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Background: There has been a lack of evidence regarding the structure of the elbow plica, or synovial fold. Inconsistency remains
regarding the correct terminology, prevalence, and investigation used to understand this anatomic structure.

Methods: For this systematic review, we searched the PubMed, Ovid-MEDLINE, Cochrane, Google Scholar, and Embase databases
using keywords as well as medical subject headings for English-language studies. We conducted a systematic review using the Preferred
Reporting Items for Systematic Reviews and Meta-analyses guidelines.

Results: We included 27 articles in this review. “Plica” was the most commonly used terminology (33%). The prevalence of plicae in
asymptomatic and symptomatic patients was 77% and 97%, respectively. Provocative factors were sporting activities (57%), including
those performed by professional athletes, and heavy labor (43%). Lateral elbow pain represented the most common symptom (49%).
Magnetic resonance imaging was the most commonly used diagnostic modality (64%). On the magnetic resonance imaging scans of
symptomatic patients, the most common location of the plica was the posterolateral region (54%) and its thickness was a minimum
of 3 mm. In 2 studies that included symptomatic patients, the plica was found to cover more than one-third of the radial head.
Conclusion: Plicae are prevalent in both asymptomatic and symptomatic patients. Consideration of the pathologies associated with an
elbow plica helped identify the following: (1) its thickness is >3 mm and (2) its location is in the posterolateral aspect and/or it covers
more than one-third of the radial head quadrant.

Level of evidence: Level V; Systematic Review
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A plica is a normal anatomic structure that appears as a
synovial tissue fold found in the lining of a joint."” It
represents the remnants of synovial membranes from
embryologic development, and the associated pathologies
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are generally asymptomatic.'”** There does not appear to
be a function for plicae within the knee joint,”” and the
pathologies are generally asymptomatic.'’ Plica pathol-
ogies become symptomatic if a person has chronic
inflammation secondary to repetitive athletic activities;
these pathologies later become thickened fibrotic tissue
folds that can cause impingement.'’”” Radiocapitellar
snapping, which is associated with plica pathologies, is not
a common condition, and owing to its rarity, it is
frequently underappreciated.””***** Furthermore, the
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under-recognition of elbow plicae is worsened by hetero-
geneity in the terminology used in the literature. Terms
such as “plica,”>*** “plica syndrome,”’ “synovial
fold,”'"*" “synovial fringe,”® and “elbow synovial fold
syndrome” " are all interchangeably used. This leads to
confusion on how to determine the prevalence and inves-
tigation of elbow plicae needed to establish a proper
diagnosis when the pathologies occur.

The aims of this systematic review were as follows: (1)
to establish a consensus on the terminology for elbow
plicae, (2) to understand their prevalence in asymptomatic
and symptomatic populations, and (3) to determine how
plicae can be investigated and diagnosed clinically.

Materials and methods
Search strategy and study selection

This systematic review was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
guidelines.27 The PubMed, Embase, Cochrane Library, Scopus,
and Google Scholar databases were electronically searched using
keywords conforming to medical subject headings to find relevant
articles. The following keywords were chosen to increase sensi-
tivity: ([(elbow OR humeroradial joint OR radiohumeral joint)
AND (meniscus OR plica)] OR snapping elbow OR snapping
triceps OR synovial fold syndrome OR synovial fringe). The
number of studies was limited; thus, there were no restrictions on
publication status or study period. After eliminating duplicate

documents, 2 independent reviewers who were shoulder and
elbow fellowship—trained orthopedic surgeons (E.K. and H.K.)
examined the titles and abstracts to select the articles; subse-
quently, they selected the final articles through a full-text review.
We also conducted citation tracking in the bibliographies of the
retrieved studies to find additional related articles. Any disagree-
ment that arose in the selection process was resolved by group
discussion or intervention by a third reviewer who was a professor
of elbow surgery (I.-H.J.). Figure 1 summarizes the study-
selection flow diagram.

Inclusion and exclusion criteria

All included studies contained the following: original data pub-
lished in the English language and human or cadaveric studies
involving the synovial plicae. Studies on diagnosis, treatment, or
even the prevalence of plica pathologies in the general population
were also included.

Quality appraisal

Four reviewers (E.K., AN., HLL., and H.K.) independently
reviewed each article and then decided whether to include each
study based on discussion and consensus. The level of evidence of
each study was determined according to the criteria set by the
Oxford Centre for Evidence-Based Medicine."* The decision
regarding whether to include studies was also discussed with 2
expert orthopedic surgeons specializing in elbow surgery (K.-H.K.
and I.-H.J.).

Studies excluded (n=50)
Irrelevant topics

Full text articles excluded
(n=23)

Wrong etiology (n=8)

Non English literature (n=5)
Systematic review (n=2)
Other joint (n=5)

§ Studies identified through database searches
B (0=243)
=
: l
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=]
Studies after removal of duplicates
(n=243)
7]
<]
Q
g l
S
@
Studies after screening
(n=193)
< l
®,
g Full-text articles assessed for eligibility
g (0=50)
g
£
e Studies included in quantitative analysis
(n=27)

Congenital (n=1)
Skeletally immature (n=2)

Figure 1

Flowchart of article selection according to Preferred Reporting Items for Systematic Reviews and Meta-analyses guidelines.
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Table I  Article characteristics of included studies and terminology used

Study No. Article (year) Journal Country Type Level of Terminology
of study of study  evidence used
1 Akagi and Nakamura® (1998) Journal of Shoulder Japan Clinical v Synovial fold
and Elbow Surgery
2 Antuna and 0'Driscoll® (2001)  Arthroscopy USA Clinical v Plica
3 Awaya et al® (2001) American Journal of USA Radiologic IV Plica, synovial
Roentgenology fold
4 Brahe Pedersen et al’ (2017) sIicor J Denmark  Clinical v Plica, synovial
fold
5 Celikyay et al® (2015) Medical Ultrasonography Turkey Radiologic IV Plica
6 Choi et al’ (2017) PloS One Republic Radiologic IV Plica syndrome,
of Korea synovial fold
7 Clarke® (1988) Arthroscopy USA Clinical v Synovial fringe,
plica,
synovial band
8 Del Grande et al® (2015) Skeletal Radiology USA Radiologic IV Plica
9 Duparc et al'*° (2002) Surgical and Radiologic France Radiologic IV Synovial fold
Anatomy
10 Feller et al'* (2018) JB&JS Case Connector USA Clinical v Synovial fold
11 Fukase et al'® (2005) Skeletal Radiology Japan Clinical v Synovial fold
12 Husarik et al*® (2010) Radiology Switzerland Radiologic IV Plica, synovial
fold
13 Isogai et al'’ (2001) Journal of Shoulder and Japan Clinical v Synovial fold
Elbow Surgery
14 Kim et al*® (2006) American Journal of Sports USA Clinical v Plica, synovial
Medicine fold
15 Koh et al** (2007) Journal of Shoulder and USA Radiologic IV Synovial fold
Elbow Surgery
16 Kongmalai et al (2016) Journal of the Medical Thailand Clinical v Plica
Association of Thailand
17 Lee et al*® (2018) Journal of Shoulder and Elbow Republic Clinical v Plica
Surgery of Korea
18 Mete et al®® (2014) JBR-BTR Turkey Radiologic V Plica
19 Mevyers et al*® (2012) Pediatric Radiology USA Clinical 1V Plica
20 Natwa et al*’ (2018) BMJ Case Reports USA Clinical Vv Synovial fold,
plica
21 Phorkhar et al** (2015) Journal of the Medical Association  Thailand Clinical v Plica, synovial
of Thailand fold
22 Rajeev and Pooley® (2015) Journal of Orthopaedic Surgery UK Clinical v Plica
23 Ruch et al** (2006) Journal of Shoulder and Elbow USA Clinical v Plica
Surgery
24 Ruiz De Luzuriaga et al®® (2013) Skeletal Radiology USA Radiologic IIT Synovial
fringe, plica
25 Sanghi et al*® (2007) Military Medicine Radiology Corner ~ USA Radiologic V Synovial fold,
plica
26 Steinert et al*” (2010) Archives of Orthopaedic and Trauma Germany Clinical v Plica, synovial
Surgery fold
27 Tateishi et al*® (2006) Knee Surgery, Sports Traumatology, Japan Clinical v Synovial

Arthroscopy

fold, plica




Table II  Demographic and clinical characteristics of included articles
Study Article (year) No. of patients Age, average Sex Associated history Sports activity Trauma history Dominant Clinical
No. (elbows) + SD or initial diagnosis or heavy labor extremity presentation
(range), yr affected
1 Akagi and 1 27 1M Painless snapping Heavy lifting = No Pain and
Nakamura® mechanical
(1998) symptoms:
locking,
clicking,
catching,
and popping
2 Antuna and 0’ 14 36 (27-48) 8 M and 6 F Intra-articular loose None Nondisplaced 10 of 14 (71.4%) Pain and
Driscoll® (2001) bodies were initially radial head mechanical
diagnosed in 5 of fracture in symptoms
14 (35.7%) 2 of 14 (7 of 14)
(35.7%)
3 Awaya et al® (2001) Cadavers: 5 74.4 (57-89) 5M NA NA = Not mentioned
Asymptomatic: 164 39.6 (8-86) 105 M and 59 F None None = Not mentioned
Symptomatic: 8  28.3 (17-37) 8M 6 of 8 (75%) presented 2 of 8 (25%) = Not mentioned  Mechanical
with symptoms were professional symptoms
mimicking loose athletes
bodies
4 Brahe Pedersen 60 (64) 44 (18-66) 17 M and 43 F Not mentioned 25 of 60 (41.6%) = Not mentioned Pain and
et al® (2017) were manual mechanical
workers symptoms
5 Celikyay et al® (2015)  Asymptomatic:  44.12 & 13.08 26 M and 25 F None None = Not mentioned
51 (100)
Symptomatic: 15 52.6 + 9.58 10 M and 5 F All presented with None — Not mentioned  Pain, swelling,
elbowosteoarthritis and limited
(studygroup) ROM
6 Choi et al’ Asymptomatic: 22 (20-24) 25 M None None = Not mentioned
(2017) 25 (50)
Symptomatic: 14 32 (16-55) 12 M and 2 F Not mentioned None = Not mentioned No details on
symptoms
7 Clarke® (1988) 3 31.6 (18-48) 2 Mand 1 F None Basketball, tennis, Olecranon 2 of 3 (66.7%) Pain and
and vigorous contusion 2 mechanical
housework mo prior symptoms
8 Del Grande et al’ Asymptomatic: 21 23 (18-34) 21 M 1 of 21 (4.7%) with Professional = Not mentioned =
(2015) mild laxity baseball pitchers
9 Duparc et al* Cadavers: 50 Not mentioned Not mentioned NA NA = NA —
(2002)
10  Feller et al** 1 59 1M None Heavy labor — Not mentioned Pain and
(2018) (shipyard welder) mechanical
symptoms
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11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Fukase et al*?

(2005)
Husarik et al*®
(2010)

Isogai et al’
(2001)

Kim et al*°
(2006)

Koh et al**
(2007)

Kongmalai et al®
(2016)

Lee et al*®
(2018)

Mete et al*®
(2014)

Meyers et al®® (2012)

Natwa et al*’

(2018)
Phorkhar et al*?
(2015)
Rajeev and
Pooley* (2015)
Ruch et al**
(2006)

Ruiz De Luzuriaga

et al*®
(2013)

Sanghi et al*® (2007)

Asymptomatic: 60

12

Cadavers: 43 (49)

29

20

20
121

10

Symptomatic: 9

Control: 15

12

32.8 (22-51)

21.6 (17-33)

67 (35-86)
40 (15-59)

42 (18-63)

17

14.5 (13-16)

Not specified
38 (14-53)
38 (24-56)
40 (18-60)

Symptomatic:
35.7 (18-63)

Control:

13.3 (15-58)
17

iM

30 M and 30 F

Cadavers: 100 (179) 77.7 (42-101) 41 M and 59 F

9Mand3F

18 M and 25 F

10 M and 19 F

11Mand 9 F

1F

1Mand1F

1M

7Mand 13 F

92 M and 29 F

4Mand6F

5Mand 4 F

13Mand 2 F

1F

None

None

Not mentioned

All athletes; LE was
initially diagnosed in
6 of 12 (50%)

None

LE was initial diagnosis

in all patients
None

None

None

None
Not mentioned

LE was initial diagnosis
in all patients

LE was initial diagnosis
in all patients

Loose body initially
diagnosed in 2 of
9 (22.2%)

NA

None

None

None

NA

7 baseball pitchers,
2 softball pitchers,
and 3 golfers

NA

Not mentioned

None

Swimmer

None

Baseball pitcher
Not mentioned
Not mentioned

Not mentioned

Not mentioned

Cheerleader

Nonspecific
trauma in 5
of 20 (25%)

Nonspecific
trauma in
1 of 2 (50%)

NA

Yes

NA (because
all were

asymptomatic)

NA

Pain and
mechanical
symptoms

11 of 12 (91.6%) Pain and

NA

mechanical
symptoms

17 of 29 (58.6%) Pain

13 of 20 (65%)

Not mentioned

Not mentioned

Yes
Not mentioned
Not mentioned

Not mentioned

Not mentioned

Not mentioned

No

Pain and
mechanical
symptoms

Pain and
mechanical
symptoms

Pain and
mechanical
symptoms

Pain

Pain
Pain

Pain and
mechanical
symptoms

Pain and
mechanical
symptoms

Pain and
mechanical
symptoms

(continued on next page)
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. _ Data extraction and analysis
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S é 2 ] =3 2 o E mentary material of each included study. These data included (1)
§ g kS Ea kS Ea article characteristics and terminology, (2) demographic and
clinical characteristics, and (3) plica characteristics and in-
o vestigations. We conducted a qualitative assessment of all studies
- S and created a narrative report. When possible, data were com-
E E 3 *q,::‘ bined, although this was not always possible because of the low
£ o g = level of evidence and heterogeneity of the studies. These data were
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In the first step, 243 articles were retrieved for initial
screening; the titles and abstracts of these articles were then
o = ~ o examined for duplication. Conference abstracts were
2 rB“ % 2 E excluded from the review. Full-text reviews of 50 articles
5 = o= o . . . . .
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% B 5 Overall, 4 of 27 studies included specimens from cadavers.
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< . % % e “Plica” was the most commonly used terminology in 9
9 °© = = = studies (33%); ‘“‘synovial fold” and ‘“‘plica” were inter-
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é g changeably used as identical terms in 10 studies (37%).
8 - w g “Synovial fold” was the solely used terminology in 6
" o — s studies (22%) (Table I).
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g S i 5 < ) The 27 chosen studies included 683 patients (762 elbows)
Elca oS © @ and 198 cadavers (283 elbow specimens). The patients
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° é’, HEl% S included 423 male patients (62%) and 260 female patients
e % (38%) (Table II). The initial diagnoses were lateral epi-
5 2 condylitis (166 patients, 53%)20’33’34 and loose bodies (13
= . .
Sl . < patients, 4%).” The provocative factors before the symp-
o % o) = ? toms were documented in 68 of 109 patients (62%). These
o « 1O . el . .
=& é - E factors were sporting activities (including those performed
= Z = £ by professional athletes) in 39 of 68 patients (57%) and
o= : heavy labor in 29 of 68 patients (43%). The dominant ex-
,‘é = = tremity was affected in 68% of all patients reported (56 of
o . .
2 QA = 83). Trauma events preceded the plica pathology in 12 of
S - 8, & g 42 patients (29%). Figure 2 describes the distribution of
=3 ] g ; *g clinical symptoms in symptomatic patients. Among all 333
§ e £ =9 S symptomatic patients, pain was the most common symptom
% g § @ E (171 patients, 49%), followed by pain with mechanical
=< bl P = symptoms (139 patients, 40%), pain with motion limitation
= -§’ S ;1 (15 patients, 4%), and mechanical symptoms (8 patients,
=l&= I8 S
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Distribution of clinical symptoms for symptomatic patients

Mechanical Symptoms  No Description
only 4%

Pain + ROM Limitation

2%
5%

Figure 2 Distribution of clinical symptoms in patients with
symptomatic plicae. ROM, range of motion.

2%). The symptoms in 14 patients (4%) were not described
in detail.

Plica characteristics and investigations

Among all the studies that described radiologic in-
vestigations, magnetic resonance imaging (MRI) was the
most commonly used diagnostic modality (351 patients,
64%), followed by ultrasonography (169 patients, 31%)
(Fig. 3, Table III). The prevalence of plicae in
asymptomatic patients was reported to be 77% (349 of
454  patients).”*"*'%?1% However, in symptomatic
patients, it was reported to be 97% (280 of 288
patients).””+!1:20:23:23.26.33.34.3638 1y the asymptomatic pa-
tient group, the radiologic modalities (MRI and ultraso-
nography) could detect plica structures in 311 of 384
patients (81%). In the symptomatic patient group, the
radiologic modalities used included MRI to detect plica
structures in 94 of 105 patients (90%). In the symptomatic
group, plicae were predominantly located in the postero-
lateral region (95 patients, 54%), followed by the posterior
region (42 patients, 24%). In the asymptomatic group and
in cadaveric studies, the location of the plicae was similarly
distributed among the posterior, posterolateral, and anterior
regions (29%, 37%, and 22%, respectively). Pathologic
findings on radiologic examinations were identified in 91 of
94 patients (97%). A thickened plica was the most common
MRI finding in symptomatic patients (94%). Among the 42
MRI scans that provided diagnostic details in symptomatic
patients, the plica was consistently determined to be >3
mm in thickness (craniocaudal length).”****® Among the
5 studies that described the thickness of plicae in asymp-
tomatic patients, measurements ranged from 1.7 to 2.2 mm

Radiologic investigation

Others (Xray, Arthrogram,
Pneumoarthrogram)
5%

Figure 3
of plicae.

Distribution of tools used for radiologic investigation

in craniocaudal thickness.”®%'*'® Choi et al’ and Mete
et al”” suggested that the plica covers one-fifth to more than
one-third of the radial head in asymptomatic patients.

Discussion

This systematic review reported 3 major components
associated with the plica: terminology, prevalence, and in-
vestigations. “‘Plica” was the most commonly used term,
followed by “‘synovial fold.”” Moreover, our study showed
that the terms ‘plica” and ‘‘synovial fold” may be
confused with the meniscus or meniscocapsular complex
and annular or orbicular ligament, which produces similar
symptoms with pathology (pain and mechanical symp-
toms). The meniscus of the radiohumeral joint'>'® and the
meniscocapsular complex”® were not easy to distinguish
from a thickened plica in the elbow joint on MRI in-
vestigations. However, the histologic findings of a meniscus
in the radiohumeral joint showed fibrocartilaginous tissue
without collagen fiber bundles and a synovial layer on the
tissue surface that correlated with those found in the knee
joint."® The annular or orbicular ligament, which contains
the nociceptive receptors,'’ can become hypertrophic and
stenotic.” Despite the symptoms (pain and mechanical
symptoms) that can arise from a hypertrophic annular
ligamentous pathology, the structure is not overly similar to
that of a plica. Furthermore, an anatomic study has revealed
that a synovial plica protrudes as a distinct structure from
the proximal edge of the inner surface of the annular lig-
ament, which also merges with the common extensor
tendon to form a composite structure together with the
capsule and bone.'”



Table III  Plica characteristics and investigations
Study Article (year) Location Radiologic Incidence and radiologic findings Plica dimensions
8 Asymptomatic Symptomatic TS GEITIET Asymptomatic Symptomatic Asymptomatic Symptomatic
1 Akagi and Anterolateral Radiography Radiography: Dimension: 27 mm
Nakamura' Pneumo- normal (long) x 6 mm
(1998) arthrogram Pneumo- (wide)
arthrogram:
intra-articular
cord
in radiohumeral
joint
2 Antuna and Lateral Radiography MRI: thickened No detail
0'Driscoll® in all
(2001) patients
MRI in 6 of 14
3 Awaya et al® (2001) Anteriorin 2 of 5  Posterior MRA in 11 Radiography: Synovial plicae 2 mm Thickness: 3.1 mm
Posterior in 3 of 5 of 177 normal with projecting (range, 2-5 mm)
MRI in 166 Incidence (by MRI) focal fat pad
of 177 of 4 of 5 from superior-
posterior region
to olecranon
recess
Posterior in 126 Incidence (by MRI)
of 164 of 74 of 164
Anterior in 113
of 164
4 Brahe Pedersen Posterolateral us Hypoechoic rims NA
et al® (2017) between radial
head and
capitellum
5 Celikyay et al® Posterolateral Posterolateral us Incidence of 100% Incidence of 15 of Thickness in NA
(2015) 22 osteoarthritis
group of 1.420
+ 0.462 mm
Thickness in
asymptomatic
group of 2.127
+ 0.485 mm
6 Choi et al’ Posterolateral in Posterolateral MRI Incidence of 46 Incidence of 100% Mediolateral Median dimension:
(2017) 46 of 50 of 50 2 of 50: measurement: 7.0 mm
chondromalacia 3.8 mm (mediolateral) x
of radial head  Sagittal 7.4 mm (sagittal)
measurement: Radial head
4.7 mm coverage: 21%
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Radial head
coverage: 16%
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mediolateral
and 21% sagittal
7 Clarke® (1988) Lateral Radiography 1 of 3: loose body No detail
at anterior
compartment
8 Del Grande et Posterolateral MRI Incidence of 100% Dimension:
al’ (2015) 5.3 mm
(3.8-7.1 mm)
(anteroposterior)
x 2.2 mm (1.5-
4.3 mm)
(craniocaudal) x
2.7 mm (1.6-4.7
mm)
(mediolateral)
9 Duparc et al*® Posterolateral in None (anatomic Incidence of 43 Mean length: 21.4
(2002) 15 of 43 study) of 50 mm (range, 9-51
Posterior in 11 mm)
of 43 Mean width: 2.9
Lateral in 9 of 43 mm (range, 1-10
Anterolateral in 2 mm)
of 43 Mean maximal
Circular in 4 of 43 thickness: 1.7
Anterior and mm (range, 1-4
posterior mm)
in
2 of 43
10 Feller et al'' Lateral MRI MRI: common NA
(2018) us extensor
tendinopathy
and
thickened radial
collateral
ligament

US: entrapment of
synovial fold to
radiohumeral
joint
during elbow
flexion

(continued on next page)
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Table IIT  Plica characteristics and investigations (continued)
Study Article (year) Location Radiologic Incidence and radiologic findings Plica dimensions
. Asymptomatic Symptomatic IS e Asymptomatic Symptomatic Asymptomatic Symptomatic
11 Fukase et al'® Posterolateral MRI Nodular lesion in NA
(2005) humeroradial
joint
12 Husarik et al'® Posterolateral in 59 MRI Incidence of 59 Median dimension:
(2010) of 60 of 60 4.3 mm (sagittal)
x 1.9 mm
(craniocaudal) x
3.9 mm
(mediolateral)
13 Isogai et al'’ Lateral in 68 of 100 None (anatomic NA No detail
(2001) study)
14 Kim et al* Lateral Radiography MRI: 9 of 12 with Thickness: >3 mm
(2006) MRI abnormal plica
MRA in 5 of 12 (thickened,
irregular,
and nodular
appearance)
15 Koh et al** Anteroposterior in us Incidence of 40 —
(2007) 43 elbows of 43 (triangular
Lateral in 10 elbows structure
Circular in 6 elbows bordered by
hypoechoic rims)
16 Kongmalai Not mentioned None = No detail
et al*®
(2016)
17 Lee et al*® Posterior in 15 of  Radiography MRI: meniscus-like Mean thickness: 3.7
(2018) 20 MRI synovial plica + 1.0 mm
Anterior in 1 of 20 Mean dimension:
Both in 4 of 20 9.4 + 1.6 mm
(mediolateral) x
8.2 mm £ 1.7
mm
(anteroposterior)
18  Mete et al*® (2014) Posterolateral MRI Thickened Radial head
radiohumeral coverage: more
plica than one-third
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19

20

21

22

23

24

25

26

27

Meyers et al*®
(2012)

Natwa et al*’

(2018)

Phorkhar et
al** (2015)

Rajeev and
Pooley**
(2015)

Ruch et al**
(2006)

Ruiz De
Luzuriaga
et al** (2013)
Sanghi et al*®
(2007)
Steinert et a
(2010)
Tateishi et al*®
(2006)

l37

Posterior

Posterolateral

Not mentioned

Not mentioned

Not mentioned

Posterior

Posterior

Posterolateral

Posterolateral

Anterior

Radiography
MRI

Radiography

MRI

MRA

None

MRI (No. of
patients

not specified)
NA

MRI in 16 of 24
MRA in 8 of 24
MRI
MRI

Arthrogram
MRI

Incidence of 100%

MRI: thickened
synovial
plica

MRA: posterolateral

joint capsular

tear and adjacent

synovial
hypertrophy

Thickened plica

Large plica in
radiocapitellar
articulation

Thickened plica

Thickened plica
Thickened plica

Arthrogram:
protruding
shadow in
location that
resembled MRI
findings

MRI: triangular

tissue extruding

from articular
capsule at
anterior
portion of
radiohumeral
joint

Dimension: 3.1 and
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Figure 4 Magnetic resonance imaging investigation showing elbow plica observed on coronal T2 (A) and sagittal T1 (B) sequences.

Our systematic review has established that plicae are
prevalent and are found in a large proportion of individuals,
even those who are asymptomatic. A thickened plica has
been linked with overuse injuries, trauma, and associated
lateral elbow pain.””***'~** This systematic review showed
that sports activities involving throwing, which require re-
petitive flexion and extension, may serve as a provocative
factor.**"*' Heavy manual labor may also contribute as a
provocative factor, as indicated by several studies.' ™'’
Many nonspecific previous studies have also shown that
traumatic events”™>"’’ and repetitive microtrauma from
overuse injury’”"** may be associated with symptomatic
plicae. Repetitive microtrauma may result in inflammation,
which explains the subsequent thickening of the structure
and the eventual impingement and compression to the
surrounding articular surface (capitellum and radial head).
Consequently, pain and mechanical symptoms such as
snapping of the radiocapitellar joint were often experienced
by patients. Our systematic review also showed that the
dominant extremity was most commonly affected in
symptomatic patients, which supports an overuse-injury
background. Therefore, it is not advisable to underesti-
mate the history of overuse injury in this pathologic
condition.

A snapping synovial plica can be misdiagnosed as lateral
epicondylitis, intra-articular loose bodies, and snapping of
the triceps tendon.”’ This review showed that 3 main
symptoms are associated with snapping synovial plicae,
namely (1) lateral elbow pain, (2) mechanical symptoms,
and (3) loss of motion, particularly extension. The lateral
elbow pain present in all cases can be explained by the
presence of nerve fibers in the folds,m as well as the release
of cytokines and other inflammatory mediators.®

Lateral epicondylitis may also coexist with symptomatic
synovial plicae, which also presents as lateral elbow pain;

however, tenderness at the posterolateral soft spot may
indicate the need to differentiate plica syndrome from
lateral epicondylitis.”” On the basis of this systematic re-
view, we suggest the use of the term “‘plica” to describe the
anatomic structure and the term ‘“‘plica syndrome” to
describe the pathology owing to the existence of a large
symptom spectrum. !

Preoperative imaging investigations have shown that
plain radiographs are not helpful in diagnosing symptom-
atic plicae and for excluding intra-articular loose
bodies.'>%20-2331:3738 gumptomatic plicae can be reck-
oned as internal derangement of the elbow joint; therefore,
an MRI examination will be essential as a diagnostic tool
(Fig. 4).7>!1:20:23:31.33.3738 Oyr gystematic review showed
that a thickened plica is the most common finding in
symptomatic patients. However, the included studies did
not allow a conclusion to be reached regarding which MRI
sequence. MRI is an excellent tool for the initial diagnosis;
however, there is no established cutoff point regarding the
thickness of the plica to be considered pathologic. Many
studies have reported that the plica is thicker in symp-
tomatic persons and therefore more likely to become caught
in surrounding structures, causing impingement symptoms.
In a study performed to determine the value of MRI in
establishing symptomatic plicae, Lee et al*’ found that the
mean thickness of a pathologic plica was 3.7 mm. However,
Ruiz de Luzuriaga et al’” reported that a plica would be
considered pathologic when it was thicker than 2.6 mm,
which was compared with a control group with an average
thickness of 1.8 mm. Among the studies that described the
thickness of the plica, it was found that the symptomatic
plica had a thickness >3 mm. Despite the lack of definitive
cutoff measurements for thickness, we suggest that plicae
should be considered pathologic if they measure >3 mm in
thickness in conjunction with clinical symptoms. We
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Figure 5
sequence of coronal (A) and sagittal (B) projections.

suggest that MRI examinations be used to determine the
pathology using a minimum 3-mm slice thickness in
continuous slice increments so that the plica is not missed
on imaging.

MRI is also valuable in determining the position of the
plica in correspondence with the radial head quadrant.
Although no consensus exists on the location of the plicae
and whether they can be considered symptomatic, our sys-
tematic review showed that plicae present in the posterolat-
eral quadrant may be symptomatic. It is also important to note
that plica coverage of more than one-third of the radial head
quadrant indicates a risk of being pathologic (Fig. 5).”*” In
this systematic review, we conclude that the diagnostic
measurement of a plica is only relevant if it is diagnosed
noninvasively. Arthroscopy is the gold standard because it is
the best method for diagnosis; however, it is invasive and
expensive. Hence, considering its noninvasive nature, MRI is
helpful as an initial examination.

Study limitations

This review has some limitations. First, none of the studies
had a control group (healthy contralateral elbow joint) to
allow for a comparison of the radiologic findings of the
pathologic plicae. Second, data from the included studies
were retrospectively collected. Third, the studies’ radio-
logic investigation tools were heterogeneously reported,
preventing direct comparison of radiologic findings and
therefore indicating the need for standardized methods.

Conclusion

On the basis of this systematic review, we suggest using
the term “‘plica” for the elbow synovial fold structure
and “plica syndrome” to indicate its pathology. Plicae

Magnetic resonance imaging investigation showing plica coverage of more than one-third of radial head quadrant on T2

are prevalent and found in a large proportion of in-
dividuals, even those who are asymptomatic. MRI pro-
vides excellent information regarding the position and
thickness of elbow plicae. Consideration of a pathologic
elbow plica revealed the following factors: (1) the
thickness is >3 mm and (2) a pathologic plica is
generally positioned posterior to lateral and/or covers
more than one-third of the radial head quadrant. To
evaluate the pathologies associated with elbow plicae,
clinical and radiologic aspects should be considered.

Disclaimer
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