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Lesch-Nyhan 증후근(LNS)은 hypoxanthine guanine phosphoribosyle transferase 
(HGPRT) 효소를 암호화 하는 X 염색체가 불완전해서 일어나는 유전적인 추제외로계 
(또는 기저핵)의 드문 병변이다. 출생시 LNS 유아는 정상적인 운동발달이 관찰되어진다. 
LNS에게서 현저하게 진단적인 특정으로 보여지는 운동심리적 행동인 self-mutilating 행 
위는 4살 이후에나 나타난다. LNS 아이들은 오히려 초기에 Rett’s 증후근， 뇌성마비， 자 
폐， 다운증후근과 유사한 운동행위를 보인다. 그래서 LNS 아이들은 앞에 기술한 신경학 
적 장애로 오진을 받을 수가 있다. 오진으로 인해 초기에 적절한 치료를 받지 못한다면 
LNS는 결과적으로 합병증(신장부전)과 self-mutilating 행위로 인하여 치명적일 수가 있 
다. 그러므로， 이 연구의 목적은 LNS 평가 동안 더 나은 진단을 하도록 하기 위하여 
LNS와 관련된 기능부전에 대한 지식을 임상가들에게 제공하고자 함이었다. 연구 대상자 
는 10살인 2명의 쌍퉁이 남아이었으며 실험은 뻗기 과제 수행 (reaching task)시 움직임 
특성을 보기 위하여 운동형상학적과 비디오 분석을 사용하였다. 기술통계로 분석 결과 움 

직임 시간과 단위가 증가됨을 보였고 사지의 분절적 움직임이 협응되지 않음을 보였다. 
ballistic과 jerky 움직임 양상은 dysmetric과 비긴장성 운동 행위에서 우세하였다. LNS은 
추체로계 운동 장애 (과근긴장도나 저긴장도) 와 추체외로계의 운동 장애 (dystonia와 
choreoathetosis)의 혼합된 형 태를 보였다. 결론으로 이 연구는 운동발달 장애를 가진 아 

이들을 치료하고자 할 때 임상가들한테 LNS 아이들의 움직임 장애의 다른 진단적 특징 
을 알아야 한다는 것을 제시하고자 한다. 

핵섬단어: 감별진단; 운동 장애 Lesch - Nyhan 증후군. 
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Introduction 

Lesch-Nyhan syndrome (LNS) is an 

extremely rare hereditary disease caused 
by a defective gene on the X chromosome 

encoding the enzyme hypoxanthine guanine 

phosphoribosyl transferase (HGPRT) (Rossiter 

and Caskey, 1995). The HGPRT is 

responsible for the metabolism of 

hypoxartthine and guanine to uric acid, 

which interacts with the dopamine D1 

receptor via the regulatory G-protein. In 

the 、 absence of the HGPRT, DNA and 

protein synthesis which are essential for 

normal neuronal sprouting and dendrite 

arborization during the early child 

developmental stage may be impaired 

(Casas-Bruge et al, 1985). 

It has been postulated that the HGPRT 

deficiency yields abnormal purine 

metabolism in the cerebral cortex, leading 

to merì.tal. retardation. The absence of 

HGPRT also results in aberrant dopamine 

neurotransmitter metabolism in the basal 
ganglia, leading to motor impairments 

including dystonia, spasticity, choreoathetosis, 
and opisthotonos. The purine and dopamine 

abnormalities can together produce aberrant 

neuropsychiatric behaviors such as 

compulsive self-mutilating behavior along 

with the aforementioned neurological 

symptoms (Jinnah, 1995; Lesch and Nyhan, 
1964; Matthews et al, 1999; Saito et al, 
1998; Silverstein et al, 1985). 

In recent years, there has been an 

increasing ‘ amount of research on the 

genetic and neuropsychiatric perspectives of 

LNS. However, virtually no studies 

concerning movement disorders in LNS 

havebeen conducted. Many children with 

developmental disorders may display 

neurological characteristics analogous to 

those observed in LNS (Breese et al, 1990). 

Thus, the primary objective of this study 

was to provide diagnostic insights to help 

in recognizing and differentiating LNS from 

other similar movement disorders that may 

be observed in other developmental 

disabilities including Rett’s syndrome, Gi11es 

De La Tourette’s syndrome, mental 

retardation, cerebral palsy, and autism. To 

achieve this objective, a functional reaching 

movement 

qualitative 

including 

movement 

was investigated in terms of 

and quantitative parameters 

description of movement, 
time and units, joint and 

segment motions. The modified 

transporting phase of a reach, operationally 

defined as ‘pointing’ was chosen because it 

is an important element of functional 

reaching tasks, especially for children with 
LNS who use augmented communication 

boards or point to an object to express 

needs. 

An important contribution to the 

understanding of the abnormal motor 

behavior in LNS first emerged from clinical 

observation and postmortem examination 
that dopamine content was reduced (Lloyd 

et al, 1981). Llyod and col1eagues found a 

70-90% depletion of dopamine in all 

regions of the basal ganglia, including the 

caudate, putamen, accumbens, and globus 

pallidus whereas slightly below normal 

dopamine levels was reported in the 

substantia nigra. Among these five 

different subcortical nuclei of the basal 

ganglia, the putamen nucleus was most 

severely affected. 

In the putamen nucleus, dopamine and 

the enzymes that participate in the 

synthesis of dopamine, tyrosine hydroxylase 

” 
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(TH) and aromatic amino acid decarboxylase 

(AADC), were a11 markedly decreased. The 

leve1 of serotonin and its metabo1ite 

5-hydroxyindoleacetic acid (5-HIAA) were 

not significantly e1evated. The enzyme 

activity of cho1ine acety1transferase 

(èhAT), responsib1e for the synthesis of 

acetylcho1ine, was a1so reported to be 

reduced. The enzyme activity of glutamic 

acid decarboxy1ase (GAD) , which 
participates in the production of gamma 

amino butyric acid (GABA) , was reported 

to be insignificantly reduced in chi1dren 

with LNS (Lloyd et a1, 1981). 

Origina11y, because of the clinica1 

findings reported in individua1s with 

Parkinson’s disease, the basa1 gang1ia was 

conjectured to be the extrapyramida1 motor 

system, and was considered to be 
independent of the pyramida1 motor system. 

Based on this notion, two distinctive motor 

syndromes were derived. The pyramida1 

system disorder is characterized by 

spasticity and para1ysis, which can be 

observed in individua1s with post 

-cerebrovascular accident (CVA) , whereas 

the extrapyramida1 or basa1 ganglia system 

disorder ischaracterized by rigidity, tremor, 
invohmtary movement, bradykinesia, 
athetosis, dystonia, choreoathetosis, and 

chorea (Ct and Crutcher 1991). Therefore, 
one could speculate that chlldren with LNS 

might have aberrant motor behavior 

including tremor,. invo1untary movements, 
bradyknesia, rigidity, a1teration of posture 

ar1d muscle tone, chorea, and ballism, 
simi1ar to that observed in individua1s with 

Parkinson’s disease, Huntington’s disease, 
and hemiba11ismus, respectively. 

Interesting1y, however, a1though 

individua1s. with LNS have dopamine 

deficiency in the basa1 ganglia, they do not 

exhibit the same movement disorders as 

individua1s with Parkinson’s disease, 
Huntington's disease, or hemiba11ismus in 

which a similar 10ss of doparninergic 

neurons occurs in adu1thood (Hornykiewicz, 
1973). Jinnah (1995) reported that chi1dren 

with LNS cou1d exhibit a mixture of the 

pyramida1 tract and the extrapyramida1 

movement disorders (Tab1e 1). 

To account for the different motor 
behaviors, Breese et a1 (1984a, b) 

conducted an experimenta1 study with 

anima1s based on the assumption that the 

difference in the motor behavior between 

LNS and Parkinson’s disease may have 

been due to the age at which the 10ss of 

dopaminergic nerve cells in the basa1 

ganglia occurred. This assumption has 
been va1idated by their finding that one 

anima1 group 1esioned as adults did not 

show the aberrant motor behavior seen in 

individua1s with LNS, while the other 

anima1 group lesioned as neonates 

disp1ayed se1f-muti1ating and aberrant 

motor behavior when both groups were 
given a dopamine agonist (Breese et a1, 
1984a). 

Another conceivab1e notion, e1aborated on 

by Ct and Crutcher (1991) was based on 

contemporary know1edge of the neuroscience 

as well as a review of related basa1 

gang1ia literature, and suggested that the 

extrapyamida1 and pyramida1 motor 

systems are not independent, but form a 

neurona1 network and constantly interact in 

the contro1 of coordinated movement. In 

fact, the basa1 ganglia receive input from 

the cerebra1 cortex and its outputs are 

transmitted back to the prefronta1 cortex 

and a1so indirectly interact with the spina1 

π
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cord (Ct and Crutcher, 1991). 

Therefore, our contention was that 
although Lesch-Nyhan syndrome is 

regarded as a basal ganglia disease (or 

extrapyramidal tract disorder), because of 
direct topographical networking of basal 

ganglia with the primary and supplementary 

motor cortex and an indirect connection to 

corticospinal pathways, children with LNS 

might exhibit pyramidal tract dysfunction 

as well. The va1idity of this assumption 

would be deterrnined by the video and 

kinematic analyses of reaching movements 

in children with LNS. 

Theoretical Rationale for Hypothesis 2: 

Motor Control Theory and Supporting 

Evidence in Norrnal Reaching Movements. 

According to the systems theory of 

movement, reaching is a complex functional 

task, which requires the multiple elements 

of movement using numerous degrees of 

freedom induding various combinations of 

muscle contraction, joint motions, sensory 

inputs, body-en띠ronnεnt interaction, cognition, 

and motivation (Bemstein, 1967; Fredericks 

and Saladin, 1996). These multiple elements 

of the movement areconsolidated or 

reduced into a single functional coordinate, 

synergistic, and most energy efficient 

structure and this is the very cardinal 

cháracteristic of movement maturation or 

skillful movement (Bemstein, 1967). 

The data from the study of normal 

motor development in reaching, has 

suggested that infants initially employed a 

primitive ballistic reaching strategy and at 

five months of age, they became more 

d~pendênt on the visual feedback to adjust 

movement errors, although they continued 

to use a ballistic reaching pattem (Wishart 

et al, 1978). Kinematic parameters including 

movement time (MT), shape of the 

movement path, velocity, and acceleration, 

used to describe quality of reaching 

movement pattems were initially developed 

by Von Hofsten (1979). A movement unit 

(MU) was defined as the trajectory 

curvature of a reach between one acæleration 

and deceleration, and provided the means to 

describe the start-end phases and 

smoothness of a reaching movement (V on 
Hofsten, 1979). Utilizing this kinematic 

parameter, V on Hofsten (1991) compared 

reaching pattems of infants at 19 weeks of 

age and at 31 weeks of age and found that 

theirreaching pattems became straighter 

or smooth and comprised fewer movement 

umts. 

Previous research in reaching pattems of 

nine-month-old infants to approximately 

seven-year-old children, at which time an 

adult-1ike reaching pattem emerged, 

revealed a minimal change (Bradley, 1994). 

When a distorted visual input via a prism 

was introduced to five-year-old children, 

they had a tendency to reach out to the 

apparent target location in one or two 

movement units prior to making corrective 

reaching movements to the actual target 

location (Hay, 1979). Hay found that 

seven-year-old children used multiple small 

movement units to correctly fine-tune 

movement during the initial phase of the 

reaching cycle, referred to as an early 

braking strategy. On the contrary, nine-to 

eleven-year-old children employed a late, 
smooth, braking strategy to precisely guide 

the hand to the actual target. 

Based on these finding , Hay inferred that 

a reflexive ballistic reaching pattem might 

be centrally preprogrammed and executed 

with a feedforward mechanism. The early 
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braking pattem is executed with the 

feedback system since visual feedback was 

a primary sensory resource to constantly 

monitor and adjust any detected movement 

error (Hay, 1979; Bradely, 1994). The late 

breaking strategy is executed with the 

interaction of feedforward and 
feedbackward systems to optimize 

efficiency and dirninish the amount of 

cognitive demand. It has been proposed 

that 70 to 80% of the total hand trajectory 
isregulated by the pre-programmed 

feedforward system whereas and the rest 

is controlled by the feedback system, to 

adjust the identified movement error and 

correct1y move the hand to the target 
(Bradely, 1994; Hay, 1979; Keogh and 

Sugden, 1985). 

Relau최 Motor Control Theory 

Supporting Evidence in Pathological Reaching 

Movement. Schellekens et al (1983) 

observed a repetitive tapping task in 

eight-to ten-yeàr-old children with minimal 

neurologic dysfunction and found that they 

constantly relied heavily upon their sensory 

feedback system, especially vision to 

monitor and adjust their ongoing tapping 

movement in comparison with a control 

group‘ Schellekens and colleagues found 

that children with rninimal neurologic 

motor dysfunction used more movement 

units per reach (four units versus two 
units) in the process of readjusting their 

movement erròr. The first movement unit 

was composed of multiple, small amplitude, 
iπegular . subpeak acceleration curvatures 

(Schellekens et al. 1983). This finding is 

also consistent with a study conducted by 

Kluzik et.al (1990) , which investigated the 

effect of neurodevelopmental technique on 

reachingin children with spastic 

quadriplegia. Kluzik and colleagues found 

that prior to the treatment children with 

spastic quadriplegia exhibited increased 

number of movement units and time, and 

irregularities in the hand trajectory. 

It has been reasoned that children with 

movement disorders may not have 

developed adequate sensory-motor skill to 

coordinate all the movement elements or 

degrees of freedom such as available 

sensory inputs from vision, vestibular, and 

somatosensory systems, not to mentlOn 

multiple combinations of muscle contrac 

tion, joint motions, environment and task 

into a single meaningful context of a 

reach. In other words, children with 

movement disorders may not have leamed 
to fully incorporate all these movement 

and elements to create a consummate .reach 

because of an inability to identify 
movement errors and processing sensory

motor information during a reach (Burtner 

and Woollacott, 1995; Schellekens et al, 
1983). 

This impairment in sensory-motor process 

may also be a plausible reason to account 

for the movement disorders seen in 

children with LNS. Because the intemal 

feedback circuit between the motor cortex 

and basal ganglia system is disrupted 

secondary to decreased doparnine fiber 

arborization in the basal ganglia, children 

with LNS may need to rely on the 
extemal feedback (or closed-loop) strategy, 

utilizing vision, auditory, vestibular, and 

somatosensory inputs (Jinnah, 1995). If this 

notion holds true, children with LNS may 

have little opportunity to process 

feedforward information that is responsible 

for anticipatory adjustments and also 

minirnize the amount of movement error 

η
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and cognitive attention demanded. 

Therefore, one can expect that children 

with LNS may have to use large multiple 

movement units, increased movement time, 
and irregularities of the forearm-path 

trajectory unlike the more systematic and 

straighter movement trajectory observed in 
healthy children (Von Hofsten, 1979; Kluzik 

et al, 1990). 

Biomechanical study of the upper 

extrernity joint motion during reaching 

movement by Zemicke and Schneider . (in 

press) has revealed that normally there is 

a relatively consistent and sequential joint 

movement pattem of the upper extrernities 

during a reaching task. This motion is 

comprised of the elbow flexion and almost 

simultaneously followed by the shoulder 

flexion, with maximum velocities of 

shoulder flexion and elbow extension 
occurring close together teIriporally. 

However, in children with LNS this 

coordinated biomechanical sequence 

between the forearm and arm segments, a 

by-product of neuromuscular control, may 

be altered and lead inefficient and 

inaccurate movements. 

One possible explanation is that the 

early death of dopaminergic terrninal nerve 

cells in the basal ganglia may have 

occurred before the topographical 

organization at the level of the brainstem 

and cortex fully developed during postnatal 

period. The brain stem, which controls arm 

movements, becomes generally matured 

before the .cortical motor control system, 

which . is responsible for forearm and hand 

l110vement (Kuypers, 1962). If the basal 

ganglia system, which interconnects 

between the brain stem and cortical motor 

systerri is disrupted, the normal movement 

segmental sequence and tirning may be 

altered. 

In summary, there appears to be a 

general consensus that children with 

Lesch-Nyhan syndrome would display 

motor behavior characterized by increased 

number of movement units and increased 

movement time, an irregular forearm 

trajectory, and a premature sequential 

pattem between the proximal and distal 

body segments. 

Methods 

Subjects 

Two ten-year-old identical twin male 

participants with LNS at the Matheny 

School and Hospital volunteered for this 

study. Each subject met the following 

inclusion criteria: a consent form signed by 

his parent, an ability to understand and 

caπy out the verbal command for the 

reaching task, visual skill to localize the 

target, functional range of motion to be 

able to reach the target, no significant 

pain, which may interfere with the task. 

Task 

Each subject was asked to point to the 

target, a three-inch-tall toy squirrel, 

located within reaching distance. 

Videotaping 

An Ariel Performance Analysis System 
(APAS) was used to identify the 

movement units and movement time and 

segmental angular displacements of the 

shoulder, elbow, and wrist joint during a 

reaching movement. The AP AS was 

composed of the following features: 

computer chassis, keyboard, a color graphic 
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monitor, a mouse, a color graphic printer, a 

video playback unit, a Panasonic video 

camera with tripods, a modified calibration 

cube, reflective markers, a metric 
measuring tape, and a digital stop-watch. 

Klein and DeHaven (1995) reported that 

average mean angular error observed for 

predetermined goniometric angles from 10 

to 170 was .26 .21) and concluded that the 

AP AS is highly accurate and relaible in 

the measurement of joínt angular motion. 

Preparation of the Videotaping Site. 

Videotaping was done in the participant’s 

bedroom, where they felt most comfortable. 

A modified calibration cube with the 

dimension of 3 Cffi x 30 Cffi was placed on 

the wall, where the sagittal camera could 

capture it. The calibration cube was filmed 
at the beginning of each videotaping 

session because it provided a distance 

scale and was essential for the coinputer 

analysis of the planes of motions. Instead 

of the stationary reflective markers, four 

corner points of the calibration cube were 

used to provide the computer with 

stationary reference points for digitizing 

purposes. The regular indoor light source 

was . used during. videotaping because it 

was 、 sti.fficient to illuininate the reflective 

tapes on the participants. 

The distance from the sagittal camera 

lens to the near side wheel of the 

wheelchair was 200 Cffi. The height of the 

camera, the distance from the middle of 

camera lens to ground, was 135 Cffi. The 

sàgittal camera was stationed perpendicular 

to the lin'e of the reaching movement. Each 

caIJlera shutter speed was set at 1/500 sec, 
and tape speed was 30 frames per second. 

Procedures 

The consent statement was given and 
signed by their mother as a proxy for her 

twins. The investigator placed reflective 

tapes on the following landmarks of the 

participant’s preferred upper extremity: 

acromion process, lateral humerus condyle, 

radius styloid process, and anterior superior 

iliac spine. In addition, body surface 

landmarks such as the ear, the target 

point, and the tip of the finger were also 

used for the digitization. 

Each subject was seated in his 

wheelchair and appropriately secured with 

a chest vest and a strap to provide 

postural stability and to prevent any 

self-injurious behavior. The target, a 

three-inch-tall toy squiπel， was placed in 

front of a subject 1nd at the point where 

the subject could actively reach it with 

approximately 90 degrees of shoulder 

flexion 뻐d full elbow extension. Reference 

marking was made with a dry erase 

marker on the table at the point where the 

target was located in case the subject 

knocked it down or moved it, so that the 

constant target distance could be scaled 

throughout all trials. 

Each participant’s reaching movement 

was filmed for two to three seconds during 

each of three trials. Data were collected for 

kinematic analysis after the subject had 

two to three practice trials to get a sense 

of movement direction. The subject was 

asked to touch the target when the 

investigator gave the command ready and 

go. A three to five minute rest interval 

was used to reposition the subject in the 

initial position and the target if moved. 

The initial starting position was 

operationally defined with the arm in 
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approximately 90 degrees elbow flexion, 
neutral supination, slight shoulder 

extension, and comfortably rested on the 

armrest. This hand position was 

encouraged and if not, the investigator 
passively repositioned the participant’s 

hand. The session lasted approximately 15 

rrunutes. 

To ensure confidentiality, the recorded 

videotapes were transformed within the 

computer system to a stick-figure format. 

The parent was also given the opportunity 

to view the recorded videotape of her son’s 

pointing movement and to have any or all 

of it erased if she wished 

Data Analysis 

Quantitative Kinematic Analysis. The 

investigator used the APAS at the Human 

Performance Laboratory of Columbia 

University to analyze the videotapes. The 

videotape from the sagittal camera was 

inserted into the video playback unit of the 

APAS. The first video frame of the control 

cube and the video frame of the first 

complete reaching movement, which 

followed at least two practice trials from 

the camera view, were captured by the 

computer. 

All four reference points on the 

calibration cube were manually digitized. 

With this information from the sagittal 

camera view of the calibration cube, the 

computer c0uld calculate the 

two-dimensional scaling factors in Pixels 

per centimeter. The reflective markers on a 

subject during the reaching movement 

were then digitized. Starting with the ear 

point, the investigator manually digitized 

the reflective markers on the subject in the 

first two' camera frames , followed by 

automatic digitization of the remaining 
frames that were previously captured . for 

all the trails. Upon the completion of 

digitization of all trials, the investigator 

then selected joint kinematics data, 
including the arm and forearm segment 

angles, the forearm angular acceleration, 
and a temporal parameter such as 

movement tíme. 

Qualitative Videotape Analysis. To 

effectively describe the participant’s 

reaching pattern, the total reaching cycle 

was further divided into three phases: 

initial, middle, and final. Initial phases (IP) 

started with the initial position and ended 

when the shoulder reached zero degrees of 
flexion. The middle phase (MP) began at 

the ending point of the initial phase and 

ended with the full elbow extension. The 
final phase (FP) started from the ending 

point of the middle phase (full elbow 

extension) to the point where the tip of the 

index finger approached closest to the 
target. Each phase was proportionally 

expressed in percentile (%). 

Kinematic parameters selected to define 

the quality or coordination of reaching 

movement were stick figures and profiles, 

movement time, movement units, and 

segment angle changes. Since a mature 

reach is characterized as 1-2 MUs with 

decreased movement time, smoothness in 

the acceleration profile and adequate 

sequence of the segment motion, these 

kinematic parameters were selected to offer 
an operationally defined the quality or 

coordination of the reaching movement 

(Kluizk et al, 1990; Zernicke and Schneider, 

in press). 

Stick figures or free-body diagrams 

were defined as a simplified diagram of the 
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Fig 1. Movement units (MU) and movement time (MT) 
in the acceleration profile of norrnal reaching 

body segment system isolated from its 

surrounding structure and denoting all the 

interactions between the body segment 
system and its surroundings (Enoka, 1988). 

Operationally, the straighter the hand stick 

figure profile, the better quality of reaching 

movement. A movement unit was defined 

as a sinusoidal-like curvature, which 

comprised one acceleration and one 
deceleration (Figure 1) , and fewer than 2 

MU s was considered better reaching 

quality (Hofsten, 1979; Kluizk et al, 1990) 

Movement time was defined as the 

self-selected time spef).t to transport the 

designated hand from its initial position to 

its closest contact point with the target 

surface to be pointed at (Kluizk et al, 
1990). Operationally, shorter MT was 

considered as , the desirable quality of 

reaching and shoúld be less than 1000 ms 

for two 1novement units. This reference 

time was based On the reaching movement 

time ofhealthy children, which ranged 

from 250 ms to 500 ms (Von Hofsten, 1979), 
and 515 ms to 725 ms per total movement 

units (Brown et al, 1986). 

Body segmental angle was defined as 

the angular change of one segment in 

relation to the adjacent segment and was 
used to determine sequential changes of 

the segment motion. Operationally, normal 

sequence of the upper extremity during 

reaching movement was the elbow flexion, 

followed almost simultaneously by shoulder 

flexion, with maximum velocities of the 

shoulder flexion and the elbow extension 

occurring close together temporally 

(Zemicke and Schneider, in press). 

Results 

Qualitative data analysis, including stick 

figure diagrams (Figure 2) and frame-by 

-frame video, revealed that children with 

LNS displayed a combination of spastic 

and choeroathetosis with some degrees of 

dystonia. Spastic and dystonic movement 

pattem appeared to be more apparent in 

the proximal motor system such as 

shoulder girdle and arm segments whereas 

the choreoathetoic movement pattem 

appeared at the distal motor system such 
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Participant A 

“·‘-------

---
Trial 1 Trial 2 Trial 3 

Participant B 

Trial 1 Trial 2 Trial 3 

Fig 2. Stick figures of the wrist joint trajectory of three clifferent trials for two participants 

as elbow, hand and finger segments. These 

features of the movement disorders seemed 

to be more evident during the final phase 

of pointing when more fine coordination 

skill was required. There appeared to be 

ináeased flexor muscle tone as manifested 

by increased shoulder extension, internal 

rotation, elbow flexion and pronation, and 

wrist flexion during the initial phase 

From thè middle phase to the final 

phase ,. the reaching movement was fast, 
jerky, abrupt, and rigid, whereas it was 

relatively slow during the initial phase. In 

fact, the hyperextension of. the elbow joint 

and excèssive shoulder internal rotation 

were observed from the MP to the FP of 

the reaching cycle. This hyperextension 

movement strategy was one of the central 

characteristics of reaching movement 

disorders in children with LNS and may 

have occurred secondary to increase muscle 

tone at the elbow extension muscle. 

Two common reaching movement 

strategies in children with LNS Were 

identified: One strategy was overshooting, 
which was characterized by small 

amplitude oscillatory movements in the 

trunk. A large oscillatory shoulder motion, 
which is characterized by shoulder internal 

rotation and abduction or adduction with 
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the elbow locked in a hyperextension and 

the wrist flexion or extension, was 

observed duting the first part of the 

approach. This gross oscillatory movement 

became less apparent and further refined 

by bringing the shoulder inwardly and 

downwardly toward the midline of the 

target from the remote upward and 

outward position, and followed by 

overshooting the target during the later 

part of the reaching phase. A second 

strategy was undershooting, which was 

described as similar to the gross and 
osci11atory shoulder pattem seen during the 

first part of reaching cycle, moving the 

hand from the downward to the upward 

direction, and undershooting the target 

during the later phase. 

Choreoathetosis, characterized 
irregular involuntary movements was 

obviously noticed proxima11y at the face 

and neck, and distally at the wrist and 

index finger motion, especially during the 

fina1 phase. In addition, dystoDic motor 

behavior was detected as participants 

readj 1.1sted their excessive outward devia

tion from the line of reaching movement 

during the middle and fina1 phases. The 

shoulder moved as if it had its own mind 
and as ifit was searching for something. 

Intentiona1 tremor, composed of small am 

plitude of rhythmic and purposeless move

ments was notevident in either subject. 

These findings supported Hypothesis 1. 

The analysis of the number of movement 

uriits, movement time, and irregularities in 

the hand trajectory revealed that children 

with LNS displayed increased MU s and 

MT withmuch greater irregularities when 

comparèd with those of normal children 

(Brown et a1, 1986; Fetters and Todd, 

1987; Von Hofsten, 1979). Segmenta1 

movement sequence (Zemicke and 

Schneider, in press), children with LNS 

showed a1teration in movement sequence 

between the forearm and arm segment 

angles, increased number of movement 

units identified in the forearm segment 

angular acceleration, and increased 

movement time (Figure 3, 4). 

Segmental analysis revealed that unlike 

the normal segment movement sequence 

between forearm and arm segments, 
children with LNS demonstrated a 

reversed pattem, although some degree of 
variations of the segmental sequence 

within subjects and between subjects was 

observed (Figure 5, 6, 7 and 8). MUs 

from the forearm angular acceleration 

by profile were counted and ranged from 3.5 

units to 6.5 units with mean MU 5. 

When mean MUs of children with LNS 

were compared with that of the normal 

children, children with LNS used five 

times more MU s than the normal children 
(Figure 9). 

The mean, total and three phase MTs 

were measured (Figure 10). The mean MT 

was 1172 ms and 1454 ms for participants 

A and B, respectively. When compared 

with reaching MT of normal children, 
children with LNS displayed much slower 

speed (Figure 11). The MT of subject 1 

was shorter and had consistently fewer 

MUs when compared to those of subject 1. 

According to the phase MT analysis, both 

subjects spent the longest time in the fina1 

phase, followed by the initial and middle 

phases. Finally, it was interesting to note 

that neither subject demonstrated any 

self-injurious or aggressive behavior that 

might have interfered with the reaching 

껴
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Fig 3. Forearm angular acceleration for participant A 

during three reaching task trials 
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movement, despite the task appeared to be 

challenging. These data supported 

hypothesis 2. 

Discussion 

This study investigated the functional 

reaching movement of children with LNS 

to substantiate the underlying neuro

pathogerìesis of the movement disorders. 
Qualitative analyses suggested that despite 

the extrapyramidal tract syndrome, children 

withLNS demonstrated a pyramidal tract 

syndrome induding hypertonicity. One 

possible underlying explanation may be the 

fact that the extrapyramidal motor system 

(or the basal ganglia system) may be 
functiqn머ly interdependent 와ld topographically 

interconnected with primary and suppl<얹lentary 

motor cortex, and corticospinal pathways 

(Bemstein, 1967; Ct and Crutcher, 1991). 

This was further supported by the present 

findings. 

One finding that strengthened this 

contention was the hyperextension of the 

elbow joint during the middle phase of the 

reaching cyde. Qualitative analysis showed 

excessive elbow extension, and an 

uncoordinated and stiff movement pattem. 

This may be the result of a lack of 

disihhibitory control of the supraspinal 

center over alpha and gamma motoneurons 

in the elbow. extensor (Katz and Rymer, 

1989). The secorid finding was a reflexive, 
ballistic, tonic, and relatively large 

oscillatory ‘ movement pattem, which 

constituted choreoathetoic motor behavior. 

This may be due to a loss of dopamine 

fiber arborization projecting to the extemal 

globus pallidus of the basal ganglia 

coptaining. GABA and Enkephalin. 

Consequently, the indirect inhibitory control 

mechanism may be interrupted, leading to 

chorea (Albin et al, 1989). 

The last finding was the dystonic motor 

pattem in the proximal motor system, 
induding the arm and shoulder. It has 

been postulated that the cholinergic 

neurons may mediate activity of the 

short-axon striatal intemeurons, and that 

the dopaminergic neurons are believed to 

participate in tonic inhibitory control of 

these cholinergic neurons. Thus, when 

dopamine content is reduced and 

acetylcholine content increases, this excites 

output nudei and eventually leads to 

activation of skeletomotor and fusimotor 

systems via corticospinal, reticulospinal, 
and rubriospinal pathways. These changes 

may be in part responsible for the 

movement disorders observed in LNS , 

induding dystonia as well as spasticity. 

Quantitative kinematic analyses revealed 

increased movement time, especially during 

the final phase (FP). These findings seem 

to be indicative of a central deficit in the 

quality of motor control and leaming. The 

imbalance of neurotransmitters metabolism 
in the neural projections from the intemal 

segment of the globus pallidus in the basal 

ganglia to the supplementary motor area 

(SMA) and the primary motor cortex may 

be one possible reason (Brotchie et al, 
1991; Cunnington et al, 1995). The SMA is 

believed to play an important role in 

mediating the amount of increasing 
anticipatory activity of neurons that may 

need to occur in advance to a movement 

to be executed and regulating movement 

termination at the appropriate time. If the 

preparation for the movement to be 

executed is interfered, the postural stability 
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and quality of motor control including 
movement size, grading, segmental 

movement sequence, timing, and velocity 

may be altered (Brotchie et al, 1991; 

Cunnington et al, 1995). This may also 

affect motor learning in children with LNS. 

Forearm acceleration profile analysis to 

define MU showed increased irregularities 

in movement directions. Frame by frame 

video analysis provided more evidence 

conceming this phenomenon, which was 

manifested by the inability to transport the 
handto the target with adequately graded 

directional control, especially during the 

final phase. The disruption of neurons in 

the putamen, which may be responsible for 

selective control in direction of the limb 
segments may be an underlying reason for 

such a movement. disorder in LNS (Ct and 

Crutcher, 1991). Finally, unlike Parkinson’s 

disease, children with LNS did not show 

any significant tremor. This seems to 

strengthen the neurochemical findings that 

serotonin and its metabolite 5 

hydroxyindoleacetic acid (5-f묘AA) content, 

responsible for postural tremor control, 
wereunaffected (Lloyd et al, 1981). 

Conclusion 

This study provided a comprehensive 

review of the neuro-pathogensis of 

movement disorders and supporting 

kinematic evidence for reaching behavior in 

LNS. It wassuggested that electromyography 
(EMG) study may be useful to clarify 

complex neuromotor behavior identified by 

video and kinematic analyses such. as 

elbow hyperextension and fluctuating 

rilovement. In addition, the relationship 

between neuropsychiatric behavior such as 

self-mutilation and aggressiveness and the 

movement disorders in children with LNS 

is yet to be determined. Although this was 

beyond the scope of this study, the HPRT 
deficiency may be accountable for a 

disturbance of the purine and dopamine 

metabolism secondary to a genetic defect 
may be one tangible hypothesis. Thus, it 

would be interesting to determine if any 

clinical relationship exists between 
self-mutilating behavior and motor 

behavior. In the present study, any 

self-mutilating behavior, which was 

frequently reported to hamper functional 

motor task was not observed. 

Lastly, although children and young 

adults with LNS have been shown to 

demonstrate a wide range of cognitive 

function, ranging from moderate mental 

retardation to low average intelligence 
(Mattews et al, 1995, 1999), the effect of 

cognitive function on motor behavior has 

not been identified. 

Clinical Implications 

Two important clinical implications 

should be addressed. The first involves 

diagnostic indicators of the movement 

disorders in LNS. It has been documented 

that infants with LNS appear to have 

normal development at birth. Self-mutilating 

behavior, a main characteristic of LNS , does 

not emerge until about four years of age. 

Initially, children with LNS display low 

muscle tone, similar to infants with Down’s 
syndrome or cerebral palsy (Campbell, 

1994). As they mature, their muscle tone 

and reflex activity significantly increases 

(Mathews et al, 1995; Nyhan, 1976). 

As a result, children with LNS may be 
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misdiagnosed with cerebral palsy or other 

neurological disorders. If unattended with 

appropriate intervention due to misdiagnosis, 
LNS may eventually become fatal. Thus, it 

is critical for clinicians to have a clear 

understanding of the neuro-pathogenesis of 

the movement disorders and knowledge to 

differentiate LNS from other similar 

movement disorders observed in 

developmental disabilities such as Rett’s 

Syndrome, Gilles De La Tourette’s 

Syndrome, mental retardation, cerebral 

palsy, Cornelia DeLange Syndrome, Down’s 

syndrome, and autism. 

The present study has provided 

diagnostic insights to help in recognizing 

and differentiating LNS from other similar 

movement disorders that may be observed 

in other developmental disabilities including 

Rett’s syndrome, Gilles De La Tourette’s 

syndrome; mental retardation, cerebral 

palsy, and autism. Examining a functional 

reaching movement patterns in terms of 

movement time and units, joint and 

segmertt motions have accomplished this 

object. 
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