engineering 7
proceedings WVI\D\Py

Proceeding Paper
Trunk and Lower-Extremity Kinematics During Gait After
Posterior Fixation for Thoracolumbar Fracture T

Battugs Borkhuu 12, Batbayar Khuyagbaatar 3%, Ganbat Danaa 3 and Sonomjamts Munkhbayarlakh *

Department of Orthopaedics, Mongolian National University of Medical Sciences,
Ulaanbaatar 14210, Mongolia

Department of Spinal Surgery, National Trauma and Orthopaedics Research Center,
Ulaanbaatar 16094, Mongolia

Department of Mechanical Engineering, Mongolian University of Science and Technology,
Ulaanbaatar 14191, Mongolia

Department of Pulmonology and Allergy, Mongolian National University of Medical Sciences,
Ulaanbaatar 14210, Mongolia

*  Correspondence: batbayarkh@must.edu.mn; Tel.: +976-86075099

Presented at the 6th International Electronic Conference on Applied Sciences, 9-11 December 2025;
Available online: https://sciforum.net/event/ ASEC2025.

Abstract

Posterior fixation is usually performed to restore spinal stability and decompress the
spinal canal for unstable thoracolumbar burst fractures. The purpose of this study was
to compare trunk and lower-extremity kinematics during gait between healthy adults
and patients who had undergone posterior fixation surgery after thoracolumbar fractures.
Optical motion capture was used to record joint kinematics during walking. The trunk,
hip, knee, and ankle joint angles and excursions in sagittal, frontal, and transverse planes
were calculated, averaged, and compared between patients and control groups. The patient
group had significantly increased total hip excursion in the frontal plane and reduced
ankle dorsiflexion in the sagittal plane, with mean differences of 4.2° and 6.4°, respectively.
However, there were no differences in knee joint kinematics. The patient group exhibited a
more upright trunk position during walking than the control group, with both peak trunk
flexion and extension significantly different, possibly indicating stiffer trunk movement.
This study provides the fundamentals of the joint kinematics of the trunk and lower
extremities after posterior surgical treatment for thoracolumbar fractures, which may help
in evaluating surgical outcomes.
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1. Introduction

Thoracolumbar fractures are the most common spinal injuries and are mostly associ-
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for treating thoracolumbar fractures. Clinically, the visual analogue scale and Oswestry
disability index are used to assess functional outcomes [3,6].

Clinical gait analysis is often used to quantify gait abnormalities in patients who have
undergone surgery. Haddas et al. [9] performed gait analysis after surgical correction in
patients with severe kyphosis from ankylosing spondylitis. Yagi et al. [10] assessed gait
patterns in patients with adult spinal deformities (ASDs) and the effect of corrective spinal
surgery on gait. Mahaudens et al. [11] compared pre- and post-surgery conditions in thora-
columbar scoliosis patients. The effect of decompression surgery on lumbar spinal stenosis
was evaluated through three-dimensional (3D) motion analysis [12-14]. However, only one
study assessed the gait parameters of patients who had undergone posterior fixation and
fusion surgery after thoracolumbar burst fractures [2]. They reported that characteristics
of patients undergoing short- and long-segment fusion were similar to those of healthy
matched controls, but slight differences were observed on pelvic and hip excursions. This
study was limited to assessing lower-extremity movement patterns. To fully understand
the effect of posterior fixation on gait patterns, both lower-extremity and the trunk joint
movement patterns should be assessed by gait analysis. The purpose of this study was to
compare trunk and lower-extremity kinematics during gait between healthy adults and
patients who had undergone posterior fixation surgery after thoracolumbar fractures.

2. Materials and Methods
2.1. Participants

We recruited nine male patients (age, 42.9 & 8.1 years; height, 170.5 £ 4.7 cm; weight,
79.0 + 13.1 kg) who had undergone posterior fixation after traumatic thoracolumbar burst
fractures under the same team at the National Trauma and Orthopaedics Research Center.
Spine fractures were evaluated on pre-operative CT scans using the AO classification [1].
All patients had incomplete burst fractures (AO type A3) involving T11-L2 vertebral bodies.
Patients with displacement injuries (AO type C) underwent LS, whereas those without
displacement underwent SS. The study evaluated a non-homogeneous cohort consisting of
one patient who underwent SS fixation and eight who underwent LS fixation.

It has also been reported that LS fixation is typically chosen for patients with more
severe fractures, such as those involving adjacent structure distraction, dislocation, or
complete burst fracture [15]. Studies have shown that either short or long fixation had less
effect on gait parameters [2] and radiological parameters [15]. Study inclusion was limited
to neurologically intact patients with no lower-extremity dysfunction or changes. Nine
healthy male participants (age 43.7 & 6.3 years; height, 173.5 4= 3.6 cm; weight, 75.2 + 8.7 kg)
were also recruited, matched for age, height, and weight. The study was approved by the
Institutional Review Board of the Mongolian National University of Medical Science, and
informed consent was obtained from all subjects. All research was performed in accordance
with the relevant guidelines and regulations.

2.2. Experimental Setup and Data Processing

The gait analysis was performed at 18.1 & 2.5 months after surgery. An OptiTrack
motion capture system with ten cameras (OptiTrack, NaturalPoint, Inc., Corvallis, OR, USA)
and 43 reflective markers was used to record trunk and lower-extremity movements during
walking at a sampling rate of 100 Hz, where the markers were attached to anatomical
landmarks as per previous studies [16,17]. The markers were attached to the lower extrem-
ity (bilateral anterior superior iliac spines, posterior superior iliac spines, lateral /medial
femoral condyles, lateral/medial malleolus, 1st/2nd/5th of metatarsus, posterior surface
of calcaneus, four tracking markers on left/right thigh and shank) and the upper body
(right/left acromion, deepest point of incisura jugularis, xiphoid process, C7 vertebra, T2
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vertebra, T7 vertebra, and L1, L3, and L5 vertebrae). Subjects walked three times at a
comfortable walking speed along a 6 m walkway, where the first and last 1.5 to 2 m were
considered a transition zone, which left enough space to capture a single gait cycle.

The recorded optical marker data were exported to Visual 3D software (C-Motion, Inc,
USA) to develop a musculoskeletal model, where 3D joint kinematics were calculated. The
3D trunk angle was calculated as the orientation of the thorax relative to the pelvis segment
(Figure 1) [18]. After the experiment, walking data were trimmed to one full gait cycle
(right-heel strike to the next right-heel strike). The trunk, hip, knee, and ankle joint angles
in the sagittal (SP), frontal (FP), and transverse plane (TP) were calculated, averaged, and
compared between patients and the control group. Total excursion motion was estimated
as per previous studies [19,20]. A statistical difference between the two groups was deter-
mined using an independent T-test, since the control and patient groups were unrelated.
To account for multiple comparisons, Bonferroni correction was applied within each plane

(maximum, minimum, and excursion), yielding an adjusted significance threshold of o
= 0.0167 (p < 0.05/3) [21]. A Cohen d effect size statistic was calculated for kinematic
parameters between control and patient groups. Effect sizes were interpreted as small = 0.2,
medium = 0.5, and large = 0.8 [22].

(B)

Z-axis:
axial

rotation
{J) Y-axis:

' abduction

Xoaxi ® adduction
-axis:

flexion-
extension

Figure 1. Marker set and joint angle definition. (A) Subject with reflective markers. (B) The skeletal
model shows the markers’ locations on the body segments and the definition of joint angles.

3. Results

The joint angles and total excursion motion in each anatomical plane are presented in
Table 1. The hip, knee, ankle, and trunk joint angles in the SP, FP, and TP for the control
group are shown in Figure 2a. The total excursion of the hip, knee, ankle, and trunk in
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the SP was 35.3 £ 3.5°,57.6 &+ 4.6°, 30.5 £ 4.3°, and 3.2 £ 1.3°. The hip, knee, ankle, and
trunk joint angles in the SP, FP, and TP for the patient group are shown in Figure 2b. The
total excursion of the hip, knee, ankle, and trunk in the SP was 33.3 £ 6.1°, 58.5 + 6.6°,
35.8 +5.5°, and 3.1 + 1.0°.

Table 1. Hip, knee, ankle, and trunk joint angles and total excursion in SP, FP, and TP for control and
patient groups.

Control Patient Mean

Joints Plane Motions Group () Group °)  Differences (°) p-Value Cohen’s d
Total excursion 353+ 35 33.3+6.1 2.0 0.468 0.40
SP Peak flexion 309 £ 5.6 359 +6.9 5.0 0.166 —0.79
Peak extension —44+47 26+51 7.0 0.021 —1.41
Total excursion 10.7 £ 2.0 149 +£2.0 4.2 0.002 —2.08
Hip FP Peak abduction 75+37 974+44 2.2 0.328 —0.54
Peak adduction —-32+27 —52+42 2.0 0.306 0.57
Total excursion 13.1 £4.0 140+7.1 0.9 0.782 —0.15
TP Peak internal rotation —274+46 1.8 +13.6 09 0.878 0.08
Peak external rotation —104 +6.3 —122+9.6 1.7 0.698 0.21
Total excursion 576 +4.6 58.5+ 6.6 09 0.764 —0.16
SpP Peak flexion 62.0 +4.9 62.1 + 8.8 0.1 0.984 —0.01
Peak extension 45+35 3.6+52 0.9 0.728 0.19
Total excursion 75+23 109 +£4.1 3.4 0.092 —1.00
Knee FP Peak abduction 21+26 6.0 £5.6 4.0 0.121 —0.92
Peak adduction —54+27 —4.8+33 0.6 0.712 —0.20
Total excursion 149+ 44 154 +43 0.6 0.794 —0.14
TP Peak internal rotation 01+21 03+64 0.3 0.907 —0.06
Peak external rotation —14.8+2.7 —15.1+3.2 0.3 0.845 0.10
Total excursion 30.5+4.3 35.8+5.5 5.3 0.581 0.30
SP Peak dorsiflexion 255 +4.1 19.0 =25 6.4 0.005 1.89
Peak plantarflexion —-51+41 -104+40 5.3 0.030 1.31
Total excursion 94+20 93+45 0.1 0.398 —047
Ankle FP Peak inversion 52+27 6.5+23 1.3 0.342 —0.52
Peak eversion —42+27 —41+23 0.1 0.949 —0.03
Total excursion 129 +£ 5.0 13.2+49 0.3 0.041 —1.23
TP Peak internal rotation 85+40 15.6 £5.6 7.1 0.020 —1.45
Peak external rotation @ —4.5+2.2 —47+24 0.3 0.823 0.12
Total excursion 32+13 31+1.0 0.1 0.928 0.04
SP Peak flexion 8.6 +4.3 —-09+45 9.5 0.002 2.16
Peak extension 55+37 -39 +38 94 0.001 2.51
Total excursion 11.5+24 12.6 £ 4.6 1.1 0.574 —0.31
Trunk FP Peak right bending 46+2.1 584+42 1.2 0.511 —0.36
Peak left bending —69+26 —6.8 £6.9 0.1 0.978 —0.01
Total excursion 114 £25 13.3 £ 6.0 1.9 0.466 —0.40
TP Peak right rotation 3.8+27 74 +3.1 3.6 0.040 —1.23
Peak left rotation —761+29 —594+3.3 1.7 0.330 —0.54

Kinematic comparisons between the control and patient groups are shown in Figure 2c.
The patient group had significantly increased total hip excursion in FP (p = 0.002), with mean
differences of 4.2°. At the ankle joint, dorsiflexion was significantly reduced (p = 0.005) in
the patient group (Figure 2c). This reduction was more prominent in dorsiflexion (6.4°)
than in plantar flexion (5.3°). In contrast, no significant differences were observed in
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knee joint kinematics (Table 1). Patients exhibited a more upright trunk position during
walking than the control group, where both peak trunk flexion and extension were sig-
nificantly different (p < 0.0167), possibly indicating stiffer trunk movement. Moreover,
patients tended to exhibit greater right-trunk rotation than healthy subjects, but this was
not significantly different.
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(c) Comparison between control and patient group
Figure 2. Hip, knee, ankle, and trunk joint angles in controls (a) and patients (b) and comparison (c).

4. Discussion

This study investigated trunk and lower-extremity kinematics during gait after poste-
rior fixation for thoracolumbar fractures with an optical motion capture system. Our results
showed that patients who underwent surgery exhibited more upright trunk positions and
increased total hip excursion in the FP and reduced hip extension and ankle dorsiflexion
compared with healthy subjects. Specifically, a statistical difference was observed during
hip total excursion in the FP, ankle dorsiflexion in the SP, and trunk flexion and extension
in the SP, respectively. The main changes were observed in the trunk, hip, and ankle joints
in the SP after surgery. This could be explained by patients who had undergone surgery
having stiffened upper bodies to compensate for increased total hip excursion in the FP
and reduced hip extension and ankle dorsiflexion while walking. This likely arises from
reduced trunk and lumbopelvic mobility due to thoracolumbar constraints, which limit
proximal contribution to gait propulsion and balance, thereby increasing the distal joints
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to maintain progression and stability. These adaptations reflect regional interdependence
between the trunk and lower limbs, whereby changes in trunk mechanics propagate distally
to preserve functional gait. Various studies have noted that the compensation mechanism
for walking differs between patients who underwent surgery and healthy individuals.
Yagi et al. [10] found compensatory flexion of the hip and a posterior pelvic shift in ASD
patients. Mahaudens et al. [11] also noted that range-of-motion increases in unaffected
joints in spinal fusion for adolescent idiopathic scoliosis.

Although few studies have reported gait parameters in patients after posterior fixation
and fusion for thoracolumbar fractures, similar trends were observed for lower-extremity
joint angles. Oken et al. [2] reported that pelvic and hip excursions in the SP differed
slightly between control and patients who underwent posterior fixation and fusion surgery.
Similarly to that study, the present study showed a difference in hip and trunk rotation
in the SP, which may explain why the posterior fixation method leads to a more upright
trunk position. Then, the pelvis is more anteriorly tilted and the hip is more extended
during walking.

The study has several limitations. First, few participants were recruited because it
was difficult to find patients, as gait analysis was performed about 18 months after surgery.
Studies have shown that lower-extremity gait parameters did not change significantly
between 1 and 2 years after spinal surgery. Second, only male participants with short-and
long-segment fixations were included. Moreover, we only investigated joint kinematics, but
comprehensive gait analysis should include kinetics [11]. Various daily activities should be
analyzed, in addition to walking, to elucidate the effect of posterior fixation on the trunk.
Furthermore, few gait studies are available for patients with posterior fixation for thora-
columbar fractures, making comparison and interpretation difficult. Future studies should
combine gait biomechanical parameters with patient-reported and functional outcomes to
establish clinically meaningful thresholds for postoperative gait changes.

Our results showed differences in trunk and lower-extremity kinematics between
patients with posterior fixation and healthy individuals. Patients who had undergone
surgery tended to have a more upright trunk posture than healthy people. This study
provides fundamentals of the joint kinematics of the trunk and lower extremities after a
posterior surgical operation for a thoracolumbar fracture, which may help in evaluating
surgical outcomes and planning further reconstruction surgery if needed.
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