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Abstract

After lower extremity injury, only half of the injured athletes
return to their pre-injury sports level. Even though functional
performance tests are often used to make return to sport decisions,
it is unknown whether functional performance is associated with
return to performance after such injuries. The aim of this
systematic review was to identify, critically appraise, and analyze
studies that investigated the association of functional
performance tests with return to performance after lower
extremity injuries in athletes participating in high-impact sports.
MEDLINE, Embase, Web of Science, and CINAHL were
systematically searched for relevant studies. Articles were
independently screened by two authors and data were obtained
from each included study using a data extraction form. Two
authors independently scored methodological quality using the
Quality In Prognosis Studies tool. A qualitative best evidence
synthesis was conducted. Eight studies reported the association of
functional performance with return to performance after lower
extremity injuries, involving 1,246 athletes after anterior or
posterior cruciate ligament reconstruction. No studies were found
on the association of functional performance with return to
performance for lower extremity injuries other than after anterior
or posterior cruciate ligament reconstruction. All included studies
had a high risk of bias. Two studies found significant but small
associations for selected hop tests after anterior cruciate ligament
reconstruction. Low evidence of association between functional
performance and return to performance was present after anterior
cruciate ligament reconstruction for the triple hop for distance,
the 6-meter timed hop, the side hop in female athletes, and for the
combination of the single and crossover hop for distance. In
athletes after posterior cruciate ligament reconstruction, the
vertical jump showed a significant but small association with
return to performance. There is no high-quality evidence that
functional performance is associated with return to performance
after lower extremity injuries in athletes practicing high-impact
sports. Low quality evidence suggests small associations after
anterior and posterior cruciate ligament reconstruction. No
evidence exists for lower extremity injuries other than after
anterior or posterior cruciate ligament reconstruction. Therefore,
research on functional performance associated with return to
performance is recommended in high-quality prospective cohort
studies including athletes with any type of lower extremity injury.

Key words: Functional performance test, hop test, return to pre-
injury sports level, high-impact athletes.

Introduction

Lower extremity injuries are an important problem in the
athletic population with an incidence rate of 11.6 per
10,000 athlete exposures (Nagle et al., 2017).
Approximately 90% of sport injuries concern the ankle,
knee, and thigh while sprains, strains, contusions,
tendinopathies, and fractures comprise 90% of the
diagnoses (Nagle et al., 2017). The majority of these
injuries occur among athletes practicing high-impact sports
(e.g. soccer, volleyball, basketball, hockey) where
frequently performed actions are high-speed running,
jumping, turning, cutting, pivoting, or changes of direction
(van Beijsterveldt et al., 2015; Schmikli et al., 2009).
Median time loss due to lower extremity injury is about 16
days, ranging from two to 407 days (van Beijsterveldt et
al., 2015).

After injury, athletes commonly wish to return to
their pre-injury sports level, defined as return to
performance (RTPf) (Ardern et al., 2016). However, RTPf
may not be achievable for every athlete. After surgically
treated lower extremity injuries, only 31-68% of athletes
reach RTPf while 66-91% returned to their pre-injury sport
at a lower than desired performance level, defined as return
to sport (Ardern, 2015; Ardern et al., 2011a; 2012b; 2013;
2014; 2016; Aune et al., 2014; Barastegui et al., 2018;
Grassi et al., 2015; Kvist et al., 2005; Lentz et al., 2012;
Lee et al., 2008; Mithoefer et al., 2009; Niederer et al.,
2018; Sandon et al., 2015; Steel and DeOrio, 2007). The
main reasons for not reaching RTPf after anterior cruciate
ligament reconstruction (ACLR) are fear of re-injury/lack
of confidence and self-reported knee-related problems
such as pain, swelling, instability, and muscle weakness
(Grassi et al., 2015; Lee et al., 2008; Lentz et al., 2012;
Tjong et al., 2014). When athletes reach RTPf, sport- and
game performance significantly deteriorates after surgery
compared to before surgery or compared to matched
athletes (Busfield et al., 2009; Jack et al., 2019; Lubbe et
al., 2018; Niederer et al., 2018). In addition athletes who
RTPf after surgery play significantly fewer years, fewer
games per season, and fewer minutes per game with a
decreased number of goals and number of completed
passes compared with their performance before surgery or
compared to the performance of healthy athletes (Busfield
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et al., 2009; Jack et al., 2019; Lubbe et al., 2018; Niederer
etal., 2018).

Low rates of athletes who RTPf and decreased
performance after RTPf highlights the importance of
accurate return to sport decision-making to enhance RTPf
(Niederer et al., 2018). However, the number of factors
affecting RTPf illustrates the complexity of return to sport
decision-making. Younger age (Ardern et al., 2012b; 2014;
Barastegui et al., 2018; Brophy et al., 2012), male gender
(Ardern et al., 2014; Brophy et al., 2012; Sandon et al.,
2015), position on the field (Aune et al., 2014; Menge et
al., 2017), lower fear of reinjury (Kvist et al., 2005; Lentz
et al., 2012; te Wierike et al., 2013), greater psychological
readiness (Ardern et al., 2014; Ardern, 2015), and a more
positive subjective assessment of function (Ardern, 2015;
Lentz et al., 2012; Sandon et al., 2015) have been reported
as factors increasing the probability of RTPf after ACLR.

In the multidimensional return to sport decision-
making framework (Ardern et al., 2016; Creighton et al.,
2010; Shrier, 2015), functional performance tests are
commonly used ( Abrams et al., 2014; Barber et al.,
1992; Barber-Westin and Noyes, 2011; Manske and
Reiman, 2013; Webster and Hewett, 2019). Lower
extremity functional performance tests aim to assess the
entire lower extremity for the ability to perform specific
components of sport functions such as running, hopping, or
cutting (Barber et al., 1992; Creighton et al., 2010;
Hegedus et al., 2015a; Manske and Reiman, 2013;
Narducci et al., 2011). Although functional performance
tests were developed and commonly used to support the
return to sport decision-making after anterior cruciate
ligament injury or ACLR (Barber et al., 1990; Barber-
Westin and Noyes, 2011; Hegedus et al., 2015a; Herbst et
al., 2015; Hildebrandt et al., 2015; Narducci et al., 2011;
Thomee et al.,, 2011), in clinical practice functional
performance tests are also used to make decisions
regarding return to sport after hip (Hegedus et al., 2015b),
ankle (Hegedus et al., 2015b; Tassignon et al., 2019), and
hamstring injuries (van der Horst et al., 2016).

Since functional performance tests are important in
the decision-making for return to sport, it is assumed that
functional performance could be associated with RTPf. No
systematic review has yet been published on this topic.
Therefore, this systematic review aimed to identify,
critically appraise, and analyze published evidence on the
association of functional performance with RTPf after
lower extremity injuries in athletes participating in high-
impact sports.

Methods

The review protocol was registered in the International
Prospective ~ Register ~of  Systematic =~ Reviews
(prospero)(CRD42018107770) and was written in
accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
(Moher et al., 2009).

Search strategy
MEDLINE, Embase, Web of Science, and CINAHL were

systematically searched independently by two authors (AV
and JJ) for relevant articles from inception to September
10™,2019. Synonym lists were created with key words for:
association, return to performance, lower extremity injury,
and sports. In MEDLINE, we used combinations of MeSH
terms and free text words (Box 1). The search strategy was
subsequently adapted for Embase, Web of Science, and
CINAHL. References in full text articles were screened for
additional relevant studies. Results of searches were
combined and duplicates were removed.

Box 1. Search strategy for MEDLINE

epidemiologic factors OR prognosis OR risk OR risk
factors OR odds ratio OR determinant OR predict*
AND return to sport OR return to performance OR
return to training OR return to preinjury OR return to
pre-injury OR return to competition OR sport return OR
sports return AND injur* OR wounds and injuries OR
athletic injuries OR leg injuries OR ankle injuries OR
foot injuries OR knee injuries OR hip injuries OR soft
tissue injuries OR sprains and strains OR tendon injuries
OR tendinopathy OR fractures, bone OR joint
dislocations OR rupture OR ankle fractures OR
fractures, stress OR tibial fractures OR tibial meniscus
injuries AND lower extremity OR knee joint OR knee
OR hip joint OR hip OR ankle joint OR ankle OR foot
OR heel OR leg OR thigh OR groin OR lower body OR
quadriceps OR hamstring AND sports OR athletes OR
track and field OR baseball OR basketball OR boxing
OR football OR gymnastics OR hockey OR martial arts
OR racquet sports OR tennis OR skiing OR snow sports
OR soccer OR volleyball OR handball OR korfball OR
dancing OR boot camp OR crossfit OR futsal

Study selection

Titles and abstracts were screened and full text articles
were read by two authors (AV and JJ) independently
complying with the following inclusion criteria: (1)
functional performance tests were investigated as factors
associated with RTPf, (2) participants included adult
athletes (18-45 years) after any lower extremity injury
performing high-impact sports involving jumping,
pivoting, or changes of direction, and (3) comparisons
between athletes who did and did not RTPf were
quantified. RTPf was defined as returning at or above the
pre-injury sports level (Ardern et al., 2016). High-impact
sports considered were baseball, basketball, boxing,
football, gymnastics, hockey, martial arts, racquet sports,
tennis, skiing, snow sports, soccer, volleyball, handball,
korfball, dancing, boot camp, crossfit, or futsal (Box 1). No
language restrictions were imposed. Disagreements
between the two authors regarding eligibility were resolved
by discussion until consensus was reached. When
necessary, a third author (EvT) made the final decision.

Data extraction

Data were obtained from each included study using a data
extraction form developed specifically for this review.
First author’s name, year of publication, number of
included athletes, type of injury, definition of RTPf,
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number (percentage) of athletes who RTPf, functional
performance test(s), timing of functional performance
test(s), timing of follow-up, and outcomes were
independently tabulated by two authors (AV and JJ).

Methodological quality assessment

Two authors (AV and IA) independently scored the
methodological quality of each included study using the
Quality In Prognosis Studies (QUIPS) tool (Hayden et al.,
2006; 2013). The QUIPS consists of six domains: study
participation,  study  attrition,  prognostic  factor
measurement, outcome measurement, study confounding,
and statistical analysis and reporting. Each domain is
scored as high risk of bias, moderate risk of bias, or low
risk of bias. With regard to classifying a study’s risk of
bias, we considered study selection, study attrition,
prognostic factor measurement, and outcome measurement
as the decisive domains. A study was classified as having
a low risk of bias when each of these four domains were
scored as low risk of bias. If one or more domains were
scored as high risk of bias, the study was classified as
having a high risk of bias. There was moderate risk of bias
when there was no item classified as high risk of bias and
more than one item was moderate (Hayden et al., 2019;
Riley et al., 2019; Wolff et al., 2019).

Agreement between authors was calculated using
percentages and Cohen’s Kappa, where 0 indicates no
agreement, 0.01-0.20 slight agreement, 0.21-0.40 fair
agreement, 0.41-0.60 moderate agreement, 0.61-0.80
substantial agreement, 0.81-1.00 almost perfect agreement
(Landis and Koch, 1977). Differences in scores between
the two authors were discussed until consensus was
reached. If necessary, a third author (EvT) was asked to
pass judgment.

Data analysis and synthesis
The outcome of interest was the association between
functional performance and RTPf. Functional performance
can be represented as scores on functional performance
tests for the injured and noninjured limbs or as the Limb
Symmetry Index (LSI), where the score of the injured limb
was divided by the noninjured limb and multiplied by
100% (Barber et al., 1990; Noyes et al., 1991). An
association was considered to be present if the functional
performance was significantly different between athletes
who RTPf and those who did not RTPf (p < 0.05) or, more
preferably, functional performance was associated with
RTPfin terms of odds ratio (OR) or relative risk (RR) with
their 95% confidence interval (95% CI). We assumed a
lower bound of the 95% CI around OR or RR <1.5 as a
small effect, 1.5-2.0 as a moderate effect, and >2.0 as a
large effect (Hayden et al., 2019). An Area Under the
Curve (AUC) > 0.70 indicates good differentiation
between athletes RTPf or not RTPf (Terwee et al., 2007).
There was strong evidence of association (or of no
association) if there were consistent findings among >75%
of studies with a low risk of bias. Moderate evidence of
association (or of no association) existed when consistent
findings were present among 75% of studies with a
moderate risk of bias. If only one study with a low or a
moderate risk of bias was available, there was limited
evidence of association (or of no association). When there

were inconsistent findings across studies, conflicting
evidence of association (or of no association) was present.
In all other cases, evidence was classified as low evidence
of association (adapted from Hayden et al. 2019).

Results

Study selection

The database searches yielded a total of 3,264 articles.
After removing 1,207 duplicates, 2,057 articles were
screened for title and abstract. Based on the title and the
abstract respectively 1,913 and 133 articles were excluded,
and eleven articles were included for full text eligibility
assessment. Three studies were excluded because no
association between functional performance and RTPf was
investigated (Sousa et al., 2017; Jang et al., 2014; Webster
and Feller, 2018). Eight full text articles were included in
this review of which seven studies following ACLR
(Ardern et al.,, 2011b; Edwards et al., 2018; Hamrin
Senorski et al., 2017; Langford et al., 2009; Muller et al.,
2015; Nawasreh et al., 2018; Webster et al., 2019) and one
study after posterior cruciate ligament reconstruction
(PCLR) (Lee etal., 2019) (Figure 1). There were no articles
regarding lower extremity injuries other than after ACLR
or PCLR. There were no disagreements between the two
authors on study eligibility.

Data extraction of included studies

Eight studies were included involving 1,194 athletes after
ACLR and 52 athletes after PCLR performing high-impact
sports before the injury occurred (Ardern et al., 2011b;
Edwards et al., 2018; Hamrin Senorski et al., 2017;
Langford et al., 2009; Muller et al., 2015; Nawasreh et al.,
2018; Lee et al., 2019; Webster et al., 2019). RTPf was
reported in 578 (46%) of athletes about one year after
ACLR or PCLR. Functional performance tests investigated
were the single hop for distance (Ardern et al., 2011b;
Edwards et al., 2018; Hamrin Senorski et al., 2017;
Langford et al., 2009; Muller et al., 2015; Nawasreh et al.,
2018; Webster et al., 2019; Lee et al., 2019), triple hop for
distance (Edwards et al., 2018; Muller et al., 2015;
Nawasreh et al., 2018), crossover hop for distance (Ardern
et al., 2011b; Edwards et al., 2018; Langford et al., 2009;
Muller et al., 2015; Webster et al., 2019), vertical jump
(Hamrin Senorski et al., 2017; Lee et al., 2019), side hop
(Hamrin Senorski et al., 2017), square hop (Muller et al.,
2015), and 6 meter timed hop (Edwards et al., 2018;
Nawasreh et al.,, 2018). Performance was measured
between 6 and 14 months after ACLR. Follow-up for RTPf
was measured at the same time as functional performance
testing in four studies (Ardern et al., 2011b; Edwards et al.,
2018; Hamrin Senorski et al., 2017; Langford et al., 2009;
Lee et al., 2019), one month after functional performance
testing in one study (Muller et al., 2015), 6 and 12 months
after functional performance testing in one study
(Nawasreh et al., 2018), and two years after functional
performance testing in one study (Webster et al., 2019).
Data-extraction of included studies is presented in Table 1.

Methodological quality
All included studies had an overall high risk of bias
(Ardern et al.,, 2011b; Edwards et al., 2018; Hamrin
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Figure 1. Flow of studies through the review.

Senorski et al., 2017; Langford et al., 2009; Muller et al.,
2015; Nawasreh et al., 2018; Lee et al., 2019; Webster
et al., 2019). High risk of bias regarding prognostic factor
measurement (Ardern et al., 2011b; Edwards et al., 2018;
Hamrin Senorski et al., 2017; Muller et al., 2015;
Nawasreh et al., 2018; Lee et al., 2019; Webster et al.,
2019) and study participation was found in seven studies
(Ardern et al., 2011b; Hamrin Senorski et al., 2017,
Langford et al., 2009; Muller et al., 2015; Nawasreh et al.,
2018; Webster et al., 2019; Lee et al., 2019). In all studies
(Ardern et al., 2011b; Edwards et al., 2018; Hamrin
Senorski et al., 2017; Langford et al., 2009; Muller et al.,
2015; Nawasreh et al., 2018; Lee et al., 2019; Webster et
al., 2019) outcome measurement was classified as high risk
of bias. The methodological quality of included studies is
presented in Table 2. Raw agreement between the two
authors was 67%. In 31% of the cases consensus was
reached while the third author made the final decision on
disagreements in one item. Kappa was 0.41, indicating
moderate agreement. Agreement of the judgement of the
overall risk of bias was 100%.

Data analysis and synthesis
Ardern et al. (2011b) found that athletes after ACLR with
good hop test results (>85% on the LSI) were 2.5 times

more likely to RTPf than athletes with poor results (<85%
on the LSI) [RR 2.5 (95% CI 1.4-4.4)]. With a lower bound
of the 95% CI around 1.5 indicating a small association,
there is low evidence of association between the
combination of the single and crossover hop for distance
and RTPf. Webster et al. (2019) also found a small
association and low evidence of association for the
combination of the single and crossover hop for distance.
A greater LSI at 12 months was significantly associated
with RTPf three years after ACLR [OR 1.03 (95% CI 1.00-
1.06)].

Nawasreh et al. (2018) investigated the outcomes of
functional performance tests six months after ACLR and
found that the single hop for distance, triple hop for
distance, and 6 meter timed hop were associated with RTPf
one and two years after ACLR. The crossover hop for
distance was only associated with RTPf two years after
ACLR. The OR’s and upper bounds of the 95% CI indicate
small effect sizes and low evidence of associations.

Muller et al. (2015) found significantly higher
LSI’s, good discriminative accuracy, but low evidence of
association for the single hop for distance, crossover hop
for distance, and triple hop for distance in athletes who
RTPf after ACLR compared to athletes who did not RTPf.
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Table 1. Data-extraction of included studies.

Ty[l)\Ie of Definition Athletes RTPf Functional Timing functional Timing Outcomes
injury RTPf (%) performance tests performance tests follow-up
Return 33.4% attempted Single hop for distance Athletes with good results on both hop test were significantly more likely than
Ardern et 503 to full full competitli)on gCrosslz)ver hop 12 rponths 12 months athletes with pocg)r results to have attem}l))ted full comgpetition I{R 2.5 (95%yCI 1.4-
al,, 2011b ACLR - _ . following ACLR  following ACLR
competition (n=168) for distance 4.4)
Return Single hop for Distance Single hop for distance (LSI %)* RTPf 94.2 +8.2; No RTPf 77.1 +17.6
IBRERE 93 ikl B SRR ey LS o 10-14 months = ocnver hop for distance (LSI %)* RTPf 94.0 +8.2; No RTPf 76.4 +20.7
et al., ACLR  orlevel TI 64% (n=72) . for dlstanc.e following ACLR  following ACLR Triple hob for dist LSI %)* RTPf 94.6 +8.9: RTPF77.9+19.1
2018 Triple hop for distance S el .OI’ istance ( 0) : 9; No 77. :
on the NSARS i e o 6-meter timed hop (LSI %)* RTPf 94.0 +8.8; No RTPg 78.4 +18.6
Men
Vertical jump IL (cm/kg)RTPf 0.26 +0.07; No RTPf 0.27 +0.07
Vertical jump NL (cm/kg)RTPf 0.29 +£0.05; No RTPf0.27 +£0.06
Single hop for distance IL (cm/kg)RTPf 2.0 +0.3; No RTPf 2.0 0.3
Single hop for distance NL (cm/kg)RTPf 2.1 +0.4; No RTPf2.1 £0.4
Hamrin Return Single hop 10 6-18) S_ide hop IL (n/kg)RTPf 0.8 +0.1; No RTPf 0.7 +0.2
Senorski 157 {0 pre-injury 33% (n=52) for .distgnce 10 (6—1'8) months months Side hop NL (n/kg)RTPf 0.8 +0.1; No RTPf 0.7 +0.1
et al., ACLR Vertical jump following ACLR . Women
Tegner . following ACLR ) .
2017 Side hop Vertical jump IL (cm/kg)RTPf 0.23 +£0.04; No RTPf0.21 +£0.06
Vertical jump NL (cm/kg)RTPf 0.26 +0.04; No RTPf 0.27 £0.03
Single hop for distance IL (cm/kg)RTPf 2.1 +0.4; No RTPf 1.9 +0.3
Single hop for distance NL (cm/kg)RTPf 2.1 +0.3; No RTPf 2.0 +0.3
Side hop IL (n/kg)*RTPf 0.7 £0.2; No RTPf 0.5 £0.2
Side hop NL (n/kg)*RTPf 0.8 +0.2; No RTPf 0.6 £0.2
;a:lllgford 65  Return to full 52% (n=33) Slnglcf:rlggfof;c;i]ﬁ;s;ance 12 months 12 months Single hop for distance (LSI %)RTPf 90.95+8.21; No RTPf 88.87 £9.77
2009 ACLR  competition for distance following ACLR  following ACLR  Crossover hop for distance (LSl %)RTPf 92.32+.50; No RTPf 91.85+10.40
Provi igj’g}‘;ﬁ”o‘gég Sinele h 9 1. and Single hop for distance (LSI%) RTPf95.8+11.8; No RTPf 88.6+10.5
Leeetal, 52 revious : 73% (n=38) ingle hop 12, an 29.5 + 8.6 months Vertical jump (LSI%)*RTPf 94.7 £10.0; No RTPf 87.2 9.7+
2019 PCLR ‘sports 24 months for .dlstgnce 24 months following PCLR LSI Vertical iump sienificantl ated with not returning t .
activity level following PCLR: Vertical jump following PCLR & ertical jJump signiticantly associated with not returning 1o pre-injury

87% (n=45)

sports activity levels at 9 monthsOR 2.2 (1.212-9.227)

*Significant difference between return to performance or not (p<0.05), ACLR=Anterior Cruciate Ligament Reconstruction, AUC=Area Under Curve, CI=Confidence Interval, cm=centimeter, IL=Injured Limb, kg=kilogram, LSI=Limb
Symmetry Index, NL=Noninjured Limb, NSARS=Noyes Sports Activity Rating Scale, OR=0dds Ratio, ROC=Receiver Operating Curve, RR=Risk Ratio, RTPf=Return to performance.
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Table 1. Continue....

Definition Athletes RTPf Functional Timing functional

Timing

RTPf (%) performance tests performance tests follow-up LIEOLC
Single hop for distance (LSI %)* RTPf 85.6 +20.0; No RTPf 61.7 £20.5
Crossover hop for distance (LSI %)* RTPf 91.9 £14.3; No RTPf 75.1 £18.5
P Single hop for distance CR, Triple hop for distance (LSI %)* RTPf 88.3 +10.1; No RTPf 72.1 £13.1
Muller et 39 - o) o Crossover hop for distance 6 months . Square hop (LSI %) RTPf 87.5 £20.4; No RTPf 83.8 +44.6
al., 2015 ACLR | pre-nipry. —79% @SS S ot hop for distance. following ACLR. Lo1owIng AUC (LSI %) RTPf
evel of sport ACLR . ’
Square hop Single hop for distance 0.823 (75.4)
Crossover hop for distance 0.762 (77.2)
Triple hop for distance 0.839 (90.2)
Single hop for distance OR (95% CI)
12 months 12 months 1.07 (1.01-1.14); 24 months 1.15 (1.05-1.26)*
Return to following ACLR: Single hop for dist'ance 12 months Crossover hop for distance OR (95% ClI)
Nawasreh 95 pre-injury 61% (49/80) Crossover hop for.dlstance 6 rponths following 12 months 1:06 (0.99-1.15.); 24 months 1.12 (1.03-1.21)*
etal., 2018 ACLR activity level 24 months Triple hop for distance following ACLR ACLR Triple hop for distance OR (95% CI)
following ACLR: 6-meter timed hop 12 months 1.11 (1.02-1.20); 24 months 1.17 (1.05-1.31)*
67% (60/80) 6-meter timed hop OR (95% CI)
12 months 1.13 (1.04-1.22); 24 months 1.18 (1.06-1.31)*
W Return to Single hop for distance 3 years oL i :
ebster et 222 pre-injury  61% (n=135) Crossover hop 12 and 24 months (range 2-4 Average LSI (%) single and crossover hop for distance
al., 2019 ACLR sports for distance following ACLR years) RTPf98 +9; No RTPf95 +11 OR 1.03 (95% CI 1.00 — 1.06)

*Significant difference between return to performance or not (p<0.05), ACLR=Anterior Cruciate Ligament Reconstruction, AUC=Area Under Curve, CI=Confidence Interval, cm=centimeter, IL=Injured Limb, kg=kilogram,
LSI=Limb Symmetry Index, NL=Noninjured Limb, NSARS=Noyes Sports Activity Rating Scale, OR=0dds Ratio, ROC=Receiver Operating Curve, RR=Risk Ratio, RTPf=Return to performance.

The LSI for the square hop was higher in athletes who RTPf compared to athletes who did
not RTPf, but not significantly different. Edwards et al. ( 2018) also found that after ACLR
athletes who RTPf had significantly higher LSI’s on the single hop for distance, crossover
hop for distance, triple hop for distance, and 6-meter timed hop compared to athletes who
did not RTPf with low evidence of association between functional performance and RTPf.
Contrary to Muller et al. (2015) and Edwards et al. (2018), Langford et al. (2009) found
no evidence of association for the single hop for distance and crossover hop for distance
after ACLR. Athletes who RTPf had higher LSI’s for the single hop for distance and
crossover hop for distance compared to athletes who did not RTPf, but the differences
were not significant.

Hamrin Senorski et al. (2017) corrected the outcomes of functional performance
tests in centimeters or numbers for body weight and found that female and male athletes
who RTPf did not perform significantly differently on the single hop for distance and
vertical jump compared to athletes who did not RTPf. There is low evidence of association

for the side hop and RTPf in female athletes, as the side hop was significantly higher in
athletes who RTPf compared to female athletes who did not RTPf. This difference was
not significant in male athletes.

The only study investigating athletes after PCLR (Lee et al., 2019) found that
athletes who RTPf scored higher LSI’s on the single hop for distance and vertical jump
compared to athletes who did not RTPf. The difference on the vertical jump was
significant and the LSI was significantly associated with not RTPf [OR 2.2 (95% CI 1.21-
9.23)]. Despite a large effect size, the lower bound of the 95% CI close to 1.0 indicates a
small association and there is low evidence of association between the vertical jump and
RTPf in athletes after PCLR.

In summary, for athletes following ACLR low evidence of association from high
risk of bias studies is present for the association between functional performance and RTPf
for the triple hop for distance (Edwards et al., 2018; Muller et al., 2015; Nawasreh et al.,
2018), the 6-meter timed hop (Edwards et al., 2018; Nawasreh et al., 2018), the side hop
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Table 2. Methodological quality of included studies.
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in female athletes (Hamrin Senorski et al., 2017), and the
combination of the single and crossover hop for distance
(Ardern et al., 2011b; Webster et al., 2019). Conflicting
evidence of association exists for the single hop for
distance (Edwards et al., 2018; Hamrin Senorski et al.,
2017; Langford et al., 2009; Muller et al., 2015; Nawasreh
et al., 2018) and the crossover hop for distance (Edwards
et al., 2018; Langford et al., 2009; Nawasreh et al., 2018;
Muller et al., 2015). No evidence of association exists
for the vertical jump (Hamrin Senorski et al., 2017), the
side hop in male athletes (Hamrin Senorski et al.,2017),
and the square hop (Muller et al., 2015). For athletes after
PCLR, low evidence of association is present for the
vertical jump (Lee et al., 2019).

Discussion

The aim of this review was to analyze published evidence
on the association of functional performance with RTPf
after lower extremity injury in high-impact sports. Eight
studies with a high risk of bias reported small associations
of functional performance with return to performance after
ACLR or PCLR. Although an extensive search was
performed, there was no information available on the
association of functional performance with RTPf after
lower extremity injuries other than after ACLR or PCLR.

Association between functional performance and RTPf
after lower extremity injuries

All studies included only athletes who underwent ACLR or
PCLR in various competitive and recreational knee-
strenuous sports with high-speed running, jumping,
turning, cutting, pivoting, or changes of direction. The
RTPf rate of our included studies after ACLR ranged from
33% to 79% and after PCLR the RTPf was 87%. These
RTPf rates are in accordance with previous studies
regarding RTPf. After ACLR 31% to 65% of athletes RTPf
(Ardern et al., 2011a; 2012b; 2013; 2014; 2015; 2016;
Grassi et al., 2015; Kvist et al., 2005; Niederer et al., 2018;
Lee et al., 2008; Lentz et al., 2012; Sandon et al., 2015),
while these rates are 52.4% after hip arthroscopy
(Barastegui et al., 2018), 61% after meniscectomie (Aune
et al., 2014), 68% after cartilage repair of the knee
(Mithoefer et al., 2009), and 46% after surgically treated
peroneal tendon tears (Steel and DeOrio, 2007).

We found no high-quality evidence that functional
performance is associated with RTPf after ACLR or PCLR
in athletes practicing high-impact sports. Recent studies
also found no relationship between passing functional
performance tests and return to sport (Webster and Feller,
2018; Webster et al., 2019; Webster and Hewett, 2019) or
between passing functional performance tests and the risk
of a reinjury (Losciale et al., 2018; Webster and Hewett,
2019). These results indicate that there is an urgent need to
further investigate functional performance in association
with successful outcomes (Davies et al., 2020). We
recommend conducting high-quality prospective cohort
studies on the association between functional performance
and RTPf across a broader range of lower extremity
injuries, especially after surgically treated lower extremity
injuries as only approximately half to two thirds of the
athletes RTPf.

Outcome measurement

Although definitions of RTPf varied slightly among the
included studies, all were in accordance with the
recommended international definition of RTPf (Ardern et
al., 2016; Mak and Kum, 2005; D'Amico et al., 2016).
Grassi et al. (2015) reported in their systematic review on
RTPfafter ACLR that an unclear definition or outcome
measurement of RTPf could have created bias. For

example, Wright et al. (2012) found that the definition
‘satisfaction” was used where satisfaction was determined
simply by asking the athletes whether they were satisfied
with the outcome RTPf (Wright et al., 2012). Lentz et al.
(2012) also measured RTPf with a nonvalidated self-
reported measurement. They reported that a limitation of
their study was the use of one question to classify the
outcome RTPf or no RTPf (Lentz et al., 2012). In our
included studies, the definition of RTPf was generally
clear. However, the measurement of achieving RTPf is
lacking in all included studies as athletes were only asked
if they had returned to the same pre-injury level. During
that same assessment, also the pre-injury level of
performance was later retrospectively asked possibly
leading to recall bias (Kopec and Esdaile, 1990; Vetter and
Mascha, 2017). In a systematic review investigating RTPf
rates and knee function following ACLR, Ardern et al.
(2011a) also reported that almost half of the included
studies  inadequately reported pre-injury  sports
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participation. To prevent athletes from not remembering
their pre-injury performance level, measuring the pre-
injury performance level must preferably be performed at
initial visit at the orthopedic surgeon or physical therapist
(Grimes and Schulz, 2002). Outcome measurement of
RTPf should be validated by objectively comparing the
pre-injury level with the RTPf level to prevent
misclassification due to not remembering the exact pre-
injury sports level (D'Amico et al., 2016; Grimes and
Schulz, 2002; Lentz et al., 2012; Vetter and Mascha, 2017).

Main biases in RTPf research

Selection bias could not be excluded in all included studies.
First, less athletes were actually participating than those
that were eligible. Second, athletes were included when
they had already returned to their pre-injury level or when
rehabilitation was discontinued. Reasons for athletes’ non-
participation were not reported and this might have led to
selective inclusion potentially leading to biased
associations (D'Amico et al., 2016; Laupacis et al., 1994;
Vetter and Mascha, 2017). Reasons for loss to-follow up
and characteristics of drop-outs should be known to
explore attrition bias (D'Amico et al., 2016; Laupacis et al.,
1994; Lu, 2009; Mak and Kum, 2005; Mann, 2003;
Melamed and Robinson, 2019).

In the eight included studies, prognostic factor and
outcome measurements were likely to be biased due to the
simultaneous measurement and lack of description
regarding blinding and methods to measure functional
performance. It is possible that those observers who
measured the functional performance tests were aware of
the RTPf outcomes and vice versa, potentially leading to
overestimation of the associations (D'Amico et al., 2016;
Mak and Kum, 2005). Reproducible and clear descriptions
of measurement circumstances with independent blind
observers for both measuring functional performance and
RTPf are required. Furthermore, athletes need to be
measured on functional performance before RTPf can be
observed (D'Amico et al., 2016; Laupacis et al., 1994; Lu,
2009; Mak and Kum, 2005; Mann, 2003; Melamed and
Robinson, 2019).

Of the eight included studies, five measured
functional performance and RTPf simultaneously approxi-
mately nine to 12 months after ACLR or PRLR.
Associations resulting from cross-sectional designs can be
misleading (Hanis and Mansori, 2017). Cross-sectional
designs might identify possible associations and are often
used to generate hypotheses, but a prospective design is
preferable (Bahr, 2016). Two studies measured RTPf two
to three years after ACLR (Nawasreh et al., 2018; Webster
et al., 2019) and one study measured RTPf seven months
(Muller et al., 2015) after ACLR. However, a follow-up
period of seven months after ACLR may not be long
enough to detect RTPf. It is possible that athletes did not
reach RTPf yet and were prematurely classified as ‘no
RTPf". For instance, measuring RTPf seven to nine months
after ACLR may be too early since it is advised to delay
return to sport to at least nine months after ACLR (Beischer
et al., 2018; Grindem et al., 2016). Some evidence even
suggests to delay return to sport until two years after ACLR

(Nagelli and Hewett, 2017). Therefore, follow-up times of
two years or even more may be necessary to accurately
evaluate RTPf (Ardern et al., 2015; Losciale et al., 2018;
Niederer et al., 2018). In a systematic review, Everhart et
al. (2015) also warned against the limitation of a too short
follow-up period (median 9 months) which led to a
decreased ability to detect relationship between prognostic
factors and outcomes. We advise the use of prospective
study designs with follow-up periods to be at least two
years to reach and detect RTPf (Mak and Kum, 2005;
D'Amico et al., 2016; Laupacis et al., 1994; Lu, 2009;
Mann, 2003; Melamed and Robinson, 2019).

Statistical analysis and reporting was suboptimal in
75% of our included studies (Edwards et al., 2018; Hamrin
Senorski et al., 2017; Langford et al., 2009; Muller et al.,
2015; Lee et al., 2019; Webster et al., 2019). Mostly p-
values were presented for differences in functional
performance tests between athletes who RTPf and athletes
who did not RTPf (Edwards et al., 2018; Hamrin Senorski
et al., 2017; Langford et al., 2009; Muller et al., 2015; Lee
et al., 2019; Webster et al., 2019). The Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) (Vandenbroucke et al., 2007) and Transparent
Reporting of a multivariable prediction model for
Individual Prognosis Or Diagnosis (TRIPOD) statements
(Collins et al., 2015) recommend to report unadjusted and
adjusted associations with 95% CI (Collins et al., 2015;
Vandenbroucke et al., 2007). Estimations with CI’s
measuring the strength of the association are more useful
than p-values that only dichotomizes in significant or non-
significant differences in results (Mak and Kum, 2005;
Gardner and Altman, 1986).

Limitations

This systematic review has two potential limitations. First,
when using the QUIPS tool (Hayden et al., 2006; 2013) the
weighting of each prompting item for the rating of bias is
unclear. Agreement between the two authors was fair and
they differed mainly for domain classification in either
moderate or high risk of bias. However, despite
inconsistencies in domain classification, overall rating of
all included studies was consistent. Second, despite our
extensive search for relevant studies, reporting bias or
publication bias could have influenced our findings.
Positive or significant outcomes are more likely to be
reported and studies with positive or significant outcomes
are more likely to be submitted and more quickly published
as full text than studies with negative findings (Riley et al.,
2019; Dwan et al., 2008; 2013; Hopewell et al., 2009;
Scherer et al., 2016). We cannot rule out that studies with
less favorable results were not identified in our search and
that our findings of small associations are still
overoptimistic.

Clinical implications

There is no high-quality evidence of association between
functional performance and RTPf. Consequently,
functional performance tests are as yet not suitable for
clinicians to guide predictions about successful RTPf.
Functional performance tests can still be used to measure
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function, to guide treatment progression, and to support
return to sport decision-making (Barber et al., 1992;
Barber-Westin and Noyes, 2011; Hegedus et al., 2015a;
Herbst et al., 2015; Hildebrandt et al., 2015; Manske and
Reiman, 2013; Mueller et al., 2014; Narducci et al., 2011;
Powell et al., 2018; Tassignon et al., 2019). This systematic
review focused only on functional performance associated
with RTPf. In the return to sport decision-making, not only
functional performance is relevant (Creighton et al., 2010;
Shrier, 2015). Higher quadriceps strength (Lentz et al.,
2015; Hamrin Senorski et al., 2017; Lentz et al., 2012),
lower fear of reinjury, and confidence to RTPf (Ardern et
al., 2012a; Ardern et al., 2014; Sandon et al., 2015; Tripp
et al., 2007; Ardern, 2015; Lentz et al., 2012) may also be
associated with RTPf. Physical, psychological, or, more
likely, a combination of these factors may contribute to
RTPf and are advised to investigate in future prospective
cohort studies concerning the association with RTPf
(Hayden et al., 2008; Riley et al., 2013). Furthermore,
seven of our eight included studies investigated
associations in high-impact athletes after ACLR (Ardern et
al., 2011b; Hamrin Senorski et al., 2017; Langford et al.,
2009; Muller et al., 2015; Nawasreh et al., 2018; Edwards
et al., 2018; Webster et al., 2019) and surgically treated
lower extremity injuries other than ACLR or PCLR and
non-surgical injuries seem underinvestigated regarding
RTPf.

Conclusion

There is no high-quality evidence that functional
performance is associated with RTPf after ACLR and
PCLR nor any evidence for lower extremity injuries other
than after ACLR or PCLR, in athletes practicing high-
impact sports. For athletes after ACLR, low evidence of
association exists for the triple hop for distance, the 6-
meter timed hop, the side hop in female athletes, and the
combination of the single and crossover hop for distance.
The vertical jump showed a significant but small
association with RTPf in athletes after PCLR. Further
research on physical and psychological factors associated
with RTPf is recommended in prospective cohort studies
across a broader range of lower extremity injuries,
especially after surgically treated lower extremity injuries
other than ACLR or PCLR.
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Key points

e Low quality evidence suggests that functional
performance is associated with return to
performance after anterior or posterior cruciate
ligament reconstruction in athletes participating in
high-impact sports.

e No evidence exists on the association between
functional performance and return to performance
for lower extremity injuries other than after cruciate
ligament reconstruction.

e Small associations between functional performance
and return to performance were found for the triple
hop for distance, 6-meter timed hop, vertical jump,
side hop in female athletes, and the combination of
the single and crossover hop for distance.

e High-quality prospective cohort studies on the
association between functional performance and
return to performance, including athletes with any
type of lower extremity injury, are needed.
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