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Abstract

Background
Surgical repair has been considered for ankle sprain patients with high sports demanding to achieve
stronger ankle stability and allow for an earlier return to sports. However, there is a lack of systematic
research regarding arthroscopic treatment followed by ligament repair for severe acute ankle sprain. The
purpose of this study was to analyze the mid- to long-term outcome of arthroscopy followed by open
anatomic lateral ankle ligament repair surgery for acute lateral ankle sprain and the impact of ligament
rupture site on the outcome.

Methods
166 professional or semi-professional athletes with clinically- and radiologically-con�rmed grade III acute
lateral ankle ligament injuries underwent ankle arthroscopy followed by open anatomic ligament repair.
Intra-articular lesions and rupture site of the lateral ankle ligament were treated and explored under
arthroscopy. Simple suture repair was performed for mid- substance ligament rupture (middle group),
while suture repair with anchors were used for the ruptures near the ligament attachment site on the
�bular (proximal group), talar or the calcaneal side (distal group). The evaluation parameters included
VAS score, AOFAS score, Tegner score, time to return to sports and resumption of pre-injury sports level at
�nal follow-up, sprain recurrence and range of motion (ROM).

Results
The mean follow-up duration was 64.5 (range, 37–132 months) months and 148 (89.2%) patients were
evaluated at �nal follow-up. Intra-articular lesions were treated under arthroscopy in 63 (43%) patients.
The average time to return to pre-injury sports activity was 4.37 ± 1.10 months and 17 (11.5%) patients
complaint sprain recurrence after operation. There were 71 (48%) cases in the proximal group, 46 (31%)
cases in the middle group and 31 (21%) cases in the distal group respectively. The proximal group
achieved shortest time to return to sports (4.14 ± 1.09 months) and highest resumption proportion of pre-
injury sports level (94% ± 11%) at �nal follow-up, followed by middle group (89% ± 15%, 4.61 ± 0.93
months, respectively) and distal group (87% ± 13%, 4.53 ± 1.29 months, respectively) (p =0.008, p =0.04,
respectively). At �nal follow-up, all of the VAS score, AOFAS score and the Tegner score were signi�cantly
improved from the pre-operative level (p < 0.001). 18 (12%) patients reported mild ROM restriction and 7
(4.7%) patients experienced transient skin numbness.

Conclusions
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Ankle arthroscopy followed by open anatomic ligament repair is a reliable procedure for patients with
high sports demands after severe acute ankle sprains. Rupture near the talar or calcaneal side weakened
the sports resumption and delayed about 2 weeks of sports recovery.

Introduction
Ankle sprain is one of the most common sports injuries[1]. It is estimated that ankle varus injury occurs in
10 000 people per day[2], and ankle sprains accounted for 7–10% of the number of attendances in an
emergency department[3]. Improper management of ankle sprains can increase the risk of developing
chronic ankle instability. During the last decade, rehabilitation with optimal loading in a brace was
advocated for most ankle sprains[4]; however, treatment for grade III injuries is controversial. Surgical
repair has been considered for patients with high sports demanding [5] to achieve stronger ankle stability
and allow for an earlier return to sports after repair compared with non-operative treatment.

Previous studies using open surgery reported a high rate (10–30%) of complications after acute lateral
ankle ligament repair, such as range of motion (ROM) restriction, wound problems, and nerve injuries[6].
However, most of these reports were studies performed before the advent of arthroscopy, and the long-
term outcomes were limited[7]. Recently, ankle arthroscopy has been recommended for better evaluation
and management of associated intra-articular injuries. In addition, for acute ankle sprains, the ligament
rupture site can be observed under arthroscopy to guide the choice of incision and then reduce the length
of the incision and its complications[8]. However, there is a lack of mid- to long-term outcome follow-up
regarding arthroscopic treatment followed by ligament repair for severe acute ankle sprain.

The most involved structure of acute lateral ankle sprain are anterior talo�bular ligament (ATFL) and
calcaneo�bular ligament (CFL)[9]. The tear of the ligament may occur on the mid- substance or near the
insertion site of the �bula, talus, or calcaneus. Due to differences in anatomy and blood supply, there are
differences in the healing time and healing ability of different injured parts[10], which may affect the
postoperative rehabilitation and outcome, especially the time and degree of return to sports. However, so
far there is no research on the impact of the rupture site on the long-term outcomes of the operation.

In the present study, patients with grade III acute lateral ankle ligament injuries underwent arthroscopic
management of intra-articular lesions followed by open anatomic ligament repair. The purpose of this
study was to evaluate the mid- to long-term outcome of the procedure for acute lateral ankle sprain and
the impact of ligament rupture site on the outcome. It was hypothesized that concurrent arthroscopy and
open ligament repair would achieve overall good mid- to long-term results and the outcomes might differ
at different rupture sites. The study could also provide a reference for postoperative rehabilitation after
acute lateral ankle ligament repair.

Materials And Methods

Patients recruitment
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Most of the lateral ankle sprain patients accepted conservative treatment (rest, icing, compression,
elevation, etc) and rehabilitation exercise. Those professional or semi-professional athletes with grade III
lateral ankle ligament rupture (interval from trauma to surgery less than 2 weeks) were informed that they
had the option of surgery. After thoroughly informed of the risks of surgery, the patients choosing surgery
underwent arthroscopy and open anatomic ligament repair. Those accepting surgeries between June
2007 and May 2017 were enrolled. Patients were excluded if: (1) the sprain was accompanied by a
fracture requiring internal �xation, (2) osteochondral lesions (OCL) requiring tissue transplantation rather
than debridement or microfracture were present, (3) they had a history of previous operations to the index
ankle, and (4) they had a sprained ankle on the opposite side. The research was approved by the IRB
Medical Committee (IRB00006761-2016011), and written informed consents were obtained from the
subjects.

Surgical technique
All patients were operated by the same surgeon (JD). Under general or spinal lumbar anesthesia, all
patients underwent arthroscopic exploration and necessary management of intraarticular lesions before
ligament repair. Suture repair was performed for patients with mid- substance ligament ruptures, and
suture repair with anchor was performed for patients with ruptures near the ligament attachment. OCLs
were carefully measured with a marked probe and classi�ed according to Ferkel and Cheng’s
classi�cation[11]. Debridement of rough or �brillated cartilage was performed in patients with stage B–C
lesions using a mechanical shaver (Dyonics Power Shaver System; Smith & Nephew, Andover, MA). For
stage D–F lesions, bone marrow stimulation consisting of abrasion, curettage, drilling, and microfracture
was performed in addition to debriding the �apped cartilage. Other lesions (synovial hyperplasia,
impingement, loose bodies) were also treated under arthroscopy. The ligament tear site was then
assessed to guide the incision location.

After ankle arthroscopy, a slightly curved longitudinal incision was made 3–4 cm above the distal tip of
the �bula, which was guided by the ligament tear site observed under arthroscopy. The incision for talar
tears of the ATFL was more prone to anterior, and the incision for calcaneal tears of the CFL was more
prone to distal. Care was taken to avoid the intermediate branch of the super�cial peroneal nerve and
sural nerve (Fig. 1). The ATFL and CFL were exposed to evaluate the injured site. Mid- substance ligament
ruptures were sutured using a 2-0 polyester braided wire. Ruptures near the ligament attachment were
repaired using 1.8-mm diameter suture anchors (Mitek Mini–GII, Johnson & Johnson, NJ), which were
positioned at the anatomic insertion site in the distal �bula, anterolateral talus, or calcaneus. For tears on
the calcaneal side, a suture anchor was inserted at the insertion site, then the ligament was braided and
pulled underneath the peroneal tendon and �xed with the anchor wire (Fig. 2). For < 1 cm diameter
avulsion fractures, we carefully peeled the ligaments from the surface and resected the fracture fragment,
then sutured the ligament tissue to the bone surface with anchors (Fig. 3). The extensor retinaculum was
then sutured to the �bular periosteum. ROM, anterior drawer, and talus tilt were assessed, and �nally, the
ankle joint was immobilized with a splint in slight dorsi�exion and eversion.
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According to the rupture site, patients were classi�ed into a proximal group (rupture at the �bular end),
mid-substance group (rupture of the mid-substance), and distal group (rupture near the talar or calcaneal
insertion site). When two or more sites were injured, the classi�cation criteria were as follows: ruptures
involving the �bular side and the mid-substance were classi�ed as the proximal group; ruptures at the
talar or calcaneal side and mid-substance were classi�ed as the distal group; and ruptures involving the
talus or calcaneus and the �bular side were grouped according to the most severely injured site.

Postoperative rehabilitation
A splint was applied for the �rst 3 weeks postoperatively, without weight-bearing. The splint was then
replaced with an ankle brace, which remained in place until 8 weeks postoperatively. Passive �exion–
extension ROM exercises were started from week 3, and varus traction exercise was allowed from week 5.
Full weight-bearing was allowed between weeks 3–5, and patients were advised to return to sports 2–3
months postoperatively. For patients with OCLs, the splint or brace was removed twice a day for full-
range continuous passive motion (CPM) exercise from weeks 2–6. Partial weight-bearing was allowed 6–
8 weeks postoperatively, with full weight-bearing 8–12 weeks postoperatively.

Clinical outcomes evaluation
All patients came to the outpatient clinic for regular review in the early postoperative period, and the
outcomes were recorded including sports recovery and complications. In the follow-up, if the exercise
returns to more than 85% of the pre-injury level, it is recorded as returning to pre-injury sports. The
evaluation at �nal follow-up included a pain visual analog scale (VAS)[12], American Orthopaedic Foot &
Ankle Society (AOFAS) score[13], Tegner activity score[14], sprain recurrence, ROM, resumption of pre-
injury sports level, patient satisfaction, areas of skin numbness and other complications.

Statistical analysis
Data were analyzed using SPSS Statistics version 23.0 (IBM Corp., Armonk, NY). The chi-square test or
Fisher’s exact probability test was used for categorical outcomes, while the paired samples t-test and
nonparametric test were used to determine the subjective scores of preoperative and follow-up endpoints
and the site of ligament injury on postoperative outcomes. Differences were considered signi�cant at p <
0.05. PASS 11.0 (NCSS, US) was used to calculate the sample size.

Results
Of the 166 patients who met the study inclusion criteria, 148 patients (89.2%) were available for the �nal
follow-up. All eligible patients were included. Post-hoc power analysis revealed that a sample size of 135
could achieve 95% power to detect the observed group difference in recovery of sports. Suture repair was
performed for 61 (41%) patients with mid-substance ligament ruptures, and suture repair with anchor was
performed for 87 (59%) patients with ruptures near the ligament attachment. Among the 87 cases of
injury near the ligament insertion, 71 cases were near the �bular end (including 8 cases of ruptures
involving the �bular side and the mid-substance) and 31 cases were near the talus or calcaneus insertion
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site (including 16 cases of ruptures at the talar or calcaneal side and mid-substance). 16 (10.8%) patients
were professional athletes, namely 7 football players, 4 judo players, 1 tennis player, 1 decathlete, 1
volleyball player, and 1 hockey player. The other 132 patients included college team athletes, semi-
professional athletes and coaches.. Under arthroscopy, the intra-articular lesions were treated for 43
(29%) patients with OCLs, 21 (14%) with avulsion fractures, and 15 (10%) with osteophytes (Table 1).
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Table 1
Demographic data and characteristics of the 148

patients
Characteristics Patient cohort

Sex, n (%)  

Male 102 (69)

Female 46 (31)

Age, years 27.2 ± 10.3

BMI, kg/m2 23.9 ± 3.5

Injury time, days 7.4 ± 3.7

Follow-up time, months 46.1 ± 14.3

OCL, n (%)  

B-C 22 (15)

D-F 21 (14)

Avulsion fracture, n (%)  

Fibular 16 (11)

Talus 3 (2)

Calcaneus 2 (1)

Medial ligament, n (%) 5 (3)

Osteophyte, n (%) 15 (10)

Types of ligaments injury, n (%)  

Isolated ATFL 29 (19)

Isolated CF 2 (1)

ATFL+CF 117 (80)

Ligament tear site, n (%) 71 (48)

Proximal group

Middle group 46 (31)

Distal group 31 (21)

Fixation method, n (%)  

Suture anchor 81 (55)
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Characteristics Patient cohort

Simple suture 67 (45)

The average time to return to sports activity was 4.37 ± 1.10 months after surgery. Fourteen (88%) of the
16 professional athletes fully resumed their pre-injury competitive levels and participated in national and
international competitions. A total of 18 (12%) patients reported mild ROM restriction (<10°), of which
two-thirds were plantar �exion limitation; 7 (4.7%) patients experienced transient numbness on the lateral
side of the foot related to super�cial peroneal nerve irritation, which resolved in 5 patients after 6 months.
At �nal follow-up, all the subjective scores were signi�cantly improved from the pre-operative level (p <
0.001). The postoperative VAS, AOFAS and Tegner scores were 0.34 ± 0.88, 98.74 ± 3.15 and 5.04 ± 0.67,
respectively (Table 2).

Table 2
Comparison of the pre-operative and the �nal subjective

scores

  pre-operation post-operation p value

VAS 6.14 ± 1.36 0.34 ± 0.88 <0.001*

AOFAS 24.48 ± 8.08 98.74 ± 3.15 <0.001*

Tegner 0.80 ± 0.59 5.04 ± 0.67 <0.001*

*Statistically signi�cant difference (p < 0.05)

When comparing the outcome between the three groups by ligament rupture site, signi�cant differences
were found for the time of return to sport and the resumption of pre-injury sport level at the �nal follow-
up. The patients in the proximal group showed the best resumption of pre-injury sports level (94% ± 11%,
range,50–100%), followed by the mid-substance group (89% ± 15%, range, 50–100%) and the distal
group (87% ± 13% range, 50–100%) (p = 0.008). Similarly, patients with proximal ligament injuries
experienced the shortest time to return to pre-injury exercise, followed by those with mid-substance injury
and distal group and those with distal ligament injuries (p = 0.040). The distal group returned to sport
about 2 weeks later than the proximal group. The proximal group showed the highest ROM restriction
occurrence and the distal group showed the highest sprain recurrence but with no signi�cant difference (p
> 0.05). There was no signi�cant difference in VAS, AOFAS, or Tegner scores between the three groups.
(Table 3).
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Table 3
Effect of the ligament tear site on postoperative outcomes

  Proximal group Middle group Distal group p Value

(n = 71) (n = 46) (n = 31)

Recovery of sports        

Percentage (%) 94 ± 11 89 ± 15 87 ± 13 0.008*

Time, months 4.14 ± 1.09 4.61 ± 0.93 4.53 ± 1.29 0.040*

ROM restriction, n (%) 8 (47) 6 (28) 4 (25) 0.966

Sprain recurrence, n (%) 7 (10) 5 (9) 5 (17) 0.539

Satisfaction (%) 83 ± 9 84 ± 8 83 ± 11 0.996

VAS        

pre-operation 6.17 ± 1.13 5.98 ± 1.44 6.32 ± 1.70 0.656

post-operation 0.28 ± 0.81 0.24 ± 0.67 0.61 ± 1.20 0.267

AOFAS        

pre-operation 25.38 ± 8.34 24.17 ± 7.79 22.87 ± 7.76 0.286

post-operation 99.42 ± 1.96 98.48 ± 3.79 97.58 ± 3.93 0.062

Tegner        

pre-injury 5.34 ± 0.61 5.52 ± 0.62 5.39 ± 0.56 0.264

post-operation 5.00 ± 0.56 5.22 ± 0.70 4.87 ± 0.81 0.074

*Statistically signi�cant difference (p < 0.05)      

Discussion
The most important �nding of this study was that ankle arthroscopic treatment followed by anatomic
ligament repair achieved good mid- to long-term results and could be a reliable procedure for patients
with high sports demands after severe acute ankle sprains. Rupture near the talar or calcaneal side
weakened and delayed sports recovery. The distal rupture returned to sport about 2 weeks later than the
proximal rupture.

The results showed the favorable mid- to long-term results of the procedure with good ankle stability and
sports recovery for most patients. The results were consistent to most studies of the ligament repair for
acute ankle sprain[15]. Although conservative treatment is often performed for grade I & II acute ankle
ligament injury[16], the bene�t of surgery is gaining evidence for grade III lateral ligament injuries and
patients with requirements to return to highly intensive sports. White et al[17] followed up 42 players
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undergoing acute lateral ankle ligament repair and the results showed that lateral ligament reconstruction
with the modi�ed Broström method was a safe and effective treatment for acute severe ruptures,
providing a stable ankle and expected return to sports at approximately 10 weeks. The surgery was more
preferred for those with combined ATFL and CFL rupture[17]. Samoto et al[18] assessed the results of
nonoperative treatment of acute lateral ligament injury according to its severity, and the result was
unsatisfactory in those with combined injuries of the ATFL and CFL. In the present study, 117(79%)
patients had both ATFL and CFL ruptures with high demanding of sports recovery, which could be a good
indication for this procedure.

Another reason of the favorable results might be due to the arthroscopy, which could explore and treat the
intra-articular lesions, especially for the OCLs. In the present study, OCLs were found in 43 (29%) patients,
of which there were 15 free osteochondral fragments. The OCLs have been widely recognized as a
negative predictor on clinical outcomes of the lateral ankle ligament repair[19–21].

The results of this study suggested that the location of the ligament rupture will affect the recovery of
sports and the distal group showed the relatively lower resumption rate of the pre-injury sports activity
and showed about 2 weeks delayed return to sport than the proximal group. One of the reasons of the
results might be attributed to more involved CFL ruptures in the distal group. Our results showed that
proximal injuries were mainly in the ATFL, while distal injuries were mainly in the CFL. Notably, some
studies indicated that the recovery after CFL injury was worse than that of ATFL injury[21]. Regarding
anatomy, the ATFL that is a �at quadrilateral ligament and incorporated in the joint capsule while the CFL
is a cylindrical ligament, and di�culties in recovery relate to its anatomical location beneath the peroneal
tendons[22]. Therefore, the ATFL is located more super�cially, and is �atter might be easier to heal
compared with the CFL[9]. Regarding blood supply, the lateral talar body has worse vascularization than
other parts of the talar body, and the lateral blood vessel density is lower than for other parts, which may
explain why recovery of ruptures to the end of the talus is not as good[23]. However, there is no direct
evidence to prove that the blood supply changes with the ligament rupture site and further research is
needed.

It was also founded that 14% (21/148) of the patients had avulsion fractures, and the results showed that
removing avulsion fragments with a diameter of < 1 cm did not affect ligament stability. Lateral ankle
avulsion fracture was reported to have a potential negative impact on postoperative rehabilitation[24],
and patients with avulsion fracture should be informed of the risk of recurrent sprain and subsequent
ankle instability; careful follow-up is needed for these patients[25]. Fixing or removing the avulsed
fragment is determined by the size of fragment[26]; fragments can be removed for small avulsion
fractures[27].

To our knowledge, this is the �rst study to report the mid- to long-term follow-up study of the concurrent
arthroscopy and open lateral ankle ligament repair for the acute ankle sprain analyze the impact of the
rupture site on the outcome. The relatively large sample size could provide a reliable conclusion on the
effectiveness of the operation and the potential problems. The results of the impact of the rupture site
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provided a reference for an optimal and personalized postoperative rehabilitation. Patients with proximal
injuries might be encouraged to perform more aggressive rehabilitation. Those with ligament rupture near
the calcaneal or talus site could return to sport at about 14 weeks while the rupture near the �bular site at
about 12 weeks. It should be also noted that the surgery prefers to be used in those with severe ligament
injury and high sports demanding in spite of the excellent postoperative outcome. Most ankle sprains
were recommended conservative treatment and rehabilitation training, and satisfactory results could be
obtained.

There are still some limitations about this research. First, it was retrospective rather than prospective
research with no comparative groups undergoing conservative treatment or isolated ligament repair
without arthroscopy. In addition, patients were divided into three groups according to the rupture sites,
which was not absolutely strict, because the tear of the ligament was usually reported as a cauda equina
rather than a simple avulsion from the insertion site. Therefore, the groups in the present study were
determined according to the location of the most severe tear, which basically re�ected the area of the
main injury.

Conclusions
Ankle arthroscopy followed by open anatomic ligament repair is a reliable procedure for patients with
high sports demands after severe acute ankle sprain. Rupture near the talar or calcaneal side weakened
and delayed sports recovery. The distal rupture returned to sports about 2 weeks later than the proximal
rupture.
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Figures

Figure 1

<p>Care was taken to avoid the intermediate branch of the super�cial peroneal nerve (a) and sural nerve
(b)</p>

Figure 2
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<p>A patient with an anterior talo�bular ligament (ATFL) tear at the talar site (a) and a calcaneo�bular
ligament (CFL) tear at the calcaneal site (b), which were identi�ed in magnetic resonance images (MRI).
The end of the ruptured ATFL was identi�ed under arthroscopy (c). The ruptured ends were isolated (d),
and the suture anchor was inserted into the insertion site (e,f). The ligament was then braided and pulled
underneath the peroneal tendon (blue arrow) and �xed with the anchor wire (g, h). The extensor
retinaculum was then sutured to the �bular periosteum (i).</p>

Figure 3

<p>A patient with avulsion fractures with a diameter of &lt; 1 cm. We carefully peeled the ligaments from
the surface and resected the fracture fragment then sutured the ligament tissue to the bone surface with
anchors.</p>


