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Rotator Cuff Repair in Adolescent Athletes

Michael G. Azzam,*'* MD, Jeffrey R. Dugas, * MD, James R. Andrews, *$ MD,
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Background: Rotator cuff tears are rare injuries in adolescents but cause significant morbidity if unrecognized. Previous literature
on rotator cuff repairs in adolescents is limited to small case series, with few data to guide treatment.

Hypothesis: Adolescent patients would have excellent functional outcome scores and return to the same level of sports partic-
ipation after rotator cuff repair but would have some difficulty with returning to overhead sports.

Study Design: Case series; Level of evidence 4.

Methods: A retrospective search of the practice’s billing records identified all patients participating in at least 1 sport who under-
went rotator cuff repair between 2006 and 2014 with an age <18 years at the time of surgery and a minimum follow-up of 2 years.
Clinical records were evaluated for demographic information, and telephone follow-up was obtained regarding return to play, per-
formance, other surgery and complications, a numeric pain rating scale (0-10) for current shoulder pain, American Shoulder and
Elbow Surgeons (ASES) Shoulder Assessment Form, and the Western Ontario Rotator Cuff Index.

Results: Thirty-two consecutive adolescent athletes (28 boys and 4 girls) with a mean age of 16.1 years (range, 13.2-17.9 years)
met inclusion criteria. Twenty-nine patients (91%) had a traumatic event, and 27 of these patients (93%) had no symptoms before
the trauma. The most common single tendon injury was to the supraspinatus (21 patients, 66%), of which 2 were complete tendon
tears, 1 was a bony avulsion of the tendon, and 18 were high-grade partial tears. Fourteen patients (56%) underwent single-row
repair of their rotator cuff tear, and 11 (44%) underwent double-row repair. All subscapularis injuries were repaired in open fash-
ion, while all other tears were repaired arthroscopically. Twenty-seven patients (84%) completed the outcome questionnaires at
a mean 6.2 years after surgery (range, 2-10 years). The mean ASES score was 93 (range, 65-100; SD = 9); mean Western Ontario
Rotator Cuff Index, 89% (range, 60%-100%; SD = 13%); and mean numeric pain rating, 0.3 (range, 0-3; SD = 0.8). Overall, 25
patients (93%) returned to the same level of play or higher. Among overhead athletes, 13 (93%) were able to return to the
same level of play, but 8 (57%) were forced to change positions. There were no surgical complications, but 2 patients did undergo
a subsequent operation.

Conclusion: Surgical repair of high-grade partial-thickness and complete rotator cuff tears yielded successful outcomes among
adolescents, with excellent functional outcomes at midterm follow-up. However, overhead athletes may have difficulty playing the
same position after surgery.
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Over the past few decades, an increasing number of children in the literature are limited to case reports>539:31:33:36 gpq
and adolescents are participating in organized sports.® With small case series.1?343840

increased participation and specialization in 1 or a few The purpose of this study was to investigate the clinical
sports, these developing athletes are at increased risk for information, demographics, and results of surgical treatment
traumatic and overuse injuries.?”?® The shoulder is a com- for a consecutive series of adolescent athletes who underwent
monly injured anatomic area during contact and overhead rotator cuff repair with a minimum 2-year follow-up. We
sports®!2 and can cause significant morbidity in sports and hypothesized that patients would have excellent clinical out-
daily activities. The most common adolescent shoulder girdle comes, as measured by validated functional outcome meas-
injuries?®?® include proximal humeral fracture,?® Little urements, and would be able to return to the same level of
League shoulder,”'” clavicle fracture,?* and glenohumeral sports participation but would have some difficulty returning
instability/labral tears.®'?> While rotator cuff tears have to the same position in competitive overhead sports.

been identified and surgically treated in adolescents, reports

METHODS
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Figure 1. Case of a 15-year-old boy who injured his right
shoulder playing football. (A) Coronal T2-weighted magnetic
resonance arthrogram image demonstrating a high-grade
partial-thickness supraspinatus tear with contrast extravasa-
tion into the subacromial space. (B) Abduction—-external rota-
tion T2-weighted magnetic resonance arthrogram image
demonstrating the delaminated, high-grade partial-thickness
supraspinatus tear comprising approximately 50% of the
tendon footprint. (C) Arthroscopic photograph of the supra-
spinatus tear before repair as viewed from a posterior portal
in the glenohumeral joint. (D) Arthroscopic photograph of the
final double-row repair construct as viewed from a lateral
portal in the subacromial space.

codes 29827 (arthroscopy, shoulder, surgical, with rotator
cuff repair), 23410 (repair of musculotendinous cuff,
acute), 23412 (repair of musculotendinous cuff, chronic),
and 23420 (reconstruction of complete shoulder [rotator]
cuff avulsion, chronic [includes acromioplasty]). The inclu-
sion criteria for the study were all patients participating in
at least 1 sport who underwent arthroscopic or open rota-
tor cuff repair from 2006 to 2014 and were <18 years of
age at the time of surgery with a minimum 2-year follow-
up. All patients had a high-grade partial or complete rota-
tor cuff tear (>50% thickness measured intraoperatively)
as diagnosed by magnetic resonance imaging, with or with-
out arthrography, and had failed nonoperative treatment.
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Figure 2. Case of a 14-year-old boy who injured his right
shoulder playing football. (A) Axillary lateral radiograph dem-
onstrating a displaced lesser tuberosity avulsion fracture. (B)
Axial T2-weighted magnetic resonance arthrogram image
again demonstrating the avulsion fracture with an intact sub-
scapularis tendon attached. (C) Arthroscopic photograph of
the displaced lesser tuberosity and subscapularis tendon
as viewed from a posterior portal in the glenohumeral joint.
(D) Intraoperative photograph of the mobilized subscapularis
tendon and suture anchors placed just lateral to the humeral
head articular surface. (E) Intraoperative photograph of final
double-row repair construct.

All surgical procedures were performed by 1 of 5 fellowship-
trained sports medicine surgeons from Andrews Sports
Medicine and Orthopedic Center. The exclusion criteria
were age >18 years at the time of surgery or patients
who underwent rotator cuff debridement instead of repair.
Thirty-two patients met inclusion criteria, and their clini-
cal records were reviewed for relevant demographic and
clinical information. The patients’ telephone numbers,
emergency contact numbers, email addresses, and last
known home address were recorded to obtain follow-up.
Telephone calls were then made by 1 author (M.G.A.) with
a minimum of 5 attempts to each working phone number.
These calls included 2 daytime calls, 2 evening calls, and at
least 1 weekend call. Additionally, a letter and email were
sent to the last known addresses listed in the patient’s chart.
Once contact was achieved, the patient was asked specific
questions concerning return to play, performance, other
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surgery and complications, a numeric pain rating scale (0-10)
for current shoulder pain, the American Shoulder and Elbow
Surgeons (ASES) Shoulder Assessment Form,>?%? and the
Western Ontario Rotator Cuff Index.''81941 Results were
then tabulated and statistical analysis performed with JMP
(v 10; SAS Institute), with P < .05 for significance. Descrip-
tive statistics were prepared for all variables, and outcomes
were compared according to the affected tendon and concom-
itant procedures via 2-sided Fisher exact tests and Student ¢
tests where appropriate.

Surgical Technique

All patients underwent an examination under general anes-
thesia to document preoperative range of motion (forward
flexion, abduction, and internal and external rotation) and
glenohumeral laxity with anterior and posterior load-and-
shift tests in the supine position. The patient was then
turned to the lateral decubitus position on a beanbag with
5 to 7 kg of lateral traction to position the arm at 60° of
abduction and 20° of forward flexion. Routine preoperative
antibiotics were administered in all cases. Each patient
then underwent a diagnostic arthroscopy of the glenohum-
eral and subacromial spaces, with treatment of any relevant
pathologic conditions as necessary (see the Results section
for the number and types of concomitant pathology treated).

All tears of the supraspinatus and infraspinatus ten-
dons were treated through arthroscopic repair with a
single- or double-row configuration (depending on tear
size and anatomy) with suture anchors after debridement
of the footprint to establish a bleeding bony bed (Figure
1). For all patients with lesser tuberosity bony avulsions
or subscapularis tendon tears, other pathology was treated
arthroscopically if present, and the patient was then
placed into a modified beach-chair position. A standard del-
topectoral approach was performed, and the subscapularis
tendon was repaired in open fashion using double-loaded
suture anchors with sutures passed through the tendon
in mattress fashion. Additionally, 4 separate braided, non-
absorbable high-strength sutures (Biomet #2 Maxbraid)
were passed through the tendon in modified Mason-Allen
fashion and sutured to the surrounding soft tissue or
placed into a lateral anchor (Figure 2). If a bony fragment
was present, it was excised before repair.

Postoperative Care

All patients were prescribed an abduction orthosis (Donjoy
Orthopedics) for 4 to 6 weeks postoperatively at the discre-
tion of the treating surgeon. All patients began immediate
passive range of motion under the direction of a physical
therapist. Active-assisted range of motion began in the sec-
ond postoperative week, and active motion was initiated at
the beginning of the fifth week. Light strengthening was ini-
tiated at the beginning of week 7. For subscapularis repairs,
internal rotation strengthening and passive external rotation
were restricted for the first 6 weeks postoperatively. Progres-
sion to sport-specific exercises began at 5 to 6 months, once
the patient had obtained full motion and full strength. The
patient was released to full activities when he or she had
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completed a sport-specific rehabilitation progression or inter-
val training program, depending on the sport involved.

RESULTS

Thirty-two consecutive patients were identified from the
billing records and met inclusion criteria for analysis (Table
1). Twenty-eight patients were male (88%) and 4 (12%) were
female, with a mean age of 16.1 years (range, 13.2-17.9
years; SD = 1.3). The patient’s dominant arm was involved
in 26 cases (81%), and 1 patient (3%) did not have documen-
tation of his dominant side and was unavailable for follow-
up. All 32 patients were involved in athletics, and 6 patients
participated in a single sport, 19 in 2 sports, and 7 in 3
sports. Table 2 details the number and type of sports partic-
ipation. Twenty-nine patients (91%) reported a traumatic
event associated with the onset of their shoulder pain. Of
these 29 patients, 27 (93%) had no symptoms in the shoul-
der before the trauma. Of the 3 patients with atraumatic
rotator cuff tears, 2 were female softball position players,
and the other was a male baseball pitcher. Of the 29
patients with traumatic rotator cuff tears, 13 (45%) occurred
during football. The remaining injury mechanisms are out-
lined in Table 1. Eleven patients (38%) sustained a disloca-
tion requiring a reduction, 5 (17%) had a subluxation, and
18 (62%) “felt a pop” at the time of injury. All 32 patients
had a complaint of shoulder pain, while 14 patients (44%)
specifically noted pain during throwing. Additional present-
ing complaints are detailed in Table 1.

Twenty-one cases (66%) involved an injury to the supra-
spinatus: 2 full-thickness tendon tears, 1 complete bony
avulsion of the greater tuberosity, and 18 high-grade
(>50%) partial-thickness tendon tears. The 18 partial-thick-
ness tears were measured intraoperatively: 8 (44%) were
50% to 75% of the footprint, and 10 (56%) encompassed
>T75% of the footprint from medial to lateral. In addition,
2 patients had combined supraspinatus and infraspinatus
tears (1 complete bony avulsion of the greater tuberosity
and 1 complete tendon tear of both tendons); 1 had a par-
tial-thickness infraspinatus tear; and 1 had complete tears
of the supraspinatus, infraspinatus, and teres minor. Of
these 25 patients in sum, 14 (56%) underwent single-row
repair of their rotator cuff tear, and 11 (44%) underwent
double-row repair. All single-row repairs were performed
for high-grade partial articular supraspinatus tendon avul-
sion lesions, while the double-row repairs were performed
for a combination of partial and complete tears (Table 3).

Seven (22%) patients sustained injuries to the subscap-
ularis, with 6 complete bony avulsions of the lesser tuber-
osity and 1 complete subscapularis tendon tear; all 7
subscapularis injuries were repaired through an open
approach with suture anchors and a double-row construct.
The patient with the complete subscapularis tendon tear
also had an 80% partial supraspinatus tear, which was
repaired arthroscopically before the subscapularis repair.

All patients had a subacromial bursectomy except for
those with isolated lesser tuberosity avulsion fractures. No
acromioplasty procedures were performed. Seventeen
patients (53%) had an isolated rotator cuff injury, while 15
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TABLE 1
Characteristics of Adolescents
Undergoing Rotator Cuff Repair (N = 32)
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TABLE 2
Number and Type of Sports Participation for Adolescents
Undergoing Rotator Cuff Repair (N = 32)

Mean + SD or n (%)

Participation n (%)

Age at time of surgery, y 16.1 = 1.3
Male 28 (88)
Dominant arm 26 (81)
Traumatic event 29 (91)
Football 13 (45)
Baseball 3 (10)
Motocross 3 (10)
Wrestling 3 (10)
Basketball 2 (7)
Bull riding 1(3)
Motor vehicle accident 1(3)
Skateboarding 1(3)
Weightlifting 1(3)
Pain in shoulder before trauma 2(7)
Instability event
Dislocation 11 (38)
Subluxation 5 (17)
Felt a pop 18 (62)
Presenting symptoms
Shoulder pain 32 (100)
Pain during throwing 14 (44)
Subjective weakness 9 (28)
Pain with overhead activities 9 (28)
Instability 8 (25)
Numbness 1(3)

(43%) had at least 1 concomitant procedure performed
(Table 3). Eleven patients (34%) had concomitant instability
repairs at the time of surgery (anterior labral repair, poste-
rior labral repair, or repair of humeral avulsion of the gleno-
humeral ligament), and 3 (9%) underwent type 2 superior
labrum from anterior-to-posterior (SLAP) repairs.

There were no immediate surgical complications for any
of the 32 patients. Two patients suffered neurapraxia of the
axillary nerve at the time of shoulder dislocation, which had
resolved completely at final follow-up. Two patients under-
went a second operation on the involved shoulder during
the study period. One of these patients initially had a dou-
ble-row partial articular supraspinatus tendon avulsion
repair of the supraspinatus tendon and type 2 SLAP repair
and suffered a shoulder dislocation playing college football
at postoperative 41 months. He then underwent an open
anterior labral repair and rotator cuff repair of a high-grade
partial-thickness infraspinatus tear and was doing well at
final telephone follow-up for this study. The other patient
was a softball player who underwent arthroscopic single-
row repair of a high-grade partial-thickness supraspinatus
tear, and she returned to the operating room with the
same surgeon for subacromial decompression, distal clavicle
excision, and rotator cuff debridement of a low-grade (30%)
intra-articular supraspinatus retear at postoperative 40
months. She was unable to be reached for follow-up.

Of the 32 patients identified, 27 (84%) were reached at
a mean of 6.2 years after surgery (range, 2-10 years;
SD = 2.6 years) for telephone follow-up (Table 4).
Twenty-five patients (93%) were able to return to sport

No. of sports

1 6 (19)
2 19 (59)
3 7(22)
Type of sport
Football 23 (72)
Baseball 17 (53)
Basketball 7 (22)
Softball 4(13)
Wrestling 4 (13)
Motocross 3(9)
Track 2 (6)
Volleyball 2 (6)
Bull riding 1(3)
Cross-country 1(3)
Mixed martial arts 13

at the same level of play or higher. Eight players (30%)
went on to play collegiate athletics. When patients were
asked about their subjective performance in sports after
the surgery versus before their injury and surgery, 10
(37%) reported that they were better; 10 (37%) reported
that they were the same; and 7 (26%) reported that they
were worse. Of the 14 patients who were overhead athletes
(softball or baseball) and had surgery on their throwing
shoulders, 13 (93%) returned to the same level of play, but
9 (64%) had to switch positions because of a loss of throwing
velocity or distance. Of the patients who switched positions,
6 moved to a position with a shorter throw (ie, outfield to
second base); 2 were unable to pitch and moved to a position
with a shorter throw; and 1 was unable to pitch but was able
to play his normal fielding position. All 3 overhead athletes
who had surgery on their nonthrowing arms were able to
return to the same level of play and position.

The overall mean ASES score was 93 (range, 65-100; SD =
9); mean Western Ontario Rotator Cuff Index, 89% (range,
60%-100%; SD = 13%); and mean numeric pain rating, 0.3
(range, 0-3; SD = 0.8) (Table 4). There was no significant dif-
ference in outcomes between subscapularis and supraspinatus
tears and no difference in outcome measures between patients
with and without a concomitant instability or SLAP repair.
However, only 43% of patients treated with concurrent labral
repair felt that their athletic performance was the same or
better as their presurgery level, as opposed to 78% of patients
who did not undergo labral repair (P = .049).

DISCUSSION

In this study, we report the clinical information and func-
tional outcomes of a consecutive series of adolescent ath-
letes with rotator cuff tears who underwent rotator cuff
repair. Shoulder pain is an increasingly common complaint
among adolescents and was shown to escalate with higher
exposure to sport®® and sports specialization.?”?® While
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TABLE 3
Surgical Data of Adolescents
Undergoing Rotator Cuff Repair (N = 32)*
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TABLE 4
Patient Outcomes and Functional Scores
Obtained From Telephone Follow-up (n = 27)*

n (%) Mean (Range; SD) or n (%)
Tendon involved Time from surgery to follow-up, y 6.2 (2-10; 2.6)
Supraspinatus 21 (66) Subsequent operationb 2 (6)
Subscapularis 6 (19) Return to sport at same level 25 (93)
Supraspinatus and infraspinatus 2 (6) Play collegiate athletics 8 (30)
Supraspinatus and subscapularis 1(3) Overhead athletes 14 (52)
Infraspinatus 1(3) Return to play at same level 13 (93)
Supraspinatus, infraspinatus, and teres minor 1(3) Forced to switch positions 9 (64)
Isolated rotator cuff injury 17 (53) Subjective performance after surgery
Other procedures performed A lot better 3(11)
Subacromial bursectomy 26 (81) A little better 7 (26)
Anterior labral repair 8 (25) Same as before injury/surgery 10 (37)
Type 2 SLAP repair 3(9) A little worse 6 (22)
Posterior labral repair 2 (6) A lot worse 1(4)
HAGL repair 2 (6) ASES score 93 (65-100; 9)
Biceps tenodesis 1(3) WORC score, % 89 (60-100; 13)
Rotator interval closure 1(3) Numeric pain rating scale (0-10) 0.3 (0-3; 0.8)
Posterior capsular release 1(3)

“HAGL, humeral avulsion of glenohumeral ligament; SLAP,
superior labrum from anterior-to-posterior.

there is a broad differential diagnosis for adolescent shoul-
der pain,?° rotator cuff tear must be considered a possible
diagnosis, even for this young age group. Rotator cuff tears
in adults are often the result of age-related degeneration of
the tendon and decreased mechanical properties, predis-
posing the tendon to tear.*3” However, rotator cuff tears
in adolescents are more likely to be traumatic'®*4* or
related to overuse among overhead athletes.'® These mech-
anisms are consistent with those observed in the current
study, with 91% of patients reporting a traumatic event
and the remaining participating in overhead sports.

This report comprises the largest series of rotator cuff
repairs in adolescents in the literature and the first to
report on functional outcomes. A previous study by Eisner
et al'® compared operative and nonoperative treatment of
partial-thickness supraspinatus tears in 53 adolescent ath-
letes, and they found that 57% of patients failed nonopera-
tive treatment and went on to surgical treatment. They
were able to contact 19 patients at a mean 16 months after
treatment and found no significant differences in outcome
scores between operatively and nonoperatively treated
tears. Note, though, that all patients who underwent sur-
gery were treated with arthroscopic debridement alone,
and no rotator cuff repairs were performed.

There is a paucity of data concerning rotator cuff
repairs among adolescents. Weiss et al*® presented a case
series of 6 adolescent patients who underwent arthroscopic
or open rotator cuff repair and 1 patient treated nonsurgi-
cally. They reported that of the 7 patients, 6 (86%) were
able to return to the same level of play at 10 months’
mean follow-up, but they did not include any functional
scores. This return rate is similar to the overall return to
play in the current study (93%). In the second-largest
case series in the literature, Tarkin et al** reported on 3
patients treated with rotator cuff repair and 1 treated

“ASES, American Shoulder and Elbow Surgeons Shoulder
Assessment Form; WORC, Western Ontario Rotator Cuff Index.
®Qut of 32 patients.

with rotator cuff debridement at 6 months to 2 years of
follow-up; however, no functional scores were reported.

The insertional anatomy of the rotator cuff tendons has
been well defined in the literature,'®* with a mean
medial-to-lateral distance of 14 to 16 mm for the supraspina-
tus tendon attachment. Knowing the dimensions of the nor-
mal tendon insertion allows one to accurately measure the
amount of torn tendon intraoperatively by using an instru-
ment of known size, such as a shaver or probe. While low-
grade partial tears often do well with debridement,*® 56%
of the partial-thickness tears in this study encompassed
>T75% of the rotator cuff insertion; the remaining tears mea-
sured between 50% and 75% of the footprint. We believe that
high-grade tears in adolescents are likely to progress to full-
thickness tears because of their young age and high activity
level. For this reason, low-grade tears are treated with
debridement, while high-grade tears (>50%) are treated
with repair in this age group at our institution.

The overall functional scores achieved by the patients in
this study were excellent at a mean 6.2 years of follow-up.
Although functional outcome data on adolescents after rota-
tor cuff repair are limited, 2 case series were published focus-
ing on patients <40 years old who were undergoing repair of
full-thickness rotator cuff tears.'®?? Hawkins et al'® reported
on 19 patients who underwent open repair of a full-thickness
supraspinatus tear, with 68% stating that they were satisfied
at a mean 5.7 years. More recently, Krishnan et al>? reported
on 23 patients who underwent arthroscopic single-row repair
of a full-thickness supraspinatus tear with a mean postoper-
ative ASES score of 92 at a mean 26 months. The results of
the current study are consistent with these results, with
a mean ASES score of 93 at a mean 6.2 years.

Despite case reports of injury to the subscapularis tendon
or avulsion fractures of the lesser tuberosity,>®333% no large
case series are available.®® In a systematic review of
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subscapularis injuries in skeletally immature adolescents,
Vavken et al®® identified 60 patients in the literature, with
50 of these treated operatively. However, the authors had dif-
ficulty drawing conclusions about treatment recommenda-
tions given the small patient numbers in each report. The
largest case series, 8 patients,® cited excellent functional
outcomes at a median follow-up of 12 months after open
repair. This is consistent with the results of the present
study, comprising 7 patients with subscapularis injuries.

Rotator cuff repair in overhead athletes has mixed
results in the literature.® 32335 Tibone et al®*® and Mazoué
and Andrews®® reported relatively poor return-to-play
results, with 31% and 14% of professional baseball players
returning to the same level of play after open and mini-
open rotator cuff repair, respectively. More recent studies
evaluating return after arthroscopic rotator cuff repair in
throwing athletes demonstrated improved return to
play®1?; however, they were small case series and noted
that players’ performance decreased after surgery.'® While
93% of the overhead athletes in the present study who had
surgery on their throwing shoulders were able to return to
play, 57% were forced to switch positions owing to diffi-
culty with throwing or loss of throwing velocity. The over-
head throwing motion requires significant functional
demands on the shoulder, and repair of the rotator cuff is
a balance between restoring its integrity and preserving
the shoulder’s mobility.!?

This study had several limitations. First, it was a retro-
spective case series with a limited number of patients.
However, to our knowledge, it represents the largest series
of rotator cuff repairs in adolescent athletes to date. Addi-
tionally, given the study design, there was no control group
or cohort of patients with rotator cuff tears treated nonop-
eratively to compare with the present group of patients
treated surgically. The patients were identified through
surgical billing codes, which precluded the identification
of nonoperatively treated patients. Finally, we did not
have preoperative functional outcome scores for these
patients. Nonetheless, the majority (91%) of patients had
an acute traumatic incident that caused their shoulder
symptoms without antecedent shoulder pain. Because of
this, we infer that these patients would have had normal
or high preinjury functional outcome scores.

CONCLUSION

In conclusion, rotator cuff tears are relatively rare injuries in
adolescents but should be considered in the differential diag-
nosis for patients presenting with shoulder pain in this age
group. Most patients can recall a traumatic event or are
involved in overhead athletics. These lesions are also com-
monly seen in conjunction with shoulder instability, and
a high index of suspicion is necessary if a patient has a signif-
icant residual strength deficit after appropriate physical
therapy. Surgical repair of high-grade partial and complete
rotator cuff tears yielded successful outcomes in this patient
population, and these patients had excellent functional out-
come scores at a mean follow-up of 6.2 years. Consistent
with previous literature, a large percentage of overhead
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throwing athletes had difficulty returning to the same posi-
tion after rotator cuff repair on their throwing shoulder,
and patients should be counseled about this preoperatively.
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