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Abstract Development of bladder and bowel control from 6 months to 6 years was
investigated in 140 preterm children and a control group of 349 healthy term children.
Structured parental interviews and neurodevelopmental assessments were carried out
when the child was 1, 3, 6, 9, 12, 18 and 24 months, and at yearly intervals thereafter.
Even though preterm children were put on the potty at signi®cantly earlier ages and
signi®cantly more frequently than term children, they expressed their need for evacuation
and attained day and night bladder and bowel control at the same corrected age as term
children. Initiation and intensity of toilet-training were not signi®cantly correlated with
the development of bladder and bowel control. Gestational age, being too small for
gestational age, adverse perinatal conditions and mild to moderate neurological impair-
ment did not a�ect the occurrence of the child's initiative and the development of bladder
and bowel control. Neither developmental and intelligence quotients at the age of 1 to 3
years nor the socioeconomic status of the families in¯uenced the age at which the child
became clean and dry. Girls were signi®cantly more advanced in expressing their needs
and gaining bladder and bowel control than boys in both the preterm and term groups.

Conclusion Development of bladder and bowel control is largely a maturational process
which cannot be accelerated by an early onset or a high intensity of training. It is not
a�ected by prematurity, adverse perinatal events or mild to moderate neurological
impairment, nor is it related to psychomotor development or actual Swiss
socioeconomic conditions.

Key words Bladder and bowel control á Toilet-training á Prematurity á Psychomotor
development

Abbreviations AGA appropriate for gestational age á SES socioeconomic status á
SGA small for gestational age

Introduction

Neuropsychological development has been studied ex-
tensively during the last 30 years in preterm children, the

largest high-risk group for developmental disturbances.
Neuromotor and intellectual development have been
evaluated in a large number of follow up studies [review
articles see 18, 20, 21]. The impact of adverse pre-, peri-
and neonatal events on growth and development in these
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children has been analysed in detail [14] and various
strategies of intervention have been investigated [1,5].
Much less attention has been given to language devel-
opment [11] and interactive behaviour [19]. Essential
aspects of early child development such as social be-
haviour and autonomy have been studied only sporad-
ically. One important area of autonomic development is
that of bladder and bowel control. Even in healthy term
children, parents may become anxious if there is a delay
in achieving competence. Many parents invest consid-
erable time and e�ort in getting their children clean and
dry.

Only a few studies report on toilet-training and the
development of bladder and bowel control in term
children [13]. In preterm children, there has just been
one study carried out about 40 years ago by Drillien [2].
Our article addresses the following questions regarding
the development of bladder and bowel control in pre-
term and term children:

1. Are preterm children treated di�erently than term
children by their parents with regard to toilet-train-
ing?

2. Do age at onset and intensity of toilet-training in¯u-
ence the development of bladder and bowel control?

3. What impact do prematurity, being too small for
gestational age (SGA), adverse perinatal conditions
and neurological impairment have on the develop-
ment of bladder and bowel control?

4. Is there a relationship between psychomotor devel-
opment, socioeconomic conditions, and the develop-
ment of bladder and bowel control?

5. Are there sex di�erences in the occurrence of the
child's initiative and the development of bladder and
bowel control?

Subjects and methods

Subjects

In the Zurich Longitudinal Studies, 140 preterm children and a
control group of 349 term children, all of Swiss origin, have been
followed from birth to adulthood. The preterm infants were born
between October 1974 and September 1978, and the term infants
between October 1974 and September 1982. The term and pre-
term children formed a representative selection of the Swiss ur-
ban population, according to the socioeconomic status (SES) of
their families (Table 1). During the ®rst 7 years of life, four boys
and four girls from the preterm group (6%) and one boy and six
girls from the term group (2%) were lost from the study because

Table 1 Perinatal characteristics, neurodevelopmental outcome and socio-economic status (SES) of the study population. (F female, M
male)

Preterm Term P

M F M F both sexes

Gestational age (weeks)
mean 33.9 33.2 39.8 39.7 <0.001
range 28.7±36.8 27.1±36.8 37.6±42.6 37.1±41.9

Weight for gestational age
AGA (%) 84 85 93 93
SGA (%) 16 15 7 7

Parity
1.5 1.6 1.6 1.6 >0.05
0.7 0.8 0.8 0.7

Perinatal optimality score
(optimum = 90) mean 72 73.1 86.8 87.0 <0.001
SD 7.1 6.6 3.3 3.2
range 56±86 60±84 74±90 78±90

Development quotient
(Gri�ths)
12 months mean 98 99 114 116 <0.001
SD 6.8 6.5 6.7 5.9
range 80±117 86±119 82±150 89±142
24 months mean 95 96 115 116 <0.001
SD 5.4 5.5 6.7 5.9
range 78±98 82±97 82±150 89±142

Intelligence quotient
(Stanford-Binet)
4 years mean 106 108 112 114 <0.05
SD 18.1 17.6 4.7 3.9
range 58±150 62±142 83±100 86±100

Cerebral palsy
n 16 5 0 0

SES
(optimum = 12) mean 7.3 6.9 7.4 7.6 >0.05
SD 2.7 2.0 2.3 2.4
n 82 58 175 174
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of lack of interest (seven), migration (®ve), adoption (two) and
death (one).

Perinatal characteristics and neurodevelopmental outcome of
the study population are presented in Table 1. Gestational age
(estimated within 48 h of birth by the Dubowitz method [3]) in the
preterm infants varied between 27.1 and 36.8 weeks, and in the
term children between 37.1 and 42.6 weeks. With respect to weight,
length and head circumference at birth, both the preterm and term
groups were comparable to the Swiss population according to the
Swiss perinatal growth standards [10]. Some 15.3% of the preterm
infants and 7% of the term infants had a birth weight below the
10th percentile of the Swiss intra-uterine growth chart (SGA). Birth
order was comparable in both groups. With respect to perinatal
complications such as fetal distress, infection or sepsis, metabolic
problems and respiratory di�culties, the preterm infants have to be
regarded as a high-risk group; at birth, 83% had respiratory dis-
tress and 28% required arti®cial ventilation. For the term infants,
pregnancy and labour were free of complications; delivery was
spontaneous and vaginal, with vertex presentation. There was a
highly signi®cant di�erence between the mean perinatal optimality
scores of the preterm and term infants (P < 0.001) (for de®nition
see methods).

Methods

The children were seen for a comprehensive neurodevelopmental
assessment at the ages of 1, 3, 6, 9, 12, 18 and 24 months, and at
yearly intervals thereafter (time limits: for the age of 3 to 18 months
� 1 week, for 2 years and above � 2 weeks). Correction of preterm
birth was made by calculating the ages of examination from term.
Some 97% of the maximum number of possible examinations were
carried out at the appropriate ages.

Structured interviews were performed investigating child rear-
ing practices and the development of bladder and bowel control
(for detailed information, see [4] where the complete questionnaires
are published). The parents, mostly the mothers, were asked about
the initiation of toilet-training, frequency of daily prompting and
the child's behaviour expressing his/her need for evacuation by
mimic expressions and gestures, going to the toilet, grabbing the
potty or verbally. The stage of bowel and bladder control by day
and at night observed during the month before each examination
was recorded as follows: 0% � no control; 1% to 30% � partial
control during approximately one-third of the time; 30% to
70% � control during one-third to two-thirds of the time; 70% to
99% � total control except for a few relapses; and 100% � total
control.

Psychomotor development was assessed during the ®rst 2 years
by the Gri�ths test [6] and at 3 years by the Stanford-Binet test (L-
form) [22]. Neurological integrity was judged during the ®rst 2
years by an extensive standardized examination (a modi®ed version
of the neurological examination of Prechtl and Beintema [16]).

Non-optimal perinatal conditions were rated by the perinatal
optimality score (a modi®ed version of the score by Prechtl [17]).
The score included 90 optimal conditions noted during pregnancy,
delivery and neonatal period (for details see [12]). SES was de®ned
by means of a 6-point score of both paternal occupation and ma-
ternal education. The lowest possible SES score was 2 (lowest
status of both paternal occupation and maternal education), and
the highest was 12.

Statistical methods

Proportions were calculated for all parameters at the given ages. In
two-sample questions, e.g., comparisons between term and preterm
group or between sexes, Student t tests, Fisher exact tests and non-
parametric Mann-Whitney tests were used. Logistic regression with
binomial dependent variable and binary or continuous regressors
was applied for a more re®ned global assessment of the signi®cance
of group and sex di�erences and of the e�ect of certain covariates
(for details see [14]). Associations between pairs of variables, e.g.,

SES and daily prompting, were obtained by calculating Spearman
correlation coe�cients.

Results

The observed proportions for all parameters at any
given age are provided in Table 2, for preterm and term
children and for both sexes separately. The develop-
mental course of toilet-training, daily prompting, child's
initiative, bladder and bowel control is presented in
Fig. 1.

The main ®ndings were as follows: the develop-
mental course in preterm children di�ered signi®cantly
from that in term children with respect to onset of
toilet-training and intensity of daily prompting. Pre-
term children were placed on the potty at an earlier
age and more frequently than the term children.
However, there were no signi®cant di�erences between
preterm and term children regarding the occurrence of
the child's initiative and the development of bowel and
bladder control by day and at night. Sex di�erences in
favour of the girls were noted in both groups for all
parameters, being less pronounced in preterm than in
term children.

The individual parameters are subsequently presented
in more detail for the neurologically unimpaired ap-
propriate for gestational age (AGA) preterm and term
children. Percentile values for the age of onset of the
child's initiative, day and night bladder and bowel
control are given in Table 3. The signi®cance of the
perinatal and postnatal variables and of neurodevelop-
mental outcome will be discussed separately.

Toilet-training

Onset of potty-training

Toilet-training was initiated at the earliest between 6 and
9 months in both the preterm and term group (Fig. 1). A
higher proportion of preterm children than term chil-
dren were being placed on the potty between 9 and 36
months. Toilet-training at 9 months was started in 22%
of the girls and 34% of the boys of the preterm group,
but only in 7% of the term infants. At 18 and 24 months,
22% to 27% more preterm than term children were
placed on the potty. Toilet-training was initiated in 91%
to 100% of the children in both groups by 36 months of
age. Signi®cant di�erences of the onset of toilet-training
between preterm and term children were noted at the age
of 9, 12, 18 and 24 months (Fisher exact test
P < 0.01 at all ages, except 24 months for girls,
P < 0.06). The median age of the initiation of toilet-
training in the preterm group was 13 months for girls
and 15 months for boys; the corresponding values in the
term children were 19 and 22 months, respectively
(Mann-Whitney test P � 0.001 for girls and 0.002 for
boys, respectively).
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Table 2 Course of toilet-training, child's initiative and of bowel and bladder control in term and preterm children. Values (except ``actual
numbers'') are percentages of the total number of subjects for whom the condition applies at each age. (CP cerebral palsy)

Age (years)

0.6 0.75 1 1.5 2 3 4 5 6

M F M F M F M F M F M F M F M F M F

Initiation of toilet-training (%)
Term 1 2 7 7 16 20 33 48 61 75 91 99 100 100 100 100 100 100
Preterm AGA 2 2 22 34 38 47 60 70 87 87 100 98 100 100 100 100 100 100
SGA 7 23 25 33 29 69 86 100 100 100 100 100 100 100 100
CP 8 40 25 40 50 80 66 80 83 100 100 100 100 100 100 100

Frequency of daily prompting (%)
Term
0 100 99 94 93 87 83 72 61 51 37 32 38 41 54 43 56 46 68
<1 1 1 3 1 1 4 2 4 5 8 7 11 7 11 12 7
1±2 1 4 4 6 8 17 18 18 21 29 39 36 30 43 30 40 23
3±5 1 2 3 8 10 17 29 35 32 14 15 5 7 5 2 2
>5 1 3 2 1 1
Preterm AGR
0 100 100 80 66 68 52 46 38 26 24 10 21 17 39 38 42 26 30
<1 4 2 2 2 7 4 9 5 24 6 20 12 16 12
1±2 14 16 13 23 19 21 26 24 43 51 55 39 36 39 52 49
3±5 2 16 17 18 35 34 40 41 45 21 4 16 6 7 6 7
>5 5 4 2 2 2 2

Child`s initiative (%)
Term 1 2 17 31 41 60 76 92
Preterm AGA 6 2 21 32 34 60 80 95
SGA 29 49 71 92 87
CP 34 17 50 40 75 75

Bladder control, day (%)
Term
0% 100 100 98 96 95 92 92 83 66 50 17 5 1
1±30% 1 3 3 6 4 11 19 17 8 2
30±70% 1 1 2 2 4 5 11 20 8 2 1 3
70±99% 1 1 6 14 5 10 2 9 3 4 4
100% 2 7 53 84 88 98 88 97 96 94
Preterm AGA
0% 100 100 94 93 85 82 70 68 49 44 2 7 2
1±30% 2 2 2 11 15 14 28 28 6 5
30±70% 4 5 11 7 15 14 13 13 6 2
70±99% 2 6 4 22 14 6 5 8 2 6 5
100% 4 11 64 72 94 93 92 98 94 95
SGA 100% 15 55 51 100 87 100 83 100 80
CP 100% 67 60 83 80 92 100 92 100

Bladder control, night(%)
Term
0% 100 100 100 100 100 100 99 98 97 89 47 33 15 11 7 1 1 2
1±30% 1 1 5 12 13 5 3 3 1 2 1
30±70% 1 1 1 3 9 8 5 3 3 1 3 1
70±99% 1 1 8 3 8 3 11 6 8 3
100% 2 23 42 67 80 76 91 86 93
Preterm AGA
0% 100 100 100 100 100 100 98 98 92 80 47 42 8 9 4 2 2
1±3-0% 2 4 9 2 5 8 2 2
30±70% 2 7 4 7 2 5 4
70±99% 4 8 11 16 9 2 7 2 5
100% 4 39 33 66 75 90 91 96 95
SGA 100% 15 37 61 37 100 67 92 80
CP 100% 25 40 42 100 75 100 92 100

Bowel Control (%)
Term
0% 100 100 96 94 92 88 85 74 67 50 25 8 2 1 3 1 3 3
1±30% 2 1 3 5 4 12 14 17 5 2
30±70% 1 3 1 4 5 7 8 11 8 2
70±99% 1 3 1 2 5 4 4 5 2 4 2 1
100% 1 1 1 1 3 10 54 82 92 99 93 99 96 97
Preterm AGA
0% 100 100 86 73 72 63 60 54 36 44 2 7 5 4 2
1±30% 8 11 15 11 19 18 28 15 10 14
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Incidence of daily prompting

The mean developmental course of daily prompting in
both groups is illustrated in Fig. 1. At 12 and 18 months,
the preterm children were prompted signi®cantly more
often than the term children, boys also at the age of 24
and 36 months (P < 0.01 to 0.001). In the preterm and
term groups, the peak of average daily prompting was
observed at 24 months in girls, but not before 36 months
in boys.

Development of bladder and bowel control

Bladder control by day and bowel control displayed
comparable developmental course in the preterm and
term children (Fig. 1). Less than 10% of girls and boys
in both groups reached complete bladder control by day
and/or bowel control before 24 months (Table 2). Most
preterm and term children became dry and clean
between 24 and 48 months. Between 93% and 99% of
the girls and 88% and 94% of the boys attained com-
plete bowel and bladder control by day at 48 months.

None of the preterm or term boys and only 4% of the
preterm girls and 2% of the term girls reached complete
bladder control at night before 24 months. In compar-
ison with bowel and bladder control by day, bladder

control at night developed signi®cantly more slowly
(Mann-Whitney P < 0.01). In the preterm group, 75%
of the girls and 66% of the boys, and 80% of the girls
and 67% of the boys in the term group reached com-
plete control by 48 months. The corresponding ®gures
at 60 months were 95% and 96% for the preterm chil-
dren and 93% and 86% for the term children, respec-
tively.

In the development of bladder control by day and at
night as well as of bowel control, term girls tended to be
slightly more advanced than preterm girls, while the
opposite ®nding was noted in boys. However, none of
these di�erences was signi®cant.

The child's initiative

Incidence of asking for the potty

The children expressed their need for evacuation by
mimic expressions and gestures, going to the toilet,
grabbing the potty or less often verbally. At the earliest
the children displayed such behaviours between 12 and
18 months. Most preterm and term children became
active between 24 and 36 months. By 36 months, 95% of
the girls and 80% of the boys in the preterm group and
92% of the girls and 76% of the boys in the term group
asked for the potty.

Signi®cance of toilet-training, perinatal variables,
neurodev- elopmental outcome, and gender

Toilet-training

In both the preterm and term groups, no signi®cant
correlational relationships were found between age at
initiation of potty-training, frequency of daily prompt-
ing on the one hand and occurrence of the child's ini-
tiative, onset of bladder and bowel control on the other
(Spearman correlations, P > 0.05). Thus, an early onset

Table 2 (continued)

Age (years)

0.6 0.75 1 1.5 2 3 4 5 6

M F M F M F M F M F M F M F M F M F

30±70%

4 11 9 11 17 9 11 13 8

70±99% 2 5 4 13 4 16 16 15 14 5 8 2
100% 5 8 13 64 74 92 93 96 96 100 98
SGA 100% 15 54 74 92 50 100 83 92 100
CP 100% 8 20 75 50 92 80 92 100 100 100

Actual numbers
Term 154 144 153 146 152 145 146 145 150 138 138 120 131 119 116 115 104 101
Preterm AGA 62 48 63 49 62 49 63 49 62 49 62 49 61 48 63 47 63 47
SGA 13 9 13 9 13 9 13 9 13 8 13 9 13 8 13 7 13 8
CP 16 5 16 5 16 5 16 5 16 5 16 5 16 5 16 5 16 5

Table 3 Percentiles (10th, 50th and 90th of child's initiative,
bladder and bowel control in term children (age in months)

Percentile

10th 50th 90th

M F M F M F

Child's initiative 15 14 27 22 43 35
Bladder control by day 26 24 35 31 63 41
Bladder control at night 29 26 43 38 75 58
Bowel control 26 24 35 30 47 42
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and high intensity of the toilet-training did not promote
the child's initiative or the development of bladder and
bowel control.

Perinatal variables

Gestational age, parity and perinatal optimality score
consisting of 90 optimal conditions of pregnancy, birth
and neonatal period were not signi®cantly correlated
with onset of toilet-training, frequency of daily prompt-
ing, age at onset of the child's initiative, and development

Fig. 1 Course of toilet-training, child's initiative and development of
bladder and bowel control in preterm (D � girls, m � boys) and
term children (s � girls, d � boys)
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of bladder and bowel control. AGA preterm children of
both sexes and AGA term girls tended to be slightly more
advanced in most parameters of bladder and bowel
control than the SGA children. However, no signi®cant
di�erences could be established between AGA and SGA
children in the preterm and term groups.

Neurodevelopmental outcome

In comparison with the term group, preterm children
achieved signi®cantly lower developmental quotients at
12 and 24 months (P < 0.001) and lower intelligence
quotients at 3 years (P < 0.05) (Table 1). Neither in the
preterm nor in the term group did developmental and
intelligence quotients signi®cantly correlated with onset
and intensity of toilet training, occurrence of child's
initiative or development of bladder and bowel control.

From among the preterm group, 16 boys and ®ve
girls in the preterm group (16%), but none of the term
infants, were diagnosed as having cerebral palsy. Signs
of a mild spastic diplegia were observed in ten boys and
four girls, four boys and one girl had moderate spastic
diplegia, one boy was moderately ataxic and hypotonic,
and another had a severe spastic tetraplegia. There were
no signi®cant di�erences in bladder and bowel control
observed in disfavour of the children with cerebral palsy
in comparison with the unimpaired children.

Socio-economic status

The preterm children came from families of slightly
lower, but not signi®cantly di�erent SES (Table 1). No
signi®cant correlations were noted between SES, age at
onset and duration of toilet-training, frequency of daily
prompting, age at occurrence of child's initiative, and
development of bowel and bladder control day and
night.

Sex di�erences

Sex di�erences in favour of the girls were noted for all
parameters in both the preterm and term groups. They
were consistently larger in the term children except the
child's initiative. Signi®cant di�erences in the onset and
intensity of toilet-training and in the development of
bowel and bladder control by day and at night were
noted in the term, but only for the child's initiative in the
preterm children (Fisher exact test P < 0.01 for bladder
and bowel control at age 36 months and for child's
initiative at 24 months, respectively).

Discussion

In her comprehensive Scottish study on the growth and
development of prematurely born infants, Drillien [2]

reported on child rearing practices and the development
of bladder control. Toilet-training and the age at which
children became reliably dry by day and night was re-
lated to prematurity, impairment, socioeconomic con-
ditions and sex. Small, prematurely born children, in
particular those with neurodevelopmental impairment,
acquired sphincter control later than healthy children
with a birth weight of more than 4.5 lb. Mothers of low
social class gave birth to preterm infants more frequently
than mothers of middle or upper working-classes. The
former instituted toilet-training later and their children
also achieved bladder control later than did those of
higher social classes. Girls were more advanced in
gaining bladder control than boys.

Our results in preterm children born in the late 1970s
and early 1980s di�er considerably from those of the
Scottish study [2] carried out one generation earlier, in
the late 1950s. The only signi®cant and clinically rele-
vant di�erence noted between preterm and term children
concerned toilet-training. Preterm children were put on
the potty at earlier ages and more frequently than term
children. Neither the time of onset nor the intensity of
toilet-training was signi®cantly correlated with SES.
These ®ndings indicate that parents of all social classes
were more anxious about development and functional
competence of their preterm children than parents of
term children. Perhaps these parents felt a compulsion to
help their children along their development.

The signi®cantly earlier initiation of toilet-training
and the marked increase in daily prompting in the pre-
term children did not lead to a corresponding advance-
ment in the onset of their bladder and bowel control.
The preterm children expressed their need for evacua-
tion and attained bowel control and bladder control by
day and at night at the same ages as the term children
(age corrected for preterm birth). There were also no
correlational relationships expressing a signi®cant im-
pact of the initiation and intensity of toilet-training on
bladder and bowel control in either the preterm and
term groups. These ®ndings support earlier reports in-
dicating that the development of bladder and bowel
control is largely a maturational process which cannot
be accelerated by an early onset or high intensity of
training [7, 9, 13].

Prematurity, SGA, and frequency of adverse pre-,
peri- and neonatal conditions did not signi®cantly a�ect
the child's initiative or the development of bladder and
bowel control. Cerebral palsy of a mild to moderate
degree also had no signi®cant impact on these develop-
mental parameters. Drillien [2] observed signi®cant de-
lays in preterm children with moderate to severe cerebral
palsy. Severe neurological impairment may be associated
with slow development of bladder and bowel control.

In normal, healthy children, the relationship between
bladder and bowel control and early psychomotor de-
velopment has never been a subject of investigation. Von
Wendt and his coworkers [23] reported on the develop-
ment of bowel and bladder control in mentally retarded
children. When comparing mildly mentally retarded

121



children with the general population, they observed no
signi®cant di�erence in night wetting and soiling at 7
years of age. However, in moderately to profoundly
retarded children, a marked delay in becoming clean and
dry was found. In our term and preterm populations,
there were no signi®cant correlational relationships
noted between developmental and intellectual quotients
during the ®rst 3 years, the child's initiative or the de-
velopment of bladder and bowel control. Thus, children
who were slow in reaching motor, language and cogni-
tive abilities did not reach bladder and bowel control at
later ages than those children performing at higher
functional levels. It should be noted, however, that the
number of developmentally delayed preterm children
was small and their delay was only of a minor degree.

Sex di�erences were noted in all developmental areas
in both the preterm and term groups. The largest dif-
ference was observed in the child's initiative. Girls ex-
pressed their need for evacuation signi®cantly earlier
than boys. Consequently, the parents also started toilet-
training earlier in girls than in boys. The development of
bladder and bowel control in preterm girls was moder-
ately, but signi®cantly more advanced than in preterm
boys. Comparable results have been obtained in pre-
vious investigations on term children [7, 8, 13, 15, 24].
This gender di�erence is most likely due to a di�erence
in the maturity rates favouring the girls.

Acknowledgements This work was supported by the Swiss Na-
tional Science Foundation (Grant No. 32±45829.95) and the
Hermann-Klaus Stiftung.

References

1. Bricker D (1996) Using assessment outcomes for intervention
planning: a necessary relationship. In: Brambring M, Rauh H,
Beelmann A (eds) Early childhood intervention: theory, evalu-
ation, and practice. Walter de Gruyter, Berlin, pp 101±117

2. Drillien CM (1964) The growth and development of the pre-
maturely born infant. Livingstone, Edinburgh

3. Dubowitz LM, Dubowitz V, Goldberg C (1970) Clinical as-
sessment of gestational age in the newborn infant. J Pediatr
77:1±10

4. Falkner F (1960) Child development. An international method
of study. Karger, Basel

5. Fewell RR (1996) Intervention for low-birthweight, premature
infants: ®ndings from the Infant Health and Development
Program. In: Brambring M, Rauh H, Beelmann A (eds) Early
childhood intervention: theory, evaluation, and practice. Walter
de Gruyter, Berlin, pp 393±402

6. Gri�ths R (1954) The abilities of babies. University of London
Press, London

7. Klackenberg G (1971) Expectations and reality concerning
toilet-training. Acta Paediatr Scand, Suppl 224:85±127

8. Largo RH, StuÈ tzle W (1977a) Longitudinal study of bowel and
bladder control by day and at night in the ®rst six years of life,
I. Epidemiology and interrelations between bowel and bladder
control. Dev Med Child Neurol 19:598±606

9. Largo RH, StuÈ tzle W (1977b) Longitudinal study of bowel and
bladder control by day and at night in the ®rst six years of life,
II. The roÃ le of potty-training and the child's initiative. Dev Med
Child Neurol 19:607±613

10. Largo RH, WaÈ lli R, Duc G, Fanconi A, Prader A (1980)
Evaluation of perinatal growth. Helv Paediatr Acta 35:419±
436

11. Largo RH, Comenale Pinto L, Weber M, Molinari L, Duc G
(1986) Language development in term and preterm children
during the ®rst ®ve years of life. Dev Med Child Neurol 28:333±
350

12. Largo RH, P®ster D, Molinari L, Kundu S, Lipp A, Duc G
(1989) Signi®cance of prenatal, perinatal and postnatal factors
in the development of AGA preterm infants at ®ve to seven
years. Dev Med Child Neurol 31:440±456

13. Largo RH, Molinari L, Siebenthal K von, Wolfensberger U
(1996a) Does a profound change in toilet-training a�ect de-
velopment of bowel and bladder control? Dev Med Child Ne-
urol 38:1106±1116

14. Largo RH, Siebenthal K von (1996b) Prognostic signi®cance of
risk factors, neonatal imaging ®ndings, and early neurodevel-
opmental assessments. In: Brambring M, Rauh H, Beelmann A
(eds) Early childhood intervention: theory, evaluation, and
practice. Walter de Gruyter, Berlin, pp 101±117

15. Oppel WC, Harper PA, Rider RV (1968) The age of attaining
bladder control. Pediatrics 42:614±626

16. Prechtl HFR (1980) The optimality concept. Early Hum Dev
4:201±205, 424±435

17. Riegel K, Ohrt B, Wolke D, OÈ sterlund K (1995) Die Ent-
wicklung gefaÈ hrdet geborener Kinder bis zum fuÈ nften Le-
bensjahr. Enke, Stuttgart

18. Prechtl HFR, Beintema DJ (1967) The neurological examina-
tion of the fullterm newborn infant. Clinics Dev Med 12. Hei-
nemann, London

19. Spiker D, Ferguson J, Brooks-Gunn J (1993) Enhancing ma-
ternal interactive behavior and child social competence in low
birth weight, premature infants. Child Dev 64:754±768

20. Stewart AL, Reynolds EOR, Lipscomnb AP (1981) Outcome
for infants of very low birthweight: survey of world literature.
Lancet 1:1038±1041

21. Stewart AL (1989) Outcome. In: Harvey D, Cooke RWI,
Levitt GA (eds) The baby under 1000 g. Wright, London,
pp 331±348

22. Terman LM, Merrill MA (1937) Measuring intelligence. Har-
rap, London

23. Von Wendt L, SimilaÈ S, Niskanen P, JaÈ rvelin MR (1990) De-
velopment of bowel and bladder control in the mentally re-
tarded. Dev Med Child Neurol 32:515±518

24. Weir K (1982) Night and day wetting among a population of
three year olds. Dev Med Child Neurol 24:479±484

122


