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Objective: Patch technology has been the new technique in the treatment of partial thickness of the rotator cuff tear
(PTRCTs) to address the limitation of traditional techniques. Compared with allogeneic patches and artificial materials,
coracoacromial ligament is obviously closer to their own biology. The purpose of the study was to evaluate the func-
tional and radiographic outcomes following arthroscopic autologous coracoacromial ligament augment technique for
treatment of PTRCTs.

Method: This study included three female patients with PTRCTs who underwent arthroscopy operation in 2017 with
an average age of 51 years (range from 50 to 52 years). The coracoacromial ligament implant was attached to the bur-
sal side surface of the tendon. The clinical results were evaluated by American Shoulder and Elbow Surgeons (ASES)
score, Simple Shoulder Test (SST), acromiohumeral distance (AHD) and muscle strength before and 12 months after
operation. Magnetic resonance imaging (MRI) was performed 24 months after operation to assess the integrity of the
anatomical structure of the original tear site.

Result: The average ASES score improved significantly from 57.3 preoperatively to 95.0 at 1-year follow-up. The
strength improved significantly from grade 3 preoperatively to grade 5 at 1 year. Two of three patients underwent the
MRI at 2-year follow-up. Radiographic released the complete healing of rotator cuff tear. No implant-related serious
adverse events were reported.

Conclusion: The new technique of using autogenous coracoacromial ligament patch augment provides good clinical
results on patients with PTRCTs.

Key words: Arthroscopic Rotator Cuff Repair; Autograft; Biologic Augmentation; Coracoacromial Ligament; Partial Thick-
ness of Rotator Cuff Tear

Introduction

Partial thickness of rotator cuff tear (PTRCT) is a com-
mon disease of the shoulder joint with symptoms such

as shoulder pain, tenderness, limited range of motion, and
muscle atrophy. Its prevalence in the population varied from
13% to 40%, which is strongly correlated with age.1,2 Studies
have shown that some injured rotator cuff tissues are unlikely
to heal spontaneously. Meanwhile, they can gradually develop
into full-thickness tears.3–5 Ellman introduced a classification

including the site (the articular surface, bursal surface, and
intra-tendinous) and extention of the partial tear. The grade
of tear depth was defined as measured arthroscopically by a
probe: Grade I tears had a depth of less than 3 mm; Grade II
tears of 3–6 mm; Grade III tears had involvement of more
than half of the thickness of the tendon.6

At present, most studies believe that surgical treatment
is usually considered for patients with PTRCTs with tear
depth greater than 50%.7–9 However, there are great
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differences on repair techniques in orthopaedic literature,
making it hard to draw conclusions on the surgical manage-
ment of PTRCTs. In situ repair, conversion of the lesion to a
full-thickness tear repair, and intratendon repair are the
most common techniques for PTRCTs.10–13 However, they
all have certain limitations. Studies have shown that
intratendon repair usually leads to shoulder discomfort, post-
operative shoulder stiffness, and delayed recovery of shoulder
function.14 The conversion of the lesion to a full-thickness
tear will lead to the imbalance between the length and ten-
sion of the injured tendon and the adjacent healthy tendon,
resulting in the deflection of tissue stress after repair，post-
operative pain, shoulder discomfort, and retear.15–18 There-
fore, the traditional intervention cannot completely solve the
shoulder pain which is caused by the injured rotator cuff tis-
sues and the further development of injuries.

In recent years, researchers have carried out a series of
technical innovations, such as platelet-rich plasma, cell scaf-
folds, patch, etc. to solve the limitation. Some studies have
applied patch technology on partial rotator cuff tears to make
up for the limitations of traditional technology and to achieve
good clinical results in the short- and long-term follow-up.19–24

At present, collagen implants and xenogeneic implants
are usually selected for PTRCT patches. But there is no
research using autologous patch materials for the treatment of
PTRCTs as rotator cuff tissue augmentation. The aim of the
study was as follows: (1) to determine the clinical outcomes of
arthroscopic autologous coracoacromial ligament augment
technique for treatment of PTRCTs compared with the tradi-
tional procedure, (2) to assess the influence of the patch aug-
ment on the treatment of PTRCTs, (3) to evaluate the selection
of using coracoacromial ligament as the autologous implant.

Technique

Indication
The target population of this study was patients with
PTRCT. Inclusion criteria: (1) preoperative diagnosis with
more than 50% of partial thickness of rotator cuff tear;
(2) preoperative MRI evaluation of fat infiltration < III
(goutallier classification); (3) patients over 18 years old.
Exclusion criteria: (1) history of revision or other shoulder
joint surgery; (2) shoulder dislocation, infection, or tumor;
(3) brachial plexus injury or deltoid muscle dysfunction.
This study was approved by the ethics committee of the Sun
Yat-sen memorial hospital (SYSEC-KY-KS-2018-036).

We included three patients, which two of them suf-
fered 1-year history of shoulder pain with the other one suf-
fering 3-year shoulder pain. And none of them had obvious
trauma. In their preoperative physical examination, Jobe test
and 0� Jobe test were positive. Two of them were Neer sign
and Hawkins sign positive. MRI showed that all three
patients appear to have partial thickness tears of sup-
raspinatus greater than 50% (Ellman III). In addition, the tis-
sue of infraspinatus and subscapularis muscles of all three
patients were intact. Meanwhile, their fat infiltration were all
the goutullier I grade. All three patients were evaluated for

shoulder joint function before operation (Figure 1). The tear
width of all three patients were measured respectively in the
arthroscopic with probe.

Methods of Anesthesia and Patient Position

All patients underwent the operation under general
anesthesia combined with brachial plexus block. They

were turned to the lateral decubitus position with lateral
traction to position the arm at 50� of abduction and 20� of
forward flexion. We used routine shoulder approach, includ-
ing posterior, anterior, lateral, and posterosuperior portals.
(Figure 2).

Approach Selection and Arthroscopic Evaluation
After the arthroscopic system was connected, the intra-
articular exploration was carried out through the posterior
approach. And the articular cavity was cleaned. We per-
formed joint capsule release in one of the patients. At the
same time, we evaluated the integrity of the subscapular
muscle and the long head tendon of biceps. In our
intraoperative evaluation, all patients had good integrity of
the long head tendon of biceps and the subscapular muscle
so we do not take special treatment. After exploring the joint
cavity, we probed the subacromial space through the poste-
rior approach to explore the shape of the acromion and the
integrity of supraspinatus and infraspinatus. All patients
underwent acromioplasty and acromioplasty. Through
arthroscopic rotator cuff tissue exploration, all patients
showed more than 50% rotator cuff tissue injury on the bur-
sal side. The tear size of rotator cuff was measured by mea-
suring probe (Figure 3).

Exploration and Resection of Coracoacromial Ligament
The acromial insertion of coracoacromial ligament was
observed after subacromial synovial membrane releasing. We
used the probe to evaluate the coracoacromial ligament to
ensure that there was no injury or degeneration. Then,
through the anterolateral approach, we dissociated the cor-
acoacromial ligament from the acromial insertion to the cora-
coid process. Finally, the coracoacromial ligament was
stripped from the coracoid process insertion point (Figure 4).

Graft Preparation
After the coracoacromial ligament was dissociated, the assis-
tant trimmed the coracoacromial ligament and prepared the
graft. First, the integrity of coracoacromial ligament was
examined to evaluate whether it can be used as a patch for
rotator cuff augmentation. Then, the coracoacromial liga-
ment was trimmed to an appropriate size according to the
tear size of rotator cuff tissue. The degenerative tissue and
attached synovium were removed, and the main structure of
the ligament was retained. Generally, the graft size is slightly
larger than the rotator cuff tear size (Figure 5).

Repair of Rotator Cuff Tissue
After the coracoacromial ligament was dissociated, the
surgeon continued to repair the rotator cuff tissue.
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Conversion of the lesion to a full-thickness tear repair technique
was used in all patients. According to the tear size, we implanted
one or two sutures (4.5 mm TwinFix Heart, America) at the tear

site. Then, the suture line was passed through the medial side of
the tear to repair the whole torn rotator cuff tissue, and all the
proximal sutures were retained (Figure 6).

A B

C D

Fig. 1 Preoperative shoulder radiograph.

(A) The anterior-posterior shoulder

radiograph. It showed no bone injury. The

AHD was 1.0 cm. (B) Supraspinatus

export shoulder radiograph. (C) MRI

showed the bursal side partial thickness

of rotator cuff tear. The tear depth:

0.62 cm, Ellman III. The thickness of

tendon was 0.68 cm. (D) MRI showed the

tissue integrity of subscapularis and

infraspinatus

A B

Fig. 2 (A) Routine portals were used including posterior, anterior, lateral and posterosuperior portals. (B) Patient were turned to the lateral decubitus

position with lateral traction to position the arm at 50� of abduction and 20� of forward flexion

2159
ORTHOPAEDIC SURGERY

VOLUME 15 • NUMBER 8 • AUGUST, 2023
AUTOLOGOUS CORACOACROMIAL LIGAMENT FOR PTRCTS



We ensure that there is enough space between the
sutures that the graft can slide under the acromion smoothly.
Finally, the proximal suture passes through the medial side
of the graft equally. With the assistance of arthroscopy, the
graft is pushed under the acromion and close to the rotator
cuff tissue. And the suture is fixed at the greater tubercle of
humerus by using the double-row repair with anchor
(4.75 mm Swivelock C anchor, Arthrex) (Figure 7). Finally,
the surgeon explored the rotator cuff again to confirm that
the tear had been closed. The surgical diagrams are shown in
Figure 8A–C.

Postoperative Care and Rehabilitation
All patients with PTRCTs received the same rehabilitation after
operation. All patients’ arms remained in abduction sling until
6 weeks after operation. Only limited and protected passive
range were allowed during this period. From 6 weeks to
12 weeks after operation, active assisted elevation training was
allowed, including forward flexion, abduction, external rotation,
and adduction. Strength training is allowed after 12 weeks. All
patients were evaluated for ASES, SST, and strength before and
1 year after operation. MRI was performed before and 2 years
after operation. We considered ASES as the primary outcome

A B

Fig. 3 (A) It showed more than 50% rotator cuff tissue injury on the bursal side. (B) Tear size were measured with the probe. The measured value

was 1.5 cm

A B

Fig. 4 (A) The coracoacromial ligament was released from the coracoid insertion. (B) Then the coracoacromial ligament was released from the

acromial insertion
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indicator, strength and SST as the secondary outcome indicator.
Acromiohumeral distance (AHD) was measured to evaluate
whether the CAL can lead to humeral head migration due to
loss of its anterosuperior stabilization function. MRI was used
to evaluate the tissue integrity of rotator cuff.

Result

Population Characteristics
A total of three patients, aged 50, 52, and 52 years received
arthroscopic autologous coracoacromial ligament augment
technique. However, one of them was lost to follow-up at

2 years after operation. Despite several communications, the
patient refused to undergo MRI examination. The thickness
of all patients are greater than 50%. In order to eliminate the
interference, acromioplasty was performed in all patients. At
1 year after operation, the shoulder joint function score was
evaluated. At 1 year follow-up, the range of motion (ROM)
of injured shoulder on all patients are almost the same as
that of the general people (Figure 9).

The Assessment of Shoulder Function
The final average ASES score was from 57.3 (56, 54, 62) to
95.0 (92, 98, 95). The final average SST score was from 5.3

Fig. 5 (A) The coracoacromial ligament

was trimmed to an appropriate size

according to the tear size of rotator cuff

tissue. (B) Fix the suture at one side of

the coracoacromial ligament

Fig. 6 In situ suture technique was used in all patients.
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(5, 6) to 10.0 (9–11). The strength of all patients improved
from grade 3 before operation to grade 5 at 1 year after oper-
ation (Table 1).

Imaging Evaluation
In the follow-up, X-ray showed that the AHD was 1.0 cm,
which had no significant changes compared with the one
before the operation. MRI showed that the intact tendon
could be seen and the thickness of tendon increased from
0.68 cm to 0.79 cm. And no trace of implant was found
(Figure 10).

No infection or adverse event related to surgery was
found. No biological response to the patch was found. At the
final follow-up of this study, all patients had significant
improvement in shoulder joint function.

Discussion

We introduced a new technique combining autogenous
coracoacromial ligament and rotator cuff repair to

restore the normal anatomical structure of the rotator cuff.

We found that the ASES score, SST score, and strength were
significantly increased. Meanwhile, radiographic sign showed
that the intact tendon could be seen through the MRI. Previ-
ous research compared the arthroscopic debridement and
repair in the bursal side PTRCTs. It showed that after the 18
months follow-up, there was significant increase of shoulder
function in both groups (ASES: 34.14 to 92.38 in debride-
ment group; 33.10 to 93.63 in repair group).25 Meanwhile
another study explored the transtendon suture bridge repair
in PTRCTs. The midterm outcomes showed that the shoul-
der function also increased significantly (ASES: 52 � 14 to
94 � 5; SST: 6 � 2 to 11 � 1).26 Compared to the precious
research, our study also showed the good clinical results
(mean ASES: 57.3 to 95.0; mean SST: 5.3 to 10.0). It demon-
strated that the transferred CA ligament as an augmentation
is effective for PTRCTs.

The Limitation of the Traditional Operation Procedure
According to the previous studies, patients with PTRCTs
were most commonly treated through in-situ suture,

A B C

Fig. 7 (A) The graft is pushed under the acromion and close to the rotator cuff tissue. (B) and (C) the suture is fixed at the greater tubercle of

humerus by using the double-row repair with anchor

A B C

Fig. 8 Surgical diagrams (A) The coracoacromial ligament released from the coracoid and acromion insertion. (B) Conversion of the lesion to a full-

thickness tear repair technique of PTRCT. (C) Operation completion diagram
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conversion of the lesion to a full-thickness tear suture or
transtendon suture. However, some studies have shown that
these traditional techniques have corresponding limitations,
such as stress mismatch, shoulder discomfort, postoperative
shoulder stiffness, and delayed recovery of shoulder
function.10–13 Yang et al.17 evaluated the relationship
between depth of bursal side partial thickness of rotator cuff
tears and strain through biomechanical analysis. They found
that the strain in the intact tendon rapidly increased
nonlinearly with the tear depth greater than 50%. Several
studies found that a higher failure rate happened after

arthroscopic repair of bursal sided partial thickness of rotator
cuff tears.15,27 Other studies suggested that the strain imbal-
ance caused by the length tension mismatch between the
injured area and the surrounding intact tissue has became an
important factor causing postoperative shoulder pain, pro-
gressive disease development, and even retear in patients
with PTRCTs.14,28,29 The new technique addresses several
limitations of PTRCTs. The implant maintains the strain bal-
anced which are caused by the length tension mismatch
between the injured area and the surrounding intact tissue.
And it may generate a natural healing.

Fig. 9 The evolution of ROM of injured

shoulder (right shoulder) (A) forward

flexion; (B) abduction; (C) external

rotation; (D) internal rotation

TABLE 1 The comparation between preoperation and 1-year follow-up

ASES SST Strength
Patients Preoperation 1 year follow- up Preoperation 1 year follow- up Preoperation 1 year follow- up

A 56 92 5 9 3 5
B 54 98 5 10 3 5
C 62 95 6 11 3 5

Abbreviations: ASES, American Shoulder and Elbow Surgeons; SST, Simple shoulder test.
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The Technique of the Patch Augment on the Treatment
of PTRCTs
With the continuous innovation of technology, patch tech-
nology has been developed and used to make up the defects
of traditional technology. In recent years, the technology
with using the patch has been commonly used in the arthro-
scopic treatment of rotator cuff tear. Several studies have
introduced that the rotator cuff reinforcement through patch
can also achieve satisfactory clinical results. In 2020, Amos
et al.20 used collagen-based bioinductive implant to treat
PTRCTs. They found that the shoulder function score and
tendon depth were significantly improved after 1 year
follow-up. They believed that the implant can safely and
effectively reduce the pain of patients with PTRCT and
improve the function of shoulder joint. At the same time,
they showed new tissue formation in the injured area of the
rotator cuff tissue through imaging. Brandon et al.30 intro-
duced a multicenter randomized controlled study using
bovine collagen implants to treat PTRCTs. They found that
the implant can improve the shoulder function score (PROs)
of patients with all levels of tear depth. And they believe that
the implant can provide better early clinical results.

It has been found that strain can be significantly bal-
anced by increasing the thickness of bursal side tissue.23 The
patch can improve the tendon healing environment by
reducing the pressure in the tendon and preventing the

rotator cuff tissue from retear due to strain imbalance.
Through imaging, the researchers found that new tissue was
formed in the rotator cuff tissue after collagen implant patch,
and the patients’ symptoms were significantly relieved.20,30

Our research makes further innovation in patch tech-
nology. On the basis of repair of PTRCT, we enhanced the
rotator cuff by patch augment, and restored the thickness of
rotator cuff on the basis of maintaining its integrity and ana-
tomical structure. At the last follow-up, the final ASES scores
of all three patients were significantly improved. Meanwhile,
MRI showed that the rotator cuff returned to normal ana-
tomical structure, and its depth was increased to a certain
extent. Considering the two aspects, we believe that the
patients have achieved excellent clinical results.

The Selection of Using Coracoacromial Ligament as the
Autologous Implant
We have also made innovations in the selection of implants.
We chose to use autologous coracoacromial ligament as
implant material for reinforcement. The coracoacromial liga-
ment, as a part of the coracoacromial arch, is correlated to
the supraspinatus.31 Many studies have shown that the
degeneration of coracoacromial ligament can cause rotator
cuff tear.32–35 For this reason, surgeongenerally remove 2/3
of coracoacromial ligament during subacromial debridement.
In this way, the risk factor of rotator cuff tear caused by

A B

C D

Fig. 10 Postoperative shoulder radiograph.

(A) The anterior-posterior shoulder radiograph.

No bone injury occurred after the operation.

AHD: 1.0 cm. (B) Supraspinatus export

shoulder radiograph. (C) MRI showed that the

rotator cuff had restored integrity. The

thickness of the tendon increased from 0.68

to 0.79 cm. (D) MRI showed the tissue

integrity of subscapularis and infraspinatus
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coracoacromial ligament degeneration were eliminated.
Meanwhile, the remaining coracoacromial ligament also kept
the original function of inhibiting humeral head upward
movement. Bektaser et al.36 had introduced the augmenta-
tion of coracoacromial ligament graft for massive rotator cuff
tears with mini-open repair. They took 26 months (range
16–52 months) follow-up. The follow-up results showed that
mean shoulder flexion, abduction, and Constant–Murley
score were increased significantly. No surgical complications
happened in patients during the follow-up period. The integ-
rity and tendon thickness were restored to normal tendons
at the end of follow-up. Bektaser et al.37 also evaluated the
effect of rotatory cuff repair with coracoacromial ligament
transfer on humeral head migration. They found that
humeral head was not migrated in the patients who had par-
tial CAL excision at the early postoperative period. Taniguchi
et al.38 suggested that postoperative AHI for only large-
massive tears are associated with combined superior and
anterolateral migration of the humeral head. In this study,
we took out the coracoacromial ligament which was rou-
tinely removed, and strengthened the rotator cuff in the form
of patch augment, so as to restore the normal anatomical
structure and physiological thickness of the rotator cuff tis-
sue. Meanwhile, the AHD before and after operation did not
have significant changes. It showed that although the CAL
was taken, the humeral head did not migrate significantly.
We suggested that coracoacromial ligament has several
advantages as a patch. Firstly, coracoacromial ligament
degeneration is one of the high-risk factors of rotator cuff
tear. We removed coracoacromial ligament to eliminate the
risk of rotator cuff tear. Secondly, coracoacromial ligament
has sufficient thickness and width, and its size meets the
requirements of the patch. Thirdly, as an autologous patch,
coracoacromial ligament is suitable for patients. There is no
need to worry about the rejection of allogeneic patch and
artificial patch. Fourth, the removal and implantation of cor-
acoacromial ligament can be carried out through the conven-
tional approach of shoulder arthroscopy, without the need
for graft acquisition in other parts of the body. It would
avoid the pain of graft removal site of patients after opera-
tion such as iliotibial tract.

Pitfalls, Pearls, and Advantage
The disadvantage of our operation is the challenge of surgical
technique and the extension of operation time. This includes
arthroscopic rotator cuff quality assessment, coracoacromial
ligament quality assessment, coracoacromial ligament pre-
paring, repairing, and implantation. Because different
patients may have different types of coracoacromial liga-
ments, intraoperative classification of coracoacromial liga-
ments and measurement of the size of coracoacromial
ligaments are the key steps to shorten the operation time.
This operation is also a big challenge to the operator. How

to optimize the operation steps and shorten the operation
time is the key to the next breakthrough. This is a new tech-
nique of partial thickness of rotator cuff tear combining with
the autograft to release the imbalance between the injured
area and intact tissues. It shows a good result from the final
shoulder function and radiographs. The concept of the tech-
nique is a novel one and deserves both recognition and
study. The major innovation of this technique is to use the
coracoacromial ligament to reinforce the rotator cuff. The
CA ligament is one of the most significant risk factors in the
rotator cuff tear. So, releasing the CA ligament to reinforce
the rotator cuff meets the necessities of both the short-term
and long-term rehabilitation of the shoulder joint. Unlike
other grafts, the autograft decreases the potential side effect
of the implant such as the immune response to the allograft.
Meanwhile, all the manipulations are direct under the
arthroscopy. It is more safe and clear. Unlike other auto-
grafts, there are not any other extra incisions for implanting
the autograft which cause the pain of patients. So it meets
the concept of the minimally invasive treatment.

Limitation
However, it has some limitations. First, there are only three
patients who had been included in this study, which does not
provide enough evidence to suggest the effectiveness of this
technique., Therefore, more clinical data will be needed to
support the technique in further research. Secondly, the com-
plexity of the surgery will be increased and it will raise the risk
of the intraoperative infection. So it will be needed to optimize
the procedure of the operation in the further research.

Conclusion
The study shows that autogenous coracoacromial ligament
patch augment procedure provides good clinical results on
patients with PTRCTs, with the recovery of the shoulder
function and the tissue healing.
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