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Abstract:

Background: Rotator cuff tear is one of the most common sources of shoulder pain. Surgical indications for
rotator cuff tear are one of the current topics for discussion. In this study, whether the integrity of the rotator
cuff repair preserved was examined and the effects of re-tear on clinical outcome were assessed.

Methods: Patients whom were operated with open or mini-open rotator cuff repair technique were re-called.
Clinical results were evaluated according to Constant-Murley and ASES scoring systems. Both shoulders of the
patients were evaluated clinically. In addition, patients were examined by ultrasound for determining tendon
integrity and with a analog dynamometer for muscle strength.

Results: The mean age of the 49 included patients (31 female, 18 male) was 55 (38-74). Mean follow-up time
was 59 (12-119) months with a minimum of 18 months. Although, USG examination in 11 patients (22%)
revealed a re-tear, subjective satisfaction level was stated as excellent and good by %94 of the patients. When
integrity of the tendon and data were evaluated, older age and tear size were found as negative predictive
factors for re-tear.

Conclusion: Although quite satisfactory medium-term functional outcomes were obtained with open and mini-
open rotator cuff repairs, clinical results shown not to be parallel with the integrity of repair. Patient
characteristics and tear properties should be considered while determining an indication for treatment of
rotator cuff tears. Patients with advanced age and a large defect, should be informed for the risk of re-rupture
to occur.

Keywords: Rotator cuff, integrity, ultrasonography, dynamometer, repair, open, mini-open, re-tear.
Abbreviations: BMI: body-mass index, ROM: range of motion, CM: Constant-Murley score
ASES: American Shoulder and Elbow Surgeons score,

VAS: Visual Analog Scale, NCSS®: Number Cruncher Statistical System,

PASS®: Power Analysis and Sample Size

USG: Ultrasonography, MRI: Magnetic Resonance Imaging
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1. INTRODUCTION

Rotator cuff tear is one of the major causes of shoulder pain. Advances in cuff surgery over the last
decades have provided better shoulder function and satisfaction in patients with rotator cuff tears [1-
9]. However, in a short to mid-term follow-up, several studies reported re-tears after surgically
repaired rotator cuff tears [2, 4, 10, 11, 13-18].

It is well-known that patient-related or biological factors affect the healing process of a repaired
tendon [11, 12, 19]. But, the correlation of tendon integrity with clinical outcome is controversial
throughout the current literature, and that causes difficulty while informing patient about the expected
results after surgery [4, 6, 14-16, 21, 22].

We hypothesized that, in surgically treated rotator cuff tears, some preoperative patient-related factors
might give some clues for possible re-tears throughout a mid-term follow-up period and would affect
the clinical outcome. Therefore, in surgically treated rotator cuff tears, this study was performed to
find out; (1) the patient-related factors that might influence re-tear rate, (2) and the correlation
between tendon integrity and functional outcome as well as patient satisfaction in a mid-term follow-
up period.

2. MATERIALS AND METHODS

We retrospectively re-called 65 consecutive rotator cuff tear patients treated with open or mini-open
technique by the same senior surgeon at a third step health-care center. Patients with partial to
massive tears and with at least 18 months of follow-up were included in the study. Exclusion criteria
were (1) refusal for the follow-up, (2) glenohumeral arthrosis, (3) bilateral operation, (4) previous
surgery of the shoulder, (5) muscle weakness on upper extremity due to any neurovascular reason, (6)
missing pre-operative or per-operative data. Three of patients were died of various reasons, 2 of them
had been living abroad, 5 of them cannot be reached by given phone numbers or addresses and 6 of
them refused the follow-up because of co-morbidities. After exclusions, 49 patients (31 men, 18
women) were enrolled into the study.

Informed consent was given by all patients, and permission was obtained from the local ethics
committee. Age, occupation, cigarette use, diabetes mellitus existence, and body-mass index (BMI)
were obtained from the patients’ preoperative folders.

In the surgical technique, diagnostic glenohumeral arthroscopy was routinely done and if needed,
arthroscopic subacromial decompression, bursectomy, and release of the coracohumeral ligament
were performed. The rotator cuff tendon tear was repaired either with an open or a mini-open
approach in regards to the tear size and senior surgeons’ choice. A calibrated hook device was used to
measure tear size. The tears were categorized as small (less than 1 ¢m in diameter), medium (1-3 cm
diameter), large (3-5 cm diameter), and massive (more than 5 cm diameter) according to DeQOrio and
Cofield classification system.

Postoperatively, a shoulder immobilizing sling with abduction pillow was prescribed to each patient.
Gentle passive forward flexion was started on the postoperative day. Active assisted range of motion
(ROM) exercises was started after the postoperative 4 to 6 weeks, depending on the patients’
tolerance. Active resisted strengthening exercises were started 6 to 8 weeks after the operation.
Patients were permitted to do daily light activities 2 to 3 months after surgery. Sports activities were
allowed after postoperative 6 months.

Patients were called for last follow-up and grouped as “Intact” and “Re-tear’ groups in regards to the
ultrasonographic examination of rotator cuff tendon integrity by a senior musculoskeletal radiologist.
The radiologist was blinded about the clinical results of the patients. GE LOGIQ E9 system (General
Electrics, Inc., Connecticut, USA) with 5 and 10 Mhz. (megahertz) linear probes were used to
examine the tendon integrity. Physical examination of the patients was performed by an orthopaedic
surgeon who was not participated in the surgical procedure. ROM, muscle strength measured by an
analog dynamometer (Baseline Evaluation Instruments, Fabrication Enterprises, Inc., New York,
USA), satisfaction state, Constant-Murley (CM) score, ASES (American Shoulder and Elbow
Surgeons) score, visual analog scale (VAS) for pain score were recorded. Higher VAS scores
indicated a higher pain level.
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The strength of the rotator cuff was tested with an analog dynamometer and patients were at upright
standing position during the test. Analog dynamometer was fixed to a connection device on the wall.
And the position of this connection device could be adjusted according to the tested muscle and height
of the patient. Forward elevation was tested while the hand was at empty-can position, internal and
external rotation was tested while the arm was adducted and elbow was fixed at 90° flexion. Statistical
analysis was performed using NCSS® (Number Cruncher Statistical System) version 2007 and
PASS® (Power Analysis and Sample Size) version 2008 (NCSS, LLC, Utah, USA). Descriptive
analysis of the demographic data was created as mean, standard deviation, median, frequency and
percentages. Comparisons and correlations were made between ‘Intact’ and ‘Re-tear’ groups at last
follow-up. Student t test and Mann Whitney U test were used for comparison of numerical data. Chi
square and Fisher’s exact test were used for comparison of qualitative data. Spearman’s correlation
analysis was used to determine the relationship between the parameters which were checked for
correlation.

3. RESULTS

There were 38 patients in the ‘Intact’ group (77,6 %) and 11 patients (22,4%) in the ‘Re-tear’ group.
Re-tear rate of men was found as 19% and of women was found as 28% (p=0.49). The mean age of
the patients was 53.1 (range, 38-69) years for ‘Intact’ group and 60.8 (range, 44-74) years for ‘Re-
tear’ group (p=0,002). The mean follow-up was 63.4 months for ‘Intact’ group and 43.8 months for
‘Re-tear’ group (p=0,027). Demographic data of the groups are listed in table I.

Tablel:

Intact group (n=38) | Re-teargroup (n=11) | p value
Age (year) 53,1 60,8 0,002
Follow-up time (month) 63,4 43,8 0,027
Non-worker 21 (77,8%) 6 (22,2%)
Occupation (n) Retired 10 (76,9%) 3 (23,1%) 1*
Worker 7 (77,8%) 2 (22,2%)
Non-smoker 23 (82,1%) 5 (17,9%)
Cigarette use (n) Smoker 11 (78,6%) 3 (21,4%) 0,449*
Quitted 4 (57,1%) 3 (42,9%)
. . Yes 5 (71,4%) 2 (28,6%) +
Diabetes Mellitus (n) No 33 (78.6%) 9 (21.4%) 0,646
Normal (<25) 6 (75%) 2 (25%) +
BMI (n) Overweight (25<) | 32 (78%) 9 (22%) 0,85

BMI, Body Mass Index; *, Fisher Freeman Halton test; *, Fisher’s Exact test

Twelve of the patients were operated with the open technique and 37 were operated with mini-open.
The mean per-operative tendon defect at coronal plane was 1,74 + 0,99 cm. for ‘Intact’ group and
2,27 £ 1,13 cm. for ‘Re-tear’ group (p=0,072). There were 2 massive, 4 large, 22 medium and 21
small tears in this study. (Table I1)

Table2:
Intact group Re-tear group
n % n % p value”
Small 16 84.2 3 15.8
Medium 18 81.8 4 18.2
Large 3 60.0 2 40.0 0.146
Massive 1 33.3 2 66.7

*, Mann Whitney-U test

The mean abduction degree was significantly decreased (p=0.029) for “Intact” group (158,16° +
22,99°) when compared with “Re-tear” group (169,09° + 5,39°). Internal rotation level was
significantly higher (interscapular) for “Intact” group (n=19) when compared with “Re-tear” group
(n=0). Otherwise, there was no significant difference between two groups by means of ROM (Table
I11). The muscle strength calculated with dynamometer was not significantly different between groups
for forward elevation, external rotation, and internal rotation (Table V).
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Table3:
Intact group (n=38) Re-tear group (n=11) P value
FE 165° + 22,27° 169,09° + 5,39° 0,889*
ER 50,79° + 14,22° 44,55° + 14,39° 0,238*
ABD 158,16° + 22,99° 169,09° + 5,39° 0,029*
ER at 90° ABD 83,68° + 11,72° 77,27° + 22,84° 0,452*
IR Interscapular | n=19 (50%) n=0 (0%)
(Ievel) Thoracic n=18 (47,4%) n=10 (90,9%) 0,003"
Lumbar n=1 (2,6%) n=1 (9,1%)
ROM, Range of motion; USG, Ultrasonography; SD, Standard deviation; *, Chi-square test; FE, Forward

elevation; ER, External rotation; ABD, Abduction; IR, Internal rotation; USG, Ultrasonography; *, Mann

Whitney-U test

Table4:
Intact group (kg.) Re-tear group (kg.) P value®
Mean + SD (median) Mean + SD (median)
FE 5,87 + 2,07 (6) 4,77+ 1,98 (4,5) 0,126
ER 6,64 + 2,19 (6) 6,27 + 2,42 (5) 0,432
IR 5,2+ 1,51 (5) 4,77 £ 1,65 (5) 0,371

USG, Ultrasonography; SD, Standard deviation; *, Mann Whitney-U test; FE, Forward elevation; ER, External
rotation; IR, Internal rotation.

Mean VAS score was 0,37 £ 1,32 in intact group and 1,00 + 1,67 in re-tear group (p=0,029). Mean
CM scores of the intact group was 80,1 and of re-tear group was 74,1 at last follow-up (p=0,143).
Mean ASES scores of the intact group was 94,6 and of re-tear group was 87,4 at last follow-up
(p=0,197). And as the follow-up time increases, CM (p=0,036) and ASES (p=0,009) scores
deteriorates with time in the re-tear group but these scores get better in the intact group with

increasing follow-up period (Figure 1 and 2).
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Figurel: CM score deterioration in re-tear group
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Figure2: ASES score deterioration in re-tear group

Subjective satisfaction level was stated as ‘satisfied’ by 94,7% (n=36) of intact group and %91 (n=10)
of re-tear group was stated as ‘satisfied’.

4. DISCUSSION

Rotator cuff tears are one of the most commonly diagnosed orthopedic problems of the upper
extremity. Prevalence of rotator cuff tears is age-related, and is thought to be more than 50% of
patients over 60 years of age [22]. Recent developments in shoulder surgery aim to have better
shoulder function and less pain after treatment of patients with rotator cuff tear. Although the studies,
which had been done on the security of the repair technigues, led to the development of repair; recent
evidence directs our attention towards biology [19]. In a recently reported review by Mall et al, only
age, fatty infiltration and tear size were found to be a predictor and authors found that outcome scores
were affected by tendon status but patient perceived outcomes were not [12]. Currently there are
questions about predictive factors for a re-tear and what if a re-tear occurs. So, it becomes difficult to
inform a patient about the expected results after surgery. Therefore, this study evaluates the pre-
operative demographic data and peroperative factors that may influence tendon integrity and
correlation between tendon integrity and clinical outcome for mini-open or open repair of rotator cuff
tears in a mid-term follow-up period.

Lack of dynamometer values of pre-operative muscle strength, lack of preoperative ASES scores,
different surgical techniques, low percentage of included patients (75%) and third-step health care
unit bias were limitations of this study.

Among the demographic data and peroperative factors, only age was found to be a predictor of tendon
integrity (p=0,002). Also mean per-operative tendon defect at coronal plane was smaller for intact
group but statistical power of this data was weak (p=0,072). There are high number of reports in the
literature which agreed in the idea that age and defect size are the most consistent two independent
factors for rotator cuff integrity [6, 13, 25, 39, 45, 46]. Although, in the literature cigarette smoking
[47, 48] was found to be a predictor of tendon integrity, probably depending on the small number of
our cohort, we were not able to find any relation.
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The re-tear rates after open, ‘‘mini-open’’ and arthroscopic repair have improved during recent
decades, as demonstrated by arthrography [23,24], ultrasonography [13,25] and magnetic resonance
imaging (MRI) [26-29]. USG was used to evaluate the tendon integrity at last control in this study. As
mentioned in the literature, however it’s a user dependent technique, USG is a superior method for
postoperative imaging of the shoulder when done by an experienced musculoskeletal radiologist [30]
and also it has greater specifity compared to other imaging modalities [30,31].

In current study re-tear rate was found as 22,4% (n=11) on USG examination at last control. Re-tear
rate of this study compares parallelly with the rates of 20-60% that were reported in the literature for
open or mini-open rotator cuff repairs [6,10,13,19-21,23,25,32-35]. Relatively lower re-tear rate that
was found in this study may be attributable to relatively smaller mean defect size (1,86 cm.) and
relatively younger patient population (Mean age - 55 years) . There are many reports which
demonstrated that chronic and massive tears have a high re-tear rate after open or arthroscopic repairs
[4-6, 13, 14, 20, 34, 36-43]. Re-tear was seen at 17 of 18 tendons by ultrasound in a study with a
minimum follow-up of 12 months [25]. In a prospective study, the overall re-tear rate was found as
40% [29]. After open repair, tendon integrity was to be found as 60% for two-tendon tears in a report
[13] and in another study that was done after open repair, it was found that two-tendon tears were
intact in 50% and three-tendon tears in 33% [6]. After repair of tears smaller than 3 cm, open and
arthroscopic RCR provided satisfactory clinical results, with a high rate (74% for open, 84% for
arthroscopic) of rotator cuff integrity after a minimum follow-up of 1 year [38].

The effects of tendon integrity on clinical outcome after rotator cuff repair had been researched in the
literature over recent years. Although a positive effect of tendon integrity on clinical outcome was
found in many of them [4, 6, 14, 15, 20, 49], some of those studies reported a weak correlation
between tendon integrity and clinical outcome after repair of medium and large tears [13, 20, 21].
Many reporters found that muscle strength and mean abduction degree were higher for intact groups.
[6, 33, 34, 39] In the current study, subjective satisfaction level was not seemed to be affected by
tendon status. When the correlation between the tendon integrity and clinical results was checked,
only internal rotation active ROM and VAS were seemed to be better in intact group. Lower mean
abduction degree for “Intact” group and relatively small difference of muscle strength between two
groups were unexpected results in this study. We thought that this result may be attributable to the
longer mean follow-up time of “Intact” group.

Effects of tendon integrity on functional outcome have been asked throughout the literature.
Correlation between integrity and functional outcome was not found in a report which was evaluated
tendon integrity with MRI after single tendon tear repair of 31 patients and found a re-tear rate of 32%
[21]. A recent study with 9,9 years mean follow-up time was revealed that patients were satisfied with
the results after open repair of massive tears despite the high re-tear rate (57%) [43]. That study group
was also evaluated those patients at 3,2 years follow-up and they stated that re-tear rate increases with
time but subjective satisfaction level remains almost same [43]. In a prospective study of 32 open
repairs, re-tear rate was found to be as 31% after minimum 1 year follow-up but clinical outcome was
not seemed to be affected by integrity [41]. When the CM and ASES scores of the intact and re-tear
group were compared, scores of re-tear group seems to be lower but a statistical difference did not
exist in our cohort. And as the follow-up time increases, CM and ASES scores deteriorates with time
in the re-tear group. This finding was supported by the results of a report which found 94% re-tear
rate and deterioration of ASES score with longer follow-up time [25].

5. CONCLUSION

When the current study and literature evaluated, it should be thought that open and mini-open repair
of rotator cuff tears have satisfactory mid-term functional results but clinical outcome does not seem
to correlate with tendon integrity. As the tear size and age were found to be most important two
factors on tendon integrity, older patients and patients with high defect size should be informed about
re-tear possibility and what if a re-tear occurs.
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