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Abstract

Purpose Minor instability has been proposed as a possi-
ble aetiology of lateral elbow pain. This study presents the
results of the arthroscopic plication of the radial component
of the lateral collateral ligament (R-LCL) to reduce minor
instability of the lateral elbow.

Methods Twenty-seven patients with recalcitrant lateral
epicondylitis who had failed conservative therapy and who
had no previous trauma or overt instability, were included.
R-LCL plication was performed in the presence of at least
one sign of lateral ligamentous patholaxity and one intra-
articular abnormal finding. Single-assessment numeric
evaluation (SANE), Oxford Elbow Score (OES), quick-
DASH (Disabilities of the Arm, Shoulder, Hand), patient
satisfaction and post-operative range of motion were
evaluated.

Results SANE improved from a median of 30 [2-40]
points pre-operatively to 90 [80-100] at final follow-up
(p < 0.0001), and 96.3% patients obtained good or excel-
lent subjective results. Post-operative median quickDASH
was 9.1 [0-25] points and OES 42 [34-48]. Median post-
operative flexion was 145°, and extension was 0°. Post-
operative flexion was restrained in seven patients and
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extension in eight patients; 59% of patients reached full
ROM at final follow-up.

Conclusions R-LCL plication produces subjective satis-
faction and positive clinical results in patients presenting
with a symptomatic minor instability of the lateral elbow
(SMILE) at 2-year median follow-up. A slight limitation in
range of motion is a possible undesired consequence of this
intervention.

Level of evidence Retrospective case series, Level IV.

Keywords Elbow arthroscopy - Lateral elbow pain -
Lateral epicondylitis - Elbow instability - Laxity - Capsular
plication

Introduction

Lateral epicondylitis is generally considered to be an extra-
articular condition involving degeneration and tendinosis of
the common extensor origin, with the extensor carpi radia-
lis brevis (ECRB) being the most commonly affected ten-
don [19, 52].

Five to 10% of patients with persistent symptoms may
require surgical treatment [55]. The arthroscopic approach
to the elbow joint has demonstrated the presence of poten-
tially pathological intra-articular findings associated with
ECRB tendinopathy [3, 7, 9, 30, 45, 56].

The presence of laxity signs within the lateral compart-
ment of the elbow, in conjunction with these intra-articular
abnormalities, supports the existence of a symptomatic
minor instability of the lateral elbow (SMILE). A novel
technique to plicate the radial component of the lateral col-
lateral ligament (R-LCL) and reduce the lateral laxity has
been introduced at our institution. In contrast to previously
described techniques, this treatment is focussed towards the
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treatment of a symptomatic minor instability of the elbow
rather than a major instability.

The aim of this study is to describe the technique and to
present the clinical results at mid-term follow-up.

Materials and methods

Twenty-seven patients enrolled between February 2009 and
June 2015 were retrospectively evaluated; no controls were
considered for this study.

Patients between 20 and 65 years of age with lateral
elbow pain recalcitrant to at least 6 months of conservative
treatment (including: ice; non-steroidal anti-inflammatory
drugs; stretching; steroid injections and physical therapy)
were included. Patients were excluded if there was a pre-
vious history of trauma or signs of overt elbow instabil-
ity such as a positive posterolateral drawer, posterolateral
pivot shift or varus/valgus stress tests. Patients were also
excluded if there were any radiographic or magnetic reso-
nance imaging (MRI) features of trauma or arthritis. All
patients underwent a pre-operative clinical examination
and a single-assessment numeric evaluation (SANE) was
administered.

The presence of the following three signs of laxity was
evaluated at elbow arthroscopy: the Annular Drive Through
(ADT); the Loose Collar Sign (LCS); the R-LCL pull-up
sign (RPS).

The annular drive through (ADT) is performed by push-
ing the radial head anteriorly with the surgeon’s thumb
from posteriorly, while looking with the scope in the
posterolateral portal. If this manoeuvre allows enough
space for a 4.2-mm shaver to slide between the radial
head and the annular ligament with no or minimal resist-
ance through the soft spot portal, the ADT is considered
positive (Fig. 1).

A positive loose collar sign (LCS) indicates a charac-
teristic annular ligament that at 90° of flexion lies low
respect to the radial head, so that the radial neck is
clearly exposed under the cartilaginous portion when
observed from the anteromedial portal (Fig. 2).

Fig.1 Annular drive through (ADT) of a 4.2-mm shaver between
the radial head (Rh) and the annular ligament (asterisks). Right elbow
posterolateral view; arrowhead capitellum

The R-LCL pull-up sign (RPS) is performed while look-
ing from the anteromedial portal, introducing a grasper
via the anterolateral portal and pulling the R-LCL to the
lateral side of the capitellum. If a vertical (distal to prox-
imal) translation of 1 linear centimetre is possible, the
sign is considered positive (Fig. 3).

Other pathologic findings were also considered,
including: synovitis anterior to the radial head; anterolat-
eral capsular tears; chondropathy of either the radial head
or the lateral portion of the capitellum (CLAC lesion).
Patients, who had at least one of the previous signs of
minor instability in addition to one or more intra-articular
associated lesions, were considered eligible for R-LCL
plication (Fig. 4).

Similar to a previously described technique [4], a dedi-
cated spade-drill was introduced via the proximal antero-
lateral portal under direct visual control from the antero-
medial portal and after drilling, a bioabsorbable suture
anchor was inserted high and lateral in the anterolateral
aspect of the capitellum at the capsular insertion (Fig. 5).
Sutures were passed into the R-LCL, either using an

Fig. 2 Loose collar sign (LCS). Radial neck exposure under the car-
tilaginous portion (arrow) may be associated with annular ligament
redundancy and laxity (asterisks). Right elbow anteromedial view; Ca
capitellum, Rh radial head

Fig.3 R-LCL pull-up sign (RPS). The lax R-LCL (arrowhead) can
easily be grasped (a) and reduced to the humerus or translated more
than 1 cm with (b) a grasper or introduced via the anterolateral portal.
Right elbow anteromedial 30° arthroscopic view; Ca capitellum
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Assessed for eligibility (n = 163) Excluded (n =95):

- Major instability (n = 10)

- Post-traumatic stiffness (n = 40)
- Arthritis (n = 22)

- Medial compartment symptoms (n = 8)
v - Other: osteochondral defects, isolated
Included (n = 68) synovitis, rheumatoid arthritis (n = 15)

y

At least one: I At least one:

Synovitis
Annular Drive Through Capsular tears
Loose Collar Sign Radial head chondropath > icaty =
R-LCL Pull-up Sign Capitellar chondmpalhyl » No plication (n =41)

-

Lost to follow-up (n =0)

Analysed (n = 27)
- excluded from analysis (n = 0)

~
Eligible for capsular plication (n = 27)

Y

Fig. 4 Study flow chart

Fig. 5 Insertion of a suture anchor for R-LCL plication. a A limited lum. The axis of anchor insertion is approximatively 45° respect to

capsulotomy anterior and proximal to the R-LCL (arrowhead) is per- the intercondilar line. ¢ Standard sliding knots are used to secure and
formed and the lateral aspect of the capitellum is prepared (asterisks). the R-LCL (arrowhead) back to the bone. Right elbow, anteromedial
b A dedicated bioabsorbable suture anchor is inserted through the 30° arthroscopic view; Ca capitellum, Sa suture anchor, Rh radial
anterolateral portal at the level of the R-LCL insertion on the capitel- head
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outside-in shuttling technique with a percutaneous nee-
dle, or by using a suture retriever via the anterolateral
portal. Care was taken to pass the sutures beyond a level
anterior to the mid-point of the radial head and approxi-
mately 0.5 cm proximal to the radiocapitellar joint line.
Sutures were then retrieved from the anterolateral portal
and a standard sliding knot was performed, ensuring that
it lay extra-articularly. Debridement of any synovitis or
chondral irregularity was then performed and a re-assess-
ment for any residual sign of laxity then undertaken.

All patients underwent a pre-operative clinical examina-
tion and SANE was administrated by asking the patient to
self-evaluate the affected elbow between O (minimum) and
100 (maximum).

All surgery was undertaken by a single surgeon (P.A.)
with expertise in the field of arthroscopic elbow surgery.
At final follow-up, range of motion (ROM), Oxford Elbow
Score (OES), quickDASH (Disabilities of the Arm, Shoul-
der, Hand) and SANE questionnaires were collected from
each patient, by two blinded assessors (D.C., R.D).

Institutional approval of the study protocol was obtained
by the Ospedale San Raffaele Ethic Committee (70/
INT/2016)

Statistical analysis

Statistical analysis (A.M.) was performed using GraphPad
Prism v 6.0 software (GraphPad Software Inc.). Continuous
variables were expressed as the mean + standard deviation
(SD) or medians and first and third quartiles [Q1-Q3] as
appropriate, while the dichotomous variables are expressed
in numbers of patients and frequencies. The Shapiro—Wilk
normality test was used to evaluate the normal distribution
of the sample. Differences between pre- and post-operative
SANE score were analysed with an unpaired Wilcoxon
matched-pairs signed rank test. A sample size of 25 was
considered sufficient to evaluate a difference in post- to
pre-operative SANE greater than 0.5 SD units with a power
>80% and significance level set at 5%.

Results

All of the 27 patients who underwent R-LCL plication,
with a mean age of 45.5 (£9.1) years, were available at
a median follow-up of 2.1 [1.2-4.8] (mean 3.1) years
(Fig. 4). The right elbow was involved in 20 patients.
Positive signs of laxity were negated intra-operatively in
all patients at the end of the procedure. Median SANE
improved from 30 [2-40] points pre-operatively to 90
[80—100] at final follow-up (p < 0.0001) and 26 patients
(96.3%) obtained good or excellent subjective results.
Post-operative median quickDASH was 9.1 [0-25]

points and OES 42 [34-48] out of a maximum of 48
points (Fig. 6). Median post-operative flexion was 145°
[135°-145°] (mean 141.1°) and extension was 0° [0° to
—20°] (mean —7.7°). Post-operative ROM restriction
was documented in seven patients for flexion in eight for
extension; 16 patients (59%) reached full ROM at final
follow-up.

Discussion

The most relevant finding of this study is that R-LCL pli-
cation provides patient satisfaction and positive clinical
results in patients presenting with a SMILE condition at
more than 2 years of median follow-up.

ECRB debridement or release through open, percuta-
neous and arthroscopic approaches is generally consid-
ered the gold standard surgical treatment for recalcitrant
lateral epicondylitis. However, success rates ranging
between 65 and 95% suggest that these approaches may
not precisely address the underlying pathologic process
[8-10, 35, 37, 38, 50].

The idea of elbow instability resulting from progres-
sive ligamentous elongation has already been postulated.
Specific sporting mechanisms have been associated with
ligamentous incompetence, as in the case of pitcher’s
elbow (valgus instability), posterolateral rotatory insta-
bility and varus posteromedial rotatory instability for
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Fig. 6 Functional results in the study population. a SANE (single-
assessment numeric evaluation); b OES (Oxford Elbow Score); ¢
quickDASH (disabilities of the Arm, Shoulder, Hand). Black pre-
operative value; white post-operative value; ****p < 0.0001
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example [21, 26, 39, 42]. Few authors have suggested
a minor instability condition with more subtle features
most commonly presenting only with pain [31]. Intra-
articular findings seen at arthroscopy have also been
described previously during surgery performed for lateral
epicondylitis [3, 30, 45, 47, 49, 54, 56]. The cumulative
presence of intra-articular signs of patholaxity and minor
elements of pathology has been correlated with clinical
symptoms [6].

Knowledge of lateral elbow anatomy is pivotal while
understanding the rationale of R-LCL plication [12].
Proximally, the lateral elbow capsule attaches along the
articular margin of the elbow extending anteriorly above
the coronoid and radial fossa, distally to the edge of the
coronoid process, and laterally to the annular ligament.
The capsule is taut anteriorly when the elbow is extended
and posteriorly when the elbow is flexed and provides
most of its stabilizing effects with the elbow extended
[17, 25, 40]. The lateral collateral ligament (LCL) com-
plex (Fig. 7) is a reinforcement of the lateral capsule and
consists of three components, including the R-LCL, the
ulnar band (U-LCL) and the annular ligament [14, 16, 39,
48, 57].

Several daily activities such as most desk jobs are per-
formed with the shoulder in moderate abduction, prona-
tion of the hand and 50-70° of elbow flexion. With time,
this varus/pronation moment created by the hand and the
forearm could lead to elongation of the R-LCL and annu-
lar ligament The ECRB proximal insertion is located just
extra-capsular and parallel to R-LCL, in intimate asso-
ciation but easily distinguishable with the lateral collateral
ligament [5, 16]. Within the SMILE theory, ECRB tendi-
nopathy could be a consequence of R-LCL elongation, as
this structure acts as an extra-articular secondary stabilizer
resisting varus-pronation stresses. Strain on this ligament
with the secondary bracing effect of ECRB activity pro-
vides the rationale for R-LCL plication. Future research
will help to confirm this theory and investigate if the patho-
logic cascade is initiated extra-articularly (from ECRB) and
subsequently becomes intra-articular (generating ligamen-
tous laxity and associated lesions), or indeed the opposite.
Proving one or the other origin could help to intervene con-
servatively in the very first symptomatic phase, avoiding
progression of the symptoms.

The goal of R-LCL plication is to surgically constrain
an intra-articular structure and to stabilize a joint compart-
ment, as similarly described in other joints with satisfactory
results [8—11]. Procedures aiming to reduce capsular vol-
ume to treat symptomatic instabilities have been described
while performing shoulder arthroscopy for anterior, poste-
rior and multidirectional instability [46]. Capsular plication
has also been successful in treating minor instabilities of
the shoulder [11, 13].

@ Springer

Fig. 7 Right elbow, anatomical study of the lateral collateral liga-
ment complex. Three components can be distinguished: the radial
band (R-LCL, diamonds), the ulnar band (U-LCL, circles) and the
annular ligament (asterisks). Note the diamond shape of the R-LCL,
which blends, in its distal part, with the annular ligament fibres

Cadaveric studies have shown that the LCL complex
plays a role in posterolateral rotatory instability although
references to LCL pathology occurring without trauma
are scarce [41]. This is in contrast to the medial collat-
eral ligament of the elbow, for which pathology related to
elongation after a repetitive valgus stress has been widely
described [2, 22, 37, 57]. The SMILE concept postulates a
role for the R-LCL in the origin of atraumatic minor insta-
bility and pain of the lateral elbow.

The choice of an all-arthroscopic technique is dictated
by the reduced procedure-related morbidity, the possibility
to visualise and diagnose every compartment of the elbow,
and the capability of performing a dynamic evaluation of
the laxity of articular and ligamentous structures before
and after re-tensioning. An open procedure could also be
considered, depending on the preference and experience of
the surgeon. Traditional open techniques of ECRB release
may work by generating a scarring process of R-LCL [8].
This could eventually lead to a similar functional result as
plicating the R-LCL. Nevertheless, we believe that a pro-
cedure that plicates an existing ligament is more respectful
to the anatomy compared with aiming to create a scar by
detaching a tendon with the underlying ligament.

We did not consider laser-assisted capsulorrhaphy or
arthroscopic thermal shrinkage because of the association
with significant complications such as chondrolysis and
thermal nerve injury that have been demonstrated in the
management of shoulder instability [24, 28, 46].

Post-operative loss of extension was the most fre-
quent adverse event encountered in our series, which
partially explains the few unsatisfactory subjective
final results. Reduction in joint movement and loss of
strength have been extensively described as poten-
tial complication of arthroscopic treatment of joint
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instability; this adverse event may directly depend
on the surgical procedure (non-anatomical repair or
mechanical failure of the anchors) or on inadequate
physiotherapy [1, 23, 27, 33]. However, loss of ROM
is considered an acceptable drawback of a procedure
which relieves pain and reduces instability [51, 53]. The
vast majority of our patients at final follow-up had a
minimal reduction in flexion or extension that was not
subjectively considered as problematic. Future research
will help us to modulate the amount of distal to prox-
imal shift of R-LCL and eventually to limit the ROM
loss though it is recognised even with percutaneous and
arthroscopic ECRB releases a minor percentage of post-
operative ROM loss occurs (1.9 and 1.1%, respectively).
[44].

Defining the limits of this procedure is challenging and
requires further study. Image-based diagnosis and clas-
sification of the intra-articular findings evaluated in this
study in association with lateral elbow pain is challeng-
ing. Ultrasound examination is still considered the imaging
gold standard even if ultrasound is limited in the evaluation
of joint cartilage and capsule [15, 20, 32, 34, 43]. MRI is
limited by the need for different arm positions and recon-
structions to fully investigate anomalies. MRI arthrography
and three-dimensional reconstruction may help increase
the utility of MRI [18, 29, 36]. A detailed knowledge
of the pathology and a precise clinical examination can
improve imaging-based diagnostics and a specific question
from the requesting surgeon may help focus the relevant
investigation.

Limitations of this study include that it is a case series
from a single surgeon without any control group. Given
the lack of any suitable validated criteria, eligibility was
determined through intra-articular assessment of findings
and performance of tests in a standardised fashion by the
primary author. The development of a standardised diag-
nostic algorithm will enable further refinement of the indi-
cations for this technique and to offer a reproducible and
reliable treatment option for a selected subgroup of patients
affected by recalcitrant elbow pain.

Conclusions

Arthroscopic R-LCL plication abolishes objective
signs of laxity and leads to substantial improvements
in subjective patient satisfaction and positive clinical
outcomes at more than 2 years of median follow-up in
patients presenting with symptomatic minor instability
of the lateral elbow (SMILE). A well-tolerated limita-
tion in range of motion is a possible consequence of this
intervention.
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