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Abstract

The purpose of this study was to develop a tool able to distinguish between subjects
who have haemophilic arthropathy in lower limbs and those who do not by analyzing
the centre of pressure displacement. The second objective was to assess the possible
different responses of haemophiliacs and healthy subjects by creating a classifier that
could distinguish between both groups. Fifty-four haemophilic patients (28 with and 26
without arthropathy) and 23 healthy subjects took part voluntarily in the study. A force
plate was used to measure postural stability. A total of 276 centre of pressure
displacement parameters were calculated under different conditions: unipedal/bipedal
balance with eyes open/closed. These parameters were used to design a Quadratic
Discriminant Analysis classifier. The arthropathy versus non-arthropathy classifier had
an overall accuracy of 97.5% when only 10 features were used in its design. Similarly,
the haemophiliac versus non-haemophiliac classifier had an overall accuracy of 97.2%
when only 7 features were used. In conclusion, an objective haemophilic arthropathy in
lower limbs evaluation system was developed by analyzing centre of pressure
displacement signals. The haemophiliac vs. non-haemophiliac classifier designed was
also able to corroborate the existing differences in postural control between haemophilic

patients (with and without arthropathy) and healthy subjects.

Key Words: Centre of Pressures, Haemophilia, Arthropathy, Quadratic Discriminant

Analysis.



Introduction

Haemophilic arthropathy (HA) is the clinical manifestation of haemophilia with the
highest morbidity (Hilgartner 2002). It is caused by repeated bleedings into joints that
produces chronic proliferative synovitis and the destruction of articular cartilage
(Raffini & Manno 2007; Lafeber et al. 2008). The joints most frequently affected by
HA are the knees, ankles and elbows, although it can also appear in other joints (Heim
& Horoszowski 1994; Molho et al. 2000; Plug et al. 2004; Aznar et al. 2009). It is
accompanied by marked muscular atrophy of the affected joint, possibly due to its not
being used (Tiktinsky et al. 2002), which in turn causes further weakness and
instability. Such musculoskeletal problems mean that haemophilic patients suffer from
physical debilitation and defective coordination (e.g. proprioception and balance) (Pietri
et al. 1992; Falk et al. 2000; Hilberg et al. 2001; Gonzalez et al. 2007; Gallach et al.
2008). Most specifically, it has been described an altered postural control in subjects
with haemophilia regarding healthy adults (Gallach et al. 2008; Fearn et al. 2010).
Moreover, the subject with HA showed lower postural control and stability than
haemophilic subject without HA (Gallach et al. 2008). Recently, it has been found that
patients with HA have less postural control irregularity and poor somatosensory system
contributions that are compensated by more vestibular inputs (Cruz-Montecinos et al.

2017).

As early diagnosis of the condition is crucial in preserving the articular structure and
function, as is monitoring its progress (Hacker et al. 2007), haematologists need to have
tools available that enable them to evaluate the condition of patients’ joints. This would
allow them to initiate treatment and set the correct dosage of prophylaxis in patients at
the first signs of HA (Pergantou et al. 2006; Khan et al. 2010), and refer them to the

appropriate specialist.



Up to the present time, various methods of assessing HA have been developed, which
can be roughly divided into imaging score techniques and joint physical examination
scales (Hacker et al. 2007; Doria 2010). Most scientific studies in this field have tried to
improve the validity and reliability of arthropathy evaluation methods (Lundin et al.
2004; Pergantou et al. 2006; Silva et al. 2008; Doria 2010; Takedani et al. 2011).
However, all the methods proposed to date have certain limitations; imaging techniques
require specialist personnel and expensive equipment and the patients are often exposed
to a range of x-ray dosages (Hacker et al. 2007), while physical examination scales also
need to be administered by experts, are time-consuming and are generally incapable of
detecting the early stages of the disease (Pergantou et al. 2006; Hacker et al. 2007). To
date, no method has yet been devised of assessing arthropathy and its physical sequels

that is independent of the observer, is easy to use, and can be applied by non-specialists.

We hypothesized that it would be possible to assess HA by means of the alterations
caused to the patients’ coordination capacities, especially in their sense of balance. The
principal aim of our study was therefore to develop a tool that would be able to
distinguish patients with arthropathy from those who do not by analyzing the centre of
pressure (CoP) displacement signals in a series of balance tests. In addition, since some
research groups had found certain differences between the postural stability of patients
with haemophilia (arthropathic and non-arthropathic) as compared to healthy subjects
(Gallach et al. 2008; Fearn et al. 2010), a secondary objective was to construct another
classifier able to corroborate the existence of such differences between both groups of

subjects.
Material and methods

Participants



A total of 54 patients with haemophilia [Haemophilic Group (HG)] and 23 healthy
subjects [Control Group (CG)] volunteered to participate in the study (Table 1). In the
HG group, 28 subjects suffered from HA [haemophilic arthropathic group (HAG)] in
either knees or ankles. Arthropathy was evaluated by means of the clinical score
assessment of the Orthopaedic Advisory Committee of the World Federation of
Haemophilia (Pipe & Valentino 2007), on a scale of 0 (absence of arthropathy) to 15
(severe arthropathy). Those who scored a total higher than 6 (i.e. total score of both
knees and both ankles) were considered as arthropathic patients. The other 26 patients
did not suffer from HA [haemophilic non-arthropathic group (HNAG)]. Absence of
arthropathy was defined as a total score of 6 or less for all four joints. All the patients
were able to walk and maintain bipedal and unipedal stance effortlessly. Table 2 gives

the characteristics of the haemopbhilic patients.

Table 1. Subject’s age and anthropometric characteristics.

CG (n=23) HG (n=54)
Age (years) 32.39 (2.68) 30.44 (1.79)
Height (cm) 175.52 (1.06) 170.18 (1.36)
Weight (kg) 78.00 (2.23) 69.18 (1.79)

Data are expressed as mean (SEM). CG= Control Group; HG= Haemophilic Group.



Table 2. Haemophilic Group characteristics.

HAG (n=28)

HNAG (n=26)

Age (years)
Height (cm)

Weight (kg)

[llness Severity (n)

Mild
Moderate
Severe

34.07 (2.53)*
168.71 (1.67)

67.79 (2.69)

2
6
20

26.54 (2.34)
171.77 (2.16)

70.69 (2.36)

6
10
10

Data are expressed as mean (SEM). HAG= Haemophilic Arthropatic Group; HNAG=

Haemophilic Non Arthropatic Group.

e Indicate significant differences regarding HNAG (p<0.05) using TStudent

test for independent samples.

Additionally, to obtain and test the classifiers, a mixed group was formed of the persons

from the control and haemophilic non-arthropathic patients: non-arthopathic group

(NAG). Figure 1 contains a diagram of the composition of the various groups.

Total Sample
n=77

Haemophilic Group (HG)

n=54

n=28

Haemophilic Arthropatic
Group (HAG)

The members of the CG were considered to be sedentary, i.e. individuals that did not

take part in any form of habitual physical exercise (i.e. programmed, structured and

|

Control Group (CG)

n=23

Haemophilic Non Arthropatic

Group (HNAG)
n=26

Non Arthropatic
Group (NAG)
n=49

Figure 1. Flowchart of the subjects allocated to each group



repetitive movements carried out to improve or maintain one or more of the elements of
physical fitness). None of these subjects suffered from neurological, musculoskeletal
(including arthropathy), visual or vestibular pathologies that could have affected their
balance. The physician in the research team completed a medical history of these
participants to discard any such pathologies. The members of the CG were selected in
such a way as to represent similar weight, height and age characteristics as the group of
patients, so that there were no significant differences between both groups (p>0.05) (see

Table 1).

All the participants signed an informed consent form before the tests. The protocols
used in the study were approved by an ethical committee and met all the requirements

set out in the 1975 Declaration of Helsinki and in the later revisions.
Static posturography

A force plate was used to measure postural stability (Kistler 9253B11; Kistler
Instrument AG, Winterthur, Switzerland). The platform consisted of a 100 x 600 x 400
mm plate with four quartz sensors. The platform was placed on a stable floor surface to
avoid distortion and noise in the signal. A point of reference (5 cm in diameter) was
placed 2 m in front of the subjects at eye level. All the subjects were informed of the
importance of maintaining the posture and standing as still as possible during the
postural tasks. One 30 s test was carried out under each of the following conditions: i)
bipedal stance with eyes open (BEO), ii) bipedal stance with eyes closed (BEC), iii)
Unipedal stance on the dominant foot (UDEOQ), and iv) Unipedal stance on non-
dominant foot (UNDEOQO). In all the trials, the subjects stood barefoot with their arms
relaxed by their sides with the same foot placement: i) in bipedal trials, heels separated
by the width of the shoulders and toes pointing forward, ii) in unipedal trials the

supporting foot in the middle of the platform and pointing forward while the other leg



was flexed 90°. An experimenter visually checked the correct posture during the trials.

The dominant leg was determined by “kicking preference”.

The signals from the individual tests were recorded at a frequency of 200 Hz. The data
representing the forces exerted on the platform along three axes (X, y, z) were saved on

a hard disk for subsequent analysis.
Data analysis

The ground reaction forces were processed to obtain the CoP displacement data in both
the mediolateral and anteroposterior directions, using Bioware 3.4 analysis software
(Kistler Instrument AG, Winterthur, Switzerland). This software uses standard
computations of the CoP as recommended by the International Society of

Biomechanics.

Then Matlab 2008a (Mathworks Inc, Natick, USA) was used to perform data analysis.
CoP displacement data were low-pass filtered with a Butterworth 10 Hz cut-off
frequency filter. Linear and non-linear analysis techniques were applied in the
anteroposterior (AP), mediolateral (ML) and resultant-distance (RD) directions (Eq. 1).
Figure 2 shows the recording protocol and examples of the AP, ML and RD signals

from a haemophilic patient.

RD, = /Api2 + MI2 Eq. 1

The linear analysis included 27 variables in the temporal and frequency domains for all
possible directions (i.e. AP, ML and RD) that had been used in previous studies by
Prieto et al. (Prieto et al. 1996), Cabeza-Ruiz et al. (Cabeza-Ruiz et al. 2011) and
Amoud et al. (Amoud et al. 2007). Considering the four balance exercises performed by

each subject, a total of 276 parameters for each register were calculated to characterise



the postural control of the individual subjects. A detailed list of the variables included in

the study can be seen in Tables 1s, 2s and 3s in Supporting Information.

Since data distributions of these variables were not normal Wilcoxon Rank sum was
used to test statistical significance between HAG and NAG groups. Since age presented
significant statistical differences between HAG and HNAG, statistical dependency of
parameters with age was tested with chi-square test of independence, and those with

p<0.05 were excluded from the analysis.
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Figure 2. Experimental setup for balance measurements and an example of antero-posterior (AP),
medio-lateral (ML) and resultant distance (RD) signals during bipedal with eyes open (A) and
monopedal with dominant leg (B).

The data collected was used to design a Quadratic Discriminant Analysis (QDA)
classifier which is a statistical classification method to separate measurements of two or
more classes of objects by a quadric surface where there is no assumption that the

covariance of each class is identical (Hastie et al. 2009). Two independent classifiers



were used in this study: arthropathy (HAG: 28 subjects of the arthropathic group) vs.
no-arthropathy (NAG: 26 patients from the non-arthropathic group and 23 healthy
subjects from the control group); and haemophilic patients (HG: 54 patients from the
haemophilic group) vs. non-haemophilic (CG: 23 patients from the control group).
Since the database involved in this study was relatively small, a 5-fold cross-validation
with no overlap was used, i.e. 80% of each data group was selected randomly for
training and the remaining 20% was used for testing. In order to test the overall
classification rate, a classifier for each fold of training data was implemented and then
the 20% testing data of the corresponding fold was used for its evaluation. In order to
reduce the classification rate variability due to randomness, cross-validation was

performed 50 times.

So as to assess the information that can be derived from each of the stance tests, four
classifiers were implemented using only the 66 parameters derived from each BEO,
BEC, UDEO, UNDEO exercise, respectively. Three classifiers were implemented
combining the information derived from the BEO and BEC exercises (BEOUBEC),
from UDEO and UNDEO (UDEOUWUNDEO), and combining all four exercises
(BEOUBECUUDEOUWUNDEDO). A sequential forward feature selection algorithm was
used to obtain the optimal feature subset, which maximizes the QDA classifier’s
predictive accuracy with the minimum number of features. All parameters were
considered ‘candidates’ to be included in the model regardless of results of statistical
tests, since they could provide complementary information that could enrich the

classifier performance.

Finally, for the classifier that yielded best global (train+test group) accuracy (Eg. 2), the

following parameters were calculated to evaluate more precisely its prediction
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performance: sensitivity (Eq. 3), specificity (Eq. 4), positive predictive value (Eg. 5)

and negative predictive value (Eq. 6).

Accuracy ~ 10+ TN 109 (%) Eq.2
_ -’P . 0,
SE = DT EN 100 (%) Eq.3
— -’N s )
SP_W+FP100 (/&) Eq.4
P
PPV = 5100 (%) Eq.5
_ m - 0,
NPV - T FN 100 (%) Eq.6

Where N is total number of patients evaluated; TP is the number of true positives; TN is
the number of true negatives, FN is the number of false negatives and FP is the number
of false positives, SE is sensitivity, SP is specificity, PPV is the positive prognostic

value and NPV negative prognostic value.
Results

The average accuracy (50 iterations) of the classifier with the parameters from the 4
balance exercises (ALL) is shown in Figure 3. The classifiers that only considered
parameters from each single exercise and the classifiers that combined bipedal or
unipedal exercises [two bipedal (BEOUBEC) and two unipedal exercises
(UDEOUWUNDEDO)] were calculated to determine the possibility of reducing the number
of exercises required in the recording protocol. The results are also shown in Figure 3
for comparison. As expected, the best accuracy is obtained when considering data from

ALL exercises in all groups. The overall accuracy for the whole database was 97.5% for

11



ALL, followed by BEOUBEC, with 95.8%. This means that a simplified protocol with
only bipedal measurements could achieve an accuracy of over 95%. However,
considering the results for the Test database, BEOUBEC vyields an accuracy of 84.9%
vs 90.7% for ALL. This indicates the BEOUBEC classifier’s poorer generalization
capacity, which should be taken into account. The rest of the classifiers yielded lower
overall accuracy values (from 83.4% to 93.4%) especially in the Test group. The best
combination of features for each classifier with different input features are detailed in
Table 4s in Supporting Information. It can be seen that the number of features is small
(10 for ALL and from 8 to 12 for the rest). In general, the parameters from all the

domains (temporal, spectral and non-linear) are used in all cases with no relevant trends.
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Figure 3. Accuracy of the proposed classifiers haemophilic arthropathy vs non-arthropathy for the
training, test and trainingptest groups. BEO=bipedal with eyes open; BEC=bipedal with eyes closed;
UDEO-=unipedal with dominant leg and eyes open; UNDEO=unipedal with non-dominant leg and
eyes open; Bl=bipedal with eyes open and bipedal with eyes closed; UNI=unipedal with dominant leg
and unipedal with non-dominant leg and eyes open; ALL=the four balance tests

Table 3 gives the characteristic parameters of the performance of the best classifier

(features from all exercises). It can be appreciated that the lowest value is obtained for
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sensitivity, especially in the Test group. This seems to imply that some of the ‘true’
arthropathic subjects could have been incorrectly classified due to the unbalanced
database and the criteria of maximizing the accuracy of the classifier. Modified versions
of the classifier could be developed to specifically optimize sensitivity. The proposed
classifier performed well in terms of positive prognostic value and specificity

parameters, with scores of over 99% for the entire database.

Table 3. Characteristic parameters of the performance of the best classifier [ALL]:
Haemophilic Arthropatic Group (HAG) versus Non Artropatic Group (NAG).

N Accuracy (%) SE(%) SP(%) PPV (%) NPV (%)
308 Training 99.2 97.9 99.9 99.9 98.8
77 Test 90.7 76.8 98.6 96.9 88.1
385 Training+test 97.5 93.6 99.7 99.4 96.5

SE = sensitivity; SP = specificity; PPV = positive prognostic value; NPV = negative
prognostic value.

The prediction capability parameters of the haemophilic vs non-haemophilic classifier
are shown in Table 4. This classifier considers parameters from the four exercises, and
with only 7 parameters yields an overall accuracy of 97.2%, supporting the hypothesis
that there are differences between the postural stability of haemophiliacs (arthropathic
and non-arthropathic) and healthy subjects. Values greater than 96% were obtained for

overall sensitivity, specificity and the positive prognostic value.

Table 4. Characteristic parameters of the performance of the best classifier [ALL]:
Haemophilic Group (HG) versus Control Group (CG).

N Accuracy (%) SE(%) SP(%) PPV (%) NPV (%)
308 Training 97.9 97.0 100 100 93.4
77 Test 94.6 96.0 91.4 96.3 90.6
385 Training+test 97.2 96.8 98.3 99.2 92.8

13



SE = sensitivity; SP = specificity; PPV = positive prognostic value; NPV = negative
prognostic value.

Discussion

The results obtained show that HA in the lower limbs can be detected by measuring
static balance, which verifies the hypothesis postulated in this study. This implies an
important advance on the methods used to date to detect and evaluate HA, since for the

first time a method can be applied totally independent of a clinical observer/expert.

Maintaining postural control depends on the proper functioning of different systems and
apparatus in the human body, and many pathologies can have a deleterious effect on
static balance (e.g. Parkinson’s Disease, Down’s Syndrome, musculoskeletal lesions,
etc.) (Mitchell et al. 1995; Cabeza-Ruiz et al. 2011). As regards HA and osteoarthritis
(which has a different cause but is similar as regards its course), the existing evidence
shows that the most severe cases of these diseases have the worst postural control
(Masui et al. 2006; Gallach et al. 2008; Fearn et al. 2010; Kurz et al. 2011; De Souza et

al. 2012; Souza et al. 2013).

In fact, the differences in the postural control of haemophilic patients gave rise to the
present study. The methods used up to the present time to evaluate arthropathy are
directly dependent on the observer or person who carries out the assessment, in other
words, the imaging techniques and clinical evaluations of HA have a certain degree of
subjectivity and must be carried out by trained personnel (Pergantou et al. 2006; Hacker
et al. 2007). This is precisely why estimating the effects of HA on the musculoskeletal
system, especially on postural control, by an objective means is so important. The
present study has shown that HA can be detected by measuring the patient’s static

balance. Even though numerous parameters can be extracted from CoP displacement

14



data, at an additional computational cost, we observed that a combination of a few
variables (7 for the Haemophiliacs vs Non-Haemophiliacs Classifier and 10 for the
Arthropathy vs Non-Arthropathy Classifier) provide the information necessary to

implement the classifier.

This new method of classifying patients with HA implies a big advance on the methods
used to date. Firstly, due to its objective system of detecting HA, it is the only method
completely independent of a specialist operator for its application. This means the
results obtained in assessing haemophilic patients will be consistent, regardless of
whoever carries out the task. Since these patients are habitually treated by
haematologists and not by joint specialists (i.e. rheumatologists and rehabilitation
experts), the proposed system could become a fundamental tool in clinics specializing in
this pathology. In addition, it has no negative effects on patients, such as being exposed
to x-rays. Also, the implemented classifier is easily integrated into balance-measuring
devices and is thus easy to use in a clinical environment. A further advantage is that
digital signal processing can now be measured by a large number of balance assessment
systems (e.g. photogrammetry, video, accelerometry, force plates) and different
variables can be obtained that contain information on postural control and its related
mechanisms. In our case, we analysed the displacements of CoP acquired by a force
plate, since it is one of the simplest, cheapest and reliable methods. All the
measurements required can be obtained in a very short time, which, together with its
other advantages, confer great utility and versatility on the proposed HA assessment

system.

As regards this aspect, the best results in diagnosing HA were obtained from four
simple balance tests (BEO, BEC, UDEO and UNDEOQ), which can be performed in a

period of five to ten minutes. We studied the possibility of reducing the number of tests
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and discovered that with only bipedal stance tests an accuracy of >95% could be
obtained, although with a lower capacity to generalize than when using four tests. Since
the performance of all the tests can be done in less than 10 minutes, it is recommended

to perform the four of them.

However, despite the advances implied in the results obtained, it will be necessary to
carry on this line of research in order to improve the tool and reduce its cost. One of the
limitations of the present study was that only one clinical HA assessment was used to
classify patients as arthropathic or non-arthropathic. Future studies will test our system

using image-based arthropathy assessment as the gold standard.

A larger sample would have made it possible to make wider generalizations of the
results for the different load-bearing joints and/or different degrees of arthropathy.
Finally, if the system were to be implemented with two force plates, bearing
asymmetries could be detected and included as input information in the classification
system, although this would increase the system’s complexity and cost. These
limitations will lead to future research in order to increase the system’s accuracy as far

as possible.

We therefore believe that the diffusion of our results among the scientific community is
important in order to encourage other research groups to cooperate in obtaining larger
data bases. Our group is at present engaged in extending the available data and reducing
the cost of the measuring devices in order to improve the system and ultimately to
design a simple, objective, effective and inexpensive HA diagnostic software. It should
be noted that at this stage, the present system is not meant to replace the typical
assessment of arthropathy by a specialist. However, it could make a greater impact in
areas without specialised haemophilia or rheumatology units. Apart from the results

obtained, the method proposed in this paper could be applied to other populations with
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similar problems, for example to arthropathy patients. It should also be understood that
the second classifier developed to separate haemophilic from non-haemophilic subjects,
does not aim to replace the battery of examinations traditionally used for this purpose. It
should thus be considered as an additional, objective and low-cost test, to help
practitioners to interpret of the whole data set and provide information about the

possible incidence of hemophilic arthropathy in its early stages.

In conclusion, the results show that postural control of subject with haemophilic
arthropathy is different to that of healthy subjects and that haemophilic arthropathy
could be diagnosed by means of balance tests. By analyzing CoP displacements, we
succeeded in developing an HA assessment system with a classification precision of
97.5%. In addition, we also obtained a classifier with an accuracy of 97.2% able to
distinguish between haemophiliacs and healthy subjects. Even though this at present
may not have any practical applications, it can be considered as a confirmation of the
patients’ reduced postural control, whether or not they suffer from HA, as compared to

non-haemophilic subjects.
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Figure Captions
Fig 1. Flowchart of the subjects allocated to each group.

Fig 2. Experimental setup for balance measurements and an example of antero-posterior
(AP), medio-lateral (ML) and resultant distance (RD) signals during bipedal with eyes

open (A) and monopedal with dominant leg (B).

Fig 3. Accuracy of the proposed classifiers haemophilic arthropathy vs non-arthropathy
for the training, test and training+test groups. BEO = bipedal with eyes open; BEC =
bipedal with eyes closed; UDEO = unipedal with dominant leg and eyes open; UNDEO
= unipedal with non-dominant leg and eyes open; Bl = bipedal with eyes open and
bipedal with eyes closed; UNI = unipedal with dominant leg and unipedal with non-

dominant leg and eyes open; ALL = the four balance tests.
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Table 2s. Descriptive statistics of the time domain variables.

Artropathy Vs No-Artropathy Haemophilia Vs No-Haemophilia
Variable BEO BEC UREO ULEO BEO BEC UREO ULEO
NAG HAG NAG HAG NAG HAG NAG HAG HG CG HG CG HG CcG HG CG
RD 3.72 4.42 4.33 4.84 7.52 9.39 7.29 9.1 4.36 3.09 4.83 3.78 8.75 6.91 8.63 6.34
(0.19) (0.43) (0.21) (0.48) (0.29) (0.54) (0.23) (0.61) (0.26) (0.19) (0.29) (0.23) (0.36) (0.34) (0.35) (0.18)
Mean
Displacement AP 2.9 3.43 3.43 3.61 5.52 6.59 5.23 6.64 3.35 2.48 3.71 3.01 6.27 5.06 6.27 4.5
p( ) (0.16) (0.33) (0.16) (0.26) (0.27) (0.31) (0.21) (0.46) (0.21) (0.17) (0.18) (0.19) (0.26) (0.31) (0.28) (0.19)
mm
ML 1.76 2.08 1.99 2.44 3.99 5.28 4.03 4.89 2.1 1.36 2.35 1.69 4.78 3.69 4.68 3.56
(0.12) (0.25) (0.14) (0.42) (0.14) (0.46) (0.13) (0.34) (0.16) (0.11) (1.76) (0.15) (0.2) (0.18) (0.2) (0.12)
RD 4.27 5.07 5.04 5.54 8.58 11.14 8.31 11.1 5.0 (0.3) 3.56 5.55 4.43 10.22 7.84 10.26 7.15
(0.22) (0.5) (0.24) (0.51) (0.34) (1.06) (0.28) (0.91) s (0.21) (0.32) (0.26) (0.61) (0.39) (0.52)* (0.2)*
4.21 4.49 6.93 8.45 6.48 8.81 4.14 3.05 4.62 3.78 7.99 6.3 8.1 5.51
RMS (mm) AP 36(0.2) 039 *302) (0.3) (034)1 (0.46)F  (0.26) (0.74) (0.25) (0.2) (0.21) (0.24) (0.35) (0.38) (0.43) (0.21)
ML 2.18 2.65 2.5 2.98 4.94 6.91 5.09 6.56 2.62 1.71 2.88 2.19 6.11 4.58 6.11 4.48
(0.15) (0.4) (0.17) (0.49) (0.16) (1.04) (0.2) (0.62) (0.22) (0.15) (0.28) (0.2) (0.56) (0.22) (0.36) (0.16)
Rp 22215 26642 29647 32484  840.24 10152 82438 10495 25789 19213 32641 26071 95337 78761 96574  766.58
(7.67) (21.97)  (11.24)  (20.53)  (33.83)  (54.06)  (26.76)  (67.58)  (12.54) (6.03) (1291)  (12.83)  (34.68)  (55.54)  (40.24)  (38.87)
Total Excursion 4p 15045 17736 22299 24118 57027 75592 55834 75633 173.6 12822 24498 1935 701.3 488.66  687.65  495.78
(mm) (5.52) (13.34) (9.66) (17.53)  (27.87)  (45.83) (21.57)  (52.84) (7.87) (4.21) (10.92)  (12.03)  (2941)  (40.37)  (31.64)  (29.68)
ML 13133 15995 14993 16649 50462 53251 49585 57469 15275 11589 16486 13503  511.05 52349 54038  487.29
(4.87) (14.73) (5.61) (11.53)  (18.86)  (26.56)  (16.83)  (36.03) (8.43) (4.26) (7.18) (5.93) (16.95)  (33.25)  (21.56)  (27.51)
RD 11.1 13.32 14.82 16.24 42.0 50.75 41.21 52.46 12.89 9.6 16.32 13.03 47.66 39.37 48.27 38.32
(0.38) (1) (0.56) (1.03) (1.69) (2.7) (1.34) (3-38) (0.63)* (0.3)* (0.64) (0.64) (1.73) (2.78) (2.01) (1.94)
Mean Velocity AP 7.51 8.87 11.15 12.06 28.51 37.79 27.91 37.81 8.68 6.41 12.24 9.67 35.06 24.43 3437 24.78
(mm-s-1) (0.28) (0.67) (0.48) (0.88)  (1.39)F (229)1  (1.08) (2.64) (0.39) (0.21) (0.55) (0.6) (1.47) (2.02) (1.58) (1.48)
ML 6.56 7.99 7.49 8.32 25.22 26.62 24.79 28.73 7.63 5.79 8.24 6.75 25.54 26.17 27.01 24.36
(0.24) (0.74) (0.28) (0.58) (26.62) (1.33) (0.84) (1.8) (0.42) (0.21) (0.36) (0.3) (0.85) (1.66) (1.08) (1.37)
Sway Area 181.33  288.65 25247 32247 69356 14737 636.1 14274 26342 11926 31482 19131 11556 55846 11299  439.93
(mm2) (20.52)  (76.05)  (25.99)  (78.16)  (65.62)  (551.8)  (52.76)  (292.8)  (42.29)  (15.07)  (45.06) (21.7) (291.6)  (63.02)  (161.4)* (23.78)*
Ellipse Area 177.19 308.9 292.3 38855  901.02 17141 84535 16942 26578 12954 37857 20692 13942  733.01 13878  605.11
(mm2) (19.11)  (79.56)  (34.05)  (111.7)  (75.16)  (531.0)  (61.63)  (291.9)  (43.83)  (17.55) (63.39)  (26.39)  (282.2)  (8047)  (162.7)  (32.92)



Range
(mm)

Sway Temporal
(mmZ-s-l)

Mean
Frequency (Hz)

Fractal PD

Fractal CC

Fractal CE

RD

AP

ML

RD

AP

ML

15.1
(0.81)

9.75
(0.75)

10.27
(0.75)

13.09
(1.06)

0.52
(0.02)

0.81
(0.03)

0.92
(0.03)

1.63
(0.02)

1.59
(0.01)

1.58
(0.01)

18.88
(2.24)

13.66
(3.11)

12.56
(1.74)

21.81
(5.84)

0.52
(0.03)

0.87
(0.05)

1.01
(0.05)

1.61
(0.02)

1.59
(0.01)

1.58
(0.02)

20.58
(1.02)

11.66
(0.88)

12.98
(0.85)

19.84
(1.63)

0.58
(0.03) 1

1.09
(0.04)

0.99
(0.04)

1.63
(0.02)

1.64
(0.01)

1.61
(0.01)

21.0
(1.38)

13.0
(1.86)

13.25
(0.95)

25.25
(4.78)

0.59
(0.04) 1

1.14
(0.08)

1.03
(0.06)

1.63
(0.01)

1.64
(0.02)

1.61
(0.02)

35.14
(1.88)

24.23
(0.72)

22.1
(1.21)

106.01
(8:0)

0.91
(0.87)

2.17
(0.09)

2.26
(0.08)

1.81
(0.02)

1.87
(0.02) 1

1.72
(0.01)

45.98
(4.0)

33.6
(7.02)

30.49
(4.32)

190.49
(44.91)

0.87
(0.02)

2.58
(0.11)

2.07
(0.05)

1.77
(0.02)

1.85
(0.01)

1.7
(0.01)

33.9
(1.4)

26.11
(1.53)

21.93
(1.45)

102.99
(6.17)

0.92
(0.03)

2.18
(0.08)

2.2
(0.07)

1.81
(0.02)

1.87
(0.01)

1.72
(0.01)

49.59
(4.92)

35.33
(5.24)

38.13
(5.53)

166.99
(20.19)

0.94
(0.03)

2.59
(0.12)

2.31
(0.1

1.73
(0.03)

1.88
(0.01)

1.71
(0.01)

17.96
(1.29)

12.29
(1.66)

12.07
(0.99)

19.23
(3.12)

0.51
(0.02)

0.87
(0.03)

0.97
(0.03)

1.62
(0.01)

1.59
(0.01)

1.57
(0.01)

12.99
(0.85)

8.55
(1.23)

8.83
(1.18)

9.3
(0.76)

0.54
(0.04)

0.75
(0.03)

0.91
(0.04)

1.63
(0.02)

1.57
(0.01)

1.59
(0.02)

21.84
(1.02)

12.77
(1.09)

13.42
(0.66)

24.88
(2.75)

058
(0.03)

1.14
(0.05)

1.03
(0.04)

1.64
(0.01)

1.65
(0.01)

1.61
(0.01)

18.12
(1.2)

10.7
(1.41)

12.27
(1.47)

14.59
(1.13)

0.59
(0.04)

1.01
(0.07)

0.96
(0.05)

1.62
(0.03)

1.62
(0.02)

1.61
(0.02)

42.69
(2.43)

29.41
(3.68)

27.49
(2.42)

153.29
(24.11)

0.89
(0.03)

2.48
(0.08)

21
(0.05)

1.79
(0.01)

1.87
(0.01)

1.71
(0.01)

30.63
(2.52)

23.47
(1.15)

19.67
(1.49)

97.86
(13.29)

0.92
(0.05)

1.93
(0.13)

2.41
(0.12)

1.81
(0.02)

1.85
(0.02)

1.72
(0.02)

44.63
(2.78)

32.18
(3.02)

32.24
(3.18)

144.87
(86.0)

0.91
(0.02)

2.44
(0.08)

2.22
(0.06)

1.75
(0.02)

1.88
(0.01)

1.71
(0.01)

27.8
(1.19)

23.08
(0.94)

17.44
(0.82)

82.57
(5.62)

0.96
(0.04)

2.07
(0.11)

2.29
(0.11)

1.84
(0.02)

1.87
(0.02)

1.73
(0.02)

Data are expressed as mean (SEM). BEO= Bilateral Eyes Open; BEC= Bilateral Eyes Closed; UREO= Unilateral Right Eyes Open; ULEO= Unilateral Left Eyes

Open; NAG= Non Arthropatic Group; HAG= Haemophilic Artropathy Group; CG= Control Group; HG= Haemophilic Group. * Indicate a Haemophilia vs. Non-

haemophilia classifier feature. t Indicate an Arthropathy vs. Non-Arthropathy classifier feature.



Table 2s. Descriptive statistics of the frequency domain variables.

Artropathy Vs No-Artropathy

Haemophilia Vs No-Haemophilia

Variable BEO BEC UREO ULEO BEO UREO ULEO
NAG HAG NAG HAG NAG HAG NAG HAG HG CG HG CG HG CG HG CG
pp 11497 21386 20452 25163 57365 13389 59532 15520 18445 7223 25071 15341 10232 44988 11799 3873
(1426)  (76.15)  (23.76)  (49.15)  (52.23)  (511.2)  (63.94)  (420.0)  (40.75)  (12.66)  (30.87)  (24.86)  (269.1)  (60.1)  (2281)  (21.99)
Total Power ., 16660 26288  370.61 43889 10364 18588 97647 21578 24315 10409  469.22 22222  1580.1 76105 17202  668.39
(mm2Hz1) (1824)  (56.15)  (39.27)  (61.05) (111.4)Ff (295.9)F (8647)  (4403)  (3155)  (1839)  (4226)  (2921) (1756) (1289)  (2433)  (60.34)
ML 9342 19863 14287 16761 68656 19465 71351 14157 16639  50.17 17256 10328 13616 6355 11356  577.34
(1576)  (1045)  (23.06)  (50.3)  (4631) (1095.8) (70.72)  (403.3)  (55.26)  (1271)  (3144)  (2297) (570.0)  (7229) (219.3)  (40.78)
RD 0.55 0.54 0.56 0.53 0.32 0.33 0.35 0.37 0.55 0.52 0.53 0.6 0.33 0.3 0.37 0.33
(0.02)F (002)F  (0.02) (0.03) (0.02) (0.02) (0.02) (0.02) (0.01) (0.03) (0.02) (0.03) (0.02) (0.02) (0.02) (0.03)
L
F oW aAp 068 0.66 0.70 0.67 0.36 0.34 0.36 0.38 0.68 0.66 0.69 0.68 0.35 0.38 0.38 0.35
re(llguer:imes (0.02) (0.03) (0.02) (0.03) (0.02) (0.03) (0.03) (0.03) (0.02) (0.03) (0.02) (0.03) (0.02) (0.03) (0.02) (0.04)
an
ML 065 0.67 0.65 0.63 0.33 0.36 0.31 037 0.69 0.59 0.65 0.63 0.36 0.3 0.35 0.29
(0.02) (0.03) (0.02) (0.03) (0.02) (0.03) (0.02) (0.03) (0.02) (0.03) (0.02) (0.04) (0.02) (0.03) (0.02) (0.03)
RD 0.4 0.41 0.39 0.42 0.54 0.54 0.52 0.5 0.4 0.42 0.42 0.35 0.53 0.56 051 0.53
(0.02) (0.02) (0.02) (0.03) (0.02) (0.02) (0.02) (0.02) (0.01) (002) (0.02) (0.03) (0.02) (0.02) (0.02) (0.02)
Medium
F . ap 029 031 027 0.3 0.56 057 0.56 0.53 0.29 0.3 0.28 0.29 057 0.54 0.54 0.56
re(llguer:imes (0.02) (0.03) (0.02) (0.03) (0.02) (0.03) (0.02) (0.03) (0.02) (0.03) (0.02) (0.02) (0.02) (0.03) (0.02) (0.03)
an
ML 032 0.3 0.3 0.35 0.56 0.55 0.58 0.53 0.29 037 0.33 0.34 0.55 057 0.55 0.59
(0.02) (0.03) (0.02) (0.03) (0.02) (0.03) (0.02) (0.03) (0.02) (0.03) (0.02) (0.04) (0.02) (0.03) (0.02) (0.03)
rp 005 0.052 0.05 0.048 0.136 0.128 0.124 0.134 0.048 0.057 0.047 0.053 013 013 0.12 0.14
(0.004)  (0.006)  (0.004)  (0.005)  (0.008)  (0.009)  (0.007)  (0.01) (0.04)  (0.009)  (0.003)  (0.07)  (0.008) (0.01) (0.007)  (0.01)
High
F 181 Ap 0033 0.03 0.03 0.026 0.08 0.086 0.085 0.086 0.029 0.04 0.026 0.034 0.085 0.075 0.083 0.091
re(llguer:imes (0.004)  (0.003)  (0.003)  (0.003)  (0.005)  (0.007)  (0.006)  (0.007)  (0.002)  (0.006)  (0.002)  (0.004)  (0.005)* (0.006)*  (0.005)  (0.009)
an
ML 0029 0.023 0.027 0.023 0.11 0.09 0.11 0.1 0024 00033 0024 0.028 0.091 0.128 0.1 0.12
(0.003)  (0.002)  (0.003)  (0.002)  (0.008)  (0.006)  (0.008)  (0.009)  (0.002)  (0.007)  (0.002)  (0.005)  (0.005)  (0.015)  (0.007)  (0.011)



RD
Median
Frequency (Hz) AP
ML
RD
95% Power AP
Frequency (Hz)
ML
RD
Centroidal AP
Frequency (Hz)
ML
RD
Frequency AP
Dispersion
ML

0.5
(0.02) 7

0.37
(0.02)

0.42
(0.02)

2.34
(0.13)

1.74
(0.11)

1.79
(0.14)

1.01
(0.03)

0.85
(0.03)

0.83
(0.02)

0.67
(0.006)

0.68
(0.006)

0.65
(0.007)

0.48
(0.01) 7

0.39
(0.02)

0.41
(0.03)

2.25
(0.1)

1.62
(0.08)

1.62
(0.13)

1.01
(0.02) t

0.83
(0.03)

0.79
(0.03)

0.67
(0.007)

0.66
(0.01)

0.66
(0.013)

0.47
(0.02)

0.36
(0.01)

0.43
(0.02)

2.14
(0.11)

1.62

(0.07) T

1.63
(011)

0.99
(0.03)

0.81
(0.02)

0.81
(0.03)

0.67
(0.006)

0.67
(0.007)

0.64
(0.008)

0.52
(0.03)

0.37
(0.03)

0.44
(0.02)

2.07
(0.11)

1.51

(0.07) T

1.57
(0.1)

0.1
(0.04)

0.8
(0.03)

0.89
(0.03)

0.65
(0.007)

0.66
(0.009)

0.64
(0.009)

0.77
(0.03)

0.67
(0.03)

0.71
(0.02)

3.47
(0.12)

2.56
(0.08)

2.76
(0.09)

1.45
(0.03)

1.2
(0.03)

1.29
(0.03)

0.65
(0.005)

0.63
(0.007)

0.62
(0.006)

0.78
(0.04)

0.72
(0.04)

0.67
(0.03)

3.31
(0.11)

2.53
(0.09)

2.53
(0.08)

1.42
(0.04)

1.24
(0.03)

1.21
(0.03)

0.64
(0.009)

0.61
(0.011)

0.62
(0.008)

0.71
(0.03)

0.66
(0.03)

0.7
(0.03)

3.31
(0.12)

2.56
(0.08)

2.65
(0.08)

1.4
(0.03)

1.21
(0.08)

1.29
(0.03)

0.65
(0.005)

0.63
(0.008)

0.62
(0.007)

0.74
(0.04)

0.67
(0.04)

0.69
(0.04)

3.31
(0.12)

2.42
(0.08)

2.51
(0.09)

1.43
(0.04)

1.21
(0.04)

1.27
(0.04)

0.65
(0.007)

0.63
(0.01)

0.61
(0.01)

0.48
(0.01)

0.38
(0.01)

0.4
(0.02)

2.2
(0.09)

1.59
(0.08)

1.68
(0.13)

0.99
(0.02)

0.82
(0.02)

0.8
(0.02)

0.67
(0.005)

0.67
(0.007)

0.66
(0.008)

0.52
(0.04)

0.38
(0.03)

0.44
(0.03)

2.55
(0.21)

1.95
(0.15)

1.84
(0.16)

1.05
(0.04)

0.9
(0.04)

0.86
(0.04)

0.67
(0.01)

0.69
(0.009)

0.65
(0.01)

0.5
(0.02)

0.37
(0.02)

0.43
(0.02)

2.03
(0.08)

15
(0.05)

1.63
(0.1)

0.99
(0.03)

0.79
(0.02)

0.8
(0.02)

0.65
(0.05)

0.66
(0.006)

0.64
(0.007)

0.45
(0.03)

0.35
(0.02)

0.44
(0.04)

2.31
(0.18)

1.77
(0.12)

1.54
(0.12)

1.0
(0.04)

0.85
(0.03)

0.82
(0.04)

0.68
(0.009)

0.68
(0.01)

0.64
(0.012)

0.78
(0.03)

0.7
(0.03)*

0.67
(0.02)

3.34
(0.1)

2.53
(0.07)

2.55
(0.06)

1.44
(0.03)

1.23
(0.03)

1.22
(0.02)

0.64
(0.006)

0.62
(0.007)

0.62
(0.006)

0.76
(0.03)

0.65
(0.04)*

0.75
(0.04)

3.58
(0.17)

2.59
(0.14)

2.98
(0.16)

1.46
(0.04)

1.18
(004)

1.38
(0.06)

0.65
(0.007)

0.64
(0.011)

0.62
(0.01)

0.72
(0.02)

0.66
(0.03)

0.69
(0.03)

3.23
(0.1)

2.47
(0.07)

2.52
(0.06)

1.38
(0.03)

1.19
(0.03)

1.26
(0.03)

0.65
(0.005)

0.63
(0.007)

0.61
(0.007)

0.74
(0.04)

0.68
(0.04)

0.71
(0.04)

3.51
(0.18)

2.59
(0.12)

2.77
(0.12)

1.47
(0.05)

125
(0.05)

134
(0.05)

0.65
(0.008)

0.63
(0.013)

0.62
(0.008)

Data are expressed as mean (SEM). BEO= Bilateral Eyes Open; BEC= Bilateral Eyes Closed; UREO= Unilateral Right Eyes Open; ULEO= Unilateral Left Eyes

Open; NAG= Non Arthropatic Group; HAG= Haemophilic Artropathy Group; CG= Control Group; HG= Haemophilic Group. * Indicate a Haemophilia vs. Non-

haemophilia classifier feature. t Indicate an Arthropathy vs. Non-Arthropathy classifier feature.



Table 3s

. Descriptive statistics of the non-linear analysis variables.

Artropathy Vs No-Artropathy

Haemophilia Vs No-Haemophilia

Variable BEO BEC UREO ULEO BEO BEC UREO ULEO
NAG HAG NAG HAG NAG HAG NAG HAG HG cG HG cG HG CcG HG cG
rp 046 0.46 0.46 0.45 0.4 0.38 0.4 0.39 0.46 0.46 0.45 0.46 0.39 0.39 0.4 0.4
(0.005)  (0.008)  (0.006)  (0.007)  (0.008)  (0.01)  (0.007)  (0.008)  (0.006)  (0.007)  (0.005)  (0.008)  (0.008)  (0.01)  (0.006)  (0.01)
HurstE ¢ ap 044 0.44 0.44 0.43 0.38 0.39 0.38 0.39 0.44 0.44 0.44 0.43 0.39 3.6 0.39 037
urst Exponen (0.006)  (0.009)  (0.006)  (0.008)  (0.008)  (0.009)  (0.008)  (0.11)  (0.006)  (0.009)  (0.005)  (0.009)  (0.007)  (0.01)  (0.007)  (0.01)
ML 044 0.44 0.43 0.43 0.38 037 0.39 0.38 0.44 0.45 0.43 0.44 0.38 0.38 0.39 0.39
(0.006)  (0.007)  (0.007)  (0.008)  (0.006)  (0.009)  (0.007)  (0.009)  (0.006)  (0.008)  (0.007)  (0.007)  (0.007)  (0.007)  (0.007)  (0.009)
rp 134 1.32 131 1.29 1.02 0.98 1.02 1.02 1.32 1.35 1.29 1.35 0.99 1.04 1.02 1.02
(0.02) (0.04) (0.02) (0.03) (0.03) (0.03) (0.02) (0.03) (0.02) (0.04) (0.02) (0.03) (0.02) (0.04) (0.02) (0.04)
Detrended
Fluctuation AP 1.23 1.27 1.21 1.25 0.95 0.99 0.94 0.98 1.26 1.21 1.24 1.19 0.99 0.92 0.97 0.92
Analosi (0.02) (0.04) (0.03) (0.04) (0.02) (0.03) (0.02) (0.03) (0.02) (0.03) (0.02) (0.05) (0.02) (0.03) (0.02) (0.03)
nalysis
ML 119 1.23 1.16 1.16 0.94 091 0.93 0.97 1.21 1.2 1.15 1.18 0.92 0.97 0.95 0.92
(0.03) (0.02) (0.02) (0.03) (0.02) (0.03) (0.02) (0.03) (0.02) (0.05) (0.02) (0.03) (0.02) (0.03) (0.02) (0.02)
gp 1005 17.76 24.96 29.47 8494 15031 7524 15023 1596 557 32.88 14.2 12523  69.92 12563 4823
(1.27) (4.11) (2.98) (3.78)  (11.98)  (40.98)  (9.86)  (32.05)  (232)*  (0.92)*  (297)*  (19)*  (2231)  (20.34)  (1843)  (8.59)
SDA Diffusion
Coefficient aAp 62 11.25 9.68 13.18 5209 13589  53.99 85.9 10.17 3.12 13.02 6.1 96.08 50.83 74.61 44.42
Shoct Tomm (1.03) (4.79) (1.47) (4.17) (5.31) (74.8) (5.84)  (23.02) (2.6) (0.43) (2.45) (1.05)  (3897)  (9.18)  (12.87)  (4.55)
ML 647 9.47 11.99 15.43 29.85 98.92 32.49 84.38 9.39 3.28 15.74 7.39 67.86 24.69 65.16 18.95
(0.94) (2.1) (1.54) (3.2) (3.56)  (43.62)  (424)  (2539)  (L3)*  (0.43)*  (2.05) (0.81)  (23.01)  (3.18)  (13.74)  (2.21)
rp 156 2.62 0.001 0.68 4.14 2.52 3.92 5.44 2.16 145 081  -1.08 2.92 5.01 5.24 2.66
(0.49) (1.6) (0.71) (0.74) (1.95) (2.46) (1.01) (3.55) (0.89) (0.69) (0.51)  (1.25) (2.09) (1.37) (2.01) (0.77)
SDA Diffusion 0.6 0.73 3.84 1.95 6.78 1.85 2.63 0.8 0.34 2.24 0.98 2.05 0.71 2.4 151
C"efﬁ;‘e“t Long AP 07(02)  4r (0.32) (3.22) (0.74) (7.59) (0.61) (1.38) (0.35) (0.21) (1.68) (0.48) (3.99) (0.98) (0.89) (0.38)
erm
ML 037 0.14 0.31 0.34 0.76 -2.56 0.79 4.79 0.39 0.05 0.24 051 -0.79 0.36 3.05 0.36
(0.22) (0.26) (0.39) (0.39) (0.3) (3.19) (0.46) (2.21) (0.23) (0.13) (0.4) (0.18) (1.68) (0.32) (1.23) (0.28)



1.13 1.22 1.15 1.18 0.9 0.82 0.86 0.82 1.2 1.09 1.18 1.1 0.85 0.93 0.86 0.81

RD (0.03) (0.04) (0.03) (0.03) (0.03) (0.04) (0.03) (0.04) (0.03) (0.05) (0.03) (0.04) (0.03) (0.04) (0.03) (0.04)
SDA Hurst
E t AP 1.18 1.24 1.19 1.21 0.81 0.84 0.81 0.76 1.22 1.16 1.21 1.17 0.84 0.79 0.79 0.79
Shﬁg:‘;i:m (0.03) (0.03) (0.03) (0.04) (0.03) (0.04) (0.03) (0.03) (0.03) (0.04) (0.03) (0.06) (0.02) (0.04) (0.03) (0.04)
ML 1.0 1.03 0.99 1.0 0.65 0.71 0.67 0.64 1.03 0.96 1.01 0.95 0.67 0.69 0.68 0.61
(0.03) (0.04) (0.03) (0.04) (0.03) (0.04) (0.03) (0.04) (0.03) (0.05) (0.03) (0.04) (0.03) (0.04) (0.03) (0.04)
RD 0.22 0.27 -0.05 0.11 0.19 0.13 0.17 0.15 0.22 0.28 0.11 -0.24 0.11 0.3 0.14 0.2
(0.12) (0.12) (0.1) (0.07) (0.05) (0.06) (0.05) (0.06) (0.1) (0.16) (0.05) (0.2) (0.32) (0.07) (0.05) (0.06)
SDA Hurst
Exponent Lon AP 0.37 0.3 0.22 0.29 0.15 -0.05 0.13 0.13 0.34 0.34 0.21 0.33 0.072 0.078 0.12 0.14
p T g (0.07) (0.11) (0.06) (0.08) (0.05) (0.11) (0.03) (0.05) (0.07) (0.11) (0.05) (0.1) (0.007)*  (0.006)* (0.04) (0.03)
erm
ML 0.02 0.04 0.06 0.19 0.05 -0.03 0.04 0.13 0.06 -0.059 0.08 0.18 0.014 0.047 0.096 0.037
(0.07) (0.08) (0.06) (0.06) (0.02) (0.07) (0.03) (0.04) (0.061) (0.1) (0.06) (0.06) (0.04) (0.037) (0.03) (0.039)
RD 1.75 1.47 1.57 1.54 0.91 0.73 0.89 0.91 1.59 1.78 1.48 1.73 0.78 1.0 0.91 0.88
(0.1) (0.1) (0.09) (0.08) (0.07) (0.07) (0.06) (0.08) (0.08) (0.16) (0.05) (0.17) (0.05) (0.12) (0.06) (0.09)
Critical Point AP 1.4 1.44 1.27 1.32 0.83 0.82 0.85 0.82 1.45 1.33 1.33 1.19 0.85 0.76 0.85 0.82
(s) (0.07) (0.11) (0.06) (0.09) (0.05) (0.06) (0.06) (0.07) (0.07) (0.11) (0.06) (0.1) (0.05) (0.06) (0.06) (0.06)
ML 1.4 1.28 1.24 1.2 0.79 0.75 0.77 0.89 1.33 1.43 1.21 1.27 0.77 0.78 0.84 0.75

(0.07) (0.09) (0.06) (0.09) (0.05) (0.06) (0.04) (0.07) (0.06) (0.13) (0.06) (0.09) (0.05) (0.06) (0.05) (0.07)

Data are expressed as mean (SEM). BEO= Bilateral Eyes Open; BEC= Bilateral Eyes Closed; UREO= Unilateral Right Eyes Open; ULEO= Unilateral Left Eyes
Open; NAG= Non Arthropatic Group; HAG= Haemophilic Artropathy Group; CG= Control Group; HG= Haemophilic Group. * Indicate a Haemophilia vs. Non-

haemophilia classifier feature. t Indicate an Arthropathy vs. Non-Arthropathy classifier feature.



