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The “Greenhouse” Technique Using Knotless Single-
Row Suture Bridge Combined With Bone Marrow
Stimulation for the Arthroscopic Treatment of

Rotator Cuff Tears

Yi Lu, M.D., Ph.D., Guang Yang, M.D., Shangzhe Li, M.D., Xu Li, M.D., and

Chunyan Jiang, M.D., Ph.D.
Abstract: To simplify the arthroscopic rotator cuff repair technique and improve tendon healing, we have developed a
method named the “Greenhouse” technique to repair rotator cuff. With bone marrow stimulation combined with knotless
single-row suture bridge fixation, we provide a technique for reliable cuff fixation with enhanced biological features.
otator cuff tear is a common shoulder disease in
Rthe aging population. Although the clinical results
of arthroscopic rotator cuff repair have been promising,
achieving tendon healing remains a challenge. There
are 2 strategies to enhance tendon healing: mechani-
cally and biologically. The mechanical approach is
achieved by various suture methods. Suture-bridge
repair was introduced by using 2 rows of anchors to
improve tendon-to-bone contact over the footprint,
together with decreased motion on the boneetendon
interface and increased resistance to rotational
forces.1-4 Although this technique leads to several
advantages over the standard single-row or double-
row repair, the incidence of retear cannot be avoi-
ded.4-7 The most possible explanations may include
greater tension for the repaired tendon than expected;
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tendon strangulation caused by medial row knot-
tying; and further damage to the degenerated torn
tendon.8-11 The later introduced modified suture bridge
technique with knotless medial row anchor can avoid
some of the aforementioned disadvantages stated, and
satisfactory early clinical results have been reported in
the literature.12

Another approach to enhance tendon healing is bio-
logical augmentation, such as bone marrow stimulation
(BMS). BMS is believed to provide an infusion of
marrow elements such as cytokines, growth factors,
and mesenchymal stem cells, which may enrich the
local biological healing milieu.13-15 It was described as a
“crimson duvet” by Snyder and Burns16 in 2009 for
repairing large rotator cuff tear, with promising clinical
outcomes.
We describe a method that combines BMS with a

knotless single-row suture bridge technique together to
provide full cover of the rotator cuff on the footprint
and biological enhancement. This method is named the
“Greenhouse” technique because of its similarity to
irrigation and fertilization of plants in a greenhouse,
with the canopy that enhancing footprint reconstruc-
tion (Figs 1 and 2). It is an easy arthroscopic technique
that provides better tension control and biological
stimulation. In addition, it also reduces the surgery costs
by using fewer anchors.

Surgical Technique (With Video Illustration)
The Greenhouse technique is very simple and per-

formed with 1 or 2 footprint knotless anchor and a 2-
mm awl for BMS.
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Fig 1. Illustration of the “Greenhouse” technique on a right
shoulder. The ORTHOCORD polyester suture thread passed
through the torn tendon in in a modified MasoneAllen way
without knotting. Six holes were made on the greater tu-
berosity to perform BMS. The thread is then passed through
the eyelet of a footprint anchor. After tightening the thread,
the anchor is screwed in at the distal part of the greater tu-
berosity. (BMS, bone marrow stimulation.)

Fig 3. On a patient with a right rotator cuff tear, 5 portals
were marked and are set up with the patient in the beach-
chair position. (a) Anterior portal; (b) anterior lateral portal;
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Setup
The patient is placed in a beach-chair position under

general anesthesia and interscalene block. Five portals
are used for this technique: the posterior portal is made
Fig 2. Illustration of the effect of “Greenhouse” technique on
a right shoulder. With this technique, the rotator cuff is
repaired by one footprint anchor without a medial row an-
chor. Combined BMS creates the clot, which flows out
through the bone marrow. This technique pulls the rotator
cuff tendon to fully cover the greater tuberosity, which pre-
vents most of bone marrow cell extravasation too far away
from tendonebone surface. It is similar to irrigation and
fertilization of plants in a greenhouse. (BMS, bone marrow
stimulation.)

(c) posterior lateral portal; (d) posterior portal; and (e) BMS
portal. (BMS, bone marrow stimulation.)
2 cm inferior and 1 cm medial to the posterolateral
corner of the acromion, the anterior portal is made
lateral of the coracoid process and 2 cm inferior to the
anterior acromial corner, the anterior lateral portal and
posterior lateral portal are placed parallel and 3 cm
lateral to the distal acromion and separately at least
5 cm apart, and the BMS portal is made close to the
lateral side and on the midline of acromion (Fig 3).

Evaluation of the Glenohumeral Joint
The glenohumeral joint is examined first by using a

30� arthroscope. If pathologic long head of the biceps
tendon is identified, tenotomy or tenodesis is per-
formed. Capsular release is performed if adhesions
exist. The rotator cuff tear is identified and evaluated.

Subacromial Decompression and Rotator Cuff
Repair Preparation
The 30� arthroscope is reinserted from the posterior

portal to the subacromial space. Subacromial bursec-
tomy with decompression is performed from the ante-
rior lateral portal. Acromioplasty is performed if
acromial impingement observed. Then, the arthroscope



Fig 4. The torn tendon is evaluated in the subacromial space
with scope in the anterior lateral portal. The torn tendon is
measured by calibrated probe through the posterior portal,
which shows 1 cm anterior to posterior in diameter of the
tear. This view of right shoulder was taken with the patient in
the beach-chair position. (A, anterior; AC, acromial; GT,
greater tuberosity; P, posterior; RC, rotator cuff.)

Fig 6. The suture thread is passed through the posterior edge
of torn tendon, which is lateral to the muscleetendon unit
with CleverHook retrieved. This view of right shoulder was
taken in the subacromial space with the scope in the posterior
lateral portal and the patient in the beach-chair position. (P,
posterior; RC, rotator cuff.)
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is switched from the posterior portal to anterior lateral
portal. The shape and quality of rotator cuff tears are
evaluated. The tendon footprint is decorticated using
the motorized shaver blade, and the size of tear is
measured by a calibrated probe (Fig 4).
Fig 5. A CleverHook is used to hold the suture thread passing
through the posterior portal, prepared to penetrate the edge of
tendon from the bursal side to the articular side. This view of
right shoulder was taken in the subacromial space with the
scope in the posterior lateral portal and the patient in the
beach-chair position. (P, posterior; RC, rotator cuff.)
“Greenhouse” Technique for Rotator Cuff Repair
The ORTHOCORD polyester suture thread (Johnson

& Johnson, New Brunswick, NJ) is first passed through
the posterior medial side of torn tendon using a tissue
Fig 7. The CleverHook is used passing through anterior portal
to hold the other end of thread on the bursal side of the
tendon. The thread is prepared to penetrate through the
anterior edge of torn tendon from the bursal side to the
articular side with help of the CleverHook. This view of right
shoulder was taken in the subacromial space with the scope in
the posterior lateral portal and the patient in the beach-chair
position. (A, anterior; GT, greater tuberosity; RC, rotator cuff.)



Fig 8. A suture loop is made over the bursal side with the
CleverHook retrieved. This view of right shoulder was taken
in the subacromial space with the scope in the posterior lateral
portal and the patient in the beach-chair position. (A, ante-
rior; P, posterior; RC, rotator cuff.)

Fig 10. The CleverHook is used, penetrating the anterior edge
of tendon from the bursal side to the articular side through the
anterior portal to catch the anterior free end of the suture. The
position of penetration is 2 mm medial from the initial ante-
rior suture point and medial to the loop. This view of right
shoulder was taken in the subacromial space with the scope in
the posterior portal and the patient in the beach-chair posi-
tion. (A, anterior; M, medial; L, lateral; RC, rotator cuff.)
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penetrator from the bursal side to the articular side
through posterior portal (Figs 5 and 6). The other free
end of the suture is passed through the anterior medial
side of the torn tendon, which is approximately 10 mm
Fig 9. The CleverHook is used again, penetrating the poste-
rior edge of tendon from the bursal side to the articular side
through the posterior portal to catch the posterior free end of
the suture. The position of penetration is 2 mm medial to the
initial posterior suture point and medial to the loop. This view
of right shoulder was taken in the subacromial space with the
scope in the posterior lateral portal and the patient in the
beach-chair position. (L, lateral; M, medial; P, posterior; RC,
rotator cuff.)
from the first point. The suture now makes a loop over
the bursal side (Figs 7 and 8). Then, the 2 free ends of
the suture are pulled by a CleverHook (DePuy Synthes,
Fig 11. The thread is used to suture the torn tendon in a
modified MasoneAllen fashion without knotting. Two free
ends of thread are held by the suture retriever through the
anterior lateral portal with scope in the posterior lateral portal
under the subacromial space. (A, anterior; M, medial; L,
lateral; P, posterior.)



Fig 12. Before loading with the lateral row footprint anchor,
the torn tendon is left to expose the bone bed. The BMS portal
is set up with a needle passing through BMS portal to obtain
the proper position to create the bone holes. This view of right
shoulder was taken in the subacromial space with the scope in
the posterior lateral portal. (BMS, bone marrow stimulation;
GT, greater tuberosity; RC, rotator cuff.)

Fig 14. Two ends of the suture thread are locked with the
lateral row footprint anchor. The anchor is inserted at the distal
part of the greater tuberosity. This view of right shoulder was
taken in the subacromial space with the scope in the posterior
lateral portal and the patient in the beach-chair position. The
arrow shows the top of the greater tuberosity. (A, anterior; P,
posterior; GT, greater tuberosity; RC, rotator cuff.)
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Warsaw, IN), which penetrates 2 mm medial to the
initial suture point separately through the loop from the
bursal side (Figs 9 and 10). Subsequently, the thread
Fig 13. Six holes 5 mm apart and 1 cm in depth are created
due to the area of exposed bone bed by the 2-mm diameter awl
through BMS portal. This view of right shoulder was taken in
the subacromial space with the scope in the posterior lateral
portal with the patient in the beach-chair position. The arrows
show each hole on the greater tuberosity. (BMS, bone marrow
stimulation; GT, greater tuberosity; RC, rotator cuff.)
sutures the torn tendon in a modified MasoneAllen
fashion without knotting (Fig 11). A needle is inserted
through BMS portal to identify the proper position for
Fig 15. By tightening the thread and locking with the foot-
print anchor, the torn tendon is pulled back to original site
and fully covering all holes created on the greater tuberosity.
This view of right shoulder was taken in the subacromial
space with the scope in the posterior lateral portal and the
patient in the beach-chair position. The arrow shows the top
of the greater tuberosity. (A, anterior; GT, greater tuberosity;
M, medial P, posterior; RC, rotator cuff.)



Table 1. Pearls and Pitfalls of This Technique

Pearls Pitfalls

1. When the tendon is penetrated, the position should be lateral to
the
muscleetendon interface to avoid damage to muscle

1. The penetration position is too medial to the muscleetendon
interface, which would damage the muscle

2. When the anterior-to-posterior diameter of tear is greater than
1 cm,
an additional thread should be used in the sameMasoneAllen
fashion

2. When the anterior-to-posterior diameter of tear is greater than
1 cm, suturing the tendon with just one thread would result in
a “dog-ear” deformity

3. A lateral row footprint anchor should be inserted at the distal par
t of the greater tuberosity (at least 2 cm distal to the top of greater
tuberosity) to let the rotator cuff fully cover the all BMS holes

3. Inserting lateral the suture bridge anchor too close to
the top of the greater tuberosity leaves parts of the
BMS holes uncovered

4. A 2-mm diameter awl should be chosen to create holes on the
greater tuberosity with a 1-cm depth and 5 mm apart until blood
clots extravasate from bone marrow to create BMS effect

4. Holes that are too large, too close to each other, and
more than 1 cm depth add the risk of damage to the bone

5. Elderly patients with severe osteoporosis should be excluded to
prevent bone crush

5. BMS would add risk of bone damage due to severe osteoporosis

6. Both passive and active shoulder abduction are avoided for 4
weeks postoperatively.

6. Shoulder abduction in the early postoperatively may delay the
tendon healing, since the torn tendon cannot obtain complete
contact without medial tying

BMS, bone marrow stimulation.
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BMS on the bone (Fig 12), followed by a 2-mm diam-
eter awl to create holes on the greater tuberosity with a
1-cm depth and 5 mm apart until blood clot extrava-
sates from the bone marrow. Holes are made according
to the area of exposed footprint (Fig 13). Then, the 2
ends of the suture are retrieved through anterior lateral
portal and passed through the eyelet of a footprint
anchor (Fig 14). After tightening the threads, the an-
chor is screwed in at the distal part of the greater tu-
berosity through the anterior lateral portal (Fig 15 and
Video 1). If the anterior-to-posterior diameter of the
tendon tear is larger than 2 mm, then another suture
thread and anchor can be added in the same way.

Postoperative Rehabilitation
The patient is immobilized in a sling for 6 weeks.

Passive range of shoulder motion begins 1 day after the
surgery. Active-assisted motion begin 6 weeks post-
operatively. Both passive and active shoulder abduction
Table 2. Advantages and Disadvantage of This Technique

Advantages

1. Without medial row anchor knot-tying, one can avoid tissue
strangulation

2. Reduces stitch stimulating response under the subacromial space
3. Torn tendon edge can be firmly pulled back to the footprint

surface
4. Low risk of laceration or further damage on the tendon
5. Prevents most of bone marrow cell extravasation far away from

tendon bone surface after BMS
6. Easy to learn
7. Economic savings due to no medial row anchor

BMS, bone marrow stimulation.
are avoided within 4 weeks postoperatively.
Weight-bearing or strengthening exercises are allowed
after 12 weeks.

Discussion
The goals of rotator cuff repair are to reduce pain and

to restore shoulder function, which require anatomic
footprint restoration with minimum gap formation,
broad tendon-to-bone contact area, and biological
stimulation to promote tendonebone healing.1-4

Theoretically, the standard suture bridge has many
advantages over single- and double-row repair.5-7

Clinically, the rotator cuff cannot be adequately
mobilized and anatomic bone-to-tendon repair would
be difficult because of excessive tension.17-19 The
surgeon should avoid passing medial row sutures too
medial to predispose to type II failure of rotator cuff
repair. Poor suture holding strength of the
degenerated tendon tissue and strangulation of the
Disadvantages

1. Without medial row anchor knot tying, the torn tendon cannot
obtain complete contact with the footprint during shoulder
abduction in the early time postoperatively

2. BMS will damage bone bed if bone quality is poor
3. Lack of long-term follow-up
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tissue due to knot-tying at the medial row have also
been proposed as mechanisms explaining medial row
failure in standard suture bridge.8,20,21

With this technique, the rotator cuff is repaired by 1
or 2 footprint anchors without a medial row anchor.
The advantages are as follows: First, as a modified su-
ture bridge, the medial row is performed only by suture
threads in a modified MasoneAllen fashion without
knot-tying to avoid tissue strangulation. Second,
without knot-tying, it reduces stitch stimulating
response under the subacromial space. Third, with
modified MasoneAllen suture, the torn tendon edge
can be firmly pull back to the footprint surface, with
low risk of laceration or further damage on the tendon.
Fourth, it is simple to perform, with a short learning
curve and greatly economical for medical
reimbursement.
Without a medial row anchor, the torn tendon cannot

obtain complete contact with the footprint during
shoulder abduction. To compensate for this disadvan-
tage, we use BMS to promote the healing progress and
avoid early shoulder abduction after surgery. To our
knowledge, the clot that flows out through the bone
marrow contains several kinds of elements, including
mesenchymal stem cells, growth factors, and platelets,
which are helpful to enhance early tendon healing.13-15

Some studies have shown that the use of BMS reduces
the retear rate in repaired rotator cuff significantly
compared with other methods.22,23 The “crimson
duvet” was originally described to be performed away
from the medial row anchor holes, as leaving the bone
marrow vents uncovered permits the free flow of bone
marrow.16 Yoon et al.24 proposed that the uncovered
footprint may not maintain bone marrow droplets,
which would subsequently vanish into the subacromial
space. This technique pulls the rotator cuff tendon full
cover the greater tuberosity by knotless suture bridge,
which prevents most of bone marrow cells extravasa-
tion too far from tendon bone surface after BMS.
Compared with the “crimson duvet,” we believe the
“Greenhouse” technique provides a better biological
environment. Pearls and pitfalls and advantages and
disadvantages are summarized in Tables 1 and 2,
respectively.
In summary, the “Greenhouse” technique is a safe

and easy technique for rotator cuff repair. It avoids the
negative impact by the medial row anchor and in-
corporates BMS to promote healing. Further studies are
warranted for the evaluation on tendon healing in the
long term.
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