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Arthroscopic and Open Procedures Result in Similar
Calcaneal Tunnels for Anatomical Reconstruction of

Lateral Ankle Ligaments

Linxin Chen, M.D., Xin Xie, M.D., Peng Cao, M.D., Qinwei Guo, M.D., Dong Jiang, M.D.,

Chen Jiao, M.D., and Yanbin Pi, M.D., Ph.D.
Purpose: The purpose of this study was to validate the accuracy and reliability of arthroscopic markers of distal insertion
of the calcaneofibular ligament (CFL), and to compare the calcaneus bone tunnels of the CFL that were made under
arthroscopy and open procedures. Methods: Fifty-seven patients who underwent lateral ankle ligament reconstruction
procedures were enrolled and divided into open (n ¼ 24) and arthroscopic groups (n ¼ 33). Lateral ankle radiography was
performed postoperatively, and the calcaneus bone tunnels referenced to several landmarks, including the subtalar joint,
calcaneus superior edge, fibular tip, angulation with fibula axis, cross point of the fibular and tangential line of the fibular
obscure tubercle cross point of the tangential lines of the talar posterior edge and deepest point of the subtalar joint, and
cross point of the fibular axis and perpendicular line across fibular tip. These results were compared between the two
groups. Results: No significant intergroup differences were observed between the parameters. When the bone tunnels of
the CFL were referenced to the cross point of tangential lines of the talar posterior edge and deepest point of the subtalar
joint, and the cross point of the fibular axis and perpendicular line across fibular tip, the coefficient variations were
very high, which indicated that the locations of the bone tunnels were scattered over a large area in both groups.
Conclusions: Arthroscopic and open procedures achieved similar results for calcaneus bone tunnel making of the CFL.
However, large variations were observed in both groups. Level of Evidence: Level III, retrospective cohort study.
Introduction
nkle sprain is the most common injury and
Aaccounts for 10e30% of all sports medicine

injuries.1 According to previous studies, 40% of ankle
sprains result in chronic ankle instability (CAI),2 which
is characterized by symptoms of repetitive sprain,
chronic pain, and swelling. As the disorder progresses,
60% of cases may combine with osteochondral lesions
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Arthroscopy, Sports Medicine, and Rehabilitation
of talar (OLT) and develop into osteoarthritis and varus
deformity of the ankle, which jeopardize sports activity
and daily living of patients.3-6 For lateral ankle ligament
injuries with persistent symptoms, failure of conserva-
tive treatment for at least 6-12 months, surgical inter-
vention should be required.7

Numerous surgical procedures for the treatment of
CAI have been reported with good clinical results.8,9

However, for those patients with poor ligament tissue
quality, generalized hyperlaxity or collagen disorders,
high body mass index (BMI), and high athletic-demand,
lateral ligament reconstruction using autograft or allo-
graft tendons was always required.10-12

Compared to classical shortening or insertional repair
of lateral ligaments, such as the Brostrom and Karlsson
procedures,9 reconstruction procedures require more
profound understanding of the anatomy of lateral
ligament insertions to achieve optimal bone tunnels.11,12

Many studies have provided anatomic references for the
distal insertion of the calcaneofibular ligament (CFL) for
CFL reconstruction.13-15 According to those studies,
several anatomical measurements were used to locate
the calcaneal footprint of the CFL, but there was still a
lack of consensus.14-17
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Fig 1. Arthroscopic view and location of the distal insertion of
the calcaneofibular ligament (CFL). After releasing the
capsule and scar tissues, the stump of the CFL was exposed,
and a radio frequency head with a diameter of 4.0 mm was
used to measure 15e20 mm below the subtalar joint. A metal
trocar was located on the bony tunnel of the CFL. Open
yellow triangle denotes CFL stump; open yellow star denotes
peroneal tendon.
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Compared to traditional open procedures, arthroscopic
reconstruction procedures face different anatomical
conditions and greater challenges in locating distal in-
sertions of the CFL. The purposes of this study were to
validate the accuracy and reliability of arthroscopic
markers of distal insertion of the CFL and to compare the
calcaneus bone tunnels of the CFL that were made un-
der arthroscopy and open procedures. We hypothesized
that both the arthroscopic and open procedures would
achieve similar calcaneus bone tunnels of the CFL and
that the markers would be accurate and reliable.

Materials and Methods

Protocol Approval
All the participants understood the purpose of this

study and provided informed consent prior to partici-
pation according to the ethical standards of the Decla-
ration of Helsinki, and this research was conducted with
the approval of Peking University Third Hospital
Medical Science Research Ethics Committee (No.
M2021360). Patients treated with the reconstruction
procedure were identified among 1,697 hospitalized
surgical patients with CAI between 2018 and 2021.
Between 2018 and 2019, open reconstruction proced-
ures were performed by all of the surgeons. Between
2019 and 2021, arthroscopic procedures were per-
formed by three of the surgeons (Q. W. Guo, C. Jiao, Y.
B. Pi), while the others continued to perform open
procedures. The inclusion criteria were as follows: pa-
tients with CAI with repetitive sprain or persistent
symptoms of pain and swelling for at least 6 months,
with failure of conservative treatment; and preopera-
tive magnetic resonance imaging (MRI) and intra-
operative investigation that revealed poor-quality
ligament tissues that required a reconstruction pro-
cedure. The exclusion criteria were as follows: inser-
tional repair of lateral ankle ligaments, only anterior
talar-fibular ligament (ATFL) reconstruction proced-
ure performed, interosseous talocalcaneal ligament
combined with CFL reconstruction, varus or valgus
deformity requiring osteotomy correction, infection
involving ipsilateral ankles, neuromuscular injury
requiring a tendon transfer procedure, and severe ankle
fracture or dislocation requiring surgical intervention.
All reconstruction procedures were performed by 6
surgeons (L.X. Chen, X. Xie, Q.W. Guo, D. Jiang, C.
Jiao, Y.B. Pi) specializing in ankle and foot sports
medicine at a single institution. The demographics for
included patients were collected: age, sex, Beighton
score, BMI, and duration from the first injury or
symptom onset.

Surgical Techniques
For the arthroscopic procedure,11,16 after general or

spinal anesthesia, patients were placed in the
semilateral decubitus position, and a pneumatic thigh
tourniquet was used to control the pressure at
300 mmHg. A longitudinal incision was made medial to
the tibial tubercle. The gracilis tendon was harvested
with a length of 16 cm, diameter of 4.5 mm, and folded
in half into a “Y”-shape strand. The folded end was at
least 20 mm long for fibular reconstruction, and the two
free ends were prepared: 35 mm for ATFL and 45 mm
for CFL reconstruction. The three ends of tendon were
sutured 20 mm in length using 2# orthocords sutures
(DePuy Synthes, Warsaw, IN).
Standard antero-lateral and antero-medial portals

were constructed with ankle dorsiflexion. A 4.0-mm
scope was introduced into the ankle joint, and the
associated injuries, such as osteophytes and osteo-
chondral lesions, free bodies, and synovitis were treated
appropriately. The scar tissues, capsule, and the ATFL
were derided and released by a shaver inserted via the
AL portal. Then, the scope was transferred to the AL
portal, and an accessory portal was made at the sinus
tarsi for the shaver operation to expose the distal
insertion of the CFL. References were used to arthro-
scopically locate the calcaneus insertion of the CFL:
5e10 mm distal to the peroneal tendon, 15e20 mm
below the subtalar joint, and the remaining stump of
the CFL (Fig 1).
A 5-mm bone tunnel was drilled at the fibular

obscure tubercle (FOT), calcaneus insertion of the CFL,
and talar insertion of the ATFL. The folded end of the



Fig 2. Anatomic parameters for
the distal insertion of the calca-
neofibular ligament (CFL). (A).
Angle (q) between the line of the
CFL bone tunnel to the fibular tip
and the line of the fibular longitu-
dinal axis. (B) CFL to the subtalar
joint (h) and CFL to the calcaneal
superior edge (d). (C) CFL bone
tunnel to the cross point (D) of the
line of the fibular posterior cortex
and the line that the 45� angle
passed through the FOT. (D): CFL
bone tunnel to the cross point
(criteria B) of the line of the fibular
posterior cortex and the perpen-
dicular line through the fibular tip.
(E): CFL bone tunnel to the cross
point (criteria A) between the ver-
tical line tangential to the posterior
convexity of the talus and the
perpendicular line tangential to the
deepest concavity of the subtalar
joint. fib.axis: the line of the fibular
posterior cortex; cal.sup: calcaneal
superior edge; subtalar: the mid
point of the lateral border of the
posterior facet of the subtalar joint.
C, distal insertion of the CFL; F,
fibular tip,
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tendon was pulled into the fibular bone tunnels and
fixed using a 4.50-mm footprint suture anchor (Smith
& Nephew, Mansfield, MA). The free ends of the
tendon were pulled into the talar and calcaneus bone
tunnels, tensioned, and fixed using a 5.0 � 12 mm
Milagro interference screw (Mitek, Norderstedt,
Germany).
For the open procedure, A 12-cm-long curved inci-

sion was centered over the fibular tip and extended
anteriorly over the lateral talus and posteriorly over the
lateral calcaneus and posterior border of the fibula. The
lateral ligament and capsule were dissected to expose
the fibular, talus, and calcaneal insertion of the liga-
ment. The following procedure and locating references
of the bone tunnels were the same as for the arthro-
scopic procedure mentioned above.11

Postoperative Radiological Evaluation
According to the measurements of previous

studies,13,15,17-21 radiographic parameters were
measured and compared on lateral ankle radiographs to
determine the reliability and reproducibility of calca-
neal bone tunnels in each group. For radiographic
viewing and measuring, we used the GE Centricity
Enterprise Web 3 (GE Medical Systems) image system
with magnification rate of 2.
The following parameters were measured (Fig 2): 1)

CFL to the subtalar joint (h): CFL bone tunnel to the
midpoint of the lateral border of the posterior facet of
the subtalar joint19; 2) CFL to calcaneal superior edge
(d): CFL bone tunnel to the superior edge of the
calcaneal tubercle18; 3) CFL to fibular tip (C to F): CFL
bone tunnel to the fibular tip15; 4) Angle with fibula
(q): Angle between the line from the CFL bone tunnel
to the fibular tip and the line of fibula longitudinal
axis20; 5) CFL to the cross point of the fibular and
tangential line of the FOT (D): the CFL bone tunnel to
the cross point of the line of the fibular posterior cortex
and the line of 45� angle passed through the ante-
roinferior part of the lateral malleolus (corresponding
to the FOT)13; 6) CFL to the cross point (A) of the
tangential lines of the talar posterior edge and deepest
point of the subtalar joint: CFL bone tunnel to the cross
point between the vertical line tangential to the poste-
rior convexity of the talus and the perpendicular line
tangential to the deepest concavity of the subtalar



Fig 3. Enrollment flowchart.
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joint17; and 7) CFL to the cross point (B) of the CFL
bone tunnel to the cross point of the line 1 cm of the
fibular posterior cortex and the perpendicular line 1 cm
to the fibular tip.21

To evaluate the reliability and consistency of calcaneal
bone tunnel-making more precisely, the calcaneus
insertion of the CFL was assumed by two locating
criteria, the Criteria A: the CFL bone tunnel to the cross
point (A); Criteria B: CFL bone tunel to the cross
point B. Two lines referencing the corresponding bony
markers were depicted as the x-axis and y-axis, and the
distances from the bone tunnels to the x/y-axis and
center point were measured and compared on a two-
dimensional scale.

Statistical Analysis
The radiological locations of the calcaneus tunnel of

the CFL were measured independently by two experi-
enced surgeons (P.C. and Y.B.P.), and average values
were adapted for the study to determine differences
between the arthroscopic and open procedures. The
patients’ baseline characteristics and radiological mea-
surements were analyzed and compared using a t-test.
A P value <.05 was considered statistically significant.
The reliability and consistency of bone tunnel making
in the 2 groups were determined by the coefficient of
variation (CV), which was calculated as the standard
deviation divided by the mean value of each group. A
CV of 0.2 was an important determinant of variability,
<0.2 indicated a low degree of variability, and >0.2
indicated a high degree of variability. A lower value
indicated higher reliability and consistency of the pro-
cedure used in the group. SPSS 19 software (IBM Corp,
Armonk, NY) was used for statistical analysis.
Results
Fifty-seven patients underwent a reconstruction

procedure for both the ATFL and CFL (Fig 3). The
patients were divided into 2 groups: an open group
(n ¼ 24) and an arthroscopic group (n ¼ 33). Moreover,
no significant intergroup differences were seen
regarding demographic features, including sex, age,
BMI, Beighton score, and duration of injury (Table 1).
No significant differences were seen between several

radiographic parameters. Several radiographic param-
eters were measured and compared on lateral ankle
radiographs, including CFL to subtalar joint, CFL to
calcaneal superior edge, CFL to fibular tip, angle with
fibula, CFL to the cross point of the fibular and
tangential line of the FOT, CFL to the cross point of the
tangential lines of the talus and subtalar joint, CFL to
the cross point of the fibular axis and perpendicular line
across the fibula tip (Table 2).
The distances of CFL bone tunnel to the criteria A and

B were measured, although the mean value of each
distance was comparable and showed no statistically
significant differences, the coefficient variations, espe-
cially in the y-axis of criterion A (bone tunnel reference
to the deepest concavity of the subtalar joint), were
high enough to prove that the location of the bone
tunnels were scattered over a large area in the two
groups (Fig 4, Table 3).
Discussion
In this study, we observed that both the arthroscopic

and open procedures resulted in similar calcaneal bone
tunnels of the CFL, but there were large variations in
the location of the tunnels that were seen in both



Table 1. Demographic Features

Group

P ValueArthroscopic Open

Number 33 24 N/A
Sex Male, 24;

Female, 9
Male, 20;
Female, 4

.23

Age, year (Means � AD) 34.8 � 10.7 30.6 � 5.3 .13
BMI (Means � AD) 25.6 � 2.6 24.9 � 4.0 .68
Duration of injury (Week)

(Means � AD)
35.5 � 30.9 36.9 � 40.2 .92

Beighton score
(Means � AD)

4.0 � 1.5 3.8 � 1.4 .70

AD, average deviation; BMI, body mass index.
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groups. Arthroscopic reconstruction of the lateral
ankle ligament has been widely used to restore the
stability of ankle joints in patients with poor ligament
tissue quality, generalized hyperlaxity or collagen
disorders, high BMI, or high athletic demand.10-12

Compared to the traditional open procedure, the
arthroscopic procedure demonstrated similarly good
patient satisfaction as the open procedure, with less
surgical incisions. However, more complications were
observed in the arthroscopic procedure.22 This indi-
cated that the high-level surgical skills required for the
arthroscopic procedure were challenged, and there
was room for technique improvement. One of the
urgent problems to be solved is the identification of
footprints for bone tunnel making, especially for the
calcaneus footprint of the CFL, which required an
operation outside the ankle joint and debridement
deep below the peroneal tendon sheath. Moreover,
previous anatomical studies reported distinct anatom-
ical and morphological variants of the CFL.23 Further,
the calcaneus insertion of the CFL varied extensively.
The CFL length varied substantially from 18.5 to
35.8 mm24; the distances to the posterior aspect of the
inferior peroneal retinaculum and subtalar joint
ranged from 9 to 17 mm24 and from 10 to 17 mm,24

respectively, and the peroneal tubercle was located
w16e27 mm from the CFL insertion.14,25
Table 2. Comparing the CFL Bone Tunnel to Anatomic Referenc

CFL Bone Tunnel to the References Open, mm

Subtalar joint (means � SD) 18.4 � 3.4
Calcaneus superior edge (mean SD) 13.6 � 3.4
Fibular tip (means � SD) 21.9 � 4.3
Angle with fibula (means � SD) 131.4 � 17.7
The cross point of fibular and tangential line of FOT

(means � SD)
12.8 � 3.9

The cross point of tangential lines of talus and
subtalar joint (means � SD)

5.6 � 2.7

The cross point of the fibular longitudinal axis and
perpendicular line across fibular tip (means � SD)

17.0 � 3.6

CFL, calcaneofibular ligament; ICC, intraclass correlation coefficient; SD
Consistent and reliable anatomical landmarks to
locate the calcaneus insertion of CFL are lacking.
Several parameters were applied to locate the calcaneus
insertion of CFL. The angle between the ATFL and CFL
was consistent, from 100� to 105�.15 Additionally, the
CFL formed a 133� (range: 113e150�) angle with the
longitudinal axis of the fibula.26 The peroneal tubercle
was located w16e27 mm antero-inferior to the CFL
insertion and was believed to be a reproducible refer-
ence landmark for the distal insertion of the CFL.14,25

Another small tubercle (tuberculum ligament calca-
neofibularis), which was believed to serve as a bony
landmark for the calcaneal insertion of the CFL,17 was
reported on the lateral surface of the calcaneus and
posterior-superior to the posterior point of the peroneal
process. It was easily palpated and located 1.6 mm
(range: 0e4.1 mm) from the CFL insertion footprint
centre. In Frederick Michels’s measurements,13 the
distal insertion of the CFL was located within a mean
distance of 7.3 � 3.1 mm (1.2e12.4 mm) to the pero-
neal tendons. Additionally, the calcaneal insertion of
the CFL was reportedly located 12.1e13 mm from the
subtalar joint.26-28 Except for the measurements of the
anatomical footprint of the CFL, Michels and Stock-
mans et al.13 discovered a new method to locate the
ideal footprint of the CFL, which was based on two
imaginary lines: the first was parallel to the long axis of
the fibula and passed through the posterior point of the
lateral malleolus. The second was at 45� to the first and
passed through the anteroinferior part of the lateral
malleolus, which corresponded to the obscure tubercle
of the fibula. Another study21 provided a method to
determine the optimal location of bone tunnels for a
percutaneous technique. They drew a vertical line
along the axis of the posterior diaphyseal fibular cortex,
and another passing through the inferior tip of the
lateral malleolus, where the distal insertion of the CFL
was located 1 cm distally and 1 cm posterior from the
cross point of the two lines. A similar method was re-
ported by Brueggemann and colleagues.17 Two tangent
lines were made from the deepest concavity of the
es Between the Open and Arthroscopic Groups

ICCs Arthroscopy, mm ICCs P Value

0.76 (P < .001) 17.5 � 2.6 0.71 (P < .001) >.05
0.89 (P < .001) 14.4 � 4.5 0.95 (P < .001) >.05
0.89 (P < .001) 25.1 � 3.6 0.86 (P < .001) >.05
0.88 (P < .001) 132.6 � 13.7 0.83 (P < .001) >.05
0.86 (P < .001) 12.2 � 7.0 0.97 (P < .001) >.05

0.67 (P ¼ .006) 6.8�3.7 0.86 (P < .001) >.05

0.86 (P < .001) 19.1 � 3.5 0.79 (P < .001) >.05

, standard deviation.



Fig 4. Calcaneus bone tunnel referenced to criteria A (open
blue square) and B (open blue circle). Open yellow circle
denotes bone tunnels in arthroscopic group, while the solid
yellow circle denotes average value of bone tunnels in
arthroscopic group. Open green circle denotes bone tunnels in
open group, while solid green circle denotes average value of
bone tunnels in open group. fib.axis, the line of the fibular
posterior cortex, C, distal insertion of calcaneofibular ligament;
E, the deepest concavity of subtalar joint, F, fibular tip.
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tarsal sinus and posterior margin of the talus. They
believed that a 6-mm diameter zone around the inter-
section most frequently depicted the distally marked
CFL insertion. By drawing two crossed reference lines,
the bone tunnels of the CFL could be located precisely
and consistently. These methods can be used for
intraoperative localization and postoperative valuation.
To date, the remnant of the CFL stump and 10e17

mm below the subtalar joint were the only arthro-
scopically detectable landmarks, and they were adapted
as the main references to locate the calcaneus bone
Table 3. Comparing the CFL Bone Tunnel to the Criteria A and

To the cross point of tangential lines of talus and subtalar joint Cente
x-ax
y-axi

The cross point of the fibular longitudinal axis and perpendicular
line across fibular tip

Cente
x-ax
y-axi

AD, average deviation, CFL, calcaneofibular ligament; CV, coefficient of
tunnel of the CFL in arthroscopic and open
procedures.29-32

In this study, the distances from the calcaneus bone
tunnel to the different anatomical references were
measured and compared between open and arthro-
scopic procedures. We found no statistical differences in
radiographic parameters between the two groups.
Either open or arthroscopic procedures can achieve
similarly favorable results for calcaneus bone tunnel
making of the CFL. This result may also be due to the
large variation of radiographic parameters and the small
sample size.
The calcaneus bone tunnels referenced two cross-

point landmarks: the cross point of the vertical line
tangential to the posterior convexity of the talus and
the perpendicular line tangential to the deepest con-
cavity of the subtalar joint (criteria A), and the cross
point of the line 1 cm to the fibular posterior cortex and
the perpendicular line 1 cm to the fibular tip (criteria
B). Although the distances from the bone tunnel to
criteria A and B demonstrated no significant differences
between the two procedures, the coefficient of varia-
tions were large enough to reveal existing defects for
this locating method. Aside from the anatomical vari-
ation of the calcaneus insertion of the CFL, reliance on
one reference was not reliable to determine the location
of the bone tunnel accurately and consistently. Another
reference line, which could be visualized arthroscopi-
cally, should be drawn, and a cross point constructed
with the reference line 10 to 17 mm below the subtalar
joint. On the basis of this cross-locating method, we
located the bone tunnel position more accurately and
consistently. Moreover, large anatomical variation
existed for the calcaneus footprint of the CFL; however,
few studies have been able to confirm that the
anatomical footprint is the most optimal location of the
bone tunnel. Further biomechanical and anatomical
research is required to clarify this point.

Limitations
The present study has a retrospective design. In

addition, because different surgeons performed liga-
ment reconstruction surgery in arthroscopic and open
B Between the Open and Arthroscopic Groups.

Arthroscopy Open

P ValueMeans � AD SD CV Means � AD SD CV

r 6.8 � 3.7 5.2 0.8 5.6 � 2.7 3.3 0.6 .30
is 3.0 � 4.5 6.1 2.0 2.2 � 3.7 4.6 2.1 .58
s 0.8 � 4.3 5.2 6.9 0.4 � 3.2 4.2 10.7 .77
r 19.1 � 3.4 4.5 0.2 17.1 � 3.6 5.1 0.3 .85
is 9.3 � 6.4 8.0 0.9 9.1 � 3.8 5.0 0.8 .89
s 14.8 � 3.6 4.6 0.3 13.7 � 3.5 5.9 0.6 .36

variation; SD, standard deviation.
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groups, this may contribute to the variation of calca-
neus bone tunnel making.
This study is not without limitations. One limitation is

our sample size was small; therefore, the statistical po-
wer was not very large (0.4643), but this result has
some reliability and guiding significance, and further
research is needed.
The present study only compared the location of the

bone tunnels on the calcaneus insertion between open
and arthroscopic procedures. Without clinical outcome
comparisons, we could not clarify the differences in
clinical effects between open and arthroscopic proced-
ures. Further, determining how the differences in bone
tunnel location affected clinical outcomes was chal-
lenging. We proposed that a large variation exists in this
bone tunnel-locating method; however, we do not
provide and verify feasible solutions.

Conclusions
Arthroscopic and open procedures achieved similar

results for calcaneus bone tunnel making of the CFL.
However, large variations were observed in both groups.
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