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Background: Mini-open approach has been considered for years the gold standard for rotator cuff repairs.
Nevertheless, the rate of tendon-to-bone healing, and that of cuff re-tear, still remains unclear.
Methods: Between 2001 and 2004, 37 shoulders (32 patients) with a mean age of 54.8 years (range, 34-72)
and a large or massive cuff tear were repaired with a mini-open procedure. At a minimum of 3 years post-
operatively (range, 36-60 months), 27 shoulders (23 patients) underwent functional evaluation and US
investigation of cuff integrity.
Results: The rotator cuff was completely healed and watertight in 13 cases (48.1%), while recurrent
defects were detected in the remaining 14 shoulders (51.9%). In 12 cases (92.5%), the recurrent tears
were smaller and in 2 (7.5%) larger than the initial tear. Despite the high re-tear rate, the overall Constant
and UCLA scores improved from of 38.4 to 72.1 and 11.2 to 29.4, respectively. However, only ‘‘large’’ re-
tears were correlated with a worse functional outcome (P < .005). The preoperative tear size was nega-
tively associated with tendon healing. Patients with an intact rotator cuff repair were, on average, 15
years younger (49.9) than those who sustained a tear recurrence (64.14) (P < .005).
Discussion: Our results suggest that large and massive rotator cuff tears treated with mini-open technique
using a tendon-grasping suture have a very satisfactory clinical outcome, despite a significant re-tear rate.
Patient age, the size of the initial tear, as well as the size of a potential re-tear are factors affecting the final
clinical outcome.
Level of evidence: Level IV, Case Series, Treatment Study.
� 2010 Journal of Shoulder and Elbow Surgery Board of Trustees.
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Rotator cuff injuries are common, especially for those
above the age of 60, and have an effect not only on shoulder
function but also on the overall health status and quality of
life of patients.26 Since Codman and Ackerson’s9 first rotator
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cuff pathology description, rotator cuff repair has been one of
the most common surgical procedures performed in the
shoulder.1,3,15,19,32

Despite the exact technique used (open, mini-open or
arthroscopic),11,37 the short- and long-term clinical results
are very promising.14,16,25,29 Although the clinical benefits
of rotator cuff repair are well established, there are still
questions on the factors affecting the integrity of the repair
over time as well as on the impact of a recurrent defect on
the clinical outcome.4,7,14,18,21,25

The purpose of this study is to evaluate the clinical and
structural results following mini-open repair of large and
massive rotator cuff tears, using clinical evaluation and
ultrasound imaging at a minimum of 3 years following the
index procedure. Additionally, we aimed to explore the
various factors that may have an effect in tear recurrence as
well as in the mid-term clinical outcome.
T
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Materials and methods

Between January 2001 and October 2004, an arthroscopic sub-
acromial decompression followed by a mini-open rotator cuff
repair was performed in 57 patients (62 shoulders). Thirty-five
patients were male and 22 female with a mean age of 54.8 years at
operation (range, 34-72). In 32 patients (37 shoulders), the tear
was large (18 cases with maximum tear diameter 3-5 cm) or
massive (19 cases with maximum tear diameter >5 cm).10

Twenty-four patients were male and 8 female with a mean age
of 52.62 (range, 35-71). The dominant arm was affected in 23
cases (62.16%) and all tears were chronic.

Detailed medical history, clinical examination, and plain
radiographic evaluation were performed in all patients before
surgery. A magnetic resonance imaging (MRI) scan documenting
the tear was obtained preoperatively in all cases, while the exact
size of the tear was verified intraoperatively.

All procedures were performed by a consultant orthopaedic
surgeon specializing in shoulder surgery (JC, PP, or DK) under
general anaesthesia and with the patient in beach chair position. A
diagnostic arthroscopy of the glenohumeral joint and subacromial
space was followed by a combination of arthroscopic acromio-
plasty and bursa debridement.

Although in all cases the coracoacromial ligament was released,
neither distal clavicle resection nor biceps tenotomy was performed.
The greater tuberosity was debrided and gently decorticated without
exposure of the subcortical bone. Subsequently, the arthroscope was
withdrawn and a 3-5-cm incision was made starting from the ante-
rolateral corner of the acromion and extending distally. The incision
was followed by a deltoid splitting approach to the already debrided
subacromial space. The tear was mobilized and reattached to the
bone with 2-4 (mean 2.5) 5-mm metal bone anchors-G4 Super-
anchors (DePuy Mitek, Raynham, MA) with double-loaded No. 2
Ethibond sutures (Ethicon, Somerville, New Jersey). A single-row
tendon repair with modified Mason-Allen suture technique was
performed in all patients.

Postoperatively, all shoulders were protected in a broad arm sling
for 6 weeks, while light pendulum exercises were commenced as
soon as pain allowed. Passive range of motion exercises including
forward flexion and external rotation were initiated under the
FLA 5.0 DTD � YMSE1729_proof �
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guidance of a physical therapist 2 weeks later. Active-assisted
shoulder motion was permitted after the 6th postoperative week and
hydrotherapy was encouraged at the same time. Return to high-
demand daily activities was allowed 6 months postoperatively.

Out of the 32 patients with a large or massive tear, 23 patients (27
shoulders)d16 with large tear and 11 with massivedwere available
for clinical and US evaluation at a minimum of 3 years post-
operatively and constitute our study population. Functional
assessment was performed at 6, 12, and 24 months postoperatively
and on final follow-up, using the Constant-Murley and UCLA scores
for objective evaluation. Patient satisfaction was also recorded.

In all patients, a musculoskeletal US was performed at least 3
years postoperatively by the same experienced examiner (AF),
using a high-resolution linear-array transducer with variable high
frequency (8-13 MHz) (Siemens Antares, Erlangen, Germany).
The sonographic evaluation of the rotator cuff was performed
according to a standard protocol.13 Rotator cuff tendons, including
subscapularis, supraspinatus, and infraspinatus, as well as the long
head of biceps, were examined in transverse and longitudinal
planes with additional coronal views of the supraspinatus when
necessary. Dynamic scan was employed in all cases.

The ultrasound criteria for the diagnosis of full-thickness rotator
cuff tears were: 1) nonvisualization of the supraspinatus tendon due
to retraction under the acromioclavicular joint; 2) detachment of the
supraspinatus from the greater tuberosity with medial dislocation, or
loss of normal supraspinatus substance with widening of the gap
between the supraspinatus and biceps tendon and exposure of a bare
area of bone and cartilage; 3) a hypoechoic or anechoic cleft
extending through the entire substance of the cuff; and 4) coexis-
tence of fluid in the subacromial-subdeltoid bursa and/or the pres-
ence of fluid in the sheath of the long head of biceps tendon.2, 20 The
size of the tear was measured in millimeters directly on freeze-frame
images with the use the cursor software function.

Statistical analysis was performed using the SPSS 14.0 (SPSS
Inc, Chicago, IL). The Student t test was used to compare preop-
erative, postoperative tear size, age, and UCLA and Constant
functional shoulder scores. Significance level was set at P < .05.
Results

At final follow-up 40.2 months postoperatively (range, 36-
60), there was a significant improvement in the overall UCLA
score from 11.2 to 29.4. According to the UCLA score, the
result was rated as excellent in 71% (19 shoulders), good in
22% (6 shoulders), and fair in 7% (2 shoulders). According to
the Constant scoring system, results were rated as excellent in
67% (18 shoulders), good in 26% (7 shoulders), and fair in
7% (2 shoulders). The overall Constant score improved from
38.4 to 72.1. In 24/27 cases, the patients stated that they were
very satisfied with the outcome and they would undergo the
procedure again. Two patients (3 shoulders) stated they were
moderately satisfied. One patient developed a superficial
wound infection that was successfully treated with surgical
debridement and antibiotics.

Rotator cuff repair integrity was assessed in all 27 cases at
an average of 40.2 months postoperatively (range, 36-60) with
ultrasonographic evaluation. Thirteen repairs were intact and
watertight (Figure 1), while recurrent defects were detected in
1 July 2010 � 6:19 pm � ce D
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Figure 1 Longitudinal scan of the supraspinatus tendon of the
right shoulder. Normal, intact ultrasonographic appearance of the
repaired supraspinatus tendon.

Figure 2 Longitudinal scan of the supraspinatus tendon of the
left shoulder. Ultrasonographic appearance of a small recurrent
defect of the supraspinatus tendon on the articular side.

Figure 3 Transverse scan of the supraspinatus tendon of the left
shoulder. Ultrasonographic appearance of a large recurrent defect
of the supraspinatus.
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the remaining 14 cases (51.9%). Recurrent tears were cate-
gorized as ‘‘small’’ if the defect was at least 1-2 mm smaller
than the preoperative dimension (Figure 2) and ‘‘large’’ if it
was >2 mm larger than the initial one14 (Figure 3). In 12
shoulders (92.5%), the recurrent tear was ‘‘small’’ [10 cases
<3 cm and 2 cases >3 cm and <5 cm] and only in 2 cases
(7.5%) the defect was ‘‘large’’ [>5 cm].

Using Student t test, the size of the preoperative tear was
found to be related to a poorer outcome on final follow-up
at least 2 years post surgery; but the difference was not
FLA 5.0 DTD � YMSE1729_proof � 1
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Constant score). In addition, recurrence of a ‘‘small’’ tear
did not clearly affect the clinical outcome, and this is
emphasized by the fact that both clinical scores in this
patient subgroup were directly comparable to the scores of
patients with an intact cuff (P ¼ .889 and P ¼ .877 for
UCLA and Constant scores, respectively) (Table). On the
other hand, a ‘‘large’’ postoperative re-tear was recorded in
2 cases and found to be related to the preoperative tear size
(massive in both cases). Moreover, it led to a fair functional
outcome that was significantly worse than that of the
subgroup of patients with an intact cuff (P < .005 for both
UCLA and Constant scores) (Table).

Additionally, our results show a correlation between older
patients and ‘‘bad’’ postoperative UCLA and Constant scores
(Figures 4 and 5) (P < .005), establishing age as a negative
predicting factor. Finally, our results indicate a strong
correlation between age and tendon healing capacity.
Patients with an intact rotator cuff were, on average, 15 years
younger (mean age 49.9 years) than those who sustained
a tear recurrence (mean age 64.14 years); the difference was
highly significant (t test: P < .005). Comparing the preop-
erative tear size and the patients’ age, it was revealed that
patients with a large preoperative tear had a mean age of 52
years, while patients with a massive one had a mean age of
65 years; and the difference was statistically significant
(P¼ .009) (Figure 6). Moreover, ‘‘older’’ patients with larger
preoperative tear are prone to failure repair (P < .001)
(Figure 7).

Despite the high re-tear rate, objective functional evalu-
ation with UCLA and Constant scoring systems presents very
satisfactory long-term clinical results of RC repair with mini-
open rotator cuff repair. Our results reveal that the presence of
a re-tear does not necessarily mean surgical failure or poor
outcome. Even if a ‘‘large’’ 4 re-tear occurs, the postoperative
July 2010 � 6:19 pm � ce D
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Table Number of patients with intact rotator cuff, small or large post-operative defects. Mean age, UCLA and Constant score of these
patients. P values are showing the significance of the UCLA and Constast score differences between patients with intact rotator cuff and
patients with small re-tears, and the differences between patients with intact cuff and large re-tears, respectively

Post-op cuff integrity No patients Mean age UCLA score Constant score P value

Intact 13 49.92 32.23 85
Small 12 63 29.8 77.1 P ¼ .889 and P ¼ .877
Large 2 70.5 25.5 67.5 P < .005 and P < .005
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Figure 4 Postoperative functional UCLA score according to
age. Worse clinical results in older patients (P < .005).
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functional condition of the shoulder remained improved.
However, a structurally intact cuff or even a ‘‘small’’ re-tear
were related with a superior clinical outcome.
 C 417
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Favorable mid- and long-term clinical outcomes have been
reported by a number of authors, using a combination of
arthroscopic acromioplasty and mini-open rotator cuff
repair.27,29,30 Excellent or good clinical results, significant
improvement of the quality of life, and patient satisfaction
rates as high as 94% have established the above technique
as the ‘‘gold standard’’ for the management of rotator cuff
tears for a number of years. However, our knowledge on the
structural condition of the rotator cuff over time following
mini-open repair and its potential correlation with the
clinical outcome is far less detailed.

Our anatomical failure rate of 51.9% gives a clear negative
answer to the question of whether the tendon retains its
structural integrity over time. Despite the fact that only large
and massive tears were included in this study, our results
compare favorably with re-tear rates of 20-60% reported in
the literature for open or mini-open rotator cuff
repairs.7,17,18,21,22,25 Similar results of cuff integrity have
been reported following arthroscopic procedures.4,11,14,37,38

In order to confirm the structural status of the rotator cuff
tendons, we preferred US evaluation, because it has lately
FLA 5.0 DTD � YMSE1729_proof �
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been shown to offer greater specificity and increased accuracy
compared to other imaging modalities.31,36 This may explain,
in part, the higher failure rates of the structural-anatomical
status of the repaired tendons reported in some studies.14 In
the past, many authors used arthrography or MRI in order to
assess the integrity of the repair. These techniques, though,
provide little information about the tear configuration and
size, while some also think that it may underestimate the
failure incidence.4,11,25 For example, Boileau et al4 found
healed and watertight supraspinatus tendons in 71% of their
patients using a CT arthrogram, while Cole et al11 with MRI
evaluation report 22% recurrence rate.

Despite the high re-tear rates, clinical improvement and
patient satisfaction was obvious in our study. In a similar
population, Galatz et al14 reported excellent pain relief and
improvement in the ability to perform activities of daily
living, at a minimum follow-up of two years, despite a very
high recurrence rate of 94%, after a fully arthroscopic
procedure. They also observed that large or massive preop-
erative tears correlated with a higher re-tear rate and worse
functional results, an observation that is in accordance with
our findings.

Our study corroborates the findings of Castagna et al,8 Jost
et al,21 and, more recently, of Hanusch et al,17 and confirms
that a re-tear does not necessarily mean surgical failure, since
the postoperative clinical scores recorded were significantly
improved, even if a tear re-occurred, provided the re-tear was
smaller in size than the initial one.

Our results also support the findings of a number of pub-
lished studies in that age is a negative predicting factor for
rotator cuff healing, predisposing to more structural defects
and a worse clinical outcome in older patients.4,6,12 Rotator
cuff delamination and poor tissue quality appear to be more
common in people over 65 years old.4,18 It is highly likely
that degenerated cuff tissue has a decreased healing potential,
resulting in significantly higher re-tear rates, even if a satis-
factory repair was initially achieved. This may also be the
reason behind the correlation between supraspinatus fatty
infiltration and a worse clinical outcome.21,33

Double-row suture techniques may lead to higher rates of
tendon healing, according to Lafosse et al24 and Sugaya
et al.34,35 However, the overall functional scores did not
significantly differ from those obtained with mini-open or
single-row arthroscopic techniques.35 In addition, Ozbaydar
et al,28 in an experimental study, found that double-row repair
leads to an increase in surface area for tendon-to-bone
1 July 2010 � 6:19 pm � ce D
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Figure 6 Younger patients are prone to have smaller cuff tears
compared with older patients (P < .009).
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Figure 5 Postoperative functional Constant score according to
age. Again, the age is a negative predictive factor for good clinical
results (P < .005).
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Figure 7 Patients with bigger preoperative size tears are more
possible tohave new cuff defects during the final follow-up (P< .001).
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healing, but not to better quality tissue formation. One should
also bear in mind that rotator cuff healing occurs by reactive
scar tissue formation rather than regeneration of a histologi-
cally normal insertion site, despite the exact fixation tech-
nique used.23

The fact that all procedures were carried out by the same
shoulder surgeons, in the same clinical setting, in a homog-
enous study population, with a uniform surgical technique
and a common postoperative protocol, together with
prospective data collection constitute the strengths of this
study. Additionally, all postoperative US investigations were
carried out by the same experienced operator. However, we
appreciate that the present case study is faced with a number
of limitations including the relatively small study population
and the different pre- and postoperative imaging modalities.
Therefore, conclusions should be reviewed in light of the
aforementioned limitations.
FLA 5.0 DTD � YMSE1729_proof � 1
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For a number of years our efforts have been focused on
the strength of the repair construct by improving anchor
design and suture material and refining technical aspects in
an effort to achieve a watertight repair. Recent evidence,
though, has suggested that the potential for healing is
decreased especially in older patients with sizeable, chronic
tears, thus shifting our interest from mechanics more
towards biology. Although every effort should be made to
achieve a solid repair, a watertight construct at any cost is
not our goal anymore, as there is mounting evidence that
‘‘watertight’’ repairs of chronic tears are rather likely to fail
structurally over time.

One should note, though, that, especially in large or
massive degenerative tears, the strength of initial fixation
might not be as important as the biologic capacity for heal-
ing.39 Despite the predisposing healing factors or the tech-
nique preferred, probably the most crucial point is to
transform a ‘‘nonfunctional tear’’ to a ‘‘functional’’ one and
restore the suspension bridge model proposed by Burkhart5

in order to achieve a satisfactory clinical outcome.
Ju
Conclusion

In summary, this retrospective study suggests that the
size of the initial tear, as well as the age of the patient
are factors negatively affecting the incidence and size of
a recurrent cuff tear at the final clinical outcome.
Nevertheless, large and massive tears treated with
a mini-open technique using a tendon-grasping suture
have a very satisfactory clinical outcome, despite
a significant re-tear rate.
ly 2010 � 6:19 pm � ce D
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