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Abstract

Purpose Different graft options are available for the reconstruction of lateral ankle ligaments to treat chronic ankle instabil-
ity (CAI), which fall in two categories: allografts and autografts. This study aims to provide an updated comparison of the
clinical outcomes after stabilisation procedures using allografts and autografts, to correctly advise the clinician during the
choice of the best material to be used for the reconstruction of the lateral ligamentous complex of the ankle.

Methods A systematic review was performed to analyse the use of autografts and allografts for anatomic reconstruction of
the lateral ligamentous complex of the ankle in CAI patients. The presence of a postoperative assessment through outcome
measures with proofs of validation in the CAI population or patient’s subjective evaluation on the treatment were necessary
for inclusion. The quality of the included studies was assessed through the modified Coleman Methodology Score (mCMS).
Relevant clinical outcome data were pooled to provide a synthetic description of the results in different groups or after dif-
ferent procedures.

Results Twenty-nine studies (autograft: 19; allograft: 9; both procedures: 1) accounting for 930 procedures (autograft: 616;
allograft: 314) were included. The average mCMS was 55.9 +10.5 points. The Karlsson-Peterson scale was the most fre-
quently reported outcome scale, showing a cumulative average post- to preoperative difference of 31.9 points in the autograft
group (n=379, 33.8 months follow-up) and of 35.7 points in the allograft group (n =227, 25.8 months follow-up). Patient
satisfaction was good or excellent in 92.8% of autograft (n=333, 65.2 months follow-up) and in 92.3% of allograft procedures
(n=153, 25.0 months follow-up). Return to activity after surgery and recurrence of instability were variably reported across
the studies with no clear differences between allograft and autograft highlighted by these outcomes.

Conclusions The systematic analysis of validated CAI outcome measures and the patient’s subjective satisfaction does not
support a specific choice between autograft and allograft for the reconstruction of the ankle lateral ligamentous complex in
CALI patients. Both types of grafts were associated to a postoperative Karlsson—Peterson score superior to 80 points and to
a similar rate of patient’s subjective satisfaction.

Level of evidence Level IV.

Keywords Chronic ankle instability - Ankle ligament reconstruction - Autograft - Allograft - Validated outcome -
Satisfaction - Karlsson score

Introduction

Lateral ankle sprain (LAS) is the most common acute
54 Davide Cucchi injury of the musculoskeletal system, with high incidences
d.cucchi @gmail.com especially among physically active individuals [24]. The
observed high reinjury rate after a LAS is associated with
a progressive insufficiency of the lateral ankle ligament
complex, able to lead to the development of functional
chronic ankle instability (CAI) with variable incidences
that, depending on the diagnostic definition and the analysed
population, can be as high as 70% [41, 64].
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When comprehensive nonsurgical measures fail in
patients with symptoms of instability associated to mechani-
cal ligamentous insufficiency, surgery should be considered
in order to restore a proper function of the ankle joint. The
direct repair of the anterior talofibular ligament (ATFL)
and the calcaneofibular ligament (CFL) with the possible
addition of the inferior extensor retinaculum, referred to as
the Brostrom—Gould procedure, represents the treatment of
choice to treat CAI [6, 23, 36].

However, some patient-related factors such as long-stand-
ing instability with degenerated lateral ligaments, failed pri-
mary stabilization procedures, and generalized ligamentous
laxity, are associated with less satisfactory results after the
Brostrom procedure [36, 51, 60]. When the ligament rem-
nants are judged as inadequate to achieve a substantial repair
of the lateral ligamentous complex, the anatomic reconstruc-
tion using a free tendon graft is considered an appropriate
choice, as witnessed by clinical and biomechanical observa-
tion [47, 64] (Fig. 1).

Different grafts are available for the reconstruction of
lateral ankle ligaments, which can be split into two main
categories, allograft and autograft, each with advocated
advantages and disadvantages but no recognized superiority
of either of the two options. Currently the clinical evidence
to support the selection of the optimal graft in ankle sta-
bilization procedures is scarce and often collected through
modalities not validated in the specific CAI population,
which raises concern about the clinical usefulness of part of

Fig. 1 Intraoperative picture of combined ATFL/CFL anatomic
reconstruction with autologous semitendinosus graft

the available literature [20, 59]. This suggests that the iden-
tification of those data collected through modalities relevant
for the specific CAI population could improve an evidence-
based approach to different aspects of CAI surgery, such as
the choice of the graft for the reconstruction of the lateral
ankle ligaments.

This study aims to systematically compare the use of allo-
graft and autograft in ankle ligament surgery, with a specific
focus on the outcomes relevant to the unique CAI popula-
tion. The purpose is to present an updated insight in order
to make the best choice when selecting the graft to be used
to reconstruct lateral ankle ligaments.

Materials and methods

The preferred reporting items for systematic reviews and
meta-analysis statement (PRISMA) was followed as a guide-
line for the study [44]. This study did not require ethic com-
mittee approval.

Search strategy

To analyse the use of autografts and allografts for anatomic
reconstruction of the lateral ligamentous complex of the
ankle in CAI patients, a systematic review of the PubMed/
Ovid Medline electronic database was performed. The spe-
cific search terms and how they were combined are reported
in the Appendix. The search string was constructed with the
aid of an experienced librarian with expertise in electronic
searches at the Sahlgrenska University Hospital Library
(University of Gothenburg, Sweden).

The search was performed on the 15th of June 2021.
Combining the search terms, with no time limit and lan-
guage selection (only English publications) resulted in 1365
articles.

Two reviewers (PS and DC) independently applied the
below mentioned predefined inclusion and exclusion criteria
to all 1365 articles.

The references of all the fully assessed articles and rel-
evant review papers were also hand searched for the identi-
fication of additional articles.

Eligibility criteria and study selection
Inclusion criteria

1. Interventional studies investigating the outcomes of the
anatomical reconstruction of the lateral ligamentous
complex (ATFL + CFL) of the ankle with a free tendon
graft, either allograft or autograft, either open or arthro-
scopic
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2. Presence of a clear description of the technique (includ-
ing the selected graft).

3. Postoperative outcome assessed through modalities
relevant to the CAI population with a minimum 1-year
follow-up.

Studies describing combined CAI and associated lesion
treatment (OCD, impingement, peroneal tendinopathy) were
considered for inclusion provided that CAI was the primary
diagnosis and the type of procedure and the postoperative
evaluation were as described in the inclusion criteria 1 and 2.

Exclusion criteria

1. Studies reporting on both autograft and allograft proce-
dures without clear distinction of the outcomes obtained
for each graft.

2. Studies reporting on surgical outcome after non-anatom-
ical procedures (e.g., tenodesis).

3. Reviews, systematic reviews and meta-analyses, animal
studies and ex-vivo studies.

The definition of relevant evaluation modalities necessary
for inclusion entailed as minimum requirement one of the
following:

a. a postoperative assessment through outcome measures
with proofs of validation in the CAI population;

b. the patient’s subjective evaluation on the treatment
(PSS), expressed in terms of subjective overall satisfac-
tion about the results of the surgical procedure.

Available knowledge on the clinimetric qualities of
patient’s related outcome measures (PROMs) in the CAI
population [20], the evidence-based position statements for
patient’s selection in CAI research [24] and a recent sys-
tematic review on the evaluation modalities reported in the
published literature on CAI treatment [59] were used to cre-
ate a list of outcome tools deemed as relevant in the CAI
population: the AJFAT [56], the CAIS [19], the CAIT [28],
the FAAM [11], the FAOS [55], the FADI [27], the IdFAI
[58] and the Karlsson—Peterson Score [37]. Every time a
score different than the aforementioned was encountered
two authors independently verified the existence of proofs
of validation of such instruments in the specific CAI popula-
tion before the final decision was made.

Collected outcomes

The mentioned relevant evaluation modalities were the pri-
mary outcome of the review.
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The return to activity after the surgery, the recurrence
rate of instability and surgery related complications were
the secondary outcomes.

Quality assessment

All the studies that met the final inclusion criteria were
individually assessed for their quality by two independent
reviewers (PS, DC) using the modified Coleman Methodol-
ogy Score (mCMS). This instrument was first published in
2000 to evaluate methodological quality in studies reporting
surgical outcome after patellar tendinopathy. Two modified
version of the CMS were subsequently proposed to better
analyse the quality of studies on cartilage repair around
the knee and on osteochondral lesions of the talus [33, 54].
The latter version, which was already used also to evaluate
methodologic quality of clinical outcome studies on carti-
lage repair of the ankle and arthroscopic repair of lateral
ankle ligament for chronic lateral ankle instability, was
deemed appropriate for quality assessment in this system-
atic review [7, 53]. Methodological quality was graded as
excellent (above 85 points), good (70 to 84 points) fair (55
to 69 points), and poor (below 55 points) [33, 54].

Data extraction, grouping and analysed variables

Information regarding authors, journal and year of publica-
tion, study design and quality of evidence, patient demo-
graphics, indication for surgery, surgical technique, type of
graft used, follow-up duration, outcome assessment instru-
ments used and numerical outcomes, return to activity after
surgery, recurrence of instability and other complications
were extracted and entered into a spreadsheet for analysis.

All the included articles were then categorised depend-
ing on the type of graft used during the surgical procedure.
If results for both autograft and allograft procedures were
separately reported within a study, these were extracted and
separately analysed in the appropriate group.

The postoperative value and the post- to preoperative
change in the retained outcome measure, the return to activ-
ity and the adverse events were extracted and analysed.
For the patients’ subjective satisfaction, a dichotomous
distinction between the groups of “Excellent/very satis-
fied” + “Good/satisfied” and “Fair” + ‘“Poor/dissatisfied” was
performed to allow for comparison between studies.

Statistical analysis

Statistical analysis was performed using GraphPad Prism v
6.0 software (GraphPad Software Inc.) and Microsoft Excel
(Microsoft Corporation). The Shapiro—Wilk normality test
was used to evaluate the normal distribution of the sam-
ple. Continuous variables were expressed as median and
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interquartile range [first and third quartiles] or mean + stand-
ard deviation as appropriate. Dichotomous variables were
expressed in numbers of cases and frequencies.

Relevant clinical outcome data from studies reporting
outcome of autograft and allograft procedures in different
studies were pooled to provide a synthetic description of
the results in different groups or after different procedures.

Results
Review process and included studies

The database search identified 1365 studies. After title and
abstract screening, 73 articles were selected. The full text
assessment with additional hand search of references identi-
fied 29 studies accounting for 930 procedures that were then
included in this review (Fig. 2).

Graft types

Nineteen studies reported on autograft procedures [1, 8,
9,12, 15, 16, 22, 25, 32, 38, 39, 48-50, 52, 61, 63, 66,
67], nine on allograft procedures [10, 17, 21, 29, 34, 35,
42, 45, 65] and one on both procedures, providing sepa-
rate outcome description for patients receiving autograft
and allograft [43]. Overall, 616 patients received autograft
reconstruction and 314 allograft reconstruction.

The distribution of selected free tendon grafts over
the 930 included patients is reported in Table 1. The data
describe a clear higher variation in the type of selected
autograft, whereas in the allograft group 96% of the recon-
struction have been realized with the semitendinosus. The
semitendinosus tendon was the only free tendon graft used
both as an autograft and allograft.

Fig.2 Flow chart: selection of )
publications for the system- = ) ) .
atic review; *Cass JR (1985) _g D.atfabase s.earchm.g (P.ubmed) with no time
. .. . © limit, English publications only; 15/6/2021
Ankle instability: comparison - 1365 records
of primary repair and delayed 2
reconstruction after long-term §
follow-up study. Clin Orthop
Relat Res 198:110-117 —
g: 1292 Records excluded by title
' /abstract screening
e
A
Full-text articles assessed
— for eligibility
(n=73)
Full text articles excluded with reasons: n =43
M) - study type (technical note/case-reports, cadaveric
> study, review): 5
Additional studies - surgical technique (not anatomical): 17
° identified through hand [ - inadequate outcome: 19
'g search of references of - combined autograft and allograft results: 2
2 review papers and full text
- assessed articles =0
) —> 1 study: full text not available *
v

Studies included
n=29
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Table 1 Distribution of the graft

. Autograft Allograft
type among the 29 included
studies ATFL ATFL +CFL Sum ATFL ATFL+CFL  Sum
N.Pt. (N.St.) N.Pt. (N.St.)

Semitendinosus 84 (3 [22,43,51]) 46 (3[43,61,66]) 130 11(1[43]) 292 (9% 303
Gracilis 33 (1 [47)) 143 (5**) 176 - - 0
Plantaris 67 (2 [8, 63]) 22 (1 [8]) 89 - - 0
Palmaris longus 59 (2 [48, 67]) - 59 - - 0
4th toe extensor 3 (I [1]) 20 (1 [1]) 23 - - 0
Free PL 57 (1 [38]) 59 (2 [39, 49)) 116 - - 0
TT-PT 23 (1 [12]) - 23 - - 0
Tibialis anterior — - 0o - 11 (1 [21]) 11
All tendons 326 290 616 11 303 314

The number of included patients (N.Pt.) is reported first. The number of included studies (N.St.) is reported

in brackets and in italic

ATFL anterior talofibular ligament, CFL calcaneofibular ligament, PL peroneus longus, 77-PT tibial tuber-

osity—patellar tendon

References: *[10, 17, 29, 34, 35, 42, 43, 45, 65]; **[9, 15, 16, 25, 32]

Quality of Evidence appraisal

The average mCMS for all included studies was 55.9 +10.5
points (range: 33—83 points), with a slightly higher score for
the autograft studies (average mCMS: 58.4 +10.4) as com-
pared to the allograft studies (average mCMS: 53.1+7.2). A
wide variability in the methodological quality of the studies
was encountered, with most of the studies ranking in “poor”
or “fair” categories. Reasons for low scores were mainly
the retrospective study designs, the lack of clearly reported
diagnostic and inclusion criteria, as well as the low number
of included patients and the short follow-up.

Patient’s related outcomes

The distribution of the relevant CAI outcomes among the
included studies is detailed in Table 2. The Karlsson-Peter-
son scale was the most frequently reported, used in 458
patients (16 studies) and 238 patients (7 studies) undergone
to autograft and allograft procedures, respectively.

Postoperative, an average cumulative Karlsson-Peter-
son score of 91.5 points in the autograft and of 88.7 in the
allograft group was documented. In all but three studies in
the autograft [16, 32, 63] and one in the allograft group [21],
both pre- and postoperative Karlsson-Peterson score were
reported, allowing for cumulative evaluation of the post-
operative improvement. The pre-operative Karlsson-Peter-
son score was 59.5 in the autograft and 53.4 in the allograft
group, with cumulative average post- to preoperative differ-
ence of 31.9 points in the autograft group (379 patients, with
a cumulative average follow-up time of 33.82 months [1, 9,
12, 15, 22, 39, 43, 48-50, 61, 66, 67]) and of 35.7 points in
the allograft group (227 patients, with a cumulative average
follow-up time of 25.82 months [29, 34, 35, 42, 43, 65]).

The patient’s subjective satisfaction about the results of
the surgical procedure was reported in 486 patients across
11[8,9, 12,15, 16, 25, 32, 39, 52, 61, 63] and 6 [10, 17, 21,
34, 35, 45] studies dealing with autograft and allograft pro-
cedures, respectively. Sixteen out of 17 studies reported it on
a four-point Likert scale with the categories “Excellent/very

Table 2 Distribution of relevant CAI outcomes among the included studies

Karlsson—Peterson score FAOS FADI PSS mCMS

Pre- and Post-op only Pre- and post-op Post-op only Pre- and Post-op only

post-op post-op
Autograft 13* 3[16, 32, 63] 1[38] - - - 118 58.42 +10.37
Allograft 6%+ 1[21] - 1[21] - 1 [45] 6% 53.11+£7.22

CAI chronic ankle instability, FAOS foot and ankle outcome score, FADI foot and ankle disability index, PSS patient’s subjective evaluation on

the treatment, mCMS modified Coleman Methodology Score

References: *[1, 9, 12, 15, 22, 39, 43, 47-49, 61, 66, 67]; **[29, 34, 35, 42, 43, 65]; ¥[8, 9, 12, 15, 16, 25, 32, 39, 51, 61, 63]; ¥[10, 17, 21, 34,

35, 45]
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satisfied”, “Good/satisfied”, “Fair” and “Poor/dissatisfied”,
enabling further data analysis: cumulative results for subjec-
tive satisfaction showed good or excellent results in 92.8%
of 333 patients undergoing autograft reconstruction with a
cumulative average follow-up time of 65.2 months and in
92.3% of 153 patients undergoing allograft reconstruction
with a cumulative average follow-up time of 25.0 months.
One study [45] reported satisfaction on a modified Likert
scale of 1 to 10, reporting results as median and range and
was not grouped in the aforementioned categories.

Other retained valid CAI scores were the FAOS and the
FADI used in two and one study, respectively, with no pos-
sible cumulative data analysis [21, 38, 45].

A detailed overview of the number of patients evaluated
with each outcome measure, grouped for different graft
types, is presented in Table 3.

Return to activity
The functional activity level after surgery was reported in

fifteen out of the 29 included studies (52%) through differ-
ent criteria. Nine studies on autograft procedures analysed

the return to preinjury activity level over 296 patients with
reported rate between 76 and 100% [9, 15, 25, 38, 49, 50,
52, 61, 67], with 4 studies (116 patients) providing descrip-
tion of the preinjury activity level [25, 49, 61, 67]. Only two
studies analysed the physical activity after allograft liga-
ment reconstruction [17, 45], one of which reporting 58%
return to preinjury activity level after combined ATFL/CFL
reconstruction with semitendinosus in 31 patients, with pre-
operative evaluation of the activity level through the Tegner
scale [17].

Instability recurrence

Twelve out of the 29 included studies (41%) did not mention
the recurrence of subjective instability among the postopera-
tive evaluations. Thirteen studies on autograft procedures
analysed this specific outcome [8, 9, 12, 15, 16, 25, 39, 43,
49, 52, 63, 66, 67]: 8 studies described 0% of recurrency
over 222 patients [12, 15, 16, 25, 42, 49, 66, 67], whereas
the remaining 5 studies (161 patients) reported within-study
recurrency rates ranging from 2 to 30% [8, 9, 39, 52, 63].

Table 3 Cumulative relevant CAI outcome scores grouped for different graft type

Semitendinosus Gracilis Plantaris
Autograft N.Pt. Postop. (A)/%" Autograft N.Pt. Postop. (A)/%" Autograft N.Pt. Postop. (A)/%" Autograft Postop. (A)/%*
(N.St) (N.St) (N.St) N.Pt. (N.St.)
Karlsson 81 (322,43, 89.6(31.9) 227 (6°) 89.0 35.7) 176 (6% 92.7 (32.8% 37 (1163]) 85 (n.a.?)
661)
FAOS - - - - - - - -
FADI - - 21 (I [45]) 91 (n.a.%) 143 (59,15, - - -
16, 25, 32])
PSS 49 (2[51,61]) 91.8% 144 (4 [10, 17, 92.4% 143 (519,15, 95.1% 89(218,63]) 91.0%
34,35]) 16, 25, 32])
Palmaris longus Extensor of the 4th toe ~ Free PL TT-PT Tibialis anterior
Autograft  Postop. Autograft ~ Postop. Autograft  Postop. Autograft  Postop. Autograft ~ Postop.
N.Pt. (AY%* N.Pt. (AY%* N.Pt. (A %* N.Pt. (AY%* N.Pt. (AY%*
(N.St) (N.St) (N.St) (N.St) (N.St)
Karlsson 59 (2148, 97.4(29.2) 23(1[1]) 92.2(442) 59(2[39, 88.7(26.0) 23(I[12]) 91.2(36.0) 11(Z[29]) 82.3(n.a.°
67]) 49])
FAOS - - - - 57(1138]) 91.0(n.a’ - - 11 (1[29]) 78.6 (n.a.%
FADI - - - - - - - - - -
PSS - - - - 29 (1[39]) 83.8% - - 11 (129D 90.9%

CAI chronic ankle instability, FAOS foot and ankle outcome score, FADI foot and ankle disability index, PSS patient’s subjective evaluation on

the treatment, PL palmaris longus, 77—-PT tibial tuberosity—patellar tendon

*This column indicates the cumulative postoperative value for the reported scale: Karlsson—Peterson, FAOS, FADI and, in brackets, the aver-
age post- to preoperative difference for the studies furnishing the preoperative data. The percentage in the fourth line of the table refers to the

patient’s rate of good to excellent subjective satisfaction
5129, 34, 35, 42, 43, 65]
°[9, 15, 16, 25, 32, 47]

4Two studies (42 Patients) were excluded for lack of preoperative Karlsson-Peterson score-[16, 32]

°Only postoperative values were reported, thus not allowing to calculate a post- to preoperative difference [29, 38, 45, 63]

@ Springer



4220

Knee Surgery, Sports Traumatology, Arthroscopy (2022) 30:4214-4224

Residual subjective instability was analysed in 105
patients over 5 studies dealing with allograft procedures.
Three studies reported 0% recurrency rate over a total of 70
patients [17, 34, 43]. The remaining two studies observed
a recurrency rate of 8% (24 patients) and 18% (11 patients)
after combined ATFL/CFL reconstruction with allogenic
semitendinosus and anterior tibialis tendon graft, respec-
tively [10, 21].

Complications

Twenty-four studies analysed the occurrence of surgery-
related complications over 527 patients undergoing auto-
graft procedures (18 studies [1, 9, 12, 15, 16, 22, 25, 32, 38,
39, 43, 48-50, 52, 61, 66, 67]) and 249 patients undergoing
allograft procedures (7 studies [10, 17, 34, 35, 42, 43, 45]).

Postoperative infections were reported in 5/527 patients
after autograft procedures with within-study incidences from
4.3% to 8.7% [16, 43, 61] and in 5/249 patients over three
studies on allograft procedures with within-study incidences
from 1.5% to 4.2% [17, 35, 42].

Hardware related problems were noted in 12/527 auto-
graft procedures, namely tenderness at the insertion of bio-
absorbable screws in six patients [39, 50], and six cases of
discomfort/irritation due to the suspension device used for
fibular fixation of the graft [15, 25].

In the allograft group, two patients enrolled in the same
study reported soft tissue irritation related to the fibular sus-
pension device [10].

Fifteen out of the 527 patients (2.9%) undergoing allo-
graft procedures suffered from harvesting-related problems:
9 cases of peri-incisional paraesthesia around the proximal
tibia after hamstring or patellar tendon harvesting [12, 16,
521, 3 cases of dorsiflexion toe weakness after extensor of
the 4th toe harvesting [1], 1 case of peroneus longus tendi-
nopathy after half peroneus longus harvesting [38], 1 case of
knee superficial wound infection [9] and 1 case of unspeci-
fied knee pain both at the hamstring harvest site [61].

No serious adverse events related to allograft use, such
as reject or immune reaction to the allograft, were reported.

Discussion

The most important finding of this study is that the system-
atic analysis of validated CAI outcome measures and the
patient’s subjective satisfaction does not support a specific
choice between autograft and allograft for the reconstruction
of the ankle lateral ligamentous complex in CAI patients.
Both types of grafts were always associated in the
included literature to a postoperative Karlsson-Peterson
score superior to 80 points, which is the value described in
the original score validation study as the threshold for good/
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excellent results [37]. Besides, the patient’s subjective report
about the results of surgery confirmed similarly high rates
of satisfaction (>90%) associated with both autograft and
allograft.

The retrieved data are in accordance with the available
knowledge on the use of allografts and autografts for ankle
ligaments surgery [5, 62, 64]. Brambilla et al. also concluded
that the available peer-reviewed literature does not ascertain
superiority of either of the two options [5]. However, the
cumulative analysis of the validated CAI outcome meas-
ures selected for this review to compare the use of allograft
and autograft had not been performed yet and furnishes an
original information to the surgeon dealing with ankle sta-
bilisation procedures.

Besides validated outcome scales and patients’ satisfac-
tion, three other evaluation modalities have been analysed in
this review to compare allograft and autograft options: return
to activity after surgery, recurrence rate and complications.

The return to physical activity after surgery is a meaning-
ful parameter in the typically active CAI population, espe-
cially in light of the observed discrepancy between prein-
jury and postoperative activity level, in spite of high scores
on standardized outcome scales [40, 47]. It is recognised
that highly active patients are at risk for a “ceiling effect”
when assessed through patient-reported outcome measures,
which may poorly characterize their true recovery [13]. The
patient’s subjective satisfaction with the procedure may also
inadequately reflect the level of postoperative activity: May
et al. [46] noticed 88% of high satisfaction after surgical sta-
bilisation of the ankle after a Brostrom procedure among 41
patients of which, however, only 54% resumed their prein-
jury activity level. Unfortunately, half of the studies included
in this review did not analyse the postoperative activity level,
confirming previous observations where return to activity
after ankle stabilisation procedures is poorly explored in the
available literature [31, 59]. Moreover, the absence of infor-
mation about physical activity recovery in the vast majority
of the studies dealing with allograft procedures hindered
further comparison between allograft and autograft under
this noteworthy perspective.

Regarding postoperative recurrence of CAI, both auto-
grafts and allografts proved to be effective options with a
similar recurrence rate and complete resolution of instabil-
ity symptoms in the vast majority of treated patients, which
is in accordance with the already available knowledge on
residual instability after ankle stabilisation procedures [57].
However, the ununiform definition of recurrency across the
included studies (from isolated traumatic ankle sprains to
persisting feeling of ankle instability) hindered a consistent
comparison between autograft and allograft procedures.

Complication rates also failed to identify differences
between autograft and allograft procedures with similar low
incidences of postoperative infections and hardware-related
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problems with both techniques. Furthermore, the retrieved
data does not sustain the feared risk of infection transmission
and immunogenic reaction related to allograft application,
which is in line with previous observations on the topic [18].

Due to the seemingly absent clinical superiority of any
graft for lateral ligament reconstruction, it appears reason-
able to analyse basic science studies to find support for treat-
ment selection.

From a pure biomechanical perspective, an ideal graft
should match the mechanical properties of the native liga-
ments and be able to overcome the loss of strength occur-
ring during the ligamentization process of the graft [26].
Available knowledge on the biomechanical features of the
ankle ligaments and reconstructive tendon grafts indicate
that the semitendinosus, the posterior and anterior tibialis
tendons and the peroneal tendons meet or exceed the ulti-
mate tensile strength of the native ankle ligaments [3, 4,
14]. In particular, the ex vivo anatomic reconstruction of the
ATFL using a semitendinosus allograft fixed with absorb-
able screws demonstrated similar strength and stiffness to
the intact ATFL [14]. The analyzed literature highlighted
that allograft procedures are almost always performed
with semitendinosus graft, which is in accordance with the
mentioned biomechanical evidences. The choice of tissue
source is instead more varied for autograft reconstruction
with some selected tendons such as the palmaris longus, the
plantaris and the 4™ extensor, which are not fully supported
by the current biomechanical knowledge [2]. The fact that
the available outcomes did not show clinical differences or
inferiority of any selected graft could be attributed either to
the not uncommon discrepancy between biomechanical data
and clinical outcomes, the inadequacy of the current evalu-
ation modalities to depict differences between the different
techniques or the insufficient quality of the included studies.

Some theoretical specific disadvantages associated with
allografts should also be considered, such as increased time
to incorporation and variability in mechanical strength
due to sterilization techniques and use of irradiation [26].
Knowledge derived from the broader use of grafts in knee
surgery highlighted a higher risk of failure with allografts
in association with irradiation for sterilization [30]. There-
fore, the use of a fresh frozen and non-irradiated allograft
for the reconstruction of the lateral ligamentous complex of
the ankle is recommended to avoid iatrogenic weakening of
the graft.

The main limitation of this systematic review is related to
the quality of the included study as described by the mCMS
score. The retrospective nature of the majority of the included
studies (27 out of 29), the lack of clearly reported diagnostic
and inclusion criteria and the heterogeneity of the selected
grafts affected the consistency of data pooling and the pro-
posed comparison between allograft and autograft procedures.
The absence of preoperative scores in some studies lowered the

number of patients available for pooled post- to preoperative
changes assessment. This, in association with the frequently
small number of patients within the studies, reduced the pos-
sibility of statistical sound comparisons between allograft and
autograft groups. Likewise, it implies bias due to unknown
preoperative scores when analyzing the global postoperative
scores of the two groups.

Another potential limitation is related to the eligibility cri-
teria, namely the use of predefined CAI evaluation modali-
ties as minimum requirement for inclusion, which may have
excluded additional data on secondary outcomes for compari-
son between allografts and autografts. Nevertheless, the 776
patients analyzed for postoperative complications furnished a
broad overview of this outcome in CAI reconstruction surgery;
the low morbidity observed after hamstring harvesting and the
similar infection rates between autografts and allografts are
concordant with a vast body of knowledge on the use of grafts
in knee ligament reconstruction surgery [30]. Additional infor-
mation on ankle instability recurrency might have also been
retrieved from the excluded literature. Yet, previous observa-
tion on the absence of this evaluation in half of the research
dealing with CAI surgery [58] and a not standardized defini-
tion of postoperative recurrency limit the concerns about the
loss of this specific information in the excluded studies. In
light of these observations and considering the aforementioned
inherent methodological weaknesses of the literature dealing
with CAI surgery, we do not expect that the studies excluded
because of inadequate primary outcomes would have furnished
considerably different conclusions on the comparison between
allografts and autografts procedures.

The effectiveness of ankle ligament reconstruction for CAI
treatment shown in this review is primary supported by a
Karlsson-Peterson score which was always beyond 80 points,
regardless the selected graft. This value has been suggested by
the score developers to correspond to good-to-excellent post-
operative results [37]. Despite specific validation of the Karls-
son-Peterson score in the CAI population, the correlation of
the scale values with the patient’s symptomatic state, as well as
the correlation between post- to preoperative changes and the
clinical benefit perceived by the patient are unknown. Future
definition of significant outcomes for validated CAI scores
would allow a better interpretation of the reported results even-
tually leading to a more reliable comparison between different
strategies such as the use of allograft or autograft for recon-
struction of lateral ankle ligaments.

Conclusions

The data reported in the study support the use of both allo-
grafts and autografts for the reconstruction of lateral ankle
ligaments, with no evident clinical difference highlighted
by the evaluation modalities relevant to the specific CAI
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population. It can thus be concluded that in case of ankle
stabilization procedures with a deficient native ligamentous
complex both allografts and autografts can be offered to the
patient, with similar expected clinical results.
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