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Abstract.
BACKGROUND: Haemophilic arthropathy is likely to influence posture and muscle stiffness in adolescent male haemophilia
patients (HP).
OBJECTIVE: This study aimed to investigate the possible change in upright standing posture and stiffness of the superficial
postural muscles in HP.
METHODS: Twenty-two HP aged between 12 and 19 years and twenty-two healthy peers were included in the study. The
photogrammetry was used to assess the upright standing posture from sagittal and frontal planes. Also, stiffness of the superficial
postural muscles was evaluated using the myotonometry.
RESULTS: A significant difference was found in the craniovertebral, lumbar lordosis, knee flexion-valgus, and ankle plantar
flexion angles between the groups (p < 0.05). Craniovertebral, knee flexion, and knee valgus angles were lower; whereas lumbar
lordosis and ankle plantar flexion angles were higher in HP compared to the healthy peers. Stiffness of the rectus femoris muscle
was lower in HP (p < 0.001).
CONCLUSION: This study revealed that the ankle, knee, lumbar, and craniovertebral segments’ posture angles were changed
and the stiffness of the rectus femoris muscle decreased in HP. Postural alterations and reduced rectus femoris stiffness should be
considered in management of the musculoskeletal complications of haemophilia.
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1. Introduction

Haemophilia is a congenital bleeding disorder caused
by a deficiency of the X-linked coagulation factors (fac-
tor VIII in haemophilia A and factor IX in haemophilia
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B). Bleeding into the synovial joints occurs repeatedly
in patients with haemophilia [1]. Failure to prevent such
hemorrhages causes destruction of articular cartilage,
joint deterioration [1], balance impairment [2], and gait
disorder [3,4] and eventual worsening of quality of
life [5,6].

Posture, the attitude held by the body, is a strategy
implemented by the human body to counter gravity
and environmental forces in the most comfortable and
economical fashion; therefore, stresses on the mus-
culoskeletal system are minimal in the correct pos-
ture [7]. In some musculoskeletal diseases, joint dis-
orders and muscular imbalance may cause alteration
in posture [8,9]. Posture disorders result in pain, de-
formity, or functional limitation in adolescents, and af-
fect the spinopelvic and extremity alignment in adult-
hood [10,11]. Misalignment of body segments can in-
duce deterioration of the balance of pressure on the
joints and cause the load on the joint to exceed natural
limits at certain points [12,13]. Impairment of the intra-
articular load balance in haemophilia patients (HP) may
increase the risk of bleeding in areas where the load
is high [11]. Hmida et al. found that in patients with
severe haemophilia some posture parameters differ in
gait, but not in an upright position [14]. However, this
study was performed with adult HP who had severe
joint damage, and their lower extremity posture was not
evaluated.

Changes in posture may be associated with the alter-
ation in stiffness of agonist and antagonist muscles [15].
Muscle stiffness, a parameter of the viscoelastic char-
acteristics of the muscle, is the ability of a muscle to
withstand an external force that is attempting to change
its shape. Stiffness is an objective parameter that reveals
tissue status and can be used by clinicians as a reference
in diagnosis and treatment [16,17]. Muscle stiffness is
a characteristic feature that affects segmental alignment
or biomechanics [17,18]. Therefore, it is necessary to
determine the alteration in the stiffness of the postural
muscles to reveal the possible reasons for a change in
segmental alignment [18]. There is no study in the lit-
erature investigating possible differences in stiffness of
the postural muscles in HP.

In HP, bleeding and musculoskeletal dysfunctions
may become evident due to posture disorders [11,19].
Such disorders result in a decrease in the quality of life
of patients [5,6] and in an economic burden [1]. There
is a need for investigation of posture disorders and their
underlying reasons, such as muscle stiffness [17,18].
The primary aim of this study was to investigate the
possible differences in sagittal-frontal posture during

upright standing and stiffness of superficial postural
muscles in adolescent male HP. The secondary purpose
of the study was to determine the effects of muscle
stiffness and joint health on posture. We hypothesized
that upright standing posture and stiffness of the super-
ficial postural muscles are altered in HP compared to
age-matched healthy peers.

2. Materials and methods

2.1. Study design and participants

This study used an observational and comparative
design. The criteria for Strengthening the Reporting
of Observational Studies in Epidemiology (STROBE)
checklist were considered for reporting the study. This
study was conducted between September 2021 and
February 2022 at the Physical Medicine and Rehabil-
itation Outpatient Clinic of Cukurova University. The
study was approved by the Non-Interventional Clini-
cal Research Ethics Committee of Cukurova Univer-
sity (Decision No: 109/61, Approval Date: 05.03.2021)
and the study protocol was registered in the clinicaltri-
als.gov database (ID: NCT05173129). All participants
and their legal representatives were given written and
verbal information before the study and a written con-
sent was obtained. All procedures were conducted in
accord with the Declaration of Helsinki (as revised in
2013).

HP recruited from the Cukurova Hemophilia Soci-
ety were assigned to the haemophilia group, while ran-
domly selected healthy adolescent boys from class-
mates of HP were assigned to the control group. HP
were randomly enrolled in the study using computer
generated numbers (randomizer org; available at https://
www.randomizer.org/#randomize). Each patient of the
Cukurova Hemophilia Society was numbered, and these
numbers were entered into the computer program. Pa-
tients were invited to participate in the study according
to a random order formed by the computer program
until the power analysis-determined sample size was
reached.

The study included adolescent boys diagnosed with
severe-moderate haemophilia A or B and aged between
10 and 19 years. HP who were unable to stand without
support due to haemophilic arthropathy, positive for
FVIII or FIX inhibitor, had bleeding events in the pre-
vious two weeks, previous surgeries such as synovec-
tomy or spine surgeries, spine diseases such as Scheuer-
mann’s disease, and with mild haemophilia were ex-
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cluded. In addition, boys diagnosed with a chronic mus-
culoskeletal disease by an independent physician were
excluded from the control group.

2.2. Outcome measures

All participants were evaluated in different days
between 9:00 and 10:00 am at local time. Sociode-
mographic and physical characteristics (age, height,
weight, body mass index and educational status) of
all participants were recorded. Type and severity of
haemophilia, number of the target joints, treatment type,
and joint health of the participants in the hemophilia
group were also evaluated. Haemophilia Joint Health
Score version 2.1 (HJHS) was used to assess the joint
health. The HJHS which has high internal reliability
(Cronbach’s α = 0.88) [20] was used to evaluate the
joint health of the HP and calculated by adding the
global gait score to the sum of 6 joint (bilateral elbow,
knee, and ankle joints) totals. For each of the six joints,
the following items are scored: swelling (scored 0–3),
duration of swelling (0–1), muscle atrophy (0–2), crepi-
tus on motion (0–2), loss of flexion (0–3), loss of ex-
tension (0–3), pain (0–2), and muscle strength (0–4).
Global gait is scored 0 to 4. Total score ranges from
0 to 124, where a higher score indicates poorer joint
health [21].

2.3. Photogrammetry

This method is based on the analysis of two-
dimensional (2D) photographic images of the whole
body or alignment of the body segments using computer
software [22]. Photogrammetry showed good-excellent
interrater-reliability (interclass correlation coefficients:
0.84–0.99) for posture analysis of the pediatric popula-
tion [23].

The data obtained in the measurement may vary
depending on the type of software, camera height,
participant-camera distance, and reference points [24].
We preferred the protocol developed by Belli et al. for
the photogrammetry method [25]. Firstly, cylindrical
type passive markers with a 0.5 cm2 surface area were
attached to some anatomical reference points (proces-
sus mastoideus, acromion, superior angle of scapula,
tuberculum majus, third-seventh cervical, first-seventh-
twelfth thoracic, first-third-fifth lumbal vertebrae, spina
iliaca anterior superior, spina iliaca posterior superior,
trochanter major, lateral condyle of the femur, midpoint
of the patella, lateral malleolus, midpoint of the ankle,
and distal end of the fifth metatarsal bone) on the body

of the participant wearing only tight-fitting sports short,
using double-sided adhesive tape by an experienced
physiotherapist. Furthermore, in order to form vertebral
angles, a virtual straight line (external reference line)
33 cm posterior to the participant was drawn by soft-
ware. The participant asked to stand on a fixed platform
(5 cm high × 60 cm long × 40 cm wide) placing his feet
on the location marked with colored tape and taking the
most comfortable upright standing position. Also, he
was instructed to look at himself on a mirror positioned
1.5 m away in order to reproduce the natural head posi-
tion. Thereafter, two full-body 2D photographs (one on
the sagittal plane in lateral view profile, and one on the
frontal plane in anterior view profile) were taken by a
camera (20.2 mp, RX10 II Sony, Japan) located on the
tripod at a distance of 3.5 m from the participant and
0.86 m over the ground. Given the recommendations
of Araujo et al. a fixed height was chosen to ensure re-
producibility of the protocol among participants despite
variability in participants’ heights [10]. Sagittal plane
images were obtained from the side with the most dam-
age (with higher HJHS score) in the haemophilia group
and from the dominant side in the control group [4].

The 2D images were analyzed using the Kinovea R©

video analysis (version 0.8.15, Kinovea Open Source
Project), which measures the angles formed by the lines
traced from the previously labeled anatomic landmarks
in order to identify and quantify the possible asym-
metries and vertebral curvature angles. Eleven posture
angles were obtained on the sagittal (craniovertebral,
cervical lordosis, shoulder protraction, thoracic kypho-
sis, lumbar lordosis, pelvic tilt, knee flexion, and ankle
plantar flexion angles) and frontal (shoulder asymme-
try, pelvis asymmetry, and knee valgus angles) planes.
Measurements were performed three times for each
angle and the average value was recorded. To reduce
the risk of bias for intra-rater analyses, three measure-
ments were made one day apart on the same image. The
angles obtained with Kinovea R© using landmarks are
summarized in Table 1 and shown in Fig. 1.

2.4. Myotonometry

Myotonometry is based on MyotonPro R© (Myoton
AS, Tallinn, Estonia) a hand-held device that provides
objective data regarding stiffness of superficial muscles
and soft tissues. It is a reliable method for assessment
of muscle stiffness in children (interrater reliabilities
ranged from 0.74 to 0.99) [26].

MyotonPro R© displays the myofascial stiffness by
analyzing the oscillations of the myofascial tissue in
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Table 1
The posture angles formed with Kinovea R© using landmarks [25]

Angle How the angle was formed?
Sagittal plane
Craniovertebral
angle

The angle was formed by connecting the sagittal straight line drawn parallel to the ground and the straight line that passed
through the mastoid process and C7.

Cervical lordosis
angle

The angle was formed by connecting the straight line passed through the distal point of the occiput and C3 level point on
the external reference line and the straight line passed through the C7 and C3 level point on the external reference line.

Shoulder
protraction angle

The angle was formed by connecting the sagittal straight line drawn parallel to the ground and the straight line that passed
through the acromion and superior angle of scapula.

Thoracic kyphosis
angle

The angle was formed by connecting the straight line passed through the T1 and T6 level point on the external reference
line and the straight line passed through the T12 and T6 level point on the external reference line.

Lumbal lordosis
angle

The angle was formed by connecting the straight line passed through the L1 and L3 level point on the external reference
line and the straight line passed through the L5 and L3 level point on the external reference line.

Sagittal pelvic tilt
angle

The angle was formed by connecting the sagittal straight line drawn parallel to the ground and the straight line that passed
through the SIAS-SIPS.

Knee flexion angle The angle was formed by connecting the straight line that passed through the trochanter major-lateral condyle of the femur
and the straight line that passed through the lateral condyle of the femurr-lateral malleol.

Ankle plantar
flexion angle

The angle was formed by connecting the straight line that passed through the lateral condyle of femur – lateral malleol and
the straight line that passed through the lateral lateral malleol-distal end of the fifth metatarsal bone.

Frontal plane
Shoulder
asymmetry angle

The angle was formed by connecting the frontal straight line drawn parallel to the ground and the straight line that passed
through the left-right tuberculum majus.

Pelvis asymmetry
angle

The angle was formed by connecting the frontal straight line drawn parallel to the ground and the straight line that passed
through the left-right SIASs.

Knee valgus
angle

The angle was formed by connecting the straight line that passed through the SIAS-midpoint of the patella and the straight
line that passed through the midpoint of the patella- midpoint of the ankle.

Abbreviations: C3, Third cervical vertebra; C7, Seventh cervical vertebra; T1, First thoracic vertebra; T6, Sixth thoracic vertebra; T12, Twelfth
thoracic vertebra; L1, First lumbar vertebra; L3, Third lumbar vertebra; L5, Fifth lumbar vertebra; SIAS, Spina iliaca anterior superior; SIPS,
Spina ilica posterior superior.

Fig. 1. Images taken with admission for analysis of posture parameters with Kinovea R©; a) Spinopelvic posture angles in sagittal plane; grey angle
for craniovertebral, red angle for cervical lordosis, yellow angle for thoracic kyphosis, green angle for lumbal lordosis, and blue angle for sagittal
pelvic tilt; b) Extremity posture angles in sagittal plane; khaki angle for shoulder protraction, dark blue angle for knee flexion, and dark orange
angle for ankle plantar flexion [calculated by the formula (angle obtained with Kinovea R©)–90]; c) Posture angles in frontal plane; dark green
angle for shoulder asymmetry, yellow angle for pelvis asymmetry, and pink angle for knee valgus.
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response to the 5 short (15 ms) impulses, at 0.56 N
force and frequency of 1 Hz applied by the probe of the
device [12]. The device simultaneously calculates the
stiffness by the manufacturer’s formula as follows:

S = a1max ×m/∆l[27]

(S: Stiffness, a1max: The maximum acceleration in the
oscillatory wave occurred in the muscle, m: Probe mass,
∆1: The amplitude of the maximum muscle displace-
ment)

The superficial muscles (cervical, thoracic and lum-
bar erector spinae, upper and middle trapezius, stern-
ocleidomastoideum, pectoralis major, rectus abdomi-
nus, gluteus medius, adductor magnus, rectus femoris,
biceps femoris, tibialis anterior, and gastriconemius),
which play a role in the posture were evaluated [28].
Cervical, thoracic and lumbar erector spinae, middle
trapezius, gluteus medius, rectus femoris, and tibialis
anterior muscles were agonist, whereas upper trapezius,
sternocleidomastoideum, pectoralis major, rectus ab-
dominus, adductor magnus, biceps femoris, and gastri-
conemius were antagonist muscles for upright standing
posture [29].

The participants were asked not to do moderate or
vigorous physical activity before the measurement.
Data were obtained during upright standing position and
from the side (left or right) where sagittal posture anal-
ysis was performed. The probe of the MyotonPRO R©

device was placed vertically to the muscle fibers on the
belly (previously marked by an experienced physiother-
apist) of the muscle and three measurements were made
for each muscle. Measurement was accepted as valid if
there is less than a 5% variation between three taps [30].
The average of the three measurements was recorded on
a data collection form. A higher value (N/m) indicates
higher muscle stiffness [12,16,26].

2.5. Statistical analysis

Statistical analyses were carried out using the Statis-
tical Package for Social Sciences version 22.0 (SPSS
Inc., Chicago, IL, USA). The distribution of the data
was determined by visual (histograms and probabil-
ity plots) and analytical methods (Shapiro-Wilks test).
Normally distributed data were expressed as mean and
standard deviation (SD), and categorical data as number
and percent (%). Photogrammetry and myotonometry
data were analyzed using unpaired t test and the mean
difference between groups were given with 95% confi-
dence intervals (CI). Cohen’s d was given for the effect
size of the significant difference Due to the sample size

would be too small subgroup (HP with HJHS< 0 vs HP
with HJHS> 0, etc.) analyses were not performed [31].

The intra-class correlation coefficient (ICC) was used
to determine the reproducibility of the photogrammetry
method. ICC values: < 0.5, 0.5 to 0.75, 0.75 to 0.9, and
> 0.9 indicate poor, moderate, good, and excellent reli-
ability, respectively [32]. The stepwise multiple linear
regression analysis was used to examine the association
between potential confounders (age and body mass in-
dex [10,33]) and the significant difference in dependent
variables. Additionally, linear regression analyses were
performed to investigate the associations of body pos-
ture with muscle stiffness and joint health. A p-value of
< 0.05 was considered statistically significant.

The required sample size was calculated using
the G*Power Software (version 3.0.18; Heinrich-
Heine-Universität Düsseldorf, Germany). The ‘t tests-
difference between two independent means’ parameter
was selected by accepting posture measurement as the
primary assessment method. Based on the study per-
formed by Hmida et al. [14] the effect size was deter-
mined at 0.88. We estimated a sample size of 22 partic-
ipants for each group and 44 participants in total with
a statistical power of 80% (1−β = 0.80) and an alpha
level (type I error) of 0.05.

3. Results

A total of 184 HP was enrolled to the study and all
data of the 22 patients who met the inclusion criteria
and 22 control subjects were analyzed (Fig. 2). No
participant reported bleeding during assessments.

There was no significant difference between the
groups in sociodemographic characteristics (p > 0.05).
Sociodemographic characteristics of all subjects and
clinical characteristics of haemophilia group are sum-
marized in Table 2.

Regarding the reproducibility of the photogrammetry
method, the 2D images of the whole body on the frontal
and sagittal planes showed moderate to excellent mean
ICC(s) (0.68 to 0.97) for all angles. During the upright
standing posture measurement, craniovertebral, knee
flexion-valgus angles were significantly lower; how-
ever, lumbar lordosis and ankle plantar flexion angles
were significantly higher in the haemophilia group com-
pared to the control group (p < 0.05). The significant
differences were with medium-high effect size (d) for
all posture angles (d > 0.5) (Table 3).

The stiffness of the rectus femoris was significantly
lower with a medium effect size (d = 0.72) in the



604 V. Deniz et al. / Posture in patients with haemophilia

Table 2
The demographic characteristics of all subjects and the clinical characteristics of the haemophilia group

Haemophilia group (n = 22) Control group (n = 22) p-value
Age; (year) (mean ± SD) (min-max) 16.4 ± 2.3 (12.0–19.0) 16.0 ± 2.5 (12.0–19.0) 0.577†

Height; (cm) (mean ± SD) (min-max) 170.6 ± 11.4 (146.1–186.4) 166.6 ± 11.8 (143.5–185.4) 0.269†

Weight; (kg) (mean ± SD) (min-max) 63.4 ± 16.8 (34.7–90.3) 61.8 ± 14.2 (37.6–100.3) 0.737†

BMI; (kg/m2), (mean ± SD) (min-max) 21.6 ± 4.5 (15.3–29.9) 22.0 ± 4.2 (13.6–31.6) 0.732†

Education; n (%)
Middle school
High school
University

4 (18)
13 (59)
5 (23)

6 (27)
11 (50)
5 (23)

0.546‡

HJHS; (mean ± SD) (min-max)
Elbow
Knee
Elbow
Total

1.3 ± 2.7 (0.0–8.0)
2.0 ± 2.8 (0.0–8.0)
1.1 ± 2.0 (0.0–5.0)
4.5 ± 4.9 (0.0–20.0)

– –

Type of haemophilia; n (%)
A/B 20 (91)/2 (9) – –

Severity; n (%)
Severe/Moderate 17 (77)/5 (23) – –

Factor treatment; n (%)
Prophylaxis/On-demand 15 (68)/7 (32) – –

Number of target joint; n (%)
0
1
2
> 2

10 (45)
7 (32)
4 (18)
1 (5)

– –

Most affected joint n (%)
Knee
Ankle
Elbow
None

7 (32)
3 (14)
2 (9)

10 (45)

– –

Abbreviations: sd, Standard deviation; min, Minimum; max, Maximum; BMI, Body mass index; HJHS, Haemophilia
joint health score, †: Unpaired t test, ‡: Chi-square test.

Fig. 2. Study flowchart.
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Table 3
Between-group comparison of the posture angles

Angle (degree)
Haemophilia group (n = 22)

(mean ± SD) (min-max)
Control group (n = 22)
(mean ± SD) (min-max)

Mean difference
95% (CI)

Effect size
(Cohen d) p-value†

Cervical lordosis angle 17.5 ± 28 (14.0–23.0) 19.2 ± 26 (14.0–24.0) −1.7 (−3.3 to 0.1) – 0.064
Craniovertebral angle 50.4 ± 9.1 (32.0–63.0) 61.5 ± 4.7 (54.0–71.0) −11.1 (−15.5 to −6.7) 1.47 < 0.001
Thoracic kyphosis angle 53.7 ± 9.2 (31.0–64.0) 53.1 ± 5.1 (40.0–62.0) 0.6 (−4.0 to 5.3) – 0.785
Shoulder protraction angle 35.1 ± 10.2 (21.0–56.0) 39.8 ± 9.2 (26.0–58.0) −4.7 (−10.6 to 1.2) − 0.076
Shoulder asymmetry angle 1.1 ± 0.9 (0.0–3.0) 1.3 ± 1.1 (0.0–4.0) −0.2 (−0.4 to 0.8) – 0.767
Lumbar lordosis angle 30.0 ± 5.3 (19.0–42.0) 26.8 ± 3.3 (20.0–32.0) 3.2 (0.5 to 5.9) 0.71 0.021
Sagittal pelvic tilt angle 15.6 ± 4.1 (6.0–25.0) 15.2 ± 3.3 (11.0–21.0) 0.4 (−2.6 to 1.9) – 0.462
Pelvic asymmetry angle 1.5 ± 1.3 (0.0–4.0) 1.2 ± 0.7 (0.0–2.0) 0.3 (−0.8 to 0.4) – 0.729
Knee flexion angle 173.3 ± 3.1 (170.0–180.0) 179.1 ± 1.9 (176.0–184.0) −5.9 (−7.4 to −4.3) 1.20 < 0.001
Knee valgus angle 175.9 ± 4.1 (165.0–183.0) 179.8 ± 2.3 (174.0–183.0) −3.9 (−5.9 to −1.8) 1.19 0.001
Ankle plantar flexion angle 12.0 ± 3.4 (7.0–19.0) 8.6 ± 6.5 (−9.0–18.0) 3.4 (0.2 to 6.5) 0.64 0.043

Abbreviations: sd, Standard deviation; min, Minimum; max, Maximum, †: Unpaired t test.

Table 4
Between-group comparison of the muscle stiffness

Muscle (N/m) Haemophilia group (n = 22)
(mean ± SD) (min-max)

Control group (n = 22)
(mean ± SD) (min-max)

Mean difference
95% (CI)

Effect size
(Cohen d) p-value†

Cervical erector spinae 288.9 ± 62.3 (175.0–366.0) 304.3 ± 72.7 (209.0–466.0) −15.6 (−45.4 to 14.3) – 0.444
Sternocleidomastoideum 200.2 ± 37.7 (138.0–282.0) 192.4 ± 37.9 (143.0–305.0) 7.8 (−12.1 to 27.7) – 0.514
Upper trapezius 336.7 ± 77.1 (201.0–511.0) 323.9 ± 51.1 (248.0–437.0) 12.9 (−23.5 to 49.2) – 0.482
Middle trapezius 261.0 ± 62.9 (151.0–366.0) 282.2 ± 53.3 (191.0–429.0) −27.3 (−52.5 to 10.0) – 0.179
Thoracic erector spinae 326.8 ± 65.9 (208.0–436.0) 316.3 ± 74.5 (134.0–444.0) 10.5 (−25.5 to 46.4) – 0.563
Pectoralis major 274.1 ± 61.1 (182.0–489.0) 262.1 ± 32.2 (204.0–330.0) 12.0 (−15.8 to 39.8) – 0.653
Lumbar erector spinae 269.2 ± 98.1 (119.0–480.0) 301.4 ± 78.9 (183.0–487.0) −32.2 (−77.1 to 12.8) – 0.186
Rectus abdominus 244.5 ± 60. (157.0–410.0) 228.0 ± 41.7 (164.0–353.0) 16.5 (−13.4 to 46.5) – 0.367
Gluteus medius 246.3 ± 41.7 (131.0–392.0) 259.4 ± 63.9 (166.0–319.0) −12.9 (−19.8 to 45.8) – 0.508
Adductor magnus 269.3 ± 51.4 (165.0–344.0) 254.6 ± 34.9 (185.0–322.0) 14.7 (−11.9 to 41.3) – 0.185
Rectus femoris 245.3 ± 57.6 (120.0–339.0) 287.5 ± 58. (170.0–404.0) −42.0 (−58.0 to −26.1) 0.72 < 0.001
Biceps femoris 287.9 ± 62.3 (210.0–466.0) 267.8 ± 53.6 (174.0–390.0) 20.2 (−10.0 to 50.4) – 0.192
Tibialis anterior 602.3 ± 1225 (373.0–839.0) 616.8 ± 96.0 (488.0–800.0) −14.5 (−75.3 to 46.3) – 0.656
Gastriconemius 383.9 ± 78.3 (254.0–553.0) 408.3 ± 81.2 (284.0–588.0) −24.4 (−66.4 to 17.6) – 0.250

Abbreviations: N/m, Newton/meter; sd, Standard deviation; min, Minimum; max, Maximum, †: Unpaired t test.

haemophilia group compared to the control group (p <
0.001). However, there was no significant difference
between the groups in stiffness of the other muscles
evaluated (p > 0.05) (Table 4). The linear regression
analyses showed a significant positive relationship be-
tween rectus femoris stiffness and craniovertebral, knee
flexion, and valgus angles. Total HJHS was negatively
associated with craniovertebral, knee flexion valgus,
and ankle plantar flexion angles (p < 0.05) (Table 5).

The stepwise multiple regression analysis demon-
strated that there was no association between poten-
tial confounders and the significant difference in the
dependent variables (p > 0.05).

4. Discussion

This study aimed to compare upright standing pos-
ture and muscle stiffness between HP and age-matched
healthy peers. It showed an increased forward tilt of the

head, reduced lumbar lordosis curvature, a misalign-
ment in knee flexion valgus and ankle plantar flexion in
HP. Stiffness of the rectus femoris muscle was lower in
the HP than in the controls Deterioration of joint health
and the reduction in rectus femoris stiffness could cause
differences in craniocervical and knee flexion-valgus
angles. Worsening joint health causes a change in ankle
posture in the form of plantar flexion.

It is widely known that joint degeneration, mus-
cular imbalance and proprioceptive disorders that are
seen in musculoskeletal diseases give rise to various
changes in static erect posture [8,9]. A guideline pub-
lished for managing musculoskeletal complications
of haemophilia reported that HP often have postural
changes characterized by flexion deformities in the ex-
tremities [34]. Similarly, Boccalandro et al. found al-
terations in static upright posture in pediatric HP and
reported that balance was adversely affected due to pos-
tural changes [11]. Surprisingly, a recent study found no
significant change in spinal posture in adult HP (with a
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relatively high level of joint damage; mean HJHS total
of 23.5 points) compared to their healthy peers [14].
The misalignment in the lower extremity in our study is
consistent with the haemophilia guideline. In addition,
similarly to Boccalandro et al. [11], we determined mis-
alignment in spinal segments. From a biomechanical
perspective, the joints of the lower extremities serve as
a basis for spine posture [35]. Therefore, we hypothe-
sized that recurrent bleeding in the knee and ankle joints
results in significant changes in the alignment of the
joints and that this may be a reason for altered spinal
posture in HP.

Changes in the viscoelastic properties of the mus-
cle affect joint mobility, muscle flexibility, posture, and
functionality [12,36]. The literature has studies address-
ing the change in the viscoelastic properties of muscles
in people with neuromuscular and orthopedic diseases
or in healthy individuals in [12,17,36]. Chleboun et al.
found a positive correlation between muscle volume
and passive muscle stiffness [37]. Considering this find-
ing, muscle atrophy is likely associated with a decrease
in passive stiffness. In contrast, a previous study found
increased passive stiffness of the calf muscles in pa-
tients with haemophilic ankle arthropathy [38]. Muscle
atrophy is a typical symptom of haemophilic arthropa-
thy [1]. Researchers have hypothesized that fibrosis of
periarticular tissues due to repeated joint bleeding may
increase muscle stiffness [38]. In our study, like that of
Chleboun et al. [37], we found a significant decrease in
stiffness of the rectus femoris muscle, which controls
the knee. The change in stiffness of the rectus femoris
muscle can be explained by arthrogenic muscle inhibi-
tion [39]. Knee hemarthrosis triggers a reflex inhibition
mechanism that reduces the quadriceps activity, thus di-
minishing tone and stiffness [39]. No significant change
was determined in the stiffness of the superficial spinal
muscles in HP. This finding suggests that the stiffness
of the superficial spinal muscles does not play a key
role in the changes in spinal posture in HP.

4.1. Limitations

The present study has some limitations regarding
data collection. First of all, stiffness of the deep muscles
affecting the posture, especially the iliopsoas muscle,
which is known to bleed frequently in HP [40], cannot
be measured with MyotonPRO R© device [27]. There-
fore, we were unable to determine the changes in the
stiffness of the deep postural muscles. The second limi-
tation is that we did not use other advanced techniques,
such as ultrasound imaging or magnetic resonance elas-

tography, to determine whether differences in fat infil-
tration/densification and fibrosis of superficial muscles
contributed to the observed variability of muscle stiff-
ness [12]. Third, since the frontal plane alignment of
the spine cannot be assessed using the photogrammetry
method [41], we could not perform a postural analysis
from the posterior side of the participant.

5. Conclusion

In adolescent HP, hemarthrosis can lead to misalign-
ment in the ankle, knee, lumbar, and craniovertebral
segments and a decrease in the stiffness of the rectus
femoris muscle. Posture assessment should be part of
the examination in musculoskeletal complications of
haemophilia, and any change in the stiffness of the rec-
tus femoris should also be considered in the manage-
ment of postural disorders in HP. Approaches to im-
prove joint health and rectus femoris muscle stiffness
may be among the methods that can be used by clini-
cians to prevent postural disorders in HP.
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