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Abstract

Background: Anatomic repair of anterior talofibular ligament (ATFL) is used to manage chronic lateral ankle instabil-
ity (CLAI). However, the optimal suture configuration used to repair the ATFL is not yet determined. It remains unclear
whether suture configuration affects clinical outcomes in such patients.

Purpose: To compare the functional outcomes of all-inside arthroscopic ATFL repair using either a loop suture and or
a free-edge suture configuration in CLAI patients.

Study Design: Cohort study; Level of evidence, 3.

Methods: This retrospective cohort study included 71 patients with CLAI who had undergone an all-inside arthro-
scopic ATFL repair procedure with either loop suture (n=36) or free-edge suture (n=35) from February 2016 to July
2018. Comparable pre-operatively, the Visual analogy score (VAS), American Orthopedic Foot and Ankle Society scor-
ing system (AOFAS), Karlsson Ankle Functional Score (KAFS) scoring system, Anterior Talar Translation (ATT) and Active
Joint Position Sense (AJPS) were used to evaluate postoperative ankle function.

Results: There were no postoperative wound complications, implant reactions, or neurological or vascular injuries.
Postoperative hospitalization, VAS, AOFAS, KAFS, AJPS and the time of return to sport were similar between the loop
suture group and free-edge suture group. Requiring a longer procedure time, patients with loop suture configuration
achieved better ATT.

Conclusion: All-inside arthroscopic ATFL repair procedure for CLAI treatment provides better ATT and comparable
functional outcomes when a loop suture configuration is used instead of a free-edge suture configuration. A statisti-
cal difference in ATT was observed. Given the relatively short follow-up, it is questionable whether this will have any
clinical relevance.

*Shi-Ming Feng and Chang-Qing Shao contributed equally to this work and
should be considered as co-first authors

*Correspondence: fengshiming_04@163.com; n.maffulli@gmul.ac.uk

! Orthopaedic Department, Sports Medicine Department, Xuzhou Central
Hospital, Xuzhou Clinical College of Xuzhou Medical University, No. 199, the
Jiefang South Road, Xuzhou 221009, Jiangsu, People’s Republic of China

“ Centre for Sports and Exercise Medicine, Barts and The London School

of Medicine and Dentistry, Mile End Hospital, 275 Bancroft Road,

London E1 4DG, England, UK

Full list of author information is available at the end of the article

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0002-0815-2426
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13018-022-03402-z&domain=pdf

Feng et al. Journal of Orthopaedic Surgery and Research

(2022) 17:502

Page 2 of 9

Keywords: Chronic lateral ankle instability, Arthroscopic anterior talofibular ligament repair, Loop suture, Free-edge

suture

Introduction

Ankle injuries are common in all sports, and inversion
injury of the ankle is the most frequent ankle injury
[1-5]. The anterior talofibular ligament (ATFL), calcane-
ofibular ligament and posterior talofibular ligament are
the main ligament structures to maintain the stability of
the lateral ankle joint. Injuries to the ATFL account for
about 62% of the injuries to the lateral ankle ligament
complex [6, 7]. After 3 to 6 months of appropriate con-
servative treatment and rehabilitation, most patients with
ATFL injury can regain satisfactory functional results [8].
However, even after appropriate rehabilitation, residual
lateral ankle pain, repeated ankle sprain and giving way
are observed in 10% to 12% of the patients, who develop
chronic lateral ankle instability (CLAI) [1, 9]. Surgical
management is recommended for symptomatic CLAI
[10, 11].

Anatomical repair of the ATFL is the mainstay of sur-
gical strategies in CLAI management [12]. Satisfactory
functional outcomes are obtained following open sur-
gery, and, when the procedure is preceded by arthro-
scopic surgery, intra-articular lesions can be successfully
managed [13, 14]. Recently, arthroscopic management of
the ligamentous lesions of the ankle has become more
popular [15-17]. The ankle joint is a major load-bearing
joint of the lower limb, and compressive stresses dur-
ing sport and exercise can reach 3 to 5 times the body
weight [1]. Arthroscopic surgical procedures are however
more technically challenging, and different suture con-
figurations are in use. To date, loop suture and free-edge

suture configurations are both used for arthroscopic
ATFL repair [10, 18]. However, there are few publications
addressing the issue of differences in functional results
between the use of loop suture and free-edge suture.

The purpose of this study was to compare the clini-
cal results in terms of ankle function, stability and pro-
prioceptive recovery in 71 patients with CLAI treated by
all-inside arthroscopic ATFL repair using loop suture or
free-edge suture in our department from February 2016
to July 2018.

We wished to test the null hypothesis of no difference
in outcome of the two arthroscopic suture configurations
in patients with CLAL

Patients and methods

The institutional review boards of our hospital approved
the study. The study was a retrospective cohort study
evaluating the outcomes of patients undergoing arthro-
scopic anatomical repair of ATFL with either loop suture
or free-edge suture configuration. All patients provided
a signed informed consent as well as consents for the
Health Insurance Portability and Accountability Act to
participate in this study.

Patient selection

We included patients who satisfied the following crite-
ria: (1) skeletally mature patients who were diagnosed
with CLAI after failure of at least 6 months of conserva-
tive management; (2) patients with giving way, and ankle
sprained more than twice in the previous 6 months; (3)

Fig. 1 ATFL injury confirmed at the magnetic resonance imaging (A) and arthroscopy (B)
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positive pre-surgery anterior drawer test [19]; (4) pre-
operative Magnetic Resonance Imaging show injury
of the ATFL (Fig. 1A); (5) patients with unilateral ankle
ATFL injury (non-avulsed fracture) but no calcaneofibu-
lar ligament injury (confirmed at arthroscopy) (Fig. 1B);
(6) patients who had received all-inside arthroscopic
ATEFL repair procedure using the loop suture or free-edge
suture configuration; (7) patients with complete surgical
and follow-up data, followed up for at least 12 months.

We excluded patients who satisfied the following crite-
ria: (1) patients with generalized ligamentous laxity; (2)
patients who presented CLAI combined with foot and
ankle deformity, abnormal hindfoot alignment, previous
foot and ankle surgery, and other ligament injuries; (3)
patients with osteochondral injury greater than 15 mm in
diameter in any direction, or which required osteochon-
dral transplantation, or in whom CLAI was associated
with ankle osteoarthritis/ talar cyst; (4) patients with an
os subfibulare; (5) patients with severe comorbidities who
could not tolerate the surgery; (6) patients who suffered
secondary injury of the ankle or who underwent revision
surgery.

Participants

From February 2016 to July 2018, 164 consecutive CLAI
patients underwent all-inside arthroscopic ATFL repair
with loop suture configuration or free-edge suture con-
figuration by a senior surgeon with extensive experience
in foot and ankle surgery. A total of 93 patients did not
meet the inclusion criteria and were excluded. Of these
patients, 45 were lost during the postoperative follow-up
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period. The follow-up period was less than 12 months
in 28 patients, and the ATFL injury was combined with
other injuries in 20 patients. A total of 71 patients satis-
fied our inclusion criteria and were enrolled in the pre-
sent study (Fig. 2).

After communication (suture fashion, operative time,
currently reported outcomes) with the doctor, patients
were invited to choose between the free-edge configu-
ration or the loop configuration. The patients who were
undecided tossed a coin and were allocated to undergo
one or the other technique.

Patients were divided into two groups based on the
ATFL suture configuration. In a total of 36 patients the
ATFL was sutured using a loop configuration. In the
remaining 35 patients, a free-edge configuration was
used to suture the ATFL.

In the loop suture group, there were 22 male patients
and 14 female patients, aged 19 to 52 years (average age,
33.83 years). The injury occurred during sports (n=25)
or following traffic accidents (m=11). The right ankle
was involved in 23 patients, and left ankle in 13 patients.
The procedure was performed after a mean duration of
15.75+3.16 months (range, 12-22 months) from the
index injury. In the free-edge suture group, there were 20
male patients and 15 female patients, aged 18 to 54 years
(average age, 35.71 years). The injury occurred during
sports (n=24) or following traffic accidents (n=11).
The right ankle was involved in 20 patients, and the left
ankle in 15 patients. The procedure was performed after
a mean of 15.63+2.84 months (range, 12-22 months)
from the index injury (Table 1).

(n=164)

Patients underwent all-inside arthroscopic ATFL repair

Excluded (n=93)
@ Lost (n=45)

@ Follow-up time less than 12 months (n=28)
@ Multiple injuries (n=20)

(n=71)

Patients enrolled in the study

| Divided according to the suture fashion of ATFL

Loop suture group
(n=36)

Fig. 2 Flow diagram of the study

Free-edge suture group
(n=35)
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Table 1 Characterization of the Sample
Variable Loop suture group (n =36) Free-edge suture group Pvalue
(n=35)
Age, yr 33.83£859 35.71+£9.00 03717
Sex 0.116°
Male 22 20
Female 14 15
BMI, kg/m? 24634245 24264271 0.552°
Side 0.338°
Right 23 20
Left 13 15
VAS, mm 6.00+1.94 6.17+£193 0.710°
AOFAS 7047 £9.06 72.03£9.30 0477°
KAFS 67.03£8.88 67.34+£11.23 0.896°
ATT 7.19+£137 720£132 0.986°
Time between injury and surgery, mo 15.75+3.16 15631284 0.865°
Length of surgicalprocedure, min 47614449 434645.70 0.001°
Hospital stay, days 3584060 3.604+0.65 09117
Follow-up, mo 2297 +7.11 2246+7.22 0.763°

BMI body mass index; VAS visual analogue scale; AOFAS American orthopaedic foot and ankle society; KAFS Karlsson ankle function score; ATT anterior talar translation

@ A value p <0.05 was set as statistically significant
bt test

¢ Pearson x? test

Surgical technique

With the patient supine on the operating table, general
anesthesia and lumbar plexus-sciatic nerve block were
performed. A 7 cm pillow was placed under the ipsilat-
eral hip, and the affected ankle was placed over the distal
edge of the operating table. A pneumatic tourniquet was
placed at the root of the thigh and inflated to 300 mmHg
after exsanguination.

A standard anteromedial viewing portal was estab-
lished, and intra-articular lesions were evaluated
arthroscopically. Under direct arthroscopic vision, an
anterolateral portal was established lateral to the per-
oneus tertius. The intra-articular lesions were managed
using a 3.5 mm shaver inserted through this portal, and
the ATFL footprint on the fibula was exposed. The car-
tilage of the talus was evaluated by gentle probing. The
ATFL was identified and its tension and quality were
assessed. An anterior subtalar portal was produced if
the ATFL was difficult to identify and assess. A bleed-
ing bony surface at the footprint region of the fibula was
produced using a motorized burr. To protect the remnant
of the ATFL, a polydioxanone suture can be used to pull
the ATFL. A double loaded suture anchor (Fastin RC
3.5 mm, Smith & Nephew, Andover, MA) was inserted
into the mid-portion of the footprint through the ante-
rior subtalar portal or an accessory anterolateral portal.
The anchor was inserted at an angle of 30° to 45° from

the longitudinal axis of the fibula. The proximal remnant
of the ATFL was grasped with a grasper, and maintained
under gentle tension. The ATFL was sutured using a
loop (Fig. 3 and Fig. 4) or a free-edge configuration [10]
(Fig. 5). Finally, after confirming under arthroscopic
vision that the suture held, the suture limbs were sutured
with a knot pusher with the ankle slightly dorsiflexed and
everted. The anterior drawer test and the ankle varus
stress test were performed under direct arthroscopic
vision. After confirming that the sutures held, the arthro-
scope was withdrawn and the incision was closed with a
3-0 monofilament.

Postoperative management

A total of three doses of antibiotics were administered
within 24 h after the operation. A short leg brace was
used to immobilize the ankle joint for 2 weeks in slight
dorsiflexion and eversion. Patients performed functional
exercises under the guidance of a physical therapist. On
the second day after surgery, patients were advised to
perform gentle non-weight-bearing mobilization isomet-
ric exercises of the lower limb muscles. Two weeks later,
weight-bearing functional exercises were initiated, and an
AircastTM (DJO, Vista, CA, USA) boot was used. Physi-
cal activities were encouraged after removing the Aircast
boot 6 weeks later.
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Fig. 3 Surgical diagrams of all-inside arthroscopic ATFL repair with loop suture configuration (one suture arm sutured). A and B: one suture arm
(purple) was passed through the distal ATFL remnant and a loop was created in the lateral gutter. C and D: the free end of the suture arm (purple)
was passed through the created loop, and the ATFL would be self-cinching sutured when the free suture arm was pulled

Postoperative follow-up and observational indexes

All the patients were followed up as outpatients. All the
postoperative indexes were recorded at each follow-up
appointment after the index surgery. The surgical dura-
tion, hospital stay duration, wound healing and com-
plications were recorded. The anterior drawer test was
performed and compared with the uninjured limb. The
visual analog score (VAS), American Orthopedic Foot
and Ankle Society scoring system (AOFAS), Karls-
son Ankle Functional Score (KAFS) scoring system and
Anterior Talar Translation (ATT) were administered
to assess ankle function and therapeutic efficacy. Ankle
proprioception was assessed using the Active Joint Posi-
tion Sense (AJPS) [20]. The realization of AJPS: with the
patients seated on a height-adjustable table, the affected
lower limb was placed at a 90° angle from the hip, knee,
and ankle, respectively. At the assistance of the footplate,
the operated ankle was passively placed in 10° and 20°of

inversion and plantar flexion, respectively. Patients were
then asked to actively place the foot in the above posi-
tions. Every position was tested three times, and the
average value was observed. All the above outcomes were
evaluated by the same experienced ankle surgeon who
did not participate in the index surgery, and was blinded
to the procedure performed.

Statistical analysis

The SPSS 19.0 statistical software was used for analy-
sis. Quantitative variables were expressed as means and
standard deviations. Surgical duration, hospital stay
duration, VAS, AOFAS, KAFS, ATT and AJPS scores in
the two groups were compared and analyzed using the t
test (symmetric distribution) or the Mann—Whitney test
(asymmetric distribution). The Pearson chi-square test
was used to compare the categorical variables. A post hoc
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Fig. 4 Surgical diagram of all-inside arthroscopic ATFL repair with
loop suture configuration (two suture arms sutured)

Fig. 5 Surgical diagram of all-inside arthroscopic ATFL repair with
free-edge suture configuration

power analysis was performed. A difference of p<0.05
was deemed as statistically significant.

Results
The surgical procedure lasted from 40 to 56 min, with
a mean of 47.61+4.49 min. The length of postopera-
tive hospital stay ranged from 3 to 5 days, with a mean
of 3.58+0.60 days. The mean follow-up duration was
22.97 £7.11 months (range, 12—37 months).

The surgical procedure lasted from 36 to 59 min, with
a mean of 43.46 £5.70 min. The length of postoperatively
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hospital stay ranged from 3 to 5 days, with a mean of
3.60+0.65 days. The mean follow-up duration was
22.46 £7.22 months (range, 12—-36 months) (Table 1).

Wounds healed by first intention in both groups,
and no infections were observed. At the last follow-up
appointment, no implant rejection or suture reaction was
encountered. All anchors were fixed firmly without obvi-
ous signs of failure or evidence of detachment with the
assessment of X-ray and ultrasound.

Analyses

There was no significant difference between two groups
regarding age, sex, BMI, side, length of time between
injury and surgery, length of surgical procedure, hospi-
tal stay, and length of follow-up. The pre-VAS, AOFAS,
KAFS and ATT were similar between the two groups.
The loop group presented longer surgical duration com-
pared with the free-edge suture group (Table 1).

At final follow-up, similar improvements of VAS,
AOFAS, KAFS and ATT were recorded in both groups
(Table 2). The mean ATT was 3.22+0.83 mm (range,
2-5 mm) in the loop suture group and 3.60+0.70 mm
(range, 2-5 mm) in the free-edge suture group. The dif-
ference was statistically significant (p =0.041) (Table 2).
Group sample sizes of 36 and 35 achieve less than 20.00%
power (AOFAS, KAFS, and AJPS, respectively) to reject
the null hypothesis of equal means, with a significance
level (alpha) of 0.050 using a two-sided two-sample une-
qual-variance t-test.

Table 2 Functional outcomes comparison of the two groups

Variable Loop suture Free-edge P?value Power?

group (n=36) suture group

(n=35)

VAS, mm 0.00 (0.00-1.00) 0.00 (0.00-1.00)  0.896°
AOFAS 91.89£4.75 91.94+3.83 0.958° 0.057
KAFS 90.58 £4.56 90.29£4.19 0.776° 0.059
ATT, mm 3224083 3.60+0.70 0.041°
AJPS, degree
Inversion 10° 744+1.30 751£1.12 0.809°  0.057
Inversion 20° 17.67+£1.69 18.06+1.51 0.309° 0173
Plantar flexion 769+1.12 769+1.18 0975°  0.050
10°
Plantar flexion ~ 18.5041.21 18264140 0436° 0119
20°

VAS visual analogue scale; AOFAS American orthopaedic foot and ankle society;
KAFS Karlsson ankle function score; ATT anterior talar translation; AJPS active
joint position sense

2 A value p <0.05 was set as statistically significant

bt test

€ Mann-Whitney test

9 Power is computed to reject the null hypothesis of equal means
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Considering return to sports, 24 patients resumed
their pre-injury sports activities and 12 patients returned
to non-intense activities because of fear of secondary
injury in the loop suture group. In the free-edge suture
group, 22 patients returned to their pre-injury sports
and 13 patients returned to non-intense activities, with
no statistical difference between the two groups. The
mean time of the patients return to sports activities was
9.53+1.36 week (range, 8—12 week) in the loop suture
group and 9.31+1.28 mm (range, 8—12 week) in the
free-edge suture group. No significant difference was
observed (p=0.498).

Discussion

The key finding of the current study was that all-inside
arthroscopic ATFL repair surgery for CLAI with a loop
suture configuration provides similar functional results
compared with free-edge suture. The postoperative hos-
pitalization, VAS, AOFAS, KAFS, AJPS and the time of
return to sport were all similar between the loop suture
group and free-edge suture group at a mean follow-up
of 22 months. Patients with loop suture of the ATFL
achieved statistically better ATT compared with free-
edge suture (3.22 mm vs. 3.60 mm, difference 0.38 mm).
Given the relatively short follow-up, it is hard to know
whether this will have any clinical relevance.

The ATFL is the most commonly injured ligament in
ankle sprains. Conservative treatment, involving a brief
period of immobilization followed by 3 to 6 months tar-
geted rehabilitation, can achieve good functional recov-
ery, but up to 30% of patients may develop CLAI. Surgical
management is recommended after failure of 6 months of
conservative management in CLAI patients [10, 21-24].
Brostrom first reported ATFL repair for CLAI treat-
ment, and in the next decades, ATFL repair is proved as
the optimal reliable option [25, 26]. The ATFL remnant
is of good quality in most CLAI patients, and direct ana-
tomical repair is generally possible [27], with comparable
stability and functional outcomes following arthroscopic
ATFL and open repair [28, 29].

Isolated anatomic repair of the ATFL produced excel-
lent long-term functional outcomes [19]. However, the
optimal suture configuration to repair the ATFL has not
been established. Various suture techniques have been
reported to repair the ATFL for patients with CLAL
Zhou et al. [30] reported ATFL repair with free-edge
suture configuration using one anchor in 20 consecu-
tive patients: the AOFAS score increased from 60.82 to
90.18 at a mean follow-up of 30.27 months. Li and cow-
orkers [31] treated 20 CLAI patients with all-in arthro-
scopic ATFL repair surgery and single anchor fixation.
The ATFL was sutured in free-edge suture and horizontal
mattress suture fashion. At final follow-up, the AOFAS
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score increased to 90 and KAFS increased to 80. Mar-
tin et al. [32] evaluated the functional outcomes of 93
patients treated with arthroscopic ATFL repair (sutured
with free-edge fashion) and augmentation. The foot and
ankle disability index improved from 67 preoperatively
to 87 and 90 postoperatively at the follow-up point of 6
and 12 weeks, respectively. Lee et al. [25] used a knotless
anchor loaded with 2 strands in all-inside arthroscopic
ATFL repair. The ATFL was sutured using a loop suture
configuration. The AOFAS score increased from 62.5 to
86.7 and the KAFS score from 43.5 to 76.5.

Comparable results could be obtained after arthro-
scopic ATFL repair with or without augmentation. Qin
et al. [18] performed an all-inside intra-articular lasso-
loop stitch technique for ATFL repair in 39 patients, who
were followed up for a mean of 28.23 months. The KAFS
score improved to 90.26, and lasso-loop stitch technique
proved to be a reliable procedure for ATFL repair.

The present study demonstrated that the all-inside
arthroscopic ATFL repair improved functional results of
AOFAS, KAFS, ATT and AJPS regardless of the configu-
ration used (loop suture or free-edge). There was no sig-
nificant difference in VAS, AOFAS, KAFS and AJPS, but
the ATT in the loop suture group was significantly lower
than in the free-edge suture group. To our knowledge,
there is no definite answer regarding which suture fash-
ion to select, and no previous study comparing arthro-
scopic ATFL repair with loop suture and free-edge suture
has been performed. The AOFAS, KAFS, ATT and AJPS
were evaluated to assess ankle function and propriocep-
tive recovery. The AOFAS, though widely used [33], is
not validated, but it allows to compare different studies
[34]. The KAFS is an 8-item questionnaire that evalu-
ates pain, swelling, instability, stiffness, stair climbing,
running, work activities, and use of ankle supports. As
a patient self-reported questionnaire, KAFS was devel-
oped to evaluate the postoperatively ankle function and
detect CLAI KAFS is valid and reliable in the assessment
of ankle function compared to AOFAS [11]. The ATT is
the most commonly performed imaging measurement to
assess ankle laxity stability using the Telos device (150 N
force). In the present study, the ATT measurement was
repeated twice by two surgeons, and the average values
were recorded. Although there is a statistical improve-
ment in the ATT, and the loop suture configuration pro-
duced significantly lower ATT than the free-edge suture
configuration, the actual result is unlikely to have any
clinical relevance [35]. As a commonly used index for
ankle proprioceptive function evaluation, the AJPS was
employed to assess the ankle proprioceptive function
in our study. Additionally, the rate of return to sports is
an indicator of the benefit of surgery [36—38]. Given the
results of the present study, all-inside arthroscopic ATFL
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repair surgery for CLAI with loop suture and free-edge
suture provided comparable ankle function.

This study has several strengths: (1) the postoperative
ankle function, stability and proprioception were care-
fully assessed by fully trained surgeons; (2) the study
was adequately powered, and a representative sample of
patients was recruited; (3) all the procedures were per-
formed by a fully trained orthopedic surgeon who is well
beyond his learning curve and well versed in both suture
configurations; (4) the rehabilitation protocol was homo-
geneous, and did not differ between the two groups of
patients. We are however aware of the limitations of the
present study: (1) AOFAS mainly focuses on the evalu-
ation of pain, with less emphasis on the assessment of
ankle stability. (2) the lack of biomechanical charac-
terization of the two suture fashions represents a most
important limitation; (3) furthermore, the limited num-
ber of functional outcomes analyzed might not compre-
hensively assess all aspects of ankle function; (4) being a
retrospective study, inadvertent biases in data collection
may have been introduced; (5) the mean follow-up time
is 22 months after the surgery, and the clinical outcomes
may vary with the time and the number of participants.

Nevertheless, within the limits outlined above, the
results of the present investigation suggest that the
suture configurations employed are both functionally
effective, and the slight difference in mechanical results,
though statistically significant, is likely not of any clinical
relevance.

Conclusion

Compared with the all-inside arthroscopic ATFL repair
in free-edge suture configuration, the all-inside arthro-
scopic ATFL repair in loop suture configuration offers no
short-term functional advantages in postoperative clini-
cal outcomes, such as AOFAS, KAFS, AJPS and rate of
return to sports. Patients with loop suture of the ATFL
achieved statistically better ATT compared with free-
edge suture (3.22 mm vs. 3.60 mm, difference 0.38 mm),
but the difference is unlikely to be of any clinical rele-
vance. Both all-inside arthroscopic ATFL repair using a
free-edge or loop suture configuration are reliable proce-
dures for the treatment of CLAI with satisfactory ankle
function.

Authors’ contribution

SMF conceived the study, operated on the patients, supervised data collec-
tion, analyzed the data and wrote the first draft of the manuscript. FO, CQS
and QQS helped in data collection, analysis and interpretation and collected
and summarized the relevant literature. FO helped in drafting the manuscript.
NM was involved in study planning and running and in interpretation and
analysis of results and corrected the various drafts of the manuscript and men-
tored the junior researchers. All authors read and approved the final version of
the manuscript.

(2022) 17:502

Page 8 of 9

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: The Top Tal-
ents Project of “Six One Project”for High-level Health Talents of Jiangsu
Province (LGY2020028); Xuzhou Commission of Health key program
(XWKYHT20200043); Xuzhou Key Research and Development Program
(KC21239).

Availability of data and materials
Data are available from the co-corresponding authors following reasonable
requests.

Declarations

Ethics approval and consent to participate
Ethics approval has been granted by Xuzhou Central Hospital.

Competing interests

None of the authors has any commercial associations or financial disclosures
that might pose or create a conflict of interest with information presented in
this article.

Author details

'Orthopaedic Department, Sports Medicine Department, Xuzhou Central
Hospital, Xuzhou Clinical College of Xuzhou Medical University, No. 199, the
Jiefang South Road, Xuzhou 221009, Jiangsu, People’s Republic of China.
’Department of Musculoskeletal Disorders, Faculty of Medicine and Surgery,
University of Salerno, Salerno, Italy. *Guy Hilton Research Centre, School

of Pharmacy and Bioengineering, Keele University, Stoke-on-Trent, Stafford-
shire ST4 7QB, England, UK. *Centre for Sports and Exercise Medicine, Barts
and The London School of Medicine and Dentistry, Mile End Hospital, 275
Bancroft Road, London E1 4DG, England, UK.

Received: 7 August 2022 Accepted: 13 November 2022
Published online: 19 November 2022

References

1. Hertel J, Corbett RO. An updated model of chronic ankle instability. J Athl
Train. 2019;54:572-88.

2. Ferran NA, Maffulli N. Epidemiology of sprains of the lateral ankle liga-

ment complex. Foot Ankle Clin. 2006;11:659-62.

lvins D. Acute ankle sprain: an update. Am Fam Phys. 2006;74:1714-20.

4. Lynch SA. Assessment of the Injured ankle in the athlete. J Athl Train.
2002;37:406-12.

5. Lytle JB, Parikh KB, Tarakemeh A, Vopat BG, Mulcahey MK. Epidemiology
of foot and ankle injuries in NCAA jumping athletes in the United States
during 2009-2014. Orthop J Sports Med. 2021;9:2325967121998052.

6. Al-Mohrej OA, Al-Kenani NS. Acute ankle sprain: Conservative or surgical
approach? EFORT Open Rev. 2017;1:34-44.

7. Kofotolis ND, Kellis E, Vlachopoulos SP. Ankle sprain injuries and risk fac-
tors in amateur soccer players during a 2-year period. Am J Sports Med.
2007;35:458-66.

8. YokoeT, TajimaT,Yamaguchi N, Morita Y, Chosa E. The current clinical
practice of general orthopaedic surgeons in the treatment of lateral ankle
sprain: a questionnaire survey in Miyazaki, Japan. BMC Musculoskelet
Disord. 2021,22:636.

9. Michels F, Wastyn H, Pottel H, Stockmans F, Vereecke E, Matricali G. The
presence of persistent symptoms 12 months following a first lateral ankle
sprain: a systematic review and meta-analysis. Foot Ankle Surg. 2021.
https://doi.org/10.1016/j.fas.2021.12.002.

10. Feng SM, Chen J, Ma C, Migliorini F, Oliva F, Maffulli N. Limited medial
osteochondral lesions of the talus associated with chronic ankle instabil-
ity do not impact the results of endoscopic modified Brostrém ligament
repair. J Orthop Surg Res. 2022;17:69.

11. Feng SM, Wang AG, Sun QQ, Zhang ZY. Functional results of all-inside
arthroscopic Brostrém-Gould surgery With 2 anchors versus single
anchor. Foot Ankle Int. 2020;41:721-7.

w


https://doi.org/10.1016/j.fas.2021.12.002

Feng et al. Journal of Orthopaedic Surgery and Research

20.
21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33

34.

Feng SM, Han M, Wang AG, Fan JQ. Functional comparison of horizontal
mattress suture versus free-edge Suture in the all-inside arthroscopic
Brostrom-Gould procedure for chronic lateral ankle instability. Orthop
Surg. 2020;12:1799-810.

Guelfi M, Zamperetti M, Pantalone A, Usuelli FG, Salini V, Oliva XM. Open
and arthroscopic lateral ligament repair for treatment of chronic ankle
instability: a systematic review. Foot Ankle Surg. 2018;24:11-8.

Hunt KJ, Griffith R. Open Brostrom for lateral ligament stabilization. Curr
Rev Musculoskelet Med. 2020;13:788-96.

Feng SM, Maffulli N, Ma C, Oliva F. All-inside arthroscopic modified
Brostrom-Gould procedure for chronic lateral ankle instability with and
without anterior talofibular ligament remnant repair produced similar
functional results. Knee Surg Sports Traumatol Arthrosc. 2021,29:2453-61.
Ferkel E, Nguyen S, Kwong C. Chronic lateral ankle instability: surgical
management. Clin Sports Med. 2020;39:829-43.

Woo BJ, Lai MC, Koo K. Arthroscopic versus open Brostrom-Gould repair
for chronic ankle instability. Foot Ankle Int. 2020;41:647-53.

Qin J, Fu Q, Zhou Q, et al. Fully intra-articular lasso-loop stitch technique
for arthroscopic anterior talofibular ligament repair. Foot Ankle Int.
2022;43:439-47.

Maffulli N, Del Buono A, Maffulli GD, et al. Isolated anterior talofibular liga-
ment Brostrom repair for chronic lateral ankle instability: 9-year follow-up.
Am J Sports Med. 2013;41:858-64.

Bae YS. Effects of spiral taping on proprioception in subjects with unilat-
eral functional ankle instability. J Phys Ther Sci. 2017,29:106-8.

Aicale R, Maffulli N. Chronic lateral ankle instability: topical review. Foot
Ankle Int. 2020;41:1571-81.

Allegra F, Boustany SE, Cerza F, Spiezia F, Maffulli N. Arthroscopic anterior
talofibular ligament reconstructin in chronic ankle instability: two years
results. Injury. 2020;51:556-62.

Feng SM, Maffulli N, Oliva F, Wang AG, Sun QQ. Arthroscopic remnant-
preserving anterior talofibular ligament reconstruction does not improve
mid-term function in chronic ankle instability. Injury. 2020;51:1899-904.
Vega J, Malagelada F, Dalmau-Pastor M. Arthroscopic all-inside ATFL

and CFL repair is feasible and provides excellent results in patients

with chronic ankle instability. Knee Surg Sports Traumatol Arthrosc.
2020;28:116-23.

Lee SH, Cho HG, Yang JH. Additional inferior extensor retinaculum
augmentation after all-inside arthroscopic anterior talofibular ligament
repair for chronic ankle instability is not necessary. Am J Sports Med.
2021;49:1721-31.

LiH, HuaY, Feng S, Li H, Chen S. Lower signal intensity of the anterior
talofibular ligament is associated with a higher rate of return to sport
after ATFL repair for chronic lateral ankle instability. Am J Sports Med.
2019;47:2380-5.

Feng SM, Sun QQ, Wang AG, Chang BQ, Cheng J. Arthroscopic anatomical
repair of anterior talofibular ligament for chronic lateral instability of

the ankle: medium-and long-term functional follow-up. Orthop Surg.
2020;12:505-14.

Giza E, Shin EC, Wong SE, et al. Arthroscopic suture anchor repair of the
lateral ligament ankle complex: a cadaveric study. Am J Sports Med.
2013;41:2567-72.

Zeng G, Hu X, Liu W, et al. Open Brostrom-Gould repair vs arthroscopic
anatomical repair of the anterior talofibular ligament for chronic lateral
ankle instability. Foot Ankle Int. 2020;41:44-9.

Zhou YF, Zhang HZ, Zhang ZZ, et al. Comparison of function-and activity-
related outcomes after anterior talofibular ligament repair with 1 versus 2
suture anchors. Orthop J Sports Med. 2021;9:2325967121991930.

LiH, Hua, Li H, Chen S. Anterior talofibular ligament (ATFL) repair using
two suture anchors produced better functional outcomes than using
one suture anchor for the treatment of chronic lateral ankle instability.
Knee Surg Sports Traumatol Arthrosc. 2020;28:221-6.

Martin KD, Andres NN, Robinson WH. Suture tape augmented Bro-

strom procedure and early accelerated rehabilitation. Foot Ankle Int.
2021,42:145-50.

Burn A, Buerer Y, Chopra S, Winkler M, Crevoisier X. Critical evaluation of
outcome scales assessment of lateral ankle ligament reconstruction. Foot
Ankle Int. 2013;34:995-1005.

Kitaoka HB, Meeker JE, Phisitkul P, Adams SB Jr, Kaplan JR, Wagner E.
AQFAS position statement regarding patient-reported outcome meas-
ures. Foot Ankle Int. 2018;39:1389-93.

(2022) 17:502

35.

36.

37.

38.

Page 9 of 9

Coe MP, Sutherland JM, Penner MJ, Younger A, Wing KJ. Minimal clinically
important difference and the effect of clinical variables on the ankle
osteoarthritis scale in surgically treated end-stage ankle arthritis. J Bone
Joint Surg Am. 2015;97:818-23.

Ulucakoy C, Kaptan AY, Eren TK, et al. Is arthroscopic surgery as success-
ful as open approach in the treatment of lateral ankle instability? Arch
Orthop Trauma Surg. 2021;141:1551-7.

Usuelli FG, Indino C, Di Silvestri CA, Manzi L, Maffulli N. Clinical outcomes
and return to sport after minimally invasive reconstruction of the lateral
ligament complex with semitendinosus tendon autograft in chronic
lateral ankle instability. J Am Podiatr Med Assoc. 2021. https://doi.org/10.
7547/19-012.

Yang G, Rothrauff BB, Tuan RS. Tendon and ligament regeneration and
repair: clinical relevance and developmental paradigm. Birth Defects Res
C Embryo Today. 2013;99:203-22.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.7547/19-012
https://doi.org/10.7547/19-012

	Functional outcomes of all-inside arthroscopic anterior talofibular ligament repair with loop suture versus free-edge suture
	Abstract 
	Background: 
	Purpose: 
	Study Design: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Patients and methods
	Patient selection
	Participants
	Surgical technique
	Postoperative management
	Postoperative follow-up and observational indexes
	Statistical analysis

	Results
	Analyses

	Discussion
	Conclusion
	References


