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ABSTRACT

Background: Massive rotator cuff tears pose a challenge to shoulder
surgeons. Numerous surgical management strategies have been
utilized, and studies have shown varied results regarding shoulder pain,
range of motion, strength, and overall function. The novel double Mac
technique combines the biomechanical properties of the double-row
suture and Mac stitch for the massive rotator cuff tears repair.

Aims: To describe the short and mid-term clinical and functional results
of the complete repair of massive rotator cuff tears using the double Mac
technique in a cohort of carefully selected patients.

Methods: Clinical records of patients operated using the double Mac
technique for massive rotator cuff tears (= 2 tendons) from January 2018
to October 2022 were retrieved. The surgical technique is described. A
prospective follow-up of patients with a minimum of six months
postoperative was carried out. The Constant-Murley Shoulder Score was
used to assess the function of the operated and contralateral side. Pain
level was investigated using a visual analog scale, and the retearing and
complications incidences. Follow-up were categorized as short (up to 34
months) and mid-term (34 to 60 months). Descriptive and bivariate
statistics were used.

Results: There were 71 patients, with an average age of 1.7 years and
59.2% women. Most (66.2%) massive rotator cuff tears were degenerative,
and in 80.3% compromised 4 tendons. The median follow-up was 14
months, 93% short-term. The median visual analog scale was 0. The
average Constant-Murley shoulder score was 82.2, corresponding to
100.9% of the contralateral (score 82.5). There were only 3 reported
complications consisting of adhesive capsulitis. No events of retearing
had occurred. Most patients (91.5%) were very satisfied with the results.
Conclusion: The complete repair of massive rotator cuff tears using the
double Mac arthroscopic technique yielded excellent functional results
with very low or no pain at short and mid-term follow-ups. The retear rate

was Zero.
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Introduction

Massive rotator cuff tears (MRCT), whose
prevalence among all rotator cuff (RC) tears
10 to 48%'3,
challenge for even the most experienced

ranges from represent a
orthopedic surgeon given the substantial
disability they cause and their associated poor
outcomes and late development of

glenohumeral osteoarthritis®.

A massive rotator cuff tear has been classically
defined as the complete tear of two or more
tendons®, or a tear of 5 cm or more (the sum
of medial-lateral and anterior-posterior
lengths)®, or the combination of both. More
recently, a consensus of experts suggested
exposure of at least 67% of the greater
tuberosity in the sagittal plane or the retraction
of the torn tendon in the coronal or axial plane

as an alternative definition for MRCT’.

Multiple joint-preserving arthroscopic surgical
alternatives for treating MRCT have been
reported in the literature. Amongst those are
the debridement® with biceps tenotomy or
tenodesis’, tendon transfer'®, partial repair'’,
patch grafts'?, and arthroscopic superior
capsular reconstruction with autograft’®',
allograft™¢, or mesh augmentation'. For older
patients, reverse total shoulder arthroplasty
(RTSA) is perhaps the most recommended

surgical option in the literature'®".

No matter the technique, all efforts are
directed to reduce re-ruptures, which can
occur in up to 79% of the cases, as shown in a
pooled analysis by Henry et al.?’. The ideal RC
arthroscopic repair restores biomechanics,
decreases pain, improves function, and
achieves a stronger fixation that allows an
aggressive rehabilitation and optimal tendon-

bone healing?#.

The tendon quality and bone conditions, as
much as the suture configuration used for the
repair, are essential for a proper repair,

tendon-bone
23,24

adequate integration, and

posterior healing A successful suture
achieves an equal distribution of tendon-bone
pressure in the repaired area. The most used
and studied arthroscopic sutures are the
anchor-based single-row (SR) and double-row
(DR) repairs, with predominant importance of
techniques such as the suture bridge or

transosseous 23,24,

equivalent in the later
Biomechanically, there are conflicting results;
a pooled analysis favors DR over SR repair®,
but some other studies show equivalence

between SR and DR?%?7,

The bridge-type suture exhibits excellent
biomechanical properties as it broadens the
contact area on the RC footprint, showing
better healing rates and clinical outcomes
than the DR technique alone??®. The Mac
stitch (the massive cuff stitch) has been
described as a simple modification of suture
positioning, combining a horizontal and
vertical loop at the repair location, improving

the strength of the tissue fixation?’*,

The double Mac technique was proposed by
the senior author of this manuscript (AA), who
has performed it as an alternative for repairing
MRCT using a row with two double-loaded
suture anchors and a configuration that allows
a much more anatomical fixation of the
tendon to the insertional footprint. In this
configuration, the tendon adheres completely
without folds between the sutures towards the
left subacromial space. The author reported
short-term outcomes of the first small series of
patients surgically treated with this technique
in 2018%". The degree of clinical functional

recovery was evaluated after selectively
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applying the double Mac technique in
patients with MRCT.

This study aimed to evaluate the clinical and
functional outcomes of the double Mac
technique for treating MRCT. The hypothesis
was that the double Mac technique would
lead to a low rate of recurrent tearing after
surgical repair and satisfactory functional
outcomes in the short and mid-term, having

the non-operated shoulder as a reference.

Methods

This  was a retrospective-prospective
observational study of patients treated for a
MRCT with the double Mac technique from
January 2018 to October 2022. The
institutional ethics committee approved the
study, and all subjects signed informed
consent after being comprehensively
informed about the study's objective. The
study was carried out following the World

Medical Association Declaration of Helsinki.

To be included in the study, compliance with
all the following criteria was necessary:

e Age = 18 years
e Clinical signs and magnetic resonance
(MRI) MRCT

according to the Gerber et al® criteria

imaging confirmation of a
(complete tear of = 2 tendons)

e Tear size between 20 — 50 mm

e Goutallier stage | or Il in sagittal MR images
e Patients who had an arthroscopic repair of
the MRCT using the double Mac technique

e Patients with at least six months post-surgery

Patients were excluded if any of the following
was present: pseudoparalysis®’, Hamada =3 in
x-rays®, a tendon retraction stage 3 in the
MRI**, previous shoulder surgery, cervical
lesion, arthritis,

spine degenerative

inflammatory  arthritis,  any
deficiency that could make difficult the

functional assessment, and not signing of

cognitive

informed consent.

The clinical records of all patients
arthroscopically treated with the double Mac
technique for MRCT from 2018 to October
2022 were retrieved; patients who complied
with inclusion criteria were telephonically
invited to participate in the study and were
scheduled for a follow-up visit after a positive
answer. The last follow-ups were performed in

May of 2023.

Patients were followed in a private practice
setting by a single shoulder surgeon (principal
author) and a general practitioner; every
patient received a complete clinical
examination and functional assessment with
the Constant-Murley (CM) Shoulder Score® of

the operated and non-operated shoulder.

The occurrence of retearing since the surgery
was recorded, and if so, the MR images of the
event were examined to evaluate the
presence of glenohumeral arthropathy and

the extent of the RC retraction.

SURGICAL TECHNIQUE
The same surgeon and main author, a specialist
in shoulder surgery, performed all surgeries.

1. The patient is set in a lateral decubitus
position with the extremity to be operated on
a shoulder arthroscopy traction device.

2. A posterior subacromial arthroscopic
portal is done with articular and bursal
arthroscopy to evaluate the actual size,
retraction, and tissue quality of the torn
rotator cuff.

3. Next, an anterolateral portal is developed,
and an 8.5 mm arthroscopic cannula is

introduced.
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4. Articular and bursal side rotator cuff

freeing and mobilization ensures that residual
high tension is avoided. The rotator cuff
humeral insertion site is debrided.

5. Two or three anterior and posterior medial
mini portals are created for anchor passage.
The first two 4.5 mm HEALIX Ti™ Dual
Threaded Suture Anchors (DePuy Mitek, Inc.,
Johnson & Johnson) are placed through these
mini portals. The anterior anchor is placed in
just lateral to the humeral head cartilage and
posterior to the entrance of the bicipital
groove. The posterior anchor is placed in the
posterior most area of anatomic rotator cuff
insertion in the same fashion as the anterior
anchor, which is immediately lateral to the
humeral head cartilage (figure 1). Suture
passage through the rotator cuff tendon
begins. Sutures from the posterior anchor

come first.

Figure 1

6. A

developed with one horizontal suture and a

posterior  Mac  configuration s

vertical mattress branch. The same Mac
configuration is developed for the anterior
anchor (figure 2).

///,y
1

Figure 2.

7. Once the anterior and posterior Mac
stitches are ready, an empty space in the
middle of the rotator cuff, from anterior to
posterior, is created (figure 3).

Figure 3.

8. A third 4.5 mm HEALIX Ti™ Anchor is
placed right in the middle of the humeral
head, approximately 2 cm from the lateral
border of the greater tuberosity. Using the
ExpresSew suture passer (DePuy Mitek, Inc.,
Johnson & Johnson), two vertical sutures are
placed in the empty space between the
anterior and posterior Mac configurations
(figure 4).
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Figure 4.

9. Now, all the sutures are set, and the tying
sequence starts. First, the two strands that are
tied belong to the third and last lateral anchor
that was placed. These two vertical strands are
denominated lateral tractors and are the first
to be tied with a sliding SMC knot* (figure 5).

/

0

Figure 5.

10.Once the two lateral tractors are tied, we
start tying the bridge technique from the
anterior and posterior medial Mac stitches.
The first step initiates with the tying up of the
most posterior strand of the horizontal
mattress of the anterior anchor with the most
anterior strand of the horizontal mattress of

the posterior anchor. These are retrieved

through the 8.5 mm cannula, tied outside with
a simple knot, and the remaining strands are

cut (figure 6).

Figure 6.

11.Then, the most anterior strand from the
horizontal mattress of the anterior anchor and
the most posterior strand from the horizontal
mattress of the posterior anchor from the two
Macs are pulled, and the tied-up mattress is
retrieved back tightly against the rotator cuff
into a water-tight construct against the
humeral bone (figure 7).

e
-
{ 7
¥
Figure 7.

12. Next, the long strands used to pull this
first knot, which belongs to the most anterior

horizontal mattress of the anteromedial
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anchor and the most posterior horizontal
mattress of the posterior anchor, is tied up
with a non-gliding technique underneath the
two vertical strands of both medial anchors
(figure 8).

///”7 =

Figure 8.

13.Finally, these two vertical strands are tied
up using SMC sliding technique. If done
correctly, the rotator cuff must look flat from
the bursal side and water-tight sealed from
the articular side (figure 9).

&
0

Figure 9.

STATISTICAL ANALYSIS
Statistical analysis was performed using SPSS
ver. 25.0 (SPSS Inc., Chicago, IL, USA). After

distribution evaluation (Kolmogorov-Smirnov
test), the clinical and functional quantitative
measurement data were presented as means
with standard deviations (SD; ) or medians
and ranges of minimum and maximum, and
the qualitative variables as absolute and
relative frequencies. Stratified analysis was
performed considering two categorized
variables: age group (= 65 years and < 65
years) and follow-up (short-term and mid-
term). The short and mid-term were defined
according to the systematic review by Ahmad
et al.¥; short-term up to 34 months after
surgery, and mid-term between 34 and 60
months after surgery. The proportion of the
CM shoulder score of the operated shoulder
over the CM

contralateral

shoulder score of the

shoulder expressed as a
percentage was considered an indicator of
functional recovery. A p < 0.05 was

considered statistically significant.

Results

Seventy-one patients satisfied the inclusion
criteria and were enrolled in the study. The
mean age was 61.7 = 7.7 years (range 36 -76);
44 patients (62%) were 65 years or older, and
27 (38%) were younger than 65. The sex
distribution was 29 (40.8%) males and 42
(59.2%) females. Of the 71
(60.5%) worked in office-related activities, 14
(19.7%) in household activities, and 14 (19.7%)
labor.

patients, 43

in  manual Comorbidities  were
registered as follows: eight patients (11.3%)
were affected by diabetes, twenty (28.2%) by
(16.9%) by

hypothyroidism. In 44 patients (62%), the

hypertension, and twelve
affected and operated shoulder corresponded
to the dominant side. In 24 cases (33.8%), the
cause of RC tear was traumatic, and 66.2%
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was degenerative. In the diagnostic MR, all
patients had acromion type Il according to the
Bigliani classification®® and 46 (64.8%) had
signs of acromioclavicular arthrosis. The
number of compromised tendons was four in
57 patients (80.3%), three in 3 patients (4.2%),
and two tendons in 11 (15.5%).

The mean operative time was 57.7 + 4.5
minutes (range 50 - 65). Tenotomy of the
biceps tendon was required in nine cases
(12.7%), and in 45 (63.4%), clavicular resection
was performed. There were no intrasurgical
complications.

The median follow-up for all patients was 14
months (range 6 - 54). For the short-term
(n=66; 93%), the median follow-up was 13.5
months (range 6 - 29), and for the mid-term
(n=5; 7%), it was 43 months (range 35 — 54).
The median VAS for the whole sample was 0
(range 0 - 10); the VAS values are graphed by
age and follow-up in Figure 10.
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Figure 10. VAS levels at short and mid-term
according to age. VAS was 0 in 83.1%, VAS of 2 or
3in 8.4%, VAS 5 or 7 in 5.6%, and VAS 8 or 10 in
2.8% of the whole sample.

The mean CM shoulder score was 82.2 + 8.4
(range 61 - 98) for the operated shoulder was
different

not  significantly from  the

contralateral no operated shoulder with a
score of 82.5 = 10.2 (range 44 - 100) (p =
0.787). The CM shoulder score of the
operated side was 100.9 = 15.5% (68.5 -
188.6%) of the
Although the mean CM shoulder score of the

contralateral  shoulder.
operated side was higher in patients of 65
years or older (83.6 = 8.9) than in those
younger than 65 years (79.9 * 6.9), there was
no statistically significant difference among

the age categories (figure 11).
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Figure 11. CM shoulder score at short and mid-
term according to age groups. The median CM
shoulder score in the short-term follow-up patients
was 84 (= 65 years) and 79.5 (< 65 years), and for
those of mid-term follow-up it was 88.5 (= 65 years)
and 83 (< 65 years).

The different baseline patients’ characteristics

and outcomes according to the follow-up

(short and mid-term) are presented in table 1.
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Table 1. Basal characteristics and outcomes by follow-up

Short-term follow-up (n=66)

Mid-term follow-up (n=5)

Age

Age group (n)
= 65 years
< 65 years

Sex (n)
Females

Males

Rotator cuff tear mechanism (n)
Traumatic
Degenerative
Number of compromised tendons (n)
2 tendons
3 tendons
4 tendons
Follow-up (months)
VAS
CM shoulder score operated side
CM shoulder score contralateral side
Percentage of contralateral shoulder

Complications (adhesive capsulitis)

Satisfaction
Very satisfied
Somewhat satisfied
Nor satisfied nor unsatisfied
Somewhat unsatisfied
Very unsatisfied

61.5+£7.6 67 (48 - 73)*
42
24
41 1
25 4
22 2
44 3
10 1
3 0
53 4
14 +6 43 (35 - 54)*
0(0-8)* 0(0-10)*
82.2+8.3 88 (65 - 89)*
82.6 £10.2 88 (69 - 89)*
98.4 (68.5 - 188.6) 100 (0.3 - 125.8)
3 0
60
5
5
1

*Values expressed as medians (range min — max)

There were three complications (4.2%), all of
them adhesive capsulitis and no re-ruptures.
In general, 65 patients (91.5%) manifested
feeling very satisfied with the outcomes, 5
(7%) felt somewhat unsatisfied, and one
(1.4%) felt very unsatisfied (table 2).

The very unsatisfied patient was a 58-year-old

woman who was operated on for a

degenerative MRCT that compromised 4

tendons and who, 10 months after the

surgery, had no complications but severe or

permanent pain and a CM shoulder score of 64.
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Table 2. Differences in the outcomes according to patient satisfaction

Somewhat unsatisfied Very unsatisfied

Very satisfied (n=65) (n=5) (n=1) p value
Follow-up
16.5+9.9 124 5.9 10 0.544
(months)
Pain level (VAS) 040=x1.5 3.8x28 8 0.000*
CM shoulder score 82979 77.4 £10.7 64 0.032*
Complications One adhesive capsulitis  Two adhesive capsulitis None

*Statistically significant. CM: Constant-Murley

Discussion

The double Mac surgical technique for MRCT
was designed to improve the anatomical
fixation of the tendon to the insertional
footprint and reduce retearing. In the present
study, we showed that in the short and mid-
terms, this technique allows for excellent
functional recovery to the same level of the
contralateral non-affected shoulder with no or
mild pain in most patients and a zero
incidence of retears. Most patients were very
satisfied with the outcomes, mainly due to the
absence of pain and complete shoulder
functionality.

Massive rotator cuff tears results in disturbed
dynamic stability of the glenohumeral joint by
creating an unstable hinge for overhead
motion and limited active rotation®. Some
MRCT are deemed “irreparable,” and the

surgical approach differs from the rest of

39,40

massive tears Surgical methods for

irreparable MRCT include tailored procedures
for diverse indications such as partial repair,
ideal for patients with low preoperative
function” !, graft or mesh augmentation, for

improving stability and biologic healing in

partial repairs’®’; arthroscopic superior

capsular reconstruction, as an alternative for

patients with pseudoparalysis****; subacromial

balloon spacers, for patients without

arthropathy but preserved passive range of
motion*; and tendon transfer, for younger
patients with high activity level'®. RTSA is
mainly indicated in older patients with a low

activity level™1,

In contrast, for the repairable MRCT, the
surgical treatment remains controversial. Still,
all the proposed alternatives, such as
debridement?

tenodesis’, aim to

and biceps tenotomy or

restore near-normal
biomechanics, create a stable glenohumeral
fulcrum, and reduce pain and incidence of
retear. In times when we can expect patients
to live active lives for many years after
undergoing these procedures, the most
durable and functional outcomes must be
achieved. Careful patient selection warrants
optimal clinical and functional results and

minimizes mid- and long-term retearing risks.

In agreement with Sellers (2018)", for patients

with anterosuperior escape and muscle
atrophy at physical examination, a Hamada =3
in the x-rays, a tendon retraction stage 3 in the
MRI (Patte classification), an advanced age (65
or older), and those with signs of arthropathy
and pseudoparalysis, the main author of this
study, elects RTSA, given the foreseeable and
often excellent results. Therefore, patients not
complying with the aforementioned criteria

are ideal for the double Mac technique

Medical Research Archives | https://esmed.org/MRA/index.php/mra/article/view/4967
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proposed in this study. We believe that the
precise selection of our patients permitted
satisfactory functional results in the short and
mid-terms in the absence of pain in most

cases and the occurrence of retearing.

The biomechanical advantages of both DR
repair and suture bridge repair (SB) over the
SR regarding retear incidence have been
demonstrated by several authors “°, Even
more, the SB and independent DR techniques
have shown comparable clinical results and
retear rates for medium to massive
posterosuperior rotator cuff tears; however,
the DR technique is perhaps more cost-
effective due to the shorter surgical times and
fewer anchors needed for the repair®’. On the
other hand, the Mac stitch, a combination of
a horizontal and vertical loop at the site of the
rotator cuff repair, was proposed by
MacGillivray and Ma (2004) to increase the
strength of tissue fixation and limit pull-out®.
The Mac stitch configuration displays the
biomechanical properties of the modified
Mason-Allen -usually performed in open
repairs due to its technical difficulty- and is
three times stronger than the simple and
horizontal stitches, representing an alternative
for arthroscopic rotator cuff repairs®.
However, despite improving the existing or
incorporating new fixation methods for
rotator cuff repair in clinical practice, the
primary studies and meta-analyses still
demonstrate a high incidence of retearing,

ranging from 5% to 70%?830:53-5,

An ideal MRCT repair should have high

fixation  strength, preserve  mechanical
stability over time, and have good biological
properties. In the double Mac technique, the
biomechanical benefits of the better footprint

coverage of the DR and the higher strength of

the Mac stitch are combined. This rotator cuff
suturing technique uses a row with two
anchors loaded with double sutures and a
configuration that allows a much more
anatomical fixation of the tendon to the
insertion footprint since the tendon adheres
completely and without folds between the
sutures towards the subacromial space. With
the double Mac technique, in both the short
and mid-term follow-ups, at a median of 14
months after the

operation, objective

outcome measures demonstrated that
function and pain in the operated shoulder
were equal to the nonsurgical side, indicating
preserved anatomical stability. Furthermore,
there were no events of retearing, which
accounts for the strength of the fixation. Even
though our results are mainly for a short-term
follow-up, it has been shown that retears
occur mainly between one to six months after
the repair’” and that the short-term outcomes
are not likely to change in the long-term as
demonstrated in a pooled analysis by Shah et
al.>® We are confident these results will be
maintained in time; however, we will continue
with periodic follow-ups and plan to report

the long-term outcomes.

Additionally, in a MRCT repair, the amount of
suture anchors and their cost are usually a
major burden. With the double Mac technique,
the number of anchors is optimized to no
more than four, and the surgical time is
comparable to that reported for SR>, SB, and
DR®"; hence, it possibly constitutes a cost-
effective surgical alternative.

Most patients reported being very satisfied
with the outcomes that correlated to low pain
and high CM
indicating that these patients fully regained

levels shoulder scores,

their shoulder function without pain. Also, no
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complications required revision surgery; only
three patients presented adhesive capsulitis

that resolved easily with physical therapy.

This study is limited by the retrospective part
of its methodological design, which made it
impossible to obtain a preoperative CM
shoulder score, a restricted sample size, and
the lack of a control group. Additionally, of
the 71 patients, only 5 had a follow-up of
more than 34 months (mid-term) after surgery.
Therefore, a larger cohort and longer follow-
up would be required before making
conclusions regarding the long-term success
of the double Mac surgical technique. The
strict selection criteria could have introduced
a bias, contributing to the excellent results.
However, more than a bias, the careful
constitutes a

selection of the patients

requirement for the success of this technique.

We believe that the existing best evidence
has not definitively answered the question of
which technique provides the greatest long-
term benefit for patients with MRCT. There is
a need for further high-powered and long-
term comparative studies before determining
the best intervention. We consider that the

configuration  for
of MRCT provides
surgeons with a reliable and reproducible

proposed  suturing

arthroscopic  repair
technique that not only delivers good short-
term outcomes but may theoretically offer
long-term benefits, including reduced long-
term retear incidence and maintenance of the
biomechanical advantages demonstrated for
other configurations.

Conclusions

The authors conclude that a MRCT repair with
the double Mac technique is an arthroscopic

alternative for carefully selected patients in

whom  satisfactory functional outcomes

without the occurrence of retearing can be
obtained in the short and mid-terms.
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