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Assessing the validity of
two-dimensional video analysis
for measuring lower limb joint
angles during fencing lunge
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'Graduate School of System Design and Management, Keio University, Yokohama, Japan, ®Institute of
Physical Education, Keio University, Yokohama, Japan

Introduction: The fencing lunge (lunge), characterized by minimal body
rotation, offers a movement well-suited for 2D video analysis. However, to the
best of our knowledge, the validity of 2D video analysis for fencing has not
been verified. This study aimed to validate 2D video analysis by comparing
lower limb joints (hip, knee, and ankle joints) angles during lunge using both
2D video analysis and 3D motion analysis methods.

Methods: Twenty-two male fencers performed lunge trials that were
simultaneously recorded using eight motion capture cameras (Qualisys Miqus
M1) and two digital video cameras (Sony AX-450 and AX450a).

Results: The 2D video analysis results exhibited an extremely large correlation in
knee joint angles of the front and rear legs in the sagittal with those from 3D
motion analysis (r = 0.93-0.99). However, while a robust correlation was found
between the ankle joint angles of the front and rear legs (r=0.82-0.84), a
large bias was also observed (-5.23° to —21.31°). Conversely, for the hip joints
of the rear leg, a moderate correlation (r=0.31) and a large bias (-10.89°)
were identified.

Conclusions: The results of this study will contribute to the development of
coaching using 2D video analysis in competition settings because such
analysis can be a useful alternative to 3D motion analysis when measuring the
knee joint angle of the front leg and rear leg in the sagittal plane. However,
for the ankle joint angle, further research on the optimal shooting position
and height of the digital video camera is needed, whereas for the hip joint
angle, 3D motion analysis is recommended at this time.
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1 Introduction

The “fencing lunge (lunge)” is the fundamental attack movement in fencing (1) and is
pivotal in the attack phase (2). Previous studies have examined various aspects of the
lunge, such as joint angle (2-4), joint angular velocity (2, 4), travel distance (5), and
peak velocity (2-4). Specifically, studies have shown that the magnitude of the lower
limb joint angles, particularly the rear leg’s knee joint peak flexion angle and hip joint
peak flexion angle, in the lunge’s initial phase is linked to increased peak velocity,
which reduces the opponent’s reaction time to the attacking action and slows the time
to defend (2, 3). This indicates that the visualization of lower limb joint angles is

01 frontiersin.org


http://crossmark.crossref.org/dialog/?doi=10.3389/fspor.2024.1335272&domain=pdf&date_stamp=2020-03-12
https://doi.org/10.3389/fspor.2024.1335272
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fspor.2024.1335272/full
https://www.frontiersin.org/articles/10.3389/fspor.2024.1335272/full
https://www.frontiersin.org/articles/10.3389/fspor.2024.1335272/full
https://www.frontiersin.org/articles/10.3389/fspor.2024.1335272/full
https://www.frontiersin.org/journals/sports-and-active-living
https://doi.org/10.3389/fspor.2024.1335272
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/

Chida et al.

important not only from the perspective of performance evaluation
but also for developing evidence-based coaching methods for
competitions and injury prevention.

Traditionally, three-dimensional (3D) motion analysis systems
have served as a method for analyzing motion skills in fencing,
including the evaluation of lower limb joint angles (2-4). This
method is a standard approach for kinematic assessment of
high

measurement accuracy. It has been used in numerous studies

movement during exercise and is known for its
focusing on movement analysis. However, implementing this
method in actual competition settings poses challenges, such as
the time required to secure personnel to perform specialized
analysis, time required for analysis, significant costs of preparing
equipment and facilities, and poor portability of the equipment.
Therefore, developing a method that can be easily implemented
at competition sites to enable movement evaluation with highly
reliable measured values is critical to the development of more
evidence-based coaching at competition sites.

In clinical practice, two-dimensional (2D) video analysis has
gained recognition for its simplicity and increased number of
quantitative methods for analyzing sports movements (6-13). In
comparison to 3D motion analysis, 2D video analysis is more
cost-effective and portable. Recent advancements in development
technology, such as higher video quality and frame rates, have
further enhanced the utility of data analysis. The 2D video
analysis has shown promising potential, indicating good
correlation and agreement with 3D motion analysis (6-8, 10-13).
Schurr et al. obtained 2D and 3D lower limb joint (hip, knee,
and ankle) angle movements from the sagittal plane during a
single leg squat and compared the results using Pearson’s
correlation (7). The results confirmed a moderate-to-strong
correlation (r=0.51-0.93), and the Bland-Altman Plot method
also showed strong agreement (hip =2.60°, knee =0.74°, ankle =
3.12°). Mousavi et al. analyzed lower limb joint (hip, knee, and
ankle) angles during running using 2D video analysis from the
sagittal plane, compared them with the results of 3D analysis
methods, and reported excellent intraclass correlation coefficients
(ICC=0.68 and 0.59, respectively) relationships between the knee
and ankle joints (6). However, the accuracy of lower limb joint
angles from cameras placed in the frontal plane was low in
previous studies that have validated the accuracy (7), and it is
also extremely difficult to capture horizontal plane motion (body
rotation) (13). In contrast, 2D video analysis is suitable for
evaluations made in the sagittal plane relative to the direction of
motion. The fencing lunge movement entails minimal body
rotation yet has characteristics similar to movements in the
sagittal plane relative to the fencing piste, making it easy to
reflect the characteristics of 2D video analysis. However, to our
knowledge, the applicability and validity of 2D video analysis in
the context of fencing, especially for the fencing lunge, remain
unverified to date.

Providing coaches and athletes with simple and reliable
feedback data using 2D video analysis is expected to effectively
improve movement skills and may serve as a useful teaching tool.
This study aimed to validate the use of 2D video analysis by
comparing lower limb joint angles (hip, knee, and ankle joints)
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during the fencing lunge using 2D video analysis and 3D motion
analysis. Consistent with previous studies on single-leg squats in
clinical practice (7), we hypothesized that the angles of the hip
and knee joints in the sagittal plane would yield reliable data.

2 Materials and methods
2.1 Participants

To validate the 2D video analysis in this study, multiple lunge
movements had to be performed under the same conditions.
Therefore, fencers with at least 3 years of competition experience
and capable of consistently performing lunge movements were
recruited. The sample size was calculated using G*Power software
(G*Power  3.1.9.6; Diisseldorf,
Diisseldorf, Germany). Based on previous studies investigating

Heinrich-Heine-Universitit

the correlation between 3D motion analysis and 2D video
analysis of lower limb joints (7, 8), the effect sizes were estimated
at 0.86 and 0.64, o level at 0.05, and power (1-f) at 0.80. At the
minimum, 7-16 participants were required. Taking errors into
consideration, this study included 22 Japanese high school and
university student fencers (age: 19.2 +1.8 years, height: 173.3 +
6.5 cm, weight: 62.4 + 8.6 kg, fencing experience: 5.2+ 1.8 years,
expressed as mean+standard deviation). The participants
volunteered after being provided with a detailed information
sheet explaining the study’s purpose and signed an informed
consent form. Additionally, the fencers were confirmed to have
no musculoskeletal injuries within 6 months prior to the
experiment. This study was approved by the Ethics Committee of
the Graduate School of System Design and Management, Keio

University (approval number: SDM-2023-045).

2.2 Experimental setup

Figure 1 shows an experimental setup overview. Lunge
distance was defined as the horizontal distance from the toe
of the rear leg to the target in the ungirdled state, which was
1.5 x the height of each fencer (3, 14, 15). The target of the
attack was a 30x30cm square cloth attached to the target
surface, which was positioned to align with the tip of
the fencer’s lunge-thrusting sword. Prior to the experiment,
the participants warmed up for approximately 15 min by
stretching, running, and practicing fencing footwork.
Familiarization sessions preceded each task to acquaint the
with

instructions, including several lunge movements. Starting from

participants experimental  conditions and  given
a stationary position with both feet grounded, participants
performed lunge movements at their discretion (3). Each
participant performed three trials for each lunge movement
per test session. A trial was deemed unsuccessful if the
participant stopped the movement mid-lunge, if the balance
of the movement was significantly disturbed, or if the tip of
the sword missed the target. A 30 s interval was maintained

between test sessions.
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Camera for 3D
motion analysis
For the rear leg
- Fencer ﬂ -
Target
Digital video camera
for 2D motion analysis
For the front leg
FIGURE 1
Experimental setup

2.3 Data collection

Reflective markers were attached to the participant’s skin using
double-sided adhesive tape at 50 points surrounding each joint of
the upper and lower limbs, according to the visual 3D Marker
Set Guidelines (Figure 2). To reduce measurement errors owing
to inconsistencies in marker placement, the markers were placed
by one researcher with over 10 years of experience, and the
marker positions were further confirmed by another researcher
with over 10 years of experience. Participants wore standard
equipment, including a fencing mask on their heads, and held a
fleuret sword in their dominant hand. A fleuret No. 5 sword (BF
Allstar, Germany; blade length: 90 cm) and a mask (Allstar,
Germany) conformed to international standards. The participants
used their standard fencing shoes.

During the test sessions, 2D and 3D data were collected
simultaneously. The 3D data were sampled at 200 Hz using the
Qualisys Track Manager 20232 (QTM, Qualisys, Goteborg,
Sweden). Eight motion capture cameras (Qualisys, Miqus M1,
Goteborg, Sweden) were used to collect and record data. A static
coordinate system was set up with the y-axis as the direction of
lunge motion, the x-axis as the direction orthogonal to the
y-axis, and the z-axis as the vertical direction.

Two digital video cameras (AX-450, AX450a, Sony) were used
for 2D video analysis. One digital video camera was positioned 3 m
behind the participant and the other 3 m to the side of the
participant. Thus, for the front leg, the X- and Y-axes were set
in the direction of attacking movement, and for the rear leg, the
X- and Y-axes were set in the direction perpendicular to the
direction of the lunge and in the vertical direction, respectively.
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In both cases, the participants’ lower limbs were photographed
vertically and adjusted to a height of 80.5-88 cm based on the
height of the greater trochanter during the “En Garde” of each
participant (9), 2D data were collected at 120 frames per
second (fps).

2.4 Data analysis

The evaluation variables included joint angles of the hip, knee,
and ankle joints in the front and rear legs, observed from both the
3D and 2D sagittal planes. The two assessment time points were
identified as heel-off and heel-strike, with joint angle data
analyzed at each time point. These time points referred to the
commencement (heel-off) and termination (heel-strike) of the
lunge (1) and were defined as follows:

Heel-off: For the 2D analysis, the initial visible point where the
player’s front foot heel clearly leaves the ground from the “En
Garde” (initial position) position. For the 3D analysis, the height
of the z-axis of the heel marker at the En Garde was defined as
the minimum height of the heel marker, and the first time it
became positive, it was defined as heel-off.

Heel-strike: For the 2D analysis, the initial point where the
player’s front foot heel makes clear contact with the ground.
In 3D analysis, this time point was defined as the time
when the z-axis height of the front foot heel marker was
first minimized.

The coordinate data derived from the 3D motion analysis using
the QTM were processed and labeled. The labeled kinematic data
were then exported to Visual3D software (Version 6.0, C-Motion,
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FIGURE 2
Positions of reflective markers attached to the landmarks of the body.

1: head

2: forehead

3,4: side of head

5,6: acromion process

7: 2nd cervical spinous process

8: 12th thoracic spinous process
9,10: upper arm

11,12: lower end of rib

13,14: anterior superior iliac spine (ASIS)
15,16: posterior superior iliac spines (PSIS)
17,18: lateral epicondyle of humerus
19,20: medial epicondyle of humerus
21,22: radial styloid process

23,24: ulnar styloid process

25,26: 3rd metacarpal bone

27: xiphoid process of the sternum
28: sacrum

29,30:lateral epicondyle of femur
31,32: medial epicondyle of femur
33,34: thigh

35,36: tibial tuberosity

37,38: lateral malleolus

39,40: head of 2nd metatarsus
41,42: head of 5th metatarsus
43,44: heel bone

45,46:greater trochanter
47,48:medial malleolus

49,50:great toe ball

TABLE 1 Definition of measured variables.

2D Definitions 3D Definitions

Sagittal plane hip
angle

Sagittal plane knee
angle

Sagittal plane ankle
angle

Inc., Germantown, MD, USA) to calculate the lower limb joint
angles. The cutoft frequency was selected based on the residual
analysis method (3, 16, 17), and smoothing was performed with an
8 Hz fourth-order Butterworth low-pass digital filter. All segments
(head, thorax, upper arm, forearm, hand, pelvis, thigh, shank, and
foot) were constructed, and a local coordinate system was
established for each segment. Pelvic segments were derived from
ASIS and PSIS marker positions, and hip joint centers were
calculated using Visual 3D regression equations derived from Bell
et al. (18). The knee joint center was defined as the midpoint
between the lateral epicondyle of the femur and medial epicondyle
of the femur. The ankle joint center was defined as the midpoint
between the lateral malleolus and medial malleolus. Joint angles at
the hip, knee, and ankle joints were then defined using these
segments (Table 1).

All 2D motion analysis methods were performed using
Frame-DIAS 6 (DKH Inc, Tokyo, Japan), a reliable tool that
has been validated in several biomechanical studies (19-21). For
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The offset angle between the line drawn from the acromion marker to the greater trochanter marker and that | The angle between the pelvis and thigh in
drawn from the greater trochanter marker to the lateral femoral epicondyle marker (7, 9).

the sagittal plane.

The offset angle between the line drawn from the greater trochanter marker to the lateral femoral marker and | The angle between the thigh and shank in
that drawn from the lateral femoral marker to the lateral malleolus marker. (7, 9).

the sagittal plane.

The offset angle between the line connecting the lateral femoral epicondyle marker and the lateral malleolus | The angle between the shank and foot in
marker and the line connecting the heel marker and the fifth metatarsal marker (10).

the sagittal plane.

the hip joint angle, the offset angle was set between the line
drawn from the acromion marker to the greater trochanter
marker and that drawn from the greater trochanter marker to
the lateral femoral epicondyle marker (7, 9). For the knee joint,
the offset angle was set between the line drawn from the greater
trochanter marker to the lateral femoral marker and the line
drawn from the lateral femoral marker to the lateral malleolus
marker (7, 9). For the ankle joint, the offset angle was set
between the line connecting the lateral femoral epicondyle
marker to the lateral malleolus marker and the line connecting
the heel marker to the fifth metatarsal marker (10) (Table 1 and
Figure 3). In a preliminary pre-study experiment, Frame-DIAS
6 (2D video analysis) reliability test was conducted based on
resting position before the start in 10 randomly selected
participants. Analysis of two joint angle variables at the hip,
knee, and ankle joints in the fore and hind legs showed strong
reproducibility in intra-rater reliability tests {mean absolute
difference = 0.10°+0.64°, mean ICC 1,1 =0.985 [95% confidence
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FIGURE 3

joint angle; and (3) ankle joint angle.

Screening information for sagittal hip, knee, and ankle angles during heel-off and heel-strike of front and rear legs. (A) Sagittal plane front leg at heel-
off; (B) sagittal plane front leg at heel strike; (C) sagittal plane rear leg at heel-off; and (D) sagittal plane rear leg at heel strike; (1) hip joint angle; (2) knee

interval (CI) 0.945-0.996]}. All 3D and 2D data were evaluated by
analyzing the means of three trials (7).

2.5 Statistical analysis

Data were tested for normality using the Shapiro-Wilk test and
analyzed using Pearson’s correlation coefficient and Bland-Altman
plots to assess the relationship and agreement between 2D video
cameras and 3D motion capture (22, 23). The strength of
Pearson’s correlation (r) was defined as <0.3 (small), 0.3-0.49
(moderate), 0.5-0.69 (large), 0.7-0.89 (very large), and 9.0-1.0
(extremely large) (24). The significance level was set at 5%.
Statistical analyses were performed using IBM SPSS
Statistics (Version 29.0.1.0, IBM Corp., Armonk, NY., USA)
for single regression analysis, and Pearson’s correlation
coefficient and Bland-Altman plots were generated using
Microsoft Excel software (Version 14.4.0, Microsoft

Corporation, Redmond WA, USA).

3 Results

The final set distance between the fencer and the target was
260.0 £9.8 cm. Comparative data for each joint angle variable
using 2D and 3D images are presented in Table 2.

Frontiers in Sports and Active Living

The Pearson’s correlation coefficients for the knee joint
revealed strong associations with r=0.96 (95% CI: 0.905-0.984)
for front leg heel-off, r=0.93 (95% CI: 0.829-0.970) for heel-
strike, r=0.99 (95% CI: 0.986-0.998) for rear leg heel-off,
r=0.98 (95% CIL: 0.958-0.993) for heel strike, all indicating
extremely large correlations. Similarly, at the ankle joint,
significant correlations were found, with r=0.83 (95% CI: 0.629-
0.927) for front leg heel-off, r=0.83 (95% CI: 0.634-0.928) for
heel strike, r=0.82 (95% CI: 0.610-0.923) for rear leg heel-off
and r=0.84 (95% CI: 0.658-0.934) heel strike, all indicating very
large correlations. For the hip joints, the correlation coefficients
were r=0.71 (95% CI: 0.419-0.873) for front leg heel-off, r=0.90
(95% CI: 0.774-0.959) for heel strike, and r=0.81 (95% CI:
0.588-0.918) for rear leg heel-off, reflecting very large to
extremely large correlations. However, the correlation for heel
strike of the rear leg hip was not significant.

In the Bland-Altman plot, the knee joint exhibited smaller
mean differences, with 4.31° [limits of agreement (LOA) —1.46 to
—10.08] for heel-off and 0.001° (LOA —4.35 to —4.34) for heel-
strike in the front leg and 3.55° (LOA 1.07-6.03) for heel-off and
—1.17° (LOA -3.76-1.42) for heel-strike in the rear leg,
compared to the ankle and hip joints (Table 2, Figures 4E-H). At
the ankle joint, the heel-off and heel-strike of the front leg were
—6.35° (LOA —12.29 to —0.42) and —21.31° (LOA —28.98 to
—13.64), respectively, whereas the heel-off and heel-strike of the
rear leg were —523° (LOA —12.22-1.76) and —8.98° (LOA
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TABLE 2 Comparison of each outcome of joint kinematics assessment between 3D and 2D data collection methods.

95% limits of agreement

3D means

Front Hip Heel off (°) 40.25 £ 10.05 33.97+9.80 0.71
Heel strike (°) 62.28 +13.76 57.34+8.77 0.90

Knee Heel off (°) 48.47 £10.09 44.16 + 8.85 0.96

Heel strike (°) 23.70 £5.39 23.71+£5.90 0.93

Ankle Heel off (°) 71.58 £5.33 77.93 £5.01 0.83

Heel strike (°) 64.56 + 6.83 85.86 £ 6.70 0.83

Rear Hip Heel off (°) 11.90 +9.30 16.22 + 8.33 0.81
Heel strike (°) —3.63 £5.95 7.25+£6.27 0.31

Knee Heel off (°) 40.19+£11.23 36.64 +10.81 0.99

Heel strike (°) 13.72 £ 6.89 14.89+7.10 0.98

Ankle Heel off (°) 86.53 £ 5.74 91.76 £ 6.10 0.82

Heel strike (°) 66.37 + 8.24 75.35+7.35 0.84

95%Cl Mean difference

3D-2D (lower-upper)
<001 419-.873 6.28 £7.51 —8.44-20.99
<.001 774-.959 493 +6.98 —8.74-18.61
<.001 .905-.984 4314295 —1.46 to —10.08
<.001 .829-.970 0.001 +2.22 —4.35 to —4.34
<.001 629-.927 —6.35+3.03 ~12.29 to —0.42
<.001 634-.928 —21.31+391 —28.98 to —13.64
<.001 588-.918 —433%552 —15.15-6.50
163 —.130-.646 ~10.89 £7.19 —24.98-3.20
<.001 .986-.998 3.55+1.27 1.07-6.03
<.001 958-.993 —1.17+1.32 —3.76-1.42
<.001 610-.923 —5.23+357 ~12.22 to 1.76
<.001 1658-.934 —8.98 +4.42 —17.64 to —0.31

Data are presented as mean + standard deviation. hip, knee; +, flexion/—, extension; ankle, +, dorsiflexion/—, plantar flexion.

—17.64 to —0.31) respectively, all indicating an overestimation by
(Table 2, 41-L).
noteworthy was the heel strike of the front leg joint angle,

2D  measurements Figures Particularly
exceeding 20° more than the angle measured by 3D. At the hip
joint, the heel-off and heel-strike of the front leg were 6.28°
(LOA —8.44-20.99) and 4.93° (LOA —8.74-18.61), respectively,
and the heel-off and heel-strike of the rear leg were —4.33° (LOA
—15.15-6.50) and -—10.89° (LOA —24.98-3.20), respectively

(Table 2, Figures 4A-D).

4 Discussion

In this study, we conducted a comparison between values
derived from 2D video analysis and 3D motion analysis for lower
limb joint angles for the fencing lunge motion, aiming to validate
the effectiveness of 2D video analysis. The results revealed strong
agreement in the front leg and rear leg knee joint angles at both
heel-off and heel-strike, partially supporting our hypothesis.
However, the hip and ankle joint angles of the front leg and rear
leg did not yield highly valid data.

The knee joint angles of both the front and rear legs in this
study align with the strongly correlated findings shown in
previous studies that investigated lower limb joint angles using
both 2D video analysis and 3D motion analysis methods (13, 7).
In this study, the bias comparing 3D to 2D was within the range
of bias reported in previous studies (1.5°-9.2°) at heel-off and
heel-strike for both front and rear leg knee joints, indicating a
high level of validity (13, 7). However, it is noteworthy that the
heel strike of the front leg knee had a slightly lower correlation
than the heel-off of the rear leg knee, the heel strike of the rear
leg knee, and the heel-off of the front leg knee. This may arise
from discrepancies between the angle of travel of the front foot
and the direction of travel during the front foot heel strike. As
confirmed in the study by Mousavi et al., 2020, overestimation or
underestimation has been reported when the images captured by
a 2D video camera deviate from the sagittal plane, such as in cases
of internal rotation of the hip or ankle joint relative to the direction
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of travel (6). These factors were inferred to contribute to the slight
diminished reliability in the results of this study as well.

The correlation between the ankle joint angles in the front and
rear legs was very high (r=0.82-0.84), yet the Bland and Altman
plot revealed a bias ranging from —4.33° to —21.31° (Figure 4,
I-L). This overestimation measurement bias is consistent with the
findings in previous studies comparing 2D video analysis and 3D
motion capture (13). The magnitude of the bias is influenced by
the extent of the joint position shift on the y-axis (2D coordinate
axis) within the measurement plane (sagittal plane) captured by
a video camera (13). Furthermore, the Bland and Altman plot
for the front foot ankle joint angle at the heel strike showed the
largest bias at —21.31° (Table 3). This may be because joint
positions were out of alignment in the x-axis as well as the y-axis
on the sagittal plane captured by the digital video camera. In this
study, a digital video camera was securely fixed vertically to the
initial posture for recording. However, during the execution of
the lunge, the distance from the initial posture position to the
target (each participant’s heightx 1.5 times) was altered. The
posture captured on the screen at the time of landing was
considered to have resulted in an overestimation of the front
ankle joint angle due to a gap created from the vertical angle set
at the initial posture. These results indicate the importance of
carefully considering the setting position of the digital video
camera with respect to the joint positions on both the y- and x-
axes in the sagittal plane. Future research is required to
determine the optimal position and height from the ground for a
digital video camera.

For the hip joints, the correlation of heel off in the front leg hip
joint was very large, with r=0.71; however, the correlation was not
as high as that observed for the knee and ankle joints. For the rear
leg hip joints, the correlation of heel strike was not significant, and
the Bland Altman plot exhibited a notable bias of —10.89°
(Table 2). and 3D
measurements of hip angles in the sagittal plane during a single

A previous study comparing 2D
leg squat reported a strong correlation between the two
measurements (7), and although the same 2D measurement
method (the offset angle between the line drawn from the

acromion marker to the greater trochanter marker and the line
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FIGURE 4

Bland-Altman plot comparing 3D motion analysis and 2D video analysis. (A) Front hip angle at heel off, (B) Front hip angle at heel strike, (C) Rear hip
angle at heel off, (D) Rear hip angle at heel strike, (E) Font knee angle at heel off, (F) Front knee angle at heel strike, (G) Rear knee angle at heel off, (H)
Rear knee angle at heel strike, () Front ankle angle at heel off, (J) Front ankle angle at heel strike, (K) Rear knee angle at heel off, (L) Rear ankle angle at

heel strike.
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drawn from the greater trochanter marker to the lateral femoral
epicondyle marker) was applied in this study, the agreement
between the values in this study was low. One reason for this
disparity could be the significant impact of fencing-specific
on the 2D method. Due to the
characteristics of the fencing form, particularly in the front leg

movements analysis
hip joint, the pelvis tilts forward toward the target during heel-
off and heel strike. However, the trunk does not tilt forward
more than the pelvis, resulting in an upright position of the
upper body. The 2D analysis that calculates the hip angle using
acromion markers may underestimate it compared to a 3D
analysis that derives the angle based on the pelvis and femur.
Moreover, most of the rear leg hip angles measured in the 2D
result that the
characteristics of the upper body motion during the lunge may

images were overestimated. This suggests
have influenced the measurements, particularly during heel-off
and heel strike. During these phases, the acromion markers of
the upper limbs were captured at an angle close to the coronal
plane, resulting in a larger error compared to a single-leg squat
as performed by Schurr et al. These results indicate that the line
connecting the acromion and greater trochanter is likely not an
appropriate means of calculating the hip angle in the sagittal
plane in 2D measurements in the lunge, and future revalidation
using different marker positions (e.g., a lower trunk marker
instead of the acromion marker) or by validating different
methods may help explore the possibility of 2D analysis.
However, at this point, the use of 3D motion analysis is
recommended to ensure the accuracy of the hip joint
angle measurement.

This study holds certain limitations. First, the 2D analysis using
a digital video camera positioned based on the initial posture might
not fully capture the complex vertical and lateral movements
inherent in the fencing lunge. This movement involves vertical
and lateral movements because of the characteristics of the
movement, taking a large step and striking with the sword; the
distance traveled during landing is also involved. Therefore,
the camera positions and lower limb joint angle calculation
methods used in 2D video analysis are not always consistent with
the joint angles captured on the screen (sagittal plane). Second,
this is the first study to compare 3D motion analysis with 2D
video analysis data in fencing, and the average of three trials was
employed to identify trends in the overall data, whereas errors
may have been offset by using the average as a representative
value. Finally, this study only included skilled male fencers.
Therefore, extending the research to female fencers and
individuals across various age groups and competition levels is
vital for broader applicability and understanding.

In this study, analysis was performed post-data transfer to a PC
to improve the accuracy. However, considering its versatility in 2D,
it is expected that in the future it will be validated in a framework
that is easy to analyze using smartphone applications and other
marker-less methods. Particularly, the knee joint angle, which
was given excellent validity in this study, has been reported to be
a performance factor contributing to fencers’ peak speed during
lunge (2, 3). Further simplified measurement of the 2D analysis
technique (6) is established, the use of immediate feedback
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during practice will become possible, and its use as a more
convenient tool for instruction may be expanded. In addition, if
we can comprehensively clarify the areas that can be measured in
2D video analysis by further examining the areas not investigated
in this study (e.g., upper limbs), the findings could be more
useful for coaching in competition settings.

5 Conclusion

This study aimed to validate 2D video analysis against 3D
motion analysis by comparing lower limb joint angles (hip, knee,
and ankle joints) during a fencing lunge. Notably, the front and
rear leg knee joint angles demonstrated an extremely large
correlation, suggesting the potential utility of 2D video analysis
as an alternative to 3D motion analysis. However, for the ankle
joint angle, the results revealed a substantial bias, emphasizing
the need for further verification of the optimal video camera
position and height in future studies. Regarding the hip joint
angle, it was evident that the method used for calculating the
angle in the 2D analysis was likely not appropriate, and 3D
motion analysis is recommended as the method of choice at
this time.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Ethics
Committee of the Graduate School of System Design and
Management,/Keio University. The studies were conducted in
with  the
requirements. Written informed consent for participation in this

accordance local legislation and institutional
study was provided by the participants’ legal guardians/next of
kin. Written informed consent was obtained from the individual
(s), and minor(s)’ legal guardian/next of kin, for the publication of

any potentially identifiable images or data included in this article.

Author contributions

KC: Conceptualization, Data curation, Formal Analysis,
Investigation, Methodology, Project administration, Software,
Validation, Visualization, Writing — original draft, Writing -
editing. TL
Methodology, Resources, Supervision, Writing - review &

review & Conceptualization, Investigation,
editing. SY: Conceptualization, Methodology, Writing - review &
editing. TN: Conceptualization, Methodology, Writing - review
& editing. YY: Conceptualization, Writing - review & editing,
Methodology. NK: Conceptualization, Funding acquisition,

Resources, Supervision, Validation, Writing - review & editing.

frontiersin.org


https://doi.org/10.3389/fspor.2024.1335272
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/

Chida et al.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article.

This study was supported by the JST SPRING (grant number
JPMJSP2123).

Acknowledgments

We would like to express our gratitude to all the volunteers
who participated in this study, as well as Professor Takeshi
Hashimoto of the Research Center for Sports Medicine at Keio
University for his cooperation.

References

1. Barth B, Beck E. Performance structure, performance capacity and performance
development (chapter 2). In: Barth B, Beck E, editors. The Complete Guide to Fencing.
Aachen, Germany: Meyer & Meyer Verlag (2007). p. 62-3.

2. Bottoms L, Greenhalgh A, Sinclair J. Kinematic determinants of weapon velocity during
the fencing lunge in experienced épée fencers. Acta Bioeng Biomech. (2013) 15:109-13.
doi: 10.5277/abb130414

3. Chida K, Inami T, Yamaguchi S, Yoshida Y, Kohtake N. Relationship between
body center of mass velocity and lower limb joint angles during advance lunge in
skilled male university fencers. Biomechanics. (2023) 3:377-88. doi: 10.3390/
biomechanics3030031

4. Guan Y, Guo L, Wu N, Zhang L, Warburton DER. Biomechanical insights into
the determinants of speed in the fencing lunge. Eur ] Sport Sci. (2018) 18:201-8.
doi: 10.1080/17461391.2017.1414886

5. Gholipour M, Tabrizi A, Farahmand F. Kinematics analysis of lunge fencing using
stereophotogrametry. World ] Sport Sci. (2018) 1:32-7.

6. Mousavi SH, Hijmans JM, Moeini F, Rajabi R, Ferber R, van der Worp H, et al.
Validity and reliability of a smartphone motion analysis app for lower limb kinematics
during treadmill running. Phys Ther Sport. (2020) 43:27-35. doi: 10.1016/j.ptsp.2020.
02.003

7. Schurr SA, Marshall AN, Resch JE, Saliba SA. Two-dimensional video analysis is
comparable to 3d motion capture in lower extremity movement assessment. Int
J Sports Phys Ther. (2017) 12:163-72.

8. Gwynne CR, Curran SA. Quantifying frontal plane knee motion during single
limb squats: reliability and validity of 2-dimensional measures. Int J Sports Phys
Ther. (2014) 9(7):898-906.

9. Norris BS, Olson SL. Concurrent validity and reliability of two-dimensional video
analysis of hip and knee joint motion during mechanical lifting. Physiother Theory
Pract. (2011) 27(7):521-30. doi: 10.3109/09593985.2010.533745

10. Ota M, Tateuchi H, Hashiguchi T, Ichihashi N. Verification of validity of
gait analysis systems during treadmill walking and running using human pose
tracking algorithm. Gait Posture. (2021) 85:290-7. doi: 10.1016/j.gaitpost.2021.
02.006

11. Hanley B, Tucker CB, Bissas A. Differences between motion capture and video
analysis systems in calculating knee angles in elite-standard race walking. J Sports Sci.
(2018) 36:1250-5. doi: 10.1080/02640414.2017.1372928

12. Krause DA, Boyd MS, Hager AN, Smoyer EC, Thompson AT, Hollman JH.
Reliability and accuracy of a goniometer mobile device application for video

Frontiers in Sports and Active Living

09

10.3389/fspor.2024.1335272

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

measurement of the functional movement screen deep squat test. Int J Sports Phys
Ther. (2015) 10:37-44.

13. Peebles AT, Carroll MM, Socha JJ, Schmitt D, Queen RM. Validity of using
automated two-dimensional video analysis to measure continuous sagittal plane
running kinematics. Ann Biomed Eng. (2021) 49:455-68. doi: 10.1007/s10439-020-
02569-y

14. Williams LR, Walmsley A. Response amendment in fencing: differences between
elite and novice subjects. Percept Mot Skills. (2021) 91:131-42. doi: 10.2466/pms.2000.
91.1.131

15. Gutiérrez-Davila M, Rojas FJ, Antonio R, Navarro E. Response timing in the
lunge and target change in elite versus medium-level fencers. Eur J Sport Sci. (2013)
13:364-71. doi: 10.1080/17461391.2011.635704

16. Winter DA. Biomechanics and Motor Control of Human Movement. New York:
Wiley (2004). p. 180-202.

17. Hara M, Shibayama A, Arakawa H, Fukashiro S. Effect of arm swing direction on
forward and backward jump performance. J Biomech. (2008) 41:2806-15. doi: 10.
1016/j.jbiomech.2008.07.002

18. Bell AL, Brand R, Pedersen D. Prediction of hip joint centre location from
external landmarks. Hum Mov Sci. (1989) 8:3-16. doi: 10.1016/0167-9457(89)
90020-1

19. Hara M, Shibayama A, Takeshita D, Hay DC, Fukashiro S. A comparison of the
mechanical effect of arm swing and countermovement on the lower extremities in
vertical jumping. Hum Mov Sci. (2008) 27:636-48. doi: 10.1016/j.humov.2008.04.001

20. Miura T, Sakuraba K. Influence of different spinal alignments in sitting on trunk
muscle activity. J Phys Ther Sci. (2013) 25:483-7. doi: 10.1589/jpts.25.483

21. Kurokawa S, Fukunaga T, Fukashiro S. Behavior of fascicles and tendinous
structures of human gastrocnemius during vertical jumping. J Appl Physiol. (1985)
90:1349-58. doi: 10.1152/jappl.2001.90.4.1349

22. Rankin G, Stokes M. Reliability of assessment tools in rehabilitation: an
illustration of appropriate statistical analyses. Clin Rehabil. (1998) 12:187-99.
doi: 10.1191/026921598672178340

23. Giavarina D. Understanding bland altman analysis. Biochem Med (Zagreb).
(2015) 25:141-51. doi: 10.11613/BM.2015.015

24. Hopkins WG, Marshall SW, Batterham AM, Hanin J. Progressive statistics for
studies in sports medicine and exercise science. MSSE. (2009) 41:3-13. doi: 10.1249/
MSS.0b013e31818cb278

frontiersin.org


https://doi.org/10.5277/abb130414
https://doi.org/10.3390/biomechanics3030031
https://doi.org/10.3390/biomechanics3030031
https://doi.org/10.1080/17461391.2017.1414886
https://doi.org/10.1016/j.ptsp.2020.02.003
https://doi.org/10.1016/j.ptsp.2020.02.003
https://doi.org/10.3109/09593985.2010.533745
https://doi.org/10.1016/j.gaitpost.2021.02.006
https://doi.org/10.1016/j.gaitpost.2021.02.006
https://doi.org/10.1080/02640414.2017.1372928
https://doi.org/10.1007/s10439-020-02569-y
https://doi.org/10.1007/s10439-020-02569-y
https://doi.org/10.2466/pms.2000.91.1.131
https://doi.org/10.2466/pms.2000.91.1.131
https://doi.org/10.1080/17461391.2011.635704
https://doi.org/10.1016/j.jbiomech.2008.07.002
https://doi.org/10.1016/j.jbiomech.2008.07.002
https://doi.org/10.1016/0167-9457(89)90020-1
https://doi.org/10.1016/0167-9457(89)90020-1
https://doi.org/10.1016/j.humov.2008.04.001
https://doi.org/10.1589/jpts.25.483
https://doi.org/10.1152/jappl.2001.90.4.1349
https://doi.org/10.1191/026921598672178340
https://doi.org/10.11613/BM.2015.015
https://doi.org/10.1249/MSS.0b013e31818cb278
https://doi.org/10.1249/MSS.0b013e31818cb278
https://doi.org/10.3389/fspor.2024.1335272
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/

	Assessing the validity of two-dimensional video analysis for measuring lower limb joint angles during fencing lunge
	Introduction
	Materials and methods
	Participants
	Experimental setup
	Data collection
	Data analysis
	Statistical analysis

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


