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Abstract

Purpose Neurovascular structures around the ankle are at risk of injury during arthroscopic all-inside lateral collateral
ligament repair for the treatment of chronic ankle instability. This study aimed to evaluate the risk of damage to anatomical
structures and reproducibility of the technique amongst surgeons with different levels of expertise in the arthroscopic all-
inside ligament repair.

Methods Twelve fresh-frozen ankle specimens were used for the study. Two foot and ankle surgeons with different level of
experience in the technique performed the procedure on 6 specimens each. The repair was performed following a standard-
ized procedure as originally described. Then, an experienced anatomist dissected all the specimens to evaluate the outcome
of the ligament repair, any injuries to anatomical structures and the distance between arthroscopic portals and the superficial
peroneal nerve (SPN) and sural nerve.

Results Dissections revealed no injury to the nerves assessed. Mean distance from the anterolateral portal and the SPN was
of 4.8 (range 0.0-10.4) mm. The mean distance from the accessory anterolateral portal to the SPN and sural nerve was of
14.2 (range 7.1-32.9) mm and 28.1 (range 2.8-39.6) mm, respectively. The difference between the 2 surgeons’ groups was
non-statistically significant for any measurement (mm). In all specimens both fascicles of the anterior talofibular ligament
were reattached onto its original fibular footprint. The calcaneofibular ligament was not penetrated in any specimen.
Conclusions The all-inside arthroscopic lateral collateral ligament repair is a safe and reproducible technique. The clinical
relevance of this study is that this technique provides a safe and anatomic reattachment of the anterior talofibular ligament,
with minimal risk of injury to surrounding anatomical structures regardless of the level of experience with the technique.

Keywords Anatomy - Ankle arthroscopy - Chronic ankle instability - Learning curve - Ligament repair

Introduction divided into three groups: (1) an arthroscopically assisted

percutaneous technique [1, 2], (2) an arthroscopic all-inside
The role of arthroscopy in treating ankle instability has  ligament repair [3], and (3) an arthroscopic ligamentoplasty
rapidly evolved in the last decade alongside arthroscopic [4, 5]. The clinical results of the arthroscopic techniques
stabilizing techniques. These techniques can be broadly  have proven similar or superior to open procedures [6]. The
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first technique to use arthroscopy for lateral ligament repair
demonstrated good results but also a potential for compli-
cations due to nerve entrapment by the suture during the
percutaneous gesture [1, 2, 7].

In 2013 Vega et al. were the first to propose an anatomic
and arthroscopic all-inside lateral collateral ligament repair
with a knotless anchor. Excellent clinical results were
observed in the 16 patients of the study, and no major or
neurological complications were reported [3]. The absence
of nerve-related complications may be explained by the fully
intra-articular technique [6].

Although a previous anatomic study validated the safety
of the arthroscopic-assisted percutaneous procedure for the
treatment of chronic ankle instability [8], to our knowledge
this is the first anatomic study validating the arthroscopic
all-inside lateral ligament repair.

The aim of this study was to evaluate the risk of damage
and entrapment of neurological structures during the arthro-
scopic all-inside lateral collateral ligament repair. In addi-
tion, reproducibility between surgeons with a different level
of expertise in this technique has been assessed to evaluate
the learning curve.

It was hypothesized that the arthroscopic all-inside lateral
ligament repair is a safe and reproducible technique, even in
the hands of a less experienced surgeon.

Materials and methods

Twelve unpaired fresh frozen ankle specimens were used
for the study (7 right and 5 left). Specimens were amputated
below the knee and included 7 males and 5 females; mean
age was 72 years (range 60-89 years).

Specimens with evident ankle stiffness or instability,
deformities or signs of previous surgery were excluded from
the study. Arthroscopic observation of an absent lateral col-
lateral ligament was also an exclusion criterium. A partially
or completely torn ligament was not considered a reason for
exclusion.

Two foot and ankle surgeons experienced in ankle
arthroscopy, but with different level of experience in the
arthroscopic all-inside lateral ligament repair, performed the
procedure in a protocolized manner as previously described
[3, 9]. While the senior surgeon had an experience of over
300 cases treated, the junior had treated less than 10 patients.
Each surgeon performed 6 cases independently with the
same assistant in each procedure.

The specimens were held by the tibia with a specific
device that allowed free ankle movement. Ankle dorsiflexion
and no-distraction arthroscopic technique was performed.

Instruments used included an arthroscopic pump, a4 mm
30° arthroscope, and a 3.5 mm motorized shaver. Specific
instruments to perform the arthroscopic all-inside ligament
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repair branded Arthrex, Naples, FL included an automatic
suture passer—MiniScorpion—and a non-automatic suture
passer—Microsuture lasso curved 70°—two high resistance
and non-absorbable sutures—#0 Fiberwire—and a knotless
anchor—Pushlock 2.9 mm X 15 mm. Finally, one cannula—
Passport cannula 6 mm X 20 mm—was used and introduced
through the anterolateral portal to protect the superficial
peroneal nerve during the procedure.

Arthroscopic procedure

Cutaneous landmarks were highlighted, and the superficial
peroneal nerve was identified when possible with forced
inversion of the ankle and 4th toe plantarflexion [10]. Stand-
ard anteromedial and anterolateral portals were created. An
accessory anterolateral portal was placed 1-1.5 cm proximal
to the fibular tip and just anterior to it. The arthroscope was
introduced through the anteromedial portal, and the ATFL
was identified occupying the floor of the lateral gutter. The
ATFL and CFL were completely detached off the fibular
origin with the help of an osteotome introduced through the
anterolateral portal. Any remnant tissue left on the ATFL
and CFL fibular footprints was debrided with a shaver to
simulate a chronic ligament tear. Attention was paid not to
open the joint capsule or excise any ligamentous tissue. A
complete detachment of the ATFL and CFL was considered
satisfactory when the fibular footprint areas were observed
which are located over the distal and lateral aspects of the
fibula.

At this point the procedure was carried out as reported
in the original technique [3, 9]. With the ATFL and CFL
detached from their insertion, the ligamentous tissue was
grasped with the suture passer. First, a non-automatic suture
passer was used. It was introduced through the anterolat-
eral portal, and under direct arthroscopic visualization, the
maximum possible amount of ligamentous tissue was pen-
etrated from lateral to medial. Then, the suture passer was
exchanged by the suture using a nitinol loop. Second, the
automatic suture passer was used. The suture was charged
into the grasping claw and the claw was introduced through
the anterolateral portal, opened inside the joint, and grasped
the capsule aiming to catch the maximum possible tissue. To
protect surrounding structures, the tissue needs to be pen-
etrated from lateral to medial inserting the needle inside the
joint. The end result after removing the suture passer was
the tissue being grasped by the suture.

Finally, the ligamentous tissue was reattached using the
suture with one knotless anchor into the fibula through a
previously drilled bone tunnel. The placement of the anchor
in the fibula was determined by the ATFL footprint, which
is located just distal to the fibular insertion of the anterior
tibio-fibular ligament. Both suture ends were introduced
inside the eyelet of the anchor and tensioned before the
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anchor was introduced. Then, the sutures were cut with
arthroscopic scissors.

Anatomic study

After the arthroscopic procedure, specimens were dissected
by an experienced anatomist as previously suggested [11].
An anterolateral skin window was created in the ankle. The
perimeter of the window extended from the tibialis anterior
to the calcaneal tendon and from 3 cm proximal to 3 cm
distal of the tip of the fibula. Superficial dissection was
performed first, preserving the anatomical plane of the cru-
ral fascia and the neurological structures lying on it. This
allowed an initial evaluation of any entrapment of neurologi-
cal structures and their relationship with the arthroscopic
portals. A digital caliper (Ratio® 6369 H 15 150 mm -Ehlis
S.A., 08740, Sant Andreu de la Barca, Barcelona, Spain,
precision 0.01 mm) was used to measure the following: dis-
tance between the anterolateral portal and the superficial
peroneal nerve, and distance between the accessory ante-
rolateral portal and the superficial peroneal nerve as well
as the sural nerve. Measures were obtained with the ankle
in the neutral position. The shortest measured distance was
noted in a table.

Finally, the crural fascia and the ankle joint capsule were
removed to visualize the osteo-articular layer including the
ankle lateral collateral ligament complex and the inferior
extensor retinaculum. Careful evaluation was made of the
ligament caught by each suture and its reinsertion onto the
original fibular footprint. Any other anatomical structures
entrapped by sutures were also noted.

The study was approved by the University of Barcelona
with IRB number: 00003099.

Statistical analysis

Measurements obtained were assessed for normal distribu-
tion using the Kolmogorov—Smirnov test. The data in all
groups was found to be non-normally distributed.

To compare continuous measurements the Wil-
coxon—Mann—Whitney test was used for these non-normally

Table 1 Intragroup specimens measurements

distributed measurements. All tests were 2-tailed, with a p
value of <0.05 considered as significant.

No sample size calculation was performed given the lack
of references in the literature for this technique.

Results

The anatomical study revealed that the lateral collateral
ligament was anatomically reinserted onto its original fibu-
lar footprint in all specimens. No differences were noted
between the two surgeons in terms of ligament grasping and/
or reattachment. Sutures grasped both ATFL fascicles; the
non-automatic suture passer grasped the superior ATFL fas-
cicle, while the automatic suture passer grasped both ATFL
fascicles. None of the sutures penetrated the CFL.

No cases of nerve injury either by portals creation or by
suture entrapment were observed. In all cases the surround-
ing anatomic structures were intact, including the superficial
peroneal nerve, the sural nerve or its communicating branch,
and the peroneal or extensor tendons. Results can be found
in Tables 1, 2 and 3.

The median distance between the anterolateral portal and
the superficial peroneal nerve was 4.4 mm (mean 4.8 + 2.7,
range 0—10.4). The anterolateral portal was located medial
to the superficial peroneal nerve in 9 cases, and lateral in
3 cases. For the experienced surgeon, the median distance
was 4.7 mm (mean 5.2 + 1.5, range 3.9-7.5), and for the
non-experienced surgeon it was 3.9 mm (mean 4.5 + 3.6,
range 0-10.4).

The accessory anterolateral portal was located at a median
distance of 11.9 mm (mean 14.2 + 6.7, range 7.1-32.9) from
the superficial peroneal nerve. The experienced surgeon
located the accessory anterolateral portal at a median dis-
tance from the superficial peroneal nerve of 11.5 mm (mean
14.6 + 9.2, range 7.1-32.9), and the non-experienced sur-
geon of 13.9 mm (mean 13.9 + 3.6, range 10.0-18.7).

Regarding the sural nerve, it was observed at a median
distance from the accessory anterolateral portal of 28.7 mm
(mean 29.6 + 6.8, range 20.8-39.6). For the experienced
surgeon it was 28.7 mm (mean 29.8 + 6.2, range 21.2-38.8),

Median (range) Mean (SD) Experienced surgeon ~ Non-experienced surgeon p value
mean (SD) mean (SD)
Distance ALP—SPN 4.4 (0-10.4) 4.8 (+£2.7) 52 (£15) 4.5 (£3.6) ns
Distance AccAP—SPN 11.9 (7.1-32.9) 14.2 (£6.7) 14.6 (£9.2) 13.9 (£3.6) ns
Distance AccAP—Sural nerve 28.7 (20.8-39.6) 29.6 (+6.8) 29.8 (+6.2) 29.5 (+8.0) ns

Distances are measured in millimeters

SD standard deviation, ALP anterolateral portal, SPN superficial peroneal nerve, AccAP accessory anterolateral portal, ns non-significative
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Table 2 Experienced surgeon specimens group

Specimen Sex Age Side Distance ALP—  Location of SPN Distance AccAP—  Distance
SPN (mm) (respect the ALP) SPN (mm) AccAP—sural
nerve (mm)
1 M 89 L 39 Lateral 11.6 26.7
2 M 67 L 4.1 Lateral 11.3 28.2
3 M 78 L 7.5 Lateral 10.7 29.2
4 M 74 R 6.3 Lateral 329 21.2
5 M 76 R 4.0 Lateral 13.9 34.6
6 w 60 R 53 Medial 7.1 38.8
Median (range) 4.7 (3.9-17.5) 11.5(7.1-32.9) 28.7 (21.2-38.8)
Mean (SD) 52(x1.5) 14.6 (£9.2) 29.8 (£6.2)

SD standard deviation, ALP anterolateral portal, SPN superficial peroneal nerve, AccAP accessory anterolateral portal, n.s. non-significative

Table 3 Non-experienced surgeon specimens group

Specimen Sex Age Side Distance ALP—  Location of SPN Distance AccAP—  Distance
SPN (mm) (respect the ALP) SPN (mm) AccAP—sural
nerve (mm)
1 " 67 R 22 Lateral 12.2 324
2 M 78 R 10.4 Lateral 15.7 37.1
3 ' 72 R 3.1 Lateral 10.3 244
4 w 71 L 0.0 Medial and Lateral 18.7 20.8
5 M 64 L 4.6 Lateral 16.7 22.5
6 \% 71 R 6.3 Medial 10.0 39.6
Median (range) 3.9(0.0-10.4) 13.9 (10.0-18.7) 28.4 (20.8-39.6)
Mean (SD) 4.5 (+3.6) 13.9 (£3.6) 29.5 (= 8.0)

SD standard deviation, ALP anterolateral portal, SPN superficial peroneal nerve, AccAP accessory anterolateral portal, n.s. non-significative

and 28.4 mm (mean 29.5 + 8.0, range 20.8-39.6) for the
non-experienced surgeon.

Differences between the 2 surgeons for any measurement
(mm) were found to be non-statistically significant.

Discussion

The most important contribution of the study is the confir-
mation that the arthroscopic all-inside lateral collateral liga-
ment repair is a safe and reproducible technique regardless
of the surgeon’s level of experience.

To date, the open Brostrom procedure is considered the
gold standard technique to treat chronic ankle instability
[12, 13]. During the last decade, the role of arthroscopy has
gained widespread popularity in the surgical management of
the condition, partly due to the intra-articular pathology that
is associated with ankle instability. Intra-articular pathol-
ogy that can contribute to pain and dysfunction has been
observed in 66-93% of unstable ankles [14—18]. Arthro-
scopic treatment of associated intra-articular pathology
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before an open Brostrom procedure has routinely been an
adjunct to the procedure [15, 19]. More recently, arthro-
scopic techniques to treat ankle instability have been pro-
posed instead of a “hybrid” procedure that entails arthros-
copy plus a subsequent open Brostrom repair [3, 20].
Although arthroscopic techniques are varied, similar clini-
cal results have been reported when comparing open versus
arthroscopic procedures for the treatment of ankle instabil-
ity [6]. Complications caused by nerve entrapment double
their rate in cases of arthroscopic assisted technique with a
percutaneous step compared to open techniques. This could
be explained by the percutaneous passage of the sutures in
the anterolateral aspect of the ankle. Although a safe zone
for the percutaneous passage has been recently described
[8], both clinical and cadaveric studies reported high risk of
iatrogenic damage to both the superficial peroneal and sural
nerves [1, 21]. The arthroscopic all-inside lateral collateral
ligament repair is a fully arthroscopic technique that avoids
percutaneous suture passage and, therefore, is inherently
safer than its percutaneous counterparts. In the present study,
there were no cases of suture entrapment of any anatomical
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surrounding structures. The ligament is sutured within the
ankle joint and under arthroscopic visualization ensuring
that no other anatomic structures or nerves are encountered.
This study explains and complements the reported clinical
outcomes of the technique that equally showed no neurologi-
cal complications [3, 22, 23].

Neither the superficial peroneal nor the sural nerves were
injured during the study despite the potential risk reported
during the arthroscopic procedure. The standard anterolat-
eral portal puts the superficial peroneal nerve at risk, and
its injury is one of the most common complications dur-
ing anterior ankle arthroscopy [24, 25]. To create a safe
anterolateral approach, it is advised that the portal is placed
just lateral to the peroneus tertius tendon, and medial to the
superficial peroneal nerve when visible transcutaneously [3,
26] (Fig. 1). However, despite careful anterolateral portal
creation [24, 26], the presence of anatomical variations of
the nerve [27] demands caution during portal placement
(Fig. 2). In the present study, the portal was located lateral
to the nerve in 3 cases, and the median distance between the
anterolateral portal and the superficial peroneal nerve was
4.4 mm (mean 4.8 + 2.7, range 0.0-10.4). In one case, the
nerve was observed in direct contact with the arthroscopic
approach. Because of the superficial peroneal nerve varia-
tion and the risk of nerve entrapment during the procedure
due to portal proximity, it is highly recommended to use a
cannula in addition to a protocolized portal creation (Figs. 1,
2). Regarding the risk of nerve injury with the accessory
anterolateral portal, the median distance between the portal

Fig. 1 Dissection of the specimen after surgery was performed. An
anterolateral skin window was created and superficial dissection
was performed to identify the neurological structures and assess any
lesions. Nerve distribution pattern is the most commonly found at the
anterior are of the ankle. Canula was left at the anterolateral portal.
Arthroscopic image shows intra-articular extent of the canula. (1)
Medial dorsal cutaneous nerve (branch of superficial peroneal nerve).
(2) Intermediate dorsal cutaneous nerve (branch of superficial pero-
neal nerve). (3) Sural nerve (lateral dorsal cutaneous nerve)

Fig.2 Dissection of the specimen after surgery was performed. An
anterolateral skin window was created and superficial dissection
was performed to identify the neurological structures and assess any
lesions. Nerve distribution pattern is an anatomical variant where two
communicating branches were found. Canula was left at the antero-
lateral portal. (1) Medial dorsal cutaneous nerve (branch of superfi-
cial peroneal nerve). (2) Communicating branch between medial
dorsal cutaneous branch and intermediate dorsal cutaneous nerve. (3)
Intermediate dorsal cutaneous nerve (branch of superficial peroneal
nerve). (4) Communicating branch between the intermediate dorsal
cutaneous nerve and the sural nerve. (5) Sural nerve (lateral dorsal
cutaneous nerve)

and the superficial peroneal nerve was of 11.9 mm (mean
14.2 + 6.7, range 7.1-32.9). For the sural nerve, the median
distance between the accessory anterolateral portal and the
nerve was of 28.7 mm (mean 29.6 + 6.8, range 20.8-39.6).
According to these figures, the accessory anterolateral portal
must be considered a safe arthroscopic approach.

As observed in the study, the ligament was reattached
onto its original fibular footprint in all cases (Fig. 3). To
evaluate the best technique, two different suture passers have
been used. The use of a small suture passer -automatic or
non-automatic- allowed for grasping of purely the ATFL
while avoiding entrapment of surrounding structures. The
non-automatic suture passer allowed for grasping of the
superior fascicle of the ATFL (Fig. 4), while the automatic
suture passer used did so for the superior and inferior ATFL
fascicles (Fig. 5). The CFL was not grasped in any case. A
new suture passer design and/or a technique modification is
required to grasp the CFL. In any case, the need of repairing
the CFL, when both the ATFL and CFL are injured, has been
questioned in the literature with clinical as well as biome-
chanical studies that report excellent results after repairing
of only the ATFL when both the ATFL and CFL are injured
[28-30]. These good clinical results can be anatomically
explained by the presence of arciform fibers connecting the
inferior ATFL with the CFL [31]. With this in mind, the iso-
lated ATFL repair would effectively address the CFL as well.
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Fig.3 Dissection was advanced until a clear view of the lateral ankle
ligaments was obtained. (1) Extensor digitorum longus tendons. (2)
Inferior extensor retinaculum (3) Peroneus tertius tendon. (4) Pero-
neal tendons. (5) Anterior talofibular ligament (note that the suture
has grasped both the superior and inferior ATFL’s fascicles)

Fig.4 Dissection showing the lateral ankle ligaments and position
of the non-automatic suture passer (a) and arthroscopic view (b). (1)
Inferior extensor retinaculum. (2) Peroneus tertius tendon. (3) Exten-
sor digitorum longus tendons. (4) Superior extensor retinaculum. (5)
ATFL’s superior fascicle. (6) ATFL’s inferior fascicle. (7) Arciform
fibers of the lateral fibulotalocalcaneal ligament complex (connecting
ATFL’s inferior fascicle and calcaneofibular ligament)

The arthroscopic all-inside ligament repair is a moder-
ately demanding technique and is not ideally suited for the
novice ankle arthroscopist. However, as observed in this
study, the technique can be efficiently reproduced by the
surgeon versed in ankle arthroscopy who is willing to per-
form arthroscopic stabilization of the lateral ankle. Despite
a rather flat learning curve, a thorough command of ankle
arthroscopic skills and arthroscopic anatomy is mandatory.

Limitations of the study include the use of ankle speci-
mens without lateral collateral ligament injury. Although
the ligament injury was artificially reproduced, it was
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Fig.5 Dissection showing the lateral ankle ligaments and position of
the automatic suture passer (a) and arthroscopic view (b). (1) Inferior
extensor retinaculum. (2) Peroneus tertius tendon. (3) Extensor digi-
torum longus tendons. (4) Superior extensor retinaculum. (5) ATFL’s
superior fascicle. (6) ATFL’s inferior fascicle. (7) Arciform fibers of
the lateral fibulotalocalcaneal ligament complex (connecting ATFL’s
inferior fascicle and calcaneofibular ligament)

probably different to that experienced in-vivo after an
ankle sprain or in patients with chronic ankle instabil-
ity. In addition, the ligament tissue quality of cadaveric
specimens could be different to that of the real patient,
which could modify the grasping strength achieved with
the suture. Another limitation is the absence of a biome-
chanical study to evaluate the repair. A biomechanical test
assessing the repair strength would certainly increase the
validity of the study.

The clinical relevance of the study is that the arthro-
scopic all-inside ligament repair is a safe technique, and
allows an anatomic ATFL repair. The technique is a repro-
ducible procedure with a flat learning curve for surgeons
versed in ankle arthroscopy.

Conclusions

The arthroscopic all-inside lateral collateral ligament repair
is a safe and reproducible technique even in the early stages
of the learning curve. In addition, the technique can ana-
tomically repair both fascicles of the ATFL with minimal
risk of damage to surrounding anatomical structures.
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