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ABSTRACT

Introduction Bone marrow-stimulating (BMS) techniques
during arthroscopic rotator cuff repair surgery theoretically
enhance the biological component for healing and hence
improve tendon healing, but their efficacy remains
unproven. The purpose of this review is to determine the
effects and associated harms of BMS in arthroscopic
rotator cuff repair surgery.

Methods and analysis We will perform a systematic
review and meta-analysis of randomised-controlled

trials (RCTs) and retrospective cohort studies (RCS) that
compare outcomes following BMS use against no use

of BMS during arthroscopic rotator cuff repair surgery.
We will search the databases including the Cochrane
Central Register of Controlled Trials, Medline and Embase,
and clinical trial registries for relevant studies. We will
include studies published from start of indexing until 23
August 2018. Two reviewers will independently assess
the eligibility for studies. For each included trial, we will
conduct duplicate independent data extraction and risk of
bias assessment. We will use the Cochrane Collaboration
tool to assess the risk of bias of included RCTs, while we
will use the Risk Of Bias In Non-randomised Studies - of
Interventions tool to evaluate the risk of bias of RCS. We
will perform a random-effects meta-analysis in calculating
the pooled risk estimates when appropriate. We will
assess the overall quality of the data for each individual
outcome using the Grading of Recommendations,
Assessments, Development and Evaluation approach. The
primary outcomes are tendon healing rate, overall pain
and shoulder functions. The secondary outcomes are the
proportion of participants with adverse events related to
interventions, the range of motion and the proportion of
participants with return to previous activities.

Ethics and dissemination We will report this review
according to the guidance of the PRISMA statement.

The results of this review will be disseminated through
conference presentations and publications in peer-
reviewed journals.

PROSPERO registration number CRD42018087161.

INTRODUCTION

For rotator cuff tear, arthroscopic repair is a
well-established treatment, with comparable
outcomes with mini-open procedures.' *
However, the healing rate of the tendon is still
variable. The retear rate was reported to be

Strengths and limitations of this study
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» This will be the first systematic review to provide an
objective, comprehensive and systematic assess-
ment of the use of bone marrow-stimulating tech-
niques in arthroscopic repair surgery for patients
with rotator cuff tear.

» The results of this systematic review may assist
orthopaedic surgeons to make clinical decisions re-
garding optimal procedures in relation to arthroscop-
ic rotator cuff tear with this patient population.

» We will assess the overall quality of the synthetic
evidence by using the Grading of Recommendations,
Assessment, Development and Evaluation approach.

» Conclusions and the grading of recommenda-
tions will be limited by the numbers and the quality
of included studies.

20% for small tears, and as high as 70% for
large and massive tears.” Both mechanical
and biological factors contribute to tendon
healing.* With the improvement of mechan-
ical structures including double row or tran-
sosseous suture equivalent configuration
and advanced anchors with high pull-out
strengths and stronger suture materials, the
healing rate of the tendon has improved to
be nearly 90%.”®

On the other hand, investigators have
suggested several augmentation procedures
for enhancing biological environments in the
tendon attachment site for tendon-to-bone
healing.” Plateletrich plasma (PRP) theo-
retically provides exogenous growth factors,
though its role in tendon healing remains
controversial. From recent studies regarding
the effect of PRP on rotator cuff repair,'*™"*
application of PRP during arthroscopic
procedures may improve tendon healing rate
and clinical outcomes. Bone Marrow-stim-
ulating (BMS) techniques are the other
strategy proposed to improve biologic envi-
ronments of tendon-bone healing, and have
been used clinically in microfractures or
drilling for chondral defects' '* and multiple
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channelling for rotator cuffs."” BMS involve disrup-
tion of subchondral bone and subsequent migration
of healing components including growth factors and
mesenchymal stem cells from bone marrow cavity.'” Some
authors reported the favourable outcomes of using BMS
during arthroscopic rotator cuff repair procedures.'”"’
Experimental studies have shown that BMS significantly
increased force to failure and with thicker collagen fibres
and more fibrocartilage histologically.'® '’

Despite potential role as biologic repair adjunct, the
disruptive behaviours of subchondral bone of BMS do
damage the bony structure. It takes the risk of inter-
fering the mechanical strength of fixation device, hence
influencing the tendon healing, given the fact that these
patient populations are mostly elderly with degrees of
osteopenia or osteoporosis. Meanwhile, the addition
of BMS may increase the complexity of procedures and
prolong the operation and anaesthesia time, which may
be harmful to patients.

Why is it important to conduct this review?

BMS techniques are increasingly perceived as a comple-
mentary strategy during arthroscopic rotator cuff repair
surgery,””™"7 but their associated harms and benefits
have never been systematically evaluated. No systematic
review has yet focused on the benefits or harms of BMS in
arthroscopic rotator cuff repair surgery.

Research question

Does the use of BMS during arthroscopic rotator cuff repair
improve the tendon healing rate and clinical outcomes
of surgery, compared with standard arthroscopic rotator
cuff repair surgery without the additional use of BMS?

METHODS AND ANALYSIS

Criteria for considering studies for this review

Type of studies

We will include all randomised-controlled trials (RCTs)
and observational studies (case-control or cohort). We
will exclude studies without a control group such as case
series and case reports. We will also exclude non-clinical
studies such as cadaveric and animal studies.

Type of participants

We will include studies that focus on patients with
full-thickness (complete) tear of the rotator cuff (mainly
supraspinatus tendon) who undergo arthroscopic rotator
cuff repair surgery. We will exclude studies with a primary
focus on patients with other pathologies including gleno-
humeral osteoarthritis, irreparable rotator cuff tear,
subscapularis tear, cervical neuropathy, ipsilateral upper
limb injury and other diseases that may affect upper limb
functions. We will exclude studies mixing patients with
full-thickness tear and partial-thickness tear of the rotator
cuff unless separate data for the full-thickness tear are
obtained. We will exclude studies that focus on paedi-
atric patients (<18 years) and animals.

Type of interventions

The interventions of interest are use of any kind of
BMS techniques (microfractures, multiple channelling,
multiple drilling, etc) during arthroscopic rotator cuff
repair. We will include studies comparing use of any kind
of BMS during arthroscopic rotator cuff repair surgery
with no use of BMS during arthroscopic rotator cuff
repair surgery. We will also include studies comparing
using two different BMS techniques during arthroscopic
rotator cuff repair surgery.

Type of outcome measures

Primary outcomes

1. Tendon structural integrity measured by MRI or
CT arthrography.

A. MRI criteria by the Sugaya’s classification:

- Type I, repaired cuff of sufficient thickness
with homogeneous low intensity in each
image.

- Type II, sufficient thickness associated with a
partial high-intensity area.

- Type III, insufficient
discontinuity.

- Type IV, minor discontinuity in more than one
slice, suggesting a small tear.

- Type V, major discontinuity in each image,
suggesting a medium to large tear.

B. CT arthrogram criteria by the modified Boileau
grading system:*'
- Healing: healing and incomplete healing.
- Retears: any types of retears and new tears.
2. Overall pain level measured by Visual Analogue Scale,
Verbal Rating Score, Numerical Rating Scale or other
validated instruments used to assess pain.
3. Function or disability, assessed by upper limb function-
al measures instruments, including but not limited to:
- American Shoulder and Elbow Surgeons Shoulder
Score.”

— Shoulder Pain and Disability Index.”

- University of California at Los Angeles (UCLA)
Shoulder Scale.**

— Constant Score.”

- Neer 1rating.26

- Disability of the Arm, Shoulder and Hand Score.”’

thickness without

Secondary outcomes

» Proportion of participants with adverse events related
to intervention (ie, fracture, the need for additional
surgery).

» Functions assessed by range of motion (active and
passive).

» Numbers of participants returning to previous
activities (work, sport, activities of daily living, etc),
including time to return.

Timing
If the outcomes are examined at multiple time points, we
will extract the data at the following time points: baseline,
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postoperative (within 1week after index surgery); short-
term follow-up (up to 3months following intervention);
intermediate follow-up (longer than 3months and up to
6months after index surgery); and long-term follow-up
(longer than 1year after index surgery).

Search methods for identification of studies

We will search databases including Medline, Embase, the
Cochrane Central Register of Controlled Trials for rele-
vant studies. We will include studies published from start
of indexing until 23 August 2018. We will also explore trial
registers including the WHO International Clinical trials
Registry Platform (www.who.int/ictrp/en/) and Clinical-
Trials.gov (www.clinicaltrials.gov) for any ongoing trials.
We will search all databases from inception to the present
without restriction of languages. See online appendix 1
for the search strategy for Medline. We will use a similar
approach with keywords in searching other databases.

Searching other resources

We will look for additional relevant studies by hands-on
check of the reference lists of all included studies and
relevant reviews. We will contact the specialist in this field
for any ongoing trials or data which are not published or
reported.

Data collection and analysis

Selection of studies

At first, we will remove duplicate records of the search
results. Two review authors (IL-TK and C-LC) inde-
pendently checked titles, abstracts and keywords from
the search records to identify potentially eligible studies.
Second, the same two review authors will check the full
text of potentially eligible studies independently. These
two review authors will reach consensus by discussion,
and a third review author (C-CC) will be consulted if
necessary.

Data extraction and management

We will use a standardised data extraction sheet to collect

study characteristics and outcome data of included studies.

One review author (L-TK) will extract the following data

from the included studies, whereas the second review

author (C-LC) will check the accuracy.

» Methods: publication year, study design, study centres
and locations, withdrawals, and duration of study
(follow-up).

» Participants: patient number, age (mean or range),
sex, diagnosis of disease, disease condition (small
or large tear), disease duration, diagnostic method,
inclusion and exclusion criteria.

» Interventions: invention, comparison and co-inter-
ventions. We will extract the techniques of rotator cuff
repair, any additional procedures and operation time.

» Outcomes: prespecified primary and secondary
outcomes, time points when results were measured.

» Notes: funding of study, notable declaration of
conflicts from authors.

We will report the characteristics of included studies
in a table, including their level of evidence, number of
patients and treatment methods.

Assessment of risk of bias in included studies

Two review authors independently assessed the risk of
bias for RCTs using the Cochrane Collaboration risk of
bias tool.”® We will resolve disagreements by discussion,
where necessary, in consultation with the third review
author (G-CC). We assess the following seven domains
for risk of bias of RCTs: randomisation, allocation
concealment, performance bias (blinding of patient and
personnel), detection bias (blinding of outcome assess-
ment), incomplete outcome data, selective reporting and
other biases.” We will judge the domains mentioned above
as being at high risk of bias, low risk of bias or unclear risk
of bias.”® For the studies with a non-RCT design, we will
use the Risk Of Bias In Non-randomised Studies - of Inter-
ventions tool for assessing the risk of bias.”” We will use
the Grading of Recommendations, Assessments, Develop-
ment and Evaluation (GRADE) approach to access the
overall quality of the data for each outcome.”

Measures of treatment effect

We will express pooled data with mean difference or stan-
dardised mean difference with 95% CI for continuous
outcomes and risk ratios (RRs) with 95% CI will be used
for dichotomous outcomes. When the RR is statistically
significant, we will also calculate the number needed to
treat to benefit, and number needed to treat to harm.

Unit of analysis issues

We will use individual participants as the unit of analysis.
For studies including bilateral surgery, we will follow the
analytical methods stated in section 16.3 of the Cochrane
Handbook for Systematic Reviews of Interventions.”’

Dealing with missing data

When analysing continuous data, if the SD was not
reported, we estimated the mean and variance from the
reported median, range, and sample size.”> When the SD
and range were not available, the variance was estimated
from the p value in the ¢ test.”

Assessment of heterogeneity

We will use % and I” statistics to examine statistical hetero-
geneity. The level of significance for the %* test is set at
0.10.%*** We will also estimate the between-study variance
using the 7° statistic.”’

Assessment of reporting biases

We will investigate potential small study biases using a
funnel plot Visually.35 In interpreting funnel plots, we
will examine different possible reasons for funnel plot
asymmetry and will relate these to results of this review.
If more than 10 trials are included for a meta-analysis,
we will perform statistical tests to investigate funnel plot
asymmetry and will follow the recommendations stated
in section 10.4 of the Cochrane Handbook for Systematic

Kuo L-T, et al. BMJ Open 2018;8:022086. doi:10.1136/bmjopen-2018-022086

3

"1ybuAdoo Aq paroslold 1sanb Agq #7202 ‘8z Ydtel uo jwod fwg uadolway/:dny wouy papeojumoq "8T0Z Joquialdas 8z Uo 980220-8T02-uadolwag/9eTT 0T Se paysignd isii :uado NG


www.who.int/ictrp/en/
www.clinicaltrials.gov
https://dx.doi.org/10.1136/bmjopen-2018-022086
http://bmjopen.bmj.com/

Reviews of Interventions.”® To assess selective outcome
reporting, we will check trial protocols against published
reports, if the protocol is available.

Data synthesis

When pooling is considered clinically significant, and data
are enough, we will perform a random-effects meta-anal-
ysis with the Mantel-Haenszel statistical method for
primary and secondary outcomes due to expected clin-
ical heterogeneity across included RCTs and non-RCTs.
When itis not appropriate to pool data, we will summarise
the data for each trial in tabular forms. A forest plot was
applied for the summary of results. Review Manager V.5.3
was used for meta-analysis.””

Subgroup analysis and investigation of heterogeneity

When the numbers of trials are sufficient, we will perform

a subgroup analysis to explore the following potential

sources of heterogeneity:*

1. Small tear versus large tear (different severity of
disease).

2. RCTs versus studies with a non-RCT design (different
study design).

We will compare the magnitude of treatment effects
between the subgroups by inspecting overlapping Cls of
summary estimates. Non-overlapping of CIs indicates a
significant difference between subgroups.

Assessment of confidence in estimates of effects

Two reviewers will independently use the GRADE meth-
odology to assess the quality of synthetic evidence for each
outcome.”” The disagreements will be solved by discus-
sion. If the arguments still exist after discussion, the third
author will adjudge. Quality of evidence is rated ‘very
low’, ‘low’, ‘moderate’ or ‘high’.*” This method judges the
overall quality of evidence for each outcome by consid-
ering the risk in the following domains including overall
risk of bias,40 imprecision,41 inconsistency,42 indirectness®
and likelihood of publication bias.** We will present the
summary of the results of this review in a summary of
findings table with the judgement of the overall quality of
evidence for each synthetic outcome.

Ethics and dissemination

Ethical approval is not necessary for this protocol of
systematic review since it does not involve any individual
patient data and any privacy concerns. This protocol is
reported according to the guidance of the Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
ysis Protocols (PRISMA-P) guideline.45 We will publish
this review by the PRISMA statement.* Findings of this
review will be disseminated as conference presentations
and in the form of manuscripts submitted to Science cita-
tion index (SCI)-indexed peer-review journals.

Patient and public involvement
Patients or public were not involved in this study.

DISCUSSION

Our review will assess the available evidence for BMS
during arthroscopic rotator cuff repair surgery in adults,
provide estimates of the benefits of interventions and the
associated harms, and evaluate the overall quality of the
synthetic evidence using the GRADE approach.47 We will
draw our conclusions based only on the findings from
the quantitative or narrative synthesis in this review. Our
results may assist orthopaedic surgeons in making clin-
ical decisions regarding the optimal surgical technique
of arthroscopic rotator cuff repair surgery and may guide
researchers in prioritising future research and will outline
remaining uncertainties in this area.
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