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Factors Associated with Shoulder Range of Motion
After Arthroscopic Rotator Cuff Repair:
A Hospital-Based Prospective Study

Zhennan Li, BS1, Gangfeng Hu, MD, PhD2 , Yuan Zhu, MD2, Fangqi Xu, MD2, Jiakuan Ye, BS2, Jie Guan, MD2,
Hong Guan, BS1

1The Second Clinical Medicine College, Zhejiang Chinese Medical University, Hangzhou, China and 2Department of Orthopaedics, The First
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Objective: To assess the factors associated with outcomes of arthroscopic surgical repair of rotator cuff tears (RCTs).

Method: This prospective study recruited patients, at least 18 years old, who underwent arthroscopic rotator cuff
repair for full-thickness RCTs at the First People’s Hospital of Hangzhou Xiaoshan between July 2019 and October
2020. Patient demographics, lifestyle habits, and medical histories were collected preoperatively; RCT sizes and
affected tendons were determined intraoperatively. Outcomes were assessed by shoulder range of motion (ROM)
determinations 1.5 and 3 months postoperatively. The factors associated with ROM were determined using a binary
logistic regression analysis, and the results were expressed as adjusted relative risks (RRs) and 95% confidence inter-
vals (CIs).

Results: A total of 132 patients with RCTs underwent arthroscopic surgery. Five were lost to follow-up, leaving
127 patients (mean age, 59 years; 58.3% women) who were included in the study analysis. The majority of the
patients (54.5%) had RCTs that were classified as large or massive, and approximately 20% had tears involving multi-
ple tendons; 80.3% of the patients had tears involving only a single tendon. Moreover, 29.9% of the patients had
hypertension and 11.0% had diabetes. Among the patients, 23.0% were smokers and 34.6% drank alcohol. According
to the multivariate analysis, none of the assessed factors were associated with shoulder ROM at the 1.5-month fol-
low-up. At the 3-month follow-up, RCTs involving a single tendon demonstrated 3-fold better abduction (RR = 4.00;
95% CI, 1.30–12.33; P = 0.016) and 3.15-fold better internal rotation (RR = 3.15; 95% CI, 1.19–8.36; P = 0.021)
than did RCTs involving multiple tendons. Patients who did not drink alcohol demonstrated 6.08-fold better anteflexion
(RR = 7.08; 95% CI, 2.11–23.73; P = 0.002) and nearly 4-fold better abduction (RR = 4.97; 95% CI, 1.62–15.23;
P = 0.005) than patients who drank alcohol.

Conclusion: To improve outcomes, the results indicate that more targeted measures should be directed toward
patients with multiple-tendon RCTs and that preoperative alcohol abstinence education is needed for patients
with RCTs.
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Introduction

The rotator cuff, an important structure involved in
shoulder movement, consists of the supraspinatus,

infraspinatus, subscapularis, and teres minor muscles and

tendons. However, the rotator cuff is also a vulnerable struc-
ture, and rotator cuff injuries can cause restricted shoulder
function. The pathogenesis of rotator cuff injury remains
controversial. Two main hypotheses have been formulated to
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explain the potential causes of rotator cuff injuries. The
“extrinsic” theory, developed by Neer, suggests that hyper-
trophic changes to the acromion cause impingement of the
subacromial-subdeltoid bursa and the rotator cuff, leading to
rotator cuff injury. The “intrinsic” theory suggests that rota-
tor cuff tears (RCTs) develop as a result of tendon self-
degeneration1. Degeneration of rotator cuff tendons drives
the superior migration of the humeral head that, in turn,
abrades the rotator cuff tendons against the undersurface of
the acromion, leading to full-thickness tears1. Epidemiologi-
cally, the prevalence of rotator cuff disease increases with
age; it may affect 15%–30% of individuals, overall, with up to
30% of patients older than 60 years and 50% of patients
older than 80 years suffering from this affliction2–4. Rotator
cuff disease is estimated to result in more than 4.5 million
annual visits to physicians and more than 75,000 surgical
repairs in the United States, annually5.

With the development of new surgical techniques, the
surgical management of RCTs has evolved over the past
decade from formal, open repairs to mini open repairs, to
completely arthroscopic techniques. Arthroscopic rotator
cuff repair is currently a popular and well-established tech-
nique, with well-documented and satisfactory clinical out-
comes6,7. Previous studies have reported that patient age,
sex, smoking status, alcohol intake, hypertension, diabetes,
fatty degeneration, tear size, and the number of involved ten-
dons may affect rotator cuff surgical outcomes8–14. Neverthe-
less, these studies remain insufficient, and the results remain
controversial.

Identifying the factors that predict slow recovery and
poor post-repair shoulder function may help identify patients
at risk of poor outcomes and guide therapeutic treatment
strategies for improving postoperative shoulder function.
Surgeons need to know the risk factors impacting rotator
cuff repair prognoses, especially for full-thickness tears. The
clinical outcomes associated with full-thickness injury repairs
have been documented to be less satisfactory than those for
partial-thickness tears15. Moreover, published studies have
largely focused on Caucasian populations; data from Chinese
populations have not been reported. Hence, this study aimed
to: (i) assess outcomes of arthroscopic rotator cuff repairs;
(ii) determine the factors associated with 1.5-month postop-
erative outcomes; and (iii) and determine the factors associ-
ated with 3-month outcomes in a Chinese population.

Methods

Patient Selection
This prospective hospital-based study recruited consecutive
RCT patients who underwent arthroscopic rotator cuff
repairs between July 2019 and October 2020 at the First Peo-
ple’s Hospital of Xiaoshan District.

Inclusion Criteria
Patients were eligible for inclusion if they: were at least
18 years old and had full-thickness tears diagnosed using

preoperative magnetic resonance imaging (MRI); received
surgical arthroscopic treatment; and were able to read,
understand, and provide signed informed consent.

Exclusion Criteria
Patients were excluded if they had a comorbid shoulder frac-
ture, had previously undergone shoulder surgery on the
affected side, were followed for less than 3 months, or had
histories of other shoulder problems (e.g., a frozen shoulder).

The ethics committee of the First People’s Hospital of
Hangzhou Xiaoshan approved this study, and informed con-
sent was obtained for each patient during recruitment.

Surgical Procedures
A single senior orthopedist performed all arthroscopic rota-
tor cuff repairs for the recruited patients.

Surgical Approach
Each surgery was performed under general anesthesia. The
patient was placed in the beach chair position, with general
disinfection of the shoulder skin and the use of sterile surgi-
cal towels. The posterior approach was routinely employed.
The glenohumeral joint cavity was entered to establish an
anterior channel under arthroscopic monitoring. After rou-
tine exploration, the lesions in the articular cavity were cut
off. Then, the arthroscope was converted to the subacromial
orientation and a lateral channel was established on the
extension line of the posterior edge of the clavicle near the
lateral 1–2 cm of the acromion.

Pathological Changes, Resection
A planer and radiofrequency ablation knife were used to
clean the pathological subacromial synovial sac and perform
acromioplasty, according to the condition of the injury.
Under arthroscopy, the surgeon determined the type, size,
and location of the rotator cuff injury, and cleaned the path-
ological rotator cuff tissue and the large tubercle bone bed.

Fixation and Reconstruction
The torn rotator cuff was fixed with an anchor after using
the repair method that was most appropriate for the specific
rotator cuff tendon injury. Single-row sutures and Mason-
Allen sutures were used for small–medium tears and for
patients with large–massive tears in high-tension areas.
Suture bridges were used when the rotator cuff tendon could
be reset to the surface of the humerus nodules and covered
more than 50% of the bone surface at the point of the
tendon.

After suturing was completed, the acromion bursa and
shoulder joint cavity were re-explored to confirm the stability
of the suture fixation and the integrity of the rotator cuff
repair. Finally, the cavity was flushed thoroughly, the skin
was sutured and bandaged, and the shoulder joint was
restrained using protective equipment.
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Postoperative Rehabilitation
After the operation, the affected upper limb was fixed with
protective equipment for about 6 weeks. Thereafter, the
abduction protective gear was removed and active exercise of
the shoulder joint was permitted. Three months after the
operation, muscle strengthening exercises were allowed and
shoulder activity gradually returned to normal.

General Information Collection
The size of the rotator cuff injury and the involved tendons
were determined intraoperatively by the orthopedist. The
RCT size was based on Bateman classification, which was
categorized as small (<1 cm), medium (1–3 cm), large (3–5
cm), or massive (>5 cm).16 Subjects were also classified
according to the number of involved tendons (single vs.
multiple).

Patient demographic data (sex, age, occupation
[farmer, worker, homemaker], body mass index [BMI]), life-
style habits (smoking and alcohol consumption [current/ever
vs. never]), and medical histories were collected during the
preoperative assessment. Patients who were current or ever
smoking cigarettes and drinking alcohol were categorized as
“Yes” and who did not smoke or drink were categorized as
“No.” The BMI was calculated as the individual’s weight
(kg) divided by the square of the height (m2). The collected
medical history information included any history of hyper-
tension and/or diabetes. Hypertension was defined as a his-
tory of hypertension, systolic blood pressure ≥ 140 mm Hg,
and/or diastolic blood pressure ≥ 90 mmHg, or taking anti-
hypertensive drugs17. Diabetes was defined as a previous
diagnosis of diabetes, fasting plasma glucose levels
≥7.0 mmol/L or 2 h-plasma glucose levels ≥11.1 mmol/L, or
taking oral antidiabetic drugs18.

Outcome Determination
Postoperative follow-up visits were carried out at 1.5 and
3 months. Because 1.5 months after surgery is the brace
wearing period and under this period is shoulder joint brak-
ing functional training, elbow flexion and stretching training
under the premise of stable fixation of the shoulder joint.
While at the time of 3 months postoperative, the rotator cuff
structure has completed healing, and the rehabilitation train-
ing starts with the active lifting. The rehabilitation training
should be based on active lifting and other strength training.
Hence, we choose this two time points to evaluate the degree
of rehabilitation19. A trained orthopedist assessed the shoul-
der function (range of motion [ROM]) and pain condition
(visual analogue scale [VAS]); the University of California at
Los Angeles scale was also used.

Range of Motion
Shoulder outcomes were assessed by their ROM. The ROM
was measured twice, for each shoulder, using a goniometer
and the patient in a standing position. Abduction, ante-
flexion, internal rotation, and external rotation were evalu-
ated. Abduction and anteflexion were classified as <90�

or ≥ 90�, and internal rotation and external rotation were
classified as <30� or ≥ 30�.

The Visual Analogue Scale
The VAS is the most commonly used questionnaire for pain
quantification. Patients self-reported their pain score over a
range of 0–10, with 0 indicating no pain and 10 being the
worst pain possible.

The University of California at Los Angeles Scale
The University of California at Los Angeles (UCLA)20 scale
is a scale with a maximum score of 35 points, derived from
five sections: pain (maximum 10 points), function (10 points),
and motion (5 points), strength (5 points), and patient satis-
faction (5 points).

TABLE 1 Baseline characteristics for patients with rotator
cuff tear

Categories Men Women Total

Cases, n (%) 53 (41.7) 74 (58.3) 127 (100)
Age, years,
mean (SD)

56.49 (10.46) 61.27 (10.08) 59.28 (10.47)

Age group, n (%)
≤60 years 32 (60.8) 30 (40.8) 62 (48.8)
>60 years 21 (39.2) 44 (59.2) 65 (51.2)

Work type, n (%)
Farmer 25 (48.1) 51 (68.9) 76 (60.3)
Worker 22 (42.3) 12 (16.2) 34 (27.0)
Housework 5 (9.6) 11 (14.9) 16 (12.7)

Rotator cuff tear size, n (%)
Small or medium 20 (40.0) 35 (63.6) 55 (45.5)
Large or massive 30 (45.5) 36 (50.7) 66 (54.5)

Involved tendons, n (%)
Single 40 (75.5) 62 (83.8) 102 (80.3)
Multiple 13 (24.5) 12 (16.2) 25 (19.7)

Hypertension, n (%)
Yes 13 (24.5) 25 (33.8) 38 (29.9)
No 40 (75.5) 49 (66.2) 89 (70.1)

Diabetes, n (%)
Yes 7 (13.2) 7 (9.5) 14 (11.0)
No 46 (86.8) 67 (90.5) 113 (89.0)

Smoking status, n (%)
Yes 27 (50.9) 2 (2.7) 29 (23.0)
No 26 (49.1) 71 (97.3) 97 (77.0)

Drinking status, n (%)
Yes 33 (62.3) 11 (14.9) 44 (34.6)
No 20 (37.7) 63 (85.1) 83 (65.4)

VAS score, median (range)
Preoperative 5 (2) 5 (2) 5 (2)
Postoperative

at 1.5 months
1 (1) 1 (1) 1 (1)

Postoperative
at 3 months

1 (2) 0 (1) 1 (1)

UCLA score, median (range)
Preoperative 17 (4) 17 (4) 17 (4)
Postoperative

at 1.5 months
27 (3) 27 (2.5) 27 (3)

Postoperative
at 3 months

30 (6) 30 (5) 30 (6)

BMI, mean (SD) 23.59 (3.21) 24.19 (3.06) 23.94 (3.12)
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Statistical Analysis
All analyses were conducted using SPSS for Windows (ver-
sion 22.0; SPSS, Chicago, IL, USA). Continuous variables
(age, BMI, VAS score, and UCLA scale score) were tested for
normal distribution using the Kolmogorov–Smirnov test,
and were presented as means and standard deviations (SDs)
or as medians with interquartile ranges. Categorical variables
(age group, occupation type, RCT size, number of tendons
involved, hypertension, diabetes, smoking status, and drink-
ing status) were presented as numbers and percentages. Con-
tinuous variables with normal distributions were analyzed
using Student’s t-tests; those with non-normal distributions
were analyzed using the Wilcoxon rank-sum test. Categorical
variables were compared using chi-squared tests. Binary
logistic regression analysis was chosen for the multivariate
analysis, with ROM at postoperative 1.5 and 3 months being
the dependent variable. The independent variables were
those with P-values <0.05 (the level of statistical significance)
in the chi-squared test or Student’s t-test analyses; the results
were expressed as adjusted relative risks (RRs) and 95% con-
fidence intervals (CIs).

Results

Demographic and Clinical Characteristics of Patients
A total of 132 patients with RCTs underwent arthroscopic
surgery; five were lost to follow-up, leaving 127 patients who
were assessed at the 1.5- and 3-month follow-ups. In our
study, most (60.3%) of the patients were farmers, and 58.3%
of the patients were women; the mean age of the patients
was 59 years. Most patients (54.5%) had RCTs that were
classified as large or massive. Approximately 20% of the
patients had RCTs involving multiple tendons, whereas
80.3% had only a single tendon involved. A minority of the
patients had comorbid hypertension (29.9%) or diabetes
(11.0%); 23.0% were smokers and 34.6% drank alcohol. The
average BMI was 23.94 � 3.12 kg/m2 overall, 23.59 � 3.21
kg/m2 for men and 24.19 � 3.06 kg/m2 for women
(Table 1).

The median VAS scores at preoperative, 1.5-month,
and 3-month were 5, 1, and 1, respectively. The
corresponding median UCLA scale scores were 17, 27,
and 37.

Postoperative ROM-Associated Factors (Univariate
Analysis)
Table 2 shows the factors correlated with ROM at the
1.5-month postoperative follow-up. Female patients had
greater anteflexion and abduction than did male patients
(P = 0.019 and P = 0.048, respectively). Older age was asso-
ciated with internal rotation and external rotation
(P = 0.041 and P = 0.028, respectively). Moreover, patients
who did not drink alcohol had better anteflexion and abduc-
tion than did those who drank alcohol (both, P = 0.046).

Table 3 shows the factors correlated with ROM at the
3-month follow-up. Again, women were more likely to have
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better ROMs than men in terms of abduction (P = 0.033),
internal rotation (P = 0.006), and external rotation
(P = 0.024). Patients with a single involved tendon were
more likely to have greater abduction and internal rotation
than were those with multiple involved tendons (P = 0.026
and P = 0.018, respectively). Moreover, patients who did not
drink alcohol had better anteflexion (P = 0.001), abduction
(P = 0.013), internal rotation (P = 0.013), and external rota-
tion (P = 0.012) than patients who drank alcohol.

Postoperative ROM-Associated Factors (Multivariate
Analysis)
Single-tendon involvement and abstaining from alcohol were
independent factors protecting ROM, after adjusting for sex,
at 3 months postoperatively. Compared with those for
patients with multiple-tendon involvement, patients with
single-tendon involvement had 3-fold better abduction
(RR = 4.00; 95% CI: 1.30–12.33; P = 0.016) and 3.15-fold
better internal rotation (RR = 3.15; 95% CI: 1.19–8.36;
P = 0.021). Patients who did not drink alcohol had 6.08-fold
better anteflexion (RR = 7.08; 95% CI: 2.11–23.73;
P = 0.002) and nearly 4-fold better abduction (RR = 4.97;
95% CI: 1.62–15.23; P = 0.005) than did patients who drank
alcohol.

However, no factors were associated with ROM out-
comes at 1.5 months (Table 4).

Discussion

Outcomes of Arthroscopic Rotator Cuff Repairs
This is the first report of factors associated with ROM after
arthroscopic rotator cuff repair in a Chinese population.
Having fewer tendons involved in the injury was associated
with better postoperative abduction and internal rotation,
and abstaining from alcohol was associated with better ante-
flexion and abduction at 3 months postoperatively. However,
we did not find any factors associated with ROM at
1.5 months postoperatively.

Number of Tendon Involvement Is Associated with
3-Month Outcomes of RCT
The rotator cuff consists of four tendons, and having more
tendons involved in the RCT was associated with poorer out-
comes. A previous retrospective study of medical records for
1067 patients who underwent surgical repair of RCTs
reported that the number of tendons involved was one of the
variables that was strongly correlated with surgical outcomes,
and a positive correlation was observed between degenerative
changes and the number of tendons involved13. Another
study that recruited 193 RCT patients who underwent
arthroscopic surgery and completed a 2-year follow-up
reported that multiple-tendon tears increased the odds of
poor postoperative outcomes by 7.92-fold compared with
those for single-tendon tears14. However, a study that com-
pared the outcomes of isolated subscapularis tendon tears
with combined subscapularis tendon tears repaired during

arthroscopic surgery revealed no differences in functional
restoration, pain relief, or patient satisfaction between
groups21. Our study’s results showed that, compared with
multiple-tendon tears, single-tendon tears were associated
with better postoperative outcomes, indicating that patients
with RCTs involving multiple tendons require additional
attention and support.

Alcohol Consumption Is another Factor Associated with
3-Month Outcomes of RCT
Tendon healing occurs in three overlapping phases, includ-
ing inflammatory phase, proliferative phase, and the remo-
deling phase22,23. Ethanol has been reported to have a
significant inhibitory effect on every phase of tendon healing.
In a wound-healing study in BALB/c mice, mice given etha-
nol before injury had a decreased early inflammatory
response, including reduced neutrophil activity, compared
with control animals24. Another study reported that alcohol
exposure inhibited the recruitment of inflammatory cells and
endothelial cell activation in a burn injury model in rats; the
immunosuppressive effects of ethanol persisted even after
the ethanol had cleared from the animals’ circulation25.
Alcohol also inhibits the proliferative and remodeling phases
of healing. Alcohol exposure can reduce the total collagen
content in repaired tissue by up to 37%. Interestingly, the
most significant effect of ethanol exposure on wounds may
be associate with vascularity because angiogenesis can be
reduced by up to 61%26. Additionally, fibroblasts showed
proliferative capacity impairment of up to 50% following
alcohol exposure, causing a reduction in wound breaking
strength of up to 40%27. More specifically, a rat tendon
injury model report suggested that rats that had ingested
alcohol exhibited delayed tendon healing, including
abnormal healing with abnormal tenocyte morphology and
disorganized collagen bundles; the mean force required to
re-rupture the tendon was also significantly decreased28.

Although animal experiments have revealed a negative
association between alcohol intake and tendon healing, the
results of human studies remain controversial. A case–
control study that recruited 249 RCT patients reported that
alcohol intake increased the risk of RCTs in both sexes
(men: RR = 1.7, 95% CI: 1.2–3.9; women: RR = 1.9, 95% CI:
0.94–4.1) and higher consumption was associated with
greater tear sizes29. Zakaria et al. studied 1296 patients and
showed that alcohol consumption was a potentially modifi-
able risk factor of spontaneous tendon ruptures30. However,
Titchener et al. studied 5000 patients and found that alcohol
intake was not associated with rotator cuff disease31. Another
case control study also failed to find an association between
alcohol consumption and RCT progression32. Moreover, Jain
et al. reported that increased alcohol consumption was asso-
ciated with better functional outcomes after operative treat-
ment for RCTs33. This relationship was also reported for
patients with arthroplasty34. In our study, we found that
abstaining from alcohol intake was associated with better
ROMs at 3 months after surgery, indicating that alcohol
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consumption may delay postoperative recovery of shoulder
function.

Study Limitations
Our study had some limitations. First, our sample size was
relatively small; we will expand our sample size in a future
study. Second, the mean follow-up period for patients was
relatively short (i.e., 3 postoperative months); further follow-
up of this cohort is necessary. Third, the arthroscopic tech-
niques used, and the affected tendons involved, in the
enrolled patients were heterogeneous; this might have
affected the robustness of the results. Fourth, we did not col-
lect information regarding the extent of cigarette smoking or
alcohol consumption, which may also impact the results.
Finally, the study was performed in one tertiary care hospital
in China; hence, our findings may not generalize to the
broader population.

Conclusion

This was the first study to identify factors associated with
outcomes of arthroscopic rotator cuff repair over a

3-month follow-up period in a Chinese population. Single-
tendon involvement and abstaining from alcohol intake were
independent factors that predicted better outcomes at
3 months after arthroscopic surgery. The results indicate that
more attention should be paid for patients with multiple-
tendon involvement and preoperative alcohol abstinence
education is needed for patients who drinking alcohol to
improve outcomes.
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