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Abstract: Despite profound advancements in arthroscopic rotator cuff repair (RCR) techniques, radiologic failure rates
may be in excess of 60% with repairs of large and massive tears in the elderly population. One of the strategies to improve
these healing rates has been “patch” augmentation of the cuff repair. At the same time, superior capsular reconstruction
(SCR) has gained significant popularity as an option for irreparable rotator cuff (RC) tears. Some have also advocated
performing SCR in addition to arthroscopic RCR to reinforce the repair and improve healing rates. Techniques involving
the use of fascia lata, ECM patches, and long head of the biceps (LHB) for SCR to reinforce the cuff repair have all been
elegantly described. In this article, we propose a technique that enables a combination of the aforementioned procedures
and involves performing RCR with patch augmentation, as well as SCR using LHB. In doing so, the repaired RC is
bordered by the patch over its bursal surface and the LHB on the articular surface (functioning as the superior capsule),
thus giving us the name “Hamburger technique” (a 3-layered construct).

Despite profound advancements in arthroscopic
rotator cuff repair (RCR) techniques, radiologic
failure rates may be in excess of 60% with repairs of
large and massive tears in the elderly population.' One of
the strategies to improve these healing rates has been
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“patch” augmentation of the cuff repair.” At the same
time, superior capsular reconstruction (SCR) has gained
significant popularity as an option for irreparable rotator
cuff (RC) tears.’ The original technique, as described by
Mihata et al.,* involves using fascia lata. However, in the
Western world, the technique has been modified to use
extracellular matrix (ECM) patch grafts as an alterna-
tive,” whereas others have explored the use of long head
of the biceps (LHB) as a “biological” SCR.”” There are also
a few authors who have advocated performing SCR in
addition to arthroscopic RCR to reinforce the repair and
improve healing rates.” Techniques involving using fas-
cia lata, ECM patches, and LHBs for SCR to reinforce the
cuff repair have all been elegantly described.”*”

In this article, we propose a technique that enables a
combination of the aforementioned procedures and
involves performing RCR with patch augmentation, as
well as SCR using LHB. In doing so, the repaired RC is
bordered by the patch over its bursal surface and the
LHB on the articular surface (functioning as the supe-
rior capsule), thus giving us the name “Hamburger
Technique” (a 3-layered construct) (Tables 1 and 2).
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Surgical Technique (With Video lllustration)

The procedure is performed with the patient under
general anaesthesia combined with interscalene block,
with the patient positioned in either the beach chair or
lateral decubitus position (Table 3). The arthroscope is
introduced through a standard posterior viewing
portal and a diagnostic arthroscopy is performed
initially. Careful attention is paid to whether LHB is
present and the state of the tendon (Fig 1). If LHB is
absent or significantly damaged, then it cannot be
used for SCR. Similarly, the RC tear is carefully
assessed for size and degree of retraction to determine
whether it is possible to repair it without excessive
tension. This technique is only applicable to repairable
tears, as we only to use the patch to augment the RC
rather than to bridge a gap.

The arthroscope is then introduced into the sub-
acromial space through the posterior port. Through a
standard lateral port, the tear is identified and both
bursectomy and acromioplasty performed. If there is
acromioclavicular joint tenderness, then the acromio-
clavicular joint is excised at this point. If a tear of sub-
scapularis is found then this is also repaired.

Superior Capsule Reconstruction With LHB: Layer 1

Via a similar method to SCR with ECM, the distance
between the superior glenoid attachment of the LHB
and the greater tuberosity (GT) footprint is measured.’
The GT footprint is then prepared. Two free sutures (#2
FiberWire; Arthrex, Naples, FL) are passed through the
LHB tendon in a “ratchet loop” manner, at a distance
from its insertion equal to the distance measured pre-
viously (from the superior glenoid attachment to the GT
footprint) (Fig 2). For instance, if the distance between
the LHB insertion and GT footprint is 4.5 c¢cm, the 2 free
sutures should be passed through LHB at 4.5 cm from
its insertion (with a 0.5-cm gap between the 2 sutures).
Following this, an LHB tenotomy is performed
approximately 1 cm distal to where the free sutures are
passed.

The 4 suture limbs of these free sutures are then
passed through a standard lateral row anchor (Swive-
Lock 5.5 SP BCP; Arthrex), which in turn is inserted
into the GT footprint. This secures the LHB to the
footprint and completes the SCR using the LHB (Fig 3).
This forms “layer 1.”

Table 1. Key Points

1. SCR using LHB as biological autograft may reduce rate of failure of
repair.

2. Using LHB alongside cuff repair and graft augmentation may
improve the chances of healing.

3. Our Hamburger technique may provide a stronger construct with
superior outcomes to previous methods.

LHB, head of the biceps; SCR, superior capsular reconstruction.
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Table 2. Indication and Contraindications

Indications Contraindications

e Repairable rotator
cuff tear

e Active shoulder infection or history
of infection

e Culff arthropathy

e Irreparable cuff tear

Supraspinatus Repair With Augmentation: Layers 2
and 3

Following SCR with LHB, the supraspinatus tendon is
repaired using patch augmentation via the “pull-over”
technique, as previously described.® This forms “layer
2” and “layer 3.”

Layer 2

This technique consists of a standard medial row
repair of the tendon tear using either 1 or 2 medial
row anchors. This involves mobilization of the tendon,
insertion of the medial row anchors, and passage of
the anchor suture limbs through the tendon using a
standard suture passer device (Scorpion device;
Arthrex) (Fig 4, Video 1). If bone quality is sufficient,
we prefer to use all-suture anchors for the medial row
(Iconix 2.3; Stryker, Kalamazoo, MI). We prepare the
footprint by stimulating the marrow with a 1.4 drill,
using multiple drill holes to disrupt the cortex. The
“pull-over” technique also involves passing a free su-
ture (#2 FiberWire) through the medial aspect of the
tendon and bringing this out through the Neviaser
port.® This free suture is used to help “pull over” the
augment into the subacromial bursa and secure it
medially.

Following passage of all anchor suture limbs through
the torn tendon, knots are tied to secure the medial row
repair. However, it is important that no knots are tied in
the free FiberWire suture. The distance between the
most anterior and the most posterior knots is then
measured and the suture limbs belonging to these knots
left intact and long, whereas the other suture limbs are
cut flush to the knot.

Layer 3

Preparation of Augment Outside the Patient. As has
previously been described in depth,® the patch (Arthrex
Dx Reinforcement Matrix; Arthrex) is then prepared
outside the body by making 2 holes in the augment,
through which the anchor suture limbs are passed,
and a third hole more medially (approximately 5 mm
from the medial edge of the patch and in between the
other 2 holes) (Fig 5). In addition, the corners of the
rectangular patch are cut to leave an octagon (Fig 5).

Suture Management. One limb of the free FiberWire is
passed through the medial hole of the patch using a
polydioxanone suture as a shuttle, while the anchor is
passed through the 2 anterior and posterior holes (more
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Table 3. Surgical Steps
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. Diagnostic arthroscopy of glenohumeral joint.
. Arthroscope then introduced into the bursa.

. Bursectomy performed.

. Acromioplasty performed.

. Rotator cuff tear mobilized.
. Greater tuberosity prepared.
. Distance between medial glenoid and cuff footprint measured.

0 OV W N~

. If acromioclavicular joint tenderness pre-operatively, ACJ excision carried out.

9. Suture passed to measured length in LHB and 1 cm distal to this point tenotomy performed.

10.LHB stump secured to greater tuberosity footprint.

11.Insertion of 1-2 medial row anchors depending on the anatomy of the tear.

12. Anchor sutures passed through torn rotator cuff tendon (i.e., 4 passes with 1 anchor, 8 passes with 2 anchors).

13.In addition, a free suture is also passed through the tendon and brought out through the Neviaser port.

14.0Once all the anchor suture limbs have been passed through the cuff, they are tied together using standard arthroscopic knot tying techniques.
15.1t is, however, critical not to tie any knots in the free FiberWire suture.

16.The distance between the anterior and posterior knots is then measured (distance “c”) using an arthroscopic hook or distinct arthroscopic

measuring devices.
17.The augment is then prepared.

uon

18.Initially, a PDS suture (used as a “shuttle suture”) is tied to one limb of the free suture (previously brought out through the Neviaser port).
19. All 4 anchor suture limbs, as well as the ‘free suture’ limb that is tied to the PDS suture, are then brought out through the lateral cannula.
20.The PDS suture is now untied from the free suture limb outside the lateral port, before being passed through hole “d” of the augment.

21.The PDS suture end outside the lateral port is then tied to the free suture limbs again, and pulled to bring the free suture limb out through the

Neviaser port.

22.Similarly, the 2 suture limbs of the anterior knot are passed through the anterior “k” hole and the 2 suture limbs of the posterior knot through

the posterior “k” hole of the augment.
23.The patch is then rolled over itself to allow it to be passed inside.

24. After this, the free suture limbs outside the Neviaser port are all pulled, thus pulling the matrix over into the bursa (hence the name “pull-

over” technique).

25. At the same time, the rolled matrix is pushed through the lateral port into the subacromial space using an artery clip to aid the “pull-over”

maneuver.

26.0nce the patch is inside the subacromial space, it is laid open flat using a blunt obturator.
27.Medial stabilization of the augment is then performed by tying the 2 “free suture” limbs with arthroscopic knots via the Neviaser port.
28.Subsequently, 2 lateral row anchors are inserted to achieve lateral stabilization.

ACJ, acromioclavicular joint; LHB, head of the biceps; PDS, polydioxanone.

lateral) of the patch as previously described in the “pull-
over” technique (Fig 5).°

Insertion of the Patch. The rolled-over patch is then
maneuvered into the subacromial bursa through a
size 10 cannula (Passport; Arthrex) in the lateral port.
The medial free suture is used to pull the patch over
inside the subacromial space (Video 1). Once inside
the patch is laid open and flat using a blunt obturator
(Video 1).

Medial Stabilization of the Patch. The medial edge of
the patch is affixed to the medial aspect of the cuff by
tying the 2 limbs of the free FiberWire suture with
arthroscopic knots through the Neviaser port.

Lateral Stabilization of the Patch. This is achieved by a
transosseous equivalent technique incorporating the
augment into the construct. Two lateral row anchors
(SwiveLock 5.5 SP; Arthrex) are inserted (laterally),
one anterior and one posterior, securing the augments
while the medial row anchor sutures are tensioned
simultaneously (Video 1). Often, we also pass the
internal suture of the lateral row anchors into the
patch for additional fixation of the lateral edge (Figs
6 and 7).

Rehabilitation Program

Shoulders were immobilized in a shoulder abduction
wedge at the end of the procedure and patients were
instructed to wear this for 6 weeks. Physiotherapy as
per large-massive rotator cuff repair protocols was
organized before discharge. This consists of early
pendulum exercises, passive flexion and external rota-
tion to 0° at 4 weeks, and then at 6 weeks progressive
exercises starting from passive to active and finally
strengthening exercises.

Discussion

Despite significant advances in arthroscopic RC sur-
gery, which have led to good clinical outcomes, retear
rates may be in excess of 60% for elderly patients who
undergo large or massive cuff repairs.'" There is
convincing evidence to suggest that patients with
healed RCRs achieve a better clinical outcome than
those with retears.” These compromised healing rates
have led to an ongoing drive to develop new techniques
that may enhance healing rates.”

One avenue that has been explored is the use of a range
of patches to augment the repaired RC tendon.’
Improved processing of biological tissues (ECM) has
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SUPRASPINATUS

MASSIVE
CUFF TEAR

LONG HEAD OF
BICEPS - MARKED
AT PLANNED
TENOTOMY SITE

INFRASPINATUS ROTATOR CUFF

FOOTPRINT
PREPARED

POSTERO-INFERIOR
GLENOID

POSTERO-LATERAL
HUMERUS

Fig 1. Cuff tear and prepared footprint. Diagram is of right
shoulder.

allowed better removal of antigenic material from the
matrix, as well as reduced risk of immune and inflam-
matory response. This has resulted in a resurgence of
biological material as a popular choice for RCR with
patch augmentation.” Moreover, enhanced arthroscopic
instrumentation has simplified the arthroscopic tech-
nique for RCR with patch augmentation.®

Available patches range from those with cellular
components (either allogenic or autogenic) to ECM
(xenograft, allograft) and synthetic materials.'® The
renewed interest in patches has led to a number of
histologic, biomechanical, clinical, and radiologic
studies. These in turn have shown promising results,

TWO FREE SUTURES
PASSED THROUGH

LONG HEAD OF BICEPS
FOLLOWED BY TENOTOMY

tenotomised
LHB with
suture

Fig 2. Suture passed through tenotomized LHB stump. The
arthroscope is in the standard posterior port of the right
shoulder with the patient in the lateral position, but the
arthroscope is rotated so the images appear as though the
patient is in the beach chair position. (LHB, long head of the
biceps.)
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LHB SECURED TO
PREPARED GT FOOTPRINT
WITH SINGLE STANDARD
LATERAL ROW ANCHOR

LHB secured to
footprint with
standard lateral row
anchor

L
Fig 3. LHB secured to footprint. The arthroscope is in the
standard posterior port of the right shoulder with the patient
in the lateral position, but the arthroscope is rotated so the
images appear as though the patient is in the beach chair
position. (ECM, extracellular matrix; LHB, head of the biceps.)

S

which suggest that the improved patches may result in
a stronger construct with superior outcomes.'' How-
ever, at present the number of well-constructed ran-
domized controlled trials is limited, and so it remains
open to debate whether healing rates are better when
compared with standard RCRs."”

In recent years, the role of the superior capsule in
providing superior stability of the glenohumeral joint
has gained greater appreciation.” Some authors have
even suggested that the defect in the superior capsule
may be the “essential lesion” in patients with superior
cuff tear, as opposed to the tear in the RC itself and that

FREE MEDIAL
SUTURE

STRANDS PASSED THROUGH
RETRACTED ROTATOR CUFF
WITH STANDARD SUTURE

TWO 4 STRAND MEDIAL ROW
BONE ANCHORS INSERTED
INTO GT FOOTPRINT
(ANTERIOR & POSTERIOR)

hor suture passage into fondo

Fig 4. Standard medial row repair of the tendon tear using
either 1 or 2 medial row anchors. The arthroscope is in the
standard posterior port of the right shoulder with the patient
in the lateral position, but the arthroscope is rotated so the
images appear as though the patient is in the beach chair
position.
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ADDITIONAL FREE SUTURE
PASSED THROUGH RC
MEDIALLY VIA NEVASIER
PORT. 1 PASSED THROUGH
MIDDLE HOLE IN ECM PATCH
(ATTACHED TO PDS)

Fig 5. Patch preparation and su-
ture passage into the patch. The
patch is prepared outside the body
by making2holes in the augment,
through which the anchor suture
limbs are passed, and a third hole
more medially (approximately
5 mm from the medial edge of the
patch and in between the other 2
holes). In addition, the corners of
the rectangular patch are cut in
order to leave an octagon.

STRANDS PASSED
THROUGH
ECM PATCH

RC SNUGGED DOWN

TO FOOTPRINT AND MEDIAL

ROW ANCHOR LIMBS TIED ECM PATCH PREPARED AS

2 SUTURES LEFT LONG SHOWN WITH 3 HOLES
AND PASSED THROUGH
CANNULA PORT

RCRs that do not involve restoration of normal superior technique by Mihata et al.” In the Western world, this
capsular anatomy may result in suboptimal outcomes."? technique has been adapted to using ECM patches in
This comes at a time when reconstruction of the su- place of fascia lata.” Although not all reports on healing
perior capsule has become a fashionable alternative for  rates have matched those of Mihata et al., the short-
irreparable RC tears, since the description of this  term clinical outcomes have been promising.”*

Fig 6. ECM patch secured over

rotator cuff repair. The medial

. edge of the patch is secured to the
medial aspect of the cuff by tying

the 2 limbs of the free FiberWire

suture with arthroscopic knots

through the Neviaser port. Lateral
55:‘5’%“"“ stabilization of the patch is ach-
i ieved by a transosseous equiva-

Lateral lent techni . » th
Medial : et ent technique incorporating the
icati SUTURE STRANDS o\ STRANDS PASSED THROUGH AtabBation augment into the construct. Two
stablisation 27 2 x STANDARD ANCHORS of patch 8 .
RS ED OVERECH .'TOFOHMLATE L ROW :
of patch PATCH AS SHOWN F A lateral row anchors (are inserted

(laterally), one anterior and one
posterior, thus securing the
augment. The arthroscope is in
the standard posterior port of the
right shoulder with the patient in
the lateral position, but the
arthroscope is rotated so the im-
ages appear as though the patient
is in the beach chair position.
(ECM, extracellular matrix.)
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THE “HAMBURGER”
- ECM PATCH

- ROTATOR CUFF
-LHB

ROTATOR CUFF LHB

ECM

Fig 7. Hamburger construct with ECM patch on top, RC
repair in middle and LBH tendon underneath. Diagram is of
right shoulder. (ECM, extracellular matrix; LHB, head of the
biceps; RC, rotator cuff.)

Due to poor healing rates of massive and large RCRs,
good short-term clinical outcomes of SCR and greater
understanding of the importance of the superior
capsule, a number of authors have developed tech-
niques that involve SCR in addition to cuff repair in the
presence of large repairable tears.'” In a level 3 cohort
study, Mihata et al.*'’ compared clinical and radiologic
outcomes of 34 patients who underwent SCR (with
fascia lata) and RCR to 91 patients who underwent
arthroscopic RCR alone. There were no retears in the
group with SCR and RCR, compared with a retear
incidence of 4% in the group with RCR only. Func-
tional outcomes were similar between the 2 groups.
Other investigators have explored the possibility of
using the LHB to reconstruct the superior capsule (for
irreparable tears), instead of fascia lata or ECM, or to
augment the repaired rotator cuff (in repairable
tears).'” The proposed advantages of using LHB for the
superior capsule or augment are that it is an autograft
(and therefore does not provoke an immune response
or donor-site complications), it is cheaper than ECM
patches, it remains attached to glenoid so maintains

Table 4. Advantages and Risks

Advantages Risks

1) Autograft with no immune
response or donor site
complications.
Avoids high cost of ECM
patches.
3) Remains attached to gle-
noid so
vascularity is preserved to
an extent.
4) Relatively easy to perform.

1) Possible degenerative bi-
ceps tendon.

2) Not possible in end-stage
fatty infiltration.

3) Not possible in end stage
retraction.

N

ECM, extracellular matrix.
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Table 5. Pearls and Pitfalls

Ensure biceps tendon harvested at least 1 cm longer than desired
length.

Use arthroscopic measurement tool.

Extensive release of rotator cuff.

Secure biceps tendon tightly on humeral head.

some of its vasculature, and finally it is relatively easy
to perform.'* There are also a number of biomechan-
ical studies that have demonstrated the ability of LHB
to function as the superior capsule.®’ Furthermore, the
biceps tendon can be used for SCR in addition to RCR
to protect the repair.”"’

In this report, we have described a technique that
combines the aforementioned methods with the aim of
optimizing both clinical/radiologic outcomes and heal-
ing rates. We agree with previous authors that the su-
perior capsule may play an important role in providing
enhanced superior stability for RCRs.” As a result, its
reconstruction during arthroscopic RCR (in addition to
the repair itself) may lead to improved outcomes.
Similarly, we feel that patch augmentation with ECM in
addition to RCR may improve healing rates by inducing
native tissue growth and providing further biome-
chanical support.” The patch may provide a degree of
load sharing across the repaired tendon, resulting in
reduced loading at the repair site. This may help to
protect the construct during the vital period required
for healing of the repair. Indeed, there are a number of
biomechanical studies that provide evidence for
improved “load to failure” and initial repair strength, as
well as reduced bone-tendon gapping with augmented
rotator cuff repairs.”

The technique described here unites these philosophies
with the aim of fully optimizing the healing environment
for the repaired RC tendon. The tendon is reinforced both
on its articular and bursal side in a 3-layered construct
(hence the name “Hamburger Technique”). On its
articular side, it is reinforced by reconstruction of the
superior capsule using the LHB and on its bursal side by
the ECM patch. This may represent a “belt and braces”
method, with the aim of decreasing retear rates,
improving healing, and better restoring clinical function.
Whether this technique achieves these aims or not can
only be determined by future comparative studies.

There are a number of potential issues with this
method. The technique requires the presence of a
reasonably healthy LHB. If the LHB is absent or
significantly damaged, then it cannot be used to
reconstruct the superior capsule. Similarly, in the
presence of a pathologic LHB, failure to perform a
tenotomy or tenodesis during the cuff repair may leave
a potential source of pain. The technique, however,
does involve a more distal tenotomy and a “re-routing”
of the residual LHB, and therefore may reduce the risk
that the LHB will continue to generate discomfort. In
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addition, as with other procedures that involve ECM,
there is a risk of inflammatory response, stiffness, ad-
hesions, and infection (Tables 4 and 5). We feel that
these risks are minimized with modern processing
techniques, which provide enhanced antigenic material
removal (more than 90% DNA removal). In our series
of RCR with patch augmentation, we have not yet
encountered any cases of infection or excessive in-
flammatory response. It is important to note, though,
that we do not feel that patch augmentation should be
performed in patients who have a history of shoulder
infection.

In summary, this report describes a 3-layered “belt
and braces” technique for arthroscopic rotator cuff
repair with the aim of optimizing and enhancing heal-
ing rates and clinical outcomes. The 3 layers of the
“Hamburger technique” consist of the repaired RC
tendon itself, the LHB functioning as superior capsule
on its articular surface, and the ECM patch as the
augment on its bursal surface. As with patch augmen-
tation RCR and SCR, well-constructed comparative
studies will be needed to evaluate whether this tech-
nique is able to deliver its aim.
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