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ABSTRACT

Myer, GD, Quatman, CE, Khoury, J, Wall, EJ, and Hewett, TE.

Youth versus adult ‘‘weightlifting’’ injuries presenting to united

states emergency rooms: accidental versus nonaccidental

injury mechanisms. J Strength Cond Res 23(7): 2054–2060,

2009—Resistance training has previously been purported to be

unsafe and ineffective in children. The purpose of this inves-

tigation was to evaluate resistance training-related injuries pre-

senting to U.S. emergency rooms by age, type, and mechanism

of injury. We hypothesized that older athletes would sustain

greater percentages of joint sprains and muscle strains,

whereas younger athletes would sustain a greater percentage

of accidental injuries that would result in an increased

percentage of fractures in youths. The U.S. Consumer Product

Safety Commission (CPSC) National Electronic Injury Surveil-

lance System was queried from 2002 to 2005 using the CPSC

code for ‘‘Weightlifting.’’ Subjects between the ages of 8 and

30 were grouped by age categories 8 to 13 (elementary/middle

school age), 14 to 18 (high school), 19 to 22 (college), and 23

to 30 (adult). Injuries were classified as ‘‘accidental’’ if caused

by dropped weight or improper equipment use. Multiple logistic

regression was used to compare accidental injuries between

age groups. The sample consisted of 4,111 patients. Acci-

dental injuries decreased (p , 0.05) with age: 8 to 13 . 14 to

18 . 19 to 22 years = 23 to 30 years. Conversely, sprain/strain

injuries increased in each successive age group (p , 0.05).

Evaluation of only the nonaccidental injuries (n = 2,565)

showed that the oldest categories (19–22 and 23–30 yr)

demonstrated a greater percentage of sprains and strains

relative to younger age categories (p , 0.001). Two thirds of

the injuries sustained in the 8 to 13 group were to the hand and

foot and were most often related to ‘‘dropping’’ and ‘‘pinching’’

in the injury descriptions, and there was an increased percen-

tage of fractures in the 8 to 13 group relative to all other groups

(p , 0.001). The study findings indicate that children have

lower risk of resistance training-related joint sprains and muscle

strains than adults. The majority of youth resistance training

injuries are the result of accidents that are potentially prevent-

able with increased supervision and stricter safety guidelines.

KEY WORDS pediatric resistance training, weight room injuries,

resistance training injuries, weight room safety guidelines,

resistance training safety

INTRODUCTION

W
ith increasing participation in youth sports,
there is an increasing desire for young athletes
to achieve peak performance (1,37). Resis-
tance training may be one of the most popular

and effective forms of conditioning aimed at enhancing
sports performance, and its use is widespread among high
school, college, and professional athletes (11,39). However,
resistance training in the young athlete has been controver-
sial. Clinicians once considered open growth plates in a child
as a contraindication to resistance training because of a
potential, perceived risk of injury to these growth plates (37).
It was originally the position of the American Academy of
Pediatrics that weightlifting in children was an unnecessary
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risk, and it was concluded that prepubertal children were
unable to increase strength or muscle mass because they
lacked circulating androgen hormones (40). This position, in
conjunction with isolated reports of catastrophic injury asso-
ciated with weight training, significantly affected the medical
community’s stand on this mode of exercise in the past
(20,37). The purpose of this investigation was to evaluate
injuries presenting to U.S. emergency rooms by subject age
and type and mechanism of injury. We hypothesized that
older athletes would sustain greater percentages of joint
sprains and muscle strains during resistance training, whereas
younger athletes would sustain a greater percentage of
injuries related to accidents (e.g., dropping weights on their
fingers and toes, misuse of equipment, and tripping/falling)
than from actual musculoskeletal injury (e.g., muscle strains)
from the intended use of the equipment, relative to the older
age categories. A corollary hypothesis was that there would
be an increased percentage of fractures in the younger age
categories, specifically to the fingers and toes, indicative of
accidental injury mechanisms.

METHODS

Experimental Approach to the Problem

After approval from the institutional review board, the U.S.
Consumer Product Safety Commission (CPSC) National
Electronic Injury Surveillance System (NEISS) was queried
from 2002 to 2005 using the CPSC code (Product ID # 3265)
for ‘‘Weightlifting.’’ The CPSC sampling weights were used to
calculate the national frequency estimates from the sampling
frequencies of each age group within the sample (Figure 1).

Subjects between the ages of 8 and 30 were included in the
study. Subjects were grouped into 4 age categories: 8 to 13
(elementary/middle school age), 14 to 18 (high school age),
19 to 22 (college age), and 23 to 30 (adult age) on the basis of
progressive school participation level (Table 1).
Injuries sustained under the influence of alcohol or other

recreational drugs as reported by the hospital staff or subjects
who left without seeing a physician were eliminated from the
analyses. All data were quality controlled by cross referencing
the specific comments to the CPSC category code. In
addition, each injury was classified into a mechanism of injury
termed ‘‘nonaccident’’ or ‘‘accident’’ based on the specific
comments to the CPSC category. The mechanism of injury
was considered nonaccidental if it resulted from exertion
(sprain/strain, fatigue failure, headache), overuse (e.g.,
tendonitis), or from equipment malfunction (cable snapping,
resistance bands breaking). The mechanism of injury was

considered accidental if it re-
sulted from dropped weights,
improper use of equipment, or
tripping over equipment. The
mechanism of injury was cate-
gorized by 2 separate authors
blinded to both the age and sex
of the subjects. One author
performed the initial categori-
zation, and the second author
quality controlled the data and
performed a separate, indepen-
dent categorization. If the au-
thors were unable to reach an
agreement about the mecha-
nism of injury or if they were
unable to determine the injury
mechanism from the descrip-
tion, the data were eliminated
from the analysis. Frequency of
resistance training injury esti-
mates and data analyses were
based upon the sample fulfilling
the inclusionary criteria (age 8–
30 yr, the mechanism of injury

Figure 1. Estimated number of ‘‘weightlifting’’ injuries presenting in U.S. emergency rooms between years 2002
and 2005.

TABLE 1. Sample total injuries classified and
included into study analyses.

Age n Weighted percent

8–13 397 8.3
14–18 1571 38.4
19–22 772 19.1
23–30 1371 34.2
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could be determined from the comments, no drug or alcohol
use during injury, and patient was seen by a physician). The
differences between age categories (8–13, 14–18, 19–22, and
23–30 yr) were determined for mechanism of injury (accident
or nonaccident), type of injury (sprain/strain or fracture), and
body part injured (head, trunk, arm, leg, foot). In addition,
comparisons of injuries classified as ‘‘accidental’’ versus
‘‘nonaccidental’’ were made to further characterize the
sample population.

Statistical Analyses

Statistical analyses were performed using SAS, version 9.1
(SAS Institute, Cary, NC, USA). To account for the survey
design and use the appropriate standard errors, the survey-

specific procedures, which incorporated the sample weights
and design clusters, were used for analysis. The independent
variable of interest, age group, had 4 categories. Multiple
logistic regression was initially used to assess the overall age
effect, in which the 23 to 30 year age group was used as the
reference category. Comparisons between successive age
categories were also made using logistic regression, and a
Bonferrroni correction was used to adjust for the multiple
comparisons. The level of significance was established a priori
at p # 0.05.

RESULTS

The sample consisted of 4,111 patients for inclusion in the
analysis. The distribution of injuries classified as caused by
‘‘weightlifting’’ are presented in Table 1. Table 2 shows the
comparison of age group for accidental injury, and each
category shows a statistically significant difference by age
(p , 0.0001). After Bonferrroni correction for multiple com-
parisons, the percentage of the injuries that were accidental
decreased significantly (p , 0.05) for each successive age
group: 8 to 13 . 14 to 18 . 19 to 22 years; those 23 to 30
years of age were not different from the 19 to 22 year group.
For sprain/strain injuries, the effect went in the opposite
direction, and each successive age group was different (p ,

0.05) after Bonferroni correction. Sprains and strains were
18.2% of injuries in the 8 to 13 age group, 43.9% in the 14 to
18 age group, 59.6% in the 19 to 22 age group, and 66.1% in
the 23 to 30 age group. Evaluation of only the nonaccidental
injuries (n = 2565) revealed that the oldest categories (19–22

TABLE 2. Frequency and odds ratios for accidental
injuries occurring in each age group.

Age
(group)

Frequency
of accidental

injuries
Weighted
percent OR (95% CI)

8–13 295 77.2 8.91 (6.28, 12.6)
14–18 655 42.2 1.92 (1.58, 2.34)
19–22 239 31.9 1.23 (1.00, 1.53)
23–30 363 27.5 Reference
p ,0.0001 ,0.0001

Figure 2. Percentage of injuries of oldest and youngest age categories. Note that small prevalence of leg injuries in 8 to 13 age categories provides invalidated
results and should be interpreted with caution.
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and 23–30 yr) demonstrated a greater percentage (85% and
89%, respectively) of injuries categorized as sprains and
strains relative to the other age categories (p , 0.001).
The oldest age groups demonstrated the greatest percent-

age of trunk-related injuries. Figure 2 represents the
anthropometric location breakdown of weighted percentages
of injuries for the youngest and oldest age categories. Two
thirds of the injuries sustained in the 8 to 13 age group were
to the hand and foot and were most often related to
‘‘dropping’’ and ‘‘pinching’’ in the injury descriptions. Con-
sequently, when comparing injury type, there was an
increased percentage of injuries classified as a fracture in
the 8 to 13 group relative to all other groups (p , 0.001).

DISCUSSION

On the basis of this analysis of resistance training injuries that
resulted in visits to U.S. emergency rooms, it appears that
children have lower risk of resistance training-related joint
sprains and muscle strains than adults. The majority of youth
resistance training injuries that occurred in this study were the
result of accidents that could have potentially been prevented
with increased supervision and stricter safety guidelines.
Evidence accumulated over the last decade has clarified the
relative injury risk of resistance training compared with other
forms of sport participation. These reports have demon-
strated both the general safety and efficacy of resistance
training for children and adolescents (13–16,21). Resistance
training that incorporates appropriate technical instruction is
accepted as both a safe and effective mode of exercise for
preadolescent and adolescent children by most major
medical communities, including the American Academy of
Family Physicians (AAFP), American Academy of Ortho-
paedic Surgeons (AAOS), American College of Sports
Medicine (ACSM), American Medical Society for Sports
Medicine (AMSSM), American Orthopaedic Society for
Sports Medicine (AOSSM), American Osteopathic Academy
of Sports Medicine (AOASM), The National Strength and
Conditioning Association (NSCA), American Academy of
Pediatricians (AAP), and The President’s Council on Physical
Fitness and Sports (4,10,12,24,37).
In addition to increased evidence on the safety of

supervised resistance training in young athletes and adoles-
cents, there is evidence that resistance training may reduce
injury in a young athlete’s chosen sport (6,22,29). This
evidence is based on the beneficial adaptations that occur in
bones, ligaments, and tendons after training and is further
supported by epidemiology-based reports (18,28). Lehnhard
and colleagues (29) reported significant reductions in injury
rates with the addition of a strength training regimen with
a male soccer team. Cahill and Griffith (6) incorporated
weight training into their preseason conditioning for
adolescent football teams and reported a reduction in knee
injuries as well as a reduction in knee injuries that required
surgery over 4 competitive seasons. Hejna et al. (23) reported
that young athletes (13–19 yr) who included resistance

training as part of their exercise regimen demonstrated
decreased injuries and recovered from injuries with less time
spent in rehabilitation when compared with their teammates.
Training regimens that incorporated resistance training into
preseason and in-season conditioning reduced injury risk
factors and anterior cruciate ligament injuries in female
athletes (25,26,30,35,36,38). Thus, there is evidence that
indicates that resistance training is not only a relatively safe
activity for young athletes but that it may also be useful to
reduce injuries during competitive play (21,37).
The positive effects of a sound resistance training regime on

increases in strength in adult athletes have been widely
documented in the literature (3,5,7,19,47). Strength improve-
ments achieved from resistance training occur by way of
muscle hypertrophy (increases in muscular cross-sectional
area), muscle fiber structural changes (pennation angle
changes), and neuromuscular (increased motor unit syn-
chrony and recruitment) and metabolic (improved energy
delivery) adaptations (2,27,32,33,43,46,47). In contrast, earlier
reports on resistance training in children purported that no
similar adaptations would occur, mainly because of lack of
circulating androgens in young children (9,48).
Although earlier studies suggested an absence of significant

effect of resistance training in youth, subsequent studies that
incorporated more rigorous experimental designs demon-
strated marked improvements in strength measures for
prepubescent and pubescent subjects after resistance training
regimens (13,15–17,41,42,44,45,49). The measured benefits
from resistance training are now considered to be greater
than those attributable to normal growth and development in
children and adolescents (37). These gains stem largely from
neural adaptations (more complete and synchronous firing of
muscle units) associated with the training. Faigenabum and
Bradley (10,11) listed the potential benefits of resistance
training for young athletes to range from increased muscle
strength and power to enhancement of mental health as well
as a stimulation of positive attitude that can foster a lifelong
activity of resistance training.
Physical maturity and size, which may limit the use of

certain resistance machines, should not limit participation in
appropriately designed and supervised resistance training
protocols. However, mental maturity level could limit
participation (37). Faigenbaum and colleagues (14) demon-
strated that with appropriate supervision children can be
safely tested and trained even with applied maximum effort
resistance. In general, if young athletes maintain sufficient
emotional maturity to accept and follow directions, then they
should be ready for strength training. If they are unable to
follow supervision, then participation should be limited. All
children and adolescents should be closely supervised and
provided with competent and consistent feedback related to
their exercise performance. Although injuries during resis-
tance training are less frequent than in actual sport perfor-
mance, they can occur and may be related to maturity level
(21). The current study indicated that two thirds of the
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injuries sustained in the younger aged patients were to the
hand and foot and were most often related to ‘‘dropping’’ and
‘‘pinching’’ in the injury descriptions. Appropriate attention
to teaching weight room etiquette and equipment safety,
combined with precautions to prevent horseplay and atten-
tion to proper handling of heavy objects in the weight room,
may limit the risk of accidental weight room injuries (12,37).
To reduce the occurrence of nonaccidental injuries in

children and adolescents, an emphasis should be placed on
safe equipment use and perfecting proper technique. If the
athlete is allowed to perform the exercise maneuvers
improperly at low resistance levels, then the risk of injury
will be amplified as resistance is increased. To improve
exercise techniques, instructors should give continuous and
immediate feedback to the young athlete, both during and
after each exercise bout (37). This will make them aware of
proper form and technique, as well as undesirable and
potentially dangerous positions. In addition, visual feedback
can be useful to help make young weightlifters cognizant of
exercise techniques performed with visually identifiable poor
biomechanics (34). Instructors can use mirrors or video
equipment to help provide visual feedback. Visual and verbal
feedback may help young athletes to match their perceived
technique performance to their actual technique. Beyond the
obvious benefit of appropriate supervision to decreasing
injury risk in the weight room, direct supervision increases
the efficacy of resistance training. Coutts and colleagues (8)
demonstrated that supervised resistance training improved
strength gains and exercise adherence in young athletes
versus unsupervised training. Mazzetti et al. (31) corrobo-
rated these findings when they found similar results in male
athletes who had moderate experience with resistance
training. Cumulatively, there is strong evidence to support
the benefits of direct supervision to improve both the efficacy
and safety of resistance training applied to young athletes.
Our study limitations aremainly associatedwith theNEISS

dataset sampling techniques. Themanner in which these data
were categorized based on the mechanism of injury (accident
or nonaccident) is limited by the accuracy of recording of
each injury by the separate treating clinicians and by the
interpretation of the authors who reviewed each injury
description. However, before individual categorization, the
authors defined the methods of categorization to improve the
systematic nature of the processes. In addition, emergency
room technicians provided specific comments linked to each
injury mechanism in the NEISS database. This afforded the
investigators a secondary assessment of the injury mechanism
and ‘‘weightlifting’’ activity to confirm the data quality
control. Future prospective investigations should be used
that attempt to objectify injury categorization to further
diminish this study design limitation. In addition, the authors
were blinded to the age and the CPSC sampling weights
during the categorization process. It is also not known
whether multiple visits were made to the emergency room by
the same patient related to the same isolated ‘‘weightlifting’’

injury. If this occurred, an artificial inflation of the overall
injury frequency may be reflected in the data. To control for
overestimations, the NEISS coding manual instructs hospital
workers to record only the first emergency room visit for any
specific injury (CPSC NEISS coding manual), and thus it is
unlikely that multiple visits by the same person for a specific
injury were recorded. The NEISS coding manual instructs
hospital workers to record only the most severely affected
body part associated with an injury incident. In some cases,
the frequency of additional minor injuries accompanying an
injury incident may be underrepresented.
Another potential limitation is that the dataset does not

include all ‘‘weightlifting’’ injuries because we cannot account
for injuries that may not have resulted in an emergency room
visit, perhaps because treatment was available at the setting of
injury (e.g., athletic trainers or team physicians), treatment
was sought at other medical facilities, or treatment was not
sought out for an injury. Finally, this data cannot be gener-
alized to specific populations based on athletic participation,
skill level, or physical fitness because the NEISS database
does not distinguish between recreational, high school, and
collegiate athletes. More importantly, we cannot accurately
determine whether the ‘‘weightlifting’’ injury occurred during
‘‘structured’’ (developed programs monitored by coaches,
teachers, or trainers) or ‘‘unstructured’’ (no formal program or
supervision) activities or any level of supervision that was
available at the time of injury to the athlete. Despite these
limitations, the results presented in this study provide
important information on resistance training injury patterns
in young children and adolescents relative to adults. Future
work should focus on determining whether technique
training, proper supervision, stricter safety guidelines, or
other modifications can make resistance training safer for all
ages and levels of participation.

PRACTICAL APPLICATIONS

On the basis of the current report, there is an increased risk of
joint sprain and muscle strain injury in adults compared with
children during resistance training activities. Younger chil-
dren tend to sustain more accidental injuries, especially
fractures, during resistance training activities than older
children and adults. If appropriately supervised, resistance
trainingmay be safe and effective andmay also facilitate injury
risk reduction during sports participation. Resistance training
programs for young children should focus primarily on the
safe use of equipment to avoid accidental injury, then on the
acquisition of proper resistance training techniques, and
finally on the appropriate intensity progression that allows the
development of strength and power. Unsupervised resistance
training should be avoided in both preadolescent and
adolescents athletes.
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