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Abstract
Background  Intra- and juxta-articular osteoid osteoma (OO) is rare and can result in irreversible joint damage. Recently, 
arthroscopic surgery is being used more and more to avoid complications associated with other treatment modalities.
Methods  On October 13, 2019, we conducted a systematic review of the literature available in PubMed and EMBASE 
regarding the arthroscopic management of OO involving the joints of the upper extremity. Predetermined inclusion criteria 
were used to include any relevant article published on and before that date for further analysis. Treatment success rate and 
tumor recurrence rate were considered the primary outcomes in our analysis.
Results  Out of 113 studies, 19 met our inclusion criteria. Of the 32 reported cases in these 19 articles, ten involved the 
shoulder joint, 19 involved the elbow joint and three involved the wrist joint. Overall treatment success rate was 93.8%. 
Tumor recurrence rate was 0.0%. No postoperative complications (0.0%) were reported among cases involving the shoulder 
joint. Two out of 24 (8.3%) patients with elbow OO failed arthroscopic treatment due to incomplete excision, and two (4%) 
experienced minor complications. Among the three cases of wrist OO, two (66.7%) patients had residual postoperative pain 
and decreased hand grip strength.
Conclusion  Arthroscopic management of OO of the upper extremity joints is highly successful and results in no tumor 
recurrence; however, there is a risk of incomplete resection in areas more difficult to access by arthroscopy.

Keywords  Osteoid osteoma · Juxta-articular · Upper extremity · Wrist · Elbow · Shoulder · Arthroscopy

Introduction

Osteoid osteoma (OO) is commonly found in long bones 
of patients under the age of 30, accounting for up to 14% 
of all benign bone tumors [1, 2]. Approximately, one out of 
ten cases of OO are intraarticular [1, 3–5]. When a joint is 
involved, the patient presents with symptoms and signs mim-
icking inflammatory arthritis, septic arthritis, fracture and 

avascular necrosis [1, 3, 6–9]. Signs and symptoms include 
limited joint range of motion, joint effusion, nocturnal pain, 
and pain worsening with activities. If misdiagnosed and 
mistreated, intraarticular OO can result in irreversible joint 
damage due to long-standing inflammation and synovitis [1, 
10]. Therefore, obtaining appropriate investigations should 
not be delayed whenever the diagnosis is suspected. Plain 
radiographs are usually not helpful in cases of intraarticular 
OO; however, computed tomography (CT) scans will show 
the classic calcified nidus surrounded by a lytic lesion [1, 
11]. Bone scan will most often show focal tracer uptake [1].

Conservative treatment includes nonsteroidal anti-
inflammatory medications (NSAID) or salicylates which 
often relieve symptoms [1]. If symptoms persist, definitive 
treatment includes radiofrequency ablation (RFA), cryo-
ablation, percutaneous drilling, laser thermoregulation 
and surgical resection [1, 7–9, 12–14]. However, irrevers-
ible damage to the articular cartilage, or physis in younger 
patients, can result from any of these treatment modalities 
[1, 10]. To minimize such complications in the management 
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of intraarticular OO, orthopedic surgeons are now starting 
to use arthroscopy to resect juxta- or intraarticular OO [7, 
9, 15–18].

Osteoid osteoma most commonly affects the metaphysis 
or diaphysis of the femur and tibia; therefore, OO involving 
the joints of the upper extremity is very rare [1]. Most of the 
scientific papers reporting the outcomes from the arthro-
scopic management of OO are of small sample size, and 
thus, a definitive conclusion regarding the outcome of this 
treatment modality is lacking [9]. Therefore, we conducted 
a systematic review of the available literature looking at the 
use of arthroscopy in the management of intra- and juxta-
articular OO of the upper extremity. We hypothesized that 
the success rate of arthroscopic OO resection in the upper 
extremity is on par with the current gold standard with low 
a recurrence rate.

Methods

PubMed and EMBASE were searched, looking for articles 
related to the arthroscopic treatment for OO in the upper 
extremity. This was performed by two reviewers (S.G. and 
Y.M.) independently. Articles published on or before Octo-
ber 13, 2019, were included. The subject headings and their 
related key terms used in this review were “osteoid osteoma” 
and “arthroscopy” (see Fig. 1). Inclusion criteria were (1) 
all levels of scientific evidence, (2) human studies, (3) both 
genders, (4) any age-group, (5) English language, (6) intra- 
or juxta-articular OO and (7) arthroscopic treatment. The 
following criteria were used for exclusion: (1) articles pub-
lished in abstract form only, (2) nonsurgical studies (e.g., 
review papers, cadaveric studies), (3) articles about OO 
not involving the upper extremity joints, (4) patients who 
received conventional open surgical treatment and (5) arti-
cles of nonrelated diagnosis.

The independent reviewers screened titles and abstracts 
for eligibility. Based on the abstract review, articles were 
included only if both reviewers independently determined 
that all the inclusion criteria were met. Articles were then 
included in further full-text review if one of the investiga-
tors believed they meet the inclusion criteria. Any disa-
greements were resolved by discussion and mediation by 
a third reviewer (F.A.), if necessary. Relevant data were 
then extracted and recorded by the same investigators using 
Microsoft Excel 2016 (Microsoft, Redmond, WA). The 
recorded data included background information about the 
articles (i.e., year of publication, authors, study design, sam-
ple size and level of evidence), clinical details (i.e., age, sex, 
affected joint and specific location of the lesion), arthro-
scopic technique (i.e., patient positioning, arthroscopic por-
tals, tumor handling), duration of patients’ follow-up, recur-
rence rate and treatment complications. Success rate and 

recurrence rate were considered as the primary outcomes 
in our analyses.

A meta-analysis was not performed due to the hetero-
geneity of the retrieved studies. Thus, a qualitative assess-
ment was reported. Quality assessments of each individual 
study were not performed because all studies were of level 
IV evidence.

Results

A total of 113 unique studies were found with the initial 
search after 80 duplicates were removed. Seventy-four 
studies were excluded following title review, 16 articles 
were removed after abstract review and four more articles 
were removed after full-text review (Fig. 2). Eventually, we 
included 19 studies in our final review for further analysis 
(Tables 1, 2, 3). A screening of the references of the included 
studies did not reveal any further eligible studies for inclu-
sion in our review.

Fig. 1   Search Strategy
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There was no disagreement throughout the stages of this 
systematic review in between the two reviewers. Due to the 
heterogeneity of the data included, and the level IV evidence 
of all the studies, a meta-analysis was not performed.

A total of 32 cases related to arthroscopic management of 
intraarticular OO of the upper extremity joints were reported 
in the included studies. Of these 32 cases, ten involved 
the shoulder joint (Table 1), 19 involved the elbow joint 
(Table 2) and three involved the wrist joint (Table 3).

The Shoulder (Table 1)

In the shoulder, six (60.0%) of the ten patients were males, 
and the mean age was 25.9 ± 10.8 (range 12–46) years. 
Five (50.0%) OO lesions were found in the coracoid pro-
cess, two (20.0%) in the acromion, two (20.0%) in the 
glenoid and one (10.0%) in the humeral head. Delay in 
diagnosis ranged from 3 months to 4 years. The patient 
position during surgery was not described in six (60.0%) 
patients; however, three (30.0%) of the remaining patients 
underwent arthroscopy in beach chair position and one 

(10.0%) in lateral decubitus position. Most lesions were 
identified under direct visualization of either an area of 
abnormal bone or cartilage which was de-roofed to expose 
the nidus. Two cases (20.0%) used preoperative planning 
and CT imaging to help identify the lesion. Following 
tumor excision, the case of OO in the humeral head lesion 
(1; 10.0%) required a bone graft to fill the defect. Addi-
tionally, one of the cases of OO in the coracoid (1; 10.0%) 
had arthroscopic-guided RFA following tumor excision. 
Acromioplasty and the Mumford procedure were done for 
one (10.0%) of the cases where the tumor was in the acro-
mion. Four cases reported rehabilitation protocol. Three 
cases had sling immobilization from 2–4 weeks followed 
by gradual mobilization, while one proceeded to immedi-
ate mobilization. Follow-up duration was not reported in 
one (10.0%) case; however, the rest of the patients had a 
mean follow-up of 62 ± 53 (range: 3–168) months. The 
surgery was successful in treating the tumor in all (10; 
100.0%) the cases, with no (0; 0.0%) complications or 
tumor recurrence being reported.

Fig. 2   Flowchart
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The Elbow (Table 2)

Sixteen (84.2%) out of the 19 patients with elbow OO were 
males. The mean age of the patients was 26.3 ± 9.2 (range 
12–48) years. The most common location for the OO about 
the elbow joint was the olecranon fossa or coronoid fossa 
(10; 52.6%), followed by the radial head (3; 15.8%), capi-
tellum (2; 10.5%) and trochlea (2; 10.5%). Delay in diag-
nosis ranged from 6 months to 3 years. Two cases did not 
specify the location of the lesion in the distal humerus. 
Twelve (63.2%) cases used fluoroscopy to assist in lesion 
localization. Twelve cases reported rehabilitation protocol, 
all of which included immediate mobilization. The mean 
postoperative follow-up was 30.6 ± 22.6 (range: 1.5–78) 
months. Two (10.5%) patients failed arthroscopic treatment 
and required open surgical excision of the tumor. There was 
no tumor recurrence in any reported cases (0; 0.0%). Minor 
complications were reported in two (10.5%) patients; one 
had limited elbow flexion–extension requiring open surgical 
release, and the other had residual pronation contracture at 
final follow-up.

The Wrist (Table 3)

Wrist arthroscopy was used to treat three cases of OO. 
One (33.3%) of the cases was males, and the mean age was 
33.3 ± 12.9 (range: 21–45) years. Lesions were found in 
the ulnar side of the lunate (1; 33.3%), the distal pole of 
the scaphoid (1; 33.3%) and the radial styloid (1; 33.3%). 
Delay in diagnosis ranged from 2 months to 1.5 years. For 
the lunate and the radial styloid, portals 3–4 and 4–5 were 
used to excise the lesion, while the mid-carpal ulnar (MCU) 
and the mid-carpal radial (MCR) portals were used for the 
scaphoid OO. Two cases (66.7%) used fluoroscopy to assist 
in lesion localization. The mean follow-up was 13.7 ± 3.8 
(range 11–18) months. No information was provided regard-
ing rehabilitation protocol. Treatment was successful in 
all cases (3; 100%), and no tumor recurrence occurred (0; 
0.0%). Two patients had persistent pain postoperatively 
(66.67%). The patient with the scaphoid lesion had persis-
tent tenderness in the radial side of the wrist and pain during 
full force pinching, and the patient with the lunate lesion had 
pain with deep palpation of the dorsal surface of the wrist. 
Both patients had weaker hand grip strength compared to 
the contralateral side.

Discussion

This study presents a systematic review regarding the use 
of arthroscopy to treat intra- and juxta-articular OO of the 
upper extremity. In our cases, delay in diagnosis ranged from 
2 months to 4 years with several patients undergoing other 

procedures prior to coming to the diagnosis of OO. In most 
cases, an area of abnormal bone or cartilage could be visual-
ized directly during arthroscopy and was de-roofed to expose 
the nidus. Some used preoperative CT images and fluoros-
copy to assist in localization or confirm location of lesion. 
Failure rate in eradicating the tumor was very low and suc-
cess rate ranged from 100% for the shoulder and wrist to 
89.5%% for the elbow regardless of the specific location of 
the lesion and the arthroscopic technique used. Failure was 
due to incomplete excision. In one of the failed cases, the 
tumor was in the extraarticular portion of the radial head 
with the nidus being beneath the annular ligament, making it 
difficult to reach by arthroscopy. No complications were seen 
among the cases with shoulder OO. There were only mild 
complications with this treatment modality. In the elbow, 
one of the 19 patients had a pronation contracture following 
arthroscopic management, and another had limited elbow 
flexion–extension requiring surgical release. In addition, 
two of the three patients with wrist OO had pain with spe-
cific wrist and hand activities, as well as weaker hand grip 
strength. This rate of complications is likely similar or better 
to open surgical resection but further comparative studies 
will have to be undertaken [37, 40]. No tumor recurrence fol-
lowing arthroscopy was reported in the available literature.

Intra- and juxta-articular OO is rare and difficult to diag-
nose, leading to delay in appropriate treatment [3, 10, 19]. 
An average delay of 4 years for the initial diagnosis of OO 
in such locations was previously reported [3]. NSAID usu-
ally controls the symptoms of OO and can eventually lead to 
resolution of the pain [1, 12, 20]. However, the average time 
to achieve these favorable results is 33 to 36 weeks [12, 20]. 
With intra- or juxta-articular OO, any delay in treatment, or 
the response to it, could result in irreversible joint damage 
[3, 41–43].

Open surgical excision and percutaneous CT-guided exci-
sion or RFA provide excellent outcomes for OO [1, 8, 13, 
14, 21]. Nevertheless, open surgical techniques require a 
thorough soft tissues dissection, which can lead to surgical 
site morbidity, in addition to longer postoperative rehabilita-
tion [1]. Also, en bloc resection of the tumor often results in 
bony defects requiring stabilization or grafting [1]. Percuta-
neous techniques, on the other hand, have less surgical site 
morbidity. However, it can be difficult to access areas such 
as the smaller joints of the upper extremity. Moreover, these 
minimally invasive procedures in areas such as the coracoid 
process or anterior elbow may lead to neurovascular injuries 
in areas that are near important anatomic structures [34]. 
There have also been reports of devitalization of the articu-
lar cartilage surrounding intraarticular tumors secondary to 
thermal injury from poor targeting and needle placement 
in these minimally invasive procedures [14, 21]. Another 
disadvantage of performing percutaneous RFA is that his-
tological confirmation of OO is not always possible [16].
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There are potential limitations with this systematic 
review. Most the included studies had a sample size of 
one patient; there was a lack of studies with a high level 
of evidence. This, though, was expected due to the scarcity 
of patients with intra- or juxta-articular OO in the upper 
extremities. In addition, there is missing and inconsistent 
reporting of lesion locations and the surgical techniques 
used. The duration of postoperative follow-up also varied 
across the studies. Some studies with a shorter follow-up 
make it difficult to catch possible late recurrences, as well 
as resolution of postoperative symptoms such as stiffness 
and pain which we documented as complications. Moreo-
ver, late onset complications following the surgical treat-
ment of intraarticular pathology (e.g., early osteoarthritis) 
may also be missed. Outcome following arthroscopic sur-
gery also depends on surgeon’s expertise and experience; 
therefore, some treatment failure could be related to sur-
geon factors rather than treatment modality.

Conclusion

Arthroscopic management of OO of the upper extremity 
joints is highly successful, with low rate of minor com-
plications. Patients who underwent this treatment did not 
have any tumor recurrence at final follow-up; however, 
there is a risk of incomplete excision in areas more dif-
ficult to access by arthroscopy. Larger case series and 
studies of higher level of evidence regarding the use of 
arthroscopy for intra- and juxta-articular OO are needed.
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