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Abstract

Background The purpose of this prospective study was to compare the clinical and structural findings following the arthro-
scopic repair of partial-thickness (exceeding 50%) articular-sided rotator cuff tears using either a single-row or a double-row
suture bridge fixation.

Materials and methods Fifty patients were included in this study. The patients were randomly placed into two groups: 25
underwent the single-row (Group I) and 25 a double-row suture bridge fixation (Group II). The clinical outcomes were
assessed using ASES and Constant shoulder scores, both preoperatively and at the end of follow-up. The pain level was evalu-
ated using the visual analogue scale (VAS), preoperatively, at 6 months and at the end of follow-up. All patients underwent
preoperative MRI to identify the rotator cuff tear, and postoperatively at 12 months to evaluate tendon integrity.

Results The average follow-up was 32.5 months. The mean ASES scores increased from 35.9 to 96.7 in Group I and from
35.3 to 93.4 in Group II; the mean Constant shoulder scores increased from 55.6 to 97.8 in Group I and from 57.5 to 97.3
in Group II. There were no significant differences between the two groups. The average preoperative pain level decreased
from 7.4 to 3 at 6 months and to 0.4 at the end of the Group I; and from 7.6 to 3 at 6 months and 0.8 in Group II. There was
no significant difference between the two groups. At 12 months, the MRI assessments showed two retears in Group I (8%)
and one retear in Group II (4%).

Conclusion Arthroscopic repair of partial-thickness articular rotator cuff tears that exceed 50% of tendon thickness with a
single-row transtendon repair or double-row suture bridge provides functional improvement and pain relief regardless of the
repair technique used. There were no differences in clinical results between both techniques.

Level of evidence Level II; prospective comparative study.
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Introduction

Rotator cuff tears are the most common cause of shoulder pain
in middle-aged patients. Knowledge regarding partial rotator
cuff tears is increasing due to greater life expectancy, improved
imaging techniques, assuming limited diagnostic accuracy
of magnetic resonance imaging (MRI) [1] and advances in
arthroscopic procedures. Partial rotator cuff tears can occur
on the bursal side, inside the tendon or on the articular side
[2]. Tears on the articular side are two to three times more fre-
quent than lesions on the bursal side [3, 4]. With regard to the
treatment of symptomatic partial-thickness rotator cuff tears,
there is no consensus, especially for tears on the articular side.

Conservative treatment can improve symptomatology and
patient satisfaction [5]. However, it has been shown that par-
tial-thickness tears do not have the potential for natural regen-
eration and can progress to full-thickness tears [3, 6-8].

In general, the surgical repair of partial-thickness rotator
cuff tears is recommended when they extend to more than 50%
of tendon thickness, although this decision is dependent on
other factors such as age, sports activity and the experience of
the surgeon [9]. For the surgical treatment of partial-thickness
articular-sided rotator cuff tears, two repair techniques are
normally used. Some prefer to convert the tear to full thick-
ness, followed by repair using a traditional method [10, 11].
However, others advocate the transtendon repair technique
to avoid sacrificing the intact bursal side of the rotator cuff
tendon and to restore the cuff footprint [12, 13]. The com-
parison between transtendon repair and completion repair
arthroscopic in patients with a partial-thickness articular-sided
symptomatic rotator cuff tear demonstrated both functional
and pain improvements regardless of the repair technique used
[6, 14, 15]. Repair following conversion to full tears did show
lower postoperative morbidity, tendon integrity being the main
concern after repair [14]. On the other hand, the transtendon
repair technique provided greater tendon integrity but slower
functional recovery [14].

The objective of our study is to compare prospectively the
clinical outcomes, the regeneration capacity and tendon integ-
rity of the arthroscopic single-row transtendon repair versus
the double-row suture bridge fixation in patients with symp-
tomatic partial-thickness articular-sided rotator cuff tears. The
working hypothesis is that the arthroscopic double-row suture
bridge would provide a better clinical and functional outcome
and improved tendon repair, objectively determined by mag-
netic resonance imaging (MRI).
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Materials and methods

Fifty patients were included in this study, each had under-
gone arthroscopic repair for a partial-thickness articular-
sided rotator cuff tear between January 2014 and March
2017. The partial-thickness articular-sided rotator cuff tears
were preoperatively diagnosed by magnetic resonance imag-
ing (MRI) (Fig. 1) and the tear was confirmed at the time of
the surgery. The indication for inclusion was a tear exceed-
ing 50% of the tendon’s thickness. All patients had been
treated in a conservative manner for at least 3 months prior
to surgery. The following exclusion criteria were applied:
patients with subscapularis tears or labral tears, being in
receipt of worker’s compensation and patients who had had
previous surgery on the shoulder.

The power analysis was performed by an independent
statistician using the GRANMO program. Accepting an
alpha risk of 0.05 and a beta risk of 0.2 in a bilateral con-
trast, 25 patients in each group were required to detect a
difference equal to or greater than 10 points on the ASES
scale, assuming that the standard deviation is 12. A loss
rate of 15% was estimated. This was based on the mean and
standard deviation of the ASES scores according to other
authors [14]. Arthroscopic treatment for partial intra-artic-
ular ruptures was performed in 89 patients during the study
period. Thirty-nine patients were excluded because they did
not meet the inclusion criteria.

The 50 patients who met the inclusion criteria were
assigned according to a table of random numbers to one of
two groups depending on the surgical repair technique—25
underwent the arthroscopic single-row rotator cuff repair
technique (Group I) and 25 underwent the arthroscopic

Fig.1 A preoperative coronal T-1 magnetic resonance imaging of
a right shoulder showing a partial-thickness articular tear of the
supraspinatus tendon exceeding 50%
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Fig.2 Drawings showing the two techniques used in the arthro-
scopic transtendon repair of a partial-thickness articular rotator cuff
tear. a A partial-thickness articular rotator cuff tear exceeding 50%. b
Final configuration of the arthroscopic repair technique performed in
Group I (a single-row technique). ¢ Final configuration of the arthro-
scopic repair technique performed in Group II (a double-row suture
bridge fixation)

Table 1 Patient’s demographic date

Group I Group II P value

Single row Double row
Men/women 11/14 13/12 0.57
Dominant/nondominant 16/9 18/7 0.54
Age (years) 509+86 54.1+7 0.07
Symptom duration (months) 11.6+£55 12.1+4.6 0.51
Trauma history 1 2 >0.99
Steroid injection before surgery 12 14 0.73
Rehabilitation before surgery 20 19 0.82

rotator cuff repair with a double-row suture bridge fixa-
tion (Group II)—(Fig. 2). All the surgeries were performed
by the same surgeon. The study was approved by the local
ethics committee (No. 235/2014). Both verbal and written
informed consent were obtained by all participants.

In total, there were 24 men (11 in Group I and 13 in
Group II) and 26 women (14 in Group I and 12 in Group
II). Findings regarding demographic data are summarized
in Table 1. No difference was observed between the data of
the two groups.

All patients followed the same postoperative rehabilita-
tion protocol. A shoulder brace was applied postoperatively
to all patients for 3 weeks. Passive range-of-shoulder motion
exercise was started by the physiotherapist at 3 weeks.
Active assisted range-of-shoulder motion exercises began
at 6 weeks and lasted until 3 months. The clinical outcomes
were assessed using ASES and Constant shoulder scores,
both preoperatively and at the end of follow-up. The pain
level was evaluated using the visual analogue scale (VAS),

preoperatively, at 6 months and at the end of follow-up: a
score of zero indicated no pain and ten indicated the worst
possible pain.

All patients were asked to assess the subjective outcomes
of the intervention in terms of being excellent, good, fair or
poor. All patients underwent MRI preoperatively to iden-
tify the partial-thickness articular-sided rotator cuff tear and
postoperatively at 12 months to evaluate tendon integrity.
Tendon integrity or retear was assessed by an independent
musculoskeletal radiologist using MRI.

Statistical method

A descriptive study of the variables was carried out calculat-
ing the absolute and relative frequencies for the qualitative
variables and the means and typical deviation for the quan-
titative variables. To compare Group I and II with respect
to epidemiological data, the Mann—Whitney U test was used
to analyse continuous variables and the X2 test and Fisher’s
exact test were used to analyse dichotomous variables. A
mixed ANOVA test was performed with the Sidak adjust-
ment to check the quantitative variables before and after the
surgical intervention according to the technique used. All
of the contrasts were considered significant when p <0.05.
The data were processed and analysed using the SPSS (IBM)
v.25 program.

Surgical technique

All patients received preoperative antibiotic prophylaxis
and underwent an interscalene block. After inducing gen-
eral anaesthesia, patients were placed in the lateral decubi-
tus position. Using a standard posterior portal and with an
anterior work portal placed in the rotator interval, the intra-
articular pathologies were identified before the rotator cuff
repair procedure. Frayed partial-thickness articular-sided
rotator cuffs were debrided to expose the footprint and deter-
mine the tear and the tendon’s medial retraction. The depth
of the tear was measured using a calibrated arthroscopic
probe with a 4 mm tip and a 4.5 mm-wide full radius shaver.
Tears of more than 6 mm tendon thickness (more than 50%)
were included in the study (Fig. 3). The arthroscope was
transferred to the subacromial space and a bursectomy was
performed via a lateral portal. Only in cases where there
was a large sharp spur was an acromioplasty performed.
The arthroscope was introduced into the glenohumeral
joint through the posterior portal and the partial-thickness
articular-sided rotator cuff tears were observed. After the
decortication of the footprints, the tear was measured in its
anteroposterior dimension; if the tear was less than 1.5 cm,
we inserted an intra-articular anchor. However, if the tear
was greater than 1.5 cm, we used two intra-articular anchors.
To restore the cuff footprint correctly, it is essential to place
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Fig.3 Arthroscopic view of a right shoulder with the patient in the
lateral decubitus position and from the posterior portal: the extent and
depth of the tear can be appreciated using a radius shaver from the
anterior portal. If the tip of the shaver is fully inserted into the defect,
the depth of the tear is considered to be more than 50% of tendon
thickness. RC rotator cuff, H humeral head

the anchors in the medial margin of the footprint, just lateral
to the joint surface.

For the single-row repair (Group I), a guide (the HEA-
LIX TRANSTEND Implant System. Depuy, Mitek) was
introduced and placed adjacent to the lateral zone of the
acromion through the musculotendinous junction of the rota-
tor cuff towards the footprint with an inclination of 40° or
less to allow the anchor (HEALIX TRANSTEND 3.4 mm;
DePuy, Mitek) to be placed. If the cuff tear was greater than
1.5 cm (eight cases), a second anchor was inserted in a simi-
lar way approximately 1 cm posterior to the first (Fig. 4). A
14 G Abbocath catheter was inserted percutaneously into
the free shaft of the torn tendon. Then, a polypropylene

Fig.4 Intra-articular image from the posterior portal of a right shoul-
der in the lateral decubitus position showing an intra-articular tear of
more than 1.5 cm in its anteroposterior dimension with two anchors.
The four suture limbs were passed through the healthy portion of the
partially torn rotator cuff via different percutaneous Abbocaths. RC
rotator cuff, H humeral head
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monofilament 0 was passed through the Abbocath and
retrieved through the anterior portal. Following the with-
drawal of the Abbocath, the intra-articular polypropylene
end and the suture anchor end was pulled out via the ante-
rior portal and knotted; and the other end of the polypro-
pylene monofilament suture, outside the lateral aspect of
the acromion, was pulled out. In this way, one suture limb
of the suture anchor was passed through the healthy por-
tion of the rotator cuff. The same procedure was repeated
for the remaining suture limbs. The arthroscope was then
positioned in the subacromial space, and via the lateral por-
tal the sutures were tied on the bursal side of the cuff. The
arthroscope was repositioned within the glenohumeral joint
and the final repair was inspected.

For the double-row repair (Group II), the same anterior
procedure was performed. In this group we found six tears
greater than 1.5 cm. For the lateral row, after knotting, the
medial anchor sutures were fixed with a lateral row anchor
(HEALIX ADVANCE Knotless 4.75 mm. DePuy, Mitek)
using the suture bridge technique. For the two anchors, we
retrieved one suture from the anterior anchor and one from
the posterior anchor through the lateral cannula. The two
sutures were placed into the lateral anchor (Fig. 5).

We found one case of tendinitis of the long portion of
the biceps in Group I and two cases in Group II; these were
treated arthroscopically by intra-articular tenotomy and ten-
sion slide tenodesis. We performed acromioplasties on 19
patients in Group I and 18 patients in Group II.

The average follow-up duration was 32.5 months (range,
24-39 months), 32 months in Group I and 33 in Group II.

The average preoperative pain level decreased from
7.44+/1.5 to 3+ 1 at 6 months (p <0.001) and to 0.4 +0.6
at the end of the follow-up (p <0.001) in the Group I;
and from 7.6 + 1.5 preoperatively to 3 + 1.5 at 6 months
(p<0.001) and 0.8 +£0.9(p < 0.001) in Group II (Table 2).

Fig.5 Subacromial view of the final result from the lateral portal fol-
lowing tying using the double-row suture bridge fixation technique
with two anchors
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Table 2. Comparison of clinical

. Preop Preop End follow-up End follow-up P value
outcomes based on the repair Group I Group II Group I Group II End follow-up
technique Group I/Group II

Pain score (VAS) 74+1.5 7.6+1.5 0.4+0.6 0.8+0.9 P =0.07
ASES score 359+£159 353+146 96.7+5 93.4+69 P =0.06
Constant score 55.6+132 575+132 97.8+3.1 97.3+3 P=05

Preop preoperatively, VAS visual analogue scale, ASES Score American Shoulder and Elbow Surgeons

Score

There were no significant differences in the results of the
pain between the two groups at 6 months (p =0.82) and
the end of the follow-up (p =0.07).

The functional results were significantly better in both
groups after arthroscopic repair. The mean ASES scores
increased from 35.94/15.9 preoperatively to 96.7 +5 at
the end of the follow-up in Group I (p <0.001) and from
35.3+14.6 t0 93.4 £ 6.9 in Group II (p <0.001). There
were no significant differences in the results between the
two groups at the end of the follow-up (p =0.06). The
mean Constant shoulder scores increased from 55.6 +13.2
to 97.8 £3.1 in Group I (p <0.001) and from 57.5 +13.2
to 97.3 +3 in Group II (p <0.001). Again, there were
no significant differences in the results between the two
groups (p =0.5). In both groups, five of the patients (10%)
were satisfied (two patients in Group I and three in Group
IT) with the surgery and 45 (90%) were very satisfied (23
patients in Group I and 22 in Group II). Postoperative
adhesive capsulitis developed in one patient in Group I
and two patients in Group II; they were treated with oral
corticosteroids and by intensified rehabilitation therapy.

At 12 months after surgery, the MRI assessments
showed two tendons retears repaired in Group I (8%) and
one retear repaired in Group II (4%) (Fig. 6).

Fig.6 A postoperative oblique
coronal T-2 magnetic resonance
imaging of a right shoulder

at 12 months showing tendon
integrity with no retear. a With
the single-row technique per-
formed. b With the double-row
technique performed

Discussion

The study shows that arthroscopic repair of partial-thickness
articular-sided rotator cuff tears provides satisfactory func-
tional improvement and pain relief regardless of the repair
technique.

Partial-thickness articular-sided rotator cuff tears can be
repaired after converting them to a complete tear [6, 11, 15].
Deutssh [11] advocates this because it allows for better fixa-
tion and potential tendon integrity.

Advances in arthroscopic surgical techniques allow the
repair of partial tears without completing the tear. The
transtendon repair technique makes it possible to anatomi-
cally restore the medial area of the footprint while preserv-
ing the bursal side of the cuff [16, 17]. Castagna et al. [18]
also advocated transtendon repair and attributed their good
results to decreased tendon retraction and the extensive
exposure of the footprint.

Cadaver studies have shown that preserving the rotator
cuff tendon intact provides better biomechanical properties
than repair following a complete tear [19, 20].

Several transtendon repair techniques have been pub-
lished in the literature for partial-thickness articular side
rotator cuff tears. Lyons et al. [21] published a technique—
to alter the debridement surface of the rotator cuff tear and
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bone bed; the tear was closed using a side-to-side suture
of the supraspinatus tendon to the subscapular tendon;
the debrided tendon was attached to the bloodied humeral
bone bed. Lo Ik et al. [12] described a transtendon method
that anatomically restored the cuff footprint while main-
taining residual lateral insertion. A medial anchor fixes the
medial side of the footprint and increases the healing area.
Kim Y. S. published the results of a double-row suture
with a transtendinous repair and a lateral row anchor for
articular and bursal-sided tears [22]. Our study compared
prospectively the arthroscopic single-row versus double-
row suture bridge fixation in patients with partial-thick-
ness articular-sided rotator cuff tears.

The clinical results published of arthroscopic tran-
stendon repair for partial articular-sided rotator cuff tears
showed favourable outcomes. Lo Ik et al. [12] published
clinical results from 25 patients with a minimum follow-up
of 1 year. All the patients were satisfied with the results
and the UCLA score increased from 15 points preopera-
tively to 32 points postoperatively. Shin S. J. [14]. pub-
lished the clinical results for 24 patients with an average
follow-up of 31 months. The functional results improved
significantly. The mean ASES scores increased from
50.8 +4.3 preoperatively to 89.1 +2.1 postoperatively
and the mean Constant shoulder scores increased from
54.8+2.6 to 84.8 +£2.7 at the end of the follow-up; 92%
were satisfied with the surgery. Castagna et al. [18] pub-
lished the clinical results of 54 patients with an average
follow-up of 32 months. The mean UCLA score increased
from 14.1 to 32.9 and the Constant shoulder scores from
45.3 to 90.6. Ranalleta et al. [23] published the clini-
cal results of 80 patients with a minimum follow-up of
2 years. The mean ASES scores increased from 44.4 to
76.1. A total of 92.5% of the patients were satisfied with
the results. Castricini et al. [15] evaluate 59 cases with
an average follow-up of 74 months. The Constant score
improved from 47.7 to 84.2.

In our work, 50 patients with an average follow-up dura-
tion was 32.5 months, the mean ASES score increased from
35.9 to 96.7 in Group I and from 35.3 to 93.4 in Group II.
The mean Constant shoulder scores increased from 55.6 to
97.8 in Group I and from 57.5 to 97.3 in Group II. There
were no significant differences in the clinical results between
the two groups at the end of the follow-up. In both groups, 5
of the patients (10%) were satisfied with the surgery and 45
were very satisfied (90%).

The overall retear rate of published clinical studies
showed variation in the results. Shin S. J [14]. published
the results of 24 arthroscopic rotator cuff repairs using
the transtendon technique. From the MRI at 6 months, no
retears were found and all repairs were completely healed.
Castricini et al. [15] in 59 cases evaluated by ultrasound
examinations at 74 months and observed retear in 13.9%.
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In our study at 1 year, retears were found in 2 of the 25
patients in Group I (8%) and 1 in Group II (4%).

With regard to complications, some clinical studies
have indicated that the arthroscopic transtendon repair
technique is a risk factor for postoperative shoulder stiff-
ness [12, 24]. In our work, one patient in Group I and two
patients in Group II had adhesive capsulitis, a result that
is consistent with previous studies using this technique
[16, 25].

The limitations of this study were the small patient sam-
ple and the short follow-up. Therefore, a larger study and
longer follow-up would be necessary to evaluate rotator
cuff integrity using these arthroscopic techniques. Another
limitation is the lack of a control group, such as conserva-
tively treated patients. However, one of the strengths of
this work was assessing the clinical outcome of two sur-
gical techniques used to treat partial-thickness articular
rotator cuff tears in randomized patients and whose clini-
cal results were compared prospectively, with all patients
subjected to MRI to evaluate rotator cuff integrity.

Conclusions

Arthroscopic repair of partial-thickness articular rotator
cuff tears that exceed 50% of tendon thickness using a sin-
gle-row transtendon repair or a double-row suture bridge
provides functional improvement and pain relief regardless
of the repair technique used. There were no differences in
clinical results between both techniques. Consequently, we
cannot confirm our working hypothesis. The double-row
repairs are more complex procedures and require addi-
tional anchor and suture placement with a corresponding
increase in operative time and cost.
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