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Abstract

Background: The purpose of this study was to examine the impact of rotator cuff (RC) decompression and/or
repair on post-operative ROM in patients with pre-operative restricted passive motion who had undergone
arthroscopic subacromial debridement and/or rotator cuff repair. Potential predictors of ROM recovery such as age,
sex, mechanism of injury, type of surgery, presence of an endocrine illness and having an active Worker
Compensation claim related to the shoulder were explored.

Methods: A retrospective analysis of prospectively collected data was performed. Pre-operative stiffness measured
intra-operatively was defined as flexion of < =100° or external rotation of < =30° under anesthesia. Patients who
received manipulation under anesthesia or required capsular release were excluded.

Results: Two hundred and eighteen patients met the criteria for having stiffness under anesthesia. Twenty six patients
had stiffness in both directions, 19 patients had isolated restricted flexion and 173 had isolated restricted external rotation.
At six months post-operatively, a statistically significant improvement was observed on average in all disability measures
(P < 0.0001). The ROM improved on average in the restricted direction at 6 months (p < 0.0001). Older age had a negative
impact on recovery of external rotation (F2,216 = −5.78, p = 0.02). Being a female, having a traumatic event, having a RC
repair, or suffering from an endocrine illness such as diabetes, did not have a negative impact on recovery. Patients with
an active work-related compensation claim showed an inferior recovery of flexion (F2,216 = −8.76, p = 0.003).

Conclusion: Patients with RC pathology and concomitant stiffness showed significant improvement in ROM at six
months following RC decompression or repair without the need for formal capsular releases or the performance of
manipulation under anesthesia. Older patients and those with active Workers Compensation claim showed an inferior
recovery in isolated directions.
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Background
Rotator cuff pathology is a common and disabling condi-
tion [1] that affects function and overall quality of life
[2–6]. Surgical interventions to address rotator cuff
pathology have been the subject of investigations for
years, and both rotator cuff decompression [7–9] and re-
pair have shown successful results [10–12]. However, the
degree to which pre-operative stiffness improves

following rotator cuff surgery has not been extensively
examined. The limited research in this area has shown
that manipulation under anesthesia or capsular release
in association with surgical treatment of the rotator cuff
pathology can facilitate recovery of range of motion
(ROM) [13–18]. The only study that has examined the
impact of rotator cuff surgery without manipulation
under anesthesia or capsular release is by Tauro [19],
who reported that patients with mild and moderate stiff-
ness responded well to rotator cuff repair alone, but sug-
gested that those with major total loss of motion (>70 °)
required interventions addressing the capsular tightness.
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The purpose of this study was to examine the impact
of rotator cuff decompression and/or repair on post-
operative ROM and disability in patients with pre-
operative restricted passive motion. It was hypothesized
that 1) stiffness would improve following appropriate
surgical treatment of rotator cuff pathology, and 2) pa-
tient demographics (age, sex, mechanism of injury, an
endocrine condition (diabetes, thyroid or hypothyroid)
and workers’ compensation claim would have an impact
on recovery.

Methods
Subjects
Prospectively collected data of patients with rotator cuff
pathology who had participated in previous formal stud-
ies from 2004 to 2014 were used for data analysis. As
part of a standard protocol, all patients had completed a
pre-operative course of conservative treatment for a
minimum of six months, which included physiotherapy,
anti-inflammatory medication, or cortisone injection be-
fore being considered for surgery. All patients had pro-
vided written informed consent for participation in the
original studies. Approval for using the existent data was
obtained from the Research Ethics Board of the Sunny-
brook Health Sciences Centre (Project ID# 287–2014).
Inclusion criteria included a diagnosis of impingement

syndrome and/or a partial thickness rotator cuff tear re-
quiring decompression surgery (acromioplasty or resec-
tion of lateral clavicle), or full-thickness rotator cuff tear
requiring arthroscopic repair. Patients who had shoulder
stiffness due to concomitant osteoarthritis of the gleno-
humeral joint were excluded. Patients with typical pres-
entation of adhesive capsulitis (absence of significant
rotator cuff pathology in combination with capsular pat-
tern of stiffness, which involves external rotation of 0 to
10° in association with significant flexion loss), who re-
ceived manipulation under anesthesia or required capsu-
lar release were also excluded.
Patients with stiffness of the shoulder in either flexion

or external rotation as measured by a ROM exam under
anesthesia were identified. Stiffness was defined as pas-
sive flexion of < =100° or passive external rotation (in
neutral position) of < =30°. Patients were divided into
two groups based on the direction of shoulder stiffness.
Group 1 had restriction of motion in both directions
(flexion and external rotation), while Group 2 had re-
striction of motion only in one direction. Group 2 was
divided into two subcategories: 2a) restricted flexion
only and, 2b) restricted external rotation only.

Outcome measures
Outcomes were assessed at the six month post-operative
office visit. The primary outcome measure was post-
operative passive ROM in flexion and external rotation

in neutral (0° of abduction). The American Shoulder and
Elbow Surgeons (ASES) form [20], the Constant Murley
Score (CMS) [21], and the Short Western Ontario Rota-
tor Cuff (ShortWORC) index [22] were utilized as sec-
ondary outcome measures. All subjective measures of
disability have been reported to be reliable and valid in
patients with rotator cuff pathology [21, 23–26].

Rehabilitation
All patients followed a standardized rehabilitation proto-
col based on type of surgery. Patients who had decom-
pression started active assisted ROM on post-day one
and progressed to isometric, active and strengthening
within 1–3 weeks. Patients who underwent RC repair
remained in an ultrasling for 6 weeks. Active assisted
ROM exercises started at four weeks following surgery.
Sub-maximal isometric exercises started at six weeks
post-operatively. Active exercises in all directions started
at 6 weeks in lying progressing to upright position at
7 weeks. Resistive exercises involving theraband started
at 12 weeks.

Statistical analysis
Descriptive statistics [means, standard deviation (SD)]
were calculated for the variables of interest. Paired t-
tests were conducted to examine change over time in
flexion and external rotation and disability measures
(ASES, CMS and ShortWORC) in each group. Analysis
of Covariance (ANCOVA) examined the impact of indi-
vidual factors (age as continuous data, sex as male/fe-
male, mechanism of injury as categorical data, having a
rotator cuff repair, an endocrine condition (diabetes, thy-
roid or hypothyroid), and a work-related compensation
claim as yes/no on post-op ROM (flexion and external
rotation) scores while adjusting for pre-op ROM. Statis-
tical analysis was performed using SAS® version 9.1.3
(SAS® Institute, Cary, NC). Statistical results are reported
using 2-tailed p values with significance set at p < 0.05.

Surgical procedures
All surgical procedures were performed by the senior
surgeon (RH), with the patient under general anesthesia
in the lateral position, and the surgical arm in balanced
traction. Patients with impingement (diagnosed clinically
using impingement signs, and having Bigliani type II/III
acromial morphology on the supraspinatus outlet radio-
graph) were treated with acromioplasty and coraco-
acromial ligament release. Arthroscopic resection of dis-
tal clavicle was performed for moderate and severe
osteoarthritic changes of the acromioclavicular joint, as
diagnosed on Zanca radiograph, and confirmed intra-
operatively. Patients with full-thickness tears of the rota-
tor cuff had arthroscopic repair of the tendon(s). Partial
tears of the long head of the biceps up to 50 % through

Razmjou et al. BMC Musculoskeletal Disorders  (2016) 17:99 Page 2 of 6



the tendon were debrided, and tears more than 50 %
were treated with tenodesis or tenotomy. No patient
underwent manipulation under anesthesia or formal
capsular release procedures.

Results
Review of data identified 541 patients who had under-
gone rotator cuff related shoulder surgery between
the years 2004–2014. Of 541 patients, 218 patients
(54 females, 164 males, mean age: 60, SD:11, age
range: 24–85) met the diagnostic criteria for stiffness
under anesthesia in at least one direction. There were
26 patients in group 1 (stiffness in both directions),
with 192 in group 2 (stiffness in one direction only),
of whom 19 had isolated restricted flexion and 173
had isolated restricted external rotation.
Of the total 218 patients, 145 had an arthroscopic ro-

tator cuff repair and 73 patients underwent arthroscopic
acromioplasty. Thirty-one (14 %) patients had an active
workers’ compensation claim related to their shoulder
joint. Sixty-eight (31 %) had an insidious onset, with 150
(69 %) having a history of traumatic or repetitive injury.
An endocrine-related comorbidity was reported by 31
patients (14 %).

Range of motion and disability
Figure 1 shows the boundaries of ROM in external rota-
tion for each group. Table 1 shows the pre, post and
average change in ROM for different directions of stiff-
ness. For the entire group as a whole, there was a

statistically significant improvement in ROM in both di-
rections at 6 months post-operatively (p < 0.0001). Pa-
tients in group 1 who were stiff in flexion and external
rotation improved in both directions of flexion and ex-
ternal rotation as well as all disability outcome measures
at six months (p < 0.0001). Patients with isolated restricted
external rotation improved in both directions and all dis-
ability outcome measures at 6 months (p < 0.0001). Pa-
tients with isolated restricted flexion and normal external
rotation improved in flexion (p < 0.0001) with no further
change in external rotation (p = 0.43). This group showed
a statistically significant (p values varying from 0.002 to
0.0005) improvement in all disability outcome measures
at six months as well (Table 2).
Both repair and decompression groups improved in

their range of motion of flexion and external rota-
tion at 6 months (p < 0.0001) with no statistically
significant group differences. Being a female, having
a traumatic injury, or having an endocrine illness,
did not have a negative impact on recovery of range
of motion in any direction. The ANCOVA showed a
relationship between age and recovery of external ro-
tation (F2,216 = −5.78, p = 0.02) with older patients
showing less improvement. However, age was not re-
lated to recovery of flexion. Patients with an active
worker’s compensation claim had similar pre-
operative flexion restrictions (120° vs. 123°, p > 0.05)
but demonstrated a lower level of improved flexion post-
operatively compared to those without an active compensa-
tion claim (140° vs. 153°, F2,216 = −8.76, p = 0.003). This

Fig. 1 Category boundaries of external rotation for each group
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difference did not apply to external rotation, which im-
proved from pre-operative range of (24° vs. 26°, p > 0.05) to
(47° vs. 52°, p > 0.05) respectively.

Discussion
The most important finding of this study is that patients
suffering from RC pathology with pre-operative re-
stricted passive ROM improve in the restricted direction
at six months following surgery. This is clinically im-
portant as patients with the limited ROM can be assured
that improvement in passive ROM can be generally ex-
pected after surgery without further procedures. The
question of whether this improvement is secondary to
post-operative reduced pain and ability to better re-
habilitate stiffness or improved capsular contracture sec-
ondary to change in kinematics of acromioclavicular or
glenohumeral joints following decompression or repair
of RC remains to be answered.
The sex of the patient, having a full thickness RC tear

requiring a repair, presence of diabetes/other endocrine
conditions, or having a traumatic injury did not have a
negative influence on post-operative ROM in our sam-
ple. However, older patients did not tend to recover in
their external rotation as well as younger patients. A
possible explanation for this may be that age related
changes in the collagen of the anterior capsule (non-en-
zymatic glycosylation and increased cross-linking), [27]
lead to an associated decrease in elasticity, and an in-
crease in mechanical stiffness. These changes may be-
come irreversible over time, explaining why this

movement is not improved significantly. An inferior re-
covery of isolated flexion in injured workers with an ac-
tive compensation claim is interesting and may be
related to being apprehensive or resistant to the exam-
iner in this specific direction, potentially due to non-
physical reasons, but this needs to be further investi-
gated in future studies.
To our knowledge, only one study has focused upon

preoperative stiffness in patients undergoing arthro-
scopic rotator cuff repair without using manipulation
under anesthesia or capsular release [19]. Consistent
with our study, Taura [19] reported that mild and mod-
erate stiffness resolved following rotator cuff repair and
routine therapy. The author [19] retrospectively catego-
rized 72 patients with full-thickness tears undergoing
arthroscopic rotator cuff repair into having a mild (0° to
20°), moderate (20° to 70°), or severe (70°) deficit in total
preoperative ROM. At a minimum of two year follow-
up, the mean total ROM deficit decreased from 10° to 4°
in the mild group, 36° to 12° in the moderate group, and
89° to 31° in the severe group. In this study [19] only
three patients who had a RC tear and true adhesive cap-
sulitis required a secondary capsular release.

Table 2 Pre and post-operative disability scores of three groups

Variables Group1: N = 26 Group2a: N = 19 Group2b: N = 173

Mean (SD)

ASES:

Range: 0–100

Pre 40(19) 42(24) 51(19)

Post 75(16) 70(24) 77(21)

Post-pre 36(20) 28(27) 27(23)

Changea p < 0.0001 p = 0.0003 p < 0.0001

RCMS:

Range:0–100

Pre 36(18) 42(19) 52(20)

Post 76(24) 73(35) 82(24)

Post-pre 40(20) 31(31) 30(23)

Changea p < 0.0001 p = 0.002 p < 0.0001

SHORTWORC

Range:0–100

Pre 34(18) 35(19) 42(21)

Post 71(24) 62(30) 71(26)

Post-pre 35(21) 27(28) 29(28)

Changea p < 0.0001 p = 0.0005 p < 0.0001

ASES American Shoulder and Elbow Surgeons
SHORTWORC SHORT Western Ontario Rotator Cuff
RCMS Relative Constant Murley Score
Changea refers to subgroup analysis using paired t-tests
Group1: Restriction of motion in both flexion and external rotation (Flex ≤100
& ER ≤30)
Group2a: Restricted flexion (Flex ≤100)
Group2b: Restricted external rotation (ER ≤30)

Table 1 Pre and post-operative range of motion of three
groups

Variables Group1: N = 26 Group2a: N = 19 Group2b: N = 173

Mean (SD)

Flex

Range: 0–180°

Pre 96(5) 95(5) 149(24)

Post 142(22) 134 (37) 155(21)

Post-pre 45(21) 37(32) 26 (31)

Changea p < 0.0001 p < 0.0001 p < 0.0001

ER

Range: 0–90°

Pre 19(10) 59(17) 22(8)

Post 44(20) 56(18) 52(16)

Post-pre 25(16) −3.16 (17) 30(17)

Changea p < 0.0001 p = 0.43 p < 0.0001

Flex Flexion
ER External Rotation
Changea refers to subgroup analysis using paired t-tests
Group1: Restriction of motion in both flexion and external rotation (Flex ≤100
& ER ≤30)
Group2a: Restricted flexion (Flex ≤100)
Group2b: Restricted external rotation (ER ≤30)
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Limitations
This study has some limitations that are inherent in
retrospective studies and its findings should be inter-
preted in light of these limitations. As a secondary ana-
lysis of prospectively collected data, the research
questions were formed retrospectively. The definition of
stiffness in this study is somewhat subjective, but we
have used it to represent a limitation in functional
ROM. This study is generalizable to patients with associ-
ated rotator cuff disease and the findings may not be ap-
plicable to other shoulder conditions. This study used
examination under anesthesia by a single senior surgeon
to provide a more accurate estimate of passive ROM by
eliminating the impact of pain and muscle spasm, while
the postoperative ROM assessment was made by a
physiotherapist with the patients awake. The type of
examination may introduce some variation. However,
in patients with stiffness, there is a high probability
that pre-operative passive ROM is more restricted
due to pain and spasm. Similarly, passive ROM is ex-
pected to be less restricted under anesthesia, should
this was feasible post-operatively, which in both cases
would overestimate the results of surgery. While the
follow up is only six months, this time period was
chosen because, it is expected that by this time most
patients have made the majority of their recovery in
regards of range of motion.

Conclusion
Patients with RC pathology and concomitant stiffness
showed significant improvement in ROM at six months
following RC decompression or repair without the need
for formal capsular releases or the performance of ma-
nipulation under anesthesia. Being a female, having a
traumatic event, RC repair, or suffering from an endo-
crine illness such as diabetes, did not have a negative
impact on recovery. However, older patients and those
with active Workers Compensation claim showed an in-
ferior recovery in isolated directions.

Abbreviations
ASES: American shoulder and elbow surgeon’s form; CMS: relative constant
murley score; RC: rotator cuff; ROM: range of motion; ShortWORC: short
western ontario rotator cuff index.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
HR conceived the idea, supervised data collection and entry and performed
the analysis. PH and GC performed the literature review. TD contributed to
synthesizing the study results with previous findings. RH performed the
surgical procedures. All authors participated in data analysis interpretation
and have contributed to manuscript preparation and have read and
approved the final manuscript.

Acknowledgement
Helen Razmjou was partially supported by the Clinician Investigator Funding
Program and the Suzanne and William Holland Funding, Sunnybrook Health
Sciences Centre during the study period.

Author details
1Department of Rehabilitation, Holland Orthopedic & Arthritic Centre,
Sunnybrook Health Sciences Centre, Toronto, Canada. 2Department of
Physical therapy, Faculty of Medicine, University of Toronto, Toronto, Canada.
3Division of Orthopedic Surgery, Department of Surgery, Holland Orthopedic
& Arthritic Centre, Sunnybrook Health Sciences Centre, Toronto, Canada.
4Division of Orthopaedic Surgery, Department of Surgery, Faculty of
Medicine, University of Toronto, Toronto, Canada. 5Division of Orthopedic
Surgery, Department of Surgery, Toronto East General Hospital, Toronto,
Canada. 6Division of Orthopedic Surgery, Department of Surgery, Women’s
College and Mt Sinai Hospitals, Toronto, Canada.

Received: 23 January 2015 Accepted: 18 February 2016

References
1. McFarland EG, Kim TK, Park HB, Rassi GE, et al. (eds).: Examination of the

Shoulder: The Complete Guide. In Edited by Anonymous New York Inc:
Thieme Medical Publishers, Inc; 2006:142.

2. Gartsman GM, Brinker MR, Khan M, Karahan M. Self-assessment of general
health status in patients with five common shoulder conditions. J Shoulder
Elbow Surg. 1998;7(3):228–37.

3. Duckworth DG, Smith KL, Campbell B, Matsen III FA. Self-assessment
questionnaires document substantial variability in the clinical expression of
rotator cuff tears. J Shoulder Elbow Surg. 1999;8(4):330–3.

4. Harryman II DT, Hettrich CM, Smith KL, Campbell B, Sidles JA, Matsen III FA.
A prospective multipractice investigation of patients with full-thickness
rotator cuff tears: the importance of comorbidities, practice, and other
covariables on self-assessed shoulder function and health status. J Bone
Joint Surg Am. 2003;85-A(4):690–6.

5. Beaton DE, Schemitsch E. Measures of health-related quality of life and
physical function. Clin Orthop Relat Res. 2003;413:90–105.

6. MacDermid JC, Ramos J, Drosdowech D, Faber K, Patterson S. The impact of
rotator cuff pathology on isometric and isokinetic strength, function, and
quality of life. J Shoulder Elbow Surg. 2004;13(6):593–8.

7. Chahal J, Mall N, MacDonald PB, Van Thiel G, Cole BJ, Romeo AA, et al. The
role of subacromial decompression in patients undergoing arthroscopic
repair of full-thickness tears of the rotator cuff: a systematic review and
meta-analysis. Arthroscopy. 2012;28(5):720–7.

8. Eid AS, Dwyer AJ, Chambler AF. Mid-term results of arthroscopic
subacromial decompression in patients with or without partial thickness
rotator cuff tears. Int J Shoulder Surg. 2012;6(3):86–9.

9. Odenbring S, Wagner P, Atroshi I. Long-term outcomes of arthroscopic
acromioplasty for chronic shoulder impingement syndrome: a prospective
cohort study with a minimum of 12 years’ follow-up. Arthroscopy. 2008;
24(10):1092–8.

10. Lindley K, Jones GL. Outcomes of arthroscopic versus open rotator cuff
repair: a systematic review of the literature. Am J Orthop (Belle Mead NJ).
2010;39(12):592–600.

11. Shan L, Fu D, Chen K, Cai Z, Li G. All-arthroscopic versus mini-open repair of
small to large sized rotator cuff tears: a meta-analysis of clinical outcomes.
PLoS One. 2014;9(4):e94421.

12. Huisstede BM, Koes BW, Gebremariam L, Keijsers E, Verhaar JA. Current
evidence for effectiveness of interventions to treat rotator cuff tears. Man
Ther. 2011;16(3):217–30.

13. Chuang TY, Ho WP, Chen CH, Lee CH, Liau JJ, Huang CH. Arthroscopic
treatment of rotator cuff tears with shoulder stiffness: a comparison of
functional outcomes with and without capsular release. Am J Sports Med.
2012;40(9):2121–7.

14. Ho WP, Huang CH, Chiu CC, Lee CH, Chen CH, Leu TH, et al. One-stage
arthroscopic repair of rotator cuff tears with shoulder stiffness. Arthroscopy.
2013;29(8):1283–91.

15. Cho NS, Rhee YG. Functional outcome of arthroscopic repair with concomitant
manipulation in rotator cuff tears with stiff shoulder. Am J Sports Med. 2008;
36(7):1323–9.

Razmjou et al. BMC Musculoskeletal Disorders  (2016) 17:99 Page 5 of 6



16. Oh JH, Kim SH, Lee HK, Jo KH, Bin SW, Gong HS. Moderate preoperative
shoulder stiffness does not alter the clinical outcome of rotator cuff repair
with arthroscopic release and manipulation. Arthroscopy. 2008;24(9):983–91.

17. Seo SS, Choi JS, An KC, Kim JH, Kim SB. The factors affecting stiffness
occurring with rotator cuff tear. J Shoulder Elbow Surg. 2012;21(3):304–9.

18. Shishido H, Kikuchi S, Otoshi K, Konno S. Postoperative outcomes of
arthroscopic subacromial decompression for rotator cuff tear with shoulder
stiffness. Fukushima J Med Sci. 2012;58(1):33–9.

19. Tauro JC. Stiffness and rotator cuff tears: incidence, arthroscopic findings,
and treatment results. Arthroscopy. 2006;22(6):581–6.

20. Richards RR, An K, Bigliani LU, Friedman R, Gartsman GM, Gristina AG, et al.
A standardized method for the assessment of shoulder function. J Shoulder
Elbow Surg. 1994;3:347–52.

21. Constant CR. An evaluation of the Constant-Murley shoulder assessment.
J Bone Joint Surg Br. 1997;79(4):695–6.

22. Razmjou H, Stratford PW, Holtby R. A Shortened Version of the Western
Ontario Rotator Cuff Disability Index: Development and Measurement
Properties. Physiother Can. 2012;64(2):135–44.

23. Conboy VB, Morris RW, Kiss J, Carr AJ. An evaluation of the Constant-Murley
shoulder assessment. J Bone Joint Surg Br. 1996;78(2):229–32.

24. Razmjou H, Bean A, MacDermid JC, van Osnabrugge V, Travers N, Holtby R.
Convergent validity of the Constant-Murley outcome measure in patients
with rotator cuff disease. Physiother Can. 2008;60(1):72–9.

25. Holtby R, Razmjou H. Relationship between clinical and surgical findings
and reparability of large and massive rotator cuff tears: a longitudinal study.
BMC Musculoskelet Disord. 2014;15:180-2474-15-180.

26. Michener LA, McClure PW, Sennett BJ. American Shoulder and Elbow
Surgeons Standardized Shoulder Assessment Form, patient self-report
section: reliability, validity, and responsiveness. J Shoulder Elbow Surg. 2002;
11(6):587–94.

27. Abate M, Schiavone C, Pelotti P, Salini V. Limited joint mobility in diabetes and
ageing: recent advances in pathogenesis and therapy. Int J Immunopathol
Pharmacol. 2010;23(4):997–1003.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Razmjou et al. BMC Musculoskeletal Disorders  (2016) 17:99 Page 6 of 6


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Subjects
	Outcome measures
	Rehabilitation
	Statistical analysis
	Surgical procedures

	Results
	Range of motion and disability

	Discussion
	Limitations
	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgement
	Author details
	References



