mended in the absence of radiographic changes
to rule out other causes. The treatment algorithm
is shown in Fig. 5.5. For stage 1 and 2 injuries,

Distal Radius Physeal Injury

v

Wrist pain:
*Establish Chronicity
*Radiographs
Radiographic Changes
I
No Y?S
MRI Widening of the physis Positive Ulnar Variance
Cystic changes of the metaphysis
Y Conservative Treatment: r
Positive findings »> + Rest Surgical Treatment
+ Modified activities — NWB
+ Reassess in 6 weeks with x-rays 3
A
No improvement of
»> Symptoms
Positive U. Variance
Improvement of symptoms: v .| No improvement of symptoms

Rehabilitation for gradual return

No radiographic changes

Fig. 5.5 Management of distal radius physeal injury. (© Mark R. Hutchinson, 2021. All Rights Reserved)
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treatment is conservative with rest and physical
therapy. Rehabilitation should address both upper
extremities and focused on strengthening and
proprioception. Immobilization using a Gibson
brace may help in very symptomatic patients.
Reassessment including new radiographs is
advised after 6 weeks of treatment to consider
progressive increase of training load. Although
radiographic changes may take longer to resolve,
it is important to monitor patients whose initial
radiographs showed significant changes to the
physis [2]. Surgery is indicated in advanced cases
with stage 3 injuries and positive ulnar variance.
Growth arrest is a serious complication in this
patient population. Therefore, it is recommended
to monitor these patients for at least 1-year post-
injury with serial radiographs.

Gymnasts use leather grips or grips with plas-
tic or wooden dowels to protect from friction and
increase grip strength. The use of these grips has
resulted in a wrist injury called grip-lock injury.
This injury occurs when the grip or dowel encir-
cles the bar or a portion of the grip gets caught
between the palm and the bar [30]. The gym-
nast’s hand stops rotating, and the body continues
moving around the bar, resulting in sprains, ten-
don injuries, or fractures. Treatment depends on
the resulting injury and may require rest and con-
servative treatment or surgery. Nearly all the
patients have reported to return to competition
after treatment [27].

Scaphoid stress fractures are commonly
reported in elite-level gymnasts, especially in
those who rapidly increase of their level of training
[31]. Forced hyperextension, radial deviation, and
rotation of the wrist generates a significant load
over the scaphoid. The majority of these injuries
occur at the scaphoid waist, which is the point of
greatest bending moment [32]. Scaphoid stress
fractures can present in the acute or chronic set-
ting. Patient presents pain over the anatomical
snuffbox that is aggravated by extension. The gold
standard for diagnosis is MRI. While most injuries
can be treated conservatively with good results,
with the wrist immobilized in a thumb spica or
short arm cast for 8—12 weeks [31], percutaneous
fixation may be considered in high-level athletes
for earlier rehabilitation and return to sport [33].

5.4.3 Elbow

The high-impact loading of the upper extremity
produces high valgus and varus stresses of the
elbow during exercises such as bars, tumbling
on the floor or trampoline, and landing.
Repetitive valgus and varus stress of the elbow
results in tension and compression forces over
the medial and lateral structures, respectively
[7]. The most common elbow injuries are osteo-
chondritis dissecans (OCD) of radiocapitellar
joint, ulnar collateral ligament sprains and tears,
medial epicondyle apophysitis, or avulsion frac-
tures [34, 35].

Osteochondritis dissecans in the artistic gym-
nast often involves the capitellum and typically
presents between 10 and 14 years of age [36].
Patients present with insidious lateral elbow pain.
In more advanced cases, symptoms as catching,
locking, or decreased range of motion may be
reported. Patients may present with crepitus with
range of motion and positive radiocapitellar com-
pression test during the physical exam. Timely
diagnosis of capitellar OCD is paramount to
avoid premature degenerative changes of the
joint [37]. Initial assessment should include
three-view plain radiographs including an AP in
extension, as well as an AP and lateral in 45° of
flexion [38]. Positive findings include lucency of
the capitellum, fragmentation and, in advance
stages, intra-articular loose bodies. Magnetic
resonance imaging is the best modality to evalu-
ate OCD, especially in early-stage lesions with
negative radiographs. Treatment is determined by
the stability of the lesion, which is shown in the
treatment algorithm in Fig. 5.6. Stable lesions
have localized flattening, an open physis and ade-
quate range of motion. Conservative treatment is
indicated for stable lesions and includes rest and
activity modification for 6 months. Outcomes are
encouraging with success rates of up to 80%
[39]. Unstable lesions consist of intra-articular
loose bodies and surgical treatment is indicated
in these cases. Athlete may return after achieving
full painless range of motion and baseline
strength [40].

Ulnar collateral ligament (UCL) injuries are
described in artistic gymnasts especially those
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Osteochondritis Dissecans of the Elbow

Elbow Pain
Catching/Locking
Decreased ROM

Radiographs

Positive Findings

| No

Yes
|

MRI

Stable Lesion:
* Open physis
*Adequate ROM

Unstable Lesion:
*Intra-articular loose bodies

Conservative Treatment:

+ Rest

* Activity modification

*6 months

Surgical Treatment

Rehabilitation:
Painless full ROM
Recovery of base line strength

Return to play

Fig. 5.6 Management of osteochondritis dissecans of the elbow. (© Mark R. Hutchinson, 2021. All Rights Reserved)

with high carrying angles. Repetitive medial ten-
sile stress causes UCL insufficiency or tear.
Initial imaging should include AP, lateral, inter-
nal/external oblique views, and an oblique axial
view with the elbow in 110° of flexion [7]. If
medial instability is suspected, MR arthrogram
is indicated to evaluate the integrity of the
UCL. Partial tears can be treated conservatively
with at least 2 months of rest and a progressive
strengthening program. Surgical treatment is
recommended for complete UCL tear or partial
tears that have failed conservative management.
The athlete typically cannot return to sport until
about 1 year after the procedure, once the athlete
has regained full painless range of motion and
strength [41].

5.4.4 Shoulder

Shoulder injuries are commonly seen in male’s
gymnastics and are directly related to the power
and repetitive loading demands involved in paral-
lel bars, high bar, pommel horse, and rings.
Shoulder injuries include rotator cuff injuries,
usually impingement or partial tears, and insta-
bility, both chronic and acute [42, 43].
Multidirectional shoulder instability is a unique
overuse injury with a high incidence among gym-
nasts [43]. The hyperlaxity of the athlete and the
extreme positions and forces across the shoulder
in gymnastics leads to continued microtrauma
and plastic deformation of the ligaments. When
examining athletes with shoulder pain, signs of
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generalized laxity, such as the Beighton score,
should be assessed. Other specific shoulder tests
include apprehension, relocation, load and shift,
and Jerk and Kim tests [42]. Initial treatment for
many shoulder symptoms consists of periods of
rest and restriction from overhead activities. The
athlete should have full painless range of motion
and full strength before returning to training or
competition [44].

5.4.5 Low Back Injuries

Low back pain has been reported in up to 50% of
artistic gymnasts and up to 86% of rhythmic
gymnasts [21, 45]. Low back pain is the cited as
either the most common or second most common
injury in rhythmic gymnastics, with one prospec-
tive study showing that elite rhythmic gymnasts
have an increased relative risk of low back pain
compared to other athletes [46]. Young gymnasts
have a high incidence of structural pathology
related to low back pain, as rapid growth of bone
outpaces the growth of soft tissues, including the
musculature and ligaments, which may lead to
injury at vulnerable areas of growth cartilage and
secondary ossification centers [21]. Both artistic
and rhythmic gymnasts are at risk for spondylo-

Low back pain or injury

|

sis and spondylolisthesis due to the repetitive
extreme motion, particularly hyperextension, and
due to the stresses placed on the lumbar spine,
with the spine seeing 6.5-9.2 times their body
weight [7, 21, 47]. Though less common, other
causes for back pain in gymnasts may include
muscle strain, injury to a vertebral body, injury to
an intervertebral disc, injury to articular pro-
cesses, spinous processes, interspinous ligament,
or ring apophysis [47].

Differentiating between spondylosis/spondy-
lolisthesis and the other various causes of low
back pain begins with physical exam, including
pain with single stance extension and point ten-
derness, but can be confirmed radiographically.
The radiographic incidence of spondylosis has
previously been found to be as high as 11-16%
[7]. Low back pain, spondylosis, and low grade
spondylolisthesis are usually treated conserva-
tively with rest for 3—-6 months, bracing, and
physical therapy [45, 47, 48]. Therapy should
address strengthening lumbar extensors, abdomi-
nal muscles, as well as range of motion of the
lumbar spine and lower extremities [45, 49].
Young patients may also need to followed radio-
graphically to confirm that there is no progres-
sion of the slip [45, 47]. The treatment algorithm
for low back pain is presented in Fig. 5.7.

Radiographic evidence of
spondylosis/spondylolisthesis

No

A4
Muscular in nature

A

Yes

No

Neurologic symptoms

Yes

y
Short period of rest, possible
lumbar orthosis

¢ v

A 4

——> SPECTICTMRI |
A4 ¢

Physical therapy for core
stabilization

Assess for continued pain, advancing slip
progressive neurologic symptoms

Possible surgical
stabilization

v

Slow return to gymnastics beginning
with already mastered skills

Fig. 5.7 Management of low back pain or injuries. (© Mark R. Hutchinson, 2021. All Rights Reserved)
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The algorithm differentiates immediately
between low back pain with and without neuro-
logic symptoms. If neurologic symptoms are
present, or become present at any time, advanced
imaging such as SPECT, CT, or MRI should be
obtained. SPECT is best for early diagnosis of
spondylosis, while CT is best to assess healing.
The athlete should not return to training and com-
petition until completely without symptoms.
Additionally, psychosocial factors should be con-
sidered in return to play, especially for athletes
with back pain and given the high demands
placed on young gymnasts [47-49].

Rarely, if pain continues, a slip advances, or
neurologic symptoms occur, surgical intervention
may be required [7]. Spinal fusion for discogenic
back pain is incredibly rare in athletes and is not
typically well tolerated; therefore, there is little
data on return to play following surgical treatment
[45, 47]. Surgical treatment for spondylosis or
spondylolisthesis is in situ fusion with autogenous
bone graft, and a large majority are able to return
to sport with extensive post-operative therapy [48].

More severe or catastrophic injuries of the low
back, cervical spine, or head are relatively rare;
nonetheless, every safety intervention regarding
prevention must be made to avoid them.
Collegiate gymnastics and cheerleading account
for many of the catastrophic injuries in female
sports. The risk is highest when learning a new
skill, especially if with inadequate supervision,
however is mitigated during training by the use of
foam pits, harnesses, and spotters, especially
when learning new techniques [8, 47]. If there is
concern for an acute head or neck injury, the ath-
lete should immediately be removed from train-
ing or competition. Evaluation with imaging or
concussion testing should be performed, and fur-
ther testing determined by those results and the
athlete’s symptoms. Concussions are the most
common injury of the head and neck in gymnas-
tics, which will require removal from training
and competition as the athlete completes a
concussion-specific return to sport protocol [7].
Athletes must undergo full rehabilitation of bal-
ance and any vestibular-ocular deficits before
returning training, especially with the twisting
and inverting aspects of the sport [7].

5.5 Prevention

Targeting injury prevention in artistic and rhyth-
mic gymnastics as well as trampoline should fol-
low a logical, stepwise approach that is
evidenced-based and balances the need for ath-
letes to compete at their highest level with the
risk of time-loss from injury. Convincing coaches
that injury prevention is important, and often
hinges on their understanding of their risk of los-
ing the athlete from performance at the most
critical time of competition. In 1992, Willem van
Mechelen outlined a logical model that continues
to guide prevention strategies nearly 30 years
later [50]. First, the extent, incidence, and sever-
ity of the injury problem must be established. For
gymnastics, this is outlined above in discussing
both epidemiology and injury patterns. Next, a
fundamental understanding of the etiology and
mechanism of injury is essential for creating pre-
vent protocol. For both artistic and rhythmic
gymnastics, an important risk factor is the num-
ber of repetitions associated with training and
competition as well as the timing and intensity of
that loading. Another key risk factor is related to
acute traumatic events due to falls, landings, and
loss of body control while in awkward positions.
For trampoline athletes, trained spotters should
always be present using a deceleration mat or
being able to catch an athlete who leaves the
playing field. The third step of van Mechelen’s
model of injury prevention is the introduction of
a targeted intervention that is based on the knowl-
edge gained from steps one and two. The final
step is an assessment of the impact of each inter-
vention. Avoiding time-loss from sport and com-
petition, minimizing the expense of injury
treatment, and limiting the risk of long-term dis-
ability compels the need to invest in preventive
measures [50].

Gymnastic equipment has been continuously
updated and refined. However, this process has
taken place very slowly due to the significant
expense and the worldwide nature of the sport.
Female gymnasts compete on four apparatuses in
artistic gymnastics: floor exercise, vault, balance
beam, and uneven bars. The floor exercise is the
event where most injuries occur. The floor itself
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is made of fiberglass or wooden panels placed
over springs. The panels are covered with about
5 cm of foam padding. Thinner mats, gaps
between landing mats, and hard tumbling sur-
faces are predisposing factors to injury. The vault
horse has also undergone modifications including
more padding and a height raise to provide a
more optimum platform for the upper extremi-
ties. In the past, the rails of the uneven bars were
made of solid wood and would break relatively
frequently. The newer rails are composed of a
layer of wood laminated on fiberglass tubes,
which is sturdier and more elastic [51].
Trampolines need to be routinely evaluated for
safety and security. Poorly equipped or designed
training facilities have been associated with a
higher incidence of injuries [52, 53]. Training
aids such as foam pits, trampolines, spotting
belts, and bungee devices have been added to
reduce the risk of injury and enhance the master-
ing of new skills.

Elite gymnasts practice from 30 to 40 h per
week and up to all 12 months per year. National
level gymnasts perform between 700 and 1300
elements per day, corresponding to 220,000 to
400,000 elements per year [S1]. Gymnastics
training is performed in systematic phases con-
sisting of: general preparatory, specific prepara-
tory, precompetitive, and competitive. Higher
incidence of injuries have been reported during
the onset of training after an enforced break, dur-
ing competition, or during the initial preparatory
phase [54]. This is likely the result of sudden
increase in the training load or intensity that pre-
disposes the athlete to injury. Pettrone et al.
reported fatigue as a major contributing factor to
injury in clubs with training schedules that
exceeded more than 20 h a week [55]. To reduce
the risk of injuries related to overuse and loading,
gymnasts should be provided with adequate
opportunity for cross training and rest. Baseline
fitness and training intensity should be carefully
monitored on a weekly basis. Rapid increases in
training intensity should be avoided.

Another potential injury risk for gymnasts
occurs when they attempt new or advanced skills
which they might not be fully prepared for. If the
athlete has underlying motor imbalances, poor

coordination, prior incompletely rehabilitated
injuries, or simply inadequate skill levels to
attempt a new element, they are at increased risk
of injury. To decrease the frequency of injuries, it
is recommended that each gymnast is prescreened
to identify subtle motor skills or balance dys-
function that is either their baseline, related to
training or related to prior injuries. When recog-
nized, the abnormalities should be treated with
targeted rehabilitation. Once the imbalance or
dysfunction is corrected, then the athlete should
be allowed to gradually return to play that imple-
ments training strategies and a gradual acquisi-
tion of skills that is guided by both the coach in
communication with the sports medicine
professional.

Landing from dismounts, tumbling runs on
the floor or trampoline, and vaults place elevated
loads on each segment of the lower extremity
kinetic chain. With a perfect, well-aligned land-
ing, sequential load-sharing usually allows a suc-
cessful landing without injury. However, when
the athlete lands awkwardly, severe loads can
occur at the ankle, knee, or hip leading to a fall
and injury. Injury prevention should not only
include a gradual and sequential skill acquisition,
but also assure that single limb balance and neu-
romuscular and proprioception training are opti-
mized [23]. The incidence of the common ankle
sprain can be minimized by including proprio-
ceptive training into the warm-up program as
well as early recognition and treatment of event
mild sprains. Since learning new trampoline
skills has a high risk of injury, guidelines for safe
practice and injury prevention includes dedicated
instruction by a qualified instructor prior to
attempt at a new skill, all new skill attempts
should be performed under direct supervision of
a qualified instructor, and athletes should per-
form skills one at a time [56, 57]. Good control of
the core and lower extremity flexibility play a
crucial role in injury prevention of both the lower
extremity and lumbar spine [7]. Low back pain
can be addressed by not only optimizing core
strength and balance but also by working with
coaches to reduce the total number lumbar hyper-
extension elements when possible or gradually
introducing hyperextension elements into the
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routine while controlling the number of repeti-
tions when necessary.

In addition, the risk of overuse and more sig-
nificant injuries can also be minimized by opti-
mizing energy balance for gymnasts as well as
early identification of relative energy deficits
appropriate intervention and treatment. Energy
balance should be routinely self-assessed in all
gymnasts assuring appropriate energy intake for
their caloric demand and preventing the occur-
rence zzzzz musculoskeletal injuries such as
stress fractures which have been correlated with
relative energy deficit and the female athlete
triad.

A baseline and continued reassessment of fit-
ness is an important tool in injury prevention.
Optimizing general fitness in combination with
skill training helps to prepare the gymnast for
the high-volume training involved in gymnas-
tics. The gymnastics Functional Measurement
Tool (GFMT) is a series of ten sport-specific
tests that evaluates the physical fitness of female
artistic gymnasts. The tests include rope climb,
vertical jump, agility sprint time, and handstand
hold time, among others [58, 59]. Ling et al.
performed a study in NCAA division I women’s
artistic gymnastics to determine if the total
score on the GFMT can identify gymnasts who
are at risk of developing injury. A higher score
on the vertical jump test was associated with
less trunk injuries. A one-unit increase in verti-
cal jump score was associated with a 30%
decrease in trunk injuries [58]. Similarly, in
rhythmic gymnastics a program used a jump
training program in elite rhythmic gymnasts to
improve their leaping ability [60]. In this study,
those that underwent the training program that
included water training and Pilates improved
their leaping ability in terms of height, ground
reaction time, and explosive force without the
occurrence of injury [60].

Further research including gymnastics-
specific testing during the preseason and subse-
quent injury is recommended to identify risk
factors and prevention strategies in the sport.
Ultimately, performance optimization programs
can be created to improve or build upon gymnas-
tics skills that simultaneously address injury pre-

vent injury. Additional programs or training
programs should be created and tested for various
skills to improve gymnast’s abilities while main-
taining safety.

Conclusion

Gymnastics is an exciting but incredibly
demanding sport with large popularity
worldwide. Artistic gymnastics features
explosive power, strength, and torque,
combined with extremes of flexibility and
balance. Rhythmic gymnastics features
grace, balance, coordination, and flexibil-
ity. Trampoline demonstrates exciting
acrobatics and great heights. Each category
of gymnastics has its own unique injury
patterns with repetitive overuse as a mech-
anism pervasive across all categories. Both
artistic and rhythmic gymnasts have a high
degree of lower extremity injuries, such as
sprains and low back injuries. Artistic gym-
nastics, particularly among male gymnasts,
has an increased risk of upper extremity
injuries compared to other sports. The
injury patterns in trampoline mirror those
in artistic gymnastics but appear to have an
increased risk of forearm injuries or cata-
strophic injuries due to the potential energy
related to the height the athlete achieves.
The relative young age of many gymnasts
also increases risk of growth plate injuries.
Injury prevention programs should be logi-
cal, evidenced-based, and effectively target
the most common injury patterns or time-
loss injuries in a given sport. For all gym-
nasts, this should include: optimized and
complete rehabilitation of prior injuries; a
well-maintained, safe environment of train-
ing and competition; attention to loading,
training intensity, and fatigue to avoid
overuse; and targeted programs to common
injuries including landing mechanics and
proprioceptive training to avoid ankle and
lower extremity injuries as well as core
strength and flexibility to avoid lumbar
spine injuries.
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