Technical Note

Arthroscopic Modified Double-Pulley Suture-Bridge ®

Repair of Medium-Sized Supraspinatus Tendon Tears
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Abstract: At present, the repair patterns for medium-sized supraspinatus tendon tears are double- and single-row repairs.
However, the limitations of double-row repair include excessive anchor implantation and incremental surgical cost and
time, whereas a deficient tendon-bone contact area exists with single-row repair. The modified double-pulley suture-
bridge repair presented in this study is an arthroscopic technique using 3 double-loaded suture anchors combined with a
double-pulley technique to form a hybrid repair pattern with a double row as the mainstay and a single row as the
supplement. In the treatment of medium-sized tendon tears, the modified double-pulley suture-bridge repair can not only
maximize the tendon-bone contact area but also lower the surgical cost and shorten the operative time. The surgical
technique is described, including pearls and pitfalls, as well as advantages and disadvantages.

Medium-sized supraspinatus tendon tear repair
presents the non-negligible concern of a high
retear rate." Compared with single-row repair, double-
row repair has been shown to yield better clinical out-
comes in patients with supraspinatus tendon tear
widths greater than 3 ¢cm.”* Double-row repair pre-
sents a better pressurized contact area, improved initial
strength, and decreased gap formation and re-creates
the crude footprint more closely.”®

However, double-row repair of medium-sized tendon
tears possesses certain limitations: Excessive anchor
implantation reduces the tendon-bone contact area,
and the process of lateral-row anchor implantation, as
well as additional suture management, increases the
surgical cost and time. A deficient tendon-bone contact
area exists with single-row repair; fortunately, less an-
chor demand, lower surgical cost, and simple suture
management are closely related to single-row
procedures.’
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Scholars are keen to compare double- and single-
row repairs as rivals,”*® and the literature on
hybrid repairs combining double- and single-row re-
pairs is rare. Therefore, we have designed an arthro-
scopic technique of modified double-pulley suture-
bridge (DPSB) repair using 3 double-loaded suture
anchors combined with a double-pulley technique to
form a hybrid repair pattern with a double row as the
mainstay and a single row as the supplement. In the
treatment of medium-sized tendon tears, the modified
DPSB repair can not only maximize the tendon-bone
contact area but also lower the surgical cost and
shorten the operative time.

Surgical Procedure

Preparation

The patient is operated on while under general
anesthesia in the lateral decubitus position; the joint
space is gently opened up by upper-limb traction with
4 kg (Video 1). The surgical technique, including pearls
and pitfalls, is described in Table 1, and advantages and
disadvantages are listed in Table 2. This research was
approved by the ethical department of our hospital, and
all patients gave informed consent.

Diagnosis and Evaluation

The posterior portal is executed for the joint ex-
amination. Either tenotomy or tenodesis is performed
to address biceps tendon tears or SLAP lesions.
Acromioplasty is performed for a curved or hook-type
acromion. The cuff margin is debrided back to tissue
of satisfactory quality. Evaluation of tear width and
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Table 1. Surgical Pearls and Pitfalls

Anchor implantation considerations

Anterior and posterior lateral-row anchors are placed on the anterior and posterior sides of the broken end of the supraspinatus tendon,

respectively.

If all suture procedures of the first lateral-row anchor are completed and then the second lateral-row anchor is implanted, this technique will

be simplified.
Suture procedure considerations

The double-pulley suture bridge must consist of sutures of different colors.

The sutures on the medial-row anchor must be passed through the supraspinatus tendon in blue and white way.

The suture of the medial-row anchor that is passing through the posterior portion of the supraspinatus tendon needs to create a double-pulley
suture bridge with the suture of the anterior lateral-row anchor, and vice versa.

The double-pulley suture bridge needs to be pulled with the desired quantity of tension to ensure that the supraspinatus tendon can be

powerfully compressed against the footprint.

If the knotted blue-white suture bridge is suddenly locked during the process of pulling on the opposite strands of 2 sutures that exit through
percutaneous portals, cutting off the knot and then linking the 2 strands with the Sixth Finger knot pusher in the subacromial space can

solve this intractable problem.

Single-row fixation is performed after the completion of the double-pulley suture bridge.

shape, as well as tendon movability, is performed
(Fig 1). A supraspinatus tendon with a tear width of 2
to 4 cm is the applicative indication for the modified
DPSB repair.

Suture Anchor Insertion

A burr is used to perform decortication to obtain a
bleeding footprint. A double-loaded suture anchor
(Corkscrew; Arthrex, Naples, FL) with No. 2 nonab-
sorbable polyester strands (blue and white), as a
medial-row anchor, is implanted into the articular
border of the greater tuberosity (Fig 2). A total of 6
sutures are planned to pass through the supraspinatus
tendon evenly. The suture strands on medial-row
anchor pass through the supraspinatus tendon with
alternating blue and white (Fig 3). Two identical
double-loaded suture anchors (Corkscrew) with No. 2
nonabsorbable polyester strands (blue and white), as
lateral-row anchors, are implanted into the lateral

Table 2. Advantages and Disadvantages

border of the greater tuberosity; anterior and posterior
lateral-row anchors are placed on the anterior and
posterior sides of the broken end of the supraspinatus
tendon, respectively (Fig 4).

Suture-Relay Procedure

One white suture strand of the medial-row anchor
that is passing through the posterior portion of the
supraspinatus tendon, as well as one blue strand of the
anterior lateral-row anchor, is retrieved through
the lateral portal (Fig 5). In an extracorporeal manner,
the 2 strands are firmly tied with a static knot over an
instrument (Fig 6); the suture strands are cut above the
knot. Owing to the knot, the independent blue and
white strands are linked into a continuous blue-white
suture bridge.

As a result of double-pulley technology, the blue-
white suture bridge along with the knot is delivered
into the subacromial space in a stepwise manner by

Advantages

The 4 sets of double-pulley suture bridges can powerfully compress a major part of the supraspinatus tendon against the footprint; single-row
repair of lateral row anchor can also be applied to fix the supraspinatus tendon that has not been repaired by DPSB (such as the middle
part of the tendon), rather than having to repair the anterior and posterior part of the tendon.

Three suture anchors is the minimum number of suture anchors used in the treatment of medium-sized tendon tears; increased tendon-bone
contact area and better tendon healing will be the harvest from this unique anchor structure.

The double-loaded suture anchor as a lateral-row anchor can significantly reduce the surgical cost; the use of 1 medial-row anchor further

reduces the cost.

Single-row repair, as an inherent component of the technique, can reduce the overall operative time.

Disadvantages

The surgical time may be increased owing to cumbersome and complicated suture management during the operation.

Subacromial impingement and bursitis may be caused by the 6 sets of knots from the double-pulley suture-bridge and single-row fixation.

The strength of the reattached tendon after the single-row process is inadequate, resulting in the overall suture strength being inferior to that
of traditional double-row repair.

The use of 3 suture anchors will limit the coverage area of the suture configuration; a supraspinatus tendon tear width >4 ¢cm cannot be fully
covered.

Once the suture is locked or suture-bridge is broken due to knot slipping, the operation will fail.
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Fig 1. Arthroscopic image of right shoulder (lateral decubitus
position) viewed through the subacromial lateral portal
showing the evaluation of tear width and shape, as well as
tendon movability. (GT, greater tuberosity; SSP, supraspinatus
tendon.)

pulling on the opposite strands of 2 sutures that exit
through percutaneous portals (Fig 7) and is seated
onto the supraspinatus tendon (Fig 8); the suture
strands are cut above the knot. This artificial blue-
white suture bridge is actually regarded as the first
set of DPSBs (Fig 9). The opposite strands of blue and
white suture need to be pulled with the desired
quantity of tension to ensure that the supraspinatus
tendon can be powerfully compressed against the
footprint.

The opposite blue and white suture strands are
retrieved through the lateral portal, a static knot is
firmly tied with the Sixth Finger knot pusher (Smith &
Nephew, Andover, MA) in the subacromial space
(Fig 10), and the independent blue and white strands
are linked into a continuous blue-white suture bridge;
in addition, the suture strands are cut above the knot.
This artificial blue-white suture bridge is regarded as the
second set of DPSBs (Fig 11). The 2 sets of DPSBs be-
tween the medial-row and anterior lateral-row anchors
are now finished. The blue suture of the medial-row
anchor and the white suture of the posterior lateral-
row anchor are then used to create the other 2 sets of
DPSBs; the procedure is the same as that described
earlier. The 4 sets of DPSBs can powerfully compress a
major part of the supraspinatus tendon against the
footprint (Fig 12).

One white strand of the anterior lateral-row anchor
(Fig 13), which is regarded as the foremost strand
among the 6 aforementioned sutures, is passed through

the anterior portion of the supraspinatus tendon
(Fig 14) and fixes the tendon via a single row (Fig 15).
One blue strand of the posterior lateral-row anchor,
which is regarded as the backmost strand among the 6
aforementioned sutures, is passed through the posterior
portion of the supraspinatus tendon and fixes the
tendon via a single row.

Reattachment Confirmation

With the completion of the modified DPSB repair, 4
sets of DPSBs and 2 sets of single rows are seated on the
supraspinatus tendon and powerfully compress the
whole tendon against the footprint (Fig 16). The scope
is placed in the joint, and the reattached tendon is
examined eventually. The surgical technique is
described in Video 1, Table 1 (pearls, pitfalls), and Table
2 (advantages, disadvantages).

Discussion

Tendon-bone healing after supraspinatus tendon
repair has come under high scrutiny.® A greater tendon-
bone contact area will lead to a higher possibility of
tendon healing.”'’ However, the tendon-bone contact
area will be decreased after anchor implantation. Grasso
etal.'' noted that the probable number of suture anchors
for a double-row procedure is 2 to 7 suture anchors.

Fig 2. Arthroscopic image of right shoulder (lateral decubitus
position) viewed through the subacromial lateral portal
showing a double-loaded suture anchor, as a medial-row
anchor, is implanted into the articular border of the greater
tuberosity. (GT, greater tuberosity; SSP, supraspinatus
tendon.)
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Fig 3. (A, B) Arthroscopic image of right shoulder (lateral decubitus position) viewed through the subacromial lateral portal
showing the sutures on the medial-row anchor will be passed through the supraspinatus tendon (SSP) in blue and white
way (blue line, blue strand; red line, white strand, black dot, suture anchor).

Hypothetically, a technique that can provide equivalent
reattached footprint coverage with fewer suture anchors
will be much more helptul for cuff repair.'* A construct
using 3 suture anchors in a double-row procedure is a
potential means to maximize the tendon-bone contact
area."’

The number of suture anchors used and the surgical time
are the important determining factors for treatment cost.'*

Given that lateral-row anchor application will increase the

overall number of anchors used, double-row repair re-
quires more surgical costs.”'® The process of lateral-row
anchor implantation and additional suture management
will require more surgical time than single-row treat-
ment.'®'® Franceschi et al.'® reported that the mean sur-
gical time for single-row repair was 42 + 18.9 minutes
whereas that for double-row repair was 65 + 23.4 minutes.
The practical surgical cost will be increased in association
with the incremental surgical time.'°

Fig 4. (A, B) Arthroscopic image of right shoulder (lateral decubitus position) viewed through the subacromial lateral portal
showing two double-loaded suture anchors, as lateral-row anchors, are implanted into the lateral border of the greater tuberosity
(GT) (blue line, blue strand; red line, white strand, black dot, suture anchor). (SSP, supraspinatus tendon.)
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Fig 5. Arthroscopic image of right shoulder (lateral decubitus
position) viewed through the subacromial lateral portal
showing one white suture strand of the medial-row anchor
that is passing through the posterior portion of the supra-
spinatus tendon (SSP), as well as one blue strand of the
anterior lateral-row anchor, is retrieved through the lateral
portal.

The suture configuration is a decisive factor in the
success or failure of tendon repair.'” Hybrid repair is
an option to change the suture layout configuration.
Chu et al."” reported a hybrid repair that combined
knotless and suture-tying designs. Chauhan et al.?’
described a hybrid technique combining a modified

Fig 6. In an extracorporeal manner, the 2 strands are firmly
tied with a static knot over an instrument.

NN SR

Fig 7. The blue-white suture bridge along with the knot is
delivered in a stepwise manner into the subacromial space by
pulling on the opposite strands of 2 sutures that exit through
percutaneous portals.

SpeedBridge (Gemini Cannula; Arthrex) technique
and double-pulley technique. Jeong et al.”' reported
a hybrid repair using a double row of infraspinatus
tendon and a single row of supraspinatus tendon to
achieve medialization of the supraspinatus tendon
footprint and transosseous-equivalent augmentation.

The arthroscopic technique of modified DPSB
repair uses 3 double-loaded suture anchors combined

Fig 8. Arthroscopic image of right shoulder (lateral decubitus
position) viewed through the subacromial lateral portal
showing the blue-white suture bridge with the knot is seated
onto the supraspinatus tendon (SSP).



€6 P. HUANG ET AL.

Fig 9. The blue-white suture bridge is considered the first set
of double-pulley suture bridges.

with a double-pulley technique to form a hybrid
repair pattern with a double row as the mainstay and
a single row as the supplement. In the treatment of
medium-sized tendon tears, the modified DPSB
repair can not only maximize the tendon-bone

Fig 10. Arthroscopic image of right shoulder (lateral decubi-
tus position) viewed through the subacromial lateral portal
showing the static knot is firmly tied with the Sixth Finger
knot pusher in the subacromial space. (SSP, supraspinatus
tendon.)

Fig 11. The blue-white suture bridge is considered the second
set of double-pulley suture bridges (blue line, blue strand; red
line, white strand, black dot, suture anchor).

contact area but also lower the surgical cost and
shorten the operative time. From our viewpoint, the
advantages are as follows: First, the 4 sets of DPSBs
can powerfully compress a major part of the supra-
spinatus tendon against the footprint; single-row

Fig 12. The 4 sets of double-pulley suture bridges are created
(blue line, blue strand; red line, white strand, black dot, suture
anchor).
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Fig 13. Arthroscopic image of right shoulder (lateral decubi-
tus position) viewed through the subacromial lateral portal
showing the white suture from the anterior lateral-row an-
chor will be used to fix the anterior portion of the supra-
spinatus tendon (SSP) in a single-row manner.

repair repairs can fix the tendon that cannot be
compressed by the double-pulley suture-bridge. Sec-
ond, 3 suture anchors is the minimum number of

Fig 14. Arthroscopic image of right shoulder (lateral decubi-
tus position) viewed through the subacromial lateral portal
showing the anterior portion of the supraspinatus tendon
(SSP) will be passed through with a suture hook (star, the
anterior portion of the supraspinatus tendon).

Fig 15. Arthroscopic image of right shoulder (lateral decubi-
tus position) viewed through the subacromial lateral portal
showing a single row and double-pulley suture bridge are
created. (SSP, supraspinatus tendon; red arrow, the knot of
single; blue arrow, the knot of double-pulley suture bridge.)

suture anchors used in the treatment of medium-
sized tendon tears; increased tendon-bone contact
area and better tendon healing will be the harvest
from this unique anchor structure. Third, the design
of the double-loaded suture anchor as a lateral-row
anchor not only is a revolutionary surgical innova-
tion but also can significantly reduce the surgical
cost; the use of 1 medial-row anchor further reduces
the cost. Fourth, although the DPSB procedure does
not contribute to a reduction in the operative time,
the single-row repair—as an inherent component of
this technique—can reduce the overall operative
time. Fifth, the modified DPSB repair is suitable for
various forms of medium-sized tendon tears,
including crescent, L-shaped, U-shaped, and longi-
tudinal tears.

Nevertheless, the modified DPSB repair has some
shortcomings: First, the surgical time may be
increased owing to cumbersome and complicated
suture management during the operation. Second,
subacromial impingement®” and bursitis may be
caused by the 6 sets of knots from the DPSB and
single-row fixation. Third, the strength of reattached
tendon after the single-row process is inadequate,
resulting in the overall suture strength being inferior
to that of traditional double-row repair. Fourth, the
use of 3 suture anchors will limit the coverage area
of the suture configuration; a supraspinatus tendon
tear width greater than 4 cm cannot be fully
covered. Fifth, once the suture is locked or suture-
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bridge is broken due to knot slipping, the operation
will fail.

Disclosures
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LB et H L2
Fig 16. (A-C) Arthroscopic image of right shoulder (lateral decubitus position) viewed through the subacromial lateral portal
showing four sets of double-pulley suture bridges and 2 sets of single rows are seated on the supraspinatus tendon (SSP) and
powerfully compress the whole tendon against the footprint. The blue arrow indicates the single-row knot, and the red arrows
indicate the double-pulley suture-bridge knots. (SSP, supraspinatus tendon; red arrow, the knot of single; blue arrow, the knot of
double-pulley suture bridge.)
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