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Radiologic and clinical outcomes of an arthroscopic bridging
graft for irreparable rotator cuff tears with a modified Mason-
Allen stitch using a plantaris tendon autograft: a case series
with minimum 2-year outcomes

Hyun-Gyu Seok, Sam-Guk Park

Department of Orthopedic Surgery, Yeungnam University Medical Center, Daegu, Korea

Background: Surgical management of a massive rotator cuff tear (RCT) is always challenging. This study describes the clinical and radio-
logical outcomes of patients who underwent bridging grafts using a plantaris tendon for an irreparable RCT.

Methods: Thirteen patients with a massive RCT were treated with arthroscopic interposition of a folded plantaris tendon autograft between
June 2017 and January 2020. For clinical evaluation, a visual analog scale (VAS), American Shoulder and Elbow Surgeons (ASES) score,
Disabilities of the Arm, Shoulder, and Hand (DASH) score, Constant-Murley score, and range of motion values were collected. For radio-
graphic evaluation, standardized magnetic resonance imaging and ultrasonography were performed to check the integrity of the interposed
tendon.

Results: A statistically significant improvement at the final follow-up was evident in scores for the VAS (-3.0, P=0.003), ASES (24.9,
P=0.002), D ASH (-20.6, P=0.001), and Constant-Murley values (14.2, P=0.010). In addition, significant improvement was shown in post-
operative flexion (17.3°, P=0.026) and external rotation (27.7°, P<0.001). In postoperative radiologic evaluations, the interposed tendons
were intact at the last examination in 12 of the 13 patients. No complications related to donor sites were reported.

Conclusions: An arthroscopic bridging graft for irreparable RCTs using a modified Mason-Allen stitch and a plantaris autograft resulted in
improved short-term radiological and clinical outcomes. Graft integrity was maintained for up to 2 years in most patients.

Level of evidence: IV.
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INTRODUCTION

Surgical treatment of a massive rotator cuff tear (RCT) is always
a challenge for orthopedic surgeons [1]. Irreparable RCTs are
characterized by a lack of mobility, which precludes complete re-
pair of native rotator-cuff tendons on the footprint [2]. Poor tis-

sue quality of a retracted rotator cuff precludes mechanically suf-

ficient repair, and unavoidable tension may predispose the tissue
to repair failure [3]. Conventional techniques for soft-tissue re-
lease are often insufficient for tension-free repair, and the failure
risk may increase if excessive tension is applied during the repair
process [4-6]. Several treatment options, such as rotator-cuff
augmentation with allografts, biceps rerouting, tendon transfer,

and reverse total-shoulder arthroplasty have been proposed to
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deal with these consequences of an irreparable RCT [2,7-12]. A
superior capsular reconstruction technique introduced by Miha-
ta et al. [13] has been widely performed and clinical outcomes
have been reported. However, the technique suffers from a long
operative duration, donor-site morbidity, and technical difficul-
ties [14]. Biceps rerouting cannot be used in cases of a completely
torn long head of the biceps tendon [14]. Another viable option
may be a bridge graft that spans the residual stump of the rotator
cuff and tuberous bone [11,15-17]. This configuration is typically
used to decrease repair tensions for irreparable RCTs [15,16].
Several systematic reviews have reported that the bridging pro-
cedure may provide superior tendon healing, although the clini-
cal outcomes of the bridging grafts were not significantly better
than those of patch augmentation [15-17]. Another systematic
review reported that a bridging graft merely closes a defect with
no possibility of restoring the muscle-tendon unit’s length-ten-
sion relationships. The graft would serve as a primary load-bear-
ing structure between the rotator cuff and the humerus [16]. Al-
though the biocompatibility of artificial grafts and xenografts
that can be used for patch augmentation is spreading with tech-
nological advances, these materials run the risk of causing in-
flammatory reactions and potentially resorbing over time [18]. A
modified Mason-Allen stitch can hypothetically fix a long tendon
autograft securely to the rotator-cuff tissue, and the other side of
the tendon may be robustly anchored to the humeral bone with

Bio-Tenodesis screws. Various tendons were considered for the
autograft, but plantaris, which can be harvested without chang-
ing the lateral position for arthroscopy, is relatively easy to har-
vest, and is an effective choice for passing the rotator cuff, was
judged to be the most suitable. This study reports the clinical and
radiological outcomes of patients who underwent bridging grafts
with a long tendon graft for an irreparable RCT.

METHODS

This study was approved by the Institutional Review Board of
Yeungnam University Hospital (No. YUMC 2019-05-017). The
requirement for informed consent was waived because of its ret-
rospective and observational nature. All methods were carried
out in accordance with national guidelines and regulations. We
performed a retrospective study of a case series of irreparable
RCT repairs performed by a single surgeon (SGP) from June
2017 to January 2020 using arthroscopic bridging graft proce-
dures and a postoperative rehabilitation protocol.

An arthroscopic bridging graft with a modified Mason-Allen
stitch using a tendon autograft was indicated for patients diag-
nosed with an irreparable RCT. The findings of preoperative
magnetic resonance imaging (MRI) had to be consistent with
an irreparable RCT, with a full-thickness medial retraction

greater than 5 cm, grade 3 or greater fatty infiltration of the su-

Fig. 1. An magnetic resonance imaging (MRI) taken before the surgery. (A) In a coronal view of preoperative MRI, the size of tear retraction is
measured in T2-weighted images. (B) In a sagittal view of preoperative MRI, the degree of fatty infiltration in the supraspinatus and infraspi-
natus muscles is measured in most sagittal image.
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praspinatus, and grade 2 or greater change of the infraspinatus
on T2-weighted sagittal oblique imaging (Fig. 1) [1]. During
diagnostic arthroscopy, the irreparability of the tears was con-
firmed by the inability of the torn edge of the rotator cuff to at-
tach to the medial margin of the footprint with less than 30 N
of tension after maximum mobilization [5]. All surgeries were
performed by one surgeon (SGP), who also measured the ten-
sion.

Exclusion criteria included glenohumeral arthritis or inflamma-
tory arthropathy based on preoperative radiographs and/or MRI, a
rotator cuff that was reducible to the medial footprint under ap-
propriate tension, a RCT with complete subscapularis tendon tear
(Lafosse types IV and V) [19], and incomplete follow-up data or
MRI evaluation. A total of 13 patients met the study criteria.

Operative Technique

The operative technique described in a technical note previously
reported by the authors was used in this study [20]: (1) intra-ar-
ticular and subacromial debridement, (2) plantaris tendon har-
vesting and graft preparation, (3) plantaris graft fixation, and (4)
final repairable rotator-cuff repair. As detailed explanations with
videos and figures describing the technique are provided in the
technical note, here we focus on describing the plantaris tendon
harvesting and the Mason-Allen suture process [20].

Plantaris tendon harvesting and graft preparation

First, the plantaris tendon on the opposite side of the shoulder to
be operated on was harvested. After making a 3 cm incision on
the skin covering the distal portion of the plantaris tendon, blind
subcutaneous dissection was performed until the tendon was
reached (Fig. 2A). After the distal insertion of the plantaris ten-

don was transected, the distal portion of the tendon was prepared

for stripping with a No. 2 Ethibond suture (Ethicon) (Fig. 2B).
The tendon stripper was advanced slowly and proximally until
the muscle-tendon connection was severed and the tendon was
retrieved. Approximately 30 cm of the tendon (diameter of ap-
proximately 3 mm) was harvested. The tendons were then folded
into a Y-shaped graft 15 cm long and the three ends were pre-li-
gated with Ethibond or FiberWire sutures (Fig. 2C).

Mason-Allen suture using plantaris tendon

After routine bursectomy and preparation of the footprint of the
greater tuberosity, a cannulated reamer 6.5 mm in diameter was
passed through the portal to drill a hole for Bio-Tenodesis screw
and the folded end of the Y-shaped graft. The folded end of the
graft was fixed into the hole with SwiveLock (Arthrex) Tenodesis
bicomposite anchors (Fig. 3A and B). A BirdBeak suture passer
(Arthrex) was inserted along the posterior edge of the irrevers-
ible portion of the tear, 5 to 10 mm more proximal than a con-
ventional suture site. First, one limb of the harvested graft was
passed through the cuff in the articular-to-bursal direction. The
passed limb of the tendon was retrieved through the posterior
portal. For the second passage, the BirdBeak passer was reloaded
with thread and passed through the cuff 1 cm anterior to the first
passage, and the limb retrieved through the posterior portal was
passed in the bursal-to-articular direction by the same method.
Next, a transverse loop was made in the bursal side of the cuff
(Fig. 3C). For the third passage, the passed graft limb should be
situated at the articular side of the cuff. After that, the limb can
be passed from the articular-to-bursal direction to form a modi-
fied Mason-Allen stitch (Fig. 3D) [9]. A lateral pilot hole was
made using a punch at a point where no excessive tension was
applied to the rotator cuff. The two FiberWire strands threaded
to the first limb of the graft were loaded through the Bio-Swive-

Fig. 2. Plantaris tendon harvesting and graft preparation in lateral position. (A) Making a 3-cm incision on the skin covering the distal portion
of the plantaris tendon, a blind subcutaneous dissection is performed until the tendon was reached. (B) Distal insertion of the plantaris tendon
is transected, the distal portion of the tendon was prepared for stripping with Ethibond. (C) The harvested tendon is folded in a Y-shaped
graft, and the three ends are pre-threaded with Ethibond.
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Fig. 3. A modified Mason-Allen stitch using a plantaris autograft. The procedure for the right shoulder is performed in a lateral decubitus po-
sition. The lateral portal was used as the viewing portal and the anterolateral portal as the working portal. (A, B) The folded end of the graft is
engaged in the hole with Swivelock tenodesis bio-composite anchor. (C) One limb of the graft is passed in the articular-to-bursal direction
through the rotator cuff and passed through the cuff at 1 cm anterior from the first passage. Transverse loop (red dotted lines) is made on the
bursal surface of the cuff. (D) The passed graft limb is re-passed to the bursal side just medial to the transverse loop to complete Mason-Allen
stitch (red and yellow dotted lines).

Lock eyelet. The first limb of the graft was then engaged in the
desired position. The procedure was repeated with the other graft
limb while moving anteriorly to the anterior edge of the irrepara-

ble portion of the cuff tear to be grafted.

Postoperative Rehabilitation

After surgery, the shoulder was immobilized for 6 weeks in a
sling with an abduction brace. Only exercises of the elbow, wrist,
and hand were allowed for the first 4 weeks. Passive range of mo-
tion (ROM) exercises began 4-6 weeks post-surgery, and active
training was initiated after 6 weeks. Daily activities, including
overhead lifting, were allowed after 12 weeks, with a return to a

full range activities after 6 months.

Clinical and Radiographic Evaluations

Clinical results were evaluated before and after surgery using
subjective and objective outcome measures at 12 and 24 months,
and at the latest follow-up. The mean follow-up duration was
36.2 months (range, 24-53 months), with a minimum of 2 years.
Subjective outcome measures included the visual analog scale
(VAS), American Shoulder and Elbow Surgeons (ASES), and
Disabilities of the Arm, Shoulder, and Hand (DASH). Objective
outcome measures included active ROM, including forward flex-
ion, abduction, external rotation at 90° of shoulder abduction,
and Constant-Murley scores. For radiographic evaluation, 11 of
the 13 patients underwent standardized MRI examinations
(MAGNETOM Tim Trio, Siemens). Due to the presence of coro-
nary stents, the other two underwent ultrasonography before
surgery and a minimum of 2 years after surgery. Radiologic eval-
uations were performed approximately 2 years after surgery. Ul-
trasound imaging was performed and interpreted by a musculo-

skeletal radiologist with 20 years of experience. The radiological

https://doi.org/10.5397/cise.2022.01445

examinations were reviewed using the Picture Archiving and
Communications System (Marosis, Infiniti) in a blinded fashion
by two independent physicians; one (JKY) was a musculoskeletal
radiologist and the other (HGS) was an orthopedic surgeon with
5 years of experience. The physicians identified both the native
rotator-cuff tendon and the graft.

» o«

The repairs were classified as “intact,” “partially failed,” or
“failed” based on the number of interposed tendons found in the
interval between the torn edge of the remnant rotator-cuff ten-
don medially and the footprint of the rotator cuff laterally. An
“intact” construct was indicated by at least 3 of the 4 interposed
tendons remaining in tension in the interval or by tendons that
were transformed into the membranous patch with no visible de-
fects at the tendon-graft and graft-bone interfaces (Fig. 4). “Par-
tially failed” was indicated by one or two intact tendons in the in-
terval. “Failed” meant a full-thickness defect with no working in-
terposed tendons attached to the native tendon and humeral
footprint. Supraspinatus muscle atrophy and the degree of fatty
infiltration in the supraspinatus and infraspinatus muscles were
measured in most lateral T2-weighted oblique sagittal images,
where the scapular spine was in contact with the scapular body
(the “Y-view”).

Supraspinatus atrophy was divided into three grades based on
MRI quantitative evaluation of the occupation ratio (R) de-
scribed by Rulewicz et al. [21] (grade I, 1 >R>0.6; grade II,
0.6>R>0.4; and grade III, R<0.4). The degree of fatty infiltra-
tion was categorized as a Goutallier index modified to use MRI
by Lippe et al. [22].

Statistical Analyses
Statistical analyses were conducted using IBM SPSS ver. 23.0

(IBM Corp.). Paired t-tests were used to compare the preopera-
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Fig. 4. An magnetic resonance imaging (MRI) scan taken after surgery to check the integrity of the interposed tendon. (A) In coronal view of
postoperative MRI, tendons are transformed into the membranous patch, with no visible defects at the tendon-graft, and graft-bone interfaces
(white arrow). (B) In a sagittal view of postoperative MRI, three of the four interposed tendons remain tensioned in the interval (white ar-
rows). Those are evaluated as “intact.

tive and postoperative clinical scores. P-values <0.05 were con-
sidered statistically significant.

RESULTS

The mean age of the patients was 68.5 years (range, 58-79 years).
The mean tear size was 44.1 mm x44.5 mm (i.e., the medi-
al-to-lateral defect times the anterior to posterior distance de-
scribed by Davidson et al. [23]. In 12 of the 13 patients, the bi-
ceps tendons were ruptured and difficult to find. A tenotomy was
performed in one patient with an intact tendon of the biceps bra-
chii. A summary of the demographic characteristics and preop-
erative evaluations is provided in Table 1.

Statistically significant improvements were seen in all mea-
sured functional scores at the final follow-up: VAS (4.9+1.8 to
1.9+1.7, P=0.003), Constant-Murley score (60.2£19.0 to
74.5+9.1, P=0.01), ASES (57.8£17.1 to 82.7+ 11.5, P=0.002), and
DASH scores (32.9+15.6 to 12.3+7.4, P=0.001). Forward flexion
(132.3°+44.2° to 149.6° £ 30.7°, P=0.003), abduction (121.5° +45.4°
to 145.8°+25.2°, P=0.009), internal rotation (68.5°+ 20.8° to 75°+
12.2°, P=0.325), and external rotation (50.4° +17.5° to 78.1°+ 17.5°,
P <0.001) were also improved post-surgery compared with the
preoperative range. However, there was a statistically significant

difference only in the forward flexion and external rotation mea-
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surements. Table 2 lists the improvement in clinical outcomes at
final follow-up.

MRI or ultrasonography was performed 2 years after surgery
to verify the integrity of each graft; the interposed tendons were
intact in 12 of the 13 patients. Only one patient had a partial fail-
ure of the interposed tendons. The patient with a partial failure
was satisfied at their last clinical follow-up because their motion
limitation and pain were significantly relieved. No harvest-site
morbidity was reported in any patients. Table 3 lists the radiolog-

ical and clinical outcomes at the final follow-up.

DISCUSSION

This case series of 13 consecutive patients who underwent ar-
throscopic bridging graft for irreparable RCT with a modified
Mason-Allen stitch and a tendon autograft showed positive clini-
cal and radiological outcomes. Of the 13 patients, only one
(7.7%) experienced failure, in a case that was evaluated as “par-
tially failed” On follow-up MRI of the patient with partial failure,
one of four strands of imposed tendon rupture was confirmed,
but the clinical outcome was relatively positive. For this patient,
ultrasonography was used to monitor the progression of the par-
tial rupture at every outpatient follow-up visit, but the rupture

did not progress, and the patient was satisfied with the clinical

https://doi.org/10.5397/cise.2022.01445
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Table 1. Demographic characteristics and preoperative evaluation
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Table 2. Clinical outcomes of all the patients (n=13)

Improvement:
Variable Preoperative Postoperative mean difference
(P-value)
Flexion (°) 132.3+44.2 149.6+30.7 17.3 (0.026)
Abduction (°) 12154454 1458+ 252  24.3(0.092)
Internal rotation (°) 68.5+20.8  75.0+12.2 6.5 (0.325)
External rotation (°) 504+17.5  78.1+17.5 27.7 (<0.001)
VAS score 49+1.8 1.9+1.7 -3.0(0.003)
CS score 60.2+19.0 745%9.1 14.2 (0.010)
DASH score 329+15.6 123+7.4 -20.6 (0.001)
ASES score 57.8+17.1 82.7+11.5 24.9 (0.002)

Values are presented as mean + standard deviation.

VAS: visual analog scale, CS: Constant-Murley, DASH: Disabilities of
the Arm, Shoulder, and Hand, ASES: American Shoulder and Elbow
Surgeons.

outcome.

Successful surgical remedies for a massive irreparable RCT
continue to present significant clinical challenges. Primary repair
of a massive RCT is likely under at least some degree of tension
despite releases, and unavoidable tension on the construct may
predispose the patient to pain and repair failure [4-6,24]. For a
massive RCT in which primary repair is impossible, various pro-
cedures such as muscle transfer and superior capsular recon-
struction have been devised, but each has its limitations.

Latissimus dorsi muscle transfer in some young patients may
improve external rotation. In patients who underwent a latissi-
mus dorsi transfer procedure, functional scores and ROM im-
proved at both the short-term and long-term follow-ups of >9
years on average [25,26]. This finding is similar to the results of
our study using a bridging graft. However, latissimus dorsi trans-
fers in patients with a ruptured subscapularis resulted in poor
clinical outcomes and a high complication rate [25].

A superior capsular reconstruction technique has been widely
reported, but long-term results are not available; issues regarding
failure, graft elongation, persistent superior migration of humeral
head, and suture anchor loosening are under debate [27-29]. De-
nard et al. [29], who used superior capsule reconstruction for ir-
reparable RCTs, reported that ASES scores improved from 43.6
to 77.5 and pain decreased from 5.8 to 1.7. They also reported a
6.8% complication rate. ASES scores improved from 56.9 to 82.7,
pain decreased from 4.9 to 1.9, and the complication rate was
14.2%.

The biodegradable subacromial balloon is a relatively new op-
tion, but long-term follow-up data are lacking [30]. Senekovic et
al. [31] reported on 24 patients who had received a subacromial
balloon for an irreparable RCT. At 60 months postoperation,

84.62% of the patients showed a clinically significant improve-
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Advantages and Disadvantages of Plantaris Tendon

The nature of materials that would be appropriate for this proce-
dure is an important element of this study. An ideal graft must be
securely anchored to the remaining rotator-cuff tissue as it must
develop a robust bony attachment at the footprint to withstand
rotation and tension stresses. In addition, it should promote cell
recruitment and adherence, facilitating tendon regrowth. To sat-
isfy these conditions, we proposed an autograft of the plantaris
tendon that can provide sufficient length and tension and can
readily engraft [35]. Plantaris autografts have several potential
advantages: the tendon is easy to harvest and has a strong poten-
tial for biological superiority compared with allograft materials
that may enhance healing with no inflammatory reactions. The
width of the tendon (approximately 3 mm) makes it easy to pass
through the rotator cuff, and its length (approximately 30 cm) al-
lows for complex stitches such as modified Mason-Allen sutures
[36]. It also costs less than allografts. The disadvantages of this
techniques include tedious graft preparation, longer operating
time, the absence of the plantaris tendons, and possible do-
nor-site morbidities. Because harvesting and tendon preparation
are necessary, the operating time inevitably increases by approxi-
mately 30 minutes. Although excluded from this study, failure in
a patient who underwent a bridging graft using the semitendino-
sus tendon due to lack of plantaris was confirmed by MRI at 2
years. No further surgery was performed because the patient re-
fused. No morbidity at the harvest site was reported in any case.

Limitations

Our study had some limitations. First, the retrospective design of
this study could introduce selection bias and potential confound-
ing variables. Second, this study had a relatively low statistical
power due to the short-term follow-up and small sample size. Ad-
ditional follow-up observations are needed to determine if this
method does not completely cover rotator-cuff defects. However,
the short-term clinical outcomes at our institution have shown
promising results. Larger studies with long-term follow-ups are re-

quired to further evaluate the efficacy of this technique.

CONCLUSIONS

This case series shows that an arthroscopic bridging graft for irrep-
arable RCTs using a modified Mason-Allen stitch and a plantaris
tendon autograft resulted in improved short-term radiological and
clinical outcomes. Graft integrity in most patients was maintained
for up to 2 years after surgery. The technique can be considered for
the treatment of a massive RCT. Further studies and follow-ups are

required to determine the success of this technique.
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