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Abstract

clinical application.

5.3 software was used for meta-analysis.

for the clinical treatment.

Background: To conduct a meta-analysis to compare the curative effect of treating the full thickness tear of the rotator
cuff using the arthroscopic bone marrow stimulation (BMS) technology and provide the evidence for its extensive

Methods: A systematic literature search was conducted to evaluate the studies on comparison of the curative effect of
routine surgery with or without BMS on rotator cuff tear in the major medical databases. The literature was screened
according to the inclusion and exclusion standards, and the quality assessment was conducted, then Review Manager

Results: Eight articles were eligible for inclusion. There were no statistically significant differences between BMS and
control groups for overall outcome scores (P> 0.05). Except the Constant score of BMS group was significantly higher
than that of the control group at the third follow-up month (P = 0.007). However, the postoperative re-tear rate of the
BMS group was significantly lower than that of the control group (P < 0.001). Furthermore, we made a subgroup analysis
and found that the postoperative Constant and UCLA score had no significant differences among all groups (P> 0.05),
and the re-tear rates of the BMS groups were lower than those of the control groups (P=0.001, P =0.0002).

Conclusions: BMS technology has no significant influence on the postoperative clinical result of patients. However, it can
obviously promote the tendon-to-bone healing of the rotator cuff and decrease the re-tear rate, which provides evidence

Keywords: Bone marrow stimulation, Rotator cuff repair, Tendon-to-bone healing, Meta-analysis, Biological therapy

Background

The rotator cuff tear is one of the common shoulder dis-
eases. The incidence is rising with the increase of age,
which could be approximately 50% of the over-60s and up
to 80% of the over-80s [1]. Currently, arthroscopic surgery
is the primary surgical treatment, with single-row or
double-row anchor fixation suturing. The rotator cuff is
composed of longitudinal collagen fiber and few blood ves-
sels, leading to its poor self-repairing capability. While
existing fixation methods are mostly making the tendon
direct contact with bone, which results in the difficulty of
healing, as lacking normal fibrocartilage structure, espe-
cially for the large-massive rotator cuff tear [2], literature
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reports that the re-tear rate of repaired large-massive rota-
tor cuff tear is as high as 30-94% [3]. Thus, more and more
scholars have paid great attention to the biological repair of
tendon-to-bone interface instead of only fixing with anchor
so as to increase the fixation intensity.

There are lots of reports on the biological repair tech-
nology promoting tendon-to-bone healing, such as the
platelet-rich plasma (PRP), mesenchymal stem cells
(MSCs), and autologous tendon cell transplantation [4, 5].
However, the efficacy of these methods is unsatisfactory, es-
pecially for the large-massive rotator cuff tear. Bryan et al.
made a systematic evaluation on the PRP-related META
analysis of recent years and found that the highest evidence
showed applying the PRP during the surgery generally can-
not improve the re-tear rate and clinical function compared
with the control [6]. And some scholars considered that the
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adipose-derived MSCs or autologous tendon cells applied
only to the small rotator cuff tear because of the too com-
plicated operation (7, 8].

Bone marrow stimulation (BMS) technology of sub-
chondral bone has been confirmed by many scholars and
is supposed to promote the biological repair of cartilage
defect of the knee or ankle joint [9, 10]. The “crimson
duvet” was proposed to be applied to the shoulder rotator
cuff repair by Snyder in 2009 for the first time, which
could provide MSCs with the micro-fracture treatment on
the footprint [11]. As a simple, secure, and effective bio-
logical repair technology, it has received increasing atten-
tion from scholars in recent years. More and more
evidence in animal experiments showed that the overflow-
ing MSCs to the tendon-to-bone interface could rebuild
the fibrocartilage structure so as to increase the ultimate
force to failure [12, 13]. However, recent researches had
the inconsistent result: applying the BMS did not show
any clinical advantage over the control group [14-16].
Thus, this study plans to make a meta-analysis on the re-
lated literature to evaluate whether the application of
BMS in the rotator cuff neoplasty will impact the re-tear
rate and the clinical consequence, which hopes to provide
an evidence for the clinical treatment.

Our hypothesis was that BMS would significantly im-
prove outcomes or re-tear rates of patients with arthro-
scopic rotator cuff repair when compared with controls.

Methods

Inclusion and exclusion criteria

Inclusion criteria

The inclusion criteria were as follows: (1) patients diag-
nosed with full thickness rotator cuff tears underwent the
arthroscopic rotator cuff neoplasty and followed up for
more than 12 months; (2) randomized controlled trial
(RCT) and retrospective cohort study; (3) interventions:
the control group was treated with the conventional sur-
gery, such as single-row or double-row fixation, and the
experimental group was treated with a combination of the
BMS technique; (4) the study included clinical and im-
aging results of the treatment with or without BMS; and
(5) observation indicators: clinical function scores, includ-
ing the Constant score, the University of California at Los
Angeles (UCLA) score, the American Shoulder and Elbow
Surgeons (ASES) score, the Simple Shoulder Test (SST)
score, visual analogue scale (VAS), the postoperative range
of motion (ROM), the rate of re-tear, and other complica-
tions in both groups.

Exclusion criteria

The exclusion criteria were as followed: (1) interventions
were not included in the above types, (2) follow-up time
was less than 12 months, and (3) studies of repeated
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publications were excluded. Summaries, lectures, reviews,
and case reports were also excluded.

Retrieval strategies

This study searched PubMed, EMBASE, Springer, Ovid,
Cochrane Library, China National Knowledge Infrastruc-
ture (CNKI), China Biology Medicine Disc (CBMdisc),
and other medical literature databases for all the related
articles published from January 1980 to April 2018 ac-
cording to the Prima Guidelines recommended by the
Cochrane Collaboration. The keywords were “rotator
cuff,” “Bone marrow stimulation,”, “microfracture,”
“BMSCs,” and so on.

Data extraction and quality assessment

We extracted data by retrieving the following informa-
tion: publication time, first author, study design, patient
information, surgical plan, clinical function score, ROM,
the re-tear rate, and so on.

RevMan software was used to evaluate the quality of the
included studies. The parameters included sequence gen-
eration (selection bias), allocation hiding (selection bias),
blindness (performance bias), incomplete result data (de-
tection bias), selective result reporting (reporting bias),
and “other issues.” Each item could be classified as “low
risk,” “high risk,” or “unclear.” The quality of retrospective
cohort studies was assessed by the Newcastle-Ottawa
Scale (NOS). The two evaluators independently rated the
quality of these studies. The differences were resolved by
the third reviewer.

Statistical analysis

The statistical analysis was performed using Review Man-
ager 5.3 software (Cochrane Collaboration, Nordic
Cochrane Centre, Copenhagen, Denmark). Continuous var-
iables were analyzed using the weighted mean difference,
and categorical variables were assessed using relative risks.
P <0.05 was considered to be statistically significant, and
95% Cls were reported. Homogeneity was tested by the Q
statistical (significance level at P< 0.1) and the I statistical
(significance level at P >50%). When there was no signifi-
cant statistical heterogeneity, the fixed effects model was
used. Otherwise, the random effects model was used. Fur-
thermore, we made the subgroup analysis of the Constant
score, the UCLA score, and the re-tear rate.

Results

Literature retrieval results

One hundred thirty-eight articles consistent with the
study purpose were identified, and after reading the full
text, we chose 8 studies [14—21] including 4 RCTs and 4
retrospective cohort studies, with a total of 633 patients.
The literature retrieval process is illustrated in Fig. 1.
The basic characteristics of these studies are shown in
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Fig. 1 Search strategy flow diagram

Table 1. BMS preparation protocols of the included
studies are shown in Table 2 [22].

Literature quality assessments

The quality of the included studies was assessed according
to the type of researches. As showed in Table 1, 4 retro-
spective cohort studies were evaluated by NOS with a total
score ranged from 5 to 7. A bias assessment was applied to
4 RCTs (according to the Cochrane Handbook for System-
atic Reviews of Interventions 5.0). The whole assessments
were conducted by two reviewers separately, and any dis-
agreement was resolved by the third reviewer. As showed
in Figs. 2 and 2B, the quality of the included studies is high.
Funnel plots demonstrated no visual evidence of publica-
tion bias (Fig. 2C).

Meta-analysis results

Constant score and subgroup analysis

The studies used different shoulder function scoring sys-
tems. Four RCTs [14, 15, 17, 18] and 2 retrospective cohort
studies [16, 21] compared the postoperative Constant score
between the two groups. Constant scores of the two groups
were 75.61-92.7 and 76.28—94.5 respectively. There was no
significant difference between the two groups (SMD =0.11,
95% CI, —0.08 to 0.29, P=0.25, I’=0%) (Fig. 3). Among
the above studies, 2 RCTs and 1 retrospective cohort study
counted the Constant score after 3-month follow-up. The
results showed that the Constant score of the BMS group
was significantly higher than that of the control group at
the third month after surgery (SMD = 0.42, 95% CI, 0.12 to
0.73, P = 0.007, I* = 0%) (Fig. 4).

In addition, the subgroup analysis according to the type
of the studies showed no significant difference in the Con-
stant score between the two groups of both RCTs and
retrospective cohort studies (SMD = 0.18, 95% CI, - 0.06 to
0.42, P=0.14, > = 17%; SMD = 0.00, 95% CI, - 0.29 to 0.29,
P =099, I* = 0%) (Fig. 3).

UCLA score and subgroup analysis

Three RCTs [15, 17, 18] and 2 retrospective cohort studies
[16, 21] compared the UCLA score after surgery between
the two groups. UCLA score of the control group was
27.4-32.6, and that of the BMS group was 28.5-32.1. There
was no significant difference in UCLA score between the
two groups (SMD =0.09, 95% CI, - 0.11 to 0.29, P=0.55,
I =0%) (Fig. 5).

In addition, subgroup analysis according to the type of
studies showed no significant difference in the UCLA score
between the two groups of both RCTs and retrospective co-
hort studies (SMD = 0.15, 95% CI, - 0.13 to 0.43, P =0.30,
I?=19%; SMD = 0.03, 95% CI, - 0.26 to 0.31, P=0.87, I* =
0%) (Fig. 5).

Shoulder ROM

One RCT [15] and 2 retrospective cohort studies [16, 21]
recorded and compared the shoulder ROM after surgery
between the two groups. The motion was divided into two
directions: external and forward ROM. External ROM of
the control group was 49.1-60.8, while that of the experi-
mental group was 52.02—61. There was no significant dif-
ference in the external ROM between the two groups
(SMD =0.05, 95% CI, —0.20 to 0.31, P=0.67, I*=0%)
(Fig. 6).



Page 4 of 11

(2019) 14:36

Li and Zhang Journal of Orthopaedic Surgery and Research

a|dwiIS /§S ‘PuBH pue JSPINOYS ‘WY 3y} JO S

(syauow) dn-mojjo4 ‘suoabINg MOG|3 pue ISPINOYS UedUBWY SISV ‘Xapu| Alljigesiq pue uled J3P|NOYS /gYdS ‘131 Jap|noys

qesig HSYQ ‘2103s ABojeue |ensiA Si/A ‘Uoiiow Jo uoibas WOY ‘s319buy SOT e eluloi|ed Jo ANSISAIUN YTDN) ‘UOIIRINWIS MOLIRW U] Siyg ‘APNis [013U0D paziwopuel DY

INOY 'S3SV LSS ‘SVA 'V 1DN

[ WEpolp| JUBISUO)) '1BS1-91 JO SDUSPIUI YL SING INOYUM/YUM Jledas mol-aignod  8Z/9C  CL/6 879 619 S L2 Hoyod 2Anddsonay 9107 UOOA
uonedlduwod ‘Aubarul

9 Wwyzolcl [BANIONAS “IeS1-3] JO SdUSPUL 3y | SINIG INOYUM/YUM Buip|oy-2deung S¢/y Sl/ee €9 LY9 /9 ¥ HOYyod 2Andadsonay  §LOT Iyonbiue|
V10N

VN wel IUBISUO)) 'B3)-31 JO ADUSPPUI YL SING INOUYUM/YUM Jiedas mOI-3|gnoQ 9yl L1/6 §65  98S 0¢ 0¢ 104 910z bueyz
YN

VYN W9t 0l y¢ JUBISUOD) '1B3)-31 JO DUIPDUI BYL  SING INOYUM/YIMm Jiedal MOI-9|qnod le/ce Luve €19 679 €S LS 104 910¢ 1®eD
INOY 'v1DN

VYN  WES Oyl ‘JURISUOD) "IB9)-3 JO SOUSPIUI By SIgG Inoyum/yum Jiedal mol-|buls al/el  ¢l/ol 865 (19 6C 8¢ 104 €10¢ SO
ABa1ul [eINIPNAS 'HSYQd

VYN Wlg0l6e JURISUO)) JeS1-3J JO SDUSPIdUI Sy | SING INOYHM/YUM Jiedal moI-o|Buls 6l/6lL ¢cl/cc 1'€9 909 3¢ 13 104 €10¢ OueIN
Abaiul [eanpnis ‘s3sy
IAvdS ‘1SS "HSYA ‘SYA WOY ‘v1DN

L W/S0l¢gL JUISUOD) '13)-31 JO DUIPDUI BYL SN INOYUM/YUM Jledal MOI-9|qnoQ Ye/ee  Ce/St 1’09 6785 /9 LS HOY0od 2ANDadsosYy €1L0c or
Aubaul

g w/Loicl [eJN1ONIIS '1eS}-31 JO SOUSPDUI BYL  SIAG INOYIM/YIM Jteddl MOI-3|gnoQ oL/sL - wI/LL G9S €8S 3 Sz Moyod anndadsonay L1oc or

) (D) SWg [oauoe)  SNG  [oluoD  SINgG Jeak

SON dn-moj|o4 Eliieilyle) spoyiaw uonelado Seway/aelN aby JaquinN ubissp Apnig ‘Joyine 1sii4

s3lpNIs Papnjpul ay1 Jo saispadeieyd diydeibowad | ajqel



Page 5 of 11

(2019) 14:36

Li and Zhang Journal of Orthopaedic Surgery and Research

‘Aysolagny Ja1ealb

Eallel 941 JO obpu [esa1e|
Kiabins 1aye Aiebins ioye  Aiabuns saye uondNPge ue  ayl O3 ulblew abejiued
SYIUOW Q WOI{  SYEIM 7| WOI{  SY99M § WOl A196ins 19)ye S99M @ Woi{  Buisn sy9am g Jo- Jejndilie syl wol4 0l S rd yound suog 910C UOOA
Kiabuns  Aisbins Jaye mojd
A19BINns 19y Jaye SaaM 7| SHPIM Q| uononpge ue Huisn undioo) pasueApe
SYIUOW 9 WO 01 Q| Wol4 01 § Woi4 £196INns J2)je SYoaM 7 WOU Sfoam g-9 Io4 Alleipaw ay1 buoly umouyun G—¢ o€ Jeq [P SLOT IYyanbiue]
Aiobins  Auabins Jaye 2oeIq d|pasu
AI2bIns Jaye  Jaye syoam g YoM 8 A19bIns  uomdnpge ue buisn anpund
SYIUOW 9 WO 01 9 Woi4 01 9 Woi4 J9)Je S§99M 9 01 | WOl S{9aM 9—7 104 uolbaJ 1uLdi004 € z S0 JequinT 910¢ bueyz
Kiabins A1RbIns Joye 9|pasu
A1obins Jaye  Joye SHeem g Sam g A196Ins  adeIq uoNONPae ue 2inpund
SYIUOW 9 WO 019 wol 01 9 Wol4 19)je 499M 9 01 O WoI{  Buisn spem g Jo uoibai Jundioo € 14 S0 Jequun 9107 1eD
Aiebins aye  Aiabuns uaye K1abins Bujis e 2deds [eILUoDBgNS DY) OIUI |me
YN S{99M 7| WOl{  S499M 9 WOoI4 J9)Je S429M § 0} 7 Woi4  BuIsn s49am f 104 Jejnome-epxn( ayy Wwolq v =€ umouyun 1dodsoiyuy €10z 1sO
[c2) =pam Aq
wielboid uoney|igeyal Jopinoys ulbiew Jejndiue
4o ssydpuud syy 01 buipiodde Buls e ay1 buoje ‘suopusy ayr |me
A126INS JoYe SHPoM WM BUISN SY9aMm {7 104 JO PaJe Juswydene ay| S ¥ Sl sidodsolyue £10C ouejiy
‘Aisolaqny 1918316
Kiabins 1e3) SAISSEW Joj A1DBINS Jo)ye oeIq 2y} Jo 2bpu |esae)
Ki12bins 1ae AioBINS Joye ISP YoM 9 S99M 9 WOY Jea) azis 9bie] 03 uomdnpge ue buisn Y3 03 uibiew abe|iued
SYIUOW 9 WO Soam 7| Wol4 01 % Woi{  |jews Joy Aibuns Joye Aep sy S{oam 9 J04 Je[n21e Sy1 woi4 ol S ird yound suog €10z or
‘Aisosagny Ja1ealb
AIabins 1e3] SAISSEW Joj A1DBINS J2)ye Enllle] 3y) Jo 2b6pu |eiaie
Ki9bins Joye AioBINS Joye IS9P SY99M Q9 S{9aM 9 WOy ea) azis 9bie] 0} uopdnpge ue buisn - ay3 01 uibiew abe|iued
SYIUOW 9 WOJ4  S{99M 7| WO 01 % Woi{  |jews Joy Aibuns Joye Aep sy Sfoom 9 I04 Je[ndiJe Syl woli4 ol S ird yound suog LL0Z of
suods o1 3sDISXS  ISDIAXD INOY
uinial N4 Bulusylbusns  paisisse-aAIdY 3S1D19X3 |NOY dAISSed pazZI|IgoW W] (ww) (ww) .y
|020304d UONR|IgeYSI 9ANBISA01SO] uoles0] (Ww) ydsg  [eassiu]  J91awelg JUSUINISU ‘Joyane 1sii4

UOIBINWIIS MOLIBW 3U0q JO s|0d030id Uoieiedald  ajqeL



Li and Zhang Journal of Orthopaedic Surgery and Research

(2019) 14:36

Page 6 of 11

A Random sequence generation (selection bias) [NNMENNNNEEN N C o SE(I0gIRR])
Allocation concealment (selection bias) [HNNMMNNNNNNNNN | N
|
Blinding of participants and personnel (performance bias) _:l FARERN
S
Blinding of outcome assessment (detection bias) _ S/ ! o\
Incomplete outcome data (attrition bias) (NN / O’? \
/ \
Selective reportng (reporting bias) [ 05 S8 .
Other bias | ] ' / | N
/ ! N
0% 25% 50% 75%  100% K ! \
| [ Low risk of bias [[Junclear risk of bias [l High risk of bias | / H N\
S (e} N
It i \
14

r = /O ! \

2 o & / H \

s 2 3 @ / ' \

[ NI R 4 ! \

S S o o ’ ! \

P =4 / 1 \

& W W& Fd ! N

|
~ | @ | @ | @ | Random sequence generation (selection bias) 15 /; ! AN
1 / \
. , H \
~ @ | @ | ~ |Allocation concealment (selection bias) K4 1 AN
/ ! \
~ . ’ . Blinding of participants and personnel (performance bias) , : N
/ i \
® | ® | ® | ® |sinding of outcome assessment (detection bias) s ! R
/ ; h RR
® @ | ® | ® |Incomplete outcome data (attrition bias) 2 4 4 ! 4 4 S n
_ 0.01 01 1 10 100
® | ® | ® | @ |selective reporting (reporting bias)
b
w |~ | =~ |~ |other b Subgroup . ’ -
er bias B |6 randomized control studies <> retrospective cohort studies

included studies. RR, relative risks; SE, standard error

Fig. 2 a Risk of bias graph exhibiting the review of the authors’ judgments about each risk of bias item presented as percentages across all included
studies. b Risk of bias summary revealing the review of the authors’ judgments about each risk of bias item for included RCTs. Minus sign represents
the risk of bias present, plus sign indicates the risk of bias absent, and question mark equals the risk of bias uncertain. ¢ The funnel plots of the

The forward ROM was 169.25-173 in the control
group and 162.85-171 in the experimental group. There
was also no significant difference in the forward ROM
between the two groups (SMD = 0.00, 95% CI, — 1.20 to
1.20, P = 1.00, I* = 0%) (Fig. 7).

VAS, SST, and ASES scores

Two retrospective cohort studies [16, 21] recorded and
compared the VAS, SST, and ASES scores after surgery
in both groups. The scores of the control group were
0.99-1.55, 9.73-9.96, and 84.19-88.14, while those of

the experimental group were 1.09-1.52, 8.73-10.37, and
84.52-87.75, respectively. There was no significant
difference in VAS, SST, or ASES scores between the two
groups (SMD =0.04, 95% CI, - 0.25 to 0.33, P =0.80,
I*=0%; SMD =0.06, 95% CI, - 0.74 to 0.61, P=0.85,
P =79%; SMD = 0.01, 95% CI, - 0.30 to 0.28, P =0.96,
I?=0%) (Figs. 8A, B, and C).

The re-tear rate and subgroup analysis
The rates of rotator cuff re-tear in both groups were re-
ported in all 8 articles, including 4 RCTs [14, 15, 17, 18]

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
randomized control studies

Cai 2016 90.8 3.5 51 899 3.2 53 22.7% 0.27 [-0.12, 0.65] T

Milano 2013 94.5 14 35 92.7 16.7 28 16.0% 0.12 [-0.34, 0.57) — T

0Osti 2013 91 7.3 28 923 7.7 29  12.5% -0.17 [-0.68, 0.35] —_—

Zhang 2016 88.1 6.1 20 B4.8 4.8 20 8.4% 0.59[-0.05, 1.22] T

Subtotal (95% CI) 134 140 59.6% 0.18 [-0.06, 0.42] B

Heterogeneity. ChiZ = 3.61, df = 3 (P = 0.31); I? = 17%

Test for overall effect: Z = 1.48 (P = 0.14)

retrospective cohort studies

Jo 2013 76.28 13.53 57 75.61 14.67 67 27.1% 0.05 [-0.31, 0.40] —

Yoon 2016 78.95 948 21 79.94 1156 54 13.3% -0.09[-0.59, 0.42] —

Subtotal (95% CI) 78 121 40.4% 0.00 [-0.29, 0.29] 1

Heterogeneity: ChiZ = 0.19, df = 1 (P = 0.67); I* = 0%

Test for overall effect: 2 = 0.02 (P = 0.99)

Total (95% CI) 212 261 100.0% 0.11 [-0.08, 0.29] ?

Heterogeneity: ChiZ = 4.66, df = 5 (P = 0.46); I* = 0% ‘? ; 3 i 2‘

Test for overall effect: 2 = 1.15 (P = 0.25) = " N

o y PN 3 Favours [experimental] Favours [control]

Test for subgroup differences: Chi® = 0.86, df = 1 (P = 0.35), I° = 0%
Fig. 3 Difference in the Constant score and the subgroup analysis. Cl, confidence interval; IV, inverse variance; SD, standard deviation. The solid
squares indicate the mean difference and are proportional to the weights used in the meta-analysis. The solid vertical line indicates no effect. The
horizontal lines represent the 95% Cl. The diamond indicates the weighted mean difference, and the lateral tips of the diamond indicate the
associated 95% Cl
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Experimental Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI

Cai 2016 65 5.7 51 63.1 46 53 62.5% 0.36 [-0.02, 0.75] i

0Osti 2013 67.4 8.1 28 624 7.4 29 33.1% 0.64 [0.10, 1.17] ——

Zhang 2016 611 7.4 20 63.8 4.9 2 4.4% -0.36[-1.81, 1.10] —

Total (95% CI) 99 84 100.0% 0.42 [0.12, 0.73] R

Heterogeneity. Chi? = 1.80, df = 2 (P = 0.41); I? = 0% _=4 _{2 ) 2‘ j}

Test for overall effect: Z = 2.70 (P = 0.007)

associated 95% Cl

Fig. 4 Difference in the Constant score at the third follow-up month. Cl, confidence interval; IV, inverse variance; SD, standard deviation. The solid
squares indicate the mean difference and are proportional to the weights used in the meta-analysis. The solid vertical line indicates no effect. The
horizontal lines represent the 95% Cl. The diamond indicates the weighted mean difference, and the lateral tips of the diamond indicate the

Favours [experimental] Favours [control]

and 4 retrospective cohort studies [16, 19-21] (n = 640).
One hundred nineteen of 334 patients were re-tear in
the control group, accounting for 35.6% of the total.
Forty-four of 269 patients were re-tear in the experimen-
tal group, accounting for 16.4% of the total. There was a
significant difference between the two groups. The rate
of the experimental group was significantly lower than
that of the control group (RR=0.46, 95% CI, 0.34 to
0.62, P < 0.00001, /* = 0%) (Fig. 9).

Besides, the subgroup analysis showed that of the
RCTs (n =274), the re-tear rate was 34.3% (48/140) in
the control group and 16.4% (22/134) in the experi-
mental group. There was a significant difference be-
tween the two groups (RR=0.48, 95% CI, 0.31 to
0.75, P=0.001, I*=32%). Of retrospective cohort
studies (# =329), the rate was 36.6% (71/194) in the
control group and 16.3% (22/135) in the experimental
group. There was a significant difference between the
two groups (RR = 0.44, 95% CI, 0.29 to 0.68, P = 0.0002, >
=0%) (Fig. 9).

Discussion

This meta-analysis evaluated the efficacy of applying the
BMS to arthroscopic rotator cuff neoplasty. The result
showed that the re-tear rate of the experimental group
was lower than that of the control group after at least 1
year’s follow-up. However, the result of clinical function
had no significant differences, except that the researches
by Osti et al. [15, 17, 18] confirmed that the Constant
score, the UCLA score, and the ROM of the patients with
BMS were all significantly improved and pain declined
within 3 months after the surgery. However, the above
scores of the two groups became no difference after 1 to
2 years’ follow-up.

With the development of rotator cuff pathology, re-
searchers gradually gain a better understanding of the com-
plicated healing process of the tendon-to-bone interface.
The position for the tendon to insert into the bone is com-
prised of highly specialized tissue, which consists of four
layers: tendon, fibrocartilage, calcified cartilage, and bone.
The cartilage plays the role of buffering concussion and

Experimental Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI

randomized control studies
Cai 2018 30 16 51 288 17 53 27.1% 0.12 [-0.26, 0.51] ——
Osti 2013 32.1 5.8 28 32.6 6 29 14.9% -0.08 [-0.60, 0.44] .
Zhang 2016 285 1.8 20 27.4 2 20 10.0% 0.57 [-0.07, 1.20] T
Subtotal (95% CI) 99 102 52.0% 0.15 [-0.13, 0.43] <
Heterogeneity: Chi® = 2.46, df = 2 (P = 0.29); I? = 19%
Test for overall effect: Z = 1.04 (P = 0.30)

retrospective cohort studies
Jo 2013 31.33 4.36 57 3099 5.08 67 32.2% 0.07 [-0.28, 0.42] —
Yoon 2016 29.47 4.06 21 29.77 4.45 54 15.8% -0.07 [-0.57, 0.44]
Subtotal (95% CI) 78 121 48.0% 0.03 [-0.26, 0.31] -
Heterogeneity. Chi® = 0.20, df = 1 {P = 0.66); I? = 0%
Test for overall effect: Z = 0.17 (P = 0.87)
Total (95% CI) 127 223 100.0% 0.09 [-0.11, 0.29] ?
Heterogeneity. Chi® = 3.02, df = 4 (P = 0.55); I = 0% _'? _:1 ) } 2'

Test for overall effect: Z = 0.87 (P = 0.38)
Test for subgroup differences: ChiZ = 0.36, df = 1 (P = 0.55), I = 0%

Fig. 5 Difference in the UCLA score and the subgroup analysis. Cl, confidence interval; IV, inverse variance; SD, standard deviation. The solid squares
indicate the mean difference and are proportional to the weights used in the meta-analysis. The solid vertical line indicates no effect. The horizontal
lines represent the 95% CI. The diamond indicates the weighted mean difference, and the lateral tips of the diamond indicate the associated 95% Cl

Favours [experimental] Favours [control]
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Test for overall effect: Z = 0.42 (P = 0.67)

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Jo 2013 52.02 18.85 57 49.1 17.92 67 51.1%  0.16[-0.20, 0.51] —Jm—
Osti 2013 61 9.8 28 608 9.3 29 23.7% 0.02 [-0.50, 0.54] —_—
Yoon 2016 57.61 10.44 21 58.88 9.84 54 25.1% -0.13 [-0.63, 0.38] —_—
Total (95% CI) 106 150 100.0% 0.05 [-0.20, 0.31]
Heterogeneity. Chi? = 0.84, df = 2 (P = 0.66); I = 0% —I§ —=1 3 i §

Fig. 6 Difference in the external range of motion. Cl, confidence interval; IV, inverse variance; SD, standard deviation. The solid squares indicate
the mean difference and are proportional to the weights used in the meta-analysis. The solid vertical line indicates no effect. The horizontal lines
represent the 95% Cl. The diamond indicates the weighted mean difference, and the lateral tips of the diamond indicate the associated 95% Cl

Favours [experimental] Favours [control]

reducing the stresses so as to transfer the muscular stretch
from the tendon to the bone. However, the fibrocartilage
layer of normal tendon-to-bone structure always is often
unable to regenerate after the rotator cuff neoplasty, which
is only filled up with the scar tissue formed by the collagen
fiber. Therefore, the tensile strength is largely reduced, and
re-tear occurs more easily under stress with normal
intensity [23].

The stem cells have huge potential in repairing the rota-
tor cuff injury, which can differentiate towards the tendon
tissue to achieve the purpose of repairing when stimulated
by the endogenous or exogenous stress. The different-
source-derived stem cells have increasingly played an
important role in the healing of tendon-to-bone interface,
including the bone marrow mesenchymal stem cells
(BMSCs), and adipose-derived stem cell (ASC). Ouyang
showed that the allogeneic BMSCs transplanted to the
patellar tendon of the rabbit were differentiated into ten-
don-like cells 5 weeks later [24]. Chong found that injecting
the BMSCs in the early period of tendon injury could ef-
fectively promote the healing and improve its biological
mechanical property [25]. Beitzel made a retrospective ana-
lysis on applying the BMSCs to repair the rotator cuff in-
jury. Seven articles demonstrated it could promote the
healing and 1 showed no significant efficacy [26].

With the development of arthroscopic technology, some
scholars have studied to apply the BMSCs during the
arthroscopic repairing of rotator cuff injury. Hernigou
injected the concentrated BMSCs into the tendon-to-bone
interface, and after a 24-month follow-up, they found that
the healing rate of the experimental group was significantly
higher compared with the control group (100% vs 67%)

and the re-tear rate was significantly lower (13% vs 56%)
[27]. Yokoya applied the BMSCs combined with biological
absorbable materials and demonstrated that BMSCs can in-
crease the secretion of collagen I and enhance the mechan-
ical strength of the regenerated rotator cuff [28].

The clinical application of the BMSCs has been limited
by such factors as the following: (1) large cost and time
consumption for BMSCs extraction, culture, and differ-
entiation; (2) possible complications of severe pain and
infection caused by bone marrow aspiration before the
surgery; and (3) gradual decrease of BMSC quantity with
aging and so on [29]. Thus, the “crimson duvet,” one of
BMS technology, was proposed by Snyder in 2009. He
suggested drilling at the trochiter under arthroscopy to
overflow the BMSCs and growth factors from the mar-
row cavity and repairing the rotator cuff routinely at the
same time, which could improve the biological repair of
the tendon-to-bone interface. This is a simple technol-
ogy without the need for any special instrument, an in-
crease of any additional injury or complication, showing
its obvious advantages. Although there is little evidence
for the efficacy of this technology. The latest related re-
searches on rotator cuff injury model indeed have shown
that BMSCs can effectively promote the tendon-to-bone
healing. Mazzocca obtained the bone marrow from the an-
chor and separated it to confirm the existence of BMSCs,
which have the osteogenic potential and can promote the
healing of rotator cuff injury [30]. Kida drilled at the trochi-
ter and observed that BMSCs could adhere to the tendon-
to-bone interface via the holes of footprint and better pro-
mote the healing of the rotator cuff so as to improve its fix-
ation strength [12].

Test for overall effect: Z = 1.11 (P = 0.27)

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Jo 2013 170 19.39 57 169.85 20.43 67 51.5% 0.01 [-0.35, 0.36]
Osti 2013 171 119 28 173 12.4 29 23.7% -0.16 [-0.68, 0.36] —
Yoon 2016 162.85 21.71 21 169.25 10.25 54 24.8% -0.44[-0.95, 0.07] ——
Total (95% CI) 106 150 100.0% -0.14 [-0.40, 0.11]
Heterogeneity. Chi? = 2.03, df = 2 (P = 0.36); I? = 1% _‘b —Il ) ‘i é

Fig. 7 Difference in the forward range of motion. Cl, confidence interval; IV, inverse variance; SD, standard deviation. The solid squares indicate
the mean difference and are proportional to the weights used in the meta-analysis. The solid vertical line indicates no effect. The horizontal lines
represent the 95% Cl. The diamond indicates the weighted mean difference, and the lateral tips of the diamond indicate the associated 95% Cl

Favours [experimental] Favours [control]
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A Experimental Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI

Jo 2013 1.09 166 57 099 146 67 67.1% 0.06 [-0.29, 0.42]

Yoon 2016 152 2.11 21 155 178 54 322.9% -0.02[-0.52, 0.49]

Total (95% CI) 78 121 100.0% 0.04 [-0.25, 0.33]

Heterogeneity. Chi® = 0.06, df = 1 (P = 0.80); I7 = 0% 5 ) 3 f 3
Test for overall effect: Z = 0.26 (P = 0.80) Favours [experimental] Favours [control]
B Experimental Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Jo 2013 1037 2.3 57 9.73 2863 67 S53.7% 0.26 [-0.10, 0.61]

Yoon 2016 8.76 2.94 21 9.96 267 54 46.3% -0.43 [-0.94, 0.08]

Total (95% CI) 78 121 100.0% -0.06 [-0.74, 0.61]

Heterogeneity. Tau? = 0.19; Chi® = 4.73, df = 1 (P = 0.03); I = 79% _54 —‘? ) + j‘
Test for overall effect: Z = 0.18 (P = 0.85) Favours [experimental] Favours [control]
C Experimental Control Std. Mean Difference Std. Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI

Jo 2013 87.75 17.05 57 88.14 15.1¢ 67 67.1% -0.02[-0.38, 0.33]

Yoon 2016 8452 12.19 21 84.19 13.06 54 32.9% 0.03 [-0.48, 0.53]

Total (95% CI) 78 121 100.0% -0.01 [-0.30, 0.28]

Heterogeneity. Chi® = 0.02, df = 1 (P = 0.87); I = 0% —5 _#1 3 i 2‘

Test for overall effect: Z = 0.05 (P = 0.96) Favours [experimental] Favours [control]

Fig. 8 a Difference in the VAS. b Difference in the SST score. ¢ Difference in the ASES score. Cl, confidence interval; IV, inverse variance; SD,
standard deviation. The solid squares indicate the mean difference and are proportional to the weights used in the meta-analysis. The solid
vertical line indicates no effect. The horizontal lines represent the 95% Cl. The diamond indicates the weighted mean difference, and the lateral
tips of the diamond indicate the associated 95% Cl

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
randomized control studies
Cai 2016 7 51 18 53 17.1% 0.40 [0.18, 0.89] —
Milano 2013 12 35 18 38 16.8% 0.72 [0.41, 1.28]) —
0Osti 2013 2 28 3 29 2.9% 0.69[0.12, 3.83]) ]
Zhang 2016 1 20 9 20 8.7% 0.11 [0.02, 0.80]
Subtotal (95% CI) 134 140 45.5% 0.48 [0.31, 0.75] <
Total events 22 48

Heterogeneity. Chi? = 4.44, df = 3 (P = 0.22); I* = 32%
Test for overall effect: Z = 3.29 (P = 0.001)

retrospective cohort studies

Jo 2011 4 25 11 31 9.5%  0.45[0.16, 1.25] e
Jo 2013 10 45 19 42 19.1%  0.49[0.26, 0.93] ——
Tangiguchi 2014 4 44 16 67 12.3%  0.38[0.14, 1.06] e
Yoon 2016 4 21 25 54  13.6%  0.41[0.16, 1.04] —_—
Subtotal (95% CI) 135 194 54.5% 0.44 [0.29, 0.68] R
Total events 22 71
Heterogeneity. Chi = 0.21, df = 3 (P = 0.98); I = 0%
Test for overall effect: Z = 3.75 (P = 0.0002)
Total (95% CI) 269 334 100.0% 0.46 [0.34, 0.62] <&
Total events 44 119
R 22 = 2 — o (@ o } Il Il I
Heterogeneity. Chi = 5.00, df = 7 (P = 0.66); I° = 0% oloz o b 56

Test for overall effect: Z = 4.98 (P < 0.00001)

: - . Favours [experimental] Favours [control]
Test for subgroup differences: Chic = 0.10, df = 1 (P = 0.76), I = 0%

Fig. 9 Difference in the incidence of re-tear and the subgroup analysis. Cl, confidence interval; M-H, Mantel-Haenszel. The solid squares indicate
the mean difference and are proportional to the weights used in the meta-analysis. The solid vertical line indicates no effect. The horizontal lines
represent the 95% Cl. The diamond indicates the weighted mean difference, and the lateral tips of the diamond indicate the associated 95% Cl
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However, this study showed that the application of
BMS has no advantage over the treatment without BMS
in the aspect of clinical outcomes. On the other hand,
some patients with re-tear after healing might not show
any clinical manifestation, such as severe pain or obvious
dysfunction, or were just accompanied with weakened
strength of the shoulder. They reported that 51% symp-
tomless patients with rotator cuff re-tear would grad-
ually show clinical symptoms 2.8 years later [31]. While
only the researches by Osti and Jo [15, 16] met the
follow-up time in this study. In the meanwhile, our
result displayed that the BMS delivered a satisfactory
short-term efficacy within 3 months after the surgery.
Thus, we cannot hastily conclude that BMS cannot im-
prove the clinical outcome of patients. The score of clin-
ical outcome cannot entirely substitute the efficacy of
BMS, while the regular and long-term follow-up is also
very important.

Some clinical factors will impact the healing of the
rotator cuff. One of the problems in BMS is the absence
of a standard process. Different studies adopted different
strategies. This meta-analysis reported the instruments,
process, and the corresponding location of BMS in these
studies (Table 2). The subgroup analysis showed that BMS
groups in four retrospective cohort studies had a signifi-
cant decline in postoperative re-tear rate compared with
the control. BMS technologies they used were similar:
using osteotome with 2.1 mm diameters to drill on the re-
gion from the edge of the cartilage defect site to the lateral
border of trochiter at an interval of 4—5 mm and depth of
10 mm. But this might be not the best plan. Some defects
exist when BMS treatment is conducted in footprint, such
as uneven distribution of bone marrow. The treatment
will be a failure if the drilling density in the unit area is
too small, while too large density will significantly damage
the cancellous bone of trochiter, which is not favorable for
bone remodeling. In addition, the drilling being too near
the anchor area is prone to reduce the fixation intensity of
the anchor. Thus, Cai and Zhang improved the BMS tech-
nology by acquiring high drilling density using the diam-
eter of 0.5 mm [17, 18]. This method has an advantage of
drilling at multiple points to widen and homogenize the
distribution of MSCs in footprint and minimize the dam-
age to the cancellous bone. Yet this makes MSCs to be
drained from the footprint more easily.

This study has some limitations: Firstly, 4 of 8 articles
selected in our meta-analysis are RCT research, while the
rest are retrospective cohort research. Although it has
been found via the subgroup analysis that the final results
of different types of research are almost the same, yet this
will undoubtedly increase the selection bias of this study.
Secondly, the included clinical researches have certain het-
erogeneity: single-row or double-row repair, different sizes
of tear, and different schemes adopted for BMS. Thirdly,
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lack of literature has hindered us in sufficient subgroup
analysis, including the position, size, time, fatty infiltration
of the tear.

Conclusions

BMS therapy in full thickness rotator cuff repair showed no
statistically significant difference compared with conven-
tional therapy in clinical outcomes; while tendon-to-bone
healing was better in patients with BMS. Further, more ran-
domized controlled studies with BMS, with longer follow-
up time, may eventually show enhanced clinical outcomes
based on better healing rates.

Abbreviations

ASCs: Adipose-derived stem cell; ASES: American Shoulder and Elbow Surgeons;
BMS: Bone marrow stimulation; BMSCs: Bone marrow mesenchymal stem cells;
MSCs: Mesenchymal stem cells; NOS: Newcastle-Ottawa Scale; PRP: platelet-rich
plasma; RCT: Randomized controlled trial; ROM: Range of motion; SST: Simple
Shoulder Test; UCLA: University of California at Los Angeles; VAS: Visual
analogue scale

Acknowledgements
Not applicable

Funding

This study was supported by Zhejiang Provincial Medical Science and
Technology Funds (2017KY326; Y-JZ), Zhejiang Provincial Basic Research for
Public Welfare Funds (LGF18H060003; Y-JZ) and China Postdoctoral Science
Foundation (2018M642459).

Availability of data and materials
The data used in the study is freely available by replicating the search strategy
outlined in the methods section.

Authors’ contributions
ZYL and YJZ designed the study, collected data, and wrote and revised the
manuscript. Both authors read and approved the final manuscript.

Ethics approval and consent to participate
Not applicable

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Received: 4 October 2018 Accepted: 17 January 2019
Published online: 29 January 2019

References

1. Boileau P, Brassart N, Watkinson DJ, Carles M, Hatzidakis AM, Krishnan SG.
Arthroscopic repair of full-thickness tears of the supraspinatus: does the
tendon really heal? J Bone Joint Surg Am. 2005 Jun;87(6):1229-40.

2. Rodeo SA. Biologic augmentation of rotator cuff tendon repair. J Shoulder
Elb Surg. 2007;16(5 Suppl):S191-7.

3. Galatz LM, Ball CM, Teefey SA, Middleton WD, Yamaguchi K. The outcome
and repair integrity of completely arthroscopically repaired large and
massive rotator cuff tears. J Bone Joint Surg Am. 2004;86-A(2):219-24.

4. Longo UG, Lamberti A, Maffulli N, Denaro V. Tendon augmentation grafts: a
systematic review. Br Med Bull. 2010;94(1):165-88.

5. Andia |, Abate M. Platelet-rich plasma: underlying biology and clinical
correlates. Regen Med. 2013;8(5):645-58.



Li and Zhang Journal of Orthopaedic Surgery and Research

20.

22.

23.

24.

25.

26.

27.

28.

Saltzman BM, Jain A, Campbell KA, Mascarenhas R, Romeo AA, Verma NN, et
al. Does the use of platelet-rich plasma at the time of surgery improve
clinical outcomes in arthroscopic rotator cuff repair when compared with
control cohorts? A systematic review of meta-analyses. Arthroscopy. 2016;
32(5):906-18.

Kim YS, Sung CH, Chung SH, Kwak SJ, Koh YG. Does an injection of adipose-
derived mesenchymal stem cells loaded in fibrin glue influence rotator cuff
repair outcomes? A clinical and magnetic resonance imaging study. Am J
Sports Med. 2017;45(9):2010-8.

Wang AW, Bauer S, Goonatillake M, Breidahl W, Zheng MH. Autologous
tenocyte implantation, a novel treatment for partial-thickness rotator cuff
tear and tendinopathy in an elite athlete. BMJ Case Reports. 2013;2013.
https://doi.org/10.1136/bcr-2012-007899.

Steadman JR, Briggs KK, Rodrigo JJ, Kocher MS, Gill TJ, Rodkey WG,
Outcomes of microfracture for traumatic chondral defects of the knee:
average 11-year follow-up. Arthroscopy. 2003;19(5):477-84.

Chuckpaiwong B, Berkson EM, Theodore GH. Microfracture for
osteochondral lesions of the ankle: outcome analysis and outcome
predictors of 105 cases. Arthroscopy. 2008,24(1):106-12.

Snyder SJ, Burns J. Rotator cuff healing and the bone marrow “crimson
duvet” from clinical observations to science. Tech Shoulder Elbow Surg.
2009;10(4):130-7.

Kida Y, Morihara T, Matsuda K, Kajikawa Y, Tachiiri H, Iwata Y, et al. Bone
marrow-derived cells from the footprint infiltrate into the repaired rotator
cuff. J Shoulder Elb Surg. 2013;22(2):197-205.

Bilsel K, Yildiz F, Kapicioglu M, Uzer G, Elmadag M, Pulatkan A, et al. Efficacy
of bone marrow-stimulating technique in rotator cuff repair. J Shoulder
Elbow Surg. 2017;5(2_suppl2):232596711750008.

Milano G, Saccomanno MF, Careri S, Taccardo G, De Vitis R, Fabbriciani C.
Efficacy of marrow-stimulating technique in arthroscopic rotator cuff repair:
a prospective randomized study. Arthroscopy. 2013;29(5):802-10.

Osti L, Del Buono A, Maffulli N. Microfractures at the rotator cuff footprint: a
randomised controlled study. Int Orthop. 2013;37(11):2165-71.

Jo CH, Shin JS, Park IW, Kim H, Lee SY. Multiple channeling improves the
structural integrity of rotator cuff repair. Am J Sports Med. 2013:41(11):2650-7.
Chi Z. Short-term clinical efficacy of arthroscopic repair of great full-
thickness rotator cuff tears by biological augmentation technique[D].
Zhejiang university; 2016.

Youzhi C. The role of physical niche based on nano-structure regulated
tendon-bone regeneration and promoted great rotator cuff regeneration in
short-term clinical follow-up[D]. Zhejiang university; 2016

Jo CH, Yoon KS, Lee JH, Kang SB, Lee JH, Han HS, et al. The effect of
multiple channeling on the structural integrity of repaired rotator cuff. Knee
Surg Sports Traumatol Arthrosc. 2011;19(12):2098-107.

Taniguchi N, Suenaga N, Oizumi N, Miyoshi N, Yamaguchi H, Inoue K, et al.
Bone marrow stimulation at the footprint of arthroscopic surface-holding
repair advances cuff repair integrity. J Shoulder Elb Surg. 2015;24(6):860-6.
Yoon JP, Chung SW, Kim JY, Lee BJ, Kim HS, Kim JE, et al. Outcomes of
combined bone marrow stimulation and patch augmentation for massive
rotator cuff tears. Am J Sports Med. 2016;44(4):963-71.

Kibler WB, McMullen J, UhI T. Shoulder rehabilitation strategies, guidelines,
and practice. Orthop Clin North Am. 2001;32:527-38.

Rodeo SA, Potter HG, Kawamura S, Turner AS, Kim HJ, Atkinson BL. Biologic
augmentation of rotator cuff tendon-healing with use of a mixture of
osteoinductive growth factors. J Bone Joint Surg Am. 2007;89(11):2485-97.
Ouyang HW, Goh JC, Lee EH. Viability of allogeneic bone marrow stromal
cells following local delivery into patella tendon in rabbit model. Cell
Transplant. 2004;13(6):649-58.

Chong AK, Ang AD, Goh JC, Hui JH, Lim AY, Lee EH, et al. Bone marrow-
derived mesenchymal stem cells influence early tendon-healing in a rabbit
achilles tendon model. J Bone Joint Surg Am. 2007,89(1):74-81.

Beitzel K, Solovyova O, Cote MP, Apostolakos J, Russell RP, McCarthy MB, et
al. The future role of mesenchymal stem cells in the management of
shoulder disorders. Arthroscopy. 2013;29(10):1702-11.

Hernigou P, Flouzat Lachaniette CH, Delambre J, Zilber S, Duffiet P,
Chevallier N, et al. Biologic augmentation of rotator cuff repair with
mesenchymal stem cells during arthroscopy improves healing and prevents
further tears: a case-controlled study. Int Orthop. 2014;38(9):1811-8.

Yokoya S, Mochizuki Y, Natsu K, Omae H, Nagata Y, Ochi M. Rotator cuff
regeneration using a bioabsorbable material with bone marrow-derived

(2019) 14:36

29.

30.

31

Page 11 of 11

mesenchymal stem cells in a rabbit model. Am J Sports Med. 2012;40(6):
1259-68.

Dressler MR, Butler DL, Boivin GP. Effects of age on the repair ability of
mesenchymal stem cells in rabbit tendon. J Orthop Res. 2005;23(2):287-93.
Mazzocca AD, McCarthy MB, Chowaniec DM, Cote MP, Arciero RA, Drissi H.
Rapid isolation of human stem cells (connective tissue progenitor cells)
from the proximal humerus during arthroscopic rotator cuff surgery. Am J
Sports Med. 2010;38(7):1438-47.

Yamaguchi K, Tetro AM, Blam O, Evanoff BA, Teefey SA, Middleton WD.
Natural history of asymptomatic rotator cuff tears: a longitudinal analysis of
asymptomatic tears detected sonographically. J Shoulder Elb Surg. 2001;
10(3):199-203.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1136/bcr-2012-007899

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Inclusion and exclusion criteria
	Inclusion criteria
	Exclusion criteria

	Retrieval strategies
	Data extraction and quality assessment
	Statistical analysis

	Results
	Literature retrieval results
	Literature quality assessments
	Meta-analysis results
	Constant score and subgroup analysis
	UCLA score and subgroup analysis
	Shoulder ROM
	VAS, SST, and ASES scores
	The re-tear rate and subgroup analysis


	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

