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Abstract

Various bast qualitative and quantitative methods for the evaluation ofsersorimotor functions aftefTraumatic Brain Injury (TBI) are intro-
duced and discussd.

Methodological aspects are illustritey a single castollow-up study of a citd after ®vereTBI (age 11 7-12;1 yrs; 6 8 and 12 morth
post TBI) in compason to an age-matched healthy control griup 16).

The evaluationconsisted of neuological investigation, Barthel-Index, Terver Nuneric Score for Functional Assssment, Ramport Dis-
ability Rating Scale(modfied version) a coordingion-teg for children (KTK), apilot-testedMotor FunctionScore,quanttative evaluation of
spatiotemporal gait parameters owalkway and on areadmil, and the kinematic assessmeri hand méor fundions.

Quanttative movemern analysesavealedtwo generatypes of motodisorder Slowing of moremens and compensatory matstraggies.
Averaged z-scores alved deficits, which werepronouncedn fine motor skills (handhovements: 1.86, gait: 1.3puring follow-up, a strag
improvement rate durinthefirst (=0.48 z-scaes) ad neary no improvement rate(—0.03 z-scores) durinipe secondime interval was seen.
Clinical scores andevelopmeral tests were not able tiocument the wholeesttutional course, whereas motor gewith speial emphasis
on functond aspets and thejuanttative movemen assessment seenmiee suitablenethods.

We conclude tret a stificient evaluation of sesorimotor functions afterTBI in childhood needs an incease in proedural uniformity on
one hand and the combination of various qualitative and quantitative methods on the other hard. To connectboth claims, further resarch is
necesary.

Keywords traumatic brain injury, sensotimotor functions, functional reditution, children

1. Introduction motar functions [11,12,16,20,23,25,34]. Fa the planning of
the rehabilitatve strategy antbr aprospetive judgement of

Sensoimotor functions which often are seveely dfected the rehabitative course a fundamental kntedge ofthe ca-
in brain damagd children, show in mangasesa suprising pacity, sequence and velocity of the restitutional processes of
resttution overtime. This functional restitutio must bedif- various sensamotor subfunctions is necesyd5,7,13, 22].
ferentiated from the ge-dgpendent stogenetiomaturation of When ve started to investigate the extent ahd course
- of such restitutional processeschildren in first pilot stud-
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great variety of methodological concepts in the literature and of validity, intra- and interrater reliability and responsive-
the lack of procedural uniformity in describing these events ness [6,18]. It is usable in children and adults.
[26]. This impeded the comparison of data and results be-
tween the different groups and institutions. 2.1.2. Terver Numeric Score For Functional Assessment [2]
In our study we have used two basic methodological ap- A score concerning essential aspects of daily living
proaches to document the motor dysfunctions and their re-activities including following five items: independence,
covery in children. We have combined well established communication, activities of daily living, mobility, walking.
gualitative and semiquantitative tests (clinical scores, neu- Range of values: 0 (severe impairment) — 25 (no impair-
rodevelopmental test [2,19,24,28]) with several methods of ment). In contrast to the Rappaport disability rating scale
guantitative movement analyses [4,14,15] which have beenthis score gives special emphasis on childlike aspects, be-
adapted for that purpose [17,30,31]. It became evident thatcause it has been developed to investigate the course of im-
the inhomogeneity of the patient group regarding the mor- pairments in children with cerebral palsy. Unfortunately no
phological criteria, the initial functional motor status and the informations concerning the validity are available.
velocity of the restitutional course restricts the use of one
and the same standardized test in each patient of the group. [2.1.3. Rappaport Disability Rating Scale (modified version)
further appeared that the use of developmental motor tests t424]
describe the restitutional course after traumatic brain injury  Scale, which has been created to document the restitution-
is not possible in many children because of arising bottom al course of adults after TBI. Therefore little adaptions to
effects. children have led to the following six items: eye opening,
Based on this experience we have therefore combined abest verbal response, best motor response, cognitive ability
variety of methods to evaluate sensorimotor functions after for feeding, toiletting and grooming, level of functioning,
traumatic brain injuries. Partly these methods have been de-employability substituted by school-level. Range of values:
veloped in our group [17,30,31], partly they are described in 0 (no disability) ...12—16 (severe disability) ...30 (death).
the literature [2,4,14,15,19,24,28]. General motor functions This scale is easily to perform. A significant level of predic-
were assessed with an accurate neurological investigationtive validity, sensitivity and reliability has been reported
several clinical scales of daily living activities [2,19,24], a [10].
developmental motor test (KTK) [28] and a pilot tested mo-
tor function measure score. The specialized motor functions2.1.4. Korperkoordinationstest fir Kinder KTK [28]
of gait and prehension were evaluated with quantitative Established test to give a comprehensive evaluation of the
methods, those of gait both on a walkway and on a treadmill, developmental motor status by measuring the maximum per-
those of prehension while reaching towards a target. Atformance in each of four exercises: balancing backward,
present these tests are being developed further and standargumping high, jumping to and fro, stepping on a bar. The test
ized in large groups of normals and patients. These variousresults are transformed in quotients of motor performance
approaches will be illustrated by a single case follow-up (MQ) with an expected mean of 100 and a standard devia-
study of a child suffering from severe TBI. The results and tion of 10. Normal values for a mixed sample of primarily

methodological aspects will be discussed. and and secondarily brain-damaged children exist. Validity
and reliability was sufficient. During test-standardization
2. Material and methods 91 % primary brain-damaged and 92 % mild brain-damaged

children could be differentiated. The retest-reliability was
2.1. Methods to evaluate sensorimotor functions after TBI  given by 0.97 [28].
Neurological investigationAn accurate neurological in-
vestigation is the unrenounceable base for further evalua-2.1.5. Motor Function Score

tions. A standardized and comprehensive recording of the

Clinical scores and a developmental teShree estab- movement repertoire with particular emphasis on functional
lished clinical scores of daily living activities and one devel- aspects was developed (explorative study). For this purpose
opmental motor test have been used. a catalogue of basic movement patterns and their transitions

[21] was created, consisting of the following seven groups:

2.1.1. Barthel-Index [19] Stance, locomotion, sitting position, prone position, supine

Very well established global index of daily living activi- position, upper limbs and muscle tone. Each group includes
ties, which comprises the following ten items: feeding, mov- a number of items which have to be scored using ranking
ing from wheelchair to bed and return, personal toilet, get- scales with 2—4 levels. The total score was obtained by sum-
ting on and off toilet, bathing self, walking on level surface, ming up all items. The difficulty of the required tasks was
ascend and descend stairs, dressing, controlling bowels, conadapted to children beyond th& Pear of life to avoid dis-
trolling bladder. turbing effects caused by continuing motor development.

Range of values: 0 (dependent) — 100 (independent). TheBecause of a lack of normalized test values so far and the
Barthel-Index is an easily applicable score with a high level arising ceiling effect z-scores are not yet presentable.
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2.2. Gait-analysis signal until movement onset. Movement duration (MD) was
the time interval between movement onset and elevation of
2.2.1. Overground locomotion the target object. Peak transport velocity (PV) of the hand

Gait analysis was performed on a walkway according to and the maximum grip aperture (GA) attained during the
the method described by Brinckmann [4]. In our study, the reach were determined [17]. The absolute and relative tim-
subjects traversed a walkway of 15 m length and 1 m width ings of these events were calculated. Values of 10 trials were
at their spontaneous walking speed. A thin transparent draftaveraged.
paper of 64 cm width was fixed along and over the central A detailed description of the method and the parameters
part (5 m) of the walkway. Small brass plates, prepared withis given elsewhere [17]. The experimental paradigm was
punched-out peaks (like braille) were fixed under the usual similar to the prehension task analysed in adults by Jean-
walking shoes of the subjects. These peaks imprinted thenerod et al. [14,15]. In addition to these kinematic record-
subjects’ footmarks on the draft paper. While walking the ings of reaching and grasping, fine manual functions such as
metal plates were not noticeable for the subjects. Spatial steghreading beads were videotaped. Means and z-scores are
parameters (stride and step lengths, step width and foot rotapresented.
tion angles) were measured directly from these imprints, us-
ing a drawing board. 2.3. Subjects

Temporal gait parameters such as stance- and swing Patient We present the case of an 11,7 year old schoolgirl
phase, double limb support time and gait cycle time were re-suffering from severe TBI and polytrauma caused by a car ac-
corded using a video camera (50 frames/s, highspeed-shuttecident. She suffered from a severe closed traumatic brain in-
0.01 s) which was equipped with a time code generator. Gaitjury with traumatic subarachnoid hemorrhage, small subdural
velocity was calculated using two lightbarriers. After 4 trials hematoma, partial infarction of the posterior cerebral artery
(20 m) spatiotemporal gait parameters were measured, averand malignant posttraumatic brain oedema. She developed a

aged and transformed into z-scores [30,30]. posttraumatic hydrocephalus. The girl underwent repeated
neurosurgical treatment and was treated at the intensive care
2.2.2. Treadmill locomotion unit for 7 weeks, total cerebral coma duration was 22 days. 4

Additionally, kinematic analysis of treadmill locomotion weeks after the injury she showed a GCS of 7. Eleven weeks
was performed, using an optoelectronic motion analysis sys-post injury she was referred to a pediatric neurorehabilitation
tem (Qualisys, Partille, Sweden). The treadmill speed was center. She showed a spastic tetraparesis, a severe psychomo-
adjusted to the spontaneous gait velocity which the child tor disorder and severe neuropsychological deficits. Since
showed during overground locomotion. Reflective markers then the child has been continuously enrolled in a clinical re-
were attached to the childrens’ feet and legs. The spatial co-habilitation program. The girl has been examined by the meth-
ordinates and displacement of these markers during tread-ods outlined above 6 (t1), 8 (t2) and 12 (t3) months postinjury.
mill walking were measured with a time resolution of 50 Hz. At the time of our first assessment, Louisa had just reached
Data of 15—-20 steps were averaged. The method has beethe physical and mental status to participate in the study.
described in detail elsewhere [30]. Referring to well known
differences between overground- and treadmill-locomotion 2.4. Control group
in healthy children and adults [30], a brief comparison be-  The data of the patient were compared to those of an age-
tween both methods in a child suffering from severe TBI matched healthy control group (16 healthy children, 8 fe-
will be presented in this study. male, 8 male, age 12;0 = 0;2 years).

2.2.3. Hand movements 3. Results

Functional hand movements, such as reaching and grasp-
ing, can be evaluated by quantitative kinematic recordings. The patient’'s original data, her intraindividual standard
In the present study, the subjects were seated in an adjustdeviations and the means of controls as well as their aver-
able chair. The dominant hand was kept in a defined postureaged intraindividual standard deviations are presented in Ta-
(pinch position) at a starting point on the table. Upon an ble 1, and Fig. 1. Table 2 displays z-values of Louisa’s per-
acoustic start signal, the children reached forward to grasp aformance, which are illustrated in Fig. 2.
cylindrical target object. The target position and cylinder
size were adapted to the subject’'s arm length and finger3.1. First investigation (t1)
span. The object was seized with a precision grip of thumb
and index finger, and lifted. Reflective markers (half-spheri- 3.1.1. Neurological findings
cal, diameter 5 mm) were attached to the nails of the thumb Louisa suffered from a severe spastic-ataxic tetraparesis
and index finger, and to the wrist of the reaching hand. The with increased muscle tone of upper and lower limbs, de-
spatial positions of these markers were recorded by the mo-creased muscle tone of the trunc, bilateral considerably in-
tion analysis system. Nine kinematic parameters were calcu-creased tendon reflexes with Babinski sign, severe gait-atax-
lated: Movement initiation time (MIT) lasted from the start ia, dysdiadochokinesis and a psychomotor slowing.
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TABLE 1. Scores, gait parameters and hand movements. Patient: Values * intraindividual S.D. Investigations t1, t2 ancht3E26n8rdahs post TBI. Con-

trol group: Means + averaged intraindividual S.D.

K. Jéhnk et al. / Restorative Neurology and Neuroscience 14 (1999)

Control group Patient
1 t2 t3
Mean Value Value Value
Scores
Barthel-Index 100 £ 0.0 100 100 100
Terver (Numeric score for functional assessment) 2% 0.0 12 12 14
Rappaport Disability Rating (DR) Scale 0+ 0.0 4 4 4
KTK 94.26+ 15.31 MQ<40, PR O
Motor Function Score Total: 203.25 5.68 115 137 149
Stance: 27.63 1.06 12 15 17
Locomotion: 83.7% 2.76 27 36 45
Sitting position: 15.8% 0.74 13 13 13
Prone position: 10.0+ 0.0 10 10 10
Supine position: 31.88 0.35 24 30 29
Upper extremities: 26 + 0.0 24 26 26
Muscle tone: 9.13 1.81 5 7 9
Gait parameters
Spatial gait parameters
Stride length [em] 139.68 7.62 100.8& 8.2 107.79+ 5.C 115.46+ 4.25
Step length [cm] 70.68 3.41 50.6+ 4.62 53.83 2.76 57.73 2.64
Step width [em] 8.04& 2.85 10.3% 4.7 10.29+ 5.18 9.29+ 7.46
Foot angle [°] 6.7& 3.76 13.6G 5.74 16.78& 4.37 10.7% 3.83
Right foot angle [°] 9.14 3.88 13.44 3.42 10.14 3.8
Left foot angle [°] 18.5@¢ 2.62 20.1% 2.08 11.4% 3.76
Temporal gait parameters
Gait velocity [m/s] 4.68 0.28 3.36+ 0.12 3.5+ 0.08 3.84t 0.15
Cadence [steps/min] 109.85 4.97 11054 7.C 108.1 + 0.98 107.16 11.22
Stance phase [ms] 691.2 23.1 743.1 £39.4 718.& £ 38.5 743.7 £37.1
Double limb support time [ms] 144 2 19.1 192.7 +38.4 173.1 +27.5 164.5 +49.&
Swing phase [ms] 403.9 22.5 360.C £ 35.4 371.0 £24.© 344.4 432
Gait cycle time [ms] 1094.6+ 28.1 1103.3 £44.7 1091.1 + 38.€ 1088.8 + 39.4
Hand movements
Movement initiation time [ms] 399 +78 496 +53.1 440 +45.92 435 +55.35
Movement duration [ms] 685 + 67 788 +31.Z 732 +£29.4 735 +£35.8
Transport parameters
Peak transport velocity [em/s] 98.8 5.2 75.7 + 1.7 82.¢ + 1.1 817 + 3.8
Time to peak velocity [ms] 295 +26 412 +41.2 396.0 £55.7 430.0 +£17.2
Relative time to peak velocity [% ] 425 3.6 52 + 0.03 54 + 0.02 59 + 0.03
Deceleration duration [ms] 456 + 38 376 +19.€ 336 +34.4 305 +£25.¢
Grasp parameters
Maximum grip aperture [em] 6.52 0.61 10.6 £ 0.93 8.4+ 0.79 8.02 0.30
Time to max. grip aperture [ms] 465 + 56 612 +46.7 528 +81.€ 575 + 8.7
Relative time to max. grip aperture [%] 678 6.3 78 + 4 72 + 4 78 + 3
Beads
Large beads [s] 23.33 a0 25 25
Small beads [s] 32.56 70 51 48
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Spatial gait parameters
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Fig. 1. Gait parameters and hand movements. Values and intraindividual standard deviation of an 11;7-12;1 year olégrealiBt;9nvestigations 6 (1),
8 (t2) and 12 (t3) months post TBI. Means and averaged intraindividual standard deviations of the control group (N = J§gramgéitrs good improvement
rates during both time intervals. Improvement of hand movements only during the first period.
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TABLE 2. Gait parameter and hand movements of an 11;7 — 12;1 year old girl after severe TBI. Z-scores of t1, t2 ancht8 E26n8rdhs post TBI. Differ-
ence between t1 and t3.

z(t1) z(t2) z(t3) abs(ztl)-abs(zt3)
Gait parameters
Double limb support time 2.22 1.33 0.93 1.29
Step length -2.52 -2.11 -1.62 0.89
Stride length -1.97 -1.62 -1.23 0.74
Gait velocity -2.00 -1.77 -1.27 0.73
Foot angle 1.70 25 1.00 0.70
Step width 0.73 0.73 0.40 0.33
Gait cycle time 0.07 -0.03 -0.05 0.02
Stance phase 0.66 0.35 0.67 -0.01
Swing phase -1.07 -0.8 -1.45 -0.38
Cadence 0.06 -0.15 -0.99 -0.93
Mean (abs(z)) 1.30 1.14 0.96 0.34
Hand movements
Maximum grip aperture 4.25 1.96 1.56 2.69
Small beads 3.73 1.84 1.54 2.19
Large beads 2.14 0.54 0.54 1.60
Movement initiation time 0.82 0.35 0.31 0.52
Peak transport velocity -1.67 -1.15 -1.24 0.43
Movement duration 0.79 0.36 0.38 0.41
Time to max grip aperture 1.50 0.64 1.12 0.38
Rel. time to max. grip apert. 1.17 0.48 1.17 0.00
Time to peak velocity 2.09 1.81 2.40 -0.32
Deceleration duration -0.82 -1.22 -1.54 -0.72
Relative time to peak velocity 1.53 1.85 2.66 -1.13
Mean (abs(z)) 1.86 1.11 1.31 0.55
Total
Total Mean (abs(z)) 1.60 1.12 1.15 0,45
2] Gait and Hand movements
S 3
4 —f —O— Gait: Step length
3 —— Gait: Gait velocity
3 E —v— Gait: Double limb support time
2 — —— Hand movements: Max. grip aperture
] —0— Hand movements: Small beads
1 —5 —— Hand movements: Peak transport velocity
0
13 e .
-2 _; W Fig. 2. lllustration of various selected gait- and hand movement pa-
] rameters in a 11;7-12;1 year old girl after severe TBI; t1, t2 and
-3 ! T ] t3 = 6, 8 and 12 months post TBI. A tendency towards normal values
1 2 3 is noticable.
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3.1.2. Clinical scores 3.3. Third investigation (t3)

Barthel-Index 100 (independent), Terver Score 12 (mod-  Neurological findings Generally unchanged moderately
erately impaired) and Rappaport Disability Rating Scale 4 spastic tetraparesis, as mentioned above. However, no hypo-
(moderate grade of disability). tonia of the trunk was noticeable and she showed a consider-

In this early phase of rehabilitation KTK could not be per- able improvement of her ataxia. Moreover she had achieved
formed, because of severe ataxia. a higher degree of vigilance.

In the Motor Function Scoreshe reached a total value of Except for a slight increase of the Numeric Score For
115 (of 207). Functional Assesment (Terver), as before, there were no

Thegait analysisshowed a distinct reduction of step- and changes in thelinical scores.
stride length as well as gait velocity and duration of swing  KTK couldnow be performed. She reached a MQ of < 40
phase. Cadence did not change. As expected, we found amccording to a percentile of 0 in comparison to normal data
increase in step width, double limb support time and stanceof healthy children. These findings correspond to a MQ of
phase duration. The swing phase was shortened. There wagl and a percentile of 3 compared to KTK data given for
no considerable change in gait cycle time. brain damaged children.

Hand movement patterrshowed an increase of move- A further improvement of 12 raw values was shown in the
ment initiation time and movement duration. A longer time Motor Function Scoravhich was due to a higher degree of
interval was necessary to reach the maximum transport ve-stability in various positions and improved movement transi-
locity. Peak transport velocity was decreased. We found ations.
considerable increase of the maximum grip aperture. Both, In all spatial gait parametersnd in twotemporal gait
small and large beads were threaded much more slowly tharparameterggait velocity and double limb support time) we
in healthy controls. noticed an ongoing trend to normalization (increase in step-
and stride length and gait velocity, decrease in step width,
foot angles and double limb support time).

Concerninghand movementhere were no further essen-
tial improvements, except of the further decrease in the max.
grip aperture.

3.2. Second investigation (t2)

Theneurological statusvas not essentially improved.

There were no changes in ttlsical scores The girl was
still not able to perfornKTK.

In the Motor Function Scord.ouisa showed an improve-
ment of 22 raw-values. 3.4. Comparison between Overground- and Treadmill-

All parameters ofjait analysisandhand movementsxcept Locomotion
cadence, foot angles, duration of deceleration and relative time In Table 3 gait parameters evaluated by both methods are
to peak velocity showed a tendency towards normal valuespresented. Normal values of two healthy groups (6 year old
(Table 1, Fig. 1). The nearly constant relative time to peak ve-children (n = 16) and adults (n = 16)) [30] are shown. Dur-
locity during prehension is due to the clear decrease of move-ing all three investigations 17 of 21 differences were equal
ment duration in comparison to the smaller reduction of the ab-or higher than in both control groups. In all parameters
solute time to peak velocity. The persistent decrease in the du{except swing phase during the third investigation) the direc-
ration of deceleration seems to be a personal feature of this casgon of the changes was the same as in the controls.
which we have not yet seen in other patients after TBI. Compared to overground locomotion the stride length is

TABLE 3. Comparison of gait parameters evaluated by overground locomotion (OG) and by treadmill locomotion (TL). Mean$farehégslbetween OG
and TL of a patient; examinations t1, t2 and t3 = 6, 8 and 12 months post severe TBI. Norm values for two control groupsd(dhijeaen (N = 16), adults
(N =16)).

Norm Norm

1 t2 t3 6Yrs  Adults

oG ™ %Diff oG ™ %Diff oG ™ %Diff | %Diff %Diff

Gait velocity [m/s] 3.36 3.4 3.51 3.4 3.84 3.4

Stride length [em] 100.86 919 -9 107.79 91.8 -15 115.46 103.0 -11 -7 -4
Step width [cm] 10.31 15.6 51 10.29 14.8 44 9.29 13.9 50 23 22
Foot angle M| 13.60 20.7 52 16.78 221 32 10.79 15.3 42 38 19
Cadence [steps/min] 110.54 1215 10 108.1 122.5 13 98.16 108.9 11 10 6
Stance phase [ms] 743.1 6344 -15 718.8 633.3 -12 743.7 703.9 -5 -12 -7
DLST [ms] 192.7 1411 =27 173.1 144.3 -17 164.5 153.5 -7 -30 =27
Swing phase [ms] 360.0 354.6 -1 371.0 347.6 -6 344.4 397.1 15 0 5

Mean (abs(diff%)) 24 20 20 17.14  12.86
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decreased and step width is clearly increased on the On the other hand, compensatory motor strategies were
treadmill, both more pronounced in the patient than in the present in both modalities to overcome ataxia during
normal groups. Foot angle, cadence, stance- and swingocomotion and grasp. Accordingly balance-related
phase were changed to the same degree as in the controlparameters like step width, stance phase and double limb
The double limb support time was the only parameter which support time increased to enhance stability in walk. In
changed less. Averaged absolute differences for each invesprehension movements the increase in the maximum grip
tigation (t1, t2, t3) were considerably higher than in controls aperture leads to the same result, a more efficient grasp
(t1: patient 24 %, controls 17 %), but they decreased over[17,36]. Additionally the quantitative movement analysis

time (t3 : 20 %). could document a clear overall improvement rate -especially
during the first time interval [3,13], which is in distinct

4. Discussion contrast to the clinical scores and the KTK mentioned
above.

It is a key finding of this study that the different tests mir- The difference in gait patterns between overground loco-
rored the restitution of function to different degrees. motion (OL) and treadmill locomotion (TL) indicates the
Throughout the whole course, the clinical scores like Bar- need for a careful diagnostic use of TL in impaired children,
thel, Terver and Rappaport could not contribute to the docu-especially after severe TBI. To our opinion, less sophisticat-
mentation of the motor restitution, which was caused by a ed methods like the gait analysis according to Brinckmann
clear ceiling effect. On the other hand it could not be denied [4] can give a more realistic representation of the current sta-
— and it was proved by the kinematic analysis, that the girl tus since spontaneous gait is influenced less [30].
still suffered from considerable motor impairments. In this  The reported case demonstrates the heterogeneity of sen-
case the application of those scores may have given usefukorimotor disorders [34] seen even in one single case and
information in earlier phases of rehabilitation. So we have to may give a brief outlook to the demand for individualized re-
notice, that even well established and valid clinical scores habilitation programs. Those programs should correspond to
have to be applied very carefully in consideration of the un- identified sensorimotor deficits and the expected sequence
derlying temporal course. and velocity of their functional restitution.

The Motor Function Score seemed to document the initial
sensorimotor deficits and their improvements in consensus5. Conclusion
with the quantitative movement analyses. However this re-
quires further validation [32]. The assessment of sensorimotor deficits and their func-

In the KTK the girl never reached the first percentile indi- tional restitution in children is associated with problems of
cating the severity of the movement disorder. Improvements precision, standardization, validation and comparability on
of motor performance could not be revealed until the end of one hand and requirements of comprehensiveness, feasibili-
the first year of rehabilitation, which was caused by a floor ty (technical equipment, required time, know-how), cost-
effect. However, it has to be emphasized, that the KTK pri- benefit analysis and a close relationship to functionality on
mary has not been developed to document the recovery aftethe other hand. Moreover diagnostic tools should be able to
brain-damage, but to detect children with motor delays. On document the current status throughout the whole course of
the other hand, norm values for brain-damaged childrenrecovery [1,5,8,9,26,30,32,33,34,35]. Additionally stress
have been presented. However, obviously this developmen-and strain in the impaired children should be avoided to en-
tal test is not very suitable for the documentation of motor sure an undisturbed continuity of rehabilitation.
recovery over the whole restitutional course, especially in  An accurate neurological investigation will be the basis
early phases after severe TBI with pronounced motor im- for complementary evaluations, but it requires a high level
pairments. of knowledge. Furthermore a lack of comparability is

In the kinematic analysis generally all parameters were deplorable. Both, clinical scores and developmental tests
changed in comparison to healthy controls. The movement(KTK) can not document the whole restitutional course.
analysis showed two types of movement dysfunctions during Clinical scores are useful in early phases, whereas
locomotion and prehension, a general slowing of movementdevelopmental tests reveal changes in later phases of the
and compensatory movement changes. Regarding locomo+ecovery, especially for the follow-up over the next years.
tion, gait velocity considerably decreased [29]. In the kine- Other comprehensive motor tests with special emphasis on
matic assessment of hand movements mainly speed-associfunctional aspects like the Bruininks-Oseretzky Test of
ated parameters were affected, like movement duration andMotor Proficiency BOTMP [5], the Gross Motor Function
peak transport velocity, in agreement with the results of Measure GMFM [9,27] and the test performed in the current
Chaplin et al. [5]. This general slowing of locomotion and study may be useful to complement the methodological
prehension after TBI supports the notion [1] that the moni- concepts.
toring of speed-associated movement parameters may be Quantitative movement analyses on one hand achieve a
useful to follow the course of restitution of motor function high degree of validity and reliability [31]. They can docu-
during rehabilitation. ment nearly the whole restitutional course and are able to re-
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veal basic aspects of movement changes. Even slight tenden-[9] Drouin, L.M., Malouin, F., Richards, C.L., and Marcoux, S. Correla-
ciesin single items can be revealed and they may be the base tion between the gross motor function measure scores and gait spa-

I s tiotemporal measures in children with neurological impairméves.
for rehabilitative concepts. On the other hand, quantitative Med Child Neurol 38 (1996) 1007—1019.

analyses can not 'n(_3|Ude the whole motor repertoire. These[lO] Eliason, M. R., Topp, B. W. Predictive validity of Rappaport's Disabil-

methods focus on single motor tasks (hand movements) or ity Rating Scale in subjects with acute brain dysfunciiy. Ther64

basic movement patterns (gait) and they often require elabo-  (1984) 1357-1360.

rate technical equipment which may not be advantageous es{!1] tE,ma”“Z'S]f’rl‘ly 1., von vaer;:,jlt(; L., '-“_’:ga"" E. a“td '-arsst,on'bl Rehabilita-
. . . . . on an ollow-up of cnildren wi severe traumatic brain injury.

peC|aIIy' in impaired children as was demongtrated by'the Childs. Nerv. Sysi2 (1996) 460—465.

comparison between overground- and treadmill locomotion. [12] Fay, G.C., Jaffe, K.M., Polissar, N.L., Liao, S., Rivara, J.B. and Mar-

However, to our experience quantitative movement analyses  tin, K.M. Outcome of pediatric traumatic brain injury at three years: a

seem to be a promising completion in the assessment of sen-  cohort studyArch. Phys. Med. Rehabil5 (1994) 733-741.

sorimotor deficits under the condition of reasonable item-se- [13] Jaffe, K.M., Polissar, N.L., Fay, G.C., and Liao, S. Recovery trends
lection over three years following pediatric traumatic brain injémngh. Phys.

Med. Rehabil76 (1995) 17-26.
In summary it has to be pointed out, that even well estab- [14] Jeannerod, M. The timing of natural prehension movemantdot.
lished tests with sufficient validation have to be applicated in Behav.16 (1984) 235-254.
consideration of the underlying purpose and temporal [15] Jeannerod, M., Arbits, M.A., Rizzolatti, G. and Sakata, H. Grasping

: o : bjects: the cortical mechanisms of visuomotor transformafiemds
course. Otherwise ceiling- or floor effects can disturb a suf- obl .
9 Neurosci 18 (1995) 314-320.

“C'em.evalua‘t'on' _It was an important f'ndlng’ that the re- #16] Kleinpeter, U.Folgezustdnde nach Schéadelhhirntraumen und deren
sponsiveness of different tests may depend on the extent of ~ gegutachtungGeorg Thieme Verlag, Leipzig, 1979.

the posttraumatic time interval. [17] Kuhtz-Buschbeck, J. P., Stolze, H., Boczek-Funcke, A., J6hnk, K.,
We conclude that a sufficient evaluation of sensorimotor Heinrichs, H. and lllert, M. Kinematic analysis of prehension move-
functions after TBI in childhood needs an increase in __ MentsinchildrenBehav. Brain Resin press, 1998,

d | if . 26 hand d th [18] Loewen, S. C., Anderson, B. A. Reliability of the modified motor as-
procedural  uniformity [ ] on one and, an the sessment scale and the Barthel IndRhys. The68(1988) 1077—-1081.

combination of various qualitative and quantitative methods [19] Mahoney, F.I. and Barthel, D.W. Functional evaluation: The Barthel

on the other hand. To connect both claims, further research  index.Md. State. Med..1.4 (1965) 61—65.

is necessary. [20] Masi, G., Marcheschi, M., Brovedani, P., and Pfanner, P. Neuropsy-
chological development in children with focal brain injudinerva.
Pediatr 45 (1993) 235-2486.
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