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Af  ph si l ical cr ss-sec nal area
A-Fd    an le- t d rsi e i n
AFO   an le- t rth sis
CP   cerebral pals

   chan es between c nsecu e  m nthl  assessments
EM    electr m raph

t- Nm   an le between tplate  the t a n  the hand-held  
  d nam meter and bia at Nm an le d rsi e i n m ment

t-clin   an le between hind t s le and bia b  n n-instrumented  
  clinical assessment

t-MST   an le between t s le and bula at mid stance  ait

t-TS    an le between t s le and bula at terminal swin   ait

nee-LO    l west an le between bula and emur in terminal stance phase  ait

nee-MST   an le between bula and emur at mid stance  ait

nee-TS    an le between bula and emur at terminal swin   ait

(f-t)   an le between tplate  the t a n  the hand-held  
  d nam meter and bia

AS   m. astr cnemius
L   m. astr cnemius lateralis 
M   m. astr cnemius medialis
MFCS   r ss m t r unc n classi ca n s stem
MFM-   r ss m t r unc n measure  item set

ICF-CY   interna nal classi ca n  unc nin  disabilit  and health 
  in children and uth 

AFO  nee-an le- t rth sis
MRI   ma ne c res nance ima e
M C   ma imal luntar  muscle c ntrac n 
RCT  rand mi ed c ntr lled trial
ROM   ran e  m n
SOL   m. s leus
TA   m. bialis anteri r

Tparent   parent-rep rted wearin  me
T b    b ec el  measured wearin  me
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  re ressi n c e icients 
CI  c n dence inter al
em  emur

(fasc)  penna n an le an le between ascicle and ap neur sis

a  len th  the ap neur sis

Af
  len th  ph si l ical cr ss-sec nal area 

(fasc)  ascicle len th

m  muscle bell  len th

(m th)  muscle thic ness

t  tend n len th
MST  mid stance
ne p  number  par cipants in the e perimental r up
nc n  number  par cipants in the c ntr l r up
r   e plained ariance
S B  subcu s

b  bia
T   measurement at  m nths 
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C  Celsius
cm  cen meter s
h  h ur s

  il ram s
m  meter s
m.  musculus
M H   me a Hert

min  minute s
mm  millimeter s
n  number
Nm  newt n-meter
s  sec nd s
SD  standard de ia n
p  pr babilit
w   wee
%  percent
  de ree s
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INTRODUCTION
 
Neur muscular dis rders are the main cause  ph sical disabili es  children. The m st 
c mm n cause  such disabili es is cerebral pals  CP  . CP ma  bec me mani est as 
di erent m ement dis rders   which the m st c mm n ne is a spas c paresis  causin  
disturbed muscle unc n and er-ac it   the stretch re e  r par cular muscles  2 .  
Children with spas c paresis en de el p c ntractures c nsidered t  be due t  muscle 
sh rtenin  r increased muscle s ness. Such c ntractures ma  lead t  limita ns in int 
ran e  m n ROM  3 . hen the spas c paresis c ncerns muscles  the l wer le  
m ement limita n are apparent in ait.
 
Pre en n  p ssible muscle sh rtenin  and c ntracture re uires ade uate treatment. 
Orth ses are c mm nl  used r such treatment. Orth ses are “externally applied devices  
used to modify the structural and func onal characteris cs of the neuromuscular and  
skeletal system” [ISO 54 - . The m st c mm n de el pin  c ntracture is the  
reduc n  an le- t d rsi e i n A-Fd  a ec n  wal in  [3 . One  the treatments  
is treatment with an an le- t rth sis AFO . An AFO is applied t  pre ent reduc n in 
A-Fd  ROM presumabl  due t  sh rtenin  and r enhanced s ness  the mm. triceps 
surae  i.e. m. s leus SOL  and m. astr cnemius AS  [4 . The AFO is used t  assist ait 
whereas a nee-an le- t rth sis AFO  is w rn at rest [4 . The la er t pe  rth sis   
includin  nee a n  is used with the al t  maintain r increase muscle len th   
the AS. Alth u h these AFO s are prescribed c mm nl  in clinical care  er  li le is n wn 
re ardin  their e cac  and the underl in  w r in  mechanisms. There re the primar  
aim  this thesis is t  uan  e ects  treatment  AFO s er me in children with  
spas c CP.
 

In de el ped c untries  the pre alence  CP is ab ut 2 per  li e b rn children [  5 .  
O er the ears  the de ni n  CP has been adapted with the latest update in 2 7   
“Cerebral palsy describes a group of permanent disorders of the development of movement 
and posture  causing ac vity limita ons that are a ributed to non-progressive disturbances 
that occurred in the developing fetal or infant brain. The motor disorders of cerebral palsy  
are o en accompanied by disturbances of sensa on  percep on  cogni on  communica-

on  and behaviour  by epilepsy  and by secondary musculoskeletal problems” [2 . In the  
Netherlands  t  be dia n sed as CP  the nset  brain disturbance in CP has t  be be re 
the rst birthda  [5 .
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Chapter 1 

The rld Health Or ani a n has de el ped a meth d t  describe the c nse uences  
a chr nic disease n the health status  children  the ICF-CY interna nal classi ca n  
unc nin  disabilit  and health in children and uth . In this m del  the c nse uences 

 a disease ha e been described at the le el  b d  unc n “physiological func ons of  
body systems  including psychosocial func ons”  as well as structure “anatomical parts  
of the body such as organs, limbs and their components”  ac i es “execu on of a task 
or ac on by an individual”  and par cipa n “involvement is a life situa on”  [6 . F r  
the dia n sis CP  the m t r dis rder sh uld cause limita ns in ac i es li e wal in   
and r par cipa n.
 
Based n the di ersit  in the t pe  m t r dis rder  CP is enerall  classi ed int  three 
subt pes [7  

• “Spas c CP is characteri ed by at least t o of the follo ing: 
• abnormal pa ern of posture and or movement
• posture and movement dependent muscle tone regula on disorder
• pathological re exes (increased re exes: hyperre exia and or pyramidal signs 

like Babinski response).”
• “Ataxic CP is characteri ed by both:

• abnormal pa ern of posture and or movement
• loss of orderly muscular coordina on so that movements are performed ith 

abnormal force, rhythm, and accuracy.”
• “ yskine c CP is dominated by both:

• abnormal pa ern of posture and or movement
• involuntary, uncontrolled, recurring, occasionally stereo typed movements.”

 
Als  mi ed criteria CP is p ssible i  there is mi ture  m t r dis rders with ut a d minant 
c mp nent. In ab ut %  children with CP  the spas c rm is present [ . In this thesis  

nl  children with spas c CP are in l ed. ithin the spas c CP r up  the de ree  limita-
n in m bilit  and c nsecu e e ects n ac it  and par cipa n di ers widel .

 
In addi n t  the classi ca n acc rdin  t  m t r dis rder  there is als  a classi ca n with 
re ard t  the limbs that are a ected. The m t r dis rder can be unilateral i  nl  n ne side 
an arm and r le  is in l ed  r bilateral i  b th le s are in l ed [ . In wal in  children  
the arms ma  be in l ed but t  a lesser de ree than the le s. In this thesis  pa ents with 
unilateral spas c CP and pa ents with bilateral spas c CP will be ta en int  acc unt.
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Children with spas c CP ma  sh w an abn rmal ait pa ern. Tw  p ten al mechanisms 
causin  an abn rmal ait pa ern are dis n uished [   e ects due t  altered muscle  
ac a n and 2  chan es in passi e bi mechanical pr per es  the muscle-tend n c mple .  

 ith re ard t  the altered muscle ac a n  tw  r ups  s mpt ms are dis n uished  
a  de cit s mpt ms chan e  n rmal muscle ac it  as paresis  decreased selec it  in 
ac a n  muscles and enhanced muscle a abilit  and b  e cess s mpt ms si ns  
abn rmal muscle h per ac it  such as spas cit  h pert nia due t  t nic stretch re e  
ac it  p stural re e es  mirr r m ements  c -c ntrac n and in luntar  s ner ies [ .  
 
2  The chan es in passi e bi mechanical pr per es  the are rep rted t  include  
sh rtness and r increased s ness  the muscle [   r h p thesi ed t  be related t  
altered m ascial c nnec ns and rce transmissi n [ 2 .

 
 
  

 
 
 
 

 1.1: ect r ali nment in the sa ittal plane in n rmal wal in  

The re  line sh ws ect r  the r und reacti n rce durin  stance phase 
 ait. A ter initial c ntact  the m. s leus sl ws d wn the rward inclina-

ti n  the tibia. The ect r  the r und reacti n rce ali ns thr u h the 
hip and nee int  stabili in  the hip and nee int. At the end  stance 
phase  m. s leus an m. astr cnemius are acti e t  pr ide accelerati n  
causin  a rward inclinati n  the ect r with ali nment ust be re the 

nee int r tati n and behind the hip int r tati n.
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Chapter 1 

I  ac a n and r bi mechanical pr per es  the AS are a ected  this will ha e als  
e ects n the abilit  t  wal . In n rmal wal in  the SOL and AS are er  imp rtant t   
c ntr l the sa i al plane ect r ali nment ar und hip and nee  as well as t  c ntr l pr -
pulsi n [ 3 . A er ini al c ntact heel stri e in n rmal wal in  an eccentric c ntrac n  
the SOL sl ws d wn the rward inclina n  the bia with ad ancement  the ect r 
r m the heel t  the mid t in mid stance. A er mid stance  b th SOL and AS are ac e 

t  pr ide accelera n. The ect r inclines rward and as nee and hip als  m e rward  
the e ternal nee and hip e tensi n m ment are stabili ed ure .  [ 3 . 
 
Abn rmal pr per es  the SOL and AS e. . spas cit  paresis  sh rtness  increased 
s ness  will chan e the ait pa ern and reduce the e cienc   wal in  b  abn rmal  
mechanical e ects li e increase  int m ments caused b  altered muscle ac a n  
pa erns. Muscle h perac it  muscle sh rtenin  and increased muscle s ness will each 
ha e similar e ects n the ait pa ern. The impact  limita ns in m bilit  that children 
with spas c CP e perience is classi ed usin  the r ss m t r unc n classi ca n s stem 

MSFCS . Children in MFCS le el I-III are able t  wal  with MFCS III  r with ut wal -
in  aids MFCS I-II  [ 4 . Beside the classi ca n  limita ns in standin  and wal in   
a classi ca n  ait de ia ns within the sa i al plane has been described in which the 
d s unc n  the SOL and AS is ne c mp nent [  5 . It classi es ait pa erns acc rdin  
t  5 subt pes see ure .2

. insu cient t li  in swin  n  abn rmalit  in stance  
2. nee h per e tensi n in mid stance with ut heel rise  
3. nee h per e tensi n in mid stance with heel rise  
4. nee e i n in mid stance with heel rise  
5. nee e i n in mid stance with ut heel rise. 

 
In spas c CP  t pe 2 ait in spas c CP is c nsidered t  be related t  h perac it  and r 
sh rtness increased s ness  the SOL a er ini al c ntact  there is reduced bia inclina-

n in l adin  resp nse and mid stance [  5 . In t pe 3 ait  h perac it  and r sh rt-
ness increased s ness  the SOL and AS are present  nl  these muscles are c nsidered 
t  cause the c mbina n  h pere tensi n  the nee in mid stance c mbined with heel 
rise [  5 . In t pe 4 ait  wea ness  the SOL is c nsidered t  cause increased bia incli-
na n in l adin  resp nse [  5 . hen this wea ness  the SOL is c mbined with h per- 
ac it  and r increased s ness sh rtness  the AS  this is c nsidered t  cause heel rise 
in mid stance with nee e i n [  5 . 
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Other act rs ma  c ntribute t  the pre erred p sture  e i n  hip and nee in  
mid stance  such as reduced hip e tensi n b  wea ness r limited ROM  and reduced b d  
balance. ea ness  b th the SOL and AS ma  cause t pe 5 ait [  5 . 
 
 
 
 
 
 

 
classi icati n  ait de iati ns in the sa ittal plane

ait t pes based n d s uncti n  the m. s leus and m. astr cnemius  
leadin  t  di erences in an le- t and nee an le in mid stance. 

 
 
In line with the cause r t pe 4 ait due t  muscle d s unc n  SOL and AS  children 
wal in  with increased nee e i n with heel rise in mid stance en sh w reduced  
A-Fd  ROM in ph sical e amina n with ull nee e tensi n [ 6 . In children with spas c  
paresis  wal in  with reduced A-Fd  in stance  muscle bell  len th  the AS has been sh wn 
t  be sh rter c mpared t  that in t picall  de el pin  children [ 7- . Muscle sh rtness  
in children with spas c CP is rep rted t  de el p durin  r wth [2 . H we er  the tendenc  
t  de el p muscle sh rtness aries substan all  am n  children with CP and the path -
ph si l  is s ll undetermined [ . 
 
Durin  r wth  deteri ra n  wal in  is seen in children with spas c CP [ 5 . Pre en n 

 muscle sh rtenin  is presumed t  pre ent de el pment  c ntractures and maintain 
wal in  abilit . H we er the scien c e idence r bene cial e ects  treatments pre ent-
in  a reduc n  A-Fd  ROM in children with spas c CP is lac in . 
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Chapter 1 

Se eral therapies e. . AFO wearin  are applied t  pre ent r treat presumed sh rtenin   
r increased s ness  the AS. In children with CP  AFO s are prescribed when the  start 

t  wal  [h p richtli nendatabase.nl richtli n spas sche cerebrale parese bi inderen plannin an de behandelin in de d bi cp ases

in ntwi elin l p aardi heid bi cp.html . An AFO is used t  eep the an le in an imp sed p si n in ait. 
I  ull nee e tensi n ccurs in terminal stance phase durin  ait  the AS will be stretched. 
There are indica ns that wearin  AFO s durin  ait is e ec e t  pre ent sh rtenin   the 

AS [2  22 . H we er  s me children are n t able t  reach ull nee e tensi n in stance 
phase. As a result  the AS is n t strained ull  durin  stance. In the l n  run  s me  these 
children ma  de el p pr ressi e sh rtenin   AS. A c mm nl  used therap  in r win  
children is successi e intramuscular in ec ns with b tulinum t in A  s me mes in c m-
bina n with serial cas n  treatment with the al t  impr e AS len th and ma imum 
an le d rsi e i n ROM. Sur ical len thenin   the AS has t  be a ided  in par cular in 
children bilaterall  in l ed  because the capacit  t  enerate a plantar e i n m ment is 
c nsidered t  be reduced [23  b  this pr cedure [24 . 

 

 

 nee-an le- t rth sis

AFO s are ten cust m made b  certi ied rth tists usin  p l eth lene r p l -
pr p lene and am as a c er inside . A circular t i ati n  made  leather 

r s t p l eth lene is used r t i ati n. De rmit   the patient s t is 
c rrected b  the use  an internal three p int pressure s stem. Static AFO s are 
c n i ured with b th i ed an le and nee an les. A d namic AFO is c n i ured 
with ariable int an les. The AFO as sh wn in the i ure is c n i ured with a 
i ed nee an le and a ariable an le an le usin  a sprin  that pr ides ariable 

an le- t d rsi le i n rce.
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Despite treatment with an AFO and serial cas n  with r with ut b tulinum t in A  s me 
children sh w relapses in sh rtenin   the AS. In such cases  as a treatment  the AS   
a nee-an le- t rth ses AFO  t  be used at rest in si n  and r sleepin  is  
prescribed with the aim  pre en n  urther sh rtenin   the AS [4 . The AFO can be 
manu actured with a ed nee and d namic an le. This AFO eeps the child s t in a 
ma imal d rsal e ed p si n at rest while the nee is e tended in rder t  strain the AS 

ure .3 . 
 
Alth u h AFO treatment in children with spas c CP is widel  used [25  26  li le is n wn 
ab ut the w r in  mechanisms and e cac   this treatment in pre en n  a urther reduc-

n in A-Fd  ROM r whether it e en increases the ROM. Cri cal determinants  ma imum 
d rsi e i n with ull nee e tensi n is the AS muscle tend n c mple  len th. The len th 

 the muscle bell  is c nsidered t  be determined b  the p mum len th  the muscle 
bers i.e. the number  sarc meres in series  the penna n an le and the cr ss-sec nal 

area  the muscle bers [27 . Slac  len th and s ness  the tend n are c nsidered t  be 
imp rtant act rs as well [27 . 
 
In this thesis  the ra nale behind the use  a AFO in children with spas c CP is c nsidered  
t  be mainl  based n e perimental results  int imm bili a n in animals r dents 
and cats . Imm bili a n  the an le in a p si n in which the plantar e r muscles are  
maintained at an hi h len th is sh wn t  increase SOL bell  len th r SOL tend n len th 
such that p mum muscle len th was a ained at muscle len th in the imm bili ed p si-

n [2  2 . C n ersel  imm bili a n  rat  m use and cat SOL in a sh rtened p si n  
results in a reduc n in the muscle bell  len th acc mpanied b  a decrease in the number 

 serial sarc meres within muscle bers [2 -32 . There are indica ns that 3  minutes 
dail  intermi ed stretchin   m use SOL that is imm bili ed in a sh rtened p si n r  
e tended me  will pre ent a decrease in serial sarc mere number [33 . These results  
su est that the number  sarc meres in series within muscle bers is re ulated such 
that a muscle a ains its p mum len th in the int p si n in which the muscle ber  is  
re uentl  ac e [33 . This re ulat r  mechanism has als  been p stulated b  Herrin  et al. 

4  based n sarc mere len ths in rabbit masseter muscle [34 .
 
I  the mechanisms  adapta n  muscle len th als  appl  t  spas c muscles  it is c n- 
cei able that an erl  ac e stretch re e  in children with spas c CP c ntributes t  main-
tainin  the plantar muscles at l w len th. Due t  the enhanced stretch re e  in children 
with CP  muscles are ac e in p si ns at an le plantar e i n  which ma  cause reduc n 
in l n itudinal r wth i.e. reduc n  increase in number  sarc meres durin  r wth  
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r at least in an insu cient l n itudinal r wth s mulus. The reduc n  l n itudinal 
r wth sh uld be c unteracted b  s mula n  addi n  sarc meres in series  r at least  

pre ent decrease  serial sarc meres numbers. Based n the ab emen ned mecha-
nisms in animals  it ma  be h p thesi ed that this ma  be achie ed b  sub ec n  the AS t  
a c n nu us strain r t  intermi ed peri ds  strain. 
 
I  the e ects  muscle strain n adapta n  sarc meres in m use muscle are similar t  
th se in humans  this ma  be a pr misin  appr ach t  treat pa ents with CP. er  li le is 

n wn re ardin  the e ects  muscle strain in humans and in par cular n t in children with 
CP. H we er  the use  intramedullar  distrac n t  len then the bia b ne  a 6- ear 

ld irl sh wed that a human muscle has the abilit  t  s nthesi e ab ut 35  sarc meres 
in series per da  [35 . T  the best  ur n wled e  n  studies ha e been per rmed that  

cused n e ects  appl in  muscle strain n adapta ns in SOL r AS sarc mere  
numbers in children with CP  but e ects  muscle strain n adapta ns in SOL r AS 
due t  AFO s r serial cas n  treatment n A-Fd  ROM ha e been rep rted [22  36-3 . In  
addi n  children with CP  wh m the SOL muscle was sub ected r at least 6h t  muscle 
strain sh wed n  decline  A-Fd  ROM [3 . These studies su est that in children with CP  
the p ten al r adapta n  muscle len th is li el  similar as described in animals. This 
thesis h p thesi es that trea n  children with CP  b  appl in   strain at the AS muscle r 
se eral h urs a da  is su cient t  maintain A-Fd  ROM r e en t  increase AS len th and 
t  shi  the an le- t ROM t wards d rsi e i n.
 
Since it is un n wn whether treatment with a AFO in children with CP is e ec e  it is im-
p rtant t  in es ate the e cac   this treatment. In es a n  the e cac  sh uld cus 

n e ects n A-Fd  ROM  AS len th and related e ects n the ait pa ern. AFO wearin  
me sh uld als  be ta en int  acc unt. Fr m clinical prac ce it is n wn that appl in  strain 

t  spas c muscles is cumbers me as pa ents su er r m pain and ther c mplaints which 
ma  re rain pa ents r m wearin  the AFO. Research n rth ses in sc li sis pa ents in-
dicates that pa ent-rep rted wearin  mes ha e been rep rted as m re p si e than the  
actuall  were [4  4 . The use  alid measurement meth ds t  measure AFO wearin  

me are necessar  t  interpret results c rrectl . There re  it is a sec ndar  aim  this  
thesis t  in es ate whether parent rep rts  AFO wearin  me are alid indicat rs.
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AIMS OF THIS THESIS

The primar  aim  this thesis is t  uan  p ten al e ects  treatment with nee-an le-
t rth ses er me in children with spas c CP. In addi n  we aimed  t  in es ate 

whether parent rep rted AFO wearin  me can be c nsidered as a alid indicat r and 2  
t  assess e ects  a ected A-Fd  ROM n ait inema cs in children with CP wal in  with 
plantar e i n in the an le and e ed nees.

 
OUTLINE OF THIS THESIS

The utline  this thesis is as ll ws  

Chapter tw  describes the desi n  a rand mi ed c ntr lled trial RCT  t  stud  the e cac  
 AFO treatment in pre en n  reduc n in d rsi e i n ROM in children with spas c CP. 

In this RCT  the e ects n A-Fd  ROM  a r up  children with spas c CP has been c m-
pared with a r up  children with spas c CP wh  did n t recei e AFO treatment. 
 
Results  the RCT are described in in chapter three. The e cac   the AFO with respect 
t  A-Fd  ROM is presented and discussed. In addi n  the e ects  AFO s n the children s 

ait pa ern and r ss m t r unc n ha e been e aluated. Since it is c ncei able that ut-
c me  the RCT was dependent n wearin  me  the AFO  c mplaints and AFO wear-
in  me were ta en int  acc unt.
 
The utc me  the RCT was li el  c -determined b  the AFO wearin  me. Chapter ur 
c mpares parent-rep rted AFO wearin  me with b ec el  measured AFO wearin  

me.
 
Chapter e addresses the e ects  chan ed an le- t ROM n ait inema cs in children 
with spas c CP. 
 
Finall  in chapter si  the ndin s and c nclusi ns  the studies described in the pre i us 
chapters are summari ed and inte rated in a discussi n re ardin  clinical implica ns and 
the use  AFO s. In addi n  su es ns r urther research are made.
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Chapter 2

ABSTRACT
 

Ran e  m n ROM  de cits  the l wer e tremit  ccur in ab ut the hal   the chil-
dren with spas c cerebral pals  CP . O er me  these impairments can cause int de-

rmi es and de ia ns in the children s ait pa ern  leadin  t  limita ns in m bilit . 
Pre en n  a l ss  ROM is imp rtant in rder t  reduce sec ndar  ac it  limita ns 
and int de rmi es. Sustained muscle stretch  imp sed b  rth c mana ement in rest  
mi ht be an e ec e meth d  pre en n  a decrease in ROM. H we er  n  c ntr lled 
stud  has been per rmed. 
 

A sin le blind rand mi ed c ntr lled trial RCT  will be per rmed in 66 children with spas-
c CP  di ided er three r ups with each 22 par cipants. Tw  r ups will be treated 
r  ear with rth ses t  pre ent a decrease in ROM in the an le either with sta c r 

d namic nee-an le- t rth ses AFO s  and a third r up will be included as a c ntr l 
r up and will recei e usual care ph sical therap  manual stretchin . Measurements 

will be per rmed at baseline and at 3  6   and 2 m nths a er treatment all ca n. 
The primar  utc me measure will be an le- t d rsi e i n A-Fd  ROM at ull nee 
e tensi n  measured with a cust m desi ned hand held d nam meter. Sec ndar  ut-
c me measures will be  A-Fd  and nee e i n durin  ait and 2  r ss m t r unc n. 
Furtherm re  t  ain m re insi ht in the w r in  mechanism  the rth c mana ement 
in rest  m rph l ical parameters li e achilles tend n len th  muscle bell  len th  muscle 
ascicle len th  muscle ph si l ical cr ss sec nal area len th and ascicle penna n an-
le  m. astr cnemius medialis will be measured in a sub r up   par cipants usin  

a 3D ima in  techni ue.
 

This RCT will pr ide m re insi ht int  the e cac   rth c mana ement in rest and 
the w r in  mechanisms behind this treatment. The results  this stud  c uld lead t  
impr ed treatments. 
 

 
Nederlands Trial Re ister NTR2



510046-L-bw-Maas510046-L-bw-Maas510046-L-bw-Maas510046-L-bw-Maas
Processed on: 8-5-2017Processed on: 8-5-2017Processed on: 8-5-2017Processed on: 8-5-2017 PDF page: 27PDF page: 27PDF page: 27PDF page: 27

Research protocol

1
2 
3 
4 
5 
6 
7

BACKGROUND

“Cerebral palsy describes a group of permanent disorders of the development of movement 
and posture, causing ac vity limita ons that are a ributed to non-progressive disturbances 
that occurred in the developing fetal or infant brain. The motor disorders of cerebral palsy 
are o en accompanied by disturbances of sensa on, percep on, cogni on, communica-

on, and behaviour, by epilepsy, and by secondary musculoskeletal problems” [2 . Spas c  
cerebral pals  CP  is the m st c mm n rm  CP 5%  [42 . Muscle spas cit  is a clinical 
s mpt m characteri ed b  a el cit  dependent resistance t  passi e stretch r m ement 
[43 . At present  in de el ped c untries  ab ut 2 li e b rn children per 1  ha e CP [5  44 .
 
Ran e  m n ROM  de cits in ne r m re limb ints are present in man  children with 
spas c CP with ab ut the hal   the children ha in  ROM de cits in the an le  nee and hip 
[3 . In clinical prac ce  it is assumed that a reduced ROM in a int is caused b  a rela e 
sh rtness  the muscle tend n c mple  c mpared t  the len th  the b ne and r b  
enhanced s ness  the muscle tend n c mple  [1  11 . 
 
The m. astr cnemius AS  is en spas c in children with CP [45 . As the AS has ri in 
at the emur and his inser n at the calcaneus  this muscle is a ma r determinant  the 
an le and nee ROM. The AS was und t  be sh rter and s er in children with CP ha in   
reduced an le- t d rsi e i n A-Fd  ROM  c mpared t  t pical de el pin  children 
[46  and is e pected t  pla  a ma r r le in the cause  limited an le d rsi e i n ROM  
measured at ull nee e tensi n . This A-Fd  ROM ma  lead t  e uinus de rmi es in the 

an le [16 . Furtherm re  a sh rt and s  AS ma  lead t  a ait pa ern with increased 
an le plantar e i n and increased nee e i n in mid stance [47  4 . C mpared t   
children with t pical ait pa erns  children with de iated ait pa erns are impaired in  
m bilit  [45  and are metab licall  less e cient and less resistant t  a ue durin  wal in  
[4 . T  pre ent e uinus c ntractures and less e cient ait pa erns  it is imp rtant t  treat 
and pre ent impaired A-Fd  ROM [45 .
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It is rec mmended n t t  use sur ical inter en ns t  impr e ait and thus n t t  treat 
impaired A-Fd  ROM b  usin  sur ical inter en n  un l ait is matured [45 . Based n int 
imm bili a n studies  animals  it is well n wn that sustained muscle stretch s mulates 
an increase in muscle len th b  addi n  sarc meres in series [2  5  51 . In anal  with 
these results it is e pected sustained muscle stretch as treatment  spas c cal  muscles  
will len then these muscles and in par cular the AS. H we er  a s stema c re iew ab ut 
the e ec eness  passi e stretchin  sh ws that there is c n ic n  e idence n whether 
passi e stretchin  can increase the ROM in a int in children with CP [52 . Tw  t pes  
stretchin  were in es ated  1  Manual stretchin  and 2  Sustained muscle stretch. Manual 
stretchin  was de ned as “holding the targe ng oint to the available end  manually for 
a set amount of me, expressed as seconds, and then releasing it” [52 . Sustained muscle 
stretch was de ned as “holding the targe ng oint to the available end  by mechanical 
means such as standing tables or posi on e uipment for an extended period, expressed as 
minutes up to 5h-7h a day” a dura n  3 min stretchin  was the m st c mm nl  ch sen  
in the anal ed studies  [52 . In this re iew it was c ncluded that there appears t  be 

nl  s me indica ns that sustained muscle stretch is pre erable t  increase int ROM in  
children with CP c mpared t  manual stretchin . 
 

Alth u h sustained stretch is n t an e idence based treatment  it is en applied b  the use 
 ni ht splints that are part  the eneral mana ement  children with CP [25  26  45 .  

Ni ht splints  are used durin  ni ht and r durin  rest peri ds durin  the da . There-
re  we pre er t  use the term rth c mana ement in rest  instead  ni ht splin n .  

Re ardin  the muscle  interest in this stud  the AS  children with spas c CP, sustained 
stretch is applied b  usin  nee-an le- t rth sis AFO . Sta c AFO s with an le and 

nee an le ed  as well as d namic AFO s with an le an le imp sed b  a sprin  all win  
m ement  are used. These rth ses h ld the an le int at the ma imal an le  d rsi- 

e i n at ull nee e tensi n. 
 

sin  AFO s in rest c uld be m re e ec e c mpared t  usin  AFO s durin  ac e 
m ments  the da . It mi ht be presumed that a AFO with ed nee ints limits  
m bilit  and there re  will li el  n t be w rn durin  ac e m ments  the  da .  
Other rth ses  li e an le- t rth ses AFO s  that are en used durin   
ac e parts  the da  d  n t necessaril  stretch the AS as the nee is  
all wed t  e . nee e i n will ccur durin  r e ample  wal in  and si n .  
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T  the best  ur n wled e  Tardieu et al. [3  is the nl  stud  that e aluates the e cac  
 rth c mana ement in rest in children with CP. It rep rts the e ec eness  rth c 

treatment at ni ht in tw  children  but these results are n t c n rmat r  due t  the limited 
stud  desi n  1  the number  treated sub ects 2  was small  2  there was n  c ntr l r up  
and 3  the sub ect s A-Fd  ROM was measured in nee e i n rather than e tensi n which is 
m re c nsistent with a measure  the m. s leus SOL  len th instead  the AS. There re  
m re research is needed t  establish whether their c nclusi ns were c rrect and whether 
the AS will adapt in the same wa  t  sustained stretch as the SOL. Despite the rep rted 
limited e idence in the literature  the e cac   rth c mana ement in rest is pr babl  
c nsidered as eneral n wled e. It is supp sed that a AFO pre ents r reduced A-Fd  
ROM when the AFO is w rn r 6h r m re a da . 
 
The ma r aim  this stud  is t  btain insi ht in the e cac   rth c mana ement in rest 
t  pre ent a reduc n in A-Fd  at ull nee e tensi n clinical part  the stud . Di erences 
in the e cac   sta c and d namic AFO s will be in es ated and c mpared as well.
 

Recent literature sh ws that the m rph l ical pr per es  muscles in children with CP 
di er r m th se in t picall  de el pin  children [1  1  53 . F r e ample  muscle bell  
len th and muscle lume are smaller in children with CP c mpared t  t picall  de el pin   
children [1  1  46 . A smaller ascicle len th and smaller muscle thic ness is und as  
well in children with CP [46  53 . M stl  the m. astr cnemius medialis M  was in es -
ated. H we er  er  li le is n wn ab ut the de el pment  these m rph l ical pr p-

er es durin  r wth b th in t picall  de el pin  children and children with CP [54  and 
the mechanisms underl in  the decreasin  A-Fd  ROM durin  de el pment in children with 
CP are un n wn. Such insi ht is re uired t  impr e treatments r pre en n  reduced  
A-Fd  ROM. Since the ROM  a int is th u ht t  be determined b  the passi e slac  len th 
i.e. the smallest len th at which an  rce is e erted   the muscle tend n c mple  in  

rela n t  b ne len th and b  the muscle tend n c mple  s ness  impr ed n wled e 
 the chan es in muscle m rph l  will li el  pr ide insi ht int  the e l   reduced 

ROM. It is e pected that the passi e slac  len th  the muscle tend n c mple  will be  
a ected b  architectural ariables  such as ascicle len th  muscle bell  len th  ph si l ical  
cr ss- sec nal area  an le between ascicle and ap neur sis and tend n len th [3   
55-57 . The muscle tend n c mple  s ness is determined b  the si e and len th  the 
muscle bell  bers and b  the am unt and arran ement  c nnec e ssues parallel  
elas c c mp nents   the muscle tend n c mple  [5 . 
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The AFO treatments tested in this stud  are assumed t  pre ent the de el pment  a 
reduced A-Fd  ROM at ull nee e tensi n b  increasin  the slac  len th  the AS muscle 
tend n c mple  and b  reducin  the muscle tend n c mple  s ness. H we er  e en i  
e ec e  the ues n remains whether the muscle tend n c mple  slac  len th increases 
due t  muscle architectural chan es li e increased ascicle len th r due t  the am unt and 
arran ement  c nnec e ssues  the muscle tend n c mple  r b th see ure 2.1 r 
an er iew  the di erent architectural parameters that determine the len th  the M. 
There re  the sec ndar  aim  this stud  is t  e aluate h w chan es in an le d rsi e i n 
are related t  m rph l ical chan es in the M.

 

Schematic er iew  the di erent architectural parameters that 
determine the len th  the muscle tend n c mple   the m. astr cnemius 
medialis 

S mb ls  (fasc)  ascicle len th  m  muscle bell  len th  Af  ph si l ical cr ss- 
secti nal area  (fasc): pennati n an le an le between asicle and ap neur sis  

t  tend n len th

Clinical part
e h p thesi e that children with CP wh  are treated with a AFO will sh w a smaller 

decline in r e en increase in  A-Fd  ROM c mpared t  children n t bein  treated with a 
AFO. In addi n  we an cipate that children wh  are treated with a sta c AFO will sh w 

less  a resp nse i.e. the  will ha e a lar er decline r a smaller increase in A-Fd  ROM  
when c mpared t  children bein  treated with a d namic AFO.
 

e e pect that r children with CP  treatment with either AFO will ha e a less ne a e 
chan e in ait r e en a p si e chan e in ait pa ern. A p si e chan e re ers t  less  
an le- t plantar e i n and less nee e i n in mid stance  c mpared t  n  AFO treat-
ment. The e ects are e pected t  be m re p si e in children bein  treated with the  
d namic AFO c mpared t  the children bein  treated with the sta c AFO. 
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The le el  m bilit   children wh  are treated with either AFO is e pected t  sh w 
a smaller decline r increase c mpared t  children wh  are n t treated with a AFO. As 
ab e  the e ects are e pected t  be lar er in children bein  treated with the d namic AFO 
rather than in children bein  treated with the sta c AFO.
 
Morphological part 
In this stud  it is h p thesi ed that the tend n len th  muscle bell  len th and ascicle 
len th increase and the muscle tend n c mple  s ness decreases due t  e p sure  the 

M t  sustained stretch.
 
 
METHODS

This stud  is appr ed b  the Medical Ethics C mmi ee  the  ni ersit  Medical Center 
and b  the Ins tu nal Re iew B ard  the ashin t n ni ersit  in Saint L uis.
 
 

Criteria
The speci c inclusi n and e clusi n criteria are sh wn in table 2.1. Brie  par cipants 
are children with spas c CP ha in  been treated r reduced A-Fd  ROM in the past  but 
n t needed t  be treated at the m ment the  were included int  this stud . Children are  
e cluded r m the stud  i  the  ha e a hist r   sur er   the AS and r SOL and r  
selec e d rsal rhi t m  i  the  ha e se ere en u h m rbidit  r m bilit  limita ns  
that pre ent them r m wal in  ar en u h t  c mplete a ait anal sis  r i  the  are bein  
treated with intrathecal bacl en therap  i.e. the  ha e a current  ac e pump .
 

a ple i e calc la on
E pec n  a 5  chan e in A-Fd  ROM assumed as clinicall  rele ant  with a standard  
de ia n  4.5  a si ni cance le el  . 5 that is c rrected r c mparis ns between 
three r ups usin  a B n err ni c rrec n le el  si ni cance . 167  and a p wer le el  

 %  13 children in each r up will be su cient. The calcula n ta es e repeated  
measurements with a c rrela n c e cient  .7 int  acc unt. In this stud  66 par ci-
pants 22 in each r up  will be recruited t  all w dr p uts.
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Inclusi n and e clusi n criteria.

 

1. a clinical dia n sis  unilateral r bilateral  

spas c CP  

2. an a e between 4-12 ears ld 

3. at least  an le- t d rsi e i n with  

e tended nee ph sical e amina n  

4. a r ss m t r unc n classi ca n le el I  II r III 

5. has been treated r reduced an le- t  

d rsi e i n 5  d rsi e i n  be re the start  

 the stud  b

a. and r serial cas n  at least 3 m nths a  

b. and r b tulinum t in A in ec ns in the m. as-

tr cnemius and r m. s leus at least 6 m nths a  

c. rth c mana ement in rest with a nee-an le-

t rth sis t  pre ent r decreasin  an le- t 

d rsi e i n

6. a stable s cial amil  situa n

 

1. ha e had sur er   the m. astr cnemius  

and r m. s leus  

2. ha e had Selec e D rsal Rhi t m   

3. ha e had Intrathecal Bacl en therap  

4. ha e had B tulinum t in A treatment in  

the l wer e tremit  less than 6 m nths a  

5. ha e had cas n   the l wer e tremit   

less than 3 m nths a  

6. ha e nee c ntractures less than  nee  

e tensi n  

7. ha e m re than 2  an le- t d rsi e i n  

at ull nee e tensi n 

. ha e beha i ral pr blems li e se ere mental 

retarda n  

. ha e si ni cant sleepin  pr blems 

1 . be ins tu nali ed 

11. be su erin  r m c -m rbidit  inter erin   

with m bilit  that pre ents them r m wal in  

ade uate distance. 

12. ha e pr blems with understandin  either  

the Dutch r sub ects in the Netherlands  r 

En lish lan ua e

 
Recruitment procedure
Sub ects will be recruited r m three centers  1  the  ni ersit  medical center in the 
Netherlands n 1  2  Rehabilita n Medical Center RMC  r t limmendaal  in the 
Netherlands n 1  and 3  the Pediatric Neur l  Cerebral Pals  Center at ashin t n  

ni ersit  Sch l  Medicine and St. L uis Children s H spital in the SA n 3 . Eli ible  
sub ects will be iden ed b  the ph sicians durin  clinical sessi ns r r m re iew   
pa ent s charts. The recruited children and their parents will recei e a le er ab ut pr ce-
dures and c ntent  the stud  as well as an in rmed c nsent rm. The p ten al sub ects 
and their care i ers will be in rmed b  the site in es at rs and ph sicians. B th parents

uardians and children bein  12 ears ld are as ed t  si n and return the in rmed c nsent 
t  a ree n luntar  par cipa n in the stud . 
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A sin le blind rand mi ed c ntr lled trial will be per rmed at the three ab e men ned 
centers. The par cipants will be assi ned int  3 di erent r ups. In addi n t  their re ular 
treatment  tw  r ups will be treated with a d namic r sta c AFO r ne ear t  pre-
ent r a reduc n  A-Fd  ROM at ull nee e tensi n and ne r up will be included as 

a c ntr l r up with ut addi nal inter en n. The m rph l ical measurements will be 
per rmed nl  at Dutch par cipants at the  ni ersit  medical center.
 
Measurements will be per rmed at baseline and at 3  6   and 12 m nths a er treatment 
all ca n. In c mbina n with th se measurements  par cipants  the e perimental 

r ups will ha e a mee n  with the rth st and ph sician t  chec  r c mplica ns with 
the AFO. 

The assess r and anal er are blinded r treatment all ca n. The trial will be per rmed 
between Januar  2 1  and December 2 12. 
 

Pa ents  the c ntr l r up will recei e their usual care which ma  include AFO s that 
are w rn durin  the da  r standin  and wal in  ral bacl en therap  r ther t ne- 
reducin  medica ns  stren th trainin  stretchin  e ercises  ph sical therap  ccupa nal 
therap  etc. Chan es in usual care durin  the stud  will be m nit red usin  ues nnaires. 
Children will dr p ut  the stud  i  the  need sur ical treatment rth pedic and neur -
sur ical pr cedures a ec n  muscle t ne and len th  b tulinum t in A in ec ns in the 
l wer e tremit  r serial cas n  treatments in the l wer e tremit .
 
In addi n t  their usual care  pa ents  the e perimental r ups will be treated r 

ne ear with a sta c AFO r with a d namic AFO usin  an ltra e ® an le p wer unit.  
Children will be as ed t  wear the AFO at least 6h per ni ht. The  will be all wed t  rem e  
the AFO durin  the ni ht when the child is seri usl  unc m rtable a er wearin  the 

AFO r at least 2  min r when the child wa es up at ni ht with c mplaints c ncernin  
the AFO. hen children d  n t wear the AFO r 6h per ni ht  parents will be as ed t   
increase wearin  me b  as in  the child t  wear the AFO durin  rest ac i es in da  me. 
In case  unilateral treatment  pa ents will sleep ne ni ht with and ne ni ht with ut a 

AFO. In case  bilateral treatment  pa ents will wear a AFO alterna n  n the ri ht and 
le  side each ni ht. 
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Manufacturing the KAFO
The AFO will be cust m made b  cer ed rth sts usin  p l eth lene r p l pr p lene 
and am r a c ered inside . Tw  trans erse bars p l eth lene r p l pr p lene  ab e 
and bel w the nee will be used t  rein rce and s en the AFO. Banda es  n l n elcr  
straps will be placed at three l ca ns  1  as hi h as p ssible n the thi h  2  directl  ab e 
the patella and 3  directl  bel w the patella. A circular t a n  made  leather r s  
p l eth lene  will be used r t a n. This circular t a n will be cl sed with tw  
elcr  straps. One strap erlaps the pa ent s m st c n e  part  the an le and ne strap 

will erlap the pa ent s t pr imal  the caput ssis metatarsal I and . De rmit   
the pa ent s t will be c rrected b  the use  an internal three p int pressure s stem 
see ure 2.2 . 

 

Three p int s pressure r c rrecti n  de rmit

a. The e uinus c rrecti n will be per rmed b  e ertin  rce n the d rsal 
side  the l wer le  ust bel w the nee  n the instep  the t and 
under the ball  the t. 
b. The al us c rrecti n  the calcaneus will be per rmed b  a e ertin  a 

rce laterall  n the heel calcaneus  laterall  n the middle  the l wer le  
and mediall  n the l wer le  ust ab e the medial malle lus. 
c. The re t abducti n c rrecti n will be per rmed b  e ertin  a medial 
stabili ati n rce calcaneus and talus and a lateral rce n the calcaneus 
and the i th s metatarsi. 
d. The arus c rrecti n  the calcaneus will be per rmed b  e ertin  rce 

n the medial part  the calcaneus  mediall  n the middle  the l wer le  
and laterall  n the l wer le  ust ab e the lateral malle lus. 
e. The re t adducti n will be per rmed b  e ertin  rce n the tuber-

sitas  the i th s metatarsi  b  e ertin  rce laterall  n the calcaneus 
and laterall  n the irst metatarsal phalan eal int

 

 

a   b   c   d   e 
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The sta c AFO will pr ide a ed nee e tensi n   and a ed an le d rsi e i n an le 
 . 

 

The d namic AFO will als  ha e a ed nee e tensi n   but will use an ltra e ® 
an le p wer unit ltra e  S stems  P st wn  PA  SA . The rce  the p wer unit that 
pr ides ariable A-Fd  an les will be set acc rdin  t  the prescrip n sh wn in ure 2.3. 

Manual r d namic splint settin s

Set the power unit 
tension on 2 for this 

night.  

Reduce the power unit 
tension by ½ point. 

Note: When the power 
unit tension is equal to 2, 
contact the orthotist/study 

coordinator! 

No Yes 

Increase the power unit 
tension by ½ point. 

Note: When the power unit 
tension is equal to 7, do not 

further increase. 

No 

Yes 
Don’t change the power unit tension the next 2 weeks.  
Note: When the wearing time reduces to less than 6 
hours in these two weeks, contact the orthotist/study 

coordinator as soon as possible! 

After 2 weeks 

Did the child wear the 
splint for 6 hours or 

more? 

Did the child wear the 
splint for 6 hours or 

more? 
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Primary outcome
T  measure the ma imal A-Fd  an le at ull nee e tensi n  a Sin le Di ital Inclin meter 
M del AC 1  Acumar  La a e e  IN  SA  will be used. This ni meter is a ached t  

a t r ue wrench Sens t r  713 6  Stahlwille  erman . The ni meter-t r ue wrench 
c mbina n is a ached t  an ad ustable t a n. The t a n is c nstructed with 
a re t part and a calcaneal part. The tw  parts can be ad usted in r ta n and in dis-
tance with respect t  each ther. ith the ad ustment in r ta n  ad ustments r re 

t adduc n and supina n can be made t  stabili e instable al us t de rmit . ith 
the ad ustment in distance  t si es can be acc mm dated r m 15 mm t  24 mm. The  
calcaneal part has a heel supp rt width  45mm  and a p int t  a ach the t r ue wrench. 
B th parts are e uipped with elcr  straps r t a n [5 . Fi ure 2.4 sh ws a ph t -

raph  the measurement de ice a ached t  the t. The A-Fd  an le will be measured as 
the an le between the tplate  the t a n and the bia (f-t)).

The children will be as ed t  lie pr ne n a bench  with b th eet erhan in  the ed e. The 
l wer le  will lie in such a wa  that the bula head and the lateral malle lus  the bula  
are n the same hei ht. The t will be rml  a ached t  the ad ustable t plate r  

a n. The an le will be plantar e ed b  the researcher  appl in  an e ternal plantar 
e i n m ment  4Nm  as measured usin  the t ue wrench. The c rresp ndin  (f-t) is  

measured urther described as the 4Nm plantar e i n an le). Subse uentl  this pr ce-
dure is repeated r 1Nm plantar e i n and  Nm  1Nm d rsi e i n  4Nm d rsi e i n and 
6Nm d rsi e i n. All measurements will be repeated si  mes and each m ment will be 
e erted r 5s. The (f-t) will be read ut r m the inclin meter simultane usl  at the end  
these 5s at the tar et an le int m ment. P si e alues re er t  an e ternal d rsal e i n 
m ment Nm)  the d nam meter and d rsal e i n an le °)  the an le int. There will 
be 5s rest between each repe n and 2min rest between each c ndi n. The c ndi ns 
will alwa s be applied in the described rder. 
 
Children ha e t  rela  their muscles and will be as ed t  lie uietl  durin  the measure-
ments. Muscle ac it  will be chec ed usin  the electr m raph  EM ) si nals   
m. bialis anteri r and m. astr cnemius lateralis. The ma imal luntar  muscle c n-
trac n M C) will be rec rded be re the measurements. The EM  si nal will be A-D  
c n erted at 1 H . A er samplin  the si nal will be hi h-pass ltered at 2 H  t  rem e 
m ement arte acts. 



510046-L-bw-Maas510046-L-bw-Maas510046-L-bw-Maas510046-L-bw-Maas
Processed on: 8-5-2017Processed on: 8-5-2017Processed on: 8-5-2017Processed on: 8-5-2017 PDF page: 37PDF page: 37PDF page: 37PDF page: 37

Research protocol

1
2 
3 
4 
5 
6 
7

Then  the si nal will be n rmali ed with respect t  the M C- alue and ltered 
l w pass at 5H . EM  si nals ha e t  remain bel w 1 % M C durin  the an le  
and m ment measurements t  ensure muscle rela a n. S in prepara n and electr de 
placement  EM  will be carried ut acc rdin  t  SENIAM uidelines [6 . 

 Ph t raphic illustrati n  the hand held d nam meter 

The hand-held d nam meter c nsists  an ad ustable t i ati n  
a t r ue wrench and a ni meter. The t i ati n has parts sup-
p rtin  the re t and calcaneus. These parts are c nnected b  a 
r d  all win  independent ad ustments in r tati n and abducti n
adducti n. The re t part is e uipped with a i ati n p int t  the 
table when needed ).

The mean  the rst 5 measurements r each c ndi n in which the EM  si nal remained 
bel w 1 % M C will be used r urther anal sis. The results will be used t  create an le- 
m ment pl ts in which  r e ample  the muscle tend n c mple  s ness can be deter-
mined b  calcula n  the sl pe  the line between the Nm and 4Nm see ure 2.5).  
A chan e in A-Fd  ROM will be in es ated b  anal in  the (f-t) measured with 4Nm  
d rsi e i n.
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An le-m ment pl ts

This i ure will be created r m the alues measured with the hand held 
d nam meter. The d tted line will be used t  calculate the muscle tend n 
c mple  sti ness b  calculatin  the sl pe  that line.

 
In case  p ten al bilateral treatment  the ull pr cedure will nl  be per rmed n the 
par cipant s m st in l ed le . F r the ther le  nl  the 4Nm c ndi n with ut EM  
measurement will be per rmed t  chec  r e it criteria see withdrawal para raph bel w). 
In case  p ten al unilateral treatment  the primar  utc me measure will nl  be mea-
sured r the par cipant s p ten all  treated le .
 
Secondary outcome

Sa i al and r ntal ide -rec rdin s  the pa ent s ait pa ern will be made at 5  H . The 
sub ects will wal  5 mes bare t and 5 mes with sh es and AFO i  applicable  al n  a 
1 m wal wa  at sel -selected c m rtable speed. al in  speed will be calculated r m the 

me t  c mplete a part  the trac  5m  measured with in rared detect rs r with a st p-
watch  dependin  n measurement l ca n). F r ll w up measurements  the pa ent will 
be re uested t  wal  at baseline wal in  speed within a ran e  ±5%). ide  rec rdin s  
the in l ed le s) will be ta en in the sa i al and r ntal plane. Three representa e steps 



510046-L-bw-Maas510046-L-bw-Maas510046-L-bw-Maas510046-L-bw-Maas
Processed on: 8-5-2017Processed on: 8-5-2017Processed on: 8-5-2017Processed on: 8-5-2017 PDF page: 39PDF page: 39PDF page: 39PDF page: 39

Research protocol

1
2 
3 
4 
5 
6 
7

will be ch sen r the assessment  the nee an le in mid stance  the minimum nee an le 
in stance between mid stance and sec nd bipedal phase  t c ntact) and the A-Fd  in 
mid stance. F r the ide  anal sis  a cust m-made s ware pac a e will be used the M ie 

iewer®   ni ersit  Medical Center  Amsterdam  the Netherlands  www.smalll.nl)  and 
a s ware t l  all win  n screen ide  measurements  sa i al l wer e tremit  int 
an les [61 . F r all par cipants  the ait related utc me measures will nl  be measured in 
the p ten all  treated le s.
 

The le el  m bilit  will be uan ed usin  the r ss M t r Func n Measure 66 Item 
Set MFM-66) [62  b  a cer ed assess r. MFM-66 sc res will be calculated with the 
c rresp ndin  s ware r ss M t r Abilit  Es mat r ersi n 1. ) that calculates sc res 

n an inter al scale. 
 

Pa ent characteris cs will be rec rded usin  an inta e rm and will include a e  ender  
race  ethnicit  wei ht  len th  l cali a n  CP uni- r bilateral) and r ss M t r Func-

n Classi ca n S stem MFCS) [14  class. T  assess pr blema c beha i r  the child  
the stren th and di cul es ues nnaire [63  will be lled in b  the parents. In addi n  

ues ns will als  be as ed ab ut the children s sp rt ac i es  current therapies and ther 
treatments  as well as pre erence sleepin  p si ns.
 

Ph sical e amina n will be per rmed b  the assess r t  e aluate the ph sical charac-
teris cs  the pa ent. ariables t  be measured are  1) P si n  the t in standin   
2) trans malle lar a is p si n [64  3) ait pa ern classi ca n acc rdin  t  R dda [65  
and Becher [  4) ROM  the an le and nee ints  5) spas cit  b  measurin  the an le 

 catch [66   the an le and nee  5) selec e m t r c ntr l  usin  the selec e c ntr l 
assessment  the l wer e tremit  SCALE) [67  and 6) l wer le  len th. F r all par cipants  
the ph sical e amina n related utc me measures will nl  be measured in the p ten all  
treated le s.
 

eb based diaries will be used t  rec rd the pr t c l adherence and will be c llected b  a 
research assistant. These diaries will be lled in durin  the urth wee   each m nth and 
include ues ns re ardin  AFO use  AFO-related c mplaints  sleepin  pr blems  the use 

 an AFO as well as ues ns re ardin  stretchin  e ercises per rmed er the last m nth. 
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Pr blems with AFO use e perienced b  pa ent and r parents will be m nit red b  speci c  
diar  ues ns. The research assistant will call the par cipants at least nce a m nth t  
chec  i  there are an  pr blems with the AFO r m t r unc n  the par cipant. Rep rted  
pr blems will be s l ed as s n as p ssible. 
 
Furtherm re  t  chec  the reliabilit   diar  rep rted AFO wearin  me  wearin  me  
the splints r a sub r up  1  children  recruited at  ni ersit  Medical Center) will 
be determined n the basis  AFO temperature measured usin  a TidBit temperature  
data-l er TBI- 1  Onset C mputer C rp ra n  B urne  MA). The AFO temperature 
will increase due t  b d  heat when the AFO is w rn. A sample  AFO temperature data 
will be rec rded each 15min durin  the treatment peri d. Parents and children are n t in-

rmed ab ut the purp se  this measurement.
 
Other
T  et an indica n  the sustained muscle stretch that is applied b  the AFO s  tw   
measurements will be added. 1) The an le m ment at a (f-t) of  t  simulate the sta c AFO 
c ndi n. This c ndi n will be per rmed be re the handheld d nam meter pr t c l. 2) 
The A-Fd  an le that c uld be imp sed b  the d namic AFO will be es mated durin  c n-
sulta n h urs b  the ph sician usin  a ni meter.

Morphological part
T  determine muscle m rph l  related ariables  3D-ultras und ima in  will be per-

rmed n the M. This muscle  c ered with an ultras und el  will be scanned al n  its 
len th ma in  mul ple trans erse cr ss-sec n ima es  see ure 2.6) usin  a 5cm lin-
ear arra  pr be 12 5 MH )  a B-m de ultras und de ice Techn s MP  ESAOTE  Ital ). 
Tw  sets  rec rdin s  the M will be made r each sessi n. Durin  3D-ultras und  
measurements  the p si n  the pr be with a cluster mar er is rec rded usin  an ac e  
3D mar er m n anal sis s stem Opt tra  N rthern Di ital  aterl  Canada). In  
addi n  6 anat mical landmar s lateral malle lus  medial malle lus  medial emur  
c nd le  lateral emur c nd le  medial emur epic nd le and lateral emur epic nd le) are 
rec rded be re each e periment t  ain an anat mical rame  re erence r p st e peri- 
mental 3D ima e rec nstruc n. In a pr ne p si n  the children are l in  uietl  n a 
bench. sin  the an le d nam meter  the an le is ed at (f-t) c rresp ndin  t  Nm  1Nm 
and 4Nm net d rsal e i n m ment. Muscle ac it  is chec ed usin  EM  durin  the ultra 
s und measurements as described ab e in the primar  utc me sec n.
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 Path  the ultras und pr be durin  scannin  the m. astr c- 
nemius medialis M) 

The pr be ll ws the path er the blac  line. It starts pr imal  with the 
pr be perpendicular t  the path. First  the pr be will be uided r m lateral 
t  medial er the respecti el  lateral and medial c nd le  the emur. Then 
the pr be will be r tated and m ed t  distal between the medial and lateral 
b rder  M bell  t wards the distal end  the muscle bell  the AS tend n 
and the calcaneus.

The ultra s und ima es will be c n erted int  a el arra  and 3D-rec nstruc ns will be 
calculated usin  a cust m made pr ram in MATLAB s ware acc rdin  t  the meth d that 
was described b  B nard et al [6 . Measurements are per rmed in the mid-l n itudinal 
ascicle plane  the M  bein  perpendicular t  the tan ent ) the distal ap neur sis 

 the M  selected r m the el arra  see ure 2.7). The use  the c rrect plane is 
essen al r minimi in  measurement err rs  ascicle len th  ascicle an le and muscle 
thic ness [6 . Measurements are per rmed e mes because this number  repe ns 
has been sh wn t  ield reliable results [6 .
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 The rientati n  the mid-l n itudinal ascicle plane

Three rientati n items ) were used t  de ine the mid-l n itudinal ascicle 
plane  the m. astr cnemius medialis M)  shaded plane and inset)  1) The 
estimate  the ri in  the M at 1 4th  the line r m medial t  lateral 
c nd le  the emur  see inset A) 2) the m st distal muscle bell  end  and 3) 
a p int n the line perpendicular t  tan ent t  the distal ap neur sis in the 
trans ersal plane. The directi n  the tan ent is determined in the distal part 

 the M bell  e actl  in between the M b rders see inset B). 

 
The ll win  ariables will be measured  tend n len th  muscle len th  ascicle len th  
muscle thic ness and ascicle an les with the ap neur ses. 
 

sin  tri n metr  the ll win  ariables will be calculated  len th  M muscle intra-
muscular distal i.e. deep) and pr imal i.e. super cial ap neur ses) and len th c mp nent 

 the ph si l ical cr ss-sec n the added perpendicular diameters  ascicles within the 
mid-l n itudinal ascicle plane  ure 2. ). 
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Measurement and calculati n  muscle e metr    
m. astr cnemius medialis within its mid-l n itudinal ascicle plane 

A. The mid-l n itudinal ascicle plane  determined with 3D ultras und. 
The m. astr cnemius medialis M) is c ered b  the subcutis S B) and 
supp rted b  m. s leus SOL). Parts  b th emur em) and tibia tib) are 
sh wn. The blac  d tted lines de ine the utline  the muscle. The m st 
distal muscle bell  end is indicated b  a blac  arr w. The len th  the tar et 
ascicle (fasc)  dashed blac  line)  centered at 2 3rd )  muscle bell  len th 
r m the ri in) is measured. Muscle thic ness (m th)) was calculated as the 

distance between the pr imal and the distal ap neur sis at the pr imal 
end  the tar et ascicle le t blac  d uble arr w). The ascicle-ap neur -
sis an le (fasc)) was calculated as the mean  the an les  the ascicle 
with the pr imal and distal ap neur sis blac  arcs). Scale bar depicts 1cm.  

B. Schematic er iew  m rph l ical muscle parameters in the mid- 
l n itudinal ascicle plane  the M. The len th  the ap neur sis a) and 
the len th  the ph si l ical cr ss-secti nal area A ) will be calculated 
r m this m del. The muscle bell  len th m) will be measured r m the 
ri in at the emur c nd le t  the distal end  the muscle bell . The tend n 

len th t) will be measured r m the distal muscle bell  end t  the inserti n 
at the calcaneus.

In case  p ten al bilateral treatment  the m rph l ical utc me measures will nl  be 
measured n the par cipant s m st in l ed le . In case  p ten al unilateral treatment  
the m rph l ical utc me measure will nl  be measured at the par cipant s p ten all  
treated le .

 

SOL G
M

A 

B 
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Withdrawal
The in es at r and r clinician can decide t  withdraw a sub ect r m the stud  r ur ent 
medical reas ns. First  the  ha e an A-Fd  an le with an e tended nee  measured as the 
an le between bia and tplate (f-t)),  1 ° plantar e i n r m re when an e ternal 
an le d rsi e i n m ment  4Nm is applied. In such a case  the assess r will re er the 
child t  the clinician wh  will decide whether the reduc n in ROM has t  be treated r 
n t n te that the net an le d rsi e i n m ment  4Nm applied b  the assess rs is l wer  
than is t picall  applied in a clinical se n ). These children will n t under  ll w-up 
measurements as the  will recei e ther treatment r impaired ROM. Sec nd  children 
ha e irres l able pr blems with AFO use pain  pressure s res  sleepin  pr blems). These  
sub ects will be as ed t  under  measurements a er withdrawal and will be included 
in the anal ses. Third  children can decide t  withdraw at an  me r an  reas n. These  
children will be as ed t  under  measurements a er withdrawal as well and will als  be 
included in the anal ses.
 
Premature termina on of the tudy 
The e ects  rth c mana ement in rest n A-Fd  ROM at ull nee e tensi n will be  
e aluated as s n as measurements ha e been per rmed n 3  children re ardin   

ll w-up measurement  6 m nths. I  the children in the c ntr l r up sh w si ni cantl  
lar er (f-t) reduc n c mpared t  the ther r ups  this r up will als  be treated with a 

AFO. I  the AFO r ups sta c and r d namic) sh w si ni cantl  lar er reduc ns in (f-t) 

than the c ntr l r up  the stud  will be terminated.

Rand mi a n will be per rmed b  bl c  rand mi a n  3  6 r  sub ects  with 
pre-stra ca n b  center. A member  the pr ect team AJD) n t bein  in l ed in the 
recruitment inclusi n pr cedure  the sub ects and n t bein  in l ed in measurements 
will rand ml  enerate an all ca n se uence be re the start  the trial t  per rm the 
rand mi a n. The rder  all ca n  treatment will be n ted b  AJD and ept in num-
bered sealed en el pes. A er chec in  the inclusi n and e clusi n criteria b  a ph sician 
and a er recei in  in rmed c nsent  the par cipant s parents  treatment all ca n will 
be established b  the research assistant a er penin  the numbered en el pe. Sub ects will 
be in rmed ab ut their all ca n a er per rmin  their baseline measurement. 
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The researchers per rmin  the measurements and anal in  the data will be blinded with 
respect t  the treatment all ca n. The children and their parents will be instructed t  i e 
n  in rma n ab ut their treatment t  the assess rs. Blindin  will be e aluated at the end 

 the stud  b  as in  the researchers the ues n  In which r up is the sub ect all cated 
and d  u n w this r sure  r is this a uess

Sta s cal anal sis will be per rmed acc rdin  t  an inten n t  treat  principle. All rele-
ant sub ect characteris cs  such as a e  b d  wei ht and len th  ender  clinical dia n sis  

will be described b  their mean alue and standard de ia n  r percenta es. Di erences 
between r ups at baseline will be tested usin  linear re ressi n techni ues r Chi-s uare 
sta s cs. The e ect  the inter en n will be anal ed usin  a mul -le el anal sis  with 
the primar  and sec ndar  utc me measures as dependent ariables and treatment 

r up and me as independent ariables. T  test r an  di erences in the chan es  ari-
ables between r ups  a treatment me interac n is included as independent ariable.  
Anal sis are ad usted r treatment site Amsterdam  Arnhem r St L uis). C ariates will be   
1) AFO wearin  me  2) l wer le  r wth  3) use  an AFO b  da  4) stretchin  e ercises 
and 5) le el  spas cit . The le el  si ni cance will be set at . 5.

DISCUSSION

This rand mi ed c ntr lled trial RCT) cuses n the e cac   rth c mana ement in 
rest in children with CP t  pre ent a decline in A-Fd  ROM at ull nee e tensi n. Alth u h 

rth c mana ement in rest in children with CP is widel  applied  er  li le is n wn ab ut 
the e cac   this treatment. There re  m re research n the e cac   rth c mana e-
ment in rest is needed. e decided t  cus n the e cac   tw  t pes  AFO s as rth c  
mana ement in rest treatment since we e pect that AFO s will be the m st e ec e in  
pre en n  l ss  A-Fd  ROM. This e pecta n is based n the act that a AFO  in c ntrast 
t  an AFO  is able t  imp se b th nee e tensi n and an le- t d rsi e i n simultane usl .  
This ma  lead t  m re stretch n the AS which is the tar et muscle  this stud . The AS 
is en a ected in children with spas c CP  ha in  e uinus [45 .
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T  measure the e cac   rth c mana ement in rest  the A-Fd  ROM has t  be measured 
in a reliable and alid wa . In rder t  achie e that  a cust m desi ned hand held d nam - 
meter [5  is used t  measure the A-Fd  an le. The de ice all ws repr ducible measure-
ments  the an le an le-m ment rela nships [5 . This is imp rtant as A-Fd  ROM  
depends n the e erted d rsi e i n m ment. Standardi a n  this measurement  
pr cedure reduces ariabilit   an le m ment and an le measurements and hence increases  
the sensi it  t  measure chan es in ROM. Furtherm re  the de ice all ws the in es at r 
t  c rrect r t de rma ns b  usin  tw  separate ad ustable t plates t  stabili e 
the tal na icular int) [5 . F t de rma ns li e e uin arus and e uin al us [7  can  
i  n t c rrected  a ect the A-Fd  an le measurement results. 
 
The cust m desi ned hand held d nam meter als  all ws us t  measure m rph l ical 
parameters  the M at a standardi ed an le p si n durin  repeated measurements.  
B  measurin  chan es in the m rph l ical parameters and chan es in A-Fd  ROM simulta-
ne usl  we will ain insi hts int  the w r in  mechanisms  rth c mana ement in rest. 
As described in the meth d l ical sec n we btain the m rph l ical parameters b  a  
3D ultras und meth d. e decided t  use this meth d instead  a 2D ultras und techni ue  
because 3D ultras und ers the ad anta e  measurin  the m rph l ical parameters in 
the mid-l n itudinal ascicle plane. Pre i us research has sh wn that measurin  utside 

 the mid-l n itudinal ascicle plane leads t  er r under es ma n  the results [6 . 
 
The primar  utc me measure  this stud  A-Fd  ROM) is an impairment parameters at 
the b d - unc n le el  the interna nal classi ca n  unc n  disabilit  and health 
ICF) [6 . Impr ements r less decline) in this parameter d  n t necessaril  lead t   

impr ements in ac it  le el  the ICF m del  such as wal in  [6 ). In rder t  be er 
understand the impact  rth c mana ement durin  rest n ac it  le el  this stud  will 
als  in es ate impr ements in ait and r ss m t r unc n in resp nse t  treatment. 
 
In c nclusi n  this RCT is aimed t  pr ide insi ht in the e cac   rth c mana ement 
in rest n b d  unc n le el A-Fd  ROM) and ac it  le el ait  r ss m t r unc n)  
and will pr ide insi ht in the treatment s underl in  m l ical adap e mechanisms. The 
results  this stud  ma  pr ide indica ns r impr ed treatment strate ies r children 
with CP and in par cular the use  rth ses.
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ABSTRACT 

T  e amine whether usin  a nee-an le- t rth sis helps maintain an le- t  
d rsi e i n A-Fd ) ran e  m n ROM) er me.
 

A mul center rand mi ed c ntr lled trial. 
 

Tw  h spitals and ne rehabilita n center in the Netherlands and the SA.

Children 4-16 ears ld) with spas c cerebral pals  CP) wh  were able t  wal .
 

se  a nee-an le- t rth sis  e uipped with an ltra e ® an le p wer unit  
r at least 6h e er  ther ni ht r ne ear.

 

Primar  utc me measure  an le- t d rsi e i n ROM. Sec ndar  utc me measures  
an le- t and nee an le in ait and r ss m t r unc n. earin  me was als  mea-
sured. Measurements were ta en at baseline and at 3  6   and 12 m nths.
 

2  children e perimental r up  n 15  c ntr l r up  n 13) par cipated in the stud . 
11 par cipants e perimental  n 4  c ntr l  n 7) did n t c mplete all 5 measurements  
as the  needed addi nal treatment. N  si ni cant di erence was und in the decrease  

 A-Fd  ROM between the e perimental and c ntr l r ups di erence  -1. 5  5%  
c n dence inter al  -4.71   2.61 ). In addi n  sec ndar  utc me measures did n t sh w 
di erences between r ups. Despite d m a n  nee-an le- t rth sis wearin  

me was limited t  a mean±SD  3.2h±1. h per prescribed ni ht due t  disc m rt. 
 

nee-an le- t rth sis with d namic an le and ed nee are p rl  t lerated and are 
n t bene cial in pre en n  a reduc n in A-Fd  ROM in children with spas c CP  at least 
with limited use.
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INTRODUCTION

Cerebral pals  CP) is a c mm n ph sical disabilit  in children and the spas c subt pe is the 
m st c mm n m t r dis rder [44 . Man  children with spas c CP de el p limita ns in  
an le- t d rsi e i n A-Fd ) ran e  m n ROM) [3 . These limita ns are assumed t  
be caused b  sh rter and r s er muscle bellies  m. astr cnemius AS) [1  1 . H w-
e er  the path ph si l   this phen men n is s ll unclear [11  71 . 
 
Reduced A-Fd  ROM  i  measured with an e tended nee  is related t  chan es in ait  
pa erns  children with spas c CP [72-74 . De ia n  ait pa erns cause hi her le els 

 ener  e penditure c mpared t  t pical ait pa erns and ma  increase ris   allin  
[45 . One  the treatment p ns is t  appl  muscle strain usin  rth ses [4 . H we er   
e idence r the e ec eness  this treatment in children with spas c CP is limited [52 . 
Tardieu et al. [3  su ested that pre en n  decreased an le- t ROM re uires e er n  
muscle strain r minimall  6h da . 
 
Orth sis imp sed strain in AS can be applied durin  dail  ac i es r at rest [4 . Orth ses 
t  be w rn durin  the da  are enerall  prescribed t  impr e sta c t ali nment and ait 
pa ern [36 . Par cular an le- t rth sis treatment is indicated t  pre ent reduc n  
d rsi e i n ROM [21  22  36 . Alth u h an le- t rth ses AFO s) are als  used t  strain 
an le plantar e rs at rest  n  addi nal e ects be nd use durin  dail  ac i es were 
rep rted [22 . It is c ncei able that durin  use at rest insu cient strain is applied t  AS 
due t  sh rtenin  e ects  nee e i n. There re  nee-an le- t rth ses AFO s) ma  
be m re e ec e in appl in  strain t  AS than AFO s  since ull nee e tensi n is c mbined 
with A-Fd . 
 
T  ur n wled e  e ects  wearin  AFO s at rest n pre en n  reduc n  A-Fd  ROM 
has n t been in es ated. There re  this stud  aims t  1) uan  p ten al treatment 
e ects  AFO s er me in children with spas c CP and 2) e aluate e ects  such treat-
ment at rest n an le- t and nee an les durin  ait  as well as n r ss m t r unc n. 

e h p thesi ed children usin  AFO s t  ha e smaller reduc ns in A-Fd  ROM er me 
c mpared t  peers with ut such treatment. e als  h p thesi ed that children usin  such 

rth ses sh w m re t pical an le- t and nee an les durin  ait and sh w impr ed 
r ss m t r unc n er me.
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METHODS

The Medical Ethics C mmi ees   ni ersit  Medical Center and the Ins tu nal  
Re iew B ard  ashin t n ni ersit  Saint L uis appr ed this stud .

A sin le blind  rand mi ed c ntr lled trial was per rmed. Pa ents a reein  t  par cipate 
were rand ml  all cated t  either an e perimental r up usual care with added nee- 
an le- t rth sis treatment at rest n alterna n  ni hts r up t  ne ear) r c ntr l 

r up n  nee-an le- t rth sis treatment at rest). 
 
A bl c  rand mi a n pr cedure bl c  si e between 3 and ) was used. The rand mi a n 
was c mputer enerated per center be re star n  the stud  b  an in es at r n t in l ed 
in recruitment r measurement pr cedures. The assi nments were st red in numbered 
sealed en el pes  and pened b  a research assistant a er recei in  in rmed c nsent r m 
the par cipants and parents. The par cipant and parents were in rmed  r up all ca n 
a er ini al measurements. All in es at rs  data c llect rs and pers nnel resp nsible r 
pa ent measurements r data anal sis were blinded re ardin  r up all ca n un l tests 
and anal ses were c mpleted. Measurement sessi ns were scheduled immediatel  be re 
treatment and a er 3  6   and 12 m nths. The pr t c l is described brie  bel w.

Children with spas c CP  a ed between 4 and 16 ears and able t  wal  r ss m t r  
unc n classi ca n s stem MFCS) le els I-III)  and treated pre i usl  r reduc ns 

in A-Fd  ROM were in ited t  par cipate in this stud . A-Fd  was measured as the an le  
between hind t s le and bia b  n n-instrumented clinical assessment urther indicated 
as t-clin). Pre i us treatments included b tulinum t in in ec ns m re than 3 m nths 
pri r t  stud  ini a n)  serial cas n  m re than 2 m nths pri r t  stud  ini a n) r 

nee-an le- t rth sis treatment at rest. E clusi n criteria were  1) pre i us selec e 
d rsal rhi t m  2) intrathecal bacl en therap  3) a ainable with e tended nee  t-clin  
less than  i.e.  between l wer le  and t while stabili in  the talus b ne - r  
detailed descrip n see bel w  n te that results  instrumented measurement used in the 
anal sis bel w ma  di er r m clinician s assessment)  4) limita n in nee e tensi n ROM ull 

nee e tensi n had t  be p ssible)  5) sur ical inter en ns at AS  as well as planned b tulinum 
t in in ec ns and r serial cas n  and r sur er  n the l wer le  within the stud  peri d. 
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Children were recruited durin  ph sician s c nsulta n h urs at the  ni ersit  Medical 
Center  the Rehabilita n Medical Center r t limmendaal  the iecuri Medical Center 
and at the St. L uis Children s H spital. All par cipants were in rmed ab ut pr cedures  
aim and c ntent  the stud  and parents and children  12 ears and ab e si ned an 
in rmed c nsent. 

A sample si e calcula n r c mparis ns  tw  r ups with 5 repeated measurements 
[75  was per rmed at a le el  si ni cance smaller than . 5 and a p wer le el  . . 
A chan e  5  was ta en t  be clinicall  rele ant  and a standard de ia n  4.5  was 
assumed t  appl  based n measurement err r  pre i us an le d nam metr  measure-
ments [5 . Sample si e calcula ns indicated that 1  par cipants per r up were re uired. 

Par cipants in the e perimental r up were prescribed a p l eth lene r p l pr p lene 
nee-an le- t rth sis r ne ear. nee int an le was ed at ull e tensi n i.e. ) 

and ariable A-Fd  was made p ssible usin  a sprin  an le p wer unit  ltra e  S stems  
P st wn  PA  SA). F ur t pes  p wer units were a ailable  and the t pe bein  depen-
dent n b d  mass  the par cipant P1  m re than 5  P3  between 25  and 5   
P5  less than 25  PC1  less than 25 ).
 

earin   the rth sis was prescribed r ne le  n alternate ni hts. I  a child had rth ses  
r b th le s  an rth sis was w rn n each le  n alterna n  ni hts  t  reduce treatment 

burden and t  increase actual wearin  me. T  a ain similar wearin  me per le  r sin le 
le  treatment  children were instructed t  wear the nee-an le- t rth sis n alternate 
ni hts. earin   the rth sis r at least 6h per ni ht was prescribed r all par cipants. 
I  par cipants e perienced seri us disc m rt a er a 2 min ad ustment peri d  r i  the  
w e up durin  the ni ht  the rth sis c uld be rem ed. Orth sis applied tensi n at the 
an le was set acc rdin  t  a prede ned scheme [76 . Brie  pa ents started at p int 2 

n the indicated scale and increased tensi n se n s each ni ht b  .5 p ints. M ments 
e erted c rresp ndin  t  these se n s are rep rted in tables 3.1-3.4  the supplement. 
I  children c uld n t t lerate these increased m ments  tensi n was ept c nstant r tw  
wee s. F ll win  this peri d  the pr cedure t  increase m ments was repeated. I  pr blems 
with wearin  me remained  par cipants were ad ised t  wear the nee-an le- t rth -
sis durin  rest peri ds thr u h the da  r e ample while watchin  tele isi n. T  deal with 
an  pr blems  par cipants were intensi el  m nit red b  a uali ed research assistant. 
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All children  includin  the e perimental r up  recei ed re ular treatment includin  wear-
in  AFO s durin  the da  r standin  and wal in ) and ph si therap . Par cipants were  
e cluded r m the stud  when their ph sician decided that addi nal treatment was needed  

r e ample b tulinum t in in ec ns and r serial cas n  r reduced t-clin) r when 
the  n  l n er wished t  par cipate. Data that was c llected be re pa ents uit  was in- 
cluded in anal ses.

Primary outcome

T  e aluate the e cac   AFO treatment  A-Fd  ROM at ull nee e tensi n was measured 
usin  a sin le di ital inclin meter M del AC 1  Acumar La a e e  IN  SA) that was  
a ached t  a t r ue wrench Sens t r  713 6  Stahlwille  erman ). The t r ue wrench 
was a ached t  an ad ustable tplate c nsis n   a separate re t and calcaneal part 

ure 3.1). These parts c uld be ed in a re uired p si n  pr na n r supina n  
as well as abduc n r adduc n  the re t. The aim was t  stabili e the talus b ne  
especiall  i  al us de rma n was present. This was achie ed b  appl in  the ll win  
c rrec ns  as described b  Hui in  et al. [77  

1)“The calcaneus is rotated to the neutral posi on ithin the frontal plane. 
This brings the calcaneus to a neutral posi on under the bia.” 

2)“Adduc on of the forefoot is applied ith the aim of bringing the calcaneus mid-
line to poin ng bet een the nd and rd ray of the forefoot. This ill cause the 
talus to protrude under the skin. If the talocalcaneal oint is su ciently stable, the 
skin over the most medial part of the caput of the talus ill rinkle on imposing 
dorsal exion.”

3)“If the talocalcaneal oint is not su ciently stable as yet, the fore- and midfoot is 
supinated un l su cient stability is reached.” 
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Durin  measurements  par cipants la  pr ne n a bench with their nees e tended and 
b th eet erhan in  the ed e. The l wer limb was p si ned in such a p si n that the 
line c nnec n  the bula head and lateral malle lus was h ri ntal. The assess r e erted 
a 4Nm d rsi e i n m ment n the tplate that was maintained r 5s h ldin  phase).  
At the end  the h ldin  phase  the an le between the tplate and bia t-4Nm) was 
read and rec rded. This pr cedure was repeated 6 mes  at 5s inter als. 

The hand-held d nam meter

The hand-held d nam meter c nsists  a t r ue wrench  inclin meter 
and an ad ustable t i ati n in rder t  stabili e the talus b ne in case 

 al us r arus de rmati ns. The d rsi le i n m ment is e erted at 
the l cati n  the blac  d t. Durin  measurements  the l wer le  is in 
a h ri ntal p siti n.
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Chapter 3

Durin  t-4Nm measurements  sur ace electr m raph  EM )  the mm. astr c- 
nemius lateralis and bialis anteri r was c llected durin  the nal 1.5s  the h ldin  phase. 
EM  si nals were rec rded with a samplin  rate  1 H  and then hi h-pass ltered at 
2 H . O -line  rec rded si nals were ltered with a 5 H  5th rder band pass Bu erw rth 

lter  then ull wa e rec ed and nall  l w-pass ltered with a 5H  5th rder l w pass  
Bu erw rth lter usin  a cust m s ware pac a e pr rammed in Matlab ersi n 7.1   
The Math r s Inc.  Na c  MA  SA). The pr cessed si nals  each muscle were  
n rmali ed r iden call  treated si nals  ma imal luntar  muscle c ntrac ns M C). 
T  include t-4Nm in the anal ses  an  di erences in alues  n rmali ed EM  between 
measurements and between measurement sessi ns had t  be smaller than 1 %  the M C. 

F r t-4Nm  the mean  5 acceptable measurements was used in the anal ses. This meth d 
ields a smallest detectable di erence in t-4Nm  2.45  [59 . F r par cipants wh  w re a 
AFO n b th le s  t-4Nm was measured r the m st in l ed le  nl .

Secondary outcome

T  e aluate an le- t and nee an le in bare t ait  ide  ima es  par cipant s were 
rec rded  with a sample rate  5 H  when wal in  n a 1 m wal wa  at a sel -selected 
c m rtable wal in  speed. Sa i al ima es were used r measurin  an le- t and nee 
an les usin  cust m-made s ware the M ie iewer®   ni ersit  Medical Center   
Amsterdam  the Netherlands  h p www.smalll.eu) with an inte rated di ital ni meter 

r n-screen measurements [61 . Fr ntal ima es were used t  chec  i  sa i al int an les 
c uld be measured reliabl  r e ample with less than 2 ° hip end - r e r ta n present 
[61 . al in  speed was calculated er 5m  the trac  usin  in rared sens rs r a st p-
watch. F r measurement sessi ns at 3  6  9 and 12 m nths  par cipants were as ed t  wal  
at similar speed as their rst measurement sessi n. Each measurement sessi n c nsisted 

 5 wal in  trials. 
 
At mid stance instant that the swin  le  passes b  the stance le )  an le- t an le t-MST  
an le between bia and t s le bel w the calcaneus) as well as nee an le nee-MST  an le 
between bia and emur) were measured. The l west nee an le nee-LO  ma imal nee 
e tensi n) in stance between mid stance and pre-swin  r c ntact  the c ntralateral 
le ) was als  measured. The mean  three selected trials was used in urther anal ses.  
Neutral an le- t an le l wer le  and t s le perpendicular) was desi nated as °.  
P si e alues are re erred t  as d rsi e i n and ne a e alues as plantar e i n. F r 

nee an le  an e tended nee  l wer and upper le  ali ned  was desi nated as °
. P si e 

alues were re erred t  as nee e i n and ne a e alues as nee h pere tensi n. 



510046-L-bw-Maas510046-L-bw-Maas510046-L-bw-Maas510046-L-bw-Maas
Processed on: 8-5-2017Processed on: 8-5-2017Processed on: 8-5-2017Processed on: 8-5-2017 PDF page: 61PDF page: 61PDF page: 61PDF page: 61

61

1
2 
3 
4 
5 
6 
7

F r th se children in the e perimental r up recei in  treatment n b th le s and r 
children in the c ntr l r up with bilateral CP  measurements were per rmed n b th le s.

M bilit  was measured usin  the r ss m t r unc n measure 66 Item Set MFM-66). 
Sc res n a 1  scale were calculated usin  r ss m t r abilit  es mat r s ware r ss 
M t r Abilit  Es mat r ersi n 1. ) [62 .
 

In a sub r up  pa ents  wearin  me was measured b  rec rdin  temperature  usin  a 
temperature sens r-data-l er TBI- 1  Onset C mputer C rp ra n  B urne  MA) that 
was inc rp rated in the shel   the AFO. Temperature was rec rded e er  15min. sin  
this data  mean AFO wearin  h urs per prescribed ni ht were calculated r each inter al 
between measurement sessi ns. Because it was n t p ssible t  pr ide all pa ents wearin  
a AFO with a temperature sens r-data-l er  addi nal in rma n re ardin  wearin  

me was c llected usin  sel -rep rt ues nnaires. These ues nnaires were als  used 
t  c llect in rma n n tensi n se n s  the p wer unit. Tensi n se n s were used t  
es mate the ma imum m ment e erted n the an le b  the p wer unit at ° d rsi e i n  
usin  p wer unit speci ca ns as described in the supplement tables 3.1-3.4).

sin  ues nnaires  par cipants were as ed ab ut ccurrence  l ca n and causes  
pain durin  wearin   the AFO. The  were als  as ed t  rep rt AFO-related sleepin  
pr blems.
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The ri inal pr t c l has been described in detail [76 . S me chan es r m the ri inal 
pr t c l were necessar  due t  recruitment pr blems. 1) The sta c AFO r up c nstant 

nee e i n at ° and c nstant an le t an le at °  n 2) was rem ed r m the e peri-
ment March 2 11). e decided t  cus n e cac   d namic AFO s e clusi el . 2) The 
minimum me inter al between b tulinum t in treatment and the start  the stud  was 
reduced r m 6 t  3 m nths. 3) The upper a e ran e limit was increased t  16 instead  12 
ears  a e. 

 
As s me children sh wed hi her than e pected le els  muscle ac it  durin  measure-
ments  new EM  le els were ch sen  all win  inclusi n in A-Fd  ROM anal ses. The ma i-
mum di erence in EM  le els must be less than 1 %  M C between measurements and 
between measurement sessi ns. 

The e cac   rth c mana ement at rest n A-Fd  ROM was tested b  mul le el anal ses 
[75 . This meth d ta es int  acc unt repeated measurements within ne sub ect and c n-
cei able di erences in treatment e ect between di erent treatment centers. It als  all ws a 
ariable number  bser a ns per sub ect  all win  par cipants ui n  the stud  be re 

last measurements  als  be included in anal ses. The dependent ariable was t-4Nm  and 

r up all ca n e perimental r c ntr l) was used as independent ariable. Anal ses were 
carried ut with a nested structure with measurements as le el 1  clustered within sub ects 
as le el 2  and sub ects clustered within centers as le el 3. The m del was c rrected r 
the ini al r rst a ailable t-4Nm result. AFO treatment e ect was represented b  the 
re ressi n c e cient  r up all ca n. This re ressi n c e cient represents di erence 
in chan e in t-4Nm between the e perimental and c ntr l r ups between c nsecu e 
measurement sessi ns. T  assess whether dr p uts a ected results  treatment e ect   
an addi nal anal sis was per rmed includin  nl  measurements up t  6 and 9 m nths. 
T  e aluate the e ects  rth c mana ement at rest n ait and m bilit  similar anal ses  
were per rmed r dependent ariables t-MST  nee-MST  nee-LO  and MFM-66 sc re.  
All anal ses were per rmed acc rdin  t  inten n t  treat principles.
 
An addi nal anal sis was per rmed t  determine whether the c ntr l r up sh wed a 
reduc n in t-4Nm er me. The same pr cedure as described ab e was applied  with as 
independent ariable me m ment  measurement in numbers) and n  c rrec n r the 
ini al r rst a ailable t-4Nm result. In this anal sis  the re ressi n c e cient represents 
chan e in t-4Nm between c nsecu e measurement sessi ns. 
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An ther anal sis was per rmed t  in es ate the e ects  AFO wearin  me n chan e 
in t-4Nm between c nsecu e measurement sessi ns e perimental r up nl ). The  
dependent ariable r this anal sis was t-4Nm  and wearin  me per prescribed ni ht 
was included as independent ariable. The m del was c rrected r the ini al r rst a ail-
able t-4Nm result. The re ressi n c e cient is indica e  a p ssible rela n between 
chan es in t-4Nm between c nsecu e measurement sessi ns and AFO wearin  me per  
prescribed ni ht.

Anal ses were per rmed usin  ML in ersi n 2.21  Center r Mul le el M dellin   
ni ersit   Brist l) and alpha le el was set t  . 5. 

RESULTS

All pa ents were recruited between Februar  2 1  t  April 2 12 and measurement sessi ns  
were per rmed between March 2 1  and April 2 13. A w chart  the number   
par cipants is sh wn in ure 3.2. S me pa ents declined t  par cipate because their  
pre erence r a speci c treatment led them t  b ect t  the rand mi a n pr cess  r  
because the  c nsidered the addi nal isits t  the h spital r the measurement  
sessi ns t  be a burden. Reas ns r dr p ut a er ini al measurement were seri us illness 

 a m ther n 1)  c ntact l st n 1)  disa reement with r up all ca n n 1) r l is cal 
pr blems n 1). Reas ns r dr p ut later in the stud  were need r addi nal treatment 

r reduced t-clin  such as b tulinum t in in ec ns r serial cas n  e it criteria  n 11)  
t b ne racture n 1)  c ntact l st n 1)  r bein  una ailable r the nal measurement 

n 3). Characteris cs  pa ents wh  were included in anal ses are sh wn in table 3.5. 
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Participants l w dia ram

Dia ram sh win  l w  participants durin  the stud . N represents the number 
 participants  t-4Nm represents utc me parameters r an le- t d rsi- 

le i n ran e  m ti n and T  T3  T6  T9 and T12 represent measurements 
at  3  6  9 and 12 m nths resp. Missin  t-4Nm  represents the number  
measurements that c uld n t be included in the anal ses r t-4Nm due t  
n t meetin  electr m raph  criteria r because measurements c uld n t 
be per rmed due t  pain. Onl  measure t-4Nm  represents the number  
measurements that c uld n t be included in the anal ses because there was 

nl  ne t-4Nm r that participant. 

 

Received written information 
(n=90) 

Excluded (n=62) 
Not meeting inclusion criteria (n=9) 
Declined to participate (n=51) 
Randomised to static group (n=2) 

Randomised (n=28) 

Dropped out:      
- Met exit criteria: n=0 
- Lost to follow-up: n=2 

Experimental group 
 
Measured T0:  n=15 
Missing foot-4Nm: n=6 
Only measure foot-4Nm: n=2 

Measured T3:  n=13 
Missing foot-4Nm: n=5  

Only measure foot-4Nm: n=2 

Dropped out:      
- Met exit criteria: n=1 
- Lost to follow-up: n=0 

Measured T6:  n=12 
Missing foot-4Nm: n=3  
Only measure foot-4Nm: n=0 

Dropped out:      
- Met exit criteria: n=1 
- Lost to follow-up: n=1 

Measured T9:  n=10 
Missing foot-4Nm: n=2  

Only measure foot-4Nm: n=1 

Dropped out:      
- Met exit criteria: n=2 
- Lost to follow-up: n=2  

Measured T12:  n=6 
Missing foot-4Nm: n=1  
Only measure foot-4Nm: n=0 
---------------------------------------- 
Met exit criteria:  n=1 

Dropped out:      
- Met exit criteria: n=0 
- Lost to follow-up n=2 

Control group 
 
Measured T0:  n=13 
Missing foot-4Nm: n=3 
Only measure foot-4Nm: n=2 

Measured T3:  n=11 
Missing foot-4Nm:  n=2   

Only measure foot-4Nm: n=1 

Dropped out:      
- Met exit criteria: n=4 
- Lost to follow-up: n=1 

Measured T6:  n=6 
Missing foot-4Nm: n=0  

Only measure foot-4Nm: n=0 

Dropped out:      
- Met exit criteria: n=1 
- Lost to follow-up: n=0 

Measured T9:  n=5 
Missing foot-4Nm: n=1  

Only measure foot-4Nm: n=0 

Dropped out:      
Met exit criteria: n=2 
Lost to follow-up: n=1 

Measured T12:  n=2 
Missing foot-4Nm: n=1 
Only measure foot-4Nm: n=0 
----------------------------------------- 
Met exit criteria:  n=1 

Participants included in analyses 
for foot-4Nm: 
  
For analyses per group: 
Experimental group:  n=10  
Control group:  n=9  
 
For analyses per wearing hour: 
Experimental group: n=7  
 
 
 
 
Participants included in analyses 
for foot-MST, knee-MST, knee-MST: 
 
For analyses per group: 
Experimental group:  n=11  
Control group:  n=11  
 
For analyses per wearing hour: 
Experimental group: n=10  
 
 
 
 
Participants included in analyses 
for gross motor function:  
 
For analyses per group: 
Experimental group:  n=13  
Control group:  n=11  
 
For analyses per wearing hour: 
Experimental group: n=11 
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 Participants characteristics at baseline.

A e mean±SD) .6±3.2 . ±3.4 1 . ±2.9 9. ±2.

ender emale male 3 1 2  6 5 5 4

MFCS I II III 7 4 2 6 3 1 6 4 1 4 4 1

ni Bilateral  7 6 6 4  5 6 3 6

Catch m. astr cnemius es n  5 6 4  7 4 5 4

nee e i n in MST 1  es n 1 1 9 1 1 3 2

F t  arus al us neutral 2 9 2 1 7 2 2 7 2 2 6 1

Ph si therap  es n  5 6 4  3 1

AFO da ) treatment es n 1 3 7 3  3 7 2

Stretchin  e ercises es n missin  7 4 2 5 3 2 9 2 1

One Tw  sided treatment 1 3 N A N A N A

Abbre ia ns   
t-4Nm  An le- t d rsi e i n ran e  m n an le  measured with hand-held an le d nam meter at 

4Nm d rsi e i n  MFCS  r ss m t r unc n classi ca n s stem  MST  mid stance  AFO  an le- t rth sis.

F r t-4Nm  data were a ailable r 1  par cipants in the e perimental r up table 3.6A) 
and 9 par cipants in the c ntr l r up table 3.6B). Pa ent characteris cs r b th r ups 
are sh wn in table 3.5 and mean chan es r m ini al measurement sessi n) in t-4Nm  
at each me inter al are sh wn in table 3.7. The pa ent r ups did n t sta s call  di er  
at baseline. Mul le el anal ses sh wed that chan e in t-4Nm was n t si ni cantl   
di erent between r ups see table 3. ). Chan es in t-4Nm were als  n t sta s call   
di erent between the c ntr l and e perimental r ups when nl  6 m nths data  
re ressi n c e cient -2. 1  c n dence inter al -4.69 .67) r 9 m nths data re res-

si n c e cient -1.65  c n dence inter al -5. 3 1.73) were ta en int  acc unt.

Alth u h we h p thesi ed that t-4Nm w uld reduce er me r children in the c ntr l  
r up  t-4Nm did n t decline si ni cantl  er ne ear re ressi n c e cient - .35  

c n dence inter al -1.51 . 1). N  si ni cant reduc n  t-4Nm was seen between  
9 m nths re ressi n c e cient - .2  c n dence inter al -1.5 1.11)  alth u h there 

was a si ni cant reduc n r 6 m nths re ressi n c e cient -1.9  c n dence inter-
al -3.22 - .57). 
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F r an le- t and nee an les in ait  data were a ailable r 22 par cipants c ntr l r up  
n 11  e perimental r up  n 11). N  treatment e ect was seen r either t-MST  nee-MST  

r nee-LO  see table 3. ). 

F r MFM-66  data were a ailable r 24 par cipants c ntr l r up  n 11  e perimental 
r up  n 13). N  si ni cant AFO treatment e ects c uld be sh wn table 3. ). 

AFO wearin  me data were a ailable r 12 par cipants  and tensi n se n s  the  
p wer unit were a ailable r 1  par cipants. Mean±SD wearin  h urs per prescribed  
ni ht were 3. h± .9h  with alues ran in  r m .9h 6. h. Onl  ne par cipant 3 5)  
was able t  wear the AFO r the re uired 6h per prescribed ni ht. Fr m rep rted tensi n 
se n s  it was calculated that the mean±SD ma imum m ment e erted b  the p wer unit 
was 5. Nm±1. Nm  with alues ran in  r m 2.1Nm 7. Nm at ° A-Fd .
 
As men ned ab e  data n wearin  me were a ailable r 12 par cipants. F r 5  these 
par cipants  temperature sens r data were als  a ailable. F r the ther par cipants  actual 
wearin  me data were btained nl  r m the sel -rep rt ues nnaires.

Since l w AFO wearin  me ma  ha e c ntributed t  lac   e ects  AFO treatment  
we tested i  chan e in t-4Nm er me was related t  mean wearin  h urs per prescribed 
ni ht per me inter al. F r this anal sis  data re ardin  AFO wearin  h urs was a ailable 

r 7 par cipants. Their mean±SD wearin  me per ni ht was 2.4h±1.6h ran e  .9h-4. h). 
Fr m rep rted tensi n se n s  it was calculated that the mean±SD ma imum m ment  
e erted b  the p wer unit was 5.3Nm±1.5Nm ran e  3. Nm 7.2Nm  n 6) at ° A-Fd .  
Mul le el anal ses sh wed that chan e in t-4Nm was n t related t  AFO wearin  me 
table 3. ).
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 Outc me  an le- t d rsi le i n ran e  m ti n measurements.

A  E perimental r up

T0 T6  T9

  3.   - .4    2.   3.6

  7.   3.4   1.   -5.2   3.4

109   6.2   5.   2.   1.6   3.2

110   3. -6.3   -6.4  

  3.4   -2.  - .4  

- .2   3.  -1.   .   .

   5. 16.2 12.3

2 .2 12.  

   7.4  2.

  2. -3.   

B  C ntr l r up

T0 T6 T9

101  .4     1.6  -4.6   .2

105 -7.2 -12.6

106   11.   6.

111   5.    9.4  

  3.2    .   .   9.4  .

14.6  11. 1 .

- .4  -1. -5.  

19. 11. 16.6 19.

11.6  7.6   

Outc me  an le- t d rsi e i n ran e  m n measurements at  T )  3 T3)  6 T6)  9 T9) 

and 12 T12) m nths r e perimental A) and c ntr l B) r ups.

 Outc me an le- t d rsi le i n ran e  m ti n measurements  
c rrected r initial alue

T0 T6 T9

. ± . -2.9±4.5 -4.3±3.6 -2.2±7.3 .1±4.5

. ± . -2. ±3.6 -3. ±1.4  . ±4.1 -2.4

Outc me  an le- t d rsi e i n ran e  m n measurements per r up mean±SD) at  T )  3 T3)  

6 T6)  9 T9) and 12 T12) m nths  when c rrected r ini al alues. 



510046-L-bw-Maas510046-L-bw-Maas510046-L-bw-Maas510046-L-bw-Maas
Processed on: 8-5-2017Processed on: 8-5-2017Processed on: 8-5-2017Processed on: 8-5-2017 PDF page: 68PDF page: 68PDF page: 68PDF page: 68

68

Chapter 3

 Multile el anal ses utc me

ne p ncon 95% CI n 95% CI

1 9 -1. 5 -4.71 2.61 7 - . 1 -1.15 1.14

11 11 -2.62 -5. .57 1 - .27 -1.7 1.24

11 11 - . 4 -4.24 4.17 1  1. 6 - .27 2.39

11 11 -1.35 -5.19 2.4 1  .25 -1.23 1.72

GMFM-66 13 11  .21 -3.26 3.6 11 - . 4 -1.72 . 6

Re ressi n c e cients ) and 95% c n dence inter als 95% CI) r an le- t d rsi e i n ran e  
m n t-4Nm)  an le- t an le in mid stance t-MST)  nee an le in mid stance nee-
MST)  the l west nee an le nee-LO ) between mid stance and ll win  ini al c ntact  the 
c ntralateral le  and r ss m t r unc n measure MFM-66) are rep rted as utc me rand m 
c e cient anal ses.  indicates the chan e between ini al and repeated measurements. Numbers  
par cipants that c uld be included in anal ses are i en r e perimental ne p) and c ntr l nc n) 

r ups. Anal ses were per rmed t  test r di erences between r ups inten n t  treat anal ses) 
and t  test the rela n between dependent ariables and nee-an le- t rth sis AFO) wearin  

me. earin  me anal ses c uld nl  be per rmed r the e perimental r up.

F r a similar anal sis  ait ariables and MFM-66 sc res e perimental r up nl )   
data n AFO wearin  h urs were a ailable r 1  and 12 par cipants  respec el . 
Mean±SD wearin  me per ni ht was 2.9h±1.9h ran e  .9 6. ) r par cipants included  
in anal ses re ardin  ait parameters  and 3. h±1.9h ran e  .9 6. ) r par cipants  
included in anal ses re ardin  MFM-66 sc re. Fr m rep rted tensi n se n s  it was  
calculated that the mean±SD ma imum m ment e erted b  the p wer unit at ° A-Fd  
was 5. Nm±1.9Nm ran e  2.1Nm 7.7Nm  n 9) and 5. Nm±1. Nm ran e  2.1Nm 7. Nm  
n 1 ) r pa ents included in anal ses  ait parameters and MFM-66 sc re  respec e-
l . Neither the chan e in ait ariables n r the chan e in MFM-66 sc re was related t   

AFO wearin  me per prescribed ni ht table 3. ). 

Data re ardin  c mplaints ab ut AFO wearin  were a ailable r all par cipants. Data was 
e tracted r m ues nnaires and r m n tes  the research assistants. Se en par cipants 
rep rted pain ascribed t  muscle strain and 9 t  pressure sp ts. In addi n  par cipants 
c mplained  a h t r swea n  le  n 4)  itch n 3)  cramp n 1)  s ness n 1) r hi n  

r rubbin  a ainst their c ntralateral le  b  the AFO n 1). Pain l ca ns included the 
heel n )  ther parts  t and an le n )  l wer le  n 4)  upper le  n 2) and nee 
n 3). One par cipant rep rted bedwe n  because the par cipant c uld n t et ut  

bed uic l  en u h due t  the AFO  and all 13 par cipants rep rted sleepin  pr blems. 
Alth u h reas ns r sleepin  pr blems were n t alwa s indicated  the reas ns described 
were m stl  related t  the ab e men ned c mplaints r t  eneral disc m rt. 
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DISCUSSION

e in es ated the e cac   AFO treatment at rest in pre en n  reduc n in A-Fd  
ROM. Our h p thesis that AFO treatment at rest w uld pre ent reduc n  A-Fd  ROM 
c uld n t be c n rmed. A li el  c ntribu n  act r r this lac   treatment e ect is the 
l w wearin  me per prescribed ni ht. H we er  it ma  be ues ned i  AFO s need t  
be w rn r at least 6h per ni ht t  be e ec e. This rec mmenda n is based n a stud  
[39  su es n  that m. s leus SOL) c ntractures w uld n t de el p i  the an le- t int 

 children with spas c CP is ept at pea  d rsi e i n r 6h each da . The results  this 
stud  ha e n t been duplicated t  date. In the present stud  we c uld n t sh w an  rela n 
between rth sis wearin  me and chan es in A-Fd  ROM. H we er  it sh uld be n ted that 

ur results cann t be ta en as une ui cal e idence a ainst wearin   AFO s because  r 
all but ne sub ect  rth sis wearin  me was c nsiderabl  less than the rec mmended 6h. 
Children and parents a reed t  AFO treatment as a means t  pre ent urther) reduc n  

 A-Fd  ROM and as p ssible means t  a id addi nal treatments such as serial cas n  
and r b tulinum t in in ec ns. Despite this clear m a n  children were unable t  
wear the AFO r the rec mmended 6h due t  e cessi e disc m rt.
 
In rder t  be e ec e  rth c treatment ma  need t  be m di ed t  impr e c m-

rt and t lerabilit . Man  par cipants rep rted pain r disc m rt caused b  pressure 
sp ts and r muscle strain. Despite intensi e supp rt r m clinicians and rth sts  the  
c mplaints pr ed t  be una idable. A cause  disc m rt ma  be insu cient a n 

 the t in the rth sis. Heel rise within the AFO was bser ed clinicall  resul n  in  
pressure n the d rsal side  the calcaneus and c nse uent pain. 

An ther cause  disc m rt ma  be hi h le els  muscle strain. Despite e erted e ternal 
m ments bein  rela el  l w  pa ents e perienced percep ble muscle strain that resulted 
in disc m rt and pain. This pr blem ma  be related t  er  hi h l cal strains imp sed with-
in plantar e r muscles [7  79 . In addi n t  strain  in luntar  muscle ac a n such as 
d st nic c ntrac ns r re e  muscle spasm ma  c ntribute t  disc m rt. S me children 
w e due t  pain  but with ut n table pressure sp ts n cal  r t. 
 
It ma  be interes n  t  test the e cac   AFO s all win  m re nee e i n. Children wh  
are all wed s me nee e i n durin  treatment ma  ha e less disc m rt. It is c ncei able 
that all win  m n int  par al nee e i n ma  increase wearin  me  AFO s due t  
l wer disc m rt. C n ersel  i  pain ass ciated with wearin  AFO s with ed e tended  

nee is caused b  strain imp sed n AS  the absence  pain due t  all win  s me nee 
e i n ma  indicate lac   ade uate strain n plantar e r muscles. 
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This c uld then ne ate treatment e ect n the A-Fd  ROM. On the ther hand  strain distri-
bu ns within plantar e r muscles and r m e ternall  applied strain n AS were und 
t  di er [7  79  and are un n wn r the t pe  AFO used in the present stud . There-

re  in es a n  e ects  di erent strain distribu ns induced b  AFO treatments n 
muscular pr per es is indicated. 
 

AFO treatment sh uld  the re call  be e ec e due t  strain imp sed n plantar e r 
muscles resul n  in adapta n  the strained muscles. L n -term increases in numbers  
serial sarc meres within bers w uld ield hi her muscle ber slac  and p mum len ths  
and mi ht enhance int ROM. H we er  it is uite c ncei able that AFO s imp se l wer 
than e pected strains n plantar e r muscles. Durin  d rsi e i n  substan al rac ns  
an ular chan es  the t s le  r plate  deri e r m m ements and de rma ns within 
tarsus and metatarsus ints  rather than r m m ement at the tal crural int [77  . 
As plantar e r muscles insert n the calcaneus  the  strain less than e pected r m t 
s le r plate m ements. Thr u h e rts t  ma imi e a n  the subtalar ints  m e-
ment at these ints can be minimi ed  par cularl  r ur d nam metr  measurements. 
H we er  it is n t easible t   ints  tarsus and metatarsus in such a wa  that chan e  
in tplate an le is a alid es mat r  chan e  tal crural int an le. The clinicall  n ted 
heel rise described ab e indicates that the situa n ma  actuall  be e en w rse within  
the AFO. 
 
As men ned  it is er  di cult t  precisel  determine the strainin  c ndi ns  muscles  
e ternall  applied strain n AS l bal strain) has been sh wn t  be er  dissimilar t   
l cal strains und within the l ball  strained muscle [7  79 . S me parts  AS sh wed   
l call  er  hi h p si e strains rela e t  l bal strain  while hi h ne a e strains and 

r ups  sh rtened serial sarc meres were enc untered in s me parts  the muscle. 

These studies als  sh wed that strain applied nl  t  AS b  m ement  the nee)  
ielded strains  similar ma nitude in SOL  as well as in all ther muscles includin  anta- 

nis c muscles)  the l wer le  that cr ss the an le. These bser a ns indicate that l cal 
strains within muscles are n t h m en usl  distributed al n  muscle bers and that inter-
muscular rce transmissi n ia c nnec e ssues is mnipresent within a b d  se ment. 
Despite the act that adapta ns e. . increased serial sarc mere numbers) are e pected t  
pla  a ma r r le in adap e pr cesses  t pes  strain distribu ns inducin  these e ects 
within muscle bers are currentl  un n wn [ 1 . 
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E ects  l bal strain ma  be di erent r muscles with l w and hi h de rees  penna n.  
In hi hl  pennate muscles  as AS  muscle ber strain ma  be c nsiderabl  l wer than  
imp sed muscle strain due t  the act that decreases in the muscle ber an le with the 
line  pull  the muscle will ta e up s me  the imp sed strain [6 . This ma  ha e 
c nse uences r adapta n  muscle ber len th b  addi n  sarc meres in series.  
An addi nal imp rtant di erence between muscles with di erent de ree  penna n is 
that muscles with a l w de ree  penna n can nl  increase their len th b  increasin  

ber len ths increased number  sarc meres series)  whereas in hi hl  pennate muscles 
len th can als  be increased b  increasin  the cr ss-sec nal area  the muscle bers [6  

2  3 . I  h pertr ph  is induced  r e ample b  hi h imp sed strain [ 4  muscle len th 
w uld increase as a c nse uence. It sh uld be ta en int  c nsidera n that  r a i en 
an le int an le  increased muscle-tend n c mple  len th w uld lead t  l wer mean strain 
within muscle bers  as well with p ssible c nse uences r the number  sarc meres in 
series [ 1 . 

T  impr e treatment meth ds usin  rth ses at rest  urther research  muscular mech-
anisms resul n  r m nee-an le- t and ther rth ses is indicated  as well as ther 
treatments in children with spas c CP. Future studies sh uld cus n which t pes  strain 
distribu ns in plantar e r muscles are e ec e in increasin  muscle len th and h w 
de rma ns within the t a ect the c ndi ns imp sed. This will enhance insi ht int  
path l ical and ph si l ical mechanisms underl in  treatment and ma  all w impr e-
ment  treatment.

As a limita n  this stud  se eral A-Fd  ROM results c uld n t be ta en int  acc unt because 
EM  data did n t meet inclusi n criteria. Alth u h these missin  data p ints reduced the 
p wer  the stud  su cient par cipants c uld be included t  meet ur es mate  sample  
si e re uirements. M re er  the results  the present stud  d  n t su est that a lar er  
sample si e w uld ha e sh wn bene cial e ects r the AFO  as n  p si e trends were und. 
Re ardin  sec ndar  utc me measures  a limita n  this stud  is the use  2D ide - 
anal in  techni ues instead  a 3D m n anal ses s stem. This was d ne t  reduce 
the burden  par cipants as b  the set  e tensi e measurement. F r reliable n-screen  
anal ses  m ements had t  be per rmed within the prescribed plane. Alth u h we 
used data nl  when hip r ta ns were less than 2 °  it is di cult t  assess such r ta ns  
ade uatel . H we er  isual n-screen measurements  are rep rted t  ield detectable  
rele ant chan es [61 . 
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An ther limita n  n-screen ide  measurements was that nl  tw  speci c p ints  
ait c cle mid stance and terminal stance) were anal ed. It ma  be that inema cs   

an le and nee ints chan ed at ther m ments  ait c cle. H we er  as n  e ect n 
A-Fd  ROM was und r m the inter en n  it is n t e pected that chan es in inema cs 
will be ma r.
 
In c nclusi n  this stud  c uld n t sh w that AFO treatment  with an le p wer unit 
and nee ed in e tensi n  at rest in children with spas c CP is bene cial in pre en n   
reduc n in A-Fd  ROM c mpared t  re ular treatment  at least with limited wearin  mes 
due t  p r t lerance. 
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Chapter 4

ABSTRACT

Orth c wearin  me ma  be an imp rtant c n under in e cac  studies  treat-
ment in children with spas c cerebral pals  CP). M st studies measure parent- 
rep rted wearin  me Tparent) with ues nnaires  but it is ues nable whether  
this ields alid results. This stud  aims t  c mpare Tparent with b ec el  mea-
sured wearin  me T b ) in children with spas c CP recei in  rth c treatment. 

Ei ht children with spas c CP par cipated in this bser a nal stud . F r ne ear  the  re-
cei ed nee-an le- t rth sis AFO) treatment. Tparent was measured usin  ues n-
naires. T b  was measured usin  temperature sens r-data-l ers that were a ached t  
the AFO s. The 2.5th and 97.5th percen les and median  di erences between meth ds 
per par cipant) were used t  calculate limits  a reement and s stema c di erences.  

There was n  s stema c di erence between Tparent and T b  .1h per wee )  but hi h 
inter-indi idual aria n  the di erence was und  as re ected b  lar e limits  a ree-
ment l wer limit 2.5th percen le  -1.7h per wee  upper limit 97.5th percen le  11.1h per 
wee ).
 

Tparent  a AFO di ers lar el  r m T b  usin  temperature sens rs. There re  Tparent) 
 AFO s sh uld be interpreted with utm st care.
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INTRODUCTION

Acc rdin  t  the Interna nal S ciet  r Pr sthe cs and Orth cs c nsensus d cument 
[36  5  rth c treatment is applied in e rts t  pre ent de rmi es and muscle sh rten-
in  in children with spas c cerebral pals  CP). Appl in  a hi h tensile strain nt  muscles 
b  stretchin  the muscle tend n c mple  usin  rth ses is presumed t  increase int ran e 

 m n ROM) r pre ent its l ss [36 . earin  me is an imp rtant act r in determinin   
e ec eness  as e cac   treatment with rth ses is su ested t  be dependent n  
dura n that muscles are strained [39 . Tw  recent studies [22  76  6  in es a n  the 
e cac   an le- t rth ses AFO s) and nee-an le- t rth ses AFO s) strainin   
the cal  muscles  used ues nnaires lled in b  the par cipant s parents t  assess  
wearin  me. H we er  it is ues nable whether such parent-rep rted wearin  me is  
a alid measure.
 
Research cusin  n b ec e meth ds t  measure wearin  me has been rep rted r  
pa ents with sc li sis  wearin  spine rth ses. Se eral b ec e meth ds are a ailable  
such as data ac uisi n usin  temperature sens rs [ 7-9  r usin  rce transducers 
[ 9  91  a ached t  the rth ses. These meth ds ielded reliable and alid wearin  me  
es mates [ 7-91 . Temperature sens rs ha e been men ned as m st easible with d 
a reement with actual wearin  me  with n  rep rted mechanical pr blems and the  
sens rs bein  eas  t  use [ 9 . 

Ob ec e measures ha e been used r c mparis n  sel -rep rted wearin  me and  
actual wearin  me urther re erred t  as b ec el  measured wearin  me). Pre i us 
studies assessin  the reliabilit  and alidit   sel -rep rted wearin  me measurements 
in pa ent with spine rth ses sh wed that  in eneral  sel -rep rts b  pa ents r parents 
led t  eres ma n [4  41   92-94 . In par cular cases  pa ent-rep rted wearin  

me was twice the b ec el  measured wearin  me [4  41 . Als  children with club t  
de rmi es  wh  were wearin  a t abduc n rth sis  pa ent-rep rted wearin  me 
b  parents) was eres mated [95 . In e cac  studies  such eres ma n ma  lead t  

err ne us c nclusi ns i  rth ses were n t w rn l n  en u h t  be e ec e. 
 
T  the best  ur n wled e  in children with spas c CP wh  wear AFO s r ther rth ses 
t  pre ent l ss  an le- t ROM  parent-rep rted wearin  me has n t been c mpared 
t  b ec el  measured wearin  me. Because wearin  instruc ns  aim  treatment and 
desi n  rth ses are di erent r m pa ents wearin  spine rth ses  alidit   parent- 
rep rted rth c wearin  me ma  ar  r m the ab e described studies. 
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There re  we aim t  c mpare parent-rep rted wearin  me in children with spas c CP  
c llected usin  ues nnaires  and b ec e wearin  me  measured usin  temperature 
sens r-data-l ers a ached t  the AFO. It is h p thesi ed that parent-rep rted wearin  

me di ers r m b ec e measurements.

METHODS

This bser a nal stud  is part  a rand mi ed c ntr lled trial that tested the e cac   
AFO treatment. Appr al r this stud  was btained r m the Medical Ethics C mmi ee 
  ni ersit  Medical Center [76  6 . All par cipants i  lder than 12 ears) and their 

parents si ned an in rmed c nsent rm.

All children par cipa n  in this stud  were als  par cipants in the e perimental r up  a 
mul -center stud  in es a n  the e cac   AFO s t  pre ent e uinus in children with 
spas c CP Splint stud  [76  6 ). In the Splint stud  3  children were recruited and 17  
them were rand mi ed t  the AFO r up. The  were recruited between Februar  2 1  t  
April 2 12. The AFO s  children wh  were recruited in Amsterdam r enl   children  
all ca n was determined b  the child s residence) were e uipped with a temperature sen-
s r-data-l er t  measure wearin  me ure 4.1). These  children were included in the 
present stud . Alth u h the sens r-data-l er was isible r the par cipants  the  were 
n t in rmed ab ut the actual aim  the de ice. Besides that wearin  me was measured 

b ec el  parents  par cipants were as ed t  rep rt AFO wearin  me r their child. 
The par cipants were a ed between 4 and 16 ears and were able t  wal  independentl  

r ss m t r unc n classi ca n s stem MFCS) le el  I-II) r with wal in  aids M-
FCS le el III) [14 . All par cipants were instructed t  wear AFO s r at least 6h e er  ther 
ni ht. 

Parent-rep rted wearin  me Tparent) in h per wee  was c llected usin  ues nnaires. 
F r all da s  the 4th wee   each m nth durin  the treatment peri d  parents  par ci-
pants were as ed t  c mplete nline ues nnaires. These ues nnaires were sent t  the 
parents b  email Net ues nnaire Nederland B. .  trecht  The Netherlands). A reminder 
was sent a er tw  wee s i  parents did n t resp nd. The ll win  mul ple ch ice ues n 
was as ed  H w man  h urs did ur child wear his her AFO . Answers were i en as 
se en cate ries  ran in  r m h-1h t  6h r m re. 
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The temperature sens r-data-l er attached t  the AFO 

The AFO as sh wn in the i ure is c n i ured with a i ed nee an le and  
a ariable an le an le usin  a sprin  that pr ides ariable an le- t d rsi-
le i n. The temperature sens r-data-l er was attached t  the AFO with 

a nut upper inset) and b lt l wer inset). The lat side l wer inset)  the 
sens r-data-l er t uched the participants s in while wearin  the AFO.

Ob ec el  measured wearin  me T b ) in h per wee  was measured with a temperature 
sens r-data-l er TBI- 1  Onset C mputer C rp ra n  B urne  MA  SA) durin  the 
treatment peri d. The sens r-data-l er was embedded in the shel   the AFO  t uchin  
upper-le  s in  the par cipant. Temperature was rec rded e er  15min. AFO wearin  

me was deri ed r m me-temperature data. An increase  at least 3°C in temperature 
within 45min  indicated that the AFO was put n. As AFO temperature is n t e pected 
t  increase er n rmal b d  temperature 37 C)  peri ds with hi her temperatures were 
i n red  because it was assumed that these temperature increases were arte acts caused 
b  e ternal hea n  e. . AFO e p sed t  direct sunli ht r heater radia n). The AFO was 
assumed t  be rem ed i  temperature decreased t  alues similar t  pre i us peri ds that 

AFO was n t w rn. 
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F r each par cipant  Tparent and T b  per wee  were calculated r all wee s that data  
b th meth ds were a ailable. A wee  was nl  anal ed i  Tparent and T b  measurements 
were a ailable r at least 4 da s. I  nl  4-6 da s  a wee  were a ailable  wearin  me  
th se da s was used t  es mate t tal wearin  me  7 da s. F r Tparent  the center alue 

 each me cate r  i.e. .5 r h-1h  1.5 r 1h-2h up t  6.5h r 6h r m re) was used 
t  calculate t tal wearin  me  the wee .

A reement between the tw  meth ds was assessed acc rdin  t  the n n-parametric Bland 
and Altman meth d [96 . The n n-parametric meth d was used because  i la n  
n rmal distribu n  data due t  s me e treme alues r di erences in wearin  me 
between measurement meth ds. F r each par cipant  median  the di erences between 
b th measurement meth ds per wee  was determined. In addi n  the r up median  
di erences and 2.5th and 97.5th percen le sc re were determined  re ec n  the s stema c 
di erence between meth ds and limits  a reement respec el .

RESULTS

Temperature sens r data were a ailable r  par cipants  the Splint stud  mean a e  
.7±1.9 ears  ender  6 males  2 emales  MFCS  le el I n 2)  le el II n 4)  III n 2)).  

The peri d  AFO treatment  4 par cipants was sh rter than ne ear because th-
er treatment e. . b tulinum t in treatment) was indicated clinicall  n 3) r the AFO 
caused t  much disc m rt n 1) and there re the pr t c l was n t nished. As a c nse-

uence  AFO treatment aried r m 2 m nths t  1 ear. Indi idual resp nse t  ues n-
naires ran ed r m 22 t  1 % with a median  7%. F r ab ut 25%  the sent ues n-
naires  reminders had t  be sent. Acceptable me-temperature data that was a ailable per 
par cipant ran ed r m 1  t  1 % median  66%). Missin  me-temperature data was 
caused b  1) t  hi h air temperature because  weather c ndi ns  leadin  t  a t  small 
increase in temperature i  the AFO was w rn 3%  t tal missin  me-temperature data)  

r 2) technical pr blems with sens r-data-l ers due t  sens r ailure that was n t related 
t  AFO wearin )  leadin  t  empt  data- les 97%  t tal missin  me-temperature data). 
The peri d that data  b th Tparent and T b  were a ailable ran ed r m 1 t 11 wee s per 
par cipant  with a median  3 wee s.
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B -and-whis er pl ts  wearin  time per wee  per participant 

C mparis n  parent-rep rted wearin  time per wee  Tparent) and b ecti el  
measured wearin  time per wee  T b ) per participant. Numbers  wee s in-
cluded in anal ses are r each participant n ted n the -a is. F r participant 
1 7  Tparent and T b  was rep rted and measured as h per wee . The middle  
line  each b  sh ws the median wearin  time. The uter lines  each b  
sh w the 25th and 75th percentile  the wearin  times and the end  the  
whis ers sh w the ma imum and minim alues.

Indi idual median  inter uar le ran e  minimum and ma imum alues  Tparent and T b  
are presented in ure 4.2. Temperature data sh w that AFO wearin  me was l wer than 
prescribed and in ne case  AFO wearin  me was h. In addi n  data sh w that  in s me 
par cipants  there were lar e di erences between Tparent and T b . The median  these 
di erences per wee  are sh wn per par cipant in ure 4.3. This ure sh ws that there 
was n  s stema c di erence between b th meth ds median  .13h per wee )  but that  
di erences between meth ds sh w lar e ariabilit  between par cipants ran in  r m 
-2. h t  12.9h per wee )  resul n  in lar e limits  a reement l wer limit 2.5th percen le  
-1.7h per wee  upper limit 97.5th percen le  11.1h per wee )  This indicates that a ree-
ment between meth ds is l w. 
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Bland-Altman pl t  median di erences per participant 

Bland-Altman pl t  parent-rep rted wearin  time per wee  Tparent) and 
b ecti el  measured wearin  time per wee  T b ). pper and l wer d tted 

lines indicate limits  a reement 2.5th and 97.5th percentile). D tted line in 
middle indicates median  the di erence between Tparent and T b  r all 
participants.

C mparin  measurements within par cipants  a hi h ariabilit  in di erences between  
the tw  meth ds was sh wn as well. Indi idual data  wee l  measurements  tw  par c-
ipants is sh wn in ure 4.4. F r par cipant 1 2  Tparent ran ed r m h t  12h per wee  
while T b  ran ed r m h t  .5h per wee  ure 4.4A). Di erences between Tparent 

and T b  ran ed r m -5.5h t  5.5h per wee  with a median  h per wee  ure 4.4B). 
F r par cipant 2 7  Tparent ran ed r m h t  16.5h per wee  while T b  ran e r m h 
t  .5h per wee  ure 4.4C). Di erences between Tparent and T b  ran ed r m -1h 
t  1 h per wee  with a median  2.5h per wee  ure 4.4D). The wide ran e  within  
par cipant di erence between Tparent and T b  was als  e pressed in hi h indi idual limits 

 a reement see ure 4.4B and 4.4D  par cipant 1 2  l wer limit 2.5th percen le  -5.4h 
per wee  upper limit 97.5th percen le  5.2h per wee  par cipant 2 7  l wer limit 2.5th 
percen le  - .9h per wee  upper limit 2.5th percen le  9.4h per wee ). 
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Indi idual data  e amples 

A C  C mparis n  parent-rep rted wearin  time per wee  Tparent) and b ecti el  
measured wearin  time per wee  T b ) r tw  participants. I  n  c lumn is isible  
wearin  time is h.
B D  Bland-Altman pl t  parent-rep rted wearin  time per wee  Tparent) and b ec-
ti el  measured wearin  time per wee  T b ) r the same participants as in A and C. 

pper and l wer d tted lines indicate limits  a reement 2.5th and 97.5th percentile). 
D tted line in middle indicates median  the di erence between Tparent and T b  r 
all measurements.
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DISCUSSION

The present stud  sh ws that parent-rep rted wearin  me  AFO s di ers r m b-
ec e measurements. The di erences in rep rted wearin  me between meth ds ar  

c nsiderabl  per par cipant  s me parents rep rted hi her wearin  mes than what was 
measured b  temperature sens r-data-l ers while thers rep rted l wer wearin  mes.  
In literature re ardin  spine rth ses  m stl  eres ma n  sel parent-rep rted wear-
in  me is rep rted di erences ran e r m -15 %) [4  41   92-94 . It sh uld be n ted 
that these c nclusi ns are en based n means  all par cipants. In acc rdance with the 
rep rted ran e  di erences between wearin  me measurement meth ds  the present 
stud  und n  s stema c di erence r at m st a small eres ma n  parent-rep rted  
wearin  me. The lar e ran e  eres ma n rep rted in literature ma  indicate a similar 
trend as und in this stud  that sel parent-rep rted wearin  me and b ec el  mea-
sured wearin  me aries c nsiderabl  between par cipants. There re it ma  be c ncluded  
that parent-rep rted wearin  me and b ec el  measured wearin  me are n t c m- 
parable. 

In the present stud  hi h alues  limits  a reement between parent-rep rted and  
b ec el  measured wearin  mes were und. I  the b ec el  measured wearin  me 

meth d is c nsidered as a lden standard  the limits  a reement re ect the err r   
parent-rep rted wearin  me. In the present stud  the limits  a reement indicate that 

nl  i  parents rep rted that the AFO was w rn r m re than 11h per wee  it can be  
c ncluded with certaint  that the AFO was w rn r at least a sh rt peri d. H we er   
par cipants en did n t wear their AFO r such l n  peri d in eneral i.e. ure 2 
sh ws that par cipant 1 2 and 2 7 did wear their AFO n t m re than .5h per wee ). This  
indicates that parent rep rted wearin  me cann t dis n uish whether par cipants w re 
their AFO r n t. It sh uld be n ted that ne utl in  alue par cipant 1 9  ure 1)  
a ected err r  parent-rep rted utc me c nsiderabl . H we er  sub-anal ses e cludin  
this utlier s ll sh wed an upper limit  a reement  2.4h per wee . Ta in  int  acc unt 
that the median  b ec el  measured wearin  me  the remainin  7 par cipants was 
ab ut 5h per wee  a reement between meth ds is s ll er  l w.

The resp nse rate  ues nnaires was rela el  hi h appr imatel  5%). Addi nal  
c rrela n anal sis sh wed that there was n  c rrela n between resp nse rate and 
a reement between parent-rep rted and b ec el  measured wearin  mes Spearman s 
rh .252  p .5). An ther act r p ssibl  a ec n  a reement was dela ed resp nse  
t  ues nnaires  it was en necessar  t  send reminders t  parents a er 2 wee s. 
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This ma  indicate that parents did n t c mplete ues nnaires n the da   AFO wearin  
and ma  e plain the ariabilit  in resp nse. H we er  uncertaint  ab ut dela ed resp nses 
and there re ariable recall me will alwa s be part  an  parent rep rt meth d. In this 
stud  Tparent c uld n t be in uenced b  the results  T b  when Tparent resp nse was de-
la ed because parents and children were n t in rmed ab ut the actual aim and results  
the temperature sens r-data-l er. O eres ma n in Tparent was lar er c mpared t  un-
der es ma n  s me parents rep rted AFO wearin  r peri ds that the temperature-da-
ta-l er did n t re ister an  hi her temperatures. This ma  be the result  a m re eneral 
phen men n that pe ple ad ust their answers acc rdin  t  s ciall  desired answers. It is 
un n wn whether ther meth ds  sel -rep r n  ma  ield m re accurate results. 

Due t  alidit  pr blems  parent-rep rted wearin  me  we rec mmend the use  b-
ec e techni ues t  measure AFO wearin  me. e a ree with Hunter [ 9  et al  that it  

is easible t  use temperature sens r-data-l ers t  measure AFO wearin  me. H w-
e er  the hi h percenta e  missin  data with the current de ice indicates that technical 
ailures can ccur and need t  be s l ed. In this stud  we were able t  c llect data r each 

par cipant a er replacin  the n n- unc nin  sens rs. In m st datasets  it was strai ht- 
rward t  dis n uish AFO wearin  r m n n- AFO wearin  usin  criteria described ab e. 

H we er  at hi h ambient temperatures ab ut 25 C)  it is m re di cult t  determine AFO 
wearin  me because di erences in temperature with r with ut a le  in the AFO was 
smaller. C mparis n  data r m temperature sens rs inside the AFO and addi nal ut-
side temperature sens rs [97  ma  s l e this pr blem. 

A limita n  this stud  is the l w number  par cipants. N n-parametric Bland Altman  
pl ts are less reliable in small sample si es [96 . H we er  because  the lar e intra- 
indi idual aria n  we belie e that research usin  lar er samples will ield similar c nclu-
si ns. A sec nd limita n is that parent-rep rted wearin  me was assessed b  nl  ne 
meth d and cann t be enerali ed t  ther sel parent-rep r n  wearin  me meth ds. 

e ch se t  send nline ues nnaires durin  each da . This was nl  d ne r e er  4th 
wee   the m nth t  decrease burden n par cipants. 

Measurin  parent-rep rted rth c wearin  me with nline dail  ues nnaires r ne 
wee  per m nth d es n t sh w t  a ree with b ec e measurements usin  a temperature 
sens r-data-l er. Outc me  parent-rep rted ues nnaires has t  be interpreted with 
e treme care. 
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CONCLUSION

earin  me  a AFO assessed b  ues nnaires is n t in a reement with  wearin  
me assessed b  temperature sens r-data-l ers and sh uld there re be interpreted with 

utm st care. sin  b ec e measurement meth ds are pre erred. Re ardin  temperature 
sens rs  we rec mmend t  use a m re s phis cated meth d then used in this stud  t  
measure rth c wearin  me with temperature sens r-data-l ers  li e the meth d  
described b  Bus et al [97  in rder t  erc me di cul es in determinin  rth c wearin  

me at hi h ambient temperatures.
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Chapter 5

ABSTRACT

T  determine the e ects  decreased an le- t d rsi e i n A-Fd ) ran e  m n 
ROM) n ait inema cs in children with spas c cerebral pals  CP).

All par cipants were children with spas c CP n 1 ) wh  wal ed with nee e i n in mid 
stance. Data were c llected er 2-5 sessi ns  at 3-m nthl  inter als. A-Fd  ROM was 

uan ed usin  a cust m-desi ned hand-held an le d nam meter that e erted 4Nm 
at the an le. An le- t and nee durin  ait were uan ed n sa i al ide  rec rd-
in s. Linear re ressi n cr ss-sec nal an les anal sis) and eneral es ma n e ua n  
anal sis l n itudinal anal sis) were per rmed t  assess rela nships between chan e 
in) A-Fd  ROM and chan e in) an le- t and nee an le durin  ait.

Cr ss-sec nal anal sis sh wed a p si e rela nship between A-Fd  ROM and b th  
an le- t an le in mid stance and terminal swin . L n itudinal anal sis sh wed a p si-

e rela nship between indi idual decreases in A-Fd  ROM and increases  nee e i n 
durin  ait l west nee an le in terminal stance and an le in terminal swin ). 

F r this sub r up  spas c CP children  ur results indicate that while chan es in an le 
an les durin  ait are unrelated t  chan es in A-Fd  ROM  chan es in nee an les are  
related t  chan es in A-Fd  ROM. 
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INTRODUCTION

Limita ns in an le- t d rsi e i n A-Fd ) ran e  m n ROM) are c mm n in children 
with spas c cerebral pals  CP) [3  59  9  and re uentl  result in altered ait pa erns such 
as e uinus ait  characteri ed b  increased an le plantar e i n at the an le- t [9  45  
65 . As wal in  with e uinus ait results in hi her than n rmal le els  ener  e pendi-
ture [49  se eral treatment strate ies ha e been de el ped t  reduce e uinus at the an le 
durin  ait. These strate ies cus n len thenin  the cal  muscles t  increase A-Fd  ROM  
as ph sicians assume that increasin  A-Fd  ROM leads t  an increase in A-Fd  durin  ait 
[36 . H we er  this assump n has recei ed rela el  li le scien c a en n and the ew 
cr ss-sec nal studies a ailable ha e rep rted rather l w c rrela n c e cients between 
these ariables [72  73 . Currentl  a p ssible rela nship between chan es in A-Fd  ROM 
and an le an le in ait is un n wn. 

As the m. astr cnemius AS) e erts rces and m ments at b th an le and nee ints  
it is li el  that its len th and s ness pr babl  a ect ROM  b th A-Fd  and nee e ten-
si n. Len thenin  and r reducin  s ness  AS is there re e pected t  a ect b th int  
an les. Surprisin l  earlier studies ailed t  sh w an  rela nship between A-Fd  ROM and 

nee an les durin  ait [72-74 . 

At least three act rs c uld p ten all  e plain a ailure t  sh w a rela nship between A-Fd  
ROM and ait nee an les. One act r ma  be the speci c ait pa erns seen in children 
with e uinus ait. These children sh w dis n uishable ait pa erns. F r instance  in s me  
children the ait pa ern is characteri ed b  wal in  with nee h pere tensi n in mid stance 
[9  which is presumabl  related t  a prematurel  ac e  sh rt r s  m. s leus SOL).  
Addi nal sh rtness  s ness r h perac it   the AS ma  ield e cessi e plantar  

e i n in the an le- t [9  47 . An ther pa ern is characteri ed b  wal in  with nee 
e i n in mid stance [9 . Chan es in A-Fd  ROM in this pa ern ma  n t nl  a ect the  

an le- t an le durin  ait  but ma  als  chan e nee e i n [9  47 . There re  e ects  
altered A-Fd  ROM n an le- t and nee an les durin  ait ma  ar  r b th pa erns.  
It is imp rtant t  clearl  dis n uish these ait pa erns  because ait t pe di erences ma  
be c n undin  the rela nship between A-Fd  ROM and the an le- t and nee an le 
durin  ait research. 
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A sec nd imp rtant act r is the si able inter-indi idual aria n in act rs  besides ait 
t pe and A-Fd  ROM  that a ects nee an le durin  ait. C n undin  act rs such as hip 

e i n ROM and the len th and s ness  the hamstrin  muscles ma  a ect the rela n-
ship between A-Fd  ROM and nee an le durin  ait [45  73 . L n itudinal anal sis  this 
rela nship will help reduce c n undin .

A third imp rtant act r is the er  lar e aria n due t  measurement err rs. Further  
impr ements in measurement meth ds r A-Fd  ROM are there re essen al  1) Rather  
than usin  simple ni metr  r int an le measurement r limita ns  see studies  
b  im et al. and R me  C wies n [99  1 )  int an ular measurement sh uld be c m-
bined with techni ues that standardi e e ternall  applied m ments [1 1  1 2 . 2)) Par cular  
a en n sh uld be paid t  stabili a n  the t ints  as the measured A-Fd  ROM is a 
c mbina n  tal crural and ther t b ne int m ements rather than tal crural int 
m ement al ne [77  . F r e ample  in the case  e ible al us de rma ns  tal na-

icular m ement sh uld be pre ented b  supina n  and adduc n  the re t. Appl in  
these meth ds ields hi her le els  precisi n  up t  3  [59 ) c mpared t  use  simple 

ni metr  t  determine A-Fd  ROM.

The present stud  was desi ned t  in es ate rela nships between l n itudinal chan es  
in A-Fd  ROM and c nc mitant chan es in an le- t and nee an les durin  ait in  
children wal in  with e uinus and e ed nees. These l n itudinal results will be c mpared 
t  results r m a cr ss-sec nal stud  r the same sub ects and ariables. It is h p thesi ed 
that  1) A-Fd  ROM chan es er me and is related t  chan es in A-Fd  and nee e i n  
an les durin  ait  and 2) children with smaller A-Fd  ROM wal  with less A-Fd  and  
enhanced nee e i n. 

MATERIALS AND METHODS

This stud  bein  part  a lar er stud  [76  was appr ed b  the Medical Ethics C mmi ee 
  ni ersit  Medical Center. The parents  all par cipants pr ided wri en in rmed 

c nsent. 
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Ten children with spas c CP 9.2±1.  ears ld  ran e  5.9-11.2) t  part in a rand mi ed 
c ntr lled trial assessin  the e ects  rth c treatment at rest [76 . Par cipant charac-
teris cs included  1) a clinical dia n sis  spas c CP  2) a ed between 4 and 12 ears ld 
and 3) a MFCS r ss m t r unc n classi ca n s stem) class  I-III. In addi n  4)  
a n n-instrumented clinical assessment  at least  A-Fd  was a ainable  als  described as 
9  between l wer le  and t  with e tended nee n te that the result with instrumented 
measurement  used in the anal sis bel w  ma  di er r m this clinical assessment)  5) the 

nee int c uld be ull  e tended n clinical e amina n  and 6) par cipants wal ed with 
nee e i n in mid stance. Furtherm re  par cipants 7) had been pre i usl  treated r 

reduced A-Fd  ROM  ) par cipated in at least tw  c nsecu e sessi ns  and 9) were able 
t  rela  durin  measurements meanin  that electr m raph  EM ) le els  m. astr c-
nemius lateralis L) and m. bialis anteri r TA) had t  be l wer than 1 %  ma imum 

luntar  muscle c ntrac n M C) alues).

The par cipants were tested 2-5 mes  at inter als  3 m nths see table 5.1). Tes n   
was per rmed at the  ni ersit  Medical Center  Department  Rehabilita n  
Medicine  Amsterdam and at the Medical Rehabilita n Center r t limmendaal  Arnhem   
the Netherlands. 

Dynamometry 
A hand-held an le d nam meter ure 5.1  r details see B nard et al [59 ) was used t  

uan  A-Fd  ROM at each tes n  sessi n. This hand-held d nam meter enables c rrec-
n r m bile al us r arus de rmit   the t r details see Hui in  et al [77 ). Durin  

uan ca n  A-Fd  ROM  par cipants were pr ne n a bench with e tended nees  b th 
eet erhan in  the ed e. The l wer le  was p si ned h ri ntall  b  ali nment  bula 

head and lateral malle lus. sin  the d nam meter handle  the t was d rsi e ed sl wl  
un l a 4Nm e ternal d rsi e i n m ment was e erted. This was maintained r 5s h ldin  
phase). The measurement was acceptable nl  i  par cipants did n t m e durin  h ldin . 
The pr cedure was repeated 5 mes  with 5s inter als between trials. 

The an le between tplate and bia at the end  h ldin  was used t  uan  A-Fd  ROM 

t-4Nm). Means  5 trials were used as indi idual data p ints. Standard err r  the mean 
is 1.36  [59 . L n itudinal chan es  A-Fd  ROM t-4Nm) were uan ed b  calcula n  
the di erences in t-4Nm between c nsecu e sessi ns. 
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The hand-held d nam meter

The hand-held d nam meter c nsists  a t r ue wrench  inclin meter  
and an ad ustable t i ati n desi ned t  stabili e the talus b ne 
in case  al us r arus de rmati ns. The indicated d rsi le i n  
m ment is e erted at the l cati n  the blac  d t. The l wer le  is in 
a h ri ntal p siti n.

T  uan  muscle ac a n durin  d nam metr  measurements i.e. determina n  
A-Fd  ROM)  sur ace EM  le els  L and TA were rec rded usin  a P r  5 s stem TMS- 
Interna nal  the Netherlands). Onl  EM  data r m the last 1.5s  the h ldin  phase 
were anal ed. EM  si nals were rec rded at a samplin  rate  1 H  usin  P r lab TMS 
Interna nal  the Netherlands). Acc rdin  t  Seniam uidelines [1 3  and De Luca et al 
[1 4  raw EM  si nals were ltered at 2 H  usin  a 5th rder hi h pass Bu erw rth lter. 
In addi n  a 5 H  5th rder band st p Bu erw rth lter was used t  eliminate hum r m 
5 H  p wer line inter erence) and si nals were ull wa e rec ed r urther pr cessin . 
Subse uentl  r isual inspec n  the si nals were ltered with a 5H  5th rder l w pass 
Bu erw rth lter. T  uan  p ssible e ents durin  h ldin  phase  the m in  a era e  
a 2 ms me rame [1 5  ar und the ma imum  the rec ed si nal durin  the last 1.5s  
the h ldin  phase was calculated. 
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Pr cessin  was per rmed usin  a cust m s ware pac a e pr rammed in Matlab  
ersi n 7.1  The Math r s Inc.  Na c  MA  SA). T  e press the EM  ac it   d na-

m metr  measurements as a percenta e  M C  M C  plantar- and d rsi e i n at the  
an le was measured with the an le sli htl  plantar e ed and the nee alm st e tended) 
and rec rded r each par cipant while the assess r pr ided resistance. This was per-

rmed twice. A er pr cessin  M C EM  si nals  L and TA similar t  EM  pr cessin  
durin  d nam metr  measurements)  EM  si nals rec rded durin  d nam metr  mea-
surements were e pressed as percenta es  M C alues. A-Fd  ROM measurements were 
e cluded r m the anal sis i  pr cessed n rmali ed EM  was hi her than 1 % M C.

Angles during gait
F r each par cipant  5 trials  wal in  bare t er a 1 m wal wa  at sel -selected   
c m rtable speed were rec rded usin  r ntal and sa i al ide  cameras with a samplin  
rate  5 H . Fr ntal ide s were used nl  t  e clude cases  hip end - r e r ta n  
pre en n  reliable sa i al an ular measurements [61 . ith sa i al ide s  A-Fd  and 

nee an le durin  ait were measured usin  a cust m-made s ware pac a e the M ie 
iewer®   ni ersit  Medical Center  Amsterdam  the Netherlands  www.smalll.eu) and 

an inte rated di ital ni meter r n-screen measurements  sa i al int an les. The 
standard err r  the mean ran es between 1.6  and 3.46  [61 . sin  in rared sens rs r 
a st pwatch in rared sens rs were una ailable r 3 tes n  sessi ns)  wal in  speed was 
calculated r m the me re uired t  tra erse 5m  trac . This result was used t  determine 
whether sub ects wal ed at similar speeds durin  c nsecu e isits.

Three steps per sessi n were selected r anal sis. F r each step selected  A-Fd  t  an le 
between t s le and bula) was measured  1) at mid stance MST  the instant passin   
c ntralateral an le b  the tar et le ) and 2) at terminal swin  TS  ust pri r t  tar et le  
ini al c ntact). O er selected steps  mean alues  ariables t-MST and t-TS  were used 
t  characteri e A-Fd  an le durin  ait r each selected step. In addi n  nee an le nee  
an le between bula and emur) was measured  1) at mid stance  2) at terminal swin  and 
3) at its l west LO ) an le in terminal stance the phase that ends when the pp site 
le  ma es ini al c ntact). O er selected steps  mean alues  ariables nee-MST  nee-TS  
and nee-LO  were used t  characteri e the nee an le durin  ait. The re erence an le r  
an le- t was 9  als  re erred t  as neutral an le- t an le. The re erence an le r 

nee was 1  als  re erred t  as the an le at which the nee is ull  e tended. L n itu-
dinal chan es  which will be indicated as - alues   an le- t and nee an les durin  

ait were uan ed b  calcula n  chan es in all ariables between c nsecu e 3 m nthl  
assessments.
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Cr ss-sec nal data sets r d nam metr  and ait btained at t  m nths) were ana-
l ed usin  linear re ressi n anal sis. The re ressi n c e cients r rela nships between  
d nam metr  and ait were tested r si ni cance and e plained ariances were calculated.  
The independent ariable was t-4Nm A-Fd  ROM) and dependent ariables were t and 

nee durin  ait.

hen anal in  l n itudinal datasets within sub ect e ects)  a eneral es ma n e ua-
n anal sis with an independent c rrela n structure [75  was used t  test the re res-

si n c e cients r si ni cance. The independent ariable was t-4Nm A-Fd  ROM) and  
dependent ariables were t and nee durin  ait. 

Sta s cal anal ses were per rmed usin  SPSS PAS  Sta s cs  release 2  SPSS Inc.   
Chica  IL  SA)  and p . 5 was selected as a le el  si ni cance.

RESULTS

Ten children were included in the stud  6 irls  4 b s  6 bilateral spas c CP  4 unilateral 
spas c CP  9.2±1.  ears ld). All wal ed with nee e i n at mid stance 16.6±6.9  see 
table 5.1). Nine wal ed with nee-MST 1  at rst measurement see ure 5.2C). N te that 
n t all pa ents par cipated in 5 c nsecu e sessi ns  either due t  late admissi n t  the 
pr ram r because m re ur ent treatment r reduced A-Fd  ROM was clinicall  indicated. 
Durin  anal sis  3 ut  32 measurement sessi ns were e cluded because par cipants did 
n t meet the EM  criteri n durin  d nam metr  measures.

Table 5.1 sh ws r up mean alues  the an le- t an les and EM  le els durin  d na-
m metr  measurements and r up mean alues  the an le- t and nee an les durin  

ait r the ini al measurement sessi n t  m nths). F r c nsecu e sessi ns  chan es in 
these alues rela e t  their pre i us sessi n are sh wn. Alth u h mean r up chan es in 
an les  d nam metr  and ait measures are small  there is a lar e inter-indi idual aria-

n as indicated b  the lar e standard de ia ns. F r muscle ac it  mean r up chan es   
as well as inter-indi idual aria ns between c nsecu e measurement sessi ns were 
small.

Smaller pea  an le- t an les durin  ait ccurred than measured with the d nam meter. 
Actuall  at mid stance  mean t-MST was -6.4  while t-4Nm measured with d nam meter 
was 5.3  d rsi e i n. 
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Si ni cant and p si e re ressi n c e cients r the rela nships between t-4Nm and 

t-TS  and between t-4Nm and t-MST were und ure 5.2A B). This indicates that 
A-Fd  an les durin  ait are smaller in spas c CP children with m re limited 4Nm A-Fd  
ROM. In addi n  t-4Nm e plains 2% and 4 %  the ariances  t-TS  and t-MST  

respec el . 

Re ressi n c e cients between t-4Nm and the three di erent nee ariables were n t 
si ni cantl  di erent r m er  ure 5.2C-E). This result r m the cr ss-sec nal anal ses 
su ests that a m re limited 4Nm A-Fd  ROM d es n t necessaril  indicate altered nee 
an les durin  ait.

 An le- t and nee an les durin  d nam metr  and ait  m nth alues and 3-m nth chan es).

ariables

SD Mean SD Mean SD Mean SD alue

[    5.3  7.6  -3.4 4.2 -1.6 4.4 - .6  5.5  .6

[% M C    2.7  1.9 - .3a 2.2  - .7a .   1. a 2.3  .3

[% M C    3.1  1.5    1. b 1.2 - .3b 1.   - .7b  1.3 -1.7

[ -12.1  6.6  -2.1 2.4  1.2 5.3 -1.2  4.9 -1.3

[   -6.4  9.2    1.7 3.2 -1.6 .3  .  .  .7

[ 32.1 12.9 -1.3 5.6 1.9 .1  .  4. -4.

[ 16.6  6.9  -1. 6.1  2.5 5.1  .6  4.3 -4.3

[ 11.6  9. -1.1 5.2 -1. 4.  2.6  3.6 -22.7

D nam metr  d n)  t-4Nm  an le t s le with bula at an applied d rsi e i n m ment  4Nm.  
TA  m. bialis anteri r  L  m. astr cnemius lateralis. 
a ran es  chan es in TA EM  le els were -4.6% t  3.6%  -2. % t  - .1% and - .4% t  3.6% r -3  3-6 and 

6-9 m nths  respec el . 
b ran es  chan es in L EM  le els were - .9% t  2.4%  -1.4% t  . % and -2.1% t  .4% r -3  3-6 and 

6-9 m nths  respec el . 
Durin  ait  t-TS  an le  t s le with bula at terminal swin  t-MST  an le t s le with bula at 
mid stance durin  ait  nee-TS  an le between bula and emur at terminal swin  durin  ait  nee-MST  
an le between bula and emur at mid stance  nee-LO  minimum an le between bula and emur between 
instants  mid-stance and terminal stance.  

 3 m nths chan e in an les er peri d indicated.
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Cr ss-secti nal relati nships between an les durin  d nam metr  and ait

Scatter pl ts  the in esti ated cr ss-secti nal relati nships are sh wn  
A  An le- t an le at 4Nm d nam metr  t-4Nm) and at terminal swin  ait  t-

TS ). B  An le- t an le at 4Nm d nam metr  t-4Nm) and at mid stance ait  t-MST).  
C  An le- t an le at 4Nm d nam metr  t-4Nm) and nee an le at terminal swin  ait  

nee-TS ). D  An le- t an le at 4Nm d nam metr  t-4Nm) and nee an le at mid stance ait  

nee-MST). E  An le- t an le at 4Nm d nam metr  t-4Nm) and nee an le at minimal nee 
le i n in stance ait  nee-LO ). All alues were btained durin  the initial sessi n t ). P si-

ti e alues represent an le- t d rsi le i n 9  bein  re erence alue) and nee le i n 1  
bein  re erence alue). Re ressi n lines are pl tted nl  r re ressi n c e icients di erin  
si ni icantl  r m er . alues r re ressi n c e icient ) and 95% c n idence inter al CI)  
e plained ariance r2) and pr babilit  p) are indicated. Si ns  these re ressi n c e icients 
are p siti e.
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Re ressi n c e cients r the rela nship between t-4Nm and t ure 5.3A B) did 
n t di er si ni cantl  r m er . This indicates that i  4Nm A-Fd  ROM decreases r m ne 
sessi n t  the ne t  it d es n t ll w that A-Fd  will als  be m re limited durin  ait. In act  

ure 5.3A B indicate that an le- t an les durin  ait remain airl  c nstant  e en i  a 
m re limited ran e  d rsi e i n A-Fd  ROM) is und. In c ntrast  re ressi n c e cients 

r the rela nship between t-4Nm and nee-TS  and between t-4Nm and nee-LO  

were si ni cantl  di erent r m er  ure 5.3C E). The si ns  these re ressi n c e -
cients were ne a e  indica n  that a m re limited 4Nm A-Fd  ROM bec mes e ident as 

enhanced nee e i n durin  ait  at least r its minimum alue durin  stance and at the 
instant  terminal swin . Re ressi n c e cients did n t di er r m er  r the rela n-
ship between t-4Nm and nee-MST ure 5.3D).

Ta en t ether  these results indicate that durin  ait chan es  4Nm A-Fd  ROM appear 
n t t  be e pressed as chan es in an le- t an le  but rather as chan es  nee an le.

DISCUSSION

The ma r ndin   this stud  is that in children with spas c CP and wal in  with nee  
e i n durin  mid stance  l n itudinal chan es  4Nm A-Fd  ROM are n t e pressed as 

l n itudinal chan es in the an le- t an le durin  ait  but rather as l n itudinal chan es  
 nee an le durin  ait. This ndin  is in acc rdance with the results  l n itudinal  

anal ses r manipulated health  adults [47  but c ntrasts with ur cr ss-sec nal results 
and pre i us cr ss-sec nal studies [72-74 . H we er  in ur pini n  l n itudinal anal ses 
are  reater alue t  clinicians due t  the cus n indi idual chan es er me. 

N  rela nship between l n itudinal chan es in A-Fd  ROM and l n itudinal chan es in 
an le- t an le durin  ait c uld be dem nstrated. As the e plained ariance  this rela-

nship in the cr ss-sec nal dataset was hi h up t  2%)  this was a surprisin  ndin . 
A p ten al act r that ma  ha e bscured a l n itudinal rela n is aria n acr ss c n-
secu e measurement sessi ns in the de ree  muscle e cita n durin  d nam metr  
measurements. H we er  we a empted t  a id this b  includin  nl  measurements with 
EM  ac it  bel w 1 % M C. As a c nse uence  within par cipants  di erences in muscle 
ac it   L and TA between measurement sessi ns were uite limited table 5.1).
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Figure 5.3: Longitudinal relationship between 3-month angular changes
during dynamometry and during gait
Scatter plots of the investigated longitudinal relationships are shown:
A  Changes of an le-foot angle at 4Nm dynamometry: foot-4Nm) and at terminal swing (gait,

foot-TSW). B, Changes of ankle-foot angle at 4Nm (dynamometry: D foot-4Nm) and at mid stance 
(gait, foot-MST). C, Ankle-foot angle at 4Nm (dynamometry: foot-4Nm) and changes of knee angle 
at terminal swing (gait, knee-TSW). D, Changes of ankle-foot angle at 4Nm (dynamometry: foot-

4Nm) and changes of knee angle at mid stance (gait, knee-MST). E, Ankle-foot angle at 4Nm (dy-
namometry: foot-4Nm) and changes of knee angle at minimal knee fle ion in stance (gait, knee-

LOW). Angular values are plotted as changes from their previous value at each 3-month period. 
Positive values represent enhanced ankle-foot dorsiflexion and knee flexion. Each symbol rep-
resents a participant. Regression lines are plotted exclusively if the regression coefficient dif-
fered significantly from ero. alues for regression coefficient ( ) and 95% confidence interval 
(CI), explained variance (r2) and probability (p) are indicated. Regression coefficients significantly 
different from zero were found for the relationship between change in dynamometry ankle-foot
angle and change in knee angle at terminal swing and for lowest stance knee angle during gait. 
Both regression coefficients are negative.
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 Based on the discrepancy between cross-sec onal and longitudinal data-sets, we hypothesize 
that the observed rela onship within the cross-sec onal dataset regarding A-Fdf ROM and  
ankle-foot angle during gait is not a causal one. 

It is conceivable that the rela onship in the cross-sec onal dataset regarding A-Fdf ROM 
and ankle-foot angle during gait is a ected by deforma ons within the foot, because  
A-Fdf ROM and the ankle-foot angle may be separately a ected by that foot deforma on. 
Regarding A-Fdf ROM, Hui ing and colleagues [77  showed that the foot xa on which was 
used during dynamometry measurements in this study allows this kind of deforma on. 
Iwanuma et al [  showed sizable deforma on within the foot at higher levels of muscle 
ac vity. Such higher levels of muscle ac vity are present during gait and thus may have 
occurred during gait measurements. Because the amount of deforma on within the foot 
di ers between persons [77 , it may be that some children show larger A-Fdf ROM and  
A-Fdf angles during gait than others, without individual di erences in AS length. In that 
case, a rela onship (with high explained variance) between A-Fdf ROM and ankle-angle in 
gait will be found in the cross-sec onal rela onship, while a causal (longitudinal) rela on-
ship between both variables does not exist. 

A lower explained variance in mid stance than in terminal stance may be related to higher 
loading due to body mass e ects during stance phase of gait compared to swing phase and 
dynamometry measurements. Body mass probably had no e ect on the rela on between 
A-Fdf ROM and ankle angle in terminal swing, as loading condi ons of the ankle in terminal 
swing were uite similar to those during dynamometry measurements. For the sub ects 
under study, we conclude that A-Fdf ROM and A-Fdf angle during gait, and the longitudinal 
changes in these variables, are unrelated. Therefore, we do not expect that enhancing A-Fdf 
ROM by clinical interven ons aimed at increasing A-Fdf during gait will be e ec ve.
 
In general, even if the poten al ROM as measured during dynamometry is decreased, the 
ankle-foot angle during gait remains constant (longitudinal analysis) and the children use  
a higher frac on of the available A-Fdf angle range. This will a ect sarcomere lengths within 
muscle bers and increase the forces exerted. It seems likely that unchanged A-Fdf angles 
during gait are due to speci c mechanical condi ons of gait, such as pro ec on of center  
of mass within the support plane or clearance of the foot during swing. 
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The rela onship between (change in) A-Fdf ROM and (change in) knee angle during gait, 
that was only found in the longitudinal dataset, may be due to factors confounding the 
cross-sec onal analysis. Poten al confounders include: 1) Lower push o  force during  
the end of stance phase may yield decreased knee extension in terminal swing due to lower  
swing veloci es [45 , 2) Enhanced excita on of hamstring muscles may increase knee  

exion [45 , 3) Premature contrac on of the SOL may cause decreased bia rota on and, 
as a conse uence, enhanced knee extension in mid stance and terminal stance [45 . This 
indicates that the knee angle during gait is dependent on many factors other than A-Fdf 
ROM. If a clinical aim is to achieve an increase in A-Fdf ROM in order to decrease knee ex-
ion during gait, one must ensure that other factors are not simultaneously causing opposite 
e ects during gait. 

Although actual ankle-foot and knee angles were smaller during gait than during dyna- 
mometry, it was possible to detect the rela onship between A-Fdf ROM and knee angle 
during gait, even though oint moments, and probably muscle ac va on, during gait were 
higher than during the dynamometer measurements (i.e. for children between 2 -3 kg, 
oint moments in the ankle-foot are 1 Nm-15Nm in mid stance [1 6  and approximately  

4Nm during ankle dynamometry). When A-Fdf ROM is reduced, a possible e ect of  
increased knee exion angles during gait may be the wider dispersion of knee loads over 

ssues due to enhanced myofascial force transmission. For e ects, see review [12  and  
further literature [1 7 . 

The poten al limita ons of our study include: 
1) A rela vely low number of par cipants. However, study power was par ally compensated 
by data from up to 5 sessions per par cipant, and the children in the study were selected for 
unimpaired knee ROM and a gait pa ern with knee exion in mid stance. Despite the low 
numbers, we were able to show a rela onship between A-Fdf ROM and knee angle in gait.

2) Some par cipants did not complete all ve tes ng sessions due to clinical treatment for 
reduced A-Fdf ROM (e.g. botulinum toxin-A in ec ons or serial cas ng). While this may have 
reduced power at par cular me points, the general es ma on e ua on (which does not 
re uire e ual numbers of intervals per par cipant) increased the power of the study due 
to the inclusion of more than one interval per par cipant. In addi on, par cipants unable 
to complete the 5 tes ng sessions are more likely to show a reduc on in A-Fdf ROM, which 
may have increased varia on in change values and thus increased the strength of the asso-
cia on (i.e. larger regression coe cient).
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3) Deforma on within the foot has been shown to be an important factor in dynamometry, 
a ec ng di erences between ankle-foot angle and actual ankle oint angle in children with 
spas c CP [77 . The use of ankle-foot angles is necessary because talocrural angles cannot 
be measured directly. Deforma on of the foot also occurs in healthy sub ects, but is likely 
to be increased in spas c CP [77 . However, applying imaging techni ues to uan fy defor-
ma on within the foot simultaneously with dynamometry and gait does not seem feasible, 
par cularly in children with spas c CP.

Anatomically, it is clear that any movement at the ankle within the sagi al plane will involve 
some prona on and supina on movement at the talocalcaneal oint. Although we a empted  
to limit this movement by xa on of the foot during dynamometry, foot deforma on is 
expected to increase during gait compared to dynamometry. In longitudinal analysis, foot 
deforma on is probably less variable between subse uent sessions within par cipants 
compared to the individual varia on seen in cross-sec onal analysis.

The results of the present study indicate that a change in A-Fdf ROM of spas c CP  
children walking with knee exion in mid stance, with an unimpaired knee ROM, is un- 
related to changes in ankle-foot kinema cs in gait. Rather, an increase in A-Fdf ROM is  
related to reduced knee exion in gait. This may implicate that treatment to increase A-Fdf 
ROM in spas c CP children walking with knee exion in mid stance aimed to improve  
ankle-foot kinema cs in gait should be reconsidered. Based on the current study, it seems 
unlikely that ankle kinema cs in gait improve due to increased A-Fdf ROM. However, knee 
kinema cs in gait may be improved. 

The results of the present study show that, for children with spas c CP walking with knee 
exion in mid stance and with unimpaired knee ROM, changes in A-Fdf angles during gait 

are not related to changes in A-Fdf ROM. Rather, changes in knee angles during gait are  
related to changes in A-Fdf ROM. These results therefore suggest that treatment of A-Fdf 
ROM should aim to in uence the knee angle during gait.
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DISCUSSION

The primary aim of this thesis was to uan fy poten al e ects of treatment with knee- 
ankle-foot orthoses ( AFO s) over me in children with spas c cerebral palsy (CP). In  
addi on, we aimed to inves gate whether parent reported AFO wearing me can be con-
sidered as a valid indicator. Also, we aimed to assess e ects of a ected ankle-foot dorsi-

exion (A-Fdf) range of mo on (ROM) on gait kinema cs in children with CP walking with 
plantar exion in the ankle-foot and exed knees. 

The interven on study (chapter 2 and 3), shows that wearing a AFO designed with a xed 
knee at  exion and a dynamic ankle oint was not e ec ve in preven ng a decrease of 
A-Fdf ROM. Ankle-foot and knee angles in gait and gross motor func on of children also 
did not change a er treatment. Despite a high level of mo va on of the par cipants and 
their parents, the AFO was poorly tolerated, resul ng in low wearing mes that may be 
contribu ng to the lack of e ect of treatment. In chapter 4 it is concluded that wearing me 
as reported by parents proved to be an invalid measure as shown by ob ec vely measured 

AFO wearing me. Chapter 5 shows that within sub ect, improvement in A-Fdf during gait 
was not related to changes in A-Fdf ROM (determined at standardized low EM  ac vity), 
while improvement in knee extension angle during gait signi cantly correlated with changes 
in A-Fdf ROM.

Based on results of oint immobiliza on experiments in animals and studies showing pos-
i ve e ects of treatment on A-Fdf ROM in children with spas c CP with serial cas ng or  
ankle-foot orthoses (AFO s), this thesis was ini ated on the expecta on that AFO treatment 
would be e ec ve. It was assumed that the muscle tendon complex of the m. gastroc- 
nemius ( AS) would adapt to the condi ons imposed by knee and ankle angle maintained 
by the AFO. As a conse uence, A-Fdf ROM was expected either to increase or to be pre-
vented for decrease. In children with CP, who o en show a decreasing A-Fdf ROM during 
growth, it was expected that strain imposed on the AS by the AFO would promote an 
increase of its op mum muscle-tendon complex length and would therefore prevent a  
decrease in A-Fdf ROM. In contrast to these expecta ons, the present study shows no e ect 
of AFO treatment on A-Fdf ROM. 
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Based on the results of the randomized controlled trial (RCT) described in chapter 2 and 3,  
it is not proved that a decrease in A-Fdf can be prevented by AFO treatment. Although 
par cipants were selected because they had been treated previously for a decrease in A-Fdf 
ROM over me and were therefore considered to be at high risk, children of the control 
group, who did not receive AFO treatment, did not show decreases in A-Fdf ROM over 
the present experimental period. This means that addi onal advantages of AFO treatment 
over the regular treatment including wearing AFO s during the day (for standing and walk-
ing) and physiotherapy (i.e. stretching exercises at home supervised by physiotherapists) 
could not be shown. Almost all par cipa ng children wore AFO s during the day for which 
it was reported that it induced an increase in A-Fdf ROM [36 . Note that 6 children of the 
control group dropped out of the study as it was udged clinically they had to be treated 
with botulinum toxin A combined with serial cas ng. Nevertheless, while s ll sub ects in 
the present study, only 2 of these 6 control group sub ects dropping-out later, showed A-Fdf 
ROM lower than  at 4Nm. The reasons for the clinical udgement were increased knee 

exion in stance phase of gait and or complaints of pain while wearing AFO s. Di erences in 
clinical udgement and dynamometric measurement of A-Fdf ROM can be explained by the 
fact that increased knee exion in stance phase of gait is considered to be caused by several 
reasons, for example reduced A-Fdf ROM (as showed in chapter 5) and reduced knee exten-
sion ROM [45 . In such cases, clinicians need to be aware that di erent treatment op ons 
are suitable for the di erent cases. It is conceivable that if children par cipa ng in the pres-
ent study were not treated with botulinum toxin A, they would have shown a reduced A-Fdf 
ROM. An indica on in support of this assump on is the signi cant reduc on in A-Fdf ROM 
of this group of children between measurements at baseline and 6 months (at which some 
children who had to drop out later in the study because of addi onal treatment were s ll 
included). However, the RCT study could not show a treatment e ect over the period from 
baseline to 6 months as well (see chapter 2 and 3), indica ng ine cacy of the inves gated 

AFO to prevent for decreased A-Fdf ROM. 

There are at least three possible explana ons for the lack of e cacy of the AFO treatment: 
1) Related to low tolerance of the AFO, the orthosis may not have been worn long enough 
by the children, 2) The strain applied onto AS muscle bers was insu cient possibly due 
caused by myofascial interac ons of the AS with its surrounding muscles and connec ve 

ssues, and 3) Applied strain by the footplate of the AFO was absorbed by deformity of 
the structures of the mid- and hind-foot (as also described in [77 ). Because of that, it is 
unknown to what extend the imposed strain really strained the AS.
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In the present study, despite being overes mated and or uite variable (see chapter 4),  
reported wearing me was low. In children par cipa ng in the study, AFO s were poorly 
tolerated. They experienced pain and discomfort. With a mean AFO wearing me of 3h 
every other night, AFO treatment turned out not to be e ec ve. It is unlikely, if the AFO 
would have been worn longer, that the treatment would have been e ec ve. Although 
wearing me varied largely within the treatment group, the present study could not show 
any rela on between AFO wearing me and A-Fdf ROM. This may be related to the fact 
that for all but one sub ect, AFO wearing me was lower than 6h per night (on alternat-
ing nights). Previously, some indica ons were reported [39  that for e ec ve treatment an 
orthosis should be worn at least 6h per night. In any case, to increase wearing me, the 
problems with discomfort for the sub ects need to be solved.

The AFO was not worn long mainly due to complaints of pain. Wearing the AFO many 
par cipants were reported to complain of pain around the knee, ankle, heel and or other 
parts of the foot, as well as lower and upper leg due to muscle strain or pressure spots. Pain 
remained despites intensive support of professionals to correct for pressure sores near bony 
structures. Originally, the RCT study planned to inves gate the e cacy of treatment using 
sta c AFO s (chapter 2, AFO with ankle xed at o ankle dorsi exion and knee xed at 
full knee extension( )), as well as that of treatment with dynamic AFO s ( AFO with xed 
knee at  extension and dorsi exion ad ustable spring ankle oint ltra ex® power unit). 
However, par cipants randomized to the sta c AFO group reported so many complaints 
that they were not able to tolerate their AFO during the night. Therefore, the comparison 
between e cacy of treatments with the sta c and dynamic AFO was abandoned. Recently, 
also a French research group at a conference reported that in a group of 3  pa ents the use 
of sta c AFO s was tolerated less than dynamic AFO s [1 . From this it is clear that a 
ma ority of complaints is dependent on the design of the AFO. 

For the dynamic AFO that was used in the present study, the use of a xed knee oint in-
stead of a xed ankle oint may have a ected tolerance as well. A spring was a ached to the 
ankle oint of the AFO to impose A-Fdf and to strain the AS, but s ll allowing movement. 
In clinical prac ce, AFO s are tolerated more if the spring is on the knee oint. In the pres-
ent study, it was decided to strongly limit knee exion because it was assumed that the AS 
would not be strained su ciently if knee exion movement was allowed. However, in con-
trast to such expecta ons there is a conference report [1  that showed that 6-  months 
wearing at rest of a AFO with dynamic knee was able to increase A-Fdf ROM in pa ents 
with spas c CP. In that study, 5 % of the children were ambulant. 
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The results from this study [1  should be interpreted with cau on, because of only manual,  
goniometric measurements of oint angles were made (i.e. not as reliable and precise as 
measurements with an ankle dynamometer [59 ). Nevertheless, it seems worthwhile to  
inves gate further the poten al e cacy of AFO s with a dynamic knee oint. Such AFO s 
with dynamic knee oint may be be er tolerated and therefore worn longer. However, the 

ues on if su cient strain is imposed remains as the need for at least some degree of knee 
extension to strain the AS was suggested [22, 1 9 . 

Comparison of e ects on A-Fdf ROM by AFO s worn during the day with those on AFO s 
worn during day and night, showed no bene cial e ect of the la er condi on [22 . Such 
lack of addi onal e ect is likely to be caused by the knees not being extended while sleep-
ing. Another study supports the idea that knee extension is needed by showing that AS  
muscle-tendon complex length did not change a er wearing an AFO at night [1 9 . How- 
ever, the minimum knee exion angle that is tolerated and yet to strain the AS su ciently  
is not clear as yet. To es mate the e ects of knee exion on ankle dorsi exion ROM, an 
OpenSim model [11 , disregarding poten al e ects of changes in rela ve posi on on  
myofascial force transmission, is o en used in studies calcula ng muscle origin to inser on 
distances in children with CP. Results of using such a model show that that if the knee is 

exed by 2 , ankle dorsi exion angle should be increased by about 1  to obtain similar 
AS origin to inser on distances as obtained with fully extended knees ( gure 6.1, unpub-

lished, addi onal analyses). With the given limita ons, it is derived that for children being 
able to gain ±1  ankle dorsi exion with 2  knee exion, the AS may be strained su -
ciently to expect e ects of adapta on. 

Par cipants in the present study were mostly complaining about pressure spots and strained 
muscles. It may be that a AFO is not well tolerated with full knee extension due to over- 
ac vated postural re exes. The posi ve support re ex [111  may be ac vated as the foot-
plate of the AFO applies a force at the foot sole of the forefoot. This pressure on the fore-
foot can cause ac va on of the plantar exion muscles, resul ng in plantar exion of the 
ankle and extension of the knee, possibly being experienced as very comfortable. It is con-
ceivable that the posi ve support re ex will be inhibited while wearing a AFO that allows 
some knee exion.
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Predictions of m. gastrocnemius origin to insertion distances 
at different ankle and knee angles

nee flexion of 2  re uires about 1  ankle dorsiflexion to obtain similar 
m. gastrocnemius origin to insertion distances as with fully extended knees  
(between two opposite arrows). Lengths are derived from an  OpenSim 
model [11 . Abbreviations: M: m. gastrocnemius medialis, L: m. gas-
trocnemius lateralis.

The fact that a AFO is not well tolerated with full knee extension may also be due to locally 
high strains in the AS causing pain and discomfort. These high local strains may be caused 
by inhomogeneous distribu on of sarcomere strains within the muscle. For AS at di er-
ent knee and ankle-foot angles, analysis of magne c resonance images showed that strains 
are not uniform [7 , 79 . In some regions of the AS very high posi ve strains were found 
while other regions of the AS are unstrained or even shortened. Such very local stains are 
expected if epi-muscular myofascial force transmission between the AS and surrounding 
muscles and ssues via inter- or extra-muscular connec ve ssue is present. It may cause 
forces exerted within the AS to be transferred to other muscles [7 , 79  or structures, for 
example onto the neurovascular tract passing by this muscle. Such force transmission may 
explain why children wearing a AFO complain about strain at di erent loca ons (near both 
ankle and knee oint). Straining the AS by knee extension compared to dorsi exion may 
result in di erences in extra-muscular loads on the AS and, as such may have di erent 
e ects on the sarcomere strain distribu ons within its muscle bers and force transmission, 
to other muscles and structures.
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By a AFO with a dorsi exion spring in the ankle oint, force is applied by the footplate. The 
force is supposed to strain the target muscle, the AS. If force is transferred myofascially 
from one muscle to another or to other ssues, this may contribute to the ine cacy of 

AFO treatment. Force can be transferred via inter- or extra-muscular connec ve ssue 
[7 , 79  and the residual strain on the AS may be too small to provoke adapta on of serial 
sarcomere numbers. It is unknown how the muscle strain distribu on is a ected by the 
type of AFO that is worn. In addi on, it is unknown which speci c distribu on(s) of strains 
within the muscle bers (serial distribu on) and or within the muscle (parallel distribu on) 
are needed to op mally s mulate addi on of serial sarcomeres. Further insight in strain 
distribu ons within the AS at di erent combina ons of ankle and knee angles is needed 
to allow poten al improvements of treatment methods for children with spas c CP needing 
to be prevented for decrease of ankle dorsi exion ROM. It may be interes ng to inves gate 
strain distribu on of the AS and surrounding muscles and connec ve ssues when wear-
ing a AFO by analysis of high resolu on 3D magne c resonance image (MRI) and using 
Demons algorithm (non-rigid and non-parametric image analyses techni ue) [112  or other 
analyzing techni ues. Changes in strain per voxel can be calculated [7 , 79  as in above de-
scribed studies regarding strain distribu ons in healthy sub ects. This will enhance insight 
to what extent AS and or surrounding muscles are strained by wearing a AFO and how 
strain is distributed within the muscle and it muscle bers. 

-

Another cause for applying insu cient strain on the AS may be that applied strain by the 
footplate of the AFO was absorbed by deformity of the structures of the mid- and hind-
foot because resistance to movement in these structures was lower than the resistance to 
lengthen the AS. The movements and deforma ons of the tarsal and metatarsal oints 
lead to less dorsi exion at the talocrural oint and thus lower strain on the AS. In addi-

on, in the present study it was observed that some children showed heel-rise within the 
AFO, leading to a lower ankle dorsi exion angle and thus lower strain on the AS as well. 

The movements and deforma ons of the tarsal and metatarsal oints are expected based 
on a comparison between changes in AS origin and inser on distance and the change in 
foot plate angle [77 . Analysis was performed on -rays of ankle and foot of a child with 
CP wearing the hand-held dynamometer at posi ons corresponding two di erent external  
applied dorsi exion moments. The rota on between foot sole and bia proved almost twice 
as large as the rota on at the talocrural oint. 
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The other 5 % of the movement of foot sole was explained by deforma on of the foot (i.e. 
movements between foot bones, par cularly at the midfoot). Because of this result, show-
ing that foot plate angle is not a good es mator of ankle oint angles, within this thesis the 
term ankle-foot dorsal exion (A-Fdf) has been used. 

Although in the RCT there was special a en on (i.e. use of three points pressure tech-
ni ue as described in chapter 2) to stabilize the talocalcaneal oint while bringing the foot 
into ankle dorsi exion by the AFO s, it is unknown whether there were movements of 
bones within the foot. Note that a empts to stabilize subtalar oints by using our handheld  
dynamometer and presumably the AFO are not always fully successful [77 . Poten al foot 
deforma on is an important confounder of how much strain is applied to the AS when 
the footplate is moved into dorsi exion. To allow improvement of the design of the AFO,  
it would be helpful to uan fy the e ect of foot deforma on on the dorsi exion ROM of 
the foot sole within a AFO. Such assessments re uire state-of-the-art imaging techni ues.  
In this regard, the applica on of recently developed 4D-CT imaging techni ues may be 
suitable to learn how the bones of the foot and ankle move with respect to each other 
[113, 114 . This may provide informa on on how the orthosis can be modi ed individually 
such that stable talocalcaneal and foot bone oint are achieved and on how muscle strain is  
actually imposed on the calf muscles.

The hypothesis that a AFO would be e ec ve to prevent A-Fdf ROM was based on the 
assump on that adapta on to strain applied to the AS would yield an increase of the op -
mum and slack muscle-tendon complex length, as there are several indica ons that muscle 

bers add serial sarcomeres when the muscle is strained (see chapter 1). However, these 
indica ons were found from animal studies focusing on m. soleus (SOL, in those species 
a muscle of much smaller degree of penna on than the AS). It is unknown whether the 

AS, as a highly pennate muscle, does adapt to the applied muscle strain in the length-
ened immobilized posi on by an increase in muscle belly length in a similar way as the less  
pennate SOL. Studies focusing on the e ect of such high muscle strains could not be found 
in literature. It is assumed that AS increases its length like SOL and according the principle 
that a muscle ber regulates its op mum length to the oint posi on most fre uently ac ve, 
but other mechanisms may play a role as well. Such a mechanism has been shown in a study 
focusing on immobiliza on in shortened posi on, in which AS showed shortening of the 
muscle belly length, but due to atrophy of the muscle bers, rather than by break down of 
sarcomeres in series and decreased ber length [31, 2, 115 . 
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Although it was intended that e ects of the AFO on muscle morphological variables would 
be analyzed in the RCT (chapter 2), these analyses have not been performed due to the lack 
of e ect of AFO treatment on A-Fdf ROM. 

Although the present study does not bring clarity regarding poten al e ects of muscle strain 
on muscle adapta on of morphology variables, the past few years studies were performed 
that may be helpful to increase our understanding of how strain applied onto the AS may 
yield increases of op mum muscle-tendon complex length. E ects of growth on the AS 
morphology in typical developing children have been inves gated by using 3D ultrasound 
techni ues similar to described in chapter 2. In adolescents, AS increased its length exclu-
sively by trophy (i.e. an increase in the physiological cross-sec onal area (Af) of the muscle 
belly) [116 , while in young children also fascicle (muscle ber) and tendon length increased 
[6 . See gure 6.2 for explana on of e ects of increase of fascicle length and cross- 
sec onal area on muscle belly length. A ma or di erence in studies focusing on changes in 

AS due to growth and poten al changes in AS due to AFO treatment, is that in studies 
focusing on AFO treatment, immobiliza on e ects may play a role (i.e. AFO immobilizes 
the muscle by limi ng knee exion). 

It has been shown that in contrast to typical developing children, muscle volume of children 
with spas c CP increased less during growth compared to that of typical developing children 
[117 . For children wearing a AFO, it is conceivable that the longitudinal growth of the very 
pennate AS will be decreased further than in children without wearing a AFO because of 
the daily temporary immobiliza on which a enuates muscle trophy. In rodents it has been 
shown that oint immobiliza on at low, neutral and extended length leads to substan al 
decreases in muscle volume and Af [11 . In addi on, in children with CP it was shown that 
muscle thickness decreased a er about 16 weeks of AFO wearing [1 9 . Muscle thickness of 
the AS is determined by Af, the angle of penna on and muscle ber length. It is therefore 
likely that, in adapta on to wearing a AFO, the Af of the AS decreases as well. For children 
with CP, such decrease in muscle volume due to immobiliza on may be problema c as they 
already show problems with muscle growth. The reduced trophy of the AS in children with 
spas c CP (small Af) who also wear a AFO may result in a further decrease in Af and conse-

uently decrease in muscle belly length. Such decrease in Af and muscle belly length may be 
compensated by an increase in tendon length, but will a ect the length-force characteris cs 
of the muscle-tendon complex.
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Schematics showing of the effect of changes in muscle architecture 
on muscle belly length 

Schematic view of the mid-longitudinal plane of a pennate muscle. Muscle 
belly length ( m), fascicle length ( (fasc)) and length component of pyhsiological 
cross-sectional area are given ( Af). A: Schematic view without lenghtening.  
B: Schematic view with increase in m due to increase in (fasc). C: Schematic view 

with increase in m due to increase in ( Af). Figure adapted from [6 , 76 .

E ects of wearing an AFO on muscle morphology have been studied [1 9  in children with 
CP who were able to walk without crutches or a walker. This study shows that due to AFO 
wearing in addi on to a reduc on in m. gastrocnemius medialis ( M) muscle thickness, M 
muscle ber length (as a percentage of bia length at minimum, maximum and mid mus-
cle-tendon complex length) decreases, instead of increases. This reduc on in ber length is 
remarkably di erent from what is expected on the basis of morphological changes in M 
reported during growth in children in range of 7-12 years (i.e. no change in morphologi-
cal parameters a er normaliza on for bia length at nega ve, zero and posi ve net ankle 
dorsi exion moments considering to yield minimum and extended muscle-tendon complex 
lengths) [46 . 
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Based on that study and on morphological changes in SOL reported during immobiliza on 
in mature animals (i.e. increase of serial sarcomere numbers) [2 , 29  it was expected that 

ber length as a percentage of bia length would be similar post AFO treatment compared 
pre AFO treatment. It not clear whether the decrease in ber length leaded to lower num-
bers or lower lengths of serial sarcomeres. If the number of sarcomeres in series is reduced, 
the length-force characteris cs of the muscle may be a ected (i.e. the length range over 
which the muscle is able to exert force will be smaller). This adapta on will a ect physical 
performance such as e ec ve force genera on during gait. 

A decrease in ber length due to a decrease in number of sarcomeres in response to  
condi ons in which strain is applied onto a muscle has also been reported to occur within 
SOL of young mice [2 , 29, 51, 119 . In several studies, it has been suggested that in muscles 
of young animals, contrac ons are needed to s mulate the addi on or to prevent the loss 
of sarcomeres in series and so to increase or at least remain muscle ber length [2 , 29, 
51, 119 . In rat undergoing tenotomy, it was shown that isometric contrac ons prevented  
sarcomere loss [12 . It is unknown whether young healthy immobilized rats or children 
with CP wearing a AFOs already perform regular isometric contrac ons. Therefore, it would 
be worthwhile to consider a training program that s mulates AS, while wearing a AFO  
because muscle ac va on is likely needed to s mulate the addi on of sarcomeres in series 
and therewith an increase in op mum length of AS muscle belly. This may be performed 
by isometric contrac ons or by voluntarily moving their knee and or ankle oint ac vely (i.e. 
possible when the AFO oint is dynamic) while applying resistance and sub ect them to a 
sort of strength training. Such training may enhance (hyper)trophy as well [121, 122  and 
therefore prevent a reduc on in Af due to immobiliza on.

Another e ect of straining muscles may be that passive muscle belly and tendon s ness 
is reduced. In the present study, it was planned to measure the ankle angle at Nm and 
4Nm ankle dorsi exion moment to obtain an indica on of the s ness of the plantar exor  
muscles. However, as recent research showed that the applied net ankle moment was 
absorbed partly by other structures [77  and thus it was unknown whether the AS was 
strained, this analyses would not give valid results and was not performed. In recent  
literature, increased extensibility (as an indicator of s ness) of the tendon as an adapta-

on to AFO treatment has been showed in children with spas c CP and decreased A-Fdf 
ROM, although this tendon extensibility was suggested to be overes mated due to the used 
measurement methods [1 9 . Studies focusing on stretching exercises in children with CP as 
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well as in healthy volunteers did not nd indica ons for increased tendon extensibility, but 
did nd indica ons of reduced AS muscle belly s ness (i.e. calculated as the slope from 
dynamometer tor ue  elonga on curves) [123, 124 . The presumed reduc on of muscle 
belly s ness was suggested to be caused by altered more compliant intra extra-muscular 
connec ve ssues [123, 124  as strain at fascicles was increased at maximal A-Fdf ROM 
measurements [124 . 

In children with spas c CP, it is suggested for hamstrings that their muscle s ness is in-
creased compared to typical developing children due to an increased amount of connec ve 

ssues in these muscles [125 . It is conceivable that uan ty of intramuscular connec ve 
ssues increases to protect muscle ssue, for example to protect sarcomeres from being 

overstretched as there have been found some indica ons that they are longer than in typi-
cal developing children [125 . Whether this also applies to the AS is unknown. The amount 
of connec ve ssues are considered to be variable in di erent muscles [126 . In upper limb 
muscles (tested in m. exor carpi ulnaris), only an increase of connec ve ssue around  
intramuscular neurovascular structures (i.e. ter ary perimysium) penetra ng the muscle  
in children with CP compared to typical developed sub ects was found [126 . This ssue may 
interact mechanically with extra-muscular connec ve ssues and from that muscle s ness 
is considered to be enhanced in children with CP [126 . If strain applied to the muscle is able 
to adapt the s ness of ter ary perimysium and extra-muscular connec ve ssues, this is 
an interes ng side e ect the AFO as s ness of the AS possibly may be reduced a er 
treatment. However, if muscle ssue has to be protected for overstretching and s ness 
of intramuscular ssue would be reduced by AFO treatment, this would be not eligible.  
Further research should reveal whether wearing a AFO a ects AS intra- and or extra- 
muscular connec ve ssues and whether this results in in uries on AS.

Besides uan fying e ects of AFO treatment on A-Fdf ROM, this thesis also studied  
e ects of changed A-Fdf ROM on gait. The e ects of changes in A-Fdf ROM, as assessed by 
dynamometry on gait, were inves gated in a subgroup of par cipants in the AFO study. 
Although A-Fdf ROM did not change over me on group level, there were individual uctua-

ons in A-Fdf ROM over me. These individual changes were expected to be correlated with 
ankle-foot angle in mid stance of gait. However, results in chapter 5 showed that not the 
ankle-foot angle, but rather knee angle in gait did change if A-Fdf ROM measured at 4Nm 
dorsi exion moment was altered. These results indicate that e uinus gait may not be pre-
vented even when A-Fdf ROM is unaltered. This may be caused by the e ects of myofascial 
force transmissions [12, 1 7 . 
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If A-Fdf ROM is reduced and the ankle-foot angle in stance phase of gait is unaltered, the 
higher strains on plantar exors may be transferred to knee exors. Conse uently, knee 
extension in gait may be limited. Children walking with knee exion are at risk for knee and 
hip contractures [15 . If an increase in A-Fdf ROM leads to increased knee extension in gait, 
then knee contractures may be prevented. Further research should verify e ects of myo- 
fascial force transmission in gait when A-Fdf ROM is changed. Note that since AFO treat-
ment is not suitable yet to increase the A-Fdf ROM, other treatment methods should be 
applied for such studies.

CONCLUSIONS 

Based on the data presented, it is concluded that e ects of wearing a AFO at rest as  
inves gated in this thesis are not bene cial in preven ng reduc on of A-Fdf ROM at least 
with limited wearing mes due to poor tolerance. The mechanism which causes complaints 
and subse uent poor tolerance are unclear. Preven on of reduc on in A-Fdf ROM will be 
helpful in preven ng deteriora on of gait by progressive knee exion in children with a gait 
pa ern characterized by increased knee exion in the stance phase. 

To improve tolerance and wearing me, a design of a AFO allowing 2  degrees xed knee 
exion with an ankle dorsi exion spring may be a solu on. The oints of the hind- and mid-

foot need to be stabilized to apply su cient strain onto the AS. Whether a AFO with a 
modi ed design can be e ec ve in preven ng reduc on in A-Fdf ROM is unknown. Future 
studies tes ng new AFO designs, should include ob ec ve control of wearing me.
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Summary

SUMMARY

Children with spas c cerebral palsy (CP) o en develop contractures in oints due to muscle 
shortening or increased muscle s ness. This may lead to limita ons in oint range of mo-

on (ROM). The most common contracture developing in children with CP is the reduc on 
of ankle-foot dorsi exion (A-Fdf) ROM (measured with extended knees) due to a shortened 
or s er m. gastrocnemius ( AS). The reduced dorsi exion ROM results in an impaired gait. 
In par cular children walking with excessive ankle-foot plantar exion and exed knees 
show decreased A-Fdf ROM. A knee-ankle-foot orthosis ( AFO) worn at rest, which includes 
ankle and knee xa on to apply strain on the AS, is commonly prescribed in clinical care. 
It is expected that AS length can be maintained or even increased by the strain because  
a muscle may be able to adapt its op mum length to the oint posi on in which the muscle 
is fre uently ac ve. However, very li le is known regarding the e cacy of wearing a AFO 
at rest and whether the assump ons regarding the underlying working mechanisms are  
correct. The primary aim of this thesis is to uan fy poten al e ects of treatment with knee-
ankle-foot orthoses over me in children with spas c CP. In addi on, we aimed 1) to inves-

gate whether parent reported AFO wearing me can be considered as a valid indicator 
and 2) to assess e ects of a ected A-Fdf ROM on gait kinema cs in children with CP walking 
with plantar exion in the ankle and exed knees. The aims are discussed in chapter 1. 

Chapter 2 describes the protocol of a single blinded randomized controlled trial inves - 
ga ng the e cacy of wearing AFO s in children with spas c CP to prevent a decrease in 
A-Fdf ROM. It was aimed to follow three groups of children with spas c CP for one year.  
One group was treated with a sta c AFO ( xed knee at 1 ° extension and xed ankle at 

° dorsi exion) and usual care and one group was treated with a dynamic AFO ( xed knee 
at 1 ° extension and a dynamic ankle applied with an ltra ex® power unit) and usual 
care. The third group was included as a control group and received usual care only (physical 
therapy, manual stretching). AFO s had to be worn for at least 6h every other night. For all 
children par cipa ng, AFO treatment to prevent a decrease in A-Fdf ROM was indicated 
because they were at risk for reduc on of A-Fdf ROM due to their medical history. At base-
line and a er 3, 6, 9 and 12 months, A-Fdf ROM was measured using a custom designed 
hand-held dynamometer. In addi on, measurements to obtain informa on about gait kine-
ma cs, gross motor func on, wearing me and complaints were performed. In a subgroup 
of pa ents, informa on about morphological parameters was collected using a 3D imaging 
techni ue. Results of morphological measurements are not presented in this thesis.
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Chapter 3 describes results of the randomized controlled trial. 2  children (15 in the  
dynamic AFO group and 13 in control group) with spas c CP and an age between 4 and 
16 years old par cipated in the study. The sta c AFO group had to be removed from the 
study design a er the inclusion of some par cipants as they were not able to wear the AFO  
because they experienced too much pain during wearing. Regarding the comparison  
between the control group and dynamic AFO group, no e ect was found in the decrease 
of A-Fdf ROM, gait kinema cs and gross motor func on. Other interes ng outcomes were 
that: 1) the expected reduc on of A-Fdf ROM over me in the control group was only  
sta s cally signi cant at 6 months, but not at 9 or 12 months, 2) 11 par cipants (4 in the 
experimental group and 7 in the control group) did not complete all ve measurements, as 
they needed addi onal treatment, 3) wearing me of the dynamic AFO was low and 4) all 
par cipants of the experimental group complained about pain and or sleeping problems 
while wearing the AFO. It was concluded that a dynamic AFO was poorly tolerated and 
not bene cial in preven ng a reduc on in A-Fdf ROM, at least with limited use.

Chapter 4 presents the results of a study comparing the measurements of parent-reported  
wearing me (collected by ues onnaires) and those of ob ec vely measured wearing me 
(collected by temperature sensor-data-loggers a ached to the AFO s). Although mean  
di erence between the two measured wearing mes was low, there was a high inter- 
individual varia on between parent-reported and ob ec vely measured wearing me. 
Therefore, ob ec ve measurement methods to measure AFO wearing me are recom-
mended. Di erences in parent-reported wearing me may bias results of e cacy studies 
and hinder the possibility to inves gate the rela on between wearing me and treatment 
e cacy.

The study described in chapter 5 inves gated e ects of changes in A-Fdf ROM on gait  
kinema cs in 1  children with spas c CP, walking with knee exion and ankle-foot plantar  

exion in mid stance. Although an e ect of AFO treatment could not be shown, par - 
cipants of the randomized controlled trial showed large individual varia on in A-Fdf ROM  
over me. This study showed that when A-Fdf ROM changed over me, this resulted in 
changed knee extension in mid stance of gait, rather than a change in A-Fdf in mid stance of 
gait. This nding is likely due to the fact that the AS (which length change causes decreased 
A-Fdf ROM) is a bi-ar cular muscle genera ng a moment over both ankle and knee. This 
study shows that e ects of involved muscles have to play a role when selec ng treatment 
op ons improving gait pa ern of children with spas c CP. The e ect of the AS needs to 
be taken into account when trea ng pa ents with excessive ankle-foot plantar exion and 
knee exion.
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Chapter 6 includes a discussion of the ndings of the research as a whole. Based on the  
results of the di erent studies it is concluded that the lack of e ect of the dynamic AFO 
may be caused by the low AFO wearing me due to low tolerance and or by the in- 
ability of the AFO to apply a su cient high strain on the AS. It is therefore suggested that 
that a AFO with modi ed design will be more e ec ve. A AFO allowing 2 ° knee exion 
is presumed to be be er tolerated. However, to be able to assess whether such a AFO 
strains the AS su ciently, re uires further research. It should be evaluated whether the 

AFO stabilizes the foot bones of hind- and midfoot su ciently to allow applica on strain 
on the AS, but also whether there are local stain ampli ca ons which may be necessary 
for lengthening of the muscle bers (i.e. to increase the number of sarcomeres in series).  
In addi on, it is presumed that strength training during AFO wearing is re uired to s mu-
late addi on of sarcomeres in series within muscle bers and to prevent atrophy (i.e. reduc-

on in the physiological cross-sec onal area). In children with spas c CP, the rate of addi on 
of sarcomeres in series may be reduced compared to that in typical developing children. 
Moreover, physiological cross-sec onal area may be reduced due to immobiliza on of the 

AS due to xed knee exion while wearing a AFO. Strength training may prevent this  
atrophy as well. The e cacy of treatment with a modi ed treatment needs to be tested  
while measuring wearing me using with ob ec ve measurement techni ues. If the  
suggested modi ed AFO is be er tolerated and more e ec ve than the AFO tested in the 
present study, it may be a promising approach to improve A-Fdf ROM and to reduce knee 

exion in gait in children walking with excessive knee exion and ankle-foot plantar exion.



510046-L-bw-Maas510046-L-bw-Maas510046-L-bw-Maas510046-L-bw-Maas
Processed on: 8-5-2017Processed on: 8-5-2017Processed on: 8-5-2017Processed on: 8-5-2017 PDF page: 138PDF page: 138PDF page: 138PDF page: 138



510046-L-bw-Maas510046-L-bw-Maas510046-L-bw-Maas510046-L-bw-Maas
Processed on: 8-5-2017Processed on: 8-5-2017Processed on: 8-5-2017Processed on: 8-5-2017 PDF page: 139PDF page: 139PDF page: 139PDF page: 139

 SAMEN ATTIN



510046-L-bw-Maas510046-L-bw-Maas510046-L-bw-Maas510046-L-bw-Maas
Processed on: 8-5-2017Processed on: 8-5-2017Processed on: 8-5-2017Processed on: 8-5-2017 PDF page: 140PDF page: 140PDF page: 140PDF page: 140



510046-L-bw-Maas510046-L-bw-Maas510046-L-bw-Maas510046-L-bw-Maas
Processed on: 8-5-2017Processed on: 8-5-2017Processed on: 8-5-2017Processed on: 8-5-2017 PDF page: 141PDF page: 141PDF page: 141PDF page: 141

MET SPASTISCHE CEREBRALE PARESE 

inderen met spas sche cerebrale parese ontwikkelen vaak contracturen door spier- 
verkor ngen en of toegenomen spiers eid. Dit kan leiden tot afname van de bewegings- 
mogeli kheden in de gewrichten. De meest voorkomende contractuur bi  kinderen met  
cerebrale parese is de reduc e van de enkel-voet dorsaal exie (gemeten met gestrekte 
knie) door een verkorte of s vere m. gastrocnemius. De gereduceerde dorsaal exie resul- 
teert in een afwi kend looppatroon. ooral kinderen die lopen met toegenomen enkel-voet 
plantair exie en knie exie laten een afgenomen maximale enkel-voet dorsaal exie zien.  
De behandelend arts kan een knie-enkel-voet orthese, gedragen in rust, voorschri ven om 
de knie en enkel in een posi e te xeren zodat de m. gastrocnemius wordt gerekt. Men 
verwacht dat de lengte van de m. gastrocnemius behouden of zelfs vergroot kan worden 
door rek, omdat een spier zi n op male lengte kan aanpassen aan de lengte waarin de spier 
zich het meest bevindt. Echter, er is nog weinig bekend over de e ec viteit van deze be-
handeling en of de aannames betre ende het onderliggende werkingsmechanisme correct 
zi n. Het primaire doel van dit proefschri  is om de poten le e ecten van een behan-
deling met een knie-enkel-voet orthese te evalueren. Aanvullend wordt onderzocht of de 
door ouders gerapporteerde draag d van de knie-enkel-voet orthese een valide indicator 
is van de werkeli ke draag d. Ook wordt bekeken wat de e ecten zi n van een verminderde  
enkel-voet dorsaal exie op het looppatroon van kinderen met cerebrale parese die lopen 
met toegenomen plantair exie in de enkel en exie in de knie. Deze doelen zi n beschreven 
in hoofdstuk 1.

Hoofdstuk 2 beschri  het onderzoeksprotocol van een enkelvoudig geblindeerd, geran-
domiseerd en gecontroleerd onderzoek dat ki kt naar de e ec viteit van het dragen van 
knie-enkel-voet orthesen door kinderen met spas sche cerebrale parese om een afname 
van de maximale enkel-voet dorsaal exie te voorkomen. E n groep kinderen werd behan-
deld met een sta sche knie-enkel-voet orthese met een ge xeerde knie op 1 ° extensie 
en ge xeerde enkel op ° dorsaal exie (sta sche groep) en n groep werd behandeld 
met een dynamische knie-enkel-voet orthese met ge xeerde knie op 1 ° extensie en 
dynamische enkel uitgevoerd met een ltra ex® power unit (dynamische groep). De knie- 
enkel-voet orthese behandeling was aanvullend op de reguliere behandeling (fysiotherapie, 
rekoefeningen). De derde groep werd ge ncludeerd als een controle groep en ontving alleen 
de reguliere behandeling. De knie-enkel-voet orthese moest om de nacht 6 uur gedragen 
worden. De behandeling met knie-enkel-voet orthesen was voor alle deelnemers ge ndi-
ceerd omdat zi  vanwege hun medische historie een verhoogd risico hadden om een afname 
van de enkel-voet dorsaal exie te ontwikkelen. 
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Bi  de start van het onderzoek en na 3, 6, 9 en 12 maanden werd de enkel-voet dorsaal- 
exie mogeli kheid gemeten met behulp van een speciaal ontwikkelde dynamometer. Daar-

naast werden me ngen verricht om informa e te verzamelen met betrekking tot de kine ca 
van het looppatroon, het grof motorisch func oneren, de draag d van de knie-enkel-voet  
orthese en eventuele klachten naar aanleiding van het dragen van de knie-enkel-voet  
orthese. Bi  een deel van de deelnemers werd ook informa e verzameld over morfolo-
gische parameters van de m. gastrocnemius met behulp van een 3D echo. Resultaten van 
het onderzoek gericht op deze morfologische parameters worden niet gepresenteerd in dit 
proefschri .

Hoofdstuk 3 beschri  de resultaten van het enkelvoudig geblindeerde, gerandomi-
seerde en gecontroleerde onderzoek. 2  kinderen (15 in de dynamische groep en 13  
in de controle groep) met spas sche cerebrale parese en een lee i d tussen 4 en 
16 aar oud hebben deelgenomen aan de studie. De sta sche groep is na de inclu-
sie van enkele pa nten verder niet meegenomen in het onderzoek omdat de deel- 
nemers door klachten (pi n, ongemak) niet in staat waren om de knie-enkel-voet  
orthese te dragen. oor de controle en dynamische groep werd geen verschil gevonden 
in afname van de enkel-voet dorsaal exie. Andere interessante uitkomsten waren dat:  

1) er zoals verwacht een sta s sch signi cante reduc e van de maximale enkel-voet 
dorsaal exie over de d was na 6 maanden, maar niet na 9 en 12 maanden. 
2) 11 deelnemers (4 in de experimentele groep en 7 in de controle groep) niet alle 
5 de me ngen ondergingen omdat zi  aanvullende therapie nodig hadden en de 
behandeling met knie-enkel-voet orthesen moesten staken. 
3) de draag d van de dynamische knie-enkel-voet orthese laag was. 
4) alle deelnemers van de experimentele groep klaagden over pi n en slaapproblemen 
wanneer zi  de knie-enkel-voet orthese droegen. 

 
Er werd geconcludeerd dat de knie-enkel-voet orthese slecht werd verdragen en dat deze, 
bi  een gelimiteerde draag d, een reduc e van de enkel-voet dorsaal exie mogeli kheid 
niet kan voorkomen.

Hoofdstuk 4 presenteert de resultaten van een studie waarin door ouders gerapporteerde 
draag d van knie-enkel-voet orthesen (verzameld door middel van vragenli sten) wordt 
vergeleken met een ob ec ef gemeten draag d door middel van temperatuursensoren. 
Hoewel er weinig verschil was in de gemiddelde draag d gemeten met beide methoden, 
was er wel een grote individuele varia e voor het verschil tussen beide meetmethoden 
binnen de individuen. 
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Daarom wordt aangeraden een ob ec eve meetmethode te gebruiken om de draag d van 
knie-enkel-voet orthesen te meten in wetenschappeli k onderzoek naar de e ec viteit van 
zo n behandeling. Afwi kingen in de door ouders gerapporteerde draag d kan de resultaten 
van onderzoek naar de e ec viteit van orthesen vertekenen.

De studie beschreven in hoofdstuk 5 onderzoekt het e ect van verandering in de maxi-
male enkel-voet dorsaal exie op de kinema ca van het lopen bi  1  kinderen met spas sche  
cerebrale parese die lopen met knie exie en enkel-voet plantair exie in de middenstands-
fase van het lopen. Hoewel er geen e ect van behandeling met knie-enkel-voet orthesen  
aangetoond kon worden, was er wel grote individuele varia e in de verandering van  
enkel-voet dorsaal exie bi  de deelnemers van het eerder beschreven gerandomiseerde 
onderzoek. De resultaten beschreven in dit hoofdstuk lieten zien dat wanneer de maximale 
enkel-voet dorsaal exie verbetert over de d, ook de knie extensie in de middenstandsfase 
van het lopen verbetert, terwi l er geen verandering plaats vindt in de enkel-voet dorsaal- 

exie in de middenstandsfase. Dit kan vermoedeli k worden verklaard door het bi-ar cu-
laire karakter van de m. gastrocnemius, waarbi  een toegenomen lengte een verbeterde 
maximale enkel-voet dorsaal exie, gemeten met gestrekte knie, toe laat. Deze studie laat 
zien dat bi  een keuze voor behandeling voor het verbeteren van looppatronen ook rekening  
gehouden moet worden met het e ect van de m. gastrocnemius op zowel de enkel als  
de knie.

Hoofdstuk 6 betre  een algemene discussie over de bevindingen van de studies beschreven 
in dit proefschri . Op basis van de resultaten van de verschillende studies wordt gecon-
cludeerd dat het uitbli ven van e ect van de dynamische knie-enkel-voet orthese waar- 
schi nli k veroorzaakt is door een lage draag d omdat de deelnemers de orthese niet kon-
den verdragen. Een andere oorzaak zou kunnen zi n dat het dragen van de orthese niet 
leidde tot rek van de m. gastrocnemius. Mogeli k dat een knie-enkel-voet orthese met een 
ander design, bi voorbeeld een design dat 2 ° knie exie toe laat, beter verdragen wordt. 
Echter, of zo n knie-enkel-voet orthese de m. gastrocnemius e ec ef kan rekken moet  
verder onderzocht worden. Er moet bekeken worden of de voetbeenderen van de midden 
en achtervoet gestabiliseerd kunnen bli ven ten de van het dragen van een knie-enkel-
voet orthese zodat de dorsaal exie ook daadwerkeli k kan leiden tot rek van de m. gastroc-
nemius. Ook moet bekeken worden of rek in de m. gastrocnemius op speci eke plaatsen 
in de spier hoog moet zi n om de spiervezels te verlengen (door toename van het aantal  
sarcomeren in serie). Daarnaast zou krach raining dens het dragen van een knie-enkel-
voet orthese nodig kunnen zi n om de aanmaak van sarcomeren in serie te s muleren. Bi  
kinderen met spas sche cerebrale parese is de aanmaak van sarcomeren in serie mogeli k 
verminderd in vergeli king met kinderen zonder spas sche cerebrale parese. 
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Bi  het dragen van een knie-enkel-voet orthese zou daarnaast de fysiologische doorsnede  
af kunnen nemen vanwege een immobilisa e e ect op de m. gastrocnemius doordat de knie  
ge xeerd wordt. rach raining zou, naast dat het de toename van het aantal sarcomeren  
in serie kan s muleren, ook reduc e van de fysiologische doorsnede van de spiervezel  
kunnen voorkomen. 
 
De e ec viteit van behandeling met een aangepaste knie-enkel-voet orthese moet getest 
worden terwi l de draag d wordt gemeten met behulp van ob ec eve mee echnieken.  
Als de voorgestelde aangepaste knie-enkel-voetorthese beter verdragen wordt en meer 
e ec ef is dan de orthese onderzocht in dit proefschri  zou dit een hoopvolle methode 
kunnen zi n om de maximale enkel-voet dorsaal exie te verbeteren en om knie exie dens 
lopen te laten verminderen bi  kinderen met spas sche cerebrale parese.
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WORD OF THAN S

 DAN WOORD
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Dankwoord, word of thanks

Op de basischool vertelde n van mi n leraren: Als e gaat promoveren schri f e een boek 
over een onderwerp waar nog nooit iemand over geschreven hee . Ik was diep onder de 
indruk en vroeg mi  af wat er zou gebeuren als iemand tegeli ker d een zelfde soort boek 
zou schri ven. Had e dan gewoon pech en alles voor niets gedaan  Inmiddels begri p ik dat 
het schri ven van een proefschri  draait om het uitvoeren en rapporteren van onderzoek. 
Dat onderzoek is uniek en daarmee ook het boek. Ik ben trots dat ik zo n uniek onderzoek 
heb kunnen afronden en mi n proefschri  nu voor u ligt. 

Het schri ven van mi n proefschri  ging gepaard met de nodige pieken en dalen. elukkig 
waren er vele mensen die de pieken met mi  vierden en mi  hielpen om uit de dalen op te 
klimmen. raag wil ik iedereen die een bi drage hee  geleverd aan mi n proefschri  (hoe 
klein ook) harteli k bedanken. Een aantal mensen wil ik graag persoonli k noemen.

onder deelnemende kinderen en hun ouders had dit onderzoek simpelweg niet plaats  
kunnen vinden. Ik voel me vereerd dat ullie kostbare d en moeite in mi n onderzoek wilden 
steken. Jullie moeten al zo vaak in het ziekenhuis zi n, en nu kwamen ullie nog een paar keer 
extra voor me ngen die soms wel een halve dag duurden. Sommigen van ullie moesten 
ook nog eens een spalk dragen dens het slapen, terwi l die spalk helemaal niet lekker zat. 
Toch waren ullie allemaal gemo veerd en vroli k. Ik hoop dat ullie genoten hebben van de 

lms en van de uit es naar Ar s, Nemo en of TunFun. Ik vond het n met ullie te werken. 
Ook dank aan de kinderen op wie ik mi n me ngen mocht oefenen. Ik heb veel van ullie 
geleerd  

Without par cipants and their parents, this study could not have been performed.  
I feel honored that you invested your spars me in par cipa ng my study. It took 
you a lot of me to travel to the hospital and to undergo the measurements. In addi-

on, some of you had to wear uncomfortable splints. However, you all did. Thank you  
I also would like to thank the children on who we could prac ce the measurements. We 
learned a lot from you  



510046-L-bw-Maas510046-L-bw-Maas510046-L-bw-Maas510046-L-bw-Maas
Processed on: 8-5-2017Processed on: 8-5-2017Processed on: 8-5-2017Processed on: 8-5-2017 PDF page: 148PDF page: 148PDF page: 148PDF page: 148

Dankwoord, word of thanks

Mi n promo e-tra ect is begonnen doordat ik het vertrouwen kreeg van mi n begeleiders 
om dit pro ect uit te voeren. 
ules Becher, ondanks dat e al d een enorm volle agenda had, kon ik al d bi  e aan- 

kloppen en kon e snel een plek e in e agenda voor mi  vri  maken. Het was pre g e al d  
aan te tre en in een vroli ke bui. Desalnie emin waren we al d serieus aan het werk.  
Naast aandacht voor het werk had i  ook aandacht voor mi  als persoon. Dank ewel voor e 
inzet en betrokkenheid
Annet Dallmei er, i  was mi n rots in de branding. Naast inhoudeli ke begeleiding kon ik al d 
bi  e terecht voor een persoonli k gesprek. Ik vond het heel n met e samen te werken. 
Bedankt voor alles
Peter Hui ing, ik heb diep respect voor ouw enorme hoeveelheid aan kennis en ervaring. 
Dank voor e inzet om die kennis aan mi  over te dragen   

ichard aspers, ondanks dat ouw kantoor  op een paar minuten lopen afstand lag 
van mi n kantoor mc, hield e regelma g een vinger aan de pols door even te bellen 
of te emailen over hoe het er voor stond. Ik heb e leren kennen als een enorm bevlogen 
wetenschapper met veel oog voor detail. Ik heb veel van e kunnen leren. Bedankt voor e 
hulp en betrokkenheid

Naast bovengenoemde personen zi n er nog vele mensen die een bi drage hebben  
geleverd om het Splint onderzoek tot een succes te maken. raag wil ik speciaal benoemen: 
Petra van ampen, dank dat e de samenwerking met root limmendaal in Arnhem hebt 
mogeli k gemaakt en ingevuld, en dat e mi  hebt wegwi s gemaakt in het looplab. Dank ook 
aan e collega s die een bi drage hebben geleverd aan onze samenwerking.

iecuri medisch centrum, dank dat ullie wilden meewerken aan het vergroten van onze 
groep deelnemers.
In het begin aren agendi k en later Eline Bolster, ullie hebben een grote bi drage aan mi n 
onderzoek geleverd als onderzoeksassistent. Dank voor al ullie planwerk en het onderhoud-
en van de contacten met deelnemers. Jullie waren onmisbaar

ogier Plas, arieke ervoort en Bodil udshoorn, dank voor ullie hulp en input  
bi  het uitvoeren van de me ngen. Het was pre g met ullie samenwerken. Bodil, 
ook bedankt voor e inzet bi  het tot stand komen van hoofdstuk 4  Het was een leuke  
ervaring om e te mogen begeleiden als stagair. Dat laatste geldt ook voor uido Weide. 
Ik ben trots dat ik co-auteur ben geworden van ouw ar kel en vind het leuk dat ik e later 
nog eens tegen kwam in het mc als e me ngen verrich e voor e huidige onderzoek. 
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Dankwoord, word of thanks

rthopedisch instrumentmakers: mensen van Heckert en van ierop, amer orthopedie 
en I  (ves gingen Noord i kerhout en Arnhem), dank dat ullie de spalken die gebruikt 
werden voor ons onderzoek wilden maken.

Besides the above men on persons, a lot of other people helped me to nish this re-
search. I would like to thank all colleagues at St. ouis Children s Hospital and Pediatric 
Clinical esearch nit at the Department of Pediatrics at Washington niversity School 
of edicine for their coopera on and the warm welcome they gave me during my visits.  
I would like to thank speci cly: anice Brunstrom-Hernande , thank you for giving us the 
possibility to collaborate with St. Louis Children s Hospital. It was impressive to see what 
you managed in St. Louis.

elly o at and reda Branch, thank you for organizing all measurements and having  
contact with the par cipants in SA.

athy Herndon and Courtney Dunn, thank you for collec ng study-data.
uben Hernande , thank you for your assistance.
rtho c and Prosthe c ab Inc., thank your for producing the orthoses that were used  

in this study.
ark DeHarde, thank you for your support and advice.

Ik had vele collega s bi  mc, EM O en MO E. Jaren lang zat ik in de kelder van de  
polikliniek, bi  de afdeling revalida egeneeskunde van mc. Bi na iedereen kende elkaar 
daar. Het was een pre ge plek om mi n onderzoek te mogen uitvoeren. Dank voor alle  
gezelligheid, gezamenli ke lunches, werkbesprekingen, adviezen, medewerking en getoonde 
interesse. Een speciaal woord van dank aan de collega s die mi  steunden in mindere den 
met een bezoek, goed gesprek, kaart e en of cadeaut e. Ik heb dit heel erg gewaardeerd. 
Een aantal mensen wil ik graag nog in het bi zonder noemen:

amergenoten van P -1 158, dank dat ik met ullie onze kamer mocht delen. Op onze kamer 
was er al d d voor het delen van ervaringen, maar werd er ook hard en serieus gewerkt. 
Dank voor ullie interesse, luisterend oor, ps en adviezen.
eon en van Wely, met ou heb ik deze kamer 4,5 lang mogen delen. Wi  hoorden bi   

het meubilair. Het was wel even wennen toen daar een einde aan kwam. Bedankt voor de 
ne d

Secretariaat, back-o ce en technische ondersteuning, Met ullie had ik regelma g contact 
omdat ik weer eens iets  nodig had. aak volgde een bi klets moment e. Dank voor ullie 
ondersteuning en interesse.
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Dankwoord, word of thanks

Caroline Doorenbosch, met ou heb ik vaak op de rode banken plaats genomen om mi n  
hart te luchten. De gesprekken waren al d waardevol en hielpen om weer verder te  
kunnen. Bedankt daarvoor
aap Harlaar, dank voor e adviezen en voor e bi drage aan hoofdstuk 5  Dank ook dat e  

in mi n opposite wilt plaatsnemen.
enno B nard, i  was degene die mi  wegwi s kon maken in alle meetapparatuur en bi - 

behorende protocollen. Ook hebben we veel gediscussieerd over de gebruikte so ware en 
meetmethodes. Dank voor de ne samenwerking
Helga Haberfehlner, met ou kreeg ik er niet alleen een collega bi , maar ook een vriendin. 
Het is n om met ou ervaringen te kunnen uitwisselen met betrekking tot ons onderzoek, 
maar ook gezellig uit eten te gaan. Ik ben heel bli  dat i  mi  straks als paranimf bi staat op 
het podium

De verdediging van mi n proefschri  kan niet plaatsvinden zonder promo ecommissie. 
raag wil ik de leden van de opposi e bedanken voor hun deelname. In het bi zonder wil 

ik de leden van de leescommissie (prof. dr. emke, prof. dr. van Bennekom, prof. dr. Nollet,  
dr. Bui er en dr. ei er) bedanken voor het lezen en beoordelen van mi n proefschri .

NCDR 
Sinds 3,5 mag ik werken voor NCD . anaf het begin van mi n aanstelling stelden ullie e 
enorm exibel op, waardoor ik de kans heb gekregen om mi n proefschri  af te ronden. 
Dank daarvoor, en voor de goede samenwerking

Naast werken aan mi n proefschri  kon ik de laatste aren gelukkig ook nog mi n d  
besteden aan vrienden en familie. Dank voor alle interesse die ullie toonden in mi n werk  
en voor de leuke, gezellige en ontspannen momenten. Ook dank voor het luisteren naar 
mi n soms minder leuke verhalen en de hulp en steun die ullie gegeven hebben. Ik vind het 
leuk dat ullie nu een glimp kunnen opvangen van waar ik de afgelopen  aren mee bezig 
ben geweest.
Scou ng- en roeimaat es, dank voor de geboden a eiding dens onze ac viteiten. Danita 
de Baat, i  wilde mi n promo e zo graag meemaken. Het is niet te beschri ven wat i  en ouw 
familie moeten doormaken. elukkig stri den e ouders en zussen voor het beste voor ou. 
Bianca Plak, dank ewel voor het opmaken van mi n proefschri  en het ontwerpen van de 
omslag en het Splint-logo
Ineke anssen, dank dat i  mi n verdediging wilt vastleggen op de gevoelige plaat
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Dankwoord, word of thanks

erard aas, wat ben ik bli  dat ik nog aan ou kon vertellen dat i  6 uli 2 17 e toga aan 
mag trekken. Ik ben heel benieuwd hoe hi  e staat  Dank voor e hulp en adviezen bi  het 
afronden van mi n proefschri .
Paul oos en Tess van de Wal, als zwager en vriendin van  hebben ullie veel meegekregen 
van de hordes die ik moest nemen om tot dit punt te komen. Dank voor ullie medeleven 
en aanmoediging.
Bas aas, al zien we elkaar niet zo vaak, ik zou e niet willen missen als broer  Ook i   
bedankt voor e getoonde interesse.
Ankie oos- aas, i  hebt aan n woord genoeg om mi  te begri pen. Het is heel n dat  
i  mi  zus bent en dat i  mi  bi staat als paranimf dens mi n verdediging. 

Els aas- anssen, mama, als er iemand al d voor mi  klaar staat, dan ben i  het wel.  
elfs als e het zelf moeili k hebt. Wat ben ik trots op ou om wie e bent en waar e staat,  

en wat ben ik bli  dat i  mi n moeder bent.
Bart aas, papa, het is een gemis dat i  er niet meer bent. elukkig weet ik dat i  trots  
op me was. Je bent er straks bi  in mi n hart.
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About the author

ABOUT THE AUTHOR

Jos  (Josina Catharina) Maas was born on the 26th of September 19 2 in Eindhoven,  
the Netherlands. She nished elementary school in 1995 at Basisschool De Windroos in 

eldrop and secondary school in 2  at Strabrecht College in eldrop. In 2 -2 4  
she studied Human ine c Technology at The Hague niversity in The Hague and a ained 
her Bachelor of Engineering degree with a thesis focusing on the e ect of lower exibility  
of oints on risk of back in uries in the cricket fast bowler. She also completed a study focusing 
on the e ects of wedges under the horse hoof on muscle tension of the m. vastus medialis 
for an internship at the department of eterinary Medicine at trecht niversity in trecht. 
From 2 5 to 2 6, Jos  par cipated on voluntary basis on pro ects of the Exper se Center 
of Human ine c Technology in The Hague (designing a coupling between wheelchairs) and 
the department of Rehabilita on Medicine of the Academic Medical Center Amsterdam 
(inves ga ng lower extremity dynamics of walking in neuropathic diabe c pa ents wearing 
a forefoot o oading shoe). In 2 6 she started with the (pre)master Human Movement 
Sciences at the  niversity in Amsterdam. She performed a study regarding mechanical  
e cacy and perceived discomfort during arm crank ergometry at the Swiss Paraplegic  
Center in No wil, Switzerland and she performed a study regarding outlining ankle-foot  
orthosis in children with cerebral palsy at the department of Rehabilita on Medicine of 
the  niversity Medical Center in Amsterdam. With this latest study, Jos  was nominated 
for the ISPO-NL gradua on price 2 9. pon comple ng her Master s degree in 2 9, 
Jos  started with her PhD-tra ectory at the department of Rehabilita on Medicine of the  

 niversity Medical Center in Amsterdam. She oined the Splint study group inves ga ng 
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it is aimed to assess effects of affected ankle-foot dorsiflexion range of motion on gait kineit is aimed to assess effects of affected ankle-foot dorsiflexion range of motion on gait kine-
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