
lable at ScienceDirect

JSES International 8 (2024) 798e805
Contents lists avai
JSES International

journal homepage: www.jsesinternat ional .org
Arthroscopic rotator cuff repair in active patients younger than
45 Years: a prospective analysis with a mean 5-year follow-up

Marco-Christopher Rupp, MDa,b, Peter Chang, MDc, Marilee P. Horan, MPHa,
Zaamin B. Hussain, MDc, Jonathan A. Godin, MDc, Jonas Pogorzelski, MDa,b,
Peter J. Millett, MD, MSca,c,*

aThe Steadman Philippon Research Institute, Vail, CO, USA
cThe Steadman Clinic, Vail, CO, USA
bDepartment of Orthopaedic Sports Medicine, Hospital Rechts der Isar, Technical University of Munich, München, Germany
a r t i c l e i n f o

Keywords:
Rotator cuff repair
Arthroscopy
Return to sports
Young patients
Quality of life

Level of evidence: Level IV; Case Series;
Treatment Study
Research performed at the Steadman Philippon Rese
This study was approved by Vail Health Hospita

Protocol 2019-77.

https://doi.org/10.1016/j.jseint.2024.03.002
2666-6383/© 2024 The Author(s). Published by Elsev
license (http://creativecommons.org/licenses/by-nc-n
Background: To report clinical and activity-specific outcomes after arthroscopic rotator cuff repair
(ARCR) for full-thickness supraspinatus tears in active individuals aged less than or equal to 45 years. The
pre hoc hypothesis was that patients in this age group would demonstrate significant improvements in
clinical outcomes following ARCR along with a significant improvement of athletic abilities.
Methods: Patients were included in this study if they were (1) active individuals aged between 18 and
45 years at the time of surgery, (2) had a full-thickness rotator cuff tear of the supraspinatus tendon with
or without anterior or posterior extension, and (3) underwent ARCR. Preoperative and postoperative
patient-reported outcomes scores including the American Shoulder and Elbow Surgeons (ASES) score;
Disabilities of Arm, Shoulder and Hand; Single Assessment Numeric Evaluation; and Short Form-12
Physical Component Summary were prospectively collected and postoperative patient satisfaction
(scale of 1-10) was recorded at a minimum of 2 years postoperatively. Attainment of the minimal clin-
ically important difference and patient acceptable symptom state for the ASES was calculated. Athletic
activityespecific outcomes and return to activity were investigated prospectively via a custom-made
comprehensive questionnaire.
Results: Between November 2005 and June 2020, of 1149 RCRs performed by the senior author, 54 pa-
tients (mean age 40.9 years, 13 female; follow-up 69.7 ± 35.2 months in a range of 24.6-179.6 months) were
included into the outcomes analysis. Of those, 4 patients (7.4%) had progressed to revision RCR. At a follow-
up of 5.8 years, outcome scores had significantly improved compared to preoperative baselines (ASES
55.6 ± 13.8 to 90.1 þ 15.8; P < .001; Disabilities of Arm, Shoulder and Hand 38.9 ± 18.4 to 11.9 ± 17.1;
P < .001, Single Assessment Numeric Evaluation 60.7 ± 22.7 to 79.3 ± 27.6; P ¼ .001, Short Form-12 Physical
Component Summary 41.6 ± 8.3 to 51.9 ± 9.0; P � .001). Ninety three point six percent of the patients
reached the minimal clinically important difference and 72.6% reached the patient acceptable symptom
state. Median satisfaction was 9.5/10. Eighty six percent of the patients returned to sports, while 67% of the
patients returned to a similar level compared to preoperatively. All sport-specific metrics such as shoulder
strength and endurance (P < .001), intensity (P < .001), and impairments from pain affecting speed
(P ¼ .002), endurance (P ¼ .002), and competition (P < .001) significantly improved postoperatively.
Conclusion: ARCR of full-thickness rotator cuff tear in active individuals aged 45 years or less results in a
clinically relevant improvement of outcomes, function, and quality of life at a minimum of 2 years and
mean 5.8-year follow-up with a low rate of revision. While 86% of patients were able to return to activity
and sport-specific outcome metrics significantly and substantially improved compared to preoperatively,
a return to preinjury levels was not reliably achieved in all patients, with particular limitations observed
in overhead active individuals. The data support the hypothesis that patients in this age group
demonstrate significant improvements in clinical outcomes following ARCR along with significant im-
provements in athletic abilities.
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Rotator cuff tears (RCTs) are a major cause of disability in senior
patients but are typically uncommon in younger patients. The
incidence of RCTs in patients with shoulder disability between the
ages of 20 and 50 years has been reported to be as lowas 5.1%,37 and
asymptomatic tears are present in an additional 4.0% of patients
aged less than 40 years.31

However, in an attempt to increasingly personalize the treat-
ment of RCTs according to age and functional demand, the patient
population aged less than 40 years has gained increasing recogni-
tion more recently.3,6,20,30 Given the critical need for long-lasting
structural and functional integrity for shoulder function,24 as well
as the substantial potential for both short-term and long-term
disability,3,19 appropriate diagnosis and treatment of RCTs is para-
mount particularly in younger patients. Thus, an array of various
factors including injury etiology, symptom chronicity, healing po-
tential, preoperative activity level, and long-term expectations
should be considered carefully for the optimal treatment in this
patient population.10,13

Despite the potential for superior biologic healing potential in
younger patients,38 the current literature reports satisfaction rates
as low as 68%15 after rotator cuff repair (RCR) in younger patients,
which are lower than those of older patients.5,9 Next to underlying
genetic factors potentially involved in the pathogenesis of RCTs in
these patients which also may affect structural healing and clinical
outcomes,33 inferior outcomes and satisfaction may potentially be
attributable to the higher athletic demands and expectations in
younger patients.11

Given that RCTs in this population oftentimes originate from a
traumatic event, there is limited evidence in regard to the outcomes
following isolated arthroscopic RCR (ARCR) in this population un-
biased by concomitant injuries or procedures;26,30 data that are
critical to evaluate the outcomes specifically attributable to ARCR in
this population. Furthermore, there is a paucity of evidence
regarding the ability to successfully return to activity (RTA)
following ARCR for isolated RCTs and the association between
sport-specific outcomes and overall satisfaction in young active
individuals. As the return to preinjury activity levels and occupa-
tional capacity is significantly associated with the subjective
satisfaction with the outcome in sports medicine procedures,25 a
concise understanding of those outcome parameters may expand
the understanding in this age group beyond validated patient-
reported outcome (PRO) scores, which are often abstract at the
individual level,2 and may allow for adequate preoperative man-
agement of expectations in the young active individual undergoing
ARCR.

As such, the purpose of this study was to report clinical and
sport-specific outcomes after ARCR for full-thickness supraspinatus
(SSP) tears in patients aged less than or equal to 45 years. The pre
hoc hypothesis was that patients in this age group would demon-
strate significant improvements in clinical outcomes following
ARCR along with significant improvements in athletic abilities.
Methods

Study population

This was an Institutional Review Boardeapproved level IV
retrospective study (Approval Number: 2019-77) using prospec-
tively collected data from a single-surgeon series (P.J.M.). Patients
799
were included in this study if theywere (1) aged between 18 and 45
years at the time of surgery,20 (2) had a full-thickness tear of the SSP
tendon with or without extension into the subscapularis or infra-
spinatus tendon, (3) underwent ARCR, and (4) reported PRO scores
at a minimum of 2 years. Patients who underwent concomitant
long head of the biceps tenodesis and concomitant subacromial
decompression (SAD)were included. Patients were excluded if they
suffered from RCTs not involving the SSP tendon, if they sustained
concomitant injuries or underwent additional concomitant recon-
structive procedures at the time of surgery, if they had advanced
osteoarthritis of the shoulder joint, or if they did not report any
preoperative physical activity.

Surgical technique

All patients underwent an ARCR with the optimal repair
configuration according to the individual tear pattern as previously
described.22 The preferred method for ARCR was a double-row
transosseous-equivalent self-reinforcing construct with suture
tapes and anchors.21,23 In case of small full-thickness tears classified
as Snyder type C grade I, a single-row repair was performed.22 All
procedures were performed in the beach-chair position under
general anesthesia with an interscalene nerve block. Following
diagnostic arthroscopy, glenohumeral d�ebridement, lysis of adhe-
sions (if necessary), SAD, and synovectomy (if necessary) were
performed. Concomitant biceps tenotomy with subpectoral biceps
tenodesis was performed if the biceps tendon demonstrated
degeneration, synovitis, disruption, or a biceps reflection pulley
lesion and/or if therewas significant pain in the biceps on palpation
in the groove or on Speed’s test. Subsequently, the rotator cuff
insertional footprint was d�ebrided to a bleeding surface. Medial
anchors were placed at articular cartilage margin. For the knotless
technique with suture tapes, the limbs of the suture tape were
passed through the torn rotator cuff tendon using a Lasso (Arthrex,
Inc., Naples, FL, USA), and the lateral bridging portion was per-
formed. One limb of suture tape from each medial anchor was
retrieved from the lateral portal. The suture tapes were then loaded
into the eyelet of another knotless suture anchor. A bone socket was
created with a punch. The eyelet of the anchor was then seated into
the socket. The limbs of the suture tape were then individually
tensioned before advancing the body of the anchor. Once the
anatomy of the footprint was restored, the anchor was inserted
laterally to secure the tapes. These steps were repeated for the
posterolateral anchor, thereby creating the final bridging, inter-
connected construct.23 If the biceps tendon had been previously
tenotomized, the shoulder was then re-prepped, and a small inci-
sion was made in the axilla and a subpectoral biceps tenodesis was
performed according to a previously described technique.28

Postoperative rehabilitation

Postoperative rehabilitation consisted of protection in a sling for
4 weeks with immediate passive range of motion. At week 4, pa-
tients weaned from the sling and began active and active-assisted
range of motion. For patients who underwent biceps tenodesis,
early active and passive elbow motion was permitted but resisted
elbow flexion was avoided for the first 6 weeks.36 At 6 weeks, pa-
tients were cleared to use their operative extremity with a lifting
restriction of 10 lbs. Initial resistance training starts at 6-8 weeks.
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Figure 1 Flow chart visualizing the patient population for this study after accounting
for inclusion criteria, exclusion criteria, clinical failures, and those lost to follow-up.
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More advanced resistance training started at 12 weeks. Return to
activities such as golfing, hiking, biking, and skiing were allowed at
14-16 weeks postoperatively. Return to overhead sports or contact
sports were allowed as early as 16 weeks, provided that patients
met return to play criteria of function pain-free active range of
motion, maximized strength and optimal scapulothoracic
kinematics.

Clinical outcome

Patient demographics, mechanism of injury, and surgical data
were collected prospectively and reviewed retrospectively. Preop-
eratively and at a minimum of 2 years postoperatively, patients
completed evaluations including the American Shoulder and Elbow
Surgeons (ASES) score; Disabilities of Arm, Shoulder, and Hand
(Quick-DASH); Single Assessment Numeric Evaluation (SANE);
Short Form 12 Physical Component Summary (SF-12 PCS); and
postoperative patient satisfaction on an ascending scale of 1-10
(10 ¼ very satisfied). The percentage of patients who achieved an
improvement in the magnitude of the minimal clinically important
difference (MCID) and reached or surpassed the patient acceptable
symptom state (PASS) in the ASES score were calculated using the
thresholds previously established in the setting of RCR (MCID: 11.1,
PASS: 86.7 point).7 To assess the potential impact of modifiable
biological factors, clinical outcomes were compared between pa-
tients, who underwent acute repair of a traumatic RCT, according to
previous definitions of those parameters.27

Athletic activityespecific outcomes

To evaluate a patient’s ability to return to their sport of choice,
they were asked to specify their primary sport preoperatively,
which was then categorized as an “overhead” or “nonoverhead”
activity in line with previous definitions.1,35 Additionally, the pa-
tient’s preoperative level of sports (recreational, high school, col-
legiate, professional) was recorded. Postoperatively, patients were
asked to rate their ability to participate in sports with respect to
their shoulder using the following response options: (1) at or above
preinjury level, (2) slightly below preinjury level, (3) moderately
below preinjury level, (4) significantly below preinjury level, (5)
unable to participate in their usual sport, and (6) unable to
participate in any sports. Return to sports was defined as selecting
options (1) through (4), while a successful return to a level similar
to the preinjury level was considered selecting options (1) or (2).

To assess qualitative RTA parameters, patients were asked to
rate the intensity they were able to compete with or participate
with in their usual sport compared to their preinjury level both
preoperatively and postoperatively using the following options: (1)
“Same or better than preinjury level,” (2) “75%-99% of preinjury
level,” (3) “50%-74% of preinjury level,” (4) “25%-49% of preinjury
level,” (5) “less than 25% of preinjury level,” and (6) “unable to
participate in any sports”. To evaluate the current strength and
endurance of the shoulder when participating in sports, patients
were asked to rate their level of weakness or fatigue using the
following options: (1) “noweakness or fatigue,” (2) “mild weakness
or fatigue,” (3) “moderate weakness or fatigue,” (4) “severe weak-
ness or fatigue,” (5) “weakness or fatigue preventing competition,”
and (6) “unable to compete due to weakness or fatigue”. Patients
were also asked to rate the impact of pain on their endurance and
speed in sports on a scale of (0) “none,” (1) “mild,” (2) “moderate,”
or (3) “severe”. Furthermore, they were asked to rate the impact of
pain on their ability to compete using the following options: (1) “no
pain with competition,” (2) “pain only after competition,” (3) “mild
pain with competition,” (4) “moderate pain with competition,” (5)
“severe pain with competition,” and (6) “pain preventing
800
competition”. Finally, to assess the impact of shoulder-related pain
more globally, patients were also asked to rate the impact of pain
on their activities of daily living and work on a scale of (0) “none,”
(1) “mild,” (2) “moderate,” or (3) “severe”. To assess the association
of subjective satisfaction, clinical outcomes and subjective satis-
faction were compared between patients successfully returning to
preinjury level of sports vs. those who did not. Also, the propensity
of patients returning to athletic activity and activity-specific
parameters were compared between overhead athletes and non-
overhead athletes via bivariate analysis.

Statistical analysis

A power analysis was performed to determine the capability
of the sample size to detect a clinically meaningful preoperative
to postoperative difference of 11.1 points ASES score.7 Assuming
a standard deviation of 15 points, at an effect size of 0.74, a
sample size of 16 patients would provide 80% power at an
alpha-level of 0.05 determined in an a priori power analysis,
performed with G* (Heinrich Heine Universit€at, Düsseldorf,
Germany).12

Descriptive statistics were used to summarize categorical and
continuous variables, with categorical variables reported as counts
and percentages and continuous variables reported as
mean ± standard deviation. The Shapiro-Wilk test was used to
evaluate the distribution of continuous variables. To compare base-
line and follow-up PROs, according to the respective distribution, a 2-
tailed paired Student’s t-test or a Wilcoxon signed rank test were
employed. For intergroup comparisons, parametric tests (unpaired t-
test) or nonparametric tests (Mann-Whitney U test) were used to
compare continuous variables between groups, depending on the
respective distribution of the data. Ordinal variables were compared
using the Wilcoxon signed rank test for preoperative to



Table I
Population demographics and surgical information.

Factor Number (%)

Patient demographics
Male/Female 13 (24.1)/41 (75.9)
Right/left shoulders 21 (38.9)/33 (61.1)
Injury at dominant arm 31 (57.4)
Workman’s compensation cases 6 (11.1)

Tear characteristics
Traumatic/atraumatic 16 (29.6%)
Tendons involved
Isolated SSP tear 25 (46.3%)
SSP and ISP tear 14 (25.9%)
SSP and SSC tear 10 (18.5%)
SSP and SSC and ISP tear 5 (9.3%)

Tear shape
Crescent tear type 35 (64.8%)
L-shaped 5 (9.3%)
Reverse L-shaped 2 (3.7%)
Complex 12 (22.2%)

Surgical characteristics
Double row 50 (92.6%)
Single row 4 (7.4%)
Margin convergence 9 (16.7%)
Concomitant biceps tenodesis 47 (87.0%)
Concomitant distal clavicle excision 2 (3.7%)
Concomitant subacromial decompression 54 (100%)
Concomitant SLAP repair 2 (3.7%)

SSP, supraspinatus; ISP, infraspinatus; SSC, subscapularis; SLAP, superior labrum
anterior to posterior.

Table II
Comparative outcomes depending on etiology.

Acute traumatic tears Chronic tears P value

ASES 88.9 ± 15.4 90.1 ± 15.5 .665
SF-12 PCS 50.9 ± 8.3 51.5 ± 9.1 .645
SANE 69.9 ± 36.5 79.6 ± 25.0 .455
Quick-DASH 14.7 ± 19.9 12.1 ± 16.4 .589
Satisfaction 8.5 (1-10) 10 (1-10) R ¼ .483

ASES, American Shoulder and Elbow Surgeons score; SF-12 PCS, short form 12
physical component summary; SANE, single assessment numeric evaluation; DASH,
disabilities of the arm, shoulder, and hand.
Postoperative outcome scores of acute traumatic tears compared to chronic tears.
Continuous data presented as mean ± standard deviation and ordinal data as
median (range). Definitions of acute/chronic and traumatic/atraumatic were
adapted from Pogorzelski et al.27
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postoperative comparisons and the binary Fisher’s exact test or Chi-
square tests in intergroup comparisons, as appropriate. A confidence
interval of 95% was calculated and the level of significance was set at
P < .05. The statistical analysis was performed using SPSS software
version 26.0 (IBM Corp., Armonk, NY, USA).

Results

Between November 2005 and June 2020, the senior surgeon
(P.J.M.) performed a total of 1149 ARCR. Of those, 87 were per-
formed in patients aged less than or equal to 45 years (Fig. 1). Of
those, 33 patients were excluded due to concomitant procedures
(n ¼ 28), a priori refusal to participate (n ¼ 4) and due to a para-
plegic condition requiring wheelchair use (n¼ 1), thereby leaving a
final study population of 54 patients. Follow-up could be obtained
in 43 patients (24.1% female) with an average age of 40.9 years
(range 29.9-45.4 years) at the time of index surgery. The mean
follow-up was 69.7 ± 35.2 months (range, 24.6-179.6 months).
Further patient demographics are listed in Table I.

Patient-reported outcomes

Mean outcome scores significantly improved postoperatively in
the ASES from 55.6 ± 13.8 to 90.1 ± 15.8 (P < .001), in the Quick-
DASH from 38.9 ± 18.4 to 11.9 ± 17.1 (P < .001), in the SANE from
60.7 ± 22.7 to 79.3 ± 27.6 (P ¼ .001), and in the SF-12 PCS from
41.6 ± 8.3 to 51.9 ± 9.0 (P < .001) (Table II). Of the patients who did
not proceed to revision surgery, 93.6 reached theMCID for the ASES
and 72.5 reached the PASS for the ASES. Postoperatively, the me-
dian satisfaction was 9.5. There was no significance between pa-
tients who underwent repair of acute traumatic tears compared to
chronic tears.

Return to activity

Within thestudypopulation,19 (35.2%)of thepatientsparticipated
inoverhead athletic activityandof those, 3 patients could be classified
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as throwing athletes. Within the overall patient population, n ¼ 3
participated in sports on a professional level, n ¼ 4 at a college level,
n¼2at ahigh school level, and the restof thepatients at a recreational
level. Preoperative sports participation is presented in Table III.

Of the patients who responded to the question regarding post-
operative athletic activity participation, 86% of the patients were
able to RTA. Sixty seven percent of the patients indicated return to
activity above, equal to, or only slightly below preinjury level at
final follow-up. Detailed information regarding the level of activity
patients returned to is depicted in Fig. 2.

Compared to preoperatively, the level of activity inwhich patients
were able to participate significantly improved (P ¼ .002). Also, the
intensity in which the patients could compete in their usual activity
compared to preinjury level (P < .001) as well as the strength or
endurance of the shoulder when participating in their usual activity
compared to their preinjury level (P < .001) significantly improved
postoperatively. Detailed information is provided in Table IV.

Postoperatively, the impact of patient-reported pain on endur-
ance (P ¼ .002), speed (P < .002), and ability to compete in sports
(P < .001) improved significantly. More generally, the impact of
patient-reported pain regarding activities of daily life (P < .001) and
work (P ¼ .001) improved significantly following surgery. Detailed
information is provided in Supplementary Table S1.

There were no significant differences in the postoperative PROs
between overhead and nonoverhead athletes in the ASES
(90.3 ± 15.8 vs. 88.8 ± 15.0, P ¼ .769), Quick-DASH (12.4 ± 16.5 vs.
13.8 ± 19.3, P ¼ .810), SANE (78.1 ± 26.7 vs. 74.2 ± 33.2, P ¼ .691),
SF-PCS (51.4 ± 9.7 vs. 51.3 ± 6.9, P¼ .980), and median satisfaction (9
vs. 10, P ¼ .316). Patients involved in overhead athletic activity less
frequently reported a successful RTA (55%) compared to patients
involved in nonoverhead activity (71%); however, this did not reach
statistical significance (P¼ .398). Therewas a tendency toward lower
satisfaction in patients who did not successfully RTA on a similar
level compared to preoperatively and those who did (median satis-
faction: 9 vs. 10, P ¼ .216). Within the population of overhead ath-
letes, the throwing athletes all returned to the preinjury level of
activity (n ¼ 3, 100%) and had a median satisfaction of 10/10.

Progression to revision

A total of 4 patients (7.4%) ultimately required revision RCR and
were classified as failures. Of those, 2 patients had recurrent trauma
with falls on their shoulders, while 1 patient had an atraumatic
recurrence. For the final patient, there was no information on the
mechanism of reinjury.

Discussion

The most important finding of this study is that young patients
aged equal to or less than 45 years can expect clinically relevant



Table III
Preoperative sporting activity.

Discipline Number of patients

Skiing 9
Football* 1
Basketball* 1
Baseball* 1
Volleyball* 1
Cycling 9
Horseback Riding 1
Tennis* 3
Hockey 1
Fishing* 2
Weightlifting* 9
Walking 1
Snowboarding 4
Golf 2
Motocross 2
Surfing 1
Balance Board 1
Drag Racing 1
Fitness 2
Wrestling 1
Rock climbing* 1

Athletic activity participation of the patient population.
*Overhead activity.
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improvement in clinical outcomes following ARCR with a low rate
of revision, with >93% attaining the MCID of the ASES score in our
patient population. Furthermore, while the majority of the patients
were able to RTA and all sports-specific outcome metrics signifi-
cantly and substantially improved postoperatively, only two-thirds
of the patients were still active on a level similar to the preinjury
level at a mean follow-up of 5.8 years in this patient population.

Regarding clinical outcomes, the results underscore the positive
effect of contemporary ARCR results and support the findings of
previous studies reporting a high return to preinjury levels of
function in young populations.3,18,20 Comparable to the present
study, Lin et al20 reported postoperative ASES score of 84.6 in pa-
tients with a mean age of 37.5 years, Parnes et al reported mean
ASES scores of 89.88 ± 14.26, and subjective shoulder value scores
of 89.45 ± 14.04 in patients aged less than 40 years undergoing
ARCR among other concomitant pathologies,26 whereas Krishnan
et al18 reported a mean ASES score of 92 in a patient population
with a mean age of 37 years. At mid-term, Scanaliato et al reported
ASES scores of 88.68 and SANE scores of 87.32 a military population
aged less than 40 years undergoing ARCR among a mixed set of
concomitant pathologies.30 In contrast to those previous studies,
the decision was made in the present study to exclude recon-
structive concomitant procedures beyond biceps tenodesis, which
may potentially lead to an under-representation of traumatically
injured patients but allows for clearly delineating the outcome to
be expected following isolated ARCR not confounded by concomi-
tant procedures beyond a long head of the biceps tenodesis and
SAD in a relatively large population. Notably, the high rates of
clinically relevant improvement of 93.6% in the present study are
similar to previous studies in comparably young and active patient
populations, which reported MCID attainment rates of up to
91.6%.30 Regarding the patients’ postoperative subjective satisfac-
tion, the results reported in the present study are comparable to the
data presented by Burns et al6 and Lin et al.20 In their studies, the
authors reported satisfaction rates as high as 96.2%6 and 97%,20

respectively, differentiating between “satisfied” and “unsatisfied”
patients. This is comparable to a median satisfaction of 9.5 reported
in the present study. The satisfaction rates of those studies
reporting the outcome after ARCR are notably higher than those
reported in historic cohorts following open RCR, with satisfaction
rates ranging around 68%.15
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The revision rate reported in the present study is comparable to
previous studies in younger patients, reporting rates of 0%-7.5% at
short-term to mid-term follow-up.3,6,18,20,30 Comparable to previ-
ous studies,30 traumatic retears seem to be the most frequent mode
of failure in this younger patient population.

When benchmarking the outcome data of this study against the
results reported following ARCR in older patients, which are more
typically affected by RCT, the outcomes are slightly inferior.4 For
example, Baumgarten et al reported on the outcomes following
ARCR in 273 patients with a mean age of 58.9 years at a mean
3.7-year follow-up. In their study, they reported ASES scores of 95
and SANE scores of 95, which was slightly superior to our cohort,
with ASES scores of 90.1 and SANE scores of 79.3.4 In accordance,
when comparing the findings of our present study with previously
reported long-term results of ARCR in older patients, with the same
arthroscopic technique and implants,16 outcomes were slightly
inferior. In that study, it was reported to have an ASES of 95.2 ± 8.2,
SANE of 89.9 ± 17.0, QuickDASH of 9.8 ± 12.2, SF-12 PCS of
52.1 ± 8.5, a median satisfaction of 10, and a revision rate of 4.4% at
5 years in this older patient population. However, accounting for
the fact that there was traumatic retears in 50% of all patients that
were revised in the present case series, the revision rates seem to
be equivalent compared to older patients.16 However, as younger
patients tend to have substantially different athletic demands
compared to older patients,11 comparing outcome parameters be-
tween inherently different patient populations may be of limited
meaningfulness, but highlights that special attention needs to be
dedicated to this young and active patient population.

Regarding RTA, the results reported are among the first to
demonstrate the potential of ARCR to significantly and substantially
improve activity-specific outcome metrics and enable active in-
dividuals aged less than 45 years to RTA. The RTA rate of 86% re-
ported in this study is comparable to previously published studies
in comparable patient populations. More specifically, RTA rates as
high as 88.1% were reported in a military patient population aged
less than 40 years30 and RTA rate as high as 93% in a patient cohort
of 32 adolescent athletes in a mixed cohort following ARCR of
partial-thickness and full-thickness RCT.3 These findings are
generally in line with previous systematic review reporting
satisfactory rates of RTA to preinjury level of activity in young
patients.19 The present study expands the body of evidence by
demonstrating that prospectively collected sport-specific qualita-
tive metrics such as shoulder specific strength, endurance and in-
tensity as well as shoulder painespecific impairments in speed,
endurance, and the ability to compete significantly and substan-
tially improve following ARCR, highlighting the positive effect of
the procedure in this young patient population. This is consistent
with the nonsport-specific data presented by Lin et al inwhich 76%-
79% of patients describe experiencing pain relief postoperatively
and 34%-62% of patients report no painwhatsoever.20 However, the
present study highlights that only two-thirds of patients were still
active at a similar level compared to preoperatively at a mean
follow-up of 5.8 years. This confirms the findings of previous study,
which demonstrated that 57% of adolescent athletes undergoing
RCR were forced to change positions3 and 11.9% of military athletes
of similar age were medically separated from the military.30 The
tendency toward inferior outcomes in overhead athletes following
ARCR, with only 55% of this subgroup still active on a preinjury level
of activity, has been previously noted. More specifically, Tibone
et al34 reported a rate of RTA to preinjury level as low as 32% in
professional or collegiate level throwers following open RCR, and
Reynolds et al29 reported that only 55% of the elite pitchers, who
underwent d�ebridement of partial-thickness RCT, were able to re-
turn to the same or higher level of competition. Similarly, in
adolescent athletes, 64% of the patients were forced to change



Figure 2 Graphical representation of the postoperative ability of patients to participate in sport.

Table IV
Comparison of preoperative and postoperative sport-specific outcome metrics.

Parameter Preoperatively Postoperatively P value

Strength and endurance of shoulder when
participating in usual sport

<.001*

No weakness or fatigue 0 (0%) 16 (43.2%)
Mild weakness or fatigue 2 (6.9%) 10 (27%)
Moderate weakness or fatigue 9 (31%) 5 (13.5%)
Severe weakness or fatigue 7 (24.1%) 4 (10.8%)
Weakness or fatigue prevents competition 5 (17.2%) 1 (2.7%)
Weakness or fatigue prevents competition 6 (20.7%) 1 (2.7%)

Intensity in usual sport compared to preinjury level <.001*
Same of better than preinjury intensity 1 (3.4%) 14 (37.8%)
75%-99% of preinjury intensity 2 (6.9%) 11 (29.7%)
50%-74% of preinjury intensity 10 (34.5%) 6 (16.2%)
25%-49% of preinjury intensity 5 (17.2%) 2 (5.4%)
<25% of preinjury intensity 4 (13.8%) 0 (0%)
Can no longer compete at any intensity 7 (24.1%) 4 (10.8%)

Level of participation in athletic activity .002*
Equal or above preinjury level 1 (3.4%) 16 (43.2%)
Slightly below preinjury level 6 (20.7%) 9 (24.3%)
Moderately below preinjury level 5 (17.2%) 4 (10.8%)
Significantly below preinjury level 7 (24.1%) 3 (8.1%)
Cannot compete in usual sport 4 (13.8%) 4 (10.8%)
Cannot compete in any sports 6 (20.7%) 1 (2.7%)

Comparison of level of sport-specific outcome parameters before and after arthroscopic rotator cuff repair. Formatted as number of patients (percentage of total patients).
Bold format indicates most commonly selected option within respective subgroup.

*Denotes statistical significance.
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positions following ARCR.3 While in the present study, all throwing
athletes returned to their preoperative level of activity; the sample
size was relatively limited.

Benchmarking the activity-specific results of the present study
to the general population of patients undergoing RCR, similar re-
sults can be expected. In a systematic review including a meta-
analysis analyzing 874 shoulders with a mean age of 42.6 years,
Klouche et al17 reported an overall RTA rate of 84.7%, however a RTA
rate of only 65.9% to an equivalent level of play following RCR. In
their study, Klouche et al furthermore noted that the ability to RTA
may depend on the preoperative level of activity, with only 49.9% of
professional and competitive athletes being able to RTA to the same
level of play.17 These findingswere confirmed in another systematic
review by Altintas et al.1 Furthermore, similar to the present study,
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Altintas et al reported an inferior ability for overhead athletes to
RTA compared to nonoverhead athletes, reporting a pooled RTA
rate to preinjury levels of activity of only 38%.1

Notably, these findings of the present study highlight the
advancements in implants and repair techniques, when comparing
the findings of the present study following state-of-the-art trans-
osseous equivalent ARCR compared toopenRCRs inhistoric younger
patient populations. In a previous studybyHawkins et al15 reporting
outcomes following open RCR of full-thickness RCT in patients aged
40 years or less with a comparable follow-up, the majority of pa-
tients reported improvement in function, but only half of the pa-
tients were able to RTA. Sperling et al32 reported results after open
RCR of full-thickness RCT in patients aged 50 years or less and found
that RCR was not associated with significant long-term
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improvement in rangeofmotion. Furthermore, in their study, a large
proportion of patients were dissatisfied with the results at long-
term follow-up.32

In summary, the findings highlight the overall positive effect of
ARCR on the clinical outcomes and athletic activityespecific func-
tion in young and active patients. While a high rate of RTA may be
expected following ARCR, the findings generated in our study may
be used to preoperatively manage patients’ expectations given that
a return to preinjury levels, especially in overhead athletes, cannot
be guaranteed and potential modifications to athletic activity may
be required.

Limitations

This study has several limitations. First, the study is subject to
the general limitations of a RTA analysis. As such, not only the
surgery itself but also other factors such as timing of season, natural
drop off in sports participation with age, subsequent confounding
injuries, or factors unrelated to the shoulder can preclude sports
participation. Second, while the patient population is one of the
largest monocentric experiences presented for this specific age
group, the total population size is relatively lowdpotentially due to
the low incidence of the pathology in this age group. This may limit
the statistical power of the subgroup analyses. Third, the lack of
postoperative imaging prevents further analysis of outcomes based
on repair integrity. However, as asymptomatic retears in young
patients are extremely rare,8 we believe the lack of imaging follow-
up does not detract from the overall study findings. Fourth, the
external validity of the study findings may be limited, as the data
presented reflect a monocentric single-surgeon experience in a
tertiary referral center. Thus, the results may not be generalizable.
Finally, a noncomparative study design was elected. This decision
was made, as the primary goal of this study was to provide a
comprehensive report on outcomes to be expected in a cohort of
active individuals aged 45 years and less. Given that the younger
patients are more likely to return to more demanding athletic and
professional activities compared to the senior patient population
typically affected by RCTs,14 the results of a comparison of inher-
ently different patient populations were considered of limited
meaningfulness.

Conclusion

ARCR of full-thickness RCT in athletes aged 45 years or less re-
sults in a clinically relevant improvement of outcomes, function
and quality of life at a minimum of 2 years, and mean 5.8-year
follow-up with a low rate of revision. While 86% of patients were
able to RTA and sport-specific outcome metrics significantly and
substantially improved compared to preoperatively, a return to
preinjury levels was not reliably achieved in all patients, with
particular limitations observed in overhead athletes. The data
support the hypothesis that patients in this age group demonstrate
significant improvements in clinical outcomes following ARCR
along with significant improvements in athletic abilities.
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