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Shoulder Stiffness
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Background: To compare the clinical outcomes of arthroscopic capsular release in patients with and without inferior capsular release for
shoulder stiffness.

Methods: Between January 2010 and December 2015, 39 patients who underwent arthroscopic capsular release for shoulder stiffness
were enrolled and randomized into two groups. In group I, 19 patients underwent arthroscopic capsular release of the rotator interval
and anterior capsule. In group II, 20 patients underwent arthroscopic capsular release of the anterior to inferior capsule, including the ro-
tator interval. The American Shoulder and Elbow Surgeons score, Constant scoring system, Simple Shoulder Test, visual analogue scale for
pain, and range of motion (ROM) were used for evaluation before surgery, at 3, 6, and 12 months after surgery and on the last follow-up.
Results: Preoperative demographic data revealed no significant differences (p>0.05). The average follow-up was 16.07 months. Both
groups showed significantly increased ROM at the last follow-up compared with preoperative (p<0.05). At the last follow-up, no sta-
tistical differences were found (p>0.05) between groups | and Il in functional scores and ROM (forward flexion, p=0.91; side external
rotation, p=0.17; abduction external rotation, p=0.72; internal rotation, p=0.61). But we found that group Il gained more flexion com-
pared to group | at 3 months and 6 months (p<0.05) after the surgery.

Conclusions: Both techniques of capsular release are effective for stiffness shoulder. However, the extended inferior capsular release
shows superiority in forward flexion over anterior capsular release alone during 6 months of follows-up (level of evidence: Level I, thera-
peutic randomized controlled trial).

(Clin Shoulder Elbow 2017;20(3):117-125)
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Introduction

Shoulder stiffness is a common problem that is traditionally
considered to be self-limiting."” Conservative treatment has usu-
ally been effective, with satisfying results reported in 60% to 80%
of cases.” Many patients with rotator cuff tears not only have
pain, but also have decreased range of motion (ROM) of the
shoulder, which inhibits their function in daily life. Many factors

can lead to such shoulder stiffness in patients with rotator cuff
tears. The exact prevalence of shoulder stiffness combined with
rotator cuff tears is unknown, but it is thought that mild shoulder
stiffness, defined as at least a 20° of restriction in total ROM, ex-
ists in more than 40% of patients with rotator cuff tears.”
Arthroscopic release of the glenohumeral joint has recently
been used with success in the treatment of recalcitrant frozen-
shoulder syndrome.”” Release of the contracture of the Coraco-
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humeral ligament (CHL) and thickening capsule is believed to be
essential to treatment of frozen shoulder.”® However, the extent
of release is still the subject of debate. Besides the CHL and ro-
tator interval, some authors have recommended release of the
subscapularis tendon,” inferior capsule,'” posterior capsule,'"”
or global capsule'” to improve elevation and internal rotation (IR),
as well as external rotation (ER). Pearsall et al." reported that
information regarding preoperative motion loss would precisely
direct selective capsular release.

A number of authors have also recommended posterior cap-
sular release to improve IR."""
et al."” additional posterior capsular release was not associated

' However, according to Snow

with any significant difference in outcome when compared with
anterior release. Chen'” derived a similar result with extended
posterior capsular release, showing that there was no advantage
in function or ROM. Kim et al."” performed a level | study to
compare anterior and inferior capsular release with anterior,
inferior and posterior capsular release. In a one-year follow-up,
there were no significant differences in ROM and functional
scores between groups. Ranalletta et al."” suggested that isolated
anteroinferior capsular release provides reliable improvement in
pain and ROM for primary adhesive capsulitis.

The goal of this study was to determine the extent of capsular
release needed in arthroscopic surgery for shoulder stiffness. To
accomplish this, we compared the clinical outcomes of capsular
release between those with and without inferior capsular release
for shoulder stiffness. The hypothesis of our study was that the
addition of inferior capsular release would contribute to im-
proved outcomes.

Assessed for eligibility (n=152) ]

Methods

Between January 2010 and December 2015, 152 consecu-
tive patients with rotator cuff tear with concomitant stiffness
were enrolled. Inclusion criteria were as follows: patients whose
main symptom was shoulder stiffness, patients with small- to
medium-sized full-thickness rotator cuff tear, and pain and
functional limitation of the shoulder for at least 3 months. All
patients underwent operation after the first visit to an outpatient
clinic and had no conservative treatment period. There are no
universally accepted criteria for the diagnosis of stiffness, but we
determined stiffness by passive range of shoulder motion to be
forward flexion of less than 100° (maximal 150°; forward flexion
is glenohumeral motion without scapulohumeral rhythm), ER
of less than 45° or IR of the back at a level lower than the first
lumbar spine junction.””"” Plain radiographs of the shoulder (true
anteroposterior, supraspinatus outlet, and axial view) and shoul-
der magnetic resonance imaging were checked in all patients.
Patients with concomitant glenohumeral pathologies (Bankart
lesion, superior labrum anterior to posterior lesion), symptomatic
cervical spinal lesion and large or massive cuff tears (tear size
larger than 3 cm or more than 2 concomitant tendon tears) were
excluded, as were patients with a previous history of operation
or fracture. Overall, 55 patients were finally excluded. The base-
line characteristics of the enrolled patients are shown in Fig. 1.

Patients were randomized into two groups through com-
puter-generated blocked-randomization numbers (http://www.
randomizer.org). After arthroscopic confirmation of inclusion
and exclusion criteria, the surgical procedure was determined by
a random number taken from a sealed envelope at the time of

Excluded (n=55)
+ Not meeting the including criteria

Enrollment
Randomized (n=97) ]
Group | allocated to a standard ’ Group Il allocated to anterior to

anterior release (n=49)

inferior capsule release (n=48)

l Allocation l

Received allocated surgery (n=49)]

[Received allocated surgery (n=48)]

v v

Fig. 1. Flow chart shows the conduct of the

Lost follow-up (n=30) ] Follow-up Lost follow-up (n=28)
[ Analyzed (n=19) ] Analyzed [ Analyzed (n=20)

] study according to Consolidated Standards
of Reporting Trials (CONSORT) criteria.
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surgery. All patients were blinded to this treatment and informed
about the advantages and disadvantages of both treatments.

In group |, 19 patients underwent arthroscopic capsular re-
lease of the rotator interval, anterior (a standard anterior release).
In group II, 20 patients underwent arthroscopic capsular release
of the anterior to inferior capsule, including the rotator interval
(a standard anteroinferior release). All patients gave informed
consent before surgery and underwent the same rehabilitation
protocol after the surgery. This study was approved by the insti-
tutional review board.

Glenoid

Fig. 2. Right shoulder glenohumeral joint viewing from the posterior portal.
The rotator interval is done in the right shoulder glenohumeral joint until
coracoacromial (CA) ligament and coracoid process base are exposed.

Humeral head

Anterior capsule

Glenoid

Fig. 3. Right shoulder glenohumeral joint viewing from posterior portal. Ar-
throscopic rotator interval release and anterior capsular release up to the 5:30
position in the right shoulder.

Humeral head

Fig. 4. Right shoulder glenohumeral joint viewing from trans-cuff portal.
Arthroscopic rotator interval release, anterior capsular release and extended
release of the inferior capsule up to 7:00 in the right shoulder.

Table 1. Preoperative Patient Demographic Data

Group*
Variable p-value
Group I Group II
Patient 19 20
Age (yr) 62.32 60.05 0.41
Sex (men/women) 6/13 7/13
Follow-up period (mo) 16.83 15.30
Initial ROM (°)
FF 130.00 121.5 0.61
ERa 78.42 76.00 0.35
ERs 73.16 68.50 0.30
IR 4.53 4.05 0.65
VAS for pain 4.75 5.35 0.41
ASES score 52.89 44.95 0.26
Constant scoring system 73.44 67.40 0.12
KSS 66.78 62.60 0.27
Initial tear size (cm)
AP 126 £6.1 1.34+5.7 0.65
ML 1.69 £5.2 1.66 + 4.7 0.83

Values are presented as number only, mean only, or mean + standard deviation.
ROM: range of motion, FF: forward flexion, ERa: external rotation (ER) at 90°
of abduction, ERs: ER at side, IR: internal rotation, VAS: visual analogue scale,
ASES: American Shoulder and Elbow Surgeons, KSS: Korean shoulder score,
AP: anteroposterior, ML: mediolateral.

*Patients who underwent arthroscopic capsular release for shoulder stiffness
were enrolled and randomized into two groups: group I, patients who under-
went arthroscopic capsular release of the rotator interval, anterior (a standard
anterior release); group II, patients who underwent arthroscopic capsular
release of the anterior to inferior capsule, including the rotator interval (a
standard anteroinferior release).
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Surgical Technique

A senior shoulder specialist conducted all surgical procedures
with the patient under general anesthesia. The patients under-
went standard glenohumeral arthroscopy in the lateral decubitus
position. In group 1, capsular release began with the rotator
interval via 3.0 mm 90° electrocautery (Arthrocare, Sunnyvale,
CA, USA) through the anterior portal (Fig. 2). Anterior capsular
release began below the biceps origin by preserving the glenoid
labrum. The process began superiorly with resection of the supe-

Table 2. Comparison of Range of Motion

Group*
Measure p-value
Group I Group IT
FF (°)
Initial 130.00 £ 12.3 121.50 £ 11.4 0.61
3 months 129.12+£9.1 131.25+£10.1 0.96
6 months 138.24 £ 6.1 137.50 £ 5.2 0.85
12 months 142.73 £ 5.4 14231+ 7.5 1.00
Last F/U 143.75+5.2 143.00 £ 6.3 0.67
ERa (°)
Initial 78.42 +19.3 76.00 +18.2 0.35
3 months 78.24+10.2 78.50 £12.7 0.80
6 months 80.00 £ 9.1 83.50 £ 6.1 0.22
12 months 86.36 £ 5.6 87.69 £7.2 0.61
Last F/U 85.83 +4.1 85.00 +4.2 0.77
ERs (°)
Initial 73.16 +20.5 68.50 + 14.8 0.30
3 months 74.12+15.4 73.50+13.2 0.82
6 months 7529 £9.1 77.00 + 11.7 0.73
12 months 80.91 £ 8.7 82.31+64 0.61
Last F/U 84.17 £5.3 80.00 + 7.1 0.20
IR (°)
Initial 453+24 4.05+ 3.0 0.65
3 months 571+1.7 710+ 1.5 0.18
6 months 7.76 2.5 8.00 +3.1 0.78
12 months 10.36 £ 2.6 9.92+23 0.65
Last F/U 10.50 + 1.6 10.00 £ 1.3 0.46

rior glenohumeral ligament and CHL. Release continued as far
medial as the coracoid process until visualization of the vertical-
oriented fibers of the coracoacroimal ligament and conjoint
tendon. Next, the middle glenohumeral ligament was released
without damaging the subscapularis tendon, and then the ante-
rior band of the inferior glenohumeral ligament was released up
to the 5:30 position in the right shoulder (Fig. 3).

In group 1l, the same procedures were conducted, but there
was extended release of the inferior capsule up to the 7:00
position until the posterior border of the inferior glenohumeral
ligament (Fig. 4). The posterior capsule was not addressed. To
avoid axillary nerve damage, capsular release was conducted
just off the glenoid rim without violating the glenoid labrum.
We believe that axillary nerve damage can be prevented if the

Table 3. Comparisons of Range of Motion Improvement by Period

Group*
Measure p-value
Group I Group II
FF (°)
Initial to 3 months -0.88 9.75 0.03
Initial to 6 months 8.24 16.00 0.03
Initial to 12 months 12.73 20.81 0.17
Initial to last F/U 13.75 21.50 0.06
ERa (°)
Initial to 3 months -0.96 2.00 0.43
Initial to 6 months 1.58 6.5 0.08
Initial to 12 months 7.94 11.69 0.41
Initial to last F/U 8.41 9.00 0.67
ERs (°)
Initial to 3 months 0.96 5.00 0.28
Initial to 6 months 2.13 8.50 0.17
Initial to 12 months 7.75 13.81 0.23
Initial to last F/U 11.01 11.50 0.66
IR (°)
Initial to 3 months 1.18 3.05 0.14
Initial to 6 months 3.24 3.95 0.50
Initial to 12 months 5.83 5.97 0.96
Initial to last F/U 5.97 5.95 0.98

Values are presented as mean + standard deviation.

FF: forward flexion, F/U: follow-up, ERa: external rotation (ER) at 90° of ab-
duction, ERs: ER at side, IR: internal rotation.

*Patients who underwent arthroscopic capsular release for shoulder stiffness
were enrolled and randomized into two groups: group I, patients who under-
went arthroscopic capsular release of the rotator interval, anterior (a standard
anterior release); group II, patients who underwent arthroscopic capsular
release of the anterior to inferior capsule, including the rotator interval (a
standard anteroinferior release).
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were enrolled and randomized into two groups: group I, patients who under-
went arthroscopic capsular release of the rotator interval, anterior (a standard
anterior release); group II, patients who underwent arthroscopic capsular
release of the anterior to inferior capsule, including the rotator interval (a
standard anteroinferior release).
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electrocautery stays just off the glenoid rim. Moreover, electrical
stimulation of electrocautery was helpful in detecting proximity
to the axillary nerve before direct injury.

For small-sized (<1 cm) rotator cuff tears, a single-row repair
was conducted, and a trans osseous equivalent repair (suture
bridge technique) was performed for medium-sized (1-3 cm)
tears. The selection of the surgical method was based on the
location and shape of the torn tendon. Acromioplasty was per-
formed for all type Il and Ill acromions, along with the removal
of sub-acromial spurs. For type | acromions, the acromial under-
surface was smothered.

Rehabilitation

The same standardized rehabilitation protocols were applied
to both groups postoperatively. Starting on the first day after the
operation, pendulum circumduction was conducted, including
gentle passive ROM exercise. An abduction brace was applied
for T month after the operation. Pulley exercises were prescribed
to increase the flexion after T month. When passive shoulder
ROM was restored to 90%, isometric exercises in all planes were
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recommended. Thera-Band exercises, strengthening exercises
for the muscles stabilizing the scapula, and advanced muscle
strengthening exercises with dumbbells were taught 12 weeks
after the operation. All listed procedures were recommended
until the last visit after 12 months. No limit was imposed on use
of the shoulder within a tolerable extent.

Outcome Measurement

Each patient was assessed before surgery and at 3, 6, and 12
months after surgery and at the last follow-up via the American
Shoulder and Elbow Surgeons score® and Constant scoring
system. ROM including forward flexion, ER at side, ER at 90° of
abduction, and IR of the treated shoulder was measured with
a goniometer, and a visual analogue scale (VAS) for pain (0, no
pain; 10, the most severe pain) was used to evaluate all patients
at each visit. IR, measured in the sitting position, was evaluated
by the tip of the thumb reaching the vertebral level. For analysis,
the vertebral level was numbered serially: O for any level below
the sacral region and 1 point added for each level above the
sacrum. The postoperative cuff tendon integrity was assessed at
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Fig. 5. Range of motion (forward flexion, external rotation at abduction and side, internal rotation) had improved significantly in both groups at last follow-up.
There were no significant differences between the two groups at each time point. Patients who underwent arthroscopic capsular release for shoulder stiffness
were enrolled and randomized into two groups: group I, patients who underwent arthroscopic capsular release of the rotator interval, anterior (a standard ante-
rior release); group II, patients who underwent arthroscopic capsular release of the anterior to inferior capsule, including the rotator interval (a standard antero-
inferior release).
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8 weeks and 12 month after the operation using magnetic reso-
nance imaging (MRI). All assessment data were prospectively
collected by a clinical researcher who was blinded to the current
study. Patients were also blinded during the assessment.

Statistical Methods

Statistical analysis was performed with IBM SPSS ver. 21.0
(IBM Co., Armonk, NY, USA). The Mann-Whitney test was used
to compare differences between the outcomes of the 2 groups,
and the Wilcoxon signed rank test was used to compare the dif-
ferences in functional evaluation scores before and after surgery
for each group. A p<0.05 was considered significant.

Results

There were no significant differences in age or sex between
groups (p>0.05) (Table 1). Initial clinical scores before surgi-
cal release in both groups revealed no significant differences
(p>0.05) (Table 1). The mean follow-up period was 16.83
months for the standard anterior capsular release group (group
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Constant scoring system
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0 T T T T
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I) and 15.30 months for the extended inferior capsular release
group (group II). In group |, there were 6 men and 13 women,
with an average age of 62.32 years. In group Il, there were 7
men and 13 women, with an average age of 60.05 years. On
postoperative 12 months follow-up MRI, there was no signifi-
cant difference in re-tear rate between groups. Three patients in
group | (15.8%) and four patients in group Il (20.0%) had type 4
and 5 re-tears according to the Sugaya classification (p>0.05).

The all ROM and functional scores improved significantly in
both groups (p<0.05) at final follow-up. In group I, the mean
improvement of ROM was 13.75° in forward flexion, 11.01° in
ER at side, 8.41° in ER at 90° abduction and 5.97 spinal levels in
IR on the last follow-up. In group I, the mean improvement of
ROM was 21.50° in forward flexion, 11.5% in ER at side, 9° in ER
at 90° abduction and 5.95 spinal levels in IR at the last follow-up
(Table 2).

We found that group Il gained more flexion compared to
group | from 0 to 3 months and from 0 to 6 months (p<0.05)
(Table 3). However, no significant differences were found in
other ROM, pain, and functional scores between groups at
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Fig. 6. Functional scores including visual analogue scale (VAS) score for pain, American Shoulder and Elbow Surgeons (ASES) score, Constant score, and Ko-
rean shoulder score (KSS) had improved significantly in both groups at last follow-up. There were no significant differences between the two groups at each time
point. Patients who underwent arthroscopic capsular release for shoulder stiffness were enrolled and randomized into two groups: group I, patients who under-
went arthroscopic capsular release of the rotator interval, anterior (a standard anterior release); group II, patients who underwent arthroscopic capsular release of
the anterior to inferior capsule, including the rotator interval (a standard anteroinferior release).
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each time point (p>0.05) (Fig. 5, 6, Table 3, 4). No postopera-
tive complications of infection, instability, or axillary nerve injury
were observed in these patients.

Discussion

Shoulders with rotator cuff tears that were stiff before sur-
gery were more likely to be stiff after surgery. A stiffer shoulder
postoperatively correlated with better rotator cuff integrity post-

Table 4. Comparisons of Functional Scores

Group*
Variable p-value
Group I Group II
VAS
Initial 4.75 5.35 0.41
3 months 2.71 3.36 0.32
6 months 1.97 1.97 0.94
12 months 0.82 0.73 0.73
Last F/U 0.67 1.00 0.77
ASES
Initial 52.89 44.95 0.26
3 months 69.29 63.39 0.28
6 months 79.12 79.50 0.94
12 months 88.09 92.55 0.16
Last F/U 93.33 91.70 0.76
Constant scoring system
Initial 73.44 67.40 0.12
3 months 76.47 77.61 0.99
6 months 82.47 83.72 0.68
12 months 88.64 87.73 0.80
Last F/U 92.92 93.30 0.72
KSS
Initial 66.78 62.60 0.27
3 months 72.18 71.78 0.64
6 months 79.38 80.67 0.71
12 months 86.45 88.82 0.55
Last F/U 92.92 91.50 0.63

Values are presented as mean only.

VAS: visual analogue scale, F/U: follow-up, ASES: American Shoulder and
Elbow Surgeons, KSS: Korean shoulder score.

*Patients who underwent arthroscopic capsular release for shoulder stiffness
were enrolled and randomized into two groups: group I, patients who under-
went arthroscopic capsular release of the rotator interval, anterior (a standard
anterior release); group II, patients who underwent arthroscopic capsular
release of the anterior to inferior capsule, including the rotator interval (a
standard anteroinferior release).

operatively.”"” Therefore, concomitant rotator cuff repair with
capsular release should be recommended to the patients who
have rotator cuff repair with stiffness to achieve overall improved
clinical outcomes.

Arthroscopic capsular release has become a reliable method
for restoring ROM in patients with idiopathic frozen shoulder
for which physical therapy and conservative care have failed.” A
nearly normal ROM and good outcome scores can be obtained
with this procedure. In the current study, ROM significantly
improved compared with preoperative values in both groups;
however, it showed superiority for group Il in the forward flexion
until 6 months after surgery.

Histologic studies, open exploration, and arthroscopic obser-
vations have revealed that the CHL and rotator interval are the
major affected areas in frozen shoulder and should be released
to restore passive ER.**** Therefore, it was believed that the an-
terior capsular structures were required to be released to restore
ER and abduction."*** However, none of the studies conducted
to date discussed the extent to which the anterior structures
need to be released. In addition to the rotator interval, CHL, and
middle glenohumeral ligament, Pearsall et al.” recommended
releasing the intra-articular subscapularis tendon without signifi-
cant morbidity.

A release of the superior and middle glenohumeral ligaments,
the rotator interval, the CHL, and the intra-articular portion of
the subscapularis increased the range of ER, whereas release of
the anteroinferior capsule, including the anterior band of the
inferior glenohumeral ligament, improved the elevation range.
However, arthroscopic posterior capsular release is controversial.
Selective posterior capsular release or circumferential release
around the joint capsule was advocated in some studies for re-
covery of IR.**” Kim et al."” found that the range of ER tended
to be better in the posterior extended capsular release group
until 6 months after surgery, but that it did not shown any signifi-
cant differences and that observed differences did not last be-
yond one year after surgery. Moreover, Codding et al.” reported
that selective arthroscopic posterior-inferior capsular release may
be a reasonable solution in overhead athletes with symptomatic
glenohumeral IR deficit.

We believe that treatment should be directed at the rotator
interval and the contracted CHL, as this is the site of primary
pathology in idiopathic adhesive capsulitis. We found that the
range of elevation tended to be better in group Il (standard an-
terior inferior capsular release) until 6 months after surgery. We
cautiously state that there was an apparent benefit in terms of
flexion with additional inferior capsular release. Miyazaki et al.””
found that there were better improvements in pain, IR and ER in
patients who underwent anteroinferior capsulotomy.

It should be noted that there were several limitations to
this study. First, the size of the enrolled patients is quite small.

www.cisejournal.org 123



| Clinics in Shoulder and Elbow
| Vol. 20, No. 3, September, 2017

Moreover, there was no control group. For these reasons, it was
difficult to determine what percentage of patients would have
improved without rotator interval release and capsulectomy.
Second, the mean follow-up period was relatively short. For
both groups, it was 16.1 months. However, shoulder stiffness
does not recur once it has healed, and it is unlikely that the re-
sults may get worse with time. Finally, there were no long-term
results. Overall, the results might have been more reliable with
more enrolled patients and additional long-term data.

Conclusion

Arthroscopic capsular release is a reliable method for reliev-
ing pain and improving clinical function in patients with shoul-
der stiffness. However, the addition of inferior capsular release
shows superiority in forward flexion over anterior capsular re-
lease alone at 6 months follows-up.
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