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One of the common treatment problems encountered in 
comatose, head-injured patients is difficulty in maintaining 
normal joint range of motion (ROM) secondary to increased 
spasticity and prolonged posturing. Treatment techniques 
such as passive ROM, local and central inhibitory techniques, 
and splinting are often used in an effort to prevent adaptive 
shortening of soft tissue. In addition, various modifications 
of cylinder short leg plaster casts have been used to manage 
spasticity-induced contractures in children with cerebral palsy 
and patients who sustained cerebrovascular accidents, trau
matic head injuries, or CNS infections.1-5 These types of casts 
have been called by various names in the literature: short leg 
casts,1,2 plaster drop-out casts,3 inhibitory casts,4 and serial 
casts.5 In the majority of documented uses, these casts have 
been applied during the subacute or chronic period of recov
ery, which is relatively late in the rehabilitation process. In 
this case, we applied short leg casts early in the patient's 
rehabilitation to reduce tone, increase ROM, and prevent 
adaptive shortening of the muscles that cross the ankle joint. 
This casting procedure resulted in the reduction of plantar 
flexor muscle tone at the ankle joint, as evidenced by the 
increase in ROM, and a reduction in muscle tone in joints 
other than those casted. 

PATIENT DATA 

An 11-year-old boy fell 10 ft from a staircase and sustained 
a right subdural hematoma of the temporal lobe and a left 

Ms. Barnard is Staff Physical Therapist, Medical Center Hospital of Ver
mont, Burlington, VT 05401. 

Ms. Dill is Staff Occupational Therapist, Maine Medical Center, 22 Bramhall 
St, Portland, ME 04102. 

Ms. Eldredge is a physical therapist with Franklin County Home Health, St. 
Albans, VT 05478. 

Dr. Held is Assistant Professor of Physical Therapy, School of Allied Health 
Sciences, 305 Rowell Bldg, University of Vermont, Burlington, VT 05405 
(USA). 

Ms. Judd, Physical Therapist Assistant, is a research assistant and a physical 
therapy student at the University of Vermont. 

Mr. Nalette is Coordinator of Physical Therapy, Medical Center Hospital of 
Vermont. 

Address all correspondence to Dr. Held. 
This article was submitted December 23, 1983; was with the authors for 

revision Jive weeks; and was accepted May 7, 1984. 

epidural hematoma of the frontal lobe. On each of the two 
days after his admission to the hospital, he underwent a 
craniotomy for the evacuation of the hematomas. An intra
cranial pressure switch was inserted during the first procedure. 
The patient was in a Grade IV coma according to the Grady 
coma scale. (A patient in a Grade IV coma is unresponsive 
to noxious stimuli, demonstrates decorticate or decerebrate 
postures, has dilated pupils, and may or may not have spon
taneous respirations.) This patient required mechanical ven
tilatory support for 14 days. A test for somatosensory evoked 
potentials (SEP) done three days after injury showed right 
hemispheric sensory motor dysfunction, bilateral visual dys
function, and normal brain stem auditory evoked potentials. 

TREATMENT 

Physical and occupational therapy assessment and treat
ment began six days after injury while the patient was in the 
intensive care unit. At that time, the patient alternated be
tween strong decerebrate and decorticate postures and was 
rarely seen in a relaxed state. His head and neck were hyper-
extended and rotated to the right, and his eyes deviated to the 
right. Range of motion at the ankles was limited to minus 20 
degrees of neutral dorsiflexion on the left and minus 10 
degrees on the right (with the knees flexed). Application of 
painful stimuli caused increased intensity of extremity pos
turing. Treatment goals were to reduce overall tone, prevent 
adaptive shortening of the plantar flexor muscles, and nor
malize responses to external stimulation. 

We used central inhibition techniques to reduce overall 
tone. They included neutral warmth, pelvic rocking in supine 
and side lying positions, and trunk rotation. While one clini
cian continued the application of the central inhibitory tech
niques, the second clinician carried out passive ROM of all 
joints, using peripheral inhibitory or facilitory procedures to 
prevent adaptive shortening. Among these were oscillatory 
movements of the joints, tapping, and stroking. The combined 
efforts of the two therapists resulted in a reduction of muscle 
tone, but the effects were extremely short-lasting. In particu
lar, a great deal offeree was needed to gain any available joint 
ROM of the ankles because of the degree of spasticity. The 
therapists were concerned that the forces needed to perform 
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PRACTICE 

passive ROM and the forces of spasticity would damage soft 
tissue structure and joint integrity. We fabricated short leg 
orthoplast splints, but they were ineffective in maintaining 
the ankles in a stable position despite our changes in splint 
design and bed positioning. The patient's plantar thrust bent 
the splinting materials or, when the splints were blocked by a 
foot board, the thrust pushed the patient out of the splints. 

Because the above treatment techniques failed to reduce 
tone and maintain passive ROM effectively, we applied plaster 
casts to both ankles on Day 10 after injury. While the patient 
was under general anesthesia for a tracheostomy procedure, 
the patient's ankles were positioned and casted in 15 to 20 
degrees of plantar flexion, which was the maximal attainable 
range of dorsiflexion. The method of cast application was as 
follows. The patient was placed in the supine position. The 
lower extremity was held with the hip and knee flexed and 
the ankle dorsiflexed as much as possible. Stockinette and 
cotton webril covered the lower leg and foot. A pad was placed 
under the metatarsal heads. We applied plaster circumferen-
tially, with the plantar surface of the cast extending to the tips 
of the toes. After the plaster began to set, we trimmed the 
dorsum of the cast to expose the toes. Cast removal was 
planned in 7 to 10 days. 

TREATMENT RESULTS 

Within 24 hours of the cast application, the patient's overall 
degree of spasticity had diminished. One person, instead of 
the two required before casting, was able to perform passive 
ROM of all noncasted joints. On Day 2 after casting, the 
patient responded more normally to painful stimuli by a 
withdrawal reflex of the left lower extremity. On Day 3, the 
patient began purposeful left upper extremity motion as he 
sought out tactile stimuli. This activity coincided with a 
second test of SEP that revealed qualitatively better cortical 
responses on the right than those obtained previously, al
though brain stem auditory evoked potentials suggested a 
pontomesencephalic partial lesion of the dorsal brain stem. 
The patient demonstrated restless, isolated movements of the 
left lower extremity that increased and became progressively 
more controlled during the first 10 days. The patient did not 
develop any voluntary movement of the right side of the body 
for several weeks after injury. 

We removed the casts, as planned, 10 days after application 
(24 days after injury). Immediately after cast removal, we 
noted the patient's passive ROM at the ankles had markedly 
improved to minus 5 degrees of neutral dorsiflexion on the 
right side and to neutral on the left, a gain of at least 10 
degrees bilaterally. We fabricated an orthoplast splint for the 
right ankle because it lacked voluntary motion. No further 
orthotic treatment was done on the left. 

The patient was transferred to a rehabilitation unit 42 days 
after injury. At the time of transfer, the patient had full 
isolated control of his left extremities and partially isolated 
motions in his right extremities. Although he was able to use 
both lower extremities to propel a wheelchair and to do 
standing pivot transfers with minimal assistance of one per
son, the quality of motion was better on the left side. His right 
knee and ankle were bound by synergy, and he would make 
a scissor motion with his right leg when he was in the standing 
position. The patient could perform self-care and fine motor 
tasks with his left hand, but his right hand remained hyper
tonic and primarily flexed. He could initiate shoulder motion 

on the right and had voluntary grasp with sufficient relaxation 
to release small objects. 

DISCUSSION 

Compared with other studies, the casts were applied early 
in this patient's rehabilitation.3,6 As expected, the goal of 
increased ROM in the ankles was achieved. An unexpected 
result was also observed. Shortly after cast application, the 
degree of spasticity reduced markedly throughout the body. 
Determining the exact cause of the reduction in spasticity 
from a single case report is impossible. Possible explanations 
may include spontaneous recovery, the effects of general 
anesthesia, or the effects of casting. Certainly, spontaneous 
recovery cannot be ruled out; however, just before applying 
the casts, the patient was markedly hypertonic and showed 
no lasting alteration in tone even with vigorous treatment 
attempts. Although general anesthesia is known to reduce 
tone while being administered, we know of no evidence that 
the effect endures after the anesthesia has worn off. Therefore, 
we hypothesize that the improvement in ROM at the ankles 
and the generalized decrease in tone in all other joints resulted 
from the cast application. 

What characteristics of cast application are critical to ob
taining a reduction in tone? Several authors have suggested 
that the casts must maintain the limb in a reflex inhibiting 
position to suppress hypertonus.1,2,7 Clinicians believe the 
following casting conditions are necessary for this inhibition: 
1) a stable ankle position of neutral or 5 degrees of dorsiflex
ion, 2) hyperextension of the toes, 3) pressure under the 
metatarsal heads, and 4) deep tendon pressure along the 
calcaneal tendon.2 In this case, despite the fact that the patient 
was under general anesthesia, the neutral position was not 
attainable, and the ankles were casted in 15 to 20 degrees of 
plantar flexion. In addition, no special attempt was made to 
hyperextend the toes or place pressure along the calcaneal 
tendon. Because the results of this application were rather 
dramatic, these factors do not appear to be as critical as 
clinicians have accepted. Johnstone, in her advocacy of the 
use of air pressure splints, also believes that the maintenance 
of reflex inhibiting positions is the key to reducing tone.8 Air 
splints and plaster casts, however, incorportate two other 
characteristics, neutral warmth and total even pressure; these 
may be equally if not more important than position. These 
characteristics may act to reduce the cutaneous sensory input 
to the spinal cord, thus decreasing the level of excitability of 
alpha or gamma motoneurons. The work of Sabbahi et al 
may support this concept.9 They applied topical anesthesia to 
reduce cutaneous input in the limb exhibiting hypertonicity 
and reported an increase in ROM of the joints of that limb. 
They interpreted the increased ROM as a result of a decrease 
in the sensitivity of the muscle spindles to phasic stretch. 
Researchers have established that cutaneous input contributes 
to the level of excitability in the spinal cord, either directly or 
by the lateral reticular formation.10 Applying neutral warmth 
and constant pressure may cause thermal receptors and rap
idly adapting tactile receptors to turn off, thereby reducing 
the influence on the excitability of interaeurons or motoneu
rons or both. This decrease in excitability, in addition to the 
static joint position and muscle length that would have a 
similar effect, may cause the marked reduction in tone that 
we reported in this case and others have reported previously.7,8 
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It is interesting to note that after cast application, the patient 
demonstrated more spontaneous motion on the left side, 
although the SEP resulting from stimulation of the left side 
of the body remained slightly abnormal. The patient failed to 
develop voluntary movement on the right side despite a 
normal SEP on the left. This failure may be accounted for by 
the pontomesencephalic partial lesion of the dorsal brain 
stem. This improvement in motor function on the left, despite 
continued abnormal cortical SEPs on the right, supports the 
notion of a peripheral effect of casting at the subcortical level. 

SUMMARY 

The patient in this report sustained a closed-head injury. 
Within six days of the injury, he demonstrated generalized 
hypertonicity accompanied by alternating strong decerebrate 
and decorticate posturing. By Day 10 after injury, normal 
passive ROM could no longer be maintained using neuro-
physiological therapeutic techniques. Therefore, we applied 
plaster casts to both ankles. Within 24 hours of cast applica
tion, the patient's general hypertonus had decreased, and by 
72 hours after casting, the patient demonstrated seemingly 
purposeful movements of the left extremities. Although casts 
have been used previously to maintain ROM or decrease 
contractures and to improve balance of muscle function of 
the joint that was immobilized,2,4 we believe that the marked, 
generalized reduction in tone in body segments far removed 
from the ankles was an important clinical observation. We 
explored several possible mechanisms for these observations. 

Because the usual casting conditions for reflex inhibition were 
not obtained with this patient, other factors were suggested to 
be important: total even pressure and neutral warmth. Re
search is currently in progress at the Medical Center Hospital 
of Vermont to study further the effects of plaster casting and 
to understand the mechanisms underlying the effects. 
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