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Background: Radiocapitellar joint snapping due to the presence of synovial plica has been described as a contributory
intra-articular pathology of lateral epicondylitis (LE).

Hypothesis: The arthroscopic modified Bosworth technique can provide a safe and favorable outcome for refractory LE with
radiocapitellar snapping.

Study Design: Case series; Level of evidence, 4.

Methods: Patients treated with the arthroscopic modified Bosworth procedure for refractory LE with radiocapitellar joint snapping
were included in this study. The sequential surgical procedures included excision of the upper portion of the anterolateral annular
ligament, removal of the synovial plicae, and release of the extensor carpi radialis brevis for all patients. Clinical outcomes were
measured at a minimum 1-year follow-up.

Results: A total of 22 patients with a mean ± SD age of 51.2 ± 10.4 years were included in this study. The mean follow-up was 29.4
± 7.7 months (range, 21-42 months). The overall visual analog scale score (from preoperative to final follow-up) was 7.5 ± 1.2 vs 2.5
± 1.8 (P < .001); flexion-extension motion arc was 133.8� ± 11.2� vs 146.4� ± 7.1� (P ¼ .001); pronation-supination motion arc was
101.8� ± 9.2� vs 141.7� ± 10.2� (P ¼ .001); Disabilities of the Arm, Shoulder and Hand score was 54.5 ± 13.2 vs 3.6 ± 4.1 (P < .001);
and Mayo Elbow Performance Score was 51.9 ± 12.2 vs 84.3 ± 10.3 (P < .001).

Conclusion: Radiocapitellar joint snapping may coexist with LE as a disease spectrum. The arthroscopic modified Bosworth
technique provides safe and favorable outcomes for patients with refractory LE associated with radiocapitellar joint snapping.
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Lateral epicondylitis (LE) affects the origin of the extensor
carpi radialis brevis (ECRB) and is thought to be related to
repetitive injuries that lead to microtrauma and nonheal-
ing of immature reparative tissue.31 Regardless of the exact
cause of this disorder, the symptoms of LE generally will
resolve or improve within a year.9 Nonoperative treatment
remains the first-line approach to this condition; however,
25% of the patients remain symptomatic.11 A previous
study reported that severe forms of tendinopathy may not
benefit from nonoperative measures.8 Several surgical pro-
cedure types have been described to treat refractory symp-
toms. More than half a century ago, Bosworth10 reported a
successful approach to the treatment of refractory LE and
described the importance of resection of the annular liga-
ment, which he identified as the focal abnormality in
refractory LE. Traditional surgical measures involve resec-
tion of pathologic degenerative tissue through an open

incision and the release, repair, and denervation of the
common extensor origin.6,7,10,31 More recently, arthroscopic
surgery, as a minimally invasive technique, has gained
popularity. The clinical outcomes of arthroscopic surgery
in the treatment of LE have been shown to be comparable
with those achieved via the open technique.4,26,34 Approxi-
mately 18% to 58% of LE cases are associated with other
intra-articular abnormalities. Arthroscopic intervention is
able to address intra-articular pathologies; nevertheless,
some patients remain symptomatic after surgery, which is
probably due to inadequate treatment of the intra-articular
pathologies.4,18,27,39

Radiocapitellar joint snapping may be misdiagnosed as
LE because of the similar location as the source of the symp-
toms.1 Radiocapitellar joint snapping due to the presence of
synovial plicae has been described as a contributory intra-
articular pathology in LE.5,14,15,30 Nevertheless, little is
known about the treatment of LE associated with radioca-
pitellar joint snapping. The purpose of this study was to
assess the clinical outcome of an arthroscopic modified Bos-
worth technique as a treatment for refractory LE with
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radiocapitellar joint snapping. Our hypothesis was that the
arthroscopic modified Bosworth technique could provide a
safe and favorable outcome for this condition.

METHODS

Institutional board review approval was obtained for this
study. The study began with 89 patients who underwent
arthroscopic surgery for refractory LE by 1 surgeon
(I.-H.J.) between 2012 and 2016 in a tertiary university
hospital. The inclusion and exclusion criteria are described
in Table 1.

Elbow joint instability was routinely assessed (via the
varus instability test and lateral pivot-shift test) in the out-
patient clinic before the surgical procedure. If the outpa-
tient clinic test finding was inconclusive, assessment was
repeated in the operating room with the patient under
general anesthesia. All patients underwent standard

anterior-posterior and lateral radiographs and contrast-
enhanced magnetic resonance imaging (MRI). Although
MRI is not part of our routine diagnostic imaging, MRI was
performed in all patients because of elbow joint snapping.
MRI was used to evaluate the presence of a high signal or
torn ECRB and to confirm the synovial plicae that interpose
between the radial head and capitellum. MRI has been used
widely and is appreciated for its high sensitivity, specific-
ity, and accuracy in the diagnosis of LE.13 Nevertheless,
despite the ability of MRI to reveal a synovial plicae struc-
ture, no definitive findings have been described for distin-
guishing a pathologic plicae from a physiologic plicae.28

Operative Procedures

The surgery was performed by a single senior surgeon
(I.-H.J.) on an outpatient basis in the manner described
by Baker et al.5 Prophylactic antibiotics were administered
preoperatively. The patient was placed in a lateral

TABLE 1
Study Criteria for Diagnosis, Inclusion, and Exclusiona

Diagnostic Criteria Inclusion Criteria Exclusion Criteria

Lateral epicondylitis21,39

(1) Tenderness on deep palpation of the
lateral epicondyle over the extensor
origin

(2) Aggravated pain during resisted wrist
extension in elbow extension

Radiocapitellar snapping1,28

(1) Tenderness on the lateral side of the
elbow joint over the radiocapitellar joint

(2) Presence of painful lateral elbow joint
snapping, observed and felt with
palpation during elbow movement1

(1) Patient fulfilled the diagnostic criteria for lateral
epicondylitis and radiocapitellar snapping

(2) Patient underwent nonoperative measures that
included rest, activity modification, counterforce
bracing, nonsteroidal anti-inflammatory
medication, and steroid injections

(3) Patient was without improvement after
nonoperative treatment for at least 6 months

(4) Patient was available for follow-up at a
minimum of 1 year

(1) Less than 1 year of
follow-up (n ¼ 17)

(2) Previous surgery of
the affected elbow
(n ¼ 8)

(3) History of infection of
the affected elbow
(n ¼ 3)

(4) History of
musculoskeletal
trauma of the affected
elbow (n ¼ 8)

(5) Receiving workers’
compensation
(n ¼ 12)

(6) Deceased (n ¼ 5)
(7) Refused MRI (n ¼ 6)
(8) Refused study

consent (n ¼ 3)
(9) Developed cervical

pathologies (n ¼ 4)
(10) Developed Parkinson

disease (n ¼ 1)

aMRI, magnetic resonance imaging.
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decubitus position under general anesthesia. A tourniquet
was applied, and the joint was distended with 20 mL of
saline through an 18-gauge needle introduced through a
lateral soft spot. A standard 4.0-mm, 30�-angled arthro-
scope with a pump was used. Diagnostic arthroscopy was
performed through the anteromedial portal as a standard
viewing portal. Careful examination was conducted for the
type of capsular lesion based on the classification system by
Baker et al5 (type I, smooth capsule; type II, torn capsule;
type III, retracted capsule) and on the existence and
arrangement of the meniscocapsular complex based on the
criteria described by Mullet et al30 (type I, no impingement
or coverage of the radial head; type II, partial coverage of
the radial head during elbow extension; type III, subluxa-
tion of the capsular edge into the radiocapitellar joint; type
IV, complete obscuration of the radial head in all elbow
flexion and extension positions). The meniscocapsular
complex was assessed under flexion-extension and
pronation-supination of the elbow. The conditions of the
annular ligament as well as the cartilage of the radial head
and capitellum were evaluated.

Modified Bosworth Technique

A direct lateral portal was established as the working por-
tal. The Bosworth10 technique was used as the standard
and modified with our protocol. It was originally described
as an open technique with 4 types of procedures; type 1
involved dividing the common extensor origin, followed by
synovial fringe removal in type 2, orbicular (annular) liga-
ment removal in type 3, and resuturing of the common
extensor origin over the radial head in type 4. The original
Bosworth procedure was adapted in this study to include
only procedure types 1 through 3 under arthroscopy. The
capsule underneath the ECRB tendon was debrided
through use of a 3.5-mm shaver (Dyonics 3.5-mm Arthro-
scopic Surgical Blade; Smith & Nephew) until the extensor
carpi radialis longus muscle insertion was visualized. The
arthroscope was then proximally advanced, tracing the

ECRB origin to the lateral epicondyle. The ECRB origin
was then removed by use of a 2.4-mm radiofrequency abla-
tor (ArthroCare). ECRB release was limited to the anterior
half of the radial head equator so as not to violate the lat-
eral collateral ligament. A shaver was used to remove any
remaining tendinosis found in the retracted ECRB tendon.
The lateral epicondyle was not decorticated. The synovial
plica was then debrided with an ablator if the plica was
hypertrophic and measured 3 mm or more in thickness at
the preoperative MRI investigation corresponding to the
intraoperative finding.38 The radiocapitellar joint was
checked for visible snapping by performance of flexion-
extension and pronation-supination. If snapping occurred,
the annular ligament was partially removed at the upper
portion of the anterolateral part to the distal edge of the
radial neck (Figure 1). Careful partial resection of the
annular ligament was performed with an L-hook tip radio-
frequency ablator (Saber 30; ArthroCare). The skin was
closed with interrupted suture with 3.0 Nylon suture. At
the final follow-up session in the outpatient clinic, elbow
joint stability was assessed due to the concern for iatrogenic
injury of the lateral ulnar collateral ligament during
debridement of the ECRB origin.

Postoperative Protocol

Active-assisted range of motion exercise was encouraged on
the first day following surgery or as pain was tolerated. A
light dressing was applied 3 days postoperatively. All
sutures were removed 2 weeks postoperatively. Strenuous
activities were allowed if pain was tolerable.

Outcome Assessment

Pre- and postoperative clinical assessments were conducted
by a single independent blinded examiner (E.K.). The func-
tional outcome assessment included the motion arc in
flexion-extension and pronation-supination and an evalua-
tion for pain with a visual analog scale (VAS). The

Figure 1. Arthroscopic images from the proximal anteromedial portal of the right elbow showing (A) meniscocapsular complex type
III (black arrows) with radiocapitellar joint snapping and (B) resection of the upper portion of the annular ligament resulting from type
I meniscocapsular complex with annular ligament remnant (black arrows). C, capitellum; RH, radial head.
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Disabilities of the Arm, Shoulder and Hand (DASH) score
and Mayo Elbow Performance Score (MEPS) served as the
outcome measurement tools.17 The DASH score is a general
outcome measure of upper extremity conditions, and the
MEPS is used specifically to assess the elbow joint. The
patients were surveyed for their satisfaction with the pro-
cedure (much better, better, same, or worse compared with
preoperative levels). The time to return to unrestricted
work and any complications of the procedures were also
recorded.

Statistical Analysis

The estimated sample size needed was calculated based on
paired t tests. A sample size of 40 patients was needed to
achieve a large effect size with a power of 0.8 and a .05 type
I error. The Kolmogorov-Smirnov test was used for normal-
ity distribution. The data set for the DASH score was nor-
mally distributed; therefore, the paired t test was used to
compare pre- and postoperative mean values. Data sets for
VAS, motion arc, and MEPS had skewed distribution;
therefore, the Wilcoxon signed-rank test was used to com-
pare pre- and postoperative means. The significance level
was set at P < .05. All descriptive and analytic analyses
were conducted using SPSS (Version 15.0; SPSS Inc).

RESULTS

During the study period, a total of 22 patients with refrac-
tory LE and radiocapitellar joint snapping underwent the
arthroscopic modified Bosworth procedure. The patients
included 15 women and 7 men with a mean ± SD age of
51.2 ± 10.4 years. A total of 14 (63.6%) patients were
involved in manual labor, 7 (31.9%) performed office-
type work, and 1 (4.5%) was unemployed at the time of
surgery. There were no professional athletes in the study.
A total of 15 (68.2%) elbows involved the dominant arm.
The mean duration of nonoperative treatment was 16.2 ±
11.9 months.

Capsular lesions were evaluated with the classification
system described by Baker et al5; we identified 1 (4%) type I
lesion, 12 (55%) type II lesions, and 9 (41%) type III lesions.
Synovial plicae existed in all cases, with a posterior site for
16 patients (72.7%), anterior site for 2 patients (9%), and
anteroposterior site for 4 patients (18.3%). The meniscocap-
sular complex was assessed with the classification system
described by Mullet et al,30 revealing 9 (41%) cases of type
II and 13 (59%) cases of type III meniscocapsular complex.
No type I or IV meniscocapsular complex was observed.
Synovitis was observed at the anterior part of the radio-
capitellar joint in 16 (80%) patients, the posterior part in
1 (5%) patient, and both anterior and posterior parts in
3 (15%) patients. Other surgical findings included a focal
radial head cartilage lesion in 2 patients. None of the
patients had osteoarthritis, loose bodies, or instability. Fur-
ther, none of the patients experienced snapping or needed
further annular ligament resection after the procedure.

The mean follow-up was 29.4 ± 7.7 months (range, 21-42
months). At the final follow-up, the VAS, motion arc,

DASH, and MEPS scores were remarkably improved
(Table 2). The overall satisfaction was “much better” in 18
patients (82%) and “better” in 4 patients (18%), and none
reported feeling “the same” or “worse.” The mean time to
return to work without restriction was 10 days (range, 7-14
days). The mean time to return to work was longer for
patients involved in manual labor (11.2 days) than for
patients whose work did not involve manual labor (9.1 days)
(P ¼ .02). No complications were recorded.

DISCUSSION

This study found that the arthroscopic modified Bosworth
technique provided a safe and favorable outcome in refrac-
tory LE. The study also revealed the associated intra-
articular pathology in refractory LE, which includes the
meniscocapsular complex lesion, synovitis, and focal radial
head cartilage lesion. This finding implies that it is perhaps
important to look for the presence of other pathologies, such
as the meniscocapsular complex lesion that resulted in
radiocapitellar snapping.

As an alternative to open surgical procedures, arthro-
scopic intervention for LE has gained in popularity since
described by Baker et al.5 Some studies described favorable
outcomes of arthroscopic intervention4,30,39; however, 10%
of patients experienced residual pain.4 Associated intra-
articular pathology has been proposed as the cause of this
refractory state.8,30 The additional benefit of the arthro-
scopic technique is the ability to address the associated
intra-articular pathology without disturbing the common
extensor tendon. This study highlights the importance of
addressing the associated intra-articular pathology in the
treatment of refractory LE, which includes capsular
debridement, meniscocapsular complex lesion resection,
and partial resection of the annular ligament. Any menis-
cocapsular complex lesions were mostly type III, which par-
tially covers the radiocapitellar joint (59%). A focal radial
head cartilage lesion was found in only 2 cases, and we
postulated that it was due to the abrading effect from the
mirroring meniscocapsular complex lesion. The existence of

TABLE 2
Comparison of Functional Outcomes of VAS, Motion Arc,

DASH, and MEPSa

Functional Outcome
Measurement Preoperative Final Follow-up P Value

VAS 7.5 ± 1.2 2.5 ± 1.8 <.001b

Motion arc
Extension-flexion 133.8 ± 11.2 146.4 ± 7.1 .001b

Pronation-supination 101.8 ± 9.2 141.7 ± 10.2 .001b

DASH 54.5 ± 13.2 3.6 ± 4.1 <.001c

MEPS 51.9 ± 12.2 84.3 ± 10.3 <.001b

aValues are expressed as mean ± SD. DASH, Disabilities of the
Arm, Shoulder and Hand score; MEPS, Mayo Elbow Performance
Score; VAS, visual analog scale.

bWilcoxon signed-rank test.
cPaired t test.
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the meniscocapsular complex suggests the possibility that
this is an important pathology in refractory LE. In contrast
to our intra-articular pathology assessment, recent studies
highlighted subtle elbow instability as a cause of refractory
LE without joint snapping.3,25 The subtle instability of the
elbow joint was demonstrated by varus stress testing with
the patient under anesthesia25 or by the sign of lateral lig-
amentous patholaxity during arthroscopic examination.3

Arthroscopic plication of the lateral ligament complex was
performed in a series of 27 patients with LE who had an
incompetent lateral ligament complex, resulting in favor-
able outcomes.3 Therefore, in patients without radiocapitel-
lar joint snapping, the clinician should consider the
incompetence of the lateral ligament complex as another
cause of refractory LEs.

The synovial plica is a consistent structural remnant of
normal embryonic development during the cavitation
stage.20,29 It has been found to cover 28% of the radiocapi-
tellar joint of the adult radial head.24 A cadaveric study
revealed nearly 100% existence of synovial plica with an
absence of the lateral fold in the embryonic elbow. The lat-
eral fold was observed in only adult specimens, which
appeared as an excessive hyalinized lateral extension caused
by the alteration of the radial head movement.20 Further-
more, an anatomic study revealed that the synovial plica
protruded as a distinct structure from the proximal edge of
the inner surface of the annular ligament, which merged
with the common extensor tendon to form a composite struc-
ture together with capsule and bone.20 Therefore, the pathol-
ogy of LE may involve 1 or more of these elements. Elbow
extension increases the tension in the capsule, and forearm
pronation produces tension in the ECRB. Moreover,
repeated, piston-like radial head movements will cause con-
siderable compression stress, which later results in hyper-
trophy of the fold, similar to skin folds found in highly mobile
sites.20 Repetitive tension of the ECRB, as seen in overuse
injuries, may thrust the pathologic fold into the radiocapi-
tellar joint and cause refractory lateral elbow pain with or
without mechanical symptoms, such as snapping, clicking,
or catching (Figure 2).16,19,30,35,38

In a study of 30 patients who had recalcitrant LE for at
least 9 months, Mullet et al30 found that all patients had a
collar-like band as an extension of the radiocapitellar cap-
sule impinging the radial head at the time of arthroscopy.
In comparison, similar impingement was found in only 15 of
34 cadaveric elbow specimens.30 Therefore, LE may be a
spectrum disease that appears to be consistent with the
following superimposed structures: (1) degenerated ECRB
tendon, (2) radiocapitellar capsular lesions, (3) pathologic
synovial plicae, and (4) hypertrophic annular ligament.
This postulation is supported by several histology studies
that revealed the existence of free nerve endings in the
capsule and synovial plica.22,36 The annular ligament may
also have nociceptive receptors.23 Failure to address all
structures may lead to painful and refractory conditions.

Our modified Bosworth procedure has several advantages
in the management of refractory LE with snapping radioca-
pitellar joint. First, in this study, the ECRB origin, typically
affected in LE, was consistently released, which may lead to
distal migration of the capsulotendinous complex, thereby

creating the decompression effect.30 Second, consistent
debridement of the capsular lesions is necessary to eliminate
pain source structures and increase the decompression effect.
Third, dynamic assessment of synovial plica is necessary in
every case. An inflamed and hypertrophic plica will impinge
the radial head in extension and flexion movements. There-
fore, we routinely debride this pathologic plica rather than
perform a simple division. Simple division to reduce the bow-
string effect of this structure should be avoided because it can
lead to fibrosis and possible recurrence of symptoms.37

Fourth, the main feature of our technique is that it addresses
the stenotic annular ligament, which Bosworth described as a
characteristic of this condition.10

Complete annular ligament resection has been described
in previous studies2,10; nevertheless, we do not recommend
this procedure. Biomechanical studies have revealed the
contribution of the annular and lateral collateral ligaments
to elbow joint stability.32,33 Furthermore, additional studies
have reported that annular ligament reconstruction is man-
datory when dealing with congenital radial head disloca-
tion.40,41 Therefore, in this study, only the upper portion of
the anterolateral annular ligament was removed. Overzeal-
ous resection of the annular ligament is not advocated
because it will render the collateral ligament ineffective,
leading to elbow instability. Partial annular ligament resec-
tion has also been reported to result in favorable outcomes.12

The arthroscopic modified Bosworth technique resulted
in favorable outcomes at the final follow-up assessments,
with no patients experiencing complications. Thus, patho-
logic plica and hypertrophic annular ligament should not be
underestimated. Radiocapitellar joint snapping may coex-
ist as a disease spectrum with LE.

Limitations

This study has some limitations. First, the study was a
retrospective case series from a single surgeon and did not

Figure 2. Illustration of the pathology of symptomatic plica.
An articular capsule tear changes the normal tension of the
annular ligament, resulting in piston-like movement that leads
to a hypermobile plica (*) that (A) occupies the radiocapitellar
joint in the pronation position and (B) is released from the
radiocapitellar joint in the supination position. ECRB, exten-
sor carpi radialis brevis.
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include a control arm, such as patients who were treated
for only LE (nonplica) or patients who underwent treat-
ment for only the plicae. Therefore, this may lead to the
possibility of limited external validity. Nevertheless, given
the rarity of this disease, a comparative study was difficult
to perform. Second, the small sample size may lead to
inadequate power. Third, there was a lack of long-term
follow-up to track the possibility of lateral elbow instabil-
ity complication, which was not found during the study
period. Fourth, a large number of patients were excluded
because they had less than 1 year of follow-up, were
deceased, or refused to participate, leading to the possibil-
ity of selection bias among the patients who were included.

CONCLUSION

Radiocapitellar joint snapping may coexist with LE as a
disease spectrum. Awareness of this condition may prevent
delays and underdiagnosis. An arthroscopic modified Bos-
worth technique results in safe and favorable outcomes for
patients with refractory LE associated with radiocapitellar
joint snapping.
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