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Abstract

Background: Synovial chondromatosis (SC) of the shoulder is rare, with limited literature on its management.
This systematic review of literature aimed to characterize common arthroscopic techniques for the treatment of
shoulder SC and patient outcomes. We hypothesized that arthroscopy is an effective operative modality for the manage-
ment of shoulder SC.

Methods: PubMed and Embase databases were searched for articles on arthroscopic management of shoulder SC,
published before 6 August 2020. All articles meeting inclusion criteria received an independent full-text review by two
authors.

Results: An initial search found 64 articles. Following duplicate removal and title, abstract, and full-text reviews, 27
articles (48 patients) remained eligible. The mean age of patients was 33.0 years, with 2:| male-to-female ratio. The mean
follow-up was 41.8 months. SC was found to affect various intra- and extra-articular locations of the shoulder. Overall,
arthroscopic treatment of shoulder SC was successful in 70.8%. Treatment failure was common in SC involving the
bicipital tendon sheath. Disease recurrence was seen in 14.7%.

Conclusion: Literature on arthroscopic management of shoulder SC is limited, and significant heterogeneity in arthro-
scopic techniques was observed. Although arthroscopic management of shoulder SC is effective, further optimization is
necessary to minimize treatment failure and disease recurrence.
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undergo chondrocytic metaplasia to produce small

Introduction nodules of cartilage that detach to form multiple

Synovial chondromatosis (SC) is a rare, benign mono-
articular disease of synovial joints that affects males
two to three times more commonly than females.' >
SC is characterized by the presence of cartilaginous
loose bodies in the involved joint, bursa or tendon
sheath®® that cause pain, decreased range of motion
(ROM), intermittent catching/locking, and/or crepita-
tion.® Larger loose bodies can cause erosion of the sur-
rounding cartilage and may lead to early-onset
osteoarthritis.""” The knee (70%) and the hip (20%)
joints are most commonly involved, with less frequent
involvement of the elbow, wrist, ankle, and shoulder.?

The exact pathogenesis of SC is yet to be elucidated;
however, it is commonly believed that synovial cells

loose bodies in the affected tissue.®> These loose bodies
may subsequently undergo endochondral ossification,
leading to osteochondromatosis.® In severe cases, SC
can lead to the formation of over 100 loose bodies.’
Classically, the mainstay treatment for SC of the
shoulder has been open arthrotomy and removal of
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loose bodies, followed by either complete synovectomy,
or partial synovectomy removing the affected tissue.’
With advances in sports medicine and arthroscopic sur-
gical techniques in recent decades, arthroscopy has
become a viable modality for the treatment of shoulder
SC that may potentially reduce post-operative morbid-
ity.” However, due to the rarity of SC of the shoulder,
no study has compared the patient outcomes between
open versus arthroscopic approaches to date. In add-
ition, scarcity of literature surrounding arthroscopic
management of SC of the shoulder poses a significant
challenge to orthopedic surgeons when deciding on an
optimal treatment approach for patients with SC of the
shoulder.

In the current study, we performed a systematic
review of literature for arthroscopic management of
SC of the shoulder to characterize commonly used
arthroscopic surgical techniques and patient outcomes.
We hypothesized that arthroscopy is an effective opera-
tive modality for the management of SC of the shoul-
der with high success and low complication and
recurrence rates.

Methods

Two authors (JPP and YM) independently performed
PubMed and Embase database searches for articles
relating to arthroscopic management of SC of the
shoulder, published on or before 5 August 2020. The
following subject headings and their related key terms
were used: “‘synovial chondromatosis,” “‘arthroscopy,”
“shoulder.”

Inclusion criteria for the systematic review consisted
of: (1) all levels of evidence, (2) patients of all ages, (3)
SC of the shoulder, and (4) English language of publi-
cation. Exclusion criteria included: (1) review articles,
(2) surgical technique articles, (3) non-arthroscopic
management (i.e. conservative management or open
surgery), (4) articles available in abstract form only,
and (5) SC involving joints other than the shoulder.

Title and abstract of articles were independently
screened by the two authors for their eligibility for inclu-
sion. Articles deemed to meet the criteria received a full-
text review by the same two authors independently to
ensure that the articles meet the outlined inclusion and
exclusion criteria. Subsequently, relevant information
from the included studies were retrieved and entered
into a Microsoft Excel spreadsheet (Microsoft Excel
for Mac, Version 16.4, Microsoft, Redmond, WA,
USA). These included journal/article information
(authors, year of publication, study design, level of evi-
dence, sample size), patient demographics and clinical
characteristics (age, gender, affected side, clinical fea-
tures, primary tissue affected, location of the lesion),
procedure  characteristics  (intraoperative  patient

positioning, arthroscopic portals, procedure), and post-
operative data (duration of follow-up, patient outcomes,
complications, recurrence).

Success rate of arthroscopic treatment, defined as
complete excision of loose bodies and affected syno-
vium intra-operatively without the need for conver-
sion to open surgery, was the primary outcome,
while recurrence rate was the secondary outcome.
Due to the heterogeneity across the studies found,
meta-analysis was not feasible; instead, a qualitative
assessment was performed.

Results
Systematic review and article characteristics

Upon search of PubMed and Embase databases, a total
of 64 articles were found. Of these, 23 articles were
duplicates and were thus removed. The resulting 41 art-
icles underwent title and abstract review, which led to
exclusion of 6 and 3 articles, respectively. After exclud-
ing 5 additional articles after full-text review, 27 articles
were included in our final review (Figure 1). The two
reviewers (JPP and YM) had no disagreements
throughout all stages of the systematic review. Among
the 27 articles, 23 were case reports (Table 1) and 4
were case series (Table 2). All articles were of level IV
evidence. A total of 48 cases were presented in these
articles.

Patient demographics and clinical characteristics

The mean age of patients was 33.0 years (range = 13—
65). Thirty-two (67%) patients were male while 16
(33%) were female. Among patients with affected side
reported (n=230), 20 (66.7%) developed SC in their
right shoulder, while 10 (33.3%) developed the disease
in their left shoulder.

Pain was the most common presenting symptom,
seen in 47 (97.9%) patients, followed by decreased
ROM (n=31; 64.5%), mechanical symptoms including
locking, catching and grinding (n=13; 27%) and
shoulder stiffness (n=35; 10.4%). In few cases, there
were palpable solid masses (n=2; 4.2%), swelling
(n=2; 4.2%), and muscle atrophy (n=2; 4.2%).

In all cases, synovium was the primarily affected
tissue. Glenohumeral joint (GHJ) was the most com-
monly affected location (n=19; 39.6%), followed by
subscapular recess (n=12; 25.0%), bicipital tendon
sheath (BTS; n=9; 18.8%), and subacromial space
(n=35; 10.4%). Axillary recess and subacromial bursa
were involved in four (8.3%) and three (6.3%) cases,
respectively. There were various, less frequently
affected locations (Tables 1 and Table 2). Affected loca-
tion was not specified in 20 (41.7%) cases.
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Figure I. Flowchart of the article screening process and studies included in the systematic review.

Procedure characteristics

Thirty-three cases (68.8%) had intraoperative patient
positioning reported. Among these, beach chair pos-
ition was the preferred patient position, used in
75.8% (n=25) of cases. Lateral decubitus position
was used in the remaining 24.2% (n=28) of cases.

Posterior and anterior was the most common arthro-
scopic portal setup (n=12; 32.4%). Other arthroscopic
portal setups included posterior, anterior and lateral
(n=3; 8%), and posterior, anterosuperior and anteroin-
ferior (n=23; 8%). One study with 15 patients (40.5%)
reported employing posterior, anterior, and accessory
portals as needed; however, the accessory portals used
in each case were not specified. Portal setups were not
reported in 11 cases (22.9%). Four other portal setups
were used with one patient in each case (Tables 1 and 2).

In all cases (n=48), excision of loose bodies was
performed. In addition, synovectomy was performed
in 39 cases (81.3%). Among these, 25 (52.1%) were
partial synovectomy, 1 (2.1%) was complete synovect-
omy, and 13 (27.1%) were synovectomy without speci-
fication of partial or complete. Biceps tenodesis was
performed in seven cases (14.6%). In a small number
of cases, other procedures were also indicated, such as
acromioplasty, subacromial bursectomy, debridement
of degenerative labrum, decompression of BTS, and
capsulotomy (Tables 1 and 2).

Clinical outcomes and recurrences

Arthroscopic treatment of SC of the shoulder was suc-
cessful in 34 (70.8%) cases. Fourteen (29.2%) cases had
failed arthroscopic treatment, in which three (6.3%)
were converted to open surgery, two (4.2%) required
partial open surgery for SC involving the BTS, seven
(14.6%) required open biceps tenodesis, and three
(6.3%) had incomplete excision of loose bodies as
seen on early postoperative radiographs. One of the
patients had both open biceps tenodesis and incomplete
excision of loose bodies.

Among 47 patients with reported duration of follow-
up, the mean follow-up duration was 41.8 months
(range = 3—-108 months). One patient did not have a
reported duration of follow-up; however, his post-
operative outcomes were reported. Therefore, among
48 patients, disease recurrence was seen in 6 patients
(12.5%). Among 34 patients with successful arthro-
scopic treatment as defined previously, 5 (14.7%) devel-
oped recurrence of disease.

Discussion

Surgical excision of loose bodies and synovectomy is
the mainstay treatment for SC.> Historically, this was
achieved through open arthrotomy followed by retrie-
val of visible loose bodies, irrigation, and “milking” to
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further evacuate loose bodies from locations that are
difficult to visualize and/or access.”* Despite the his-
torical preference, the success rate or recurrence rate
following open arthrotomy for the treatment of SC is
poorly reported, likely due to the relative rarity of SC
involving the shoulder joint. In recent decades, arthros-
copy has been successfully adopted to treat various
orthopedic sports injuries and other joint pathologies.
Arthroscopy has also been utilized to treat SC arising in
various joints, including the knee, hip, elbow, and
shoulder. Nevertheless, literature on arthroscopic man-
agement of shoulder SC is lacking, and no study to date
has compared patient outcomes following open
arthrotomy or arthroscopic approach, thus presenting
a major surgical challenge.'”

From our systematic review, SC of the shoulder had
a 2:1 male-to-female ratio and the mean age of 33 years,
consistent with the current understanding of its epi-
demiology."*” In addition to the more common clinical
presentations outlined above, muscle atrophy was seen
in just two patients with chronic shoulder pain (7 and
14 years of symptom duration) likely due to delayed
patient presentation and/or diagnosis of SC.

In contrast to the belief that extra-articular localization
of shoulder SC is rare,!” SC was found to affect various
intra- and extra-articular locations of the shoulder. The
most commonly affected sites were the GHJ, subscapular
recess, BTS, and subacromial space. In many of these
cases, arthroscopic approach potentially has a significant
advantage of adequate visualization and access to loca-
tions without the need for subscapularis tenotomy as in
the case for open arthrotomy.®!'*!7227 In addition,
arthroscopic approach for the management of SC is
thought to provide low post-operative morbidity, while
allowing early joint mobilization and recovery.””!"*
Although this needs to be confirmed with comparative
studies, they may be challenging to undertake given the
seemingly low incidence of SC of the shoulder.

Overall, arthroscopic treatment of shoulder SC was
successful in 70.8% of cases. Three cases had failed
arthroscopic management due to the need for a total
conversion to open surgery. Buess and Friedrich
reported that radical extraction of over 50 loose
bodies, measuring up to 8 mm, from the axillary and
subscapular recesses and the BTS was difficult, thus
the authors opted to perform a ventral arthrotomy via
a deltopectoral approach and additionally opening the
BTS.!'! Colanese et al. opted for a conversion to a limited
deltopectoral approach to completely excise a lesion
measuring 4 x3 x lcm from the subscapular recess
extending medially under the coracoid."® Francesca
and Ronquillo also reported needing to convert to an
open deltopectoral approach with a subdeltoid extension
to completely excise 53 loose bodies with a maximum
diameter up to 25mm from the GHJ and BTS.'® Two

other studies successfully removed loose bodies from the
GHJ and subscapular recess using arthroscopy; how-
ever, they performed open debridement of BTS.'*!"> In
a case series by Lunn et al., seven patients also under-
went an open subpectoral biceps tenodesis for the treat-
ment of inflamed or damaged bicipital tendon associated
with loose bodies in the bicipital groove.* Based on these
findings, arthroscopic management of SC arising in the
BTS appears more challenging, with a potentially higher
risk of requirement for an open procedure. Nevertheless,
Maier et al. recently published an optimized biceps teno-
scopy technique for the treatment of SC arising in the
BTS, which may further prevent the need for open
debridement and synovectomy of the BTS.?! Notably,
incomplete excision of loose bodies from the GHIJ was
observed in 3 of 15 patients from the case series by Lunn
et al.* Incomplete excision of loose bodies was not
observed in other studies. As all procedures in the case
series by Lunn et al. were performed by a single sur-
g,eon,4 it is difficult to determine whether arthroscopic
management of shoulder SC is significantly associated
with the risk of incomplete loose body excision.

Following successful arthroscopic management
(n=34), radiological evidence of disease recurrence
was observed in five patients (14.7%). Interestingly,
all five patients had initially underwent arthroscopic
excision of loose bodies in combination with synovect-
omy. Although synovectomy is believed to reduce the
recurrence rate by removing the primarily affected
synovium, no study to date has demonstrated a clear
benefit of combined loose body excision and synovect-
omy over excision of loose bodies alone.?” Nevertheless,
a small number of cases with loose body excision alone
precludes drawing any meaningful conclusion with clin-
ical significance. Given that estimated 1%-5% of SC
may undergo malignant transformation into chondro-
sarcoma, often associated with preceding disease recur-
rence,'® factors that may influence disease recurrence
should be further investigated. Of note, there was no
reported case of malignant transformation among the
articles identified by our systematic review.

We identified the following limitations in our study:
first, existing literature on arthroscopic management of
SC of the shoulder is limited, with a total of 27 studies
to date. Most of these articles were case reports.
Therefore, it is possible that cases with suboptimal out-
comes may have been underreported. Nevertheless,
with the exception of the case series by Lunn et al.,*
the outcomes following arthroscopic management of
shoulder SC were good (84.8% success rate; 14.3%
recurrence rate) and no arthroscopy-related complica-
tions were observed. Second, there is significant hetero-
geneity in the arthroscopic techniques utilized by the
authors, which likely influences the procedure out-
comes and recurrence rates. To overcome these
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limitations, comparative studies including a larger
number of cases with arthroscopic management and
long-term follow-up duration are needed to develop a
standardized, gold-standard arthroscopic approach
with higher success rates.

Conclusion

Literature on arthroscopic management of SC of the
shoulder is scarce. Among 48 patients from 27 articles,
arthroscopic treatment was successful in 70.8%, and
resulted in disease recurrence in 14.7%. Significant het-
erogeneity in arthroscopic techniques was observed,
necessitating a larger number of cases to develop a
standardized procedure. Although arthroscopic
approach for the management of shoulder SC is safe
and effective with good visualization/access, low mor-
bidity, early post-operative joint mobility and rehabili-
tation, further optimization is necessary to avoid failure
of treatment and recurrence of disease.
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