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In cerebral palsy, bracing may be made very simple or it may be very 
complicated. Overbracing can be as disadvantageous as inadequate bracing. 

Definition of Cerebral Palsy 

Cerebral palsy is a group of syndromes characterized by a permanent 
motor abnormality which is caused by involvement of the motor control 
center of the brain. Since no active disease exists, this definition excludes 
children with brain tumors, active encephalitis, and muscular dystrophy. It 
also excludes mental retardation. The diagnosis is not limited by age; but by 
common usage cerebral palsy is divided into two groups, infantile and 
juvenile. The upper age limit for onset of the original lesion in the juvenile 
form is eight years. 

Incidence 

The incidence of cerebral palsy at the present time is said to be 7.5 
children per 1,000 live births. Pearlstein estimates that there are 750,000 
young people in the United States who have cerebral palsy. This estimate 
does not include adults. At present in a study underwritten by the National 
Institutes of Health, fathers and mothers are interviewed as soon as preg
nancy is recognized. The information obtained is being tabulated on I.B.M. 
cards, and it is hoped that ultimately the true incidence of cerebral palsy, 
as well ass the influence of the environmental factors responsible for it, will 
be found. Physicians of the Crippled Children Service saw 28,411 children 
with cerebral palsy in their clinics during 1959 (8 per cent of the total 
number of children seen). 

Classification of Cerebral Palsy 

The classification used most frequently has been that of Phelps (1950) 
which is as follows: (1) flaccid paralysis, (2) spasticity, (3) rigidity, 
(4) tremor, (5) athetosis, and (6) ataxia. 

There are many classifications, but f o r the purpose of this discussion, 
two major divisions (pyramidal and extrapyramidal) and o n e mixed group 
will b e used. The classification pyramidal (spasticity) accounts for 60 per 
cent: extrapyramidal accounts for 25 p e r cent (athetosis. 15 per cent: 
ataxia, IS per cent: rigidity, 5 p e r c e n t ) ; and the mixed classification i n 

cludes 15 per cent. How strictly one adheres to the following definitions 
depends on how many patients fall into the mixed category. 

* F r o m the St. Lou i s U n i t Sh r i ne rs ' Hosp i ta l for C r i p p l e d C h i l d r e n , a n d the D iv i s ion 
of O r t hoped i c Su rge ry , W a s h i n g t o n Un ivers i t y Schoo l of M e d i c i n e , St. L o u i s , M i ssou r i . 
R e p r i n t e d f r o m the Journal of Bone and Joint Surgery, Oc tober 1962, wi th the per
miss ion of the Ed i to rs and the author . 



S P A S T I C I T Y 

This is the so-called pyramidal-tract lesion characterized by a positive 
Babinski sign, ankle and patellar clonus, hyperreflexia. the exaggerated 
stretch reflex, the clasp-knife phenomenon, and a tendency for contractures to 
develop. In a group followed at the Boston Children's Hospital1, 60 per cent 
of alt spastic children had hemiplegia, and spastic children constituted 64.6 
per cent of all those with cerebral palsy. 

E X T R A P Y R A M I D A L 

Since the American Academy for Cerebral Palsy established a brain 
registry, a great deal of overlap has been found between clinical and patho
logical findings. Nonetheless, it is convenient to lump athetosis, chorea, 
ataxia, and rigidity into this second major category. They have in common 
hypoactivity of the deep tendon reflexes, absence of clonus and positive Bab
inski sign, frequent failure of contractures to develop, at least early in life, 
and a difference in the muscle tone. The stretch reflex and the clasp-knife 
phenomenon are not present. 

In actual practice, the extrapyramidal group can be subdivided quite 
easily: 

Athetosis: This is characterized by a series of involuntary muscle con
tractions resulting in unpredictable motions which may be rapid or slow 
and which are aggravated by stress or tension. It frequently is associated 
with either the Rh problem, ABO incompatibility, or anoxia which is blood-
borne and not a result of trauma. Braces are used in athetosis primarily 
for training and not for the prevention of contractures. 

Ataxia or incoordination; Strictly speaking, this condition is seen in 
most patients with cerebral palsy. It affects gait by causing poor balance. 
Usually the lesion is considered to be localized in the cerebellum. Because 
the PROBLEM is one of balance, braces are not of much value. Skis, weighted 
shoes, square heels, and so forth, give the child a wide base, and thus they 
may help him to walk earlier. 

Rigidity: This is a sustained involuntary condition which gives the im
pression of pipe-stem rigidity whenever an affected joint is flexed or ex
tended. Classically, the condition in children with extrapyramidal lesions 
can be relaxed by shaking the extremity involved (athetosis and r igidity); 
but in children with pyramidal-type lesions (spastic), the stretch reflex 
will not shake out and the extremity will remain stiff. Actually, rigidity is 
very similar to spastic tetraplegia, and only by careful examination can the 
two be differentiated. Braces may be of little value in rigidity but trouble
some contractures should not be allowed to develop. Unfortunately, this 
condition usually is associated with widespread brain damage. 

Mixed type: This is a combination of spasticity and athetosis. The 
series studied at the Boston Children's Hospital 1 revealed 13.1 per cent of 
the mixed type, while Pearlstein found that 17 per cent of the 5,000 cases 
he recently reviewed fell into the mixed type 2 . 

I shall discuss primarily the braces used in the spastic type of cerebral 
palsy. In spasticity, the deforming factors are the strong or spastic muscles 
rather than paralyzed muscles, as is the case in poliomyelitis. The result 
MAY be the same so far as the deformity is concerned, but the management 
of the deformity may be difficult because the spastic muscle is difficult to 
assess accurately. 



REGARDLESS OF THE DIFFICULTY, IT IS VERY IMPORTANT TO FILL OUT A MUSCLE 
CHART IN CEREBRAL PALSY, THE SAME AS IS DONE IN POLIOMYELITIS. IT MAY BE 
NECESSARY TO DO A LOCAL NERVE BLOCK TO PARALYZE THE SPASTIC MUSCLE IN ORDER 
TO DETERMINE ACCURATELY THE STRENGTH OF THE OPPOSING MUSCLES. FOR EXAMPLE, 
IF THE TIGHT HIP ADDUCTORS ARE SECTIONED AND THE OBTURATOR NERVE IS EXCISED, 
WEAKENING OF THE SPASTIC HIP ADDUCTORS WILL RESULT. IF THIS HAPPENS AND THE 
ABDUCTORS ARE WEAK, THE CHILD MAY BE UNABLE TO WALK AS WELL AS HE DID PRIOR 
TO THE OPERATION. 

IN GENERAL, IT IS NO PROBLEM TO GET THE PATIENT TO WEAR A BRACE, BUT IT IS 
A PROBLEM TO GET THE PHYSICIAN TO ORDER AND TO MAINTAIN THE BRACE OVER A 
LONG PERIOD OF TIME. I HAVE BEEN GUILTY OF REMOVING A BRACE TOO SOON, ONLY 
TO SEE THE DEFORMITY RECUR. YET, WE KNOW THAT SPASTIC MUSCLES AND TENDONS DO 
NOT KEEP PACE WITH BONE GROWTH. 

THERE ARE TWO MAJOR TYPES OF BRACES: (1 ) PERMANENT BRACES, SUCH AS 
THOSE FOR POLIOMYELITIS OR OTHER NEUROLOGICAL CONDITIONS THAT ARE PRIMARILY 
ASSOCIATED WITH MUSCLE WEAKNESS AND (2) TEMPORARY BRACES, APPLIED FOR A 
SPECIFIC PURPOSE, SUCH AS THE PREVENTION OF CONTRACTURE, AS USED IN ANGULA
TION DEFORMITIES, FOR INSTANCE, GENU VARUM OR GENU VALGUM. ONCE THE CHILD 
HAS REACHED ADOLESCENCE, THE BRACE FREQUENTLY CAN BE DISCONTINUED. 

A BRACE IS EXPECTED TO PREVENT DEFORMITIES BY PREVENTING CONTRACTURES, 
CORRECT EXISTING DEFORMITIES, ASSIST IN TRAINING AND DIRECTING A SPECIFIC MO
TION, DETERMINE THE POSSIBLE EFFECT OF OPERATION, AND PROTECT TENDON AND SOFT 
TISSUE AFTER OPERATION. 

Fig. 1 — G o o d y e a r floor matting cut to fit the sole a n d heel of the shoe. This is a cheap 
but effective way to a d d a non-skid surface. 

Fig. 2—Velcro has been sewn to the tongue of the shoe a n d a long the margin of the eyelets. 
This non-skid material actually holds the shoe tighter than shoestrings. 



Fig. 3 -A Fig. 3-B 

Fig. 3 - A — T h e sole shows the effect of a l ight heel cord on a sho t that does not have a 

shoe plate. The equinus deformity of the heel persisted despite the short brace and the 

h igh-top shoe. T strap shown is one used most commonly at the Shriners' Hospital. 

Fig. 3 - B — S h o e plate placed between the inner and outer sole must extend to near the end 

of the shoe a n d definitely must extend beyond the metatarsophalangeal joints. This is one 

of the Pope short braces a n d demonstrates the spring which keeps the brace in place. 

Fig. 3 - C — P o p e short brace in the rough before the sole plate was altered to fit specific 

sole size. 

Lower-Extremity Braces 

Most braces are effective only when they are properly anchored to the 
extremity and thus a good snug-fitting, high-top shoe is required. The prob
lem encountered most frequently is the equinus deformity secondary to spas
ticity of the triceps surae muscle group. In spastic hemiplegia the shoe size 
of the involved foot may be from one-half to a full size smaller than that of 
the normal foot. In addition to this over-all atrophy of the foot the heel 
itself may be narrower. The involved leg will be shorter, and the bone aye, 
calculated with the normal extremity, will be retarded. Thus, it may be 
necessary to obtain mismated shoes to get a good fit. I recommend high-
top shoes for all children who have tight heel cords and who require some 
type of brace. This shoe fits the heel snugly and gives a better purchase for 
the T strap if one is indicated. 

I have not used shoes that lace in the back to enable observation of 
the heel. The shoe may be fitted with an extra strap over the dorsum of the 
foot to hold the forepart of the foot down in the shoe and thus prevent the 
heel from sliding up. Another simple check is to lace the shoes in the re
verse direction with the bow at the base of the tongue. 

A rubber traction grip made from floor matting may be applied to the 
sole of the shoe (Fig. 1 ) . Pearlstein obtains these mats in sheets. Then he 



applies the mat to the shoes with the grain of the mat running in different 
directions and observes the child to see which position of the mat affords 
the child the most traction. In many of our public buildings, hospitals, 
and schools, the floors are kept highly polished. On such slippery floors, this 
device may be a very simple method of offering the child a little more 
security. 

No brace will hold the ankle if the shoe does not first hold the foot. 
Some of the shoes have velcro applied to obviate tying the shoestrings 
(Fig. 2 ) . This adds to the child's independence and may be especially 
helpful to the child with quadriplegia. If low quarter shoes can be used, 
the type that has a flip tongue eliminates the tedious job of tying shoe
strings. 

Figures 3-A and 3-B show what may happen if a sole plate is not inserted in the shoe. I am sure the physician in this case thought that he was 
correcting the equinus deformity with a short brace and a shoe, but the 
shoe broke in the shank so that the heel was still in equinus. If this con
dition were left unchecked, it would contribute to a rocker-bottom deformity 
which is frequently seen in the child with spastic hemiplegia or paraplegia. 
Foot plates should be inserted into the sole of the shoe so that as the 
leather softens this situation does not develop. The plates come in three 
sizes and must extend nearly to the end of the sole of the shoe. Extension 
to just the metatarsophalangeal joint is not sufficient. The child with a mild 
equinus deformity, whose foot can be stretched passively to 80 degrees and 
who can get his heels on the floor when standing, does not require a shoe 
plate. 

The T strap is required when valgus or varus cannot be controlled with 
the brace. As a rule, the simple T strap that is demonstrated in Figure 3-A 
is used. In more severe cases it may be necessary to attach the strap along 
a more extensive origin (Fig. 4 ) . 

F i g . 4 Fig. 5 

Fig. 4 — O t h e r type of T strap frequently advocated for correction of varus or valgus 

deformity. It allows a more extensive or igin of the T strap. 

Fig. 5 — S h o e is placed on the foot first. After the heel has been secured, the short brace 
is attached to the shoe. 



Fig. 6 Fig. 7 

Fig. 6 — W i t h a single upright brace, it is relatively easy to accommodate for valgus or 
varus deformity. If the round caliper is used, flexion or extension can be managed in the 

same manner. 

Fig. 7—Compar i son of the anatomical ankle joint with ankle-heel caliper. W i t h unlimited 
ankle motion it is possible to get undue calf pressure in extreme dorsif lexion, but this 
problem seldom exists in cerebral palsy. (Reproduced with permission from Orthopaedic 

Appl iances At las, Vo l . 1 , p. 3 7 2 . ) 

Short Brace 

A SHORT BRACE IS USED FOR CONTROL AND NOT FOR SUPPORT IN THE CHILD WITH 

SPASTIC HEMIPLEGIA OR PARAPLEGIA. T H E SAME BRACE THAT IS USED IN POLIO

MYELITIS M A Y BE USED IN CEREBRAL PALSY. WHETHER ONE USES A SHORT BRACE OF 

THE DOUBLE UPRIGHT TYPE OR A SINGLE UPRIGHT BRACE MAKES VERY LITTLE DIFFERENCE, 

EXCEPT THAT THERE ARE A FEW SPECIFIC ADVANTAGES TO THE SHORT BRACE WITH A 

SINGLE UPRIGHT AND ROUND CALIPER FILLING INTO THE STIRRUP. FIGURE 5 DEMON
STRATES HOW THE SHOE CAN BE APPLIED FIRST AND THEN THE BRACE FITTED INTO THE 

SHOE. I F THIS IS DONE ONE CAN BE MORE CONFIDENT THAT THE HEEL IS FITTING SNUGLY 

INTO THE SHOE AT THE TIME OF APPLICATION OF THE BRACE. FIGURE 6 SHOWS THAT 

THE CALIPER MAY BE BENT TO ALLOW FOR EITHER A VALGUS OR A VARUS DEFORMITY 

WITHOUT HARMING THE ALIGNMENT OF THE ANKLE JOINT. I N A DOUBLE UPRIGHT 

BRACE, SUCH BENDING OF THE UPRIGHT WOULD ALTER THE ALIGNMENT OF THE ANKLE 

JOINT SO THAT IT WOULD HAVE A TENDENCY IN BIND. THIS IS ESPECIALLY TRUE WITH 

A LONG LOWER-EXTREMITY BRACE. 

T H E PHELPS BRACE COMES IN DIFFERENT SIZES SO THAT AN ORTHOLIST SHOULD 

BE ABLE TO APPLY THE BRACE QUICKLY AND INEXPENSIVELY. O N E M A Y USE A BRACE 

WITH EITHER AN INSIDE OR AN OUTSIDE UPRIGHT DEPENDING ON THE NEED FOR A T 

STRAP. T H E ARGUMENTS AGAINST THE BRACE WITH THE ANKLE JOINT LOCATED IN THE 

HEEL STEM FROM THE FACT THAT THE JOINT IS NOT AT THE LEVEL OF THE ANATOMICAL 

ANKLE JOINT. F R O M A PRACTICAL STANDPOINT, THIS DOES NOT SEEM TO MAKE MUCH 

DIFFERENCE BECAUSE CHILDREN WITH CEREBRAL PALSY HAVE A LIMITED RANGE OF 

MOTION IN THE ANKLE. A CHILD WITH A FULL RANGE OF ANKLE MOTION CONCEIVABLY 



COULD HAVE UNDUE PRESSURE FROM THE CALF BAND ON THE GASTROCNEMIUS WHEN 

THE FOOT IS PUT INTO M A X I M U M EXTENSION ( F I G . 7 ) . 

T H E OFFSET ANKLE JOINT, MANUFACTURED BY THE P O P E MANUFACTURING C O M 

PANY, KANKAKEE. ILLINOIS, HAS A SPECIFIC ADVANTAGE ( F I G . 3 - C ) . W I T H A FIXED 

EQUINUS DEFORMITY, CORRECTION CAN BE OBTAINED GRADUALLY BY TURNING THE OFFSET 

WITH AN ALLEN WRENCH. TH IS ALLOWS THE BRACEMAN A LITTLE MORE LEEWAY WHEN 

THE APPARATUS IS APPLIED: IN ADDITION, IT CAN BE ADJUSTED AS THE EQUINUS 

DEFORMITY IS STRETCHED OUT. W E HAVE HAD SOME DIFFICULTY IN SMALL CHILDREN 

WITH THE BRACE BREAKING AT THE ATTACHMENT OF THE CALIPER. I N OLDER CHILDREN 

THE CALIPER IS LARGER AND WE HAVE NOT HAD THIS PROBLEM. 

W E HAVE NOT HAD ENOUGH EXPERIENCE TO SAY THAT THE KLENZAK ANKLE 

JOINT SHOULD NEVER BE USED. IT HAS BEEN THE I M P R E S S I O N OTHER AUTHORS 

THAT THE SPRING ACTION OF THE KLENZAK ANKLE GIVES CONSTANT PASSIVE RESISTIVE 

EXERCISE TO THE GASTROCNEMIUS GROUP OF MUSCLES AND THUS AGGRAVATES THE 

EQUINUS DEFORMITY RATHER THAN CORRECTING IT. DUNCAN, FROM SEATTLE, STATED 

THAT HE HAS USED THIS TYPE OF ANKLE JOINT WITHOUT ANY APPARENT DIFFICULTY. IT 

WOULD NOT SEEM TO M E THAT THE AMOUNT OF TENSION ORDINARILY FOUND IN THE 

KLENZAK ANKLE JOINT WOULD BE ENOUGH TO GIVE HARMFUL PASSIVE RESISTIVE 

EXERCISES TO THE TRICEPS MUSCLE AND THUS CONTRIBUTE SIGNIFICANTLY TO FURTHER 

SHORTENING. O N THE OTHER HAND, IF THE TRICEPS SURAE IS STRUCTURALLY SHORT, 

THE TENSION WITHIN THE KLENZAK ANKLE JOINT WOULD NOT BE ENOUGH TO CORRECT 

THE DEFORMITY. I N OTHER WORDS, I SUSPECT THAT MUCH OF THE DIFFICULTY WITH THE 

KLENZAK ANKLE JOINT WITH A SPASTIC TRICEPS SURAE HAS BEEN OVEREMPHASIZED. 

T H E SHORT BRACE USED MOST FREQUENTLY AT THE SHRINERS' HOSPITAL IN ST. 

LOUIS IS THE DOUBLE UPRIGHT WITH LIMITED ANKLE MOTION AS SHOWN IN FIGURE 

3 - A . T H E CALIPER IS FIXED TO THE SHOE, AND THE ANKLE JOINT IS MAINTAINED 

ESSENTIALLY IN THE ANATOMICAL POSITION. VELCRO HAS REPLACED THE BUCKLES ON 

OUR NEW BRACES. 

Fig 8 Fig. 9 

Fig. 8—Phe lps brace used as a night brace. The shoe can be app l ied to the foot and the 

brace attached later. Dorsiflexion can be altered by bending the round caliper. Note velcro 

replacing buckles a n d straps. 

Fig. 9—Shor t brace can be converted to a long night brace by the addi t ion of an insert in 

the calf b a n d . This is useful in simple knee-flexion contractures. 



Night Splints 

BEFORE DISCUSSING THE LONG BRACE FOR THE LOWER LIMB, I WOULD LIKE TO 

MENTION THE INDICATIONS FOR NIGHT SPLINTS AND THE TYPE THAT I USE. I FRE

QUENTLY SEE CHILDREN WHO WALK ON THEIR TOES WHEN THEY FIRST ARISE IN THE 

MORNING, AND THEN, AS THE DAY PASSES, THEY ARE ABLE TO GET THEIR HEELS ON 

THE FLOOR. THESE CHILDREN DEFINITELY SHOULD HAVE A NIGHT BRACE TO HOLD THE 

FOOT TO A RIGHT ANGLE. TH IS CAN BE ACCOMPLISHED BY USING AN OLD BRACE 

( F I G . 8 ) . THE TOE M A Y BE CUT OUT IF THE SHOE IS TOO SHORT, AND A LARGE 

WOOLEN SOCK M A Y BE PULLED OVER THE SHOE SO THAT THE BEDCLOTHES ARE NOT SOILED. 

T H E SAME RESULT CAN BE OBTAINED WITH A PLASTER MOLD. FOR A CHILD WHO HAS 

AN ASSOCIATED CONTRACTURE OF THE HAMSTRING MUSCLES, A SIMPLE ATTACHMENT 

M A Y BE ADDED TO THE NIGHT BRACE TO HELP CONTROL THE CONTRACTURE OF THE H A M 

STRINGS ( F I G . 9 ) . MANY CHILDREN WHO HAVE UNDERGONE LENGTHENING OF THE 

HEEL CORD PERHAPS COULD HAVE BEEN SAVED THIS PROCEDURE BY THE USE OF THE 

NIGHT BRACE. IT IS IMPORTANT TO EXPLAIN TO PARENTS EARLY IN THE COURSE OF 

TREATMENT THAT A CHILD M A Y REQUIRE SOME TYPE OF NIGHT BRACE UNTIL HE HAS 

COMPLETED HIS GROWTH. IF THIS IS UNDERSTOOD AND THE OTHER CHILDREN IN THE 

CLINIC ARE ALSO USING NIGHT BRACES, VERY LITTLE RESISTANCE WILL BE ENCOUNTERED. 

Long Braces for the Lower Extremity 

THERE IS DISAGREEMENT ABOUT THE MERITS OF THE DOUBLE UPRIGHT VERSUS THE 

SINGLE UPRIGHT LONG BRACE. UNTIL A FEW YEARS AGO, WE RARELY USED ANYTHING AT 

THE SHRINERS' HOSPITAL BUT A DOUBLE UPRIGHT BRACE. T H E DOUBLE UPRIGHT 

BRACE IS THE MOST EFFICIENT, BUT IF WE REMEMBER THAT, FOR THE MOST PART, WE 

ARE BRACING TO CONTROL DEFORMITY AND NOT FOR SUPPORT, I THINK THAT WE WILL 

Fig. 10 Fig. 11 

Fig. 1 0 — A single upr ight long brace does not control or correct knee-flexion contracture. 
A double upr ight brace with a knee p a d should have been prescribed for this gir l . A n Eggers 

procedure could make bracing easier or, perhaps, unnecessary. 

Fig. 11—Knee- f lex ion contracture being reduced by means of a long brace with a d ia l lock 
at the knee. As the contracture is reduced, tension can easily be altered by changing the 

position of the bolt in the d ia l lock. 



Fig. 12 -A Fig. 12-B 

Simple type of bale lock that does not incorporate a spring or multiple moving parts. 
In Fig. 1 2 - A , the knee is locked and the elastic strap keeps the lock tight. In Fig. 12-B, 

upward pressure on the half ring forced the lock to unhook. 

often find that the single upright brace will accomplish the same objective. 
If one is trying to correct deformity, not just to maintain the present status, 
a bilateral upright brace should be ordered in nearly all cases. For the last 
several years I have used many single upright long braces. One of their 
main advantages is that allowance for flexion deformities and angulation 
deformities at the knee and ankle is easier to make with the s ingle upright, 
and it frequently is easier to make the single upright brace fit. Also, when 
it becomes necessary to lengthen the brace only a single upright must be 
changed. Although it is slightly cheaper and slightly lighter, these considera
tions alone are not sufficient for choosing the single upright brace. 

I believe there are fewer indications for the single upright long brace 
than there are for the single upright short brace. The leather cuffs support 
the leg very nicely in the brace: and if an inside T strap is required and 
one prefers not to use an inside bar, a short inside caliper may be added 
for attachment of the T strap. For the control of knee flexion, it is necessary 
to use the double upright brace with a knee pad. The inadequacy of a single 
upright long brace and a pelvic band in flexion contracture of the knee is 
shown in Figure 10. 

In children with flexion deformities of the knee, the dial lock (Fig. 11) 
may be used; and, after the contracture has been straightened, the knee 
joint of the brace can be altered to a movable joint. During the stretching 
of the hamstring muscles, I keep the knee joint locked. In our clinic, we 
have not had enough experience with the dial look to be certain that it is 
advantageous: however. Pearlstein seems to be very pleased with it. If one 
wants to stretch out hamstring muscles with a dial lock, the calf hand or 
cuff should be posterior to the calf and should not press on the tibia an
teriorly, since this may lead to subluxation of the tibia on the femur. 



Knee Joints, Locks and Pads 

FUR YEARS I HAVE USED THE REGULAR Drop-LOCK AT THE KNEE. O N CHILDREN 

WITH ADEQUATE MANUAL DEXTERITY THIS LOCK IS PERFECTLY SATISFACTORY. HOWEVER, 

IT SEEMS TO M E THAT IT WOULD HE MUCH BETTER TO GIVE SOME OF THESE CHILDREN 

A BALE LOCK ( F I G S . L 2 - A AND 1 2 - B ) . T H E BALE LOCK ALLOWS AUTOMATIC RELEASE 

OF THE KNEE JOINT AND ADDS TO THE WEARER'S INDEPENDENCE. T H E M A I N OBJECTION 

IS THAT THE LOCK M A Y BE RELEASED INADVERTENTLY, BUT THIS HAS NOT BEEN A MAJOR 

PROBLEM. T H E UPKEEP IS NO MORE THAN IN THE SIMPLER MECHANICAL DEVICES. 

I N SOME CASES IT MIGHT BE BETTER TO USE THE W A R M SPRINGS TYPE OF KNEE 

LOCK, WHICH CAN BE RELEASED AT THE LEVEL OF THE HIP JOINT BY PULLING ON THE 

CONTROL LEVER ( F I G . 1 3 ) . O N PATIENTS WITH A SPASTIC OR AN ATHETOID CONDITION, 

THE LOCK WILL HAVE TO WITHSTAND A GREAT DEAL OF STRESS. I N ATHETOSIS, I RECOM

M E N D A DOUBLE UPRIGHT LONG BRACE BECAUSE OF THE TORQUE APPLIED TO THE KNEE 

JOINT AND TO THE UPRIGHTS OF THE BRACE. A SINGLE UPRIGHT BRACE MANUFACTURED 

Fig. 13 Fig. 14 -A 

Fig. 13—Close -up of the drop lock at the knee. A cord can be attached to the r ing, 
making it easier for the child to release the lock. 

Fig. 14 -A—Th is patient walked with severe medial femoral torsion, with associated scissoring. 
Injection with 1 per cent xylocaine gave a good preoperative estimate of anticipated results. 

She was fol lowed in an alemite twister made from grease-gun cable. 



by the Pope Foundation has a reinforced joint with roller bearings de
signed to withstand the torque. It comes in several sizes and can be as
sembled by a competent orthotist in a relatively short time. 

On children with a tendency to genu valgum, one can use either a strap 
to prevent knock knees or a leather button on the medial upright to apply 
pressure over the medial femoral condyle. Genu varum is very rare in the 
child with cerebral palset . I prefer the button since the pressure is more or less constant whether the child is standing or sitting. The position of this 
button must be checked frequently, because unless it is accurately placed, 
it moves anterior to the knee joint when the child site and does not give the 
desired pressure. In addition to this, normal growth of the child will alter 
the position of the button so that it may be ineffective. Perhaps the button 
should be in the shape of a c rather than a round circular pressure pad. 
If both knee flexion and genu valgus are present and moderately severe, the 
knee pad will be more effective. 

Medial Femoral Torsion 

If the medial femoral torsion is a severe problem, one may add some 
type of rotator device to the brace. The girl shown in Figure 14-A was able 
to walk without braces, but she had severe medial femoral torsion. After 
injection of 1 per cent xylocainc into the obturator nerve on the left, the 
scissoring and internal rotation were much reduced. Several days after 
injection the obturator nerve was surgically sectioned on the left, and 
tenotomy was performed on the adductor longus muscle. A b lateral long 
cast in mild abduction was used for four weeks and then followed with 
bilateral twisters. Presently. I am using the grease-gun cable (alemite) as 
the twisting device. This is anchored to a pelvic band, and the distal end 
may be attached either to the proximal portion of the short brace or to the 
shoe if the child does not require a brace. We hope we can correct medial 
or lateral torsion by this means. Rotation can be increased or decreased 
by adjustment of the torque at the insertion of the cable. The twisters may 
be changed from onepa i r o f shoes to another by using a skate type of 
attachment for the insertion of the alemite cable. Although we have not 
used the rotators as a night splint, they certainly could be so used. 

Fig. 14-B -Twister may be attached directly to the shoe or brace; torsion is adjusted by 
loosening the socket with an Al len wrench, app ly ing desired twist, and then t ightening 

the socket. 



In dealing with medial femoral torsion with a mild amount of lateral 
tibial torsion, it may be that the cables could be attached to a form-fitting 
femoral cuff. In our institution elastic twisters have not been very satisfac
tory. A child I saw in Chicago recently who was using the elastic twisters 
is shown in Figure 15. The corset should be applied with the child lying 

Fig. 15 Fig. 16 -A Fig. 16-B 

Fig. 15—Elast ic twisters have the advantage of being light but have the d isadvantage of 
requir ing a corset. Also the elastic bands lose their elasticity and must be replaced. 

Fig. 1 6 - A — T h e Mi l ler twister is a tightly coiled spring which is effective in controll ing 

rotation. A plastic cover has been placed over the spring to reduce wear a n d tear. 

Fig. 16 -B—The twister has been attached directly to the short brace. 

Fig. 1 7 - A Fig. 17-B 

Fig. 1 7 - A — T h e Newington brace before fitting a n d assembly. The ankle joint has been 

disassembled to show the component parts. 

Fig. 17 -B—The assembled Newington brace. The pelvic band has been cut in hal f for 

demonstrat ion a n d the sole plate has not been app l ied . 



down, and it should fit snugly and hug the iliac crest. The device may be 
quite annoying, particularly in hot weather, as the twisters tend to chafe the 
legs when the child walks. Another type of twister consists of a spring 
attached to the pelvic band and to the shoe in a way similar to the alemite 
cable (Figs. 16-A and 16-B). 

The spring is covered with a plastic tubing. This apparatus is lather 
expensive since the spring breaks frequently. 

Fig. 1 8 - A Fig. 18-B Fig. 18-C 

Fig. 1 8 - A — P a t i e n t with poliomyelitis demonstrat ing the straight pelvic b a n d . Wi th a mild 
hip- f lexion contracture the buttocks would slide under the b o n d , giving the child very little 

support. 

Fig. 1 8 -B—The pelvic band with the inferior portion being curved to fit the proximal port ion 
of the sacrum. Also demonstrated is the joint located at the pelvic band. 

Fig. 18-C—Demonst ra t ion of the amount of motion possible at pelvic-band joint when the 
hip joints are locked. 

Fig. 18-D Fig. 18-E Fig. 18-F 

Fig. 18-D—Ext reme extension of the pelvic band to hold the buttocks forward. 
Fig. 18-E—This child is able to walk with difficulty between paral lel bars. 

Fig. 1 8 - F — W i t h proper bracing, including double upright long braces a n d pelvic b a n d , 
the child is able to walk without support. Properly selected surgical procedures might 

give him greater or total relief from braces. 



Long Braces with a Pelvic Band 

I believe that we frequently can eliminate the double upright brace if 
we attach the brace to the pelvic band. Leather cuffs can be made to hold the 
legs very securely. The weight and bulkiness of a double upright brace 
with a pelivc band can be a real problem to both parents and child. Cer
tainly the long brace with a pelvic band may be very useful. On the other 
hand, it is a very cumbersome piece of equipment and should be recom
mended only after due consideration. 

It is important that the brace be strong and the hip locks arranged 
so that they can be locked and unlocked. The pelvic band must be so con
structed that it will give support over the sacrum. Otherwise, the band will 
slip and much of the support will be lost. If the band is constructed like a 
poliomyelitis brace, the same problem is present. The difficulty can be 
avoided by curving the band so that some pressure will be applied to the 
sacrum or by use of butterflies, which are extensions from the pelvic band. 

The Newington Home brace is prefabricated and it may be ordered 
and assembled by the orthotist. Figure 17-A shows the Newington brace 
unassembled, and Figure 17-B shows it assembled but without any of the 
leather work. It is important that long braces with a pelvic band be well 
balanced, and one simple test is to see if the brace can stand by itself. The 
pelvic band should be removed as soon as possible since it leads to further 
weakness of the gluteus medius muscle. A simple friction joint with a drop 
lock is used at the Shriners' Hospital. If free motion is required, the lock can 
be taped or a simple latch can be attached to hold it up. Recently following 
a suggestion by the Pope Foundation, I have allowed 20 to 30 degrees of 
motion at the pelvic band so that the hip joint is still partly locked, giving 
the child sufficient support (Figs. 18-A through 18-F). If scissoring is a 

Fig. 19—Tro l ley may be added to the brace to control scissoring. A long brace with a 
pelvic band should be attempted first and , if scissoring persists, the trolley can easily 

be attached. 



Fig. 2 0 - A Fig. 20 -B 

Fig. 2 0 - A — A simple antiscissoring device consists of two pieces of steel with a simple 

axis joint. 

Fig. 20-B—Trochanter ic extensions added to long braces; a leather strap between these 

extensions can be t ightened to aid in correcting medial or lateral torsion, depend ing on 

whether the strap is posterior or anterior. 

Fig. 21—Th i s boy is able to walk slowly with extensive bracing a n d quadr iped canes. 

So much energy is needed to walk short distances that he is somewhat reluctant to walk. 



major problem, an antiscissoring device may be applied to the long brace 
with a pelvic band. One such device is the trolley (Fig. 19) manufactured 
by the Hickerson Company of Little Rock. Arkansas, as the result of work 
done by Dr. S . B . Thompson. Unfortunately there is considerable friction 
in this particular joint. A small child of four or five years of age would 
have some difficulty with bilateral long braces with a pelvic band and the 
trolley. 

Another antiscissoring device consists of two metal rods with movable 
joints at the middle and at both ends (Figs. 20-A and 20-B). If long braces 
are sufficient, but there is some rotational deformity as a result of medial 
femoral torsion, a trochanteric extension may be added to the brace with 
a leather strap around the buttocks to help control internal rotation. An 
anterior strap can be used to control external rotation. The trochanteric 
extension and the trolley arrangement might be used to eliminate the pelvic 
band, but I have not tried this. 

Fig. 22—Ante r i o r view, posterior view, and close-up of training brace. It may be lengthened 
and the pelvic band may be w idened with minimum effort. The shoes can be removed a n d 
the suitable size attached. The back support can be raised, lowered, or removed. It should 

be emphasized that this is a training brace and not a permanent one. 

Fig. 23 Fig. 24 

Fig. 2 3 — H e a d control brace used by Or. Pearlstein. 

Fig. 2 4 - O p p o n e n s splint. W i th only slight modification of the C bar, this splint can control 
adductor contracture of the thumb. It can be made of plastic or precut metal. 



Control Brace 

The full control brace includes a back support added to the pelvic band 
and long braces (Fig. 2 1 ) . Occasionally it is necessary to resort to such 
heavy bracing to initiate standing and walking. An adjustable brace which 
will allow training of a child was devised by Dr. Machek, a physiatrist in 
St. Louis. It is being used at the Alhambra Grotto Cerebral Palsy Center 
(Fig. 2 2 ) . If it appears that such a brace is worth while, it can be designed 
to the exact measurements of the patient. A brace of this type might be ap
propriate for a number of children, but frequently it is rejected because 
of the expense and the possibility that it will not be satisfactory. I believe 
that this device has merit, and Dr. Machek and the B & H Orthopedic 
Company in St. Louis are trying to correct some of the mechanical flaws 
in order to make the brace more effective. 

The lull control brace may be required for the child with athetosis, 
and in some cases it may also include a head control device, which either 
is attached to the brace or, as Pearlstein demonstrated, may be used inde
pendently. I have experimented only recently with the head control brace 
(Fig. 2 3 ) . Thus, I can only refer you to Dr. Pearlstein or to Dr. Phelps. 

Fig. 2 5 - A 

Fig. 25-B 

Figs. 2 5 - A a n d 2 5 - B — H a n d sandwich used on a night splint to control flexion contracture 
of the wrist and fingers and adductor contracture of the thumb. 



The full control brace for children with athetosis has not been used at the 
Shriners' Hospital in St. Louis to my knowledge. I do not mean to imply 
that we do not prescribe braces for children with athetosis because we do. 
However, results are much less gratifying in athetoid patients than in spastic 
patients. 

Bracing of the Upper Extremity 

I have not braced the upper extremities to the extent that I have braced 
the lower extremities. I believe that we have neglected the upper extremities. 
Results with braces and with surgical treatment for the upper extremity 
have been disappointing. I think we have expected too much. If we recog
nize that minimum improvement may help the child a great deal, perhaps 
we will be more easily satisfied. Except for brachial palsy, I have not used 
shoulder braces for abduction or adduction deformities. The elbow brace 
may be of value in controlling flexion contracture of the elbow and in 
preventing pronation deformity of the forearm. A plaster cast can be made 
for this purpose and changed as the child grows. Correction may be ob
tained by a series of casts. The last one is used as a night splint. If the 
deformity cannot be controlled, the tendon of the pronator teres muscle may 
be sectioned and transplanted to act as a supinator, or on some occasions 
the entire origin of the muscle can be recessed from the medial humeral 
condyle distally. It is certainly wise to brace after operation in both the 
upper and the lower extremity until the child regains active control. 

Fig. 2 6 - A 

Fig. 26-B 

Figs. 2 6 - A a n d 26 -B—Cock -up splint to control wrist flexion contracture. This child has h a d 
transplantation of the flexor carpi ulnaris to the wrist extensors. The splint is being used to 

protect the tendon transplant. 



THREE BRACES SHOULD BE MENTIONED SPECIFICALLY: 

1. The opponens splint to prevent adduction contracture of the thumb 
(Fig. 24): T H I S SPLINT SHOULD BE APPLIED VERY EARLY SINCE IT IS DIFFICULT TO TELL 

WHICH CHILDREN WILL BE CANDIDATES FOR OPERATION AND WHICH WILL NOT. PERHAPS, 

IF ADDUCTION CONTRACTURE COULD BE PREVENTED, TENDON SURGERY WOULD BE IN

DICATED WHEN THE CHILD IS FOUR OR FIVE YEARS OF AGE. T H E RESULT WOULD BE 

BETTER FUNCTIONING HANDS. I N GENERAL OPERATION HAS BEEN WITHHELD UNTIL THE 

CHILDREN WERE OLDER THAN FOUR OR FIVE YEARS. T H E PLASTIC OPPONENS SPLINT IS 

EASILY M A D E BY THE ORTHOTIST AND M A Y BE CHANGED AS INDICATED. 

Fig. 2 7 - A 

Fig. 27 -B 

Figs. 2 7 - A a n d 27 -B—Fron t a n d dorsal app l ied views of the Austral ian sp l in t—a simple 
cock-up which requires no straps to hold it in place. The amount of wrist extension can be 
controlled by bend ing the dorsal wire. In larger children, it may be necessary to run 
addi t ional wire to control wrist flexion. The spoon can be removed a n d the hole will accom

modate a wooden lead pencil. 



2. The hand sandwich (Figs. 25-A and 25-B): This is used as a night 
splint. I regret that we have not used this splint as much as we might have. 
Swanson states that it is used very frequently in the Cerebral Palsy Center 
at the Mary Free Bed Hospital. Grand Rapids. Michigan. The hand sand
wich can correct as well as prevent deformity since it limits flexion con
tractures of the wrist and fingers. Thus, when operation is indicated it 
should be more successful. Instead, we have used the cock-up splint with 
an opponens bar for many of our children (Figs. 26-A and 26-B). We may 
not have paid as much attention as we should have to flexion deformities 
of the fingers. 

3. The Australian splint (Figs. 27-A and 27-B): This splint was made 
for me by Mr . Jouett of Dreher-Jouett Brace Shop in Chicago. I believe 
that Dr. Pearlstein saw it when he was on his trip to Australia a year or 
two ago. It is merely a single rod which has no hooks or straps. Thus it 
leaves the flexor surface of the forearm free, an important consideration 
in all upper-extremity braces. This principle is true for children with polio
myelitis as well as with cerebral palsy. One can add the opponens bar or 
fork and spoon adapter which also will accommodate a pencil. Some flexi
bility in the brace is a definite advantage. As the flexion contracture is 
corrected, the splint can be bent to allow for this correction. 

At present, we are experimenting with different types of hinge splints 
such as those used at Rancho Los Amigos in Los Angeles, Warm Springs 
in Georgia, and the splints manufactured by the Pope Foundation. How
ever, I have no idea how much one can train a spastic muscle. Individual 
aluminum splints can be taped to the fingers, as suggested by Swanson, 
to get some idea of the benefit of the operation in swan-neck deformity of 
fingers. 

Conclusion 

Bracing is a very important adjunct in the care of the child with 
cerebral palsy. Contractures can be prevented in many instances by the 
judicious use of physical therapy combined with adequate bracing and night 
splinting. I do not mean to imply that we try to keep all of our children in 
cumbersome, clanking braces. We attempt to rid them of their braces by 
specific surgical procedures when these are feasible. Recurrent deformities 
have frequently resulted from inadequate bracing or splinting in the post
operative period. 
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