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INTRODUCTION 
Immob i l i z a t i on in the del ivery of radia­

t ion therapy is one of the mos t s ignif icant 
p r o b l e m s assoc ia ted wi th t reat ing the p e ­
diatr ic onco logy pa t ien t . Ch i ld ren under 
the age o f three are often uncoopera t ive 
and afraid, r ender ing strict i m m o b i l i z a t i o n 
necessary . T h i s b e c o m e s cri t ical in the 
head and neck reg ion , especia l ly w h e n 
t reat ing a round the eye , w h e r e p rec i se lead 
b lock p l acemen t is impera t ive to protect 
unaffected t i s sue . A n u m b e r o f head pos i ­
t ion ing dev ices or molds are commerc ia l ly 
avai lab le , bu t w e have found that they 
e i ther r equ i re comple te seda t ion of the pa­
t ient , or are not reproduc ib le on a day-to­
day bas i s . Seda t ion often b e c o m e s a daily, 
t ime c o n s u m i n g process that mus t b e 
carefully coord ina ted for the ch i ld ' s safety, 
and to ensu re they arr ive ready for the i r 
schedu led therapy. In an effort to treat this 
group of pa t ien ts accurately and avoid or 
l imi t the use of seda t ion , a total b o d y re ­
straint sys tem w a s deve loped , u t i l iz ing a 
c o m b i n a t i o n of commerc ia l devices and a 
c u s t o m molded face mask . 

FABRICATION 
Dur ing the ini t ia l v is i t , the chi ld is fitted 

to the appropr ia te s ize commerc ia l c o m p o ­
nen t s and an impres s ion is taken of the 
head , neck, and s te rnum. In order to en­
sure accuracy of such a procedure it was felt 
necessa ry to sedate the pat ient , u s ing 
Chlora l Hydrate , to the point o f s leep . 

T h e ch i ld is first s t rapped into a Hug­
ger®* for immobi l i za t i on from the ches t 
down. The Hugger® is a pedia t r ic pos i ­
t ion ing aid used for rad iographic exams 
(Figure 1 ) . It cons i s t s of an acrylic base , 
foam insert wi th body shape relief, and 
Velcro® straps to a id in restraint . It is avai l ­
ab le in infant and chi ld s izes . S i n c e the 
head por t ion o f the Hugger® was too gen­
eral a shape for our purposes , it was cut off 
to a l low room for a v inyl covered , firm 
foam head and neck support** (Figure 2 ) . 

*The Hugger is manufactured by Contour Fabricators, Inc., 
Grand Blanc, Michigan 48439. 

**Head and neck support manufactured by Timo Industries, 
Pittsburgh, Pennsylvania 15230. 



Figure 1. (right) The 
Hugger. 

Figure 2. (left) Various sizes of head and neck 
supports. 

Figure 3. (right) 
Modified 

Hugger with 
head and neck 

support in place 
with Velcro® straps. 



Proper s ize shou ld be ut i l ized to insure 
accurate a l ignment of the head wi th the 
orbital meata l l ine perpendicular to the 
t ra tement table. T h e headres t should be at 
least as w i d e as the pa t ien t ' s head , o ther­
w i se remova l of the impres s ion is difficult. 
T h e base of the headres t is ou t l ined on the 
acryl ic base of the Hugger® a n d later se ­
cured wi th self adhe r ing Velcro® straps to 
ensu re cons i s t en t and secure pos i t i on ing 
for every t rea tment (Figure 3 ) . 

O n c e the head is res t ing in the des i red 
t rea tment pos i t ion , a deta i led plaster o f 
Par i s nega t ive impress ion is taken o f the 
face, throat , and s t e rnum (Figure 4) (other 
t e chn iques , such as a lginate or moulage 
migh t also be u s e d ) . 1 , 2 , 3 , 4 

A nylon s tock ing is placed over the head 
to separate a n d protect the ha i r from the 
plaster. Pe t ro leum jel ly can be used on ex­
posed sk in a n d on the s ides of the headres t . 
Deta i ls abou t the eyes , nose , and mou th 

are bes t mo lded by ut i l iz ing small s t r ips o f 
plaster bandage app l ied ini t ial ly o n e layer 
at a t ime and carefully b lended . A small a i r 
hole is left at the nost r i l s for b rea th ing . To 
f in ish the impress ion , tangent ia l s t r ips o f 
plaster bandage are run a long the s ides a n d 
c r o w n of the head d o w n to the acrylic base 
in such a manne r that the s ides o f the head­
rest are in t imate ly inc luded. Care mus t be 
taken not to run the plaster a round the 
poster ior part of the head , but on a tangent 
from the head to the headrest , in order to 
facili tate easy remova l of the nega t ive im­
press ion wi thout the n e e d to cut it. 

O n c e the negative impres s ion is set , the 
ch i ld is placed in a s i t t ing pos i t ion and the 
headres t is r e m o v e d . T h e s tock ing is then 
cut poster ior ly and the cast is r emoved . A 
pos i t ive mode l is then poured, set , a n d 
s m o o t h e d o f i r regular i t ies . A 3 / 1 6 " low 
dens i ty po lye thy lene shee t is then vacuum 
formed over the mode l a n d a l lowed to cool . 
T h e c o m p l e t e d i m m o b i l i z a t i o n sys t em 
before fine detail modi f ica t ion is s h o w n in 
F igure 5. 

P o l y e t h y l e r e was c h o s e n b e c a u s e it is 
ea s i ly v a c u u m f o r m e d , is t r ans lucen t 
e n o u g h to p ick up tr im l ines , and is f lexible 
e n o u g h to allow easy appl ica t ion to the pa­
t ient . It is also qu i te r ig id once fully con­
t a ined b y the head and secured w i t h 
s t raps . L o w dens i ty po lye thy lene can also 
b e cut w i th a sharp knife for deta i led tr im­
m i n g ou t s ide the labora tory (Surlyn® m a y 
b e a good cho ice o f mater ia l for future 
m a s k s , s ince it. shares m a n y o f the qua l i t ies 
o f low dens i ty po lye thy lene , plus it i s 
t ransparen t ) . 

T h e mask e n c o m p a s s e s the head and 
headres t down to an in te rsec t ion wi th the 
Hugger® acrylic ba se . Inferiorly, the plast ic 
ex tends across the c h i n and throat and 
d o w n the s t e rnum. T h e sternal ex tens ion 
al lows smoo th con t inu i ty across the throat 
and provides a po in t o f a t t achment for 
s t raps inferiorly. Vents are cut to allow 
b rea th ing through the nostr i ls , and an 
o p e n i n g out l in ing the l ips is helpful as a 
reference for p roper pos i t i on ing w i th in the 
mask . 

O p e n i n g s are m a d e on bo th s ides of the 
m a n d i b l e to allow manipu la t ion of the j a w 
w h i l e app ly ing the mask , and Velcro® 

Figure 4. Sedated patient in position while impres­
sion is taken. 



Figure 5. Three main pieces of the immobilization system before final fit. 

Figure 6. The positioning/restraint system on a patient. 



straps are a t tached to the acrylic base and 
mask in such a m a n n e r as to f i rmly secure 
the two. Sel f adher ing Velcro® can b e used 
whe reve r necessa ry to ma in t a in the in teg­
r i ty o f the Hugger® a n d headres t for future 
normal use ; metal fas teners are the reby 
avo ided . T h e ent i re sys tem in pos i t ion on a 
ch i ld is s h o w n in F igure 6. 

W i t h the res t ra int sys tem fully con­
st ructed, the s imula t ion and t rea tment 
p lanning process are ini t ia ted. S ince these 
p rocesses are lengthy, s o m e seda t ion may 
b e needed . Rad iog raphs , m e a s u r e m e n t s , 
and tumor vo lume are then def ined. Nor­
mally, marks are p laced on the sk in to serve 
as cons i s t en t reference po in t s ; howeve r , 
w i th the presen t sys tem, these marks can 
b e p laced on the mask . Pa t ien t and family 
are the reby spared from a cosmet i c and 
psycholog ica l po in t of v iew. T h i s also he lps 
in that pa t ien ts do not lose thei r skin marks 
from pe r sp i r a t ion or w a s h i n g . W h e n 
necessary , the shape o f the t rea tment field 
is cut out of the m a s k to allow the radia t ion 
b e a m to pass th rough wi thou t los ing skin 
spar ing (Figures 7 and 8 ) . After ca lcula t ions 
and t rea tment p l ann ing are comple ted , the 
pa t ien t is ready to beg in t rea tments . T h e 
t rea tments are re-crea ted or set up exact ly 
as ou t l ined in the s imula t ion . Figure 7. Close up of modified face mask. 

Figure 8. Immobilization system with treatment area cut out and reference marks on face 
mask. 



DISCUSSION 
P o s i t i o n i n g / R e s t r a i n t devices have b e e n 

m a d e for three ch i ldren ranging in age 
from six m o n t h s to two and one-ha l f years . 
T w o had the d i agnos i s of E w i n g ' s Sar­
c o m a , and the o ther had Re t inob la s toma . 
All three ch i ld ren w e r e very difficult to 
m a n a g e , afraid, and uncoopera t ive . 

Severa l advantages were no ted th rough­
out the course of t rea tments . Lateral op­
posed t rea tments could be ut i l ized wi th 
ease due to the head be ing he ld in the 
straight sup ine pos i t ion . S e t u p and treat­
men t t ime was also m i n i m a l due to the 
pa t ient ' s inabi l i ty to m o v e once pos i ­
t ioned, thus avo id ing any in ter rupt ions . In 
addi t ion , in case of pat ient dis t ress , the 
device can be easi ly a n d quickly r emoved , 
due to its s impl ic i ty and use of Velcro® 
straps. Portal films s h o w e d excel lent re­
produc ib i l i ty of the t rea tments wi th the 
use o f the res t ra in ing sys tem. T h e t reated 
area needed m i m i m a l adjus tment , and , in 
all three cases , ad jus tments were needed 
only twice dur ing the five a n d one half 
weeks of t rea tment . Each ad jus tment was 
0.5 cm or less . 

In summary , the total b o d y restraint 
sys tem w i t h face m a s k is a pract ical and 
effective m e a n s of t reat ing chi ldren under­
going radia t ion therapy. T h i s is suppor ted 
b y the improved accuracy of de l iver ing the 
radia t ion therapy and the need for m i n i m a l 
ad jus tments dur ing the course of therapy. 
Marks m a d e on the mask itself can be used 
for a l ign ing the t rea tment b e a m ins tead of 
mark ing the pa t ien t ' s skin. Lit t le or n o se ­
dat ion is necessa ry on a day- to-day treat­
m e n t ba s i s . F e w e r in te r rupt ions saved a 
great deal of t ime and effort b y eve ryone 
involved , thus m a k i n g the sys tem very cost 
effective and less t raumat ic to the pat ient 
and family. 
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