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Abstract: Background: Hemophilia is a inherited bleeding disorder that is characterized by intra-
articular bleeding (hemarthrosis). The aim of the study was to evaluate the state of the satellite
tendons of the target joints in the patient with hemophilic arthropathy and propose rehabilitation
treatment with eccentric exercises. Methods: The tendons of the joints mainly affected by hemophilic
arthropathy were evaluated by ultrasound. The ultrasound evaluation is associated with the use
of evaluation clinical scales, such as the Hemophilia Joint Health Score (HJHS), the Functional
Independence Score in Hemophilia (FISH), the Hemophilia Activity List (HAL), the DASH, the VISA-
A, the VISA-P, and the VAS scale. Results: In 20 patients with hemophilic arthropathy, the thickness of
the tendons that were examined was normal. In six subjects with severe joint damage, echostructural
alterations were present, and signs of hyperemia and neo-vascularization were detected on color
Doppler, as well as the presence of intratendinous calcifications. Conclusions: The tendons of the
target joints in patients with hemophilic arthropathy are compromised by the indirect biomechanical
damage caused by the joint disease, and rehabilitation treatment with eccentric exercises can be
considered safe and effective in improving the tenso-elastic properties of the tendons.
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1. Introduction

Hemophilia is a inherited bleeding disorder that is characterized by recurring bleeding
episodes. The most common forms are hemophilia A, also known as a deficiency of factor
VIII, and hemophilia B, factor IX deficiency. Both are hereditary genetic diseases linked to
the X chromosome. A typical clinical manifestation of hemophilia is intra-articular bleeding
(hemarthrosis), which affects the main joints, such as the elbow, knee, and ankle, associated
with muscle hematoma [1,2]. Repeated hemarthrosis can cause degenerative arthropathy,
a frequent complication in patients with moderate and severe hemophilia. Hemophilic
arthropathy is a secondary form of osteoarthritis that is characterized by an ultrasound level
with the presence of intra-articular blood effusion, which can cause synovitis and synovial
hypertrophy and causes damage to the articular cartilage [3,4]. Ultrasound has become a
first-level diagnostic method in the musculoskeletal field for the study of the joint damage
associated with the pathology and any alteration affecting the periarticular structures [5–7].
There are also several studies in the literature about the use of ultrasound in the assessment
and staging of joint damage caused by hemophilic pathology. In particular, the most
used score is the “Hemophilia Early Arthropathy Detection with Ultrasound (HEAD-US)”,
shared among all professionals dealing with hemophilia [8,9]. However, it is conceivable
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that, following an inflammatory process involving the joint, the periarticular structures,
such as the tendons, may be involved because of the relationship of continuity with the
capsular structures, as seen in the knee and elbow [10]. Furthermore, in the presence of
chronic arthropathy with joint deformity and functional limitation, it is possible that the
tendons undergo degeneration processes related to disuse or biomechanical alterations [11,12].
To our knowledge, the morphological study of tendons in hemophiliac patients has never
been performed, although there is little experience on the assessment of the elasticity of
tendons in patients with hemophilic arthropathy by means of elastosonography. In the
studies by Cruz-Montecinos et al., greater rigidity and hysteresis of the Achilles tendon
compared to healthy subjects and greater joint stiffness during evaluation of the tendon
during stretching exercises were found [13,14]. These scientific data, accompanied by
our clinical experience, support the importance of a greater morphological knowledge of
tendon tissue, aimed at ensuring safe rehabilitative treatments, such as eccentric exercise or
stretching, in order to counteract the joint stiffness and muscle hypotrophy associated with
the possible presence of tendinopathy. The aim of this study was to evaluate the state of
the satellite tendons of the target joints in patients with hemophilic arthropathy to search
for possible tendons alterations.

2. Materials and Methods
2.1. Subjects

Patients with hemophilic arthropathy were sent by the Inherited Bleeding Disorders
Unit in Bologna to the Physical and Rehabilitative Medicine Department of the Rizzoli
Orthopedic Institute as part of a clinical collaboration for the rehabilitation needs of these
patients. During their examinations, patients were asked to participate in the study for the
ultrasound evaluation of tendons. The study was approved by the Ethics Committee of
the Institute (PG no. 0010368 del 17/06/2021), and all the patients included signed the
informed-consent form to participate. Patients were screened on the basis of age, between
18 and 65 years, and the presence of ultrasound signs of hemophilic arthropathy. Exclusion
criteria were the presence of elbow, knee, and ankle arthroplasty; and ankle arthrodesis,
knee, and ankle synovectomy. In agreement with the Ethics Committee, the study was
designed as a pilot study including a number of patients so that at least 30 ultrasound
examinations were performed on the target tendons of the study (10 on the biceps/triceps
tendons for the elbow, 10 on the quadriceps/patellar tendons for the knee, and 10 on the
Achilles tendon of the ankle). Since hemophilic pathology has a polyarticular involvement,
multiple joints were evaluated in the same patient.

2.2. Ultrasound Assessment

Biceps and triceps brachii tendons were assessed at the elbow, quadriceps and patellar
tendons at the knee, and Achilles tendons at the ankle. Tendons were assessed bilaterally
in order to carry out a comparative study. A musculoskeletal radiologist with 11 years
of experience (P.S.) and physiatrist expert in musculoskeletal ultrasound with 3 years of
experience (D.D.) performed the US evaluations in consensus.

The ultrasound examination was performed with a linear probe with musculoskeletal
presets for elbow’s tendons evaluation (7–16 MHz). The following ultrasound parameters
were evaluated:

Maximum tendon thickness (anterior-posterior diameter).
For the tendon thickness, there are no reference values because it is highly variable for

age, sex, and race.
Echogenicity and echostructure alteration (in a visual semi-quantitative way). The

classification is reported in Table 1.
Signs of hyperemia on power color Doppler (neovascularization scale). The classifica-

tion is reported in Table 1.
Presence/absence of calcifications/other tendon ultrasound findings [15].
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Table 1. Ultrasound classification.

Echostructural Alteration Signs of Hyperemia on Power-Color Doppler

Grade 0—normal tendon Grade 0—no visible new vessels

Grade 1—slight echostructural alteration Grade 1—one to two new vessels

Grade 2—moderate echostructural alteration Grade 2—few vessels/low blood flow

Grade 3—marked echo structural alteration and degeneration Grade 3—many vessels/important blood flow

2.3. Clinical–Functional Assessment

The ultrasound evaluation was associated with the administration of clinical–functional
assessment scales:

The Hemophilia Joint Health Score (HJHS) is a measure of the structural damage
caused by the recurrence of bleeding in the joints. For each joint (knee and ankle), the
swelling, duration of swelling, muscle atrophy, axial alignment, instability, crepitus on
motion, loss of flexion, loss of extension, pain, loss of strength, and gait are evaluated. The
score ranges from 0 to 132, where 0 is the best joint condition and 132 is the worst [16,17].

The Hemophilia Activity List (HAL) investigates functional activities related to pos-
tural changes (sitting, getting up, and kneeling), functioning of the lower limbs (walking,
running, and stairs), functioning of the upper limbs (lifting objects and buttoning a shirt),
use of means of transport (car, bicycle, and bus), self-care, home activities, leisure and
sports, and use of aids and/or adaptations. In total, there are 7 domains and 42 questions.
The score is normalized and ranges from 0 (worst functional status) to 100 (best functional
status) [18].

The Functional Independence Score for Hemophilia (FISH) investigates 8 activities:
nutrition, hygiene, dressing, sitting, bending, walking, stairs, and running. The total score
varies from 8 to 32, where a total score of 8 corresponds to the worst situation, with the
complete inability to carry out each activity, and the maximum score of 32 corresponds to
the best situation, where all the activities examined are carried out normally [19].

The Visual Analogic Scale (VAS) is a one-dimensional scale that evaluates the intensity
of pain. The scale ranges from 0 to 10, with 0 being no pain and 10 being the greatest
possible pain [20].

Disability of the Arm, Shoulder, and Hand (DASH) is a measure of function and
symptoms in patients with any musculoskeletal alteration of the upper limbs. The questions
refer to the ability to perform certain actions in the last week and the symptoms that have
arisen while performing these actions. The percentage score can vary from a minimum of
0% to a maximum of 100%, where, as the score increases, there is an increase in the patient’s
inability to carry out activities of daily living [21,22].

The Victorian Institute of Sports Assessment—Achilles questionnaire (VISA-A) is
designed for patellar tendon pain; the questions measure and describe the main symptoms
(pain and stiffness) given by yarrow tendinopathy, so as to define the degree and progres-
sion through activities of daily living (e.g., going down the stairs). The maximum score is
100, indicating someone who is completely asymptomatic. A lower score indicates more
symptoms and greater limitation of physical activity. A person with Achilles tendinopathy
will not score higher than 70 on the VISA-A scale [23].

The Victorian Institute of Sports Assessment—Patellar questionnaire (VISA-P) is
designed for patellar tendon pain; it measures and describes the main symptoms (pain
and stiffness) of patellar tendinopathy, so as to define the degree and progression through
activities of daily living (e.g., going down the stairs). The maximum score is 100, indicating
someone who is completely asymptomatic. A lower score indicates more symptoms and
greater limitation of physical activity. A person who has patellar tendinopathy will not
score higher than 60 on the VISA-P scale [24].
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2.4. Statistical Analysis

All continuous variables are expressed in terms of mean ± standard deviation (SD)
and range. Categorical variables are summarized in terms of absolute frequency and
percentage. The Pearson correlation was used to explore relationships between age, HJHS,
and HAL, while the Spearman analysis was used for the correlation between FISH and
age and HJHS. All statistical analyses were considered significant for p < 0.05 and were
performed using SPSS v.19.0 (IBM Corp., Armonk, NY, USA).

3. Results

Twenty patients, all male, with hemophilic arthropathy were enrolled according to the
study criteria. Ten patients had severe hemophilia A, two had moderate hemophilia A, two
mild hemophilia A, four severe hemophilia B, and two mild hemophilia B. The mean age
of the patients was 40.63 ±10.54 years. For each patient, ten tendons were assessed, for a
total number of 200 tendons evaluated.

3.1. Clinical–Functional Evaluation

The mean score of the HJHS scale was 14.1 points, with a high variance of 11.9. The
FISH and HAL scores were 28.7 and 42.3, respectively. Age was correlated with HJHS
and HAL (r = 0.507, p = 0.22; and r = −545, p = 0.13, respectively). This means that
older patients had greater joint impairment and worse ability in activities. HJHS was
also inversely correlated with FISH (r = −0.737, p < 0.0001), meaning that greater joint
impairment corresponds to worse functional independence. From the values of the DASH
scale, which is used in subjects with elbow involvement, impairment of upper limb function
had a mean of 7.9%. As far as VISA-A is concerned, there was no difference between the
right and left Achilles tendons, as the average score was 81.9 on the right and 83.9 on the
left. In subjects who had joint involvement at the ankle, the VISA-A score was lower than
70, which is the cutoff for the presence of Achilles tendinopathy. The average score for
VISA-P for the right and left patellar tendons was 69.6 and 68.8, respectively. In subjects
with joint involvement at the knee, the VISA-P score was less than 60, which is the cutoff
for the presence of patellar tendinopathy. The overall mean VAS score for pain was 2.2/10.
The data are reported in Table 2.

Table 2. Rating scales.

Rating Scale Mean SD

HJHS score 14.1 11.9

HAL score 42.3 23.7

FISH score 28.7 3.9

DASH score 7.9 7.4

VAS score 2.2 2.1

VISA-A right 69.6 14.8

VISA-A left 68.8 15.4

VISA-P right 81.9 16.6

VISA-P left 83.9 17.2

3.2. Ultrasound Assessment

For the biceps tendon, there were no echostructural alterations or signs of hyperemia
or neovascularization on the color Doppler and no intratendinous calcifications detected.
As far as the triceps brachii tendon is concerned, one patient had grade-two echostructural
changes in the left triceps tendon (Figure 1a), and one patient had grade-two neovascular-
ization in the right triceps tendon. In one subject, intratendinous calcifications were present
in both triceps tendons (Figure 1b). For the quadriceps tendon, grade-one echostructural
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changes were present in both quadriceps tendons in one subject, but there were no color
Doppler signal changes in the quadriceps tendons of the studied subjects. Insertional
tendon calcifications were present bilaterally in one subject. As regards the ultrasound
parameters of the patellar tendon, no echostructural alterations were found, but there
was the presence of a grade-one neovascularization signal with the color Doppler in a
left patellar tendon. In one subject, there were intratendon calcifications bilaterally. For
the Achilles tendon, in one subject, grade-one echostructural alterations were present in a
right Achilles tendon (Figure 1c), and in another subject, grade-one positive color Doppler
signals were present in a right Achilles tendon (Figure 1d). Insertional tendon calcifications
were present bilaterally only in one subject. The data are reported in Table 3.
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Table 3. Ultrasound parameters.

Bicipital Tendon Tricipital Tendon Patellar Tendon Quadricipital Tendon Achilles Tendon

Mean SD Mean SD Mean SD Mean SD Mean SD

Tendon thickness—right (mm) 4.2 0.6 4.1 0.4 4.2 0.6 4.8 1.1 4.3 0.5

Tendon thickness—left (mm) 4.0 0.6 4.0 0.3 4.0 0.6 4.8 1.1 4.3 0.4

Echogenicity—right 0 0 0 0 0 0 0.05 0.2 0.05 0.2

Echogenicity—left 0 0 0.1 0.4 0 0 0.05 0.2 0 0

Signs of hyperemia on P.D.—right 0 0 0.1 0.4 0 0 0 0 0.05 0.2

Signs of hyperemia on P.D.—left 0.05 0.2 0 0 0.05 0.22 0 0 0 0

Calcifications—right 0.05 0.2 0.05 0.2 0.05 0.22 0.05 0.2 0.05 0.2

Calcifications—left 0.05 0.2 0.05 0.2 0.05 0.22 0.05 0.2 0.05 0.2
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4. Discussion

Approximately 70% of the patients examined were affected by hemophilia A, in line
with the prevalence of the disease in the general population compared to hemophilia B.
From the results of the Hemophilia Joint Health Score (HJHS), the subjects, older at the
time of evaluation, had a higher score than younger subjects regardless of the type of
hemophilia. This indicates a greater involvement of joint damage linked to the underlying
pathology, with a consequent reduction of the joint ROM at the level of the hemophilia
target joints. This should be due to the fact that older patients followed an “on demand”
treatment regimen for a longer time than younger subjects, that started before a regular
prophylaxis, thus exposing the joints to repeated hemarthrosis and consequent joint damage.
The high variation of SD of HJHS (11.9) and DASH (7.4) should be also due to the high
difference of joint damages and functional limitations between younger and older patients
and their different exposure to prophylaxis. There were no gender or race differences in
the ultrasound evaluation of the tendons of the subjects in question because they were
all Caucasian males. There is no study in the literature that performed the morphological
study of tendons in hemophiliac patients; however, there is a little experience on the
evaluation of tendon elasticity in patients with hemophilic arthropathy. There are only two
studies by Cruz-Montecinos et al. in which greater stiffness and hysteresis of the Achilles
tendon were highlighted in hemophiliac subjects compared to healthy subjects, combined
with greater stiffness of the joints during the evaluation of the tendons during stretching
exercises [13,14]. The purpose of this study was to evaluate the state of the satellite tendons
of the target joints in patients with hemophilic arthropathy to search for alterations that
may derive from direct damage of the disease and indirect damage due to alterations of the
joint biomechanics. A set of morphological and echostructural parameters were selected on
the basis of a systematic review and meta-analysis on the diagnosis of tendinopathy using
ultrasound [15]. From the data collected for the tendon thickness, although there are no
references in the literature for all tendons—being considered a non-specific parameter that
is highly variable for age, sex, and race—no particular abnormalities were found for all the
tendons assessed. The most specific parameter for diagnosing tendinopathy is the presence
of signs of hyperemia and neovascularization on the color Doppler and the possible
presence of intratendinous calcifications. In all of the tendons examined, echostructural
alterations of a mild–moderate degree were identified in two subjects with moderate–severe
joint damage. In three subjects with severe joint damage, the presence of color Doppler
grade two in the right triceps tendon, grade one in the right Achilles tendon, and grade one
in the left patellar tendon was identified. In one subject with severe diffuse joint damage,
intratendinous calcifications were present in all tendons studied, except the biceps tendon.
The tendons had a reduced vascular supply compared to the muscles to which they are
connected. Nonetheless, the presence of vessels in the tendons is very important for the
normal function of the tenocytes and the reparative capacity of the tendon itself. The blood
supply to the tendon is ensured, to a small extent, by the vessels coming from the muscle
belly and from the periosteum surrounding the osteotendinous junction and, for the rest, by
the vascular network of the peritendinous sheets and the synovial sheath in the sites where
this is present [25]. In hemophiliac patients, intratendinous bleeding was not detected. It
can be hypothesized that tendon alterations in the evaluated patients were not related to
specific damage to tendons due to the underlying pathology but were probably consequent
to the joint damage, with a reduction of the physiological joint ROM and rigidity. The
finding of the absence of specific tendon abnormalities due to bleeding at this level allows us
to introduce some rehabilitative considerations [26–28]. During rehabilitation treatment, the
prevention of joint stiffness and consequent reduction of the biomechanical stress to which
the tendons of the target joints of hemophilic arthropathy are subjected are one of the most
important goals to reduce disability in joint function [29–31]. Soft stretching and eccentric
exercises are generally proposed as effective treatments in managing patients suffering from
tendinopathies [32–34]. It has been shown that such exercises promote the formation of
cross-link collagen fibers and facilitate tendon remodeling. It is hypothesized that eccentric
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exercise promotes a structural adaptation of the musculotendon unit in order to protect it
from excessive stress. [35,36] The basic principles of an eccentric exercise program must
take into account the length of the tendon, the load, and the speed of execution of the
exercise. If the tendon is pre-stretched, its length at rest will be greater and will therefore be
less stretched during movement. [37,38]. In the absence of evidence of tendon damage due
to the hemophilia, these techniques could be safely introduced to counteract joint stiffness
and muscle hypotrophy [39,40]. However, the tendons in the chronic phase should be
re-evaluated to monitor signs of bleeding and remodulate the rehabilitation treatment.

5. Conclusions

In conclusion, the tendons of the target joints in the patient with hemophilic arthropa-
thy are likely not directly compromised by the underlying disease but by the indirect
biomechanical damage caused by the hemophilic joint disease. For this reason, rehabilita-
tion treatment with eccentric exercises can be considered safe and effective in improving
the tenso-elastic properties of the tendon and making it more resistant to mechanical
stress [32,34]. Future studies will be necessary to compare these results, since the sample
of data collected was small due to the low number of hemophiliac subjects in the general
population, and to identify the possible presence of echostructural alterations at the tendon
level to establish adequate rehabilitation treatment.
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