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Limb Symmetry Index of Single-Leg
Vertical Jump vs. Single-Leg Hop for
Distance After ACL Reconstruction:

A Systematic Review and Meta-analysis

Li Wang, MB," QingHong Xia, MSN,* Tao Li, MD," ZeYan Wang,’ and Jian Li, MMed*"

Context: The limb symmetry index (LSD) is recommended as a milestone of return to play (RTP), and relying on the
LSI value of a single-leg hop for distance (SLHD) test may overestimate rehabilitation status. Identifying a more reliable
functional test can help to carefully make decisions for RTP.

Objective: The aim was to compare the LSI value of the SLHD test with that of a single-leg vertical jump (SLV]) test after
anterior cruciate ligament reconstruction (ACLR) and determine which test provides lower LSI values.

Data Sources: The PubMed, Web of Science, Embase, and Cochrane Library databases were searched from inception to
July 2022.

Study Selection: Observational studies with participants who had both SLHD and SLVJ tests after ACLR and LSI values of
an SLHD and SLV] were included. Disagreements were resolved after discussion between the 2 researchers.

Study Design: Systematic review and meta-analysis.
Level of Evidence: Level 4.

Data Extraction: Data on the primary outcomes (LSI values of the SLVJ and SLHD tests) were collected. Means and
standard deviations (SDs) for each variable of interest were used to calculate standardized mean differences (SMDs).

Results: A total of 12 studies met the inclusion criteria for the meta-analysis. A total of 587 patients underwent SLHD and
SLV]J tests at different time points after ACLR. Compared with the SLHD test, the SLV] test provided lower LSI values (SMD
-0.42; 95% confidence interval (CI) -0.67 to -0.17). Subgroup analysis found that the SLV] test provided a lower LSI value
than the SLHD test in a specific period (approximately 7-18 months after ACLR, SMD -0.53; 95% CI -0.91 to -0.14) and a
similar LSI value at other times.

Conclusion: The SLVJ test provided lower LSI values in a specific period (7-18 months after ACLR).
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restored by anterior cruciate ligament (ACL)
reconstruction (ACLR), return to play (RTP) is still not
guaranteed for many people, and nearly 25% of athletes who
undergo ACLR suffer a secondary injury after RTP.74

A successful surgical outcome is related to rigorous
rehabilitation after ACLR and the moment of RTP.*** To achieve
the goal of RTP, complications and functional deficits after
ACLR, such as decreased muscle size and quadricep and
hamstring strength and proprioceptive deficiency, need to be
resolved by rehabilitation. **** The moment of RTP is closely
related to the prognosis of patients, and the inappropriate
estimation of rehabilitation efficacy and premature RTP will
increase the risk of secondary injury.””

The clinical criteria of rehabilitation guide patients in
returning to play, which usually relies on the hop test and
strength test; the single-leg hop for distance (SLHD) test is the
most commonly reported functional test.** The hop test,
which is easy to implement after ACLR, can reflect the
coordination of muscles throughout the body and be used to
calculate the limb symmetry index (LSD) value. The LSI value is
recommended as a cutoff point to determine the moment of
RTP. The LSI is the ratio of data obtained from the same
function tests, including the hop test and strength test, of both
lower limbs. The SLHD test of the operated leg and
nonoperated leg is commonly used to calculate the LSI value,
and the equation is as follows: LSI = (SLHD of the operated
leg)/(SLHD of the nonoperated leg) x 100%.>""">" According
to the clinical practice guidelines for ACL rehabilitation
recommended by the Royal Dutch Society for Physical
Therapy,” when the LSI value is higher than 90%, RTP is
recommended. However, measuring only the hop distance is
insufficient to reflect asymmetry between the operated and
nonoperated legs.*”*' In contrast, several studies reported that
vertical jump performance, assessed by a single-leg vertical
jump (SLVJ), provides a lower LSI value. The SLVJ test was a
more sensitive functional test than the SLHD test to detect
asymmetry between the operated leg and nonoperated
leg.21’25‘29'36’41 The SLHD and SLV]J tests involve 2 different
modes of motion. In an SLVJ test, the subject jumps with 1 leg
in the standing place to reach the maximum vertical height. In
the SLHD test, the patient jumps with 1 leg in a horizontal
direction, which resembles a standing long jump with 1 leg.
The different motions result in different evaluations of limb
asymmetry, as reported in the study of Ohji et al.”’ Even
though SLHD asymmetry improved in patients at approximately
12 months (range, 8-24 months) after ACLR, SLV] asymmetry
persisted, which indicated that patients needed more time to
meet the rehabilitation criteria. More specifically, Kotsifaki
et al*' found that during the concentric phase of a horizontal
hop, the knee accounted for only 10% of the total lower limb
work. However, during the concentric phase of SLVJ, the knee
joint accounted for approximately 30% of the total lower limb
work. This finding indicated that only measuring the SLHD was
insufficient and could explain why athletes exhibited knee

J espite the mechanical stability of an injured knee being

36,41

biomechanical deficits during the SLVJ test despite showing
SLHD symmetry.

Consequently, in this meta-analysis, we reviewed and analyzed
the latest studies to compare the LSI values of the SLHD and
SLV] tests after ACLR and evaluate the importance of the 2
functional tests in the determination of the moment of RTP. We
hypothesized that the SLV] test could better recognize
asymmetry of the lower limbs than the SLHD test after ACLR
and capture deficits in performance.

METHODS
Literature Search

This study was designed and conducted according to the
Preferred Reporting Items for Systematic Review and Meta-
Analyses (PRISMA) guidelines.26 The PubMed, Web of Science,
Embase, and Cochrane Library databases were searched from
inception to July 2022. Two independent researchers searched
each database using the following strategy: ((ACL OR anterior
cruciate ligament) AND (reconstruction)) AND (vertical jump
OR vertical hop) AND (hop test OR hop distance OR single-leg
hop for distance OR horizontal hop). A manual search for
references of included articles was also conducted to ensure
that no eligible studies were missed.

Study Selection

The same 2 researchers independently included and excluded
studies based on titles, abstracts, and full texts. After reading the
full texts, the 2 researchers selected the studies that met the
inclusion criteria. At the end of selection, disagreements were
resolved after discussion between the 2 researchers. The
inclusion criteria were as follows:

(1) Observational studies (prospective cohort studies, case-
control studies, case series, and cross-sectional studies)
comparing operated legs and nonoperated legs.

(2) Participants who underwent ACLR.

(3) Participants who underwent both the SLHD and SLVJ tests.

(4) The LSI values of the SLHD and SLVJ tests were reported.

The exclusion criteria were as follows:

(1)  Animal studies, abstracts, reviews, or conference
proceedings.

(2) Studies failing to report clearly the data that met our
interest.

(3) Participants who underwent revision ACLR.

(4) Participants who underwent SLHD and SLVJ tests with a
functional brace or tape.

Assessment of Methodological Quality

The same 2 researchers independently assessed the risk of bias
for all included studies using a modified version of the Downs
and Black checklist,” as described previously.'****"* Because
this systematic review explored descriptive studies, the modified
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Figure 1. Flowchart of the article selection process. ACLR, anterior cruciate ligament reconstruction.

version of the checklist was used, consisting of 14 items from
the original 27 items, with a total score of 15, including
questions regarding reporting (questions 1, 2, 3, 5, 6, 7, and 10),
external validity (questions 11, 12, and 13), internal validity
(questions 18, 20, and 25), and power (question 27).
Disagreements were resolved by discussion.

Data Extraction

Two researchers independently checked all suitable studies
using the data extraction sheet, and all disagreements were
resolved by discussion. The extracted data included study
design, participant information (age, height, weight, graft type,
time since ACLR, the number of participants), and primary
outcomes (LSI values of the SLV] and SLHD tests).

Data Analysis

Data analyses were performed with Review Manager software
(version 5.4.1; Nordic Cochrane Centre, the Cochrane
Collaboration). The LSI values of the SLHD and SLV]J tests were
compared. Means and standard deviations (SDs) for each
variable of interest were used to calculate standardized mean
differences (SMDs). Heterogeneity was assessed by I* tests. I
values of 25%, 50%, and 75% were considered to indicate low,
medium, and high heterogeneity, respectively. When the I*
value was higher than 50% and the P value was <0.10, the
random-effects model was chosen. When the I* value was lower
than 50% and P was >0.10, the fixed-effects model was chosen.

RESULTS
Search Results

A total of 314 articles were selected after the initial search

(PubMed = 73, Embase = 80, Web of Science = 119, Cochrane

Library = 17, manual research = 25). Among these articles, 148
were excluded due to being identified as duplicates, and 86
were removed after a review of the titles and abstracts. Sixty-
eight studies were excluded after reviewing the full texts.
Ultimately, 12 records®>!M 113231365740 were included in our
meta-analysis. A summary is presented in Figure 1.

Characteristics of the Included Studies

The 12 selected studies included 8 cross-sectional studies, 3
case-control studies, and 1 case series. The baseline data of the
participants and outcomes are listed in Tables 1 and 2,
respectively. A total of 507 participants who underwent ACLR
(347 men, 145 women, 15 not reported) were included in this
review. All participants underwent the SLHD and SLV] tests and
engaged in rehabilitation before the test, and the LSI + SD was
collected. In particular, in the studies of Curran et al'

and Petschnig et al,*! patients were divided into different
groups based on postoperative time. In the study of Kinikli

et al,"” patients were divided into different groups based

on different rehabilitation plans. In the study of Gobbi

et al,” the same group of patients underwent the test at
different time points after the operation to form a before-and-
after comparison. In total, 12 studies included 18 groups of
participants, and 507 patients (347 men, 145 women, 15 not
reported) underwent the functional tests mentioned above.

Risk of Bias Assessment

A modified version of the Downs and Black quality index was
used for the 12 included studies, with a median total score of
11.5 (range, 9-14). Table 3 provides the full details of each
included study’s risk of bias. All included studies reported their
aim/hypotheses, main outcomes, and participant characteristics,
and used valid and reliable assessment and outcome tools. The
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Table 1. Basic information of participants

Sample Test Time
Graft Size (Male/  Post-ACLR  Age (years) Weight (kg) Height (cm)
Author (Nnumbers) Female) +SD +SD +SD +SD
Ageberg Cross- PT (20); HT 36 (27/9) The patients data were from a randomized controlled trial (the
and Roos sectional (16) KANON study; ISRCTN84752559) that investigated training
(2016)° plus early ACLR and training with the option of later ACL
Baltacietal | Case-control PT 15 18-24 29.6+5.9 77.7+10.3 | 176.4+8.3
(2012)° months
Curranetal | Cross-
(2020)" sectional
Group 1 PT (14); HT 19 (8/11) 9 months + 19.5+5.7 75.0+20.2 | 168.9+10.2
(3); QT (3) 21 days
Group 2 PT (15); HT 22 (9/13) 12 months+ | 202+7.8 70.0+£10.4 | 169.1+8.2
(5); QT (2) 21 days
Group 3 PT (15); HT 20 (12/8) 18 months + | 20.5+6.6 7594153 | 1743495
(@) QT (1) 21 days
Group 4 PT (13); HT 21 (8/13) 24 months + | 20.5+6.4 746145 | 1691+74
(8) 21 days
Gobbi et al Cross- HT 80 (52/28) | 6-month test 28 NR NR
(2003)" sectional and final
test (36
months,
range,
24-52
months)
Kinikli et al Cross- HT 33 (31/2) 16 weeks Study group: | BMI: Study group:
(2014)" sectional 33.87 + 24.50 £ 2.36
8.19 Control group:
Control 24.52 +0.94
group:
32.64 +
8.21
Lee et al. Case series HT 75 (75/0) 9 months 275+9.2 723+11.0 | 1722+8.2
(2018)*
Ohji et al Cross- HT 44 (24/20) | 8-24 months | 21.5+4.1 61.2+10.9 164 10
(2021)*® sectional
Perry et al Case-control NR 24 (18/6) 57 days +4 32+6 78+13 173+9
(2005)*°
Petschnig Case-control
et al
(1998)*
Group B PT 30 (30/0) 12.9 weeks 27.8+9.0 781+116 | 176.0+6.9
+3.0
(continued)
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Table 1. (continued)

Sample Test Time
Graft Size (Male/  Post-ACLR  Age (years) Weight (kg) Height (cm)
Author (Nnumbers) Female) + 8D +SD + 8D +SD
Group C PT 25 (25/0) 53.9 weeks 29.9+5.8 731+8.7 176.4+6.9
+13.2
Taylor et al Cross- PT (3); HT 12 (0/12) 4.7 years + 21.1+3.2 68.3+8.8 165.8+6.0
(2020)* sectional (6); QT (1); 2.6
CA (2
Tengman Cross- PT + LAD 33(21/12) | Around 20 456+4.5 83.0+15.6 | 174.0+9.1
etal sectional (19); LAD years
(2014)* (9); HT (5)
Zarro et al Cross- NR 18 (7/11) 7.33 months 20.39 + 75.61 + 175+9.0
(2021)" sectional +2.05 1.11 15.38

ACL, anterior cruciate ligament; ACLR, anterior cruciate ligament reconstruction; BMI, body mass index; CA, cadaver allograft; HT, hamstring tendon; LAD,
Kennedy ligament augmentation device; NR, not reported; PT, patellar tendon; QT, quadriceps.

most frequent sources of potential bias were representative of
the population (n = 9), no power analysis (n = 8), and no or
limited adjustment for potential confounders (n = 7).

Quantity Analysis

In the quantity analysis, the LSI was analyzed as the main
outcome, and sensitivity analysis and subgroup analysis were
performed to explain the heterogeneity. When the heterogeneity
was high (I* value higher than 50% and P < 0.10), the random
effects model was used in the meta-analysis, but the conclusion
could be relevantly conservative. Therefore, the subgroup
analysis and sensitivity analysis aimed to determine the possible
sources of heterogeneity to make the conclusion more reliable.

Limb Symmetry Index

Twelve studies involving 587 tests compared the LSI values of
the SLV] and SLHD tests (Figure 2). The results suggested that
the LSI value of the SLVJ was significantly lower than that of the
SLHD test (SMD -0.42; 95% CI -0.67 to -0.17). The data, analyzed
in a random-effects model, exhibited high heterogeneity (I* =
76%, P < 0.01).

Sensitivity Analysis
The LSI value of the SLVJ test in group B of the study by
Petschnig et al’' (46.3%) was significantly lower than that in the
other groups, and sensitivity analysis was performed. After
removing this group, the heterogeneity changed (I* = 56%, P <
0.01), and a random-effects model was used (SMD -0.31; 95% CI
-0.50 to -0.12), indicating that the above result was stable.

Subgroup Analysis

After ACLR, physical rehabilitation, vascular reconstruction, graft
maturation, and other processes require some time, so subgroup

analysis was performed according to the time since surgery. The
time points were set at 6, 12, 18, and 24 months after surgery
based on the recovery time after ACLR.

In 6 months. Four studies,”"**"*" including 5 groups of
participants whose time post-ACLR was 57 days to 6 months,
formed subgroup 1 (Figure 3). High heterogeneity was found
among the 5 groups (I* = 73%, P < 0.01). The results suggested
that the LSI value of the SLVJ test was not significantly lower
than that of the SLHD test from 57 days to 6 months after
surgery (SMD -0.34; 95% CI -0.81 to 0.14). The heterogeneity
was from group B in the study of Petschnig et al.*" After
removing this group, low heterogeneity was found among the
other 4 groups (I = 13%, P = 0.33), so the fixed-effects model
was used (SMD -0.06; 95% CI -0.30 to 0.18).

6 to 12 months. Three studies,"**" including 4 groups of
participants whose time post-ACLR was 7 to 12 months, formed
subgroup 2 (Figure 4). Medium heterogeneity was found among
the 4 groups (I* = 53%, P = 0.10). The results suggested that the
LSI value of the SLVJ test was not significantly lower than that of
the SLHD test from 6 to 12 months after surgery (SMD -0.35;
95% CI -0.74 to 0.04).

12 to 18 months. Two studies, " including 2 groups of
participants whose time post-ACLR was 12 to 18 months,
formed subgroup 3 (Figure 5). Medium heterogeneity was
found between the 2 groups (I* = 57%, P = 0.13), so the
random-effects model was used. The results suggested that the
LSI value of the SLVJ test was significantly lower than that of the
SLHD test from 12 to 18 months after surgery (SMD-0.86; 95%
CI-1.53 t0 -0.20).

18 to 24 months. Two studies,”"" including 2 groups of
participants whose time post-ACLR was 18 to 24 months,
formed subgroup 4 (Figure 6). High heterogeneity was
found between the 2 groups (I* = 75%, P = 0.04), so the

11,31
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Table 2. Primary outcomes

Author Single-leg Vertical Jump LSI (%) + SD Single-Leg Hop LSI (%) + SD
Ageberg and Roos (2016)° 96.3+134 99.5+8.2
Baltaci et al (2012)° 92.9 +10.1 88.1+8.4
Curran et al (2020)"

Group 1 87.06 +17.35 90.01+9.46

Group 2 89.64 + 18.43 93.48 + 5.53

Group 3 89.67 + 16.42 96.24 + 6.47

Group 4 90.70 +15.13 96.30 + 6.46
Gobbi et al (2003)"

6-Month test 0.90 +0.12 0.90 +0.09

Final test 0.93+0.10 0.95+0.10
Kinikli et al (2014)"

The study group 89.18 +10.36 91.14+ 8.6
The control group 77.25+14.98 84.58+7.4
Lee et al (2018)* 89.4+14.9 90.7+11.7

Ohji et al (2021)*® 90.4+10.7 98.2 + 6.1
Perry et al (2005)® 78 £ 14 75 +£17
Petschnig et al (1998)°'

Group B 46.3+129 73499

Group C 749+13.3 88.4+8.4
Taylor et al (2020)% 949+76 97.4+6.6
Tengman et al (2014)* 94+2 94+ 11
Zarro et al (2021)* 84.48 + 11.41 95.48 + 8.02

LSI, limb symmetry index.

random-effects model was used. The results suggested that the
LST value of the SLVJ test was not significantly lower than that of
the SLHD test from 18 to 24 months after surgery (SMD -0.01;
95% CI -0.96 to 0.95).

More than 24 montbs. Three studies, including 3 groups
of participants whose time post-ACLR was more than 24
months, formed subgroup 5 (Figure 7). Low heterogeneity was
found between the 2 groups (I* = 0%, P = 0.71), so the fixed-
effects model was used. The results suggested that the LSI value
of the SLVJ test was not significantly lower than that of the
SLHD test more than 24 months after surgery (SMD -0.16; 95%
CI-0.41 to 0.09).

Subgroup 2, subgroup 3, and subgroup 4 showed medium or
high heterogeneity, and subgroup 2 and subgroup 3 only

15,37,41

included 2 groups of participants, which indicated that the
source of heterogeneity was unclear. The time point was
adjusted and set at 6 and 18 months.

6 to 18 months. Four studies,"****! including 6 groups of
participants whose time post-ACLR was 7 to 18 months, formed
subgroup 6 (Figure 8). High heterogeneity was found among the
6 groups (I” = 63%, P = 0.01), so the random-effects model was
used. The results suggested that the LSI value of the SLV] test was
significantly lower than that of the SLHD test from 6 to 18 months
after surgery (SMD -0.53; 95% CI -0.91 to -0.14). The heterogeneity
was from group C in the study of Petschnig et al.*! After removing
this group, low to medium heterogeneity was found among the
other 5 groups (I* = 42%, P = 0.14), so the fixed-effects model was
used (SMD -0.29; 95% CI -0.52 to -0.07).
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SLVJ SLH Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ageberg 2016 963 134 36 995 82 36 6.1% -0.28 [-0.75, 0.18] T
Baltaci 2012 929 101 15 881 84 15 47% 0.50 [-0.23, 1.23] n
Curran group1 2020 87.06 17.35 19 90.01 946 19 52% -0.21[-0.84, 0.43] -1
Curran group2 2020 8064 1843 22 9348 553 22 54% -0.28 [-0.87, 0.32] —
Curran group3 2020 89.67 1642 20 9624 647 20 52% -0.52[-1.15, 0.12] I
Curran group4 2020 90.7 1513 21 96.3 646 21 53% -0.47 [-1.09, 0.14] T
Gobbi 6-month test 2003 9 12 80 90 9 80 7.0% 0.00 [-0.31, 0.31] T
Gobbi final test 2003 93 10 80 95 10 80 7.0% -0.20 [-0.51, 0.11] -
Kinikli control group 2014 77.25 1498 17 8458 7.4 17 49% -0.61 [-1.30, 0.08] r
Kinikli study group 2014  89.18 1036 16 91.14 86 16 4.9% -0.20 [-0.90, 0.49] 1
Lee 2018 894 149 75 907 117 75 6.9% -0.10[-0.42, 0.22] -
Ohji 2021 904 107 44 982 641 44  6.3% -0.89 [-1.33, -0.45] —
Perry 2005 78 14 24 75 17 24  56% 0.19[-0.38, 0.76] e
Petsching groupB 1998 463 128 30 73 99 30 51% 2.29[-2.95, -1.63]
Petsching groupC 1998 749 133 25 884 84 25 54% -1.19[-1.80, -0.59] —
Taylor 2020 949 76 12 974 66 12 43% -0.34[-1.15, 0.47] — 1
Tengman 2014 94 2 33 94 11 33 60% 0.00 [-0.48, 0.48] B
Zarro 2021 8448 1141 18 9548 802 18 4.8% 1,09 [-1.80, -0.38]
Total (95% CI) 587 587 100.0%  -0.42[-0.67,-0.17] <>
Heterogeneity: Tau? = 0.21; Chi? = 71.02, df= 17 (P< 0.01); 2 = 76% 2 1 8 1 2
Test for overall effect: Z=3.31 (P <0.01) Lower LS| Higher LSI
Figure 2. Forest plot of the LSI values. LSI, limb symmetry index; SLH, single-leg hop; SLVJ, single-leg vertical jump.
SLVWJ SLH Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% Cl
Gobbi 6-month test 2003 9 12 80 90 9 80 252% 0.00 [-0.31, 0.31] -
Kinikli control group 2014  77.25 14.98 17 8458 7.4 17 17.7% -0.61 [-1.30, 0.08] —
Kinikli study group 2014  89.18 10.36 16 91.14 86 16 17.6% -0.20 [-0.90, 0.49] e
Perry 2005 78 14 24 75 17 24 201% 0.19[-0.38, 0.76] T
Petsching groupC 1998 749 133 25 884 84 25 194% -1.19 [-1.80, -0.59] I
Total (95% Cl) 162 162 100.0% -0.34 [-0.81, 0.14] -
Heterogeneity: Tau? = 0.21; Chi? = 15.09, df = 4 (P = 0.005); I = 73% 2 1 5 1 2
Test for overall effect: Z=1.38 (P =0.17) Lower LS| Higher LS
Figure 3. Forest plot of subgroup 1. LSI, limb symmetry index; SLH, single-leg hop; SLVJ, single-leg vertical jump.
SLVJ SLH Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV. Random, 95% CI
Curran group1 2020  87.06 17.35 19 90.01 946 19 21.3% -0.21[-0.84, 0.43] —
Curran group2 2020  89.64 1843 22 9348 553 22 23.0% -0.28 [-0.87, 0.32] —
Lee 2018 804 149 75 907 11.7 75 36.6% -0.10 [-0.42, 0.22] ——
Zarro 2021 84.48 1141 18 9548 802 18 19.0% -1.09 [-1.80, -0.38] —
Total (95% CI) 134 134 100.0% -0.35 [-0.74, 0.04] -
Heterogeneity: Tau? = 0.08; Chi? = 6.35, df = 3 (P = 0.10); I2 = 53% '2 '1 5 1' é
Test for overall effect: Z =1.74 (P = 0.08) Lower LS Higher LS|

Figure 4. Forest plot of subgroup 2. LSI, limb symmetry index; SLH, single-leg hop; SLVJ, single-leg vertical jump.

More than 18 months. Five studies,"**% including 5 groups

of participants whose time post-ACLR was more than 18 months,
formed subgroup 7 and the longest time post-ACLR was around
20 years” (Figure 9). Low heterogeneity was found among the 5
groups (I* = 17%, P = 0.31), so the fixed-effects model was
used. The results suggested that the LSI value of the SLV] test
was not significantly lower than that of the SLHD test more than
18 months after surgery (SMD -0.14; 95% CI -0.36 to 0.08).

The study of Ageberg and Roos” only reported the time after
injury, and the study of Ohji et al” reported a time between 8
and 24 months, which was a long interval, and was not

included in the subgroup analysis.

Quality Analysis

According to the aforementioned guidelines,” RTP is
recommended when the LSI value is higher than 90%.
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SLVJ SLH Std. Mean Difference Std. Mean Difference
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Figure 5. Forest plot of subgroup 3. LSI, limb symmetry index; SLH, single-leg hop; SLVJ, single-leg vertical jump.
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Figure 6. Forest plot of subgroup 4. LSI, limb symmetry index; SLH, single-leg hop; SLVJ, single-leg vertical jump.
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Figure 7. Forest plot of subgroup 5. LSI, limb symmetry index; SLH, single-leg hop; SLVJ, single-leg vertical jump.
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Figure 8. Forest plot of subgroup 6. LS, limb symmetry index; SLH, single-leg hop; SLVJ, single-leg vertical jump.

Therefore, quality synthesis was performed based on the
criterion of an LSI value >90% and the time post-ACLR. Among
the 17 groups of participants, for the LSI value of the SLHD
test, the average LSI value of the 12 groups was higher than
90%, the earliest time point was 4 months, and the latest time
point was 20.3 years. For the LSI value of the SLV] test, the
average LSI value of the 6 groups was higher than 90%, and the
time points of 5 groups were 218 months (the left group was

from the study of Ohji et al,”” which had a long interval from 8

to 24 months). Both the LSI values of the SLHD and SLVJ tests
from the study of Ageberg and Roos,’ only reporting the time
after injury, were more than 90%.

DISCUSSION

This review was performed to compare the LSI values of the
SLV] and SLHD tests, and a key finding was that individuals had
lower LSI values of the SLVJ test than the SLHD test from 7 to
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Figure 9. Forest plot of subgroup 7. LSI, limb symmetry index; SLH, single-leg hop; SLVJ, single-leg vertical jump.

18 months after ACLR, while patients who had tests from 57
days to 6 months or after 18 months had similar LSI values in
both tests.

In the early stage after ACLR, there are functional deficits in
quadricep and hamstring strength,*'* and graft healing is
essential in rehabilitation and RTP® A similar LSI value was
found from 57 days to 6 months after ACLR. The theory of
ligamentization and insufficient rehabilitation for muscle atrophy
may potentially explain the result. First, after ACLR, a free
tendon graft replaces the ruptured ACL through a series of
biological processes termed ligamentization. Ligamentization is
a necessary process of graft remodeling with characteristic
histological and biomechanical changes in different stages."
Three different stages of the ligamentization of the free tendon
graft are mainly described by other authors, including the early
stage, remodeling stage, and mature stage."***% There is lower
mechanical strength of the healing graft in the early stage, and
the mechanical strength increases step by step in the following
2 stages.** Although the time point of the early stage varies
(from 3 to 12 months) in different studies,'’ the theory indicates
that graft healing may still be in the early stage in the first 6
months after ACLR. Second, muscle atrophy of the injured leg
commonly occurs after ACL injury due to disuse or traumatic
factors,*** and rehabilitation before surgery can be used to
reduce limb asymmetry and accelerate rehabilitation."”* Only 1
included study" described that some of the participants
underwent rehabilitation before surgery, which indicated that
more time might be spent in rehabilitation after ACLR. In total,
in the early stage, the lower mechanical strength of the healing
graft and less time for rehabilitation may make both the SLV]
and SLHD tests able to sensitively recognize limb asymmetry.

Along with rehabilitation and ligamentization, the differences
between legs decrease, and different sensitivities of the SLV]
and SLHD tests are exhibited. A lower LSI value of the SLV] test
than that of the SLHD test was found 7 to 18 months after ACLR.
A possible explanation is that limb symmetry is performed in
specific movements, and limb asymmetry may exist in the
vertical and not horizontal directions.” Several studies have
reported that the SLVJ test was more correlated with quadriceps
strength and provided a greater strength-load stimulus than the
horizontal jump test.”>***" Moreover, a weak-to-moderate
correlation between the SLVH and SLHD tests was reported,

suggesting that the SLVH test may capture deficits that the SLHD
test cannot !

A similar LSI value was found more than 18 months after
ACLR. In this period, ligamentization was in the maturation
stage and approached the endpoint. Combined with the results
of the quality analysis, the LSI values of both the SLHD and SLV]
tests were commonly more than 90% in this period, which
indicated that the LSI was not particularly sensitive in the
clinical setting. Although the LSI value was more than 90%, as
Tengman et al”’ reported, other biomechanical outcomes of the
SLVJ test, such as sagittal plane knee impulse and sagittal plane
hip impulse of the SLVH test, could also reflect asymmetry in
the lower limbs. This result indicated that similar athletic
performance could result in different instability between the
legs.

In conclusion, the test battery (including the hop test and
strength test) is recommended after ACLR, and the specific test
items are suggested to be determined according to patient RTP
goals. A complete test battery should include hop tests and
strength tests (isokinetic muscle strength tests), which are
usually tested by the Biodex system (Biodex Medical Systems),
which could keep the muscles working in the same motion to
observe muscle function and joint status, and provide valuable
information for rehabilitation."*!*% The Biodex system and
the hop test could provide valuable information in different
directions, and this study focused on the sensitivity of hop tests.
It should be emphasized that the results of this study supported
that the SLVJ test was more sensitive than the SLHD test, and
could possibly provide more information for enhancing a safe
return to high-intensity sports. This review also suggested that
in future studies, the test battery could be graded according to
different RTP goals to guide patients to RTP at a more
appropriate time. We think that both the SLHD and SLVJ tests
are meaningful during 7 to 18 months after ACLR, and the key is
to choose the appropriate test according to the needs of
patients.

Limitations

Several limitations of the review should be considered. First, the
rehabilitation method was not limited in this review, which
could confound the comparison. Second, only 1 included
study'' reported biomechanical outcomes, such as peak knee
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flexion, of both the SLV] and SLHD tests, which limited the
comparison of the review to only LSI values.

CONCLUSION

This review recommended that the SLV]J test can be used to
calculate LSI values and capture deficits in performance that the
SLHD test is unable to perform in the intermediate phase after
ACLR. It is insufficient to measure only the distance of the
horizontal jump. The test battery for RTP after ACLR needs to be
completed and adjusted to meet different patient rehabilitation
goals.
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