
Supplementary Appendix 1. Complete search strategy, exemplified for Ovid MEDLINE(R) 

The full search strategy for all databases can be found in the Open Science Framework 

registration (https://osf.io/bkhr5/)  

Field labels 

/  After an index term indicates a subject heading were selected. 

.tw.  Indicates a search for a term in title or abstract 

.kw. = keyword heading 

.kf. = keyword heading word 

*  At the end of a term indicates that this term has been truncated. 

Adj3  Indicates a search for two terms next to each other, in any order, up to 3 words in between.  

Searches are not limited by year or language. 

Ovid MEDLINE(R) ALL 1946 to July 06, 2021 

Advanced search 

Date of search: 2021-07-07 

# Searches 

1 Athletic Injuries/ or Rupture/ or "Sprains and Strains"/  

2 Anterior Cruciate Ligament/ or Menisci, Tibial/  

3 1 and 2  

4 Anterior Cruciate Ligament Injuries/ or Tibial Meniscus Injuries/  

5 3 or 4  

6 (menisc* adj3 (resect* or injur* or tear* or rupture* or repair* or reconstruct* or shav* or surg*)).tw,kf.  

7 ((ACL* or anterior cruciate ligament*) adj4 (injur* or tear* or sprain* or rupture* or reconstruct* or 

surg* or repair* or rupture*)).tw,kf.  

8 Meniscectomy/  

9 exp Anterior Cruciate Ligament Reconstruction/  

10 meniscectom*.tw,kf.  

11 or/6-10  

12 Arthroscopy/  

13 arthroscop*.tw,kf.  

14 or/12-13  

15 (ACL* or anterior cruciate ligament* or menisc*).tw,kf.  

16 2 or 15  

17 14 and 16  

18 5 or 11 or 17  

19 "Task Performance and Analysis"/ or exp patient outcome assessment/  

20 (((Performance or performance-based or performancebased or objective or observational or 

observational-based) adj3 (Measure* or test* or instrument* or method* or index or indices or 

assessment or assessments or evaluation* or function* or disability or analys*)) or gait analys* or gait 

evaluation or walk* test).tw,kw,kf.  

21 or/19-20  

22 (instrumentation or methods).fs.  

23 (Validation Studies or Comparative Study).pt.  

24 exp Psychometrics/  

25 psychometr*.ti,ab.  

26 (clinimetr* or clinometr*).tw.  

27 exp Outcome Assessment, Health Care/  

28 outcome assessment.ti,ab.  

29 outcome measure*.tw.  

30 exp Observer Variation/  

31 observer variation.ti,ab.  

32 exp Health Status Indicators/  
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33 exp Reproducibility of Results/  

34 reproducib*.ti,ab.  

35 exp Discriminant Analysis/  

36 (reliab* or unreliab* or valid* or coefficient or homogeneity or homogeneous or internal 

consistency).ti,ab.  

37 (cronbach* adj3 (alpha or alphas)).ti,ab.  

38 (item adj3 (correlation* or selection* or reduction*)).ti,ab.  

39 (agreement or precision or imprecision or precise values or test-retest).ti,ab.  

40 (test adj3 retest).ti,ab.  

41 (reliab* adj3 (test or retest)).ti,ab.  

42 (stability or interrater or inter-rater or intrarater or intra-rater or intertester or inter-tester or intratester or 

intra-tester or interobserver or inter-observer or intraobserver or intraobserver or intertechnician or inter-

technician or intratechnician or intra-technician or interexaminer or inter-examiner or intraexaminer or 

intra-examiner or interassay or interassay or intraassay or intra-assay or interindividual or inter-

individual or intraindividual or intra-individual or interparticipant or inter-participant or intraparticipant 
or intra-participant or kappa or kappas or repeatab*).ti,ab.  

43 ((replicab* or repeated) adj3 (measure or measures or findings or result or results or test or tests)).ti,ab.  

44 (generaliza* or generalisa* or concordance).ti,ab.  

45 (intraclass adj3 correlation*).ti,ab.  

46 (discriminative or known group or factor analysis or factor analyses or dimension* or subscale*).ti,ab.  

47 (multitrait scaling adj3 (analysis or analyses)).ti,ab.  

48 (item discriminant or interscale correlation* or error or errors or individual variability).ti,ab.  

49 (variability adj3 (analysis or values)).ti,ab.  

50 (uncertainty adj3 (measurement or measuring)).ti,ab.  

51 (standard error of measurement or sensitiv* or responsive*).ti,ab.  

52 (((minimal or minimally or clinical or clinically) adj3 (important or significant or detectable)) and 

(change or difference)).ti,ab.  

53 (small* adj3 (real or detectable) adj3 (change or difference)).ti,ab.  

54 (meaningful change or ceiling effect or floor effect or Item response model or IRT or Rasch or 

Differential item functioning or DIF or computer adaptive testing or item bank or cross-cultural 

equivalence).ti,ab.  

55 or/22-54  

56 (addresses or biography or case reports or comment or directory or editorial or festschrift or interview or 

lectures or legal cases or legislation or letter or news or newspaper article or patient education handout 

or popular works or congresses or consensus development conference or consensus development 

conference, nih or practice guideline or randomized controlled trial or randomized controlled trial, 

veterinary or "systematic review").pt.  

57 ((veterinar* or animal or animals or rabbit or rabbits or rodent or rodents or rat or rats or mouse or mice 

or hamster or hamsters or pig or pigs or piglet or piglets or porcine or pigeon* or horse* or equine or 

cow or cows or bovine or goat or goats or sheep or lamb or lambs or monkey or monkeys or murine or 
ovine or dog or dogs or canine or cat or cats or feline or dolphin*) not (patient or patients or human or 

humans)).ti.  

58 (Animal Experimentation/ or exp Animals/ or exp Models, Animal/) not Humans/  

59 systematic review/ or exp randomized controlled trial/ or (systematic review or randomi?ed controlled 

trial).ti.  

60 or/56-59  

61 18 and 21 and 55  

62 61 not 60  
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Supplementary Appendix 2. Updated criteria for good measurement properties 

Measurement property Rating Criteria 

Reliability + ICC or (weighted) Kappa ≥ 0.70  
 ? ICC or (weighted) Kappa not reported  
 - ICC or (weighted) Kappa < 0.70 
Measurement error + SDC or LoA or CV*√2*1.96 < M(C)IC*; % specific agreement > 80% 
 ? MIC not defined  
 - SDC or LoA or CV*√2*1.96 > M(C)IC†; % specific agreement <80% 
Hypothesis testing for construct 
validity  

+ The result is in accordance with the hypothesis** 

? No hypothesis defined (by the review team)  
 - The result is not in accordance with the hypothesis** 
Responsiveness + The result is in accordance with the hypothesis OR AUC ≥ 0.70 
 ? No hypothesis defined (by the review team) 
 - The result is not in accordance with the hypothesis OR AUC < 0.70  
Structural validity + CTT 

CFA: CFI or TLI or comparable measure > 0.95 OR RMSEA < 0.06 OR 
SRMR < 0.08  
IRT/Rasch 
No violation of unidimensionality: CFI or TLI or comparable measure > 
0.95 OR RMSEA < 0.06  
OR SRMR < 0.08  
AND  
no violation of local independence: residual correlations among the items 
after controlling for the dominant factor < 0.20 OR Q3’s < 0.37  
AND  
no violation of monotonicity: adequate looking graphs OR item 
scalability > 0.30  
AND  
adequate model fit 
IRT: χ2 > 0.001 
Rasch: infit and outfit mean squares ≥ 0.5 and ≤ 1.5 OR Z-standardized 
values > −2 and < 2  

 ? CTT: not all information for ‘+’ reported  
IRT/Rasch: model fit not reported  

 - Criteria for ‘+’ not met  
Based on Prinsen et al. Qual Life Res 2018 and the manual accompanying the extended COSMIN Risk of Bias checklist (Mokkink et al. 

BMC Med Res Methodol 2020). 
+ = sufficient; ? = indeterminate; - = insufficient. * The M(C)IC value may come from another study. ** The results of all studies should be 

taken together and it should then be decided if 75% of the results are in accordance with the hypotheses. 

ICC=Intraclass Correlation Coefficient; SDC=Smallest Detectable Change; LoA=Limits of Agreement; M(C)IC=Minimal (Clinical) 

Important Change; AUC=Area Under the Curve; CTT=Classical Test Theory; CFA=Confirmatory Factor Analysis; CFI=Comparative fit 

Index; TLI=Tucker-Lewis index; RMSEA=Root Mean Square Error of Approximation; SRMR=Standardized Root Mean Square Residual; 

IRT=Item Response Theory. 
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Supplementary Appendix 3. Hypotheses used in data synthesis for construct validity  

Type of functional 

performance test 

Data management Hypotheses Interpretation 

Hopping/Jumping 

 

 

 

 

 

 

 

 

Quantitative synthesis: Weighted 

mean correlation coefficients (95% 

CI) between the functional 

performance test and comparator 

instruments. 

 

Qualitative synthesis: Individual 

study results of correlation between 

the functional performance test and 

comparator instruments. 

 

Correlation ≥0.50 with quadriceps strength. 

Correlation ≥0.40 with hamstrings strength. 

Correlation 0.30-0.50 with patient-reported 

outcomes (related, but dissimilar 

constructs) 

Considered sufficient if at 

least 75% of the results are 

in accordance with the 

hypotheses. 

 

 

Running Qualitative synthesis: Individual 

study results of correlation between 

the functional performance test and 

comparator instruments. 

 

 

Correlation 0.30-0.60 with quadriceps and 

hamstrings strength, 

Correlation 0.30-0.50 with patient-reported 

outcomes (related, but dissimilar 

constructs) 

Considered sufficient if at 

least 75% of the results are 

in accordance with the 

hypotheses. 

Stepping, and 

Dynamic balance 

Qualitative synthesis: Individual 

study results of correlation between 

the functional performance test and 

comparator instruments. 

Correlation 0.30-0.50 with quadriceps 

strength, hamstrings strength, and patient-

reported outcomes (related, but dissimilar 

constructs). 

Considered sufficient if at 

least 75% of the results are 

in accordance with the 

hypotheses. 
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Supplementary Appendix 4. Elements of a comprehensive research questions for included 

studies on reliability and measurement error 

Hopper 2002 
Element Study 1 Study 2 Study 3 Study 4 

1. Name of the 

instrument 

6-meter Timed 

Hop Test 

Crossover Hop 

Test 

Stair Hop Test Vertical Hop Test 

2. Version or way of 

operationalization 

Equipment: 

Timing gates 

(Speedlight Sports 

Timing System), 

measuring tape. 

Equipment: 

Measuring tape, 

marks on floor. 

Equipment: 

Timing gates 

(Speedlight Sports 

Timing System), 

3-step platform. 

Equipment: Force 

plate (Advanced 

Metal 

Technologies 

Incorporated). 

Preparatory action: One rater (experience not specified). Five-minute warm-up on 

a stationary bicycle, and static stretches of the lower extremities. One practice trial 

performed for each limb. The limb to be tested first and the order of testing of the 

hop tests were randomly determined. Three measured trials. Adequate rest between 

trials to minimize fatigue effects.  

Procedure: Hop 

as fast as possible 
between timing 

gates placed 6 

meters apart. The 

time taken to hop 6 

meter was 

recorded in 

seconds. 

Procedure: Three 

consecutive hops 
for maximal 

distance, while 

crossing a 15-cm 

wide line. Testing 

was repeated if 

subject touched the 

line or grounded 

the other leg. 

Distance from the 

start line to the toe 

of the test leg was 

measured. 

Procedure: Hop 

up, then down 
three steps. Turn 

around a fixed 

marker 1 m from 

the platform. The 

time taken to 

complete the test 

was recorded in 

seconds. 

Procedure: 

Perform a deep 
squat and hop 

maximally landing 

on the same foot. 

Elbows clasped 

behind the back 

throughout. The 

time off the force 

plate was 

measured in 

milliseconds using 

the strain gauge 

based force plate. 

Assignment of the score: The best score of three recorded trials was utilized for data 
analysis (absolute values and leg symmetry index). 

3. Construct Physical function. 

4. Measurement 

property 

Reliability (rater n=1; intra-rater reliability). 

5. Components that 

will be repeated 

The whole measurement was repeated. 

6. Source of 

variation 

Occasion (7 days). 

7. Patient 

population 

ACL reconstruction (12 mo. post-op.), n=19 (32% females). 

Comprehensive research question: What is the intra-rater reliability of the 6-m Timed Hop, Crossover 

Hop, Stair Hop and Vertical Hop tests based on the best of three trials (absolute and leg symmetry index 

scores) in ACL reconstructed individuals. 
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Lee 2018 
Element Study 1 Study 2 

1. Name of the 

instrument 

Vertical Hop Test Single Leg Hop Test 

2. Version or way of 

operationalization 

Equipment: Contact mat (Sargent jump 

analyzer). 

Equipment: Measuring tape. 

Preparation action: One rater (experience not specified). Five-minute warm-up, 

two minutes stretching. Three practice trials for each test. Three measured trials. 

Adequate rest between trials to minimize fatigue effects. 

Procedure: Perform a single deep squat 

with a pause, followed by a vertical hop 

on the contact mat. Trials were repeated 

if patients did not jump to maximum 

height upon landing or showed landing 

error. Jump height measured in 

centimetres by the contact mat.  

Procedure: Hop forward as far as 

possible, jumping and landing with the 

same foot. Measured in centimetres 

using a ruler on the ground. 

Assignment of the score: The best score of three recorded trials was utilized for data 

analysis (leg symmetry index). 

3. Construct Physical function. 

4. Measurement 

property 

Reliability (rater n=1; intra-rater reliability). 

5. Components that 

will be repeated 

The whole test was repeated. 

6. Source of 

variation 

Occasion (14 days). 

7. Patient 

population 

ACL reconstruction (9 mo. post-op.), n=75 (0% females). 

Comprehensive research question: What is the intra-rater reliability of the Vertical Hop Test and Single 

Leg Hop Test based on the best of three trials (leg symmetry index scores) in ACL reconstructed individuals. 
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Read 2020b  
Element Study 1 

1. Name of the 

instrument 

6-meter Timed Hop 

2. Version or way of 

operationalization 

Equipment: Stop-watch, measuring tape. 

Preparatory action: Two raters (one experienced rehabilitation specialist and one 
strength and conditioning coach with >5 years’ experience). Five-minute warm-up 

consisting of light jogging, and 10 repetitions each of body weight squats and lunges, 

followed by 3 submaximal hops. Three practice trial. Two measured trials on both 

the uninvolved and involved leg in that order, with 30 seconds of rest between each. 

Procedure: Hop as far as possible in a linear direction for 6-meters. A 30 second rest 

period between each trial. The stopwatch was started when the patient`s heel lifted 

and stopped when the patient crossed the finish line. 

Assignment of the score: Best of the two recorded trials was utilized for data 

analysis. Leg symmetry index (above or below 90%) was utilized for inter-rater 

reliability. Absolute scores and leg symmetry index (%) were utilized for 

measurement error. 

3. Construct Physical function. 

4. Measurement 

property 

Reliability (rater n=2; inter-rater reliability) and measurement error. 

5. Components that 

will be repeated 

The whole test was repeated. 

6. Source of 

variation 

Rater 

7. Patient 

population 

ACL reconstruction (27 mo. post-op.), n=10 (30% females). 

Comprehensive research question: What is the inter-rater reliability (leg symmetry index values [above or 

below 90%]) and 95% Limits of Agreement (absolute values and leg symmetry index scores) of the 6-meter 

Timed Hop Test based on the mean of two trials in ACL reconstructed individuals. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Br J Sports Med

 doi: 10.1136/bjsports-2022-105510–1464.:1454 56 2022;Br J Sports Med, et al. Berg B



Reid 2007 
Element Study 1 Study 2 Study 3 Study 4 

1. Name of the 

instrument 

Single Leg Hop 

Test 

6-meter Timed 

Hop Test 

Triple Hop Test Crossover Hop 

Test 

2. Version or way of 

operationalization 

Equipment: 

Measuring tape. 

Equipment: Stop-

watch, measuring 

tape. 

Equipment: 

Measuring tape. 

Equipment: 

Measuring tape, 

marks on floor. 

Preparation action: One rater (experience not specified). No warm-up activity. One 

practice trial. Two measured trials, beginning with the nonoperative limb. Rest 

period to minimize fatigue between types of hop tests (up to 2 minutes) and between 

individual hop test trials if needed (typically less than 30 seconds). 

Procedure: Hop 

and land on the 

same limb. No 

restriction for arm 

movement. Test 

repeated if the 
subjected 

grounded the other 

leg, lost balance, 

touched down 

upper extremity, 

did not maintain 

landing for 2 

seconds. Measured 

to the nearest 

centimetre at the 

level of the great 
toe. 

Procedure: 

Perform large one-

legged hops in 

series over 6 

meters. No 

restriction for arm 
movement. The 

stopwatch was 

started when a 

subject`s heel 

lifted from the 

starting position 

and was stopped 

the moment the 

tested foot passed 

the finish line. 

Procedure: Stand 

on one leg and 

perform three 

consecutive hops 

as far as possible. 

No restriction for 
arm movement. 

Test repeated if the 

subjected 

grounded the other 

leg, lost balance, 

touched down 

upper extremity, 

did not maintain 

landing for 2 

seconds. 

Procedure: Hop 

forward 3 times 

while alternately 

crossing over a 

marking (15-cm). 

No restriction for 
arm movement. 

Test repeated if the 

subjected 

grounded the other 

leg, lost balance, 

touched down 

upper extremity, 

did not maintain 

landing for 2 

seconds. 

Assignment of the score: Mean of the two recorded trials was utilized for data 

analysis (leg symmetry index). 

3. Construct Physical function. 

4. Measurement 

property 

Reliability (rater n=1; intra-rater reliability) and measurement error. 

5. Components that 

will be repeated 

The whole test was repeated. 

6. Source of 

variation 

Occasion (24-48 hours). 

7. Patient 

population 

ACL reconstruction (16 weeks post-op.), n=42 (45% females) 

Comprehensive research question: What is the intra-rater reliability/standard error of measurement of the 

Single Leg Hop, 6-meter Timed Hop, Triple Hop, and Crossover Hop tests based on the mean of two trials 

(leg symmetry index scores) in ACL reconstructed individuals. 
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Ross 2002 
Element Study 1 

1. Name of the 

instrument 

Single Leg Hop Test 

2. Version or way of 

operationalization 

Equipment: Measuring tape. 

Preparatory action: One rater (experience not specified). Five-minute warm-up on 
a stationary bicycle ergometer and stretches of the lower extremities. One practice 

trial. Three measured trials, beginning with the non-involved leg. A 30 second rest 

period separated each trial. 

Procedure: Hop as far as possible forward and land on the tape measure. A 30 

second rest period between each trial. The distance from the zero mark of the tape 

measure to the point where the subject`s heel hit the ground was measured. 

Assignment of the score: Mean of the three recorded trials was utilized for data 

analysis (leg symmetry index). 

3. Construct Physical function. 

4. Measurement 

property 

Reliability (rater n=1; intra-rater reliability) and measurement error. 

5. Components that 

will be repeated 

The whole test was repeated. 

6. Source of 

variation 

Occasion (5 days). 

7. Patient 

population 

ACL reconstruction (27 mo. post-op.), n=10 (30% females). 

Comprehensive research question: What is the intra-rater reliability/standard error of measurement of the 

Single Leg Hop Test based the mean of three trials (leg symmetry index scores) in ACL reconstructed 
individuals. 
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Supplementary Appendix 5. COSMIN methodological quality ratings and correlation 

coefficients of studies included in construct validity meta-analyses 

n = number of participants; mo. = months; post-op = post-operatively; post-inj. = post-injury. 

Negative values (6-m Timed Hop) have been removed from table for consistent presentation of results. 

 

 

 

 

 

 

 

Functional 

performance test 

Study n COSMIN 

score 

Quad. Ham. IKDC KOOS 

sport/rec 

KOOS 

QoL 

ACL-RSI 

Single Leg Hop Bodkin 2017 51 Very good - - 0.17 0.22 0.19 - 

 Chaput 2017 48 Very good 0.55 - 0.34 - - - 

 Ebert 2021 50 Very good 0.47 - 0.15 - - 0.17 

 Harput 2016 90 Very good - - - - - 0.26 

 Harput 2018 72 Very good - - 0.50 0.30 0.45 - 

 Hunnicutt 2020 30 Very good 0.76 - - - - - 

 Jamshidi 2005 11 Adequate 0.85 - 0.60 - - - 

 Keays 2003 31 Very good 0.66 0.25 - - - - 

 Menzer 2017 88 Very good - - - 0.31 - - 

 Pua 2015 87 Very good 0.63 0.51 - - - - 

 Reinke 2011 69 Very good - - 0.32 0.24 0.20 - 

 Ross 2002 50 Very good 0.30 - - - - - 

 Sonesson 2021 68 Very good - - 0.31 - - - 

 Sueyoshi 29 Very good 0.42 0.58 - - - - 

 Tunay 2008 37 Very good 0.38 - - - - - 

 Xergia 2015 22 Very good 0.37 -0.11 - - - - 

6-m Timed Hop Bodkin 2017 51 Very good - - 0.10 0.22 0.25 - 

 Ebert 2021 50 Very good 0.38 - 0.38 - - 0.32 

 Pua 2015 87 Very good 0.64 0.53 - - - - 

 Reinke 2011 69 Very good - - 0.30 0.20 0.20 - 

 Sonesson 2021 68 Very good - - 0.17 - - - 

 Sueyoshi 2017 29 Doubtful ns. - - - - - 

   Very good - 0.43 - - - - 

Crossover Hop Bodkin 2017 51 Very good - - 0.21 0.28 0.29 - 

 Ebert 2021 50 Very good 0.46 - 0.18 - - 0.22 

 Jamshidi 2005 11 Adequate 0.93 - 0.78 - - - 

 Menzer 2017 88 Very good - - - 0.29 - - 

 Reinke 2011 69 Very good - - 0.20 0.20 0.10 - 

 Sonesson 2021 68 Very good - - 0.25 - - - 

 Sueyoshi 2017 29 Very good 0.40 0.46 - - - - 

Triple Hop Bodkin 2017 51 Very good - - 0.17 0.18 0.10 - 

 Ebert 2021 50 Very good 0.48 - 0.18 - - 0.27 

 Keays 2003 31 Very good 0.62 0.34 - - - - 

 Menzer 2017 88 Very good - - - 0.31 - - 

 Reinke 2011 69 Very good - - 0.40 0.24 0.30 - 

 Sonesson 2021 68 Very good - - 0.21 - - - 

 Sueyoshi 2017 29 Very good 0.51 0.50 - - - - 

Vertical Hop Ebert 2021 50 Very good 0.82 - 0.53 - - 0.40 

 Fischer 2017 169 Very good 0.52 - - - - - 

 Jamshidi 2005 11 Adequate 0.66 - 0.70 - - - 

 Laudner 2015 26 Very good 0.71 0.53 - - - - 

 Lee 2018 75 Adequate 0.30 0.16 - - - - 

   Very good - - 0.46 - - 0.61 

 O`Connor 2020 452 Adequate - - - - - 0.18 

 Tunay 2008 37 Very good 0.22 - - - - - 
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Supplementary Appendix 6. COSMIN methodological quality ratings and correlation 

coefficients of studies included in qualitative synthesis for construct validity 

For summary results: + = number of hypotheses confirmed, - = number of hypotheses not confirmed.  

For overall rating: (+) = sufficient, (±) = inconsistent, (-) = insufficient. 

Negative values (Carioca, Shuttle Run, Side-Step, Co-Contraction) have been removed from table for consistent presentation of results. 

n = number of participants; IKDC = International Knee Documentation Committee Subjective Knee Form; ACL-RSI = Anterior Cruciate 

Ligament Return to Sport after Injury Scale; KOOS = Knee injury and Osteoarthritis Outcome Score; sport/rec = KOOS function in sport 

and recreation subscale; QoL = KOOS knee related quality of life subscale; ns. = not significant; SEBT = Star Excursion Balance Test; 

post.med = posteromedial; post.lat. = posterolateral; YBT = Y-Balance Test. 

 

 

 

 

 

 

 

 

 

 

 

 

Functional 

performance test 

Study n COSMIN 

score 

Quad Ham IKDC KOOS 

sport/rec 

KOOS 

QoL 

ACL

-RSI 

Summary result  

Medial Hop Ebert 2021 50 Very good 0.71 - 0.53 - - 0.39 2+ and 1- 

Lateral Hop Ebert 2021 50 Very good 0.53 - 0.33 - - 0.22 2+ and 1- 

Timed Speedy 

Hop 

Ebert 2021 50 Very good 0.34 - 0.29 - - 0.18 3- 

10 Sec. Vertical 

Hop 

Read 2020a 73 Very good 0.37 - - - - - 1- 

Single Leg Drop 

Jump 

O`Connor 

2020 

452 Adequate - - - - - 0.16 1+ and 1 

Birchmeier 

2019 

52 Very good 0.66 - - - - -  

4-Jump Vertical 

Hop 

Laudner 2015 26 Very good 0.63 0.39 - - - - 1+ and 1- 

Vertical Jump Laudner 2015 26 Very good 0.64 0.58 - - - - 2+ 

Step-Down Roe 2021 66 Very good - - 0.39 0.40 0.43 - 3+ 

Carioca Keays 2003 31 Very good 0.47 0.05 - - - - 4+ and 1- 

 Kong 2012 30 Adequate 0.40 0.48 0.45 - - - 

Shuttle Run Keays 2003 31 Very good 0.50 0.15 - - - - 3+ and 2- 

 Kong 2012 30 Adequate 0.55 0.35 0.51 - - - 

Side-Step Keays 2003 31 Very good 0.53 0.12 - - - - 1+ and 1- 

Co-Contraction Kong 2012 30 Adequate 0.51 0.39 0.57 - - - 2+ and 1- 

SEBT anterior Clagg 2015 66 Doubtful ns. ns. - - - -  

 Harput 2016 90 Very good - - - - - 0.09 2- 

 Harput 2018 72 Doubtful - - ns. - ns.   

   Very good - - - 0.52 - -  

SEBT post.med. Clagg 2015 66 Doubtful ns. ns. - - - - 1- 

 Harput 2016 90 Very good - - - - - 0.27  

 Harput 2018 72 Doubtful - - ns. ns. ns. -  

SEBT post.lat. Clagg 2015 66 Very good 0.28 0.29 - - - - 4- 

 Harput 2016 90 Very good - - - - - 0.28  

 Harput 2018 72 Doubtful - - ns. - ns. -  

   Very good - - - 0.51 - -  

YBT anterior Myers 2018 45 Adequate 0.59 0.49 - - - - 2+ and 3- 

 Roe 2021 66 Adequate - - 0.28 0.30 0.26 -  

YBT post.med. Myers 2018 45 Adequate 0.50 0.58 - - - - 1+ and 1- 

YBT post.lat Myers 2018 45 Adequate 0.29 0.45 - - - - 1+ and 1- 

YBT composite Myers 2018 45 Adequate 0.27 0.36 - - - - 1+ and 1- 
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Appendix 7. Summary of Findings tables 

 

Reliability and measurement error 
Functional performance 

test 

Summary or pooled result Overall rating Quality of evidence 

Intra-rater    
  Single Leg Hop (LSI) ICC range 0.92 to 0.94; consistent 

results; sample size: 120 
Sufficient High 

  6-m Timed Hop (LSI) ICC range 0.82 to 0.93; consistent 
results; sample size: 54 

Sufficient Moderate: due to imprecision (total 
n=50-100) 

  6-m Timed Hop (sec.) ICC 0.96; sample size: 19 Sufficient Very low: due to risk of bias (one 
adequate study) and imprecision 
(total n=<50) 

  Crossover Hop (LSI) ICC range 0.84 to 0.94; consistent 
results; sample size: 54 

Sufficient Moderate: due to imprecision (total 
n=50-100) 

  Crossover Hop (m.) ICC 0.98; sample size: 19 Sufficient Very low: due to risk of bias (one 
adequate study) and imprecision 
(total n=<50) 

  Triple Hop (LSI) ICC 0.88; sample size 35 Sufficient Very low: due to risk of bias (one 
adequate study) and imprecision 
(total n=<50) 

  Vertical Hop (LSI) ICC range 0.81 to 0.98; consistent 
results; sample size: 94 

Sufficient Moderate: due to imprecision (total 
n=50-100) 

  Vertical Hop (m.) ICC 0.98; sample size: 19 Sufficient Very low: due to risk of bias (one 
adequate study) and imprecision 
(total n=<50) 

  Stair Hop (LSI) ICC 0.90; sample size: 19  Sufficient Very low: due to risk of bias (one 
adequate study) and imprecision 
(total n=<50) 

  Stair Hop (sec.) ICC 0.94; sample size: 19  Sufficient Very low: due to risk of bias (one 
adequate study) and imprecision 
(total n=<50) 

Inter-rater    
  6-m Timed Hop (LSI, 
  above or below 90%) 

Kappa -0.11; sample size: 20 Insufficient Very low: due to risk of bias (one 
adequate study) and imprecision 
(total n=<50)  

Measurement error    
  Single Leg Hop (LSI) SEM 2.41 to 3.49; MDC 90% 

8.09; MIC not defined 
Indeterminate - 

  6-m Timed Hop (LSI) SEM 5.59; MDC 90% 12.96; 95% 
LoA -23.1, 26.8; MIC not defined 

Indeterminate - 

  6-m Timed Hop (sec.) 95% LoA -0.259, 0.254; MIC not 
defined 

Indeterminate - 

  Crossover Hop (LSI) SEM 5.28; MDC 90% 12.25; MIC 
not defined 

Indeterminate - 

  Triple Hop (LSI) SEM 4.32; MDC 90% 10.02; MIC 
not defined 

Indeterminate - 

LSI = Leg Symmetry Index; ICC = intraclass correlation coefficient; sec. = seconds; m. = metres; SEM = standard error of measurement; 

MDC = minimal detectable change; LoA = Limits of Agreement; MIC = minimal important change. 

For quality of evidence: starting point = high; Downgraded for imprecision by one level if total sample size = 50-100, two levels if total 

sample size = <50; Downgraded for risk of bias by one level if there is one study of adequate quality. 
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Validity and responsiveness 
Functional performance 

test 
Summary or pooled result Overall rating Quality of evidence 

Construct validity    
  Single Leg Hop 2 out of 6 hypotheses confirmed Sufficient* Low: due to inconsistency (very 

serious) 
  6-m Timed Hop 3 out of 6 hypotheses confirmed Sufficient* Moderate: due to inconsistency 

(serious) 
  Crossover Hop 2 out of 6 hypotheses confirmed Sufficient* Moderate: due to inconsistency 

(serious) 
  Triple Hop 2 out of 6 hypotheses confirmed Sufficient* Moderate: due to inconsistency 

(serious) 
  Vertical Hop 3 out of 4 hypotheses confirmed Sufficient Moderate: due to inconsistency 

(serious) 
  Medial Hop 2 out of 3 hypotheses confirmed Sufficient* Low: due to inconsistency (serious) 

and imprecision (total n=50-100) 
  Lateral Hop 2 out of 3 hypotheses confirmed Sufficient* Low: due to inconsistency (serious) 

and imprecision (total n=50-100) 
  Timed Speedy Hop 0 out of 3 hypotheses confirmed Insufficient Moderate: due to imprecision (total 

n=50-100) 
  10 Sec. Vertical Hop 0 out of 1 hypothesis confirmed Insufficient Moderate: due to imprecision (total 

n=50-100) 
  Single Leg Drop 
  Jump 

1 out of 2 hypotheses confirmed Sufficient* Low: due to inconsistency (serious) 
and imprecision (total n=50-100) 

  4-Jump Vertical Hop 1 out of 2 hypotheses confirmed Sufficient Very low: due to inconsistency 
(serious) and imprecision (total 
n=<50) 

  Vertical Jump 2 out of 2 hypotheses confirmed Sufficient Low: due to imprecision (total 
n=<50) 

  Step-Down 3 out of 3 hypotheses confirmed Sufficient Moderate: due to imprecision (total 
n=50-100) 

  Carioca 4 out of 5 hypotheses confirmed Sufficient Moderate: due to imprecision (total 
n=50-100) 

  Shuttle Run 3 out of 5 hypotheses confirmed Inconsistent - 
  Side-Step 1 out of 2 hypotheses confirmed Inconsistent - 
  Co-Contraction 2 out of 3 hypotheses confirmed Inconsistent - 
  SEBT anterior 0 out of 2 hypotheses confirmed Insufficient High 
  SEBT posteromedial 0 out of 1 hypothesis confirmed Insufficient Moderate: due to imprecision (total 

n=50-100) 
  SEBT posterolateral 0 out of 4 hypotheses confirmed Insufficient High 
  YBT anterior 2 out of 5 hypotheses confirmed Inconsistent - 
  YBT posteromedial 1 out of 2 hypotheses confirmed Inconsistent - 
  YBT posterolateral 1 out of 2 hypotheses confirmed Inconsistent - 
  YBT composite 1 out of 2 hypotheses confirmed Inconsistent - 
Structural validity    
  Test battery No info available Indeterminate - 
Responsiveness    
  Single Leg Hop 1 out of 1 hypothesis confirmed Sufficient Low: due to imprecision (total 

n=<50) 
  6-m Timed Hop 0 out of 1 hypothesis confirmed Insufficient Low: due to imprecision (total 

n=<50) 
  Crossover Hop 1 out of 1 hypothesis confirmed Sufficient Low: due to imprecision (total 

n=<50) 
  Triple Hop 0 out of 1 hypothesis confirmed Insufficient Low: due to imprecision (total 

n=<50) 
*Overall rating based on correlations with quadriceps and hamstrings strength (downgraded for inconsistency). 

For quality of evidence: starting point = high; Downgraded for inconsistency by one level (serious) or two levels (very serious); 

Downgraded for imprecision by one level if total sample size = 50-100 or two levels if total sample size = <50. 
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Supplementary Appendix 8. Description of studies published prior to 2000 and their results 

Author 

(Year) 

Sample 

size 

Females, 

no. (%) 

Age, 

mean ± 

SD 

Population Timing of functional 

performance test, 

mean ± SD 

Functional 

performance 

test 

Measurement property 

assessed and result 

       Construct validity* 

Borsa 29 14 (48) 29 ± 2 ACLD 42 ± 12 mo. post-inj. Single Leg Hop r=0.06 (quad) 

(1998)        

Lephart 41 9 (22) 23 ACLR 27 mo. post-op. Carioca r=0.30 (quad) 0.22 (ham) 

(1992)      Shuttle run r=0.42 (quad) 0.23 (ham) 

      Cocontraction r=0.20 (ham) 0.16 (quad) 

Petschnig 62 0 (0) B:28 ± 2 ACLR 13 ± 1 mo. post-op. Single Leg Hop B: r=0.50, C: r=0.38 (quad) 

(1997)   C:29 ± 1  55 ± 4 mo. post-op Triple Hop B: r=0.39, C: r=0.36 (quad) 

      Vertical Hop B: r=0.48, C: r=0.50 (quad) 

Petschnig 55 0 (0) B:28 ± 9 ACLR 13 ± 3 wks. post-op. Single Leg Hop B: r=0.45, C: r=0.51 (quad) 

(1998)   C:30 ± 6  54 ± 13 wks. post-op. Triple Hop B: r=0.48, C: r=0.55 (quad) 

      Vertical Hop B: r=0.01, C: r=0.51 (quad) 

Wilk 50 16 (32) 25 ACLR 26 wks. post-op. Single Leg Hop r=0.62 (quad) 

(1994)      6m Timed Hop r=0.60 (quad) 

      Crossover Hop r=0.69 (quad) 

       Intra-reliability 

Brosky 15 0 (0) 26 ± 7 ACLR 29 ± 9 mo. post-op. Single Leg Hop ICCs 0.88-0.97 

(1999)      6m Timed Hop  

      Vertical Hop  

Paterno 

(1996) 

13 3 (23) 22 ± 3 ACLR 33 ± 12 wks. post-op. Single Leg Hop ICC 0.89 

        

       Reliability (not specified) 

Kramer 38 16 (42) 25 ± 7 ACLR 22 ± 7 mo. post-op. Single Leg Hop ICC 0.93 

(1992)        

       Structural validity** 

Risberg 

(1994) 

35 18 (51) 26 ± 8.2 ACLR 18 ± 3.9 mo. post-op Vertical Jump Factor 1: 0.79 

Factor 2: 0.02 

      Figure-of-eight Factor 1: 0.83 

Factor 2: 0.37 

      Stairs-Running Factor 1: 0.86 

Factor 2: 0.22 

      Triple Hop Factor 1: 0.33 

Factor 2: 0.86 

      Stairs Hopple Factor 1: 0.03 

Factor 2: 0.88 

*Parenthesis indicates comparator instrument;  

**The tests loaded on two factors representing a common function: Two-legged tests (Factor 1) and One-legged tests (Factor 2). 

Negative values (Carioca, Shuttle Run, Co-Contraction, 6m Timed Hop) have been removed for consistent presentation of results. 

ACLR = anterior cruciate ligament reconstruction; mo. = months; post-op. = post-operatively; ACLD = anterior cruciate ligament deficient; 

post-inj. = post-injury; wks. = weeks. 
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