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Knee Valgus during Jump Landing Is Related
to the Inaccuracy of Knee Position Recognition
in Healthy Young Women

and Takashi Mizushima, MD, PhD ¢

Objective: Knee valgus during jump landing is a cause of knee injuries during sports activities.
Body recognition is important for maintaining the knees and other body parts in their proper
positions. The aim of this study was to investigate whether knee valgus during jump landing
in healthy young women is related to the inaccuracy of recognition of bilateral knee positions
in the squatting position. Methods: In 39 healthy young women, the degree of knee valgus was
evaluated during the drop vertical jump test using the ratio of the knee separation distance to the
ankle separation distance. The accuracy of recognition of bilateral knee positions in the squatting
position was evaluated by having the blindfolded subjects indicate with their index fingers the
subjective positions of their bilateral patellae by placing their fingers on a horizontal bar posi-
tioned in front of them 3 cm below the navel. The difference ratio of the recognized distance to the
actual distance between the bilateral patellae was measured as an inaccuracy index. Results: The
degree of knee valgus during the drop vertical jump test was positively correlated with the degree
of inaccuracy of the recognized knee position with the knees in the neutral position (r=0.358,
P=0.025). Conclusions: In healthy young women, knee valgus during jump landing was signifi-
cantly correlated with the inaccuracy in knee position recognition in the squatting posture. This
finding suggests that the assessment of knee position recognition in the squatting position could
be useful as a screening tool for preventing knee injuries on jump landing during sports activities.
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INTRODUCTION

Knee valgus on jump landing during sports activities is
an abnormal posture that causes various knee injuries, such
as anterior cruciate ligament (ACL) injuries,"-? patellar dis-
location,” and medial collateral ligament injuries.*> Knee
valgus is a malalignment involving excessive knee abduction
combined with femoral adduction and internal rotation and

6

relative external tibial rotation.®® In females in particular,

the knee abduction moment increases during landing in the
drop vertical jump (DVJ) task and results in knee valgus
posture and potential injury.”) Significant risk factors of
knee valgus during jump landing include abnormal knee
joint proprioception,”~'? lower hip external rotation and low
abduction strength,'>'¥ range of motion abnormalities,'>!®)
and poor trunk control.'”29 Proprioception — the recognition
of the position of one body part relative to another body part
without visual information — is crucial for controlling limb

Received: April 18, 2021, Accepted: September 29, 2021, Published online: October 23, 2021
2 Division of Rehabilitation Medicine, Dokkyo Medical University Hospital, Tochigi, Japan
b Department of Regenerative Systems Neuroscience, Human Brain Research Center, Kyoto University, Graduate school of Medicine,

Kyoto, Japan

¢ Department of Rehabilitation Medicine, Dokkyo Medical University, Tochigi, Japan
4 Department of Physical Therapy, Akita University, Graduate School of Health Sciences, Akita, Japan
Correspondence: Satoko Koganemaru, MD, PhD, 54 Shogoin-Kawahara-cho, Sakyo-ku, Kyoto 606-8507, Japan, E-mail: kogane@

kuhp.kyoto-u.ac.jp

Copyright © 2021 The Japanese Association of Rehabilitation Medicine

@@@@ This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial No
ARSREE Derivatives (CC BY-NC-ND) 4.0 License. http://creativecommons.org/licenses/by-nc-nd/4.0/


mailto:kogane@kuhp.kyoto-u.ac.jp
mailto:kogane@kuhp.kyoto-u.ac.jp
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

2 Mizuno F, et al: Knee Valgus and Inaccurate Recognition of Knee Position

Table 1. Baseline characteristics of the study participants

Characteristic Mean + SD
Number of subjects (n) 39
Age (years) 21£1.9
Height (cm) 1593 £5.0
Weight (kg) 50.5+5.0
Body mass index (kg/m?) 198+ 1.5
No sports history (n) 6
Sports history (n) 33
Volleyball 8
Tennis 6
Basketball 4
Track and field 3
Swimming 3
Handball 2
Badminton 2
Table tennis 2
Soccer 1
Ballet 1
Dance 1

SD, standard deviation.

movements during sports activities. Therefore, it is neces-
sary to accurately recognize the knee position in relation
to the ankle position and other body parts in the landing
posture, i.e., squatting, to prevent knee valgus during jump
landing. However, there has been no report on the relation-
ship between knee position recognition in the squatting posi-
tion and knee valgus during jump landing. The DV]J test is
widely employed to assess knee valgus during jump landing
and uses the ratio of the knee separation (KS) distance, i.c.,
the distance between the bilateral patellae, to the ankle sepa-
ration (AS) distance, i.c., the distance between the bilateral
ankles.?!23

We hypothesized that knee valgus during jump landing
in the DVJ test could be related to inaccurate knee position
recognition in the squatting position, which is similar to the
posture during jump landing. We investigated this hypoth-
esis in healthy young women who had a relatively high risk
of knee valgus on jump landing during sports activities.

MATERIALS AND METHODS

Subjects

A total of 39 healthy young women participated in this
study (Table 1). Their mean age was 21 (range, 19-28) years.
All participants had no previous lower limb injuries and no

orthopedic problems, e.g., ACL injuries or congenital joint
deformity, and no pain, paralysis, or sensory disturbance
of the upper or lower limbs. Written informed consent was
obtained from all participants included in the study. The
study protocol was conducted according to the principles
expressed in the Declaration of Helsinki and its revisions and
was approved by the Ethics Committee of Dokkyo Medical
University (R-42-13 J).

Experiment

We evaluated both the knee valgus during the first jump
landing in the DVJ test>® and the degree of inaccuracy of
bilateral knee position recognition with the subject in the
squatting position. The DVIJ test was performed first, fol-
lowed by the evaluation of the knee position recognition.

For the DVI test, a 30-fps digital video camera (CASIO,
Tokyo, Japan), a 31-cm high platform, and body markers
were used, as described in a previous report.”¥) The subjects
wore athletic shoes of their choice and were instructed to
perform three DVJ tests from the platform following two
or three practice repetitions.>” The subjects stood on the
platform with feet shoulder-width apart, toes over the edge
of the platform, eyes looking straight ahead, hands on their
hips, and then jumped off the platform; they were instructed
to land equally on both feet on the floor and immediately
to perform a maximum vertical jump from the squatting
position.?*) Before the jump, subjects were instructed to land
with their knees in a neutral position such that both knee
joints were directly above the feet, i.e., with KS and AS
distances equal, and to keep their feet shoulder-width apart
during the DVJ test. We checked the subject’s performance
using a video camera. If we found a failed trial, such as a loss
of balance or a failure to keep the feet shoulder-width apart,
we made the subject redo the DVIJ test until they successfully
performed it three times. The two-dimensional motion anal-
ysis software Dart Fish (Dart Fish, Fribourg, Switzerland)
was used to measure the KS and AS distances at the instant
of the maximal squatting position during the first landing
of the DVJ test. As an index of knee valgus during landing,
the difference ratio of the KS distance to the AS distance,
{(AS — KS)/AS}={1 — (KS/AS)}, was calculated.?>?? Zero
represents an equal separation distance between the knees
and the ankles, whereas a value of >0 indicates that the
centers of knees are medial to the centers of ankles.?® The
highest value of {1 — (KS/AS)} in the three DVIJ test trials
was used as the representative value.

To evaluate inaccuracy of knee position recognition in the
squatting position, subjects were blindfolded with an eye
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Fig. 1. Evaluation of knee position recognition with the subject in the squatting position. Squatting was performed with 70°

of flexion of the knee joints; with feet shoulder-width apart; an

d with head, hip, and heels touching the wall. Subjects were

blindfolded using an eye mask and were asked to indicate with their index fingers the center of their patellae. The tips of the

fingers were located on a horizontal bar set in front of the subje

ct 3 cm below the navel, as done in previous reports on body

recognition. The assessment of knee position recognition was carried out with the knee separation (KS) distance set in three
conditions: neutral (KS=ankle separation (AS) distance), valgus (KS=0.8 x AS), and varus (KS=1.2 x AS).

mask and were asked to point with their index fingers to the
centers of their patellae; for standardization, the tips of their
index fingers were touching a parallel bar set in front of them
3 cm below the navel, as described in previous reports>>2%)
(Fig. 1). The squatting posture was performed with 70° flex-
ion of the knee joints; the feet shoulder-width apart; and the
head, hips, and heels touching the wall. The subjects indi-
cated the positions of the centers of their patellae with KS set
at three distances, i.e., neutral (KS=AS), valgus (KS=0.8 x
AS), and varus (KS=1.2 x AS) (Fig. 1).>>® The order of the
three KS distances during recognition measurements was
randomized. The finger-indicated KS value was defined as
the recognized knee position (i.e., the recognized KS). The
degree of inaccuracy of knee position recognition relative to
the actual knee positions was an absolute value calculated
using the following equation: |{(the actual KS) — (the recog-
nized KS)}/(the actual KS) |=| 1 — {(the recognized KS)/(the
actual KS)}|. The original value of the degree of inaccuracy
of the knee position recognition (i.e., including both nega-
tive and positive inaccuracy values) was calculated using
the following equation: {(the actual KS) — (the recognized

KS)}/(the actual KS)=1 — {(the recognized KS)/(the actual
KS)}. Furthermore, the relationships between knee valgus
during jump landing and hip abduction muscle strength and
between knee valgus and the ROMs of internal rotation and
external rotation of hip joints'>) were investigated in 29 of
the 39 participants. We measured the subjects’ isometric
muscle strength?”?®) using the Power Track II Commander
(NIHON MEDIX, Chiba, Japan) and normalized the results
using individual body weights. ROMs were measured using
a goniometer (SAK AImed, Tokyo, Japan)?* and recorded in
increments of 5°. The recorded values of the muscle strength
and the ROMs were averaged for the left and right sides.

Data Analyses and Statistical Tests

Pearson correlation coefficients were calculated between
the degree of knee valgus during jump landing and the de-
gree of inaccuracy of knee position recognition (in the neu-
tral, valgus, and varus conditions); the hip abduction muscle
strength; and the ROMs of adduction and internal rotation
of hip joints. Univariate analysis was carried out between
the recognition inaccuracies in the neutral, valgus, and varus

Copyright © 2021 The Japanese Association of Rehabilitation Medicine
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Table 2. Average values of the measurements

Measurement Mean + SD

Degree of knee valgus 0.39+0.13

Degree of inaccurate recognition of the knee position Absolute value Original value
Neutral 0.11+0.09 0.03+0.15
Valgus 0.14+0.13 —-0.10+0.17
Varus 0.15+0.12 0.08+0.18

Hip abductor strength (N/kg) 2.96+0.50

ROM of internal rotation (°) 55.5+£9.65

ROM of external rotation (°) 59.8+6.00

conditions. SPSS version 21 (IBM, Armonk, New York) was
used for statistical analysis. The significance level was set at
0.05. Values are expressed as means + standard deviations.

RESULTS

The average (£SD) values of the degree of knee valgus; the
degree of inaccurate recognition of the knee position in the
neutral, valgus, and varus conditions; the muscle strengths;
and the ROMs are shown in Table 2. The number of times the
DVI test was repeated ranged from 0 to 3 in the 39 subjects.

A positive correlation was shown between the degree of
knee valgus during jump landing and the degree of inac-
curacy of knee position recognition in the neutral condition
(r=0.358, P=0.025) (Fig. 2). However, no significant corre-
lation was observed for position recognition inaccuracy in
the valgus and varus conditions (r=0.026, P=0.876; r=0.051,
P=0.757, respectively). Analysis using the original value
of the degree of inaccuracy of knee position recognition
indicated no significant correlation in the neutral, valgus,
or varus condition (r=0.029, P=0.863, r=0.041, P=0.803,
r=—0.009, P=0.957, respectively).

There was no significant correlation between the degree
of knee valgus during jump landing and the hip abduction
muscle strength (r=0.145, P=0.463) (Fig. 3a) or the ROMs
of internal rotation (r=—0.233, P=0.233) or external rotation
(r=—0.190, P=0.331) of the hip joints (Figs. 3b, c). There was
no significant difference in inaccurate recognition for the
neutral, valgus, and varus conditions (F=1.207, P=0.305).

DISCUSSION

We found a significant positive correlation between the
degree of knee valgus during jump landing and the degree
of inaccuracy of the knee position in the neutral squatting
position. This finding suggests that knee valgus during jump

landing might be caused by inaccurate recognition of the
knee positions in the landing posture.

In general, movements are predictably controlled based
on body recognition. The recognition of body posture, the
positional relationship of body parts, and the prediction of
movements of each body part from one place to another en-
able us to perform appropriate actions rapidly and smoothly,
particularly in sports activities. However, inaccurate body
recognition can cause prediction errors during movement
and result in inappropriate postures.’® Our findings sug-
gest that inaccurate knee position recognition leads to knee
valgus during jump landing, probably as a result of error in
prediction of the knee position.

In the current study, the degree of recognition inaccuracy
was correlated with knee valgus only for the neutral condi-
tion (KS=AS). No relationship was observed for the valgus
or varus condition. In the DVIJ test, we asked the subjects to
land in the neutral condition. Therefore, because the subjects
attempted to assume a neutral knee position during the DVJ
test, we consider it reasonable that a significant correlation
was shown only for the neutral condition. Sports players are
often trained to land in the neutral condition; consequently,
assessment of knee position recognition in the neutral con-
dition could be a useful screening tool to evaluate the risk
of ACL injuries caused by jump landing. If knee position
recognition in the neutral condition is inaccurate, it may be
better to conduct training to correct the inaccurate recogni-
tion before the performance of jump landing in the neutral
condition.

Subjects showed a tendency to perceive the knee distance
to be less than the actual distance in the valgus condition,
and to perceive it to be more than the actual knee distance in
the varus condition. We considered that subjects may have
overperceived the knee distance according to their knee
postures. When a certain sensory input is transmitted to the
brain, sensitivity enhancement can occur.’'3? The sensory

Copyright © 2021 The Japanese Association of Rehabilitation Medicine



‘Prog. Rehabil. Med. 2021; Vol.6, 20210041

(a) 0.7
[ ]
0.6 ®
L4 » o
L
o5 [ . ® .
20 ® o ¢ °
©
> L] .
o °
3 gl -
X e @ °
Y ° °
Oo03 | , .
o °
a °
[ ]
& 02 .
[ J
o1 [
L ]
0
0 0.1 0.2 0.3 0.4 0.5 0.6
Degree of inaccuracy of the recognition
(neutral)
0.7 07
(b) . (C) .
06 |® 0.6 L
® o o S e L) °
vos |%° . * e C
g‘ 4 ¢ ® o ° L4 a = : ; L °
S ©
: 04 * ° ° : 0.4 . o ¢
E ‘ 1 P o ° e E ° o.. ° . .
- Y Y L ]
Soz [ ., ° S s ¢ . s ¢
o o o i
oo ° [
A o2 ¢ A& o2 :
L] L
0.1 i 01 °
L] L]
0 0
0 0.1 0.2 03 0.4 0.5 0.6 0 0.1 0.2 03 0.4 05 0.6
Degree of inaccuracy of the recognition Degree of inaccuracy of the recognition
(valgus) (varus)

Fig. 2. Correlations of the degree of knee valgus with the degree of inaccuracy of recognition of knee position in the (a) neu-

tral, (b) valgus, and (c) varus conditions. A significant positive correlation was observed for the neutral condition (r=0.358,
P=0.025), whereas no significant correlation was noted for the valgus (r=0.026, P=0.876) or varus (r=0.051, P=0.757) condi-

tions.

input is enhanced in the relevant sensory cortex according to
the directed attention and concurrently blocks other neural
activity from irrelevant brain areas.>? The sensation of knee
position may have been enhanced according to the direction
of knee joints in the various postures. Further studies would

be necessary to investigate such overperception. There
was no significant difference between the three conditions
in terms of inaccurate recognition, which suggests that the
inaccuracy of recognition in a subject may have been present
not only in the neutral condition but also the valgus and the

Copyright © 2021 The Japanese Association of Rehabilitation Medicine
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Fig. 3. Correlations of the degree of knee valgus with the hip abductor muscle strength and the ranges of motion of hip

internal rotation and external rotation. No significant correlation was found for hip abductor muscle strength (r=0.145,
P=0.463) or the ROMs of hip internal rotation (r=—0.233, P=0.233) or external rotation (r=—0.190, P=0.331).

varus conditions.

No correlation was noted between the knee valgus during
jump landing and the hip muscle strength or the ROMs of
internal rotation or external rotation of the hip joints. Low
hip abductor muscle strength is significantly correlated with
knee valgus,’ whereas normal muscle strength is not.>¥
The subjects in the present study all had normal hip abductor
muscle strength. Therefore, no significant correlation was

evident in this study, which is consistent with the findings of
a previous study.>” Another study has shown that limitations
in the ROM of hip internal rotation is likely to cause non-
contact ACL injuries.'>) However, the subjects in the current
study did not have any limitation of the hip ROMs.

Knee valgus is a three-dimensional alignment involving
hip flexion, internal rotation and adduction, and knee flexion.
However, the two-dimensional assessment of knee valgus

Copyright © 2021 The Japanese Association of Rehabilitation Medicine
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using the ratio of KS to AS is widely used and has been vali-
dated compared with three-dimensional assessments.?!~2%)
Therefore, we used this standard two-dimensional assess-
ment and evaluation for knee position recognition. However,
it is difficult to evaluate the degree of joint rotation.?? It is a
limitation of the current study that we could not evaluate the
degree of rotation of the femur and the tibia. Future studies
using three-dimensional assessments will be necessary.

In conclusion, knee valgus during jump landing was sig-
nificantly correlated with the level of inaccurate knee posi-
tion recognition in the neutral squatting position in healthy
young women. This is the first report of the relationship
between knee valgus during jump landing and the inaccu-
racy of subjective knee position recognition in the squatting
position. The evaluation of knee position recognition in the
squatting position may be useful as a screening test for the
risk of knee valgus during jump landing in sports activities
in healthy young women. Our findings indicate that the in-
accuracy of knee position recognition is related to the knee
valgus during jump landing, but it is still unclear whether it
is further related to sports injuries. Future studies are neces-
sary to investigate the relationship between the prevalence of
knee injuries and the degree of inaccuracy of knee position
recognition and to develop exercise programs to correct knee
position recognition and to prevent knee valgus during jump
landing.
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