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Abstract

Purpose This study evaluated the repair integrity and
patient clinical outcomes following arthroscopic rotator
cuff repair of medium to large rotator cuff tears using a
single-row technique consisting of medially based, triple-
loaded anchors augmented with bone marrow vents in the
rotator cuff footprint lateral to the repair.

Methods This is a retrospective study of 52 patients (53
shoulders) comprising 36 males and 16 females with a
median age of 62 (range 44-82) with more than 24-month
follow-up, tears between 2 and 4 cm in the anterior—poste-
rior dimension and utilizing triple-loaded anchors. Mann—
Whitney test compared Western Ontario Rotator Cuff
(WORC) outcome scores between patients with healed
and re-torn cuff repairs. Multivariate logistic regression
analysed association of variables with healing status and
WORC score. Cuff integrity was assessed on MRI, read by
a musculoskeletal fellowship-trained radiologist.

Results Magnetic resonance imaging (MRI) demonstrated
an intact repair in 48 of 53 shoulders (91%). The overall
median WORC score was 95.7 (range 27.6-100.0). A sig-
nificant difference in WORC scores were seen between
patients with healed repairs 96.7 (range 56.7-100.0) com-
pared with a re-tear 64.6 (27.6-73.8), p < 0.00056.
Conclusions Arthroscopic repair of medium to large rota-
tor cuff tears using a triple-loaded single-row repair aug-
mented with bone marrow vents resulted in a 91% heal-
ing rate by MRI and excellent patient reported clinical
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outcomes comparable to similar reported results in the
literature.
Level of evidence 1TV.

Keywords Shoulder arthroscopy - Rotator cuff tear -
Rotator cuff repair - Single row - Stem cell - Bone marrow
vent - Crimson Duvet

Abbreviations

SR Single-row

DR Double-row

MRI Magnetic resonance imaging
PEEK  Polyethylether ketone

RCT Rotator cuff tear

TOE Transosseous equivalent
WORC  Western Ontario Rotator Cuff
Introduction

Symptomatic rotator cuff tears are common in the active
ageing population, and recent clinical results of arthroscopic
rotator cuff repair have been promising [25, 29, 42]. How-
ever, achieving consistent radiologic healing of full-thick-
ness rotator cuff tears remains a challenge, with re-tear rates
ranging from 20 to 94% [5, 15, 24, 60]. Both patient- and
surgeon-related factors variably affect healing after rotator
cuff repair [3, 15, 19, 24, 44, 56, 62]. Patient-related fac-
tors include advancing age, chronicity of symptoms, amount
of fatty infiltration and tear size, amongst others [3, 19, 24,
44, 62]. Two factors controlled by the surgeon are the surgi-
cal construct and the tension of the repaired muscle—tendon
unit [19, 35]. The detrimental effects of excess tension on
cuff repairs have long been recognized, although few stud-
ies have directly evaluated these effects [19, 21, 22].
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Recent biomechanical research has focused on repair
designs to improve rotator cuff tendon repair strength and
healing rates. These efforts have led to the development of
various single-row (SR) and double-row (DR) techniques,
including the transosseous equivalent (TOE) technique
which reestablishes tendon contact to the entire footprint
by advancing the torn rotator cuff tendon towards the lat-
eral margin of the greater tuberosity. Several biomechanical
studies have demonstrated the TOE technique provides the
strongest biomechanical fixation [46, 51, 52, 54]. Despite
these developments, the literature continues to report sub-
optimal healing rates regardless of technique, especially for
larger tears with recent studies reporting healing rates from
68 to 88% for SR, DR and TOE repairs (Table 1) [5, 24].

The senior surgeons at our institution developed a novel
technique eschewing use of more anchors to overcome the
biomechanical and biological challenges of rotator cuff
repair by minimizing repair tension and maximizing repair
strength. This technique consists of a medialized SR repair
with triple-loaded suture anchors with bone marrow vents
in the lateral cuff footprint. These vents enhance the heal-
ing biological milieu with bone marrow growth factors,
platelets and mesenchymal stem cells. This technique has
been utilized at our institution for over a decade with excel-
lent clinical results.

The study’s purpose was to evaluate the repair integrity
and clinical outcomes of a consecutive series of patients
with medium to large RCTs treated arthroscopically with
this novel single-row technique. The clinical and MRI
results were hypothesized to be superior to recent results in

the literature for similar-sized rotator cuff tears treated with
other constructs.

Materials and methods

A retrospective review of our institutional database iden-
tified all patients who underwent arthroscopic rotator cuff
repair over a 24-month period, from 2008 to 2010. All
procedures performed in studies involving human partici-
pants were in accordance with the ethical standards of the
institutional and/or national research committee and with
the 1964 Helsinki declaration and its later amendments or
comparable ethical standards.
The inclusion criteria were as follows:

1. Symptomatic rotator cuff tear failing non-operative
therapy including 6-week physical therapy, non-steroi-
dal anti-inflammatories and activity modification

2. Rotator cuff tear between 2 and 4 cm in anterior to pos-
terior (AP) dimension measured at time of arthroscopy

3. Novel SR arthroscopic repair with medialized place-
ment of two or three polyethylether ketone (PEEK)
anchors triple-loaded with high strength suture (Hea-
lix, Depuy Mitek, Raynham, MA) and adjacent bone
marrow vents

4. Minimum 24-month follow-up

5. Surgery performed by one of two senior authors

The exclusion criteria were as follows:

Table 1 Summary of recent arthroscopic rotator cuff repair literature with imaging follow-up

Size (cm) Technique Healing rate (%) Imaging (MRI or ultrasound) Notes
Present study 2-4 SR 91 MRI Medially based, triple-loaded anchors,
bone marrow vents
Kim et al. [37] 1-4 3 different TOEs 80, 87, 88 Either Single-mattress, double-pulley and
double-mattress techniques
Wu et al. [63] 2-4 SR 84 Ultrasound Knotless laterally based with inverted
mattress sutures
Kim et al. [38] 14 DR DR 76 Either Traditional DR compared to TOE
TOE TOE 80
Choi et al. [13] 2-4 TOE 82 Ultrasound Double-pulley suture bridge
Koh et al. [41] 24 SR SR 83 MRI Prospective randomized level I trial,
DR DR 74 traditional DR compared to laterally
based SR with double-loaded anchors
Pennington etal.  1.54.5 SR SR 80 MRI SR with double-loaded anchors in
[53] TOE TOE 68 Mason—Allen configuration versus

TOE

Literature review for recent radiologic outcomes of arthroscopic rotator cuff repair with various single-row (SR), double-row (DR) or transosse-

ous equivalent (TOE) techniques

MRI Magnetic resonance imaging
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1. Revision rotator cuff repair

2. Tears requiring interval slides and/or margin conver-
gence sutures

3. Tears requiring anchor fixation of the subscapularis
tendon

4. Irreparable tears

5. Inability to tolerate repeat MRI imaging despite PO
sedation

Figure 1 displays the results of our retrospective data-
base review. Fifty-eight patients were identified; 6 declined
to participate or could not be reached, leaving a final study
group of 52 patients (90% follow-up). The median age was
62 (range 44—82), with 36 male and 16 female patients. The
median tear size was 3.0 cm (range 2.0—4.0) as determined

Fig. 1 Patient inclusion and
exclusion diagram. Flow dia-
gram of the retrospective review
of our institutional database for
all patients undergoing arthro-
scopic rotator cuff repair over a
2-year period

988 procedures with
CPT code 29827
(arthroscopic cuff
repair) over two year
period at our
institution

N

[ 116 patients

58 patients

52 Patients satisfied all
inclusion criteria for
study
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intraoperatively from anterior to posterior at the medial
cuff footprint as visualized from the lateral portal. The
cuff tears were repaired with use of a median of 2 anchors
(range 2-3). Chronic degenerative and acute on chronic
rotator cuff tears are more common within this study’s age
group; however, younger patients with acute tears were
included as well. While most tolerated a repeat MRI, some
patients were excluded due to claustrophobia despite PO
medication.

All procedures were performed under general anaes-
thesia in the lateral decubitus position with the arm in
balanced skeletal suspension. Standard diagnostic arthros-
copy of the glenohumeral and subacromial spaces was per-
formed. Concomitant pathology was identified and treated
(Table 2). Subacromial decompression was performed if

* Other surgeons -- 702

*Tear < 2 cm or > 4 cm in anterior-
posterior dimension --133

*Other Implant -- 37

Excluded at time of surgery:
*Revision surgery -- 15

*Subscapularis repair with anchor --12

*Margin convergence -- 6

~/

Unable to complete MRI:
*Claustrophobia -- 16
*Medical contraindication to MRI -- 3

.

e

6 patients declined or could
not be contacted

\_
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Table 2 Other pathology addressed during rotator cuff tear repair

Concomitant procedure Number of shoulders

Subacromial decompression 49
Limited/extensive debridement 48
Arthroscopic biceps tenodesis 19
Biceps tenotomy 14
Side-to-side subscapularis repair 13
Distal clavicle excision 5
Lysis of adhesions/manipulation under 2
anaesthesia
Coracoplasty 1

Other concomitant pathology addressed at time of arthroscopic rota-
tor cuff repair utilizing our novel technique

signs of coracoacromial ligament undersurface mechani-
cal abrasion were present. The rotator cuff tendon was
debrided to a stable edge, and anatomic footprint soft tis-
sues were debrided to bare bone. The tear pattern and size
was arthroscopically assessed from the lateral portal as pre-
viously described [9].

During repair, the arm was placed in 45 degrees of
abduction and neutral rotation. Two to three anchors triple-
loaded with high strength suture (Healix PEEK Anchors
with Orthocord Suture, Depuy Mitek, Raynham, MA) were
used at surgeon discretion based upon tear size and pattern.
Anchors were inserted into the prepared bone at the pre-
viously described deadman angle, roughly 3 mm lateral to
the articular cartilage for a medialized single-row construct
[7]. Prior to tendon repair, 7-9 bone marrow vents 5—7 mm
deep were created in the lateral tuberosity footprint with a
1.9 mm bone punch (MiniRevo punch, Linvatec, Key Largo
FL) (Fig. 2). The vents are of sufficient size and depth to
permit clinically observable release of marrow fat droplets
and blood with reduced pump pressure. After surgery, these

vents allow egress of blood containing bone marrow ele-
ments to improve local biological healing milieu (Fig. 2).
Rotator cuff repair was performed utilizing a standard
shuttle technique with the three sutures passed as simple
stitches in a “fan-like” array [9]. All sutures were tied with
locking sliding knots placed over the cuff and followed by
three reverse half-hitches on alternating posts.

Postoperatively, all patients were immobilized in a neu-
tral rotation sling (Ultra Sling III, DonJoy Orthopaedics,
Inc, Carlsbad, CA) for 4-5 weeks. All patients followed a
standardized, supervised physiotherapy programme begin-
ning on postoperative day one with active elbow, wrist, and
hand exercises as well as shoulder shrugs followed by pas-
sive supine external rotation and pendulum exercises after
the first week. Strengthening was initiated at 8 weeks, and
patients were allowed to resume full, unrestricted activities
at 16-20 weeks.

Magnetic resonance imaging was performed on a sin-
gle 1.5 Tesla MRI scanner at our institution (Fig. 3). An
independent and blinded fellowship-trained musculoskel-
etal radiologist interpreted all scans. Repairs were graded
according to the criteria published by Sugaya et al. as either
“healed” (types I-III) or “re-torn” (types IV-V) (Table 3).
In addition, re-torn cuffs were categorized by the criteria
published by Cho et al. with type 1 having no repaired cuff
tissue attached to the tuberosity and type 2 with a remnant
of repaired cuff tissue remaining on the tuberosity [12, 58].

Subjective clinical outcomes were evaluated with
three surveys. First, a custom short survey to assess the
patient’s overall satisfaction with the surgery and ques-
tions regarding medical issues shown to influence rota-
tor cuff healing in previous studies, including history of
diabetes mellitus, smoking or alcohol usage [3, 11, 56,
62]. Secondly, a Western Ontario Rotator Cuff Index
(WORC), a validated outcome measure shown to cor-
relate well with other outcome tools, and also more

Fig. 2 Arthroscopic view of completed medialized repair with bone
marrow vents in the lateral rotator cuff footprint and Crimson Duvet.
Arthroscopic view of a completed medialized repair viewed from
lateral portal. a Black line arrows point to fan-like array of sutures
from a triple-loaded anchor placed on medial boarder of rotator cuff
footprint. Black block arrow identifies a bone marrow vent created by

a MiniRevo punch (Linvatec, Key Largo FL) in the lateral cuff foot-
print, white block arrow. b Reducing pump pressure demonstrates
blood flowing from the bone marrow vents. ¢ Final view showing the
“Crimson Duvet” with blood covering the rotator cuff repair and foot-
print on greater tuberosity
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Fig. 3 Comparison of preoperative and postoperative MRI scans. a
Preoperative coronal MRI of a left shoulder showing a full-thickness
rotator cuff tear. b Postoperative coronal MRI of the same left shoul-
der 2 years after arthroscopic rotator cuff repair. Note the regener-
ated tissue coverage over the lateral tuberosity rotator cuff footprint.
Snyder and Buford have reported upon this, with biopsy-proven

“neo-tendon” covering the tuberosity lateral to the repair site [6, 57].
¢ Preoperative coronal MRI of a right shoulder showing a full-thick-
ness rotator cuff tear. d Postoperative coronal MRI of the same right
shoulder at 2 years demonstrates a Sugaya V, Cho type I re-torn rota-
tor cuff

Table 3 Sugaya classification Grade Description Number of shoulders
I Sufficient thickness with homogeneously low intensity 27
1T Sufficient thickness with partial high intensity 13
I Insufficient thickness without discontinuity 8
v Presence of a minor discontinuity
v Presence of a major discontinuity 2

Description and breakdown of study patients by MRI Sugaya classification [58]. Patients graded I-1II were
considered to be healed and IV-V to have re-torn
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responsive (sensitive to change) than other outcome
tools (UCLA, DASH, ASES, Constant, Rowe) for rota-
tor cuff disease [40]. Finally, a short-form 36 version 2
mental and physical scores were completed. Institutional
approval for this study was obtained from the Southern
California Orthopedic Research and Education Center for
a non-therapeutic retrospective study.

Statistical analysis

Mann-Whitney tests compared patient’s outcome scores
between healed and re-torn cuff repairs. Multivari-
ate logistic regression was performed to determine the
association of selected variables with healing status
and WORC score, including age, tear size, number of
anchors, surgeon, tobacco and/or alcohol use and history
of diabetes. A p value (alpha) less than 0.05 was consid-
ered significant. All analyses were performed with SAS
software (version 9.1; SAS Institute, Cary NC). Post hoc
analysis indicated this study did not achieve sufficient
power with an estimated necessary sample size of 140.

Results

At a mean follow-up of 34 + 9 months, MRI demon-
strated an intact repair in 48 of 53 shoulders (91%) with
breakdown by Sugaya classification (Table 3). All five
failures were Cho Type I [12]. Forty-six of 53 shoulders
(87%) reported complete satisfaction with their results.
The median WORC score was 95.7 (range 27.6-100.0).
The median SF-36 Physical and Mental score was 51
(range 29-62) and 58 (41-66), respectively.

During uni- and multivariate analyses, no correlations
were observed between repair integrity or WORC score
with: age, sex, tear size, anchor number, surgeon, previ-
ous surgery (three patients had previous surgery), diabe-
tes, alcohol use and smoking (all three smokers healed).
Significant difference in WORC scores was observed
between healed repairs 96.7 (range 56.7-100.0) and re-
torn cuffs versus 64.6 (range 27.6-73.8), p < 0.00056.

Complications and adverse events

Two patients required revision repair within 12 months of
index surgery.

One patient developed postoperative subacromial
fibrosis and arthrofibrosis requiring manipulation under
anaesthesia, lysis of adhesions and subacromial debride-
ment seven months postoperatively.

Discussion

The 91% intact repair rate on postoperative MRI and
excellent overall patient reported clinical outcomes for
medium to large rotator cuff tears supports the concepts
of minimizing repair tension, optimizing biomechanics
and maximizing biology of healing that are fundamental
to our novel SR technique. While there is no study con-
trol group, our observed healing rate meets or exceeds
other recently published studies of similar-sized tears
repaired utilizing various different techniques (Table 1).

Three core features in combination distinguish this
novel SR technique from others:

1. A single row of screw-in suture anchors triple-
loaded with high strength #2 sutures passed as simple
stitches in a “fan-like” array.

2. A medially based repair with anchors placed near the
articular margin of the greater tuberosity minimizes
repaired tendon tension.

3. Bone marrow vents placed in the greater tuberos-
ity lateral to the repair allows bone marrow element
egress and vascular channel formation.

With the improved bony interface of modern suture
anchors, the point of failure shifts to the tendon-suture
interface as the tendon often slides through a suture’s
grasp before the implant “fails” [18, 20]. Recent biome-
chanical studies have shown the number of tendon fixa-
tion points is the most important factor affecting repair
strength, not number of anchors [33, 43].

DR constructs are favoured over SR constructs by
most biomechanical studies, but few have compared to
SR constructs using triple-loaded anchors. Coons et al.
[17] found the additional third suture reduced cycli-
cal gapping by a factor of 2.6 versus a double-loaded
anchor. Barber et al. [2] reported significantly less cycli-
cal load gap formation and no difference in load to fail-
ure between two triple-loaded anchors and TOE con-
struct. More recently, Jost et al. published biomechanical
results showing no difference in cyclic gap formation and
mean load to failure between a 4-suture SR repair and a
4-suture DR repair (362 and 386 N, p = 0.58) [33].

While no in vivo studies have evaluated correlation
between repair tension and healing rates, Davidson et al.
did show significantly lower outcome scores in repairs
requiring higher repair tension [19]. Several factors dic-
tate repair tension, including the surgical technique and
intrinsic tissue tension. The tendon typically tears in the
hypovascular region leaving a shortened tendon. Repair-
ing a shortened tendon to the lateral versus medial foot-
print increases repair tension from 2.2- to 5.4-fold in vivo
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as reported by Dierckman et al. [21, 22, 31, 47]. This is
also compounded by the decreased modulus of elasticity
with increasing tendon tear chronicity noted in animal
models [16, 27, 28]. In combination, this is the primary
biomechanical advantage of a medially based repair—
attaching a shortened tendon to the medial footprint mini-
mizes repaired muscle—tendon unit tension.

The peribursal tissues are the primary vascular source of
healing with secondary cuff footprint contribution [1]. To
augment the vascularity and local biological environment,
several authors have advocated supplementing healing with
bone marrow cells and growth factors to form a “super
clot”, akin to the early clot during fracture healing, from
bone vents in the tuberosity (Fig. 2) [32, 48, 58, 61].

Kida et al. [34] utilized a rat model to show the presence
of significantly more chimeric green fluorescent marrow-
derived cells within the tendon of the cuff repair/drilling
group compared to the control shoulder along with higher
tendon load to failure. Showing improved healing potential
of vents, Jo et al. [32] reported decreased CT arthrogram
dye leakage, to 16% from 35.5%, in patients undergoing
DR cuff repair overlying footprint “channels” versus con-
trols. Milano et al. [48] found improved MRI healing rates
from 12.5% in controls to 60% with footprint “microfrac-
ture” for large cuff tears in a prospective randomized study
of 80 patients using double-loaded SR repair. Validating
the effects of marrow-derived stem cells, Hernigou et al.
[30] demonstrated improved healing rates with iliac crest
mesenchymal stem cells augmented SR repair at both six
month and minimum ten year time points. They also noted
increased long-term tendon integrity was related to injected
stem cell number.

In the current study, patients with intact repairs
demonstrated significantly better outcome scores than
patients with a re-tear. Kim et al. also reported similar
findings but most studies show no difference in outcomes
[5, 14, 15, 36, 39, 50, 55, 59]. Kim et al. [36] also found
that younger patients showed distinctly inferior outcomes
compared with older patients when a re-tear occured.
Although a re-tear does not preclude reasonable clinical
outcomes especially in the older population, we believe
anatomic healing should be the surgeon’s goal whenever
possible.

Recent meta-analyses on SR versus DR repairs have
shown a slight clinical and/or radiologic advantage
towards DR repairs but none of the studies used a SR tech-
nique employing all three key features of out novel SR
technique [45, 49, 64]. Amongst the Level I studies com-
paring SR to DR, six of seven studies placed the single
row of anchors at the lateral margin of the greater tuberos-
ity; all seven implanted double-loaded, not triple-loaded,
anchors, and no studies utilized bone marrow vents [8,

@ Springer

10, 13, 23, 25, 29, 42]. These three key features of our
technique in combination should represent a unique rota-
tor cuff repair technique worthy of distinction from other
SR repairs, just as the TOE technique receives distinction
from other DR repairs. Future studies are needed directly
comparing this novel SR technique to other SR and DR
techniques for validation.

This study’s technique results in high repair healing
rates and excellent patient reported outcomes. This can
help guide surgeon technique choice to minimize recurrent
rotator cuff tear rates for medium to large rotator cuff tears
along with associated patient morbidity and socioeconomic
costs. In addition to these benefits, there are direct cost sav-
ings from choosing the lower cost SR construct and by uti-
lizing cost-free bone marrow vents [4, 26].

The study was limited by the lack of preoperative
WORC scores, and the retrospective study design can
introduce treatment and selection bias despite strict inclu-
sion and exclusion criteria and prevents ability to compare
to a simultaneous control group necessitating comparing
results with recently published studies. The study was not
sufficiently powered despite a relatively large sample size.
Application of this data would not be applicable to larger
or more complex tears requiring interval slides or margin
convergence sutures.

Conclusion

Arthroscopic repair of medium to large rotator cuff tears
using a triple-loaded single-row repair augmented with
bone marrow vents resulted in a 91% healing rate by MRI
and excellent clinical outcomes comparable to recently
published rotator cuff repairs using other techniques.
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