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Introduction

Arthroscopic Bankart repair is commonly performed following anterior shoulder
instability; however, the presence of a Buford complex introduces unique anatomical and
rehabilitative considerations. Evidence guiding postoperative rehabilitation for collision
sport athletes with this combined pathology is limited. Additionally, although blood flow
restriction (BFR) training has demonstrated benefits for mitigating muscle atrophy
during periods of restricted loading, its application in postoperative shoulder
rehabilitation remains underexplored. The purpose of this case report is to describe the
integration of early-phase BFR within a structured, criterion-based rehabilitation
program following arthroscopic Bankart repair in the presence of a Buford complex in a
high school collision-sport athlete, and to highlight considerations for return-to-sport
testing in this athlete.

Case Description

A 17-year-old male high school football linebacker with recurrent anterior shoulder
instability underwent arthroscopic Bankart repair with concomitant management of a
Buford complex. Physical therapy began 12 days postoperatively and followed a
standardized protocol adapted to sport-specific demands. Due to early postoperative
restrictions, BFR was incorporated during protective and intermediate phases to support
neuromuscular activation and strength development while respecting tissue-healing
constraints. Rehabilitation progressed through phased mobility, strengthening,
closed-chain loading, and sport-specific activities using objective criteria to guide
advancement. Outcome measures included passive and active range of motion (PROM,
AROM), shoulder strength via handheld dynamometry, grip strength, girth
measurements, patient-reported outcomes (Western Ontario Shoulder Instability Index
[WOSI], Shoulder Instability-Return to Sport After Injury [SIRSI]), and functional
performance tests (Posterior Shoulder Endurance Test [PSET], Y Balance Test-Upper
Quarter [YBT-UQ], Closed Kinetic Chain Upper Extremity Stability Test [CKCUEST)).

Outcomes

The athlete completed 18 sessions over 17 weeks. By postoperative Week 17, the athlete
demonstrated full, pain-free passive and active shoulder range of motion. Shoulder
flexion strength improved from 21.8 Ibs at Week 6 to 30.5 lbs at Week 15, and grip
strength improved from 92 lbs to 114 lbs. PSET improved from 54.5 seconds to 135.2
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seconds, and CKCUEST performance increased from 15 to 24 touches. WOSI scores
improved from 38.6% to 25.7%, and SIRSI scores increased from 74.2% to 80.1%. The
athlete returned to full football participation 19 weeks after surgery without reported

symptoms.

Conclusion

This case report illustrates the feasibility of incorporating early-phase BFR within a
criterion-based rehabilitation program following Bankart repair in a collision sport
athlete with a Buford complex. Further investigation is warranted regarding standardized
upper extremity BFR protocols and return-to-sport testing strategies for contact athletes.

Level of Evidence
4

INTRODUCTION

Anterior shoulder instability, frequently resulting from a
Bankart lesion, is common among athletes participating in
collision or contact sports, and often leads to substantial
functional limitations and time lost from competition.12 In
high school populations, the sport of football has one of the
highest injury rates for shoulder dislocations, with anterior
dislocations accounting for 97% of all shoulder dislocations
(regardless of age).l:3 Collision positions, such as lineback-
ers, are particularly vulnerable due to repetitive high-in-
tensity tackling and forceful contact.! In addition to par-
ticipation in collision sports, other risk factors, including
male sex, generalized joint hypermobility, and small gle-
noid index, are also associated with first-time shoulder dis-
locations.*

A Bankart lesion involves detachment of the anteroin-
ferior labrum, often with associated injury to the gleno-
humeral ligaments, and typically occurs during anterior
shoulder dislocation when the shoulder is positioned in ab-
duction and external rotation.35¢ This mechanism results
in excessive anterior translation of the humeral head and
increased stress on the capsulolabral complex, potentially
leading to recurrent instability and impaired ability to tol-
erate collision forces.3¢ A Buford complex is an anatomical
variant characterized by a cord-like middle glenohumeral
ligament and absence of the anterosuperior labrum, which
occurs in approximately 1.2% to 7.5% of the general pop-
ulation.” Although often considered a normal variant, the
altered labral and capsuloligamentous morphology may af-
fect load distribution across the anterior-superior glenoid
and could contribute to instability when combined with
traumatic labral injury.’” The coexistence of a Bankart lesion
and a Buford Complex, as in this case, presents a unique
clinical scenario that may influence rehabilitation consid-
erations.

Surgical stabilization surgery is commonly recom-
mended for young collision sport athletes with recurrent
anterior instability because of their high risk of recurrence
and the physical demands of their sport.! Arthroscopic
Bankart repair demonstrates favorable outcomes; however,
rates of recurrent instability and variable timelines for re-
turn to sport (RTS) remain concerns in adolescent and con-
tact-sport populations.24 A recent systematic review re-
ported that approximately 81% of adolescent athletes

returned to preinjury levels at a mean of 5.3 months follow-
ing arthroscopic and open Bankart repair for traumatic an-
terior shoulder instability.2 These data highlight the need
for rehabilitation strategies that safely restore strength,
stability, and confidence in a time-efficient yet tissue-pro-
tective manner for collision sport athletes.

RTS testing for the upper extremity remains less stan-
dardized than for the lower extremity, particularly for col-
lision-sport athletes whose demands differ from overhead
throwers.8 Despite proposed frameworks distinguishing
macrotraumatic (e.g. collision) and microtraumatic (e.g.
throwing) shoulder injuries, clinicians frequently rely pri-
marily on time-based criteria rather than performance-
based assessments when clearing athletes for return to
play.8? This gap highlights the need for rehabilitation ap-
proaches that not only restore range of motion and
strength but also provide objective benchmarks of stability,
resilience, and psychological readiness.

Early postoperative rehabilitation following Bankart re-
pair is often challenged by restrictions on active motion
and external loading, increasing the risk of muscle atrophy
and delayed neuromuscular recovery. These challenges are
particularly consequential for collision-sport athletes who
must rapidly regain the ability to absorb and produce force.
Blood flow restriction (BFR) training offers a potential
strategy to mitigate muscle atrophy and support early neu-
romuscular adaptations by allowing low-load resistance ex-
ercise while respecting tissue-protective precautions.!0-12
Although BFR is well studied in the lower extremity, its ap-
plication in postoperative shoulder rehabilitation remains
limited, and standardized protocols for upper extremity use
are lacking.

Given these gaps, the purpose of this case report is to
describe the integration of early-phase BFR within a struc-
tured, criterion-based rehabilitation program following
arthroscopic Bankart repair in the presence of a Buford
complex in a high school collision-sport athlete, and to
highlight considerations for return-to-sport testing in this
athlete.

CASE DESCRIPTION

The athlete was a 17-year-old right arm-dominant male
high school football linebacker who presented with an
eight-week history of anterior left shoulder pain. The initial
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injury occurred following a lateral traction-type force sus-
tained in a collision with an opposing player. Immediately
after the injury, he reported a sensation of transient shoul-
der dislocation followed by a spontaneous relocation. Over
the remainder of the competitive season, he experienced
three additional instability episodes yet continued to par-
ticipate as a starting linebacker despite ongoing symptoms.

Following the season, the athlete sought an orthopedic
surgical evaluation with the goal of playing competitive
football at the collegiate level. Magnetic resonance arthrog-
raphy revealed an anteroinferior labral tear consistent with
a Bankart lesion, a Hill-Sachs lesion, and detachment of
the superior labrum. The imaging report also described an
anatomic variant consistent with a Buford complex, charac-
terized by the absence of the anterosuperior labrum and a
cord-like middle glenohumeral ligament.

SURGICAL INTERVENTION

The athlete elected to undergo arthroscopic stabilization
following recurrent anterior instability and confirmatory
imaging findings. He underwent anterior Bankart repair,
anterior capsulorrhaphy, labral debridement, subacromial
decompression, distal clavicle excision, chondroplasty, and
biceps tenotomy with tenodesis. Two #2 FiberWire sutures
and two push-lock anchors were placed using standard
arthroscopic technique.

Postoperatively, the athlete had to conform to the fol-
lowing instructions: 1) always remain in a sling and begin
weaning from the sling at postoperative week 3, 2) avoid
all active shoulder motion, and 3) initiate physical therapy
within the first two weeks, respecting surgeon-directed pre-
cautions.

EXAMINATION

At the initial physical therapy evaluation, the athlete was
5°11" tall, weighed 203 lbs, and demonstrated a mesomor-
phic body type. He presented with the left upper extremity
supported in a sling in accordance with postoperative pre-
cautions. Postural assessment revealed mild depression of
the left shoulder. Systems review and medical screening
were unremarkable.

Examination was performed in accordance with surgeon-
directed precautions and published postoperative guide-
lines.13 The athlete demonstrated mild scapulothoracic hy-
pomobility and a five-degree limitation in left elbow
extension (lacking full extension to neutral). Neurovascular
screening was normal, with intact sensation to light touch
and minimal localized dysesthesia at well-healing incisions
(3 portals: posterior, anterior rotator interval, and acces-
sory anterior-superior portal). Local examination of the
shoulder revealed minimal swelling and mild tenderness to
palpation at the anterior deltoid and proximal long head of
biceps region, with no signs of infection or wound compli-
cations.

Manual muscle testing of elbow extensors and all wrist
movements demonstrated symmetrical strength bilaterally.
Glenohumeral active motion and strength testing (as well
as strength testing for elbow flexion and forearm pronation

and supination) were deferred due to postoperative restric-
tions and tissue healing timeframe considerations.

Baseline grip strength measured via hand-held dy-
namometry exhibited 98 Ibs in the right (dominant) upper
extremity and 92 Ibs in the left. Upper extremity girth mea-
surements revealed mild asymmetry, with forearm circum-
ference measuring 27.5 cm on the left and 29.5 cm on the
right, and biceps circumference measuring 34.0 cm on the
left and 34.5 cm on the right.

The athlete also completed the Western Ontario Shoul-
der Instability Index (WOSI) at initial evaluation, scoring
810 out of 2100 (38.6%), indicating a moderate-to-high
perceived impact of shoulder instability on function and
quality of life.

OUTCOME

EXAMINATION AND EVALUATION

Per the treating surgeon’s direction, a standardized proto-
col informed by published guidelines from the sports med-
icine division of Massachusetts General Hospital was se-
lected and adapted by the physical therapist to progress the
athlete toward collision sport readiness.!3 Rehabilitation
was organized into four phases: Protective (Phase I), In-
termediate (Phase II), Advanced Strengthening (Phase III),
and Return to Activity (Phase IV).

The athlete participated in 18 physical therapy sessions
at a frequency of one to two sessions per week over an
18-week period. Formal physical therapy services con-
cluded earlier than planned due to logistical and financial
barriers. However, the athlete subsequently transitioned to
independent and team-based training under the supervi-
sion of the athletic training and strength and conditioning
staff, with guidance from the treating physical therapist.
Beginning in Phase II, a structured weekly home exercise
program was provided and regularly reviewed with both the
athlete and athletic trainer to support progression outside
the clinic.

INTERVENTION
PHASE I: PROTECTIVE PHASE (WEEKS 0-6)

The primary goals of Phase I were protection of the surgical
repair, pain and swelling control, early neuromuscular acti-
vation within postoperative restrictions, and optimization
of adjacent joint mechanics and range of motion. The ath-
lete was educated on strict adherence to sling immobi-
lization, postoperative range-of-motion (ROM) limitations,
and weight-bearing precautions to protect the repaired
labral and capsuloligamentous tissues.

Interventions emphasized regional interdependence
while respecting glenohumeral precautions. Grade I-II
glenohumeral joint mobilizations and passive ROM were
performed within surgeon-directed limits (€90° scaption,
<20° external rotation) to minimize postoperative stiffness.
Manual techniques targeting adjacent non-surgical regions,
including the thoracic spine, ribs, scapulothoracic joint,
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and elbow, were applied to optimize kinetic chain mechan-
ics, improve proprioception at local tissues, and reduce
compensatory loading of the healing shoulder. Dry
needling was used to modulate muscle tone in the latis-
simus dorsi using pistoning techniques based on the trigger
point model. Soft tissue mobilization techniques (perpen-
dicular and parallel strumming, kneading, and ischemic
pressure) were applied to the biceps, pectoralis major and
minor, deltoid, latissimus dorsi, and upper and middle
trapezius. Maitland-based joint mobilizations of the
humeroulnar, humeroradial, and radioulnar joints were
performed to improve forearm supination and elbow exten-
sion, progressing from grade II to grade III as tolerated.

Active exercise during this phase was limited to the el-
bow, wrist, and scapulothoracic musculature to prevent
stiffness and promote foundational neuromuscular control.
Submaximal glenohumeral isometrics and passive-assisted
exercise were initiated at postoperative week 2. Upper body
ergometer (UBE) activity was introduced in a bilateral, ac-
tive-assisted manner at week 4, with resistance progressing
from a rate of perceived exertion (RPE) of 2/10 to 5/10
by week 6. Glenohumeral active ROM, closed kinetic chain
(CKC) exercise, and loaded elbow flexion or forearm supina-
tion were avoided due to the increased stresses on the
surgical repair.13 To mitigate global deconditioning, a
10-minute core and lower extremity circuit was included
during weeks 2-6.

Toward the latter portion of Phase I (approximately
weeks 4-6), select upper extremity exercises were intro-
duced within restricted ranges of motion and with low ex-
ternal loads to emphasize neuromuscular activation rather
than strength development, several of which were incor-
porated into the BFR training sessions. Exercises such as
the floor press and triceps pulldown were selected because
the floor constraint limited shoulder extension and anterior
humeral translation during pressing tasks, while triceps
pulldowns were performed with the shoulder maintained
near neutral to minimize stress on the healing capsulo-
labral complex and the biceps tenodesis (Figure 1A & 1B).
These exercises were also selected to provide controlled ex-
posure to familiar movement patterns, facilitating adher-
ence while reinforcing appropriate loading restrictions dur-
ing early rehabilitation.

BFR training was introduced at postoperative week 3
to promote neuromuscular and hypertrophic adaptations
while minimizing mechanical load on healing tissues. Ex-
ercises were divided into a Day A and Day B format to im-
prove patient engagement, reduce monotony when sched-
uling forced consecutive-day training, and promote
comprehensive hypertrophic gains. A SmartCuffs 1.0 sys-
tem with SD3 Series ultrasonic Doppler (SmartCuffs LLC,
San Antonio, TX, USA) was used, with the cuff applied
proximally on the arm. BFR sessions consisted of five low-
load exercises per session, totaling 20-25 minutes of oc-
clusion time, using a 30:15:15:15 repetition scheme and
load progression guided by repetitions-in-reserve (RIR) and
modified Borg rating of perceived exertion (RPE).1415 The
specific exercises performed with BFR are outlined in Table
1. Limb occlusion pressure (LOP) was measured at 170

mmHg and initiated at 50% LOP, progressing to 60% based
on patient tolerance, consistent with published recommen-
dations of 40-80% LOP for BFR training, with lower pres-
sures favored in smaller limbs and conservative postoper-
ative loading contexts. External loads were initiated at low
intensity (~40% estimated 1RM), with intensity regulated
and progressed using repetitions-in-reserve (RIR = 3) and
perceived exertion (target RPE <7/10) to ensure an adequate
training stimulus while minimizing excessive fatigue.1

At the conclusion of Phase I, the athlete demonstrated
readiness to progress to Phase II due to meeting the follow-
ing progression criteria without pain provocation: 90 de-
grees of passive shoulder elevation, 20 degrees of passive
shoulder external and internal rotation in the scapular
plane, and no complications.

PHASE II: INTERMEDIATE PHASE (WEEKS 7-11)

The goals of Phase II were to restore full active gleno-
humeral range of motion, progress scapulothoracic and
glenohumeral neuromuscular control, and initiate con-
trolled loading while minimizing compensatory strategies.
Passive range of motion was maintained throughout the
phase, with active range of motion progressing to achieve
full, pain-free motion by week 11. As soft tissue limitations
became less prominent, manual soft tissue techniques de-
scribed in Phase I were de-emphasized. Greater emphasis
was placed on dynamic stability, including rhythmic stabi-
lization using manual perturbations to facilitate isometric
activation across multiple planes (flexion, abduction, and
rotation) and body positions.

Isotonic strengthening was initiated using low loads and
high repetition schemes to emphasize muscular endurance
and motor control while limiting excessive joint stress. CKC
exercise was introduced in low-load positions and pro-
gressed sequentially, beginning with quadruped activities.
Progression of higher-demand CKC tasks (e.g., push-up
patterns) was intentionally conservative due to the ath-
lete’s history of recurrent instability and the presence of
a Buford complex, which influenced tolerance to anterior
and superior glenoid loading.” Loading of the biceps, shoul-
der extensors, and external rotators was initially restricted
during early Phase II (weeks 7-9), given the concomitant
biceps tenodesis and ongoing tissue-healing constraints,
with resisted biceps loading introduced gradually in late
Phase IT (weeks 9-12) as tissue tolerance improved. Repeti-
tions-in-reserve (RIR) were used to guide intensity and pre-
vent early fatigue-related compensations.

BFR training was continued during this phase to aug-
ment strength and hypertrophic adaptations, while higher
mechanical loads and rapid force production movements
remained contraindicated. As active motion and loading
demands increased, BFR allowed progression of muscular
capacity without exceeding tissue-healing constraints,
serving as a transitional strategy between protected loading
and conventional resistance training. BFR dosing and exer-
cise selection were progressed in accordance with the pa-
rameters established in Phase I, with gradual transition
toward conventional loading strategies as tolerance im-
proved.
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Figure 1. Examples of exercises. (A) Floor Press Starting Position; (B) Floor Press Ending Position; (C) Tall

Kneeling Shuttle Push Up

Interventions continued to emphasize regional interde-
pendence, with Maitland-based mobilizations directed to
the upper and mid-thoracic spine and ribs, and exercise
strategies addressing thoracic mobility, trunk endurance,
and proximal control to optimize force transfer and reduce
stress on the healing glenohumeral joint. Neuromuscular
re-education techniques targeting glenohumeral joint cen-
tration and coordinated movement patterns were pro-
gressed as tolerated across increasingly demanding posi-
tions.

Objective reassessment occurred in week 9 and included
repeat strength testing and the introduction of the Poste-
rior Shoulder Endurance Test (PSET), selected due to on-
going restrictions on higher-load and impact-based testing.
Patient-reported outcomes were monitored throughout this
phase, with the Western Ontario Shoulder Instability Index
(WOSI) administered at regular intervals and the Shoulder
Instability Return to Sport after Injury (SIRSI) initiated at
week 9 to assess psychological readiness as physical de-
mands increased.16:17

At the conclusion of Phase II, the athlete demonstrated
no pain with passive shoulder elevation to 135 degrees, 50
degrees of passive shoulder external and internal rotation
in the scapular plane, 45 degrees of passive shoulder exter-
nal rotation at 90 degrees of abduction, and active shoul-
der forward elevation to 115 degrees. Although the athlete
demonstrated greater available motion during assessment,
passive range of motion exposure was intentionally con-
strained to remain within protocol-defined limits.13 Mini-
mal compensatory movement patterns were observed, sup-
porting advancement to Phase III.

PHASE III: ADVANCED STRENGTHENING PHASE ( WEEKS
12-20)

The goals of Phase III were to maintain mobility gains,
establish baseline RTS testing, and progress strength, en-
durance, and power through increasingly complex move-
ment patterns relevant to collision sport demands. During
this phase, intermittent increases in latissimus dorsi tone
contributing to limitations in overhead motion were ad-
dressed with dry needling, including a session performed

at week 17. Beginning in week 12, BFR training was inten-
tionally discontinued in favor of traditional loading strate-
gies, as the athlete demonstrated tolerance to active range
of motion and resisted exercise beyond early tissue-protec-
tion constraints.18

Progressive strengthening emphasized horizontal push-
ing and pulling, diagonal movement patterns, and gradual
exposure to higher-load tasks. Advancement of horizontal
push and pull exercises was intentionally conservative due
to the athlete’s history of recurrent instability and the pres-
ence of a Buford complex, which informed cautious pro-
gression of anterior and superior glenoid loading. Plyomet-
ric activity was introduced at week 13 using low-amplitude,
bilateral tasks (e.g., push-up claps on wall, medicine ball
chest passes to a rebounder, and tall kneeling shuttle push-
ups [Figure 1C]), with progression guided by movement
quality and symptom response.

At week 12, objective reassessment included repeat dy-
namometry, the PSET, and the addition of the Y-Balance
Test-Upper Quarter (YBT-UQ) and Closed Kinetic Chain
Upper Extremity Stability Test (CKCUEST). Testing identi-
fied mild residual limitations in end-range shoulder mo-
bility and external rotation strength, which informed con-
tinued emphasis on controlled loading and motor control
during this phase.

Following surgeon clearance at week 12, the athlete be-
gan modified participation in team-based strength and con-
ditioning sessions. Engagement with auxiliary rehabilita-
tion sessions outside the clinic was variable due to
scheduling constraints. Despite this, in-clinic performance
demonstrated tolerance to progressive strengthening and
bilateral plyometric activities without symptom provoca-
tion or instability events.

The final documented physical therapy session occurred
at week 17. At that time, repeat functional testing and ad-
vanced bilateral strengthening tasks were performed. Fur-
ther progression toward higher-load and unilateral plyo-
metric activities was deferred due to inconsistent exposure
to structured rehabilitation, with the goal of minimizing
risk during ongoing tissue maturation.
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Table 1. Blood flow restriction training parameters and phase-based exercise progression.
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Key Exercises Key
Phase Exercise Not Exercises .
(Weeks) Category Performed Performed BFR Parameters Load & Progression
with BFR with BFR
UBE
Cane-
GHJ assisted
neuromuscular eccentric
Phase | activation flexion
(3-6) Joint Floor press
centration Triceps
Adjacent joint pulldown
mechanics IR/ER
walkouts
Prone A
STJand GHJ Push-up plus 50-60% LOP; proximal ~40% 1RM; RIR = 3;
neuromuscular
control onwall Scaption arm cuff; 20-25 min 30:15:15:15; load
Early . Quadruped Row total occlusion time progressed if RPE <7/10
Posterior cuff
Phase Il shoulder taps Floor press
(7-9) endurance Ball to Serratus
Introduction e
. stabilization punch
into closed onwall
chain
Dynamic cuff ProneY
loading Prone Bicens curl
Late Functional overhead ER afc)
Phase Il force transfer press neutral
(9-12) Transition to D2 flexion Prone T
conventional Banded ER
strengthening wall flexions

GH]J, glenohumeral joint; STJ, scapulothoracic joint; UBE, upper body ergometer; IR, internal rotation; ER, external rotation; LOP, limb occlusion pressure; RIR, repetitions in reserve;

RPE, rate of perceived exertion. Note. BFR was discontinued after week 12.

PHASE IV: RETURN TO ACTIVITY PHASE (WEEKS 21+)

The goal of Phase IV was to transition the athlete toward
unrestricted participation in football-related activities
while maintaining strength, power, and endurance gains
achieved during earlier phases. Formal physical therapy
services concluded prior to completion of this phase; there-
fore, Phase IV progression occurred primarily through in-
dependent training and team-based strength and condi-
tioning under the supervision of the athletic trainer and
strength and conditioning staff.

At the conclusion of Phase III, the athlete demonstrated
full pain-free range of motion, tolerance to progressive
strengthening, and the ability to perform bilateral plyomet-
ric activities without symptom provocation. Based on these
findings, continued progression toward higher-load, multi-
planar strength and power tasks was recommended, includ-
ing advancement of compound lifting patterns and graded
progressive exposure to unilateral force production and ab-
sorption activities consistent with football demands.

Additional RTS testing, such as upper extremity en-
durance tasks, unilateral power assessments, and reactive
or neurocognitive-based measures, was planned to further
inform return-to-sport decision-making but was not com-
pleted under direct physical therapy supervision.

OUTCOMES

Over the course of rehabilitation, the athlete demonstrated
progressive improvements in shoulder range of motion,
strength, functional performance, and patient-reported
outcomes

RANGE OF MOTION

Passive and active glenohumeral range of motion demon-
strated progressive improvement across the rehabilitation
period (Table 2). Passive motion increased throughout the
protective and intermediate phases, with full or near-full
passive range achieved by Week 12. Active range of motion
progressed in accordance with postoperative restrictions,
with full, pain-free active motion achieved by the conclu-
sion of Phase II (Week 11) and maintained through later
testing intervals.

STRENGTH AND ANTHROPOMETRIC MEASURES

Shoulder strength, assessed via manual muscle testing ini-
tially and later by hand-held dynamometry (ActivForce 2,
ActivForce, USA), demonstrated progressive bilateral im-
provements across testing time points (Table 3). Early
strength testing in protected ranges at Week 6 established
baseline values, followed by measurable increases in shoul-
der flexion, external rotation, internal rotation, and hori-
zontal plane strength by Weeks 9 and 12. Residual asym-
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Table 2. Glenohumeral PROM and AROM values for left shoulder.

Week 3 Week 6 Week 9 Week 12 Week 15
PROM AROM PROM AROM PROM AROM PROM AROM PROM AROM

Flexion 90° 135° 115° 170° 168° 177° 173° 180° 179°

Abduction 110° 158° 145° 168° 153° 168° 162° 175° 175°

Extension 40° 47° 45° 60° 53° 61° 57° 65° 65°
External Rotation at 0° 30° 50° 45° 60° 60°
Internal Rotation at 0° 65° 68° 65° 70° 70°

External Rotation at 90/90° 45° 45° 60° 55° 89° 78° 92° 90°

Internal rotation at 90/90° 68° 65° 70° 65° 71° 65° 78° 70°

Note. Values reported in degrees. PROM = passive range of motion; AROM = active range of motion. Measurements performed in supine. 90°/90° indicates 90° of glenohumeral ab-

duction with 90° of elbow flexion.

Table 3. Isometric strength values, girth and grip strength measurements.

Week 3 Week 6 Week 9 Week 12 Week 15

L R L R L R L R L R
Flex
Seated at 90° 4/5 5/5 21.8 28.3 26.6 30.1 25.8 30.3 30.5 39.5
ER
Seated at 0° 45 /3 ) ) ) ) )
IR
Seated at 0° 45 /5 ) ) ) ) )
ER - - - - 18.3 235 19.4 17.7 17.8 19.4
Prone at 90/90 . ’ ’ ’ ’ :
IR
Prone at 90/90 - - - - 17.4 19.1 35.7 38.6 23.3 32.1
Prone T - - - - 154 20.1 138 15.7 138 13.6
Horizontal ABD : ’ ’ ’ ) )
Prone T variant
Horizontal ADD - - - - 26.3 29.9 27.3 30.0 25.5 24.1
Girth 275 295 | 275 295 276 | 294 | 281 | 298 : :
Forearm (cm)
Girth 340 | 345 365 370 | 368 | 374 | 376 | 377 - -
Biceps (cm)
Grip strength (Ibs) 92 98 107 99 112 111 114 112 - -

Note. Strength values obtained using handheld dynamometry in pounds (Ibs.) unless otherwise indicated. MMT values reported using standard 0-5 grading scale, used at Week 3 due

to postoperative restrictions. ER = external rotation; IR = internal rotation.

metries persisted at later stages, particularly in external
rotation strength at higher abduction angles. Upper ex-
tremity anthropometric measures demonstrated increases
in biceps circumference over time with relatively stable
forearm girth, while grip strength increased bilaterally with
near-symmetrical values achieved by Week 12 (Table 3).

FUNCTIONAL PERFORMANCE

Functional performance testing was initiated at Week 9
with the PSET and expanded at Week 12 to include the YBT-
UQ and CKCUEST. As Table 4 indicates, performance im-
proved between testing intervals, with increased endurance
times and higher repetition counts observed at later assess-
ments. Despite improvement, values at Week 12 remained
below performance levels typically considered sufficient for
unrestricted collision sport participation. Although medial
reach distance increased between Weeks 12 and 15, de-

creases were observed in the superolateral and inferolateral
directions, particularly on the involved side. Testing pro-
cedures were consistent across sessions and performed by
the same examiner; however, these variations may reflect
fatigue effects or differences in training load and schedul-
ing, as sessions frequently occurred following team activ-
ities performed in a limited capacity per surgeon, athletic
training, and physical therapy guidance. While directional
variability was present within the YBT-UQ, improvements
were observed in other functional performance measures,
including the PSET and CKCUEST, supporting overall pro-
gression in functional capacity.

PATIENT-REPORTED OUTCOMES

Patient-reported outcome measures demonstrated consis-
tent improvement throughout rehabilitation (Table 5).
WOSI scores decreased over time, reflecting progressive im-
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Table 4. Functional performance test results.

Week 9 Week 12 Week 15
L R L R L R
PSET (seconds) 54.5 108.6 135.2 1225 - -
YBT-UQ (cm)
Medial - 371 38.1 441 40.5
Superolateral - 23.2 27.5 22.0 20.5
Inferolateral - 38.6 40.7 24.5 313
CKCUEST (number of touches) - 15 24

PSET, Posterior Shoulder Endurance Test; YBT-UQ, Y Balance Test-Upper Quarter; CKCUEST, Closed Kinetic Chain Upper Extremity Stability Test. L, left; R, right.

provements in shoulder-related quality of life, whereas
SIRSI scores increased following initiation at week 9, indi-
cating greater psychological readiness for return to sport.

At the final documented assessment (postoperative
Week 15-17), the athlete reported no shoulder pain or in-
stability symptoms and demonstrated tolerance to progres-
sive strengthening and bilateral plyometric activities. For-
mal physical therapy services concluded at postoperative
week 17 due to transportation limitations, at which time
care transitioned to collaborative management with the
athletic training staff and strength and conditioning coach.
The athlete subsequently received medical clearance at
Week 19, and athletic training staff reported continued off-
season football participation without observed limitations
or reported symptoms.

DISCUSSION

This case report describes the unique presentation, surgical
treatment, postoperative rehabilitation, and RTS progres-
sion in a high school collision sport athlete following
arthroscopic stabilization for recurrent anterior shoulder
instability, including Bankart repair, capsulorrhaphy, and
biceps tenodesis, in the presence of a Buford Complex. Cur-
rent evidence regarding the use of BFR in postoperative up-
per extremity rehabilitation remains limited, particularly in
the presence of anatomical variants such as a Buford com-
plex. Additionally, RTS decision making commonly relies
heavily on time-based progression rather than criterion-
based functional performance measures.!? In this case, the
athlete demonstrated favorable postoperative recovery and
successfully completed a structured rehabilitation program
incorporating BFR and functional testing to support readi-
ness to return to sport at his prior level of participation.
BFR was utilized in this case as a strategy to bridge
early protective phases of rehabilitation with subsequent
loading phases. Several factors informed this decision, in-

Table 5. Psychological readiness measures.

cluding the presence of a Buford complex, the substantial
mechanical demands associated with the athlete’s position
as a football linebacker, and developmental considerations
common in adolescent athletes, such as elevated risk toler-
ance and motivation to return to sport. Collectively, these
factors necessitated an intervention strategy that sup-
ported early muscle activation and muscular adaptation
while maintaining appropriate protection of the surgical re-
pair.

The presence of a Buford complex did not independently
alter the surgical approach in this case; standard arthro-
scopic Bankart repair technique and anchor placement were
utilized, and the variant was managed without modification
to the capsulorrhaphy. However, given that its altered labral
and capsuloligamentous morphology may influence load
distribution and anterior-superior glenoid stability, partic-
ularly in the presence of concomitant traumatic labral in-
jury, this anatomical variant was considered a relevant fac-
tor in guiding rehabilitation progression and early loading
strategies.

Although the overall rehabilitation framework followed
established postoperative guidelines for Bankart repair, the
presence of the Buford complex informed a cautious pro-
gression of anterior loading during early strengthening,
particularly in closed-chain tasks (e.g., push-up progres-
sions).13 This was clinically relevant given the need to bal-
ance early progression toward sport-specific demands (e.g.,
blocking) with protection of the inherently vulnerable an-
terior glenohumeral structures. In this context, BFR pro-
vided a strategy to support early neuromuscular activation
and strength development while minimizing mechanical
stress on the healing capsulolabral complex.

Across the rehabilitation period before discontinuation
of BFR at postoperative week 12, the athlete demonstrated
measurable improvements in shoulder flexion strength,
grip strength, upper extremity girth, and posterior shoulder
endurance, alongside progressive improvements in range

Week 3 Week 6 Week 9 Week 12 Week 15
WOSI (%) 38.6 36.7 33.1 28.1 25.7
SIRSI (%) - - 74.2 82.5 80.1

'WOSI, Western Ontario Shoulder Instability Index; SIRSI, Shoulder Instability - Return to Sport After Injury.
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of motion and patient-reported outcomes. Upper arm cir-
cumference increased over time; however, similar bilateral
changes were observed. As girth measurements may reflect
multiple factors, including overall training adaptations and
measurement variability, these findings should be inter-
preted cautiously and cannot be attributed directly to BFR.
Rather, this case demonstrates that BFR was incorporated
within a broad rehabilitation program during early post-op-
erative recovery, during which a favorable clinical progres-
sion was observed.

Return-to-sport testing for the upper extremity remains
less standardized than for the lower extremity, particularly
for collision sport athletes. Wilk et al. emphasize that
shoulder pathology and sport demands differ substantially
between a macrotraumatic athlete (e.g., football lineback-
ers) versus a microtraumatic athlete (e.g., baseball pitch-
ers), necessitating that functional assessments should be
selected with consideration to sport.8 In this case, func-
tional tests such as the CKCUEST and YBT-UQ were se-
lected to assess horizontal force acceptance, closed chain
stability, and multi-planar control relevant to a football
linebacker. Psychological readiness measures also con-
tributed to RTS decision making, especially given the ath-
lete’s limited verbalization of confidence and perceived
readiness during the rehabilitative process.

This case highlights several clinically relevant consider-
ations, including rehabilitation following a Bankart repair
in the presence of a Buford complex, early integration of
BFR in upper extremity postoperative care, and the use of
criterion and time-based functional testing in a collision
sport athlete. Planned later-stage assessments, including
unilateral power and reactive testing, were not completed
due to early discontinuation of formal physical therapy, but
are presented as examples of how RTS evaluation may be
further expanded in similar populations.

Limitations of this study include the single case design,
which cannot determine cause-and-effect relationships,
and being subject to selection bias. Additionally, late-stage
testing was unable to be performed due to logistical barriers

in transporting the athlete to physical therapy. Despite
these limitations, this case provides a practical example of
integrating BFR and functional performance testing within
postoperative shoulder rehabilitation and supports further
investigation into standardized upper extremity BFR proto-
cols and collision sport-specific RTS frameworks.

CONCLUSION

This case report describes the rehabilitation of a high
school collision sport athlete with a Buford complex
anatomical variation following surgical repair of recurrent
anterior shoulder instability. Early integration of BFR train-
ing was used to support neuromuscular activation and
strength development while respecting postoperative load-
ing constraints, providing a practical example of BFR ap-
plication in upper extremity rehabilitation. Although early
discharge limited completion of later-stage RTS testing,
this case illustrates the use of time and criterion-based
functional and psychological measures to guide progres-
sion toward return to the demands of a collision sport.
Further research is needed to establish standardized upper
extremity BFR protocols and validated RTS testing frame-
works for athletes participating in high-force impact con-
tact sports.
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