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ARTICLE INFO ABSTRACT

Articlle history: Background: Imaging the lower limb during weight-bearing conditions is essential to
Received 27 July 2022 acquire advanced functional joint information. The horizontal bed position of CT systems
Revised 14 June 2023 however hinders this process. The purpose of this study was to validate and test a device

Accepted 24 July 2023 to simulate realistic knee weight-bearing motion in a horizontal position during dynamic

CT acquisition and process the acquired images.

Methods: “Orthostatic squats” was compared to “Horizontal squats” on a device with loads

between 35% and 55% of the body weight (%¥BW) in 20 healthy volunteers. Intraclass

Weight-bearing Correlation Coefficient (ICC), and standard error of measurement (SEM), were computed as

Knee kinematics measures of the reliability of curve kinematic and surface EMG (SEMG) data. Afterwards, the

SEMG device was tested during dynamic CT acquisitions on three healthy volunteers and three
patients with patellofemoral pain syndrome. The respective images were processed to extract
Tibial-Tuberosity Trochlear-Groove distance, Bisect Offset and Lateral Patellar Tilt metrics.
Results: For sEMG, the highest average ICCs (SEM) of 0.80 (6.9), was found for the load corre-
sponding to 42%BW. Kinematic analysis showed ICCs were the highest for loads of 42%BW
during the eccentric phase (0.79-0.87) and from maximum flexion back to 20° (0.76). The
device proved to be safe and reliable during the acquisition of dynamic CT images and the
three metrics were computed, showing preliminary differences between healthy and
pathological participants.
Conclusions: This device could simulate orthostatic squats in a horizontal position with good
reliability. It also successfully provided dynamic CT scan images and kinematic parameters of
healthy and pathological knees during weight-bearing movement.
© 2023 The Authors. Published by Elsevier B.V. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Radiological imaging has an important role in the assessment of lower limb musculoskeletal conditions and several fac-
tors should be considered when doing such assessments. Firstly, images acquired in a supine position are missing important
information about the effect that load has on the lower limb joints, and they do not sufficiently represent the kinematics
during normal weight-bearing activities [1,2]; consequently, muscle activation should also be considered; thirdly, 3D images
of the structures may provide more diagnostic information compared to 2D projections; lastly, dynamic acquisitions may
provide additional information over static images as they are more representative of functional movements.

Several differences have been shown at the knee level when weight bearing (WB) was compared to non-weight bearing
(NWB). Variations in joint alignment [3-5], estimation of morphological metrics [6], rotation [7], and displacement [8] are
some of the changes reported between the two loading conditions. A further consequence of the patient’s lower limb posi-
tion is that moving from weight-bearing to non-weight bearing [9] or modifying muscle load [10,11] significantly affects
muscle activation. Muscle contraction seems to have a substantial effect on knee kinematics (i.e. patella tracking) [12];
therefore, it should be an aspect to consider when investigating knee movement [13].

CT and MRI can acquire three-dimensional measurements, while conventional radiography is based on two-dimensional
projections. The latter has been shown to be prone to error due to the variability in patient positioning. This leads to incorrect
assessment of lower limb alignment, bony landmarks, and angle measurements on the knee [14-17] and foot [18,19]. More-
over, CT imaging appeared to be more sensitive and accurate for detecting osteophytes and subchondral cysts than conven-
tional fixed-flexion radiography, which suffers from overlapping bony contours [20].

Finally, the lower limb is a dynamic structure of the human body. It would benefit from being investigated during move-
ment and not in a static position [21]. It has been reported how dynamic images demonstrate the patellar tilt angle more
accurately [22] and the reproduction of abnormal biomechanics of unstable joints with an increased risk of false negatives
when static images are used [23,24].

One image modality that allows real-time 3D image acquisition with high temporal and spatial resolution is dynamic CT
or 4DCT. It is performed on a wide beam or wide volume CT scanner, one of the latest CT hardware developments currently
used for fast single-heartbeat cardiac imaging. This CT platform can also be employed for dynamic imaging of other struc-
tures over a longitudinal distance of up to 16 cm [25,26]. More recently, 4DCT has been used to investigate the dynamics of
musculoskeletal structures. It enables the identification of small kinematic changes [27-30] has the potential to detect upper
[31] and lower limb [32] pathologies, and it allows the evaluation of surgical outcomes [33,34].

Although several devices have been proposed to induce lower limb load during MRI [35-37] and CT [38,39] acquisition,
no device is available that allows loaded lower limb motion during horizontal scanning. Moreover, all reported dynamic CT
studies investigating lower limb pathologies have been performed in non-weight-bearing conditions [32].

Hence, this study aimed to validate and test a loading device to simulate realistic weight bearing in a horizontal position
for acquisition during dynamic CT. A two-phase study was designed to validate and evaluate the applicability of such a
device. In the first phase, Horizontal squats (HS) on the device (at different loads) to Orthostatic squats (OS) were compared.
During the second phase, which served as the proof-of-concept stage, the device underwent testing on the CT scan by per-
forming a dynamic CT acquisition of volunteers’ knees. The acquired images were then subjected to post-processing to cal-
culate three kinematic metrics: Tibial-Tuberosity Trochlear-Groove distance (TTTG), Bisect Offset (BO) and Lateral Patellar
Tilt (LPT). These are metrics commonly used in radiology and orthopaedics to portray knee kinematics and patella tracking
[40] during surgical planning [41,42].

2. Material and methods
2.1. Phase one
2.1.1. Participants
Twenty healthy adults (13 male and 7 female, average age 26 + 6, BMI: 22.7 + 2.0 kg/m?) volunteered between November

2018 and January 2019 for this study. The study was approved by the ethics committee of the University Hospital (B.U.N
143201837451), and all subjects signed written informed consent.

2.1.2. Device
A wooden, low X-ray attenuating, custom-made weight-bearing device was constructed to simulate orthostatic squat
movements in a horizontal position (Figure 1a, b, Figure 2). The device consisted of 3 parts: 1. A base structure fixed to

131



L. Buzzatti, B. Keelson, J.W. van der Voort et al. The Knee 44 (2023) 130-141

1 Horizontal Squat
Setup

Figure 1. The study setup. a: The orthostatic and horizontal squat setup with the developed weight-bearing device. All movements were recorded with
VICON infra-red cameras. b: Lateral view of the weight-bearing device. During concentric quadriceps contraction, the subject moves in the direction of the
red-dashed arrow. The counteracting structure provides a constant counterforce in the direction of the green-solid arrow, which provides resistance in the
concentric phase and brings the subjects back towards the platform in the eccentric phase. 1: VICON cameras; 2: base structure; 3: counteracting structure;
4: moving bed; 5: platform; 6: cable between the moving bed and the counteracting structure; 7: shoulder support. c: position of the reflective infra-red
markers and sEMG electrodes on a subject. The arrows show the two reference frames’ orientation to describe knee kinematics. Rotations about the z-axis
represent knee flexion-extension movements, rotations about the y-axis represent internal-external rotation and rotations about the x-axis represent
valgus-varus movements.

the CT scanner table and supplied, at one extremity, with a perpendicular foot platform. 2. A moving bed with two shoulder
supports, rolling back- and forward over the base structure. 3. A counteracting loading structure connected to the moving
bed and supplied with pulleys and weights (Figure 2c).

2.1.3. Setup

Two different tasks were considered: Horizontal squats (HS) on the device and Orthostatic squats (0S) (Figure 1a).
While on the device, the subject pushed themselves away from the platform (knee extension). The counter-weight system
acted similarly to gravity in the OS setting, bringing the subject back into a knee-flexion position. To make sure the two
tasks were comparable a standardisation procedure was applied. To control trunk position, subjects were asked to perform
the OS with the back minimally sliding up and down a smooth surface on the wall. Considering the importance of foot
positioning [43], the contour of the device’s platform was replicated on the floor using tape. The volunteers were asked
to position their second toes on the top of the platform at an equal distance from the midline. The same foot position
was replicated for the OS.

In both settings, a metronome set at 20 beats per minute, imposed the rhythm at which knee flexion-extension had to be
performed. The two set-ups were placed close to each other so that the 6 cameras could capture both movements without
repositioning them for each set-up. This allows consistency in the marker capture acquisition and eliminates possible cali-
bration errors.

Maximum Voluntary Contraction (MVC) was recorded for each selected muscle according to Barbero et al. [44] before
starting the experiment.
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Figure 2. Knee in fully extended position (a), and maximum knee flexion achieved (b), counter-weight system (c).

Seven loads were investigated: 35, 37, 40, 42, 45, 50, and 55 percent of body weight (%¥BW). In a previous pilot experi-
ment, it was observed that 35 ¥BW was perceived as much easier compared to a standing squat, while 55 BW was per-
ceived as much harder.

The subjects were asked to alternate one set (6 repetitions) of OS and one set (6 repetitions) of HS. In order to account for
muscle fatigue, 2 minutes of rest before starting with a different load was allowed. The loads for the HS were randomly
ordered for each subject and the subjects performed the same number of repetitions in both settings. A total of 42 OS
and 42 HS were then evaluated. The high number of OS allowed us to accurately capture the variability of what has been
used as a reference movement for our comparison.

2.1.4. Data collection and data processing

Three-dimensional trajectories of twenty infra-red retro-reflective markers (Figure 1c) were acquired with a 6-camera
VICON MX F20 (VICON® Peak, Oxford, UK) optoelectronic motion capture system at a sampling frequency of 250 Hz. Two
local reference frames based on marker coordinates were defined to estimate knee kinematics and axis orientation based
on ISB guidelines [45] (Figure 1c). The reference frame of the thigh was centred on the midpoint between the two
epicondyles, while the reference frame of the shank was centred between the two malleoli. Two orthogonal right-handed
reference frames were constructed on each leg from the two centres. The z-axis pointed laterally (flexion-extension), the
y-axis pointed cranially (internal-external rotation) and the x-axis pointed anteriorly (valgus-varus). The relative motion
of the knee (Rynee) between a distal segment (Rieg) and proximal segment (Resign) for a chosen time point was computed
as follows:

-1
Rknee = RlegRtmgh

From this rotational matrix Rynee, Cardan angles for the knee joint were computed based on a ZYX decomposition
sequence. Since an overall measure of the motion was needed to estimate the similarity between OS and HS, the

Euclidian Norm (||d|| = vX* +Y? +Z%) was calculated from the three components and used for subsequent reliability
calculations.

Surface electromyography (SEMG) was acquired on four different muscles (Rectus Femoris, Bicep Femoris, Tibialis
Anterior and Gastrocnemius Lateralis) using a wireless 8 channels bioPLUX®© unit (PLUX Wireless Biosignals S.A, Arruda
dos Vinhos, Portugal) with a sampling frequency of 1000 Hz (Figure 1c). These four muscles were chosen to balance
practicality and importance due to their activation during a squat.

133



L. Buzzatti, B. Keelson, J.W. van der Voort et al. The Knee 44 (2023) 130-141

The average maximum muscle activation for each muscle was calculated over the repetitions. The results of each muscle
were then expressed as a percentage of the corresponding MVC (MVC%).

The first and last repetitions were excluded from the data analysis for both OS and HS to eliminate potential motion devi-
ations at the initialisation and end of the cycle.

All data were processed with custom-made software developed in Python language (Python 3.7.0).

2.1.5. Statistical analysis

Statistical analysis was performed in Spyder and RStudio (R Foundation for Statistical Computing, Vienna, Austria).

The independent variables used in the statistical analysis were the average of the peaks of the four central repetitions for
the sEMG (average maximum activation for each setup) and the average of the four kinematic curves (full squat cycle) for the
kinematics.

To assess the similarity between the HS and OS approach for the sEMG and kinematics, the Intraclass Correlation Coef-
ficient (ICC) and Standard Error of Measurement (SEM) were calculated as a measure of agreement. SEM was calculated as

SEM = SD+/1 — ICC, where SD is the Standard Deviation of the scores from all subjects determined from the ANOVA.

For the kinematics, as curve data (joint angle time series) were available, an integrated pointwise-index approach recom-
mended by Pini et al. was followed for this study [46]. Average values were considered over the right and left leg, as a sym-
metrical movement was considered, and one single measure of reliability was needed for this study.

Continuous kinematic measurements were performed during the experiment. However, two portions of the movement
were identified as relevant for examination to estimate which load was the most appropriate: the first 20° flexion, from
20° to maximum flexion, from maximum flexion to 20° of flexion, and the last 20° until full extension. It has been shown
that the transition from full extension to early flexion (~20°) is the most critical for patients suffering from patellofemoral
instability and pain [2,47-49]. The best bodyweight percentage was determined through visual inspection of the 95% con-
fidence intervals (95% CI) [50].

2.2. Phase two - Proof of concept

2.2.1. Dynamic CT images acquisition

Three healthy male volunteers (age: 22, 53 and 26; BMI: 32.0, 30.6 and 24.7 kg/m?) and three female patients (age: 39, 28
and 36; BMI: 27.1, 24.1 and 22.3 kg/m?, NPRS at present: 4, 4 and 3), suffering from right patellofemoral pain syndrome for
more than six months, participated in the second part of the study. As the device was ultimately designed to investigate
patients, it was necessary also to verify whether its use would be feasible and not worsen participants’ symptomatology
compared to a functional test (standing squat). These subjects were part of a pilot study for a more extensive case-
control study approved by the University Hospital’s ethics committee (B.U.N 143201733617). All subjects signed informed
consent. The same knee flexion-extension movement of the first phase of the validation study was replicated on the CT scan-
ner (Figure 2 and Supplemental Video Material 1) using 42% BW as load.

A dynamic CT scan protocol was performed using a wide beam CT scanner (Revolution CT, GE Healthcare) with a
256x0.625 mm detector configuration to simultaneously acquire images of both knees. To maximise temporal resolution
and reduce motion artifacts, images were acquired in continuous cardiac scanning mode (three cycles 0-300%, using a
30 bpm ECG simulation) instead of cine mode [51], with a 50 cm large field of view, 80 kVp, 50 mA, 16 cm collimation,
2.5 mm slice thickness, 0.28 s tube rotation and a total scanning time of 6.7 s for all subjects. 3D volumes were reconstructed
(ASIR-V) with time intervals of 1.4 s, yielding 50 3D volumes. The effective dose was estimated using the National Cancer
Institute’s detailed voxel-based dosimetry model [34].

2.2.2. Image processing and metrics calculation

The automated multi-atlas multi-label segmentation approach proposed by Keelson et al. [52] was implemented to
eliminate the need for manual segmentations of the femur and tibia. The image registration workflow used segmentation
of the reference image (knee in full extension) as a mask to guide the pairwise registration step between the reference image
and subsequent time points. This workflow also allows us to automatically compute kinematic parameters based on
twelve bony landmarks previously selected on the reference image. These landmarks were identified as extreme portions
of the bone. Their identification was made possible by cross-checking their location in the three planes (sagittal, frontal
and horizontal) provided by the CT image viewer. This process was facilitated by the leg being aligned to the z-axis of
the CT scan.

Three kinematic metrics were computed (Figure 3): the tibial-tuberosity tracheal-groove distance (TTTG), the bisect offset
(BO), and the lateral patellar tilt (LPT). 30° of flexion was chosen as a cut-off for the analysis, as the first degrees of flexion and
the last degrees of extension are the most valuable ranges to investigate pathologies such as patellar instability [9]. As this
phase aimed to show proof-of-concept of the device and serve as a preliminary pilot for future more extensive studies, a
graphical representation and comparison of the results was performed. No statistical analysis was considered to identify dif-
ferences between healthy subjects and patients.
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Figure 3. Kinematic metrics. The following bony landmarks were selected: the most posterior portion of the medial condyle (MC) and the lateral condyle
(LC), the deepest point of the trochlear groove (TG), the most medial (MP) and lateral (LP) portion of the patella and the tibial tuberosity (TT). (a) The tibial-
tuberosity tracheal-groove distance (TTTG) was defined as the distance (d) between the axis g and t. g is the axis passing through TG perpendicular to the
axis passing through MC and LC (axis c). t is the axis passing through TT and perpendicular to the c axis. (b) The bisect offset (BO) was defined as the
distance between LP and the intersection between g and the axis passing through MP and LP. This distance is expressed as a percentage (%) of the
mediolateral size of the patella (distance between MP and LP). (c) The lateral patellar tilt (LPT) was defined as the angle (°) between c and the axis passing
through MP and LP.

3. Results
3.1. sEMG results

The load of 42%BW showed the highest mean ICC of 0.80, followed by 45%BW with a mean ICC of 0.79, and 37%BW with a
mean ICC of 0.78. The lower SEMs were reported for the central loads (40%,42%,45%), with the lowest at 42 %¥BW (6.9% MVC)
(Table 1).

3.2. VICON motion analyses results

Figure 4 shows the results of SEM and ICC between the OS and HS from the kinematic analysis of the knee. During the
eccentric phase, from 0° to 20°, all the BWs showed similar SEM, while from 20° to maximum flexion (6.5° on average)
a load of 42 %BW resulted in the lowest SEM (4.3°, 95% CI: 4.1-4.2). ICC was the highest for 42 %BW, reaching an average
value of 0.79 (95% Cl: 0.75-0.83) and 0.87 (95% CI: 0.86-0.88) for the first and second part of the eccentric phase, respec-
tively. During the concentric phase, 42 %¥BW and 55 %BW showed the highest ICC (0.76), while 42 %BW showed the lowest
SEM (5.5°, 95% CI: 5.2-5.7). By relying on 95%CI, in the last 20° of knee extension, no difference was seen among loads in
terms of ICC and SEM.

3.3. Dynamic CT acquisition results

The device was successfully mounted on the CT bed and functioned as expected under load conditions. All participants
reported that the device was comfortable and experienced no problems performing the movement on the CT. Moreover,
the patients did not report an increase in their symptomatology. For each subject, a full flexion-extension motion was
acquired during scanning. Figure 5 shows the acquired scan of one healthy subject from full knee extension to maximum
flexion reached during the scanning procedure (Supplemental Video Material 2). The acquisition suffered from limited
motion artifacts, and it was achieved with a low radiation dose (CTDI,, = 6.73 mGy, Effective dose = 0.02 mSv).

Figure 6 shows the three metrics extracted from the automated image processing workflow from 0° to 30° of knee flexion
for healthy volunteers and patients. Patients showed TTTG, BO and LP ranging between 27.3 mm and 11.2 mm, between
109.5% and 62.9% and between 24.6° and 9.5° respectively. Healthy volunteers showed a range between 9.3 mm and
1.8 mm, 59.9% and 51.7% and 10.4° and 5.1° for the three respective metrics.

4. Discussion

This is the first study that estimates the similarity between an orthostatic squat and a horizontal loaded movement for
medical image acquisition. The device for horizontal weight-bearing was reliable in reproducing similar knee kinematics and
muscle activation compared to an orthostatic squat. A load of approximately 42 %BW resulted in the highest reliability and
lowest error for a full flexion-extension cycle. Additionally, it was demonstrated how such a device could be implemented
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Intraclass Correlation Coefficient and Standard Error of Measurement between brackets, expressing reliability for rectified sSEMG between orthostatic and
horizontal squat for each body weight load (35-55%).

35% 37% 40% 42% 45% 50% 55%

ICC SEM ICC SEM ICC SEM ICC SEM ICC SEM ICC SEM ICC SEM
Rectus Femoris 0.82 8.3 0.87 7.7 0.80 8.4 0.84 8.1 0.86 7.1 0.80 10.0 0.85 8.7
Biceps Femoris 0.65 3.7 0.65 33 0.58 3.5 0.63 3.6 0.72 3.2 0.58 3.0 0.66 3.6
Tibialis Anterior 0.65 16.4 0.74 14.3 0.65 15.1 0.79 11.8 0.63 15.4 0.65 16.8 0.70 135
Gastrocnemius Lateralis 0.82 8.0 0.87 6.6 0.93 4.5 0.94 4.4 0.93 4.8 0.93 8.2 0.67 111
Mean 0.74 9.1 0.78 8.0 0.74 7.9 0.80 6.9 0.79 7.6 0.73 9.5 0.72 9.2

ICC: Intraclass Correlation Coefficient; SEM: Standard Error of Measurement.
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Figure 4. Mean Intraclass Correlation Coefficient (ICC) and Standard Error of Measurement (SEM, expressed in degrees) with corresponding 95% Confidence
Intervals (CI) for the kinematic data. ¥BW: body-weight percentage. The red band represents the 95%CI of 42 %BW to highlight the comparisons with the
other %BWs.

on a CT scanner, and dynamic CT acquisitions can be performed with healthy participants and patients. Such images can later
be processed and qualitative (i.e., 3D bone morphology, visual dynamic bone interaction, presence and impact of OA) and
quantitative information (i.e., Tibia-Tuberosity Trochlear-Groove, Bisect Offset, Lateral Patellar Tilt, 3D bone kinematics, sur-
face contact) can be extracted. We could compute three kinematics metrics commonly used in orthopaedic surgery by imple-
menting an automated image processing workflow with the dynamic CT images of the acquired knees.

The percentage of body weight applied in this study is similar to that of other devices (33%BW-50%BW) [37,39], indicating
that similar body weight percentages have been used to simulate vertical load. However, due to its unique design with mov-
ing components, caution should be exercised when compared with other devices intended for static acquisitions.
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Figure 5. On the top: a sagittal CT view of the right knee from full extension to maximum flexion. On the bottom: a 3D volume rendering of the same
images that can also be used to investigate joint morphology and bone interaction from a qualitative point of view.
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Figure 6. The top row represents the right knee of healthy subjects (green) and the right symptomatic (S) knees (red) of patients suffering from

patellofemoral pain syndrome (PFPS). The bottom row represents the three left knees for healthy subjects (green) and the three asymptomatic (AS) knees
(blue) of patients suffering from PFPS. TTTG: Tibial tuberosity-trochlear groove; BO: bisect offset.
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In the proof-of-concept phase, the primary objective was to provide evidence that using the device on the CT machine is
viable and that the subsequent image processing procedures can be effectively executed. This phase was successful in clearly
depicting the kinematic curves. From the kinematic curves, two patterns could be observed: there were differences between
painful knees, asymptomatic knees, and healthy subjects; TTTG and BO motion patterns of symptomatic subjects resemble
those suffering from patellar dysfunctions, such as dislocation [53-55]. It is important to note that no clinical conclusions can
be drawn due to the very small sample size and the characteristics (such as sex) of the participants. However, these findings
present two potential areas of research that can build upon this proof-of-concept. Moreover, this is the first study to have
captured and described orthopaedic metrics in a dynamic CT weight-bearing mode in subjects suffering from PFPS. Further
studies with a larger sample size should explore differences between healthy and pathological patterns and between painful
and asymptomatic knees. Additional validation of the device could include comparing weight-bearing and non-weight-
bearing kinematics to compare differences and explore the benefits of one method over the other.

4.1. Clinical applications

Potentially several clinical applications using this device are possible. Different knee pathologies could be studied during
weight-bearing acquisition. Anterior tibia translation, which is most pronounced between 20° and 45° of knee flexion [56]
could be analysed to investigate anterior cruciate ligament (ACL) integrity or give valuable insight during pre-surgical plan-
ning and post-surgical evaluation. Patella instability and subluxation is another dynamic phenomenon, most predominant
between 0° and 20-30° of knee flexion [8] that could be studied. The use of weight-bearing could also have an essential
impact on orthopaedic metrics, such as the Tibia-Tuberosity Trochlear Groove distance, which are often used for surgical
planning and that varies with the degree of knee flexion [53]. Evaluation of these parameters in non-weight-bearing condi-
tions would exclude the stabilising effect of muscle contraction and could lead to inappropriate surgical indications.
Dynamic CT could also investigate knee osteoarthritis and its impact on 3D joint space and kinematics. Standing CT is reliable
and more precise than conventional radiography in evaluating joint space in patients with knee osteoarthritis [57]. The pre-
sented device in this study has the potential to achieve similar results with the added value of acquiring dynamic physio-
logical motion at a lower radiation dose exposure compared to CBCT (0.02 mSv compared to 0.1 mSv, as reported by
Segal et al. [20]). The effective dose associated with our imaging protocol is comparable to fixed-flexion knee radiographs
(0.04-0.05 mSv for two lateral images and a bilateral posteroanterior view) [20].

This approach could also be extended to hip and ankle pathologies and offer the benefits of investigating them during
dynamic functional load.

4.2. Limitations

The CT study was constrained by the field of view in the CT scanner (50 cm @ x 16 cm), and correspondingly a limited
knee flexion. However, as previously described, the first degrees of knee flexion seem the most relevant for several patholo-
gies. Manufacturers are also currently working to enlarge the field of view up to 70 cm @ and reduce tube rotation time to
0.23 s. This will allow a wider field of view and has the potential to decrease motion artifacts further.

A second limitation was the number of healthy subjects and patients included in our study. However, participants were
recruited to verify that the device was able to function when mounted on the CT and that images could be acquired. There-
fore, the limited numbers are in line with the aim of our study.

5. Conclusions

The current study showed high similarity (ICC > 0.75) of the knee joint kinematics and muscle activation between an
orthostatic squat and a horizontal squat. 42%BW seems the most appropriate body-weight percentage to be used with this
device configuration to better mimic an orthostatic squat. The implementation of the device on a wide-beam CT machine is
also feasible with the possibility to acquire and process weight-bearing dynamic CT images of a moving knee joint in both
healthy subjects and patients. Kinematic parameters of interest (i.e. TTTG, BO, LPT) can be computed from the image
sequence and used to explore motion patterns. Compatibility with existing CT scanners and excellent reliability in reproduc-
ing a standing squat, make this device of potential interest for further validation studies and clinical applications.
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