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Abstract

Introduction: Acute ankle sprains are prevalent injuries in physically active individuals. Functional support
through the use of braces is a common approach to prevent excessive movements and reinjury to the
affected ligaments.

Recent advancements in imaging technology, particularly real-time magnetic resonance imaging (rtMRI),
present new opportunities for evaluating physiological movements. This study aims to investigate the
applicability of rtMRI in measuring the range of motion (ROM) of the talocrural joint while utilizing four
different types of ankle braces.

Methods: 45 dynamic rtMRI exams were performed in a cohort of 9 participants at the University Medical
Center Gottingen with and without four commercially available brace models during plantar flexion,
dorsiflexion, eversion and inversion.

Two observers measured the angles between predefined anatomical keypoints at intervals of every ten
images. In addition, a keypoint detection model (YOLO11) was trained and utilized as a third observer.

Intraclass Correlation Coefficients (ICC) and the relative mobility restriction for each brace model were
calculated. T-tests and linear mixed models were used for the analysis of differences between the brace
models and observers.

Results: All ankle braces significantly reduced the range of motion (ROM) in the sagittal plane by up to
38% compared to unrestricted movement. Sagittal measurements demonstrated a high level of
interobserver agreement between two human observers and the keypoint detection model, with a
consistency Intraclass Correlation Coefficient (ICC) of 0.92. This agreement was even higher in a subset
of studies that adhered to predefined image quality standards, yielding a consistency ICC of 0.96. Coronal
measurements showed low interobserver agreement presumably due to suboptimal image quality
resulting from unwanted rotational movements, which influenced the visibility of the predefined
anatomical landmarks.

Conclusion: These findings suggests that rtMRI has the potential for accurate measurement of talocrural
joint ROM in the context of evaluating ankle braces. However, imaging studies have to meet quality criteria
to ensure high interobserver reliability. Furthermore, the implementation of keypoint detection algorithms
can facilitate automated angle measurements, streamlining a time-consuming process for radiologists.

Trial Registration:

The study was retrospectively registered in the DRKS database on April 15!, 2025 with the identifier
DRKS00036544.

Background
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Acute ankle sprain represents the most prevalent musculoskeletal injury, accounting for up to 30% of all
sports-related injuries (1). The most common form of ankle sprain involves the stretching or tearing of the
lateral ankle ligament complex (2). Functional support through the use of ankle braces has been
extensively researched and is recommended for a duration of 4—6 weeks by several authors, surpassing
alternatives such as kinesiotaping or immobilization (1, 3). There is a variety of different brace designs by
several manufacturers (4). Ankle braces are designed to provide mechanical stability, proprioception and
psychological confidence (5). A systematic review by Megalaa et al. found that ankle braces did not
significantly reduce ankle inversion (6). In contrast, Rowe et al. concluded that while frontal plane
movements were not notably affected during running, there was minimal evidence suggesting restriction
during landing; however, movements in the sagittal plane were significantly reduced (5).

Acute ankle sprain can lead to long-term posttraumatic problems in up to 70% of cases, including
posttraumatic osteoarthritis and chronic ankle instability, which is itself associated with impaired postural
control (7, 8). Ankle brace treatment has proven effective in reducing the risk of reinjury (9). Beyond this
primary indication, ankle braces are utilized for a variety of conditions, ranging from inflammation of the
joint capsule or tendons to stable fractures of the lateral malleolus (10, 11).

Real time magnetic resonance imaging (rtMRI) is an emerging technique capable of visualizing motion
with a temporal resolution of up to 20 ms (12). The technique was first introduced by Uecker et al. in 2010
building upon fast low-angle shot acquisitions and undersampled radially acquired k-space data (12). This
approach allows for highly efficient k-space sampling, with each so called “spoke” traversing through the
k-space center. Iterative reconstruction techniques further reduce the number of spokes required (13).

Recent studies have demonstrated the feasibility of using rtMRI to visualize the scapholunate joint during
wrist motion, potentially aiding in the diagnosis of carpal instability by enabling precise measurement of
scapholunate joint width (14, 15).

A study by Sheehan et al. demonstrated that the talocrural joint plays an important role in ankle
kinematics, even during supination which is usually attributed to the subtalar joint (16).

The goal of this study was to leverage rtMRI to visualize talocrural joint motion in the sagittal and frontal
planes, examining the mobility restriction induced by different types of ankle braces. In this radiation-free
approach we compared the range of motion across four distinct brace designs from various
manufacturers against physiological, unrestricted movement.

Methods
Study design and Participants

This study was performed at the University Medical Center Gottingen, Germany, following the approval of
the ethics committee (protocol code 15/3/18). A total of ten healthy participants were recruited based on
specific inclusion and exclusion criteria. Written informed consent was obtained from each participant.
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Qualified participants had no history of surgical intervention related to the ankle or prior ankle injuries.
Individuals with known ligamentous diseases or rheumatologic conditions were excluded from the study,
as were those with chronic health issues such as arterial hypertension or diabetes. Additional exclusion
criteria included a bodyweight exceeding 125 kg and a waist circumference that exceeded the bore size of
our MRI machine, which was 70 cm in diameter. Individuals with contraindications for MRl examination
were also excluded. To ensure optimal imaging conditions, all participants were instructed to refrain from
engaging in any physical activities that could strain the ankle for 48 hours prior to the examination.

Image acquisition

Participants were positioned in the MRI scanner (3T Skyra, Siemens Healthineers, Erlangen, Germany) in a
supine position, feet-first. A 16-channel multipurpose coil (Variety, Noras MRI products GmbH, Héchberg,
Germany) was then placed around the ankle. The ankle was then placed in a specifically designed
apparatus that simulated passive inversion and eversion movements (Fig. 1).

Figure 1: Computer Aided Design (1) and schematic drawing (2) of the specifically designed apparatus
for the simulation of eversion and eversion of the ankle joint and MR/ setup (3) for measuring the
range of motion in inversion and eversion. Written consent was obtained regarding the publication of
these images.

The imaging protocol comprised both static and dynamic sequences, resulting in a total acquisition time
of approximately 90 minutes.

Initially, static T1-weighted Turbo Spin-Echo and T2-weigthed Double-Echo Steady State sequences were
acquired in the sagittal plane to identify any occult ankle pathology. Localizer images were acquired to
plan the dynamic sequences.

Dynamic imaging utilized T1-weighted rtMRI sequences based on a RF-spoiled fast low-angle short
(FLASH) gradient-echo technique (TR = 2.94 ms (sagittal) / 3.08 ms (coronal), TE = 1.79 ms (sagittal)/
1.85 ms (coronal), flip angle 8°). This technique was enhanced by a radial encoding scheme and iterative
reconstruction using regularized nonlinear inversion (NLINV).

Initially, passive frontal-plane movements were performed using the above-mentioned apparatus, resulting
in the acquisition of a total of 300 images at a temporal resolution of 20 ms. The imaging parameters
included a field of view of 128 mm and a matrix of 128 x 128, yielding an in-plane resolution of 1.0 mm.
The slice thickness was set at 4 mm (Table 1).

Following this phase, the apparatus was removed, and participants were instructed to perform
dorsiflexion and plantar flexion through their full range of motion while sagittal images were acquired.
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Table 1

Acquisition parameters of coronal and sagittal
rtMRI sequences.

Sagittal Coronal

Image count 400 300
Slice Thickness (mm) 4 4
Field-of-view (mm) 128 127
Resolution (Pixel) 128 128
Flip Angle 8° 8°

TE (ms) 1.79 1.85
TR (ms) 2.94 3.08
Temporal resolution (ms) 20 20

Following the assessment of the physiological range of motion, four different ankle braces were
sequentially applied around each participant’s ankle. The dynamic imaging sequence was then repeated
for each brace model. To mitigate potential fatigue effects, the order of brace application was randomized
among participants.

The NLINV-reconstruction of real time images was performed by using a reconstruction computer
(sysGen/TYAN Octuple-GPU, Sysgen; equipped with 8 Nvidia GeForce GTX TITAN GPUs), which was fully
integrated into the commercial MRI system.

The acquired MRI data were post-processed using the MATLAB software package (MathWorks R2024a,
Inc., Natick, Massachusetts, USA).

Ankle Brace types:

In this study, one flexible and three semi-rigid ankle braces, which were commonly utilized in clinical
practice, were selected for evaluation (Fig. 2):

Push Med Ankle Brace (Ofa Bamberg GmbH, Bamberg, Germany):

The Push Med ankle brace is a flexible support device made from microfiber and featuring elastic straps
to allow individual adaptation and compression. The brace also includes a silicon plate on the inside to
enhance proprioception. According to the manufacturer, this product limits both ankle eversion and
inversion.

Aircast Air-Stirrup Il (DJO France, S.A.S., Mouguerre, France):
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The Aircast Air-Stirrup Il is a semi-rigid ankle brace featuring a stirrup design. It contains air chambers on
the inside, which are compressed during walking. As the user walks, the contained air is displaced from
the plantar chamber to the lateral chambers, creating a massaging compression effect from distal to
proximal. This mechanism is intended to support pain relief and reduce joint swelling.

Malleo TriStep 50S8N (Ottobock SE & Co. KgaA, Otto Bock
Health Care GmbH, Duderstadt, Germany):

The Malleo TriStep is a semi-rigid ankle brace with a three-part construction that allows progressive
adaptation throughout the healing process. During the initial phase of the recovery the brace is worn in
combination with a rigid foot plate and a cross belt. As the healing progresses, the foot plate can be
removed for a more flexible configuration. In the final phase, only the brace itself is worn, allowing
increased mobility.

Juzo Pro Malleo Light (Julius Zorn GmbH, Aichach, Germany):

The Juzo Pro Malleo Light’s features a semi-rigid stirrup design that allows for individualized adjustment
through multiple straps and a heel band. According to the manufacturer, this design effectively limits both
eversion and inversion of the ankle, potentially reducing the risk of reinjury during physical activities.

Measurements:

Image quality for all sagittal sequences was assessed using a five-point Likert scale (Supplemental
Table 1) by three radiologists with varying levels of experience (3, 8 and 15 years). In both coronal and
sagittal sequences, angles were measured every ten images between the articulating bones of the
talocrural joint. To ensure reproducibility, anatomical landmarks were clearly defined prior to
measurement. In the sagittal plane, the angle was defined as the intersection between a line connecting
the distal ventral and dorsal edges of the tibia and a line between the posterior processus of the
calcaneus and the dorsal edge of the talar head. In the coronal plane angles were determined between a
line connecting the distal tips of the malleoli and the surface of the trochlea tali (Fig. 3). All
measurements were performed by two observers, with 1 and 3 years of experience in musculoskeletal
radiology, utilizing the Horos Software (version 3.3.6, LGPL-3.0)(17, 18).

Deep-learning model:

An openly available deep-learning keypoint detection model (YOLO11, Ultralytics Inc.) was trained for
automated keypoint detection and angle measurements, as described before (19). The image series that
were acquired without the use of an ankle brace and an average Likert-score of greater than 3 were
selected for the training of the model. A total of 300 images were randomly selected sparing every tenth
image and manually annotated by a radiologist with three years of experience. Training was performed in
a Google Colab environment for 300 epochs, following extensive hyperparameter tuning using the
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software’s built-in optimization method. Subsequently, all acquired sequences were measured
automatically in prediction mode, again considering every tenth image.

Statistics:;

For each ankle brace, as well as the physiological joint, we calculated the range of motion (ROM)
represented by the difference of the angles measured at minimum and maximum inversion and eversion.
The mean, standard deviation, maximum and minimum values were calculated.

Relative mobility restriction rD was determined as the difference between the ROM with and without an
ankle brace divided by the unrestricted ROM:

rA — (maz Angle,ihouan — MINANGle noiap) — (MazAngle ., 45 — minAngle,,,45)

(ma’w A’I’Lg ! CwithoutAB — mznAng leWithOUtAB)

A two-tailed one-sample Student’s t-test was applied to the relative mobility restriction rD for each brace
model and direction of movement to test against the null hypothesis of no constraint.

For the interobserver analysis, linear mixed models with observer (including both human observers and,
for the measurements in the sagittal images, the pose-detection model) and brace model (including no
brace) as fixed effects and a random intercept for the individual were employed to assess systematic
differences between the observers. Estimated mean differences of the measured angles in the sagittal
and the coronal images, respectively, between the observers were reported. These differences were
accompanied by 95% confidence intervals and p values. Additionally, consistency intraclass correlation
coefficients (ICC) were computed to evaluate interobserver consistency in angle measurements. This was
performed separately for both the sagittal and the coronal images.

A sub-analysis was performed on sagittal images that achieved an average Likert score of 3 or higher.

Statistical analysis was performed using the R software (Version 4.2.3; R Core Team 2023) with the R-
packages Ime4 (version 1.1.35.5) and ImerTest (version 3.1.3) for linear mixed models and performance
(version 0.12.4) for the computation of ICCs. The significance threshold was established at 5%. P-values
of the t-tests were adjusted using the Bonferroni-correction to account for multiple comparisons.

Results

Nine participants completed the entire examination; however, one participant was excluded due to an
unphysiologically low range of motion during dorsiflexion resulting in a total of 8 participants and 40
individual scans for the final analysis. The average height of the participants was 173 cm (SD % 9.3),
average weight was 64 kg (SD + 9.4) and the average BMI was 21 kg/m? (SD * 1.4).

Examination of the unbraced ankle showed a minimal angle of -14.0° (SD + 8.0) and a maximum angle of
37.0° (SD = 7.0) in the sagittal plane, resulting in a total range of motion of 51° (SD + 12.0). When wearing
the Juzo Pro Malleo, an average ROM of 41.0° (SD * 13.0) was observed, whereas an average ROM of
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40.0° (SD + 12.0) was determined for the Push med ankle brace and a ROM of 37.0° (SD + 9.0) for the
Aircast Air-Stirrup Il. The MalleoTriStep demonstrated an average ROM of 31.0° (SD % 9.0). The relative
mobility restriction in the sagittal plane was highest for the MalleoTriStep at 0.38 (SD +0.13, p<0.001),
followed by the Aircast Air-Stirrup Il at 0.27 (SD + 0.09, p < 0.001), the Push med ankle brace at 0.23 (SD
0.16, p=0.017), and the Juzo Pro Malleo at 0.2 (SD + 0.1, p = 0.002) (Fig. 4).

During passive inversion and eversion in the coronal plane, an average maximum angle of 19.0° (SD % 4.0)
was measured, alongside a minimum angle of 12.0° (SD * 4.0) resulting in an average ROM of 7.1° (SD #
2.5). The average ROM for the Juzo Pro Malleo was 6.5° (SD + 3.4), while 5.6° (SD + 1.4) for the Push med
ankle brace, 5.5° (SD * 1.7) for the Aircast Air-Stirrup 1l and 5.7° (SD % 2.4) for the Malleo TriStep. The
relative mobility restriction in the coronal plane was 0.05 (SD + 0.37, p = 1.0) for the Juzo Pro Malleo, 0.16
(SD £ 0.28, p = 1.0) for the Push med ankle brace, 0.11 (SD + 0.47, p = 1.0) for the Aircast Air-Stirrup Il and
0.1 (SD £ 0.47, p =1.0) for the Malleo TriStep (Fig. 5).

Interobserver analysis was conducted independently for both coronal and sagittal measurements. The
analysis of sagittal measurements revealed significant differences between all three observers.
Specifically, Observer 1 and 2 exhibited an estimated mean difference by 1.47° (Cl [0.4, 2.54], p = 0.004)
across all sagittal measurements. The estimated mean difference between the keypoint detection model
and observer 1 was - 0.27° (CI [-1.34, 0.79], p = 0.819), indicating no significant discrepancy. In contrast,
Observer 2 and the keypoint detection model showed an estimated mean difference of -1.75° (Cl [-2.82,
-0.68], p < 0.001). Consistency ICCs for all observers were 0.92 and 0.97 between the human observers.

Interobserver analysis of coronal measurements showed an estimated mean difference of 0.32° (CI[0.17,
0.47]) between the two human observers (p < 0.001), with a consistency ICC of 0.49.

A sub-analysis of 39 out of 45 sagittal image series with an average Likert score of 3 or more showed an
estimated mean difference of -0.33° (ClI [-1.2, 0.55], p = 0.74) between Observer 1 and the keypoint
detection model. Observer 1 and 2 differed by 1.51° (CI [0.46, 2.56], p = 0.002) and Observer 2 and the
keypoint detection model by -1.84° (CI [-2.89,-0.79], p< 0.001). The consistency ICC was 0.96 for all three
observers, 0.98 for Observer 1 and 2, and 0.95 and 0.94 for keypoint detection model and Observers 1 and
2, respectively.

Discussion

This study demonstrates that both active and passive ankle movements can be imaged with high
temporal resolution using real-time magnetic resonance imaging (rtMRI). To our knowledge, this is the
first study to utilize this new technique for visualizing motion in the talocrural joint. However,
generalizability is very limited owing to the small sample size in this study. Thus, it should rather be
viewed as a proof-of-concept.

All four ankle braces significantly restricted both dorsiflexion and plantar flexion, with the MalleoTriStep
brace exhibiting the greatest degree of mobility restriction at 38% compared to the unbraced ankle
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reducing the ROM from 51° to 31°. Nevertheless, it is worth mentioning that the performed movements
may not fully represent real-world functional activities.

Contrary to our expectations, inversion and eversion in the talocrural joint were not significantly reduced
by any of the tested braces. These findings align with the results reported by Megalaa et al. (6), who
performed a review of 42 studies investigating mobility restriction through ankle braces and taping,
primarily in healthy individuals. In our study, we exclusively measured the range of motion of the talocrural
joint in the coronal plane, as the ligaments stabilizing the talocrural joint - particularly the anterior
talocalcaneal ligament - are susceptible to injury from lateral ankle sprain (20). In addition, biomechanical
studies have shown that the talocrural joint contributes significantly to eversion and inversion movements
(16). The review indicated that while ankle braces did not decrease range of motion in the coronal plane,
they did reduced range of motion in the sagittal plane, particularly during plantar flexion. As the
effectiveness of ankle braces in preventing ankle sprains has been demonstrated in several studies, the
protective effect is likely due to prevention of movements exceeding the physiological range of motion.

On the other hand, we measured a significant mobility restriction in the sagittal plane, which aligns with
the results of the above-mentioned meta-analysis. The anatomical configuration of the talus body, which
narrows slightly towards the dorsal aspect, resulting in increased ankle mobility in plantar flexion (21).
The braces’ ability to reduce plantar flexion may serve as an additional mechanism for providing stability
and preventing excessive motion. In addition, plantar flexion > 20° has been shown to increase tensile
stress on the anterior talofibular ligament. Bracing may therefore prevent healing in elongation, which can
result in chronic instability (22).

Finally, further studies regarding mobility restriction in the injured ankle will be necessary. However,
applying potentially excessive movement to an already injured ankle can interfere with the healing process
and retraumatize the involved ligaments. Therefore, the ethical implications of such study design must be
carefully considered, as they may lead to chronic instability and long-term disability.

The interobserver analysis revealed significant differences in angle measurements between observer 1
and 2, as well as between observer 2 and the pose detection model, specifically regarding sagittal
movement. The estimated mean angles differed by 1.47° and - 1.75° respectively. Given the large number
of images analyzed in this study, even minor discrepancies between two observers can be detected with
high statistical power. However, considering that the tibiotalar joint's range of motion exceeds 50° in the
sagittal plane, these differences appear relatively small. The large consistency intraclass correlation
coefficient indicates high consistency between observers when disregarding systematic differences.

In contrast, coronal measurements showed a low consistency intraclass correlation, whereas the
estimated mean difference between Observers 1 and 2 was minimal (0.32°). The inability to strictly
confine eversion and inversion in the talocrural joint to the acquisition plane was due to slight rotational
movements, which resulted in non-visibility of the malleolar tips.

An additional sub-analysis of sagittal scans with an at least adequate image quality showed that

interobserver variability could be reduced even further, if certain quality criteria were fulfilled. However, the
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absolute differences in angle measurements between the observers and the keypoint detection model
stayed similar.

In conclusion, the ROM measured on rt-MRI demonstrates high reproducibility, provided that acceptable
image quality is achieved. This radiation-free approach holds significant potential for advancing the
development of ankle braces, as it facilitates the evaluation of brace effectiveness in a dynamic setting.
Additionally, rt-MRI may represent a key technique towards designing customized braces to serve
individual purposes (23, 24). To guide future examinations, we propose a set of quality criteria that should
be adhered to, or at least considered, to ensure reproducible and reliable measurements. These criteria
include the visibility of keypoints, contrast, spatial and temporal resolution, the field of view, and
appropriate patient selection and positioning (Table 2).

Table 2
Proposed quality criteria for rtMRI of the joint.

Category Considerations
Anatomical Keypoint + Key anatomical structures are clearly visible.
Visibility

+ No structures are obscured due to artifacts or malpositioning. This may e.g.

include choosing metal (and artifact) free products for brace testing.
Contrast + Image contrast allows for clear differentiation of tissues or structures.

» Signal-to-noise ratio (SNR) is adequate to maintain diagnostic utility.
Spatial resolution + Adequate resolution for the targeted anatomy.
Temporal resolution « Sufficient temporal resolution to capture real-time physiological motion.

* No excessive trade-offs between spatial and temporal resolution.
Field of View * FOV appropriately covers the region of interest.

« FOV covers the entire region during the full range of motion
Patient Positioning « If possible, the examined movement should be limited to the plane of image
and Selection acquisition to prevent unintentional out-of-plane movements

* No metal hardware in or close to the examined joint

In our opinion, these criteria represent the ideal conditions for real-time imaging; however, previous
studies have shown that confining movement to the acquisition plane is not always feasible. For instance,
rtMRI of the scapholunate joint is limited by palmar inclination of the scaphoid during radial deviation of
the wrist (15). Future approaches may benefit from the parallel acquisition of several slices
simultaneously, which could enable determination of the rotation angle of the involved bones through the
application of a fitting algorithm.

Finally, this study has shown that a deep-learning based keypoint detection algorithm can effectively
compute tibiotalar angles during rtMRI acquisitions. However, individual measurements may differ from
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those performed by a human reader due to misidentification of the keypoints. When assessing ROM, this
issue does not significantly impact the overall results, as all automated measurements are likely to be
affected by the same degree of error. Furthermore, the agreement between human readers and the
keypoint detection algorithm was strongest when the acquisitions met at least image quality standards,
defined as a Likert-Score of 3 or higher.

A potential limitation of this of this study is the scarce availability of truly independent training data. We
ensured not to use the same images for training and evaluation, but due to a high temporal resolution
sequential images differed only minimally. In future studies, the algorithm should be validated on an
independent cohort.

Over the past decades, the approach to postoperative and posttraumatic treatment has shifted from
immobilization to early mobilization (25). rtMRI could serve as a valuable tool for dynamic imaging of the
affected joint structures, helping to identify instabilities that may lead to poor treatment outcomes.
Additionally, tMRI has potential applications for other joints, such as detecting glenohumeral instability or
visualizing joint kinematics after ACL surgery, to name a few. This study highlights the potential of rtMRI
as a robust tool for assessing ankle mobility and brace effectiveness with high accuracy. By integrating
deep-learning-based keypoint detection, we pave the way for more efficient, automated analyses, reducing
the workload for radiologists. With further improvements, this technology could revolutionize orthopedic
diagnostics and rehabilitation as well as brace development, enhancing patient care.

Abbreviations

AB

ankle brace

Cl

confidence intervall

FOV

field of view

ICC

intraclass correlation coefficient
NLINV

nonlinear inversion

rA

relative mobility restriction
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range of motion

rtMRI

real-time magnetic resonance imaging
SD

standard deviation
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SNR
signal-to-noise ratio
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Figure 1

Computer Aided Design (1) and schematic drawing (2) of the specifically designed apparatus for the
simulation of eversion and eversion of the ankle joint and MRI setup (3) for measuring the range of
motion in inversion and eversion. Written consent was obtained regarding the publication of these
images.
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Figure 2

Lateral view of the distinct ankle braces used in this study. The models Ottobock 50S8N Malleo TriStep
(Ottobock SE & Co. KgaA, Otto Bock Health Care GmbH, Duderstadt, Germany), AIRCAST AIR-STIRRUP |l
(DJO France, S.A.S., Mouguerre, Frankreich), Push med Ankle Brace (Ofa Bamberg GmbH, Bamberg,
Germany) und Juzo Pro Malleo light (Julius Zorn GmbH, Aichach, Germany) were examined. Three of
which featured a semi-rigid stirrup design (Ottobock 50S8N Malleo TriStep, AIRCAST AIR-STIRRUP Il und
Juzo Pro Malleo light). One was a flexible brace (Push med Ankle Brace). Written consent was obtained
regarding the publication of these images.
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Figure 3

Angle measurements in the sagittal (1) and coronal rtMRI images (2). Written consent was obtained
regarding the publication of these images.
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Figure 4

Relative mobility restriction of the different ankle braces in the sagittal plane (plantar flexion/dorsiflexion)
compared to the unbraced ankle.
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Figure 5

Relative mobility restriction of the different ankle braces in the coronal plane (eversion/inversion)
compared to the unbraced ankle.
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