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INTRODUCTION 
In 1895 , the G e r m a n phys ic i s t W i l h e l m 

K. R o e n t g e n d i scovered x-rays. The sub ­
s e q u e n t era saw an exp los ion of medical 
k n o w l e d g e and m a n y l ively con t rovers ies 
over credi t for var ious d i scover ies . No t the 
least o f these w a s over w h o should rece ive 
credi t for de sc r ib ing o s t eochondros i s of 
the h i p and for di f ferent ia t ing it from tu­
be rcu los i s of the h ip . E c h o e s of the con­
t roversy can b e found even today i n its 
more popular n a m e : Legg (1910) , Calve 
(1910) , Pe r thes (1910) , Wa ldens t rom (1909) 
d i sease . T h i s is more c o m m o n l y shor tened 
to Per thes d i sease or Legg-Per thes d i sease , 
or even a b b r e v i a t e d as L C P D . 

To th is day the e t io logy of L C P D is o b ­
scure , and over the years n e w t reatment 
t e c h n i q u e s have evolved . T h i s paper is in­
t ended to explore s o m e of these i ssues from 
the po in t of v i ew of the cl inical or thot is t , 
w i t h par t icular e m p h a s i s b e i n g g iven to 
ambula to ry non-surg ica l t rea tment and to 
s o m e of the var ious o r thoses used . 

THE DISEASE 
Legg-Ca lve -Pe r thes d isease is desc r ibed 

as se l f - l imi t ing avascular nec ros i s of the 
ep iphysea l cen te r of the h i p and of id io­
path ic o r i g i n . 1 It i s sa id to affect four t imes 
as m a n y boys as gir ls (it is sa id , howeve r , 
to b e more severe in gi r ls ) , a n d w h i l e it may 
occur any t ime b e t w e e n the ages of two and 
15 , the m a x i m u m inc idence is b e t w e e n the 
ages o f f ive and seven . Bi lateral involve­
men t occurs in 10 -15 percen t o f the cases 
seen , a n d there is apparent ly a relat ively 
low i n c i d e n c e a m o n g b lacks . 

It has b e e n conc luded that there is no t a 
gene t ic factor in the major i ty of pa t ien t s 
bu t that pa t ien ts w i t h L C P D in general are 
unde r s i zed and of de layed skeletal matur ­
i ty for the i r a g e . 2 , 3 , 4 

L C P D is sa id to p roceed in four phase s : 
• Fo l lowing in te r rup t ion of the b l o o d 

supply, g rowth in the ep iphysea l cen te r 
ceases and b o n e d i e s . T h i s pe r iod las ts a 
pe r iod of m o n t h s or in s o m e cases longer 
than a year , and is cal led the qu ie t phase , as 



the ch i ld is pain-free and no deformity 
takes p lace . 

• B lood supply to the involved area is 
r ees t ab l i shed and o ld b o n e is r e sorbed 
wh i l e n e w b o n e is depos i t ed . T h e n e w 
b o n e is mal leable and r e sponds in shape to 
the forces exer ted u p o n it . D u r i n g th is 
p h a s e pa tho log ic fractures of the subschondral b o n e or sub luxa t ion of the h i p 
m a y occur . It i s also dur ing th is p h a s e that 
the chi ld is seen . H e m a y walk wi th an 
antalgic or painful gait and complain of pain 
or t ende rness of the h i p . In s o m e ins t ances , 
the pa in m a y be referred to the knee . The re 
is d i suse a t rophy of the p rox imal th igh a n d 
l imi ta t ion of m o t i o n abou t the h i p involv­
ing abduc t ion and internal ro ta t ion. T h i s 
pe r iod lasts from o n e to four years . 

• B o n e resorpt ion ceases and b o n e de­
pos i t i on con t i nues . T h e n e w b o n e is still 
mal leab le . 

• The final phase is a res idual pe r iod 
fo l lowing hea l ing . If the j o in t has b e e n 
sub jec t ed to abnorma l forces and jo in t in­
congru i ty has occur red , degenera ted j o in t 
d i sease m a y eventual ly deve lop . 

M c A n d r e w and W e i n s t e i n eva lua ted the 
cond i t i on of 37 affected h ips in 35 pat ients 
w h o h a d b e e n d i agnosed as h a v i n g L C P D . 5 
All pa t ien t s had b e e n seen at the U n i v e r ­
s i ty of I o w a Hosp i ta l s and the ini t ia l d iag­
n o s i s w a s m a d e b e t w e e n 1920 and 1940. At 
the t ime o f follow up , the pa t ients on the 
average w e r e 56 years old and the authors 
conc luded that 50 pe rcen t of the pa t ien t s 
had d i sab l ing os teoar thr i t i s . T h e authors 
also po in t ed out that the preva lence of pa in 
and dysfunct ion in th i s pat ient group w a s 
ten t imes that in the general populat ion in 
the s a m e age group. 

In two recen t ar t icles Sal ter , e t . a l . , c i t ing 
recen t research , conc luded that L C P D i s a 
complicat ion of avascular necrosis of the 
femoral h e a d . 6 , 7 A painful subchondra l 
fracture marks the ini t ia t ion of L C P D , and 
resorp t ion of b o n e occurs in the reg ion 
unde r the fracture. T h e extent of the frac­
ture , therefore , i s of p rognos t i c value in 
p red ic t ing the extent and course of the d is ­
ease . In the a b s e n c e of a pa thologica l frac­
ture , the authors conc luded that an inc i ­
dence o f avascular nec ros i s reso lved wi th ­
out the addi t ional compl ica t ion of L C P D . 

TREATMENT 
In the past , a var ie ty of t rea tment me th ­

ods have b e e n used w i t h apparent ly indif­
ferent resul ts . In genera l these ear l ier 
s c h e m e s a t t empted b y o n e m e a n s or 
ano the r to put the h i p at rest . B e d rest , 
s l ings to ho ld the leg off the g round , and 
K n e e Ankle Foot O r t h o s e s w i t h pat ten 
b o t t o m s and ischia l w e i g h t - b e a r i n g b r i m s 
have all b e e n t r ied . C o n t e m p o r a r y m e t h ­
ods of t rea tment in genera l have b e e n de­
s igned to exploi t the C o n t a i n m e n t T h e o r y 
of t rea tment . 

T h i s concep t ho lds that if the d i seased 
h i p is he ld sea ted in the ace t abu lum w i t h 
the femoral h e a d covered as m u c h as pos ­
s ib l e , then the plast ic or mal leable n e w 
b o n e wil l no t b e sub jec t ed to de forming 
forces. T h e resul t is that the ch i ld can b e 
permi t ted full w e i g h t - b e a r i n g , a n d act ivi ty 
dur ing the hea l ing p rocess and the femoral 
head wil l r ema in congruen t . In teres t ingly 
e n o u g h , two authors a t t r ibute the concep t 
invo lved to a gen t l eman b y the n a m e of 
A . O . Parker , a n d state that it w a s int ro­
duced in 1 9 2 8 - 2 9 . 7 , 8 , 9 The des i red pos i t ion 
involves abduc t ion a n d internal ro ta t ion of 
the femur . A variety of t e c h n i q u e s have 
b e e n deve loped to m a i n t a i n th is pos i t i on . 

At least two different surgical t e c h n i q u e s 
have b e e n de sc r ibed to address the prob­
l e m . 7 I n o n e , the Sal ter i n n o m i n a t e os teo t ­
omy , the pe lv is is cut and w e d g e d so as to 
r epos i t ion the ace t abu lum over the h e a d of 
the femur . In the o ther , an o s t e o t o m y of the 
femur is pe r fo rmed and it is w e d g e d to 
create a pos i t ion of va rus a n d in ternal rota­
t ion. W h i l e bo th p rocedures have thei r ad­
voca tes , suppor ters o f femoral o s t eo tomy 
ho ld that it affects pr imar i ly the d i s e a s e d 
s egmen t , that it c rea tes a more funct ional 
b i o m e c h a n i c a l r e l a t ionsh ip , a n d that the 
ve ry fact that the femur is sec t ioned has 
favorable impl i ca t ions for the vascular 
supply, and thus the course of the d is ­
e a s e . 1 0 , 1 1 Problems of complicat ions sec­
ondary to surgery are apparently qui te low, 
bu t , as w i th all surgery, mus t b e cons id ­
ered . Advoca te s of surgery hold that once 
the os t eo tomy hea l s , the chi ld i s free to 
r e sume a normal life u n e n c u m b e r e d w i t h 
an o r thos i s . S o m e parents may prefer the 



Figure 1. Craig Bar. 

shor ter t r ea tment t ime of surgery , whi le 
o thers m a y fear the poss ib i l i ty of compl i ­
ca t ion a n d prefer or thot ic t rea tment . T h e 
u l t imate dec i s ion is one to b e m a d e b y the 
parents in consu l ta t ion w i t h the surgeon . 

ORTHOTIC TREATMENT* 
O n e o f the first of the var ious o r thoses 

des igned to exploi t the c o n t a i n m e n t pr in­
ciple is the Cra ig B a r . 1 2 Th i s compr i ses a 
metal ba r c o n n e c t e d media l ly to the pa­
t ien t ' s s h o e s b y s t i r rups and ankle j o in t s 
(F igure 1 ) . T h e ankle j o in t s are modi f ied to 
b lock external ro ta t ion and the shoes are 
w e d g e d to hold the sub-talar j o in t s in neu ­
tral. T h e bar is l ong e n o u g h to produce 
abduc t ion of the h ips a n d this fact, i n c o m ­
b i n a t i o n w i t h the a l ignment of the ankle 
j o i n t s , c rea tes the pos i t ion of con ta inmen t . 
W r i t i n g in 1963, Cra ig and h i s col leagues 
desc r ibed the o r thos i s as b e i n g used s u b ­
s e q u e n t to cas ts u sed to create the s a m e 
pos i t ion . It would s e e m that the Cra ig Bar 
has neve r ga ined w idesp read use despi te 
its ex t reme s impl ic i ty , and undoub ted ly 
th i s is due in part to p rob lems of g round 
c learance and c o s m e s i s assoc ia ted wi th a 
r igid bar a t tached to the shoes . 

T h e n a m e m o s t c o m m o n l y assoc ia ted 
wi th casts for the t reatment of L C P D is, of 

cour se , Pe t r ie . Petr ie a n d B i t e n c desc r ibed 
in 1971 the i r exper i ence t rea t ing s o m e 60 
ch i ldren u s i n g bi lateral long leg cas ts and 
" b r o o m s t i c k s " to pos i t ion the h ips in a b ­
duct ion and internal r o t a t i o n . 1 3 T rea tmen t 
o f an ind iv idua l b e g a n w i t h hospi ta l iza­
t ion and b e d res t w i t h t rac t ion , i f n e c e s ­
sary, to re l ieve the muscula r s p a s m a n d 
o b t a i n the des i red pos i t ion o f cor rec t ion . 
In cases o f severe abduc t ion cont rac ture , 
traction w a s pro longed or abductor tenot­
o m i e s w e r e per formed. W h e n the des i red 
pos i t ion , 45° of abduc t ion and five to 10° 
internal ro ta t ion in each h i p w a s e s t a b ­
l i shed , cas ts w e r e appl ied and the pat ient 
w a s d i s c h a r g e d h o m e to w a l k w i t h 
c ru tches . 

Every th ree to four m o n t h s , the pat ient 
w a s readmi t t ed for removal o f the cas ts , 
mob i l i z a t i on exe rc i ses , x- rays , a n d reapplication o f the cas ts . T h e p rocess w a s t hen 
repea ted unt i l hea l i ng w a s comple t ed . T h e 
average course o f t reatment w a s 19 mon ths , 
and Pet r ie a n d B i t e n c ' s resul ts in 60 
cases of ch i ldren over five years of age were 
60 .3 pe rcen t g o o d , 30 .9 pe rcen t fair, and 8.8 
percent poor . 

T h e y compared* th is to a ser ies o f 108 
cases o f ch i ldren t reated w i t h r e c u m b e n c y 
(the phrase they use is " a v o i d a n c e of 
w e i g h t - b e a r i n g , " w h i c h , from the contex t 
in w h i c h it i s used , is taken to m e a n b e d 
rest) . T h e results o f this ser ies were 48 .1 
pe rcen t g o o d , 16.7 percent fair, a n d 35 . 2 
percent poor . 

T h i s course of t rea tment w i t h its great 
d e m a n d s u p o n hospi ta l resources and the 
need for r ig id c o n t a i n m e n t of the legs in 
heavy casts is obv ious ly not particularly 
satisfactory. As a c o n s e q u e n c e , a l ternat ive 
m e a n s to ach ieve the s a m e e n d have b e e n 
deve loped . 

O n e o f the first o f these w a s the Toronto 
O r t h o s i s , in i t ia l ly deve loped in 1 9 6 6 - 6 7 . 1 4 

T h i s device he ld the pat ient ' s lower l i m b s 
i n the des i r ed pos i t ion b y m e a n s of th igh 
cuffs a t t ached to the shoes b y a metal 
f ramework (Figure 2 ) . T h e frame w a s ar­
t icula ted w i t h ball j o i n t s a l igned to pe rmi t 
knee f lexion and thus s i t t ing. T h e soles of 
the s h o e s were m o u n t e d on w e d g e d b locks 
at a 45° angle relat ive to the floor in the 
frontal plan. A commerc ia l ve r s ion o f th i s 

*The trilateral orthosis is not discussed as it was considered in 
some detail in: "Fabrication and fitting instructions: Trilat­
eral Perthes Orthosis," Orthotics and Prosthetics, Vol. 37, No 
4, 1983, pp. 24 - 3 3 . 



Figure 2. Toronto Orthosis. 

Figure 3. Contemporary commercial version of the 
Toronto Orthosis. 

or thos i s , a l tered s o m e w h a t in s t ructure to 
facili tate cons t ruc t ion and post- f i t t ing ad­
j u s t m e n t s , have b e e n avai lab le s ince abou t 
1969 (Figure 3 ) . T h i s o r thos i s a ccompl i shes 
the s a m e e n d as the Petr ie cas t and i s un­
doub ted ly m u c h eas ie r for eve ryone to l ive 
wi th . H o w e v e r , the s a m e ob jec t i ons as to 
c o s m e s i s a n d use o f c ru tches exis t . 

T h e N e w i n g t o n o r thos i s is very s imi ­
lar in des ign and was developed at about the 
s a m e t ime (Figure 4 ) . Cur t i s , et . al . ap­
parent ly in i t ia ted the i r p rogram o f am­
bula tory t rea tment o f L C P D in 1965 w i t h 
Petr ie cas ts , and very soon resorted to the 
use o f the N e w i n g t o n o r t h o s i s . 1 5 K i n g , et . 
al. g ives the date for first use o f the o r thos i s 
as 1 9 6 8 . 1 6 In any even t , the o r thos i s c o m ­
p r i s e d a n o n - a r t i c u l a t e d r i g i d m e t a l 
f ramework w i t h over laps and mul t ip le 
screw ho les for ad jus tment . To th i s frame 
w e r e a t tached V i t r a thene media l shel ls to 
suppor t the pa t ien t ' s knees and legs . Nu­
m e r o u s cuffs and straps secured the pa t ien t 
to the o r thos i s . T h i s o r thos i s w a s u sed 
dur ing the day- t ime hours . For s leep ing , 
s imple l igh tweight plastic poster ior shells 
were used to hold the legs in the des i red 
pos i t i on . Cru tches w e r e necessa ry for 
wa lk ing . C o m p o n e n t s for the o r thos i s 
were commerc ia l ly avai lable for a t i m e , bu t 
have b e e n d i scon t inued . 

Cur t i s , e t . al.* ut i l ized an ini t ia l pe r iod of 
hosp i ta l i za t ion and t ract ion to es tab l i sh 
the des i red pos i t ion o f abduc t ion a n d 
internal ro ta t ion . X- rays and a r thrograms 
were u s e d to de t e rmine coverage of the 
femoral h e a d a n d the a m o u n t o f angula t ion 
necessa ry to e s t ab l i sh m a x i m u m coverage . 
In m o s t i n s t ances 45° w a s neces sa ry bu t in 
s o m e cases p roved to b e too m u c h . In all 
pat ients the h ips w e r e pos i t i oned no t in 

*In comparing these results of other authors cited in the 
article, due caution should be taken in drawing any conclu­
sions. Various authors frequendy differ in their assessment 
techniques and grading criteria. Therefore, direct compari­
sons are difficult and misleading. 



Figure 4. Newington Orthosis. 

m a x i m u m poss ib l e abduc t ion , bu t rather 
in t en degrees less in order to avoid pa in 
and synov i t i s assoc ia ted w i t h the hips 
b e i n g pos i t i oned in m a x i m u m abduc t ion . 

T h e authors r e v i e w e d thei r results in 
n i n e t e e n cases . S ix ty - th ree pe rcen t of the 
s tud ies w e r e c lass i f ied as hav ing good 
resul ts , 21 pe rcen t w e r e l is ted as fair, and 
16 pe rcen t were poor . M e a n age for onse t of 
s y m p t o m s w a s e ight years , one mon th . 
M e a n age at t ime of hospi ta l iza t ion w a s 
e igh t years , six m o n t h s . Course of treat­
m e n t from hosp i ta l i za t ion to remova l of the 
o r thos i s averages abou t 20 m o n t h s . 

In 1980, K i n g , et. al. repor ted on the re­
sults of ten years exper i ence w i t h the 
N e w i n g t o n o r t h o s i s . 1 6 The i r sample group 
cons i s t ed of 56 pat ients (12 female , 44 
m a l e ) . A v e r a g e a g e at t h e o n s e t of 
s y m p t o m s w a s 7.1 years , w i th t rea tment 
in i t ia ted s o m e 4.3 m o n t h s later. After an 
ini t ial pe r iod of bedres t , t ract ion, and casts 
las t ing on the average 2 .2 m o n t h s , or thot ic 
w e a r c o m m e n c e d and lasted some 16.8 
m o n t h s . The m e a n fol low-up per iod from 
onse t of s y m p t o m s w a s 5 .2 years , and on 
the average the ch i ldren were 12 .3 years old 
at the t ime of fol low-up evaluat ion . Resul t s 
were cons ide red g o o d in 32 pe rcen t of the 
cases , fair in 39 percent , and poor in 29 
percen t . 

K i n g and h i s co l leagues also evaluated 
the resul ts of t reat ing s o m e n i n e pat ients 
w i th the Sco t t i sh R i t e Or thos i s . Average 
age w a s 7.8 years , average t i m e w e a r i n g 
the o r thos i s w a s 13.5 m o n t h s , a n d t ime of 
fol low-up w a s no t g iven . S ix h ip s w e r e 
classif ied as good , two as fair, and n o n e as 
poor . W h i l e su i tab ly cau t ious in d rawing 
any conc lus ions from such a small popula­
t ion , the authors felt that the Sco t t i sh Ri te 
O r t h o s i s gave super ior results . 

T h e y a t t r ibuted these super ior resul ts to 
the fact that wh i l e b o t h or thoses ma in ­
ta ined the pos i t ion of cor rec t ion , the Sco t ­
t ish Ri te O r t h o s i s w a s more conduc ive to 
active m o t i o n of the h i p j o in t s . S i n c e ana­
tomical s tud ies have shown that any one 
t ime w h e n less than 50 percent of the ar­
t icular surface of the femoral head is con­
ta ined in the ace t abu lum, areas of h igh 
pressure and deformi ty are l ikely to result 
from long per iods of i m m o b i l i z a t i o n i n one 
pos i t ion . T h e y felt that the Sco t t i sh R i t e 
O r t h o s i s w i t h its inc reased m o t i o n , par­
t icularly t ransverse ro ta t ion , avo ids these 
p r o b l e m s . In addi t ion to the reasons c i t ed 
b y K i n g and h i s co l leagues , the effects of 
inc reased pat ient accep tance and c o m p l i ­
ance canno t b e d i scoun ted . 



Figure 5. Original Scottish Rite Orthosis. Also known as the Lovell or Atlanta Orthosis. 

Figure 6. Commercial version of the Scottish Rite Orthosis with telescoping bar and universal joints at each end. 



Figure 7. Updated version of the Scottish Rite Orthosis with aluminum thrust bearing hip joints and no telescop­
ing bar. 

T h e Sco t t i sh Ri te O r t h o s i s w a s de­
ve loped ini t ia l ly in 1971 at the Scot t i sh Ri te 
Hosp i t a l for Cr ipp led Chi ld ren in At lanta 
and revised in 1 9 7 4 . 1 7 , 1 8 As used at the Scot­
t ish Ri te Hospi tal , the or thosis is fabricated 
w i t h a meta l pelvic b a n d and h ip jo in t s 
w i th the distal upr igh t of the j o in t s ab ­
duc ted (F igure 5 ) . Med ia l upr ights are con­
nec t ed to the lateral upr igh t s w i t h poster ior 
b a n d s and c o n n e c t e d to each o ther b y a 
t e l e scop ing rod w i t h two w a y j o in t s at each 
end . Lea the r th igh cuffs and a pelvic bel t 
comple te the o r thos i s . 

A commerc ia l ve r s ion of the o r thos i s is 
essent ia l ly the s a m e except that plast ic 
th igh cuffs are subs t i tu ted for the lea ther 
cuffs, e l imina t ing the n e e d for the four 
pos te r ior b a n d s (Figure 6 ) . In addi t ion , 
universal bal l j o i n t s are used on the e n d s of 
the t e lescop ing rod ins t ead of the two-way 
jo in t s u sed in the At lanta vers ion . S ince its 
in t roduc t ion , th i s ve r s ion o f the o r thos i s 

has a t ta ined a cons ide rab l e measu re of suc­
cess w i t h a m i n i m u m of repor ted b reakage 
or fai lure. 

In 1982, a n e w ve r s ion w i t h different 
j o in t s w a s in t roduced (Figure 7 ) . A l u m i ­
n u m h ip j o i n t s in two s izes and w i t h thrust 
bea r ings in the j o in t s are u t i l ized . In addi­
t ion the ini t ia l abduc t ion ang les are mi l led 
in to the distal upr igh t , as i s the offset angle 
in the p rox imal upr ight . T h i s m i n i m i z e s 
the a m o u n t of con tour ing to w h i c h the 
jo in t s n e e d to b e sub jec t ed , and thus the 
a m o u n t o f s t ress in t hem . T h e c o m b i n a t i o n 
of the two factors, thrust bea r ings and 
mi l led con tours , m e a n s that it is poss ib le to 
e l imina te the t e l e scop ing rod b e t w e e n the 
pa t ien ts ' k n e e s . Consequen t ly , the chi ld 
can w e a r the o r thos i s b e n e a t h h i s c lo th ing 
and the fabr ica t ion procedure is s impler . 
M a i n t e n a n c e and b reakage have not b e e n a 
p rob lem s ince the in t roduc t ion of th is 
j o in t . 



Purv i s , e t . al. repor ted on the results of 
their ser ies in 1 9 8 0 . 1 5 Forty-one pat ients 
had comple ted treatment , w i th 78 percent 
r epor t ing g o o d or fair results . T h e average 
age at the state o f t rea tment w a s six years , 
eight mon ths , and the orthosis w a s worn for 
an average pe r iod of 18 .9 m o n t h s , w h i c h 
inc luded a w e a n i n g pe r iod o f s o m e six 
m o n t h s . 

T h e authors s t ressed the impor tance of 
o b t a i n i n g 40°-45° of b i la tera l h i p abduc t ion 
to p rov ide coverage of the femoral heads , 
and s tated that sat isfactory t rea tment re­
sults could not b e assured wi thou t ade­
qua te range of m o t i o n in the h i p s . A s de­
s c r ibed b y Petr ie and Cur t i s , b e d rest and 
t ract ion are u s e d to ob ta in the proper pos i ­
t ion and , i f necessa ry , pe rcu taneous ad­
ductor longus t eno tomies . T h e authors 
no t ed further that w h i l e internal ro ta t ion 
cont ro l w a s no t pos s ib l e , the ch i ldren 
t reated t ended to adopt a pos i t ion of h ip 
f lexion w h i c h inc reased coverage of the 
femoral head . 

SUMMARY 
T h e genera l features of L C P D and as­

pec ts of i ts or thot ic m a n a g e m e n t have b e e n 
d i scussed . T h e con tempora ry pe r iod in the 
or thot ic t rea tment o f the d isease can b e 
sa id to have b e g u n w i t h the p romulga t ion 
o f the C o n t a i n m e n t Theory . D e v i c e s for the 
explo i ta t ion of th is theory h a v e evolved 
from the or ig ina l Petr ie casts of the 1950's to 
the Sco t t i sh Ri te O r t h o s i s o f the 1970 's . 
W h i l e a var ie ty of different or thot ic de­
s igns are used to treat L C P D , i n genera l it 
w o u l d s e e m that the Scot t i sh R i t e O r t h o s i s 
affords sat isfactory cor rec t ion , w h i l e still 
r ece iv ing be t te r pat ient acceptance than 
some of the o ther des igns . 
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