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Table 4
Distribution of patients according to clinical and functional outcomes -
of the arthroscopic reconstruction of superior shoulder capsule
Groups of patients depending on postoperative MRI findings
illustrating degree of graft retention
Clinical and functional
outcome Complete remodeling Partial rupture Complete rupture and lysis
and retention of graft of graft of graft (n = 3) / graft removal due to
(n=6) (n=20) DSSI* (n=1)
Good 4 4 0
Satisfactory 2 12 0
Poor 0 4 4

*DSSI — deep surgical site infection.
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Fig. 6. Dynamics of tissue restructuring of an acellular dermal collagen matrix graft:

a — in places of its anchor fixation to the bone tissue of the glenoid and humeral head;

b — in places of suture fixation to the infraspinatus in 3 months after surgery

¢ — 6 months after surgery — graft structure cellular (loose);

d — 12 months after surgery — more dense graft structure (complete transplant remodeling)
The graft marked with arrow
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Based on MRI acromiohumeral interval
reduced in time after surgery in group 1 but
such tendency was not observed for group 2.
This confirms higher stretching and elonga-
tion of graft from ADCM as compared to ITB
autograft. So, acromiohumeral interval in
groups of patients with ADCM and ITB au-
tograft varied from 0.1 to 2.5 mm and from
0.2 to 3.1 mm in preoperative period, from
1.9 to 6.4 and from 3.9 to 8.9 mm — one
year postoperatively, and from 1.7 to 5.9 and
from 3.7 to 8.7 mm, respectively, — 2 years
postoperatively.

Discussion

By now many surgical treatment options
addressing massive rotator cuff tears were
developed and actively used in the world
practice, however, we are still lacking a ra-
tional algorithm of their application [23].
Thus, operative techniques for partial ar-
throscopic repair of tendons in rotator cuff
give the opportunity to achieve ASES clinical
and functional outcomes of 77.0-85.7 scores
after isolated application and of 72.3-88.7
scores after using a combination with bridge
patch biografts [24, 25, 26, 27, 28]. However,
both options mentioned above have a high
frequency rate of recurrent tears in rotator
cuff tendons and revisions (41.6-52.0% and
12-24%, respectively) according to clinical
studies [8, 24, 26, 27, 28].

Surgical arthroscopic transfer of latissi-
mus dorsi tendon also allows to restore ROM
in the shoulder joint and improve clinical and
functional status of patients achieving ASES
scores of 61-70. However, this method is
technically challenging, it radically changes
normal shoulder biomechanics and, accord-
ing to literature, has a high risk of chronic
pain syndrome with progressing shoulder
osteoarthritis in 29-50% of patients [29, 30].

Finally, in patients with massive rota-
tor cuff tears and accompanying shoulder
arthropathy of grades IV-V by K. Hamada
classification the reverse shoulder joint
arthroplasty is most preferred treatment

method [31]. It’s known that reverse shoulder
joint arthroplasty efficiently resolves the is-
sue of pain syndrome and yields good ASES
scores of 65.8—-77.0 but limits shoulder flex-
ion up to 117-121° which can be the cause of
constrained physical activity and dissatisfac-
tion with treatment outcomes in patients of
active working age [32, 33, 34]. Besides, re-
verse shoulder arthroplasty features variable
data in respect of complications (from 13.9%
to 39.0%) but a very limited list of revisions
[31, 32].

According to literature arthroscopic re-
construction of superior shoulder capsule al-
lows to gain ASES scores of 67.5-82.0 which
matches the results of the present study:
average score 69.8+21.0 and 59.5+12.6 after
use of ADCM and ITB autograft, respectively.
Such scores after arthroscopic reconstruction
are quite comparable to similar efficiency re-
sults of abovementioned alternative meth-
ods and have certain advantages like higher
flexion (147-160°) in the joint than after re-
verse shoulder arthroplasty (117-121°), and
lower revision rate (11.7%) than after partial
arthroscopic repair of rotator cuff (12-24%)
[29, 30, 32, 33, 34]. Use of arthroscopic re-
construction of superior shoulder capsule in
the present study allowed to gain shoulder
flexion of 162.3+13.2° and required revisions
only in 4 (13.3%) patients.

Surgical technique of arthroscopic recon-
struction of superior shoulder capsule con-
tinues improvements by healthcare profes-
sionals aiming at better functional outcomes
and reduced number of complications [35].
Preceding biomechanical research demon-
strated that medial fixation of patch bio-
grafts to tendon and muscular remnants of
rotator cuff suffering from fatty degeneration
and atrophy with high probability results in
failed clinical functional and MRI outcomes
[11] in contrast to acromion fixation during
arthroscopic reconstruction.

Mihata et al. proved the better shoulder
joint stability due to restoration of tone and
compression force of potentially intact sub-
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scapularis muscle in their cadaveric research
dedicated to circular restoration of superior
shoulder capsule with graft fixation to acro-
mion, humeral head and remnants of rotator
cuff; Mihata et al. presented also the data on
significant reduction of subacromial con-
tact pressure on rotator cuff elements when
using acromion grafting [13, 36]. Dynamics
of MRI changes in the structure of ADCM in
the present study were confirmed by recent-
ly published clinical case of authors from
the USA who performed histological exami-
nation of removed humeral head together
with fixed ADCM graft implanted 4 months
ago. In their paper these authors presented
evidence of active remodeling (re-celluri-
zation and neovascularization) of ADCM at
sites of its fixation to glenoid, humeral head
and muscular and tendon tissues of rotator
cuff [37].

The most controversial aspect of arthro-
scopic reconstruction of superior shoulder
capsule is the use of alternative sources of
biological tissues. Despite the fact that ini-
tially the arthroscopic reconstruction was
suggested and developed for application of
ITB fascia autograft, today surgeons in the
USA widely use ADCM [19, 20]. The authors
of the present study by now did not find in
the literature clinical studies dedicated to ar-
throscopic reconstruction of superior shoul-
der capsule with high level of evidence and
stratified by graft type.

T. Mihata et al. in their cadaveric study
observed that in result of hardware biome-
chanical testing by uniform cyclic load elon-
gation of ADCM amounted to 15% while ITB
autograft preserved base length [11]. Besides,
a series of studies by different authors dem-
onstrate graft elongation and persisting an-
terosuperior humeral head dislocation after
application of ADCM which is confirmed
by reduced acromiohumeral interval in the
studied patients [38, 39]. Preoperative pa-
rameters of acromiohumeral interval varied
from 4.5 to 7.1 mm, those were improved up
to 7,6-10,8 mm in short term postoperative

period and then regressed to 6.7-9.7 mm
during longer follow up [38, 39].

Lee et al. considered acromiohumeral in-
terval as the key predictor of graft failure
for arthroscopic reconstruction of superior
shoulder capsule [38].

Taniguchi et al. found a statistically sig-
nificant correlation between parameters of
postoperative acromiohumeral interval after
restoration of massive rotator cuff tear and
clinical and functional outcomes [39].

The available literature did not provide
any evaluation of changes in acromio-
humeral interval prior to and after arthro-
scopic reconstruction of superior shoulder
capsule using ITB fascia autograft. The pre-
sent research demonstrated that acromio-
humeral interval in patients after applica-
tion of ITB autograft was approximately the
same in one and in two years after surgery
amounting to average of 7.3 mm and 6.9
mm, respectively. There is some research
data demonstrating that rupture rate of
ADCM graft was 15.2%, three times higher
than for ITB autograft (5.0%), probably due
to above mentioned elongation and antero-
superior migration of humeral bone [8, 23,
26]. In the present research the authors ob-
served graft rupture in one (3,3%) patient in
group with ADCM and two (6,6%) patients
in group with ITB autograft.

Complications also varied depending on
the graft source — ratio of graft failure rate
was in favor of ITB autograft, while for other
complications the situation was quite dif-
ferent: sutures failure — 23.5% for ITB au-
tograft against 0% for ADCM; postoperative
ruptures of infraspinatus tendon — 17,6% for
ITB autograft against 3,0% for ADCM; post-
operataive shoulder contraction — 11,8%
for ITB autograft against 0% for ADCM [40].
Higher tensile strength of ITB fascia graft
against ADCM probably contributes to the
last mentioned complication. In particu-
lar, Mihata et al. demonstrated that circular
capsular convergence of ITB autograft limits
ROM and may result in shoulder contraction
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while such effects were not observed after ap-
plication of ADCM [40]. In the present study
postoperative contractions were observed in
3 (10%) patients with ADCM and in 7 (23.3%)
patients with ITB autograft. There is also an
unproven hypothesis that circular continuity
of superior capsule can be useful for ADCM
reconstructions due to additional graft fixa-
tion and possibility to restrict mediolateral
graft elongation [41].

Thus, current literature demonstrates
that arthroscopic reconstruction of superi-
or shoulder capsule is the promising surgi-
cal treatment for physically active patients
of working age suffering shoulder arthrop-
athy combined with massive rotator cuff
tears. Technically the arthroscopic recon-
struction is mostly resembling procedures
with biopatch (scaffold) but the concepts
and biomechanical rationales are funda-
mentally different. During replacement of
the defect by biotissue of the graft the ten-
don tear is considered a significant injury
to rotator cuff and the aim of procedure —
to restore the anatomical continuity of
contracted tendon fixed to surrounding
tissues both along and at the attachment
site in the proximal humerus. In contrast
to that, arthroscopic reconstruction of su-
perior shoulder capsule mainly aims at res-
toration of vertical shoulder joint stability,
central positioning of the humeral head in
relation to glenoid and improved shoulder
biomechanics in general.
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