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ABSTRACT

AIM: Diabetic patients increase today, and postoperative joint
contractures are often seen as well. In this study, we compared the
postoperative outcomes of arthroscopic rotator cuff repair (ARCR)
and duration of rehabilitation intervention between DM and non-DM
patients.

MATERIAL AND METHODS: In total, 231 patients who under-
went ARCR were included in this study (DM patients, 58; non-DM
patients 173). The mean age of all subjects was 63.8 + 11.0(SD) years.
We compared the two groups in terms of the pre and postoperative
University of California Los Angeles (UCLA) and Japan Orthopaedic
Association (JOA) scores, flexion angles at postoperative 3 months
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and at the end of rehabilitation, and the duration of rehabilitation.
RESULTS: No significant differences were observed between the
two groups in terms of UCLA and JOA scores determined 6 months
and 1 year postoperatively and MRI-based ARCR levels 3 months,
6 months and 1 year postoperatively. The flexion angle at the end
of rehabilitation did not differ significantly between the DM group
148.1 £ 16.6 (SD)° and the non DM group 153.3 + 11.8 (SD)®, and
they were similar values. Rehabilitation required an average of 7.5
+ 3.3 (SD) months and 5.3 + 1.5 (SD) months in the DM and non-
DM groups, and a significant difference was observed between the 2
groups.

CONCLUSION: Preoperative and postoperative UCLA and JOA
scores did not significantly differ between the two groups. The DM
group required a rehabilitation period of about 2 months compared to
the non DM group.

Level of evidence: Level 111, Retrospective comparative study.

Key words: Arthroscopic rotator cuff repair (ARCR); Diabetes mel-
litus (DM); Patients with and without DM; Rehabilitation interven-
tion period
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INTRODUCTION

Diabetes mellitus is one of the most common and chronic diseases
affecting the health of millions of people worldwide, and its
occurrence has been increasing. Over the past 10 years, one in four to
five patients who underwent arthroscopic rotator cuff repair (ARCR)
at our hospital had a history of DM. It is thought that peripheral
microangiopathy due to diabetes not only causes complications,
including neuropathy, nephropathy, and retinopathy, but also affects
postoperative clinical outcomes following ARCR!"!. This study
aimed to compare the postoperative outcomes, range of motion, and
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rehabilitation intervention period between patients with and without
DM.

MATERIALS AND METHODS

In this study, we examined patients who were diagnosed as DM
based on the guidelines® at our department internal medicine at the
time of surgery and were receiving treatment, such as diet therapy,
oral therapy, and insulin injections. We excluded pre-diabetic patients
from this study. We enrolled 231 patients (mean age + SD: 63.8 +
11.0 years) who underwent ARCR at our hospital from January 2012
to October 2015. This research has been approved by the IRB of the
authors’ affiliated institutions. The study cohort comprised 58 patients
with DM (mean age + SD: 67.3 + 8.4years) and 173 patients without
DM (mean age = SD: 63.0 + 11.3 years). Based on the Cofield clas-
sification’®! (small < 1 cm; medium 1-3 c¢m; large 3-5 cm), we defined
tears < 3 cm in size as small-to-medium tears and those > 3 cm as
large tears. We excluded incomplete tears due to difficulty in distin-
guishing it from shoulder joint periarthritis and extensive tears of
>5 cm. The DM group comprised 24 patients with small-to-medium
tears, and 34 with large tears, whereas the non-DM group included
74 patients with small-to-medium tears, and 99 with large tears, with
no significant difference observed on the chi-square test (p = 0.853)
(Table 1).

All the patients underwent surgery under general anesthesia and
interscalene block in the lateral recumbent position with bidirectional
traction. We mainly used the suture bridge.

Method to repair complete tears. First, we inserted one anchor
every 1 cm into the medial side of the greater tuberosity, followed by
relaying sutures using Suture Grasper™ and SutureLasso™. Depend-
ing on the bone quality and age, anchors used on the lateral side com-
prised the VERSALOK® anchor (Johnson & Johnson Ltd.), PopLok®
anchor (Zimmer Ltd.), and HEALIX ADVANCE KNOTLESS BR®
anchor (Johnson & Johnson Ltd.). In rehabilitation, after surgery,
abduction shoulder brace (Ultra Sling II, DONJOY, US) for 3 weeks
(period extended according to pain). From the day after surgery del-
toid isometric exercise were gently performed. With small and me-
dium size tears, passive ROM training on the surface of the shoulder
blades started from 1 week after surgery and automatic exercise took
place from 6 weeks. Also, with large tears, passive ROM training on
the surface of the shoulder blades started 2 weeks after surgery and
automatic exercise took place from 8 weeks. We excluded one patient
who developed contracture due to complex regional pain syndrome
(CRPS) of the hand, requiring prolonged rehabilitation for over 2
years. Furthermore, no patient developed an infection during the
study period.

In this study, examination items included pre- and postoperative
University of California at Los Angeles (UCLA) score and Japan
Orthopaedic Association (JOA) scores to evaluate shoulder disorders
and flexion angle before surgery, at 3 months postoperatively, and on
completion of rehabilitation. Furthermore, we compared the rehabili-
tation intervention duration between the two groups. At our hospital,
all patients are explained the criteria for the completion of rehabilita-
tion when commencing rehabilitation after ARCR: rehabilitation will
be completed when the elevation angle reaches 150°, and as a general
rule, we aim to complete rehabilitation within 5 months to which
health insurance is applied.

We evaluated the state of postoperative rotator cuff repair using
magnetic resonance imaging (MRI) according to a five-point scale
(Sugaya’s classification!®: type I, indicating sufficient thickness with
homogeneously low intensity; type 11, sufficient thickness with par-
tial high intensity; type III, insufficient thickness without discontinu-
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ity; type IV, the presence of a minor discontinuity; and type V, the
presence of a major discontinuity) at 3 months, 6 months, and 1 year
postoperatively, with type 4 and 5 defined as a re-tear. Furthermore,
the numeric rating scale (NRS, 0-10) pain scores preoperatively and
on day 2, week 1, and week 2 postoperatively were compared with
those at month 3 postoperatively.

We performed statistical analyses using the chi-square test, Mann-
Whitney U-test, and Wilcoxon test. For all the tests, we considered p
< 0.05 as statistically significant.

RESULTS

In the DM group, the UCLA scores increased from the preoperative
mean of 15.2 + 2.5 (SD) to postoperative mean of 31.4 + 1.5 (SD)
and the JOA scores increased from the preoperative mean of 63.6 +
10.4 (SD) to postoperative mean of 91.8 + 4.2 (SD); however, in the
non-DM group, the UCLA scores increased from preoprative mean
of 16.3 + 1.9 (SD) to postoperative mean of 32.9 + 5.9 (SD) and the
JOA scores increased from the preoperative mean of 68.2 £ 12.0

Table 1 Patient characteristics at baseline.

DM group |nonDM group |P

(n=58) (n=173) value
age at surgery (range) [67.3(19-91) |63.0(50-81) 0.065
female/Male 35/23 96/77 0.519
tear size (small,medium/large) 24/34 74/99 0.853
Symptomic period (months) |(range) |13.2(0.5-240)|14.2(0.1-360) |0.84
Preoperative UCLA score  [(SD) 152(25) |16.3(1.9) 0.124
Preoperative JOA score (SD) 63.6(10.4) 68.2(12.0) 0.234
Preoperative elevation angle|(SD) 111.2 (38.0) [113.8 (48.0) |0.812
Preoperative NRS (0-10)  [5.32 565 0.977
follow-up period (months) |(range) (38.3 (24-78) |34.4 (24-47) |0.184

DM: Diabetes mellitus, SD: Standard Deviation, UCLA: University of
California Los Angeles, JOA: Japan Orthopaedic Association, NRS:
numeric rating scale

Table 2 Evaluation and comparison of MRI in DM and non-DM groups.

Sugaya's MRI classification DM nonDM P value
Typel-3 49 154

Post op. 3M 0.36
Type4,5 9 19
Typel-3 49 144

Post op. 6M 0.825
Type4,5 9 29
Typel-3 44 145

Post op. 12M 0.174
Type4,5 14 28

MRI: Magnetic Resonance Imaging, Op.:Operation, M: Months.
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Figure 1 Relationship between elevation angle and rehabilitation
intervention period in each group. * denotes statistical significance in
the rehabilitation intervention period in the 2 groups < 0.05. ** denotes
statistical significance in elevation angle between 2 groups at 3 months
postoperative, p < 0.01.



(SD) to postoperative mean of 90.8 + 6.9 (SD). Thus, both the groups
exhibited an improvement with a significant difference between
preoperative and postoperative scores (p < 0.0001), but the difference
between the groups was not statistically significant. We double-
checked the MR images from a radiologist to determine the state of
rotator cuff repair. In the DM group, at 3 months postoperatively,
we observed types 1-3 in 84.4% of patients and type 4 and 5 in
15.6%. At 1 year postoperatively, we observed types 1-3 in 75.8%
of patients and type 4 and 5 in 24.2%. In the non-DM group, at 3
months postoperatively, types 1-3 were observed in 89.0% of patients
and type 4 and 5 in 11.0%, and at 1 year postoperatively, types 1-3
were observed in 83.8% and type 4 and 5 in 16.2%. There were no
significant differences between the two groups in the re-tear rate for 3
months, 6 months and 1 year postoperatively (Table 2).

In the DM and non-DM groups, we examined the changes in
the shoulder elevation angle and the number of days until the
completion of rehabilitation. In the non-DM group, the angle of
elevation changed from the preoperative mean of 113.8° + 48.0°
(SD) to 134.2° + 13.1° (SD) at 3 months postoperatively and to
153.3° £ 11.8° (SD) at the final examination, with a mean time to
rehabilitation completion of 5.3 = 1.5 (SD) months. In the DM group,
the angle of elevation changed from the preoperative mean of 111.1°
+38.0° (SD) to 121.8° £ 17.7° (SD) at 3 months postoperatively and
to 148.2° £ 16.6° (SD) at the final examination, with a mean time to
rehabilitation completion of 7.5 + 3.3 (SD) months (Figure 1).

At 3 months postoperatively, the flexion angle was 12.4°
greater in the non-DM group than that in the DM group.
Significant difference was found in the Mann-Whitney test (p
< 0.01) between the two groups. Although the flexion angle at
the end of rehabilitation did not differ significantly between the
two groups, but we observed a significant difference in the time
until completion of rehabilitation between the groups (p < 0.01).

In this study, we evaluated the improvement in NRS scores
preoperatively and at 2 days, 1 week, and 2 weeks postoperatively;
both the groups showed similar improvement. A comparison of the
pain scores of JOA obtained at 6 months postoperatively revealed that
the scores increased from the preoperative mean of 15.2 = 3.3 (SD)
to postoperative mean of 25.9 + 3.5 (SD) in the DM group and from
14.6 £ 4.5 (SD) to 25.9 = 3.5 (SD) in the non-DM group. Both the
groups exhibited a significant improvement in scores (p < 0.0001),
and the difference between the groups was not statistically significant.

Case

The subject was a 66-year-old male with a history of type 2 diabetes
since the age of 40 years and was receiving insulin therapy. He
presented with an injury to the left shoulder because of a fall. Physical
examination revealed the following findings: left shoulder elevation,
90°; external rotation with arms hanging down, 20°; passive internal
rotation at the buttock level; right shoulder flexion, 150°; external
rotation with arms hanging down, 30°, and passive internal rotation,
5 lumbar level. Both his left shoulder impingement signs and
supraspinatus tendon test results were positive, the left shoulder
UCLA score was 12, JOA score was 67 (pain score, 20; function
score, 14; and range of motion score, 13). In addition, HbAlc level
was 6.2% (reference range: 4.6%-6.2%) The HbAlc level was 6.2%
and the control was good. Furthermore, MRI findings suspected
large tear of the supraspinatus tendon (Figure 2A). Accordingly, the
subject underwent rehabilitation on an outpatient basis; however,
he experienced persistent limited range of motion, night pain, and
sleeplessness. Thus, we performed ARCR. His intraoperative findings
included synovial proliferation with congestion in the rotator interval
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Figure 2 T2-weighted oblique coronary MRI images.
(B): 1 year after operation.

humeral head, R: rotator interval,

Figure 3 Arthroscopic view. (-A):
Su: subscapularis tendon, P: probe. (B): S: torn supraspinatus tendon G:
greater tuberosity.

(Figure 3A). Degenerative tear tendon and irregular greater tuberosity
image was observed from glenohumeral view Figure 3B). Thus, we
performed ARCR using the suture bridge method. A 1-year follow-up
MRI revealed good recovery (Sugaya’s classification type 1; Figure
2B). However, it took about 7 months to improve the range of motion
of the shoulder joint.
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DISCUSSION

The increasing prevalence of DM is marked by a growing rate of three
major DM-related complications, including retinopathy, nephropathy,
and neuropathy, and disturbances of the musculoskeletal system!,
Of these, adhesive capsulitis and frozen shoulder are reported in
approximately 20% of patients with DM; in addition, several patients
with DM complain of a limited range of motion and pain in the
shoulder twice as much as that in non-DM patients!®. At our hospital,
one in four to five patients who undergo ARCR have diabetes. This
study included patients with rotator cuff injury and tear; however,
this rate is anticipated to increase further with the addition of patients
who undergo shoulder mobilization alone for joint contracture. Thus,
this study presents intraoperative articular findings for 58 patients
with DM who underwent ARCR at our hospital. In the glenohumeral
joint, we determined that many patients exhibit inflammatory
synovial hyperplasia with congestion in the rotator interval, around
the biceps brachii tendon, and in the joint capsule. Furthermore, in
the subacromial bursa, compared with non-DM patients, patients
with DM exhibited more severe inflammatory bursitis and ischemic
synovial hyperplasia. Among patients with poor diabetes control
or with long-term diabetes and untreated severe contracture, some
experience fibrosis progression and develop adhesion of the deltoid
muscles and bursa. In future, we intend to examine arthroscopic and
pathological findings in synovial tissue based on the blood glucose
control and disease duration. The three-month postoperative MRI in
this study revealed a reduction in tenosynovitis of the biceps brachii
tendon and articular swelling compared with those in preoperative
MRI; however, symptoms persisted in many patients. Abate et al.[”
ultrasonographically examined elderly patients without shoulder pain
or dysfunction and with asymptomatic diabetes and observed higher
incidences of swelling of the subacromial bursa and tenosynovitis
of the biceps brachii tendon than those in the control group. Their
findings were consistent with our arthroscopic and MRI findings at 3
months postoperatively.

Perhaps, the presence or absence of as well as the control of diabe-
tes affect postoperative outcomes and duration of rehabilitation due
to joint contracture. Chen et al® performed open surgery in 30 pa-
tients with type 1 diabetes who sustained complete rotator cuff tears
and reported that the active and passive range of motion was smaller,
with an ultimate range of motion 90%, than that of the control group,
and that three patients had deep infection, all of whom developed
re-tear. Furthermore, Tsuruta et al® performed arthroscopic surgery
in 10 patients without large tears and with good control of diabetes.
They reported no postoperative re-tears and no significant difference
between the DM and non-DM groups for the range of motion, JOA
score, and muscle strength. Thus, we can assert that if the tear is
small and diabetes control is good, postoperative outcomes will be
good. Further, arthroscopic surgery is considered to provide better
results with fewer complications. This study examined 58 patients
with DM and 173 without DM and observed no significant difference
in the postoperative UCLA, JOA scores and evaluation of rotator cuff
repair on MRI, which were consistent with previous studies. Further-
more, we examined the target range of motion (elevation angle) and
rehabilitation duration. At 3 months postoperatively, the elevation
angle was 12.4° smaller in the DM group than in the non-DM group.
The non-DM group completed rehabilitation with the elevation angle
of 153.3° in rehabilitation intervention period of 5.3 months. This is
almost consistent with the rehabilitable 150-day rule using health in-
surance in Japan since April 2006!"%, and this time it is set as the goal
in the rehabilitation period.
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In the DM group, however, rehabilitation was completed in 7.5
months, with an elevation angle of 148.2°. It was an approximated
value with the non-DM group and there was no significant difference.
Furthermore, prolonging the rehabilitation period by approximately
2 months resulted in the achievement of roughly the same elevation
angle as that in the non-DM group. Moreover, this study suggested
that the short target elevation angle should be approximately 150°,
which is approximately the range of motion needed to brush one’s
hair. In the rehabilitation following ARCR for patients with DM, we
believe that these should be established as the target range of motion
and duration. Continued observation in the medium to long term is
necessary. Of note, we did not evaluate pre- and postoperative HbAlc
levels in this study, and the control of diabetes would have varied
among cases. In future, we intend to compare the clinical outcomes
according to pre- and postoperative control of diabetes.

CONCLUSIONS

1. We examined the postoperative outcomes of 231 patients who
underwent ARCR by segregating them into the DM and non-DM
groups.

2. No significant difference was observed in the UCLA, JOA
scores, postoperative pain, and rotator cuff repair on MRI.

3. Even when the end of rehabilitation for non-diabetic group was
set to 5 months, in the DM group, prolonging the rehabilitation dura-
tion by approximately 2 months facilitated the achievement of an
elevation angle (approximately 150°) that was approximately compa-
rable to that in the non-DM group.
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