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Aims: Markerless motion analysis (MMA) systems are being used extensively in the area of sports medicine and
physiotherapy. The purpose of this study was to compare leg length measurements (LLM) and varus/valgus knee
measurements (VVM) performed clinically, radiologically and using MMA in patients being assessed for potential
total knee arthroplasty (TKR).between mean LLM calculated clinically, radiologically and using MMA (all p <

Discussion & conclusion: Discrepanices exist in LLM and VVM when evaluated using clinical, radiological and
MMA modalities. Therefore, this study suggests that MMA alone may not be a suitable modality for assessment of
patients for TKR, with a combination of two or more evaluation modalities recommended at present.

Level of evidence: IV Case Series.

1. Introduction

Analysis of gait and motion remains a changing evaluation for or-
thopaedic surgeons and physiotherapists. The introduction of marker-
less motion analysis (MMA) systems have theorectically allowed for
objective analysis of a subject’s gait, while also quantifying joint
movement measurement into degrees and centimetres, and are therefore
being used increasingly in the area of sports medicine and physio-
therapy.! This new marker free technology has allowed for ease of
assessment, and therefore is believed to be an ideal tool in clinical
practice, both in diagnostics and in screening for potential arthroplasty
surgery.’

Previous literature has attempted to validate the reproducibility of
MMA,? as well as the accuracy of knee and hip flexion/extension while
walking as compared to video analysis.? In the past, numerous studies
have demonstrated the reliability of clinical measurement and full leg
length measurement (LLM) plain film radiographs in the assessment of
patients for total knee replacements (TKR).*” In spite of this, there is
paucity of studies reporting formal assessment by MMA systems to
clinical and radiological measures in orthopaedic surgery in general, not
to mention evaluation for TKRs. Additionally, to the knowledge of the
authors of this study, no studies have performed formal assessment of
the accuracy of MMA with respect to lower limb length, as well as genu

varum/valgum angulation.

Given that little formal assessment has been reported in formally
evaluating the accuracy and validity of MMA when compared to tradi-
tional clinical and radiologic measurements, study of a potential role for
MMA alone in orthopaedic arthroplasty assessment is warranted.
Therefore, the purpose of this study was to compare leg length mea-
surements (LLM) and varus/valgus knee measurements (VVM) per-
formed clinically, radiologically and using MMA in patients being
assessed for potential TKR. Our hypothesis was that MMA would
demonstrate non-significant differences when compared to clinical and
radiological assessment of LLM and VVM in patients being evaluated for
potential TKR.

2. Methods
2.1. Patient recruitment & data collection

Having gained ethical approval from our institutional review board,
patients recruitment from the pre-operative assessment clinic (POAC) at
our institution was carried out. Patients awaiting TKR who were
attending the POAC were invited to take part in this study. Written
consent was obtained from all potential participants.

Once consented, all participants were asked to invited to fill in a pre-

* Corresponding author. Department of Trauma & Orthopaedic Surgery, National University of Ireland Galway, Galway, Ireland.

E-mail address: martindavey@rcsi.ie (M.S. Davey).
1 Robert J. Hurley and Martin S. Davey contributed equally to this work.

https://doi.org/10.1016/j.jor.2021.07.010
Received 9 June 2021; Accepted 11 July 2021
Available online 13 July 2021

0972-978X/© 2021 Published by Elsevier B.V. on behalf of Professor P K Surendran Memorial Education Foundation.


mailto:martindavey@rcsi.ie
www.sciencedirect.com/science/journal/0972978X
https://www.elsevier.com/locate/jor
https://doi.org/10.1016/j.jor.2021.07.010
https://doi.org/10.1016/j.jor.2021.07.010
https://doi.org/10.1016/j.jor.2021.07.010
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jor.2021.07.010&domain=pdf

R.J. Hurley et al.

determined data collection form. All data subjects received a random-
ized study number to which they would be referred to by the in-
vestigators for the duration of the study. Data was collected in relation to
the following: (1) study number, (2) age, (3) radiological board number,
(4) co-morbidities, (5) side of joint affected, (6) previous rheumato-
logical or joint pathologies to ipsilateral knee, and (6) previous arthro-
plasty surgeries to ipsilateral lower limbs. Following this, clinical
assessment of each patient’s (1) weight in kilograms (kg) using a digit
weighing scale chair, and (2) height in metres (m) using a mechanical
stadiometer, were documented. Thereafter, all patient were invited for
triple LLM and VVM assessments (as described below) with clinical,
radiological and MMA measurements being evaluated for the purpose of
this study.

2.2. Patient eligibility

The following pre-determined inclusion criteria was established by
the authors of the study prior to study commencement; (1) patients
awaiting unilateral primary TKR under the senior author, and (2) in-
dependent baseline. The following pre-determined exclusion criteria
had also been established by the authors of the study prior to study
commencement; (1) previous TKR to ipsilateral or contralateral knees,
(2) unable to walk independently or unassisted, (3) any knee flexion
deformity >30° at the knee which would limit gait analysis, (4) patient
awaiting a revision TKR, and (5) patient awaiting concomittant pro-
cedure alongside TKR.

2.3. Clinical assessment

Clinical measurement was performed based on previously validated
examination techniques.® True LLM was measured using the anterior
superior iliac spine and the medial malleolus as fixed bony landmarks.
The tape measure used for all patients was a standard tailor type tape
measure, with graduations to 1 mm units. All clinical measurements
were taken in centimetres to two decimal places. In order to maximize
accuracy in clinical assessment, a total of three readings were taken for
each leg, with the mean of each used as the final LLM for each lower
limb.’ No clinical assessment of knee angulation was performed.

2.4. Radiological assessment

All patients were to have bilateral full leg length plain film radio-
graphs as part of their POAC assessment using our institutional radio-
logical software package (AGFA Impax Version 6.0, Ilkeston, U.K.).

True LLM was for the mechanical lower limb length using the centre
of femoral head and the centre of the inferior articular surface of the
tibia, with measurements taken in centimetres to two decimal places.
The centre of the inferior articular surface was found by dividing the
talar dome in half and starting the measurement from the articular
surface of the tibia just above this.

Additionally, Hip-Knee-Ankle was noted by measuring along the
mechanical axis of the femur and tibia, with the degree of varus or
valgus angulation was noted in degrees to one decimal place. A sraight
line was drawn from the centre of the femoral head, to the intercondylar
eminence of the tibia, and a line from the intercondylar eminence of the
tibia to the centre of the inferior articular surface of the tibia.

2.5. Markerless motion analysis assessment

Measurements for the MMA were taken for all patients using the
BioStage™ system (Organic Motion Inc., N.Y., USA). All patients were
invited to don tensile black clothing to maximize accuracy of markerless
analysis.

For MMA, LLM was measured as the sum of the thigh and the leg,
using the centre of the femoral head, intercondylar mid-point of tibial
and the centre of the inferior articular surface of the tibia. All clinical
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measurements were taken in centimetres to two decimal places. With
respect to the VVM, the participants were assessed to perform their
normal gait with motion sensors allowing the software calculate this in
degrees, labelled as ‘knee abduction’. Additionally, knee angles of
<180° were noted to indicate valgus angulation, while >180° indicated
varus angulation.

2.6. Data analysis

Statistical analysis was carried out using SPSS version 22 (IBM Corp.
Released 2013. IBM SPSS Statistics for Windows, Version 22.0. Armonk,
NY: IBM Corp.). Based on the study by Jamaluddin et al. a difference of
0.5 cm was deemed an acceptable discrepancy for the purpose of this
study in reporting LLM clinically, radiologically and using MMA.'°
Paired t-tests were performed to compare means of measurements. A
p-value of <0.05 was deemed significant. Additionally, regression
analysis was performed to assess whether BMI affected the system’s
ability to measure leg length.

3. Results
3.1. Patient demographics

Overall, a total of 25 patients were recruited, with 2 being excluded
(one due to poor radiographic quality, and one due to inadequate clin-
ical information). This left a total of 23 patients (12 females) with a
mean age of 66 years (54-79) and mean body mass index of 30.5
(21.7-37.5) were assessed. A summary of patient demographics and
characteristics is illustrated in Table 1.

3.2. Leg length measurements

Mean clinical measurement of LLM for all 23 patients was 87.98 cm
and 87.65 cm for the left and right lower limbs respectively. In contrast,
mean radiological measurement of LLM for all 23 patients was 86.28 cm
and 86.03 cm for the left and right lower limbs respectively. Addito-
nally, mean measurement of LLM using MMA for all 23 patients was
75.93 cm for both left and right lower limbs respectively. A summary of
clinical, radiological and MMA LLM and VVM is further illustrated in
Table 2.

Analysis using paired t-tests demonstrated that there were statisti-
cally significant differences (all p < 0.05) between all three LLM
assesment modalities. A summary of the differences between mean
clinical, radiological and MMA LLMs for Left and Right Lower Limbs are
illustrated in Tables 3 and 4 respectively.

3.3. Knee angulation measurements

Mean radiological measurement of VVM for all 23 patients was
184.23° and 184.85° for the left and right knees respectively. Addito-
nally, mean measurement of VVM using MMA for all 23 patients was
180.29° and 179.52° for the left and right knees respectively. A sum-
mary of the differences between mean clinical, radiological and MMA
VVMs are illustrated in Table 5. Additionally, a summary of the differ-
ences between mean radiological and MMA VVMs for Left and Right
Lower Limbs are illustrated in Table 6.

Table 1

Summary of patient demographics & characteristics.
Variable Mean Range
Age (Mean, range) 66 54-79
Height (metres) 1.66 1.49-1.8
Weight (Kg) 83.8 60.9-112.0
BMI (Kg/m?) 30.5 21.7-37.3
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Table 2
Summary of clinical, radiological and MMA LLM & VVM.
Clinical Radiological MMA Radiological MMA
leg length  leglength (cm) leg knee angle knee
(cm) length (deg) angle
(cm) (deg)
Left 87.98 86.28 75.93 184.23 180.89
Leg
Right 87.65 86.03 75.93 184.85 179.52
Leg
Table 3

Summary of the Differences between mean Clinical, Radiological and MMA
LLMs for Left lower Limb.

Left Leg (cm) Difference of SD 95% Clrange  P-value
means

Clinical Vs Radiological 1.69 2.69 0.53-2.86 0.006

Clinical Vs Organic 12.05 3.33  10.61-13.49 <0.001
Motion

Radiological Vs Organic 10.36 422  8.53-12.19 <0.001
Motion

Table 4

Summary of the Differences between mean Clinical, Radiological and MMA
LLMs for Right lower Limb.

Right Leg (cm) Difference of means ~ SD 95% Clrange  P-value
Clinical Vs Radiological ~ 1.62 2.83  0.39-2.83 0.01

Clinical Vs MMA 11.73 2.93  10.46-12.99 <0.001
Radiological Vs MMA 10.11 4.04 8.36-11.86 <0.001

Table 5
Summary of the Differences between mean Clinical, Radiological and MMA
VVMs.

Measure of Difference (cm) Mean (cm) Range
Radiological-MMA Left 10.36 3.19-18.19
Radiological-MMA Right 10.11 4.12-18.22

Table 6
Summary of Differences in mean VVM for Left & Right Lower Limbs.
Variables (deg) Difference of SD 95% CI P-value
Means (Range) range
Radiological Vs MMA 3.34 (—6.30, 4.44 1.42-5.26 0.002
Knee angle Left 16.60)
Radiological Vs MMA 5.33 (-0.11, 3.81 3.69-6.98 <0.001
Knee angle Right 12.63)

4. Discussion

The most important finding of this study was that significant dif-
ferences were reported between results obtained for calculating LLM
clinically, radiologically and using MMA. As much literature has pre-
viously validated the use of clinical and radiological in obtaining LLM,
this study poses the question as to whether the results obtained using
MMA for LLM can be utilized such measurements. Additionally, this
study found that significant differences in VVM were calculated radio-
logically and using MMA. Therefore, given that significant differences
exist between all three measurement modalities used, it may be pro-
posed that no one should be used in isolation to calculate LLM or VVM,
but instead multiple measurement modalities to calculate LLM and VVM
of patient’s lower limbs.

Motion analysis is a complicated and underutilised aspect of ortho-
paedic assessment, with huge potential as a clinical tool in screening,
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diagnostics, and rehabilitation to name but a few.' 12 Prior to this, the
most common means of assessment, diagnosis and decision-making in
orthopaedics has been using clinical and radiological means alone.
Clinical gait analysis remains subjective, and while obvious gait types
can be broadly classified, subtle differences may be particularly difficult
to observe during a short clinical consultation.'? Furthermore, combi-
nations of more than one gait type occurring in conjunction may
potentially render clinical diagnosis by visual observation alone
particularly difficult. Therefore, this suggests that subjective clinical gait
analysis alone is limited, with further measurement modalities required
for accurate clinical assessment.

However, to suggest that one would decide to list a patient for TKR in
the absence of radiological assessment is simply not justifiable. While
fundamental imaging used in combination with clinical history and
exam provide insight into the degree of degenerative changes and
malalignment present in a patient’s joint, reported clinical symptoms
remain the most commonly used indictions when listing patients for
joint arthroplasty surgery.'® Additionally, the clinical guidelines them-
selves in relation to listing patients for TKR at present are themselves
based on limited evidence.'* Therefore, a combination of factors play a
role in patient listing for TKR, least of all patient preference in
management.

As alluded to previously, the use of motion analyis in clinical med-
icine (as well as in animation) has gained traction in recent years.'>”
Although this system provides clinicians a variety of gait based mea-
surements including LLM and VVM, such systems are not without their
limitations. These include a host of system factors, such as trained
operator use with thorough knowledge of anatomy and biomechanics to
ensure correct application of the system, great summation of time
required to perform analysis, statistical and human error,'” %! as well as
patient factors, great summation of time limiting its usefulness in a busy
clinical practice, as well as careful patient selection as to ensure patient
compliance when being analyzed. It is possible that these aforemen-
tioned limitations in combination explain the rationale as to why motion
analysis has predominantly remained a research tool, rather than a
modality used routinely in clinical decision making.**

Motion analysis software is commercially available, with increas-
ingly popularity of force plates, reflective skin markers, telemetry,
infrared markers, and conventional or high shutter speed cameras in
recent years.”>?* However, the majority of such methods have not
transcended from the research setting to the clinical setting. Despite
ample evidence indicating the usefulness of gait analysis and motion
analysis systems in clinical settings, it remains a rarely used method of
LLM and VVM assessment. >

However, recent advances in motion analysis techniques, such as
markerless motion capture and analysis allow further evaluation of joint
and limb biomechanics when mobilizing.?>?® This study describes how
MMA can accurately estimate not only movement of limbs, but joint
centres also; however discrepancies in LLM and VVM exist when
compared to clinical and radiological assessments. The MMA system
utilized in this study (BioStage™, Organic Motion Inc., N.Y., USA) uses a
visual hull to create three-dimensional images which is combined with
three dimensional mesh humanoid models that, when modelled to a
human frame while in one of their systems, generate measurements in
relation to length and angulation regarding joint movements. Therefore,
this system overcomes the need for an operator trained in placing
markers on anatomical landmarks, minimizing the risk of operator
related human error. Additionally, this system ensures repeatability of
testing in a standardized manner, as the location of joint centres and the
21 limb segments is reproducible to over 98%."

Although this study describes a novel technique being utilized in
clinical orthopaedics, it is not without its limitations. The MMA system
uses in this study (BioStage™, Organic Motion Inc., N.Y., USA) was
initially designed as a modality to be implemented in the animation
industry, before thereafter being considered for clinical use. For this
reason, incorrect medical terms are routinely utilized when performing
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analysis with this software, such as ‘knee abduction’ when describing
valgus deformity at the knee. Additionally, this study only included a
limited cohort of 23 patients, all of whom had a primary diagnosis of
knee osteoarthritis who were subsequently listed for TKR under the se-
nior author.

5. Conclusion

Discrepanices exist in LLM and VVM when evaluated using clinical,
radiological and MMA modalities. Therefore, this study suggests that
MMA alone may not be a suitable modality for assessment of patients for
TKR, with a combination of two or more evaluation modalities recom-
mended at present.
Declaration of competing interest

None.

References

—_

Motion O. Organic Motion: Markerless Motion Capture; 2014. http://www.organicm
otion.com.

Moodie N, Wassom D. Repeatability of 3D Markerless Motion Capture and How it Could
Affect Between-Session Testing. Kansas City MO National Strength and Conditioning
assoctiation. Rockhurst University; 2013:45.

3 Oberlander KD, Bruggemann GP. Validation of a Real-Time Markerless Tracking System
for Clinical Gait Analysis Ad-Hoc Results, 35th Annual Metting of the American Society
of Biomechanics. 2011.

Rauh MA, et al. Reliability of measuring long-standing lower extremity radiographs.
Orthopedics. 2007;30(4):299-303.

van Raaij TM, et al. Conventional knee films hamper accurate knee alignment
determination in patients with varus osteoarthritis of the knee. Knee. 2009;16(2):
109-111.

Sheehy L, et al. Does measurement of the anatomic axis consistently predict hip-
knee-ankle angle (HKA) for knee alignment studies in osteoarthritis? Analysis of long
limb radiographs from the multicenter osteoarthritis (MOST) study. Osteoarthritis
Cartilage. 2011;19(1):58-64.

Hinman RS, May RL, Crossley KM. Is there an alternative to the full-leg radiograph
for determining knee joint alignment in osteoarthritis? Arthritis Rheum. 2006;55(2):
306-313.

Kliegman R, Nelson WE. Nelson Textbook of Pediatrics. nineteenth ed. Philadelphia,
PA: Elsevier/Saunders. Ixvii; 2011:2610.

N

EN

9]

(=)}

~N

<]

48

O

10

1

=

12

13

14

15

1

(o)}

17

18

19

20

2

—-

22

23

24

25

26

27

28

Journal of Orthopaedics 26 (2021) 45-48

Beattie P, et al. Validity of derived measurements of leg-length differences obtained
by use of a tape measure. Phys Ther. 1990;70(3):150-157.

Jamaluddin S, et al. Reliability and accuracy of the tape measurement method with a
nearest reading of 5 mm in the assessment of leg length discrepancy. Singap Med J.
2011;52(9):681-684.

Oppelt K, et al. Movement analysis in orthopedics and trauma surgery - measurement
systems and clinical applications. Z fiir Orthop Unfallchirurgie. 2020;158(3):304-317.
Klopfer-Kramer 1, et al. Gait analysis - available platforms for outcome assessment.
Injury. 2020;51(2):S90-s96.

Price AJ, et al. Knee replacement. Lancet. 2018;392(10158):1672-1682.

Gademan MG, et al. Indication criteria for total hip or knee arthroplasty in
osteoarthritis: a state-of-the-science overview. BMC Muscoskel Disord. 2016;17(1):
463.

Pfister A, et al. Comparative abilities of Microsoft Kinect and Vicon 3D motion
capture for gait analysis. J Med Eng Technol. 2014;38(5):274-280.

Dtugosz MM, et al. An improved kinematic model of the spine for three-dimensional
motion analysis in the Vicon System. In: Studies in Health Technology and Informatics.
2012.

Nair SP, et al. A method to calculate the centre of the ankle joint: a comparison with
the Vicon® Plug-in-Gait model. Clin BioMech. 2010;25(6):582-587.

Cappozzo A, et al. Surface-marker cluster design criteria for 3-D bone movement
reconstruction. IEEE Trans Biomed Eng. 1997;44(12):1165-1174.

Ehrig RM, et al. A survey of formal methods for determining the centre of rotation of
ball joints. J Biomech. 2006;39(15):2798-2809.

Camomilla V, et al. An optimized protocol for hip joint centre determination using
the functional method. J Biomech. 2006;39(6):1096-1106.

Sati M, et al. Quantitative assessment of skin-bone movement at the knee. Knee.
1996;3(3):121-138.

Simon SR. Quantification of human motion: gait analysis-benefits and limitations to
its application to clinical problems. J Biomech. 2004;37(12):1869-1880.

Sinha A, et al. Motion analysis as an outcome measure for hip arthroplasty. Surgeon.
2011;9(5):284-291.

Weiss PL, et al. Video capture virtual reality as a flexible and effective rehabilitation
tool. J NeuroEng Rehabil. 2004;1(1):12.

Corazza S, et al. Automatic generation of a subject-specific model for accurate
markerless motion capture and biomechanical applications. IEEE Trans Biomed Eng.
2010;57(4):806-812.

Corazza S, Mundermann L, Andriacchi T. A framework for the functional
identification of joint centers using markerless motion capture, validation for the hip
joint. J Biomech. 2007;40(15):3510-3515.

Corazza S, et al. A markerless motion capture system to study musculoskeletal
biomechanics: visual hull and simulated annealing approach. Ann Biomed Eng. 2006;
34(6):1019-1029.

Mundermann L, Corazza S, Andriacchi TP. The evolution of methods for the capture
of human movement leading to markerless motion capture for biomechanical
applications. J NeuroEng Rehabil. 2006;3:6.


http://www.organicmotion.com
http://www.organicmotion.com
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref2
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref2
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref2
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref3
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref3
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref3
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref4
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref4
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref5
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref5
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref5
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref6
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref6
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref6
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref6
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref7
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref7
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref7
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref8
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref8
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref9
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref9
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref10
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref10
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref10
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref11
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref11
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref12
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref12
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref13
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref14
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref14
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref14
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref15
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref15
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref16
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref16
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref16
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref17
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref17
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref18
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref18
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref19
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref19
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref20
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref20
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref21
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref21
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref22
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref22
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref23
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref23
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref24
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref24
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref25
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref25
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref25
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref26
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref26
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref26
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref27
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref27
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref27
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref28
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref28
http://refhub.elsevier.com/S0972-978X(21)00163-X/sref28

	Assessing the accuracy of measuring leg length discrepancy and genu varum/valgum using a markerless motion analysis system
	1 Introduction
	2 Methods
	2.1 Patient recruitment & data collection
	2.2 Patient eligibility
	2.3 Clinical assessment
	2.4 Radiological assessment
	2.5 Markerless motion analysis assessment
	2.6 Data analysis

	3 Results
	3.1 Patient demographics
	3.2 Leg length measurements
	3.3 Knee angulation measurements

	4 Discussion
	5 Conclusion
	Declaration of competing interest
	References


