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  ABSTRACT   
   Poor frontal plane knee control has been shown to be a 

risk factor for anterior cruciate ligament injuries in ball/

team sports. It is necessary to develop simple tests 

that can identify players with poor knee control and 

among other factors be able to optimise preventive 

training programmes. The present study investigated 

the correlation between a two-dimensional (2D) video 

analysis and subjective assessment performed by one 

physiotherapist in evaluating knee control. We also 

tested the correlation between three simple clinical 

tests using both methods. A cohort of 186 female elite 

team handball players completed three tests: single-leg 

squat (SLS), single-leg vertical drop jump (SLVDJ) and 

two-leg vertical drop jump (VDJ). Receiver operating 

characteristic (ROC) analyses  showed good to excellent 

agreement between 2D video analysis and subjective 

assessment for SLS and VDJ (area under the ROC curve 

(AUC) 0.83–0.89), but not for SLVDJ (AUC 0.65–0.76). 

Poor knee control was detected in 25–40% of the play-

ers using SLS and VDJ. In contrast, poor knee control 

was identifi ed in less than 1% of the subjects based on 

the SLVDJ test. This indicates that SLVDJ may be inad-

equate for evaluating poor frontal plane knee control. 

The correlation between the SLS and VDJ tests was 

found to be low, suggesting that these tests identifi ed 

different subjects with poor knee control. These results 

indicate that subjective assessment can be used to 

screen for poor knee control and that both SLS and VDJ 

tests should be used in screening athletes for poor knee 

control.     

  INTRODUCTION 
 Valgus collapse has been reported repeatedly as 
an injury mechanism for non-contact anterior 
cruciate ligament (ACL) injury.  1  –  3   Several motion 
analysis studies have demonstrated that females 
develop larger knee valgus moments and knee 
valgus angles when performing different athletic 
tasks compared to males.  4  –  8   Knee valgus moment 
is found to predict ACL injury with 73% speci-
fi city and 78% sensitivity.  9   Specifi c training can 
reduce knee valgus tendency  10  –  12   and reduce ACL 
injury rate.  13     14   This strengthens the hypothesis 
of knee valgus as an important risk factor for ACL 
injury. 

 Three-dimensional (3D) motion analysis has 
been referred to as ‘the gold standard’ in screen-
ing athletes for lack of neuromuscular control,  15   
but it is not applicable on a large population of 
athletes. A two-dimensional (2D) test of frontal 
plane knee motion has been found to correlate 

with 3D motion analysis.  15   However, an observer 
can possibly identify poor frontal plane knee con-
trol subjectively as the players are performing dif-
ferent tasks, and thus provide an easy, time- and 
cost-effective screening tool compared to 2D and 
3D approaches. 

 The drop-jump test found to reveal poor knee 
control  9   is a two-leg exercise, and thus side-to-side 
differences could be masked and additional tasks 
to detect neuromuscular defi cits may be needed. 
Real injury situations show that ACL injuries gen-
erally occur when the load is primarily distributed 
to one leg.  3   In a single-leg screening test, such as 
single-leg squat (SLS) and single-leg jump, support 
from the contralateral leg would be eliminated, 
and thus it may be easier to identify knee valgus. 
The kinematics and demands on muscle force and 
neuromuscular control are likely different in these 
tests and may therefore identify different athletes 
with poor knee control. 

 The fi rst aim of the present study was to deter-
mine the correlation between 2D video analy-
sis and subjective assessment performed by one 
observer in evaluating knee control among elite 
female team handball players. The second aim 
was to determine the correlation between three 
simple tasks using the two methods.  

  MATERIALS AND METHODS 
  Subjects 
 We tested 186 female handball players in the 
Norwegian elite series and the Norwegian 
national team (13 teams in total). Their mean age 
was 22±4 years, mean height was 173±7 cm and 
mean body mass was 70±8 kg. All players signed 
an informed consent form prior to participation. 
The Norwegian Social Data Services and the 
Regional Committee for Medical Research Ethics 
approved the study.  

  Procedure and measurements 
 This study was conducted as a part of the baseline 
testing for a prospective cohort study. The players 
completed three tests performed in the following 
order; SLS, single-leg vertical drop jump (SLVDJ) 
and two-leg vertical drop jump (VDJ). Prior to the 
tests they executed a standardised warm-up pro-
gramme consisting of a series of two-leg squats 
(2×8 repetitions) and two-leg maximum jumps 
(2×5 repetitions), followed by stretching of the 
calf with straight and bent knee. Players were 
allowed to familiarise themselves with the test 
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by performing two or three practice repetitions ahead of each 
test. A minimum of two, maximum of four, valid trials were 
completed. Small pieces of sports tape were attached to the 
left and right anterior superior iliac spine and the tibial tuber-
osities prior to the tests.  

  Tests 
 In preparation for the SLS test the players were asked to 
do a two-leg squat to 90° of knee fl exion, measured with a 
standard plastic goniometer (GYMNA, Berlin, Germany). A 
thread connected to a metallic object was attached to the lat-
eral aspect of the proximal thigh, just touching the ground as 
the knee was fl exed to 90°. The players performed the test on 
a metal plate, and the sound from the metallic object when 
reaching 90° of knee fl exion allowed the players to return to 
the starting point. They were instructed to hold their hands 
on their hips and focus straight ahead during the squat. A trial 
was not valid if the other leg was held in front of the body 
during the squat, if it touched the ground, if the hands were 
removed from the side of the body, or the player looked down 
or fell. 

 The SLVDJ test comprised dropping off a 10 cm box with 
one leg before immediately performing a maximum vertical 
jump on the same leg, moving their arms freely. A trial was not 
valid if the player jumped off the box instead of just dropping, 
if the other leg touched the ground or if the player was clearly 
out of balance or fell during the test. 

 The VDJ test was based on the test described by Hewett 
 et al .  9   The player dropped off a 30 cm box with both legs, posi-
tioned 30 cm apart in the starting position and was instructed 

to perform an immediate maximal vertical jump. The players 
were instructed to attempt touching a handball hanging 260 
cm above the ground with both hands. An extrinsic motiva-
tor, such as an overhead goal has been shown to alter lower 
extremity biomechanics, and increase performance.  16   A trial 
was not valid if the player reached for the ball with only one 
hand or the player lost balance or fell during the performance. 

 Both legs were tested in the single-leg tests and with regard 
to the drop-jumps, rating was done in the jump contact phase. 
A single tester gave all the instructions regarding all three 
tests.  

  Subjective assessment 
 The ability to keep control of the knee during the performance 
of the tasks was assessed subjectively by a single observer 
(S.S.) from a frontal view. A graded scale from 0 to 2 was 
used, where 0 corresponds to ‘good performance’, 1 ‘reduced 
performance’ and 2 ‘poor performance’. This scale was cre-
ated on the basis of a group consensus by physiotherapists 
with extensive experience in athlete screening. The score 0 
indicated (A) no signifi cant lateral tilt of the pelvis, (B) no 
obvious valgus motion of the knee and (C) no medial/lateral 
side-to-side movements of the knee during the performance. 
Players rated as 1 displayed (A) some lateral tilt of the pelvis, 
and/or (B) the knee moving slightly into a valgus position 
and/or (C) some medial/lateral side-to-side movements of the 
knee during the performance. Players rated as 2 displayed (A) 
lateral tilt of the pelvis, and/or (B) the knee moving clearly 
into a valgus position and/or (C) clear medial/lateral side-to-
side movements of the knee ( fi gure 1 ). The players were rated 

  Figure 1     Good knee control (A–C) and poor knee control (D–F) subjectively assessed by one physiotherapist during single-leg squat (A, D), 
single-leg vertical drop jump (B, E) and two-leg vertical drop jump (C, F).    
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as 2 if only one of the two-to-four trials were assessed as 
‘poor knee control’. At the VDJ test the players were rated 
as 2 if one or both legs displayed ‘poor knee control’ in the 
same trial.   

  Video analysis 
 Frontal plane knee angles were measured for each trial within 
each test. Two digital cameras recorded the motions: One 
camera (NV-DS65EG; Panasonic, Kadoma, Japan) captured the 
movements in the frontal plane and a second camera (DCR-
HC42E; Tokyo,  Japan) recorded sagittal plane motion and was 
used for validation of the maximal knee fl exion angle ( fi gure 
2 ). The recorded videos were analysed on a computer using 
a commercial software program (Dartfi sh software 3.0.2.0; 
Fribourg, Switzerland). We identifi ed the video image with 
the greatest knee fl exion angle by assessing the player’s pelvis 
height during the motion. A single experimenter estimated the 
frontal knee angles by marking the hip, knee and ankle joint 
centres directly on that video image ( fi gure 3 ). We calculated 
the mean of frontal plane knee angles of the two to four valid 
trials within each test. For the VDJ test we calculated the mean 
of frontal plane knee angles for each leg. When comparing the 
VDJ frontal plane angles to the subjective classifi cation, the 
mean for both legs was used.    

  Reliability 
 Eighteen players from 12 different teams performed all three 
tests twice, to determine the combined test–retest reliability 
of player performance and measurement errors. The testing 
took place the same day, being the fi rst and last test station for 
the respective players. Analyses were done using both subjec-
tive assessment and video analysis; the latter results are pre-
sented as absolute values between test and retest. 

 To assess intratester reliability for the accuracy of the 2D 
measurement, sequences of 20 randomly chosen players 
from three different teams were measured twice by the same 
observer. The time between measurements was approximately 
30 days.  

  Knee fl exion verifi cation 
 Sagittal plane recordings were used to verify the knee fl exion 
angle during the SLS test in a random sample consisting of 25 
players.  

  Statistical methods 
 Descriptive data are presented as the arithmetic mean, SD 
and range. Statistical analyses were performed using SPSS 
(SPSS Science, version 15.0 for Windows, USA). κ Tests were 
used to compare agreement between tests using categorical 
variables (degree of knee control). The strength of agreement 
can be classifi ed as follows: poor (<0.20), fair (0.21–0.40), 
moderate (0.41–0.60), good (0.61–0.80) and very good (0.81–
1.00).  17   To determine to what degree the 2D video analysis 
agreed with the subjective assessments, a series of one-way 
analysis of variance tests were performed for each test, with 
the subjectively assessed groups as the between-subject fac-
tor. Signifi cant main effects were further analysed using 
Tukey’s post hoc tests. In addition, receiver operator charac-
teristics (ROC) analyses were performed. The ROC analysis 
tests the ability of the 2D measurements to distinguish the 
group subjectively assessed as poor from the rest (players 
with reduced and good knee control). Values range between 
1.0 (perfect separation of the test values) and 0.5 (no appar-
ent distributional difference).  18   A rough guide for classify-
ing the accuracy is the traditional academic point system: 
excellent 0.90–1 (A), good 0.80–0.90 (B), fair 0.70–0.80 (C), 
poor 0.60–0.70 (D) and fail 0.50–0.60 (E). Spearman rank 
was used to determine the correlation between tests using 
2D recordings. Intraclass correlation coeffi cient (ICC) was 
determined to assess intratester and test–retest reliability, 

Box
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  Figure 2     Illustration of the equipment setup.    

  Figure 3     Estimating frontal plane knee angle during single-leg squat 
on the video image.    
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using a one-way random effects model formula 1.1. For 
all analyses, an α level of 0.05 is considered statistically 
signifi cant.   

  RESULTS 
  Correlation between tests using subjective assessment 
 Less than 10% of the players were assessed as having poor 
knee control in the SLVDJ test, whereas substantially higher 
percentages were seen in the two other tests ( table 1 ). Likewise, 
more players were assessed as having good knee control dur-
ing the SLVDJ test compared to SLS and VDJ. Players assessed 
with poor knee control can be seen in  fi gure 4 . We found poor 

agreement between the three tests in terms of assessment of 
knee control (κ values 0.04–0.17).   

  Correlation between tests using 2D frontal plane video 
analysis 
 Frontal plane knee angles were smaller in the SLVDJ test than 
in the other tests ( table 2 ). There were statistically signifi cant 
correlations (p<0.01) between all tests, with Spearman rank 
ranging from 0.24 to 0.53, indicating a low to moderate agree-
ment in the ranking of the frontal plane knee angle between 
the tests.   

  Agreement between subjective assessment and 2D frontal 
plane video analysis 
 Players subjectively assessed as having reduced or poor knee 
control showed increased frontal plane knee angles compared 
to players subjectively assessed as having good knee con-
trol ( table 2 ). Statistical analyses comparing the subjectively 
assessed groups within each test revealed signifi cant differ-
ences, and all groups were signifi cantly different between 
those with different frontal plane knee angles, except the 
groups ‘reduced’ compared to ‘poor’ for the SLVDJ test right 
and left leg. The ROC curve analyses showed a good and 
excellent ability for the SLS and VDJ 2D frontal plane knee 

  Figure 4     Distribution (n) of players with poor knee control subjectively assessed by physiotherapist during the three tests. In the single-leg tests 
the players included in the fi gure were assessed as having poor knee control in either or both legs.    

  Table 2     Frontal plane knee angles (°)  
  All subjects  Good  Reduced  Poor   Sig.  

SLS, right leg 17±11 [–20 to 46] ( n  = 183)  6±10 [–20 to 22] ( n  = 20) 13±7 [–5 to 31] ( n  = 105) 26±8 [8 to 46] ( n  = 58) <0.001
SLS, left leg 13±10 [–11 to 54] ( n  = 183)  5±7 [–11 to 25] ( n  = 33) 12±8 [–11 to 34] ( n  = 105) 23±9 [–3 to 54] ( n  = 45) <0.001
SLVDJ, right leg  3±7 [–25 to 18] ( n  = 182)  1±6 [–26 to 13] ( n  = 63)  4±6 [–11 to 17] ( n  = 105)  8±5 [–1 to 18] ( n  = 13) <0.001
SLVDJ, left leg  2±7 [–13 to 18] ( n  = 182) –1±6 [–14 to 12] ( n  = 80)  3±6 [–10 to 18] ( n  = 96)  5±10 [–11 to 18] ( n  = 6) <0.001
VDJ, right leg  9±10 [–25 to 37] ( n  = 184) * * *  
VDJ, left leg  7±9 [–17 to 31] ( n  = 184) * * *  
VDJ right/left   1±6 [–13 to 11] ( n  = 46)  7±5 [–4 to 19] ( n  = 66) 13±5 [0 to 25] ( n  = 72) <0.001

   Mean±SD with range for SLS, SLVDJ and VDJ, as well as for each of the subjectively assessed groups within each test. 
 *During the VDJ test the players were rated subjectively assessing both legs simultaneously. 
 SLS, single-leg squat; SLVDJ, single-leg vertical drop jump; VDJ, two-leg vertical drop jump.   

Table 1 Subjective assessment of knee control. Distribution of good, 
reduced and poor control (%) within the different tests
 Good Reduced Poor

SLS, right leg (n = 183) 10.9 57.4 31.7
SLS, left leg (n = 183) 18.0 57.4 24.6
SLVDJ, right leg (n = 181) 34.8 58.0 7.2
SLVDJ, left leg (n = 182) 44.0 52.7 3.3
VDJ (n = 184) 25.0 35.9 39.1

SLS, single-leg squat; SLVDJ, single-leg vertical drop jump; VDJ, two-leg vertical 
drop jump.
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angles to distinguish the subjects classifi ed as having poor 
knee control, while for SLVDJ it showed fair to poor ability 
( table 3 ).  

  Intratester reliability for 2D frontal plane video analysis 
 The knee angle difference between the fi rst and second video 
analysis measurement of the same trial was found to be 3.3° 
(±2.9) for SLS (n = 100), 2.5° (±2.9) for SLVDJ (n = 79) and 3.0° 
(±2.4) for VDJ (n = 84), respectively. The ICC1.1 values were 
0.92 for SLS, 0.89 for SLVDJ and 0.95 for VDJ.  

  Test–retest reliability for the different tests 
 For the subjective assessment, we found good and very good 
agreement between the fi rst and second test during SLVDJ 
and VDJ, with κ values of 0.71 (SLVDJ right leg), 0.80 (SLVDJ 
left leg) and 0.90 (VDJ). κ Values of 0.43 and 0.32 were found 
between the fi rst and second test during SLS, right leg and left 
leg, respectively, indicating a fair and moderate agreement. 
Test–retest reliability for the 2D data is presented in  table 4 . 
The smallest test–retest differences were observed for SLVDJ 
and VDJ.  

  Verifi cation of maximal knee fl exion angle 
 The players squatted down to 90.2° (±2.8°) of knee fl exion 
during the SLS test.   

  DISCUSSION 
 It is thought to be important to identify poor frontal plane knee 
control in order to correct an athlete’s inappropriate technique. 
We have seen that subjective assessment could provide similar 
information as 2D video analysis in terms of identifying elite 
female team handball players with poor frontal plane knee 
control, and thus provide a time- and cost-effective screening 
tool. Further, the results in this study indicate that both SLS 
and two-leg VDJ may be helpful when screening athletes for 
poor knee control. 

 The mean frontal plane knee angles within the three 
groups (good/reduced/poor) showed an increase with 
reduced knee control ( table 2 ), indicating a good agreement 
between the subjective assessment and the 2D analysis. This 
was confi rmed by the ROC analyses. In contrast, the poor 
agreement that was found between subjective assessment 
and 2D frontal plane angles in SLVDJ indicates that one or 
both methods for assessing knee control using this test are 
unreliable. 

 The correlation between the tests was found to be poor 
whether using subjective assessment or 2D frontal plane 
knee angles, indicating that the three tests challenge dif-
ferent aspects of the athletes’ physique and motor control. 
Subjective assessment of SLVDJ was found to reveal few 
players with poor knee control compared to SLS and VDJ 
( table 1 ). Correspondingly, the 2D analyses showed low 
mean frontal knee angles during SLVDJ, compared to SLS 
and VDJ ( table 2 ), suggesting that the sensitivity of SLVDJ, 
as it was carried out in this study, is likely too low for detect-
ing poor knee control. A possible reason is the motion pat-
tern that was observed during this test. Generally, players 
performed the SLVDJ in an upright position, with the knee 
close to full extension. This motion pattern has previously 
been reported during single-leg landing, described as a ‘stiff’ 
manoeuvre.  19   Such small fl exion angles will likely also limit 
the magnitude of possible knee valgus angles, and thus pre-
vent poor knee control from being detected. In this present 
study, the SLVDJ test was performed from a box 10 cm in 
height. Greater peak knee fl exion angles during the ground 
contact phase of single landings from higher jumps have been 
reported,  20   and could to a greater extent reveal true knee 
control. However, females jumping from a platform 20 cm 
in height are found to lack suffi cient strength to decelerate 
the body by eccentric quadriceps mechanism in a single-leg 
landing,  21   and this increased demand on the musculoskeletal 
system could potentially involve risk of injury. The  fi ndings, 
that females landed in an extended knee position and main-
tained this position rather than absorbing the impact with 
controlled knee fl exion, agree well with the observations of 
the present study. 

 VDJ test has been used in several studies with the pur-
pose of examining gender differences and investigating the 
risk of injury.  5     9     22   In comparison with a unilateral step-
down task, the bilateral VDJ test has been shown to pro-
duce greater knee valgus kinematics in both genders,  23   and 
may therefore be a more suitable test for revealing poor 
knee control. SLS is another useful clinical measure used in 
several studies.  24   –  26   It is a dynamic task that relates to dif-
ferent functional activities such as landing, running and cut-
ting. It is a controlled movement that puts great demands 
on strength and balance, and is normally associated with 
deeper degrees of fl exion when compared to a drop jump. It 
is also more capable of picking out variations between the 
legs, in comparison to the VDJ test. In the present study 90° 
of knee fl exion were chosen in the SLS test, knowing that 
squats to approximately 60° of knee fl exion were suggested 
to be insuffi cient to elicit gender differences in frontal plane 
knee motion.  24   Approximately the same percentage (40%) 
of players revealed poor knee control on either leg using this 
test compared to the VDJ test. When comparing these play-
ers, only 20% were found to have poor knee control in both 
of the tests ( fi gure 4 ), indicating that approximately 20% of 
the players with poor knee control would not be detected 
using only one of the tests. 

Table 4 Difference in frontal plane knee angles (°) between fi rst and 
second trial for test/retest
Test, leg (n) Mean ± SD [range] ICC1.1

SLS, right leg (18)  2±7 [–13 to 18] 0.57
SLS, left leg (16)  1±6 [–8 to 11] 0.84
SLVDJ, right leg (18) –1±4 [–11 to 5] 0.58
SLVDJ, left leg (18) –2±4 [–9to 7] 0.70
VDJ (18)  1±4 [–5 to 9] 0.89

ICC, intraclass correlation; SLS, single-leg squat; SLVDJ, single-leg vertical drop 
jump; VDJ, two-leg vertical drop jump.

Table 3 AUC with 95% CI for the three tests
 AUC 95% CI

SLS, right leg (n = 183) 0.89* 0.84 to 0.94
SLS, left leg (n = 183) 0.88* 0.82 to 0.94
SLVDJ, right leg (n = 181) 0.76* 0.66 to 0.86
SLVDJ, left leg (n = 182) 0.65 0.38 to 0.91
VDJ (n = 184) 0.83* 0.77 to 0.89

The groups were classifi ed into poor versus reduced/good knee control, subjec-
tively assessed.
*p<0.001.
AUC, area under the ROC curve; SLS, single-leg squat; SLVDJ, single-leg vertical 
drop jump; VDJ, two-leg vertical drop jump.
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  Limitations of the study 
 A signifi cant limitation of the subjective assessment is the lack 
of an inter-rater reliability test, making it diffi cult to predict 
whether similar results would be achieved by other observers. 
The test–retest reliability was found to be good and very good 
in the drop jump tests, but only fair and moderate in the SLS 
test, fi ndings consistent with the 2D video analysis. However, 
the good intratest scores suggest that the observed test–retest 
difference is likely more dependent on subject performance 
than on measurement error. This variability could possibly 
be decreased by applying even stricter criteria for upper body 
posture. It may also be that fatigue has infl uenced the result, 
since the players underwent several maximal strength tests of 
the lower extremity before executing the retest. 

 In addition, the video analysis has limitations. First, the 
frontal plane angular measurement does not necessarily repre-
sent true knee valgus. Several players rotated their whole body 
during performance and by doing this a pure knee fl exion 
would give high frontal plane knee angles. Second, only knee 
angles at maximal knee fl exion were assessed. During the SLS 
several players displayed large lateral-medial fl uctuations of 
the knee qualifying them for the poor knee control categori-
sation, while the maximally fl exed position coincided with a 
lateral position of the knee. Third, in cases where the play-
ers used an excessive upper body forward lean strategy, their 
hip-joint positions were more diffi cult to assess as the pelvis 
position was occluded by the upper body. More advanced 3D 
analysis could therefore possibly have resulted in better agree-
ment with the subjective assessments. 

 The comparison between the methods may in some cases 
be diffi cult. The players were rated as 2 if only one of the 
trials were assessed as ‘poor knee control’, while the mean 
of three trials was chosen in the 2D video analysis to mini-
mise the measurement error. This could lead to a discrepancy 
between the measurements if the variation between the three 
trials was large. For the VDJ we calculated the mean frontal 
plane angles of each leg for comparison with the subjective 
assessment. In cases with large differences between legs, this 
could mask a possible excessive valgus motion in one knee. 
However, in most cases such side to-side differences origi-
nated from rotated landings rather than differences in valgus 
angles.   

  CONCLUSIONS 
 This study suggests that screening tests can be performed 
using only visual assessment from an observer. This provides 
an opportunity for a much more time- and cost-effective way 
to screen athletes. SLS and VDJ are suitable tasks in tests for 
assessing knee control in elite, female team handball play-
ers, and both should be considered when screening athletes. 
However, large prospective cohort studies in athlete popula-
tions are necessary to investigate whether players subjectively 
assessed as having poor knee control are in fact at greater risk 
of sustaining ACL injury.

      Acknowledgements   The Oslo Sports Trauma Research Center has been 
established at the Norwegian School of Sport Sciences through generous 
grants from the Royal Norwegian Ministry of Culture, the Norwegian Olympic 
Committee & Confederation of Sport, Norwegian South-Eastern Health 
Corporate and Norsk Tipping AS. We thank all the teams and players who 
participated in this study, and are grateful for the statistical advice of Professor 
Ingar Holme, PhD.  

   Competing interests   None.  

  Patient consent   Obtained.   

  Ethics approval   This study was conducted with the approval of the Norwegian 
Social Data Services and the Regional Committee for Medical Research Ethics.  

  Provenance and peer review   Not commissioned; externally peer reviewed.   

  REFERENCES 
   1.      Krosshaug   T,     Nakamae   A,     Boden   BP,    et al.    Mechanisms of anterior cruciate 

ligament injury in basketball: video analysis of 39 cases.   Am J Sports Med  

 2007 ; 35 : 359 – 67 .  

   2.      Ebstrup   JF,     Bojsen-Møller   F.     Anterior cruciate ligament injury in indoor ball 

games.   Scand J Med Sci Sports   2000 ; 10 : 114 – 16 .  

   3.      Olsen   OE,     Myklebust   G,     Engebretsen   L,    et al.    Injury mechanisms for anterior 

cruciate ligament injuries in team handball: a systematic video analysis.   

Am J Sports Med   2004 ; 32 : 1002 – 12 .  

   4.      Chappell   JD,     Yu   B,     Kirkendall   DT,    et al.    A comparison of knee kinetics between male and 

female recreational athletes in stop-jump tasks.   Am J Sports Med   2002 ; 30 : 261 – 7 .  

   5.      Ford   KR,     Myer   GD,     Hewett   TE.     Valgus knee motion during landing in high school 

female and male basketball players.   Med Sci Sports Exerc   2003 ; 35 : 1745 – 50 .  

   6.      Kernozek   TW,     Torry   MR,     VAN Hoof   H,    et al.    Gender differences in frontal 

and sagittal plane biomechanics during drop landings.   Med Sci Sports Exerc  

 2005 ; 37 : 1003 – 12 ; discussion 1013.  

   7.      Malinzak   RA,     Colby   SM,     Kirkendall   DT,    et al.    A comparison of knee joint motion 

patterns between men and women in selected athletic tasks.   Clin Biomech 

(Bristol, Avon)   2001 ; 16 : 438 – 45 .  

   8.      McLean   SG,     Huang   X,     van den Bogert   AJ.     Association between lower 

extremity posture at contact and peak knee valgus moment during sidestepping: 

implications for ACL injury.   Clin Biomech (Bristol, Avon)   2005 ; 20 : 863 – 70 .  

   9.      Hewett   TE,     Myer   GD,     Ford   KR,    et al.    Biomechanical measures of neuromuscular 

control and valgus loading of the knee predict anterior cruciate ligament injury risk 

in female athletes: a prospective study.   Am J Sports Med   2005 ; 33 : 492 – 501 .  

  10.      Myer   GD,     Ford   KR,     Palumbo   JP,    et al.    Neuromuscular training improves 

performance and lower-extremity biomechanics in female athletes.   J Strength 

Cond Res   2005 ; 19 : 51 – 60 .  

  11.      Myer   GD,     Ford   KR,     McLean   SG,    et al.    The effects of plyometric versus dynamic 

stabilization and balance training on lower extremity biomechanics.   Am J Sports 

Med   2006 ; 34 : 445 – 55 .  

  12.      Myer   GD,     Ford   KR,     Brent   JL,    et al.    Differential neuromuscular training effects 

on ACL injury risk factors in “high-risk” versus “low-risk” athletes.   BMC 

Musculoskelet Disord   2007 ; 8 : 39 .  

  13.      Hewett   TE,     Lindenfeld   TN,     Riccobene   JV,    et al.    The effect of neuromuscular 

training on the incidence of knee injury in female athletes. A prospective study.  

 Am J Sports Med   1999 ; 27 : 699 – 706 .  

  14.      Myklebust   G,     Engebretsen   L,     Braekken   IH,    et al.    Prevention of anterior cruciate 

ligament injuries in female team handball players: a prospective intervention 

study over three seasons.   Clin J Sport Med   2003 ; 13 : 71 – 8 .  

  15.      McLean   SG,     Walker   K,     Ford   KR,    et al.    Evaluation of a two dimensional analysis 

method as a screening and evaluation tool for anterior cruciate ligament injury.  

 Br J Sports Med   2005 ; 39 : 355 – 62 .  

  16.      Ford   KR,     Myer   GD,     Smith   RL,    et al.    Use of an overhead goal alters vertical jump 

performance and biomechanics.   J Strength Cond Res   2005 ; 19 : 394 – 9 .  

What is already known on this topic

Knee valgus during sports movements is found to predict ante-
rior cruciate ligament (ACL) injury risk and a three-dimensional 
motion analysis provides a “gold standard” in screening 
athletes for knee control. A two-dimensional video analysis 
method has been shown to successfully screen subjects at 
increased risk of ACL injury arising from large valgus motions.

What this study adds

  This study shows that simple screening tests in evaluating 
knee control can be performed using only visual assessment. 
This provides a time- and cost-effective way to screen athletes 
and can be used in clinical practice to assist practitioners with 
identifying those most at need of ACL prevention programmes  .

 group.bmj.com on December 13, 2010 - Published by bjsm.bmj.comDownloaded from 

http://bjsm.bmj.com/
http://group.bmj.com/


Original article

 Stensrud S,         Myklebust G,         Kristianslund E, et al. Br J Sports Med (2010). doi:10.1136/bjsm.2010.078287 7 of 7

  17.      Altman   D.    Some common problems in medical research.  In: Altman D, 

ed.   Practical Statistics for Medical Research . London: Chapman and Hall/

CRC 1991:403–9.  

  18.      Zweig   MH,     Campbell   G.     Receiver-operating characteristic (ROC) plots: a 

fundamental evaluation tool in clinical medicine.   Clin Chem   1993 ; 39 : 561 – 77 .  

  19.      Schmitz   RJ,     Kulas   AS,     Perrin   DH.    et al.  Sex differences in lower extremity 

biomechanics during single leg landings.   Clin Biomech (Bristol, Avon)  

 2007 ; 22 : 681 – 8 .  

  20.      Ortiz   A,     Olson   S,     Libby   CL,    et al.    Landing mechanics between noninjured women 

and women with anterior cruciate ligament reconstruction during 2 jump tasks.  

 Am J Sports Med   2008 ; 36 : 149 – 57 .  

  21.      Lephart   SM,     Ferris   CM,     Riemann   BL,    et al.    Gender dif ferences in strength 

and lower extremity kinematics during landing.   Clin Orthop Relat Res  

 2002:  162 – 9 .  

  22.      Noyes   FR,     Barber-Westin   SD,     Fleckenstein   C,    et al.    The drop-jump screening 

test: difference in lower limb control by gender and effect of neuromuscular 

training in female athletes.   Am J Sports Med   2005 ; 33 : 197 – 207 .  

  23.      Earl   JE,     Monteiro   SK,     Snyder   KR.     Differences in lower extremity kinematics 

between a bilateral drop-vertical jump and a single-leg step-down.   J Orthop 

Sports Phys Ther   2007 ; 37 : 245 – 52 .  

  24.      Claiborne   TL,     Armstrong   CW,     Gandhi   V,    et al.    Relationship between hip 

and knee strength and knee valgus during a single leg squat.   J Appl Biomech  

 2006 ; 22 : 41 – 50 .  

  25.      Willson   JD,     Ireland   ML,     Davis   I.     Core strength and lower extremity alignment 

during single leg squats.   Med Sci Sports Exerc   2006 ; 38 : 945 – 52 .  

  26.      Zeller   BL,     McCrory   JL,     Kibler   WB,    et al.    Differences in kinematics and 

electromyographic activity between men and women during the single-legged 

squat.   Am J Sports Med   2003 ; 31 : 449 – 56 .         

 group.bmj.com on December 13, 2010 - Published by bjsm.bmj.comDownloaded from 

http://bjsm.bmj.com/
http://group.bmj.com/

