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Revision Rotator Cuff Reconstruction  
for Large Tears With Retraction:  
A Novel Technique Using Autogenous  
Tendon and Autologous Marrow
Hillel D. Skoff, MD

Primary rotator cuff repair is a common procedure that 
consistently yields favorable clinical results.1 Revision 
rotator cuff repair and reconstruction yield less consis-

tent clinical results and are associated with a significant inci-
dence of recurrent cuff tearing.2 Possible factors contributing 
to the loss of tissue continuity have included poor quality or 
frank loss of rotator cuff tissue, diminished biological potential 
of the rotator cuff tendon, and excessive mechanical stress on 
or strain of the reconstructive surgical construct.3

I conducted a pilot study involving a technique that ad-
dresses these potential factors, amalgamating several contem-
porary surgical methods with the addition of a novel step: an 
autogenous tendon graft incubated in autologous bone marrow 
concentrate. 

Materials and Methods
Ten consecutive patients (7 men, 3 women) enrolled in this ret-
rospective case series. Mean age at time of surgery was 58 years 
(range, 47-65 years). Mean follow-up was 24 months (range, 
12-44 months), and no patients were lost to follow-up. Mean 

time between original primary repair and current reconstruc-
tion was 36 months (range, 6-120 months). Criteria for enroll-
ment included unremitting shoulder pain, radiographs showing 
no significant degenerative joint disease, magnetic resonance 
imaging confirming a large (3-5 cm) full-thickness rotator cuff 
tear with retraction, and history of prior rotator cuff repair on 
the affected shoulder without associated biceps tenodesis. The 
intraoperative inclusion criterion was direct visualization of a  
3- to 5-cm full-thickness rotator cuff tear with retraction of 
at least 3 cm. Validated Constant, American Shoulder and El-
bow Surgeons (ASES), and University of California Los Angeles 
(UCLA) shoulder scoring systems were used to collect range-of-
motion, pain, strength, daily function, and patient satisfaction 
data before and after surgery. Standard error was calculated. 
Two-sample t test was used for preoperative–postoperative 
comparisons. Postoperative integrity of the rotator cuff recon-
struction was evaluated by an independent full-time academic 
musculoskeletal radiologist using dynamic diagnostic ultra-
sound (iU22 xMatrix Ultrasound System [Philips Healthcare] at 
L 9-3 MHz). Informed consent was obtained from each patient.  
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Revision rotator cuff reconstruction for large tears with re-
traction results in a high rate of recurrent cuff tearing. To try 
to obtain more consistent results, I conducted a study of 
a technique that addresses the potential factors involved.

Ten patients (7 men, 3 women) were enrolled. Mean age 
was 58 years. Mean follow-up was 24 months. Mean time 
between primary and revision cuff surgery was 36 months. 
The cardinal inclusion criterion was a symptomatic, full-
thickness rotator cuff tear with at least 3 cm of retraction 
in a shoulder that previously underwent rotator cuff repair. 
Ultrasound was used for postoperative radiographic as-
sessment of cuff integrity. Validated Constant, American 
Shoulder and Elbow Surgeons (ASES), and University of 

California Los Angeles (UCLA) shoulder scoring systems 
were used. Surgical technique included mini-open inci-
sion, adequate débridement and mobilization of remaining 
cuff, reconstitution of cuff defect with autogenous biceps 
tendon incubated in concentrated autologous bone mar-
row, and sewing under zero tissue tension.

Constant, ASES, and UCLA scores improved signifi-
cantly (standard error at .001). Ultrasound revealed 0% 
incidence of full-thickness rotator cuff retearing. 

In patients with large recurrent retracted rotator cuff 
tears the technique presented in the current study con-
sistently yields satisfactory clinical results and promotes 
rotator cuff tissue healing without full-thickness retearing. 
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The study was approved by institutional review board.
After induction of general anesthesia, each patient was 

placed in the lateral decubitus position. Bone marrow (60 mL) 
was aspirated through a 14-gauge needle from a dorsal iliac 
table, just inferior to the iliac crest (Figure 1). The patient was 
then placed into the beach-chair position on a surgical shoul-
der table. The aspirated marrow was centrifuged at 2800 and 
3800 rpm for 14 to 17 minutes (Magellan Autologous Platelet 
Separator; Arteriocyte Medical Systems) to yield 10 mL of a 
concentrated (4- to 5-fold) mixture of platelet-rich plasma 
(PRP) and mesenchymal stem cells. Surgery was performed 
through a 3-cm oblique anterior mini-open incision between 
the anterior corner of the acromion and the coracoid process, 
as I previously described.4 The deltoid muscle was split, not 
detached. Acromioplasty and release of the coracoacromial 
ligament were performed. The rotator cuff was inspected un-
der ×4.5 optical magnification. The cuff tissue was mobilized 
and débrided back to a healthy-appearing margin. The size 
and shape of the rotator cuff defect were then estimated. The 
long head of the biceps was harvested from its origin just 
distal to the superior glenoid labrum unto the intertubercular 
sulcus on the proximal humerus. The remainder of the biceps 
tendon was tenodesed to the surgical neck of the humerus. 
The biceps tendon graft was then manipulated and fashioned 

(by longitudinal partial-thickness incision and expansion) 
to fit the cuff defect (Figures 2, 3). The expanded graft was 
incubated in the concentrated marrow (10 mL) for 60 minutes 
(Figure 4). Débridement at the base of the greater tuberosity 
down to bleeding cancellous bone was followed by inser-
tion of multiple bone anchors bearing several strands of No. 
2 synthetic suture. These strands were then passed through 

Figure 1. Aspiration of iliac marrow from dorsal table with 
14-gauge needle.

Figure 3. Further splaying of biceps tendon to transform shape 
from cylindrical to flat.

Figure 2. Harvested proximal biceps tendon graft longitudinally 
split 50%.

Figure 4. Processed tendon graft immersed in concentrated 
marrow.

Figure 5. Tendon graft with suture strands from bone anchors at 
greater tuberosity.
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the biceps tendon graft for secure fixation (Figure 5). The 
débrided end of the rotator cuff was then sewn to the biceps 
tendon graft using locking stitches under zero tissue tension 
with the arm in full adduction. The free end of the graft was 
sewn to the subscapularis tendon (Figure 6). The remaining 
marrow concentrate was injected both deep and superficial 
to the rotator cuff construct. No additional wound irrigation 
fluid was injected or suction drain inserted. After surgery, the 
patient was placed into an abduction pillow for 1 month and 
then engaged in passive motion for 1 month. Active-assisted 
motion began 3 months after surgery.

Results
Clinically, all patients improved with respect to pain, motion, 
strength, function, and satisfaction by virtue of the reconstruc-
tive surgery. After surgery, mean Constant score was increased, 
from 13 to 71 (P < .001). Mean ASES score increased from 
18 to 75 (P < .001). Mean UCLA score increased from 4 to 
28 (P < .001) (Table). Ultrasound showed 0% incidence of 
full-thickness retearing. Dynamic scanning during abduction 
showed maintained reduction of the humeral head within the 
glenoid socket; superior subluxation of the humeral head was 
not detected. The biceps tendon graft was continuous with 
the rotator cuff tendon, indicative of graft integration: tissue 

healing at the graft–bone and graft–tendon interfaces (Figures 
7, 8). There were no intraoperative or postoperative patient-
related complications. 

Discussion
Primary rotator cuff surgery is beneficial.5 Irrespective of tech-
nique, open versus arthroscopic,6 single- versus double-row re-
pair,7 the clinical results have been satisfactory.8 Nevertheless, 
the “tissue failure” rate of rotator cuff surgery (full-thickness 
discontinuity of rotator cuff) has been as high as 31% in pri-
mary repairs.9 In revision rotator cuff repair and reconstruc-
tion, the radiographic tissue failure rate has been even higher, 
particularly in the setting of chronic large tears with retrac-
tion, with tissue failure rates up to 91%.10 Although small to 
medium full-thickness tears and retears are well tolerated by 
patients with reduced activity levels,11 and pain symptoms 
do not necessarily correlate with rotator cuff tear size,12 large 
retracted full-thickness tears in active patients seldom result in 
optimal clinical outcomes or patient satisfaction.13,14 In addi-
tion, although recurrent tearing does not preclude a satisfactory 
clinical result, maintenance of cuff tissue integrity tends to 
produce a better objective clinical score and a more desirable 
clinical outcome.2

Few evidence-based restorative solutions exist for large 

Figure 6. Essential elements of graft processing and insertion.

Figure 7. Shoulder ultrasound at 12-month follow-up shows intact 
biceps graft in continuity with rotator cuff.

Figure 8. Shoulder ultrasound at 44-month follow-up shows 
excellent tissue integration of biceps graft.
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recurrent rotator cuff tears with retraction in active non
geriatric patients.15 The no-treatment option in this context 
may result in gradual enlargement of the tear, chronic pain, 
weakness, and progressive degeneration of the glenohumeral 
joint and acromiohumeral confluence—so-called rotator cuff 
arthropathy, for which reverse total shoulder arthroplasty is 
required.16,17 Partial repair of a large rotator cuff tear by margin 
convergence, interval slide, split deltoid flap, or nonanatomi-
cal reinsertion may improve clinical outcome scores but may 
not alter or prevent the progressive degenerative changes as-
sociated with rotator cuff arthropathy.18,19 Synthetic scaffolds 
with and without biological enhancement have been used 
with varying degrees of success, particularly pain improve-
ment and tissue integration.20 Nevertheless, the failure rate 
has been reported to be 17% to 51%,21 and no evidence exists 
that allograft augmentation improves functional outcomes.22 
Tendon transfer using the latissimus dorsi has also proved to 
be a surgical alternative in younger, active patients.23 However, 
dissection in this procedure is a major undertaking for both 
surgeon and patient—compared with the minimally invasive 
technique used in the present study.24

I selected a cohort of active, symptomatic patients for ap-
plication of a synthesis of accepted surgical techniques through 
a mini-open incision in order to improve the reliability of the 
surgical construct while minimizing surgical morbidity. Dé-
bridement of marginal tissue, safe mobilization of remaining 
cuff, and tension-free suture line using locking sutures maxi-
mized the mechanical strength of the construct.25,26 Biological 
enhancement with autogenous tissue (the patient’s own biceps 
tendon) as graft material (scaffolding), as well as autologous 
concentrated marrow delivering viable responding cells and 
chemokine/cytokine biofactors, increased the probability of 

reparative activity at the graft site.27 The net effect was consis-
tent tissue healing at a biologically challenging locus. Nonen-
hanced biceps tendon grafting in the setting of “irreparable” 
primary rotator cuff repair has had a 40-year history of or-
thopedic utility and an excellent record of clinical success.28 
Nevertheless, the retear rate has been 7% to 30%.29 There are 
no previous reports of biologically enhanced autogenous bi-
ceps tendon grafting for reconstruction of a torn rotator cuff, 
either primary or in the setting of chronic revision surgery.

Previous well-designed PRP enhancement studies in the 
context of primary rotator cuff repair failed to demonstrate a 
consistent benefit with concentrated platelet-only augmenta-
tion.30,31 The shared experimental design of these published 
studies used intra-articular injection as the sole delivery meth-
od without guarantee that the injected platelets would migrate, 
adhere to, and persist at the intended destination, the healing 
edge of the rotator cuff. In the present study, extended expo-
sure of the splayed tendon graft by incubation in concentrated 
marrow was specifically designed to increase the probability 
that biologically active components would settle at the de-
sired location by cellular seeding and plasmatic imbibition.32 
Furthermore, use of PRP for growth factor (platelet-derived, 
PDGF; basic fibroblast, bFGF; transforming, TGF-β; epidermal, 
EGF; vascular endothelial, VEGF; connective tissue, CTGF) 
therapy, in addition to pluripotential mesenchymal cells for 
marrow-derived stem cell therapy, is in theory biologically 
superior to use of PRP alone.33,34

The recent expansion of information about biologics has 
generated much interest in augmentation of soft-tissue healing. 
Unfortunately, the optimal technique of using cellular process-
ing to upregulate stem-cell capacity at the graft interface is yet 
to be defined.35 Clinical studies using PRP and related products 

Table. Patient Data and Results

Pt Age, y Sex
Follow-Up,a

mo
Time 1-2,b

mo
MRI

Before Revision

Score

Ultrasound  
After Revision

Constant
Pre/Post,

0-100

UCLA
Pre/Post,

0-35

ASES
Pre/Post,

0-100

1 64 F 24 21  No FA 4/64 2/26 13/67 No FTT

2 59 M 38 12 No FA 7/60 0/21 37/74 No FTT

3 52 M 44 120 No FA 14/65 0/23 8/50  No FTT

4 62 M 19 28 Mild FA IS 21/63 3/28 12/68 No FTT

5 65 M 13 72 Mild FA SS 23/80 6/33 28/92 No FTT

6 48 M 27 6  No FA 10/78 5/27 16/80 No FTT

7 64 F 21 20 No FA 17/83 10/33 26/90 No FTT

8 64 M 19 50 FA 14/78 7/34 21/91 No FTT

9 57 F 12 6  No FA 8/71 2/26 3/68 No FTT

10 47 M 25 25  No FA 12/65 4/27 19/72 No FTT

Abbreviations: ASES, American Shoulder and Elbow Surgeons Standardized Shoulder Assessment Form; FA, fatty atrophy of rotator cuff muscles; FTT, full-thickness tear of rotator cuff 
tendons; IS, infraspinatus; MRI, magnetic resonance imaging; SS, supraspinatus; UCLA, University of California Los Angeles Shoulder Rating Scale.
aTime between revision surgery and study.
bTime between first and second rotator cuff procedures.
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to promote tendon healing have been both inconsistent and 
contradictory with respect to benefit of outcome. As we have 
been unable to harness the biological potential of this medium, 
application of biologics in contemporary clinical orthopedics 
remains narrow, random, and infrequent. The technique pre-
sented in this clinical series appears to be a small advancement 
in a positive direction. The described construct provides a 
starting point for study, combining mechanical as well as bio-
logical steps to promote rotator cuff healing. The consistency 
of the outcome in a clinical model in which retearing is an 
expectation rather than an exception is noteworthy. The zero 
tissue failure rate at 1 to 4 years, compared with the literature 
values in similar patient cohorts, is very promising.36 The clini-
cal outcome as measured by validated shoulder scores is also 
comparable to literature outcome values.19 Also noteworthy is 
the dynamic stability the construct gives to the glenohumeral 
joint. Ideally, the reconstructed rotator cuff provides active 
force coupling with the deltoid, simulating normal shoulder 
biomechanics. At a minimum, the reconstructed cuff provides 
a viable passive barrier to superior migration of the humeral 
head—thus supporting the mechanical efficiency of the deltoid 
and preventing rotator cuff arthropathy.

This study’s small sample (10 patients) puts its conclusions 
at risk for type I statistical error, in that too few patients were 
examined over a long enough period to demonstrate failure. 
Nevertheless, retears typically occur within 6 months of re-
pair.37,38 Therefore, minimum follow-up of 1 year was deemed 
sufficient. None of the 10 patients had diabetes or another 
chronic comorbidity. Nine of the 10 had either no or only mild 
preoperative fatty atrophy of the rotator cuff muscles. Eight of 
the 10 were nonsmokers. These factors, which suggest optimal 
surgical candidates, may prove to be significant as the clinical 
series expands over time. Incubation of the autogenous biceps 
graft in concentrated marrow for 60 minutes was arbitrarily 
chosen. In future in vitro examination, marrow cell viability 
as a function of incubation time will be assessed.

Conclusion
In active, middle-aged patients with chronic recurrent large 
retracted rotator cuff tears, the technique presented here, us-
ing autogenous biceps tendon and autologous concentrated 
marrow containing PRP and mesenchymal cells, consistently 
yielded satisfactory clinical results and promoted rotator cuff 
tissue healing without full-thickness retearing.
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