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Background Knee varus is a typical alignment seen in patients with degenerative arthritis. It can
be classified into 2 types of knee varus alignment (Type 1: hip internal rotation, knee hyper-
extension, tibia internal rotation, Type 2: hip external rotation, slightly knee flexion, tibia external
rotation). Type 1 and 2 have similar knee varus alignment, but the mechanism by which varus
alignment is formed is different. This difference in alignment formation results in different
movement characteristics when performing various functional movements. However, there is no
study comparing the characteristics of movement patterns according to the knee varus alignment

type.

Purpose The purpose of this study was to investigate the characteristics of lower extremity
movements during functional activities according to knee varus types.

Study design A comparative study

Methods Thirty subjects with knee varus alignment (Type 1: 15 subjects, Type2: 15 subjects)
were recruited. Subjects performed the 4 functional movements (gait, one leg standing, stair up &
down test). During functional movement tests, lower extremities kinematics (vertical/horizontal
displacement) were video-recorded and analyzed using kinovea software. Independent t-test was
used to compare the characteristics among different knee varus type.

Results There were significant differences in lower extremity kinematics between the two types.
Knee varus thrust (horizontal displacement), hip lateral sway (horizontal displacement), and
movement were significantly increased in type 1 in gait, one-leg standing, and stair up tests (p<
0.05).

Conclusions It was possible to confirm the difference in movement characteristics between the
two types during functional activities. Compared to type 2, when evaluating subjects with type 1,
it is important to identify problems through tests that cause abnormal horizontal displacement. In
addition, it explains the importance of establishing a therapeutic strategy that can minimize the

occurrence of such movements during therapeutic intervention.
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INTRODUCTION

The human knee is a complex joint that plays a crucial
role in our daily activities, providing stability and flexibility
for movements such as walking, running, and jumping.'

Knee alignment refers to the way the bones in the leg are

https://doi.org/10.29273/jmst 2024.8.1.9

positioned in relation to each other.> The ideal alignment
involves a straight line from the hip, through the knee, to
the ankle.’

Deviations from this optimal alignment can occur, with
one common misalignment being varus or valgus align-

ment.* Varus or valgus knee alignment plays a crucial role
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in the development and progression of osteoarthritis (OA).?
The knee varus type is relatively more common in OA
patients. Knee varus, commonly known as bowlegs, and OA
are interconnected through the biomechanical stress placed
on the knee joints. Knee varus is a deformity where the
knees are positioned outward, causing increased pressure on
the inner side of the knee joint.® This altered alignment can
contribute to the development and progression of OA in the
affected joints. Over time, the loss of cartilage can contrib-
ute to OA, a degenerative joint condition characterized by
pain, stiffness, and reduced joint function.”

OA, a degenerative joint condition, affects millions of
people worldwide, impacting their quality of life and mobil-
ity.® While it is a prevalent condition, the importance of
early detection in OA cannot be overstated. Early identifica-
tion allows for timely intervention, which can significantly
influence the progression of the disease and improve long-
term outcomes for individuals.’

Therefore, it is important to understand the movement
characteristics of the knee varus type and the stages through
which it develops into OA. In particular, it is necessary to
understand the characteristics of the varus knee type that
causes OA. According to Sahrmann’s diagnostic classifica-
tion,'? it can be classified into 2 types of knee varus align-
ment (Type 1: hip internal rotation, knee hyper-extension,
tibia internal rotation, Type 2: hip external rotation, slightly
knee flexion, tibia external rotation). Type 1 and 2 have
similar knee varus alignment, but the mechanism by which
varus alignment is formed is different. This difference in
alignment formation results in different movement charac-
teristics when performing various functional movements.

However, there is no study comparing the characteristics
of movement patterns according to the knee varus align-
ment type. The purpose of this study is to investigate the
characteristics of lower extremity movements during func-
tional activities according to knee varus types. It was hy-
pothesized that there will be different movement charac-
teristics between the two knee varus types.

METHODS

Participants

Thirty subjects with knee varus participated in this study
(age: 4243.5 years, height: 171£10.1 cm, weight: 69.3+8.9
kg). Before the participation of this study, subjects were
classified into two knee varus type.'° It can be classified
into two types of knee varus alignment (Type 1: hip internal
rotation, knee hyper-extension, tibia internal rotation, Type
2: hip external rotation, slightly knee flexion, tibia external

rotation) (Figure 1A). Fifteen subjects were assigned to
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each group. Subjects are excluded if they have experienced
a lower extremity injury in the past 6 months or have previ-
ously been diagnosed with hip surgery, rheumatoid arthritis,
osteoarthritis, or neurological conditions. All subjects were
told about the procedures of this study and offered informed
consent form before the experiment. This study was ap-
proved by the Sangji University Institutional Review Board.

Instrumentation

1) 2-Dimensional video analysis

The movements of the subjects’ lower extremity (hip and
knee) during 4 functional (gait, one leg standing, stair-up,
and stair-down) tests were recorded using a smartphone
(Iphone 15, Apple corp., U.S.A). An adjustable tripod was
placed 1 m in front of the participants and placed at the
level of the knee joint. Round yellow markers of 1 cm in
diameter were attached on the anterior superior iliac spine
(ASIS), mid-point of femur, mid-point of patellar, tibial

tuberosity, and dorsum of ankle (Figure 1).

Procedure

Gait was performed on a walking pad. The speed of the
walking pad was set at 1.5 m/s considering the subjects’ risk
of falling, and data were collected for 5 seconds. One leg
standing test was conducted on firm ground. A participant
stands on one leg with the contralateral knee flexion 90° for
5 s. Both hands were positioned parallel to the body. The
participants were kept as balanced as possible until there
was a signal to stop with the signal to start the experimenter.
The experiment was stopped when an unbalanced posture
(unsupported feet touched the ground or the torso was tilted
excessively) from the starting position. The stair up test
started with one foot placed on a 20 cm height box. Subjects
were instructed to climb the stairs at a comfortable pace
according to the researcher’s instructions. The stair down
test started with both feet placed on a 20 cm height box.
According to the researcher’s instructions, the foot to be
measured is placed on the box and the other foot is lowered
to the ground. Subjects were instructed to descend at a com-
fortable speed. During 4 functional tests, lower extremity
movements (vertical/horizontal displacement of ASIS, mid-
point of the patellar, dorsum of ankle) were video-recorded
and then analyzed using Kinovea software (Figure 1B).!!
The maximum vertical/horizontal movement distance that
the marker moved from the beginning to the end of each test
was calculated. Kinovea® is a free 2D motion analysis soft-
ware that enables the establishment of kinematics parame-
ters. All recorded videos were analyzed with the Kinovea (v.

0.8.15, Kinovea, Bordeaux, France).
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[®] Type 1: Hip IR / Knee hyper-extension

(A)

Figure 1. (A) Classification according to knee varus type, (B) 4 functional tests. Marker set-up: (a) anterior superior iliac
spine, (b) mid-point of femur, (c) mid-point of patellar, (d) tibial tuberosity, (e) dorsum of ankle.

(B)

Statistical analysis

Statistical analyses were performed using the SPSS for
Windows (ver. 25.0 software; IBM Co., Armonk, Ny, USA).
To verify the normality of data distribution, Shapiro-Wilk
test wad used. An independent #-test was used to compare
the characteristics (vertical/horizontal displacement of hip/
knee joints) between type 1 and 2. The level of statistical

significance was set at a of 0.05.

RESULTS

The Shapiro-Wilk test presented the normality of the data
(»>0.05). There were significant differences in lower ex-
tremity kinematics between the two types. Knee varus thrust
(horizontal displacement), hip lateral sway (horizontal dis-
placement), and movement were significantly increased in
type 1 in gait, one-leg standing, and stair up tests (Figure 2).
Knee varus thrust is defined as the outward bending of the
knee that occurs during walking and various functional
movements, and hip lateral sway also refers to the phe-
nomenon in which the hip joint moves outward from the

center of the body during various functional movements.'?
13

DISCUSSION

Understanding alignment and movement patterns in sub-

jects with OA is of importance in advancing knowledge of
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this exacerbate condition and refining therapeutic approa-
ches.!? The human body’s alignment, particularly in weight-
bearing joints like the knees, significantly influences joint
mechanics and the distribution of forces during move-
ment.”? In individuals with OA, deviations from optimal
alignment can exacerbate biomechanical stress, contributing
to the degeneration of joint structures.!* Investigating spe-
cific movement patterns associated with OA provides crit-
ical insights into the progression of the disease and helps
identify modifiable factors that may influence its course.'
The people with knee varus showed greater knee external
adduction moments, knee adduction, eversion, and lateral
ground reaction force than the people with normal knee
alignment during walking. Additionally, those with knee
varus presented increased knee flexion and external knee
These
biomechanical changes cause structural changes in the knee

flexor moments during midstance phase.!®
joint, resulting in medial knee OA.7

The purpose of this study was to investigate the charac-
teristics of lower extremity movements during functional
activities according to knee varus types. It was found that
there was a significant difference in lower extremity kine-
matics between the two types. Knee varus thrust (horizontal
displacement), hip lateral sway (horizontal displacement),
and movement were significantly increased in type 1 in gait,
one-leg standing, and stair up tests. The observed differ-
ences in movement characteristics between Type 1 and 2

knee varus alignments can be attributed to the distinct bio-
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Figure 2. Differences in horizontal displacement of hip/
knee joints between type 1 and type 2 of knee varus
during 4 functional movement tests.

mechanical mechanisms underlying the formation of these
varus types. While both types exhibit a varus alignment, the
specific alterations in hip, knee, and tibia positioning differ.
For Type 1, the varus alignment is associated with hip
internal rotation, knee hyperextension, and tibia internal
rotation. In contrast, Type 2 is characterized by hip external
rotation, slight knee flexion, and tibia external rotation.
These differences in alignment mechanisms lead to vari-
ations in how forces are distributed and absorbed during
functional movements. For instance, during gait, the in-
creased knee varus thrust observed in Type 1 suggests
greater pressure on the inner side of the knee joint due to
the outward positioning of the knees. The hip lateral sway,
indicative of side-to-side movement, is likely influenced by
the internal rotation of the hip in Type 1. These alterations
in joint positioning and movement patterns contribute to the
observed differences in lower extremity kinematics between
the two types. The unique biomechanical characteristics of
each knee varus alignment type result in distinct movement
patterns during functional activities.'® Understanding these
differences is crucial for tailored therapeutic interventions.
The findings highlight the importance of identifying specific

problems related to abnormal horizontal displacement in
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Type 1 individuals, emphasizing the need for targeted
assessments and interventions to address the challenges
associated with this particular varus alignment. Overall,
recognizing the nuanced biomechanics of Type 1 and 2 knee
varus alignments provides valuable insights for clinicians
and researchers working towards developing effective
strategies for managing and treating degenerative arthritis in
these patients. The findings emphasize the importance of
considering knee varus alignment subtypes in understanding
and managing OA. Early identification of specific move-
ment characteristics related to knee varus alignment types
could inform targeted interventions, potentially influencing
disease progression and improving long-term outcomes for
individuals at risk of developing OA.

Our study had some limitations. First, only the vertical-
horizontal displacement of the foot/knee was measured.
Additionally, the change in the activity of lower extremity
muscle activity during 4 functional tests was not measured.
Future research requires measurement of rotational move-
ments that occur during functional movements and meas-
urement of lower extremities muscle activity. Second, the
study was conducted cross-sectionally. further research is
warranted to investigation the long-term effects of these
distinct movement patterns and their correlation with OA
development. Additionally, investigating interventions tai-
lored to each knee varus alignment type may offer new
methods for personalized treatments, ultimately enhancing
the effectiveness of prevention and therapeutic approaches
in managing knee OA.

CONCLUSIONS

This study contributes valuable insights into the move-
ment characteristics associated with different knee varus
alignment types, shedding light on potential connections to
OA. The observed differences in knee varus thrust, hip
lateral sway, and movement between Type 1 and 2 varus
alignments during gait, one-leg standing, and stair-up tests
suggest distinct biomechanical patterns associated with each

alignment type.

Key Points

Question What are the differences in movement characteris-
tics between knee varus type 1 and 2?

Findings There were significant differences in lower ex-
tremity kinematics between the two types. Knee varus thrust
(horizontal displacement), hip lateral sway (horizontal dis-
placement), and movement were significantly increased in
type 1 in gait, one-leg standing, and stair up tests.
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Meaning Compared to type 2, when evaluating subjects with
type 1, it is important to identify problems through tests that
cause abnormal horizontal displacement. In addition, it ex-
plains the importance of establishing a therapeutic strategy
that can minimize the occurrence of such movements during
therapeutic intervention.

5.

Sharma L, Song J, Dunlop., et al. Varus and valgus
alignment and incident and progressive knee osteo-
arthritis. Ann Rheum Dis. 2010;69(11):1940-1945.

. Rossom SV, Wesseling M, Smith CR., et al. The

influence of knee joint geometry and alignment on the
tibiofemoral load distribution: a computational study.

Knee. 2019; 26(4): 813-823.
7. Martel-Pelletier J, Boileau C, Pelletier JP., et al.
Cartilage in normal and osteoarthritis conditions. Best

Article information

Conflict of Interest Disclosures: None. ) .
Practice & Research Clinical Rheumatology. 2008;

22(2):351-384.

8. Loeser RF, Goldring SR, Scanzello., et al. Osteoarthritis:
a disease of the joint as an organ. Arthritis Rheum.
2012;64(6):1697-1707.

9. Im GI. The concept of early osteoarthritis and its sig-

Funding/Support: This research was supported by “Re-
gional Innovation Strategy (RIS)” through the National
Research Foundation of Korea (NRF) funded by the
Ministry of Education (MOE) in 2023 (2023RIS-1-1).
Acknowledgment: None.

Ethic Approval: This study was approved by the Sangji

A . . nificance in regenerative medicine. Tissue Eng Regen
University Institutional Review Board.

Med. 2022;19(3):431-436.

Informed consent for publication of the images was ob- . .
10. Sahrmann S. Movement system impairment syndromes

tained from the patient. . . . .
of the extremities, cervical and thoracic spines. St.

Louis, MO: Elsevier; 2010.

11. Jung SH, Weon YS, Ha SM. The effects of transverse
arch insole application on body stability in subject with
flat foot. J Musculoskelet Sci Technol. 2022;6(2):80-84.

Design of the work: SM Ha. 12. Sharma L, Chang AH, Jackson RD., et al. Varus thrust
Data analysis: YS Weon.

Author contributions

Conceptualization: YS Weon.
Data acquisition: YS Weon.

and incident and progressive knee osteoarthritis. Arthri-
tis Rheumatol. 2017;69(11): 2136-2143.

Interpretation of data: YS Weon. 13. Ibara T, Takahashi M, Shinkoda K., et al. Hip sway in
Writing — original draft: SM Ha.

Funding acquisition: SM Ha.

Project administration: SM Ha.

patients with hip osteoarthritis during one-leg standing
with a focus on time series data. Motor Control. 2021,
7:25(3):502-518.

14. Neumann DA. Kinesiology of the musculoskeletal sys-

Writing—review&editing: SM Ha.

REFERENCES tem: foundations for rehabilitation. 3rd ed St. Louis,
MO: Mosby; 2016.

15. Guilak F. Biomechanical factors in osteoarthritis. Best
Pract Res Clin Rheumatol. 2011;25(6):815-823.

16. de Hoop AMS, Kloek CJJ, Pisters MF., et al. Movement
behaviour patterns in patients with hip and/or knee
osteoarthritis in the physical therapy setting: a cross-
sectional study. BMC Musculoskelet Disord. 2020;6(21):
651.

17. Barrios JA, Davis IS, Higginson JS., et al. Lower
extremity walking mechanics of young individuals with
asymptomatic varus knee alignment. J Orthop Res.
2009;27(11):1414-1419.

1. Appolinaire C, Chathura LS, Subham A., et al. Bio-
inspired knee joint: trends in the hardware systems
development. Front Robot Al. 2021;8:613574.

2. Luis NM, Varatojo R. Radiological assessment of lower
limb alignment. EFORT Open Rev. 2021;6(6):487-494.

3. John J. Callaghan. The adult knee. Philadelphia:
Lippincott Williams & Wilkins; 2003.

4. Lin YH, Chang FS, Chen KH., et al. Mismatch between
femur and tibia coronal alignment in the knee joint:
classification of five lower limb types according to
femoral and tibial BMC
Musculoskelet Disord. 2018;19:411.

mechanical alignment.

Vol. 8, No. 1, Jun. 2024 Journal of Musculoskeletal Science and Technology


https://pubmed.ncbi.nlm.nih.gov/?term=Marques+Lu%C3%ADs+N&cauthor_id=34267938
https://pubmed.ncbi.nlm.nih.gov/?term=Varatojo+R&cauthor_id=34267938
https://pubmed.ncbi.nlm.nih.gov/?term=Im%20GI%5BAuthor%5D

