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Abstract

Purpose Lateral epicondylitis is generally considered an
extra-articular condition. The role of minor instability in
the aetiology of lateral elbow pain has rarely been consid-
ered. The aim of this study was to evaluate the correlation
of lateral ligamentous laxity with aspects of intra-articular
lateral elbow pathology and investigate the role of minor
instability in lateral elbow pain.

Methods Thirty-five consecutive patients aged between 20
and 60 years with recalcitrant lateral epicondylitis who had
failed conservative therapy and had no previous trauma or
overt instability, were included. The presence of three signs
of lateral ligamentous patholaxity and five intra-articular
findings were documented during arthroscopy. The relative
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incidence of each of these was calculated, and the correla-
tion between patholaxity and intra-articular pathology was
evaluated.

Results At least one sign of lateral ligamentous laxity was
observed in 48.6% of the studied cohort, and 85.7% demon-
strated at least one intra-articular abnormal finding. Radial
head ballottement was the most common sign of patholax-
ity (42.9%). Synovitis was the most common intra-articular
aspect of pathology (77.1%), followed by lateral capitellar
chondropathy (40.0%). A significant correlation was found
between the presence of lateral ligamentous patholaxity
signs and capitellar chondropathy (p = 0.0409), as well as
anteromedial synovitis (p = 0.0408).

Conclusions Almost one half of patients suffering from
recalcitrant lateral epicondylitis display signs of lateral
ligamentous patholaxity, and over 85% demonstrate at least
one intra-articular abnormality. The most frequent intra-
articular findings are synovitis and lateral capitellar chon-
dropathy, which correlate significantly with the presence
of lateral ligamentous patholaxity. The fact that several
patients demonstrated multiple intra-articular findings in
relation to laxity provides support to a sequence of patho-
logic changes that may result from a symptomatic minor
instability of the lateral elbow (SMILE) condition.

Level of evidence 1I1.

Keywords Elbow arthroscopy - Lateral elbow pain -
Lateral epicondylitis - Elbow instability - Laxity
Introduction

Lateral epicondylitis is generally considered to be an

extra-articular condition involving degeneration and
tendinosis of the common extensor origin [24, 56]. The
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extensor carpi radialis brevis (ECRB) is the most com-
monly affected tendon, and debridement or release is
considered to be the standard surgical therapy when non-
operative measures have failed [8, 14, 22, 25, 29, 39-41,
43, 45, 55, 59, 60, 64]. This has been described through
open, percutaneous and arthroscopic approaches [9, 45,
55]. Due to the lack of conclusive evidence in favour of
any technique, patients are generally treated according to
the surgeon’s preferred approach [28, 41, 47, 62]. Despite
the plethora of non-surgical treatment modalities and
surgical techniques available, a significant proportion of
patients remain symptomatic with lateral elbow pain [7,
63].

Although the main aetiology of lateral epicondylitis is
traditionally thought to be related to the extra-articular
tendon, this may not be the primary issue, but may be
part of a multi-factorial process involving extra-articular,
intra-articular and systemic factors. The role of patholax-
ity or microinstability in the aetiology of lateral elbow
pain has rarely been considered [36]. Lateral epicondyli-
tis may result from overuse with repetitive loading, lead-
ing to tissue patholaxity and subsequent chondropathy.
Similar clinical entities have been described elsewhere
in the upper limb, both for the shoulder [30, 31, 34, 44,
50] and for the wrist [12, 35, 46, 57]. Repetitive stress
loading of the medial side of the elbow leading to valgus
instability, and pain has also been described [1, 27].

Elbow arthroscopy offers the opportunity to visualize
the intra-articular compartments, identifying elements of
pathology that may be missed by imaging or open tech-
niques [5-7]. Although not comprehensive, there are now
reports describing the presence of intra-articular findings
that may have an aetiological role in ECRB tendinopa-
thy. Baker et al. [8] described a 64% rate of capsular tears
associated with arthroscopically treated lateral epicon-
dylitis and a 69% rate of other intra-articular findings.
Other reported findings associated with lateral elbow pain
and snapping plica syndrome include: synovitis, radial
head and capitellar erosion or chondromalacia and cap-
sular tears [3, 33, 49]. However, the aetiology of these
intra-articular findings in ECRB tendinopathy has not yet
been described.

The aim of this study was to describe the signs of lat-
eral ligamentous patholaxity and abnormal intra-articular
findings associated with lateral epicondylitis, and to define
the relative incidence and correlation between them. It was
hypothesized that at least one intra-articular pathological
finding would be present in the majority (75% or more) of
patients undergoing surgery for recalcitrant lateral epicon-
dylitis. Confirmation of this hypothesis would open new
diagnostic perspectives and offer a solid base upon which
to develop a pathology-directed approach to patients with
persistent lateral elbow pain.
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Materials and methods

Consecutive patients referred to the lead author for recal-
citrant lateral epicondylitis were considered for enrol-
ment between 2009 and 2016. Patients between 20 and
65 years of age were included if their symptoms had not
responded to at least 6 months of conservative treatment
(including ice, non-steroidal anti-inflammatory drugs,
stretching, steroid injections and physical therapy).
Patients were excluded if there was a previous history of
trauma or signs of major instability (positive posterolat-
eral drawer, posterolateral pivot shift and varus/valgus
stress tests). Patients were also excluded if there were
any radiographic or magnetic resonance imaging (MRI)
features of trauma or arthritis.

All patients underwent elbow arthroscopy for their
recalcitrant symptomatic lateral epicondylitis. A single
examiner with extensive experience in elbow surgery per-
formed all pre- and intra-operative evaluation.

Arthroscopy was performed with the patient in a modi-
fied lateral decubitus position using an axillary block and
general anaesthesia. A pneumatic tourniquet was posi-
tioned high in the axilla and inflated to 250 mmHg after
limb exsanguination. The operative arm was positioned
with the shoulder in 100° forward flexion/90° internal
rotation and held using an arm holder. The elbow was
positioned in 90° of flexion, with the hand and forearm
hanging free with only gravity force. Before establishing
the arthroscopic portals, 30 cc of sterile saline solution
was injected to distend the elbow joint using an 18-gauge
needle inserted in the proximal posterior portal.

Standard posterior, posterolateral and midlateral por-
tals were first established in order to explore the posterior
compartment, the posteromedial gutter and the posterior
aspect of the radiocapitellar joint. The anterior compart-
ment of the elbow was then entered after the posterior
compartment evaluation. A proximal anteromedial portal
was created 2 cm proximal to the medial humeral epi-
condyle and 1 cm anterior to the intramuscular septum.
Insertion of a 30° arthroscope into this portal allowed
intra-articular diagnostic evaluation.

The presence of three intra-articular signs of lateral
ligamentous patholaxity was prospectively documented
as follows:

1. Annular Drive Through (ADT) This finding is used
to evaluate the anteroposterior excursion of the
radial head inside the annular ligament. The test is
performed with the arthroscope in the posterolateral
portal, while the surgeon pushes the posterior radial
head anteriorly with his thumb. If this allows enough
space for a 4.2-mm shaver to slide between the radial
head and the annular ligament with no or minimal
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resistance, the “annular drive through” is considered
positive (video 1).

2. Loose Collar Sign (LCS) Laxity of the annular liga-
ment permits the radial neck to be exposed beyond the
cartilaginous portion of the head at 90° of elbow flex-
ion when looking from the anteromedial portal (Fig. 1).

3. Laxity of the radial component of the lateral collat-
eral ligament (R-LCL) R-LCL pull-up sign (RPS).
This describes the ability to pull the R-LCL/annular
ligament up towards the capitellum greater than 1 cm
with an arthroscopic grasper introduced via the ante-
rolateral portal (video 2).

The presence of five intra-articular specific pathologic
findings was also prospectively documented as follows:

1. Plica in the posterior compartment (Fig. 2).
Synovitis anterior to the radial head, or anteromedi-
ally at the insertion of the annular ligament on the
sigmoid notch (Figs. 3, 4).

3. A focal “Chondropathy of the Lateral Aspect of the
Capitellum” (CLAC lesion—Figs. 5, 6).

4. A capsular tear at the level of the radiocapitellar joint
(Figs. 6, 7).

5. Chondral damage of the anterosuperior aspect of the
radial head, where it engages the sigmoid notch when
the forearm is pronated (Fig. 8).

Debridement of the synovitis was performed in most
patients. Plication of the lateral capsule with an anchor
placed high in the anterolateral aspect of the capitellum
in order to reduce radial head ballottement was performed
only in the presence intra-articular signs combined with
positive ADT, LCS or RPS [4].

Institutional approval of the study protocol was
obtained by the University of Milan (ID4610).

Statistical analysis

The relative incidence of the all reported findings was
calculated. The relationship between at least one sign of

Fig. 1 Radial neck exposure (Loose Collar Sign, LCS) under the car-
tilaginous portion (arrow) may be associated with annular ligament
redundancy and laxity (asterisks). Right elbow, anteromedial view;
arrowhead capitellum, Rh radial head

Fig. 2 A posterior plica has been described more than 20 years ago
in lateral elbow pain syndromes. Nowadays, arthroscopy can provide
an excellent representation of the plica (asterisks) and its relation to
the capitellum and the radial head. Left elbow, posterolateral view;
Ca capitellum, Rh radial head

Fig. 3 Abundant synovitis at the level of the annular ligament inser-
tion is a frequent finding in lateral elbow pain syndrome (asterisks).
Right elbow, anteromedial view; Ca capitellum, Rh radial head

patholaxity and the presence of an intra-articular finding
was analysed. Data were expressed as mean =+ standard
deviation (SD). Fisher’s exact test was used to test dif-
ferences in strength of association between categorical
variables. A sample size of 35 was chosen to produce a
two-sided 95% confidence interval with a width equal
to 0.321 when the sample proportion was 0.7. Statistical
analysis was performed using GraphPad Prism version
6.0 software (GraphPad Software Inc.). For all analysis,
the significance level was set at p value less than 0.05.

Fig. 4 Synovitis may extend also to the anteromedial part of the joint
and extend from the annular ligament insertion to the sigmoid notch
(asterisks). Right elbow, anteromedial view; Ca capitellum, Rh radial
head, Co coronoid process

@ Springer
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Fig. 5 Chondropathy of the lateral aspect of the capitellum may be
associated with lateral elbow pain (asterisk). Right elbow, anterome-
dial view; Ca capitellum, Rh radial head

Fig. 6 A capsular distractive aspect in the articular side of the lateral
capsule, at the level of the radiocapitellar joint (arrow). A minimal
chondropathy of the capitellum is associated (asterisk)- CLAC lesion.
Right elbow, anteromedial view; Ca capitellum, Rk radial head

Results

Thirty-five consecutive patients (15 males, 20 females)
with a mean age of 47.1 years (SD: 8.6) were included in
this study. The right limb was affected in 21 patients (60%).
The elbow of the dominant arm was affected in 25 patients
(71.4%).

Seventeen patients showed signs of lateral ligamen-
tous patholaxity (48.6%), the most frequent of which
was radial head ballottement associated with ADT (15
patients, 42.9%). Thirty patients presented with at least
one intra-articular abnormal finding (85.7%), 19 had at
least 2 (54.3%), and four had at least 3 (11.4%) find-
ings (Table 1). Synovitis was the most common finding,
present in 77.1% of the patients. The second most com-
mon finding was capitellar chondropathy (CLAC lesion),
which was reported in 14 patients (40.0%).

A significant correlation was found between the pres-
ence of at least one sign of lateral ligamentous patholax-
ity (ADT, LCS or RPS) and the intra-articular presence of
anteromedial synovitis (p = 0.0408) and capitellar chon-
dropathy (p = 0.0409).

No significant correlations were found between signs of
patholaxity and any other intra-articular finding.

@ Springer

Fig. 7 A partial capsular tear in the distal aspect of the lateral cap-
sule, minimally beneath the level of the radiocapitellar joint (arrow).
Right elbow, anteromedial view; Ca capitellum, Rh radial head

Fig. 8 Radial head chondropathy may assume a specific distribution
on the anterosuperior aspect and enter the sigmoid notch in pronation
(arrow). Right elbow, anteromedial view; Ca capitellum, Rh radial
head

Table 1 Absolute and cumulative incidences and frequencies of
signs of lateral ligamentous patholaxity and intra-articular abnormal
findings

Lateral patholaxity
signs

Intra-articular findings

Frequency Percentage Frequency Percentage

(%) (%)

No signs/find- 18 51.4 5 14.3
ings

1 sign/finding 9 25.7 11 314

2 signs/find- 6 17.1 15 429
ings

3 sings/find- 2 5.7 2 5.7
ings

4 signs/find- /" " 2 5.7
ings

At least 1 17 48.6 30 85.7

At least 2 8 229 19 54.3

At least 3 2 5.7 4 11.4
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Discussion

The most important finding of this study was that recalci-
trant lateral elbow pain, diagnosed as lateral epicondylitis,
is associated with high incidence of intra-articular findings
which may be related to a condition of patholaxity termed
“minor lateral elbow instability.”

The significant relationship between intra-articular
findings (capitellar chondropathy and synovitis) and
lateral ligamentous patholaxity supports the existence
of a sequence of pathologic intra-articular changes that
may result from a minor instability of the lateral elbow
condition. Minor instability resulting from repetitive
low-energy stress or shear is generally characterized by
chondral damage, tendonitis, capsular pathology and
ligamentous patholaxity [12, 13, 30, 31, 35, 44, 46, 57].
This is seen in other joints such as in the case of shoul-
der microinstability, which can be associated with path-
ologic sequelae, including partial rotator cuff and cap-
sulolabral tears [10, 11, 15, 58]. Medial epicondylitis in
unstable baseball pitchers’ elbows has been associated
with intra-articular changes in the lateral joint compart-
ment [54].

Intra-articular findings have been described in asso-
ciation with lateral epicondylitis surgery. In the pos-
terior compartment, the presence of a plica with a
meniscal appearance, which can extend anteriorly, has
been reported by numerous authors [3, 33, 49, 51, 53,
61]. The anatomy and histology of this plica has been
described in detail and a classification system has also
been proposed. [2, 19, 21]. No synovial plicae were
identified in our series, supporting that plica syndrome
and abnormal intra-articular findings of the Ilateral
aspect of the elbow may represent different conditions
and that a plica may be another, less frequent cause of
lateral elbow pain.

In the anterior compartment, Baker et al. first described
the presence of capsular tears occurring at the level of the
radiocapitellar joint (Figs. 6, 7) with three distinct pat-
terns of pathologic changes in the lateral capsule and at the
undersurface of the ECRB tendon [6, 8]. The type III lesion,
as well as one located more anteroinferiorly than originally
described in Baker’s paper (Fig. 7), was seen in this current
study. Further anterior compartment findings identified in
this study include a specific focus of synovitis located ante-
rior to the radial head, or anteromedially at the insertion of
the annular ligament on the sigmoid notch (Figs. 3, 4) [3,
16, 21, 33, 61], as well as chondropathy of the anterosu-
perior aspect of the radial head (with the head in a neutral
position), that rotates into the sigmoid notch during prona-
tion (Fig. 8) [2, 3, 16, 19, 33, 61].

Fig. 9 A repetitive varus—pronation stress could cause R-LCL elon-
gation and be the initiator of intra-articular changes in the lateral
aspect of the elbow joint. Many simple daily activities, such as pour-
ing a drink from a can into a glass, may produce this stress

Several simple daily activities, such as pouring
a drink into a glass (Fig. 9), are performed with the
shoulder in moderate abduction, pronation of the hand,
and 50°-70° of elbow flexion. In this position, the hand
and the forearm represent a weight for the elbow that
creates a varus/pronation moment with progressive
stretching of the R-LCL/annular ligament. Similarly,
in many office-based jobs, people spend the majority
of their time in a position based on elbow suspension,
varus stress and pronation of the forearm. The role of
the R-LCL was first described by Ciaudo et al. [17],
with recent studies further stressing the importance
of this ligament in elbow stability [52]. The R-LCL
anatomically continues into the anterior portion of
the annular ligament that may also become stretched.
With time, this could lead to the following pathologic
cascade:

1. Elongation of R-LCL and annular ligament with rela-
tive hypermobility of the radial head (Fig. 10).

2. Minor incongruence of the proximal radioulnar joint
resulting in radial head impingement with the notch
in pronation, and eventual radial head chondropa-
thy. Intra-articular synovitis could be a result of joint
inflammation (Fig. 11).

3. Shear or abrasion of the stretched R-LCL/anterolateral
capsule over the lateral portion of the capitellum in
moderate elbow varus and pronation, with the potential
development of the CLAC lesion and possible capsular
tears (Fig. 12).

@ Springer
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Fig. 10 Elongation of annular ligament leaves the radial head more
mobile and less congruent in the proximal radioulnar joint. Radial
head ballottement and neck exposure are consequences of this incon-
gruence. Although minimal, the persistent minor instability may lead
to radial head chondropathy and synovitis

Fig. 11 When the proximal radioulnar joint is pronated, the chon-
dropathic part of the radial head enters the sigmoid notch and may
produce anterior elbow pain. With progression of instability, fric-
tion between radial head and proximal ulna increases, worsening the
chondropathy

Based on this pathologic cascade, it is postulated that
the ECRB tendon acts as a dynamic stabilizer, resisting
varus forces in support of a deficient or lax R-LCL (static
stabilizer), given its unique extracapsular position paral-
lel to the R-LCL [20]. With repetitive loads and overuse,
ECRB tendinopathy (Fig. 13) would thus be the conse-
quence of a sequence of events in a condition we have
termed Symptomatic Minor Instability of the Lateral
Elbow (SMILE). A flow chart of the proposed aetiology

@ Springer

Fig. 12 The R-LCL is the first extra-articular structure on the distal
aspect of the lateral elbow joint and continues into the anterior por-
tion of the annular ligament. When the annular ligament loosens, the
R-LCL becomes unstable as well. An unstable R-LCL may have an
abrasive effect on the joint capsule and the capitellum, causing capsu-
lar tears and lateral capitellar chondropathy

Fig. 13 ECRB acts as dynamic stabilizer against varus-pronation
stress; when static stabilizers fail due to minor instability, ECRB is
overloaded and becomes inflamed and painful
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for this lateral elbow pain syndrome is schematically rep-
resented in Fig. 14.

This rationale could open new therapeutic perspectives
for patients diagnosed with lateral epicondylitis includ-
ing two possible arthroscopic treatments: firstly, debride-
ment of synovitis to reduce the inflammatory pain; sec-
ondly, plication of the lateral capsule with an anchor
placed high in the anterolateral aspect of the capitellum
to reduce radial head ballottement when patholaxity signs
are detected.

Image-based diagnosis and classification of the intra-
articular findings evaluated in this study in association
with lateral elbow pain is challenging. Ultrasound exami-
nation is still considered the imaging gold standard even
if ultrasound is limited in the evaluation of joint cartilage
and capsule [18, 26, 37, 38, 48]. MRI is limited by the
need for different arm positions and reconstructions to
fully investigate anomalies. MRI arthrography and tridi-
mensional reconstruction may help increase the utility of
MRI [23, 32, 42]. A detailed knowledge of the pathology
and a precise clinical examination, along with a specific
question from the requesting surgeon, may help focus the
relevant investigation and can improve imaging-based
diagnostics. a.

Limitations of this study include that it is a relatively
small case series from a single surgeon/single examiner.
Nevertheless, patients were recruited prospectively by an
experienced surgeon in the field of elbow surgery. Given
the lack of any suitable validated criteria, inclusion was
determined through clinical assessment by the primary
author, along with the development of two new discrete
tests targeted to evaluate the anterior and posterior com-
partments of the joint instead of ECRB insertion. With
regard to the intra-operative findings, laxity is a difficult
feature to assess and quantify with respect to what may be
considered as “physiological laxity” as opposed to “path-
ologic laxity”. This study used specific descriptors and
defined as precisely and objectively as possible the find-
ings regarded as pathologic by the lead author. Experience
with analogous conditions in other joints does suggest that
there is a spectrum of changes that must be appreciated
and understood. For example, multidirectional shoulder
instability is associated with patholaxity, though not all
lax shoulders will develop symptoms of multidirectional
instability [10, 11, 13, 15, 30, 31, 44, 58]. This study was
primarily focused on the description of signs of ligamen-
tous patholaxity in correlation with intra-articular findings
at elbow arthroscopy. However, the aetiology of recalci-
trant lateral epicondylitis may be multi-factorial: intra-
articular, local extra-articular/tendon-related and systemic
factors all contribute to the origin of lateral elbow pain. A
focus of ongoing study will be to present the outcomes of
the described interventions undertaken.

Fig. 14 Flow chart for lateral elbow pain syndrome aetiology

Conclusions

Over 85% of patients suffering from recalcitrant lateral
epicondylitis demonstrate at least one pathologic intra-
articular finding and almost 50% present at least one sign
of lateral ligamentous patholaxity. The most frequent
intra-articular findings are synovitis and “CLAC” lesions,
both of which are significantly associated with the
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presence of lateral ligamentous patholaxity. The cumula-
tive presence of several intra-articular findings provides
support to a sequence of pathologic changes that culmi-
nates in “SMILE”.
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