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1  | INTRODUC TION

Haemophilia is characterized by a congenital deficiency of clotting 
factor VIII (haemophilia A) or IX (haemophilia B). Disease expression 
depends on the level of clotting factor in the blood (severe <1%; mod-
erate 1%-5%; mild >5%).1 One of the consequences of haemophilia 
is joint bleedings.2 The ankle joint and the knee joint are the most 
common joint affected.3 First bleedings appear early in life, around 
2 years old, during walking acquisition.4 In the most severe forms, 
repetitive haemathroses induce early muscle weakness and atro-
phy,5 cartilage damage and chronic synovitis that ultimately leads 
to total joint destruction 6 associated with severe walking disability.7 
Joint health is usually evaluated by clinical examination, clinical score 

and imaging. However, X-rays only allow the detection of the more 
advanced signs of joint deterioration and are unable to provide in-
formation about early changes. MRI has shown its interest to detect 
early signs in joint alteration but remains difficult to use in routine 
practice because of its cost and limited accessibility. Recently, in-
strumental gait analysis (GA), a more functional approach, has been 
developed in complex musculoskeletal disorders, especially in case 
of arthropathy, such as osteoarthritis.8,9 It has also been proposed 
in the paediatric population.10,11 GA appears particularly relevant in 
the case of haemophilia because it allows an evaluation of several 
joints in weight-bearing situations. Few studies have been published 
in patients with haemophilia (PWH), either in the child population or 
the adult one. The interest of GA is to provide precise information 

 

Accepted: 4 June 2018

DOI: 10.1111/hae.13563

R E V I E W  A R T I C L E

Clinical relevance of 3D gait analysis in patients with 
haemophilia

A. Fouasson-Chailloux1,2,3  | Y. Maugars2,3,4,5 | C. Vinatier2,3 | M. Trossaert6 |  
P. Menu1,2,3 | F. Rannou7 | J. Guicheux2,3,4 | M. Dauty1,2,3

1CHU Nantes, Physical Medicine and 
Rehabilitation Center, Nantes, France
2Inserm, UMR 1229, RMeS, Regenerative 
Medicine and Skeleton, Université de 
Nantes, ONIRIS, Nantes, France
3UFR Odontologie, Université de Nantes, 
Nantes, France
4CHU Nantes, Nantes, France
5Rheumatologic Department, CHU Nantes, 
Nantes, France
6CHU Nantes Centre Régional de traitement 
de l’hémophilie, Nantes, France
7Service de Rééducation et de Réadaptation 
de l’Appareil Locomoteur et des Pathologies 
du Rachis, Hôpitaux Universitaires-
Paris Centre, Groupe Hospitalier 
Cochin, Assistance Publique-Hôpitaux de 
Paris, Paris, France

Correspondence
Alban Fouasson-Chailloux, MPR 
Locomotrice et Respiratoire, CHU de 
Nantes, Hôpital St Jacques, Nantes, France.
Email: alban.fouassonchailloux@chu-nantes.fr

Haemophilia is characterized by a congenital deficiency of clotting factor VIII or IX. 
One of the consequences of haemophilia is joint bleedings. Repetitive haemathroses 
induce cartilage damage and chronic synovitis leading to joint deterioration, and to 
definitive haemophilic arthropathy which is source of walking disability. Three-
dimension gait analysis (3DGA) appears particularly relevant in the case of haemo-
philia because it allows an evaluation of several joints in weight-bearing situations. 
The purpose of this study was to review the interest and the contribution of 3DGA in 
the management of patients with haemophilia. The greatest interest of gait analysis 
would be to detect early walking changes with a non-invasive and well-tolerated ex-
amination, especially in paediatric population. In adulthood, this technic may be also 
useful to help detect walking worsening in patients known to have already arthropa-
thy. However, it takes time to realize and needs expensive equipment, which limits its 
possibility of routine use. Although generalizations of these results remain difficult, 
especially to compare patients with haemophilia to normal population. Indeed, in the 
studies, patient groups are small and usually heterogeneous in terms of age and tar-
get joints. It certainly results of the rarity of the disease. So, it could be interesting to 
perform a study with a larger cohort in order to allow subgroup analysis, helping to 
define clearly the place of 3DGA in the strategy of haemophilia evaluation.
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on spatiotemporal, kinematic and kinetic gait characteristics even in 
case of early damage that could lead to new therapeutic approaches.

The purpose of this study was to review the interest and the 
contribution of three-dimensional gait analysis (3DGA) in the man-
agement of patients with haemophilia and then to assess its clinical 
relevance. This narrative review was performed with medical data-
bases: PubMed, ScienceDirect and Google Scholar. Article research 
extended from 2000 to 2017. Multiple searches were carried out 
using the following parameters: gait analysis, haemophilia or hemo-
philia, haemophilic arthropathy, kinetic, kinematic and spatiotem-
poral. This narrative review concerned only original studies. Case 
reports and small series of cases were not considered in the article 
selection, and only studies in English language were selected. We 
chose to distinguish studies dealing with adults and children be-
cause it has been previously demonstrated that walking patterns is 
not completely developed in children before adolescence12 and that 
walking parameters are age related in the paediatric population13 and 
therefore not comparable to adult walking. We tried to include arti-
cles studying separately either children and adolescents (<18 years 
old) or adults. After identification of key articles, their reference and 
citation lists were perused for further information sources.

2  | GENER AL PRINCIPLES OF 3D GAIT 
ANALYSIS

Visual gait examination is the first stage of walking evaluation. 
However, its contribution remains limited due to several reasons 
such as walking speed and multiple joint impairment. So, GA is used 
to evaluate walking objectively. 3DGA uses capture motion systems 
(usually infrared cameras) and is usually associated with force plates 
or pressure mats which enables clinicians to evaluate simultaneously 
walking spatiotemporal, kinematic and kinetic parameters, especially 
in case of complex gait disturbance. Methods could vary according 
to the use of a treadmill with force transducers or a walkway with 
force platforms. Some authors couple data from 3DGA to oxygen 
consumption while walking, in order to evaluate muscle efficiency.14 
Examinations are performed after setting up reflective markers on 
the skin which allow to model lower limb segments and their 3D 
moving. With a capture motion system, it is possible to measure joint 
range of motion and angles during walking. Kinematic parameters 
give information about joint angles during walking, analysing limb 
segment movements. The kinetic parameters study the force of in-
teraction between lower limbs and the ground. Data from ground 
reaction platforms allow to calculate the moments of force at joints 
using inverse dynamic method. In clinical practice, kinematic and 
kinetic parameters help to better understand walking disturbance, 
especially the involvement of the different joints. Indeed, it enables 
clinicians to distinguish primitive abnormalities (eg, of one or several 
joints) from the secondary or the compensatory abnormalities that 
are only the consequence of the first ones—and should not be the 
target of the treatment. So, with 3DGA, clinicians are able to focus 
on a particular joint. Moreover, kinematic and kinetic parameters 

may help to follow objectively the evolution of the walking according 
to time or after a therapeutic intervention (eg, rehabilitation, drug 
intake or surgery).

Characteristics and methods of the included studies are pro-
vided in Table 1.

3  | ARE SPATIOTEMPOR AL PAR AMETERS 
MODIFIED IN PWH?

Spatiotemporal parameters are provided by pressure mats and are 
also calculated with data from 3DGA (kinetic and kinematic data). 
As these parameters are obtained from 2 different methods, if they 
are consistent it allows to validate the accuracy of the results from 
the gait analysis. Spatiotemporal parameters give information about 
time and length parameters of walking patterns, such as speed, 
length of the step and timing of gait cycle phases.

3.1 | Children and adolescents

Using our parameters of searches, we have identified 6 studies 
that have been conducted to determine the spatiotemporal param-
eters of walking in young PWH.5,15-19 Bladen et al found that boys 
with haemophilia had significant modifications of temporal walk-
ing parameters even if they were clinically asymptomatic.15 In this 
study, boys with haemophilia were compared to age and leg length-
matched controls. The main results showed a decrease in the stance 
phase and an increase in the swing phase duration.15,16 In case of 
clinically detectable arthropathy (association of clinical and X-ray 
abnormalities), step length and velocity were significantly decreased 
and a significant increase was noticed in the swing time, stance time, 
step time, stride time, base of support, double and single support 
durations.15 Recently, Forneris et al19 confirmed that patients with 
moderate or severe haemophilia had a decrease in step speed and 
length and an increase in double support and swing phase duration. 
They provided sub-group analysis showing that these results were 
most marked in patients with severe haemophilia receiving immune 
tolerance therapy and a current inhibitor. Yet, these results were not 
confirmed by other studies in which no spatiotemporal differences 
were found between haemophilic boys and controls5,17,18 (Table 2).

One explanation could be the difference of the boys’ mean age. 
In the studies of Bladen et al15 and Suckling et al,16 children were 
older (from 12.7 years old ± 2.5 to 14.2 ± 2.1) than in the others 
studies (from 9.1 ± 1.9 to 10.7 ± 1.8). Older children may have ex-
perienced more bleeding episodes in their life and had more severe 
target joints. Furthermore, body dimensions are known to influ-
ence spatiotemporal values, especially smaller leg length induce 
smaller steps and higher frequency of steps.20 Hof et al21 provided 
a calculation to account for inter-individual stature differences, as 
used by Stephensen et al17 for all the studied parameters. Bladen 
et al provided only normalized data for velocity,15 which is a limit 
to their conclusions. Forneris et al19 analysed separately the left 
and the right sides but did not provide any clear information about 
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the side of the target joints and their location. Sub-group analyses 
were not performed according to the age, whereas spatiotemporal 
parameters highly depend on it.22 The disparity in terms of age 
is also a limit. Indeed, Forneris et al included patients from 4 to 
18 years old while it is well acknowledged that before 7 years old, 
temporal parameters are highly variable and gait patterns are not 
matured.23,24

So, the results of these studies should be interpreted with cau-
tion. Power is often lacking because of the small size of the studied 
groups and the inhomogeneity concerning the type and number 
of target joints, sometimes isolated or bilateral ankle bleedings17 
but also sometimes associated with other joints, especially the 
knees.15,18

3.2 | Adults

In adult patients, Lobet et al25 found that 3DGA was a reproduc-
ible method. They also found an increase in the stance phase 
duration after an interval of 18 weeks between two evaluation 
sessions in PWH, which was in favour of a worsening of the joint 
damage even on a relatively short time.25 Yet, the study provided 
no comparison to a control group or to normal values. General in-
terpretation may be limited by the inhomogeneity concerning the 
number and the type of arthropathies, all the patients had ankle 
damage, 16 with bilateral and 2 with unilateral one, but some pa-
tients had uni- or bilateral knee or hip arthropathy and others had 
uni- or bilateral knee or hip replacement. In another study, Lobet 
et al26 studied PWH with isolated uni- or bilateral ankle arthrop-
athy compared with healthy subjects. They found that patients 
with ankle arthropathies had an increase in the stance phase dura-
tion. But the conclusions from their results are limited by the very 
small size of the groups (n = 10 for the PWH group) and it is dif-
ficult to be sure that, differences are not partly due to individual 
variability of walking.

4  | IMPAC T OF HAEMOPHILIA ON 
KINEMATIC AND KINETIC PAR AMETERS

4.1 | Children and adolescents

Literature review showed that some kinematic parameters were 
modified in PWH (Table 2). Interestingly, patients with an isolated 
ankle target joints exhibit a significant increase in the knee joint 
angle during walking.5,17 Only one study found an increase in 
the ankle dorsi flexion angle.5 The knee flexion moment was sig-
nificantly different in patients with haemophilia. The peak knee 
flexion moment increased in the initial double support phase, 
the single support phase and the terminal double support, but 
ankle joint moments were not modified.5,17 Suckling et al16 stud-
ied adolescents with haemophilia and used principal component 
(PC) analysis, which enable them to explore entire kinetic and kin-
ematic waveforms. They found no modification of the kinematic 
parameters and a decrease in the ankle joint moment PC from 

the end of the stance phase and the beginning of the swing one, 
compared to age-matched controls.

These results showed that a full joint evaluation of the lower 
limbs is necessary and not only of the target joints, because gait 
modifications are found on the overlying joints. Because of kinetic 
variability according to age,13 age-matched controls in case of child 
studies remain necessary.5,16,17 However, these studies have several 
limitations. Stephensen et al5,17 report studies at the side with the 
ankle which was considered as the most severely affected, but this 
does not exclude that the other side was also a target joint and may 
have influenced overall walking. The results of Suckling et al16 re-
main difficult to interpret because the authors did not evaluate inter 
subject variability and were unable to define if their findings were 
clinically relevant.

4.2 | Adults

Kinematic and kinetic parameters seem to be modified in adult 
PWH. Lobet et al26 found that in case of isolated bilateral or unilat-
eral ankle arthropathy, ankle joint angle during the push-off phase 
decreased and knee joint angle increased during the swing phase. 
Hip sagittal range of motion decreased during gait. Kinetics vari-
ables showed an increase in the ankle peak plantar flexion moment 
and a decrease in the ankle peak power during the push-off phase. 
During the swing phase, knee peak power decreased. At the early 
stage of the swing phase, the hip peak flexion moment and the hip 
peak power of flexors decreased. In another study,27 the authors 
found that in case of multiple joint arthropathies ankle and hip an-
gles significantly decreased during walking but no modifications 
were found at the knee level.

Differences between these 2 studies may appear surprising 
especially concerning kinematic parameters at knee level, with no 
disturbance found in case of multiple arthropathies, whereas some 
were found in case of isolated ankle arthropathy. Several explana-
tions can be proposed. Firstly, because of the particularly inhomoge-
neous population,27 it cannot be excluded that part of the gait results 
may vary according to the type of joints involved and the severity of 
the arthropathy in terms of range of motion or pain. Secondly, re-
sults are limited because some patients had undergone total knee or 
hip replacement that could have specifically modified the range of 
motion of the replaced joint and maybe the gait in general.

5  | IS 3DGA CORREL ATED WITH 
IMAGING?

5.1 | X-rays imaging

X-rays imaging evaluation remains one of the principal elements of 
the follow-up of joint status in PWH.28 However, X-rays imaging 
provides only structure information of the joint and no information 
about its function. Lobet et al29 evaluated the correlation between 
the ankle function studied by 3DGA and radiological scores, in case of 
bilateral ankle haemophilic arthropathy in adult PWH. Ankle function 
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was determined by 3 variables: the ankle active range of motion, the 
peak plantar flexion moment and the peak power at the push-off 
phase. The authors found no association between these 3DGA pa-
rameters and radiological scores (Arnold-Hilgartner30 and Petterson 
scores31). These results are consistent with previous conclusions by 
Rodríguez-Merchán et al,32 who reported globally preserved joint 
function with radiological severe damage. It is also consistent with 
other studies on other arthropathies such as osteoarthritis.33

5.2 | Ultrasound imaging

Stephensen et al5 evaluated the correlation between gait and ul-
trasound lateral gastrocnemius muscle architecture in haemophilic 
children. Fascicle length was inversely correlated with peak knee 
flexion moment during initial double support (r = −.51; P < .05). 
Fascicle pennation angle was inversely associated with peak ankle 
dorsi flexion angle (r = −.71; P < .001); fascicle length was also in-
versely associated with peak knee flexion moment during single 
support (r = −.58; P < .01). A positive correlation was found be-
tween muscle thickness and peak knee extension moment during 
single support (r = .59; P < .01).

Yet, these results did not allow to know if the modifications in 
muscle architecture were a consequence of gait disturbance due to 
joint bleedings or a consequence of previous muscle bleedings or in-
versely a mechanism to protect joints from new bleedings by reduc-
ing constraints on the joints. However, it indicates that alteration of 
walking patterns is not only the consequences of joint damage but it 
may also have muscular origins.

5.3 | Magnetic resonance imaging

Recently, Brunel et al34 evaluated the correlation of the IPSG MRI 
score (International Prophylaxis Study Group Magnetic Resonance 
Imaging score) of tibiotalar and subtalar joints to 3D rearfoot kin-
ematic parameters in 37 patients (children, adolescents and young 
adults). IPSG MRI score has been developed to study soft tissues 
and osteochondral alterations.35 Rearfoot sagittal range of motion 
was not correlated with subtalar MRI score and poorly with tibiotalar 
joint scores (r from −.25 to −.35). Coronal range of motion during 
the terminal stance phase was positively but poorly correlated with 
tibiotalar joint MRI osteochondral lesions (r = .27, P = .024). Subtalar 
lesions on MRI were also inversely correlated to Coronal range of 
motion during loading response phase (r = −.28, P = .018).

So, these results seem to be in favour of a poor correlation be-
tween MRI findings and some kinematic variables. However, conclu-
sions are limited. Indeed, the number of pathological joints was very 
low; of the 73 ankles studied, only 14 had both MRI and clinical signs, 
and 41 were considered normal. Furthermore, although some kine-
matic parameters are correlated to MRI, they are only one aspect of 
joint function and not a reflection of the overall function. The analy-
sis of children, adolescents and young adults together may have lim-
ited kinematic result interpretation, because as previously mentioned 
walking patterns evolve with age.12,13

6  | ARE INSTRUMENTAL ME A SUREMENTS 
OF THE STRENGTH CORREL ATED WITH 
3DGA PAR AMETERS?

Stephensen et al18 evaluated the association of isometric strength 
with gait patterns in children with PWH. They performed strength 
measurement with a hand-held dynamometer. Ankle ROM during 
gait cycle was significantly associated with the muscle strength of 
the knee extensors (r = .61; P < .001), ankle plantar flexors (r = .52; 
P < .005) and ankle dorsi flexors (r = .51; P < .005). Peak knee flexion 
moment during initial double support was inversely associated with 
muscle strength of knee extensors (r = −.51; P < .005), ankle plantar 
flexors (r = −.43; P < .05) and ankle dorsi flexors (r = −.46; P < .01). 
Stephensen et al5 also studied the correlation between walking and 
the isokinetic concentric muscle strength measurement of the ankle 
plantar flexor muscle. In haemophilic children, a significant deficit 
in isokinetic strength of the ankle plantar flexor was found unlike 
in typically developed children (P < .005). Isokinetic evaluation 
showed that maximum strength and muscle torque were inversely 
correlated to peak knee flexion moment during initial double sup-
port (respectively, r = −.64 and r = −.61; P < .01), to peak ankle dorsi 
flexion angle (respectively, r = −.46 and r = −.48; P < .05) and peak 
knee flexion moment during single support (respectively, r = −.53 
and r = -.50; P < .05).

These two studies showed that 3DGA parameters are associated 
with both isometric and isokinetic strength of the lower limbs. It in-
dicates that modification of the gait parameters is associated with 
strength deficit even in the absence of arthropathy or patients’ com-
plaints.5 Yet, these results only concerned small groups of children 
and no study on adults had been performed.

7  | IS 3DGA CORREL ATED WITH 
FUNC TIONAL TESTS AND SCORES?

7.1 | Children and adolescents

The six-minute walk test (6MTW) is a valid tool used in the paediatric 
population to assess functional capacity in chronic diseases includ-
ing arthritic ones.36,37 Timed up and down stairs (TUDS) is also used 
in children to measure functional mobility.38 Stephensen et al18 in-
tended to assess if those functional tests were correlated to bio-
mechanical function. They found that 6MTW and TUDS were well 
associated with some kinematic and kinetic parameters. 6MTW was 
negatively correlated with peak ankle dorsiflexion angle (r = −.69; 
P < .001) and peak knee flexion moment (r = −0.54; P < .001) dur-
ing single support. 6MTW was positively linked with ankle range of 
motion (r = .75; P < .001). TUDS was positively correlated with peak 
ankle dorsiflexion angle (r = .83; P < .001) and peak knee flexion mo-
ment (r = .69; P < .001) during single support, and negatively with 
ankle range of motion during gait cycle (r = −.66; P < .001). Both 
6MTW and TUDS were negatively correlated with peak ankle dorsi-
flexion moment during initial double support (respectively, r = −.73; 
P < .001 and r = −.66; P < .001).
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These results indicate that alterations of the gait pattern may be 
easily approached with basic functional tests which could be used 
to detect walking disturbance. However, these results had been val-
idated in a relatively small group of children with severe haemophilia 
(n = 21) from 6 to 12 years old and may not be generalized for other 
groups of age or disease severity.

7.2 | Adults

Lobet et al29 studied the correlation between the functional score 
and the clinical one in a population of patients with bilateral ankle 
arthropathy. Foot function was clinically assessed with Foot Function 
Index-Revised short form,39 especially pain and stiffness subscales. 
After normalization to speed,40 only self-reported stiffness was sig-
nificantly negatively associated with ankle power and peak plantar 
flexion moment (respectively, r = −.50; P < .05 and r = −.48; P < .05). 
Clinical examination was performed with the examination part of the 
World Federation of Haemophilia clinical joint score (WFH).41 No 
correlation was found between WFH score and 3DGA parameters.

These results are consistent with studies in children showing 
walking disturbance with normal clinical examination17 and those in 
adults showing walking worsening without clinical deterioration.25 
It indicates that 3DGA could be a more sensitive tool than physical 
examination to detect early walking impairment. Yet, the results are 
limited by the small size of the group and the heterogeneity concern-
ing overlying arthropathies or joint replacements.

8  | DISCUSSION AND PERSPEC TIVES

The main purpose of this review was to investigate the interest 
and the contribution of gait analysis in PWH, and its clinical inter-
est. The population of children is particularly interesting because 
the signs of the disease appear early in life.4 Indeed, haemophilia 
is responsible for joint bleedings, especially in ankles and knees, 
which in the long-term cause arthropathy and walking disability.42 
However, animal studies have shown that only few joint bleed-
ings are necessary to provide early joint changes.43 Yet, physical 
examination and X-rays imaging remain initially normal5 and MRI 
uneasily accessible as a routine test. The greatest interest of gait 
analysis would be to detect early walking changes with a non-
invasive and well tolerated examination. In adulthood, this technic 
may be also useful to help detect walking worsening in patients 
known to have already arthropathy. Indeed, standard evaluations 
are not always accurate enough to detect it44 and walking altera-
tions do not seem to be enough linked to imaging and clinical ex-
amination.8,23,26 Three-dimensional gait analysis is a well-tolerated 
examination but takes time to realize and needs expensive equip-
ment (optic captors and pressure mats), which limits its possibility 
of routine use. It is also a non-ecological assessment which re-
quires a gait laboratory whose accessibility is limited to special-
ized centres. However, 3DGA could be considered an interesting 
and clinically relevant tool to detect early walking disturbance15,17 

before irreversible joint damage and infra-clinical worsening of the 
gait,25 and therefore to adapt regimen of prophylaxis. The use of 
3DGA could also appear relevant in the initial assessment and then 
during the follow-up of PWH. Indeed, it could enable clinicians to 
have a walking pattern of reference for each patient.

Thanks to our review, we highlighted several 3DGA parameters 
that seem to be particularly interesting for clinicians in the evalua-
tion of PWH, especially knee joint angles, stance and swing phases 
(Table 2), which are frequently modified. However, generalizations 
of these results remain difficult, especially to compare PWH to nor-
mal population. Indeed, in the studies, patient groups are small and 
usually heterogeneous in terms of age and target joints. It certainly 
results of the rarity of the disease. So, it could be interesting to 
perform a study with a larger cohort of patients from several re-
ferral centres in order to allow subgroup analysis, helping to define 
clearly the place of 3DGA in the strategy of haemophilia evaluation.
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