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Introduction: The purpose of this study was to
evaluate the effects of deep shoulder infections
after RCR on patient outcomes.
Methods: A retrospective chart review was conducted involving all patients with deep shoulder
infections after arthroscopic RCR (study group).
Another group of patients who were matched with
the study group by age, gender and rotator cuff
tear size, and did not develop deep shoulder infections after arthroscopic RCR was randomly
identified (control group). The two groups were
compared in terms of time to start physiotherapy,
shoulder function, and delay in return to work.
Results: There were 10 patients in each group.
The mean time to start physiotherapy after
surgery was 145.3 (SD=158.8) days for the study
group and 40.0 (SD=13.7) days for the control
group (p=.051). The average forward elevation of
the operated shoulder was 133 (SD=33.4) degrees
for the study group, and 172 (SD=12.0) degrees
for the control group (p=0.003). The average time
to return to work at pre-operative level was 5.6
months for the study group and 3 months for the
control group.
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Conclusions: Deep shoulder infections after RCR
significantly impedes time to start physiotherapy,
shoulder function, and patients’ ability to return
to work.
Level of evidence: Retrospective comparative
(case-control) study. Level III b.
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Introduction

Rotator cuff repair (RCR) is one of the most frequently performed orthopaedic procedures, and
arthroscopic repair has become the procedure of
choice for the last two decades, with good or excellent clinical outcomes in approximately 90% of patients1-4. The data obtained from the National Hospital Discharge Survey and the National Survey of
Ambulatory Surgery indicates that the number of rotator cuff repairs increased 141% between 1996 to
2006 in the United States2. Interestingly, the number
of arthroscopic repairs increased by 600%, whereas
open repairs increased by only 34% during the same
period2.
Due to the exponential increase in the number of
arthroscopic RCRs, complications may be encountered more frequently1. Postoperative deep shoulder
infections after arthroscopic RCR appear to be a
rare complication, with a reported incidence of
8.5/1000 5 . However, this condition can be permanently disabling for the patient, with devastating effects on functional outcomes. Studies indicate that
post-RCR deep infections may result in abscess formation, osteomyelitis, post-infectious glenohumeral
arthritis, and loss of the soft tissue envelope1,6-8. Although some of the studies in which open or miniopen RCR techniques were used, confirm poor outcomes as a result of post-operative infections 1,6-8,
no studies to date have reported deleterious effects
of deep infections after arthroscopic RCRs on functional outcomes, time to return to work, or time to
start physiotherapy in comparison with a control
group.
The purpose of this investigation was to evaluate the
effects of deep shoulder infections after arthroscopic
RCR on patient outcomes and compare the results
with those of a matched group of patients who did not
develop infections after arthroscopic RCR.

43

K. Atesok et al.

on
al
i

Other documented variables
At the first outpatient visit, all the patients were routinely given a questionnaire regarding additional illnesses, medications, and smoking status. In addition,
patients in the study group were also documented in
terms of culture results, antibiotic treatment, and additional surgeries for shoulder infection.
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The current study meets the ethical and scientific
standards of the Muscles, Ligaments and Tendons
Journal as defined by Padulo et al.9 in “Basic principles and recommendations in clinical and field Science Research: 2016 Update.”
After obtaining approvals from the Institutional Review Board and the Regional Health Authority, a computerized search based on International Classification
of Diseases (ICD) codes and keywords was conducted. All primary arthroscopic RCRs performed both
ambulatory and inpatient between 2010 and 2016 in
the department were captured. Patients treated with
arthroscopic mini-open procedures, and those with a
previous history of open shoulder surgery were excluded from the study. Cases of post-arthroscopic
RCR infections requiring additional surgery and longterm intravenous (IV) antibiotic treatment within 8
weeks of the index procedure were identified and defined as the infection (study) group. A detailed review
of archived patient charts, electronic medical records,
and MRI reports was performed to determine the incidence of infections, patient demographics, rotator
cuff tear size, operating surgeon, post-operative
treatment and rehabilitation, shoulder range of motion
(ROM), and return to work. Based on collected data,
a group of patients who matched those in the study
group in terms of age, gender, tear size, and surgeon
in charge were randomly chosen and defined as the
control group.

Selection of control group patients
All infection group patients were males. Hence, a
pool of 40 male patients within the same age range
as the study group who were operated on by the
same surgeons was randomly chosen from the patients captured using the computerized search described above. Out of these 40 patients, the first 10
patients whose tear sizes matched with those of the
patients in the study group were selected sequentially, moving from more recent to more remote procedure dates. The two groups were compared in terms
of physiotherapy start date, shoulder ROM specified
as forward elevation, and time to return to work.
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Materials and methods

Definition of Study Parameters
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Tear size
The data about tear size was collected from the MRI
reports and noted within one of the four categories
based on the greatest tear dimension: small (0-1 cm),
medium (1-3 cm), large (3-5 cm), and massive (> 5
cm), as described by DeOrio and Cofield10. For the
purpose of this study, complete and partial tears were
not separately categorized based on the fact that during arthroscopic RCR, all partial tears were debrided
and converted into complete tears before repair.
Time to start physiotherapy
All the patients were routinely referred to physiotherapy after arthroscopic RCR to start between fourth to
sixth post-operative weeks. Physiotherapists regularly
reported to the orthopaedic surgeons regarding their
respective patients’ progress in rehabilitation, and
this data was included in electronic medical records
or archived charts with the physiotherapy start date.

Shoulder range of motion
Forward shoulder elevation was chosen as the parameter for comparison because this was the only consistently measured data regarding shoulder ROM
from both groups due to the retrospective nature of
the present study.
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Statistical analysis
Descriptive data were generated for both the study
and control groups. Continuous variables were compared between groups using a series of independent
t-tests and categorical data was compared using
Fisher’s exact test. Significance for all comparisons
was alpha = 0.05.

Results

There were 2,249 primary arthroscopic RCRs performed in patients who have failed conservative therapy between 2010 and 2016 at our institution11. A total of 10 patients developed deep shoulder infections
after arthroscopic RCR. All the patients in the infection group were males, with a mean age of 55.6 ±
8.4, and the mean follow-up time was 6.3 ± 2.1
months. In the infection group, 2 patients had small, 6
patients had medium, and 2 patients had large size
rotator cuff tears. Table I displays the patient demographics for the infection group.
The overall post-arthroscopic RCR deep infection
rate at our institution was 0.44%. The infections were
treated with an average of 1.6 surgical debridements
(range: 1 to 3) with the first debridement occurring on
average 22.9 days (range: 9 to 68 days) after the index procedure. All debridements were performed
arthroscopically, except for that of 1 patient, who had
two arthroscopic debridements followed by one open
debridement due to development of osteomyelitis
(Fig. 1). Only in 1 patient the RCR appeared intact
during arthroscopic debridement and no suture material or anchors were removed. The RCRs in all other
infected group patients were found to be disrupted,
and suture material and anchors were removed during arthroscopic irrigation and debridement. Microbiological evaluation revealed positive culture results in
all except for 1 patient, who was started on oral anMuscles, Ligaments and Tendons Journal 2018;8 (1):43-50
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Surgical Notes

RCR + Biceps Tenotomy
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Hypothyroidism

IHD, Hyperlipidemia

IHD
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RCR (with biological dermal patch) + SAD + Biceps
Tenotomy

RCR + SAD + Biceps Tenodesis

RCR + SAD + Biceps Tenotomy

RCR + SAD + Biceps Tenodesis

RCR + SAD + Biceps Tenodesis
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Large
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Size

No

No

Yes

No
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No

No

No

No

No

Smoker

Company Manager

Photographer*

Company Receiver

Building Maintenance*

Retired

Driver*

Medical Doctor

Bailiff

Retired
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* indicates jobs that require intensive use of upper extremities (L: left, R: right, RCR: rotator cuff repair, SAD: subacromial decompression, DVT: deep venous thrombosis,
PE: pulmonary emboli, CMT: Charcot-Marie-Tooth, IHD: ischemic heart disease).

Age

Patient

Table I. Demographics of patients in the infected group. Tears between 0-1 cm were defined as small, 1-3 cm medium, 3-5 cm large, and above 5 cm as massive.
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Figure 1. Illustrations from a 53-year-old male patient who underwent arthroscopic irrigation and debridement due to deep
shoulder infection 3 weeks after arthroscopic RCR. a. There was profuse drainage of thick PUS from the opened
arthroscopy portal; b. arthroscopic images also revealed substantial pus in gleno-humeral joint; c. rotator cuff repair from the
index procedure appeared to be failed with pus and reactive synovitis all around the torn cuff; d. loosened suture material
and anchor was removed. After aggressive debridement of the infected tissues, the joint is washed profusely using a minimum of 10 liters of fluid, with the last liter containing 100,000 units of bacitracin.
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tibiotics by his family physician before he was seen
by the operating surgeon. Seven patients had growth
of single microorganisms including Staphylococcus
aureus (5), Propionibacterium acnes (1), and
Phaeoacremonium parasiticum (1). Culture results
from each of the remaining two patients showed
growth of two microorganisms: Propionibacterium acnes with Staphylococcus saccharolyticus, and
Staphylococcus epidermidis with Staphylococcus
saccharolyticus. All the patients were treated with
long-term IV antibiotics delivered through a peripherally-inserted central catheter (PICC) line, and the infections were eradicated. However, 2 patients received additional oral antibiotic treatment and were
scheduled for longer follow-up due to development of
osteomyelitis of the humeral head.
The control group was comprised of 10 patients who
underwent arthroscopic RCR during the same period
as the infection group patients and did not develop
any postoperative infections (Tab. II). Although there
was no statistical difference between the two groups
in terms of age, gender, rotator cuff tear size, or follow-up time, there were significantly more patients
with comorbidities in the infection group than in the
control group (9 versus 4, respectively, P=0.03). One
patient in the control group received intraoperative IV
antibiotic prophylaxis compared with the infection
group where 2 patients were given IV antibiotics intraoperatively during the index arthroscopic RCR.
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The outcomes in the infection group were worse in
terms of forward flexion, time to start physiotherapy,
and return to work (Tab. III). In the infection group, 1
patient could not work again after the original RCR, 3
patients could go back to light duties after an average
of nine months, and the rest started working at their
preoperative level after an average of 5.6 months. In
addition to the 2 patients with osteomyelitis, 3 patients in the infection group were noted as permanently disabled due to severe stiffness, decreased
ROM, and pain; 1 of these patients was already
scheduled for reverse shoulder replacement at the
last follow-up. In the control group, 2 patients could
start working in light duties after three post-operative
months, and the rest of the patients started working
at the preoperative level at an average of three
months after the RCR. No patients had permanent
disabilities or complaints in the control group at their
last follow-up visit.

Discussion

Deep infections of the shoulder after arthroscopic
RCR are uncommon. The results of the present study
indicate an overall deep infection rate of 0.44% that
appears to be lower than the rate of 0.85% reported
by Pauzenberger et al.5. This difference in rate of infection can possibly be attributed to the difference beMuscles, Ligaments and Tendons Journal 2018;8 (1):43-50
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Company Manager

Carpenter*

Driver*
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University Lecturer
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* indicates jobs that require intensive use of upper extremities (L: left, R: right, RCR: rotator cuff repair, SAD: subacromial decompression, HTN: hypertension, IHD:
ischemic heart disease, IDDM: insulin dependent diabetes mellitus, NIIDM: non-insulin dependent diabetes mellitus, MM: multiple myeloma, CLL: chronic lymphocytic
leukemia)

Age

Patient

Table II. Demographics of patients in the control group. Tears between 0-1 cm were defined as small, 1-3 cm medium, 3-5 cm large, and above 5 cm as massive.
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Control

Mean Age (years)

55.6 ± 8.4

58.1 ± 7.5

Mean Follow-up (months)

6.3 ± 2.1

4.8 ± 2.8

145.8 ± 158.8

40.0 ± 13.7

Time to Start Physiotherapy (days)
Forward Shoulder Elevation (degrees)

133 ± 33.4

P = 0.192

P = 0.051

172 ± 12

P = 0.003

physiotherapy protocol, which allows only pendulum
shoulder motion until up to six weeks postoperatively.
During the sixth postoperative week, all the patients
routinely started gradual ROM and strengthening exercises with expert physical therapists. The delay in
starting physiotherapy was found to be longer than
three months for the infection group (105 days). Although this difference between the two groups in the
mean time to start physiotherapy was not calculated
to be statistically significant, failure to start shoulder
exercises until almost five months postoperatively
(145 days) is a substantial delay.
Return to work after arthroscopic RCR depends on
the type of work the patient does, in addition to other
variables such as age, gender, and in some cases
workers’ compensation17-19. In a study including 365
patients, Collin et al. 17 reported that approximately
20% of the patients was unable to resume normal activity at six months after arthroscopic RCR. The Authors noted that persistent limitation at six months
was associated with female gender, heavy manual
work, and the presence of persistent postoperative
bursitis. In the current study, each group included two
retired patients. There were 4 patients in the infection
group and 5 patients in the control group whose jobs
required intensive use of the upper extremities (Tabs.
I, II). The only patient in the infected group who could
not return to his previous job used to work in building
maintenance. In the infection group, 3 patients could
resume only light duties after an average of nine
months (carpenter, driver, company receiver) and 4
patients could return to full duties at an average of
5.6 months (bailiff, medical doctor, photographer, and
manager). Both patients in the infection group who
developed osteomyelitis (medical doctor and bailiff)
and another patient (company manager) who had
residual disability due to limitations in ROM, could return to full duties at work. In the control group, the only two patients who could return to light duties within
three months were a carpenter and a driver. The other 7 patients in the control group whose jobs required
using the upper extremities intensively could return to
their previous jobs resuming full duties without no-
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tween the number of patients included in the present
study and the study from Pauzenberger et al.5 (2,249
versus 3,294, respectively).
Published literature shows that the most commonly
isolated microorganisms in patients with deep shoulder infections after RCR include Propionibacterium
acnes, coagulase-negative staphylococci (e.g.,
Staphylococcus epidermidis and Staphylococcus saccharolyticus), and Staphylococcus aureus 1,6,7,12,13 .
The data from the present study are comparable to
previously published reports; 8 out of 9 patients from
whom a causative microorganism could be isolated
were infected with one or two of the above mentioned
pathogens.
The current investigation revealed significantly worse
outcomes in patients who had deep shoulder infections after arthroscopic RCR in terms of forward
shoulder elevation and clinically important delays in
time to start physiotherapy and return to work. Previously, Kwon et al.6 reported an active shoulder elevation of 119° in their study, which included 12 patients
with deep shoulder infection at a mean follow-up time
of 37.5 months. The infected patients in the present
study had an average shoulder elevation of 133° at a
mean follow-up time of 6.3 months. Better ROM measured in our infection group, especially after a shorter
time post-operatively, may be explained by the differences in surgical techniques. In our study, all the index RCRs and first debridement procedures were
performed arthroscopically. However, Kwon et al. 6
used open or mini-open RCR techniques as the index
procedure, and all the debridement procedures were
performed with open surgery.
Post-operative physiotherapy is an important determinant of clinical success after RCR14,15. Evidence indicates that early ROM exercises lead to accelerated
recovery from postoperative joint stiffness and increased forward elevation following arthroscopic
RCR16. To the best of our knowledge, no studies to
date have reported on the delay in starting physiotherapy due to deep shoulder infections after arthroscopic RCR. In the present study, the patients were
rehabilitated based on a conventional post-RCR

P = 0.492
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Table III. Comparison of age, follow-up time, time to start physiotherapy, and forward shoulder elevation between
infection and control groups. Please note that the large difference in mean time to start physiotherapy between the
two groups (105.8 days) appeared not statistically significant due to small patient numbers. However, it is
undisputable that a delay of such magnitude may cause clinically significant differences in functional outcomes.
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table delays. These results indicate that deep shoulder infections after arthroscopic RCR impede patients’ return to work regardless of their occupation. It
is conceivable that arthroscopic or open irrigation and
debridement, along with long-term IV antibiotic treatment to eradicate deep shoulder infections, will almost certainly cause important delays for patients’ resuming duties at work and decrease their quality of
life.
Another point worth discussing is the possibility of developing devastating complications due to deep
shoulder infection, such as osteomyelitis and abscess
formation1,8. In a series of 13 patients from Mirzayan
et al. 8 with chronic deep infections following open
RCR, 11 patients had osteomyelitis of the humeral
head, the glenoid, and/or the clavicle and the
acromion. Two patients had no osteomyelitis but had
a subdeltoid abscess, and 7 patients required a rotational flap to allow for soft tissue coverage. In the present study, there were 2 patients in the infection
group who developed osteomyelitis of the humeral
head as a result of deep shoulder infections after
arthroscopic RCR. Interestingly, there were 3 patients
in the infection group who had biceps tenodesis in
addition to RCR and subacromial decompression,
and 2 of those patients were also the ones who developed osteomyelitis.
There are a few limitations in the present investigation that are inherent to retrospective data collection
for rare occurrences, such as deep shoulder infections after arthroscopic RCR. There were only 10 patients in the infection group, and this may be the primary reason why substantial differences, such as 105
days of delay in the start of physiotherapy, were
found not to be statistically significant. Additionally,
functional outcomes were not uniformly recorded for
each patient, and the only consistently measured
ROM parameter was forward elevation. Hence, available data did not include validated shoulder scores.
On the other hand, the use of a control group with patients who matched those in the infected group in
terms of age, gender, tear size, and surgical approach was the main strength of this investigation.
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Deep shoulder infections after arthroscopic RCR substantially impede time to start physiotherapy, shoulder function, and patients’ ability to return to work.
The detrimental effects of post-RCR deep shoulder
infections on the healthcare system require further attention and a methodological approach to minimize
negative consequences.
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