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Background: There are 60 million US youth who participate in organized athletics, with large increases in both sport participation
and specialization during the past 2 decades. There is some evidence that increased sport specialization and training volumes may
be associated with increased injuries in adolescent populations. This study examines these variables in a population of elite college
athletes.

Hypothesis: Early sport specialization (ESS) and a high training volume are risk factors for injury and/or surgery in National
Collegiate Athletic Association (NCAA) Division I athletes.

Study Design: Cross-sectional study; Level of evidence, 3.

Methods: All Division I athletes at a single institution were surveyed regarding demographics, scholarship status, reason for
specialization, age at specialization, training volume, and injury history. Chi-square and Mann-Whitney U tests were performed to
identify significant differences.

Results: Athletes who specialized in their eventual varsity sport before age 14 years were more likely to report a history of
injuries (86.9% vs 71.4%), multiple injuries (64.6% vs 48.8%), multiple college injuries (17.2% vs 6.0%), a greater number of
total injuries (2.0 vs 1.0), and require more time out for an injury (15.2 vs 6.5 weeks) than those who did not. They were also
more likely to be recruited (92.9% vs 82.1%) and receive a scholarship (82.8% vs 67.9%). Athletes who trained for greater
than 28 hours per week in their eventual varsity sport before high school were more likely to report multiple injuries (90.0% vs
56.3%), multiple college injuries (40.0% vs 12.5%), a surgical injury (60.0% vs 22.9%), multiple surgical injuries (30.0% vs
4.7%), a greater number of total injuries (2.5 vs 2.0), and more time out for an injury (36.5 vs 11.0 weeks) than those who did
not (all P < .05). However, these athletes were not more likely to be recruited (90.0% vs 89.8%) or receive a scholarship
(80.0% vs 74.5%).

Conclusion: NCAA Division I athletes with ESS and/or a high training volume sustained more injuries and missed more time
because of an injury, but those with ESS were more likely to be recruited and receive a college scholarship. This knowledge can
help inform discussions and decision making among athletes, parents, coaches, trainers, and physicians.
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An estimated 60 million US youth aged 6 to 18 years
participate in organized athletics.11 Increases in sport
participation across all age groups over the past 2 dec-
ades have been documented,25,30 mirrored by a concom-
itant increase in high school sport specialization.5,9 The
impetus for this shift toward specialization is likely mul-
tifactorial, perhaps stemming from the desire for a com-
petitive advantage, the possibility for scholarships, the

positive public perception of elite athletes, or pressure
from coaches33,43 or parents.6-8,32

The concern with this trend of early sport specialization
(ESS) and an increased early high training volume (HTV)
in youth athletes is that there may be a potential for an
increased risk of overuse/overload injuries12,13,16 as well
as acute injuries requiring surgery. ESS and the injuries
that can accompany it may also lead to burnout, fear of
reinjuries, difficulty returning to preinjury skill levels, and
early sport retirement.1-4,10,14,15,20,41,43 These concerns
have led to multiple medical societies (American Academy
of Pediatrics, American Medical Society for Sports Medi-
cine, and the American Orthopaedic Society for Sports
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Medicine) issuing position statements and editorials on this
topic. Such recommendations include that young athletes
should not train in a single sport for greater than 8 months
out of the year or train for more hours per week than their
age. Sport-specific guidelines, such as pitch count recom-
mendations, have also been issued.7,11,18,21,24,29,38 Despite
the prevalence of these safety recommendations, there is
limited evidence to support or refute them. Further, no
strict definition of “sport specialization” exists. However,
to date, most studies have utilized a similar set of questions
to assess an athlete’s degree of specialization. The most
widely known measure of sport specialization is an athlete’s
training in a particular sport for greater than 8 months out
of the year.31,36 The natural counterargument is that ESS
may be necessary to achieve elite skill levels, thereby
achieving opportunities for collegiate and professional
careers.

Most studies examining sport specialization and injury
risk have utilized self-report surveys in high school stu-
dents or younger. It is intuitive to examine this population
because sport specialization typically occurs in this age
group, and these athletes are particularly susceptible to
injuries due to increased training demands during a
period of rapid growth. However, relatively little is known
about the impact of sport specialization and training vol-
ume on the elite college athlete. Studying this older popu-
lation has the benefits of a longer term follow-up on injury
rates years after sport specialization occurs and also pro-
vides the opportunity to examine whether ESS affords a
competitive advantage in attaining a more elite athletic
skill level.

The purpose of this study was to determine whether
associations exist between sport specialization, training
volume, and injury history in a population of National
Collegiate Athletic Association (NCAA) Division I ath-
letes. A secondary aim was to assess whether sport spe-
cialization and an HTV are necessary to achieve elite
athletic status. We hypothesized that ESS and an HTV
would be associated with increased injury rates but not
increased rates of recruitment and/or scholarship
acquisition.

METHODS

Participants

All current NCAA Division I athletes at a single institu-
tion aged �18 years were emailed the voluntary survey
link and an explanation of this institutional review
board–exempt study.

Questionnaire

Consenting participants were allowed 1 month to complete
the 10- to 20-minute electronic questionnaire. All survey
responses were collected and managed using REDCap elec-
tronic data capture software (CTSI grant UL1TR001881).17

In exchange for participation, athletes were sent anon-
ymized study results and entered into a gift card raffle.

Athletes were surveyed regarding demographics, schol-
arship status, reasons for sport specialization, age of spe-
cialization, training volume, and injury/surgical history.
Sport specialization was determined using the previously
utilized question, “At what age, if any, did you begin to
train greater than 8 months out of the year for your pri-
mary sport?”

Athletes’ reasons for sport specialization were obtained
by asking their primary reason for specialization, followed
by the next most important reason until the athlete selected
the option “no further reasons.” The first through third
selections were weighted by a factor of 3, 2, and 1,
respectively.

Data were also collected on training volume for the ath-
letes’ sports. For each sport played (up to 8), the athlete was
asked to estimate the hours per week and months per year
spent training during 3 separate time periods (before high
school, high school, and college).

Finally, athletes were asked to document all injuries sus-
tained in their sporting history (up to 8). Instructions spec-
ified including all injuries that precluded sport
participation for at least 1 week and omitting any injuries
not attributable to sport play/training (ie, injuries sus-
tained during recreational activities). For each injury, ath-
letes specified the injured body part, time period in which it
occurred, time missed from sport because of the injury, and
whether surgery was required.

ESS was defined as narrowing participation to 1 primary
sport before age 14 years by training for greater than 8
months of the year in that sport. This age was chosen
because it is a natural time point before skeletal maturity
in most boys and girls when many adolescents begin high
school and choose to specialize in sport and allows for a
comparison with prior studies. An early HTV was defined
as training for greater than 28 hours per week in their
eventual varsity sport before age 14 years (high school age).
We chose a higher threshold than prior studies (28 vs 16
hours, respectively) because we assumed that Division I
athletes would have a significantly higher pre–high school
training volume than average athletes (*1.5-2 times) and
wanted to capture only the highest risk athletes with exces-
sive training volumes (sports with twice-a-day practices,
additional weight training, long competition times, and/or
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tournaments with multiple games per weekend). Elite ath-
letic status was defined as being recruited and/or receiving
an athletic scholarship of any amount.

Statistical Analysis

Chi-square, Fisher exact, and Mann-Whitney U tests
were performed to identify significant differences
between groups. Comparisons were deemed statistically
significant at the P < .05 threshold. Odds ratios (ORs)
were calculated with 95% CIs to demonstrate the effect
size. Statistical analyses were performed using SPSS 24
software (IBM).

RESULTS

A total of 232 athletes completed some portion of the survey
(36% response rate). There were 30 athletes excluded
because of incomplete or incorrect survey completion, leav-
ing 202 surveys available for analysis (31% completion
rate). There were 61 male and 141 female participants,
with a mean age of 20.1 years (Table 1). There was an

approximately even distribution of responses among aca-
demic years, with each comprising around a quarter of
the total participants. Additionally, 63.3% of participants
were white, and 90.6% were single-sport NCAA athletes.
Furthermore, 70.3% did not take a redshirt year; 73.3%
received a scholarship, of whom 40.5% received a full
scholarship. Before college, 67.8% participated in youth
athletics in California, 19.3% in other states, and 12.9%
outside the United States. These figures, besides sex, are
generally similar to publicly available NCAA data on
2018 Division I athletes (www.ncaa.org). Our institution
did have a higher proportion of female athletes (51.5%)
than the overall NCAA Division I athlete population
(47.0%) (Table 1).

The average study athlete was first recruited at age
15.9 years, played 3.1 sports, had 2.1 injuries, and spent
21.7 cumulative weeks away from sport because of an
injury (Table 2). Moreover, 80.7%, 57.9%, and 34.2% of ath-
letes reported a history of at least 1, 2, and 3 injuries,
respectively (Table 3). The most frequent injury locations
were the ankle (16.8%), back/spine (10.6%), knee (9.7%),
and head (9.5%).

Demographic Data and Injury History

Female athletes were more likely to complete the survey
than male athletes (42.0% vs 19.2%, respectively; P < .05)
(Table 4). The 2 notable low-response groups were men’s
tennis and football (0.0% and 12.4% completion rates,
respectively). However, apart from these groups, there was
substantial representation across nearly every varsity
sport, with completion rates ranging from 13.3% to 50.0%.
High-response groups for female participants were swim-
ming/diving (56.1%), cross-country (57.1%), and golf
(62.5%). Low-response groups for female athletes were
track and field (19.1%), basketball (28.6%), and gymnastics
(29.2%).

Sport Specialization

Participants were queried on their reasons for sport spe-
cialization (Figure 1). The primary reason that athletes
cited for specializing was enjoyment of that sport (33%).
The next most common reasons cited were to obtain a schol-
arship (23%) and professional career aspirations (17%). An
additional 6% of athletes sought a competitive advantage,

TABLE 1
Athlete Demographicsa

Present Study
(n ¼ 202)

NCAA Data
(n ¼ 183,025)

Sex
Female 141 (69.8) 86,031 (47.0)
Male 61 (30.2) 96,994 (53.0)

Race/ethnicity
White 128 (63.3) 104,496 (57.1)
Black 25 (12.4) 38,001 (20.8)
Asian 20 (9.9) 3947 (2.2)
Hispanic/Latino 15 (7.4) 9231 (5.0)
Other 14 (7.0) 27,350 (14.9)

Academic year
Freshman 58 (28.7)
Sophomore 41 (20.3)
Junior 46 (22.8)
Senior 57 (28.2)

Redshirt year 60 (29.7)
Freshman 45 (75.0)

Single NCAA sport 183 (90.6)
Scholarship status 148 (73.3) 107,985 (59.0)

100% 60 (40.5)
10%-99% 88 (59.5)

Region at age 5-18 y
United States 176 (87.1) 160,878 (87.9)

West 153 (86.9)
California 137 (89.5)

Midwest 6 (3.4)
South 9 (5.1)
Northeast 8 (4.5)

Europe 13 (6.4)
Asia/Oceania 8 (4.0)
Canada/South America 5 (2.4)

aData are reported as n (%). NCAA, National Collegiate Athletic
Association.

TABLE 2
Athlete Sporting History

Mean ± SD (Range)

Age, y 20.1 ± 1.4 (18-23)
Age first recruited, y 15.9 ± 1.5 (12-20)
Age began weight training, y 15.6 ± 2.3 (10-22)
Total No. of unique sports played 3.1 ± 1.7 (1-8)
Total No. of injuries 2.1 ± 1.8 (0-8)
Total No. of college injuries 0.7 ± 0.9 (0-5)
Total No. of injuries requiring surgery 0.3 ± 0.6 (0-3)
Total time out, wk 21.7 ± 35.0 (0-275)
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and 3% specialized to avoid injuries. Parent/coach pressure
was cited as a reason for sport specialization in only 4% of
this cohort.

To investigate whether ESS was associated with inju-
ries or achievement of elite athletic status, 183 athletes
were analyzed (Table 5). Dual-sport athletes (n ¼ 19)
were considered nonspecialized and therefore excluded.
Athletes with early specialization were more likely to
report a history of injuries (86.9% vs 71.4%; OR, 2.65),
multiple injuries (64.6% vs 48.8%; OR, 1.92), multiple
college injuries (17.2% vs 6.0%; OR, 3.28), a greater num-
ber of total injuries (2.0 vs 1.0; U ¼ 3251), and more time
out for an injury (15.2 vs 6.5 weeks; U ¼ 3377) than
those without. They were also more likely to report being
recruited (92.9% vs 82.1%; OR, 2.86) and receiving a
scholarship (82.8% vs 67.9%; OR, 2.29). When athletes
were compared at later specialization age cutoffs of 15,
16, 17, and 18 years, there were no statistically signifi-
cant differences in injury or surgery rates.

Training Volume

Similar analyses were performed to compare athletes
who had an HTV at an early age (<14 years) (Table 6).
Athletes who trained for greater than 28 hours per week
in their eventual varsity sport before high school were
more likely to report a history of multiple injuries (90.0%
vs 56.3%; OR, 7.00), multiple college injuries (40.0% vs
12.5%; OR, 4.67), an injury requiring surgery (60.0% vs
22.9%; OR, 5.05), multiple injuries requiring surgery
(30.0% vs 4.7%; OR, 8.70), a greater number of total
injuries (2.5 vs 2.0; U ¼ 486), and more time out for an
injury (36.5 vs 11.0 weeks; U ¼ 424) than those who did
not. However, these athletes were not more likely to be
recruited (90.0% vs 89.8%) or receive a scholarship
(80.0% vs 74.5%). All athletes with an early HTV
reported a history of injuries versus 80.2% of those with-
out an early HTV, although this difference did not reach
statistical significance. There were no significant differ-
ences in injury rates observed with comparisons at lower
training volume cutoffs.

TABLE 3
Athlete Injury History

n (%)

No. of injuries
0 39 (19.3)
1 46 (22.8)
2 48 (23.8)
3 35 (17.3)
4 14 (6.9)
5 8 (4.0)
6 8 (4.0)
7 0 (0.0)
8 4 (1.9)

Location of injury
Ankle 71 (16.8)
Back/spine 45 (10.6)
Knee 41 (9.7)
Head 40 (9.5)
Shoulder 32 (7.6)
Thigh/hamstring 28 (6.6)
Lower leg/calf 25 (5.9)
Hip 24 (5.7)
Wrist 23 (5.4)
Foot/toes 22 (5.2)
Ribs/chest/collarbone 18 (4.3)
Elbow 15 (3.5)
Hand/fingers 15 (3.5)
Forearm 4 (0.9)
Abdomen/pelvis 4 (0.9)
Neck/upper arm 3 (0.7)
Other 3 (0.7)

TABLE 4
Survey Completion Rates by Sporta

Male Female

Sport Completed Roster Completed Roster

Baseball/softball 5 36 10 25
Basketball 2 15 4 14
Cross-countryb 5 18 12 21
Football 13 105 — —
Golf 4 13 5 8
Gymnastics — — 7 24
Rowing — — 29 56
Soccer 7 28 12 31
Swimming/diving — — 23 41
Tennis 0 13 3 10
Track and field 8 40 9 47
Volleyball 10 20 15 36
Water polo 7 29 12 23
Total 61 317 141 336

aData are reported as No. Dashes refer to sports that are not
available at our institution.

bAll cross-country athletes who completed the survey also par-
ticipated in track and field and were therefore deemed nonspecia-
lized.

33%

23%

17% 6%
4%
3%

10%

4%

27%

Enjoyed sport the most

To obtain scholarship

Professional career goal

Competitive advantage

Did not enjoy other sports

Injury risk

Not enough time

Parent/coach pressure

Figure 1. Athletes’ reasons for sport specialization.
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All athletes who had an early HTV also had ESS. When
athletes with an HTV were omitted, 173 athletes remained
to assess the effect of sport specialization independent of
training volume (Table 7). Athletes with ESS who trained
at more moderate levels were still significantly more likely
to report a history of injuries (85.4% vs 71.4%; OR, 2.34) and
a greater number of total injuries (2.0 vs 1.0; U ¼ 3021)
than those without ESS. They were still more likely to be
recruited (93.3% vs 82.1%; OR, 3.01) and earn a scholarship
(83.1% vs 67.9%; OR, 2.34).

Sport Stratification Analysis

After stratification by sport, differences emerged in the
mean specialization age between sports (Table 8). Athletes
in gymnastics, men’s golf, men’s soccer, and women’s
tennis specialized particularly young at age �9 years,
while athletes in women’s rowing, men’s volleyball, and

football specialized relatively late at around age �15
years. Athletes in essentially all sports were prone to
injuries with ESS; only men’s golf, men’s volleyball,
men’s basketball, and women’s swimming/diving had
injury rates �75% (Table 8). Notably, despite ESS,
men’s volleyball, men’s track and field, baseball, and
women’s rowing had scholarship rates �50%, and men’s
volleyball, men’s basketball, and men’s golf had injury
rates �50%. All athletes with an early HTV had a
history of injuries, although not all athletes in gym-
nastics and women’s swimming/diving received a
scholarship.

Earlier specialization ages were strongly correlated with
higher pre–high school training volumes, and after outlier
removal (soccer had early specialization but a relatively low
training volume), this association was even more robust
(R2 ¼ 0.76) (Figure 2). Remarkably, soccer had high injury
rates (�92%) despite a lower training volume.

TABLE 5
Athletes With Early Versus Late Sport Specializationa

Early Specialization (n ¼ 99) Late Specialization (n ¼ 84) OR (95% CI) P Value

Injuries, n (%)
Injury 86 (86.9) 60 (71.4) 2.65 (1.25-5.61) .010
Multiple injuries 64 (64.6) 41 (48.8) 1.92 (1.06-3.47) .031
College injury 45 (45.5) 32 (38.1) .315
Multiple college injuries 17 (17.2) 5 (6.0) 3.28 (1.15-9.30) .020
Surgical injury 30 (30.3) 20 (23.8) .326
Multiple surgical injuries 7 (7.1) 5 (6.0) .761

Cumulative injuries
Total No. of injuries, median 2.0 1.0 .010
Time missed for injury, wk 15.2 6.5 .028

Recruitment, n (%)
Recruited 92 (92.9) 69 (82.1) 2.86 (1.11-7.39) .025
Received scholarship 82 (82.8) 57 (67.9) 2.29 (1.14-4.58) .018
Received full scholarship 34 (34.3) 24 (28.6) .403

aBold data represent P values that are significant at the a ¼ 0.05 level. OR, odds ratio.

TABLE 6
Athletes With Early Versus No Early HTVa

Early HTV (n ¼ 10) No Early HTV (n ¼ 192) OR (95% CI) P Value

Injuries, n (%)
Injury 10 (100.0) 154 (80.2) .213
Multiple injuries 9 (90.0) 108 (56.3) 7.00 (0.87-56.34) .047
College injury 6 (60.0) 85 (44.3) .351
Multiple college injuries 4 (40.0) 24 (12.5) 4.67 (1.23-17.74) .035
Surgical injury 6 (60.0) 44 (22.9) 5.05 (1.36-18.68) .016
Multiple surgical injuries 3 (30.0) 9 (4.7) 8.70 (1.93-39.41) .015

Cumulative injuries
Total No. of injuries, median 2.5 2.0 .039
Time missed for injury, wk 36.5 11.0 .015

Recruitment, n (%)
Recruited 9 (90.0) 172 (89.8) >.999
Received scholarship 8 (80.0) 143 (74.5) >.999
Received full scholarship 5 (50.0) 55 (28.6) .166

aBold data represent P values that are significant at the a ¼ 0.05 level. HTV, high training volume; OR, odds ratio.
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DISCUSSION

To our knowledge, this is the first study to examine sport
specialization, training volume, and injury history in a
population of NCAA Division I athletes. This study has the
advantages of a longer term follow-up compared with prior
studies of high school athletes, allowing for a more robust
injury history and assessment of elite athletic achievement.
This study demonstrated that both sport specialization and
an increased training volume before high school were asso-
ciated with higher injury rates, while specialization after
age 14 years and training for less than 28 hours per week

before high school were not. Athletes who specialized in
sport at a young age but did not have an HTV still reported
higher injury rates than their counterparts who trained at
similar volumes without ESS and higher rates of NCAA
Division I recruitment/scholarship.

Factors Driving Specialization

Several studies have examined athletes’ motivation for
sport specialization.8,25,32,33 Padaki et al33 found that 22%
and 30% of youth athletes were told by parents and coaches
not to play sports besides their primary sport. They also

TABLE 7
Athletes With Early Versus Late Sport Specialization, With Those With an Early High Training Volume Omitteda

Early Specialization (n ¼ 89) Late Specialization (n ¼ 84) OR (95% CI) P Value

Injuries, n (%)
Injury 70 (85.4) 59 (71.4) 2.34 (1.10-4.98) .025
Multiple injuries 56 (62.9) 41 (48.8) .062
College injury 39 (43.8) 32 (38.1) .444
Multiple college injuries 13 (14.6) 5 (6.0) .062
Surgical injury 24 (27.0) 20 (23.8) .634
Multiple surgical injuries 4 (4.5) 5 (6.0) .741

Cumulative injuries
Total No. of injuries, median 2.0 1.0 .026
Time missed for injury, wk 14.0 6.5 .074

Recruitment, n (%)
Recruited 83 (93.3) 69 (82.1) 3.01 (1.11-8.17) .025
Received scholarship 74 (83.1) 57 (67.9) 2.34 (1.14-4.80) .019
Received full scholarship 29 (32.6) 24 (28.6) .567

aBold data represent P values that are significant at the a ¼ 0.05 level. OR, odds ratio.

TABLE 8
Injury/Scholarship Rates of Athletes With ESS and an HTV by Sporta

Sport (No. of Responses/ESS/HTV) Specialization Age, y
Pre–High School

Training Volume, h/wk
ESS Athletes With

Injury/Scholarship, %

HTV Athletes With
Injury/Scholarship, %

Gymnastics (7/7/3) 8.5 ± 1.3 26.3 ± 5.0 100/57 100/67
Men’s golf (4/4/1) 8.6 ± 1.0 25.7 ± 4.5 50/100 100/100
Women’s tennis (3/3/1) 9.0 ± 1.7 22.3 ± 10.0 100/100 100/100
Men’s soccer (7/6) 9.0 ± 2.2 9.3 ± 2.6 100/100 N/A
Women’s soccer (12/12) 9.8 ± 1.3 12.0 ± 5.2 92/83 N/A
Women’s golf (5/5/1) 10.0 ± 2.0 21.8 ± 6.2 92/100 100/100
Women’s swimming/diving (23/20/2) 10.4 ± 2.2 14.9 ± 9.2 75/90 100/50
Softball (10/8/1) 10.9 ± 2.7 19.6 ± 7.7 88/88 100/100
Baseball (5/5) 11.8 ± 1.3 17.0 ± 2.2 80/40 N/A
Men’s water polo (7/5/1) 12.1 ± 2.6 16.7 ± 9.3 80/100 100/100
Women’s basketball (4/2) 12.1 ± 2.6 16.0 ± 5.0 100/100 N/A
Women’s water polo (12/7) 12.6 ± 2.9 9.9 ± 2.2 92/86 N/A
Women’s volleyball (15/7) 13.2 ± 1.4 8.3 ± 4.1 100/86 N/A
Women’s track and field (9/4) 13.4 ± 3.2 11.0 ± 4.1 100/100 N/A
Men’s basketball (2/1) 14.1 ± 6.2 13.5 ± 3.5 0b/100 N/A
Men’s track and field (8/2) 14.2 ± 4.1 9.3 ± 2.6 100/50b N/A
Football (13/1) 14.8 ± 1.7 11.2 ± 6.2 100/100 N/A
Men’s volleyball (10/2) 15.0 ± 1.8 12.0 ± 6.5 50b/50b N/A
Women’s rowing (29/2) 16.4 ± 1.9 11.0 ± 0.0 100/50 N/A

aData are reported as mean ± SD unless otherwise indicated. ESS, early sport specialization; HTV, high training volume; N/A, not
applicable.

bSports in which athletes with late specialization had higher injury/scholarship rates.
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found that more than half of parents encouraged speciali-
zation or desired a collegiate/professional career for their
children.32 Another study found that 67% of youth athletes
believed that specialization increased their chances of
making a college team, and highly specialized athletes
were twice as likely to believe that they would receive a
college scholarship.8 In our study, NCAA athletes most
commonly cited enjoyment of the sport as the reason for
sport specialization. However, nearly half (46%) cited
professional careers/scholarship aspirations, and a
minority reported specializing because of parent/coach
pressure (see Figure 1). Our study gives credence to the
belief that early specialization increases the chances of
receiving a scholarship. Of note, our study examines
NCAA athletes, which does not capture the opinions of
athletes who quit before high-level competition (ie,
because of loss of interest, inadequate skill, burnout, fear
of injuries, reinjuries, etc).

Early Sport Specialization

This study demonstrates an increased risk of injuries and
time missed because of an injury with ESS. We defined
sport specialization as “year-round, intensive training in
a sport at the exclusion of others,” as utilized in other stud-
ies,5,19 further specifying this as before age 14 years. The
tight correlation observed between specialization age and
training volume validates our definition of specialization by
mitigating potential concerns that some athletes choose a
sport early but train modestly in it, thus not truly special-
izing (Figure 2).

Previous studies have similarly found associations
between injuries and ESS. For instance, Bell et al5 found
that high school athletes who trained for greater than 8
months of the year had significantly higher odds of hip/

knee injuries (OR, 2.32-2.93) and overuse injuries of the
upper extremity (OR, 1.66) and lower extremity (OR,
1.68). A study of late adolescent pitchers found that those
who pitched for greater than 8 months of the year had
higher rates of elbow/shoulder surgery (OR, 5.05).31 Other
studies have demonstrated that highly specialized youth
athletes are more likely to report a prior lower extremity
injury (OR, 2.58),35 a history of injuries (OR, 1.59),37 and a
greater number of injuries prospectively over 1 year (haz-
ard ratio, 1.85).27 In our study, those who trained for
greater than 8 months of the year in their eventual varsity
sport before age 14 years had an OR of 2.65 for history of
injuries.

Athletes who specialize at a young age likely train at
higher volumes as well. Consequently, the potential
increased injury risk from ESS may be confounded by an
accompanying increased number of exposure hours for pos-
sible injuries. To control for this, we compared injury rates
by specialization status after removing all athletes with an
HTV (a group found to have increased injury rates)
(Table 7). Nevertheless, athletes with ESS were more likely
to report an injury history (OR, 2.34) and more total inju-
ries. Jayanthi et al19 also found sport specialization to be an
independent risk factor for injuries (OR, 1.27) and overuse
injuries (OR, 1.36) in adolescents after accounting for
hours/weeks of sport activity. It should be noted, however,
that there is likely a difference in exposure between ath-
letes who play a single sport for 8 months of the year and
those who also train in multiple additional sports the
remainder of the year.

There is evidence in the literature that sports have dif-
ferent patterns of specialization. For instance, Post et al36

found that Division I football athletes were less likely to be
highly specialized in high school than nonfootball athletes,
correlating with these athletes specializing third latest in
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our study at 14.8 years (Table 8). Others have demon-
strated that sports including tennis, gymnastics, and soccer
have early specialization ages,34 which was mirrored in our
data in that these sports were among the 5 earliest in spe-
cialization (Table 8).

High Training Volume

Previous studies have sought to establish guidelines for
safe training volumes in adolescent athletes. For instance,
Rose et al39 demonstrated increasing proportions of Cana-
dian high school students reporting an injury with increas-
ing weekly training hours, specifically when exceeding 16
hours per week. Another study reported that female ado-
lescents with activity for greater than 16 hours per week
had 1.88 greater odds of a stress fracture than those with
less than 4 hours per week.22 Also, 2 studies have demon-
strated that adolescents with primary sport participation
for more hours per week than their age had higher injury
rates (OR, 2.07 and 1.34).19,37

Our study shows a significantly increased proportion
of athletes reporting a history of multiple injuries, sur-
gical injuries, and more time missed from an injury in
those with pre–high school training for greater than 28
hours per week. Every athlete in this group reported a
history of at least 1 significant injury. Given our findings
and those of the existing literature listed, it seems that a
threshold of training volume exists beyond which young
athletes may experience significantly increased injuries.
We chose a higher figure than prior studies because we
assumed that NCAA Division I athletes would have had
a significantly higher training volume than typical youth
athletes at the same age and thus have a higher training
volume threshold at which increased injuries would
occur. This may be explained by our population repre-
senting a more elite studied group compared with high
school athletes. Thus, youth athletes who go on to
become NCAA athletes may inherently have or eventu-
ally develop a higher tolerance to HTVs and only sustain
increased injuries at extremely HTVs.

Elite Athletic Status

Our data indicate that ESS was associated with the
achievement of elite athletic status in Division I athletes
(Table 6). While ESS may increase the chance of attaining a
scholarship, the vast majority of high school athletes will
not be offered scholarships despite ESS and will likely still
have the same (or higher) injury risk. Certainly, some level
of specialization is necessary to obtain the athletic skill
required to merit Division I recruitment/scholarship, but
the degree is unclear. A study of high school, college, and
professional athletes found that a significantly higher pro-
portion of college athletes played a single sport during ado-
lescence than high school athletes (67.7% vs 45.2%,
respectively), and the majority believed that specialization
helps athletes play at a higher level (80.6%).9 A survey of
National Basketball Association players found that 85%
reported being single-sport high school athletes.40

While ESS was found to be associated with elite athletic
status in this study, notably, HTV was not (Table 7). Intu-
itively, an HTV would lead to increased skill acquisition
and higher recruitment/scholarship rates, but this may be
counteracted by higher injury rates because of increased
fatigue23 or simply more exposure hours, which may derail
recruitment depending on injury timing and severity. A
study of Danish CGS athletes (sports measured in centi-
meters, grams, and seconds) found that elite athletes
trained less during childhood than near-elite athletes but
intensified training during late adolescence.28 It should be
noted, however, that the 2 sports common to our study
(swimming/diving and track and field) comprised 36% of
that study’s total participants. An examination of sport spe-
cialization patterns in Division I athletes at a Midwest
institution found that less than 20% were highly special-
ized starting at high school, but this figure increased over
time (41% at 12th grade).36

Sport Stratification Analysis

In this study, specialization age and training volume were
different between sports, but virtually all sports with an
early HTV and ESS experienced increased injuries
(Table 8), consistent with nonstratified analysis results.
While the low sample size precludes absolute conclusions,
our findings suggest that certain sports may be resistant to
the detrimental effects of ESS in terms of injuries, while
others may see less benefit from ESS in terms of scholar-
ship acquisition. There was an HTV in greater than a third
of the sports (36.8%) in this study (gymnastics, men’s golf,
women’s golf, women’s tennis, women’s swimming/diving,
softball, and men’s water polo), but all these athletes sus-
tained injuries, and an HTV was associated with decreased
scholarship acquisition in certain female sports (gymnas-
tics and women’s swimming/diving). This subject certainly
requires further investigation.

Strengths and Limitations

The strengths of this study include it providing detailed
injury and specialization data for a large diverse population
of NCAA Division I athletes. Compared with previous stud-
ies largely composed of high school students, it offers a
longer term follow-up and isolates only high-achieving ath-
letes. We attained a reasonable completion rate within the
average for all survey mediums and above average for
internet surveys,26 especially acceptable given the survey
length. Most similar studies in the literature do not report a
response rate5,9,17,27,28,34-37; however, 1 that did was simi-
lar to ours (41.6%).42

A major limitation of this study is recall bias, given that
athletes were asked to estimate training volumes and inju-
ries from several years prior. Nevertheless, highly skilled
athletes would arguably be uniquely adept at recalling
training regimens from previous time points in their lives.
Additionally, while it may be easy to forget minor injuries
from prior years, we believe that it is unlikely that athletes
failed to recall a significant injury that kept them from
sports. Conclusions regarding HTVs are, however, limited
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by the small number of athletes with an HTV included in
the study by our definition. Our findings may be less gen-
eralizable, given the skewed response rates by sex/sport,
possible geographical bias due to a predominantly Califor-
nian athlete pool, and institutional characteristics includ-
ing higher level athletes compared with non–Power Five
conference/Division I institutions, high school athletes with
a serious injury history less likely to be recruited, and sev-
eral NCAA sports not fielded here (fencing, bowling,
lacrosse, wrestling, and ice/field hockey).

CONCLUSION

Our study suggests that ESS and an HTV are associated
with increased injury rates in a population of NCAA Divi-
sion I college athletes. Specifically, athletes who trained for
greater than 28 hours per week or dedicated more than 8
months of the year to their eventual varsity sport before age
14 years had increased odds of an injury. However, only
early specializing athletes were more likely to be recruited
and/or receive a scholarship, suggesting that an HTV at
this age may not confer additional benefit. There is an
inherent risk in any sporting participation, and the accept-
able risk profile varies for the individual athlete. The find-
ings of this study should be taken in context for the broader
sporting audience. Because these risk factors are present in
NCAA Division I athletes, we recommend that all athletes
avoid an HTV and ESS before high school, but given the
association of ESS with higher scholarship rates, ESS must
be an individual decision for athletes and parents to make.
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41. Wall M, Côté J. Developmental activities that lead to dropout and

investment in sport. Phys Educ Sport Pedagogy. 2007;12:77-87.

42. Wilhelm A, Choi C, Deitch J. Early sport specialization: effectiveness

and risk of injury in professional baseball players. Orthop J Sports

Med. 2017;5(9):2325967117728922.

43. Wojtys EM. Sports specialization vs diversification. Sports Health.

2013;5(3):212-213.

10 Ahlquist et al The Orthopaedic Journal of Sports Medicine



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


