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Purpose: To investigate outcomes of arthroscopic single-anchor repair and biceps tenodesis of partial- and full-thickness
tears of the upper third subscapularis (SSC). Methods: Thirty-three patients with arthroscopically confirmed isolated SSC
tears, Lafosse type I (>50% of the tendon thickness involved), or type II were included. All patients underwent
arthroscopic subcoracoid decompression, coracoplasty if the coracohumeral distance was narrowed, biceps tenodesis, and
a single-anchor repair of the upper third SSC. No other reconstructive procedures were performed. Subjective evaluations
included American Shoulder and Elbow Surgeons, Short-Form 12, Quick Disabilities of the Arm, Shoulder and Hand,
Single Assessment Numeric Evaluation, and visual analog scale pain scores preoperatively and at minimum 2 years
postoperatively. Results: Thirty-one patients (n = 25 male, n = 6 female) were included in the final collective, because 2
patients refused participation. Minimum 2-year follow-up data were available for 28 of the 31 patients (90.3%). The mean
age at the time of surgery was 54.8 (range, 36-71) years. The mean follow-up was 4.1 (range, 2.0-8.0) years. The results of
all outcome measures improved significantly postoperatively compared with preoperative scores (P < .05). Patients with
single-anchor repair of type II SSC tears (n = 17) had a significantly higher mean postoperative American Shoulder and
Elbow Surgeons score (93.7 + 10.8) than patients with single-anchor repair of type I SSC tears (n = 11; 86.7 £+ 10.9;
P =.027). Conclusions: Arthroscopic single-anchor repair of upper third SSC tendon tears led to improved function and
decreased pain with high patient satisfaction. Outcomes of full-thickness upper third SSC tears were more favorable
compared with outcomes of high grade partial-thickness upper third SSC tears. Level of Evidence: Level 1V, retro-
spective therapeutic case series.

ymptomatic rotator cuff tears (RCTs) are common
and a major contributor to shoulder dysfunction.'
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The subscapularis (SSC) is the only anterior, and the
most powerful rotator cuff muscle, making its integrity
crucial to balance the forces of the posterior rotator
cuff.” Often overlooked and underdiagnosed with open
rotator cuff surgery, SSC lesions became more recog-
nized with the emergence of arthroscopic shoulder
surgery.”” In fact, the SSC was found to be involved in
up to 50% of arthroscopically repaired RCTs.® SSC tears
most commonly occur in conjunction with supra-
spinatus tears as anterosuperior RCTs or as massive
RCTs.” '! Isolated tears of the SSC are less common,
accounting for 3% to 5% of all arthroscopically
repaired RCTs.®'# '

Outcomes of arthroscopic treatment of isolated SSC
tears in the literature are limited. Most outcomes
studies have focused on large SSC tears with only a few
studies evaluating treatment of the more commonly
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encountered tears of the upper third of the SSC
tendon.”?” Because the upper third of the SSC has the
broadest footprint insertion, it has been suggested that
the integrity of the upper third SSC is crucial for the
SSC function and that these lesions should be repaired
rather than debrided.””® However, little is known
about the results of arthroscopic single-anchor repair of
partial-thickness and full-thickness tears of the upper
third $sC.”'*'%*°

The purpose of this study was to investigate outcomes
of arthroscopic single-anchor repair and biceps tenodesis
of partial- and full-thickness tears of the upper third SSC.
It was hypothesized that single-anchor repair of the up-
per third SSC would result in excellent outcomes, with
improved function, decreased pain, and high satisfaction
without significant differences between patient-reported
outcomes of partial- and full-thickness tears.

Methods

This was an institutional review board approved
Level 1V, retrospective outcomes study with prospec-
tively collected data. Between November 2005 and
March 2014, the senior surgeon (P.J.M.) performed
1,082 arthroscopic rotator cuff repairs. These cases
were reviewed to identify patients with arthroscopic
repair of isolated SSC tendon tears without concomi-
tant repair of the supraspinatus and/or infraspinatus
tendon. The term “isolated” was defined as repair of
the SSC tendon only with no other reconstructive
procedures than biceps tenodesis. Patients with
concomitant pathologies that were addressed with
debridement and/or decompression were included. To
pursue the purpose of the study, only patients with
single-anchor repair of partial- (Fig 1A) or full-
thickness tears of the upper third SSC (Fig 1B) were
included. With regard to the anatomic extensions of
the SSC footprint,””*® the upper third of the SSC
tendon was defined as the superior 1 cm of the tendon.
Partial-thickness tears were repaired if they involved
more than 50% of the tendon thickness and 5 mm or
more of the tendon’s upper third. Patients with a grade
IV cartilage lesion of the glenohumeral joint were

excluded. All patients failed a minimum 3-month
period of nonoperative treatment with anti-
inflammatory pain medications, physiotherapy, and,
in most cases, corticosteroid injections. All patients had
significant pain and dysfunction of the shoulder with
intraoperatively confirmed SSC tears according to the
prementioned criteria.

Surgical Technique

Operations were performed using general anesthesia
with additional interscalene nerve blocks with the pa-
tients positioned in the beach-chair position. Diagnostic
arthroscopy was performed using standard posterior
and anterior portals and a 70° arthroscope to allow for
better visualization of the SSC tendon and the lesser
tuberosity over the top of the humeral head. The size of
the SSC tear was arthroscopically confirmed with a
scaled probe. All patients underwent subcoracoid soft-
tissue decompression. If the coracohumeral distance
was narrowed (<10 mm in men; <8 mm in women) on
preoperative magnetic resonance imaging scans, an
additional coracoplasty was performed.”® A knotted
technique was performed early in the study period
followed by a transition to a knotless technique later in
the study period.

Knotted Repair Technique

For the knotted repair technique, a double-loaded
bioabsorbable anchor (5.5 Bio Corkscrew anchor,
Arthrex, Naples, FL) was placed in the region of the
exposed footprint (Fig 2A). The 2 high-strength No. 2
sutures were shuttled independently through the upper
portion of the SSC with a spinal needle and No. 1
polydioxanone suture (PDS; Ethicon US, Somerville,
NJ) a shuttle (Fig 2B). Sliding locking Weston knots
were used to secure the rotator cuff back down onto its
footprint (Fig 2C). The arm was then placed through a
range of motion to confirm that the SSC was secure and
stable.

Knotless Repair Technique
For the knotless repair technique, a spinal needle was
placed percutaneously through the tear portion and a

Fig 1. Intraoperative, arthroscopic views
of subscapularis tears involving the upper
third of the tendon, posterior viewing
portal: (A) left shoulder, partial-thickness
tear; (B) right shoulder, full-thickness
tear. (H,  humeral head; SSC,
subscapularis.)
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Fig 2. Right shoulder with partial-thickness upper third subscapularis (SSC) tear, posterior viewing portal. (A) After placement
of a double-loaded 5.5 BioCorkscrew (Arthex, Naples, FL) (red arrow). (B) Perforation of the upper portion of the SSC with a
spinal needle and a polydioxanone suture (PDS; Ethicon US, Somerville, NJ) (red arrow) using a passing technique to shuttle the
sutures. (C) After securing the upper subscapularis back to its footprint on the lesser tuberosity. (H, humeral head.)

PDS was shuttled out through the anterior-superior
portal.?” Suture tape (FiberTape, Arthrex) was then
passed through the upper portion of the SSC. Next, a
4.75-mm tamp was used to create a hole in the exposed
anatomic SSC footprint (Fig 3A). The suture tape was
passed through a bioabsorbable anchor (4.75 Bio
SwiveLock, Arthrex). This was placed into the premade
tamped hole and the SSC was repaired (Fig 3 B and C).

Concomitant pathologies were addressed with
debridement and/or decompression as indicated. All
patients had an open subpectoral biceps tenodesis, in
most cases due to medial instability of the biceps
tendon. None of the patients had other associated
reconstructive procedures.

Outcome Measures

Subjective evaluations were obtained via a mailed
questionnaire with the American Shoulder and Elbow
Surgeons (ASES), Quick Disabilities of the Arm,
Shoulder and Hand, Single Assessment Numeric Eval-
uation, Short-Form 12 Physical Component Summary,
and visual analog scale “pain today” and “pain with
activities of daily living” scores preoperatively and at
minimum 2 years postoperatively. Pre- and post-
operative outcome scores were compared for the whole
group. Postoperative outcomes of type I tears were
compared with those of type II tears.

Statistical Analysis

Pre- and postoperative outcome scores of the entire
collective were compared with the Wilcoxon signed-
rank test. The postoperative outcomes of patients with
type I and type II tears were compared with the Mann-
Whitney U-test. The difference of the Pseudo-Median
between both groups was given along with the 95%
confidence interval to report the similarity of outcomes.
To investigate if the repair technique would influence
postoperative outcomes, results of patients treated with
the knotted technique were compared with those
treated with the knotless technique. All statistical ana-
lyses and graphics were produced using the statistical
programming language R version 3.2.3 (R Develop-
ment Core Team, Vienna, Austria). The level of signif-
icance was set at P < .05.

Results

Thirty-eight rotator cuff repairs involved only the
upper third of the SSC tendon. Five patients had to be
excluded (n = 4 with 2 anchors, n = 1 with grade IV
cartilage lesions), leaving 33 patients eligible for inclu-
sion (Fig 4). Two patients refused participation. Mini-
mum 2-year follow-up data were available for 28 of the
remaining 31 patients (90.3%; n = 25 male, n = 6
female; n = 11 of 12 type I, n = 17 of 19 type II).

Fig 3. Left shoulder with partial-thickness upper third subscapularis (SSC) tear, posterior viewing portal. (A) Creating a hole in
the anatomic SSC footprint with a tamp (#). The FiberTape has been passed through the upper SSC tendon (red arrow). (B)
Repairing the SSC by securing the FiberTape with a 4.75 Bio SwiveLock (Arthrex, Naples, FL) (red arrow) to the premade hole.
(C) After securing the upper SSC back to its footprint on the lesser tuberosity. (H, humeral head.)



4 J. C. KATTHAGEN ET AL.

n=38 shoulders (38 patients) with isolated upper third Subscapularis (SSC) rotator
cuff tear (no SSP or ISP tear) arthroscopically treated between 11/2005 — 03/2014

Excluded:

n=1 with Grade |V cartilage lesions
and Degenerative Joint Disease

n=4 treated with 2-anchor SSC repair

n=33 shoulders (33 patients)
met inclusion criteria

/\

n=16 shoulders (16 patients) included with
type | single-anchor SSC repair

n=17 shoulders (17 patients) included with
type Il single-anchor SSC repair

Fig 4. Patient flowchart showing initial
patient collective, excluded patients,

A4

and final groups. (ISP, infraspinatus;
SSP, supraspinatus.)

n=12 shoulders with type | single-anchor
SSC repair (15 patients)
n=11 with 2-year follow-up (91.7%)

n=19 shoulders with type Il single-anchor
repair (16 patients)
n=17 with 2-year follow-up (89.5%)

\/

n=31 shoulders with single-anchor SSC repair (31 patients)
n= 28 shoulders with minimum 2-year follow-up (90.3%)

The mean age at the time of surgery was 54.8 (range,
36-71) years and the mean follow-up was 4.1 (range,
2.0-8.0) years. The results of all outcome measures
improved significantly postoperatively (Table 1). The
median postoperative patient satisfaction was 10 of 10
(range, 1-10).

Type | Versus Type Il SSC Tears

Patients with single-anchor repair of a type I SSC tear
(knotted or knotless repair) were found to a have
significantly higher mean postoperative ASES score
(93.7 £ 10.8) than patients with single-anchor repair of
a type I SSC tear (86.7 £ 10.9; P = .033). All other
scores were also in favor of type II tear repair; however,
they were not significantly different (P > .05; Table 2).

Table 1. Comparison of Pre- and Postoperative Outcome
Parameters (Mean =+ Standard Deviation) of the Entire Patient
Group

Significance
Outcome Measure Preoperative Postoperative (P Value)
ASES score 54.1 £19.7 90.8 £11.2 <.001
SANE 564 £19.2 863 £17.9 .003"
QuickDASH 449 £ 139 12.7 £14.5 .002°
SE-12 PCS 422 +7.2 52.4 £ 6.0 <.001
VAS “pain today” 42 +28 0.8 +1.2 <.001"
VAS “pain with 2.1+0.7 04 +0.7 <.001"

activities of daily living”

ASES, American Shoulder and Elbow Surgeons; QuickDASH, Quick
Disabilities of the Arm, Shoulder and Hand; SANE, Single Assessment
Numeric Evaluation; SF-12 PCS, Short-Form 12 Physical Component
Summary; VAS, visual analog scale.

*Indicates a significant difference.

The distribution of concomitant procedures performed
along with the SSC repair was similar between groups
(Table 3).

Knotted Versus Knotless Repair

The mean follow-up of patients with knotted SSC
repair (n = 13) was significantly longer (mean
5.7 years; range, 2.0-8.0 years) than that of patients
with knotless SSC repair (n = 15; mean 2.8 years;
range, 2.0-4.9 years; P < .001). Outcomes of the
knotless SSC repair technique were similar to outcomes
of the knotted SSC repair technique (Table 4).

Discussion

The most important finding of this study was that
arthroscopic single-anchor repair of upper third SSC
tendon tears resulted in excellent outcomes, with
improved function, decreased pain, and high satisfac-
tion. Arthroscopic single-anchor repair resulted in more
favorable results for complete tears of the upper third
SSC (Lafosse type II) than for partial tears involving
more than 50% of the upper third SSC tendon thick-
ness (Lafosse type I).

Although several other studies have included patients
with debridement or anchor repair of partial- and full-
thickness tears of the upper third SSC, the outcomes of
their treatment have not been reported separately from
those of larger tears.”®'%"'>'> A comparison of the re-
sults of this study with pre-existing results was not
possible with regard to single-anchor repair of Lafosse
type II tears, because no comparable data were found in
the published literature.
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Table 2. Comparison of Postoperative Outcome Scores (Mean + Standard Deviation) of Patients With Type I and Type II

Subscapularis Tears

Significance Pseudo-Median Confidence Interval

Outcome Measure Type I Tear (n = 11) Type II Tear (n = 17) (P Value) Difference (LB; UB)
ASES score 86.7 £ 10.9 93.7 £10.8 027" —6.1 —13.4; 0.0
SANE 81.5 £ 223 89.9 £ 13.6 a1 -5.0 —-12.0; 1.0
QuickDASH 184 £ 17.9 8.8 £104 .15 6.8 —2.2; 22.8
SF-12 PCS 50.3 + 7.7 53.6 + 4.5 .59 —-1.3 -9.1; 2.0
VAS “pain today” 1.1 £1.2 05+ 1.2 11 0.0 0.0; 2.0
VAS “pain with activities of daily living” 0.6 + 0.8 0.3+ 0.6 .26 0.0 0.0; 1.0

ASES, American Shoulder and Elbow Surgeons; LB, lower boundary of the 95% confidence interval; QuickDASH, Quick Disabilities of the Arm,
Shoulder and Hand; SANE, Single Assessment Numeric Evaluation; SF-12 PCS, Short-Form 12 Physical Component Summary; UB, upper

boundary of the 95% confidence interval; VAS, visual analog scale.
*Indicates a significant difference.

The ideal treatment of type I SSC tears according to
Lafosse (partial tears of the upper third) SSC remains a
matter of debate. Some authors advocate an arthro-
scopic repair of these tears.”'® Kim et al.'® reported
excellent outcomes of 31 patients with arthroscopic
anchor repair of isolated partial articular-sided SSC
tears. Sixteen of these tears could be classified as type I
tears. At a mean follow-up of 27 months post-
operatively, the mean ASES was 96 £ 7 for the entire
group and mean visual analog scale pain was 0.3 £+ 0.7.
Randelli et al.”’ conducted a prospective randomized
study with comparison of shaving (debridement) and
repair for partial-thickness articular-sided tears of the
upper SSC in association with posterosuperior supra-
spinatus tears and long head of the biceps tendon
treatment. Of the initially included 28 patients, follow-
up data were available for 20 patients (n = 11 with
repair and n = 9 with debridement). Because no sig-
nificant differences were found between the groups,
the authors concluded that either simple shaving or a
tendon-to-bone repair of a partial-thickness articular-
sided tear of the upper SSC tendon, when limited to the
superior centimeter of the SSC tendon, shows compa-
rable performance in terms of strength in internal
rotation.”” The Constant Score and Disabilities of the
Arm, Shoulder and Hand score were in favor of the
debridement group, without reaching statistical signif-
icance. It has to be noted that 11 of 20 included patients

had a limited partial-thickness tear of the upper third
with involvement of less than 30% of the tendon
thickness. Gerhardt et al.” reported outcomes of 68
prospectively enrolled patients with 2-year follow-up
after arthroscopic treatment of isolated anterior and
combined anterosuperior rotator cuff lesions. The au-
thors reported that patients with small SSC partial tears
treated with debridement alone reached full SSC
function postoperatively without residual SSC defi-
ciency. In this study, patients with arthroscopic single-
anchor repair of high-grade partial-thickness tears of
the upper third SSC had a significantly lower mean
ASES score and statistically nonsignificant lower out-
comes in the Single Assessment Numeric Evaluation,
Short-Form 12 Physical Component Summary, and
Quick Disabilities of the Arm, Shoulder and Hand scores
when compared with patients with repair of type II
tears. Findings reported in the literature and findings in
this study suggest that debridement seems to be the
ideal treatment for low-grade partial-thickness upper
third SSC tears. Findings in this study and those by
Randelli et al.”” suggest that this may apply for high-
grade partial-thickness tears too; however, further
research is warranted to determine the ideal treatment
for these tears.

Unexpectedly, the postoperative ASES score of pa-
tients with type I SSC tear was significantly lower than
of patients with type II SSC tear. A possible explanation

Table 3. Concomitant Procedures Performed With Single-Anchor Repair of Type I and Type II Upper Third Subscapularis

Tendon Tears

Concomitant Procedures

Type I (n = 12 Patients) Type II (n = 19 Patients)

Subacromial decompression + acromioplasty

Coracoplasty

Debridement + healing response of supraspinatus partial tear
Debridement of SLAP 1

Debridement of anterior/posterior labrum

Chondroplasty

Distal clavicle resection

Total number of concomitant procedures

n = 39 (mean of 3.3 per patient)

11 18
9 17
3 9
6 5
7 16
2 2
1 2

n = 69 (mean of 3.6 per patient)

NOTE. All patients received subpectoral biceps tenodesis or had a prior biceps tenodesis.
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Table 4. Comparison of Postoperative Outcome Scores (Mean =+ Standard Deviation) of Patients With Knotted and Knotless

Repair Techniques

Knotted Repair Group Knotless Repair Group Significance Pseudomedian Confidence
Outcome Measure (n=13) (n = 15) (P Value) Difference Interval (LB; UB)

ASES score 90.6 £ 11.8 91.0 £ 11.2 >.99 0.0 —6.6; 8.4
SANE 84.2 £ 233 87.3 £ 13.5 .98 0.0 —7.0; 9.0
QuickDASH 129 £ 17.6 12.5 £ 12.0 46 2.2 —6.8; 9.1
SF-12 PCS 51.3 + 6.5 534 5.5 41 1.3 —-2.1; 7.6
VAS “pain today” 08 £1.3 0.7 +£1.2 >.99 0.0 0.0; 0.0
VAS “pain with activities of daily living” 0.1 +£0.8 0.4 £ 0.6 .88 0.0 0.0; 0.0

ASES, American Shoulder and Elbow Surgeons; LB, lower boundary of the 95% confidence interval; QuickDASH, Quick Disabilities of the Arm,
Shoulder and Hand; SANE, Single Assessment Numeric Evaluation; SF-12 PCS, Short-Form 12 Physical Component Summary; UB, upper

boundary of the 95% confidence interval; VAS, visual analog scale.

for this rather paradoxical finding may be related to the
fact that the intact portion of the upper SSC tendon is
incorporated into the repair of type I SSC tears. As
possible consequence, this intact portion of the SSC
tendon may be exposed to overtensioning, resulting in
a distorted length-tension relationship. Further
research is warranted to answer this question. The
minimal clinically important difference has not been
defined specifically for SSC tears yet. Regarding a
minimal clinically important difference of 12 to 17
points for nonoperative treatment of RCTs in general, it
has to be called into question if the statistically signifi-
cant difference that was found between the post-
operative ASES score of type I and type II SSC tears is
clinically relevant.’’

Regarding the ideal number of anchors for repair of
SSC tears, no clear, validated guidelines are available in
the literature. It has been suggested that for each
centimeter of SSC tendon tear, in proximal to distal
direction, one suture anchor should be used.® Subse-
quently, a single anchor repair would be indicated and
sufficient to repair tears of the upper third SSC. This
principle is supported by a recent biomechanical eval-
uation of fixation strength of SSC repair, which showed
that SSC tears involving up to 50% of the tendon
footprint (Fox and Romeo and Lafosse types I-1II) can
reliably be repaired with a single anchor.”’

Outcomes of the classic knotted and the newer
knotless technique were equivalent in this study. In
consequence, surgeons can be assured that either
technique can provide equally excellent outcomes.
However, the knotless technique may have some
practical advantages over knotted techniques. Knotless
repair techniques do not require knot-tying that limits
the amount of work necessary in the tight subcoracoid
space. The technique is potentially easier to perform
than a knotted SSC repair and may reduce the surgical
time needed, which is already limited due to rapid and
progressive anterior soft tissue swelling.””* Knotless
repair techniques furthermore offer the option to use
wider tape sutures that may provide a stronger fixation
with improved cut-through resistance in degenerative

tissue.”” Finally, because of the lower profile of the
knotless repair, there is less risk of irritation in the joint
or subcoracoid space. The comparison of knotted and
knotless techniques has been moved out of the main
focus of the study. The change in technique was a de-
cision made by the senior author based on biome-
chanical findings with regard to knotless tape-bridging
techniques used for the supraspinatus.

With regard to current knowledge, arthroscopic
treatment of symptomatic upper third SSC tears with
failed nonoperative treatment results in significant
improvement of postoperative outcomes. Therefore,
patients with persistent, refractory anterior shoulder
pain benefit from diagnosis and arthroscopic treatment
of upper third SSC tears. The diagnosis of upper third
SSC tears, however, is more difficult than that of SSC
tears involving larger parts of the tendon because of the
limited sensitivity of magnetic resonance imaging and
physical findings.'* Tears of the upper third are less
commonly caused by traumatic events, are often asso-
ciated with subcoracoid impingement, and are less
commonly associated with other pathologies seen with
larger SSC tears.”'*?° Many of these tears are partial-
thickness, articular-sided tears and appear as “hidden
lesions.”*”*?*” Visualization of the SCC with both 30°
and 70° arthroscopes from both posterior and anterior
portals, and use of shoulder elevation and internal
rotation, can help to avoid missing such SSC tears
intraoperatively in patients with persistent, refractory
anterior shoulder pain.””°

Limitations

This study has several limitations that should be
respected when interpreting the results. First, no im-
aging was used to investigate and compare structural
outcomes. Second, no examination of the patients with
SSC specific tests (such as the Belly-press test, Bear-hug
test, or Lift-off test) was conducted to assess the specific
SSC function at the final follow-up. Third, no control
group with debridement or nonoperative treatment
was available to validate the benefit of arthroscopic
single-anchor repair over other treatments. Although
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only “isolated” SSC repairs without additional recon-
structive procedures other than biceps tenodesis were
included, the influence of debridement and decom-
pression of other concomitant pathologies remains
unknown. However, treatment of concomitant lesions,
which are frequently reported in association with
“isolated” SSC tears, is inevitable.®'”'*'” Because more
patients we not eligible for inclusion in this study, a
prehoc power analysis was not appropriate. The fact
that comparison between the groups’ outcome scores
did not reach statistically significant differences was
likely related to a type II(B) error.

Conclusions
Arthroscopic single-anchor repair of upper third SSC
tendon tears led to improved function and decreased
pain with high patient satisfaction. Outcomes of full-
thickness upper third SSC tears were more favorable
compared with outcomes of high grade partial-
thickness upper third SSC tears.
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