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Comparison of Occurrence of Bone Tunnel
Laceration, Clinical Results, and Cuff Repair Integrity
of Transosseous Arthroscopic Rotator Cuff Repair
With and Without Lateral Cortical Augmentation
Yoshihiro Hirakawa, M.D., Tomoya Manaka, M.D., Yoichi Ito, M.D.,
Yoshinobu Matsuda, M.D., Katsumasa Nakazawa, M.D., Ryosuke Iio, M.D., and

Hiroaki Nakamura, M.D.
Purpose: To compare the occurrence of bone tunnel laceration, the short-term clinical results, and cuff repair integrity of
transosseous arthroscopic rotator cuff repair (ARCR) using a tunneling device, with and without lateral cortical
augmentation. Methods: A retrospective review of patients who underwent transosseous ARCR from May 2012 to
December 2017 was conducted. The inclusion criterion was repairable medium- to massive-sized full-thickness rotator
cuff tear. This study included 2 consecutive series of patients undergoing transosseous ARCR with and without lateral
cortical augmentation, called the ITO method and AT method, respectively. The incidence of bone tunnel laceration was
evaluated intraoperatively. Patients were assessed through a range of motion and Constant scores preoperatively and at
final follow-up. Further, magnetic resonance imaging was performed at 24 months postoperatively to examine the
repaired rotator cuff integrity. Results: A total of 121 subjects were included: 33 in the AT group and 88 in the ITO group.
The intraoperative bone tunnel laceration occurrence rate was 67% and 4% for the AT and ITO methods, respectively; the
difference was significant (P ¼ .001). Anatomic failure rate (Sugaya III, Ⅳ, and Ⅴ) rate for medium- to large-sized tears
was significantly lower for the ITO than for the AT method (29% vs 65%, P ¼ .004), but not for massive tears (61% vs
69%, P ¼ .515). The mean forward elevation, abduction, external rotation, internal rotation, and Constant score were
significantly improved at final follow-up from preoperative values. There were no significant differences between the 2
methods. Conclusions: Transosseous ARCR using a tunneling device with and without lateral cortical augmentation is a
reliable method of improving clinical results at a minimum follow-up of 2 years. The intraoperative occurrence rate of
bone tunnel laceration occurrence rate and the anatomic failure rate of medium- to large-sized cuff tear were lower with
lateral cortical augmentation than without it. Level of Evidence: Level Ⅳ, therapeutic cases series.
Introduction
everal methods for performing arthroscopic rotator
Scuff repair (ARCR) exist. ARCR using suture an-

chors has become the most common procedure, and
excellent clinical results have been reported.1-4 How-
ever, using suture anchors has certain disadvantages,
such as dislocation,5 cost,6,7 osteolysis,8,9 problems
with revision surgery,10 and perianchor reactions.11,12
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To avoid these issues, some surgeons choose trans-
osseous ARCR techniques instead.13-18 There are
various approaches to transosseous ARCR, but these
are generally all difficult to perform. However, with
the development of a tunneling device, implementing
transosseous ARCR has become easier, and we
commenced the use of this procedure in our institute
in May 2012.
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A previous study reported that clinical results
following transosseous ARCR using a tunneling device
without lateral cortical augmentation are significantly
improved at a minimum 2-year follow-up. However,
intraoperative bone tunnel laceration was observed in
67.8% of all tunnels, and this study revealed that bone
tunnel laceration affects rotator cuff repair integrity.19

Other reports of transosseous ARCR using a tunneling
device also stated that this procedure frequently is
accompanied by bone tunnel laceration during knot-
tying.20,21 In addition, one paper using magnetic reso-
nance imaging (MRI) demonstrated that more than 80%
of the bone tunnel morphology had changed at 6
months postoperatively.19 The original shape of the bone
tunnel made at the operation time should be maintained
to avoid damaging the cancellous bone. To preserve the
original L-shaped bone tunnel morphology and prevent
bone tunnel laceration, in May 2013 lateral cortical
augmentation was introduced in a technique named the
interposed transosseous (ITO) method.
Several studies on transosseous ARCR using a

tunneling device with lateral cortical augmentation
have been reported.22,23 However, little is known about
the influence of lateral cortical augmentation on the
clinical results and cuff repair integrity after performing
transosseous ARCR using a tunneling device. The pur-
pose of this study was to compare occurrence of bone
tunnel laceration, the short-term clinical results, and
cuff repair integrity of transosseous ARCR using a
tunneling device, with and without lateral cortical
augmentation. We hypothesized that lateral cortical
augmentation would reduce the occurrence of bone
tunnel laceration and affect both the clinical results and
cuff repair integrity.

Methods

Patient Selection
This study was retrospective and included consecutive

patients who underwent transosseous arthroscopic ro-
tator cuff repair. Between May 2012 and April 2013,
patients (n ¼ 33) who underwent surgical repair of a
rotator cuff tear using a tunneling device without lateral
cortical augmentation (AT method), and between May
2013 and December 2017, patients (n ¼ 88) who un-
derwent surgery for the same repair using a tunneling
device, but with lateral cortical augmentation (ITO
method), were included in this study. We retrospectively
followed up with the patients. The inclusion criterion
was repairable medium- to massive-sized full-thickness
rotator cuff tear. Exclusion criteria were as follows: (1)
revision rotator cuff repair; (2) transosseous ARCR with
additional anchors or sutures; (3) partial rotator cuff
repair; and (4) no additional procedure such as capsu-
lotomy or acromial clavicular resection. This study was
approved by our institutional review board (Elucidation
of the pathological condition of the shoulder disease
after having undergone arthroscopic surgeries [retro-
spective multicenter clinical study], protocol identifica-
tion number: 3221). All patients agreed to participate in
the study.

Surgical Technique
This procedure was completed by 2 different surgeons

(Y.I. and T.M.). Shoulder arthroscopy was achieved
while the patient was under general anesthesia in the
lateral decubitus position. The upper limb was main-
tained at the abduction of approximately 60�.
The glenohumeral arthroscopic inspection was per-

formed, and the size and proportions of the rotator cuff
tear and condition of the long head of the biceps were
assessed. In cases of tendinopathy of the long head of the
biceps, a tenotomy was implemented. Arthroscopic sub-
acromial decompression was performed in all cases. After
the rotator cuff repair was prepared for the procedure, a
drill hole was made and a tunneling device (i.e., the
ARTHROTUNNELER; Wright Medical, Memphis, TN)
(Fig 1A)was placed in the drill hole. This device formedan
angled bone tunnel, with the length of the lateral tunnel
being 15 mm. A shuttle suture was introduced through
the device via loop retrieval (Fig 1B), which was then
replaced by 3 braided nonabsorbable sutures (FiberWire;
Arthrex, FL) in each drill hole. For the ITOmethod, these
sutureswereused to install anALLthreadKnotless Suture
Anchor (Biomet, Warsaw, IN) on the lateral side of the
greater tuberosity to act as the lateral cortical augmenta-
tion (Fig 1 C and D). The length of this augmentationwas
the same as that of the lateral tunnel (Fig 2). For the AT
method, no lateral cortical augmentation was established
at the greater tuberosity. The appropriate number of holes
was made depending on the cuff tear size.
Passive range-of-motion exercises were started from

the day after the operation. The abduction sling was
removed, and active-assisted range-of-motion exercises
were initiated at 6 weeks postoperatively.

Evaluation
The shoulder range of motion and Constant score24

were assessed preoperatively and postoperatively at
the final follow-up. Four physical therapists conducted
these evaluations. The rotator cuff tear size and pres-
ence of bone tunnel laceration after knot tying were
evaluated intraoperatively. For bone tunnel laceration,
a positive result was defined as a cutout of greater than
5 mm for the AT method (Fig 3A), and movement from
the original position to another position for the ITO
method (Fig 3B). All patients who underwent ARCR at
the authors’ institution were advised to undergo an
MRI evaluation of cuff repair conditions 24 months
postoperatively, and an MRI was used to evaluate the
Sugaya classification.25 This study defined complete
retear as Sugaya type Ⅳ and Ⅴ and anatomic repair



Fig 1. Arthroscopic surgery find-
ings (left side): (A) a tunneling de-
vicewas introduced into themedial
portal; (B) shuttle suture was
introduced through the device via
loop retrieval; (C) lateral cortical
augmentation was introduced into
the greater tuberosity via the suture
using anterolateral portal; and (D)
arthroscopic findings after the
completedrepair fromanterolateral
portal.
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failure21 as Sugaya type III, Ⅳ, and V. A shoulder
surgeon (Y.H.) interpreted the MRI findings and
determined the Sugaya classification.

Statistical Analysis
Statistical analyses were performed using GraphPad

prism statistical software, version 8 (GraphPad Software,
San Diego, CA). The paired t test, Fisher exact test, and
the ManneWhitney U test were used to compare vari-
ables in this study. A P value of < .05 was considered to
be statistically significant.
Wemade a post hoc power analysis on our results with a

specific statistical software (G*Power, version 3.1.2,
Heinrich Heine University, Dusseldorf, Germany).
Fig 2. Bone model of the hu-
merus. (A) Vertical shape of the
bone tunnel; and (B) lateral
cortical augmentation was the
same length as that of the bottom
side.



Fig 3. (A) Bone tunnel laceration
of the greater tuberosity from the
ATmethod (white arrows); and (B)
Bone tunnel laceration of the
greater tuberosity from the ITO
method (black arrows). (AT, trans-
osseous arthroscopic rotator cuff
repair [ARCR] using a tunneling
device without lateral cortical
augmentation; ITO, interposed
transosseous ARCR/transosseous
ARCR using a tunneling device
with lateral cortical augmentation)
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According to the post hoc power analysis, our study power
to detect a significant difference is 0.80 with and an alpha
error of 0.05.

Results

Patient Data
Of 186 consecutive patients who underwent surgical

repair of a rotator cuff tear using a tunneling device, 39
patients were excluded from this study. This study
enrolled 147 patients, who were divided into 2 groups:
the AT method (39 patients) and the ITO method (108
patients). Of these, 26 patients dropped out of the study:
9 patients (3 patients: AT, 6 patients ITO) dropped out
because of a need for revision surgery within 2 years
Total patients undergoing re

AT method (n = 39)

From May 2012 to April 2013

Lost to follow-up (n = 6)
� Needed revision surgery (n = 3)
� Other reasons (n = 3)

Analyzed (n = 33)
� Medium and large cuff tear (n = 20)
� Massive cuff tear (n = 13)

Fig 4. Flow diagram to show the
grouping of the patients included
in the study. (AT, transosseous
arthroscopic rotator cuff repair
[ARCR] using a tunneling device
without lateral cortical augmen-
tation; ITO, interposed trans-
osseous ARCR/transosseous
ARCR using a tunneling device
with lateral cortical
augmentation)
after primary surgery, and 17 patients (3 patients: AT, 14
patients ITO) dropped out postoperatively. A total of 121
subjects were ultimately included: 33 in the AT group
and 88 in the ITO group. The follow-up rate was 82%
(121/147). A flow diagram illustrates the grouping and
flow of patients in our clinical study (Fig 4). The de-
mographic characteristics, including age, sex, mean
follow-up period, number of biceps tenotomy, and size
of the rotator cuff tear, are shown in Table 1.

Clinical Outcome
Range of motion and constant score were evaluated

at the last follow-up visits showed significant
improvement compared with preoperative scores in
both methods, except for the external rotation of the AT
pair of rotator cuff tear with a tunneling device (n = 186) 

Excluded (n = 39)
� Additional procedure (n = 12)
� Revision rotator cuff repair (n = 2)
� Transosseous ARCR with anchors(n = 16)
� Partial rotator cuff repair (n = 9)

From May 2013 to December 2017

Lost to follow-up (n = 20)
� Needed revision surgery (n = 6)
� Other reasons (n = 14)

Analyzed (n = 88)
� Medium and large cuff tear (n = 70)
� Massive cuff tear (n = 18)

ITO method (n = 108)



Table 1. Demographic and Surgical Data

At Method ITO Method P Value

Number 33 88
Age, y, mean � SD

(range)
68.6 � 8.7 (51-83) 65.0 � 9.3 (48-85) .061*

Sex, male/female, n 21:12 47:41 .337y
Follow up, mo,

mean � SD
(range)

30.5 � 4.1 (24-39) 27.1 � 5.9 (24-48) .001*

Cuff tear size
Medium- and

large-sized tear
20 70

Massive-sized tear 13 18 .060y
ARCR, arthroscopic rotator cuff repair; AT, transosseous ARCR

using a tunneling device without lateral cortical augmentation; ITO,
interposed transosseous ARCR/transosseous ARCR using a tunneling
device with lateral cortical augmentation; SD, standard deviation.
*ManneWhitney U test.
yFisher exact test.
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method. However, no significant differences were
found in range of motion (forward elevation, P ¼ .392;
abduction, P ¼ .108; external rotation, P ¼ .100; in-
ternal rotation, P ¼ .303) and Constant score (P ¼ .354)
between the 2 methods. Both methods demonstrated
significant improvement of Constant score according to
the minimal clinically important difference criteria for
Constant score (10.4)26 (Table 2).

Bone Tunnel and Bone Tunnel Laceration
The number of bone tunnels was significantly greater

in the AT method than in the ITO method. However,
the occurrence rate of bone tunnel laceration was
significantly greater in the AT method than in the ITO
method (Table 3).

Cuff Repair Integrity
No significant difference of retear rate between the

AT method and ITO method were observed in medium-
to large-sized and massive-sized tear. However, the
Table 2. Comparison Between Preoperative and Postoperative R

At Method

PPreoperative
Final

Follow-Up

Shoulder ROM, mean � SD
Forward elevation, 123 � 39 152 � 24 .0
Abduction, 119 � 52 148 � 28 .0

External rotation, 36 � 27 48 � 15 .0
Constant score for Internal rotation 5.5 � 2.6 7.2 � 1.2 .0
Constant score, mean � SD 51 � 17 74 � 9.2 .0

NOTE. Data are reported as mean � SD.
ARCR, arthroscopic rotator cuff repair; AT, transosseous ARCR using a tu

transosseous ARCR/transosseous ARCR using a tunneling device with
deviation.
*Paired t test.
yManneWhitney U test.
anatomic failure rate of medium to-large-sized rotator
cuff repair in the ITO method was significantly lower
than that in the AT method (P ¼ .004). However, there
was no significant difference in the anatomic failure
rate of massive rotator cuff repair between the AT
method and ITO method (P ¼ .515) (Table 4).

Discussion
The current study results showed that transosseous

ARCR using a tunneling device was associated with a
positive range of motion and clinical outcomes at a
minimum follow-up of 2 years, with or without lateral
cortical augmentation. Furthermore, lateral cortical
augmentation could reduce the occurrence of bone
tunnel lacerations. However, a significant difference
was found between the AT and ITO methods in the
anatomic failure rate of medium- to large-sized rotator
cuff tears. Therefore, our hypothesis of lateral cortical
augmentation affecting bone tunnel laceration and cuff
repair healing for medium- to large-sized tears was
proven, but not the clinical outcomes.
Several clinical reports on transosseous ARCR using a

tunneling device, same as this study, have been pub-
lished. For example, Randelli et al.27 determined that
the results of performing transosseous ARCR using a
tunneling device are comparable with single-row repair
using an anchor, at a minimum follow-up period of 15
months. However, they included no measures to assess
bone tunnel laceration and did not report on the
occurrence of this phenomenon. Black et al.20 observed
positive clinical results in 31 patients following trans-
osseous ARCR using a tunneling device. These authors
also mentioned the incidence of intraoperative bone
tunnel laceration during knot tying, and used cortical
augmentation for 23% of all patients. Nevertheless,
cortical augmentation was not significantly associated
with improved outcome scores. Liu et al.21 described
the favorable functional and anatomical outcomes
ange of Motion and Clinical Outcomes

Value

ITO Method

P Value

At vs ITO at
Final Follow-Up

Preoperative
Final

Follow-Up P Value

32* 124 � 39 158 � 18 .001* .392y

02* 114 � 47 156 � 24 .001* .108y

27* 40 � 19 41 � 20 .653* .100y

02* 6.5 � 2.6 7.4 � 1.3 .001* .303y

01* 53 � 17 75 � 11 .001* .354y

nneling device without lateral cortical augmentation; ITO, interposed
lateral cortical augmentation; ROM, range of motion; SD, standard



Table 3. Comparison of the Average Number of Tunnels and
Occurrence Rate of Bone Tunnel Laceration

At Method ITO Method P Value

Number of tunnels, median
(range)
Medium- and large-sized tear 2 (1-2) 1 (1-2) .001*
Massive-sized tear 3 (2-4) 2 (1-3) .001*
Total 2 (1-4) 2 (1-3) .001*

Occurrence rate of bone tunnel
laceration
Medium- and large-sized tear 64% (25/39) 2% (2/98) .001*
Massive-sized tear 69% (25/36) 8% (3/37) .001*
Total 67% (50/75) 4% (5/135) .001*

ARCR, arthroscopic rotator cuff repair; AT, transosseous ARCR us-
ing a tunneling device without lateral cortical augmentation; ITO,
interposed transosseous ARCR/transosseous ARCR using a tunneling
device with lateral cortical augmentation.
*ManneWhitney U test.
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achieved at a minimum follow-up period of 2 years
following transosseous ARCR using a tunneling device
for symptomatic 2- to 4-cm full-thickness tears. In that
study, 44% of all patients developed intraoperative
bone tunnel laceration during the operation. There
were no significant differences between the clinical
outcomes of patients with and without bone tunnel
laceration. However, they recommended the use of a
cortical augmentation to minimize the risk of suture
cut-through, concerning bone tunnel quality at the
great tuberosity. Similar to previous reports, the current
study revealed that the range of motion and clinical
outcomes improved after transosseous ARCR using a
tunneling device at a minimum 2-year follow-up,
regardless of lateral cortical augmentation.
This study also observed that the number of bone

tunnels created and the occurrence rate of bone tunnel
laceration was greater for the AT method than the ITO
method. In general, during knot-tying, bone tunnel
lacerations form from the lateral edge of the bone tun-
nel.20,21 It can be considered that using 3 threads to 1
Table 4. Comparison of the Retear Rate and Anatomic Failure R

At Method

Medium- and Large-Sized Tear Massive-Sized T

Sugaya type I 3 1
Sugaya type II 4 3
Sugaya type III 12 6
Sugaya type Ⅳ 0 1
Sugaya type Ⅴ 1 2
Retear rate 5% (1/20)

23% (3/13)
Anatomic failure rate 65% (13/20)

69% (9/13)

ARCR, arthroscopic rotator cuff repair; AT, transosseous ARCR using a tu
transosseous ARCR/transosseous ARCR using a tunneling device with lat
failure (Sugaya III, Ⅳ, and Ⅴ).
*Fisher exact test.
bone tunnel simultaneously in AT the method, thread
stress was concentrated, and bone tunnel laceration was
likely to occur. Moreover, if the laceration occurred at
the first suture, the other 2 sutures could not be tight-
ened firmly. In such cases, the creation of additional
tunnels was required to recover the fixation force.
Caldwell et al.28 reported that lateral cortical augmen-
tation might increase the ultimate pull-out strength of
sutures from the bone by 2-fold. Similarly, other authors
have also recommended the use of lateral cortical
augmentation to enhance pull-out strength.29,30 Thus,
lateral cortical augmentation should be used to improve
suture pull-out strength and to prevent bone tunnel
laceration in all cases.
No significant difference in the re-tear rate between the

AT and ITO methods was shown. Randelli et al.27 and
Black et al.20 reported a retear rate of 13.3% (4/30) and
9.7% (3/31), respectively, following transosseous ARCR
using a tunneling device. These results agreewith those of
our study.
In contrast, the anatomic failure rate of medium- to

large-sized rotator cuff tears for the AT method was
significantly greater than for the ITO method. Further-
more, the AT method demonstrated a greater proportion
of Sugaya type III retears than the ITO method. Salata
et al.31 described a biomechanical cadaveric study
measuring the extent of initial gapping between the
insertion site and the repaired tendon when using a
tunneling device to repair a supraspinatus rotator cuff
tear. According to this research, the gapping is 3 mm
larger for a tunneling device than when using anchor
fixation. A previous study revealed that in 90.1% (73/81)
of patientswho underwent surgery using the ATmethod,
bone tunnel morphology changed from the original
L-shaped to curve-shaped or straight-shaped according to
an MRI at 6 months after the operation.19 The curve-
shaped and straight-shaped bone tunnel morphology
was considered to indicate loosened suture strings after
surgery. This might be due to a reduction in the thread
ate

ITO Method

P Valueear Medium- and Large-Sized Tear Massive-Sized Tear

36 5
14 2
15 9
5 0
0 2

7% (5/70) 1.00*
11% (2/18) 1.00*

29% (20/70) .004*
61% (11/18) .515*

nneling device without lateral cortical augmentation; ITO, interposed
eral cortical augmentation, retear (Sugaya Ⅳ and Ⅴ), anatomic repair



ARCR WITH LATERAL CORTICAL AUGMENTATION e987
tension of the repaired cuff used for the AT method. This
phenomenon may have caused partial retear (Sugaya
type III). In contrast, curve-shaped or straight-shaped
bone tunnel morphology was not recognized in patients
following the ITOmethod at postoperativelyMRI. Lateral
cortical augmentation in the ITO method prevented the
change of bone tunnel morphology.
However, no significant difference in anatomic failure

rate for massive rotator cuff tears between the 2
methods was revealed. There are 2 possible reasons.
First, because of the massive size of the tears, the con-
dition of the rotator cuff was so poor that the cuff was
torn by the suture thread regardless of any loosening.
Galatz et al.32 reported that recurrent tears were seen in
17 of the 18 patients with massive rotator cuff tears.
They determined this to be due to the poor-quality of
the tissue. Furthermore, Choi et al.33 reported that the
retear rate was statistically correlated with preoperative
fatty generation and tear size only. Second, the thick-
ness of the repaired rotator cuff was insufficient from
the beginning because of inferior cuff quality, and thus
it is possible that the cuff repair integrity classification
was Sugaya type III immediately after surgery. Sugaya
et al.25 reported that the proportion of type III repairs
for large-to-massive cuff tears is greater than that for
small-to-medium cuff tears. Therefore, incomplete
healing after massive rotator cuff repair is not thought
to be uncommon. As a result, for massive rotator cuff
tears, lateral cortical augmentation may be not effective
in aiding cuff repair healing. In general, massive rotator
cuff tears are considered difficult to repair, and no
consensus treatment has yet been reached.34-36 In the
future, it is necessary to consider other procedures to
achieve better results for massive rotator cuff tears.
Our study suggests that transosseous ARCR using a

tunneling device with lateral cortical augmentation
prevents intraoperative bone tunnel laceration. This
procedure enhanced the cuff repair integrity of me-
dium- to large-sized tears but did not affect the clinical
outcomes at a minimum follow-up period of 2 years.

Limitations
The current study had several limitations. First, this

study was a consecutive case series and could not
completely eliminate the possibility of influencing the
learning curve about the difference in bone tunnel
laceration occurrence between 2 procedures. Second,
the number of patients who underwent surgery using
the AT method was relatively small compared with the
ITO method. However, the post hoc analysis was con-
ducted, and the anatomic failure rate difference has
enough power.

Conclusions
Transosseous ARCR using a tunneling device with

and without lateral cortical augmentation is a reliable
method of improving clinical results at a minimum
follow-up of 2 years. The intraoperative occurrence rate
of bone tunnel laceration and the anatomic failure rate
of medium- to large-sized cuff tear were lower with
lateral cortical augmentation than without it.
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