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Background: Despite the optimization of biomechanical and patient factors in the setting of rotator cuff
repair (RCR), postoperative retear rates remain high in many series reported in the literature. Preclinical
studies have suggested bone marrow stimulation (BMS) at the rotator cuff footprint may reduce the rate
of retear after RCR. The objective of this meta-analysis was to analyze the clinical evidence investigating
the effect of arthroscopic RCR, with and without BMS, on rotator cuff healing and functional outcomes.
Methods: PubMed, MEDLINE, Embase, and the Cochrane Library were searched through December 2017.
Two reviewers selected studies based on the inclusion criteria and assessed methodologic quality. Pooled
analyses were performed for continuous and binomial variables where appropriate.
Results: Four studies (365 patients), including 2 Level I randomized controlled trials and 2 Level III ret-
rospective comparative cohort studies were included. There was no statistical difference in the Disabilities
of the Arm, Shoulder and Hand score, University of California Los Angeles Shoulder Rating Scale score, or
the Constant score between the BMS and conventional repair groups. The pooled retear rates were 18.4%
(28 of 152) and 31.8% (56 of 176) for patients treated with and without BMS, respectively. The pooled anal-
ysis of rotator cuff retear rates from the 4 studies (328 patients) showed a statistically significant difference
favoring BMS over conventional repair (odds ratio, 0.42; 95% confidence interval, 0.25-0.73; P = .002; I2 = 0%).
Conclusion: BMS reduces the retear rate after RCR but shows no difference in functional outcomes com-
pared with conventional repair. This study provides evidence for the use of BMS as a potential cost-
effective biological approach toward improving rotator cuff healing.
Level of evidence: Level III; Systematic Review/Meta-analysis
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Rotator cuff tears are common shoulder pathologies that
occur more frequently with age87 and typically undergo sur-
gical intervention when conservative therapy fails.59

Arthroscopic rotator cuff repair (RCR) continues to be the
preferred method for many surgeons because it preserves the
deltoid muscle, improves mobilization, and decreases post-
operative scarring, stiffness, and pain.7,47,83,86 However, despite
the satisfactory-to-high clinical success with arthroscopic
RCR24,68,86 and the recent advances in biomechanical con-
structs for tendon fixation,50,60,78 recurrent tearing of the rotator
cuff remains a persistent problem.

Rotator cuff retear rates have historically ranged between
5% and 40% for small- to medium-sized tears and as high
as 40% to 94% for large- to massive-sized tears,9,11,33,44,78,89

depending on surgical technique.40 Higher retear rates have
been associated with older age,10,54 larger tear size,54,93,94 sig-
nificant fatty infiltration,35,54 muscle atrophy,1 presence of
comorbidities,1,23 and the use of a single-row technique.1,27,29

Considering that retear rates remain a substantial con-
founder of outcomes after RCR,78 exploring alternative
strategies to enhancing structural healing is important.

One approach to enhance tendon-to-bone healing that is
gaining popularity among surgeons is biological augmenta-
tion, which includes the use of platelet-rich plasma (PRP)
injections, growth factors, and mesenchymal stem cells
(MSCs), including adipose-derived MSCs and bone marrow
(BM) aspirate concentrate.36,56,66 Among these, MSCs have
received significant attention due to their potential clinical
application in tendon repair and regeneration by influencing
the biological environment through producing an array of
bioactive molecules that stimulate angiogenesis, regenera-
tion, cellular recruitment, remodelling, immune cell activation
or suppression, and inhibit apoptosis.12,18,28,37,48,58 However,
access to exogenous MSCs remains limited in most coun-
tries due to ongoing clinical investigation and stringent
regulatory requirements.

Despite being in the early stages of clinical application,
studies administering BM aspirate concentrate and adipose-
derived MSCs for RCR have indicated favorable patient-
reported outcomes and structural healing.41,52,53 Further studies
are needed to better understand the long-term effect of these
biological agents. Although evidence is conflicting, several
systematic reviews17,81,84 have demonstrated that PRP may
reduce retear rates after RCR, specifically for small to medium
tears17,20,72,81; however, this approach has not been found to
be cost-effective.73,81

BM stimulation (BMS) is known to be an effective in situ
modality to treat chondral lesions in the knee and ankle.22,64,77

BMS is believed to provide for the egress of marrow ele-
ments containing cytokines, growth factors, and possibly a
limited number of MSCs, which form a surgically induced
super clot that may enrich the local biological healing
milieu.19,63,76,85 In the context of RCR, previous studies using
BMS in animal models8,49 have consistently shown in-
creased ultimate load to failure in RCR, indicating that BMS
may be a simple, yet effective technique to promote tendon-

to-bone healing. In addition, there are conflicting clinical results
regarding the effectiveness of BMS at improving healing and
outcomes after RCR.27,46,61,89

The primary aim of this study was to identify, summa-
rize, and synthesize the currently available clinical data on
BMS treatment for primary arthroscopic RCR. We hypoth-
esized that applying BMS at the footprint during RCR would
significantly lower retear rates and result in similar function-
al outcomes compared with conventional RCR without BMS.

Materials and methods

Literature search

A systematic search was conducted in the electronic databases
MEDLINE, Embase, PubMed, Cochrane Central Register of Con-
trolled Trials, and www.clinicaltrials.gov for completed comparative
randomized controlled trials (RCTs) and cohort studies during the
first week of December 2017. Additional screening of poster pre-
sentations and abstracts from the American Academy of Orthopaedic
Surgeons (AAOS) and the Canadian Orthopaedic Association (COA)
were also reviewed for any relevant unpublished studies. This sys-
tematic search was performed using a text-based search strategy with
the following keyword combinations: [rotator cuff repair or rotator
cuff tear] and [microfracture or bone-marrow stimulation]. We re-
stricted our search strategy to only human studies; however, no
language or publication date restrictions were applied. References
of all included studies were manually cross-referenced by the primary
author (J.C.) for further review to ensure search completeness of
relevant studies not located in the original systematic search. This
literature search was also repeated on several occasions over the course
of manuscript preparation to ensure no new eligible studies were
available.

Eligibility criteria

We identified and included all studies that fulfilled the following
inclusion criteria: (1) published studies that were randomized trials
or prospective and retrospective cohort studies (Level I-III) with a
comparative control group that reported clinical outcomes after
primary arthroscopic repair of a full-thickness rotator cuff tear; (2)
used the BMS technique in one of the respective study groups; (3)
a minimum clinical follow-up of 12 months; and (4) patients aged
18 years or older. We excluded case studies, review, and basic science
articles that did not report patient-specific clinical outcomes. Studies
in which RCR was completed as a revision procedure were also
excluded.

Study selection

The primary author scanned through the title and abstracts of all
the articles that were generated by the literature search. After du-
plicates were removed, 2 independent reviewers (P.A. and M.A.)
assessed the remaining studies to determine their eligibility based
on the inclusion criteria. If any uncertainty of study eligibility was
encountered, the study was included until the full-text review could
be performed from each independent reviewer to determine eligi-
bility. Any disagreement during the full-text review was resolved
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by discussion between the 2 reviewers until a final consensus was
reached. The titles of journals and names of authors or supporting
institutions were not blinded for any reviewer at any screening stage.

Data extraction and management

Two independent reviewers (P.A. and M.A.) extracted general study
information (author, year of publication, study design, and level of
evidence), population demographic data (sample size, mean age, and
sex), follow-up data (mean duration, rate, and number of patients
lost to follow-up), surgical intervention information (anchors used,
surgical procedures performed, and BMS protocol), results (outcome
measures and complications), and study weaknesses. In cases where
additional study data were required from the respective study that
was not published in the manuscript, the corresponding author was
contacted. Data pertaining to retear rates and patient-reported func-
tional outcome measures from all available studies were imported
into RevMan 5.3 meta-analysis software (The Cochrane Collabo-
ration, Oxford, United Kingdom) for statistical pooling and analysis.

Methodologic quality assessment of included
studies

The methodologic quality of all included studies was assessed and
reviewed by 2 independent reviewers. The CLEAR-NPT (Check-
list to Evaluate a Report of a Non-Pharmacological Trial), a validated
10-element checklist, was used to assess the methodologic quality
of RCTs.15 The higher the score obtained from a respective study
with CLEAR-NPT was indicative of a higher methodologic study
quality. MINORS (Methodologic Index for Non-Randomized Studies)
a 12-item criteria, was used to determine the risk of bias for the in-
cluded nonrandomized comparative studies.75 The global ideal score
from the MINORS criteria for comparative studies is 24, which rep-
resents a low risk of bias and is given the grade letter A. Scores
ranging from >20 to <24 are also considered to have a low risk of
bias, but are graded as B. Lastly, a score that is ≤20 is considered
to have high risk of bias and is graded as C.

Outcomes

The outcomes of interest for this study were rotator cuff retear rates
(as evaluated by magnetic resonance imaging, ultrasound, or com-
puted tomography arthrography) and functional outcome measures,
including the Disabilities of the Arm, Shoulder, and Hand Ques-
tionnaire (DASH),6,26 University of California, Los Angeles Shoulder
Rating Scale (UCLA),2 Constant-Murley outcome score,25 Penn-
sylvania Shoulder Score,55 visual analog scale,13,39 Simple Shoulder
Test,34 American Shoulder and Elbow Surgeons Score,61 and the
Shoulder Pain and Disability Index,16,57 all at the latest follow-up.

Statistical analysis

For continuous outcomes, the mean difference was obtained and cal-
culated from the inverse variance method. When the standard deviation
was not provided for specific continuous outcomes, the correspond-
ing author from the respective article was contacted to obtain the
possible raw data. If there was no response from the author and the
appropriate statistical range was provided, then the standard devi-
ation was calculated to impute these values from a well-established

statistical formula described by Hozo et al.43 For dichotomous out-
comes, the odds ratio (OR) was calculated using the Cochran-
Mantel-Haenzel method.

For all outcome variables, we tested heterogeneity between studies
using a standard χ2 test, and the calculation of an I2 statistic42 was
used to quantify heterogeneity. A fixed-effects model was used to
pool results from comparable studies in the absence of significant
heterogeneity (I2 < 50%), and the random-effects model was used
to pool results when significant heterogeneity was present (I2 > 50%).
We calculated 95% confidence intervals (CI) from all point esti-
mates, and a P value of <.05 was considered statically significant
for all outcome measures.

Results

Literature search

The results of our systematic search and the number of studies
excluded at each stage are outlined in Fig. 1. After title and
abstract screening, 8 articles remained eligible for full-text
review. Of these 8 studies, 4 were excluded, and 2 authors
(P.A. and M.A.) independently reviewed the remaining 4
studies45,62,67,79 that met the inclusion criteria for this study.
This included 2 RCTs (Level I)62,67 and 2 retrospective com-
parative cohort studies (Level III).45,79

General study characteristics

The 4 studies45,62,67,79 comprised 365 patients, of whom 197
(54%) were men. A total of 164 patients received BMS along
with conventional RCR, whereas 201 patients only received
conventional RCR. The frequency-weighted age of the pa-
tients across all studies was 61.7 years (range, 58.8-64.7 years).
The overall median clinical follow-up period for all studies
was 27 months (range, 12-36 months). Complete clinical and
imaging follow-up was reported in 328 of 365 patients, with
an overall follow-up rate of 90% from all included
studies.45,62,67,79

Three studies45,62,67 reported an average duration of symp-
toms preceding surgery of 20.1 months (range, 12.5-26.2
months) for the BMS group and 17.5 months (range, 13-
22.3 months) for the conventional group. A single-row
technique was used to treat 134 patients, and a double-row
technique was used in 231 patients.45,62,67,79 Among patients
undergoing BMS, 101 of 231 (44%) received a double-row/
transosseous equivalent repair,45,79 and 63 of 134 (47%) were
treated with single-row repairs.45,62,67 In the conventional repair
group, 130 of 231 (56%) and 71 of 134 (53%) received double-
row/transosseous equivalent and single-row repair,
respectively.45,62,67,79

Rotator cuff tear diagnosis and severity

The rotator cuff tear size was recorded in 345,62,79 of the 4 studies
using the Cofield classification45,79 or the Patte classification62

of rotator cuff tear retraction (frontal plane) grading system.
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Two45,62 studies included patients with small, medium, large,
or massive rotator cuff tears, and 1 study79 excluded pa-
tients with small rotator cuff tears due to the use of the
arthroscopic surface holding technique. Therefore, the number
of patients with small, medium, and large to massive tears
were 6.6% (9 of 136), 56.6% (77 of 136), and 36.8% (50 of
136), respectively, in the BMS group. Conversely, the number
of small, medium, and large to massive tears in the conven-
tional group was 6.4% (11 of 172), 53% (91 of 172), and
40.6% (70 of 172), respectively. Although 3 studies45,62,79 re-
corded fatty infiltration, only 2 studies45,62 clearly reported it
for each group as evaluated by the Goutallier grading system.
Collectively, from these 2 studies, fatty infiltration did not
differ significantly between the BMS group and convention-
al repair group.

Concomitant procedures

Additional surgical procedures that were performed along-
side RCR were reported in 4 of the 5 studies.45,62,67,79 Treatment

procedures for any long head of the biceps (LHB) patholo-
gy were reported in 2 of the 4 studies.62,67 Osti et al56 performed
a LHB tenotomy in all instances, whereas Milano et al62 ad-
dressed the treatment of the LHB in relation to the patient’s
age, with patients aged 60 years and older receiving a biceps
tenotomy and those younger than 60 years receiving a teno-
desis. Acromioplasty was performed in patients in 245,79 of
the 4 studies. Specifically, Jo et al45 indicated that 26.5% (15
of 57) of BMS patients received an acromioplasty com-
pared with 73.1% (49 of 67) in the conventional group.

Rotator cuff retear classification and outcomes
reported

All included studies45,62,67,79 reported the retear rate, which was
measured by magnetic resonance imaging and the Sugaya
classification62,67,79 or computed tomography arthrography and
the Boileau grading system,45 to describe the incidence and
severity of rotator cuff retear. However, Jo et al45 used the
combination of magnetic resonance imaging or computed

Figure 1 Search strategy results.
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tomography arthrography to report the incidence of retear rates.
The most commonly reported shoulder-specific functional
outcome measures used across all studies were the Constant-
Murley score,45,62,67 DASH score,45,62 UCLA score,45,67 visual
analog scale,45,67 and the American Shoulder and Elbow Sur-
geons Score.45,67

Study methodologic quality

Quality appraisal of the 2 included RCTs62,67 found that both
RCTs attained a good score ranging between 7 and 9 of 10
according to the CLEAR-NPT checklist. In general, se-
quence generation was reported in both RCTs; however,
allocation concealment was inadequate in the study by Osti
et al.67 Surgical experience and skill level was appropriate in
both trials. In one of the trials,67 patient blinding was not ad-
equate, and given the nature of the intervention, the treating
surgeon could not be blinded for both trials.62,67 However, both
RCTs reported that the clinical outcome assessor was blinded
during all assessments. Lastly, both trials failed to state whether
an intention-to-treat analysis was performed.

The 2 nonrandomized studies45,79 were given the grade letter
C as evaluated by the MINORS criteria, indicating a high risk
of bias and poor to moderate study quality. Specifically, both
studies provided a clearly stated aim, end points of the study,
adequate statistical analysis of outcomes, appropriate follow-
up periods, and sufficient control groups.45,79 However, both
studies failed to perform a prospective study calculation of
sample size and did not refer to the use of an unbiased outcome
assessor.45,79 The study by Jo et al45 also failed to collect study
data prospectively. Overall, the 2 nonrandomized studies45,79

received a score of 17 of 19 of a possible 24.

BMS technique

Two different BMS techniques, microfracture62,67,79 and mul-
tiple channeling,45 were applied across the 5 included studies.
These 2 techniques differed in the surgical instrumentation
used to induce BM venting and in the depth and associated
measurements of BM vents (Table I).

Outcomes

Retear rates
The pooled retear rate at a minimum of 12 months postop-
eratively (range, 12-36 months) for all patients across the 4
included studies45,62,67,79 was 25.6% (84 of 328). The pooled
retear rates were 18.4% (28 of 152) and 31.8% (56 of 176)
for patients treated with BMS and those treated without, re-
spectively. A meta-analysis of the 4 included studies (328
patients)45,62,67,79 indicated a statistically significant differ-
ence in the overall retear rate that favored BMS (OR, 0.42;
95% CI, 0.25-0.73; P = .002, I2 = 0%; Fig. 2, A). When pooling
the 2 nonrandomized studies (198 patients)45,79 alone, sensi-
tivity analysis indicated a statistically significant difference
in the retear rate favoring BMS (OR, 0.33; 95% CI, 0.16-
0.69; P = .003, I2 = 0%). However, sensitivity analysis showed
no significant difference in the overall retear rate when the
results from the 2 randomized studies62,67 (130 patients) were
pooled alone (OR, 0.60; 95% CI, 0.26-1.39; P = .23, I2 = 0%].

Shoulder-specific functional outcomes
Only the Constant-Murley score, UCLA score, and DASH
score were eligible for statistical pooling. A meta-analysis of
the Constant-Murley score45,62,67 in patients treated with or
without BMS showed no statistical difference between the
2 groups (3 studies [254 patients]; mean difference, 1.18; 95%
CI, –1.63 to 3.99; P = .41, I2 = 0%; Fig. 2, B). A pooled anal-
ysis of the UCLA score45,67 between patients treated with and
without BMS also demonstrated no statistical difference (2
studies [181 patients]; mean difference, 0.38; 95% CI, –1.08
to 1.84; P = .61, I2 = 0%; Fig. 2, D). In addition, there was
no statistical difference between the 2 groups in the DASH
score45,62 (2 studies [197 patients]; mean difference, –2.57;
95% CI, –7.50 to 2.35; P = .31, I2 = 0%; Fig. 2, C).

Discussion

The main finding from this study was that BMS performed
in the setting of primary arthroscopic RCR significantly
reduces the rate of retear at a minimum of 1 year after surgery.
Consistent with our hypothesis, there were no statistically sig-
nificant differences in patient-reported functional outcomes
as measured by the Constant-Murley, DASH, and UCLA
scores among patients treated with and without BMS after
RCR. This is also consistent with the literature regarding PRP,
where lower retear rates have been observed in the context
of small to medium tears17,20,72,81 and no detectable differ-
ences in shoulder-specific functional outcomes.17,20,32,91,92

Recurrent tearing after RCT remains a frequent surgical
issue. Our findings demonstrated that patients receiving BMS
had significantly lower retear rates (18.4%) than patients treated
with conventional repair only (31.8%). Concurring with our
clinical findings, several animal-based models have also shown
increased rotator cuff healing rates when applying BMS.8,49

Furthermore, a previous study conducted by Yoon et al90 that
included 75 patients demonstrated significantly lower retear

Table I Description of bone marrow stimulation technique
within each study

Study Bone marrow stimulation technique

Milano62 • Used an awl for microfractures
• 5 mm deep, 1.5 mm wide, 4 mm apart

Taniguchi79 • Used a metal bar for microfractures
• 3 mm wide, 3-5 mm apart

Osti67 • Used an awl for microfractures
• 2-4 mm deep, 3-4 mm apart

Jo45 • Used a rasp for multiple channeling
• 10 mm deep, 2.1 mm wide, 4-5 mm apart
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rates in patients undergoing BMS with combined patch aug-
mentation (19%) compared with patients receiving
conventional repair only (46.3%). Dierckman et al27 re-
ported a low retear rate of 9% among 52 patients undergoing
BMS with RCR, but their study was retrospective and lacked
a control group.

Although BMS reduces retear rates by enhancing tendon-
to-bone healing, this failed to improve functional
outcomes.45,62,67 The overall effect of failure of rotator cuff
healing on functional outcomes remains poorly quantified and
understood. Previous studies reported a poor correlation
between retearing and clinical outcomes.3,21 However, most

Figure 2 Forest plots illustrate the results of the pooled analysis for (A) bone marrow stimulation (BMS) vs. no BMS for retear rates, (B)
Constant score, (C) Disabilities of the Arm, Shoulder and Hand (DASH) score, and (D) University of California Los Angeles (UCLA) Shoul-
der Rating Scale score. The ■ indicate the mean difference and are proportional to the weights used in the meta-analysis, and the ―

indicate the 95% confidence interval (CI). The ◆ indicates the weighted mean difference, and the lateral tips of the diamond indicate the
associated 95% confidence interval (CI). IV, inverse variance; M-H, Mantel-Haenszel.
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recent clinical studies have reported that clinical outcome at
a minimum of 2 years of follow-up is significantly im-
proved in patients with intact rotator cuff tendons.5,38,51,74,78

A more recent meta-analysis88 including 29 studies further
concluded that patients with recurrent tearing exhibited sig-
nificantly lower functional outcomes irrespective of the surgical
technique used. Although our review did not find superior func-
tional outcomes with BMS, it is possible that longer-term
outcomes would be improved with long-term follow-up due
to the improved structural integrity associated with BMS
application.

The rationale behind the enhanced tendon-to-bone healing
associated with BMS application is possibly due to in-
creased excretion of healing elements, including the influx
of fibroblasts80 and the migration of MSCs,45,49 from the
proximal humerus to the bone-tendon interface of the re-
paired rotator cuff tendon. Complementary flow cytometry
analysis conducted by Jo et al45 confirmed that the cells
recruited at the RCR site after BMS were consistent
with the MSC phenotype because CD73, CD90, and
CD105 were positively expressed, but CD45 was negative-
ly expressed.

Growth factors that are present in the BM can mitigate in-
flammation, enhance tissue remodeling, and may induce an
angiogenic effect, which has the potential to improve phys-
iological healing.65 PRP is a new biological therapy that
contains an array of growth factors that are essential for the
enthesis healing process, including transforming growth factor-
β, vascular endothelial growth factor, basic fibroblast growth
factor, insulin growth factor 1 and 2, connective tissue
growth factor, platelet-derived growth factor, and epidermal
growth factor.4,14,31,71 However, the conflicting clinical evi-
dence and high associated costs,73,81 coupled with the
uncertainty regarding the dose, location, and timing of ad-
ministration, make PRP difficult to implement and impractical.
Several studies have concluded that PRP application is safe
and effective17,69,70; however, most recent studies have con-
sistently shown that PRP injections do not significantly improve
shoulder-specific outcomes17,20,32,91,92 or overall retear rates30,82,92

but may be beneficial in reducing retears of small- to medium-
sized tears after arthroscopic RCR.17,20,72,81 However, using PRP
has been shown to be cost-ineffective.73,81

Alternatively, the in situ delivery of MSCs induced by BMS
offers a feasible surgical solution to augmenting rotator cuff
healing. Drilling BM vents is a quick and simple surgical tech-
nique to potentially increase healing success without the risk
of additional complications. Importantly, this technique also
potentially limits operative costs and does not compromise
postoperative recovery. With the foreseen availability of a
variety of biological augmentation modalities that may be as-
sociated with high costs and increased risk of complications,
we believe that the results of this review provide convinc-
ing evidence that BMS is an important strategy for enhancing
RCR healing postoperatively.

To our knowledge, this is the first systematic review and
meta-analysis that has investigated BMS in the context of RCR.

The strength of this study is that all of the included studies,
which comprised Level I to III evidence, reported retear rates
using cross-sectional imaging.

However, this meta-analysis also has several limitations.
First, given that only 4 studies were available for inclusion
in this review, our sample size was relatively small, and
bias within 1 study could influence the overall observed
effect.

Second, the 2 retrospective Level III studies45,79 com-
prised a large proportion of the analyzed patients.

Third, we recognize the heterogeneity in surgical fixa-
tion techniques, postoperative radiologic imaging, concomitant
procedures performed, and BMS technique. However, such
differences do allow for improved generalizability of our
findings.

Finally, the influence of patient factors, including
comorbidities, on postoperative outcomes could not be con-
trolled for in this study, because these data could not be
extracted consistently from the included studies.

Conclusion

BMS is a safe, simple, and inexpensive surgical tech-
nique that reduces the retear rate after primary arthroscopic
RCR but does not significantly improve functional out-
comes compared with conventional repair. This study
provides evidence for the use of BMS with primary RCR
as a potential cost-effective, biological approach towards
improving rotator cuff healing.

Disclaimer

The authors, their immediate families, and any research
foundation with which they are affiliated have not re-
ceived any financial payments or other benefits from any
commercial entity related to the subject of this article.
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