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Abstract

Purpose To determine the best surgical treatment for
chronic ankle instability (CAI) a systematic review was per-
formed to compare the functional outcomes between various
surgical stabilization methods.

Methods A systematic search was performed from 1950
up to April 2016 using PubMed, EMBASE, Medline and
the Cochrane Library. Inclusion criteria were a minimum
age of 18 years, persistent lateral ankle instability, treatment
by some form of surgical stabilization, described functional
outcome measures. Exclusion criteria were case reports,
(systematic) reviews, articles not published in English,
description of only acute instability or only conservative
treatment, medial ankle instability and concomitant injuries,
deformities or previous surgical treatment for ankle instabil-
ity. After inclusion, studies were critically appraised using
the Modified Coleman Methodology Score.
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Results The search resulted in a total of 19 articles, includ-
ing 882 patients, which were included in this review. The
Modified Coleman Methodology Score ranged from 30
to 73 points on a scale from 0 to 90 points. The AOFAS
and Karlsson Score were the most commonly used patient-
reported outcome measures to assess functional outcome
after surgery. Anatomic repair showed the highest post-
operative scores [AOFAS 93.8 (SD + 2.7; n = 119); Karls-
son 95.1 (SD + 3.6, n = 121)], compared to anatomic
reconstruction [AOFAS 90.2 (SD =+ 10.9, n = 128); Karls-
son 90.1 (SD =+ 7.8, n = 35)] and tenodesis [AOFAS 86.5
(SD + 12.0, n = 10); Karlsson 85.3 (SD =+ 2.5, n = 39)].
Anatomic reconstruction showed the highest score increase
after surgery (AOFAS 37.0 (SD =+ 6.8, n = 128); Karls-
son 51.6 (SD + 5.5, n = 35) compared to anatomic repair
[AOFAS 31.8 (SD + 5.3, n = 119); Karlsson 40.9 (SD + 2.9,
n=121)] and tenodesis [AOFAS 19.5 (SD + 13.7, n = 10);
Karlsson 29.4 (SD + 6.3, n = 39)] (p < 0.005).

Conclusion Anatomic reconstruction and anatomic repair
provide better functional outcome after surgical treatment
of patients with CAI compared to tenodesis reconstruc-
tion. These results further discourage the use of tenodesis
reconstruction and other non-anatomic surgical techniques.
Future studies may be required to indicate potential value of
tenodesis reconstruction when used as a salvage procedure.
Not optimal, but the latter still provides an increase in func-
tional outcome post-operatively. Anatomic reconstruction
seems to give the best results, but may be more invasive than
anatomic repair. This has to be kept in mind when choosing
between reconstruction and repair in the treatment of CAIL

Level of evidence 1V.

Keywords Ankle instability - Chronic - Surgical
treatment - Functional outcome
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Introduction

Despite a high incidence of lateral ankle ligament injuries
[45], only a small proportion of the patients seeks medical
care [2, 38, 42, 43, 46]. In instances where a patient has
not responded favourably to conservative treatment (e.g.
prolonged course of physiotherapy and/or bracing), surgi-
cal stabilization may be an appropriate option to restore
function, depending on the patient’s needs and expecta-
tions [16, 33].

Tenodesis is the oldest surgical technique. It includes
a non-anatomic reconstruction [16]. Currently, anatomic
reconstruction or repair techniques are preferred in order
to restore joint configuration and mechanics [1, 2, 14, 15,
33, 44]. The last technique that has been used is capsular
shrinkage that uses local heat application to induce shrink-
age of the anterior talofibular ligament (ATFL) and capsule
[11,29].

Many studies have shown the success of these techniques
in treating CAI Mabit et al. [31]. were the first to compare
anatomic repair with non-anatomic reconstruction, showing
superior short-term results (pain, symptoms, function) for
anatomic repair. Other studies confirmed these results [18,
26-28]. Up till now only de Vries et al. [12]. published a
Cochrane review on outcome and complications after dif-
ferent surgical stabilization techniques in patients with CAL
Despite comparisons of effectiveness between techniques,
they concluded that there was insufficient evidence to sup-
port any surgical intervention over another. The previously
published review has not focussed on the patient-reported
outcomes after surgical ankle stabilization. Additionally,
since then more research has become available.

If it is known which technique provides the best post-
operative technical and functional outcome, then patient
benefit and surgical results can be simultaneously optimized.
For this reason, the objective of this systematic review is to
determine the most effective surgical treatment in patients
with CAI by providing a review of published studies and
comparing functional outcomes after surgical stabilization.

Materials and methods
Search strategy

The research question of this review was: ‘what is the best
surgical treatment strategy for patients with CAI based on
patient-reported functional outcome?’ To answer this ques-
tion a search was conducted in Pubmed, EMBASE, Med-
line and the Cochrane Library from 1950 up to April 2016,
including the terms ‘surgical treatment’, ‘lateral’, ‘ankle’,
‘instability’ or ‘outcome’ and their synonyms (Appendix).

@ Springer

Selection criteria

Articles were selected according to the following inclusion
criteria: (1) patients were at least 18 years old at the time
of surgery, (2) patients suffered from isolated lateral ankle
instability for at least 6 months and were characterized by
the subjective reporting of symptoms such as pain, swell-
ing, instability and/or giving way, (3) patients were treated
by some form of surgical stabilization, (4) described any
of the following functional outcome measures at follow-up
like pain, swelling, function, sport or quality of life.

Studies were excluded if they: (1) consisted of (sys-
tematic) reviews or case reports, (2) were not published in
English, (3) only covered treatment of acute instability, (4)
included medial instability, (5) only included conservative
treatment, or (6) included patients with concomitant inju-
ries, deformities or previous surgical treatment for ankle
instability.

Study selection

First all articles were screened by title and abstract for
eligibility by two independent researchers. Next, the full-
texts of the included articles were checked to determine
whether they met the inclusion criteria. All articles of
which full-texts were unavailable were excluded. Sub-
sequently, all full-texts were read by two independent
researchers and included or excluded based on the selec-
tion criteria. In case of disagreement, consensus on inclu-
sion was reached during a meeting.

The final selection of included articles was scored
according to the modified Coleman Scale for Methodology
[35]. Each article was scored on study type, patient selec-
tion, diagnostics, treatment and assessment. The Coleman
Score ranges from 0 to 90 referring to the methodologic
quality, with a higher score representing better methodo-
logic quality. Points were scored for number of included
patients (0—10 points); mean follow-up (0-5); number of
different procedures studied (0-10); type of study (0-15);
diagnostic certainty (0-5); description of given treatment
(0-5); outcome criteria (0—10); procedure used for assess-
ing outcomes (0—15); description of subject selection pro-
cess (0-15). The Modified Coleman Score (MCS) does not
specifically include the rehabilitation process. In current
studies, mostly the aftercare in terms of cast/bandage, etc.
has been described, but details of the rehabilitation pro-
tocol have often not been reported. As our focus was on
treatment and functional outcome and to avoid scoring
bias due to underreporting of the rehabilitation protocol
we therefore chose to use the MCS.
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Data extraction and statistical analysis

Two researchers reviewed all the included articles inde-
pendently and extracted article characteristics, patient
demographics, patient history, surgical treatment and ques-
tionnaires/scales used (including pre- and post-operative
outcome).

To analyse baseline characteristics, the name of the main
author, year of publication, study design, number of included
patients and intervention were extracted.

To determine the best surgical procedure for treatment
of CAI, outcome scores and outcomes (e.g. mean/median,
SD/range) were extracted per procedure and article. In case
reported outcomes were only shown as graphs, the mean/
median and SD/range were estimated from the graphs. If
studies included merely post-operative questionnaire scores,
these questionnaires were only included in the qualitative
analysis. Studies reporting both pre- and post-operative
scores were pooled based on their mean scores and their
mean score improvement. Using these means a weighted
mean was calculated. Improvement per technique and supe-
riority of a technique was evaluated using the independent ¢
test. Questionnaires had to be used in at least two studies that
assessed the same technique to make them eligible for pool-
ing. If not, these articles were only used in the qualitative
analysis. For pooling, Review Manager was used (RevMan
[Computer program] version 5.3, Copenhagen: The Nordic
Cochrane Centre, The Cochrane Collaboration, 2014) For
statistical analysis SPSS was used (version 23.0, IBM Corp.
Armonk, NY, USA). A p value of < 0.05 was considered
statistically significant.

To assess heterogeneity between study population (num-
ber of patients, age, gender distribution and follow-up
period), I was calculated [19]. In studies assessing the same
technique using the same outcome scores, statistical pooling
was performed. Pooling was only performed with patient-
reported outcome measures (PROM) scores per technique.

Results
Study and patient characteristics

The initial search provided 658 articles. After exclusion
of irrelevant articles by screening the abstracts and subse-
quently reading the full-texts that remained, a total of 19
articles were included of which 11 were eligible for pooling
of outcome data in the quantitative analysis (Fig. 1). Publica-
tion dates of included articles ranged from 2000 to 2015. The
majority of the studies, 10 of 19, concerned retrospective
cohort studies. Of five out of the 19 studies it was unknown
whether the study design was prospective or retrospective.
Articles that used any form of patient-reported outcome

measure that was used by less than 3 of the included studies
(per surgical procedure) were not included in the pooled
results (Table 1).

A total of 882 patients were included in the studies
described in the 19 articles with a mean of 44.4 patients
per study (SD + 59.3). Of the 882 included patients, 61%
was male and 39% female. The mean age of included
patients was 29.3 (SD + 4.2), and a mean follow-up period
of 76.0 months (SD =+ 64.6) which varied greatly between
articles (range 6—156 months). A total of 23 procedures
were evaluated, including anatomic repair (n = 7), ana-
tomic reconstruction (n = 6), tenodesis (n = 6) and capsular
shrinkage (n = 4). Within the 23 different procedures, 5 dif-
ferent variations of tenodesis reconstruction were described,
4 of anatomic reconstruction, 4 of anatomic repair and 2
variations of performance of capsular shrinkage. In total, 6
studies performed additional procedures such as synovec-
tomy, osteochondral debridement and microfracture, ossicle
excision, loose body removal and bony spur resection. Only
5 articles (26%) mentioned the mean duration of symptoms,
reporting a mean duration of symptoms of 31.6 months
(SD + 26.2) with a minimum duration of symptoms of
7 months and a maximum of 168 months.

Critical appraisal and heterogeneity

The included articles were scored using the Modified Cole-
man Methodology Scale with a maximum score of 90 points.
The mean score was 49.6 points (SD + 12.0) with scores
ranging from 30 to 73 and no outliers, indicating that the
included studies greatly vary in methodological quality
(Fig. 2). The included articles mainly score low on the Modi-
fied Coleman Scale because of the low number of included
patients, short follow-up periods, retrospective study designs
and an insufficient or lack of description of the patient selec-
tion process.

The I? on population heterogeneity (number of patients,
mean age, male to female ratio, mean follow-up duration)
was 19.9%, presenting no relevant heterogeneity in com-
position of the population. However, the inclusion of the
outcome scores used for the analyses lead to 100% heteroge-
neity, reflecting the great number of different PROMs used.
For the pooled data analyses, the heterogeneity varied from
93 to 95% (Fig. 3a, b).

Patient-reported outcome measures

To assess surgical outcome a wide range of outcome scores
were used, such as radiographic outcome, muscle function,
ankle range of motion, but also joint laxity. In total, 11 dif-
ferent questionnaires were used to assess 23 procedures. In
the 19 included studies, a total of 44 questionnaire-based
outcome scores were available for analysis. The most
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Fig. 1 Flow chart included studies

commonly used questionnaires were the Karlsson Score
(n=13;30.9%) and the AOFAS (n =11;26.2%). Only 25
(56.8%) out of 44 measurements were performed both pre-
and post-operatively. Only 15 out of the 19 included stud-
ies reported whether the reported PROM score included a
significant change.

The four studies that could not be pooled due to missing
pre-operative scores reported overall good post-operative
scores [5, 15, 26, 30]. The weighted mean of the post-
operative Karlsson Score of these articles for anatomic
repair was 83.7 (SD + 10.4), for anatomic reconstruction
88.5 (SD + 6.2) and for tenodesis 75.6 (SD + 8.6). Other
outcome scores were not reported frequently enough to
calculate a weighted mean (Table 2).

@ Springer

After pooling data per stabilization technique, all out-
come scores showed post-operative improvement. Only four
outcome scores were used often enough to assess whether
there was significant improvement comparing the pre- and
post-operative PROM scores (Table 3), i.e. the AOFAS,
Karlsson, Kaikkonen and Tegner Score.

Except for the mean post-operative AOFAS score of
anatomic reconstruction compared to tenodesis (n.s.), all
three techniques showed significant score changes compar-
ing both the pre-operative post-operative outcome scores
(p = 0.000-0.001). The highest post-operative scores were
shown for anatomic repair as assessed by the AOFAS (93.8;
SD + 2.7) and Karlsson Score (95.1; SD + 3.6). All outcome
scores also showed significant improvement comparing
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pre- and post-operative scores (p < 0.001). Comparing pre-
and post-operative questionnaire scores, all four studied
techniques showed score improvement post-operative com-
pared to the pre-operative situation (Fig. 3a, b). However,
when comparing mean score improvement for anatomic
repair, anatomic reconstruction and tenodesis, the great-
est improvement was reported for anatomic reconstruction,
followed by anatomic repair (p < 0.001-0.002) (Table 3;
Fig. 3a, b).

Discussion

The most important finding of the present study was better
functional outcome after anatomic reconstruction and ana-
tomic repair compared to tenodesis for operative treatment
of chronic lateral ankle instability. Such a comparison could
not be conducted earlier because of a lack of data. Due to
the high number of different outcome scores used among
studies, only anatomic reconstruction, anatomic repair and
tenodesis reconstruction techniques could be quantitatively
compared. Comparing patient-reported outcomes after surgi-
cal stabilization of the lateral ankle ligaments, all techniques
showed relief of symptoms after surgical stabilization and
improvement in PROM scores compared to pre-operative
reports. Anatomic repair showed the highest post-operative
scores. Despite overall improvement, tenodesis reconstruc-
tion showed the lowest scores.

Anatomic repair did not only provide higher post-opera-
tive outcome scores compared to anatomic reconstruction or
tenodesis, it also showed higher pre-operative scores. This
may be caused by selection bias. Even though anatomic
repair is currently referred to as the ‘golden standard’, it can

Modified Coleman Methodology Score

only be used when the tissue quality of the elongated liga-
ment is sufficient for repair [6, 7, 10, 40]. In case of insuf-
ficient quality of the elongated ligaments, anatomic recon-
struction is indicated. These cases might indicate a more
severe instability on PROMs such as the Cumberland Ankle
Instability Score. Higher initial scores of anatomic repair
may reflect less severe instability. Techniques have changed
over time, and so have surgical approaches and indication
for treatment. Currently, tenodesis is mainly used as a sal-
vage technique when other treatment choices are no longer
viable options, compared to a few years ago when it was the
primary treatment choice [4].

All techniques provide overall good results. For this rea-
son, other factors may be taken into account when selecting
the treatment. Patient preference may play a role in patient
satisfaction [41]. The risk of complications and possible
recurrence are other important factors to consider when
choosing between treatment strategies. Anatomic repair may
result in excellent post-operative outcomes, but its applica-
tion is limited by the quality of remaining tissues [2, 37].
Tenodesis is often, as mentioned before, used as a salvage
technique [4]. For this review, however, only studies were
selected where patients had not yet undergone any form of
surgical stabilization to filter out previous failed interven-
tions and therefore avoid tenodesis being used for more
severe indications.

While including outcome scores in the assessment, there
was a high level of heterogeneity. This was caused by the
number of different outcome scores used in the studies.
When comparing the study populations a heterogeneity
percentage of only 20% was calculated, meaning no impor-
tant heterogeneity was present between the study popula-
tions. Hence, it was decided to pool the data with the aim

@ Springer
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a
Postoperative nt Preoperative assessment Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.1.1 Anatomic Reconstruction
Caprio 2006 55.4 136 11 29.6 15.6 1 2.2% 25.80[13.57,38.03) —_—
Hua 2012 90.4 6.7 35 423 49 35 43.6% 48.10([45.35,50.85) g
Ibrahim 2011 58 0 14 58 0 14 Not estimable
u 2014 Allograft 951 7.5 36 62.3 8.2 36 25.0% 32.80(29.17,36.43) -
u 2014 Autograft 951 7.5 32 60.2 8.2 32 22.2% 34.90(31.05,38.75) -
Subtotal (95% CI) 114 114 93.0% 40.30[38.42,42.19] ]
Heterogeneity: Chi*= 60.26, df= 3 (P < 0.00001), F= 95%
Test for overall effect: Z= 41.97 (P < 0.00001)
1.1.2 Anatomic Repair
Subtotal (95% CI) 0 0 Not estimable
Heterogeneity: Not applicable
Test for overall effect: Not applicahle
1.1.3 Capsular Shrinkage
Oloff 2000 88.1 105 10 58.3 85 10 47% 29.80(21.43,38.17) =
Subtotal (95% CI) 10 10  4.7% 29.80[21.43,38.17] >
Heterogeneity: Not applicahle
Test for overall effect: Z=6.98 (P < 0.00001)
1.1.4 Tenodesis Reconstruction
Ventura 2014 86.5 12 10 67 15.4 10 2.3% 19.50(7.40, 31.60) —
Subtotal (95% Cl) 10 10 2.3% 19.50[7.40, 31.60] i
Heterogeneity: Not applicahle
Test for overall effect. Z=3.16 (P =0.002)
Total (95% CI) 134 134 100.0% 39.34[37.53,41.16] 1]
Heterogeneity: Chi*= 76.58, df= 5 (P < 0.00001), F= 93% ?_1 00 -‘a‘!U ) 510 1UU=
Testfor overall effect Z= 42.47 (P < 0.00001) Favours Preop Score  Favours Postop Score
Test for subaroup differences: Chi*=16.32, df= 2 (P = 0.0003), F=87.7%

Postoperative assessment Preoperative assessment Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.2.1 Anatomic Reconstruction
Hua 2012 90.1 7.8 35 385 3.2 35 39.8% 51.60[48.81,54.39] =
Subtotal (95% Cl) 35 35 39.8% 51.60[48.81,54.39] L)
Heterogeneity: Not applicahle
Test for overall effect: Z= 36.21 (P < 0.00001)
1.2.2 Anatomic Repair
Cho 2012 Suture Anchor 90.8 6.15 20 46.4 7.96 20 16.0% 44.40(39.99, 48.81] -
Cho 2012 Transosseous suture 89.2 6.44 20 445 719 20 17.3% 44.70([40.47,48.93] v
Subtotal (95% CI) 40 40 33.3% 44.56 [41.50,47.61] ¢
Heterogeneity: Chi*= 0.01, df=1 (P =0.92), F=0%
Test for overall effect. Z= 28.61 (P < 0.00001)
1.2.3 Capsular Shrinkage
de Vries 2008 87 105 39 559 138 39 10.5% 31.10[25.66, 36.54] ===
Subtotal (95% Cl) 39 39 10.5% 31.10[25.66, 36.54] L 2
Heterogeneity: Not applicable
Test for overall effect: Z=11.20 (P < 0.00001)
1.2.4 Tenodesis reconstruction
Kim 2015 839 7 29 58.2 109 29 14.0% 25.70(20.99,30.41] e
Ventura 2014 895 3.5 10 495 17.7 10 25% 40.00([28.82,51.18] —=
Subtotal (95% Cl) 39 39 16.4% 27.86[23.51,32.20] L 2
Heterogeneity: Chi*=5.33, df=1 (P=0.02); F=81%
Test for overall effect: Z=12.57 (P < 0.00001)
Total (95% Cl) 153 153 100.0% 43.20 [41.44, 44.96] ‘
Heterogeneity: Chi*= 107.74, df= 5 (P < 0.00001), F=95% ?_1 00 _550 5?0 1001‘

Test for overall effect. Z= 48.07 (P < 0.00001)
Test for subaroup differences: Chi*= 102.40, df= 3 (P < 0.00001). F=97.1%

Favours Preop Score Favours Postop Score

Fig. 3 Forest plot pooled AOFAS (a) and Karlsson Scores (b). AR anatomic reconstruction, Arep anatomic repair, CS capsular shrinkage, 7D

tenodesis

to arrive at reliable conclusions, bearing in mind that the
subgroups and high variety in used outcome scores affected
study power.

The main limitation of this study is lack of power. There
was a low number of studies per treatment type, a lack of
pre- and post-operative assessment often without reporting

@ Springer

of a SD or 95% CI, thus making data pooling impossible.
Additionally, these studies used different outcome scores,
again reducing power and increasing heterogeneity of the
pooled data. Most studies were excluded based on par-
ticipation of under-aged patients, performing multiple
procedures at the same time or performing stabilization
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Table 2 Outcome scores

Technique References Technique specifics Questionnaire Mean pre-op score Mean post-op score
(SD) (SD)
Anatomic reconstruc- Caprio et al. [8] AOFAS 29.6 (15.6) 55.4(13.6)
tion SF-12 35.6 (9.14) 49.3 (8.7)
Ellis et al. [15] FAOS symptoms 80.4 (21.2)
FAOS pain 85.2 (19.2)
FAOS ADL 93.4 (10.5)
FAOS sport 78.6 (NR)
FAOS QoL 74.4 (NR)
SF-36 physical 50.4 (8.2)
SF-36 mental 45.0 (13.0)
Karlsson 82.3 (19.9)
Hua et al. [21] AOFAS 42.3 (4.9) 90.4 (6.7)
Karlsson 38.5(3.2) 90.1 (7.8)
Ibrahim et al. [23] AOFAS 58.0 (30-70) 96.0 (80-100)
Karlsson 94.7 (80-100)
OMAS 87.5 (70-100)
VAS 6.8 (3-10) 6.0 (NR)
Xu et al. [48] Autograft AOFAS 62.3 (8.2) 95.1(7.5)
Allograft 60.2 (8.4) 94.2 (5.5)
Anatomic repair Bell et al. [5] AOFAS 89.4 (16.7)
FAOS symptoms 93.6 (9.4)
FAOS pain 93.9 (13.4)
FAOS ADL 97.0 (9.2)
FAOS sport 91.1 (18.0)
FAOS QoL 87.2 (20.5)
SANE 91.8 (10.2)
Cho et al. [9] Transosseous suture Karlsson 44.5 (7.19) 89.2 (6.44)
Suture anchor 46.4 (7.96) 90.8 (6.15)
Hu et al. [20] Bone tunnel AOFAS 64.2 (53-73) 94.9 (77-100)
Suture anchor 70.3 (57-87) 96.4 (85-100)
Bone tunnel Karlsson 57.0 (42-67) 97.8 (77-100)
Suture anchor 59.9 (39-90) 97.4 (85-100)
Krips et al. [26] Anatomic repair Karlsson 83.7 (10.4)
Maftulli et al. [32] Anatomic repair AOFAS 51.0 (32-71) 90 (67-100)
Kaikkonen 45.0 (30-70) 90.0 (65-100)
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Table 2 (continued)

Technique References Technique specifics Questionnaire Mean pre-op score Mean post-op score
(SD) (SD)
Capsular shrinkage de Vries et al. [11] Karlsson 55.9 (13.8) 87.0 (10.5)
SF-36 physical 44.4 (8.9) 50.9 (9.1)
SF-36 mental 51.3(7.1) 52.0 (6.4)
Tegner 2.9 (2.1) 4.5(2.1)
Good et al. 3.9 (0.3) 1.9 (0.8)
Hyer and Vancourt [22] Modified AOFAS 26.0 (10) 51.0 (8.8)
Oloff et al. [36] Capsular shrinkage AOFAS 58.3(8.5) 88.1(10.5)
Tenodesis Baray et al. [3] AOFAS 88.1 (16.2)
Karlsson 84.2 (23.8)
Tegner 7.1(3.2) 8.7 (3.6)
Kim et al. [24] Karlsson 58.2 (10.9) 83.9 (7.0)
Krips et al. [26] Karlsson 67.0 (15.8)
Ng and Das De [34] Tenodesis Kaikkonen 39.8 (NR) 89.6 (NR)
Schepers et al. [39] Tenodesis KAFS 79.4 (23.5)
OMAS 83.7 (17.2)
SF-36 109.2 (8.4)
Tegner 4.15 (3.5) 4312.4)
VAS 2024)
Ventura et al. [47] Tenodesis AOFAS 67.0 (15.4) 86.5 (12.0)
Karlsson 49.5 (17.7) 89.5 (3.5)
Tegner 6.5 (NR) 7.0 (NR)
Combined techniques Mabit et al. [30] Tenodesis and anatomic Karlsson 90.0 (19-100)
repair
Table 3 Score improvement per technique
Technique Questionnaire N (patients) References Mean pre-op score  Mean post-op score Mean score p value
(SD) (SD) improvement
(SD)
Anatomic repair AOFAS 119 Hu et al. [20] 62.1 (8.0) 93.8 (2.7) 31.8(5.3) p < 0.0005
Maffuli et al. [32]
Kaikkonen 38 Maffuli et al. [32]  45.0 (30-70) 90.0 (65-100) 45 (%) p <0.001
Karlsson 121 Cho et al. [9] 54.2 (6.3) 95.1 (3.6) 40.9 (2.9) p < 0.0005
Hu et al. [20]
Anatomic recon- AOFAS 128 Caprio et al. [8] 53.2 (10.6) 90.2 (10.9) 37.0 (6.8) p < 0.0005
struction Hua et al. [21]
Ibrahim et al. [23]
Xu et al. [48]
Karlsson 35 Hua et al. [21] 38.5(3.2) 90.1 (7.8) 51.6 (*) p < 0.0005
Tenodesis AOFAS 10 Ventura et al. [47] 67.0 (15.4) 86.5 (12) 19.5 (*) p < 0.001
Kaikkonen 20 Ng and Das De 39.8 (NR) 89.6 (NR) 49.8 (*) NR
[34]
Karlsson 39 Kim et al. [24] 56.0 (3.8) 85.3(2.5) 29.4 (6.3) p < 0.0005
Ventura et al. [47]
Tegner 51 Baray et al. [3] 5.8(1.4) 6.6 (2.0) 0.8 (0.7) p < 0.0005

Schepers et al. [39]
Ventura et al. [47]

NR not reported, SD standard deviation

* Could not be calculated/unknown
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after failed initial surgery. To enable comparison of pre-
operative assessments with post-operative assessments,
minimizing bias due to unknown pre-operative scores, only
the study outcomes that contained both outcome measures
were pooled. This lead to a high number of studies being
excluded from pooling data, again leading to a reduction of
power [30]. An additional problem causing heterogeneity
is patient selection for surgery as patients may suffer from
mechanical and/or functional ankle instability. As functional
instability is neuromuscular by nature, multiple factors are
responsible for the feeling of giving way, possibly limiting
the effect of surgery [25]. These studies were only included
in the qualitative analysis. The quality of all included stud-
ies was low. Although the reported Coleman Scores were
mainly around 55% of the scale, the population sizes of the
individual studies were overall small and included too many
outcome scores for the population size. This increased the
chance of finding a coincidentally significant difference.

Despite these limitations and the different indications
included in this meta-analysis, the strength of this review is
the comparison of results per treatment modality. Compa-
rability was enhanced by focusing only on first time surgery
of CAI in adult patients. This may help treatment selection
in case multiple treatment options are open.

In clinical practise, anatomic repair and anatomic recon-
struction are preferred and should be the main treatment
choice. Possibly with a slight preference towards anatomic
repair in case the ligament remnants allow it, due to a mini-
mal change in outcome with anatomic reconstruction. Addi-
tionally, if a repair fails, an anatomic reconstruction is still
an option. Tenodesis reconstruction should be limited to
salvage procedures only, when no other treatment option
is open.

Implications for future research should include more high
level studies such as randomized controlled trials on the out-
come after different surgical stabilization procedures with a
specific description of the population and use of minimum
reporting standards advocated by the International Ankle
Consortium [13, 17]. This may enhance comparability of
both the indications and outcomes.

Conclusion

In conclusion, anatomic reconstruction and anatomic repair
provide better functional outcome based on PROM scores
in patients treated by surgical stabilization for their ankle
instability complaints, compared to tenodesis reconstruction
and capsular shrinkage.
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Appendix: Search example PubMED

PubMed Search:

(Reconstructive Surgical Procedures[Mesh] OR Surgical Proce-
dures, Operative[Mesh] OR Tenodesis[Mesh] OR surger* [tiab]
OR operation*[tiab] OR procedure*[tiab] OR tenodesis[tiab]

OR reconstruction*[tiab] OR repair[tiab] OR Brostrom[tiab] OR
Brostrom[tiab])

AND

(Ligaments[Mesh] OR ligament*[tiab])

AND

(Joint Instability[Mesh] OR anterior talofibular ligament
instability*[tiab] OR ATFL instability*[tiab] OR anterior talofibu-
lar ligament laxity*[tiab] OR ATFL laxity*[tiab] OR calcaneofibu-
lar instability*[tiab] OR CFL instability*[tiab] OR calcaneofibular
laxity*[tiab] OR CFL laxity*[tiab] OR instability*[tiab] OR
laxity*[tiab])

AND

(Patient Outcome Assessment[Mesh] OR Patient Reported Out-
come Measures[Mesh] OR Treatment Outcome[Mesh] OR
outcome*[tiab] OR PROM*[tiab] OR patient reported outcome
measure*[tiab]

References

1. Acevedo JI, Mangone P (2015) Ankle instability and arthroscopic
lateral ligament repair. Foot Ankle Clin 20:59-69

2. Ajis A, Younger AS, Maffulli N (2006) Anatomic repair for
chronic lateral ankle instability. Foot Ankle Clin 11:539-545

3. Baray AL, Philippot R, Farizon F, Boyer B, Edouard P (2014)
Assessment of joint position sense deficit, muscular impairment
and postural disorder following hemi-Castaing ankle ligamento-
plasty. Orthop Traumatol Surg Res 100:S271-S274

4. Baumhauer JF, O’Brien T (2002) Surgical considerations in the
treatment of ankle instability. J Athl Train 37:458-462

5. Bell SJ, Mologne TS, Sitler DF, Cox JS (2006) Twenty-six-year
results after Brostrom procedure for chronic lateral ankle instabil-
ity. Am J Sports Med 34:975-978

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

2194

Knee Surg Sports Traumatol Arthrosc (2018) 26:2183-2195

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Brodsky AR, O’Malley MJ, Bohne WH, Deland JA, Kennedy JG
(2005) An analysis of outcome measures following the Brostrom—
Gould procedure for chronic lateral ankle instability. Foot Ankle
Int 26:816-819

Buerer Y, Winkler M, Burn A, Chopra S, Crevoisier X (2013)
Evaluation of a modified Brostrém—Gould procedure for treat-
ment of chronic lateral ankle instability: a retrospective study
with critical analysis of outcome scoring. Foot Ankle Surg
19:36-41

Caprio A, Oliva F, Treia F, Maftulli N (2006) Reconstruction of
the lateral ankle ligaments with allograft in patients with chronic
ankle instability. Foot Ankle Clin 11:597-605

Cho BK, Kim YM, Kim DS, Choi ES, Shon HC, Park KJ (2012)
Comparison between suture anchor and transosseous suture for
the modified-Brostrom procedure. Foot Ankle Int 33:462-468
Corte-Real NM, Moreira RM (2009) Arthroscopic repair of
chronic lateral ankle instability. Foot Ankle Int 30:213-217

de Vries JS, Krips R, Blankevoort L, Fievez AW, van Dijk CN
(2008) Arthroscopic capsular shrinkage for chronic ankle insta-
bility with thermal radiofrequency: prospective multicenter trial.
Orthopedics 31:655

de Vries JS, Krips R, Sierevelt IN, Blankevoort L, van
Dijk CN (2011) Interventions for treating chronic ankle
instability. Cochrane Database Syst Rev 10:CD004124.
doi:10.1002/14651858.CD004124.pub3

Delahunt E, Coughlan GF, Caulfield B, Nightingale EJ, Lin
CWC, Hiller CE (2010) Inclusion criteria when investigating
insufficiencies in chronic ankle instability. Med Sci Sports Exerc
42:2106-2121

Duquennoy A, Liselele D, Torabi DJ (1975) Results of the surgi-
cal treatment of the rupture of the external lateral ligament of
the ankle. Rev Chir Orthop Reparatrice Appar Mot 61(Suppl
2):159-161

Ellis SJ, Williams BR, Pavlov H, Deland J (2011) Results of ana-
tomic lateral ankle ligament reconstruction with tendon allograft.
HSSJ 7:134-140

Ferran NA, Oliva F, Maffulli N (2009) Ankle instability. Sports
Med Arthrosc 17:139-145

Gribble PA, Delahunt E, Bleakley C, Caulfield B, Docherty C,
Fourchet F et al (2013) Selection criteria for patients with chronic
ankle instability in controlled research: a position statement of
the International Ankle Consortium. J Orthop Sports Phys Ther
43:585-591

Hennrikus WL, Mapes RC, Lyons PM, Lapoint IM (1996) Out-
comes of the Chrisman—Snook and modified-Brostrom procedures
for chronic lateral ankle instability. A prospective, randomized
comparison. Am J Sports Med 24:400-404

Higgins JP, Thompson SG, Deeks JJ, Altman DG (2003) Measur-
ing inconsistency in meta-analyses. BMJ 327:557-560

Hu CY, Lee KB, Song EK, Kim MS, Park KS (2013) Compari-
son of bone tunnel and suture anchor techniques in the modified
Brostrom procedure for chronic lateral ankle instability. Am J
Sports Med 41:1877-1884

Hua Y, Chen S, Jin Y, Zhang B, Li Y, Li H (2012) Anatomical
reconstruction of the lateral ligaments of the ankle with semiten-
dinosus allograft. Int Orthop 36:2027-2031

Hyer CF, Vancourt R (2004) Arthroscopic repair of lateral ankle
instability by using the thermal-assisted capsular shift procedure:
areview of 4 cases. J] Foot Ankle Surg 43:104-109

Ibrahim T, Beiri A, Azzabi M, Best AJ, Taylor GJ, Menon DK
(2007) Reliability and validity of the subjective component of
the American Orthopaedic Foot and Ankle Society clinical rating
scales. J Foot Ankle Surg 46:65-74

Kim HN, Jeon JY, Dong Q, Noh KC, Chung KJ, Kim HK et al
(2015) Lateral ankle ligament reconstruction using the anterior

@ Springer

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

half of the peroneus longus tendon. Knee Surg Sports Traumatol
Arthrosc 23:1877-1885

Konradsen L, Olesen S, Hansen HM (1998) Ankle sensorimotor
control and eversion strength after acute ankle inversion injuries.
Am J Sports Med 26:72-77

Krips R, Brandsson S, Swensson C, van Dijk CN, Karlsson J
(2002) Anatomical reconstruction and Evans tenodesis of the lat-
eral ligaments of the ankle. Clinical and radiological findings after
follow-up for 15 to 30 years. J Bone Joint Surg Br 84:232-236
Krips R, van Dijk CN, Halasi PT, Lehtonen H, Corradini C,
Moyen B et al (2001) Long-term outcome of anatomical recon-
struction versus tenodesis for the treatment of chronic anterolat-
eral instability of the ankle joint: a multicenter study. Foot Ankle
Int 22:415-421

Krips R, van Dijk CN, Halasi T, Lehtonen H, Moyen B, Lanzetta
A et al (2000) Anatomical reconstruction versus tenodesis for the
treatment of chronic anterolateral instability of the ankle joint:
a 2- to 10-year follow-up, multicenter study. Knee Surg Sports
Traumatol Arthrosc 8:173-179

Liu SH, Jacobson KE (1995) A new operation for chronic lateral
ankle instability. J] Bone Joint Surg Br 77:55-59

Mabit C, Tourne Y, Besse JL, Bonnel F, Toullec E, Giraud F et al
(2010) Chronic lateral ankle instability surgical repairs: the long
term prospective. Orthop Traumatol Surg Res 96:417-423
Mabit C, Chaudruc JM, Fiorenza F, Huc H, Pecout C (1998) Lat-
eral ligament reconstruction of the ankle: comparative study of
peroneus brevis tenodesis versus periosteal ligamentoplasty. Foot
Ankle Surg 4:6

Maffulli N, Del Buono A, Maffulli GD, Oliva F, Testa V, Capasso
G et al (2013) Isolated anterior talofibular ligament Brostrom
repair for chronic lateral ankle instability: 9-year follow-up. Am
J Sports Med 41:858-864

Maffulli N, Ferran NA (2008) Management of acute and chronic
ankle instability. ] Am Acad Orthop Surg 16:608-615

Ng ZD, De Das S (2007) Modified Brostrom—Evans—Gould tech-
nique for recurrent lateral ankle ligament instability. J Orthop Surg
(Hong Kong) 15:306-310

Oiestad BE, Engebretsen L, Storheim K, Risberg MA (2009) Knee
osteoarthritis after anterior cruciate ligament injury: a systematic
review. Am J Sports Med 37:1434-1443

Oloft LM, Bocko AP, Fanton G (2000) Arthroscopic monopo-
lar radiofrequency thermal stabilization for chronic lateral ankle
instability: a preliminary report on 10 cases. J Foot Ankle Surg
39:144-153

Pereira H, Vuurberg G, Gomes N, Oliveira JM, Ripoll PL, Reis
RL, Espregueira-Mendes J, van Dijk CN (2016) Arthroscopic
repair of ankle instability with all-soft knotless anchors. Arthrosc
Tech 5:¢99-e107. doi:10.1016/j.eats.2015.10.010

Pijnenburg AC, Van Dijk CN, Bossuyt PM, Marti RK (2000)
Treatment of ruptures of the lateral ankle ligaments: a meta-anal-
ysis. J Bone Joint Surg Am 82:761-773

Schepers T, Vogels LM, Van Lieshout EM (2011) Hemi-Casta-
ing ligamentoplasty for the treatment of chronic lateral ankle
instability: a retrospective assessment of outcome. Int Orthop
35:1805-1812

Shahrulazua A, Ariff Sukimin MS, Tengku Muzaftar TM, Yusof
MI (2010) Early functional outcome of a modified Brostrom—
Gould surgery using bioabsorbable suture anchor for chronic lat-
eral ankle instability. Singap Med J 51:235-241

Slover J, Shue J, Koenig K (2012) Shared decision-making in
orthopaedic surgery. Clin Orthop Relat Res 470:1046-1053
Tanen L, Docherty CL, Van Der Pol B, Simon J, Schrader J (2014)
Prevalence of chronic ankle instability in high school and division
I athletes. Foot Ankle Spec 7:37-44


https://doi.org/10.1002/14651858.CD004124.pub3
https://doi.org/10.1016/j.eats.2015.10.010

Knee Surg Sports Traumatol Arthrosc (2018) 26:2183-2195

2195

43.

44,

45.

46.

Tourne Y, Besse JL, Mabit C (2010) Chronic ankle instability.
Which tests to assess the lesions? Which therapeutic options?
Orthop Traumatol Surg Res 96:433-446

Valderrabano V, Wiewiorski M, Frigg A, Hintermann B, Leumann
A (2007) Direct anatomic repair of the lateral ankle ligaments in
chronic lateral ankle instability. Unfallchirurg 110:701-704

van Dijk CN (2014) Ankle arthroscopy: techniques developed by
the Amsterdam Foot and Ankle School. Springer, Heidelberg
van Rijn RM, van Os AG, Bernsen RM, Luijsterburg PA, Koes
BW, Bierma-Zeinstra SM (2008) What is the clinical course of

47.

48.

acute ankle sprains? A systematic literature review. Am J Med
121(324-331):e326

Ventura A, Terzaghi C, Legnani C, Borgo E (2014) Lateral liga-
ment reconstruction with allograft in patients with severe chronic
ankle instability. Arch Orthop Trauma Surg 134:263-268

Xu X, Hu M, Liu J, Zhu Y, Wang B (2014) Minimally invasive
reconstruction of the lateral ankle ligaments using semitendinosus
autograft or tendon allograft. Foot Ankle Int 35:1015-1021

@ Springer



	Anatomic stabilization techniques provide superior results in terms of functional outcome in patients suffering from chronic ankle instability compared to non-anatomic techniques
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusion 
	Level of evidence 

	Introduction
	Materials and methods
	Search strategy
	Selection criteria
	Study selection
	Data extraction and statistical analysis

	Results
	Study and patient characteristics
	Critical appraisal and heterogeneity
	Patient-reported outcome measures

	Discussion
	Conclusion
	Acknowledgements 
	References




