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ARTICLE INFO ABSTRACT

Level of Clinical Evidence: 3 Functional ankle instability (FAI) and anterior ankle impingement (AAI) are likely to occur simultaneously. Never-

Keywords: theless, how AAI affects ankle instability remains largely unknown. This study aimed to assess patients with
ankle FAI + AAI and those having FAI without AAI after arthroscopic synovectomy combined with the modified Brostrom
anterior ankle impingement procedure. Patients with chronic ankle instability who underwent surgery at the Huashan Hospital of Fudan
arthroscopy University (China) from January 2010 to December 2015 were reviewed. Propensity score matching was per-
Brostrém formed (FAI + AAI: n = 86; FAI without AAIL: n=43). Ankle function was assessed by the American Orthopedic Foot
fun‘cti'onalAanlAde instability and Ankle Society (AOFAS) and the Meislin criteria at 3 months, 1 year, and final follow-up. In the FAI + AAI group,
Meislin criteria AOFAS scores increased from 52.6 + 7.2 to 78.6 + 8.2, 84.2 &+ 6.4, and 83.6 £+ 11.3 at 3 months, 1 year, and last
synovectomy follow-up, respectively (p < .001). In the FAI without AAI group, AOFAS scores increased from 64.3 £+ 10.5 to
85.2 £8.6,91.4 + 7.9, and 90.2 £ 9.8 at 3 months, 1 year, and last follow-up, respectively (p < .001; all p < .05 for
differences between the 2 groups at each time point). The 2 groups showed similar scores based on the Meislin cri-
teria (p =.38). Hypertrophic distal fascicle of the anteroinferior tibiofibular ligament showed lower AOFAS scores
(all p < .05). Patients with FAI with or without AAI had improved outcomes with arthroscopic synovectomy com-
bined with the modified Brostrom procedure; however, patients with combined FAI and AAI showed a relatively
poorer outcome in comparison with those suffering from FAI alone, probably because of hypertrophic distal fasci-

cle of the anteroinferior tibiofibular ligament.
© 2018 by the American College of Foot and Ankle Surgeons. All rights reserved.

Chronic disability following ankle sprain is commonly caused by
instability and impingement (1). Repeated ankle sprains with prolonged
manifestations are known as chronic ankle instability (CAI) (2). Func-
tional ankle instability (FAI) was recently defined as recurrent ankle
instability affected by proprioceptive and neuromuscular impairments
(3). Mechanical ankle instability (MAI) manifests clinically by morbid
laxity, altered arthrokinematics, and talar test results showing a 5° dif-
ference (2). FAI, unlike MAI, reflects a more subjective situation with
pain and instability with full ligamentous competence (4).

FAI and anterior ankle impingement (AAI) are more likely to be
encountered together (5). AAI is accompanied by intra-articular
synovitis, scarring, and fibrosis, and it is not easily detectable in CAI
cases (6).
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Although recent studies showed that patients with FAI achieve
satisfactory outcomes after surgical reconstruction of lateral liga-
ment insufficiency (5,7-9), about 13% to 35% of such individuals
still show pain after the operation (10,11). Nery et al (11) reported
significantly worse outcomes in patients with CAI and concomitant
AAI who underwent soft tissue removal for anterior impingement;
however, the study sample size was relatively small, preventing any
firm conclusion regarding this matter. Nevertheless, the latter find-
ings suggested that lesion prognosis and characteristics could differ
in patients with AAI compared with those without AAI Indeed, how
AAI affects ankle instability is largely unknown, although such cases
are rather common in the clinic. In patients with CAI, the incidence
of AAI can be as high as 63%, whereas CAI without AAI only
accounts for less than one half of the cases (12). The majority of
existing reports have assessed ankle instability, considering AAI a
simple secondary prognostic factor (5-9,11). In addition, samples
sizes were relatively small, and some studies lacked adequate
controls.

This study aimed to assess patients with concomitant FAI and AAI,
comparatively to those with FAI without AAI, after arthroscopic
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Table 1
The Meislin criteria

Rating Pain at Rest or With Activity Physical Examination Self-Assessment

Excellent None Normal Normal

Good None No tenderness, minimal swelling Greatly improved

Fair Minimal pain with activities Minimal/moderate tenderness, moderate swelling, Somewhat improved
instability

Poor Pain at rest, moderate/severe; pain with activity Severe swelling, limitation of range of motion Unchanged or worse

synovectomy combined with the modified Brostrom procedure. The
American Orthopaedic Foot and Ankle Society (AOFAS) scoring system
and the Meislin criteria were used to compare these cases.

Patients and Methods

Cases of COI treated by arthroscopic synovectomy combined with the modified
Brostrom procedure at the Department of Orthopedics of the Huashan Hospital of
Fudan University in Shanghai, China, from January 2010 to December 2015 were
reviewed.

The inclusion criteria were (i) diagnosis of CAI according to Altan et al (5); (ii)
unilateral, repeated ankle sprains; (iii) pain sensation while carrying heavy objects;
(iv) tenderness at the ankle’s anterolateral aspect; (v) recurrent swelling; (vi) feeling
of ankle collapse; and (vii) weakness. The exclusion criteria were (i) systemic dis-
ease affecting the musculoskeletal system, (ii) severe diffuse arthritic changes at the
ankle joint (13), (iii) severe anatomic deformity of lower extremity, (iv) previous
surgical operation of the ankle joint, (v) accompanying ankle fracture, or (vi) MAL

From 432 potentially eligible patients, 310 who received the arthroscopic-assisted
Brostrom treatment were included in the current study. Surgery was decided based on
previous criteria (7). All patients complained of ankle instability and/or repeated symp-
tomatic ankle sprains lasting >6 months following ankle sprain. All patients underwent
a course of functional ankle rehabilitation supervised by a specialist physical therapist;
this consisted of physical therapy, proprioceptive training, and bracing. Operative inter-
vention was offered to patients when the ankle showed no response after 6 months of
therapy.

The current study had approval from the ethics committee of the Huashan Hospital of
Fudan University (China). The requirement for individual consent was waived because of
the retrospective nature of this trial.

Grouping

The patients were assigned to the FAI+ AAI group according to (i) a history of inver-
sion injury of the ankle; (ii) persistent pain in the ankle’s anterolateral aspect; (iii) pain
increase during ankle dorsiflexion; (iv) magnetic resonance imaging showing anterior or
anterolateral ankle synovial hyperplasia, semilunar injury, or ankle compression by ante-
roinferior tibiofibular ligament injury; (v) arthroscopic diagnosis (14); and (vi) exclusion
of MAI (15). The criteria by Hintermann et al (15) were used to distinguish FAI from MAIL
In all, 86 cases were assigned to the FAI+AAI group. The remaining patients were
included in the FAI without AAI group.

Propensity Score Matching

The propensity score matching method was used to reduce selection bias; cases were
matched for age, sex, body mass index, and a history of trauma. A statistician performed a
2:1 ratio matching in a blinded manner, and 43 cases were selected for the FAI without
AAI group.

Surgical Technique

All surgeries were performed by X.W., a senior orthopedic surgeon and chief physi-
cian with 17 years of working experience specializing in ankle surgery. All surgeries were
performed with an AXEL 300 TPY: OP932 (Aesculap AG, Tuttlingen, Germany) using the
Twinfix 3.5-mm titanium suture anchor (Smith & Nephew, London, UK). All procedures
were performed according to Nery et al (11).

Following arthroscopy, a 5-cm curvilinear incision was made 2 cm proximal to
the fibular tip toward the fifth metatarsal base. The anterior talofibular ligament
was removed from its attachment site and reattached to the fibula via insertion of a
suture anchor between the anatomic footprints of the anterior talofibular ligament.
Full inferior extensor retinaculum mobilization was finally sutured as described
previously (16).

Postoperative Management

The patients were administered standard rehabilitation sessions. Non-weightbearing
and short leg cast immobilization exercises were performed for 6 and 4 weeks postopera-
tion, respectively. Two weeks after cast removal, the patients could gently move their
ankles under protection by an orthosis. Six weeks postsurgery, partial weightbearing was
introduced alongside other resistance exercises. All individuals progressively resumed
their routine activities 3 months after surgery.

Clinical Outcome Assessment and Data Collection

Ankle function was assessed using an AOFAS-based questionnaire (17,18) and the
Meislin criteria (19) at 3 months, 1 year, and last follow-up. All assessments were per-
formed by the same investigator (L.C.). All follow-up visits were carried out at the outpa-
tient clinic. Follow-up was censored in January 2017. AOFAS scores were excellent (90 to
100), good (80 to 89), fine (70 to 79), and poor (<70). The Meislin system measures pain
during rest and function, clinical findings, and patient self-assessment (Table 1).

Statistical Analysis

Continuous data are mean =+ standard deviation and assessed by Student’s ¢t test. A
paired t test was performed to identify differences between preoperative and postopera-
tive clinical outcomes. Analyses involving multiple time points were tested by repeated-
measure analysis of variance with the Tukey post hoc test. Categorical variables presented
as proportion and assessed by the chi-square or Fisher’s exact test, as appropriate. Pro-
pensity score matching was based on methods described previously (20). SPSS 20.0 (SPSS
Inc., Chicago, IL) was used by a blinded statistician for data analyses. Two-sided p < .05
reflected statistical significance.

Results
Propensity Score Matching

The baseline features of both study groups are summarized in
Table 2. No statistically significant differences were found between the
2 groups except for age (p=.01) and symptom duration (p=.03), pre-
matching. After successful propensity score matching, age (p=.85) and
symptom duration (p =.74) were comparable in both groups. The mean
follow-up duration was 30.5 4+ 20.9 months in the FAI+AAI group
and 31.8 + 23.0 months in the FAI without AAI group (p=.517).
Fig. 1 presents the patient flowchart.

Arthroscopic Findings

In the FAI+AAI group, increased frequency of osteochondral talar
lesions, osteophyte, and syndesmosis widening were found (p=.011,
p=.026, and p=.013, respectively). Loose body and subchondral cyst
occurrences were similar in both groups (p=.571 and p=.732,
respectively).

In the FAI+AAI group, all cases showed synovial hypertrophy of
the anterior talofibular ligament. An abnormal band-like structure
was found along the anterior capsule in 14 individuals. Hypertro-
phic distal fascicle of the anteroinferior tibiofibular ligament was
observed in 24 patients, including 12 with chondral lesions on the
anterolateral aspect of the talar dome. A total of 37 patients showed
meniscoid lesions. Of the 86 patients, 24 (27.9%) were positive in
arthroscopic translation test; only 10 of 24 patients had abnormal
scar tissues in the syndesmosis.



54 L. Chen et al. / The Journal of Foot & Ankle Surgery 58 (2019) 52—56

Table 2
Baseline characteristics of the patients before and after propensity score matching

Before Propensity Score Matching

After Propensity Score Matching

FAI + AAI FAI Without AAI FAI + AAI FAI Without AAI

(n=86) (n=104) p Value (n=86) (n=43) p Value
Mean Age (y) 423 +£12.7 36.18 £15.5 .01 423 +£12.7 41.0+13.8 .85
Gender, 46:40 57:47 72 46:40 23:20 .96

Male:Female, n

BMI, kg/m? 254433 247 +29 25 253433 25.0+3.2 48
Trauma, n (%) 60 (70.0) 82(78.8) 23 60 (70.0) 29 (67.4) 93
Follow-Up (mo) 30.5 +20.9 31.8+23.0 .52 30.5+20.9 30.8 £22.7 .62
Symptom Duration (mo) 30.1 £37.6 24.0 +£36.4 .03 30.1 £37.6 28.7 +32.6 74

Abbreviations: AAI, anterior ankle instability; BMI, body mass index; FAI, functional ankle instability.

Clinical Outcomes

Among the matched patients, both groups showed marked improve-
ment in AOFAS scores after surgery (p < .001). Overall mean AOFAS
scores increased from 58.9 4 10.1 (range 42 to 68) before surgery to
82.8 + 8.3 (range 66 to 92), 88.1 £+ 6.8 (range 72 to 98), and 86.2 + 10.3
(range 68 to 96) at 3 months, 1 year, and last follow-up, respectively
(allp <.001).

In the FAI+ AAI group, AOFAS scores increased from 52.6 + 7.2
to 78.6 + 8.2, 84.2 + 6.4, and 83.6 &+ 11.3 at 3 months, 1 year, and
last follow-up, respectively (p < .001). In the FAI without AAI group,
AOFAS scores increased from 64.3 + 10.5 to 85.2 + 8.6, 91.4 £+ 7.9,
and 90.2 + 9.8 at 3 months, 1 year, and last follow-up, respectively
(p < .001). Values were significantly lower in the FAI+AAI group
compared with the FAI without AAI group, both pre- and postopera-
tively (Fig. 2).

After excluding the 24 cases with hypertrophic distal fascicle of
the anteroinferior tibiofibular ligament, similar values for clinical
parameters at the final follow-up were obtained in both groups

Patients with FAI (n=432)

Excluded (n=122):

- systemic disease that affecting the musculoskeletal
system

> - diffuse arthritic changes at the ankle joint;

- severe structural deformity in the lower extremity
- prior surgery involving the ankle joint

- associated ankle fractures

Y
Patients with FAT who received the arthroscopic-
assisted Brostrom-Gould treatment (n=310)

Patients with MAI
(n=120)

v y

FAI without AAI
(n=104)

v v

Propensity score matching

v v

FAI without AAI
(n=43)

FAT+AAI (n=86)

FAI+AAI (n=86)

Fig. 1. Patient flowchart. AAI, anterior ankle impingement; FAI, functional ankle
instability; MAI, mechanical ankle instability.

(FAI+AAI 87.8 + 7.9 versus FAI without AAI 90.2 + 9.8; p=.57).
AOFAS scores were lower in these 24 patients in comparison with
the remaining subjects. In these 24 patients, AOFAS scores increased
from 47.2 + 6.1 before surgery to 70.2 + 7.3 at 3 months, 73.5 +
7.4 at 1 year, and 72.6 + 9.3 at last follow-up; for the remaining
patients, AOFAS scores increased from 54.7 + 6.6 (p=.056 versus
patients with hypertrophic distal fascicle) to 81.8 + 8.2 (p=.017
versus patients with hypertrophic distal fascicle) at 3 months, 88.3
+ 7.6 (p=.008 versus patients with hypertrophic distal fascicle) at
1 year, and 87.8 &+ 7.9 (p=.014 versus patients with hypertrophic
distal fascicle) at last follow-up (Fig. 3).

—o—with AAL N:86

~—without AAL n:43
120 4
100 4

80

60 4

40 -

20 4

0 T T T d

Pre-op. 3rd-month visit 1st-year visit last visit

Fig. 2. Mean American Orthopaedic Foot and Ankle Society scores of cases with FAI and

AAl (n=86) and without AAI (n=43) before and after surgery. AAI, anterior ankle
impingement; FAI, functional ankle instability; preop, preoperatively.

120 4 —4—AITFL impingement n:24

—=—ATFL intact n:62

60

40 A

20 A

Pre-op. 3rd-month visit 1st-year visit last visit

Fig. 3. Mean American Orthopaedic Foot and Ankle Society scores of cases with and with-
out hypertrophic distal fascicle of the anteroinferior tibiofibular ligament pre- and post-
surgery (all p < .05 between the 2 groups). AITFL, anteroinferior tibiofibular ligament;

ATFL, anterior talofibular ligament.
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Based on the Meislin criteria, the 3-month follow-up results were
excellent, good, fair, and poor in 41 (31.7%), 49 (38.0%), 34 (26.3%), and
5 (3.8%) patients, respectively. The results at 1 year postoperatively
were excellent in 72 (55.8%), good in 40 (31.0%), fair in 15 (11.6%), and
poor in 2 (1.6%) patients. Final follow-up results were excellent, good,
fair, and poor in 70 (54.3%), 39 (30.2%), 18 (14.0%), and 2 (1.6%) patients.
Both groups showed similar values (p =.38).

Discussion

FAI can be manifested as multiple simultaneous ankle joint ailments.
Along with lateral ligament complex insufficiency, several other sec-
ondary lesions, such as osteochondral lesions, intra-articular synovitis,
loose bodies, and impingement lesions, have been described in such
patients (21—-24).These secondary pathologies could not account alone
for some of the symptoms; they also affected the outcomes following
surgery for lateral ligament insufficiency (24—26). Thus, understanding
these associated pathologies is important to correlate the clinical find-
ings, plan treatment, and accurately determine prognosis. Soft tissue
impingement in the ankle’s anterolateral gutter commonly occurs after
1 or repeated inversion injuries; however, it is often overlooked
because of chronic pain (27-32). Its associations with ankle instability
are largely unknown.

FAI and AAI are likely to be encountered together (5); however, how
AAI affects ankle instability remains undefined. The current study
aimed to compare FAI+ AAI cases with those showing FAI without AAI
after arthroscopic synovectomy combined with the modified Brostrom
procedure. The results showed that patients with FAI with or without
AAI had improved outcomes with arthroscopic synovectomy combined
with the modified Brostrom procedure. Compared with FAI cases with-
out AAI, those with both FAI and AAI had a relatively poorer outcome,
probably because of hypertrophic distal fascicle of the anteroinferior
tibiofibular ligament.

Multiple studies have reviewed AAI with related lesions in the
unstable ankle (5-9,11). Most of them had relatively small sample sizes,
however, with no direct comparison between FAI + AAI and FAI without
AAI; therefore, how AAI impacts CAI remains unclear. As far as we
know, this is the first report comparing FAI + AAI and FAI without AAL
In comparison with FAI cases without AAI, those with FAI and AAI had
lower AOFAS scores both pre- and postoperatively.

In one of the largest case series published on the subject,
Hintermann et al (15) found that intra-articular synovitis incidence was
32%. In the case series by Odak et al (6), a high incidence of intra-articu-
lar synovitis was observed (63%); in 43% of the patients, synovitis was
localized in the anterior and/or anterolateral compartment of the tibio-
talar joint. As a result, AAl is frequently neglected and mistaken for FAL
Patients with FAI may have vague complaints, but pain and a feeling of
instability are often reported. There may be discomfort in the ankle or
reduced dorsiflexion, but no ligamentous instability (32,33). This so-
called functional instability is owing to soft tissue impingement, not
true ligamentous instability (9).

The relationship between FAI and AAI remains unclear. Delahunt
et al (4) attributed the ankle proprioception impairment to damaged
joint capsule and ligaments (4). In contrast, Odak et al (6) suggested
that ankle instability makes AAI develop, and that restoration of lateral
ankle stability could prevent the further progression of intra-articular
impingement and synovitis.

Description of surgical reconstruction for FAI cases with normal stress
radiographic findings is relatively scarce (5,7—9). Takao et al (8) suggested
that FAl is caused by impaired lateral ankle ligaments (8). Altan et al (5) per-
formed arthroscopic synovectomy in 14 patients with FAI, improving long-
term clinical outcomes compared with preoperative scores.

According to the present study, 84.5% of the patients achieved good
to excellent scores >1 year postoperation, corroborating previous

reports (5,7—9). Mean AOFAS scores increased postsurgery, indicating
that the arthroscopic treatment is effective for FAI patients with or
without AAI; synovitis excision and anterior talofibular ligament and
scar tissue debridement promotes healing in the surrounding
capsule (34).

Little is known about how AAI affects the clinical outcomes of FAI
Okuda et al (24) found that persistent ankle pain following repair of the
lateral ligamentous complex likely results from intra-articular condi-
tions. Nery et al (11) reported significantly worse outcomes in cases of
chronic lateral ankle instability with concomitant AAI who had under-
gone soft tissue removal for anterior impingement, although a limited
number of patients were involved (11). According to the present study,
significantly decreased AOFAS scores were observed in cases with AAI
compared with those without AAI both pre- and postoperatively, in
agreement with previous studies (11,24). Interestingly, after excluding
the 24 patients with hypertrophic distal fascicle of the anteroinferior
tibiofibular ligament, both study groups presented comparable clinical
outcomes, whereas AOFAS scores were significantly lower in these 24
patients compared with the remaining ones. This could be caused by
chondral lesions on the anterolateral aspect of the talar dome or abnor-
mal movement of the syndesmosis, which needs to be confirmed.
Impingement by the anteroinferior tibiofibular ligament was first
reported by Bassett et al (35), whose findings corroborate the results
that impingement by the anteroinferior tibiofibular ligament is less
common but has poor prognosis.

The present study is not without limitations. It was a retrospective
study with the inherent biases and limitations; however, this was in
part compensated with all procedures carried out by the same surgeon
(XW.) and postsurgery rehabilitation following the same protocol.
Additionally, we used the propensity score matching strategy, which
allows more objective and comparative evaluations. Nevertheless, sam-
ple size was relatively small and from a single center. Finally, follow-up
was short. Additional studies are necessary to address these issues.

In conclusion, patients with FAI with or without AAI had improved
outcomes when arthroscopic synovectomy was combined with the
modified Brostrom procedure. In comparison with cases of FAI without
AAl those having FAI and AAI showed a relatively poorer outcome,
probably because of hypertrophic distal fascicle of the anteroinferior
tibiofibular ligament.
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