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Background: Hemophilic arthropathy is a major complication in patients with severe 
hemophilia. A plastic knee model has been developed for the therapeutic education of 
patients to promote improved care management and self-treatment skills. The objective of 
this study was to evaluate the impact of this hemarthrosis-simulating artificial knee (HSAK) 
on patients’ knowledge of their disease and its treatment.
Methods: In this observational study, the impact of HSAK was assessed during individua-
lized education in patients with severe/moderately severe hemophilia A or B at seven 
hemophilia treatment centers in France. Participants provided written informed consent and 
completed questionnaires to assess knowledge of their disease (score range: 0–7) and knowl-
edge of their treatment (score range: 0–4). Questionnaires were completed before, immedi-
ately after and 6 months after HSAK use. The scores obtained before and after the use of the 
HSAK were compared.
Results: The participants comprised 32 children, 29 teenagers, and 31 adults. The mean 
(SD) disease knowledge score increased significantly in all age groups of patients from 4.5 
(2.0) to 5.9 (1.5; p<0.001) immediately after the training and remained unchanged at 6 
months. Mean (SD) treatment knowledge scores were unchanged, but Wilcoxon signed rank 
testing showed a significant increase after the training course that was maintained at 6 
months in children and teenagers.
Conclusion: These findings suggest that an individualized training course can enhance the 
understanding of hemophilia in patients of all ages, especially in children and teenagers, and 
that the HSAK may assist in improving patients’ management of their disease.
Keywords: hemarthrosis, hemophilia, knee joint, patient education as topic, therapeutic 
education

Introduction
One of the major complications of hemophilia, especially in patients with severe or 
moderate disease, is recurrent joint bleeding leading to musculoskeletal 
complications.1,2 If intra-articular bleeding is poorly controlled it can lead to the 
development of chronic synovitis and multi-articular arthropathy.3,4 Diagnosis and 
treatment of these bleeding episodes must be delivered as early as possible and 
intensive treatment should be performed until the resolution of symptoms.5–10 Early 
prophylactic treatment could avoid the development of hemophilic arthropathy.11–14 

Low compliance with prophylaxis may limit the effectiveness of treatment.15 

Education of patients with hemophilia and their families helps reduce mortality 
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and morbidity and may boost their quality of life.16,17 This 
education should include information about the nature of 
the disease and its complications as well as the therapeutic 
products available and home treatment strategies, includ-
ing self-administered intravenous infusions and self- 
management. Lifelong supervision of patients is essential 
to reinforce self-treatment, self-management, adherence 
and coping strategies.18,19

The hemophilia treatment center (HTC) at the Hôpital 
de Versailles, France, has developed a novel hemarthrosis- 
simulating artificial knee model (HSAK) (Figure 1) for use 
as a therapeutic education (TE) tool. The knee model was 
initially tested on a small group of patients at the Versailles 
HTC. After reports of improvements in the management of 
care and patients’ self-treatment skills, an observational 
study was designed to evaluate the impact of this tool on 
patients’ knowledge. This study was called GEFACET, the 
French acronym for “Artificial Knee and Therapeutic 
Education.”

Materials and Methods
The study was conducted between May 2015 and 
February 2017 at seven hemophilia treatment centers in 
France: (1) Hôpital de Versailles, Versailles, (2) Regional 
Hemophilia Centre, Hôpital de Bicêtre (AP-HP), Kremlin- 
Bicêtre, (3) Regional Hemophilia Treatment Centre, 
Hôpital Cochin (AP-HP), Paris, (4) Haemophilia 
Treatment Centre, Hôpital de Brabois, Vandoeuvre-Les- 
Nancy, (5) Regional Hemophilia Treatment Centre, 
Centre Hospitalier Universitaire de Rouen, Rouen, (6) 
Hospices Civils de Lyon – Unité d’Hémostase Clinique, 
Hôpital Cardiologique Louis Pradel, Bron, and (7) 
Haemophilia Treatment Centre, Hôpital Pontchaillou, 
Centre Hospitalier Universitaire de Rennes, Rennes. 
Investigators (physicians, physiotherapists, psychologists, 
nurses) invited all patients with severe or moderately 
severe hemophilia A or B who were receiving therapeutic 
education with the HSAK to participate in the study. All 

participants (patients or their legal representatives) pro-
vided written informed consent to take part in the study, 
which was undertaken in accordance with the Declaration 
of Helsinki. This project on educational intervention with 
the HSAK was strictly observational. Only questionnaires 
were used during the study and no clinical or biological 
data were recorded. The CCTIRS (French Advisory Board 
on Data Processing and Methodology) granted a favorable 
opinion. Authorization from CNIL (French Data Privacy 
Regulatory Agency) was obtained on 16th February 2015: 
authorization number 914,637.

The knee model was initially developed for healthcare 
staff training to visualize synovial fluid aspiration. It was 
then adapted to provide a visual effect of hemarthrosis on 
the anatomy of the knee joint and the impact of treatment 
(Figure 1). The model includes a pouch that can be filled 
with red liquid representing blood, thereby simulating 
hemarthrosis. When the red liquid is injected, the external 
aspect of the knee swells and the accumulation of blood in 
the joint is visible. A second pouch filled with a clear 
liquid is then used, showing the effect of treatment with 
coagulation factor concentrate on hemarthrosis. When this 
clear liquid is injected, the red liquid is progressively 
removed and the knee recovers a normal aspect. The pre-
sentation was standardized for all sites and is described in 
the Supplementary Section.

Participants were asked to complete three question-
naires specifically developed for the study. Two question-
naires were completed on the day of enrollment (D0). The 
first collected biometric data (age and sex). The second 
assessed knowledge of hemophilia and management of 
hemarthrosis; it was completed before the use of the 
HSAK. Immediately after completing the training course 
with the HSAK, patients or relatives were asked to com-
plete the second questionnaire with an additional question 
on the HSAK. Six (±1) months later (M6 visit), partici-
pants were invited to complete a third questionnaire, 
which was identical to that used just after the education 

Figure 1 HSAK overview: the outer view (A), inner view (B), and fillable artificial joint capsule (C) of the hemarthrosis-simulating artificial knee.
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session with HSAK at enrollment but included a new 
question relating to possible treatment stoppage since 
inclusion. The M6 questionnaire was completed whenever 
possible at the HTC or at home.

It was left to the discretion of the investigator or 
patient’s legal representative to determine whether minors 
were able to complete the questionnaires alone. However, 
all three questionnaires had to be completed by the same 
person during the study. Patient responses were coded by 
investigators taking into account age differences.

The primary endpoint of the survey was the score that 
assessed patient knowledge of the disease. Unanswered 
questions or incorrect answers scored 0; correct answers 
scored 1. Disease knowledge was calculated on the basis 
of four questions, with a possible total mark of 7 points. 
This score was calculated at D0 pre-TE, then at D0 post- 
TE, and finally at M6.

Another score (graded from 0 to 4) was calculated for the 
secondary endpoint, which assessed patients’ knowledge of 
their treatment. This covered patient appreciation of HSAK 
use as well as patient understanding of the disease and treat-
ment of bleeding episodes. Information on treatment stop-
page was provided at M6. Questionnaires and score 
assessment are detailed in the Supplementary Section.

To ensure the quality of results, data were double entered 
and data management consistency tests were conducted on 
the clinical database. Before analysis, a data entry quality 
control was performed on a representative number of case 

report forms. Statistical analyses were performed using 
SASR software (Version 9.4, SAS Institute, North Carolina 
State University, United States). Quantitative data were 
described by their numbers, mean, standard deviation (SD), 
median and extreme values. Qualitative data were described 
by their numbers and percentage. 95% bilateral confidence 
intervals (CI) were provided when deemed relevant. The 
significance threshold (Type I error) was set to α = 5%. The 
pre-education and post-education scores and sub-scores as 
well as scores and sub-scores found at D0 and M6 were 
compared using appropriate statistical tests: Wilcoxon signed 
rank test (for questions with at least 3 answers) or MacNemar 
test (for binary questions).

Results
Thirty-two children (<12 years of age), 29 teenagers (12–18 
years), and 31 adults (>18 years) met the enrollment criteria 
and were eligible for the study. All 92 patients were male; 
median age was 14 years, ranging from 6 to 68 years. Most 
patients (81.5%) had severe hemophilia A. Eight dropouts 
were observed, either at the patient’s request (n=6) or lost to 
follow-up (n=2). The M6 visit was therefore completed by 
91.3% of enrolled patients.

At baseline, the median (mean ± SD) score for disease 
knowledge in all patients was 5 (4.5±2.0). This signifi-
cantly increased after the TE session to 7 (5.9±1.5) 
(p<0.001), and remained unchanged at M6: 7 (5.9±1.4) 
(Table 1). The change in disease knowledge score was 

Table 1 Scores of Knowledge of Disease and Its Treatment Before and After HSAK Use

Age Group Score of Knowledge of Disease Score of Knowledge of Treatment

D0 Before TE D0 After TE M6 D0 Before TE D0 After TE M6

Children

N 32 32 31 32 32 31

Mean ± SD 3.4 ± 2.1 5.4 ± 1.8 a* 5.7 ± 1.4 b* 2.2 ± 0.8 3.0 ± 0.7 a* 3.0 ± 0.8 b*

Teenagers

N 29 29 26 29 29 26
Mean ± SD 4.6 ± 1.7 6.3 ± 1.3 a* 5.9 ± 1.5 b* 2.7 ± 0.6 3.2 ± 0.6 a* 3 ± 0.6

Adults
N 31 31 27 31 31 27

Mean ± SD 5.5 ± 1.7 6.1±1.2 a* 6 ± 1.3 2.8 ± 0.5 2.9 ± 0.5 3 ± 0.5

All

N 92 92 84 92 92 84

Mean ± SD 4.5 ± 2 5.9 ± 1.5 a* 5.9 ± 1.4 b* 2.6 ± 0.7 3 ± 0.6 a* 3 ± 0.7 b*

Notes: Changes in mean disease- and treatment-related knowledge scores abetween D0 pre-TE and D0 post-TE and bbetween D0 pre-TE and the M6 visit. *p<0.001 as 
determined by Wilcoxon signed rank test (nonparametric intraindividual data comparison). 
Abbreviations: D0, day of enrollment; M6, 6 (±1) months after enrollment; TE, therapeutic education.
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significant (p<0.001) in all groups of patients: children, 
teenagers and adults at D0 after TE (Table 1). For all 
patients, the disease awareness score had significantly 
improved at the M6 visit compared with the D0 pre-TE 
score (p<0.001), with a median increase (mean ± SD) of 1 
(1.3±2.0). Sub-group analysis revealed that the change in 
disease knowledge score at the M6 visit was significant 
only in children and teenagers (Table 1).

At baseline, the median (mean ± SD) score for treat-
ment knowledge was 3 (2.6±0.7). This remained at 3 (3.0 
±0.6) after the TE session and at M6 (3.0±0.7) (Table 1). 
A Wilcoxon signed rank test revealed that the score had 
significantly increased after TE (p<0.001), and that this 
increase was maintained at M6 (p<0.001). Sub-group ana-
lysis revealed that this increase was significant only in 
children and teenagers at D0 after TE and in children at 
M6 (Table 1).

In addition, 61 (66.3%) and 48 (52.2%) patients com-
mented on D0 and at the M6 visit, respectively, that the 
HSAK helped them “a lot” to understand hemarthrosis 
after receiving TE. Similarly, most patients (64.1%) con-
sidered that the HSAK helped them “a lot” to understand 
explanations provided by healthcare providers on D0 after 
TE; this figure was 47% at the M6 visit. However, patients 
expressed mixed opinions about whether their disease 
knowledge or understanding of how hemarthrosis is trea-
ted had been improved through training.

Of the 84 patients who completed the M6 visit, only 
one patient (1.2%) stopped prophylaxis in the 6 months 
prior to the M6 visit.

Discussion
This study aimed to assess the impact of using the HSAK 
on disease- and treatment-related knowledge in male 
patients, most of whom had severe hemophilia A. The 
HSAK used in this TE program for children, adolescents, 
and adults improved the knowledge of the disease among 
these patients and their caregivers. Overall, this improve-
ment was maintained 6 months after TE compared with 
the baseline (ie, before using the HSAK), although this 
improvement was significant only in children and teen-
agers at M6 compared with D0 before the educational 
intervention. Interestingly, age group analysis also showed 
that improvement of the knowledge of treatment at D0 
after TE was statistically significant for children and teen-
agers but not for adults. These findings suggest that an 
individualized program provided at any age can enhance 
the understanding of hemophilia, especially in children 

and teenagers. In addition, our results suggest that the 
HSAK, as a novel educational device, could enable 
patients to be more effective in looking after themselves.20

This study also showed that most patients had a high 
level of knowledge regarding their treatment and were 
aware of the value of prophylaxis, even when joint pain 
and swelling had subsided. Educating patients and their 
caregivers about the disease and treatments to prevent 
bleeding damage is essential for ensuring treatment adher-
ence: caregiver acceptance, infrequent bleeds, venous 
access, and treatment compliance have been reported to 
be possible obstacles to adherence in pediatric patients 
with hemophilia.21–24 Alternatively, educational efforts 
could specifically focus on patients entering the transi-
tional period from childhood to adolescence, because ado-
lescents appear to be more reluctant to use treatment than 
younger patients.25 Interestingly in the present study, 
improvements of disease and treatment knowledge were 
generally greater in young patients than in adults.

This study is limited owing to several biases inherent 
in the way the data were collected: patient questionnaires 
can be interpreted differently and are sometimes com-
pleted indifferently by patients (because they have to 
reply three times to the same questions). However, few 
studies have reported evaluation of educational materials 
and educational intervention is usually evaluated on 
patient questionnaires.20,26,27 The interval between TE 
and the M6 visit (±1) also differed between patients, and 
might have affected how their knowledge levels were 
assessed 6 months after training. In addition, there was 
no standard method for dealing with dropouts in this study. 
Some patients who did not attend their M6 visit when the 
clinical research associate (CRA) monitored the study sites 
were excluded from the study, whereas data were collected 
from some patients who returned their questionnaire more 
than 7 months after the baseline visit but prior to the CRA 
monitoring visit. Furthermore, no comparison was made 
between TE without the HSAK and TE with the HSAK, 
although this could be done in a further study. Finally, the 
small sample size included in each sub-group was 
a limitation although this size may be relevant given that 
hemophilia is a rare disease.

Despite these limitations it is noteworthy that about 
two-thirds of patients said they appreciated the use of 
this device; the HSAK was especially appreciated by 
younger patients because its visual nature allowed them 
to understand more easily. These findings should be 
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confirmed by further studies, and it may be possible to 
develop similar models for other joints.

Conclusions
The results of the GEFACET study, based on the comple-
tion of questionnaires after training performed by health-
care providers using the HSAK, showed a significant 
improvement in patient knowledge concerning hemophilia 
and its treatment, especially in children and teenagers. 
They suggest that the HSAK could be used as a support 
tool for TE, and might be valuable for helping patients 
with hemophilia to improve their disease management in 
an everyday setting. These findings should be confirmed 
by further studies.

Abbreviations
CRA, clinical research associate; D0, day of enrollment 
visit; GEFACET, artificial knee and therapeutic education 
[in French]; HSAK, hemarthrosis-simulating artificial 
knee; HTC, hemophilia treatment center; M6, 6-month 
visit; TE, therapeutic education.
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