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Abstract

Young female handball players represent a high-risk population for anterior cruciate liga-
ment (ACL) injuries. While the external knee abduction moment (KAM) is known to be a
risk factor, it is unclear how cutting technique affects KAMs in sport-specific cutting maneu-
vers. Further, the effect of added game specificity (e.g., catching a ball or faking defend-
ers) on KAMs and cutting technique remains unknown. Therefore, this study aimed: (i) to
test if athletes grouped into different clusters of peak KAMs produced during three sport-
specific fake-and-cut tasks of different complexities differ in cutting technique, and (ii) to
test whether technique variables change with task complexity. Fifty-one female handball
players (67.0 + 7.7 kg, 1.70 £ 0.06 m, 19.2 + 3.4 years) were recruited. Athletes performed
at least five successful handball-specific sidestep cuts of three different complexities rang-
ing from simple pre-planned fake-and-cut maneuvers to catching a ball and performing
an unanticipated fake-and-cut maneuver with dynamic defenders. A k-means cluster algo-
rithm with squared Euclidean distance metric was applied to the KAMs of all three tasks.
The optimal cluster number of koptimal = 2 was calculated using the average silhouette
width. Statistical differences in technique variables between the two clusters and the tasks
were analyzed using repeated-measures ANOVAs (task complexity) with nested groupings
(clusters). KAMs differed by 64.5%, on average, between clusters. When pooling all tasks,
athletes with high KAMs showed 3.4° more knee valgus, 16.9% higher downward and 8.4%
higher resultant velocity at initial ground contact, and 20.5% higher vertical ground reac-
tion forces at peak KAM. Unlike most other variables, knee valgus angle was not affected
by task complexity, likely due to it being part of inherent movement strategies and partly
determined by anatomy. Since the high KAM cluster showed higher vertical center of mass
excursions and knee valgus angles in all tasks, it is likely that this is part of an automated
motor program developed over the players’ careers. Based on these results, reducing knee
valgus and downward velocity bears the potential to mitigate knee joint loading and there-
fore ACL injury risk.
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Appendix 1. League affiliation of athletes.

Cluster 1 Cluster 2 Total
Relative Relative Relative
League n Share n Share n  Share
[%] [%] [%]
REMA
1000- 2 14.3 4 10.8 6 11.8
ligaen*
First 5 43 5 135 7 137
Division
Second o o9 15 405 21 412
Division
Third 143 5 135 7 137
Division
Junior 1 7.1 7 18.9 8 15.7
Other 1 7.1 1 2.7 2 3.9

Appendix 2. Field positions of athletes. Numbers do not add up to 14 (Cluster 1), 37 (Cluster 2)
and 51 (total) due to athletes playing multiple positions.

Cluster 1 Cluster 2 Total
Relative Relative Relative

Position n Share n Share n Share
[%] [%] [%]

Back 10 714 31 838 41 804
Line 2 14.3 2 3.9 4 7.8
Wing 3 214 11 297 14 274
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Appendix 3. Cluster assignments and centroids based on the average peak external knee
abduction moments within the first 100 ms of stance. Each data point represents one subject.

Appendix 4. Number of athletes with previous ACL injuries.

Cluster 1 Cluster 2 Total

Previous Relative Relative Relative
ACL Ini n Share n Share n  Share

iy [%] [%] [%]
Cutting Leg 0 0 1 2.7 1 2.0
Non-Cutting 71 4 108 5 98
Leg . . )
Both Legs 0 0 1 2.7 1 2.0



Appendix 5. Technique variables and their magnitudes for all three tasks, results of repeated-
measures ANOVASs and pairwise comparisons.

Task Effect Pairwise Comparison

Task 1 Task1l Task 2

i Task 1 Task 2 Task
Variable as as ask 3 P task vs.2 vs3 s 3
Peak KAM (First 100

+ + +
s of Stance) [Nvkg)  [52 %054 173061 164%056 <001 003 022 37
IFg‘EE]St”ke Angleat oo L 125 214135 68499 <001 <001 010 <.001
Foot Progression 82+42 -95+52 -107+46 002 27 <.001 .16
Angle at IC [°]
:‘C”‘ES]F'EX'O” Angleat o 6+63 220+51 243+77 016 023 1 .06
aKt'}eCe ValgsAngle [l 62, 38 58434  65+36 11 - -
;'FCA[E]O'“C“O” Agle 7 4sa2 179+49 18847 006 041 017 166
rgFEO?Otat'O” Angleat 19452  17+50 1646 .72 - -
TrunkLateral Flexion g1 65 64+67 78+64 028 06 1 .06
Angle at IC [°]
;rfg'}f;ma"o” AGle 1824104 2224117 -206+105 014 019 33 .69
Trunk Rotation

- + - + - +

Velocityatlc [s] 707 £930 1057 £ 1117 857+ 988 008 034 46 10
Horizontal CoM

+ + +
Velociyatic [ms] 291035 315034 296035 <001 <001 64 <001
Resultant CoM

+ + +
Velocityat1C [ms] 334029 352031 334031 <001 <001 1 <001
Anterior CoM

+ + +
Velocity (] 270 +035 294+035 278+034 <.001 <.001 .19 <.001
[erﬁﬂa' CoMVelocity ) 55+ 030 1.08+032 098 +028 046 1 46 07
E’neg']ca' COMVelocity 159 4 034 1544028 151+032 025 32 046 .71
Vertical GRF at Peak

+ + +
KAM [N/ 2759 + 573 2851 +571 27.00+653 038 .41 .87 034
Cut Angle [] 708 + 140 692 + 149 615+ 140 002 .78 <.001 <.001
CutWidthatIC[]  21.1+25 215+28 228+31 <.001 .75 <.00l .008
Contact Time [s] 030 + 005 031 +005 029+004 .002 .32 .008 <.001
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