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ABSTRACT 

Ankle sprains are one of the most common musculoskeletal injuries. A Large percentage of sprains are caused by 
the inversion movement, about 80-85%, affecting the lateral ligaments of the ankle. Lateral ankle sprains can injure 
several structures, including lateral ligaments: Anterior talofibular ligament, calcaneofibular ligament, and posterior 
talofibular ligament. The diagnosis is, in an initial phase, done by the collection of information on the clinical history, 
by inspection, palpation and by instability tests. This process is done for a quick and economic screening of the injury 
and, if required, an auxiliary examination to confirm it. The auxiliary examination consists mainly of an ultrasound or 
an MRI. The anterior drawer test, considered the most clinically relevant, presents a great dispersion of results with 
a sensitivity of 62-86% and a specificity of 59-91% that are below the desired value. This test was designed to 
indirectly evaluate the integrity of the anterior talofibular ligament (the most fragile and the first to be injured in acute 
lateral sprains). Devices have been developed to replicate clinical instability testing by eliminating the subjectivity of 
the examiner and providing more accurate and objective results. However, the problems inherent in traditional tests 
remain, especially inter-individual variation. On the basis of the same principle, one seeks here a way of diagnosing 
ligament injuries using only one degree of freedom, although a distinct one. The degree of freedom proposed here 
is the rotation around the axis of the talocrural joint rather than the displacement of the talus in relation to the tibia as 
usual. A prototype that allows executing this test was developed. 

Keywords: Ankle Sprain, Lateral ligaments, Anterior talofibular ligament, Diagnosis, Instability test, Talocrural joint 
axis, One degree of freedom, Prototype. 
 

1 INTRODUCTION 

Ankle sprains are one of the most common 
musculoskeletal injuries. It occurs in about 10,000 
people daily in Western countries and constitutes 
about 3-10% of admissions to the emergency services 
[1]. In every 1000 exposures, 13.6 sprains occur in 
women and 6.94 in men indicating that the female is 
more prone to this type of injury [2] (other studies 
suggest a smaller difference between men and 
women as only 25%) [3]. The most common type of 
sprain is a lateral sprain (80-85%) that affects and 
injures the lateral ligaments and occurs when the foot 
is in plantar flexion (FP) subjected to forces that cause 
inversion of the ankle [4, 5, 6]. 

On a sporting level, sprains account for between 20 
and 40% of all injuries being the most frequent. The 
sports with a greater number of incidences are 
basketball, soccer and volleyball and within them the 
sprain is the most frequent injury. Yet most studies 
tend to underestimate the numbers because of the 
quantity of unreported injuries that do not seek 
medical care (about 55%). 

The clinical examination is used to diagnose the 
problem, that is, to identify the existence and severity 
of the injury and, if necessary, an auxiliary 
examination to confirm and exclude other pathologies 
(imaging tests). This diagnosis is made mainly by the 

inspection, palpation and by the anterior drawer test, 
with its inherent problem of reliability. An edema has a 
sensitivity of 89% and a specificity of 35%, a 
hematoma has a sensitivity of 81-96% and a 
specificity of 27-66%, pain from palpation has a 
sensitivity of 96% but only 7% of specificity. The 
anterior drawer test, considered the most clinically 
relevant, presents a great dispersion of results with a 
sensitivity of 62-86% and a specificity of 59-91%. 
These values demonstrate that these tests are not 
sufficiently rigorous to diagnose a specific ligament 
injury not only because of the high inter-individual 
variation but also because of the subjectivity of the 
examiner himself inherent to his perception and own 
experience [1]. 

Although many devices (arthrometers) have been 
developed with the main focus of replicating the 
traditional instability tests eliminating the subjectivity of 
the observer and offering more objective and numeric 
results, the inter-individual variability remains. This 
variability occurs due to several factors such as the 
elasticity of the ligaments, their variable rigidity, 
muscle reflexes and thickness of soft tissues. These 
factors make impossible to define general parameters 
that can be used to determine if a test is positive or 
negative. 
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This work has the objective to make a new approach 
to the ankle sprains traditional diagnosis with the use 
of a prototype that uses only one degree of freedom 
and quantifying it: The rotation around the talocrural 
joint axis.  

2 THE ANKLE SPRAIN 

Lateral ankle sprains may injure several structures 
among which are the lateral ligaments including the 
anterior talofibular ligament (ATFL), the 
calcaneofibular ligament (CFL) and the posterior 
talofibular ligament (PTFL). In addition to the previous, 
there are also associated injuries such as cartilage 
injuries (usually in the dome of the talus), fibular 
tendons and medial ligaments injuries. Through the 
movement of supination of the foot, if it is found in a 
PF position, the ATFL is always the first to be injured. 
This one is the weakest of all the lateral ligaments and 
it’s the one that has the lowest elastic capacity being 
involved in almost all of the ankle sprains. It functions 
as the primary limitation of PF as well as internal 
rotation of the foot being relaxed in a neutral position 
and tense in both PF and internal rotation. However, if 
a progressive supination force is applied, the CFL may 
also rupture followed by variable injuries of the PTFL. 
The rupture of both ATFL and CFL occurs in around 
20-25% of rupture cases. The PTFL is very rigid and 
therefore rarely injured, only in cases of severe trauma 
[1, 5, 7, 8]. 

3 DIAGNOSIS 

The diagnosis is, in an initial phase, done by the 
collection of information on the clinical history, by 
inspection, palpation and by instability tests. This 
process is done for a quick and economic screening 
of the injury and, if required, an auxiliary examination 
to confirm it. The auxiliary examination consists mainly 
of an ultrasound or an MRI. 

3.1 Pain, edema and hematoma 

At a first instance, the absence of pain excludes a 
rupture in the LTFA. On the other hand, its presence 
does not confirm it. The pain from palpation has a 
sensitivity of 96% and a specificity of 7%. 

The significant presence of edema or hematoma 
suggests a ligament rupture or fracture and 
radiographs should be requested. The absence of 
edema suggests the inexistence of ligament rupture. 
A swelling in the first 48 hours does not allow 
differentiation between edema and hematoma. An 
edema has a sensitivity of 89% and a specificity of 
35% and an eggshell has a sensitivity of 81-96% and 
a specificity of 27-66% [1, 6]. 

3.2 Clinical instability tests 

Towards clinical suspicion of a ruptured ligament, the 
doctor may use a clinical instability test. Two very 
common tests are the anterior drawer test and the 
talar tilt test. The ideal for performing these tests is 4 
to 7 days after the sprain. Both have as a main function 
to evaluate amplitudes of movement as well as the 
displacement of the talus in relation to the tibia. These 
tests cause great discomfort and their sensitivity 

increases when patients are under the effect of 
general anesthesia. None of the tests is considered 
sufficiently rigorous for a correct diagnosis of a specific 
ligament injury due to its high inter-individual and inter-
observer variation [1, 6, 7, 9]. 

3.2.1 Anterior drawer test 
The anterior drawer test, considered the most clinically 
relevant, presents a great dispersion of results with a 
sensitivity of 62-86% and a specificity of 59-91%. This 
test is designed to assess the integrity of the LTFA. 
The heel is securely held with one hand while pushing 
the distal portion of the tibia with the other hand. LTFA 
is the primary ligament in limiting this translation. An 
abnormal displacement means, probably, laxity in the 
ligament or its rupture, however, there are no known 
absolute values of the displacement from which it can 
be assumed that there is an injury. An abnormal 
anterior translation of the talus is considered when 
greater than 10mm or a difference of 3mm between 
the two ankles (varying in different studies).  

 

Figure 1 – Anterior drawer test procedure. 

This test can also trigger pain and a resulting muscle 
response to counteract movement and stabilize the 
ankle making diagnosis difficult. The test has poor 
reproducibility, and it is difficult to reproduce the 
direction and magnitude of the force in two 
consecutive tests. In addition, patients with chronic 
ankle instability may not trigger discomfort in the test 
and have associated a pathological laxity in the ankle 
previously injured. Finally, it should be mentioned that 
11% of the individuals present asymmetry of laxity in 
the ankles, being able to have a positive test by 
comparison with the non-injured foot without having 
any kind of injury [1, 3, 6, 7, 9, 10]. 

3.2.2 Talar tilt test 
The talar tilt test is best suited to evaluate the integrity 
of the calcaneofibular ligament. It is made with the 
ankle in a neutral position, the heel is stabilized while 
causing momentum to perform the inversion of the 
talus. If the ATFL and CFL are ruptured, the injured 
ankle will have a greater amplitude of inversion than 
the normal ankle. An inversion range between 5 ° and 
23 ° can be considered normal (varies according to the 
studies). In general, a 10 ° difference between the two 
ankles is considered abnormal (more than 15 ° 
associated with a double rupture), however most 
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studies report that it is not possible to distinguish 
between single and double rupture. This type of test is 
similar to the anterior drawer test, the results are 
difficult to interpret and we can find in it the same 
problems that prevent it from being a rigorous and 
reliable test [7, 9]. 

3.3 Imaging tests 

Imaging tests such as x-rays, stress x-rays, ultrasound 
scans and MRI may help confirm the diagnosis and 
rule out other pathologies. 

3.3.1 X-Rays 
Radiographs project all the bone morphology into a 
single image and are the first-line examination for the 
diagnosis of osteoarticular pathology. Most clinicians 
ask for x-rays after an ankle sprain, but only 15% have 
some type of fracture. This is a defensive attitude and 
may involve unnecessary spending. There is, 
however, a set of rules developed to assess this kind 
of situation and avoid the associated costs of this 
examination. They are called the Ottawa rules for the 
ankle and are the most validated and implemented 
clinical prediction rules. The application of these rules 
has a sensitivity of 89-100% and a specificity of 34-
93%. The radiographic examination itself has no 
diagnostic utility in ligament ruptures and only serves 
as confirmation or exclusion of fractures [1, 9]. 

3.3.2 Stress x-ray 
This is an x-ray made with the foot in the position of 
instability and may demonstrate a subluxation. These 
instability positions are associated with those of the 
anterior drawer tests (more sensitive to the integrity of 
the LTFA) and talar tilt test (more sensitive to the 
integrity of the LCF), allowing a more objective 
analysis of the talus translocations. Unfortunately, the 
same problems lay, the amount of displacement that 
is considered pathological is unknown and the 
inherent pain and discomfort are factors that influence 
the diagnosis. A stress x-ray associated with the 
anterior drawer test has a sensitivity of 49% and a 
specificity of 82% for ATFL tears. This is a test that 
presents different results when under the effect of 
anesthesia and is not generally indicated in the 
diagnosis of acute ankle sprains [1, 9]. 

3.3.3 Arthrography 
This is a sensitive and specific test for ligament 
ruptures, however, it has some limitations. It is a 
reliable test in the first 24-48 hours, cannot quantify 
the severity of ligament damage and is an invasive 
procedure that can cause infections. The method is to 
inject a contrast medium into the joint and then see an 
x-ray. When there is a rupture of the ligament, this 
substance sheds and diffuses. The interpretation of 
the results of the arthrography requires specialized 
knowledge and, although it is a good technique, it is 
not indicated for the clinical use [9, 11, 12]. 

3.3.4 Ultrasound 
Ultrasound easily identifies the lateral ligaments of the 
ankle because they meet the surface, however, it 
presents some difficulties of penetration to diagnose 
intra-articular lesions. This is a cheaper and more 
affordable test than MRI and allows for dynamic and 

real-time evaluation. It is a non-invasive test and 
devoid of discomfort for the patient. This examination 
is however related to certain limitations. It does not 
allow the intra-articular visualization of the lesions, it 
only provides indirect evidence such as the detection 
of joint effusions that are correlated with the severity 
of the sprain. This examination is very dependent on 
the experience of the observer and there may be 
diagnostic differences with different evaluators. It is, 
however, a recommended and reliable examination for 
grade I and grade II lesions, and for grade III 
confirmation is recommended with an MRI 
examination. It is applicable to both acute sprains and 
chronic ankle instability [1, 12, 13]. 

3.3.5 MRI 
Magnetic resonance imaging allows a complete 
evaluation of cartilage and soft tissues to diagnose 
both ligamentous lesions and associated lesions. It 
has an excellent diagnostic ability and has a sensitivity 
to detect breaks in the LPAA of 91.7% and in the LPC 
of 87.5% and a specificity of 100% for both. Because 
of its cost, this examination should only be requested 
in the presence of plausible suspicions of a serious 
sprain. This option remains at the top of the 
examinations for this type of injuries and is advised as 
a confirmatory examination if surgical intervention is 
necessary. 

4 ARTHROMETERS 

Devices have been developed with the aim of 
replicating clinical instability tests by eliminating the 
subjectivity of the examiner and providing more 
precise and objective results. However, the problems 
inherent in traditional tests remain, especially the 
interpersonal variation. This variation has as an 
example the elasticity of the ligaments, the variable 
stiffness of the ligaments, the muscular reflexes and 
the thickness of the soft tissues, making it impossible 
to define the parameters that define with high 
sensitivity and specificity the existence or not of injury 
and also the degree of the injury. The interobserver 
variation is also a factor of the inefficiency of the 
traditional instability tests, with the magnitude and 
direction of applied force completely observer-
dependent and not quantified. The translation of the 
joint is only intuitive, subjective and difficult to convey 
and compare. 

The Telos device [8, 14] is one of the most accepted 
devices worldwide since 1978 and was created in a 
more recent and more precise version in 2003. It is 
based on the stress radiography concept. A strong 
correlation between the data obtained from this device 
and the data obtained by an experienced observer 
was found. Telos was also able to quantify the test 
results and show an independence of the observer in 
the reproducibility of the test. However, data obtained 
with Telos are related to stress X-ray tests, which have 
not yet been proven to be clinically useful and not 
recommended from every specialist. 

Other devices like the Quasi-static Anterior Ankle Test 
(QAAT) [15], the Dynamic Anterior Ankle Test (DAAT) 
[16], the Hollis Instrumented Ankle Arthrometer (HIAA) 
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[17] and the Ankle Flexibility Tester [18] show similar 
results (in conceptual terms), but in general also the 
same flaws. There is an overlap of values found for 
intact, non-intact ligaments and ligaments with a 
history of injury (chronic instability). This overlapping 
makes it impossible to set a general threshold so that 
injury can be admitted without any extra examination. 
Often the data taken from these devices do not 
represent the current displacement of the talus relative 
to the tibia. A non-invasive measurement inevitably 
requires external and non-direct references. 

At a global level, it has already been shown that this 
type of device has better accuracy, objectivity, 
reproducibility and reliability than traditional tests 
performed by doctors. Although they have the 
potential to identify chronic instabilities, they have a 
greater ability to identify acute ankle sprains. They 
also showed that differences in flexibility of the left foot 
to the right foot and dominance of the foot are not 
significant factors and therefore the comparison 
between the injured and intact foot remains a good 
approach [19]. Other devices like LigMaster [20, 21], 
Footplate [19] and other studies of HIAA [22, 23, 24] 
show similar results. One device [25] was even used 
to compare stable and unstable ankles and within the 
unstable to distinguish mechanical instability from 
functional instability by assessing the rigidity of the 
ligaments. 

The problem with these devices is that they simply 
reproduce the traditional instability tests, namely the 
anterior drawer test, which are tests with some flaws 
as already explained and therefore the question which 
needs to be asked is whether they show valid results 
or not, that is, if they are effectively a good approach 
to the diagnosis of ankle injuries. 

5 STUDY OF THE TALOCRURAL JOINT AXIS 

The anterior drawer test uses the anterior translation 
of the talus in relation to the tibia as a degree of 
freedom to indirectly diagnose ankle ligament injuries. 
Based on the same principle, a new way to diagnose 
the ligamentous injuries is proposed here using only 
one degree of freedom, although a different one. The 
degree of freedom proposed here is the rotation 
around the axis of the talocrural joint.  

There is some controversy about the axis of this joint 
and this has been studied over several years. What 
makes his study and conclusions diversified is the fact 
that few works are done under the same conditions 
and normally they have different goals and 
applicability. Another major factor in their controversy 
is that most studies are done with very small samples 
and there is a wide range of inter-individual results. 

The movement of DF and PF occurs mostly around 
the talocrural joint, however, the subtalar joint also has 
some contribution to this movement, particularly at the 
extremes of amplitude. During the flexion movement, 
there is an increase of internal rotation and inversion 
of the foot [26]. This is the position of the foot more 
susceptible to lateral ligament rupture and causes 
stress in ATFL [27]. During the extension, there is an 
increase of external rotation and eversion. 

Initially this joint was assumed to contain two distinct 
axes, one for DF (inclined downwards on the lateral 
side) and another for FP (inclined downwards on the 
medial side) with the change happening close to the 
neutral position [28, 29]. Later, Inman [30, 31] found 
that the axis was single and fixed and that it was 
located slightly below both malleoli having a 
downward inclination in the lateral side. Many of these 
statements have been concluded based on the lateral 
and medial profiles of the malleolus and the geometry 
of the talus. 

Subsequently, using new techniques of kinematic 
analysis, namely x-ray images, it was possible to 
evaluate consecutive moments of flexion and to 
conclude that there were different centers of rotation 
between two instants. The shape of the bony 
structures was no longer the only one to dictate the 
ankle movement and it was concluded that ligaments 
also play a fundamental role in the orientation of this 
rotation and that, when injured, it becomes unstable 
and erratic. The centers of rotation between different 
instants were more diffuse when confirmed some type 
of pathology and located closer to each other and in a 
small area when in normal conditions [32, 33]. 

With the injection of reflective materials and through 
the x-ray images and computational processing it was 
possible to obtain better results of the variation of this 
axis along the movement. It varies continuously during 
flexion and extension movements and, as the first 
investigators observed, this variation is more abrupt 
around the neutral zone, that is, in the change from a 
position of DF to PF and vice versa. From DF to FP, 
this axis changes from a position with lower lateral 
slope to a lower medial or horizontal slope in the 
frontal plane. In the horizontal plane, the variations are 
insignificant and the axis always passes near the ends 
of the malleolus. All axes of ankle movements 
including DF/FP, inversion/eversion, adduction/ 
abduction intersect or pass very close to an 
approximately central point in the talus [34, 35, 36]. 

More recently there have been attempts to find a 
single axis that best represents ankle rotation. The 
investigators state that this simplification has 
advantages with regard to the calculation of forces 
acting on the joint and production of prostheses. They 
also state the natural physiognomy is not greatly 
altered when making these assumptions. When the 
plane perpendicular to this axis was studied, several 
investigators observed that the superior surface of the 
talus and the inferior surface of the tibia present 
practically circular and concentric profiles at a point 
that is no more than a point through which the 
hypothetical axis passes. Again, its location is found 
slightly below both malleoli having a downwards 
inclination on the lateral side. Due to inter-individual 
variations, this axis requires an individual study for its 
determination [37, 38, 39] 

6 DEVELOPMENT OF THE PROTOTYPE 

Ligaments rupture causes instability in the rotation of 
the ankle, as well as the alteration of its amplitude that 
will be greater. Injury to LTFA implies an increase in 
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the range of motion, namely FP, inversion and internal 
rotation [40, 41, 42]. 

Unlike the anterior drawer test and the devices that 
reproduce it, this device involves rotations measured 
in degrees instead of translations in millimeters. This 
unit, in principle, will be more independent of each 
individual than the translations because of differences 
in limb and ligaments dimensions trying to minimize 
inter-individual variations. 

6.1 Objective 

The purpose of this device is to block all degrees of 
freedom except rotation around the axis of the 
talocrural joint. With this, it will be possible to verify if 
the ligament damage will influence this rotation. On 
the other hand, it will also be possible to orient the axis 
in any way desired and observe if there is any position 
that, while not offering the most natural movement, 
may limit certain amplitudes and prevent ligament 
tension in cases of treatment and recovery. This 
limitation is, for example, used on ski boots that 
attempt to prevent foot rotation in the horizontal and 
frontal plane leaving only some range of motion in the 
sagittal plane so that the impacts can be absorbed 
during some ankle flexion [43]. Some authors also 
concluded that there is one axis for dorsiflexion and 
another for PF [28, 29] and this prototype will allow 
different axes to be forced on individuals and obtain 
new conclusions. 

6.2 Planning and requirements 

The production of this device began with a design and 
planning phase. The objective and certain 
requirements to be fulfilled were defined. All parts 
were CAD-modeled, either in their entirety or in their 
overall dimensions using SolidWorks 2016. The total 
assembly and simulation of the movements that are 
part of the device were also modeled in order to make 
the design phase as realistic as possible. 

The requirements were: 

1. The device must allow the orientation and fixation 
of the shaft in any position relative to any plane 
and allow only rotation around it. 

2. When seating, the knee must be flexed at 45 ° so 
that the calf muscles relax. The leg support sites 
have to be comfortable and follow the organic 
lines of the human body. The tibia has to be fixed 
about 5 cm above the malleolus. 

3. The foot must be allowed to rest and attach to a 
platform that rotates in accordance with the 
chosen axis without interfering with the 
movements. 

4. The axis position, as well as the amplitude of the 
rotations, must be obtained in order to quantify the 
test results and eliminate the subjectivity of the 
observer. 

5. Axis positioning methods must also be quantified 
to allow reproducibility of the test. 

6. The device must be adaptable to any person of 
any size. 

6.3 Production 

The designed device has undergone several changes 
over time. Initially, pieces and mechanisms were 
modeled only to allow the execution of the intended 
objective. Little by little, the parts were changed so that 
they could meet the requirements stipulated taking 
into account the material and the means of production 
available. 

The final result and its important parts are numbered 
from 1 to 13 on Figure 2 and right after there is a 

description of each piece. 

 

 

Figure 2 – Complete assembly of the prototype. 

1. Here is where the knee is placed in a resting 
position doing 45° with the proximal lower limb. 

2. This is a box where lies the accelerometer and 
gyroscope Mpu-6050 GY-521 which is used to 
quantify the orientation and the amount of rotation 
of the talocrural joint axis. 

3. This is the place where the tibia is supported and 
secures with velcro. The tibia must be immobilized 
approximately 5cm above the malleoli. 

4. This is a support to attach the box with the sensor 
that needs to be mobile. When attached here, it’s 
possible the get the orientation of the axis and 
since it's placed concentric to it, it will also be able 
to get information about the amount of rotation. 

5. A platform that ensures the visualization of the 
extension of the axis and helps to place it on the 
patient’s ankle. This is done with the help of two 
lasers connected to each other making sure they 
point to one another and enabling the observer to 
see where it points at the ankle in the medial and 
lateral sides. 
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6. This is a shaft held into a pillow block bearing to 
allow a free rotation. It represents an extension of 
the actual axis. 

7. These are two clamps that help to adjust the 
device to each individual, enabling to translate on 
the cylinders capable of locking them into the 
desired place. 

8. Foot platform. The foot is placed here and its 
rotation is concentric to the axis.   

9. This bar acts as a linear guide to help the 
positioning of the axis in its correct place. 

10. This is a ball-head joint that allows free rotation 
and locking system and helps with the positioning 
of the axis. 

11. Two bars that allow the tibia support to be fixed in 
different places according to the size of each 
individual’s lower limb. 

12. Another support for the sensor’s box. This one is 
placed over the 45° plane that is parallel to the 
foot’s frontal plane. The placement of the sensor 
here will allow to set its reference to zero and then 
when the sensor is relocated to the other position, 
all the data will be in relation the neutral reference. 

13. Another ball-head joint to allow the positioning of 
the foot platform. 

An interface for the computer was also developed for 
the usage of a microcontroller (Arduino Mega 2560) 
and an IMU (inertial measurement unit). The IMU 
utilized was Mpu-6050 GY-521, a board that combines 
a 3 axis gyroscope and accelerometer and provides 
all the readings to be processed with Arduino. The 
interface has some features that can be very helpful 
with the device and are listed below. 

 

Figure 3 – Interface for the computer. 

The interface is composed of seven fields like it’s 
shown in Figure 3: 

1. Real-time angle measurement in relation to 
frontal, horizontal and sagittal planes. 

2. List of commands that can be used:  
a. SPACE: Setting the zero reference of the 

sensor. 
b. ENTER: Write down the instant angles in the 

field 6. 
c. BACKSPACE: Deleting the last entry of the 

field 6. 
3. Entries for the name and observations to save a 

new excel document with the values written down 
in field 6. 

4. 3D visualization of the movement of the axis. 
5. Warnings and feedback messages. 

6. Data from the tests. Can hold up until three tests 
and they average result. 

7. Switch button to turn on and off the laser light for 
positioning. 

7 CONCLUSIONS 

The development of this prototype aims at a better and 
more reliable diagnosis of ankle ligament injuries, thus 
avoiding more expensive auxiliary examinations. It is 
still at an early stage of development and results are 
not available yet. 

This device has the potential to evaluate the total 
amplitude of PF and dorsiflexion movements, to study 
the differences between left / right, dominant / non-
dominant, injured / non-injured, male/female ankles. It 
will allow the imposition of different orientations of the 
axis in relation to its anatomical position and identify 
the advantages and disadvantages of its deviation. 

The interface developed helps the visualization of the 
data and helps to keep track of different studies 
enabling an easy use of the results for statistical 
analysis. 

Overall, the initial phase of design and production is 
complete and the prototype can already start to be 
used. 
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