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a case study 

B. Dan1s2*, G. Cheron1y3 
’ Laboratov of Movement Biomechanics, ISEPK; 2 Department of Neurology, Queen Fabiola University Hospital, 
Universitk Libre de Bfuxelles; 3 Laboratov of Neurophysiology, Universift5 de Mons-Hainaut, Brussels, Belgium 

(Received 9 July 1999; accepted 23 October 1999) 

Summary-We aimed to assess whether intrathecal baclofen could alter the motor strategy for squatting of a patient 
with pure familial spastic paraplegia. Before baclofen injection and two, four and six hours after it, the patient was 
evaluated as follows: self-report of walking stiffness and movement initiation; muscle tone with the Ashworth scale; and 
kinematic and electromyographic analysis of the squatting movement using the opto-electronic ELITE system. The 
patients subjective improvement and decrease in muscle tone were dramatic after baclofen injection. Kinematic 
analysis of squatting showed gradual improvement. Before the injection, the movement was performed with loss of 
trunk verticality, backward shift of the hip, multiphasic ascending phase of the knee angular velocity and dynamic ankle 
stiffening. After baclofen injection, the movement was made with vertical translation of body segments and monophasic 
ascending phase of the knee angular velocity. The effect was maximal six hours after the injection. Electromyographic 
activities showed a non-specific co-contraction pattern before the injection, and a reciprocal pattern two hours after it. 
Moreover, a physiological anticipatory deactivation of the hamstring muscles appeared two hours after the injection. In 
this study of a single patient with familial spastic paraplegia, intrathecal baclofen has facilitated the emergence of 
normal, supraspinally determined movement patterns. 0 2000 Editions scientifiques et medicales Elsevier SAS 
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RCsum6 - Normalisation de la stratbgie motrice pour s’accroupir chez le patient parapkgique sous baclofene 
intrathkcal. Etude d’un cas. Cette etude a pour but de determiner si I’injection intrathecale de baclofene peut entrainer 
une modification de la strategie motrice utilisee par un patient atteint de paraplegie spastique familiale pure pour 
s’accroupir. Le patient a et6 evalue de la man&e suivante avant I’injection, ainsi que deux, quatre et six heures apres 
celle-ci : evaluation personnelle de la raideur a la marche et de la difficulte a initier le mouvement, evaluation du tonus 
musculaire suivant I’echelle d’Ashworth et analyse cinematique et dlectromyographique du mouvement d’accroupis- 
sement a I’aide du systeme optoelectronique ELITE. L’amelioration subjective rapportee par le patient et la diminution du 
tonus musculaire etaient marquees apres I’injection de baclofene. L’analyse cinematique de I’accroupissement a 
demontre une amelioration progressive. Avant I’injection, le mouvement etait realise avec une perte de la verticalite du 
tronc, un deplacement posterieur de la hanche, une phase ascendante multiphasique de la vitesse angulaire du genou 
et une rigidification dynamique de la cheville. Apres I’injection, le mouvement etait realise avec une translation verticale 
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des segments du corps et une phase ascendante monophasique de la vitesse angulaire du genou. Les effets etaient 
maximaux six heures apres I’injection. Les activites electromyographiques montraient une cocontraction non specifique 
avant I’injection et une inhibition reciproque deux heures apres celle-ci. De plus, une d&activation anticipative des 
muscles ischiojambiers apparaissait deux heures apres I’injection. Dans cette etude d’un patient unique atteint de 
paraplegie spastique familiale, le baclofene a done favorise I’emergence dune organisation normale du mouvement. 
0 2000 Editions scientifiques et medicales Elsevier SAS 
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INTRODUCTION 

Pure familial spastic paraplegia (FSP) is a group of 
genetic conditions characterized by spastic paraparesis 
secondary to degeneration of the pyramidal tracts be- 
low the cervical level. In this condition, the effective- 
ness of oral antispasticity medication such as baclofen is 
generally considered to be limited. Baclofen is a struc- 
tural analog of the inhibitory neurotransmitter 
y-aminobutyric acid (GABA,). It binds to presynaptic 
GABA, receptors in the spinal cord, impeding the 
release of afferent excitatory neurotransmitters involved 
in both mono- and polysynaptic reflexes at the spinal 
level [3, 171. As it poorly crosses the blood-brain barrier 
and the aimed site of action is in superficial layers of the 
spinal cord, baclofen can be injected intrathecally. 
Early reports on the effect of intrathecal baclofen on 
spasticity in seven previous FSP patients have been 
encouraging [ 13, 15, 16, 191, although the effect on 
motor function has not been systematically addressed. 
Landau has stressed that treatment of spasticity does 
not necessarily imply functional improvement [ 111. 
However, intrathecal baclofen has been shown to sub- 
stantially improve daily living in a number of spastic 
patients [Z, 12, 181. S ome authors have suggested that 
this improvement could be at least partially related to 
better motor control unmasked by intrathecal ba- 
clofen [8, lo]. 

In this single-case study, we aimed to assess whether 
intrathecal baclofen could alter the motor strategy for 
squatting of a patient with pure FSP, and if this could 
lead to the emergence of normal patterns. 

METHODS AND MATERIALS 

The studied patient is a 41 -year-old man with pure FSP 
inherited in an autosomal dominant mode. He had 
complained of leg stiffness since early childhood, pre- 
dominating in the morning and increased by stress, and 
has occasional painful spasms in the lower limbs. On a 

O-to-10 numerical rating scale of intensity (NRS), he 
evaluates his usual stiffness during walking between 4 
and 9, and his relative difficulty in initiating a move- 
ment from a static position between 5 and 9. He takes 
no medication. He has spasticity in the lower limbs, 
muscle power in the normal range, very brisk reflexes in 
the lower limbs, extensor plantar responses and spastic 
gait. Neurologic examination is otherwise normal. 

The following evaluation of the patient was per- 
formed before intrathecal injection of 75 pg 
(0.77 kg/kg) of baclofen via lumbar puncture, and 
two, four and six hours after the injection: 
- patient’s NRS self-evaluation of walking stiffness 
and movement initiation; 

ii 
muscle tone assessment with the Ashworth scale [l] 

uring passive flexion and extension of the hips, knees 
and ankles with the patient lying supine; 
- kinematic and electromyographic (EMG) analysis of 
ten trials of squatting movement following the same 
paradigm and ELITE technology as used previously [4, 
51 for placement of markers and EMG electrodes. 

Analysis of variance between sets of data (ANOVA) 
was computed using the Statistica Software (Softcorn). 
The protocol of this study was approved by the Ethics 
Committee of Queen Fabiola University Hospital. The 
patient signed an informed consent form. 

RESULTS 

The patient’s NRS evaluations of stiffness and difficulty 
in movement initiation were 8, 4, 1, 1 and 8, 4, 3, 1, 
respectively, before baclofen injection and two, four 
and six hours after it. The corresponding mean Ash- 
worth score went down from 4.0 to 1.3, 1.2 and 1.0 
(figure 2H). 

The stick diagrams infigzlre I show the evolution of 
the squatting performance before and after baclofen 
injection. Quantification and statistical significance of 
the corresponding kinematic parameters are given for 
all the trials infigure 2. Before the injection @pre IA), 
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Figure 1. Sagittal stick diagrams of the squatting movement. (A) Before intrathecal baclofen injection, (B) two, (C) four and (D) six hours after 
the injection. The stick diagrams were constructed by defining body segments between self-reflective markers placed on the patients skin on the 
lateral aspect of the nose at the height of the infra-orbital edge, the ear tragus, the upper limit of the acromion, the lateral epicondyle of the elbow, 
the styloid process of the wrist, the antero-superior iliac spine, the greater trochanter, the lateral condyle of the knee, the external malleolus, and 
the distal end of the fifth metatarsal. 

the movement comprised an important flexion of the 
trunk over the thigh @&re 2C), a minimal flexion of 
the ankle joint ($pre 2E) and a backward shift of the 
hip. Two hours after the injection #&re III), the 
movement of the trunk was unchanged @pre 2C) but 
the amplitude of ankle flexion was much higher 
@ere 2E), associated with forward displacement of the 
knee and reduced backward shift of the hip. Four hours 
after the injection cfigure lC), the amplitude of trunk 

flexion was markedly decreased @gureZC) and the 
trajectory of the hip was made vertical. Six hours after 
the injection @gun ID), trunk flexion had become 
minimal and the hip trajectory was vertical. These 
changes were accompanied by gradual angular stabili- 
zation of the head @gureU), preservation of arm 
horizontality $pre 2B), increased angular amplitude 
and velocity of knee joint flexion ($&ye 2D, F) and 
reduced duration of the movement 65+-e 2G). 
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Figure 2. Effect of baclofen on kinematic parameters of the squat- 
ting movement. Mean and standard deviation of differential angles 
between the onset and the end of the movement for (A) head 
orientation (angle of ear-nose markers relative to the horizontal), (B) 
arm orientation (angle of shoulder-elbow markers relative to the 
horizontal), (C) trunk orientation (angle of shoulder-hip marker rela- 
tive to the vertical), (D) knee angle, and (E) ankle angle, (F) Maximal 
knee angular velocity, (G) duration of the movement, (H) Ashworth 
spasticity score. (a) Before intrathecal baclofen injection, (b) two, (c) 
four and (d) six hours after the injection. The black stars indicate 
statistical difference (P < 0.005) with respect to pre-injection data. 

Figure 3 shows the typical EMG patterns related to 
the squatting performance before (A) and two hours 
after badofen injection (B). Before the injection, the 
ascending phase of the knee angular velocity was pro- 
longed and irregular. A marked tonic activity was 
present in all recorded muscles except for the tibialis 
anterior. The activity of the latter muscle progressively 
increased just after the onset of movement. No clear 
change in EMG activities was noted in the other re- 
corded muscles while the movement was performed 
except for the quadriceps in the final phase of squatting. 
Two hours after the injection, the ascending phase of 
the knee angular velocity was more rapid and regular. 
Tonic activity was minimal in most recorded muscles 
prior to the onset of the movement but remained 
notably high in the hamstring muscle. However, a clear 
deactivation (see open arrows infigzrre 3B) occurred in 
these muscles 21 l-284 ms before the onset of move- 
ment. A phasic EMG burst occurred at the onset of 
movement. A reciprocal pattern between the hamstring 
and the vastus lateralis muscles is clearly recognizable 
(see black star in$gure 3B), 

DISCUSSION 

This study has focused on the effect of a single dose of 
intrathecal baclofen on the realization of the squatting 
movement in a patient with FSP. We found that in- 
trathecal baclofen injection was followed by significant 
decrease in spasticity with a maximal effect achieved 
four hours after the injection, consistent with previous 
reports in patients with spasticity of spinal origin [ 131. 
Subjective improvement concerned suppleness and to a 
lesser extent initiation of movement. The studied 
movement is a multi-joint, whole-body movement in- 
volving voluntary rupture of posture, an equilibrium 
challenge and dissociated movement schemes in the 
upper and lower parts of the body. The motor pattern 
used by the patient to perform it gradually changed 
during the few hours following the injection. The mo- 
tor strategy used by normal adults for performing rapid 
flexion of the lower limbs from an initial standing 
posture has recently been characterized [4]. It com- 
bines movement dissociation (maintained extension of 
the trunk and upper limbs), nearly vertical translation 
of the body segments with an oblique trajectory of the 
knee; short, monophasic ascending phase of the knee 
angular velocity; and, in most subjects; anticipatory 
deactivation of hamstring muscles. A similar motor 
strategy has been demonstrated in normal children 
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Figure 3. Knee angular velocity and muscle activities during the 
squatting movement. (A) Before intrathecal baclofen injection, and 
(B) two hours after the injection. Electromyographic signals are 
rectified. K: knee angular velocity; RA: rectus anterior muscle; VL: 
vastus lateralis muscle; BF: biceps femoris muscle; SM: semi- 
membranous muscle; TA: tibialis anterior muscle; LG: lateral gas- 
trocnemius muscle; MG: medial gastrocnemius muscle; SOL: soleus 
muscle. The onset of movement is indexed by a vertical striped line. 
The striped line superimposed on the knee velocity profile joins the 
onset of movement and the velocity peak. The arrows mark the onset 
of the anticipatory deactivation of the hamstring muscles. The black 
star indexes the reciprocal pattern. 

aged three to 12 years [5]. A distinct but consistent 
motor strategy for the squatting movement has been 
described in spastic diplegia [5]. It combines undisso- 

ciated execution of the movement (global flexion), 
complete loss of trunk verticality, backward shift of the 
hip, locking of the ankle; prolonged, multiphasic as- 
cending phase of the knee angular velocity and, in most 
patients, anticipatory activation of the soleus muscle. 
This motor strategy can be regarded as adaptive, reflect- 
ing the elaboration of alternative optimal patterns ac- 
cording to priorities which differ from normal subjects 
because of the underlying cerebral problem [9]. Simi- 
larly, the strategy used by our patient before the ba- 
clofen injection may represent a functional adaptation 
to his neurologic impairment. It has some common 
features with that described in spastic diplegia, mainly 
the non-specific muscle co-contraction, the dynamical 
locking of the ankle joint and the global (non-selective) 
execution of the movement. These features reflect ex- 
aggerated monosynaptic stretch reflexes whose effects 
add to those of reduced facilitation of polysynaptic 
reflexes which are also dependent on supraspinal con- 
trol [6]. Intrathecal baclofen has been shown to in- 
crease the threshold of these polysynaptic reflexes [ 171. 
Indeed, two hours after baclofen injection, the co- 
contraction pattern disappeared, replaced by a recipro- 
cal pattern. Moreover, an anticipatory deactivation of 
the hamstring muscles occurred before the onset of the 
movement. This reflects a feed-fonvard mode of motor 
control, as that demonstrated for normal subjects [4, 
51. This further supports the hypothesis that this early 
inhibition is elaborated supraspinally in the motor cor- 
tex, as recently demonstrated in animal studies [i’]. In 
this view, the emergence of the normal strategy would 
be essentially facilitated by pharmacologic inhibition of 
spinal reflexes, as expected from the low cisternal-to- 
lumbar ratio of baclofen obtained with lumbar injec- 
tion [ 141. However, continuing refinement of kinetics 
and kinematics is relatively slower than that of muscle 
patterns, becoming very close to normal six hours after 
baclofen injection [4]. This delay probably represents a 
process of adaptation to the changed system. This 
single case study illustrates that intrathecal baclofen can 
restore some normal movement patterns in FSP by 
decreasing spasticity. 
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