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Abstract  Background: The incidence of elbow injuries and
ulnar collateral ligament (UCL) reconstruction in adolescent
athletes is increasing. Knowledge and expectations of outcomes
following this procedure are necessary for proper counseling
and decision-making in this age group. Questions/Purposes:
We sought to report patient-reported outcomes, rate of return to
sport, and rate of complications and reoperation following UCL
reconstruction in adolescent athletes. Methods: A systematic
review was conducted for adolescent athletes undergoing UCL
reconstruction. The primary outcome measure was patient-
reported outcome scores, specifically the Conway Scale, the
Andrews-Timmerman score, and the Kerlan-Jobe Orthopaedic
Clinic (KJOC) score. Secondary outcome measures included
return to sport, rate of subsequent procedures, and complication
rate. A descriptive analysis was performed. Results: Seven
studies met the inclusion criteria. The average patient-reported
outcome scores ranged from 81 to 87% (Conway, “excellent”),
83.6 to 92.7 (Andrews-Timmerman), and 76 to 89.3 (KJOC).
The average rates of return to sport were 84% to preinjury level
or higher, 93% to any level, and 57% to a higher level. Com-
plication rates ranged from 0.7 to 11%. Rate of subsequent
elbow procedures ranged from 0 to 10%. Conclusions: This
systematic review demonstrates favorable outcomes in adoles-
cent athletes following UCL reconstruction. Patient-reported
outcome scores and rates of return to sport were comparable
with those reported in adult athletes. The procedure is not
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without risk of complications, and patients and parents should
be counseled regarding this risk prior to surgery.
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Introduction

The medial ulnar collateral ligament (UCL) stabilizes the
elbow against valgus stress and is most commonly injured in
overhead-throwing athletes. Injury to the ligament is thought
to be caused by an accumulation of microtrauma secondary
to repetitive stress sustained during the overhead-throwing
motion [21]. A tear of the ligament was career-ending for
professional baseball pitchers, until the first UCL recon-
struction was performed by orthopedic surgeon Frank Jobe
in 1974. The procedure has since returned numerous profes-
sional players to their preinjury performance level, and its
use has extended to a wider scope of athletes [10].

Since the 1990s, several studies have reported a rise in
the number of UCL reconstructions performed on adolescent
athletes [16, 19, 21]. In one major practice, the average age
at the time of surgery dropped nearly a decade, decreasing
from almost 30 years to less than 20 years of age over a 10-
year time span [8]. As participation in organized youth
sports increases, the number of injuries likewise increases.
Five percent of baseball pitchers ages 9 to 14 years suffer
elbow injuries serious enough to require surgery or retire-
ment from baseball within 10 years [11]. Previous studies
have associated these injuries with overuse, finding that
pitchers with elbow injuries were more likely to have
pitched more months per year, more games per year, and
more innings per game [15, 19]. Despite efforts to increase
awareness and implement injury-prevention programs, the
number of UCL reconstructions performed on young ath-
letes remains high, and the annual incidence of UCL
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reconstruction in the 15- to 19-year-old age group is
projected to increase to 14.6 per 100,000 by 2025 [16, 23].

Previous reviews have demonstrated favorable outcomes
and high rates of return to sport in athletes following UCL
reconstruction, but relatively few studies have focused on
adolescent players [5, 7]. As the incidence of elbow injuries
continues to rise in this population, knowledge and expec-
tations of outcomes following UCL reconstruction are in-
creasingly necessary for proper counseling and decision-
making in this age group.

We undertook a systematic review to synthesize the current
evidence regarding UCL reconstruction in adolescent athletes
and to answer the following: (1) What are the results of patient-
reported outcome measures? (2) What is the rate of return to
sport? and (3) What is the rate of complications and reoperation?

Material and Methods

A systematic review of the literature was conducted accord-
ing to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines regarding ulnar
collateral ligament reconstruction in adolescent athletes.
The PubMed (MEDLINE) and Cochrane Library databases
were searched electronically using the following search
term: “(Medial ulnar collateral ligament OR ulnar collateral
ligament OR UCL) AND (Reconstruction OR Tommy John
surgery) AND (outcomes OR return to sport OR return to
play).” Articles from 1966 to 2018 were included in the
search. Final search was performed on August 30, 2018.
For each full-text article obtained, the reference section
was reviewed for additional relevant articles not identified
in the electronic search.

Studies were included if they were reported in English
and evaluated outcomes or return to sport following UCL
reconstruction in adolescent athletes at a minimum of 1-year
follow-up. Patients ages 10 to 19 years and those described
as “high school athletes” were considered adolescents. Stud-
ies reviewing results following repair of the ligament with or
without “internal bracing” were excluded, as we were not
specifically reviewing these techniques in this study. Studies
were excluded if they were literature reviews, expert opin-
ions, case reports, or studies that did not report outcomes or
rates of return to sport. The initial search yielded 551 unique
abstracts, of which 72 relevant full-text articles were
assessed for inclusion. Of the 72 full-text articles, 65 were
excluded because the study did not include a high school
level cohort, the data regarding high school athletes was not
easily extracted, or they were review articles. Therefore,
seven studies were deemed eligible for inclusion in the final
analysis. Study bias was assessed by two authors (G.G.,
A.C.A.) using the methodological index for non-
randomized studies (MINORS) scoring system. Each study
was assigned a score ranging from 0 (high bias) to 100%
(low bias) according to this system. The abstracts selected
for review were evaluated by two authors (G.G., A.C.A.).
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Questions regarding inclusion or exclusion were discussed
with the senior author (B.M.G.) until consensus was
achieved.

The following was extracted from each article: study
design, level of evidence, patient demographics (number,
age, gender), duration of clinical follow-up, surgical tech-
nique, rate of return to sport, patient-reported outcome mea-
sures, reoperations, and complications. The primary
outcome measure was patient-reported outcome scores fol-
lowing ulnar collateral ligament reconstruction, specifically
the Conway Scale (poor [worst], excellent [best]), Andrews-
Timmerman score (0 [worst], 100 [best]), and Kerlan-Jobe
Orthopedic Clinic (KJOC) score (0 [worst], 100 [best]).
Secondary outcome measures included return to sport and
rates of subsequent procedures and complications.

The pooling of results for meta-analysis was avoided sec-
ondary to the significant heterogeneity, methodological vari-
ability, low levels of evidence, and retrospective nature of the
included studies. A descriptive analysis was instead per-
formed, and outcomes that were reported in a minimum of 3
studies were summarized and included ranges, standard devi-
ations, and weighted averages when possible (Table 1) [1].

Results

Seven studies with a total of 512 adolescent patients were
analyzed in this systematic review (Fig. 1). The studies were
all level IV evidence. The average MINORS score was 70%.
The mean age at time of surgery ranged from 17 to 18 years.
Mean duration of clinical follow-up ranged from 31 to 58
months (Table 1). Surgical technique varied: four studies
used a modified Jobe technique, three used a docking tech-
nique, and one used the American Sports Medicine Institute
technique (Table 2).

Patient-reported outcome scores were reported in five
studies; the KJOC score was the most common, reported in
four studies, with an average score that ranged from 76 to 89.3
(Table 3). Three studies reported the Andrews-Timmerman
score, with an average score that ranged from 83.6 to 92.7.
Three studies reported patient outcomes with the Conway
scale, with “excellent” scores ranging from 81 to 87%, “good”
scores ranging from 3 to 4%, “fair” scores ranging from 5 to
15%, and “poor” scores ranging from 3 to 4%.

The reporting of return to sport was variable. All seven
studies reported rate of return to sport at the same level or
higher, with a weighted average of 84% (Table 4). Four
studies reported rate of return to sport at any level, with a
weighted average of 93%. Four studies reported rate of
progression to a higher level of sport (college or profession-
al), with a weighted average of 57%. Mean time to return to
sport was reported in four studies, ranging from 11 to 13.4
months. Complication rates were reported for adolescent
cohorts in 3 studies, ranging from 0.7 to 11% (Table 2).
The most common complication reported was transient ulnar
neuropraxia. Rate of subsequent elbow procedures, reported
in three studies, ranged from 0 to 10%. The most common
subsequent procedure reported was open reduction internal
fixation of a medial epicondyle fracture.
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Records identified through
database searching
(n=497)

Additional records identified
through other sources

(n=4)

Records after duplicates removed

(n=551)
- unrelated
Records screened Records excluded | - review
(n=551) (n=479) - case report

- no outcome data

Full-text articles assessed
for eligibility
(n=72)

Full-text articles excluded,
with reasons
(n=65)

- review (n=38)
- no outcome data (n=18)

(n=7)

Studies included in qualitative synthesis

- no adolescent outcome data (n = 26)
- data for adolescent cohort not easily
extracted (n=13)

Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow chart of included studies.

Discussion

Overall, our study demonstrated favorable outcomes in ad-
olescent athletes following UCL reconstruction. Conway
“excellent” scores ranged from 81 to 87%, and the
Andrews-Timmerman and KJOC scores ranged from 84 to
97% and 76 to 89% of their maximum scores, respectively.
These outcome scores were similar to those reported for
older cohorts, such as the mean Conway “excellent” rating
of 83% reported by Somerson et al. in a systematic review of
14 studies regarding UCL reconstruction [6, 20, 26]. Our
analysis additionally demonstrated an 84% rate of return to
preinjury level of play or higher, 93% rate of return to any
level, and 57% rate of progression to a higher level. The
preinjury rates were similar to the 86% rate of return to sport
reported in a systematic review analyzing an older cohort by
Erickson et al. [9].

This study had several limitations. Our review was lim-
ited by the heterogenicity of the data, inconsistency of
outcome measures reported, risk of publication bias, and
low levels of evidence. Additionally, we did not address
UCL repair in adolescent athletes as there was a lack of
sufficient studies to include for comparison. Savoie et al.
investigated outcomes following UCL repair in a retrospec-
tive review of 60 patients with a mean age of 17.2 years
[25]. The authors reported excellent outcomes similar to
those reported for UCL reconstruction, along with a shorter
mean time to return to sport, which averaged 6 months.
These results contrast with previous studies comparing re-
construction and repair in older cohorts, which have dem-
onstrated more favorable results with reconstruction [3, 6].
The study by Savoie et al. lacked a comparison group of
patients who had undergone UCL reconstruction, but the
authors reasoned that younger athletes have played sports
for a shorter period and have sustained less overall damage

to the UCL, and thus, their ligament is more amenable to
repair. UCL repair is a less extensive procedure and avoids
the added morbidity of harvesting a graft, so if the procedure
could also promise excellent outcomes with low rates of
failure, this option might be attractive to young athletes.
Continued investigation into this topic would help to further
define treatment recommendations in adolescent athletes
with UCL insufficiency. The short-term nature of the results
is also a limitation to the analysis. A majority of the studies
had a minimum follow-up of 2 years or less. A longer
follow-up would be necessary to determine if any long-
term complications such as growth disturbances occurred.

An additional limitation to this analysis was the use of
patient-reported outcome measures that have not been vali-
dated in the pediatric population. Recently, outcome mea-
sures such as the Pedi-ASES, Youth Throwing Score, and
PROMIIS Pediatric Upper Extremity have been validated for
pediatric patients [2, 7, 13]. These outcome measures may
not have been readily available to the authors of the
reviewed studies at the time of data collection. The use of
these measures would have strengthened the clinical appli-
cability of the studies. Notably, the average age at the time of
surgery was 17 years or older in a majority of the studies,
which indicates that many participants were 18 years or
older by the time of follow-up. In those cases, the adult
patient-reported outcomes measures were appropriate.

Our review analyzed several studies that included pa-
tients of different skill levels at their particular sport. Differ-
ences in outcomes between patients of different levels were
variable [5, 8, 18, 20]. Osbabhr et al., in a retrospective study
of 313 patients, reported that their collegiate cohort returned
to sport at a significantly higher rate (92%) than their high
school cohort (83%) [20]. When the authors evaluated the
effect of other variables on rate of return to sport, such as
graft choice, concomitant injury, transient post-operative
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Table 3 Patient-reported outcomes
First author Year No. of patients Score
Andrews-Timmerman score Erickson [8] 2016 131 92.7+6.1
Jones [14] 2014 55 83.6+7.2
Saper [24] 2018 140 97.3+6.1
Kerlan-Jobe Orthopaedic Clinic score Erickson [§] 2016 131 89.3+9.1
Jones [14] 2014 55 88.0+6.0
O’Brien [18] 2015 40 76
Saper [24] 2018 140 852 £14.6
Conway scale Jones [14] 2014 55 87% excellent
4% good
5% fair
4% poor
Osbahr [20] 2014 40 81% excellent
3% good
15% fair
3% poor
Saper [24] 2018 140 86% excellent
4% good
6% fair
4% poor

neuropraxia, and history of previous elbow or shoulder
surgery, the results were not statistically significant, suggest-
ing that the level of sport played was a prominent factor in
the outcome difference. Erickson et al., in a retrospective
study of 187 patients, similarly found a higher rate of return
to sport in their collegiate group, but found higher Andrews-
Timmerman and KJOC scores in high school players [8].
The higher rates of return to sport in collegiate athletes
despite more favorable outcome scores in high school ath-
letes may have been due to an increased incentive for colle-
giate athletes to continue playing, such as retaining an
athletic scholarship or holding more realistic aspirations of
advancing to a professional career.

For younger athletes who may have the desire to obtain a
college athletic scholarship or to ultimately play profession-
ally, an important outcome measure following surgery is the
ability to progress to a higher level of sport. Relatively, few
high school baseball players advance to play at the college
level, and even fewer progress to play professionally. Ac-
cording to the National Collegiate Athletic Association
(NCAA), 7% of high school baseball players advance to
play for the NCAA, and only 9.5% of those players make
it to professional leagues [17]. Our review found a 57% rate
of progression to the college or professional level. This
finding suggests that players with the desire to pursue a
prolonged baseball career following UCL reconstruction
are still able to do so, although this relatively high rate of
progression may also suggest that the patients included in
these studies may have been relatively more competitive or
ambitious than the average high school athlete.

Perhaps as a consequence of increased competitiveness
or ambition, many players demonstrated multiple risk fac-
tors of elbow overuse. Petty et al. conducted a phone survey
with their adolescent patients following UCL reconstruction,
finding that the players had demonstrated an average of three
risk factors prior to surgery, according to the recommenda-
tions made by the USA Baseball Medical and Safety Advi-
sory Committee. Risk factors included year-round throwing

with less than 2 months of rest, exceeding the recommended
maximum number of pitches by age per game or per week,
pitching breaking balls before age 14, inadequate warm-ups
before pitching, and throwing fastballs at a velocity greater
than 80 mph [21]. Presence of these factors supports the
theory that overuse of the throwing arm is a possible cause
of UCL injury in the adolescent population. Presence of
these factors also highlights the continued importance of
coach and parent education regarding injury prevention.
Petty et al. noted that only 52% of players felt that their
coaches were cautious about preventing injuries, suggesting
that coaches may have ignored or not have been aware of
national guidelines [21].

The procedure is not without risk of complications. In
the studies that included a complication rate for their ado-
lescent cohorts, the rate was ranged from 0.7 to 11%, with
the majority of complications attributed to transient ulnar
neuropraxia, all of which resolved within 8 weeks [14, 21,
24]. These complication rates are similar to previous reviews
involving older cohorts, with both Somerson et al. and
Erickson et al. reporting a rate of 10% [6, 20]. The rate of
subsequent elbow procedures ranged from 0 to 10%. In the
study spanning the longest period of clinical follow-up
(minimum of 10 years), Osbahr et al. reported that only
10% of their high school cohort underwent post-operative
elbow surgery in comparison with the 19% overall rate [20].

As the risk of complications and reoperation exists, non-
operative management is important to consider in young ath-
letes. A trial of nonoperative treatment is appropriate in this
population and recommended for partial tears [4]. In a study of
31 overhead-throwing athletes who underwent nonoperative
treatment for UCL injury, Rettig et al. found that 42% were
able to return to sport at their previous level of play at an
average of 24.5 weeks following a rehabilitation program [22].
The program included a phase of rest and anti-inflammatory
pain control followed by a phase of muscle strengthening and
throwing. This study involved mainly collegiate and high
school athletes, with an average age of 18 years. The results
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