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A literature search was conducted to systematically review and meta-analyze
time-loss and recurrence rate of lateral ankle sprains (LAS) in male professional
football players. Six electronic databases (PubMed, Scopus, Web of Science,
PEDRO, CINAHL, and Cochrane) were searched independently, separately both
for time-loss and recurrence from inception until April 30, 2021. In addition, ref-
erence lists were screened manually to find additional literature. Cohort studies,
case reports, case-control studies and RCT in English language of male profes-
sional football players (aged more than 16 years) for which data on time-loss or
recurrence rates of LAS were available were included. A total of 13 (recurrence)
and 12 (time-loss) studies met the inclusion criteria. The total sample size of the
recurrence studies was 36,201 participants (44,404 overall initial injuries; 7944
initial ankle sprain [AS] injuries, 1193 recurrent AS injuries). 16,442 professional
football players (4893 initial AS injuries; 748 recurrent AS injuries) were meta-
analyzed. A recurrence rate of 17.11% (95% CI: 13.31-20.92%; df = 12; Q = 19.53;
I = 38.57%) based on the random-effects model was determined. A total of 7736
participants were part of the time-loss studies (35,888 total injuries; 4848 total
ankle injuries; 3370 AS injuries). Out of the 7736 participants, 7337 participants
met the inclusion criteria with a total of 3346 AS injuries. The average time-loss
was 15 days (weighted mean: 15.92; median: 14.95; min: 9.55; max: 52.9). We de-
termined a priori considerable heterogeneity (CI: 18.15-22.08; df = 11; Q = 158; I?
=93%), so that the data on time-loss are only presented descriptively. There is an
average time-loss of 15 days per LAS and a recurrence rate of 17%. LAS is one of
the most common types of injury with higher recurrence rates than ACL injuries
(9%-12%) in professional football players. Nevertheless, the focus of research in
recent years has been mostly on ACL injuries. However, the high recurrence rates
and long-term consequences show the necessity for research in the field of LAS
in elite football. Yet, heterogeneous data lead to difficulties concerning the aspect
of comparability.
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1 | INTRODUCTION

Ligamentous injuries of the ankle are among the most
common types of injuries in sports,'™ especially in
sports with multi-directional movement patterns.'®™"
Along with muscle (33-35%)'*"” and knee joint injuries
(15%-21%),"***% trauma to the ankle is the third most
common type of injury in professional football.'”*'~** The
injury rate is still high despite a decreasing trend in the
injury frequency of ligamentous ankle injuries in profes-
sional soccer**: 10-18% of the occurring injuries in pro-
fessional football involve the ankle.!>!7192125-29 Of thjg,
ligamentous injuries (ankle sprains) account for a large
proportion of occurring ankle injuries, with 62-69%.%*2
More than 75% of ankle sprains involve the lateral
ligaments.*2¢

Previous injuries and inadequate rehabilitation are
considered the greatest risk factors for recurrent inju-
ries'**°% the re-injury rate of ligamentous ankle injuries
in sports is increased two- to fivefold,'***** and especially
in soccer up to fivefold.**>* Persistent symptoms such
as feelings of instability, persistent swelling, continuous
pain conditions, limited mobility, or cartilage defects can
have serious long-term consequences for athletes, and in
the worst case, lead to early career dropout.***

Injury-related time-loss due to initial or recurrent in-
juries can have significant consequences from many per-
spectives for various stakeholders (clubs, teams, players,
insurances): The team's success depends largely on player
availability.**** Long periods of time-loss can therefore
have a negative impact on the success of a team and, as
a consequence, can be decisive for its performance in the
league table and for promotion and relegation. In turn,
poor table performance can have important consequences
for clubs and indirectly causes high costs.** Medical treat-
ment costs directly affect insurance companies. Players,
especially elite junior athletes, can be hindered in their
athletic development by injury-related time-loss. In ad-
dition, an inadequately rehabilitated initial injury, espe-
cially in adolescence, is often the beginning of a persistent
“injury career”.”’

Lateral ankle ligament injury is still trivialized. Often,
the time-loss is less than the time of physiological wound
healing.** An injury that has not completely healed can
have long-lasting consequences (e.g., CAI) and can be a
major risk factor for re-injury. Due to differences in study
designs, current data on time-loss and recurrence rates
of ligamentous ankle injuries in professional football are

very heterogeneous. Therefore, this review aimed to sys-
tematically compile data on time-loss and recurrence rates
of lateral ligamentous ankle injuries in male professional
football (soccer). Data on time-loss and recurrence rate
can be used as outcome parameters both for practitioners
to evaluate the effectiveness of existing concepts and for
researchers to evaluate future return to sports approaches.

2 | MATERIAL AND METHODS
All procedures were performed in accordance with the lat-
est PRISMA statement.*

2.1 | Search strategy

We conducted a systematic literature search on time-loss
and recurrence rates of ligamentous lateral ankle injuries
in male professional football players from inception until
April 30, 2021 (PROSPERO: CRD42020201577).

2.2 | Study selection and
eligibility criteria

Studies had to meet the following inclusion criteria: (1)
peer-reviewed; (2) availability of epidemiological data; (3)
study type: case reports, case—control studies, case-cohort
studies, randomized controlled trials; (4) sex: male; (5)
age: >16 years; (6) Level of play: professionals; (7) sports:
football (soccer); and (8) injury: lateral ligamentous ankle
injuries.

2.3 | Databases and reference lists

We scanned six electronic databases (PubMed, CINAHL,
Cochrane, PEDro, Scopus, and Web of Science) during
August-September 2020 with the following search terms
in Boolean search strategy both for time-loss (football OR
soccer) AND (elite OR professional) AND (ankle injuries
OR ankle sprains OR lateral ligamentous ankle injuries
OR lateral ligamentous ankle sprains) AND (time-loss OR
time lost injury OR time* OR return*) and recurrence rate
(football OR soccer) AND (elite OR professional) AND
(ankle injuries OR ankle sprains OR lateral ligamentous
ankle injuries OR lateral ligamentous ankle sprains) AND
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(recurrence* OR reinjur* OR recurrent* OR repeat* OR
second*). Reference lists were manually scanned to find
additional relevant studies that had not been identified in
the electronic databases.

2.4 | Screening process

2.4.1 | Abstractscreening

Two independent examiners (ZF, KH) screened title and
abstracts. Titles were transferred into an Excel list and
were reviewed by the first author (ZF) for accordance. A
third author (KDC) was contacted in case of disagreement
and decided whether to include the abstract in the full-
text screening.

2.4.2 | Full-text screening

ZF screened all of the relevant articles (October/
November 2020) for meeting the inclusion criteria using
a codebook (Excel file). Relevant articles were screened in
a two-step procedure: in a pre-final analysis, evidently ir-
relevant articles were excluded. In a further final analysis,

the remaining articles were screened again. This two-step
analysis approach ensured meeting the inclusion criteria.
Before data extraction, the second author (KH) screened
the articles that passed the final analysis (Appendix S1
and S2).

2.43 | Data extraction

Relevant articles for both time-loss and recurrence rate
were tabulated by the first author (ZF) in three categories
(1) characteristics of included studies; (2) subgroup anal-
ysis; (3) results. Subsequently, data were compiled from
relevant articles.

2.5 | Quality assessment of
reporting quality

A modified version of the STROBE guidelines*® was used
to assess methodological quality and was systematically
evaluated using a checklist and data sheet (Appendix S3
and S4). We extracted 11 of the 22 items (Methods: Items
4-9; Results: Items 15, 16; Discussion: 18-20). One point
could be given for each item. We defined sub-items as

[ Identification of studies via databases and registers ]
(N
Records identified from:
c Databases (n =412)
S PubMed (n = 128) Records removed before
3 Scopus (n = 26) screening:
= Web of Science (n = 180) > Abstracts and titles (n=310)
§ PEDRO (n = 0) Duplicates (n = 33)
T CINAHL (n = 56) Disagreement (n = 23)
Cochrane (n = 22)
—
v
——
Records screened:
(n = 46)
Records excluded (n=36):
v Data availability (n = 7)
. Age (n=1)
Pre-final analysis: > Language (n = 2)
= (n=46) Article n.a. (n =5)
§ More than one reasons (n = 21)
3 v
::r:n=al1a(|)r;alysis: ———» | Reports excluded (n = 0)
-— Additional literature,
meet criteria (n = 2)
N
v
S
k: Studies included in data
= extraction and analysis:
2 (n=12)
) FIGURE 1 Flow-Chart time-loss
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FIGURE 2 Flow-Chart recurrence
; [ Identification of studies via databases and registers J
rate
Records identified from:
c Databases (n = 516)
S PubMed (n = 72) Records removed before
3 Scopus (n = 288) screening:
[ Web of Science (n = 89) > Title and Abstracts (n=457)
? PEDRO (n =0) Duplicates (n = 13)
© CINAHL (n = 42) Disagreement (n = 9)
Cochrane (n = 25)
N—
v
Y
Records screened:
(n=37)
Records excluded (n=26):
Data availability (n = 11)
v Sports (n=1)
Status (n=1)
Pre-final analysis: R Type of study (n = 1)
2 (n=37) > Type of injury (n=1)
= Language (n=1)
g More than one criteria (n = 10)
“;; A
Final analysis: R _
(n=11) »| Reports excluded (n = 0)
«-— Additional literature, meet
criteria
) (n=2)
v
o
§ Studies included in data
3 extraction and analysis:
g (n=13)
—

necessary (N) or facultative (F), respectively. To evaluate
an item as 1, all necessary sub-items (N) must be met. We
used a range system. Studies within a range of 8-11 points
were defined as high quality, 4-7 points as moderate,
and 0-3 points as low quality. Two examiners (ZF, KH)
evaluated each study independently. In case of disagree-
ment, a third author (KDC) made the final assessment.
Modifications of the STROBE guidelines have already
been applied in previous reviews.*>***

2.6 | Dealing with missing data

Data could be calculated if other data were available that
allowed an unambiguous calculation. Missing data were
requested from the author via e-mail if studies seemed to
have useful but not clear reported data. The authors had
to respond on request within four weeks. This approach
could potentially raise the number of included studies.

2.7 | Data extraction: Systematic review

Separate data extraction sheets were prepared for both
outcome parameters of interest (time-loss and recurrence

rate). Relevant data on the time of recurrence (early/late)
for the outcome parameters were extracted from the stud-
ies and entered into these data sheets. The data relevant
for time-loss are type of ankle injury, frequency of ankle
injury (n+%), frequency of ankle injury in different age-
groups (n+%), time-loss (days) in different age groups
(n+%), and severity (n+%). The following data of recur-
rence rate were of interest: type of injury, frequency of
ankle injury initial and recurrence (n+%), frequency of
ankle injuries in different age groups (n+%), frequency of
recurrence in different age groups (n+%), on the time of
recurrence (early/late) for the outcome parameters were
extracted from the studies and entered into these data
sheets.

2.8 | Data extraction and statistical
analysis: Meta-analysis

Data on the relevant outcome parameters (time-loss: over-
all sample size; number of injuries; lost time in days, age;
recurrence rate: overall sample size, number of injuries),
number of recurrences (n+%) were statistically evaluated.

Only data from the target group (male, age > 16 years—
professionals) were calculated in the meta-analysis. The
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TABLE 1 (Continued)

Distinction
between
early

General study descriptors

FLORE ET AL.

Participants

and late

Definition of
investigated
ankle injury

Age (years)

Study

recurrence
(yes/no)

Definition

Study Type

(Design)

(Author,
Year)

recurrence Follow-up time

Range

Sex Mean + SD

Number (n)

Country

Status

16 years

no

“A re-injury was

“Ankle lateral

male

=?

Professionals EU + Sweden,

Cohort study

Ekstrand

(2001-2017)

defined as an

ligament
injury”

116 teams (24

Denmark,
England,

(2020)

injury of the

countries)

same type

Norway

and location

as a previous

injury.”

meta-analysis was conducted based on the random-effects
model*: Heterogeneity was both determined by using the
Cochran's Q and I” test and in addition visually checked
by the funnel plot. The following thresholds were set to
guide the interpretation of heterogeneity: 0%-40% (not
important), 30%-60% (moderate), 50%-90% (substantial),
and 75%-100% (considerable).

2.9 | Deviations from the
PROSPERO protocol

Only minor changes were made to the PROSPERO proto-
col. Deviating from the previously defined inclusion cri-
teria, we also included studies that did not include a clear
definition of recurrence rate.

3 | SYSTEMATIC REVIEW
3.1 | Results
3.1.1 | Search process

Time-loss

A total of 412 records were identified in six electronic da-
tabases whose abstracts and titles were screened. After
removing irrelevant studies, a total of 12 studies for time-
loss were included in the analysis. The process is shown
in Figure 1.

Recurrence rate

In sum, 516 records were identified for recurrence rate.
At the end of the screening procedure, a total of 13 stud-
ies met the inclusion criteria and were analyzed for recur-
rence rate (Figure 2).

3.2 | Characteristics of included studies
3.2.1 | Time-loss

Twelve studies from 8 different countries (England (3), EU
(3),Brazil (1), Netherlands (1), Spain (1), Turkey (1), Australia
(1), and Germany (1)) were analyzed (Table 1). One out of
12 studies examined elite youth players only*; two out of
12 studies examined both elite youth and professional play-
ers.”®> 9 out of 12 studies examined only professionals. Six
out of 12 studies made differentiated age statements. Eleven
out of 12 studies examined exclusively male football players;
one out of 12 studies examined other sports and women in
addition to male football players. Data were extractable. All
studies included a clear definition of time-loss.
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3.2.2 | Recurrence rate

Thirteen studies from seven different countries (England
(4), Saudi Arabia (1), Netherlands (1), USA (2), Iran (1),
Sweden (1), and EU (3)) were analyzed (Table 2). One
study™ examined elite youth players only. 2 of 12 studies
included both elite youth players and professional players.
Only 2 of 13 studies provided differentiated age data. One
study™ included both professionals and amateurs. 3 of 12
studies®*°® included other sports: of these, 2 of 3 included
women.”*> Relevant data were extractable from all studies.

3.3 | Results of individual studies for all
outcome parameters

3.3.1 | Time-loss

The overall sample size derived from 12 studies is 7736
participants. Two studies do not provide clear information
on the sample size.””*® Of the 7736 participants, 7701 were
male, 35 were female. 6054 participants were profession-
als (male: 6019; female: 35), 443 elite youth players and
1049 semi-professionals (Table S1).

35,888 overall injuries were recorded of which 4848
(13.5%) were ankle injuries. Of these 4848 overall ankle in-
juries, 3370 were ankle sprains (69.5%): 3299 ankle sprains
occurred in professionals, 71 ankle sprains in elite youth
players (47 ankle sprains in the target older age groups).
Therefore, a total of 3346 ankle sprain injuries were in-
cluded in the statistical calculation.

All studies indicate the time-loss as “mean”. Five of 12
studies report both mean and median. No study reports
only the median, one study reports “average”. Each study
clearly defines time-loss. In two of 12 studies,’”® no
clearly differentiated age information is given.

3.3.2 | Recurrence rate

The overall sample size of the 13 studies is 36,201 partici-
pants (male: 29,941; female: 9260). Of these, 30,669 were
professionals (84.7%), 4979 elite youth players (13.7%) and
554 amateurs (1.5%).

44,404 initial injuries of all anatomical areas were
registered, of which 6587 were recurrences (14.8%). Of
40,905 initial injuries, 5966 recurrences occurred in male
athletes. 158 recurrences of 1756 initial injuries were re-
corded in female athletes.

27,174 injuries and 3496 recurrences occurred in pro-
fessionals (12.8%), 780 initial injuries and 137 recurrences
in elite youth players (17.5%) and 7 initial in amateurs.

Data on recurrence for amateurs were not available. A
total of 7944 initial ankle sprain injuries and 1193 ankle
sprain recurrences were identified from all groups, gen-
ders, and age groups. Of these, 4893 initial and 748 recur-
rences were meta-analytically calculated in 16,442 football
players (Table 3).

Four of 13 studies clearly define the “recurrence rate”.
Only one of 13 studies distinguishes between “early” and
“late” recurrence. No study distinguishes between “recur-
rence rate” and “exacerbation”.

3.4 | Risk of bias/ quality assessment

3.4.1 | Time-loss

None of the included studies were of low quality. While 4
out of 12 (33%) were of moderate quality,”>*>*% 8 out of
12 (66%) were of high quality.>*#%313758.61-63

3.4.2 | Recurrence rate

Four out of 13 (31%) of the studies were of moder-
ate quality.*®***>> Eight out of 13 (61%) showed high
quality.***”*313457 Eor one study (1 out of 13, 8%) no
agreement could be reached on the assessment.*

There is a trend towards improved quality assessment
through the introduction of recording recommendations.
Appendix S5 summarizes the results of the methodologi-
cal quality assessment.

4 | META-ANALYSIS
4.1 | Statistical analysis
4.1.1 | Data extraction

Recurrence rate

Thirteen studies were included in the meta-analysis as
shown in Figures 3 and 4. A sample size of 16,442 play-
ers (male, age > 16 years — professionals) was determined
in these 13 studies. Four of the 13 studies provide accu-
rate age data for a total of 9587 players. The mean age
of this sample is 25.12 (SD = 4.67) years. These 13 stud-
ies included a total of 4893 ligament ankle sprains, of
which 748 were recurrent injuries. Meta-analytically, a
mean and pooled weighted recurrence rate based on the
random-effects model of 17.11% (95% CI: 13.31%-20.92%;
df = 12; Q = 19.53; I = 38.57%) was calculated. We found
moderate heterogeneity (I* = 38.57%).



1701

WILEY

FLORE ET AL.

"19 = L£9 JO INO %6 %6 SeM SV JO d1er Amnfur-a1,, :(€00T) SPOON,

*(9 = u) JULIINDAI dIaM € JO N0 % TT {(surelds aue £5=) sureids UL %{S d1am surelds 66 Jo Ino ‘sureids 66 :(S00T) UIPIBM,
‘paredionaed saxas joq yorym ur sy1ods sapnjour AJuo {0z = €41 JO N0 %1 :(910T) SO0,

“(sureds ap{ue) saun(ur-a1 16 = saLIN[UI-a1 £ZT JO INO %z, ‘Sutelds S[UL €7 = L7, JO INO %7, ‘LTL = SALIN[UI [[e JO N0 %6T :(+00T) 2d,
'S6=STT JO MO %9L (6661) SUNMEH,

‘pare[nofed aram eyep wﬁwmw_zm

*90URIINDAI D3 S[RUOISSAJOIJ “JOIJ ‘O[qe[IBAR JOU B°U {[BIIUI “IIUJ [BWSJ “W ‘YINOX NIH ‘AH ‘UreldS o[uy ‘SV {INdJBWlY ‘WY SUOIBIARIGQY

8SYL €681 L6 18749 19 13474 e L LET 08L 96V YLI'LT 8ST 9SLT 9965 S06°0% €611 6L L8S9 YOv'vy ¥SS 6L67 699°0€ 0926  T¥6°9C 10Z°9€ ®eoL
(swea) 91T) (0202)

LT 09CT 0 0 LT 09CT 0 0 0 0 9I0¢ T6'TT 0 0 910€ we'Te  (BLET) TLT 0921 910€ 6T Tu U vu vu Tu Tu puensyg
(9102)

8€T 18 0 0 8€T 18 e L 0 0 8€T 18 0 0 6¥¥C 0SO'€T 8€T 18 67T 0SO'ET e 0 0L68 0 1126 1126 pun[S8eH
«(£007)

9 LLY 0 0 9 LLY 0 0 0 0 e T10T 0 0 eu TT0T 19 LL9 eu TT0T 0 0 9LET 0 9LET 9LET SpPoOM
(€102)

8¢ (459 0 0 8¢ (439 0 0 0 0 j1as 080T 0 0 [LCI 080T 8¢ (439 14 080T 0 0 EVLT 0 VLT VLT ugprem
(5002)
9 €S 0 0 9 €S 0 0 0 0 9 €S 0 0 9 €S 29 5€8 08T S9L 0 0 (183 0 ore ore usprem
0T 1341 0 0 0T 1348 0 0 0 0 p0C 1348 vu L9 Tu 9SL 68C 6TC 68T 6T¥C eu v vu v Tu wu - (9102) SO0y
16 €TS 16 €Ts 0 0 0 0 LTT LTL 0 0 0 0 LTT LTL 516 5€CS LTt SLTL 0 ELLY 0 0 €LLY €LLY «(P00T) 23114
(0202)
Teys

9 0€ 0 0 9 0€ 0 0 0 0 0T 0€ 0 0 (14 0€ 0c 0€ 0T 0€ 0 0 90T 0 90T 90T -queysmog

14 14! LAY LAY eu eu 0 0 0 0 0 0 0 0 T Sy 14 141 T Sy 0 or 8T 0 L9 L9 (¥107) urer
«6661)

1€ <6 e'u eu ‘eru B'u 0 0 eru 8 s €T 0 0 1€ nmm 1€ S6 1€ (Y4 % Ba eru eru eru B'u Ba surmeHq
(6102)

6€T L19 0 0 LET L19 0 0 0 0 6€T 86 8ST 80T 6€T 86 L6T 8GET L6T 890C 0 0 STOLT 0926 S9LL STO'LT  uespueIqnD)
(8102)

9 1c 9 8T 0 € 0 0 0oL 14 0 0 0 0 (08 Sy (08 94 o1 Sy 0 991 144 0 061 061 zsuel
9¢ L8 0 0 9¢ L8 s eu 0 0 9¢ L8 0 0 9¢ L8 9¢ L8 9¢ L8 €1e 0 L8 0 00t 00r  (0207) IPwy

99y WUl 99y UL 99y UL 99y UL 99y WU dy U dy WU 291 ‘g 09 Wup 09y ‘g () () () () () (Ire1340) Apmg
wy Ad ‘Joad wRg AN (u) azis

sIsATeuy (u) X3 (u) Joid wy (u) X3 (u) Joid ‘W srewr ([Te13A0) (Irexaa0) a8y / smeig X3S aydures

"B 103 (K fuy ([rex20) a8y / snyels ([[e19A0) X3S SV jo IoquinN sopmfur jo

(pa3oex2) SV A[uo) 28y / smis SR
ereq
sarmfug sjuednreq

91BI QOUALINOY—SINSY € ATIV.L



1702
_I_Wl LEY

FLORE ET AL.

Time-Loss

Twelve studies were included in the meta-analysis. A
sample size of 7293 players (male, age > 16 years — pro-
fessionals) was determined in these 12 studies. Six of 12
studies included specific age data for a total of 2013 (1849
professional; 164 elite youth) players. The average age de-
termined is 23.91 (SD = 4.99) years. An a priori assess-
ment of heterogeneity found “considerable heterogeneity”
(20.11 days; 95%CI 18.15-22.08; df = 11; Q = 158.19; I’ =
93.05%). Due to “considerable heterogeneity” we decided
to perform descriptive statistics for the time-loss outcome
parameter. There were 3346 ankle sprains (Professionals:
3299; Elite Youth: 47) in the 12 included studies. We found
the weighted mean time-loss is 15.92 days (median: 14.95;
minimum: 9.55; maximum: 52.9).

5 | DISCUSSION

To our knowledge, this is the first systematic review to
explicitly examine the time-loss and recurrence rate after
lateral ankle ligament injuries in professional football
players. The overall aim of this systematic review was to
determine time-loss and recurrence rates after LAS in elite
football players. Among other things, these can serve as
outcome parameters for testing the effectiveness of future
rehabilitation concepts.

51 | Main findings

51.1 | Time-loss

We determined an average time-loss of 15.92 days (MD:
14.95; Min: 9.55; Max: 52.9) following lateral ankle ligament

injury. Even though only one of the included studies™ ex-
plicitly investigated severe injuries (ruptures), it should be
critically noted that wound healing of the ligaments is still
incomplete with time losses of about 15 days,* especially
for higher grade ankle sprains with structural damage.
Ligaments need adequate tissue loading in rehabilitation
training sessions for remodeling and maturation to attain
adequate stability.** On the one hand, this physiological
process is time-based and unlikely to be complete with
time-loss of 15 days leading to professional football play-
ers returning to competitive sport with incomplete healing
of the ligament structures. On the other hand, this high-
lights the need for criteria-based functional rehabilitation
which should be independent of time. Time-loss of 15 days
raises doubts as to whether the duration of the rehabilita-
tion period is sufficient to gradually restore sport-specific
function to pre-injury levels. Athletes should not return to
sport until specific criteria are met and original movement
patterns are restored. Compensatory movement behavior
due to unhealed injuries by an insufficient rehabilitation
period are risk factors for secondary injuries.®®

Therefore, approaches to functional rehabilitation
based on specific criteria fulfillment for RTC were devel-
oped for knee and muscle injuries.®*®® Such approaches
are still lacking for ankle injuries.”>”" In this context, the
use of pain-relieving drugs for the fastest possible RTC
should also be critically discussed. Neither subjectively re-
ported absence of pain nor time should be decisive factors
in determining RTC.

5.1.2 | Recurrence rate

We determined a recurrence rate of lateral ankle ligament
injury in competitive football players of 17%. Even though
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Study Recurrence rate (95% CI) :
Amer (2020) 41.38% (27.86-54.90%) I = |
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FIGURE 4 Forrest Plot Recurrence rate

this is a higher recurrence rate of ACL injuries (9%-12%) in
professional football,>”">" a major focus of research was on
ACL injuries in the past. Thus, there is a need to fill the gap in
research of LAS, especially in the question of reasons for the
high rate of recurrent ankle injuries in professional football
players. In addition to a possible insufficient healing time
(cf. time-loss), healing and tissue stability, the causes of high
recurrence rates can be suspected in neuro-plastic altera-
tions. Injuries change the movement pattern at the cortico-
spinal level and influence postural control mechanisms.”*7
This could affect protective mechanisms to prevent further
trauma (e.g., prolonged latency).””””® This could explain
why a previous injury is one of the greatest risk factors for
a subsequent injury.** We could not identify in this review
whether the recurrences occurred at an early or late time
point. However, morphologic alterations in axons at early
time points after injury have been described.” Thus, with
knowledge of the timing of recurrent injuries, more specific
prevention programs could be developed based on neuro-
plastic research findings. Longer rehabilitation periods after
ACL injuries, however, offer the possibility to gradually
eliminate deficits and to restore original movement pattern.

Ankle injuries are often trivialized.” Financial pressures
can lead to athletes and medical staff encounter severe

pressure from the club’'s management and coaching staff to
return athletes to play as quick but may not be as safe as pos-
sible. Coaching staff is pressured to succeed and to win ti-
tles. Thus, coaches may put pressure on athletes to risk their
own health and long-term consequences for short-term
success.™ This often leads to conflicting situations between
medical staff and head coaches.®" Head coach’s leadership
style and trustworthy internal communication between the
medical team and the head coach are important factors in
reducing injury risk. Teams with high internal communica-
tion quality had lower injury rates and higher player avail-
ability than teams with low communication quality.** This
could explain the connection between the short duration of
absence and the increased recurrence rate for these injuries,
especially since every form of injury must be considered a
“systemic injury” with consequences at the cortical level
(e.g., altered movement pattern).

On the one hand, Ekstrand®**®® describes a decreas-
ing trend in the occurrence and recurrence rate for all
types of injuries as well as for ligament injuries in elite
football players. However, our review could not confirm
this decreasing trend for ankle ligament injuries. The au-
thors attribute the decreasing trend, among other things,
to improved treatment and rehabilitation concepts.
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Nevertheless, the recurrence rate of 17% after LAS appears
high. Recurrence rates above the initial injury rate should
give rise to discussion and, despite improved rehabilita-
tion measures, the effectiveness of current rehabilitation
concepts should be questioned especially in supposedly
minor low-grade ankle sprains. Malliaropooulos® shows
in his study that in particular low-grade ankle sprains
show high recurrence rates. They ascribe this, among
other things, to the trivialization of the injury and the
insufficient duration of rehabilitation. Rehabilitation is
mostly still time-based and controlled by the experience of
the physician and therapist. Although guidelines for RTC
decisions have been developed in the past,* there are cur-
rently few criteria-based step-by-step approaches to guide
the rehabilitation.

Reducing recurrence rates after LAS has benefits for
many stakeholders (player, team, club): injury-free teams
are proven to be more successful.*! The availability of key
players, in particular, can determine matches, and thus,
the outcome of the standings (table position) and, ulti-
mately, promotion or relegation. A correlation between
injury-related time-loss and costs incurred has been iden-
tified both globally* and specifically in relation to ankle
injury.®® For professional players, a repeatedly long period
of time-loss often means fewer practice and a possible loss
of their regular place, which is often accompanied by sig-
nificant decrease of their market value and may put play-
ers into disadvantageous negotiating positions for new
contracts.

5.2 | Reporting quality/reporting bias

We used a modified form of the STROBE guidelines to as-
sess the reporting quality of included studies.***’” The ma-
jority of studies were of moderate to high reporting quality.
More recent studies published after the establishment of
consensus agreements on data recording tended to have
better reporting quality. This could indicate the success-
ful establishment of uniform recording recommendations
through consensus statements. Nevertheless, the original
STROBE assessment appears to be suitable only to a lim-
ited extent, since not all of the 22 items or their sub-items
appear to be suitable for assessing the reporting quality
of individual questions of systematic reviews. The use of
a pure sum score to assess the quality of reporting seems
unsuitable, as individual items can have different impor-
tance. This approach is quite imprecise. Nevertheless, it
offers an approximation for assessing the reporting quality
of included studies. Critically, it should be noted that the
procedure refers purely to the assessment of reporting and
does not represent a report on the methodological qual-
ity of the study itself.**® Even methodologically poorly

conducted studies can be well reported, and vice versa.
Nevertheless, modified STROBE guidelines are obviously
also indirectly suitable for assessing study quality.89 The
lack of a quality assessment for observational studies led
us to develop our own approach. Therefore, we decided on
a “range-solution”. Various systematic reviews use modi-
fied versions for quality assessment.*****” This indicates
the need for future development of specific assessment
methods to assess quality of observational studies.

5.2.1 | Confounder of reporting

We were able to identify only a few studies from which
we could determine the time-loss or recurrence rates
after lateral ligament injuries of the ankle in professional
football players. This finding confirms the results of
Lopez-Valenciano et al.,” who found it was not feasible
to conduct a subgroup analysis on the time-loss of differ-
ent types of injuries in professional football due to a lack
of data. In addition, the heterogeneous data situation of
non-uniform recording methods makes the comparability
of individual study results difficult. For this reason, eleven
consensus papers on processes of homogeneous data col-
lection have been produced since 2005 in order to estab-
lish better reporting standards for epidemiological studies
in the future.”®*!

Subgroup analysis

Only a few of the included studies (time-loss 6/12; recur-
rence rate 2/13) provide specific age information, so that
we could not conduct a subgroup analysis of the outcome
parameters (time-loss; recurrence rate) between profes-
sionals and elite youth players. Thus, future studies should
present differentiated information on age. An overview of
injury occurrence (e.g., exposure, prevalence, incidence,
recurrence rate, time-loss, and severity) of different age
cohorts can help to detect injury patterns at certain ca-
reer points and to develop target-oriented prevention pro-
grams. Originally, we planned a differentiated subgroup
analysis of different ankle ligaments. However, only a few
studies (recurrence: 2/13; time-loss: 3/12) present data
of interest of different lateral ligamentous structures, so
we could not perform a subgroup analysis of specific liga-
ment structures. Future studies should also provide infor-
mation on anatomical structures to specific time-loss for
individual ligaments to improve prevention for reduction
of recurrence rates.

Inconsistent definitions

Inconsistent definitions make it difficult to compare study
results: while 12 out of 12 studies described a clear defi-
nition for time-loss, only 4 of 13 studies clearly defined
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“recurrence”. This reporting bias can lead to inconsistent
results and should be taken into account when interpret-
ing the results of this review. This finding highlights the
need for uniform definitions in the future for compara-
bility of results. Similarly, only one study®" differentiate
between “early” and “late” recurrence: by knowing more
precisely the timing of recurrence, more effective preven-
tion strategies could be developed that take into account
vulnerable phases. The timing of vulnerable phases for re-
currence appears to be better researched in ACL injuries,
among others.”***

Exacerbation versus recurrence

No study differentiates between “exacerbation” or “re-
currence”: future studies focusing on issues of recurrent
injury causation should also include sub-categories of re-
currence and exacerbation to ultimately establish better
RTC decision models.”® Inclusion of exacerbation-category
specified data. Accordingly, a re-injury suffered during
rehabilitation before the RTC would not be recorded as
a “recurrence” but as an “exacerbation”. This definition
implies a possible prolonged time-loss and should be
critically considered under this aspect. Nevertheless, an
integration of this sub-category (“exacerbation”) seems
advisable. This should initially be integrated additionally
in future studies so that the data on existing studies re-
main comparable.

6 | STRENGTHS

This systematic review followed a clear methodological
approach based on the current PRISMA guidelines,45 it
was registered on PROSPERO prior to literature search-
ing and at least two authors (ZF, KH) assessed relevant
data independently.

A strength of this systematic review lies in the specific-
ity: we included only studies that provide data on time-loss
and recurrence rates of lateral ankle ligament injuries in
male professional football players. Many studies present
the data non-specifically by location (“ankle”). Based on
the aim to specifically investigate lateral ligament injuries,
we excluded studies of a global presentation (“ankle”).

Another strength is the large sample size of partici-
pants and injuries examined for both time-loss and re-
currence rate, which makes the results of this systematic
review very robust.

7 | LIMITATIONS

Despite following the latest PRISMA guidelines and
PROSPERO registration, there were still some limitations

WILEY- ™

of our systematic review. Firstly, we included some stud-
ies that did not clearly define age or status. Data on elite or
professionals classified participants as “adults”. We also
classified college athletes as “professionals”. Secondly,
as it is often not possible to differentiate between differ-
ent ligamentous ankle injuries from the study data, we
included all types of ankle sprains based on the knowl-
edge that approximately 75%-90% of all ankle sprains
affect the lateral ligaments.**® In contrast to what was
registered on PROSPERO, we also included studies that
did not (or did not clearly) define “recurrence”. Adhering
to this criterion would have drastically reduced the num-
ber of studies for the analysis. On a rather critical note,
the overall comparability is limited due to the lacking
definition of “recurrence”. It should also be considered
that we only included study data from male professional
football players, so that our results are not generaliz-
able to other cohorts (e.g., female, amateur, non-elite,
younger age) and the results must be interpreted within
this context.

8 | PERSPECTIVE

The results of this systematic review on time-loss and re-
currence rate can be used as outcome parameters to eval-
uate the effectiveness of existing concepts. On the one
hand, practitioners can use them as “guideline values”
to evaluate their own approaches. On the other hand, the
results can be helpful in convincing athletes and espe-
cially coaches of the need for adequate function-based
rehabilitation, even though this may mean a potentially
longer rehabilitation period. In particular, coaches are
pushing for an early return of their key players. The risk
of re-injury with the knowledge that a subsequent injury
means not only a renewed but mostly also prolonged
time-loss, can be a strong argument towards coaches
for accepting a longer rehabilitation period, especially
if they push (also being under external pressure) for an
early RTC. Elite youth players in particular should not
return to competition with physiologically unhealed
ligament structures, which is a major responsibility for
medical teams.

Finally, researchers can use the results of this system-
atic review of the outcome parameters as a basis for pro-
spective planning and evaluation of the effectiveness of
future rehabilitation concepts.

9 | CONCLUSION

Lateral ankle ligament injuries are one of the most com-
mon types of injury in professional football. The time-loss
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averages 15 days and is thus below the necessary time for
physiological wound healing. The high recurrence rate
of 17% raises the question whether the duration of the
rehabilitation period is sufficient to gradually restore
sport-specific function to pre-injury levels. These find-
ings highlight the need for criteria-based rehabilitation
concepts. Data on time-loss and recurrence rate can be
used as outcome parameters to evaluate the effective-
ness of rehabilitation algorithms, based on this system-
atic review's result. Nevertheless, the heterogenous data
recording of individual studies complicates the general
comparability of the study results which highlights the
need for future homogenous data recording in football
injury studies.
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