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In horses, a condition referred to as topline dysfunc-
tion can be characterized by paraspinal muscula-

ture spasticity, stiffness, weakness, and generalized 
pain.1 Although this condition is widely recognized 
clinically, it has not been comprehensively described 
using biomechanical methods. Clinician surveys 
highlight a strong need for objective measures to 
improve the precision and accuracy of topline move-
ment assessment.2

Noninvasive measurement of spinal motion 
in horses has traditionally involved using motion 

Inertial measurement units are comparable to motion capture 
for measuring intersegmental spinal angular velocities in horses

Tena Ursini, DVM, PhD, DACVSMR1* ; Hilary Clayton, BVMS, PhD, DACVSMR2;  
David Levine, PhD, DPT3 ; Jim Richards, PhD4

1Department of Large Animal Clinical Sciences, College of Veterinary Medicine, Equine Performance and Rehabilitation Center, 
University of Tennessee, Knoxville, TN
2Department of Large Animal Clinical Sciences, College of Veterinary Medicine, Michigan State University, East Lansing, MI
3Department of Physical Therapy, College of Health, Education, and Professional Studies, University of Tennessee at Chattanooga, 
Chattanooga, TN
4Allied Health Research Unit, University of Lancashire, Lancashire, United Kingdom

*Corresponding author: Dr. Ursini (tursini@utk.edu)

capture to track skin-fixed markers and then cal-
culating translational and rotational displacements 
from the data.3–7 Recently, the analysis of inter-
segmental angular velocity has shown promise in 
assessing quality of movement of the topline of the 
horse.1 In human populations, angular velocity has 
proved useful in distinguishing between individuals 
with and without a clinical condition8–10 and in eval-
uating the quality of movement while performing 
complex tasks.11

Angular displacement describes details of the 
changing relationship between body segments as 
they move from one position to another. Angular 
velocity indicates the rate at which the positional 
changes occur, and this provides an objective mea-
sure of quality of movement.12 Repeated evaluations 

Objective
To compare inertial measurement unit (IMU)-derived intersegmental spinal motion data with measurements 
obtained from a marker-based motion-capture system.

Methods
4 horses were instrumented with custom marker clusters incorporating a 3-D–printed base designed to secure the 
IMU, ensuring both systems recorded data from the same anatomical location and orientation. A total of 3,737 paired 
time points across 37 gait cycles were analyzed. Agreement in intersegmental angular velocities across 3 planes of 
motion was evaluated using Bland-Altman analysis and intraclass correlation coefficients.

Results
Bland-Altman analysis demonstrated no significant systematic bias between methods. Intraclass correlation coeffi-
cients indicated excellent agreement in 7 of 9 comparisons (r = 0.964 to 0.991) and good agreement in the remaining 
2 comparisons (r = 0.854 and 0.875).

Conclusions
IMUs provide a valid alternative to marker-based motion-capture systems for measuring intersegmental angular 
velocities in horses.

Clinical Relevance
Strong agreement between IMU and motion-capture data supports the use of IMUs for assessing topline function in 
nonlaboratory, clinically relevant settings.
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overcome some of the challenges of observational 
assessments by providing clinicians with quantita-
tive information to track progress or deterioration 
during recovery from injury.13 In human patients, 
angular velocity has been shown to be a more sensi-
tive method to discriminate between individuals with 
and without back pain as well as assess the quality 
of movement in individuals with low-back pain.8–10 
Therefore, spinal intersegmental angular velocity is 
a promising noninvasive method to assess quality of 
spinal movement, which could be implemented in the 
assessment of horses. A recent publication reported 
large differences in angular velocities between spinal 
segments in all 3 planes of motion at the walk and 
trot between lame and sound horses.1

The majority of 3-D motion analysis studies 
have used cameras to track markers affixed to the 
body as it moves through the camera’s field of view. 
Motion-capture systems are expensive, and data 
collection is confined to a calibrated image space 
that is usually within a laboratory. An alternative to 
marker-based systems is the use of inertial measure-
ment units (IMUs), which can be used outside of the 
laboratory to assess motion over any terrain or in any 
environment.9 The primary limitation of IMUs is that 
their output is referenced to a local coordinate system, 
within which multiple sensors can determine clinically 
relevant segmental relationships. Assessment of 3-D 
angular velocity data offers advantages over angu-
lar displacements, which are fraught with technical 
challenges, such as signal drift, when using IMUs. As 
a result, some researchers prefer to use gyroscopic 
data from the IMUs to measure angular velocity 
directly as a measure of quality of movement rather 
than the derived angular displacement.14,15

Inertial measurement units have been utilized 
quite extensively in biomechanical research in horses. 
To date, the only output measures reported in equine 
studies16 use complex processing to extrapolate dis-
placement data without consideration of angular 
velocity calculated from the accelerometric data or 
measured directly from the gyroscopic data. The 
purpose of this study was to determine whether 
IMU-derived angular velocity could be used as a 
viable alternative to the reference standard of opti-
cal motion capture when describing intersegmen-
tal spinal motion in horses. If successful, this would 
facilitate assessment of spinal motion on any surface 
or terrain, in any environment, and under different 
exercise conditions. Our hypothesis is that the inter-
segmental angular velocity reported by gyroscopes 
within IMUs would have a good level of agreement 
with that calculated by a camera motion-capture 
system in all motion planes between specific seg-
ments of the topline of the horse.

Methods
This study was approved by the IACUC of the 

University of Tennessee (protocol No. 2659). Four 
horses owned and maintained by the University 
of Tennessee Veterinary Research and Education 
Center were chosen and defined as being sound 
based on lameness evaluations using the Equinosis 

Q quantitative analysis system and subjective visual 
assessment by a board-certified specialist in equine 
sports medicine and rehabilitation (TU). Horses were 
instrumented with motion-capture tracking markers 
and Avanti IMU sensors (Delsys).

Horses were instrumented with 4 marker clus-
ters that had a 3-D–printed base with 4 noncolinear, 
9-mm reflective tracking markers on rigid stems and 
an area designed for insertion of the IMU (Figure 1). 
This arrangement ensured that the marker cluster 
and the IMU were recording data from the same 
anatomic location. Each cluster base had malleable 
struts that could be custom fit to each horse. Clusters 
were attached with adhesive to the dorsal midline of 
the horse at the 7th thoracic (cranial thoracic [CRT]), 
15th thoracic (caudal thoracic [CDT]), and 3rd lum-
bar (lumbar [LUM]) dorsal spinous processes and 
to the tuber sacrale (sacral [SAC]). Single markers 

Figure 1—A—Custom 3-D–printed base of rigid cluster 
with insertable slot for inertial measurement unit (IMU). 
B—Lateral view of horse showing the anatomic loca-
tions of marker clusters, anatomic markers, and inertial 
measurement unit.
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were attached directly to the skin over the poll; the 
4th, 11th, 13th, and 18th thoracic dorsal spinous 
processes; the 1st and 6th LUM dorsal spinous pro-
cesses; the lumbosacral space; and the 1st coccygeal 
vertebra. An IMU attached to the lateral aspect of the 
metacarpal and metatarsal regions using modified 
leg wraps was used for gait event identification.

Prior to data collection, the 12 motion-capture 
cameras (Vantage 5; Vicon) were calibrated per man-
ufacturer recommendations, with less than 1 mm in 
residual error reported. Cameras were positioned 
around the defined capture volume measuring 8 X 
4 X 2 m, with 4 cameras on each long side and 2 at 
either end of the capture volume.

To individualize the model to each horse, a static 
standing trial was collected. Horses stood square 
with a neutral head and neck position in the middle of 
the capture volume. Care was taken to ensure horses 
were fully weight-bearing on all 4 limbs with their 
spine as parallel to the long axis of the capture vol-
ume as possible. This was used to determine the posi-
tion and orientation of the spinal segments using the 
calibrated anatomical systems technique (CAST).17

Each horse performed 5 repetitions at trot 
in hand starting a minimum of 10 m prior to the 

capture volume to ensure they had reached a steady 
pace before reaching the active area data collection. 
Motion-capture cameras were calibrated using man-
ufacturer recommendations, with less than 1 mm in 
residual error reported. Horses were allowed to travel 
at their own preferred speed, and the same handler 
was used for all horses throughout data collection to 
promote consistency of movement. This resulted in a 
minimum of 3 complete gait cycles obtained within 
the capture volume for each trial.

Data from the IMU sensors were collected 
through Nexus software (version 2.16, Vicon). The 
IMU (148 Hz) and marker (100 Hz) data were col-
lected synchronously, exported to Visual3D (version 
2024.10.4, HAS Motion), and filtered using a 15-Hz 
low-pass filter. For calibration, the angular velocity 
signals from each IMU were zeroed before attach-
ment to the horse. Raw signals from the gyroscopes 
were then exported and filtered using a 15-Hz 
low-pass filter, and the relative angular velocities 
between the local coordinate system of each sensor 
were used to calculate the intersegmental angular 
velocities. Intersegmental angular velocities were 
calculated in the sagittal, dorsal, and transverse 
planes from both the marker and the IMU data as a 

Figure 2—Bland-Altman plots (left), correlations (center), and comparison of mean data curves for intersegmental 
angular velocity (right) from marker-based calculations and IMU measurements for cranial thoracic (CRT)–caudal 
thoracic (CDT) in the sagittal (upper row), dorsal (middle row), and transverse (lower row) planes.
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comparison of 1 segment to the subsequent segment 
with a horse-based internal coordinate system. The 
data strings for each complete gait cycle were time 
normalized based on initial contact from the right 
forelimb IMU to the next initial contact. This rescales 
the time base from 0% to 100% of the gait cycle to 

allow direct comparisons between the marker model 
data and the IMUs.

Statistical analysis
Intersegmental angular velocities in the sagittal, 

dorsal, and transverse planes were calculated using 
data from the markers and the IMUs. Shapiro-Wilk 
tests indicated that all data were normally distrib-
uted. The level of agreement between the 2 measure-
ment techniques was determined using intraclass 
correlation coefficients (ICCs) and Bland-Altman 
analysis. Bias was assessed using the mean differ-
ence between the 2 methods of measurement for 
each paired data point, and 95% limits of agree-
ment were reported as bias ± 1.96 X SD. Agreement 
between ICCs for the 2 methods was interpreted as 
follows: > 0.9, excellent; 0.75 to 0.90, good; 0.50 to 
0.75, moderate; and < 0.50, poor.18

Results
Data were obtained from 4 sound horses, giv-

ing a total of 3,737 paired time points across 37 gait 
cycles, and agreement between the intersegmental 
angular velocities in each of the 3 planes of motion 
was explored using ICCs and Bland-Altman plots. 

Table 1—Intraclass correlations (ICCs) comparing 
intersegmental angular velocity data from marker-
based calculations and inertial measurement unit (IMU) 
measurements.

ICC

Lower 
bound 
ICC

Upper 
bound 
ICC P value

Cranial to caudal thoracic
  Sagittal plane 0.985 0.984 0.986 < .001
  Dorsal plane 0.854 0.844 0.863 < .001
  Transverse plane 0.981 0.979 0.982 < .001
Caudal thoracic to lumbar
  Sagittal plane 0.987 0.986 0.988 < .001
  Dorsal plane 0.964 0.962 0.966 < .001
  Transverse plane 0.990 0.989 0.990 < .001
Lumbar to sacral
  Sagittal plane 0.991 0.99 0.991 < .001
  Dorsal plane 0.875 0.867 0.883 < .001
  Transverse plane 0.989 0.989 0.990 < .001

Figure 3—Bland-Altman plots (left), correlations (center), and comparison of mean data curves for intersegmental 
angular velocity (right) from marker-based calculations and IMU measurements for CDT-lumbar (LUM) in the sagittal 
(upper row), dorsal (middle row), and transverse (lower row) planes.
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When using ICCs to compare intersegmental angu-
lar velocities between the CRT and CDT segments, 
agreement between the 2 methods was excel-
lent in the sagittal and transverse planes (r > 0.95) 
and good in the dorsal plane (r = 0.854; Figure 2; 
Table 1). Comparisons between methods at the CDT 
to LUM segments showed excellent agreement in all 
planes (r > 0.95), with the sagittal and transverse 
planes exceeding r = 0.98 (Figure 3). For the LUM to 
SAC segments, agreement in the sagittal and trans-
verse planes was excellent (r > 0.98), and in the dor-
sal plane agreement was good (r = 0.875; Figure 4). 
The Bland-Altman plots, limits of agreement, and 
bias are presented in all figures and Table 2. The 
bias between the IMU and motion-capture data 
for all intersegmental planes of motion was not 
significant, indicating a negligible offset between 
methods. There were no notable trends between 
the mean and differences between measurements 
within the Bland-Altman plots, indicating no system-
atic disagreement between methods, although some 
disagreement can be seen at a few points within 
the movement curves, notably in the CRT-CDT and 
LUM-SAC dorsal plane results. When considering the 

marker and IMU data, 1-way ANOVA tests showed 
no significant main effects between horses. This indi-
cates similar offsets and variation about the mean 
for angular velocity between the 2 methods for the 
different horses. Individual horse data is provided in 
Supplementary Table S1. 

Figure 4—Bland-Altman plots (left), correlations (center), and comparison of mean data curves for intersegmental 
angular velocity (right) from marker-based calculations and IMU measurements for LUM-sacral (SAC) in the sagittal 
(upper row), dorsal (middle row), and transverse (lower row) planes.

Table 2—Bias, limits of agreement (LOAs), and t tests 
(P values) comparing intersegmental angular velocity data 
from marker-based calculations and IMU measurements.

Bias P value
Lower 
95% LOA

Upper 
95% LOA

Cranial to caudal thoracic
  Sagittal plane 0.01 .987 −47.96 47.98
  Dorsal plane 0.09 .804 −53.93 54.11
  Transverse plane 0.00 .993 −36.83 36.83
Caudal thoracic to lumbar
  Sagittal plane −0.02 .937 −28.45 28.41
  Dorsal plane 0.03 .881 −15.27 15.32
  Transverse plane −0.01 .966 −16.18 16.16
Lumbar to sacral
  Sagittal plane 0.13 .512 −24.92 25.19
  Dorsal plane 0.01 .986 −21.50 21.52
  Transverse plane 0.09 .398 −17.48 17.65
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Discussion
The purpose of this study was to determine 

if intersegmental angular velocity recorded from 
IMUs would be comparable to that calculated using 
the reference standard of camera-based motion cap-
ture. By demonstrating good to excellent agreement, 
the results validate the use of IMUs to assess topline 
motion in trotting horses. This opens up the oppor-
tunity to collect data outside of a laboratory setting 
under conditions that more directly reflect equine 
daily living and athletic activities in sport horses.

Excellent agreement was demonstrated between 
motion capture and IMU-measured angular velocity 
in all comparisons except the CRT-CDT and LUM-SAC 
junctions in the dorsal plane associated with lateral 
bending. One plausible explanation for this slight 
discrepancy may be associated with the orientation 
of the segment defined by the anatomical markers in 
relation to the cluster. The coordinate system for the 
motion-capture marker trials was based on the static 
standing trial. If a horse was not standing perfectly 
straight, the orientation may be slightly different 
from the IMU coordinate system. The dorsal plane 
would be most prone to a discrepancy during the 
static standing trial because lateral bending would 
be the most variable despite our efforts to main-
tain straightness and alignment. Another plausible 
cause relates to filtering. The 2 comparisons that 
show good agreement are also those with the low-
est values and ranges of angular velocity. We elected 
to use a 15-Hz low-pass filter as most planes exhib-
ited higher values of angular velocity. Therefore, the 
lower values may be slightly underfiltered and less 
smoothed, generating higher values in the marker 
data when compared to the IMUs. The use of a 15-Hz 
low-pass filter represents a balance between signal 
smoothing and preservation of true movement char-
acteristics. Further exploration into specific process-
ing techniques may be warranted; however, we feel 
that this conservative level of 15 Hz is a useful start-
ing point, which is reflected by other work.1,19

When assessing spinal motion specifically, sev-
eral human research groups have shown angular 
velocity to be more sensitive than angular displace-
ments at identifying individuals with back pain8 as 
well as assessing the quality of movement when 
patients perform a complicated task.11 We showed 
similar differentiation potential when a lame horse 
was compared to sound horses, demonstrating 
a 184% difference between the 2 populations at 
the junction of the CDT and LUM segments in the 
sagittal plane.1

In humans, several comparisons to motion cap-
ture have been proposed in order to collect angular 
velocity measurements in patients without expen-
sive and time-consuming motion-capture systems. 
Pomeroy et al20 reported that the use of electrogoni-
ometers was not a viable option; although there was 
a high ICC, the limits of agreement were also quite 
high. More recently, He at al21 showed similar mea-
surements for certain stride characteristics in nor-
mal patients at the walk, exhibiting ICC coefficients 
greater than 0.94 and P < .01. In comparison to the 

motion-capture system, the IMU showed excellent 
agreement for percentage of stance phase of stride, 
percentage of swing phase of stride, velocity in cm/s, 
and the step/min cadence.21 Specifically regarding 
angles, Wirth et  al22 compared IMU measurements 
with motion capture of the wrist in 10 healthy indi-
viduals. It was determined there were no significant 
differences between the 2 methods for measure-
ments of any of the movements recorded.

Inertial measurement units have previously been 
used to quantify motion in horses but only in terms 
of displacement data.16,23–25 A gyroscope, which is 
a component of an IMU, measures angular velocity 
directly in the 3 planes of motion. This offers the pos-
sibility of a simpler method for determining interseg-
mental angular velocities, which have shown promise 
for objective assessment of quality of movement of 
the topline of the horse.1

Specific limitations of this study include the small 
number of horses used; however, the large number of 
paired observations were consistent between horses, 
which fulfilled the purpose of this study in compar-
ing 2 methods of measurement rather than assessing 
changes within a population. Additionally, while the 
low-pass filter cutoff frequency was based on previ-
ous research,1,19 this paper did not explore the opti-
mal cutoff frequency for the IMU and marker-based 
data. However, further work to explore the optimum 
cutoff frequencies should be considered.

The results of this study showed minimal bias 
between measurements from marker data and 
IMU-derived measurements, with no evidence of 
systematic disagreement. In addition, the fact that 
agreement of the ICCs was excellent for 7 of the 9 
comparisons and good for the other 2 and that the 
data showed such good agreement between the 
3,737 paired time points supports the use of IMUs 
in the assessment of spinal intersegmental velocity. 
Collectively, these findings support the use of IMUs as 
a viable alternative to marker-based motion-capture 
systems for evaluating topline function in horses and 
facilitate broader clinical application in field settings.

Inertial measurement unit–derived measure-
ments demonstrate strong agreement with motion 
capture for assessing intersegmental spinal angular 
velocity in horses. These findings support the use of 
IMUs as a practical tool for evaluating intersegmental 
motion of the spine in clinical non–laboratory-based 
settings. More research is required to determine the 
normal values of intersegmental angular velocity 
and how it changes in the face of clinical dysfunc-
tion or disease. However, these findings support 
the application of IMUs to assess intersegmental 
spinal angular velocity in non–laboratory-based 
conditions. Further applications may include serial 
assessments for rehabilitation monitoring, objec-
tive assessment in the response to treatment, and 
determining the influence of variables, such as dif-
ferent types of footing materials. With continued 
technological advancement, IMU-based angular 
velocity measurements may soon provide real-time 
insights into equine spinal kinematics and enhance 
rehabilitation and performance assessment.

Brought to you by University of Central Lancashire | Unauthenticated | Downloaded 06/30/26 10:22 AM UTC



AJVR� 7

Acknowledgments
None reported.

Disclosures
Dr. Ursini is a member of the AJVR Scientific Review 

Board and was not involved in the editorial evaluation of or 
decision to accept this article for publication.

No AI-assisted technologies were used in the composi-
tion of this manuscript.

Funding
This study was funded by the University of Tennessee 

Large Animal Clinical Sciences Faculty Startup Funds.

ORCID
Tena Ursini  https://orcid.org/0000-0003-1633-5078
David Levine  https://orcid.org/0000-0001-6712-5367

References
	1.	 Ursini TL, Clayton HM, Levine D, Richards J. Multiplanar 

intersegmental angular velocity in the assessment of 
topline movement in horses. Am J Vet Res. 2026;87(4): 
ajvr.25.09.0331. doi:10.2460/ajvr.25.09.0331

	2.	 Bowen AG, Tabor G, Labens R, Randle H. Visually assess-
ing equine quality of movement: a survey to identify 
key movements and patient-specific measures. Animals 
(Basel). 2023;13(18):2822. doi:10.3390/ani13182822

	3.	 Spoormakers TJP, St. George L, Smit IH, et al. Adaptations 
in equine axial movement and muscle activity occur dur-
ing induced fore- and hindlimb lameness: a kinematic and 
electromyographic evaluation during in-hand trot. Equine 
Vet J. 2023;55(6):1112–1127. doi:10.1111/evj.13906

	4.	 Gomez Alvarez CB, Bobbert MF, Lamers L, Johnston C, 
Back W, van Weeren PR. The effect of induced hindlimb 
lameness on thoracolumbar kinematics during treadmill 
locomotion. Equine Vet J. 2008;40(2):147–152. doi:10. 
2746/042516408X250184

	5.	 Alvarez CBG, Wennerstrand J, Bobbert MF, et  al. The 
effect of induced forelimb lameness on thoracolumbar 
kinematics during treadmill locomotion. Equine Vet J. 
2007;39(3):197–201. doi:10.2746/042516407X173668

	6.	 Robert C, Audigié F, Valette JP, Pourcelot P, Denoix JM. 
Effects of treadmill speed on the mechanics of the back 
in the trotting saddlehorse. Equine Vet J. 2001;(33): 
154–159. doi:10.1111/j.2042-3306.2001.tb05380.x

	7.	 Robert C, Valette JP, Pourcelot P, Audigié F, Denoix JM. 
Effects of trotting speed on muscle activity and kinemat-
ics in saddlehorses. Equine Vet J. 2002;(34):295–301. 
doi:10.1111/j.2042-3306.2002.tb05436.x

	8.	 Christe G, Aussems C, Jolles BM, Favre J. Patients with 
chronic low back pain have an individual movement sig-
nature: a comparison of angular amplitude, angular veloc-
ity and muscle activity across multiple functional tasks. 
Front Bioeng Biotechnol. 2021;9:767974. doi:10.3389/
fbioe.2021.767974

	9.	 Zhou H, Yang DD, Li ZY, Zhou D, Guan J. Gait analy-
sis based on angular velocity during human walking on 
five terrains. Abstract in: International Symposium on 
Computational Intelligence and Design. 12th International 
Symposium on Computational Intelligence and Design; 
2019:39–44.

	10.	 Schenkman M, Riley PO, Pieper C. Sit to stand from pro-
gressively lower seat heights - alterations in angular 
velocity. Clin Biomech. 1996;11(3):153–158. doi:10.1016/ 
0268-0033(95)00060-7

	11.	 Khobkhun F, Srivanitchapoom P, Richards J. Can a 
targeted home-based exercise programme improve 
turning characteristics in individuals with Parkinson’s 

disease? Clin Biomech. 2021;89:105469. doi:10.1016/ 
j.clinbiomech.2021.105469

	12.	 Richards JD, Pramanik A, Sykesand L, Pomeroy VM. 
A comparison of knee kinematic characteristics of 
stroke patients and age-matched healthy volun-
teers. Clin Rehabil. 2003;17(5):565–571. doi:10.1191/ 
0269215503cr651oa

	13.	 Pomeroy VM, Pramanik A, Sykes L, Richards J, Hill E. 
Agreement between physiotherapists on quality of 
movement rated via videotape. Clin Rehabil. 2003;17(3): 
264–272. doi:10.1191/0269215503cr607oa

	14.	 Lin S, Evans K, Hartley D, et al. A review of gait analysis 
using gyroscopes and inertial measurement units. Sensors 
(Basel). 2025;25(11):3481. doi:10.3390/s25113481

	15.	 Chen H, Schall MC, Fethke NB. Measuring upper arm 
elevation using an inertial measurement unit: an explo-
ration of sensor fusion algorithms and gyroscope 
models. Appl Ergon. 2020;89:103187. doi:10.1016/ 
j.apergo.2020.103187

	16.	 Pfau T, Witte TH, Wilson AM. A method for deriving 
displacement data during cyclical movement using an 
inertial sensor. J Exp Biol. 2005;208(pt 13):2503–2514. 
doi:10.1242/jeb.01658

	17.	 Cappozzo A, Catani F, Della Croce U, Leardini A. 
Position and orientation in space of bones during move-
ment: anatomical frame definition and determina-
tion. Clin Biomech. 1995;10(4):171–178. doi:10.1016/ 
0268-0033(95)91394-T

	18.	 Koo TK, Li MY. A guideline of selecting and reporting 
intraclass correlation coefficients for reliability research. 
J Chiropr Med. 2016;15(2):155–163. doi:10.1016/j.jcm. 
2016.02.012

	19.	 Hanzlíková I, Richards J, Athens J, Hébert-Losier K. 
Which jump-landing task best represents lower extrem-
ity and trunk kinematics of unanticipated cutting maneu-
ver? Gait Posture. 2021;85:171–177. doi:10.1016/ 
j.gaitpost.2021.02.003

	20.	 Pomeroy VM, Evans E, Richards JD. Agreement between 
an electrogoniometer and motion analysis system 
measuring angular velocity of the knee during walk-
ing after stroke. Physiotherapy. 2006;92(3):159–165. 
doi:10.1016/j.physio.2006.02.002

	21.	 He Y, Chen Y, Tang L, et al. Accuracy validation of a wear-
able IMU-based gait analysis in healthy female. BMC 
Sports Sci Med Rehabil. 2024;16(1):2. doi:10.1186/
s13102-023-00792-3

	22.	 Wirth MA, Fischer G, Verdú J, Reissner L, Balocco S, 
Calcagni M.  Comparison of a new inertial sensor based 
system with an optoelectronic motion capture system for 
motion analysis of healthy human wrist joints. Sensors 
(Basel). 2019;19(23):5297. doi:10.3390/s19235297

	23.	 Pfau T, Simons V, Rombach N, Stubbs N, Weller R. Effect 
of a 4-week elastic resistance band training regimen on 
back kinematics in horses trotting in-hand and on the 
lunge. Equine Vet J. 2017;49(6):829–835. doi:10.1111/
evj.12690

	24.	 Pitts JB, Kramer J, Reed SK, Schiltz P, Thombs L, 
Keegan KG.  Effect of induced hindlimb length differ-
ence on body-mounted inertial sensor measures used to 
evaluate hindlimb lameness in horses. PloS One. 2020; 
15(2):e0228872. doi:10.1371/journal.pone.0228872

	25.	 Keegan KG, Kramer J, Yonezawa Y, et  al. Assessment 
of repeatability of a wireless, inertial sensor-based 
lameness evaluation system for horses. Am J Vet Res. 
2011;72(9):1156–1163. doi:10.2460/ajvr.72.9.1156

Supplementary Materials
Supplementary materials are posted online at the jour-

nal website: avmajournals.avma.org.

Brought to you by University of Central Lancashire | Unauthenticated | Downloaded 06/30/26 10:22 AM UTC

http://avmajournals.avma.org

