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         Gross Motor Profi le in Rett Syndrome as Determined 
by Video Analysis    

between mobility and factors such as genotype 
and other features such as scoliosis and hand 
stereotypies are not available. 
 Broadly based on activities of daily living as con-
ceptualised in the WeeFIM measure  [26] , we 
recently developed a video assessment tool to 
assess multiple features of the RTT phenotype 
 [10] , and found some evidence to support its 
inter-rater reliability, content validity and social 
validity. In this study, we characterised gross 
motor function in naturalistic settings in a series 
of girls and young women with RTT using the 
aforementioned tool, and evaluated relationships 
with age, the  MECP2  mutation and other features 
of RTT including scoliosis and frequency of hand 
stereotypies. There was also an opportunity to 
assess the concurrent validity of the video tool by 
examining the relationship between gross motor 
function and information on functional status 
(WeeFIM scores) collected from another source 
(i.e., a separately administered questionnaire).   

 Materials and Methods 
  &  
 The Australian Rett Syndrome Database (ARSD) is 
a population-based register of confi rmed RTT 

 Introduction 
  &  
 The onset of Rett syndrome (RTT) in early child-
hood is characterised by a gradual or sudden loss 
of speech and hand function followed by a slow 
loss of acquired gross motor skills  [12,   13,   32] . 
The syndrome is characterised by a number of 
movement disorders including hand stereotyp-
ies, gait disturbance and dystonia  [9] . It has an 
incidence of 1:8500 girls by the age of 15 years 
 [23]  and is associated primarily with mutations 
in the  MECP2  gene  [2] . Although most subjects 
are severely functionally dependent there is con-
siderable clinical variability  [7,   12] . Mutations 
aff ecting the nuclear localisation signal (NLS) of 
the transcription repression domain appear to 
lead to more severe  [8,   15]  and late truncating 
mutations to milder clinical presentations 
 [6,   8,   28] . 
 Cross-sectional studies of subjects with RTT sug-
gest that most can sit independently  [5] , approxi-
mately half can walk  [5,   16,   21] , gross motor 
abilities improve until adolescence and decline 
thereafter  [3,   5] , and there are diffi  culties with 
the performance of transitional movements 
 [3,   5,   21] . However, details on the breadth of the 
motor skills are not clear and relationships 
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  Abstract 
  &  
 Movement impairment is a fundamental but 
variable component of the Rett syndrome phe-
notype. This study used video supplemented by 
parent report data to describe the gross motor 
profi le in females with Rett syndrome (n    =    99) 
and to investigate the impact of age, genotype, 
scoliosis and hand stereotypies. Factor analysis 
enabled the calculation of general and complex 
gross motor skills scores. Most subjects were able 
to sit, slightly less than half were able to walk and 
a minority were able to transfer without assist-

ance. General gross motor skills declined with 
age and were poorer in those who had surgically 
treated scoliosis but not conservatively managed 
scoliosis. Complex gross motor skills did not 
decline with age and were better in those with-
out scoliosis. Those with a p.R133C, p.R294X, or 
a p.R255X mutation appear to have better motor 
skills overall than those with a p.R270X or large 
deletion mutation. Motor scores were not related 
to the frequency of hand stereotypies. This infor-
mation is useful for the clinician and family when 
planning support strategies and interventions.          
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cases with data collected from family and clinician question-
naires  [24] . In 2004, all families whose children were subjects in 
the ARSD were invited to participate in the video study  [10] . 
Video data were available for 99 females (median age 14.1 years; 
range 1.5 – 27.9 years) with a clinical diagnosis of RTT. Twenty-
seven girls were younger than 8 years, 15 were 8    <    13 years and 
28 were 13    <    19 years. There were 29 women     ≥    19 years. 
 Families who agreed to participate were sent a fi lming protocol 
presented as a pamphlet entitled  “ A guide for parents: what you 
need to capture on your video ” , a demonstration video, a blank 
video and a parent report checklist  [10] . The fi lming protocol 
was developed with the input of health professionals with rele-
vant experience in the areas covered. The demonstration video 
featuring 4 subjects with Rett syndrome of varying ages and 
functional ability had been developed to accompany and to sup-
plement the fi lming protocol in providing guidance to families in 
making the video of their own daughter. We asked families to 
fi lm natural function of a list of activities within a familiar envi-
ronment. The list of activities was broadly based on activities of 
daily living and included aspects of oromotor function, mobility, 
hand function and movements, personal care and communica-
tion. This paper describes the gross motor mobility items shown 
on the videos. 
 For all examples of each gross motor item demonstrated by each 
subject, the best ability demonstrated was coded to represent 
the skill level for that subject. The motor items, which were 
coded, described sitting (on the fl oor, a chair and a stool); stand-
ing (for 3, 10 and 20   s); transfers (sitting to standing, standing up 
from the fl oor, and bending down to touch or pick up an object 
on the fl oor and returning to standing); and walking, side-step-
ping, turning 180    °    , walking along a slope, stepping over an 
obstacle and running. Coding categories included performed 
with no assistance; minimal assistance (a requirement for light 
support or the holding of one hand to perform the activity); 
moderate assistance (requiring two-hand or trunk support to 
perform the activity); or maximal assistance (requiring a com-
posite of support to balance, transfer weight and move legs 
appropriately for the task or if unable to perform the skill). Infor-
mation contained in the parent report checklist was used to 
replace missing video data  [10] . The videos were scored by an 
experienced physiotherapist who was blind to the  MECP2  geno-
type. 
 The molecular techniques used to identify pathogenic mutations 
in the  MECP2  gene have been described previously  [25] . A  MECP2  
mutation was identifi ed in 73 of the 96 (76.0    % ) subjects who 
had genetic testing. The ARSD 2004 follow-up questionnaire was 
used as an additional data source  [18]  to describe scoliosis, hand 
stereotypies and WeeFIM ratings. The score developed by Kerr 
et   al.  [19]  and modifi ed by Colvin et   al.  [7]  was used to describe 
the severity of scoliosis, with scores of 0 denoting no scoliosis, 1 
denoting scoliosis without surgery, and 2 denoting scoliosis 
treated with surgery. The frequency of hand stereotypies was 
assessed on a 9-point Likert scale ranging from never to all the 
time. WeeFIM scores were used to describe independent func-
tion  [26] . Ethical approval for the study was provided by the Eth-
ics Committee of the Women ’ s and Children ’ s Health Services in 
Western Australia.  

 Data analysis 
 Age was grouped into four categories representing the pre-
school and early school years, primary school, adolescent and 
adult years, respectively. Gamma tests of association were used 

to assess the relationship between age category and level of 
assistance required for each skill on data provided by the video 
and parent report checklist. Missing data were imputed using a 
linear regression model  [31]  for factor analysis. Principal compo-
nents analysis was performed to reduce the set of 15 sitting, 
standing, transfer and walking items into a smaller number of 
independent variables with extraction of factors having eigen-
values greater than one. After varimax rotation, Z-scores for the 
extracted factors were calculated for each subject and the inter-
nal consistency of the factors was analysed with Cronbach ’ s  α . 
The relationships between mobility scores and other variables 
were analysed with linear regression, Spearman correlation, t 
test and ANOVA as appropriate. All analyses were undertaken 
using Stata 9  [30] .    

 Results 
  &   
 Subjects 
 More subjects presented with classical (n    =    79, 79.8    % ) than atyp-
ical (n    =    20, 20.2    % ) RTT. Thirty-four (35.1    % ) subjects were 
reported to have no scoliosis, whilst 39 (40.2    % ) were reported to 
have conservatively managed scoliosis and 24 (24.7    % ) to have 
had surgically treated scoliosis. The mean WeeFIM score was 
29.02 (95    %  CI 26.80, 31.24) out of a total possible score of 126. 
Participants who provided a video were similar in age, genotype 
and WeeFIM scores to those in the Australian population-based 
cohort who did not provide a video, but were more likely to have 
classical rather than atypical RTT  [10] .   

 Description of individual motor skills 
 Performance on 15 gross motor skills was coded from the video 
observations and the parent report checklist (with an average of 
over 70    %  of data provided from the video for each item). The 
percentage of subjects who could perform each item is shown in 
   �  �      Table 1  . For all items except sitting on a chair with a back, the 
level of assistance required to perform the task increased with 
age group (   �  �      Table 1  ). As seen in    �  �      Table 2   more of those with 
p.R133C (4 / 5), p.R168X (5 / 6), p.R294X(8 / 10) and p.R306C(3 / 4) 
were able to walk compared particularly with those with large 
deletions (0 / 5). With standing those with p.R133C, p.R255X, 
p.R294X, p.R306C and p.T158M performed best compared with 
those with C terminal deletions, p.R270X and large deletions. 
Those with p.R168X were intermediate in their capacities.   

 Development of motor profi les 
 Principal components analysis of the 15 items resulted in the 
extraction of two factors that accounted for 74.5    %  of total data 
variance (   �  �      Table 3  ). Ten items describing sitting, standing, 
walking, side stepping, turning 180    °     and sit to stand loaded 
strongly on factor one which was named  ‘ General Gross Motor 
Skills ’  because it related to a range of basic skills. Five items of 
moving from the fl oor to standing, picking up an object from the 
fl oor from standing, stepping over an obstacle, walking along a 
slope, and running loaded strongly on factor two. These motor 
skills are more diffi  cult and the factor was named  ‘ Complex 
Gross Motor Skills ’ . The Cronbach ’ s  α  coeffi  cient for  ‘ General 
Gross Motor ’  was 0.96 and for  ‘ Complex Gross Motor Skills ’  it 
was 0.89.   
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   Table 2       Number and percentage of subjects for each mutation performed each motor skill with no assistance on the video (n    =    57  a  ). 

     C-terminal 

deletions 

n    =    7 (7.3    % ) 

 R133C

n    =    5 

(5.2    % ) 

 R168X

n    =    8 

(8.3    % ) 

 R255X

n    =    5 

(5.2    % ) 

 R270X

n    =    7 

(7.3    % ) 

 R294X 

n    =    10 

(10.4    % ) 

 R306C 

n    =    4 

(4.2    % ) 

 T158M 

n    =    6 

(6.2    % ) 

 Large Dele-

tions n    =    5 

(5.2    % ) 

   sitting on the 
fl oor 

 5 / 6 
(83.3    % ) 

 4 / 4 
(100    % ) 

 6 / 6 
(100    % ) 

 3 / 4 
(75    % ) 

 2 / 4 
(50    % ) 

 7 / 7 
(100    % ) 

 4 / 4 
(100    % ) 

 3 / 4 
(75    % ) 

 3 / 5 
(60    % ) 

   sitting on a chair  6 / 7 
(85.7    % ) 

 5 / 5 
(100    % ) 

 8 / 8 
(100    % ) 

 5 / 5 
(100    % ) 

 7 / 7 
(100    % ) 

 10 / 10 
(100    % ) 

 4 / 4 
(100    % ) 

 6 / 6 
(100    % ) 

 4 / 5 
(80    % ) 

   sitting on a stool  3 / 3 
(100    % ) 

 4 / 5 
(80    % ) 

 5 / 6 
(83.3    % ) 

 3 / 4 
(75    % ) 

 3 / 7 
(42.9    % ) 

 8 / 8 
(100    % ) 

 4 / 4 
(100    % ) 

 5 / 5 
(100    % ) 

 3 / 5 
(60    % ) 

   transfer sitting 
to standing 

 2 / 7 
(28.6    % ) 

 3 / 5 
(60    % ) 

 1 / 6 
(16.7    % ) 

 2 / 4 
(50    % ) 

 1 / 6 
(16.7    % ) 

 5 / 10 
(50    % ) 

 3 / 4 
(75    % ) 

 1 / 5 
(20    % ) 

 0 / 4 
(0    % ) 

   standing 3   s  2 / 7 
(28.6    % ) 

 4 / 5 
(80    % ) 

 4 / 8 
(50    % ) 

 3 / 4 
(75    % ) 

 2 / 6 
(33.3    % ) 

 7 / 10 
(70    % ) 

 4 / 4 
(100    % ) 

 4 / 5 
(80    % ) 

 0 / 5 
(0    % ) 

   standing 10   s  2 / 7 
(28.6    % ) 

 3 / 5 
(60    % ) 

 3 / 6 
(50    % ) 

 3 / 4 
(75    % ) 

 2 / 6 
(33.3    % ) 

 7 / 9 
(77.8    % ) 

 3 / 3 
(100    % ) 

 4 / 5 
(80    % ) 

 0 / 5 
(0    % ) 

   standing 20   s  1 / 6 
(16.7    % ) 

 3 / 4 
(75    % ) 

 3 / 5 
(60    % ) 

 3 / 4 
(75    % ) 

 1 / 6 
(16.7    % ) 

 5 / 8 
(62.5    % ) 

 3 / 3 
(100    % ) 

 3 / 4 
(75    % ) 

 0 / 5 
(0    % ) 

   walking  2 / 7 
(28.6    % ) 

 4 / 5 
(80    % ) 

 5 / 6 
(83.3    % ) 

 3 / 5 
(60    % ) 

 1 / 6 
(16.7    % ) 

 8 / 10 
(80    % ) 

 3 / 4 
(75    % ) 

 3 / 5 
(60    % ) 

 0 / 5 
(0    % ) 

   side-stepping  2 / 5 
(40    % ) 

 3 / 5 
(60    % ) 

 3 / 6 
(50    % ) 

 3 / 5 
(60    % ) 

 1 / 5 
(20    % ) 

 5 / 7 
(71.4    % ) 

 3 / 3 
(100    % ) 

 3 / 6 
(50    % ) 

 0 / 4 
(0    % ) 

   turning 180    °      2 / 6 
(33.3    % ) 

 4 / 5 
(80    % ) 

 3 / 6 
(50    % ) 

 2 / 3 
(66.7    % ) 

 1 / 4 
(25    % ) 

 7 / 9 
(77.8    % ) 

 3 / 3 
(100    % ) 

 3 / 5 
(60    % ) 

 0 / 4 
(0    % ) 

   transfer fl oor to 
standing 

 2 / 45 
(0    % ) 

 0 / 1 
(0    % ) 

 1 / 5 
(20    % ) 

 1 / 3 
(33.3    % ) 

 0 / 4 
(0    % ) 

 2 / 4 
(50    % ) 

 3 / 4 
(75    % ) 

 1 / 4 
(25    % ) 

 0 / 3 
(0    % ) 

   bending down 
and returning to 
stand 

 2 / 5 
(40    % ) 

 1 / 1 
(100    % ) 

 0 / 2 
(0    % ) 

 1 / 3 
(33.3    % ) 

 0 / 4 
(0    % ) 

 2 / 6 
(33.3    % ) 

 0 / 0 
(0    % ) 

 0 / 1 
(0    % ) 

 0 / 2 
(00    % ) 

   stepping over an 
obstacle 

 2 / 4 
(50    % ) 

 2 / 4 
(50    % ) 

 1 / 4 
(25.0    % ) 

 1 / 3 
(33.3    % ) 

 0 / 3 
(0.0    % ) 

 4 / 6 
(66.7    % ) 

 2 / 2 
(100.0    % ) 

 0 / 6 
(0.0    % ) 

 0 / 4 
(0.0    % ) 

   walking up or 
down a slope 

 1 / 4 
(25    % ) 

 1 / 3 
(33.3    % ) 

 2 / 4 
(50.0    % ) 

 1 / 2 
(50.0    % ) 

 1 / 4 
(25.0    % ) 

 4 / 6 
(66.7    % ) 

 2 / 2 
(100.0    % ) 

 1 / 5 
(20.0    % ) 

 0 / 5 
(0.0    % ) 

   running  1 / 4 
(25    % ) 

 1 / 3 
(33.3    % ) 

 1 / 4 
(25.0    % ) 

 0 / 3 
(0.0    % ) 

 0 / 5 
(0.0    % ) 

 2 / 6 
(33.3    % ) 

 2 / 2 
(100.0    % ) 

 1 / 6 
(16.7    % ) 

 0 
(0.0    % ) 

   a    Data for subjects with p.R106W (n    =    3), p.R306   H (n    =    2), other mutations (n    =    11), no mutation (n    =    23) or not tested (n    =    3) not shown in table   

  Table 1       Levels of assistance (    % ) for each motor item for the whole group and the relationships with age-group. 

     Level of assistance  –  whole group  Relationship between level of 

assistance and age group, p value      None (    % )  Minimal (    % )  Moderate (    % )  Maximal (    % ) 

    sitting            
   sit on the fl oor  73.8  3.6  1.2  21.4      <    0.001 
   sit on chair with a back *   62.1  5.8  30.1  1.9  0.068 
   sit on a stool  70.7  8.5  9.8  11  0.012 

    standing            
   standing 3   s  38.5  7.3  28.1  26  0.001 
   standing 10   s  34.5  4.6  29.9  31  0.005 
   standing 20   s  30.4  6.3  25.3  38  0.07 

    transfers            
   sit to stand  20.4  13.6  39.8  26.1  0.001 
   sitting on fl oor to standing  8.6  5.2  36.2  50  0.019 
   bending to touch the fl oor and 
returning to standing 

 13.5  1.9  0  84.6      <    0.001 

    walking            
   walking 10   m  42.7  3.1  24  30.2  0.022 
   able to side-step  42  4.9  3.7  49.4  0.011 
   able to turn 180    °      43  2.3  16.3  38.4  0.014 
   able to step over an obstacle  23.1  7.7  10.8  58.5  0.002 
   able to walk on a slope  24.2  9.7  12.9  53.2  0.025 
   able to run  13.5  0  0  86.5  0.001 

      *  Ability to sit in a wheelchair was coded as moderate assistance. Many videos showed sitting in a wheelchair to demonstrate sitting in a chair and the best ability is unlikely to 
be represented by the percentage shown in this table   
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 General and complex gross motor skills factor scores 
 Z-Scores for each factor are presented in    �  �      Table 4   with higher 
scores representing greater abilities. General gross motor scores 
in girls who were     <    13 years were higher than those     ≥    13 years 
(p    =    0.01), but there was no signifi cant diff erence between the 
complex motor skills scores of these two groups (p    =    0.34). 
 General gross motor scores of women     ≥    19 years were lower 
than of girls     <    8 years (p    =    0.01) or 8    <    13 years (p    =    0.03). The 
scores of girls younger than 8 years were not signifi cantly diff er-
ent from those at 8    <    13 years (p    =    0.60) or 13    <    19 years (p    =    0.21), 
and scores of girls 13    <    19 years were not signifi cantly diff erent 
from those of women     ≥    19 years (p    =    0.19). There was no signifi -
cant diff erence in the complex motor skills score across the age 
groups (p    =    0.61).   

 Relationship between motor profi les and genotype 
 General and complex gross motor skills Z-scores corrected for 
age are shown for the main individual mutations (    �  �     Figs.   1,2  ). 
Those with individual mutations p.R133C, p.R294X or p.R255X 
appear to have better motor abilities overall than those with 
p.R270X or large deletions (    �  �     Figs.   1,2  ).   

 Relationships between motor profi les and other factors 
 After adjusting for age, general gross motor scores in those who 
had scoliosis surgery were signifi cantly worse compared to 
those without scoliosis (p    <    0.001) but not compared to those 
with conservatively managed scoliosis (p    =    0.10). In contrast, 
complex motor skills were signifi cantly worse both in the pres-
ence of conservatively treated scoliosis (p    <    0.001) and surgically 
treated scoliosis (p    =    0.001) compared to those without scoliosis. 
There was no signifi cant correlation between the frequency of 
hand stereotypies and the general (r s     =        −    0.167, p    =    0.11) or com-
plex gross motor skills score (r s     =    0.123, p    =    0.24). However, 

poorer WeeFIM scores correlated moderately with poorer gen-
eral (r s     =    0.494, p    <    0.001) and poorer complex gross motor skills 
(r s     =    0.328, p    =    0.001) scores.    

 Discussion 
  &  
 Using a video assessment tool, gross motor function was exam-
ined in a large cohort of girls / women with RTT. Most subjects 
were able to sit, slightly less than half were able to walk or stand 
and a minority were able to transfer without assistance. Basic 
postural control (sitting balance) is a strength in RTT, some indi-
viduals walk despite voluntary motor control diffi  culties, and 
diffi  culty with transfers refl ects the dramatic impact that RTT 
has on carrying out complex movements. Two distinct motor 
profi les were developed. The general gross motor factor score 
refl ected abilities to sit, stand, walk, side step and turn, whilst 
walking, and transfer from sit to standing. The complex gross 
motor skills factor score represented more diffi  cult tasks includ-
ing moving from the fl oor to standing, picking up an object from 
the fl oor whilst standing, stepping over an obstacle, walking up 
a slope and running. Of particular interest is our fi nding that 
general but not complex gross motor ability decreased with age. 
General gross motor skills were poorer in those who had had 
scoliosis surgery and were best for those with p.R294X or 
p.R133C mutation. Complex gross motor skills were better in 
those without scoliosis and in those with a p.R133C, p.R294X, or, 
unexpectedly, a p.R255X mutation. 
 The video footage collected for this study allowed us to examine 
gross motor function over a range of ages, clinical and genotypic 
variability, and locations throughout Australia. Unlike other 
studies  [3,   5,   16,   21]  our sample was sourced from a population-
based register and was broadly representative of a national RTT 
population  [10] . The assessed items were comprehensive and 
relevant to daily living, and by including details not previously 
described, we have been better able to characterise the gross 
motor phenotype. Furthermore, factor analysis enabled the cal-
culation of composite motor scores that facilitated the investiga-
tion of relationships with other variables. The factor analysis 
supported the content and construct validity, and the internal 
reliability of our previously developed gross motor profi le  [10] , 
and the correlation between the motor and WeeFIM scores sup-
ports its concurrent validity. 
 Despite the aforementioned strengths, there was limited power 
to be able to analyse specifi c mutations individually. Because of 
the cross-sectional nature of the study, there is the possibility of 
bias towards survivors with the most severely aff ected dying 
earlier. Therefore, our study may have provided a slightly more 
optimistic profi le of the population than actually exists. 
 Consistent with other literature  [5,   13,   16,   21] , a broad range of 
abilities was found. As did Cass et   al.  [5]  we found that slightly 
less than half of the subjects could walk with no assistance. We 
also observed a smaller proportion of subjects who could stand 
with no assistance compared with walking, representing the 

  Table 3       Factor loadings for items included in the factor analysis. 

     Factor one  Factor two 

   sitting on the fl oor  a    0.727  0.043 
   sitting on a chair  a    0.805  0.193 
   sitting on a stool  a    0.688  0.183 
   transfer sitting to standing  a    0.669  0.511 
   standing 3   s  a    0.834  0.453 
   standing 10   s  a    0.831  0.380 
   standing 20   s  a    0.673  0.404 
   walking  a    0.801  0.520 
   side-stepping  a    0.724  0.577 
   turning 180    °      a    0.752  0.562 
   transfer fl oor to standing  b    0.452  0.684 
   bending to pick up object from fl oor and 
returning to stand  b   

 0.144  0.838 

   stepping over an obstacle  b    0.538  0.709 
   walking up or down a slope  b    0.583  0.689 
   running  b    0.120  0.851 
   a    Items loading onto factor one and called  “ gross motor skills ”    
   b    Items loading onto factor two and called  “ complex motor skills ”    

  Table 4       General and complex gross motor skills Z-scores by age-group. 

         <    8 years (n    =    27)  8    <    13 years (n    =    15)  13    <    19 years (n    =    28)      ≥    19 years (n    =    29) 

   general         
   mean    ±    SEM  0.25    ±    0.15  0.40    ±    0.28      −    0.04    ±    0.18      −    0.40    ±    0.21 
   complex         
   mean    ±    SEM  0.12    ±    0.23  0.10    ±    0.23      −    0.08    ±    0.21      −    0.09    ±    0.14 
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subjects who walked on their toes and, although upright, were 
unable to stand on a stable base of support. Not previously 
described in the literature, fewer girls / women could walk on a 
slope, step over an obstacle or run, skills which require greater 
planning, balance and co-ordination. 
 The majority of children required assistance and some required 
lifting when getting in and out of a chair at mealtime and getting 
up from the fl oor to a chair or to an upright position. Larsson 
et   al.  [21]  found that nearly half of their group could complete 
the transitional movement of sitting to standing  [21] , but the 
level of assistance was not specifi ed. The diffi  culties with transi-
tions that we identifi ed may illustrate the motor impairment of 
dyspraxia as well as altered muscle tone and poor balance and 
co-ordination  [11] . It is likely that dyspraxia becomes more evi-
dent with complex tasks such as transitions, and such diffi  cul-
ties are likely to represent an important burden to families. 
Rehabilitation of transitional skills has been recommended 
 [14,   22]  and systematic examination of treatment could repre-
sent a promising area for future intervention. 
 Consistent with the literature  [5,   13] , general gross motor skills 
decreased with increasing age. Additionally, we assessed com-
plex motor skills and found that abilities did not deteriorate with 
age in those who achieved these skills. For example, if a child can 
bend to touch the fl oor or run, then they might well retain those 
skills and this would be important information for families. 
Alternatively, there may be a fl oor eff ect and changes with age 
were not detectable. Our study, like those to which we previ-
ously referred, is cross-sectional and the fi ndings should be con-
fi rmed in a prospective study with video data collected 
longitudinally. 
 Those who had surgery for scoliosis had lower motor scores 
although we do not know if the poorer motor skills preceded or 
followed the surgical procedure, and longitudinal data is required 
to determine any relationships. Characteristic hand stereotypies 
may be a dramatic feature in RTT and it is reassuring that this 
behaviour does not aff ect the level of motor development. 
 Although it was diffi  cult to assess for statistically signifi cant dif-
ferences between individual mutations because of power limita-
tions, mutations p.R294X and p.R133C had the highest scores 
both for the general and complex domains. This was in keeping 
with the results we obtained for the individual items. However 
those with p.R306C also fared better with the complex motor 
skills as well as in standing and walking. Milder levels of severity 

of RTT have been shown in those with the p.R133C and p.R306C 
mutations  [4,   6,   20,   27,   28]  with the p.R306C shown to be rela-
tively advantaged in the motor compared with the language 
area in the most recently published study  [27] . A similar milder 
phenotype has been demonstrated with p.R294X  [4,   8]  with 
gross motor function a particular strength and a protective eff ect 
against the development of scoliosis  [1] . What was less evident 
from these video results was the better functioning associated 
with C terminal deletions which has been previously noted by 
our own group  [4]  and others  [27,   29] . The p.R255X and p.R270X 
mutations in the NLS region are generally deemed to be  “ severe ”  
 [4,   8,   15] . Interestingly, we found, however, in this study that the 
p.R255X actually had reasonably good scores although low 
scores were obtained by those with the p.R270X mutation. It is 
possible that in those who are older we are seeing a survivor 
eff ect with those most severely aff ected by NLS mutations 
already having died  [17] . It did require considerable eff ort and a 
major contribution from families to obtain video material fi lmed 
according to a specifi c protocol on almost 100 Australian cases. 
However when attempting to disentangle the eff ects of individ-
ual mutations an even larger sample would be preferable. 
 Our descriptive and exploratory study has provided a rich bank 
of information that could be used by clinicians caring for those 
with RTT to assist with the management of key issues  [5] . This 
information can be linked with other data sources in the ARSD to 
further describe the phenotype in this rare condition and could 
also be used as a base for the development of interventions such 
as facilitating transitions or walking abilities. In future research, 
we plan to investigate the relationships between motor abilities 
and the other domains illustrated on the videotapes including 
feeding, communication and hand function and also collect lon-
gitudinal data. With the inclusion of data relating to genetic 
characteristics, this will have the potential for greater charac-
terisation and understanding of RTT.   

 Acknowledgements 
  &  
 The authors would like to acknowledge the funding of the video 
component of Australian Rett Syndrome program by the National 
Medical and Health Research Council (NHMRC) under project 
grant 303189 and the National Institutes of Health (1 R01 
HD43100-01A1) for funding the major aspects of the program. 

1.5

1.0

0.5

0

-0.5

Ag
e-

ad
ju

st
ed

 Z
-s

co
re

-1.0

-1.5

-2.0

c term
inal

p.R133C

p.R168X

p.R255X

p.R270X

p.R294X

p.R306C

p.T158M

large deletio
ns

no mutatio
n

 other m
utatio

ns

Genotype

 Fig. 1           Age-adjusted general gross motor Z-scores (mean and 95    %  
confi dence interval) by genotype.  

2.0
1.5
1.0
0.5

0
-0.5

Ag
e-

ad
ju

st
ed

 Z
-s

co
re

-1.0
-1.5
-2.0

c term
inal

p.R133C

p.R168X

p.R255X

p.R270X

p.R294X

p.R306C

p.T158M

large deletio
ns

other m
utatio

ns

no mutatio
n

Genotype

 Fig. 2           Age-adjusted complex gross motor skills Z-scores (mean and 95    %  
confi dence interval) by genotype.  



Original Article210

 Downs JA et   al. Gross Motor Profi le in Rett Syndrome    …    Neuropediatrics 2008;   39: 205 – 210 

HL is funded by NHMRC program grant 353514. Special thanks 
to Carol Philippe who was responsible for much of the video data 
collection. We would also like to acknowledge the molecular 
work of Linda Weaving and Sarah Williamson (under the guid-
ance of Professor John Christodoulou and Dr. Bruce Bennetts) in 
Sydney and Mark Davis in Perth. We would especially like to 
express our sincere gratitude to all the families who have con-
tributed to the study in providing video material and completing 
questionnaires; the Australian Paediatric Surveillance Unit 
(APSU) and the Rett Syndrome Association of Australia who 
facilitated case ascertainment in Australia. The APSU is a Unit of 
the Division of Paediatrics, Royal Australasian College of Physi-
cians and is funded by the Department of Health and Ageing and 
the Faculty of Medicine of the University of Sydney.             

 Affi  liations 
         1       Telethon Institute for Child Health Research, Centre for Child Health 

Research, The University of Western Australia, West Perth, Western Australia 
         2       University of Chicago Comer and LaRabida Children ’ s Hospitals, Kennedy 

Center on Intellectual and Developmental Disabilities, Institute of Molecular 
Pediatric Sciences  &  Section of Developmental and Behavioral Pediatrics, 
Chicago, Illinois, USA 

         3       School of Public Health, Curtin University of Technology, Perth, Western 
Australia 

         4       Pediatric Neurology, Necker Enfants Malades Hospital Paris, Inserm, U663, 
University Paris V Rene Descartes, France 

         5       Center for Genetic Disorders of Cognition  &  Behavior, Kennedy Krieger 
Institute and Johns Hopkins University School of Medicine, Baltimore, 
Maryland, USA 

   References  
   1     Ager     S   ,    Fyfe     S   ,    Christodoulou     J       et   al  .   Predictors of scoliosis in Rett syn-

drome  .   J Child Neurol     2006  ;   21  :   809   –   813    
   2     Amir     RE   ,    Veyver     IB Van den   ,    Wan     M       et   al  .   Rett syndrome is caused by 

mutations in X-linked MECP2, encoding methyl-CpG-binding protein 
2  .   Nat Genet     1999  ;   23  :   185   –   188    

  3     Bashina     VM   ,    Simashkova     NV   ,    Grachev     VV       et   al  .   Speech and motor 
disturbances in Rett syndrome  .   Neurosci Behav Physiol     2002  ;   32  : 
  323   –   327    

   4     Bebbington     A   ,    Anderson     A   ,    Ravine     D       et   al  .   Investigating genotype-phe-
notype relationships in Rett syndrome using an international data set  . 
  Neurology     2008  ;   70  :   868   –   875    

     5     Cass     H   ,    Reilly     S   ,    Owen     L       et   al  .   Findings from a multidisciplinary clinical 
case series of females with Rett syndrome  .   Dev Med Child Neurol   
  2003  ;   45  :   325   –   337    

  6     Charman     T   ,    Neilson     TCS   ,    Mash     V       et   al  .   Dimensional phenotypic analy-
sis and functional categorisation of mutations reveal novel genotype-
phenotype associations in Rett syndrome  .   Eur J Hum Genet     2005  ;   13  : 
  1121   –   1130    

   7     Colvin     L   ,    Fyfe     S   ,    Leonard     S       et   al  .   Describing the phenotype in Rett syn-
drome using a population database  .   Arch Dis Child     2003  ;   88  :   38   –   43    

  8     Colvin     L   ,    Leonard     H   ,    Klerk     N de       et   al  .   Refi ning the phenotype of com-
mon mutations in Rett syndrome  .   J Med Genet     2004  ;   41  :   25   –   30    

   9     FitzGerald     PM   ,    Jankovic     J   ,    Percy     AK    .   Rett syndrome and associated 
movement disorders  .   Mov Disord     1990  ;   5  :   195   –   202    

         10     Fyfe     S   ,    Downs     J   ,    MacIlroy     O       et   al  .   Development of a video-based 
evaluation tool in Rett syndrome  .   J Autism Dev Disord     2007  ;   37  : 
  1636   –   1646    

   11     Hagberg     B    .   Clinical manifestations and stages of Rett syndrome  .   Ment 
Retard Dev Disabil Res Rev     2002  ;   8  :   61   –   65    

  12     Hagberg     B    .   Rett syndrome: Long-term clinical follow-up experiences 
over four decades  .   J Child Neurol     2005  ;   20  :   722   –   727    

  13     Hagberg     B   ,    Romell     M    .   Rett females: Patterns of characteristic side-
asymmetric neuroimpairments at long-term follow-up  .   Neuropediat-
rics     2002  ;   33  :   324   –   326    

  14     Hanks     SB    .   Motor disabilities in the Rett syndrome and physical ther-
apy strategies  .   Brain Dev     1990  ;   12  :   157   –   161    

  15     Huppke     P   ,    Held     M   ,    Handefeld     F       et   al  .   Infl uence of mutation type and 
location on phenotype in 123 patients with Rett syndrome  .   Neuro-
pediatrics     2002  ;   33  :   63   –   68    

  16     Huppke     P   ,    Held     M   ,    Laccone     F       et   al  .   The spectrum of phenotypes in 
females with Rett Syndrome  .   Brain Dev     2003  ;   25  :   346   –   351    

   17     Jian     L   ,    Archer     HL   ,    Ravine     D       et   al  .   p.R270X MECP2 mutation and mortal-
ity in Rett syndrome  .   Eur J Hum Genet     2005  ;   13  :   1235   –   1238    

   18     Jian     L   ,    Nagarajan     L   ,    Klerk     N de       et   al  .   Predictors of seizure onset in Rett 
syndrome  .   J Pediatr     2006  ;   149  :   542   –   547    

   19     Kerr     AM   ,    Nomura     Y   ,    Armstrong     D       et   al  .   Guidelines for reporting clini-
cal features in cases with MECP2 mutations  .   Brain Dev     2001  ;   23  : 
  208   –   211    

  20     Kerr     AM   ,    Prescott     RJ    .   Predictive value of the early clinical signs in Rett 
disorder  .   Brain Dev     2005  ;   27     (Suppl 1)  :   S20   –   S24    

    21     Larsson     G   ,    Lindstrom     B   ,    Witt Engerstrom     I    .   Rett syndrome from a fam-
ily perspective: The Swedish Rett Center survey  .   Brain Dev     2005  ;   27  : 
  S14   –   S19    

  22     Larsson     G   ,    Witt Engerstrom     I    .   Gross motor ability in Rett syndrome 
 –  the power of expectation, motivation and planning  .   Brain Dev     2001  ; 
  23  :   S77   –   S81    

   23     Laurvick     CL   ,    Klerk     N de   ,    Bower     C       et   al  .   Rett syndrome in Australia: a 
review of the epidemiology  .   J Pediatr     2006  ;   148  :   347   –   352    

   24     Leonard     H   ,    Bower     C   ,    English     D    .   The prevalence and incidence of Rett 
syndrome in Australia  .   Eur Child Adolesc Psychiatr     1997  ;   6  :   8   –   10    

   25     Leonard     H   ,    Colvin     L   ,    Christodoulou     J       et   al  .   Patients with the R133C 
mutation: Is their phenotype diff erent from patients with Rett syn-
drome with other mutations?     J Med Genet     2003  ;   40  :   e52    

    26     Msall     ME   ,    DiGaudio     K   ,    Rogers     BT       et   al  .   The Functional Indepen-
dence Measure for Children (WeeFIM). Conceptual basis and pilot use 
in children with developmental disabilities  .   Clin Pediatr     1994  ;   33  : 
  421   –   430    

   27     Neul     JL   ,    Fang     P   ,    Barrish     J       et   al  .   Specifi c mutations in methyl-CpG-bind-
ing protein 2 confer diff erent severity in Rett syndrome  .   Neurology   
  2008  ;   70  :   1313   –   1321    

  28     Schanen     C   ,    Houwink     EJ   ,    Dorrani     N       et   al  .   Phenotypic manifestations of 
MECP2 mutations in classical and atypical Rett syndrome  .   Am J Med 
Genet A     2004  ;   126  :   129   –   140    

  29     Smeets     E   ,    Terhal     P   ,    Casaer     P       et   al  .   Rett syndrome in females with CTS 
hot spot deletions: a disorder profi le  .   Am J Med Genet A     2005  ;   132  : 
  117   –   120    

   30     StataCorp    .   Stata Statistical Software     In: 9.0 R, editor.     College Station  . 
  Texas: Stata Corporation  ;   2005    

   31     Tabachnik     BG   ,    Fidell     LS    .   Using Multivariate Statistics. 3rd Edition  . 
  Harper Collins College Publishers, New York  ;   1996    

  32     Witt Engerstrom     I    .   Rett syndrome: A retrospective pilot study 
on potential early predictive symptomatology  .   Brain Dev     1987  ;   9  : 
  481   –   486              


