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INTRODUCTION 
T h e funct ional ob jec t ive o f a n y cervica l 

o r thos i s is to l imi t u n w a n t e d cervical sp ine 
m o t i o n . 1 M o t i o n control at the cervica l 
sp ine is sought to amel io ra te an array of 
p r o b l e m s w h i c h vary in e t io logy a n d se 
ve r i t y . 6 Spec i a l cervical or thot ic r equ i re 
m e n t s m a y inc lude o n e or m o r e o f the fol
lowing : r ea l ignment o f the cervical s p i n e , 1 

m o t i o n control in f lexion, ex tens ion , an
ter ior or pos te r ior d i sp lacement , lateral 
f lexion, axial ro ta t ion, a n d m o d e s t un-
w e i g h t i n g o f the v e r t e b r a e . 1 , 7 S o m e c o m 
m o n prescr ip t ion cr i ter ia for u se of a cer 
vical o r thos i s a re : pos t surgical m a n a g e 
m e n t , i m m e d i a t e pos t - t r aumat ic m a n 
a g e m e n t , sub luxa t ions , degenera t ive d is 
eases , a n d m a n a g e m e n t o f pa in secondary 
to a mul t i tude o f d i s o r d e r s . 1 , 2 , 6 , 8 E a c h 
d isorder m a y requ i re o n e or m o r e specif ic 
funct ions from a cervical o r thos i s . 

In r e sponse to the different e t io logical 
factors a n d va r ious m a n i f e s t a t i o n s o f 
p rob l ems , m a n y ca tegor ies a n d types of 
cervical o r thoses h a v e b e c o m e avai lable to 
the o r t h o t i s t . 1 , 3 , 4 , 5 , 6 T h e t rends ind ica te a 
preference toward u s ing prefabr ica ted de
s igns w h e n e v e r p o s s i b l e , 9 a n d this ha s 
mo t iva t ed manufac turers to des ign a n d 
marke t m a n y prefabr ica ted cervical o r tho
ses . M o s t prefabr ica ted cervical o r thoses 
al low for m i n o r ad jus tments only, w i t h 

each hav ing its o w n inheren t advantages 
and d i sadvantages . 

Accord ing to J o h n s o n , 6 there a re four 
ca tegor ies o f cervical o r thoses . T h e s e are 
( in order from least to m o s t res t r ic t ive) the 
cervical collars, pos te r cervical o r thoses , 
cerv ico thorac ic o r thoses , a n d the ha lo 
skeletal f ixat ion or thos is . G i v e n the var ie ty 
of o r thoses ava i lab le , p resc r ip t ion ra t ion
ale inc ludes cons ide ra t ion o f funct ion, 
comfort , a n d cos t of the or thos is . 

Effect ive s tab i l i za t ion is pa ramoun t . 
H o w e v e r , w h e n a cervical or thos is needs to 
be w o r n for an ex tended pe r iod of t ime , 
comfort b e c o m e s an i ssue . Of ten , s o m e re
s t r ic t ive efficacy is sacr i f iced for th i s pur
pose . W h e n cervical sp ine ins tabi l i ty is no t 
apparent , the collar types are m o s t fre
quent ly the first cho i ce for use . T h e col lar 's 
k ines the t i c r eminde r proper ty plays an 
impor tan t role in l imi t ing mo t ion abou t the 
cervical s p i n e . 1 

In e m e r g e n c y s i tua t ions w h e n suppl ies 
mus t be ma in t a ined , ease o f appl ica t ion 
and cos t are impor tant . In v i ew o f th is , the 
collar types have b e e n w ide ly u s e d by 
pa ramed ics for immed ia t e pos t - t raumat ic 
cervical sp ine m a n a g e m e n t . 1 0 H o w e v e r , it 
is k n o w n that collars are i nadequa te for 
c o n t r o l l i n g c e r v i c a l s p i n e i n s t a b i l i t y . 
Pa ramed ics wi l l ut i l ize sand bags a b o u t the 
in jured body, part icularly the h e a d and 
neck , a n d tape the head to an under ly ing 



Figure 1. (From left to right) The Philadelphia Collar, Nec-Lok®, and Soft Foam Collar. 

board . T h e s e ac t ions supp lemen t the in
adequac i e s o f the var ious collars. 

M a n y s tudies have b e e n conduc ted o n 
the popular cervical o r t h o s e s . 2 , 4 , 5 , 6 T h e s e 
s tudies have explored the relat ive m o t i o n 
control in the three ana tomica l p lanes . 
D o c u m e n t a t i o n of m o t i o n in the sagit tal , 
coronal , a n d t ransverse p lanes have been 
pho tographed a n d roen tgenographed . T h e 
results are p resen ted as percentages of m o 
t ion res t r ic ted w h e n compared to the nor
mal r a n g e e x h i b i t e d by t h e ce rv i ca l 
s p i n e . 4 , 5 , 6 In a d d i t i o n , t h e m e c h a n 
ics of m o t i o n at each indiv idual ver te
bral level from the occ ipu t th rough T-1 
h a v e b e e n e x p l o r e d . 5 , 1 1 In all , docu
men ta t i on o f m o t i o n in the three ana tomi 
cal p lanes has p rov ided suff icient infor
ma t ion in de t e rmin ing the or thoses overall 
ef fect iveness for control l ing m o t i o n o f the 
cervical s p i n e . 5 , 1 1 A secondary cons idera 
t ion is pa t ien t to lerance , w h i c h r ema ins 
s o m e w h a t s u b j e c t i v e a n d diff icul t to 
quantify. T h e or thot is t o b t a i n s th i s infor
ma t ion from pat ien t feedback, appearance 
o f the o r thos i s , a n d th rough trial fi t t ing the 
or thos i s , w h e n p o s s i b l e . 7 , 1 0 

T h e s e s tud ies are an excel lent compi la 
t ion o f in format ion for c o m p a r i s o n s o f cer 
vical o r thoses . H o w e v e r , there exis ts a 
n e e d to d o c u m e n t the n e w or thoses w i t h i n 
each category, s ince many n e w cervical 
o r thoses have been deve loped a n d mar
ke ted s ince the prev ious s tudies . It is the 
speci f ic ob jec t ive o f this report to evaluate 
one o f these n e w devices , the N e c L o k ( R ) cer

vical collar. T h e soft foam collar a n d the 
Ph i lade lph ia collar were u sed to es tab l i sh 
in ternal cr i ter ia for compar i son . 

To date , n o quant i ta t ive s tudy has b e e n 
conduc ted o n the NecLok® cervical o r tho
s i s . A sub jec t ive ana lys is b y the S ta te o f 
Ind iana E m e r g e n c y Medica l Se rv i ce C o m 
m i s s i o n h a s ra ted th i s cervica l col lar supe
r ior over o the r cervical col lars . Resul t s w e r e 
o b t a i n e d b y eva lua t ing the or thoses ac
co rd ing to the fol lowing cr i ter ia : s impl i 
ci ty, ea se o f c lean ing , immob i l i z a t i on 
qual i ty, e a s e o f appl ica t ion , cons t ruc t ion 
mater ia l , space n e e d e d for s torage , s izes 
avai lable , a n d manufac turer ' s who lesa le 
p r i c e . 1 0 

MATERIALS AND 
METHODS 

Ten subjec t s w e r e se lec ted , three female 
a n d s even ma le , w i t h a g e s vary ing f rom 24 
to 45 years . All sub jec t s h a d normal cervical 
sp ines w i th n o h i s to ry o f injury or d i sease . 
Each sub jec t w a s tes ted for cervical r ange o f 
m o t i o n in four t rea tment m o d e s : wea r ing 
n o o r thos i s and w e a r i n g each o f the th ree 
test o r thoses (Figure 1) . All the o r thoses 
w e r e fit accord ing to the manufac turer ' s 
r e c o m m e n d a t i o n s . 

B e c a u s e of the accuracy o f g o n i o m e t r y 
compared to roen tgenography has b e e n 
subs tan t i a ted by o t h e r s , 1 2 , 1 3 , 1 4 , 1 5 g o n i o m 
etry w a s u s e d on ly to m e a s u r e gross cerv i 
cal m o t i o n in th is s tudy. B y do ing th is , the 



Figure 2. Anterior/posterior motion measurement. 

high radia t ion exposures assoc ia ted wi th 
roen tgenography were avo ided . Also , the 
angular errors assoc ia ted wi th locat ing 
bo th gross ana tomica l landmarks and then 
convergent p ro jec t ions were avo ided . 

Each o f the 10 subjec t s was sea ted in a 
s tandard, s traight back chair and had thei r 
thoracic sp ine held aga ins t the cha i r back 
wi th the a id of a cus tom fabricated ches t 
apron . In addi t ion , each sub jec t w a s in
s t ructed to exert a consc ious effort to e l imi 
na te unnecessa ry mo t ion , thus reduc ing 
u n w a n t e d thoracic a n d l umba r sp ine m o 
t ion m i n i m i z i n g the in t roduct ion o f errors 
into the cervical mo t ion m e a s u r e m e n t s . 

For the purpose o f this paper , mot ion in 
the sagi t tal p lane is desc r ibed as anter ior/ 
pos ter ior mot ion . Prev ious s tud ies have 
indicated that dur ing an a t t empt to flex the 
cervical sp ine aga ins t mand ibu la r res t r ic
t ion, s o m e o f the lower cervical ver tebrae 
actually ex tend . In addi t ion , g l id ing m o 
t ion a m o n g the facets also con t r ibu tes to 
m o t i o n in th is p l a n e . 5 , 6 Lastly, f lexion and 
ex t ens ion occurs abou t m a n y axes and 
the reby con t r ibu tes to an te r io r o r pos te r ior 
d i sp lacement o f the s t ructures p rox imal to 
those axes . 

Anterior/Posterior Motion 
Anter io r /pos te r io r m o t i o n w a s m e a 

sured as s h o w n (Figure 2). An angular scale 
w a s pos i t ioned in the sagittal p lane closely 
a long the s ide o f each subjec t . Each subjec t 
w o r e a cus tom fabricated head halter w i th 
an indica tor need le a t tached (Figure 3) . T h e 
indica tor need le cou ld be a t tached to var i 
ous s i tes on the ha l ter to a ccommoda te the 
o ther m e a s u r e m e n t s . T h e indica tor need le 
t raversed the scale dur ing the r ang ing o f 
the cervical s p i n e a n d p inpo in t ed the m a g 
n i tude of angular mo t ion . T h i s a l lowed for 
a visual obse rva t ion o f an arc, dep ic t ing 
two e n d po in t s o f the full r ange o f m o t i o n 
for that subjec t . T h e s tudy goal w a s to o b 
tain the sub jec t ' s full arc m e a s u r e d in de
grees (Figure 4) . 

Each of the 10 sub jec t s were ins t ructed 
on a p rocedure for a l lowing their neck to 
flex forward to the e n d o f the i r range a n d 
then backward to the end of the extension 
range . T h e angular scale was marked at 

each e n d po in t o f cervical sp ine m o t i o n . 
Th i s p rocedure w a s repeated three t imes in 
each d i rec t ion . 

T h e platen wi th scale was cal ibrated in 
two degree increments . A camera w a s 
diametr ical ly pos i t ioned from the scale to 
d o c u m e n t the f indings on film. A te lephoto 
lens w a s ut i l ized in an a t tempt to m i n i m i z e 
errors created by parallax b e t w e e n the in
d ica tor needle and angular scale . Each 
p h o t o g r a p h r e c o r d e d t h r e e da ta e n d 
poin ts , two of w h i c h were indicated on the 
angular scale wi th an ink marker ( tr iangle 
and square) , and the third was indicated 
with the needle prot ruding from the head 
halter. After it w a s de t e rmined that the 
difference of the three data poin ts were not 
statist ically s ignif icant ly different, they 
were averaged into a s ingle value repre
sen t ing o n e ex t reme range o f mot ion . T h i s 
procedure was repeated for each of the cer
vical collars used in this study. 



Figure 3. Head halter and indicator needle. 

Figure 4. Lateral flexion measurement. 

Figure 5. Axial rotation measurement. 

Lateral Flexion Motion 
T h i s tes t ing procedure w a s repeated for 

lateral f lexion. T h e angular scale was repo
s i t ioned b e h i n d the sub jec t ' s head in the 
coronal p lane as s h o w n (Figure 4) . T h e in
d ica tor needle w a s also repos i t ioned at the 
poster ior aspect of the head hal ter . T h e 
subjec t s were instructed to flex their necks 
laterally to the left, and then to the right. 
Th i s procedure w a s repeated for each of the 
var ious cervical or thoses tested. Pho to
graphs were taken in the same m a n n e r as 
desc r ibed above . 

Axial Rotation Motion 
Axial ro ta t ion was measured wi th the 

platen and scale repos i t ioned in the trans
verse p lane (Figure 5). T h e subjec t ' s indi
cator needle was also repos i t ioned , w h i c h 
a l lowed the needle to ex tend hor izontal ly 
from the anter ior aspect of the head hal ter 
and over the angular scale . The subjec ts 
w e r e ins t ructed to rotate their necks clock
w i s e and then coun te rc lockwise . T h i s pro
cedure was repea ted for all the cervical or
thoses tested. A mirror was posi t ioned at a 
45 degree angle over the sub jec t ' s head to 
facilitate pho tog raph ing the angular scale . 
Range o f mo t ion data were recorded in the 
same fashion as wi th anter ior /pos ter ior 
and lateral mot ion . 

RESULTS 
As indica ted , all the obse rva t ions w e r e 

recorded in a c o n t i n u u m of degrees . T h e s e 
m e a s u r e m e n t s desc r ibed an arc w h i c h rep
resen ted a total range o f mot ion for that 
subjec t , for each obs e rved ana tomica l 
p lane . T h e cervical sp ine w a s measu red as 
a who le uni t w i thou t cons ide ra t ion to the 
angula t ions at each ver tebral level . T h e 



Table 1. 



data w e r e s u m m a r i z e d b y m e a n s a n d stan
dard dev ia t ions a n d compared u s ing Anal 
ys i s o f Var iance . T h e Schef fe ' test w a s used 
to do the mul t ip le pa i red compar i son . T h e 
C R I S P Interact ive Stat is t ical Package w a s 
u sed for the stat ist ical p ro ced u re s . 1 6 

Axial Rotation 
Axial ro ta t ion in the t ransverse p lane ex

h i b i t e d the greates t difference a m o n g the 
individual t rea tment modes . T h e normal 
axial ro ta t ion m e a s u r e m e n t w a s 137.6 
( ± 1 0 . 8 ) degrees , unres t ra ined (Table 1 ) . 
T h e Soft F o a m collar res t r ic ted rota t ion to 
115 .7 ( ± 1 3 . 9 ) degrees , resul t ing in a 15 .92 
p e r c e n t r e s t r i c t ion f rom n o r m a l . T h e 
Ph i lade lph ia collar a l lowed 97.57 ( ± 2 0 . 2 ) 
degrees of axial rotation, which resulted in a 
2 9 . 9 pe rcen t res t r ic t ion. T h e NecLok® col
lar a l lowed 5 1 . 3 ( ± 1 7 . 6 ) degrees , w h i c h re 
sul ted in a 6 2 . 7 percent res t r ic t ion. T h i s is 
twice that o f the Ph i lade lph ia collar. T h e s e 
ini t ial th ree m e a s u r e m e n t s indica te a s ig
nif icant difference from o n e ano the r at 
p < . 0 5 (Table 1 ) . 

Anterior/Posterior Motion 
T h e average unres t ra ined anter ior /pos

ter ior cervical sp ine m o t i o n c o m p u t e d to 
99 .53 ( ± 1 5 . 7 ) degrees (Table 1 ) . T h e Soft 
F o a m collar 's restr ic t ive capabi l i ty m e a 
sured s l ight ly less than normal wi th 8 9 . 7 0 
( ± 1 5 . 6 ) degrees o f total mo t ion , a 9 .88 per
cen t res t r ic t ion . A sharp drop wi th the 
Phi lade lphia collar w a s obse rved w i t h 
52 .97 ( ± 8 . 7 ) degrees , 46 .78 pe rcen t o f nor
mal m o t i o n . T h e NecLock® had the greatest 
ab i l i ty to control a l lowing 37.07 ( ± 7 . 0 ) de
grees o f mo t ion , 6 2 . 7 6 percent o f normal 
mo t ion . All three collars w e r e stat ist ically 
a n d s i g n i f i c a n t l y d i f fe ren t f rom o n e 
ano the r w i th p < . 0 5 (Table 1 ) . T h e Soft 
F o a m collar d id no t d isplay a s ignif icant 
difference from the " n o t r ea tmen t" m o d e . 

Lateral Flexion 
Latera l f lexion m e a s u r e m e n t s revealed 

the least a m o u n t o f difference a m o n g the 
four m o d e s o f t rea tment (Table 1 ) . T h e un
restr ic ted m e a s u r e m e n t s had a m e a n arc o f 
76 .83 ( ± 1 2 . 8 ) degrees o f mo t ion . T h e Soft 
F o a m collar a l lowed 6 6 ( ± 1 1 . 7 ) degrees , or 

14 .10 percent effective res t r ic t ion from the 
normal range . T h e Ph i lade lph ia collar al
l owed s l ight ly less at 57.27 ( ± 1 4 . 6 ) degrees 
o f mo t ion , a 2 5 . 5 0 pe rcen t res t r ic t ion . T h e 
NecLok® averaged 43 .57 ( ± 9 . 1 ) degrees of 
total mo t ion , a 4 3 . 3 0 percent res t r ic t ion. In 
th i s p lane the Ph i lade lph ia and NecLok® 
collars w e r e s ignif icant ly different from n o 
or thos i s ( p < . 0 1 ) wh i l e the NecLok® was 
s ignif icant ly different from bo th the Soft 
F o a m a n d Ph i lade lph ia collar (p < . 0 1 ) . 

DISCUSSION 
T h e or thoses se lec ted for this s tudy are 

three c o m m o n l y u sed cervical o r thoses . 
T h i s s tudy verif ied o the r s tudies that have 
found cervical collars are less effective in 
control l ing cervical s p i n e m o t i o n t han the 
m o r e sophis t i ca ted ca tegory o f cervical 
o r thos i s (e .g . , SOMI ,® Guilford two poster , 
and ha lo ves t appara tus) . H o w e v e r the 
prevalent appl ica t ion o f cervical collars 
does ind ica te their impor t ance in t reat ing 
cases o ther than severe cervical s p i n e in 
s tabi l i ty . 

T h e Sof t F o a m collar demons t ra t ed a 
s igni f icant difference ove r n o t rea tment at 
all (Figure 6 ) . H o w e v e r , it offered very lit
tle immob i l i za t i on o f m o t i o n in the three 
p lanes w h i c h were s tud ied . T h i s collar 's 
major ef fec t iveness is der ived th rough its 
k ines the t i c r e m i n d e r capabi l i t i es to wi th 
d raw w h i c h are inheren t ly p resen t w i th 
wear . 

T h e Ph i lade lph ia collar offered s u b 
stantial ly be t te r immob i l i z a t i on than d id 
t he Soft F o a m collar (F igure 6 ) . H o w e v e r , 
its role in cervical sp ine immob i l i za t i on is 
s t i l l c o n s i d e r e d i n e f f e c t i v e . P r e v i o u s 
s tudies have sugges ted its well accep ted 
tolerance levels rather than its efficacy 
have g a i n e d this collar m u c h populari ty. 
In th is part icular study, it b e c a m e appar
en t that g o o d m a t c h i n g o f proper collar 
s i ze w i th pat ient , a n d proper appl ica t ion 
dur ing donn ing , p lays an impor tant role 
in mo t ion res t r ic t ion effect iveness . Axia l 
ro ta t ion immob i l i za t i on w a s the m o s t dif
ficult m o t i o n to control . T h i s w a s due to 
t he co l la r ' s soft m a n d i b u l a r suppor t , 
w h i c h the sub jec t s o f th is s tudy could 
ove rpower a n d occas iona l ly ex t end a n d 



planes w h i c h w e r e s tud ied . T h i s col lar ' s 
major ef fec t iveness is der ived th rough its 
k ines the t i c r e m i n d e r capab i l i t i e s to wi th 
draw w h i c h are inheren t ly p resen t w i th 
wear . 

T h e Ph i l ade lph ia collar offered s u b 
stantial ly be t te r immob i l i z a t i on than d id 
the Soft F o a m collar (F igure 6 ) . H o w e v e r , 
its role in cervical s p i n e immob i l i za t i on is 
s t i l l c o n s i d e r e d i n e f f e c t i v e . P r e v i o u s 
s tudies have sugges ted its wel l accep ted 
to lerance levels ra ther than its efficacy 
have ga ined th is collar m u c h populari ty. 
In th is par t icular s tudy, it b e c a m e appar
ent that g o o d m a t c h i n g o f p roper collar 
s ize w i th pat ient , a n d proper appl ica t ion 
dur ing donn ing , p lays an impor tant role 
in m o t i o n res t r ic t ion effect iveness . Axia l 
ro ta t ion immob i l i za t i on w a s the m o s t dif
ficult m o t i o n to control . T h i s w a s due to 
the co l la r ' s soft m a n d i b u l a r suppor t , 
w h i c h the sub jec t s o f th is s tudy could 
ove rpower a n d occas ional ly ex t end a n d 
lift over the p las tazote edge . T h e Phi lade l 
ph ia col lar ' s mos t effective control w a s o b 
served in the an te r io r a n d pos te r io r m o 
t ions , a co r robora t ion o f f indings in p re 
v ious s tudies . However , Johnson ' s s tudy 6 

indica ted an overall greater m o t i o n cont ro l 
for the Sof t F o a m a n d Ph i lade lph ia collars . 
T h e reason for th is difference is no t clear. 
T h e Ph i lade lph ia col lar 's overal l effect ive
nes s has also b e e n a t t r ibuted to its k i n e s 
thet ic p roper t ies . Its app l ica t ions appea r 
to be con t iguous w i t h that o f the Sof t 
F o a m collar . 

T h e NecLok® collar i m m o b i l i z e d the 
cervical sp ine subs tant ia l ly m o r e than the 
o ther two collars (Table 1 ) . It p roved to b e 
the super io r collar for immobi l i za t ion in 
all three p lanes w h i c h were s tud ied (Fig
ure 6 ) . All the sub jec t s pe rce ived the N e c -
Lock® to "fee l m o r e res t r i c t ive" than tha t 
o f the o ther two collars . T h e y c l a imed tha t 
it w a s less comfor table than the Phi lade l 
ph ia collar , ye t it w a s no t uncomfor tab le to 
wear . 

T h e NecLok® collar ha s b e c o m e popular 
a m o n g pa ramed ics because o f its advan
tages over the o the r cervical collars in its 
category. T h e NecLok ' s® a t t r ibutes inc lude 
the fo l lowing : i m m o b i l i z a t i o n charac 
ter is t ics , super ior ease o f d o n n i n g (may b e 

appl ied w i t h pa t ien t in any pos i t ion , 
w i thou t log rol l ing) , s imple des ign , a cut 
out for t racheotomy, and it s tores flat a n d 
compac t , m i n i m i z i n g s torage p rob l ems . In 
add i t ion it is easy to c lean, c o m e s in three 
prefabr ica ted s izes , a n d the pr ice is less 
than that o f the Phi lade lph ia c o l l a r . 1 0 

T h i s s tudy demons t ra tes the value o f 
ob jec t ive ly eva lua t ing n e w collars (cervical 
res t raints) as they are m a d e avai lable to 
the c o n s u m e r to a id in the se lec t ion pro
cess . 
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