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Abstract

Purpose To evaluate the effectiveness of arthroscopic
debridement (DB), partial (PR), and complete repair (CR)
for massive rotator cuff tears (mRCT) in terms of func-
tional and subjective parameters, and repair integrity.
Methods For this single-centre study, 68 consecutive
shoulders with mRCT involving at least three tendons and
treated with arthroscopic DB (n = 23), PR (n = 22), and
CR (n = 23) were included. All patients (52—-81 years) were
prospectively assessed before and at a mean of 45 months
after surgery using functional and subjective parameters.
Preoperative tendon rupture pattern and post-operative
repair integrity were assessed by MRI. A coding system
describing accurately rotator cuff rupture, treatment, and
integrity was established.

Results  All treatment groups improved significantly from
pre- to post-operative (P < 0.01), while preoperative param-
eters, except fatty degeneration, were not significantly dif-
ferent. However, post-operative comparisons revealed
similar scores with DB (constant score, CS 65.8 + 14.7,
qDASH 24.1 + 20.6) and PR (CS 67.5 £ 9.9, P = n.s,;
gDASH 20.5 + 14.4, P = n.s.), while CR were significantly
better (CS 80.3 & 8.9; gDASH 7.0 & 8.7; P < 0.001). Force
couple restoration of PR did not significantly influence
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outcome. Re-tear rates with CR (29 %) were lower com-
pared to PR (53 %). Intact CR compared to intact PR
showed better CS (83.4 £ 7.3 vs. 68.5 £ 10.6, P = 0.009)
and qDASH (5.4 £ 83 vs. 21.2 £ 9.5, P = 0.006). The
vast majority of patients were satisfied with their arthro-
scopic procedure (DB 87 %; PR 86 %; CR 91 %).
Conclusion Arthroscopic DB, PR, and CR were effective
in treating mRCT involving at least three tendons. Repara-
bility of mRCT was influenced by fatty degeneration of the
muscles. However, CR showed the most favourable short-
term improvements.

Level of evidence 1V.

Keywords Massive rotator cuff tear - Arthroscopy -
Debridement - Partial repair - Complete repair -
Force couple

Introduction

Massive rotator cuff tears (mRCT), clinically defined
as tears involving more than two tendons [16] and with
a diameter width of at least 5 cm [10], are a challeng-
ing pathology to treat. Reparability of mRCT is mainly
dependent on muscle atrophy, fatty infiltration, and ten-
don retraction [18, 27, 34], as well as on surgeon’s experi-
ence and skill set; thus, a complete repair cannot always be
achieved. Debridement, as an alternative treatment option
to repair, was reported to yield fair results [32]. Although
the repair of mRCT was formerly mainly performed as an
open procedure [16], with the evolution of arthroscopy and
its releasing techniques, satisfactory outcomes have also
been reported with arthroscopic mRCT repair [5, 8, 21].
However, for non-repairable tears, Burkhart [4] introduced
the partial or ‘functional’ repair, where the less retracted


http://crossmark.crossref.org/dialog/?doi=10.1007/s00167-015-3739-9&domain=pdf
http://dx.doi.org/10.1007/s00167-015-3739-9

Knee Surg Sports Traumatol Arthrosc (2016) 24:3828-3837

3829

tendon edges restore the rotator cuff’s force couple [6]
resulting in ‘a more balanced shoulder’. Nevertheless, as
re-tear rates after suture repairs were reported as high as
94 % [15] and debridement only procedures showed good
results, especially regarding shorter operating and rehabili-
tation time [3], the best treatment option for tears involv-
ing two or more rotator cuff tendons remains a matter of
discussion.

The majority of studies investigating arthroscopic treat-
ment options for mRCT have been reporting on either
one [8, 25, 35] or compared two procedures [3, 19]. To
our knowledge, the only single-centre study comparing
debridement with partial and complete repair presented
functional outcome results, but they did not investigate
repair integrity [29]. Healing rates of large and massive
tears after arthroscopic rotator cuff repair between 6 %
[15] and 91 % [30] have been reported, but only few stud-
ies used magnetic resonance imaging (MRI) [2, 21]. We are
unaware of any arthroscopic study investigating these three
different treatment options in three-tendon tears includ-
ing analysis of functional outcomes and repair integrity on
MRI.

The purpose of this cohort study was to evaluate the
effectiveness of arthroscopic debridement (DB), partial
(PR), and complete repair (CR) for massive rotator cuff
tears (mRCT) involving at least three tendons. We hypoth-
esized that functional outcome would be improved regard-
less arthroscopic management for mRCT; however, repair
integrity would be better with CR than PR.

Materials and methods

Between January 2008 and December 2009, 144 patients
with mRCT underwent shoulder arthroscopy at our hos-
pital. Included were patients with failed non-operative
treatment for at least 6 months having a mRCT involving
at least three tendons suspected by preoperative MRI or
ultrasound, and verified during arthroscopy. Patients with
pseudoparalysis defined as complete inhibition of motion
and radiological signs of cuff tear arthropathy; older
than 85 years; or with previous shoulder surgeries were
excluded. Sixty-five patients did not meet study’s inclusion
criteria, and 12 patients refused to participate. A group of
67 patients (28 women and 39 men, one bilateral) with a
mean age of 66.5 £ 7.2 years were included in this study.
Written informed consent was obtained for all patients.

Clinical and subjective assessment
All patients were clinically evaluated by an independ-

ent orthopaedic specialist before and after surgery using
the constant score (CS) and its subgroups [9] as well as

active range of motion in forward flexion, abduction, and
external rotation. Additionally, the post-operative total CS
was adjusted [36] for age and gender to reflect a percent-
age of what is considered normal and was finally graded
into excellent (>91 %), good (81-90 %), satisfactory
(71-80 %), fair (61-70 %), and poor (<60 %). A subjec-
tive questionnaire including the ten-point visual analogue
scale (VAS) for pain (scale 0-10; 0 = no pain, 10 = severe
pain), subjective shoulder value (SSV; percentage of a
100 % normal shoulder) [17], and the quick disabilities of
the arm, shoulder, and hand score (qDASH; best: 0, worst:
100) were prospectively collected before surgery and at the
latest follow-up. Furthermore, at follow-up, patients were
asked to rate their satisfaction with the procedure. Compli-
cations were monitored throughout the study.

Radiological and intraoperative assessment

Baseline examination included MRI (n = 60) or ultrasound
for patients with pacemakers and claustrophobia (n = 8)
to examine the affected shoulder. Pre- and post-operative
MRIs (3.0 tesla magnetic resonance scanner, Magnetom
Verio, Siemens Medical Solution, Erlangen, Germany)
were evaluated by two independent orthopaedic surgeons,
who were not directly involved in the surgeries. Tendon
retraction and fatty infiltration of the muscle bellies of the
supraspinatus (SSP), the infraspinatus (ISP), the subscapu-
laris (SSC), and teres minor (TM) were assessed according
to Patte [31] and the modified Goutallier [14] classification.
The global fatty degeneration index (GFDI) [18], which
is the mean value of fatty infiltration of the three muscles,
was calculated. Tendon integrity after arthroscopic rotator
cuff repair, but not after arthroscopic DB, was also assessed
by MRI. Those eight patients, who had no post-operative
MRI due to various reasons including pacemaker, claustro-
phobia, and refusal, were examined using ultrasound. Due
to given artefacts, caused by metal anchors used for ten-
don repairs, an adapted version of the Sugaya’s [33] clas-
sification was utilized. Hence, each tendon was classified
according to the following types: tendons showing homo-
geneous low-intensity or partial high-intensity areas with
sufficient thickness were regarded as intact; thinning of the
tendon without or minor discontinuity on one image was
regarded as partly re-ruptured; and obvious discontinuity in
more than one slice was regarded as re-tear.

Massive rotator cuff tear classification system

To summarize mRCT pathology and unify various different
existing classification systems, a coding system to describe
tear (Fig. 1), treatment, and re-rupture patterns was created.

The mRCT rupture code (RuC) is based on arthroscopic
findings and classifies torn tendons according to width and
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Fig. 1 Drawings and codes

to describe a rotator cuff

tendon tear. a, b Examples for
rupture patterns of rotator cuff
tears according to the rupture
code (RuC): a intact rotator
cuff (RuC: On000); b intact
subscapularis tendon, normal
long head of biceps tendon, full-
tendon full-thickness supraspi-
natus tendon tear, partial-tendon
partial-thickness infraspinatus
tendon tear, intact teres minor
tendon (RuC: On140); ¢ intact
subscapularis tendon, normal
long head of biceps tendon, full-
tendon full-thickness supraspi-
natus tendon tear, partial-tendon
full-thickness infraspinatus
tendon tear, intact teres minor
tendon (RuC: On130); and d
partial-tendon full-thickness
subscapularis tendon tear,
dislocated long head of biceps
tendon, full-tendon full-
thickness supraspinatus tendon
tear, full-tendon full-thickness
infraspinatus tendon tear, intact
teres minor tendon (RuC:
3d110)
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thickness (full or partial) including five groups: (0) no rup-
ture, (1) full-tendon full-thickness tear (typical for a com-
plete SSP tear), (2) full-tendon partial-thickness tear (such
as bursal or articular sided partial tears), (3) partial-tendon
full-thickness tears (typical for upper SSC tendon tears or
partial ISP tendon tears), and (4) partial-tendon partial-
thickness tears (i.e. type I tears of the SSC tendon accord-
ing to Lafosse et al. [24] or partial SSP rupture Ellman I°
[12]). The long head of biceps (LHB) tendon was classi-
fied as ‘n’ for normal, ‘a’ for absent, ‘p’ for partially torn,
or ‘d’ for dislocated. Given these options, each tendon was
classified according to the RuC beginning from anterior to
posterior (SSC-LHB-SSP-ISP-TM). Examples for rupture
patterns of rotator cuff tears according to the RuC are pre-
sented in Fig. 1a—d.

Furthermore, a treatment code (TxC) for each tendon, in
the same order (SSC-LHB-SSP-ISP-TM) as for the pathol-
ogy, including (0) left untreated or debridement (for LHB:
absent or untreated), (1) partially repaired (for LHB: ten-
otomy), and (2) completely repaired (for LHB: tenodesis),
was established (e.g. a CR with biceps tenotomy would
then be the TxC 21220).

Additionally, a re-tear code (RrC) describes all tendons,
except the LHB tendon, in the same order as the other
codes (SSC-SSP-ISP-TM) using (0) for left untreated or
debridement, (1) for intact suture, and (2) for re-ruptured
sutures. For example, a completely re-ruptured CR would
then be RrC 2220.

Surgical procedure and rehabilitation protocol

Arthroscopic procedures were performed by three expe-
rienced shoulder surgeons (WA, BK, SS). Patients were
placed in lateral decubitus position. In general anaesthesia
with interscalene nerve block), a standard posterior view-
ing portal was established, and other portals were placed
as needed. After treatment of concomitant lesions (subac-
romial decompression, distal clavicle resection, LHB ten-
otomy/tenodesis), the rotator cuff was debrided and tissue
quality, tendon mobility, retraction, and rupture shape was
assessed. Whenever decision of an attempt for partial or
complete rotator cuff reconstruction was made, extensive
tendon releases (double, anterior, or interval slide in conti-
nuity [26]) with resection of the coracohumeral ligament of
the coracoid base, juxtaglenoidal as well as extraarticluar
tendon and muscle mobilization were performed. Where
the subscapularis tendon was torn (>Lafosse II°), a refixa-
tion in a single row fashion was carried out. Thereafter, the
posterosuperior rotator cuff was addressed aiming to bring
the tendons back to the footprint of the greater tuberosity
for complete coverage (suture bridge repair). Otherwise,
a medializing single row repair using margin convergence
techniques was performed. In cases where despite margin

convergence techniques a complete repair was not possible,
a partial repair was attempted with refixation of all possi-
ble tendons and the goal of force couple restoration. Most
of the three arthroscopic procedures were performed with
concomitant treatments (DB 91 %; PR 86 %; CR 96 %).

According to the rehabilitation protocol for tendon
repairs, shoulders were immobilized for 6 weeks using
a sling (UltraSling, Breg MDSS GmbH, Hannover, Ger-
many). Physiotherapy mobilization regimen included
immediate passive motion and passive-assisted motion with
closed chain exercises to work scapulothoracal muscles.
Active full range of motion exercises was allowed to be
started 6 weeks post-operatively or immediately after sur-
gery in case of debridement.

Institutional review board (Ethikkommission des Krank-
enhauses der Barmherzigen Schwestern Wien) approval
was obtained for this prospective non-randomized single-
centre cohort study.

Statistical analysis

The sample size, which was calculated a priori according to
preliminary data of patients with rotator cuff tears, required
to detect a relevant difference of 12 points and a standard
deviation of 15 points between pre- and post-operative CS
(paired-sample ¢ test) with a power of 90 % and a type I
error of 5 % is at least 18 patients in each group. Descrip-
tive statistics were used to present patients’ characteristics.
Continuous variables were tested by visual inspection and
the Kolmogorov—Smirnov test. Normal distributed con-
tinuous variables were expressed as: mean =+ standard
deviation; non-normal distributed continuous variables as
median and range; and categorical data with absolute fre-
quencies and percentages. The Chi-square or Fisher exact
test was used for discrete variables. Demographic data were
evaluated using one-way analysis of variance (ANOVA),
Chi-square, and Kruskal-Wallis tests. Paired ¢ tests and
Wilcoxon matched-pair tests (depending on variable dis-
tribution) were performed to analyse differences between
pre- and post-operative measurements. Independent ¢ tests
and Mann—Whitney U tests were used to compare outcome
scores between treatment groups. For Table 3, due to small
numbers of partly re-ruptured tendons, we combined partly
and totally re-ruptured tendons into one group (re-rupture).
The level of statistical significance was set at the conven-
tional P < 0.05 for all tests. All data were analysed using
SPSS 21® (IBM® Corporation, Armonk, NY, USA).

Results

Rupture patterns and reparability of all 68 mRCT are
shown in Table 1. All baseline characteristics, except of
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Table 1 Rupture patterns and reparability of massive rotator cuff tears

Rupture and treatment code DB (n=23) PR(n=22) CR (n=23)
SSC  No rupture (RuCO0), no treatment (TxCO) 0 0 2

Full-tendon full-thickness tear (RuC1); no (TxCO)/partial (TxC1)/complete (TxC2) repair 6 (6/0/0) 6 (1/2/3) 2 (0/0/2)

Full-tendon partial-thickness tear (RuC2); no (TxCO)/partial (TxC1)/complete (TxC2) repair 0 0 0

Partial-tendon full-thickness tear (RuC3); no (TxCO)/partial (TxC1)/complete (TxC2) repair 8 (8/0/0) 11 (2/1/8) 14 (0/0/14)
Partial-tendon partial-thickness tear (RuC4); no (TxCO)/partial (TxC1)/complete (TxC2) repair 9 (9/0/0) 5 (5/0/0) 5 (0/0/5)

LHB Normal LHB (RuCn), no treatment (TxCO) 0 2 2
Absent LHB (RuCa), no treatment (TxCO) 7 6 1
Partial rupture (RuCp) or inflamed, tenotomy (TxC1)/tenodesis (TxC2) 13 11 13
Dislocated LHB (RuCd), tenotomy (TxC1)/tenodesis (TxC2) 3 3 7

SSP  No rupture (RuCO0), no treatment (TxCO) 0 0 0
Full-tendon full-thickness tear (RuC1); no (TxCO)/partial (TxC1)/complete (TxC2) repair 23 (23/0/0) 22 (13/5/4) 23 (0/0/23)
Full-tendon partial-thickness tear (RuC2); no (TxCO)/partial (TxC1)/complete (TxC2) repair 0 0 0
Partial-tendon full-thickness tear (RuC3); no (TxCO)/partial (TxC1)/complete (TxC2) repair 0 0 0
Partial-tendon partial-thickness tear (RuC4); no (TxCO)/partial (TxC1)/complete (TxC2) repair 0 0 0

ISP No rupture (RuC0), no treatment (TxCO) 0 0 0
Full-tendon full-thickness tear (RuC1); no (TxCO)/partial (TxC1)/complete (TxC2) repair 16 (16/0/0) 13 (4/1/8) 11 (0/0/11)
Full-tendon partial-thickness tear (RuC2); no (TxCO)/partial (TxC1)/complete (TxC2) repair 0 0 0
Partial-tendon full-thickness tear (RuC3); no (TxCO)/partial (TxC1)/complete (TxC2) repair 7 (7/0/0) 9 (4/1/4) 12 (1/1/10)
Partial-tendon partial-thickness tear (RuC4); no (TxCO)/partial (TxC1)/complete (TxC2) repair 0 0 0

TM  No rupture (RuCO0), no treatment (TxCO) 23 20 21
Full-tendon full-thickness tear (RuC1); no (TxCO)/partial (TxC1)/complete (TxC2) repair 0 1 (0/1/0) 0
Full-tendon partial-thickness tear (RuC2); no (TxCO)/partial (TxC1)/complete (TxC2) repair 0 0 0
Partial-tendon full-thickness tear (RuC3); no (TxCO)/partial (TxC1)/complete (TxC2) repair 0 1 (0/0/1) 2 (0/0/2)
Partial-tendon partial-thickness tear (RuC4); no (TxCO)/partial (TxC1)/complete (TxC2) repair 0 0 0

CR complete repair, DB debridement, ISP infraspinatus, PR partial repair, SSC subscapularis, SSP supraspinatus, 7M teres minor

Table 2 Baseline characteristics of arthroscopic debridement, partial, and complete repair for massive rotator cuff tears

Baseline characteristics® Debridement (n = 23) Partial repair (n = 22) Complete repair (n = 23) P value
Age (years) 66.5 + 6.9 68.0 + 8.0 65.0 £ 6.8 n.s.*
Gender (female/male) 12/11 8/14 8/15 n.s.**
Dominant arm involved (yes/no) 18/5 18/4 15/8 n.s.**
Global fatty degeneration index” 1.9£0.7 1.5£05 1.0 £ 0.6 <0.001*
Pain according to VAS (10-0) 7 (5-10) 7 (3-10) 7 (1-10) n.s.#¥*
Abduction (degrees) 90 (30-160) 90 (50-160) 90 (30-170) n.s. ¥ #*
Forward flexion (degrees) 110 (30-170) 95 (60-160) 130 (30-170) n.s. H**
External rotation (degrees) 20 (0-70) 20 (0-50) 30 (10-80) n.s. HE*
Strength (kg) 0(0-4) 0.5 (0-4) 0.5 (04) n.s. %%

VAS visual analogue scale
* One-way ANOVA; ** Chi-square test; *** Kruskal-Wallis test
% Values are expressed as mean =+ standard deviation, in number of patients, or as median and range in parenthesis

® Fatty degeneration is classified according to modified Goutallier et al. [12]. Eight patients’ rotator cuff tears are diagnosed by ultrasound
(debridement: n = 6, complete repair: n = 2), and thus fatty infiltration is not classifiable

GFDI, were similar between the three arthroscopic treat- versus PR (P = 0.046); PR versus CR (P = 0.003); and CR
ments for mRCT (Table 2). Detailed group analyses regard-  versus DB (P < 0.001). Furthermore, there were more SSC,
ing GFDI revealed significant differences between DB SSP, and ISP muscles with high-grade fatty infiltration
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Fig. 2 Results of the total constant score (CS) and its subgroups
(pain; activities of daily living, ADL; range of motion, ROM;
strength), subjective shoulder value (SSV), and quick disabilities of

(grade 3 or 4: as much or more fat than muscle [14]) in the
DB group (6, 59, 29 %, respectively) than in PR (5, 27,
9 %, respectively) and CR (0, 10, 5 %, respectively). The
only three patients with a grade 4 fatty degeneration of the
ISP underwent debridement alone. None of the patients
with CR had a fatty infiltration higher than grade 3 [14].

Revision surgery was required for six patients (8.8 %):
three patients required open lavage and debridement for
post-operative infection (PR n = 2; CR n = 1); one patient
had an arthroscopic anchor removal for implant loosening
after intact PR; and two patients were revised with a reverse
total shoulder arthroplasty for progressive pain and loss of
function (DB, retorn CR). The median follow-up for the
remaining 62 shoulders (47 right, 15 left) was 42 months
(range 23—70 months).

Clinical and subjective outcome

All clinical and subjective scores significantly improved
from pre- to post-operative (P < 0.01; Supplement Table
A). Results of the total CS and its subgroups, SSV, and
gDASH for each arthroscopic treatment group are summa-
rized in Fig. 2. PR reached similar post-operative outcome
when compared to DB; however, all scores (CS, VAS, SSV,
and qDASH) were significantly better in the CR group
(P < 0.02; Supplement Table A).

No significant differences regarding post-operative out-
come between PR with (n = 11) and without (n = 8) force
couple restoration were detected (total CS 65.9 £ 9.7 vs.
69.6 = 10.4; SSV 70.0 + 14.8 vs. 79.4 + 10.8; gDASH
248 £ 11.0 vs. 14.5 = 17.0). Even when post-operative
total CS, SSV, and qDASH of DB were compared to PR

the arm, shoulder, and hand score (qQDASH) for each arthroscopic
treatment group. Note: ***P < (0.001

with force couple restoration as well as to PR without force

couple restoration, no significant differences were detected.
The vast majority of patients were satisfied with their

arthroscopic procedure (DB 87 %; PR 86 %; CR 91 %).

Repair integrity

More partially than completely repaired tendons were
totally re-ruptured (53 and 29 %, respectively), whereas
more intact tendons were detected with CR (47 %) com-
pared to PR (40 %). The overall re-tear rate including
totally and partially re-ruptured tendons was 56 %.

Intact CR showed significantly better outcome com-
pared to intact PR (total CS 83.4 £ 7.3 vs. 68.5 £+ 10.6,
P = 0.009; SSV 95.0 £ 6.0 vs. 75.8 & 12.0, P = 0.002;
qDASH 5.4 £ 8.3 vs. 21.2 &£ 9.5, P = 0.020). No differ-
ences were detected regarding total CS, SSV, qDASH
between intact PR and DB. Interestingly, no significant dif-
ferences were found between intact versus re-ruptured PR
and CR when compared within integrity groups.

Significantly more patients without concomitant treat-
ment required revision surgery (33 %) than patients under-
going additional procedures (7 %); all other investigated
factors did not influence post-operative outcome (Table 3).

Discussion
The most important findings were (1) that all three arthro-
scopic surgical techniques lead to significant improvements

from baseline to the latest follow-up regarding clinical and
subjective outcomes; (2) that more intact tendons were
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detected with complete than with partial repairs; and (3)
that complete repairs were significantly superior to partial
repairs and debridements, whereas debridement and partial
repair did not show significant differences.

An inherent weakness of common rotator cuff tear clas-
sification systems is that they still rely on a former anatom-
ical model and that they do hardly correlate with reported
tear size (i.e. supraspinatus tear of 2.5 cm) according to a
recent anatomical study by Mochizuki et al. [28]. Addition-
ally, Kuhn et al. [23] showed low interobserver agreement
in classifying rotator cuff tears; the only agreement was
found in distinguishing partial from full-thickness tears. To
overcome difficulties in classifying rotator cuff tears, we
established a simplified rotator cuff rupture code allowing
specification according to involved tendon thickness (full
or partial) as well as width (full or partial).

Potential factors influencing arthroscopic reparability of
mRCT and treatment strategies may be related to surgeon’s
experience and skills [1], as well as the rehabilitation pro-
tocol (immobilization versus immediate active motion).
Similar to other studies [11, 37], in the present work, ten-
don reparability was affected by fatty infiltration, although
functional improvement was not hindered as reported by
Burkhart et al. [5].

Force couple restoration in partial repairs is generally
believed to be important for a more balanced shoulder
and a better functional outcome [4]. Yet, we are unaware
of any study confirming this theory. According to our find-
ings, there is no difference in any parameter whether the
force couple reconstruction in PR could be achieved or
not, even when compared to DB. Our findings are similar
to a recently published study [35] reporting no increase in
abduction strength after arthroscopic partial repair, but an
improvement in active forward flexion and abduction. In
the same study [35], the partial repair was described as a
force couple restoration leaving a small residual tendon
defect or only part of the footprint uncovered, while in our
PR regardless of force couple restoration, not all tendons
could be forwarded to the footprint, and therefore, a nota-
ble defect remained in the rotator cuff. Obviously, discrep-
ancies in defining partial repair and force couple restora-
tion are evident. Important to notice is that three studies
investigating partial repair in mRCT excluded those cases
with SSC involvement [3, 13, 22]. Thus, it can be assumed
that this partial repair would result in a functional repair.
Interestingly, comparing such a force couple restoration
to debridement one study [13] showed significant differ-
ences, but the other one did not [3]. Satisfactory outcome
with arthroscopic debridement or partial repair regardless
of force couple restoration was reported in all studies [3,
13, 22].

According to such findings, it might be assumed that
arthroscopic surgery to treat mRCT regardless of the

technique leads to better short-term outcome; however, in
our post-operative findings, CR was superior to PR and
DB in the majority of the parameters. As opposed to our
results, a retrospective study by Iagulli et al. [19], which
compared only between partial and complete repair, did not
detect significant post-operative differences in outcome. As
their only outcome parameter was the UCLA score, pain,
strength, or range of motion were not outlined separately,
and thus, it is of limited comparative value.

The only study [29] reporting functional outcome of all
three treatment methods for mRCT was able to observe a
trend towards better overall motion and strength in com-
plete and partial repair compared to debridement, which
is only partly consistent with the present work. While the
group reported significant improvements in external rota-
tion, but only a trend towards better subjective score for
those patients who underwent complete compared to par-
tial repair, we found CR to be superior regarding strength,
but not with range of motion. Such differences are likely
attributed to the uneven distribution of patients with fewer
patients in their debridement (n = 6) and partial repair
(n = 11) group compared to our study. Furthermore, results
may be not comparable since different surgical techniques
(open vs. arthroscopic) were used. Unfortunately, this ret-
rospective comparison study by Moser et al. [29] did not
report fatty infiltration and re-tear rates.

The overall re-tear rate (56 %) in the present study was
slightly higher than reported by the few other MRI-based
studies (42 % [21]; 53 % [7]) and by the US-based report
of Berth et al. (52 % [3]), which may be due to differences
in fatty infiltration and tear size. Interestingly, although all
values were better in the intact tendon groups, significant
differences between intact and re-rupture within the repair
groups were not detectable, which might be explained by
the small number of cases in the groups. Post-operative
strength in abduction was significantly better in CR than
in PR and DB, while preoperative strength was the lowest
in CR, indicating that the highest improvements regard-
ing strength can be reached with CR. Thus, this study’s
results suggest that the primary aim to treat mRCT should
be a CR. However, if a CR is not achievable, it is still
questionable if PR instead of DB, since outcome results
are similar, is to be the preferred arthroscopic procedure.
Notwithstanding, a pioneer work by Zvijac et al. [38]
showed a deterioration of shoulder function after debride-
ment at a long-term follow-up. Comparative long-term
studies, especially regarding partial rotator cuff repairs,
are still necessary to assess differences between treatment
options.

A limitation of the present study is the relative small
number of subjects per treatment group and that patients
were treated by three different surgeons. However, our
results are similar to single treatment studies regarding
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arthroscopic debridement [20], partial [35], and complete
repairs [8]. We are also aware that our study is not rand-
omized. Although numbers of subjects in the treatment
groups were nearly equal, randomization in such a chal-
lenging pathology, where tendon repair depends very much
on tissue quality, three-dimensional tendon retraction, and
tendon substance defects, is not feasible. Yet, the clini-
cal relevance of the present study comparing arthroscopic
debridement, partial, and complete repair for mRCT is that
all three techniques significantly improve post-operative
outcome. However, CR—if possible—should be aimed for,
whereas force couple restoration in PR does not influence
clinical outcome as opposed to its theory.

Conclusion

Arthroscopic DB, PR, and CR were effective in treating
mRCT involving at least three tendons. Reparability of
mRCT was influenced by fatty degeneration of the mus-
cles. However, CR showed the most favourable improve-
ments in this short-term follow-up.
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