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Abstract
We present a prototype of an integrated virtual reality (VR) system which is intended to supplement traditional therapeutic
practices for the conservative treatment of idiopathic scoliosis. Our solution is inspired by equine-assisted therapy (hippother-
apy) and includes a horse riding simulator, therapist GUI as well as a synchronized visualization using either a conventional
monitor or a head-mounted display (HMD) as an output device. A proof-of-concept study indicates that the system could
constitute a valuable addition to the practice of physical therapy.

CCS Concepts
• Applied computing → Consumer health; • Computing methodologies → Virtual reality; • Human-centered computing →
Virtual reality;

1. Introduction

Virtual reality has evolved tremendously over the past thirty years
and developments in the field are still occurring at an astonish-
ing rate. Rather than focusing purely on the visual output, many
modern systems seek to offer an integrated multisensory experi-
ence geared towards full sensory immersion. Besides the inclusion
of sound and specialized input devices, haptic feedback constitutes
an important prerequisite for achieving that goal in many applica-
tions [AGHWK16].

Following a recent wave of affordable consumer hardware, vir-
tual reality has found a number of use cases in the realm of physi-
cal therapy [WKL14]. Naturally, such systems could benefit greatly
from incorporating haptic stimuli. To that end, we developed a pro-
totype of a VR-based therapy machine for the conservative (non-
surgical) treatment of idiopathic scoliosis. Beyond that, the pro-
posed approach could be adapted for other musculoskeletal disor-
ders or for usage in general entertainment. As part of this paper, we
submit the following contributions:

Mechatronic Therapy Device The development of the presented
system is motivated by the practice of hippotherapy which aims
to supplement traditional physiotherapy with horseback riding
in order to increase the patient’s strength, control and posture
[AKB∗15]. Consequently, we constructed a therapy machine that
mimics the physical experience of riding on a horse. It also dynam-
ically applies lateral forces to the patient’s torso, encouraging them
to actively develop their musculature in a way that alleviates their
scoliosis.

Therapist GUI The graphical user interface enables the therapist
to manage therapy sessions and facilitates control over the opera-
tion of the machine. Its core feature is an editor which can be used
to specify the forces that are applied by the therapy machine as
functions of time.

Virtual Environment Physical stimulation is complemented with
visual feedback which provides the impression of sitting on a horse
and riding through a landscape. The virtual environment can ei-
ther be viewed monoscopically on a traditional monitor or through
a consumer-grade HMD to increase the effect of immersion. To
provide a consistent experience of physical and visual stimuli, dif-
ferent mechanisms ensure that the visualization and the forces gen-
erated by the therapy machine remain properly synchronized. This
includes the alignment of the virtual horse’s gait with the motion of
the physical saddle as well as a correction algorithm which ensures
a consistent camera position. Furthermore, the net force applied to
the patient’s torso is at any point in time proportional to the cur-
vature of the path that the horse is following, allowing the patient
to associate the lateral forces generated by the machine with the
movement inside the virtual environment.

User Study To evaluate the general design and functionality of the
therapy system we conducted a qualitative study with patients suf-
fering from idiopathic scoliosis. Judging from this initial experi-
ment, the VR-based therapy system seems to provide an engag-
ing user experience. Furthermore, the increased sensory immersion
from wearing a head-mounted display was preferred by most par-
ticipants. Based on the results of this study we conclude that, with
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some improvements, the presented VR system has the potential to
be applied by therapists in their daily work. Thus, our prototype
opens the possibility to examine the medical efficacy of virtual hip-
potherapy for the treatment of idiopathic scoliosis in quantitative
studies.

The remainder of this paper is structured as follows: We begin
by giving an overview of related research in section 2. Following
that, section 3 contains a description of the three system compo-
nents (mechatronic device, graphical user interface and visualiza-
tion). Finally, we evaluate the results of our work in section 4.

2. Related Work

According to the German Robert Koch Institute (RKI), 5.2% of
adolescents under the age of 18 exhibit an unexplained side-to-side
curvature of the spine of more than 10° and are therefore diagnosed
with idiopathic scoliosis [KAE∗07]. The term idiopathic refers to
the fact that the cause of the deformity is unknown and stands in
contrast to non-idiopathic scoliosis, which can be traced back to
malformed vertebrae, neuromuscular insufficiencies such as cere-
bral palsy or a lack of passive stabilizers of the spine [KSK13].
As a well-established conservative treatment for idiopathic scolio-
sis, Schroth therapy [LS92] combines a special breathing technique
with active muscle training to alleviate spine deformities. Much of
the therapeutic background for the proposed machine is rooted in
this approach. Wibmer et. al. [WGN∗16] integrate a video game
that provides physical exercise with the Schroth method, reporting
increased motivation and exercise performance. In their system, a
game controller is used to track two points on the patient’s body
while the output is displayed on a conventional monitor.

Equine-assisted therapy or hippotherapy has been applied to the
treatment of several musculoskeletal disorders including cerebral
palsy [BMG03,MBDSS09], low back pain [JGS∗15,AML∗16] and
multiple sclerosis [HNF∗05]. In their 2015 review, Angoules et.
al. report improvements in muscle strength, balance, coordination,
relaxation and posture control [AKB∗15]. However, the cost and
effort required to keep a real horse severely limit the availability
of horse riding in general and hippotherapy in particular. As a re-
sult, several horse riding simulators have been developed [BK13]
and used for therapeutic purposes [HKK∗12,RLZ21]. For example,
Anderson et. al. [AABB10] reproduce prerecorded horse motion
data on a hexapod robotic platform and enable the user to explore a
predefined virtual environment through a multisensory VR system.
The authors also include various sensors to facilitate quantitative
studies regarding the effects of equine-assisted therapy. However,
we found no indication that this system has ever been used for such
a study. In contrast to their work, we utilize a moving platform
with fewer degrees of freedom while synchronizing the visual out-
put with the motion of the simulator. Additionally, we induce haptic
stimuli by applying lateral forces to the user’s torso. Furthermore,
our virtual environment is generated procedurally, providing the
therapist with greater control over the setting. Kim et. al. [KNS19]
reported promising results using VR in combination with a 5-DOF
horse riding simulator to improve functional performance in chil-
dren with cerebral palsy. A 9-axis inertial measurement unit (IMU)
was affixed to the simulator and used to synchronize the virtual
environment to the movements of the machine via bluetooth. Un-

fortunately, the paper provides no information regarding the con-
tent of the virtual environment and the exact synchronization algo-
rithm. The setup of the electromechanical device which simulates
riding motions differs in two ways: First, our machine tracks the
saddle position directly instead of relying on an external sensor.
This eliminates the IMU as an error source and reduces the trans-
mission latency by utilizing Ethernet or Wi-Fi instead of Bluetooth.
However, in the interest of cutting the cost of production and main-
tenance, our design features only one degree of freedom. Second,
their system applies no external forces to the torso of the patient, re-
lying on a therapist to continuously correct the patient’s upper body
posture. In our solution, mechanics, user control and visualization
are fully integrated.

On a broader spectrum, virtual reality has been used to treat a
number of disorders [WW05, GTC∗15, YÇD∗17] and to supple-
ment traditional physiotherapy following brain and limb injuries
[LMM12, PCSB∗18]. For a comprehensive overview of VR in the
context of motor rehabilitation, see also [WKL14]. Concerning the
role of the therapist in relation to virtual reality, Levac and Galvin
[LG13] suggest that personal interaction with the patient remains
crucial in the application of VR-based therapy.

In an effort to convey more than just visual stimuli, many mod-
ern consumer-grade HMDs feature integrated headphones. Further-
more, specialized hardware for the conveyance of smell [MNI11]
and taste [KJH∗18] as well as a plethora of innovative input de-
vices have been developed [AGHWK16]. Systems that rely on om-
nidirectional treadmills or low-friction surfaces for navigating vir-
tual worlds usually outfit the user with a harness that guarantees
stability without an active mechanical element [NB16]. A simi-
lar concept has been leveraged by Fels et. al. to simulate swim-
ming [FKC∗05]. In their installation, the user is suspended horizon-
tally in mid-air and experiences buoyancy and drag forces through
a combination of bungee cords, pulleys and counterweights. Haptic
feedback vests serve as an additional output channel and have been
used to actively convey vibrations, sound, electrical stimuli and
temperature changes [LPYS04,AGHWK16]. Our system combines
features of the above approaches, with the vest itself constituting a
passive element and forces being applied by means of external mo-
tors connected via ropes. In the current prototype, these forces serve
a purely therapeutic purpose. However, a similar method could be
used to mimic centripetal forces, e.g. in motorcycling simulators.

3. System

The proposed system encompasses a mechatronic horse riding sim-
ulator, a therapist GUI and a synchronized visualization. Figure 1
illustrates their relationship.

3.1. Mechatronic Device

The mechatronic device as seen in figure 2 consists of several com-
ponents. An ergonomic stool which resembles a saddle is affixed
to a raised platform. Aside from being height-adjustable, the two
sides of the seat can also be tilted forwards and backwards inde-
pendently, allowing therapists to adjust the setup according to the
patient’s default hip posture. While sitting on the saddle, a static
handlebar offers support as needed. An electric motor drives the
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Figure 1: A schematic overview of the therapy system. Solid lines
represent connections to peripheral devices while dashed lines con-
stitute network connections.

Figure 2: The therapy machine in use during a test run. The ther-
apist is monitoring the patient’s posture while also keeping an eye
on the GUI on a screen to the right. Both ropes have been attached
at specific points on the vest and their pulleys adjusted vertically
according to the type of scoliosis at hand.

platform itself, offering one DOF by tilting the plane forwards or
backwards. We refer to one cycle as the time it takes the saddle
to, starting from a neutral position, move forward to its limit, then
backward to its limit and then forward to the neutral position. Each
cycle ends with a synchronization event. The number of cycles per
second is referred to as the saddle’s frequency. In case of emer-
gency, a button next to the patient’s left foot can be used to stop the
machine immediately.

Behind the saddle, two pillars are attached to the machine’s base.
At the bottom of each of them, an electric winch pulls on a rope
which runs up inside the pillar and across a height-adjustable pul-
ley. Both ropes end in a spring hook. By attaching these hooks to
different rings on a custom vest and changing the height of the pul-
leys, therapists can apply force at various points on the patient’s
torso, depending on the type of scoliosis they exhibit. The pillars
can be detached from the base and transported separately which re-

duces the width of the entire device to below 80 cm, allowing it to
fit through most standard doorways.

Inside the cabinet at the back of the machine, a number of elec-
tronic components control the speed of the saddle motor as well as
the force applied to each of the ropes. A network interface accepts
commands to change these parameters via Ethernet and sends sta-
tus updates, such as the current saddle angle and the actual forces
applied by the ropes, back to the rest of the system.

3.2. GUI

The GUI application constitutes the primary means of interaction
between the therapist and the system. It has been developed using
the Unity engine to facilitate portability to a wide variety of plat-
forms. When launched, it establishes a network connection with
the mechatronic device and presents a list of all patients that have
been entered into the internal database. New patients can be added
through an input mask and patient-specific data can be accessed by
clicking on an entry in the list. This data includes personal infor-
mation, comments by the therapist and a list of therapy sessions
performed with the patient. Selecting a session displays the session
detail screen. There, the therapist is able to enter session-specific
comments and to access a dedicated editor for planning the forces
applied to the ropes described in section 3.1 over the course of the
session. The force progression is described as a vector valued func-
tion

F(t) = (FL(t),FR(t)) (1)

where the component functions FL and FR are associated with the
forces applied to the left and right rope respectively when viewed
from behind the patient. Each of these functions is defined via a
sequence of n ∈ N keypoints

k0 = (0, fmin) (2)

ki = (ti, fi) i = 1, . . . ,n−1 (3)

with fi determining the force to be applied to the respective rope
ti seconds after the beginning of the therapy session. fmin and fmax
denote the minimum and maximum force that can be generated by
the electric winch, i.e. 0 < fmin ≤ fi ≤ fmax. These parameters are
retrieved over the network during the initialization of the GUI. Be-
tween two keypoints, the resulting force is obtained through lin-
ear interpolation. Beyond the final keypoint, the force remains con-
stant.

The editor shown in figure 3 displays the graphs of FL and FR
with the elapsed time and the applied force along the horizontal
and vertical axis, respectively. Individual keypoints can be added,
modified and removed. Since it is a common use-case to match the
forces to the patient’s breathing rhythm, a wizard allows therapists
to easily produce regular patterns like the one shown in the image.
Finally, the current function can be saved and reused at a later date.

Once the force progression is prepared and the patient is seated
on the saddle, the therapy session can be started from within the
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Figure 3: The force progression editor with the force function for
the left rope on top. Individual keypoints can be added and removed
using the buttons on top and modified by dragging and dropping
or by entering specific values into the input fields. The currently
selected keypoint is highlighted in red.

Figure 4: The therapy monitor with information about the current
force progression on the left and saddle frequency controls on the
right. The red line marks the current point in time along the force
progression.

session detail screen of the GUI. While it is running, the force pro-
gression and current saddle angle can be monitored on screen as
shown in figure 4. Furthermore, the speed of the saddle can be
changed at will by entering the desired frequency, the delay until
the adjustment begins and the duration over which it should occur.

3.3. Visualization

Initiating a therapy session will also start the visualization software
which immediately accepts a network connection from the GUI.
This architecture allows for the two applications to run on separate
machines, for example a desktop PC for the visualization and a
tablet for the GUI. The software and the underlying custom engine
were developed in C++ using the OpenVR SDK to interface with
the head-mounted display.

Environment Upon launch, the current force progression is trans-
mitted to the visualization and converted into a path across a 3D
terrain which is subsequently followed by the virtual horse. This

process is based on the concept of net force, the difference between
the force applied to the left and right rope at any given time:

FN(t) = FL(t)−FR(t) (4)

Whenever the net force is positive, the pull on the left rope is
stronger and the path will be curved to the left. Conversely, a nega-
tive net force indicates a stronger pull on the right side and a bend
to the right. If the net force is zero, the path should lead straight on.
In other words, FN is proportional to the curvature of the path in
the 2D plane viewed from above. This lets the path serve as a vi-
sual aid to the patient, indicating force changes ahead of time. The
conversion is achieved by means of the following steps:

1. We sample the net force with a configurable step size s denot-
ing the time between two samples in seconds. The default value
s = 0.1 produces a sufficiently fine-grained sampling so that the
effects of interpolating between samples (see below) are not no-
ticeable.

2. Each net force sample is multiplied with a scalar r to obtain
curvature values κi. This parameter intuitively determines how
tightly the path bends for any given net force value and can be
set by the therapist based on the requirements of the patient.

3. Position, tangent and normal samples (pi, ti and ni, respectively)
of a 2D curve are computed using the curvature samples as well
as an initial position p0 and tangent t0:

pi = pi−1 + sti−1 (5)

ti =
ti−1 + sκi−1ni−1
||ti−1 + sκi−1ni−1||

= (xti,yti)
T (6)

ni = (yti,−xti)
T (7)

4. We procedurally generate a terrain heightmap using Perlin noise
[Per85, Per02, Gre05]. To increase the frequency range of the
output, several octaves of noise at different amplitudes and fre-
quencies are added together. This technique is known as fractal
noise [EMP∗03]. The height value of a point p in the XZ-plane
is therefore calculated as

h(p) =
n−1

∑
i=0

aα
i f (bβ

ip) (8)

where n is the number of octaves, f is the noise function, a is the
base amplitude and b is the base frequency of the noise. Persis-
tence (α) and lacunarity (β) control the amplitude and frequency
at higher octaves. These parameters can be tweaked to produce
a wide variety of surface structures, from flat plains over rolling
hills to jagged mountains. In the current prototype, they are cho-
sen in a way that avoids steep slopes which would be difficult
for a horse to traverse (a = 25, b = 2, α = 0.5 and β = 2). A
more sophisticated solution which incorporates the constraints
that are implied by the 2D path directly into the terrain gener-
ation is currently under development. The position and size of
the terrain are determined by the bounding box of the 2D curve
so that each point on the path is at least a certain, user-defined
distance away from the edge of the terrain.
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5. Since the generated surface is continuous by definition, tangents
and normals for the terrain vertices can be calculated using finite
differences. Let δ be the edge length of a cell in the heightmap.
Given the height values hl , hr, ht and hb of the four adjacent
vertices (see figure 5), two axis-aligned tangents tx and tz as well
as the normal vector n of a terrain vertex v can be calculated as
follows:

tx =
(2δ,hr−hl ,0)

T

||(2δ,hr−hl ,0)T || (9)

tz =
(0,hb−ht ,2δ)T

||(0,hb−ht ,2δ)T || (10)

n =
tz× tx

||tz× tx||
(11)

Whenever an adjacent height value is unavailable, i.e. along the
edges of the terrain, forward or backward differences are em-
ployed as needed. Height values between vertices can be ob-
tained via bilinear interpolation. Since normals and tangents are
unit vectors representing points on a sphere, they are interpo-
lated spherically instead [Sho85].

6. Decorative objects are placed pseudorandomly so that they don’t
overlap each other or the path.

7. We combine position samples from the 2D curve with terrain
height values to obtain 3D curve position samples. Tangent and
normal samples for this curve are taken directly from the terrain.

These 3D curve samples are used to set the position and orien-
tation of the virtual horse according to the time that has elapsed
since the beginning of the therapy session. Position values between
two sample points are obtained using linear interpolation. As be-
fore, SLERP is used for normals and tangents. Figure 6 shows an
example of an environment created using this algorithm.

Animation The motions of the virtual horse are produced using
forward kinematics. An animation clip of a walking horse has been
manually adjusted so that the start of the clip matches the neutral
position of the saddle and one iteration of the clip corresponds to
one full cycle. During runtime, the simulation receives frequency
changes and synchronization events over the network and corrects

x

z

δ

δ

ht

hb

hl hrv

Figure 5: The four height values used to calculate tangents along
the X- and Z-axis at the terrain vertex v.

the associated timestamps for latency. The speed of the animation
is then set according to the current frequency. Whenever a synchro-
nization event is recorded, the animation clip is reset to its begin-
ning. Since frequency changes are not instantaneous and mechan-
ical errors accumulate gradually, this proved sufficient to prevent
desynchronization without noticeable visual artifacts.

For therapeutic reasons, the therapist must be able to change the
frequency of the saddle at will during runtime. Recall however,
that the parameter of the force progression F(t) represents the time
since the beginning of the therapy session. Therefore, the horse’s
path and the speed at which it moves forward remain constant for
the duration of a session. This can produce unrealistic output since
it effectively disconnects the animation from the horse’s movement
across the terrain. Consider the case when the therapist decides to
stop the saddle because a patient reports discomfort, but wishes to
continue the therapy session. As long as the saddle remains static,
the virtual horse would then loop through its “idle” animation while
still moving forward normally, seemingly gliding across the terrain.
However, based on our tests we surmise that such a scenario consti-
tutes a rare edge case. One possible solution to this problem would
be a separate “free roam” mode in which the movement of the vir-
tual horse is not tied to the total elapsed time.

A more sophisticated animation module might utilize inverse
kinematics (IK) to prevent the horse’s limbs from clipping through
the terrain. However, since it is quite hard for the user to even look
at the hooves from a first person perspective, IK was not incor-
porated into this system. Furthermore, the current curvature of the
path could be used to blend between three animation clips for walk-
ing left, right and straight ahead. In our prototype, this was not in-
cluded because we assume the maximum curvature of the path to
be relatively small for therapeutic reasons.

Output Our system features two visual output modes: monoscopic
display on a conventional monitor – hereafter referred to as screen
mode – or virtual reality using a HMD. This option is provided
both as a means to gauge the impact of VR compared to traditional
2D output and as a way to alleviate stress for patients that feel un-
comfortable in a VR environment. Both modes place the user in a
first-person viewpoint on horseback. In screen mode, the camera
always looks straight ahead whereas users are able to turn it freely
by moving their head in VR mode. The origin of the tracking coor-
dinate space is calibrated to lie on top of the saddle.

Due to the construction of the mechatronic device simulating the
horse ride, the saddle pivots around the base of the platform shown
in figure 2, causing the user to continuously move forwards and
backwards in real space. If the tracked head position is applied di-
rectly to the virtual camera, the viewpoint would slide back and
forth even when sitting perfectly still. During development, this
was perceived as highly unrealistic. Therefore, we implemented an
algorithm to eliminate the effects of the saddle motion from the
camera transformation while preserving the user’s head movement
relative to the saddle. To that end, two parameters are utilized in
addition to the tracking data provided by the HMD:

1. The distance between the pivot point and the top of the saddle
which is measured manually and stays fixed over the duration of
a therapy session.
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Figure 6: Left: The path generated from the force progression in figure 4. It starts on the right side of the picture, exhibiting two bends to the
left, one to the right and a straight stretch towards the end. Right: First-person view from horseback in screen mode.

2. The current angle of the saddle which is recorded and trans-
mitted by the therapy machine at regular intervals (10 Hz by
default).

After being corrected for network latency, the angle is linearly
extrapolated into the present and used to calculate the difference
between the saddle’s neutral and current position. The resulting off-
set is added to the tracked head position, producing a stable virtual
camera. Once again, changes in the observed parameter are small
and gradual, causing no noticeable jittering under this simple algo-
rithm.

4. Evaluation

The three aforementioned components have been successfully
combined into a functional integrated VR solution. This section
provides an evaluation of the system’s performance and usability.

4.1. Performance

A PC equipped with an AMD Ryzen 7 3700X CPU and an NVIDIA
GeForce RTX 2070 SUPER graphics card is able to run the visual-
ization consistently at 90 frames per second which is equivalent to
the refresh rate of the HMD that was used for the prototype (HTC
Vive Pro). On the same machine, the preprocessing steps detailed
in section 3.3 are completed in less than five seconds.

Figure 7 shows a measurement of the current saddle angle across
time. This variable is recorded by the machine control and sent
across the network to the visualization every 100 ms. Since it forms
the basis for the camera correction described in section 3.3, which
is a likely candidate for causing simulation sickness, its synchronic-
ity should be examined. The data reveals a deviation of about
0.25◦at the extrema and no appreciable temporal offset. Readings
were obtained with the machine control connected via Ethernet to
a PC running both GUI and visualization.

4.2. User Study

In order to assess the usability of our system for the therapy of pa-
tients with scoliosis we conducted a qualitative user study in coop-
eration with a physiotherapist who is familiar with Schroth therapy.

Technical Setup The study was performed in a lab provided by
sanisax GmbH in Dresden, Germany. In preparation of the exper-
iment, the mechatronic device was positioned so that it would be
accessible from the front and back as well as from one of the sides.
The default saddle frequency was set to 0.4 Hz, i.e. one cycle every
2.5 seconds. Two monitors (both 24 inches, 1080p, 60 Hz) were
placed on a table roughly one meter in front of the device. One
of them was used to display the visualization while the other one
showed the therapist GUI. A mouse and keyboard were provided
to enable interaction with the user interface. Both the GUI and the
visualization ran on the same PC that was used to obtain the per-
formance measurements presented in section 4.1. The connection
between the mechatronic device and the PC was established via
Ethernet. Two SteamVR Base Stations 2.0 were affixed in the room
with a clear line of sight to the saddle and an HTC Vive Pro served
as the HMD for the experiment. In the interest of hygiene, the foam
padding inside the HMD was replaced with a wipeable variant.

Participants Patients who suffered from idiopathic scoliosis were
eligible for inclusion in the study. Individuals with non-idiopathic
scoliosis were excluded. Gender was not restricted. Consequently,
nine patients aged 13 to 32 (mean: 23.8, SD: 7.1) were invited to
participate.

Figure 7: The current saddle angle in degrees as logged by the
machine control (blue) and the visualization (orange). Time is given
in milliseconds along the horizontal axis.
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Procedure Before the start of the first experiment, the therapist
was instructed in the operation of the prototype. This included a
personal test run in order to gain an intuitive understanding of the
forces which can be applied by the machine.

Each participant completed a set of four consecutive five-minute
therapy sessions with a short break of one to two minutes between
them. For the first two sessions of each set, the visualization oper-
ated in screen mode while sessions three and four were performed
using the HMD. Before the start of a set, the therapist customized
the force progression and the attachment pattern of the ropes ac-
cording to the type of scoliosis at hand. To that end, each patient
was asked to take several deep breaths. A force progression was
then generated based on the duration of these breaths so that during
each inhalation, both ropes would pull with a force proportional to
the magnitude of the spinal curve to which they are attached. The
exact force values were determined subjectively by the therapist.
To illustrate, consider the force progression in figure 3 which was
prepared for a patient with a primary right lumbar curve and a less
pronounced left thoracic curve. In this case, the left rope would
be attached towards the top of the vest and the right rope close to
the bottom. Patients were instructed to synchronize their breathing
with the pull of the ropes and to maintain a straight posture through-
out the therapy in order to exercise the musculature on the concave
sides of their spinal curves.

Throughout the experiment, the therapist monitored each pa-
tient’s posture and offered guidance as needed to ensure that the
exercises were performed correctly. A measurement of each indi-
vidual’s symptoms was obtained using a scoliometer before the first
session and after the entire set. At the end of each set of sessions
a questionnaire (see next section) was answered by the therapist
and the respective patient. Furthermore, both were encouraged to
express any additional comments regarding their user experience.

Results Table 1 contains the measurements that were obtained con-
cerning the severity of each patient’s scoliosis. Complementing
that, table 2 summarizes the results of the questionnaire. For a full
matrix revealing each individual datum, please refer to the accom-
panying material.

4.3. Discussion

We will begin the discussion of the proposed system by focusing on
the results of the user study. All participants stated that they would
like to try a similar type of therapy again. Eight out of nine found
the treatment enjoyable. This indicates that, should the medical ef-
fectiveness of the approach be verified in clinical trials, VR-based
hippotherapy could constitute a valuable tool for the conservative
treatment of idiopathic scoliosis.

Two participants gave no definitive answer when asked which vi-
sualization mode they preferred. Upon further inquiry, both stated
that they like to keep their eyes closed during scoliosis exercises in
order to concentrate. A future version of the system could incorpo-
rate auditory stimuli to support that use case. Out of the remaining
seven patients, only one preferred the screen mode, elaborating that
they perceived the HMD as unnecessary. We therefore surmise that
both modes have their applications and should be considered in
further research. However, the majority of participants favored the

HMD which reinforces the notion that full sensory immersion is
desirable in the context of virtual hippotherapy.

Two patients reported feelings of discomfort after finishing their
final therapy session. Interestingly, these were the same participants
who stated that they used the simulator with their eyes closed. In
light of research which suggests that the presence of a horizon line
can reduce motion sickness [TGW∗12, HKH20], this casts some
doubt on the usability of our system without visual stimuli. If such
cases present themselves in further investigations, the aforemen-
tioned option of stopping the saddle altogether, while not utilized
by the therapist in this test series, could prove useful. Out of the
remaining patients, none reported vertigo or discomfort, indicating
that our integration of physical movements with visually induced
motion perception was successful. However, we acknowledge that
our analysis covers only a subset of the factors commonly asso-
ciated with simulator sickness. A subsequent quantitative study
would benefit from the inclusion of a more comprehensive mea-
surement such as the Simulator Sickness Questionnaire [KLBL93].

With regards to the medical efficacy of the proposed method, our
findings are inconclusive. All participants reported that they were
able to perceive distinct forces as applied by the ropes. However,
while some exhibited clear improvements (6, 7, 8), changes in oth-
ers were either minor (3) or bidirectional (1, 2, 4, 5, 9). In order
to reach a more reliable assessment, future research needs to ex-
amine a greater number of patients over a longer period of time.
Furthermore, while the scoliometer is quick and straightforward to
apply, it does not afford the precision of more involved measure-
ment techniques such as radiography or 3D scanning. Moreover,
we observed several participants instinctively straighten their backs
after donning the HMD for the first time. This could indicate that
some of the positive effects of conventional hippotherapy carry over
into virtual reality. However, more data is required to confirm this
assumption.

The therapist who guided our patients through the study judged
the experience of working with the prototype favorably, noting that
the GUI offers an efficient way of creating a force progression
which matches an individual patient’s breathing rhythm. Concern-
ing the therapeutic suitability of the haptic feedback system, the
therapist identified three cases where the garment was not fitted
tightly enough, causing the forces to be applied outside of the de-
sired area. This should be addressed by an improved version of the
prototype. In all other cases, the device was perceived as readily
adaptable to the type of scoliosis at hand. Overall, the therapist de-
scribed the system as a promising addition to the practice of physi-
cal therapy.

It should also be noted that due to the within-subjects design of
the study, carry-over effects between the two visualization modes
are to be expected. Future quantitative studies could provide more
accurate results by utilizing a between-groups setup. Furthermore,
the generated path offers little to no additional information to the
participants of the study due to the rhythmic and predictable na-
ture of the treatment regimen chosen by the therapist (see figure
3). Thus, the suitability of our path generation algorithm as a visual
aid for anticipating lateral forces remains an open question. Finally,
future trials could investigate the usability of the GUI on handheld
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Patient Age Type Thoracic A Thoracic B Thoracic ∆ Lumbar A Lumbar B Lumbar ∆

1 30 4BHR 6.0 4.0 -2.0 0.8 1.7 0.9
2 13 4BHR 3.5 1.7 -1.8 2.5 4.5 2.0
3 32 3BR 2.6 3.0 0.4 1.0 1.0 0.0
4 31 4BHR 2.0 2.9 0.9 1.0 0.3 -0.7
5 14 4BHR 3.0 4.0 1.0 2.0 1.0 -1.0
6 30 3BH 3.0 2.0 -1.0 2.0 1.2 -0.8
7 25 3BHR 1.0 0.0 -1.0 1.0 0.0 -1.0
8 18 3LR 1.7 0.4 -1.3 1.2 0.0 -1.2
9 21 3BHL 0.9 0.5 -0.4 0.0 1.5 1.5

Table 1: Comparison of symptoms before (A) and after (B) the set of therapy sessions as well as the difference (∆) between both measurements.
Scoliosis type is given according to the Schroth classification. Data was obtained using a scoliometer.

Question Positive Uncertain Negative
1) Which display mode did you like more? 6 2 1
2) Did you experience vertigo during or after the therapy? 0 0 9
3) Did you perceive the forces applied by the ropes distinctly? 9 0 0
4) Would you try this kind of therapy again? 9 0 0
5) Did you experience discomfort during or after the therapy? 2 0 7
6) Was the treatment enjoyable? 8 1 0
7) Could the type of scoliosis at hand be adequately treated using the vest and ropes? 6 1 2
8) Did you observe changes in the symptoms of the patient? 8 0 1

Table 2: Results of the questionnaire with the number of positive, uncertain and negative answers to each question. For question 1, positive
answers correspond to the VR mode and negative answers to the screen mode. Questions 1 through 6 were directed towards the patient, 7
and 8 towards the therapist.

devices and the impact of the wireless network connection implied
by that use case.

On a modern consumer-grade PC, the visualization runs
smoothly at the desired frame rate and the preprocessing steps com-
plete in a reasonable amount of time. The proposed synchroniza-
tion measures produce no noticeable visual artifacts. Nevertheless,
a more sophisticated prediction algorithm could reduce the discrep-
ancies described in section 4.1 by taking advantage of the periodic
nature of the signal.

5. Conclusion and Future Work

We have presented a prototype of an integrated VR system for use
in physical therapy with a specific focus on the conservative treat-
ment of idiopathic scoliosis. Our solution consists of the therapy
machine itself, a GUI for use by the therapist and a visualization
component. The conducted user study showed that our system has
the potential to be integrated into physical therapy sessions with
patients suffering from idiopathic scoliosis. Thus, it facilitates fu-
ture quantitative assessments of the medical efficacy of virtual hip-
potherapy in this context. Such trials could also investigate some
aspects of the prototype which have not been examined as part of
our study.

Concerning the prototype itself, several possible improvements
remain as topics for further research: A more sophisticated visual
presentation as well as the inclusion of auditory stimuli can be ex-
pected to increase realism and thereby enhance immersion. Fur-
thermore, the system could be extended to allow direct user input,

for example through VR controllers that represent the horse’s reins.
Finally, a terrain generator that produces more varied environments
without violating the constraints set by the predetermined path may
induce a more intriguing user experience and avoid boredom during
protracted therapy sessions.
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