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ABSTRACT. A system for evaluation of wmotor function,
balance, some sensation qualities and joint function in.
hemiplegic patients is described in detail. The system ap-
plies a cumulafive numerical score. A series of hemiplegic
patients has been folowed from within one week post-stroke
and throughout.one year. When initially nearly flaccid
hemiparalysis prevails, the motor recovery, if any occurs,
follows a definable course. The findings in this study sub-.

stantiate the validily of ontogenetic principles as applicable’

to the assessment of motor behaviour in hemiplegic patients,
and focus the importance of early therapeutic measures
against contractures.

The motor behaviour in _patients who have
sustained a cerebrovascular accident with motor-
involvement may, when flaccid paralysis does not
prevail, be characterized by disorganization of
complex reflex mechanisms which are the back-
ground for the highly selective voluntary. motor
performance (i.e., skill) occurring in normal man
(33, 40, 53). Secondary to the sensory-motor deficit,
decreased passive joint motion and joint pain fre-
quently occur and in their return may influence the
motor bebaviour (cf. 19, 25).

The aim of this paper is to present a cumulative
numerical score system for assessment of the de-
velopment of motor function and balance in patients
who have sustained a cerebrovascular injury leading
to hemiparesis/hemiparatysis. A method for simple
numerical evaluation of the joint function is also
described.

The paper may logically be divided into two
parts: (A) A thorough description of the methods of
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evaluation, and (B) a follow-up study of a series of
post-stroke hemiplegic patients.

Twitchell (49) found that if the motor function in
hemiplegic patients recovered, the common course
of recovery showed regularity in sequence, changes
in reflexes being associated with increase in ability
for willed movement, Bard and Hirschberg (3)
observed that, in the hemiplegic arm, the prognosis
for recovery was dependent on the early develop-
ment of motor function.

Based on empirical observations, Reynolds et al.
(43) and later Brunnstrém (8, 9) described a method
for following the recovery of motor function in

hemiplegic patients. These authors pointed out that

in evaluating the movement in hemiplegic man,
conventional testing of muscle strength (12, 38) is
inadequate, as the motor function in the hemiplegic
patient is often dependent on synergies. The find-
ings of Vallbo (50) that even in normal man o and ¥
secondary motor neurons are simultaneously acti-
vated during static muscle contraction may further
substantiate this.

Bobath (5) underlines the relation between the
hemiplegic's postural situation and his ability to
perform selective voluntary muscle action. This
postural background for selective voluntary muscle
activity in hemiplegia has recently been further
elucidated by the observations of Fugl-Meyer (20,
21) who found that in hemiplegic and hemiparetic
patients the postural situation determines the selec-
tive voluntary activation of some muscles in the leg
and also the reflexly eljcited activity in their
antagonists. This phenomenon does not occur at all
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(or only partly) when phasic andfor tonic hyper-
reflexia does not prevail.

Treatment approaches, such as those described
by Bobath (5, 39) Brunnstrom (9), Kabat & Knotts
(44, 51) and Rood (24, 48) all base their treatment on
the interaction of postural and voluntary muscle
function, and aim to restore optimum functional
performance through specific choice of treatment
stimuli and careful patient positioning. The im-
portance of assessing the potentialities of the pa-
tients before and during treatment procedures is
als0 stressed in these methods.

However, the assessment method applied by the
advocates for the different methods all lack numeri-
cal score and it is conseguently difficuit to assess
the efficacy of treatment. With few exceptions (3, 8}
authors who have investigated the functional capac-
ity of hemiplegics have abstained from describing
the neuromuscular capacity per se and apply spe-
cially designed ADL-performance testing (1, 10,
14, 26, 43). Also standardized, not specifically
hemiplegia-oriented forms for ADL-testing with
numetical scoring have been applied (7, 15, 47, 52).
Others have used more specific methods such as
MTM-technique (11} and handwriting (29). The
common denominator of the mentioned methods of

" assessment is absence of standardization of the

patient’s posturé and motor performance and allow-
ance for varying degrees of compensatory mech-
anisms on account of the patient.

PART A: A Description of Assessment Methods

The evaluation comprises three different but in-
terdependent parts:
1. Motor function and balance
II. Some sensation qualities
{I1. Passive range of motion and occurrence of joint
pain.

MOTOR FUNCTION

Anordinal-scale is applied for grading of the detaiis.
The scale includes only three grades, with 0 as
minimum and 2 as maximum, as we have found in a
pilot study that scales consisting of 5 or 7 steps were
likely to elicit less reliable judgements, while the
3-graded scale gave a good degree of reliability.
Basically the methods described by Brunnstrém
(8) are applied. The test form for this procedure is
shown in Fig. 1a and b. For definition of joint
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motion, the standards of the American Academy of
Orthopaedic Surgeons (2) are used,

The form has been constructed following the
hypothesis that the restoration of motor function in
hemiplegic patients follows a definable stepwise
course. Thus, for a patient with hemiparalysis, re-
currence of reflexes always precédes volitional
motor action. Thereafter, through initial de-
pendence on synergies, the active motion will be-
come successively less dependent upon the primi-
tive reflexes and reactions, and finally complete
voluntary motor function with normal muscle re-
flexes may be regained. As the motor function of
the wrist and hand may recover somewhat indepen-
dently of that of the arm, these functions are tested
separately.

For each of the steps (I-V) a maximum score can
be attained, the scores for the different steps can be
totalled both for the arm and for the leg, and a
maximum motor score for the affected side can thus
be expressed.

Upper Extremity
Shoulder[Elbow[Forearm (A)
L Reflex activity can be elicited. The biceps-,
triceps-, and finger-flexor reflexes are elicited.
Scores: 0: no reflex activity. 2: reflex activity can
be elicited in flexors and/or the extensor,
Maximum score 4.

1. Volitional movement can be performed within
the dynamic flexor andlor extensor synergies: As in
all other performance tests using this method, the
patients must be meticulously instructed, and it
may often be an advantage to use mime as well as
verbal means of instruction in order to minimize
perceptual difficulties (17). It may often facilitate
the evaluation procedure if the patieat initially
performs the required manoeuvre with the non-
affected arm.

(@) Flexor synergy: The seated patient is in-
structed by voluntary action of the muscles of the
affected arm to bring his forearm fully supinated to
the ear of the affected side, the elbow fully flexed,
the shoulder abducted to at least 90°, gutwards ro-
tated, retracted and elevated.

Scores: 0: the specific defail (cf. Fig. [ ¢} cannot
be performed at all. 1: the detail can be performed
only partly. 2: the detail is performed faulttessly.

(b) Extensor synergy: The seated patient is in-
structed to adductfinternally rotate the shoulder,



UPPER EXTREMITY
A SHOULDER/ELBOW /FORE ARM

1 Reflex-activity " Flexors
Extensors
I a2 Shouider Retraction
Elevation
Abduction
Outwards totation
Flbow Flexion
Forearm Supination
b Shoulder Add-/Inw.ratation
Elbow Extension
Forearm Pronation
o Hand to lumbar spine
Shoulder Flexion 0-90
Elbow 90° Pro-/Supination

Abduction - 90
Flexion 90-180
Pro-/Supination

" Shoulder
Elbow 0
X wnormal reflex- actlivity

8 WRIST

Elbow 90: Wrist-stability
Elbow 90 Wirist-flexion/extension

Elbow 0 Wrist-stability
Elbow 0 Wrisl flexion/extension
Circumduc lion

C HAND

Fingers Massflexion
Fingers Massexlension
Grasp a

Grasp b

Grasp ¢

Grasp d

Grasp e

D COORDINATION/SPEED

Tremor

Dysmetria

Time
Fig. I a. Test form for assessment of the motor function of
the upper extremity in hemiplegia.

extend his arm towards the unaffected knee,
forearm pronated. The starting position should be
that of full flexor synergy. If the patient cannot
actively attain this position, the arm may be pas-
sively “‘placed” therein. Care should be taken to
avoid letting the patient substitute gravitational help

Fost-stroke hemiplegia. T 15

for muscle activity. Some patients, eager to cooper-
ate, may for instance rotate the thorax or pendulate
the affected arm. To assess if the motion is actively
performed by the patient, it may now and then be
necessary to palpate the pectoralis major and/or the
triceps brachii tendons. The criteria for scoring are
identical to those listed above,

As 9 details in all are evaluated, maximum score

for stage 1T is 18.
N, Valitional  motion  performed  mixing  the
dynamic flexor and exiensor synergies: The seated
patient is instructed to perform three separate ag-
tions.

(1) Actively position the affected hand on the
tumbar spine. )

Scores: the requirements to obtain a score of 1 is
that the hand shoutd, without any gravitational
tricks, pass the anterior—superior iliac spine. 0 and 2
as previously described.

(i) Flex the shoulder to 90° in a pure flexion
metion. The elbow must be fully extended through-
out the total required range of motion, the forearm
in the midposition between pro- and supination. If,
at the start of the motion, the arm is immediately
abducted or the elbow flexed, the patient scores: 0.
If, in later phases of the motion, shoulder abduction
and/or elbow flexion occurs: {.

(i) Pronation-supination of the forearm, the
elbow joint actively flexed Lo about 90°, the shoul-
der joint at 0° (all degrees of {reedom).

Scores: (: if the correct position of the shoulder
and the elbow can not be obtained by the patient
andfor pro-supination can not be performed at all.
The patient scores 1 if active pro-supination can be
petformed even within a very limited range of mo-
tion and at the same time the shoulder and the
elbow joints are correctly positioned.

Three details inclided: maximum score 6.

V. Volitional movements are performed with little
or no synergy dependence: The seated patient is
instructed to: (i) Abduct the shoulder to 90° in a
pure abduction motion. The elbow fully extended
(0°) and the forearm pronated. To score moie than
0, no initial flexion of the elbow should be tolerated
not should any deviation from the pronated forearm
position be allowed. 1 point is scored if the motion
can be performed oniy partly or if, during the mo-
tion, the elbow is flexed or the forearm can not be
kept in the pronated position.
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(i} Flex the shoulder in a pure flexion motion

from 90° to 180°, the principles for scoring as in
“stage I1T flexion from 0° to 90°,

(iii) Pronate-supinate the forearm, the elbow
fully extended (0°). The shoulder must be kept in a
position between at least 30° and not more than 90°
flexion. ‘The principles for scoring follows those of
stage TIT {pronation-supination). The three actions
tested give a maximum score of 6.

V. Normal reflex activity: Musele reflexes (cf. )
are elicited,

Scoring: 0: at least 2 of the 3 phasic reflexes are
markedly hyperactive. |: one reflex markedty
hyperactive or at least 2 reflexes lively. 2: no more
than one reflex lively and no reflexes markedly
hyperactive.

This stage, which can render the patient a max-
imwin score of 2, is included only if the patient has a
score of 6 points in stage 1V. '

The total maximum score for the upper part (A)
of the arm is: 36 points.

Wrist (B)

Three different functions of the wrist muscles are
assessed. Two of these functions are evaluated in
different postural situations of the efbow joint (cf.
Fig. la).

Wrist stability in approximately 15° dorsal flexion
is lested with the shoulder in 0° (all degrees of
freedom), the elbow in 90° and the forearm fully
pronated. If the elbow cannot by volitional muscle
actively be brought to and kept in the required
position, the examiner may assist the patient,

Scores: 0: the patient can not dorsiflex the wrist
to the required position. 1: dorsiflexion can be
performed but no resistance can be taken. 2: the
position can be maintained against some (slight)
resistance.

The patient is instructed to perform repeated
smooth alternating movements from maximum
dorsiflexion to maximem volar flexion with the
fingers somewhat flexed. The position of the
shoulder-, elbow-, and radio-ulnar Joints as in the
foregoing manceuvre. The examiner may support
the elbow in the required positien if needed.

0: volitional movements do not occur, I: the pa-
tient cannot actively move the wrist joint through-
out the total passive range-of-motion,

Wrist stability is next tested with the shoulder
Joint somewhat flexed and/for abducted, the elbow
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Jjoint in the 0° position, the fore-arm pronated (the
examiner may, if needed, support the arm in this
position}.

Scores as when testing wrist stability described
above.

Alternate the dorsi- and volarflexions ag previ-
ously described but with the shoulder }oint some-
what flexed and/or abducted. The elbow fully ex-
tended (support if needed).

Scores as above. ‘ 7

Circumduction of the wrist: The quality of the

movement is evaluyated ag follows: 0: circumduction

cannot be performed. : jerky motion or incomplete
circumduction.

As each detail fully and adequately performed
can render 2 points, the maximum score of wrist
maotor function (B) is 10.

Hand (C)

Seven details are evaluated. Of these, five are
grasps with different types of muscular co-contrac-
tions. The examiner may, if necessary, support
the elbow fn the 90° position: no support may be
given for the wrist.

‘Muass flexion: The patient is instructed to flex his
fingers. Score: 0: no flexion oceurs, I: some, but
not full active finger fléxion. 2: full active flexion
{compared with unaffected hand).

Muss extension: from the position of full active or
passive finger flexion, the patient is required to
extend ail fingers. Scoring as above with the modi-
fication that the patient scores | if he can release an
active mass flexion grasp.

Grasp A: The patient is instructed to exlend the
metacarpophalangeal joints of digits I~V and
flex the proximal and distal interphalangeal joints.
The grasp is tested against resistance. 0: the re-
quired position cannot be acquired. |: the grasp is
weak. 2: the grasp can be maintained ag'ainst rela-
tively great resistance.

Grasp B: The patient should perform a pure
thumb adduction, the first carpometacarpopha-
langeal- and interphalangeal joints in the 0° posi-
tion. 0: the function as such can not be performed.
I: a scrap of paper interposed between the thumb
and the second metacarpals can be kept jn place
but not against a slight tug. 2: a scrap of paper is
held well against a tug.

- Grasp C: The patient opposes his thumb pulpa
against the pulpa of the second finger. A pencil is
interposed. Scoring principles as for grasp B.



LOWER EXTREMITY
£  HIP/KNEE/ANCLE

I Reflex-activity Flexors
Extensors
o a Hip Flexion
Kneg Flexion
Ancle Dorsi-flexion
b Hip Exlension
Adduction
Knee Exiension
Ancle Plantarflexion
m Knee Flexion
Ancle Corsi-flexion
JiTd Knee Flexion
Ancle

Dorsi-flexion

¥ Normal reflex - activity

&  COORDINATION/SPEED

Tremor
Dysmetria
Time

G BALANCE

Sit without support

Protective reaction non-affected side
Prolective reaction affective side
Stand with support

Stand without support

Stand on non-affected leg

Stand on affecled leg

Fig. Ib. Test form for recording the lower extremity
motor function and balance in hemiplegia.

Grasp D The patient should grasp a cylinder-
shaped object (small can), the volar smface of the
first and second fingers against each other. Scoring
principles as grasp B,

Grasp E: A spherical grasp. The patient grasps a
tennis ball or is instructed to place his fingers in a
position with abduction position of the thumb and
abduction flexion of the second, third, fourth and
fifth fingers. Scoring principles as for grasp B.

The total score of the seven evaluated details (C):
14 poinis.

Post-stroke hemiplegia. 1 17

Coordination |Speed (D)

Very often patients with nearly normal motor func-
tion of the upper extremity witl complain of slight
dyscoordination and a sluggishness in the move-
ments. Therefore, a combined coordination/swift-
ness of motion test is included for both the upper
and the lower extremity.

For the upper extremity, a finger-to-nose test is
applied. The patient is instructed to put the tip of
his index finger to his nose blind-folded, five times
in as rapid succession as he can. The following
details are assessed:

Tremor: 0: marked tremor; |: slight tremor; 2. no
tremor.

Dysmetria: 0: pronounced or unsystematic dys-
metria; 1@ slight and systematic dysmetria; 2: no
dysmetria.

Speed: The swiftness of motion is compared with
that of the unaffected side: 0: the finger-to-nose
manoeuvre repeated 5 times is at least 6 seconds
slower on the affected than on the unaffected side;
l: 2 to 5 seconds slower on the affected side; 2: less
than 2 seconds difference. Three details evaluated
give a maximum sum of 6 points,

The total motor score of the upper extremity!
66 points.

Lower Extremity (I3)
I. With the patient in the supine position patellar,
knee flexor and achilles reflexes are evaluated.
Principles for scoring as in stage | for the upper part
of the arm.
Maximum score: 4.

I1. This and the following stages are defined as the
corresponding stages for the upper extremity.

FFlexor synergy: The patient in supine position is
instructed Lo flex his hip-, knée-, and ankle joints
maximally. Usually at the same time the hip will be
abducted and outwards rotated (Fig. 156). During
this motion the distal tendons of the knee ftexors
should be palpated in order to ascertain that active
flexion of the knee occurs.

Scores; 0. the specific detail cannot be
performed; 1: the detail can be performed only part-
ly; 2: the detail is performed throughout the total
range of motion of each of the three joints.

Extensor synergy: From the “‘end points’ of the
flexor synergy the patient should extend his hip-,
knee-, and ankle joints, resistance being exerted in
order to eliminate gravitational facilitation of the

Scand T Rehab Med 7



18 A.R. Fugl-Meyer ¢t al.

manoeluvre. Hip adduction against resistance is also
performed. (The hip adduction may be evaluated in
combination with hip extension.)

Scores:  0: the specific detail cannot be
performed; 1. some little strength; 2: normal or
nearly normal strength (compared with unaffected
limb).

Maximum score; 14.

HIE. The patient in the sitting position, knees free of
the bedside of the edge of the chair, is asked to:

Flex his knee beyond 90°. 0: no active motion; 1:
from a somewhat extended position, the knee can
actively be flexed towards but not beyond 90°
(simultaneously the tendons of the hamstrings are
palpated); 2: the knee can be flexed beyond 90°.

Dorsiflex his ankle. 0: cannot; 1 impaired active
flexion; 2: normal dorsiflexion (compared with un-
affected side).

Maximum score: 4.

IV. The standing patient is instructed to flex his
knee to at least 90° the hip at 0% or further ex-
tended.

Scores: 0: the knee can not at all be flexed if the
hip is not simuitaneously flexed; 1: the kuee can not
be flexed fully to 90° and/or the hip is flexed during
the performance of this motion.

Dorsiflex the ankle joint. ‘For recording 1 or 2
points the active motion of the ankle joint is com-
pared with the unaffected side.

Maximum score: 4.

V. The normality of muscle reflexes is recorded
according to the principles of E: 1, scoring as A: V.
Maximum score: 4.

Coordination|Speed (F)

The patient in the supine position is instructed to
bring his heel to the knee cap of the opposite leg S
times in as rapid succession as possible.

Tremor, dysmetria, swiftness of motion are re-
corded, applying the principles described for the
upper extremity (B).

Maximum score for motor function of the lower
extremity: 34 points. '

Total score motor function (A-F): 100 points.

Balance ()

Seven details are evatuated, 3 in the sitting and 4 in
the standing patient.
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Sit without support: Scores: 0: The patient can-
not maintain the sitting position without massive
support, i.e., leans heavily towards the back of the
chair, cushions have to be placed arpund him, or he
has to be supported in the sitting position with a
belt. I: can sit only for a short while on a stool or on
the bed, legs hanging. 2: can sit at least 5 minutes
without any support, thus regulating the postural
motor function of the body in relation to gravity.

Parachute reaction in non-affected side: The sit-
ting patient, blindfolded, is pushed with a firm push
against the non-affected side.

Scoring: 0: does not abduct his shoulder, extend
his elbow to avoid falling; 1: impaired parachute
reaction; 2: normal parachute reaction.

FParachute reaction, affected side: Starting posi-
tion, procedure and scoring as for the unaffected
side.

Suppaorted standing: Scoring: 0: cannot stand at
all; I: standing demands massive support from
other persons; 2: can stand erect for at least one
mintute with slight (or symbolic) support from other
person. '

Stand without support: Score: 0: cannot stand
without support; 1: can stand erect for less than one
minute or can stand for a longer time but somewhat
swaying; 2: good standing balance, can maintain the
balance for more than one minute without insecuri-
ty.

Stand on non-affected side: Score: 0: the position
cannot be maintained for more than a few, reeling
seconds; 1: can stand in a balanced position be-
tween 4 and 9 seconds; 2: can maintain a balanced
position for more than 10 seconds.

Stand on affected leg: Scoring as above.

Maximum sum {G): 14,

Sensation (H)
The sensation for light touch is roughly estimated
(Fig. 2). Thus, the patient is asked whether he feels
that light touch on both arms, the palmar surface of
the hands, both legs and the footsoles gave the same
qualitative and quantitative impression.

Scoring: 0: anaesthesia; 1: hypaesthesiafdys-
aesthesia; 2: normaesthesia.

Total score: 8.

The position sense of the joints is tested for the
thumb (interphalangeal joint), the wrist, the eibow
and the gleno-humeral joint. Very small alterations
in the position are accomplished by the examiner
who also takes care to place his fingers and his hand



H SENSATION

a Light touch Arm
Vola
Leg

- Plantar

Shoulder
Elbow
Wrist
Thumb
Hip
Knee
Ancle
Toes

b Positon

J PASSIVE JOINT MOTION/ JOINT PAIN

Shoulder Flexion
Abduction 90
Qutw. rotation
Inw.rotation
Flexion
Extension
Pronation
Supination
Flexion
Extension
Flexion
Extension

Elbow
Farearm
Wrist

Fingers

Flexion

Abduction

Outw rotation

Inw. rotation

Flexion

Extension

Dorsi-flexion

FPlantar - flexion

Pronation

Supination

Fig. 2. Test form for assessment of some scnsation qual-
ities, passive range of motion and occurrence of joint pain
in hemiplegia.

Hip

Knee
Ancle

Foot

s0 thal other qualities of sensation than the position
sense of the joints do not lead the patients to con-
clusions. The examiner should also take care to
avoid excitation of the primary ending when alter-
ing the joint position, as the patient may detect
changes in position through I a gamma-fibres. The
patients, who should be blindfolded, should answer
cither verbally or by posilioning of the correspond-

Fost-stroke hemiplegia. 119

ing joint on the unaffected side indicate the posi-
tions,

In the lower hmb, position sense is tested for the
great toe, the ankle joint, the knee and the hip.

Score: 0: absence of sensation: I; considerable
difference in sensation compared with the joint on
the upaffected side, but at least 3/4 of the answers
correct; 2: all answers correct, little or no difference
comparing unaffected with affected limb.

Position sense total score: 16.

Sensation maximum score: 24;

Joint Motion and Joint Pain (1)

Evaluation of passive joint motion and occurence of
Joint pain during and at the end of the passive mo-
tion of a joint performed for most joints of the
affected limbs (Fig. 3). Joint motion is compared
with the non-affected extremity. [t may often be
advantageous to evaluate joint motion and joint
pain before assessing the motor function, as dys-
function of a joint per se should be disregarded
when evaluating the motor function.

Scoring: Passive joint motion: 0: only few de-
grees of range-of-motion; 1: decreased passive
range-of-motion; 2: normal passive range-of-
motion.

Occeurrence of joint pain: 0: pronounced pain dur-
ing all-the movement of very marked pain at the end
of the actual range of motion; |; some pain; 2; no
patn.

Total score range-of-motion: 44,

Total score occurrence of joint pain: 44.

As it is felt that the examiner should be ahle to
evaluate joint motion/joint pain on a bedridden pa-
tient, the abduction of the shoulder is performed
ouly o 90° and the extension of the hip to 0°.

PART B: A Foltow-up Study of a Serics
of Post-stroke Hemiplegic Patients

MATERIAL

For selecting the hemiplegic patients included in this study
we collaborated with the stroke register in Goteborg. De-
fining siroke as rapidly developed clinical signs of focal
(andfor global) disturbances of the cerebral function of
presumed vascular origin and more than a few minutes’
duration, the stroke team studies epidemiological factors
concerning cerebral vascular accidents (31).

Sahlgren’s Hospital is a university hospital serving a
poputation of nearly haif a million. The hospital serves
nearly all cases of acute disease in the city. All patients
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Table 1. Some characteristics of 28 patients with
stroke and hemiplegia of at least 24 hours® duration

The classification numbers according to the [nternational
Classification of Diseases (ICD) are given in parentheses

Affected side  Sex

Mean age
Diagnosis Right Left d 9 (years}
Intracerebral
hemorrhage (431) 3 3 3 03 60
Thrombo-embolic
lesions
(432) 2 (. 30 54
(433 2 | 30 45
(434) 0 2 20 6l
Unspecified cere-
brovascular
lesion (436) 8 6 10 4 58
Total 15 13 21 7 57

aged 65 years and younger admitted Lo the hospital with a
manifest or suspect stroke were seen by a member of the
stroke team within a few days. The more exact diagnosis
was, for the surviving patients, usually established at a
3-week follow-up examination (30). A control study of the
reliability of the stroke-register has shown that more than
92% of the admitted stroke cases were registered.
Through the stroke-register our group was notified about
stroke patients admitted to the hospital during two periods
i 197F (February-March: 6 weeks, and September—
October: 7 weeks). As soon as possible after notifica-
tien, one of cur group evaluated the patient. The average
interval between admission and first examination was 4
days and, with two exceptions, all patients were seen
within one week after the admission. Initially, we were
notified about 80 patients. However, after reduction of the
material because of death, within hours to a few days after
the stroke, 28 patients fitted this stratification:

A: The patient should not have sustained cerebrovascu-
lar accident previous to the actual stroke, nor should he
previously have suffered disease or trauma resulting in
physical or mental handicap.

B: The patient should have had signs of hemiplegia/
hemiparesis lasting at least 24 hours.

C: The patient should, when the stroke-diagnosis was
definitely established, belong te one of the diagnostic ca-
tegories given in Table 1, where some physical data are
also shown. Patients with cerebral damage due to neo-
plasm, truma and also subarachnoid haemorrhage were
exchuded.

METHODS

All subjects were evaluated at least once using the system
for assessment previously described. {(Coordination and
swiftness of motion and protective reactions in the sitting
position-were, however, not evaluated. Also, the evalua-
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tion of joint function did not include evaluation of those
Jjoints which in hemiplegia are rarely affected by con-
tracture and pain (cf. 37).

CIf, at the first evaluation, the motor function showed
any appreciable deficit, the patient was re-examined at
regular intervals for a period of 6 weeks and thereafter
once a month until half a year post-stroke. Finally, in
most subjects, a one year follow-up examination was
performed. [n 8 patients where the motor behaviour was
found to be normal or nearly normal at the first examina-
tion, no regular follow-up was done, though 4 were re-
examined one year post-stroke and at that time had no
motor deficit.

Within one year after the stroke, 3 patients died and 2
had iterated stroke resulting in further physicaf disability.
Thus, 15 patients remained to be followed through at least
half a year and most of them for one year.

RESULTS

Four patients had, at the first examination, only
signs of motor deficit in the lower limb andjor
sensory dysfunction. The motor function of these 4
patients recovered nearly completely within half a
year.

The detailed scores of all the 20 hemiparetic/
paralytic patients are shown in Table II. Ten of
these patients were initially in stage [. The de-
velopment of the motor-behaviour in these ten orig-
inally nearly paralytic patients is displayed in Fig. 3
where the motor score is calculated as a percentage
of the maximum obtainable score for the shoulder-
arm and lower extremity systems, respectively.

Three of the patients (K. E., G.J. and G.L.) re-
covered little motorfunction in the shoulder—arm,
and one of these (K. E., a poorly cooperative,
hospitatized and bedridden patient) also obtained
very low scores in the lower extremity. However,
in most patients, successive restoration of the
motor function was observed. The recavery was
not limited to the first weeks or months but, espe-
cially concerning the shoulder—arm system, in sev-
eral patients continued during the total follow-up.
Only one of the patients, however, recovered fully
normal motor behaviour in both the shoulder—arm
and in the lower limb. With the exception of patieit
K. E., lack of cooperation did not seem to correlaie
to the restoration of motor function in this analysis.

Applying a  paired-differences  regression
analysis, the motor development of the shoul-
der-arm system as compared with that of the lower
extremity was analysed in the 9 patients who were
followed one year and who showed development of
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Table IL. Individual scores in various evaluated details for 20 hemiplegic patients during o one-vear post

stroke follosw-up

1 =first evaluation; 2=second evaluation; 3 =two months follow-up; 4=/, year follow-up; S=one year follow-up

Motor behaviour

L B s R Y A A=)

Shoulder-arm . Lower limb Wrist and hand Balance

{max: 36) (max: 30) (max: 24} {max: 10)
[ru- —
tialg I 2 3 4 5 1 2 3 4 5 | 2 3 4 5 | 2 3 4 5
AA 4 5 19 29 33 3 8 13 23 30 2 2 5 2B 0 2 8 9 |
M. B. 2 2 4 11 18 4 ) 4 10 IS 0 0 0 0 0 0 0 3 8
K.E. 4 4 4 4 4 2 2 4 9 9 0O o 0o 0 0 0 0 0 0
H.G. 26 27 29 28 23 26 27 25 24 24 24 22 8 8 b
G.J. 4 4 5 7 - 1 1w 14 14 - 6 0 0o 0 - 4 4 g 8
G.L. 0 2 q [ 6 9 4 15 20 21 0 0 0 0 0 0 0 8 8
K.N. 0 0 9 32 36 4 4 8 2 2% 0 "0 10 23 24 0 0 1 4
Q. N. 0 0 10 20 25 7 9 15 18 22 0O 0 0 15 I8 | 4 6 9
J.O. 2 4 17 32 33 2 2 07 222 22 0 0 16 23 2 0 0 5 7
S.0. 0 8 13 30 30 0 2 14 19 19 0 4 3 18 18 4 4 5 8
G.W. 4 4 10 23 25 4 4 19 22 25 0 0 | 9 18 0 0 8 8
M. C. 0 4  ** 4 4 wx 0 0 ** 0 [V
Al 2 4 k= 4 § % 0 0 #x 1] [
R.S. 2 q 4 ** 2 4 [ 0 0 g x= 0 4 4
N.S. 33 36 ¢ 25 25 ¢ 21 24 ¢ 1 1g o+
G.B. 33 01 - 3 36 PA R ) - 30 30 22 22 ~ 24 24 8 8 - 10 10
A.D. 36 36 36 36 36 23 23 26 30 30 24 24 24 24 24 8 8 9 9 9
J.H. 6 36 - 33 % 3¢ 30 - 3 = 24 24 - 4 * 1010 - g *
J.N. 36 36 36 36 1% 1220 27 30 30 24 24 W 24 24 0 4 10 10 10
A R, 36 36 36 36 36 18 21 30 30 30 14 20 24 24 24 6 7 10 10 10 -
*=iterated stroke; **=dead; ***=rheumatoid arthritis.
—=not evaluated/unreliable response.
both systems (Table II). When the analysis for developmental order varied somewhat in-

each individual was done along the same time-base
line, all except one patient showed significant co-
variation between the two systems, with a mean
correlation coefficient of .88. The maximum corre-
lation coefficients were also computed, i.e., the re-
gression analysis was performed without regard to
time but instead comparing to the two systems
when the slopes of the two curves were optimatly
coinciding. This gave a still higher mean correla-
tion coefficient (0.90). In 4 patients the maximum
correlation was identical with the simultaneous cor-
relation, while in 4 patients the motor devefopment
of the leg was approximately one week ahead of
that of the shoulder-arm.

In the 5 patients (Fig. 4} where development of
the wrist's motor function could be followed, the
order of restoration may indicate that the functions
performed with the elbow flexed (i.e., performed
with the elbow as a key-point in the flexor synergy
(5)) develop eartier than those performed with the
clbow in the extensor synergy.

In the 6 patients where restoration of the hand's
motor function occurred successively (Fig. §) the
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terindividually. However, high demands for co-
contraction and coordination between flexors and
extensors seemed to cause delay or absence in re-
covery of the specific function. '

The wrist--hand motor function was not recov-
ered at all in 4 of the Il patients. No (or only
slight) restoration of Function of the hand seemed to
take place when the motor behaviour of the shoul-
der-arm did not attain 40% or better of the obtaina-
ble maximum (Fig. 6), while the wrist's motor func-
tion more closely followed that of the more proxi-
mal parts of the upper extremity.

In Figs. 7 and 8, the separate scores of the se-
quential stages LI, I1I, and I'V are plotted. It can be
seen that stage If, in all cases where the develop-
ment of motor behaviour could be followed, started
to develop before stage [1I which, in its turn, pre-
ceded stage [V.

In the shoulder-arm, the average percentage
score for stage [T before stage [I1 started to develop
was 01% (range: 50-72); the corresponding score
for stage [f[ in relation to the first development of
stage [V was 60% (range: 33-100). In the lower
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Sensation Joint pain JToint motion
{max: 24} (max: 24) {max: 24)
[ 2 3 4 5 1 2 3 4 5 1 2 3 4 5
13 21 24 24 24 22 24 22 17 4 23 024 2 W B
16 16 1§ 20 20 24 24 16 20 21 24 24 1721 23
R 24 24 14 13 19 24 24 21 14 20
23 ‘24 24 24 X 3 EEE S EX 2 L EE Y LEE EE LY XS 5 % ok L
19 19 22 24 - 24 24 22 20 - 24 24 24 22 -
24 24 24 24 24 24 24 18 15 IS 24 24 023 IR 19
- - 4 5 S 24 W 22 22 24 24 24 24 24 24
16 12 18 20 21 21 22 19 17 20 23 24 21 17 2
- - 24 24 24 24 24 21 24 24 4 24 23 23 023
4 4 9 8 8 24 24 20 18 20 24 24 22 20 21
2 3 9 9 9 24 24 20 22 23 24 24 20 22 M4
0 3 = 24 24 *x 24 24 A%
- _ *% 24 23 ELS 23 23 %
- - - s U U 24 4 4 M =
18 19 = 24 24 % 24 24 %
22 22 - 24 X4 24 21 - 24 24 24 24 - 24 24
24 24 M 24 24 24 24 24 24 24 24 24 24 24 24
2 2 - 2 = 24 24 -~ 24 24 24 - 24 ¥
2022 22 24 24 24 24 20 4 24 24 24 22 24 24
2024 24 24 M 2022 24 24 24 24 24 24 4 24

extremity the equivalent scores (in per cent) were
76 % (range: 50-93) and 79 % (range: 50-100).

The balance (Fig. 9) did not necessarily foflow
the restoration of motor function in the limbs,
However, full recovery of balance only occurred in
patients with complete recovery of motor function
in the lower extremity.

The sensory qualities measured in this study
could be correlated neither to the maximum motor
behaviour finally achieved nor to the steepness of
the individual's motor development curves (Table
II and Figs. 3 and 6). However, the sensory qual-
ities could not be evaluated reliably when the total
level of cooperation was low or if impressive
dysphasia occurred.

Joint motion and pain

None of the patients who had normal or nearly
normal motor behaviour in the upper extremity at
the first evaluation developed joint pain or reduced
passive range-of-motion in the upper extremity
Joints (Table II). Joint pain and reduced passive
Joint motion (Fig. 10) commonly occurred in pa-
tients who, initially, had poor motor function. De-

velopment of contractures was, however, not a
constant companion to reduced voluntary muscle
activity. Rather, the type of care may be a determi-

% =5
100,

80
60
40[

20}

Fig. 4, Development of the 5 different measured wrist-
motor functions in 5 hemiplegic patients in whom such
development occurred. Values are expressed as mean
percentage of the maximum obtainable scores (Y -axis) for
all patients at each indicated separate measurement. Nine
measurements are included (X-axis) aaxesem; stable wrist,
elbow 90° flexed; === : wrist flexion-extension, elbow
90° flexed; @@®: stable wrist, elbow extended;, WR% :
wrist flexion-extension, elbow extended; @ B B: wrist
circumduction,
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Table [1. Correlations between recovery of mator
behaviour in the showlder-arm and in the lower
extremity in nine hemiplegic patients where motor
development was observed in both

Simultaneous: analyses performed with regard to the
time-base tine

Maximum: analyses performed with regard to the op-
timum cotncidence of the lines of motor recovery of the
shoulder-arm and the lower extremity

Correlation co-

efficients
Time difference for
Simul- Maxi- maximum correlation
Subjects tanpeous  mum {weeks)
A A, 0.952 0.9068 +1
M. B. 0.958 0.958 0
H.G. 0,902 . 0.902 +0
G.L. 0.680 0.826 -1
K. N, 0.977 0.979 +1
O.N. 0.822 0.822 +0
J.0. 0.941 0.941 +0
3.0. 0.956 0.977 1
G.W, 0.724 0.767 +1
Mean: 0.879 0.901 -

nant for the accurrence of contracture. Anexample:
the patient M. B. was initially admitted to a de-
partment of internal medicine but was transferred,
within 4 weeks, to a department for chronically
disabled., When next seen, he scored constderably

fo n
100

6

Fig. 5. Development of the 7 different measured hand-
finger functions in 6 hemiplegic patients in whom such
development occurred. Average values are expressed as
percent of the maximum obtainable score (Y-axis), for all
patients at each indicated separate measurement for each
function. Nine nieasurements are included (X-axis). —:
mass flexion; eamemm: mass extension; mmmmmm: hook
grasp; & @@ cylinder grasp; @=n2: opposition grasp;
@9@: radial grasp; B%% : spherical grasp.
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lower in the joint motion and pain variables. This
development towards painful contractures con-
tinued for some months. About 34 months post-
stroke he was admitted to a rehabilitalion depart-
ment, and at the first re-evaluation after this trans-
ferral the curve had turned in the upward direction.
For several of the other patients the danger of de-
velopment of contracture seemed to be most immi-
neat when passing through stages [ and 111
characterized by dominance of reflex synergies.
Another feature was that joint pain always pre-
ceded development of reduced passive range-of-
motion. However, when the decrease in joint mo-
tion had prevailed for some months the discrepancy
between these two details tended to diminish.

DISCUSSION

When vascular damage to the central NErvoLLs
system occurs, a multiplicity of disturbances dis-
torting the normal coordinated muscular answer to
sensory feedback and cortical demands must be
considered. At Lhe spinal level, simple reflex
mechanisms (cf. 28, 35, 41) may be facilitated or
refeased from inhibition. A typical example of such
a phenomenon is the occurrence of phasic hyper-
reflexia based on secondary « and ¥-motor neuron
hyperactivity (16, 33, 40); this depends either on
direct loss of cerebral inhibition to the spinal motor
neuron or on loss of cerebral facilitatory influence
on inhibitory inter-neurons. At successively higher
levels within the central nervous system, coordi-
nated reflexes (=reactions) may play a more or less
pronounced role in the hemiplegic patients’ motor
behaviour. Thus, depending on the site and size of
the vascular lesion, different sub-cortical areas may
dominate the patient’'s motor function. It is well
known to most clinicians treating hemiplegic pa-
tients that the pountine reflexes: the positive and
negative support reactions, the tonic neck and the
tonic labyrinthine reflexes, may be clearly discerni-
ble after a cerebrovascular accident (4). Also
somewhat less defined reflex mechanisms, such as
irradiation (20, 21, 32, 46), the righting and the
equilibrium reactions, may be released from ade-
quate cortical control and thus either dominate the
motor behaviour or be absent (4, 13, 22, 42). Fur-
thermore, sensory information, including informa-
tion on joint motion and position (18, 19, 23, 25) is
essential for skilled motor performance.
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Fig. 6. The molor recoveryin the shoulder-arm, wrist and
hand in 6 hemiplegic patients in whom development of
motor function in the wrist and hand occurred. —: shoul-
der-arm; -~ wrist; ——— hand. The measured qual-

Hence, disturbances within both the afferent and
the effereni pathways may, in different ways and at
different leveis of the central nervous system, afflict
the motor behaviour of the hemiplegic patients,
ultimately leading to absent or incomplete control
of the e-y-linkage (27). The result will be that flac-
cidity or hyperreflexia, phasic and/or tonic, and
irradiative phenomena, often posturally dependent
(20), characterize the motor behaviour of the af-
fected limbs of the hemiplegic patient and render it
impossible for most patients to perform isolated
muscular contractions. Therefore, only the func-
tional strength and not the real strength can be
measured. Testing ‘methods using dynamometers
and measurements of force by electronic strain-
gauges (36) and the like have, in pitot studies (209,
also proved to be of very dubious value when
hyperreflexia prevails.

Two basic requirements in a method for the

y |
h'fyr Tyr

ilies are calculated as percent of maximum obtainable
scores. Along the X-axis the follow-up investigations are
indicated.

evatuation of patients are: (1) reliability, and (2)
validity. (1) The finding that this follow-up of a
series of patients displayed very small divergences
in testing, both item-by-item and in toto, might indi-
cate that the rigidly standardized procedures and
the chosen scales aflow of little chance error, and
thus that the procedures are reliable.

The well known phenomendn that intercurrent
diseases, such as infections, may lead to enhanced
reflex-hyperactivity in patients with spasticity is
elucidated by cases G. L. and S. Q. Both these pa-
tients had intercurrent lung complications about 2-3
weeks post-stroke, and subsequently their already
poor motor behaviour was, for a while, further
impoverished (cf. Fig. 3).

(2) Does the applied method really describe that
which it is intended to describe? Evidence strongly
supporting the internal validity of the findings of
Twitchell (49} are here presented in the form of a

Scand J Rehab Med 7
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Fig. 8. Development of stages II, 111, and IV in the lower
gxtremity in 10 hemiplegic¢ patients. —: stage II;, - stage
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detailed study on the order of development of
stages 11, 111, and 1V of the motor behaviour.

Although in a further study (37) we have found
that a significantly high degree of correlation exists
between the ADL-capacity and the motor function
evaluated according to the principles here de-
scribed, the ADL-testing does not, as such, given
an adequate, reproducible picture of the neuro-
motor and articular properties of the patient, as the
ADL may also reflect the patient's psychological
and social adjustment and, furthermore, the ade-
quacy of rehabilitation. On the other hand, the de-
scribed system for reproducible and standardized
evaluation of the motor function, balance, gqualities
of sensation, and joint function only gives a survey
of the patient but does not give complete infor-
mation for physiotherapists and occupational
therapists for a detailed treatment plan. In this con-
text it is interesting to note that Hughes (34) re-
cently pointed out the need for a reproducible
system of evalvation and specifically thought that
the Brunnstrdm method of evaluation, whichever
type of treatment the patient was given, seemed (o
be the most adeduate.

Physical treatment aiming to improve the hemi-
plegic patient's motor behaviour must, in our
opinion, be based on aspects of motor develap-
ment; but in the actual treatment situation the
physiotherapist and the occupational therapist must
keep in mind the influence on muscle tone exerted
by changes in postural and psychological ()
stimuli. This standardized assessment of motor
function is confined to sterectyped positions and
should not result in a stereotyped treatment,

We have found that the motor behaviour can im-
prove even when roore than half a year has elapsed
post-stroke. Thus, although for most hemiplegic pa-
tients the major part of molor recovery takes place
within the first months post-stioke, Further im-
provement may still be expected. This indicates
that, in order to obtain optimum functional inde-
pendence for the patients who have not yet fully
recovered motor and joint function, they should be
followed for an appreciable length of tirme post-
stroke so that relevant measures of rehabilitation
can be taken.

If more than about one week post-stroke the
motor behaviour is at a low developmental stage in
both extremities, there is- a high correlation be-
tween the development of motor behaviour in the
shoulder-arm and in the leg. In most cases, also, the

Scand J Rehab Med 7

recovery of function in the wrist rather closely fol-
lows the general pattern of improvement. Even if
the recovery of motor function in the upper extrem-
ity often lags somewhat behind that of the lower
extremity, the former will usually eventually re-
cover to nearly the same stage as that of the leg.
Although the spontaneous recovery of motor
function in hemiplegic and/or hemiparetic patients
may make it difficult to interpret the effect of differ-
ent physical re-education methods, it seems clear
that the occurrence of joint pain and contracture is
related not only to deficiency in motar behaviour,
but also to the intensity of medical care. As both
pain and contracture may influence the motor re-
covery, it should be underscored that joint pain
usually is the precursor of decreased joint motion.

ACKNOWLEDGEMENTS

This study was supported by a grant from the Greta and
Einar Asker Foundation.

REFERENCES

{. Adler, E. & Tal, E.: Relationship between physical
disability and functional capacity in hemiplegic pa-
tients. Arch Phys Med 46, 745, 1965.

. American Academy of Orthopaedic Surgeons: Joint
Motion: Method of Measuring and Recording. 1965,
3. Bard, G. & Hirschberg, G. G.: Recovery of voluntary
motion in upper extremity following hemiplegia. Arch |

Phys Med 46: 745, 1965.

4. Bobath, B.: Abnormal postural reflex activity caused
by brain lesions. Willianr Heinemann Medicat Books,
London, 1965.

5, — Adult Hemiplegia: Evaluation and Treatment. Wil-
liam Heinemann Medical Books, London, [970.

6. Boman, K.: Effect of emational stress on spasticity
and rigidity. J Psychosom Res /5: 107, 1971,

7. Bourestom, N. C.: Predictors of long-term recovery in
cerebro-vascular disease. Arch Phys Med 4§:415,
1967. .

8. Brunnstrim, S.; Motor testing procedures in hemi-
plegia. ] Am Phys Ther Ass46: 357, 1966.

9, — Movement Therapy in Hemiplegia. Harper &
Row, New York, 1970.

10. Caldwell, C. B., Wilson. D. J. & Braun, R. M.; Evalu-
ation and treatment of the upper extremity in the
hemiplegic stroke patient. Clin Orthop 63. 69, 1969,

1l. Chyatte, S. B. & Birdsong, J. H.: Methods-time
measurement in assessment of motor performance.
Arch Phys Med 53:40, 1972.

12. Daniels, L. & Woerthingham, C.. Muscle Testing.
Techniques of Manual Examination. W. B. Saunders,
Philadelphia, 1972,

I3. Dietricksor, P.: Phasic ankle reflex in spasticity and
parkinsonian rigidity, Acta Neurol Scand 47:22, 1971,

14. Dinken, F.: The evaluation of disability and treat-
ment in hemiplegia. Arch Phys Med 28263, 1967.

I5. Dinnerstein, A. J., Lowenthal, M. & Dexter, M.:

[



20.

21.

22.

23,

24,

25.

26.

27.

8.

29
30.
31
32

33.
34,

35,

. — Articular

Evaluation of a rating scale of ability in activities of
daily living. Arch Phys Med 46 579, 1965.

. Eldved, E.: Peripheral receptors: Their excitation and

relation to reflex patterns. Am J Phys Med 46 69,
1967.

. Fordyce, W. E. & Jones, R. H.; The efficacy of oral

and pantomime instructions for hemiplegic patients.
Arch Phys Med 47: 676, 1966.

. Freeman, M. A. R, & Wyke, B.: Articular contribu-

tion to ilimb muscle reflexes. Brit ¥ Surg 53: 61, 1966.
reflexes at the ankle joint: An
electromyographic study of normal and abnormal in-
fluences of ankle joint mechano-receptors upon reflex
activity in the leg muscles, Brit ] Surg. 54990, 1967.
Fugl-Meyer, A. R., Assessment of Motor Function
in Hemiplegic Patients. In: The neurophysiologic
basis of rehabilitation medicine. Charles C. Thomas,
Springfield, Illinois, to be published 1975.
Fugl-Meyer, A. R. & Steglind, S.: Postural effects an
the activity of spastic muscles in hemiplegic patients.
6th International Congress of Physical Medicine,
Barcelona, 1972.

Fujimori, B., Kato, M., Matsushima, S., Mori, S. &
Shimamura, M.: Studies on the mechanism of spastic-
ity following spinal hemisection in the cat. In; Nobel
Symposium 1 (ed. R. Granit). Almquist & Wiksell,
Stockhoblm, 1966.

Godwin-Austen, R. B.: The mechanoreceptors of the
costo-vertebral joints. J Physiol 202: 737, 1969.

Goff, B.: The application of recent advances in
neurcphysiology to Miss M. Rood's concept of
neuromuscufar facilitaion. Physiotherapy 38:409,
1972.

Goodwin, G. M., McCloskey, D. I. & Matthews, P.
B. C.: The contribution of nmuscle afferents to
kinaesthesia shown by vibration-induced illusions of
movement and by the éffects of paralyzing joint affer-
ents. Brain 95: 7035, 1972,

Gordon, E. E. & Kohn, K. H.: Evaluation of rehabili-
tation methods in the hemiplegic patient. J Chron Dis
19:3, 1966.

Granit, R.: The Basis of Motor Controt. Academic
Press, Loadon, 1970.

Grillner, S.: Supraspinal and segmental controt of
static and dynamic y-motorneurcons in the cat. Acta
Phys Scand, Suppt. 327, 1969.

Gwee, A, L.: Handwriting as an objective test of
performance ability. Singapore Med J /7.22, 1970.
Harmsen, P, & Larsson, O.: Personal communica-
tions.

Harmsen, P. & Tibblin, G.: A stroke register in
Goteborg, Sweden. Acta Med Scand /97463, 1972,
Hellebrandt, F. A. & Waterland, J. C.: Expansion of
motor-patterning under exercise stress. Am J Phys
Med 4/. 56, 1962,

Herman, R.: The myotatic reflex. Brain 93273, 1970.
Hughes, E.: Bobath and Brunustrém: Comparison of
two methods of treatment of left hemiplegia. J Can
Phys Ther Ass 24:262, 1972,

Hultborn, H.: Convergence on inlerneurones in the
reciprocal Ia inhibitory palhway to motorneurones.
Acta Phys Scand, Suppl. 375, 1972.

36.

37.

38.

39.

40,

4f,

42.

43.

44,

45.

46,

47.

43.

49

50.

52

33,

Post-stroke hemiplegia. I 31

Hosk, O. & Tornvall, G.; Apparatus and method for
determination of isometric muscle strength in man.
Scand J Rehab Med /. 139, 1969,

Jadsks, L. & Fugl-Meyer, A. R.; The post stroke
hemiplegic patient. T1}; Readjustment to the home
miliewr. In manuscript,

Kendall, H. 0. & Kendatl, F. P.. Muscles; Testing
and Function. The Williams and Wilkins Company,
Baltimore, 1949.

Manning, J.: Facilitation of movement—the Bobath
approach. Physiotherapy 58403, 1972.

Marsden, C. D., Merton, P. A, & Morton, H. B.:
Servo action and stretch reflex and its apparent de-
pendence ‘on peripheral sensation. Physiotherapy
216:21,1971. .

Matthews, P. B. C.; Mamimalian muscle recepiors
and their central actions. Edward Arnold, London,
1972,

Michels, E.: Motor behaviour in hemiplegia. ] Am
Phys Ther Ass 45:759, 1965.

Moskowitz, E., Lightbody, F. E. H. & Freitag, N. §.:
Long-term follow-up of the post-siroke patient. Arch
Phys Med 53 167, 1972,

Outosson, D. & Myrenberg, M.: PNF. The Swedish
Multiple Sclerosis Association, Stockholm, 1970.
Reynolds, G., Archibald, K. C., Brunnstrém, S, &
Thompson, N.: Preliminary repert on neuromuscular
function testing of the upper extremity in adult hemi-
plegic patients. Arch Phys Med 39: 303, 1958.
Sherrington, C. §.: The Integrative Action of the
Nervous System. Yale Universily Press, New Haven,
1906.

Shoenning, H. A., Anderegg, L., Bergstrom, D.,
Fonda, M., Steinke, N. & Ulrich, P.: Numerical scor-
ing of self-care status of patients. Arch Phys Med
46: 689, 1965.

Stockmeyer, S. A.: Aninterpretation of the approach
of Rood to the treatment of neuromuscutar dysfunc-
tion. Am I Phys Med 46900, 1967,

Twitchell, T. E.: The restoration of motor funclion
following hemiplegia in man. Brain 74 443, {951.
Vallbo, A. B.: Muscle spindle response at the onset of
isometric voluntary contractions in man. Time differ-
ence between fusimotor and skeletomotor effects. J
Physicl 218405, 1971,

. Voss, D. E.: Proprioceptive neuromuscular facilita-

tion. Am J Phys Med 46 838, 1967.

Weisbroth, D., Esibrill, N. & Zuger, R. R.: Factors in
the vocational success of hemiplegic patients. Arch
Phys Med 52: 441, 1971.

Welford, A. T.: Ageing and Human Skill. Oxford
University Press, England, 1958.

Key words: Stroke, hemiplegia, reflexes, spasticity,
motor behaviour, joint function

Address for reprints:

A. R. Fugl-Mevyer

Inst. for Medicinsk Rehabilitering
Sahlgrenska sjukhuset

5-413 45 Giteborg, Sweden

Scand J Rehab Med 7



