Technical Note

Rooting Rotator Cuff Reconstruction for Irreparable ®

Posterior-Superior Rotator Cuff Tear
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Abstract: Irreparable posterior-superior rotator cuff tear is encountered quite often in clinical practice. Bridging the
tendon defect with various materials is reasonable. However, optimal bridging structures and techniques are still being
pursued. We introduce a rotator cuff bridging technique, rooting rotator cuff reconstruction. In this technique, autogenous
tendon is used to make grafts. On the medial side, the graft tendons are suspended on the rotator cuff tendon. On the
lateral side, the graft tendons are placed into tunnels through the tuberosities. The most critical steps of this technique are
properly fabricating the humeral tunnels and suspending the graft tendons onto the rotator cuff tendon. We believe this

technique will shed light on rotator cuff reconstruction.

Irreparable posterior-superior rotator cuff tears
(IPSRCTs) are common pathologies related to shoul-
der pain and dysfunction. Although many methods
address IPSRCTs,' > a method that has predictable
results still needs to be explored.” Rotator cuff recon-
struction means using a structure or structures to bridge
the rotator cuff and the greater tuberosity and restore
the force chain of the defect rotator cuff. Various
bridging structures, which include autograft, allograft,
xenograft, and synthetic patch, have been reported.”®
The optimal bridging structures and techniques are still
being pursued.

In this article, we introduce a rotator cuff recon-
struction technique named rooting rotator cuff recon-
struction. In this technique, we bridge the rotator cuff
with autogenous tendon graft, suspend the grafts on the
rotator cuff tendons for medial connections, and place
the graft tendons into transhumeral tunnels for lateral
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connection. We use the word rooting because on the
lateral side, the bridging structures root into bone
tunnels instead of being pressed onto the bone surface.
This technique is indicated for IPSRCT with a usable
posterior-superior rotator cuff (Table 1).

Table 1. Terms Regarding Irreparable Posterior-Superior
Rotator Cuff Tear With Usable Posterior-Superior Rotator Cutf

1. Posterior-superior rotator cuff tear.

Posterior-superior rotator cuff tear is defined in our clinical practice as
a tear that involves mainly the supraspinatus and infraspinatus.
When the superior part of the subscapularis or teres minor is also
involved but is reparable, the entire tear is also defined as a
posterior-superior rotator cuff tear.

2. Irreparable posterior-superior rotator cuff tear.

Irreparable posterior-superior rotator cuff tear is defined when, after
routine rotator cuff release and lateralization, as well as footprint
medialization, the tendon-footprint overlap at the apex of the
rotator cuff defect is less than 5 mm, in case of a large or massive
U- or V-shaped rotator cuff tear.

3. Single usable or unusable rotator cuff in rotator cuff tear.

The usability of a single rotator cuff (the supraspinatus or
infraspinatus) is evaluated according to atrophy and fatty
infiltration evaluated on magnetic resonance images, as well as the
tendon length evaluated during operation. When rotator muscle
atrophy is over two-thirds or fatty infiltration is grade IV, or the
tendon length is less than 5 mm, the torn rotator cuff is defined as
unusable. When rotator muscle atrophy is less than two-thirds,
fatty infiltration is grade III or less, and the tendon length is 5 mm
or greater, the torn rotator cuff is defined as usable.

4. Usable and unusable entire posterior-superior rotator cuff in
posterior-superior rotator cuff tear.

When the supraspinatus or the infraspinatus is usable, the entire
posterior-superior rotator cuff is defined as usable. When both the
supraspinatus and infraspinatus are unusable, the entire posterior-
superior rotator cuff is defined as unusable.
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Fig 1. Two tendon grafts made from the
peroneus longus tendon.

Table 2. Step-by-Step Surgical Procedure of Rotator Cuff Reconstruction for Irreparable Posterior-Superior Rotator Cuff Tear

1.

The peroneus longus tendon is harvested. The tendon is truncated to 20 to 24 cm and cut into two 10- to 12-cm segments. Both ends of each
segment are sutured with ultra-high molecular weight polyethylene sutures.

. The arthroscope is placed into the anterior subdeltoid space. One bone tunnel—aiming device is placed through an accessory anterolateral

portal.

. Two longitudinal tunnels are created through the anterior and posterior edge of the bicipital groove (tunnels I and II). Guide sutures are placed

through the tunnels.

. The arthroscope is placed through the posterior-lateral portal to the subacromial and lateral subdeltoid space. The bone tunnel—aiming device

is placed through an accessory lateral portal.

. Two longitudinal tunnels are created through the middle and posterior part of the greater tuberosity (tunnels III and IV). Guide sutures are

placed in the tunnels.

. The superior fossa portal is created. A suture retriever is placed through the supraspinatus. The guide suture in tunnel IV is retrieved through

the supraspinatus.

. The supraspinatus graft is passed through the supraspinatus from the superior to inferior side into tunnel IV. The superior part of the graft is

pulled into tunnel IIL.

. A suture retriever is placed through the infraspinatus. The guide suture in tunnel II is retrieved through the infraspinatus.
. The infraspinatus graft is passed through the infraspinatus from the superior to inferior side into tunnel II. The superior part of the graft is

pulled into tunnel L.

10.The scope is placed into the anterior subdeltoid space. The 2 ends of the infraspinatus graft are fixed.
11.The scope is placed into the lateral subdeltoid space. The 2 ends of the supraspinatus grafts are fixed.

Posterior Rotator cuff Anterior

-« —

Fig 2. The location of the proximal orifices of the humeral tunnels (arthroscopic subacromial view of right shoulder through the
midlateral portal). GT, greater tuberosity; HH, humeral head.
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Fig 3. Postoperative computed to-
mography of the right shoulder
indicating distal offices of tunnels III
and IV (A) and tunnels I and II (B).

Tunnel IV
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Fig 4. Fabricating tunnel I (arthro-
scopic subacromial and subanterior
deltoid view of right shoulder
through the midlateral portal). (A)
Setting the tip of the tunnel-aiming
device at the desired location of the
proximal orifice of tunnel I. (B, C)
Drilling the K-wire through the lesser
tuberosity. (D) Creating a tunnel by
drilling over the K-wire. (E) Placing
the guide suture into the canulated
drill. HH, humeral head; RC, rotator
cuff.
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Fig 5. Fabricating tunnel II (arthroscopic subacromial view of right shoulder through the midlateral portal). (A) Creating the
tunnel with a drill. (B) Placing a guide suture through the tunnel. HH, humeral head; RC, rotator cuff.

Fig 6. Fabricating tunnel III (arthro-
scopic subacromial view of right
shoulder through the posterior-lateral
portal). (A) Setting the tunnel-aiming
device. (B) Drilling the tunnel. (C)
Placing the guide suture. HH, hu-
meral head; RC, rotator cuff.
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Fig 7. Fabricating tunnel IV (arthroscopic subacromial view of right shoulder through the posterior-lateral portal). (A) Drilling
the K-wire through the humeral head. (B) Placing the guide suture through the canulated drill. HH, humeral head; RC, rotator
cuff.

Anterior
R ———

Fig 8. Passing the guide suture for
the graft through the supraspinatus
(arthroscopic subacromial view of
right shoulder through the posterior-
lateral portal). (A) Pushing a suture
retriever into the supraspinatus at
the tendon-muscle conjunction. (B)
Passing the suture retriever to the
underside of the supraspinatus. (C)
Retrieving the guide suture from
tunnel IV through the supraspinatus.
HH, humeral head; RC, rotator cuff.

Anterior




Anterior

Surgical Procedure

The operation is performed in the lateral decubitus
position with the arm in 30-degree abduction. Com-
bined conditions are first addressed though routine
portals. Rotator cuff release and footprint medialization
are first performed. When the rotator cuff is defined as
irreparable and rotator cuff reconstruction is finally
indicated (Table 1), the rotator cuff is pulled slightly
lateral to detect its potential amplitude of lateral
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>

Fig 9. Placement of the tendon graft
for the supraspinatus (arthroscopic
subacromial view of right shoulder
through the posterior-lateral portal).
(A) Replacing the original PDS II
guide suture with a No. 2 ultra-high
molecular  weight  polyethylene
suture (Smith & Nephew) suture. (B)
Placing the tendon graft through the
supraspinatus into tunnel IV. (C)
Placing the superior part of the
tendon graft into tunnel HOI. HH,
humeral head; RC, rotator cuff.

excursion without obvious tension, as a reference for
final tension of the structure.

Preparing the Tendon Grafts

A 2- to 3-cm-long longitudinal incision is made 2 cm
proximal to the posterior styloid of the distal fibula. The
peroneus longus tendon (PLT) is harvested from the
incision and cut into 2 segments with a length of 10 to
12 cm of each segment. Both ends of each tendon

Fig 10. Hlustration of graft place-
ment for the supraspinatus (lateral
view of right shoulder). (A) Placing
the tendon graft through the supra-
spinatus into tunnel IV. (B) Placing
the superior part of the tendon graft
into tunnel III and suspending the
graft on the supraspinatus tendon.

Anterior Anterior
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Fig 11. Placement of the tendon graft for the infraspinatus (arthroscopic subacromial view of right shoulder through the
posterior-lateral portal). (A) Placing the tendon graft through the infraspinatus into tunnel II. (B) Placing the superior part of the
tendon graft into tunnel I. HH, humeral head; RC, rotator cuff.

Anterior

Fig 12. Hlustration of graft place-
ment for the infraspinatus (lateral
view of right shoulder). (A) Placing
the tendon graft through the infra-
spinatus into tunnel II. (B) Placing
the superior part of the tendon graft
into tunnel I and suspending the
graft on the infraspinatus tendon.
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Fig 13. Final view of the grafts for the supraspinatus (A) and infraspinatus (B) near the tuberosities (arthroscopic subacromial

view of right shoulder through the midlateral portal).

segment are sutured with No. 2 ultra-high molecular
weight polyethylene sutures (Smith & Nephew, And-
over, MA, U.S.A.) in a whip-stitch style (Fig 1, Table 2).

Creating Humeral Tunnels Through the Tuberosities

A 7-mm offset point-to-point tibial tunnel aiming de-
vice, which is usually used for anterior cruciate ligament
reconstruction of the knee, is used to create humeral
tunnels through the tuberosities (Video 1). Four longi-
tudinal tunnels, which are arranged from the anterior to
the posterior side and named tunnels I, II, III, and IV,
respectively, are fabricated through the tuberosities.
Tunnels I and II are located at the medial and lateral sides
of the bicipital groove, respectively; tunnels IIl and IV pass
through the middle and posterior part of the greater tu-
berosity. The proximal orifices of the humeral tunnels are
located at the cartilage edge and arranged sequentially
from the anterior to posterior side (Fig 2). The lateral or-
ifices of the humeral tunnels are located approximately
3 cm distal to the tip of the corresponding tuberosities
(Fig 3). The tunnels are 0.5 mm smaller than the tendon.

The arthroscope is placed into the subacromial space
through the midlateral portal. One switching stick is

placed into the anterior subdeltoid space to elevate the
anterior deltoid. One accessory anterolateral portal is
fabricated to put the hook of the tunnel-aiming device
into the subacromial space and set at the desired loca-
tion near the cartilage edge (Fig 4). A K-wire is placed
through the tunnel-aiming pin and the anterior deltoid
to the anterior edge of the bicipital groove. When the
desired location of the distal orifice of the tunnel is
confirmed, the K-wire and a cannulated drill are drilled
in sequentially to create tunnel I. One guide suture is
placed through the tunnel. Then, tunnel II is created in
the same way, and one guide suture is placed (Fig 5).

The arthroscope is placed through the posterior-
lateral portal to the subacromial space, and the
tunnel-aiming device is placed through the midlateral
portal or an accessory lateral portal and set at the
desired location near the cartilage edge. A K-wire is
placed through the lateral deltoid to the lateral side of
the proximal humerus. When the desired location of
the distal orifice of the tunnel is confirmed, the K-wire
and a cannulated drill are drilled in sequentially. In this
way, tunnels III and IV are created, with one guide
suture placed in each tunnel (Figs 6 and 7).
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Fig 14. Finding the braiding suture from the ends of infra-
spinatus graft (A) and tying the suture over the bone bridge
between the orifices for graft fixation (B) (arthroscopic sub-
anterior deltoid view of right shoulder through the midlateral
portal). I, sutures from tunnel L. II, sutures from tunnel II.

Placing the Supraspinatus Graft

A superior fossa portal is created. A suture retriever is
placed in this portal and passed through the supra-
spinatus at its muscle-tendon conjunction to its un-
derside. The guide suture in tunnel IV is retrieved
through the supraspinatus (Fig 8). One graft tendon is
placed through the supraspinatus, from the superior to
the inferior side, into tunnel IV for a length of 3 cm. The
superior part of the graft is pulled into the subacromial
space to fold the graft and then pulled into tunnel III
(Fig 9). In this way, the graft tendon is suspended on
the supraspinatus tendon (Fig 10). Both ends of the
graft are pulled to tension the supraspinatus.

Placing the Infraspinatus Graft

A suture retriever is placed in the posterior portal and
passed through the tendon-muscle conjunction of the
infraspinatus. The guide suture in tunnel II is pulled
through the infraspinatus. The tendon graft for the
infraspinatus is passed through the infraspinatus from
the posterior superior to the anterior inferior side and
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into tunnel II for a length of 3 cm (Fig 11). The posterior
part of the graft is pulled into the subacromial space to
suspend the graft on the infraspinatus tendon and
pulled into tunnel I (Fig 12). Both ends of the graft are
tightened to tension the infraspinatus (Fig 13).

Distal Fixation of the Grafts

For each graft, when none of the graft ends protrudes
the distal orifice of the humeral tunnel, the braiding
sutures from the graft ends are tied over the bone
bridge between the 2 distal orifices (Fig 14). When any
ends of the graft protrude the distal orifice, 1 knotless
suture anchor is used to fix both ends of the graft at a
site distally (Fig 15).

Discussion
The purpose of rotator cuff reconstruction is to restore
the force chain of the native rotator cuff and make the
disconnected but usable rotator cuff functional (Fig 16).
Compared with superior capsule reconstruction in
which structural restoration of the rotator cuff is given

Fig 15. Fixing the ends of the supraspinatus graft with a
knotless lateral row suture anchor (Arthrex, Naples, FL,
U.S.A.) due to graft tend protrusion (arthroscopic sublateral
deltoid view of right shoulder through the posterior-lateral
portal). (A) View during fixation. (B) View after fixation.
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Fig 17. Postoperative magnetic reso-
nance images of left shoulder. (A)
Coronal view image indicating the
graft tendon (arrows) suspending the
rotator cuff tendon. (B) Transverse
view image indicating the graft ends in
the humeral tunnels (arrows).

Fig 16. Preoperative (A) and post-
operative (B) coronal view magnetic
resonance images of left shoulder.
(A) The lateral edge of the rotator
cuff (arrow). (B) The restored force
chain (arrow).

Table 3. Pearls and Pitfalls of Rotator Cuff Reconstruction for Irreparable Posterior-Superior Rotator Cuff Tear

1

. The peroneus longus tendon is the best choice because of the tendon length and strength. The hamstring tendons are also suitable choices.

2. The best length of each tendon segment is 10 to 12 cm long. When the tendon segment is too long, the tendon ends will protrude the humeral

tunnels too much, which will make fixation of the tendon ends difficult.

. The tunnels should not be too large. Otherwise, this may result in breakage between tunnels or greater tuberosity fracture. Actually, because of

osteoporosis, a smaller bone tunnel allows a larger graft to squeeze in. We usually create a 4.5-mm-wide tunnel for a 5-mm- or 5.5-mm-wide
graft.

. During tunnel creation, the axillary nerve may be injured by the drill. Passing the drill through the deltoid with manual reverse rotation may

minimize the danger.

. The rotator cuff tendon part is longer at the anterior side for both the supraspinatus and infraspinatus. Passing the tendon graft through these

sites leads to strongest holding of the rotator cuff.

. The tendon grafts are too strong compared with the rotator cuff. Thus, the grafts should not be tensioned too much. Otherwise, this will result

in rotator cuff rupture at the tendon-muscle conjunction. Checking the potential amplitude of lateralization of the rotator cuff without tension
before graft implantation is important.

. The tunnel closer to the corresponding rotator cuff is used to accommodate the inferior part of the graft and vice versa.
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Table 4. Advantages and Disadvantages of Rotator Cuff
Reconstruction for Irreparable Posterior-Superior Rotator Cuff
Tear

Advantages

1. From the aspects of biomechanics and biology, the design of cur-
rent rotator cuff reconstruction technique may be the best. On the
medial side of the bridge, the connection relies on mechanical
suspension; on the lateral side, the connection relies on tendon-
bone healing.

2. This procedure is easy to perform in almost all stages, from har-
vesting the peroneus longus tendon through creating tunnels to
graft implantation and fixation.

Disadvantages

1. The technique depends on tunnel creation. In some cases, when
the greater tuberosity does not exist, bone tunnels cannot be
created. Although troughs can be created instead, tendon bone
healing may be compromised.

2. Rotating a large drill through the deltoid may endanger the axillary
nerve.

up,7’8 rotator cuff reconstruction is more reasonable
when the medial rotator cuff structure is usable.”'"

A successtul rotator cuff reconstruction relies on not
only a strong time-zero bridging of the rotator cuff and the
greater tuberosity but also a reliable terminal stage
connection. Thus, the first prerequisite of ideal rotator cuff
reconstruction is that eventually, the bridging structure
can simultaneously hold the medial rotator cuff tendon
and stick to the greater tuberosity satisfactorily, either
through biological healing or mechanical holding. The
second prerequisite is that the bridging structure has
enough strength not only immediately after the operation
but also during or after its remodeling.

In previous reports of rotator cuff reconstruction, the
bridging structure is sutured to the medial rotor cuff.
The results depend on the healing between the graft
and the rotator cuff, which is unpredictable due to its
healing nature between soft tissues.'' In the current
technique, the graft tendons are suspended on the ro-
tator cuff tendons. A strong connection is mechanically
established between the graft and the rotator cuff
regardless of the final healing status, so long as the
grafting tendon and the rotator cuff tendon are strong
(Fig 17). In most previous reports, the bridging material
was laterally pressed to the surface of the native foot-
print, which resulted in unreliable healing.'” In the
current technique, we place the grafting structure into
the humeral tunnels for a better tendon-bone healing
(Fig 17)."2

The pearls and pitfalls of this technique are listed in
Table 3, and the advantages and disadvantages of this
technique are listed in Table 4. The main risk of this
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technique is greater tuberosity fracture caused by severe
regional osteoporosis and the large bone tunnels. Creating
smaller tunnels is helpful. The other risk is axillary nerve
injury. Passing the drill through the deltoid with manual
reverse rotation may minimize this risk.
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