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Abstract

Objectives: To evaluate the performance and the utility of using birthweight-adjusted scores of Dubowitz and
Ballard methods of estimating gestational age in a Zimbabwean population.Method: The Dubowitz and the Ballard
methods of estimating gestational age were administered to 364 African newborn infants with a known last menstrual
period(LMP) at Harare Maternity Hospital.Results: Both methods were good predictors of gestational age useful in
differentiating term from pre-term infants. Our regression line wasY s23.814q0.301*score for theLMP gestational age( )

Dubowitz and Y s24.493q0.420*score for the Ballard method. Addition of birthweight to theLMP gestational age( )

regression models improved prediction of gestational age;Y s23.512q0.219*scoreq0.0015*gramsLMP gestational age( )

for Dubowitz andY s24.002q0.292*scoreq0.0016*grams for Ballard method.Conclusions: WeLMP gestational age( )

recommend the use of our birthweight-adjusted maturity scales; the Dubowitz for studies of prematurity, and the
Ballard for routine clinical practice.� 2002 International Federation of Gynecology and Obstetrics. Published by
Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

Estimation of length of gestation is of critical
importance in clinical practice to ensure appropri-
ate management of newborns and to distinguish
pre-term from term infants. Knowledge of gesta-
tional age assists in the identification of infants at
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risk for morbidity and mortality related to their
gestational age and nutritional status. Low bir-
thweight, a common problem in developing coun-
tries w1x, is due to either short gestation or to being
small or light-for-date w1x. Clinical problems
encountered with short gestation(pre-term) are
different from those experienced in small-for-date
infants w1,2x. Pre-term infants whose birthweights
match their gestational age are at risk of hyaline
membrane disease and infection, while small-for-
date babies, whether pre-term or term, are more
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liable to suffer from asyphxia and hypoglycemia
during the course of labor and immediately post-
delivery w3x. In addition, post-maturity problems
may arise when mothers are not aware of the first
day of their last menstrual period(LMP) and
appropriate care is not provided to reduce common
complications of post-maturity such as asphyxia
or hypoglycemia at birth.
Although LMP is commonly used to estimate

gestational age, this approach is dependent on the
mother knowing the first day of her last menstrual
period. Globally, LMP date is uncertain or
unknown in 20% of pregnant womenw4x. In
developed countries, women enroll early for pre-
natal care and advanced technological techniques
such as ultrasound can be used to assist ascertain-
ment of gestational age. In most developing coun-
tries, however, the majority of women are
uncertain about LMP and are more likely to be
late attendees for prenatal carew1,5x. Breastfeeding
women might not have menstruated before the
current pregnancy. Even if ultrasound were readily
available, measurements taken late in pregnancy
are less reliable in assessing gestational agew6,7x.
Alternative, less technologically oriented meth-

ods have been developed to assess gestational age
based on the developmental status at birth. One
method commonly used to estimate gestational age
was designed by Dubowitz et al.(1970) w8x and
found to be reliable in several African countries
w2,3,9x. More rapid but equally accurate methods
for assessing gestational age were subsequently
developed by modifying the Dubowitz method
w10–13x.
Before using these developmental assessment

methods, it is important to norm the scale to the
population in which it will be used. In Zimbabwe,
an evaluation of the Dubowitz method of assessing
gestational age was carried out by Singer et al.
w3x, but more than two-thirds(70%) of their
sample had not attended antenatal care and had
unknown LMP. The gold standard for gestational
age was based on information derived from the
midwife asking the mother at birth the month of
her last menstrual period, and whether she had
menstruated at the beginning, middle or end of
that month. More precise gestational age estimates
from known LMP are necessary to validate this

gestational age assessment method. The validity
of the Ballard method has never been evaluated in
a Zimbabwean population. This study aimed to
validate the Dubowitz and Ballard methods in the
Zimbabwean population and to evaluate the utility
of incorporating birthweight into the maturity
scale.

2. Methods

The study was conducted at the Harare Central
Hospital Maternity Unit, the largest referral hos-
pital in Zimbabwe between October and December
1999. Harare is composed of the central city and
its surrounding suburbs. High-density suburbs are
residential areas that in the pre-independence era
were called African townships and were areas
where all blacks irrespective of class or status
resided. Today low to middle income blacks pre-
dominately live in these high-density suburbs. The
Harare Maternity Hospital serves the black popu-
lation living in these suburbs, and also serves as a
referral center for both surrounding rural hospitals
and rural health centers. This hospital was selected
as a site for this study because it is the largest
hospital in Zimbabwe, with more than 18 000
annual deliveries, and it is where Singer et al.w3x.
conducted the original validation of the Dubowitz
method.
Two research assistants, one a registered nurse

and one with a high school equivalent education,
were trained over a 1-week period in sample
selection techniques, data extraction procedures
and infant examination using both the Dubowitz
et al.w8x and the revised Ballard et al.w10xmethods
of assessing gestational age. A pediatrician who
used these methods at the hospital for clinical
diagnosis of premature babies assisted in training
the research team. Intra-observer and inter-observer
variations were assessed to evaluate consistency
of measurement and a Kappa statistic of 0.8 or
better was required prior to beginning enrollment
for the study.
To be eligible for this study, women had to have

initiated (booked) antenatal care(prenatal care)
before 28 weeks of gestation, had regular menstru-
al cycles, to be aware of their last menstrual period,
had a singleton live birth, no medical problems
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during pregnancy, and not used birth control pills
within 3 months prior to conception. Very ill
babies, stillbirths, malformed babies and babies
who died within 24 h after delivery were excluded
because it would be difficult or impossible to
administer a neurological assessment. We followed
the postulates of Kramer et al.w7x that women
booking early for antenatal care have the most
accurate recall of LMP. Initially one of our criteria
for entry into the study was first antenatal visit at
20–24 weeks, but because in Zimbabwe women
generally book late for antenatal carew5,14x, we
had to relax the criteria to include women who
initiated by 28 weeks of gestation. Over a 6-week
period we identified 434 births from a total of
1025 births at Harare Central Hospital Maternity
Unit that were eligible for the study. Of the eligible
women, six (1.4%) refused to participate, 30
(6.9%) left before they could be examined and 34
(7.8%) had missing medical records, leaving a
total of 364(83.9%) eligible women who agreed
to participate in the study.
Within 2–56 h of delivery, both Dubowitz and

Ballard scores were obtained on each eligible
women’s newborn infant. The majority of the
infants(98.5%) were examined prior to 30 h post-
delivery with 41 examined between 2 and 6 h
post-delivery, four examined between 30 and 48 h
and two examined more than 48 h post-delivery.
Gestational age was first assessed using the Ballard
method and then assessed using the Dubowitz
method.
For the Dubowitz method, we evaluated each

one of the 11 items used to assess physical
maturity, and each of the 10 items used to assess
neuromuscular maturity. The neurological and
external(physical)criteria sub-scale scores range
from 0 to 35 each, giving total possible scores
ranging from 0 to 70w8x. We used the revised
version of the Ballard methodw10,11x. A total of
six items to assess the neuromuscular maturity
scale, and six items assess the physical maturity.
The range of possible sub-scale scores wasy4 to
25 for the neurological criteria, andy8 to 25 for
the external criteria, giving total possible scores of
y12 to 50w11x.
After completing the infant examination, we

measured the mid-arm circumference of both

mother and child, maternal weight and height. The
LMP date, maternal weight and demographic infor-
mation recorded at first antenatal care visit and
infant birthweight recorded at birth were then
abstracted from the medical chart. LMP was used
to calculate gestational age and was presumed to
be the gold standard for this evaluation. A pre-
term birth was defined as the birth of an infant at
or after 20 weeks and before 37 completed weeks
of gestational age.
The study was approved by the University of

Michigan Institutional Review Board and the Med-
ical Research Council of Zimbabwe and permis-
sion to conduct the study was obtained from the
Ministry of Health in Zimbabwe, Harare Central
Hospital and from the City Health Department.

2.1. Statistical analysis

Descriptive statistics including frequencies,
means and standard deviations, were calculated.
For each item of the Dubowitz or Ballard method,
correlations with gestational age obtained from
LMP were estimated, as were correlations with
external and neurological sub-scales and total
scores. LMP gestational age was plotted against
the summary scores. Linear regression models
were fitted for total neurological scores, total
external criteria scores and total scores and the
resultant equations were used to predict gestational
age. For each method, we assessed whether pre-
diction of gestational age differed by sex of infant,
mother’s age, residence, maternal level of educa-
tion, maternal weight, height, mid-arm circumfer-
ence, parity, birthweight, and infant’s mid-arm
circumference using multiple linear regression
models. Additional models were then fitted adjust-
ing for infant birthweight. The data were analyzed
using SAS version 6.12 and 8.1.
The error of prediction was calculated for the

sub-scale and total scores. The beta coefficient
estimate from our regression analysis was com-
pared against both the beta coefficient obtained by
Dubowitz et al.w8x and that obtained by Singer et
al. w3x using a t-test. In these calculations, we
assumed the value of the coefficient standard error
for the two previous Dubowitz studies in Sheffield
w8x and Zimbabwew3x to be equal to that from
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Table 1
Distribution of 364 births by gestational age estimated from
last menstrual period and mean birthweight, Harare, Zimbab-
we, 1999

Gestational age Birthweight (g)

Weeks n % Mean Range

24–27 3 0.9 1081.7 700–1795
28 2 0.5 1502.5 1300–1705
29 4 1.1 1540.0 1310–1675
30 4 1.1 1650.0 1410–1940
31 2 0.5 1907.5 1825–1990
32 6 1.6 1881.8 1400–2205
33 7 1.9 2015.7 1545–2440
34 11 3.0 2162.5 1740–2750
35 26 7.1 2369.5 1800–3070
36 22 6.0 2552.6 2150–3020
37 30 8.2 2889.0 2300–3760
38 45 12.4 3048.2 2385–4550
39 61 16.8 3046.5 2365–3970
40 83 22.8 3179.0 2200–4440
41 34 9.3 3358.8 2660–4320
42 18 4.9 3234.4 2690–4045
43–45 6 1.6 3266.7 3050–4030

Table 2
Regression equations for Dubowitz and Ballard Gestational Age Assessment Method: external criteria, neurological criteria and total
scores

Criteria Regression equationa R- Standard error of Standard error of
YsLMPb squared , the regressionB̂1 prediction for a single
Xsscore slope observationc

(weeks)

Dubowitz method
Neurological criteria Ys25.00q0.54X 0.62 0.022 1.89
Physical criteria Ys24.75q0.58X 0.59 0.025 2.00
Total scores Ys23.81q0.30X 0.66 0.011 1.82

Ballard method
Neurological criteria Ys25.41q0.74X 0.55 0.035 2.09
Physical criteria Ys27.12q0.73X 0.56 0.034 2.07
Total scores Ys24.49q0.42X 0.64 0.017 1.89

P-value for overall model-0.0001 for all analyses.a

Standard error of the predicted gestational age(weeks) at mean score.b

Gestational age by last menstrual period.c

our current study. We then plotted regression lines
from Dubowitz et al.w8x, Singer et al.w3x and
from our study(0.011). Information on the regres-
sion lines were not readily available from the
previous Ballard studiesw10,11x.

To assess which method fared better in the
Zimbabwean sample, we compared the correlation
coefficients using the individual and total scores,
the standard errors of prediction and the time, ease
and practicality of performing each procedure.
Finally, we used our regression equations to devel-
op new charts for use in the Zimbabwean popula-
tion. Since birthweight significantly improved the
model fit, we calculated birthweight-sensitive
maturity scales.

3. Results

In this study population of 364 deliveries, the
mother’s ages ranged from 14 to 44 years with a
mean age of 24.5 years. Three-quarters of the
mothers (75.5%) resided in urban high-density
suburbs and very few(14.3%) came from rural
areas. Most women(83.7%) had more than pri-
mary education. Parity ranged from 0 to 10 with
half of the mothers having their first child. Approx-
imately 22.5% of babies were low birthweight,
and 23.9% were pre-term births.
Mothers weighed between 45 and 98 kg with a

mean of 63.7(S.D. 9.9) at first antenatal care visit
and between 45 and 103 g with a mean of 63.2
(S.D. 10.4) after delivery. Weight at first antenatal
care did not differ from weight after delivery
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Fig. 1. Distribution of Dubowitz total scores against last menstrual period gestational age in 364 newborn infants at Harare, October
to December 1999; includes 95% confidence intervals.

(paired t-test Ps0.4157). The mean height was
158.2 centimeters(S.D. 5.9). Women first attended
antenatal care between 10.1 and 28 weeks(mean
22.5"4.2 weeks). Fundal height measurement at
first antenatal care visit ranged between 10 and 28
weeks(mean 22.4"4.2 weeks). At birth, the mean

gestational age estimated from LMP was 38.5
(S.D. 3.1), and by the physicianymidwife was
38.0 (S.D. 2.8).
Table 1 presents the distribution of gestational

age estimated from last menstrual period, and the
mean birth weights for each stratum. The overall
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Table 3
Comparisons of performance of DubowitzyBallard Scores from the current study with original DubowitzyBallard and other African
studies

Study Country Year Number of Regression equation Correlation
subjects coefficienta

Dubowitz
Dubowitz et al. England 1970 167 Y s24.59q0.26Xb 0.93
Brueton et al. Nigeria 1972 50 Ys26.98q0.23X 0.74
Singer et al. Rhodesia 1973 302 Ys27.13q0.23X 0.94

(Zimbabwe)
Raghu et al. Zambia 1979 160 Ys24.74q0.27X 0.90
Ballard et al. USA 1979 252 Ys24.00q0.40X 0.85
Current study Zimbabwe 1999 364 Ys23.81q0.30X 0.81

Ballard
Ballard et al. USA 1979 224 Ys24.00q0.40Xc 0.85
Ballard et al. USA 1991 578 Ys24.00q0.40Xc,d 0.97
Current study Zimbabwe 1999 364 Ys24.49q0.42X 0.80

Pearson correlation coefficient between gestational age from LMP and total score.a

Gestational age calculated from last menstrual period(LMP).b

We estimated the regression line based on tabulated data of the maturity scale in the Ballard et al.w11x paper.c

The estimated relationship between LMP and Ballard score in the 1979 paper was apparently used without modification in thed

1991 paper.

mean birthweight was 2899.2 g(S.D. 600.8). The
mean time taken to conduct a Dubowitz examina-
tion was 6.4 min (ranges2–12 min), and a
Ballard test was 4.7 min(ranges2–7 min). The
mean time difference of 1.7 min between the
methods was statistically significant(t-test Ps
0.0001).

3.1. Dubowitz method

Overall the Dubowitz scores were strongly cor-
related with LMP gestational age, with the Pearson
correlation coefficient for the neurological criteria
being 0.79, physical criteria 0.77 and total scores
0.81. Most individual criteria yielded correlation
coefficients above 0.5 except for edema(rs0.22),
skin opacity(rs0.35), skin color (rs0.45) and
leg recoil(rs0.47) (Appendix A).
Table 2 presents the regression equations for the

Dubowitz scores as predictors of gestational age
using LMP. Although the neurological and physical
criteria for both methods performed well in pre-
dicting LMP gestational age, total scores explained
more of the variance and had a smaller standard
error of prediction of a single score(1.82 weeks).
Fig. 1 depicts the distribution of gestational age

calculated from LMP by the total score and the
maturity cut points for term vs. pre-term births.
Few babies lie outside the 95% prediction
intervals.
Table 3 compares the performances of our

Dubowitz results with those of the original paper
and of other African studies. Although our Dubow-
itz measures have a somewhat lower correlation
with LMP gestational age compared with the
original Dubowitz study, they have a higher cor-
relation than that observed in the Nigerian study.w9x
Also, our equation is closer to the original Dubow-
itz equation than was Singer et al.w3x. Fig. 2
compares the original Dubowitz et al.w8x to the
Singer et al.w3x. and our regression lines. Our
regression line is close to the original Dubowitz
below 37 weeks and overestimates gestational age
in older babies. The Singer et al.w3x regression
line overestimates gestational age up to 42 weeks.
Thus, we predict gestational age well for those
ages that are important clinically and babies were
more frequent. The beta coefficients from these
three studies differed significantly from each other
using our formula for hypothesis testing(zs2.37,
P-0.01 for Dubowitz et al.w8x and our study;
and zs4.82,P-0.0001 for Singer et al. and our
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Fig. 2. Comparison of regression lines from Dubowitz(1970), Singer(1973)and Feresu(2001)studies.

study). The Dubowitz et al.w8x and Singer et al.
w3x also differed significantly(zs2.44,P-0.01).
Prediction of LMP gestational age did not differ

by sex of infant, mother’s age, residence, level of
education, weight, height, mid-arm circumference,
parity and infant’s mid-arm circumference. Only
birthweight significantly affected prediction
of LMP gestational age(P-0.0001). The final
model equation including birthweight

was Y s23.512q0.219*scoreqLMP gestational age( )

0.0015*g, and it explained 69% of the variance
compared with 66% of the variance in models
without birthweight. We recalculated the maturity
scale, taking birthweight into account, thus creat-
ing a birthweight-sensitive maturity scale for the
Zimbabwean population(Table 4). For each
Dubowitz score, we show the estimated gestational
age based on the original Dubowitz regression
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Table 4
New Maturity Rating Scales Based on:(1) Dubowitz total scores only; and(2) Dubowitz scores and birthweight; values in bold
indicate pre-term births

Dubowitz Estimated gestational age
method

Based on Based on Based on current Dubowitz model adjusted for
birthweight(2)ctotal original current

1000 1500 2000 2500 3000 3500 4000 4500
score model(1)a model(1)b
(0–70) weeks weeks

0 24 23 25 25 26
5 25 25 26 26 27
10 27 26 27 27 28
15 28 28 28 29 29 30
20 29 29 29 30 30 31 32
25 31 31 30 31 32 32 33 34
30 32 32 31 32 33 33 34 35 36 36
35 33 34 32 33 34 34 35 36 37 37
40 35 35 33 34 35 36 36 37 38 38
45 36 37 34 35 36 37 37 38 39 40
50 37 38 36 36 37 38 38 39 40 41
55 39 40 38 39 40 40 41 42
60 40 41 40 41 41 42 43
65 41 43 42 42 43 44
70 43 44 44 44 45

Calculated using the regression equation: LMP GAs24.595q0.264 total scores.a

Calculated using the regression equation: LMP GAs23.814q0.301 total scores.b

Clculated using the regression equation: LMP GAs23.512q0.219 total scoresq0.0015 g.c

model, based on our initial model and also based
on our model that included birthweight. Bold type
in the table indicates pre-term births. For Dubowitz
scores between 35 and 50, classification of pre-
term infants clearly depends on the method used.

3.2. Ballard method

The Ballard sub-scale scores were also highly
correlated with LMP gestational age, although the
correlations were slightly lower than for the
Dubowitz method, being 0.74 for neurological
criteria, 0.75 for physical criteria and 0.80 for total
scores. Individual criteria correlations were also
high, except for breast(rs0.30) and heel to ear
(rs0.42) (Appendix B). Table 2 presents the
regression equations for the Ballard scores as
predictors of gestational age using LMP. Although
the neurological and physical criteria performed
well in predicting LMP gestational age, total scores
again explained more of the variance. The total
scores had the smallest standard error of prediction

for a single score(1.89 weeks), though the error
is slightly higher than 1.82 weeks for the Dubowitz
method. Fig. 3 depicts the distribution of gesta-
tional age calculated from LMP by the total scores
and the cut-offs for term vs. pre-term births. As
with the Dubowitz, few babies lie outside the 95%
prediction intervals. Table 3 compares the perform-
ances of the Ballard results with those of previous
Ballard studies. Our Ballard measure has a rela-
tively lower correlation with LMP gestational age
but it compares well with our Dubowitz
correlation.
The prediction of LMP gestational age by the

Ballard method did not differ by sex of infant,
mother’s age, residence, level of education, weight,
height, mid-arm circumference, parity or infant’s
mid-arm circumference. Only birthweight signifi-
cantly affected prediction of LMP gestational
age (P-0.0001). The final model equation
was Y s24.002q0.292*scoreqLMP gestational age( )

0.0016*g and explained 67% of the variance. We
recalculated the maturity scale, taking into account
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Fig. 3. Distribution of Ballard total scores against last menstrual period gestational age in 364 newborn infants at Harare; October
to December 1999; includes 95% confidence intervals.

birthweight, and created a birthweight-sensitive
Ballard maturity scale for the Zimbabwean popu-
lation (Table 5).

4. Discussion

This study evaluated the performance of the
Dubowitz and Ballard methods of assessing ges-
tational age in a Zimbabwean population. With a
fair degree of accuracy, both methods can reliably
be used to differentiate term from pre-term babies

in this population. Both methods were comparable
in performance with the original methods in pre-
vious studiesw8,10,11x. When comparing the two
approaches, the Dubowitz method was a relatively
better predictor of LMP gestational age, while the
Ballard method took less time, and was easier to
administer. Birthweight improved estimation of
gestational age for both methods.
Our calculated Dubowitz regression line is com-

parable with that originally presented by Dubowitz
et al.w8x and is relatively better than that calculated
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Table 5
New Maturity Rating Scales based on:(1) Ballard total scores only; and(2) Ballard scores and birthweight; values in bold indicate
pre-term births

Ballard Estimated gestational age
method

Based on Based on Based on current Ballard model adjusted for
birthweight(2)ctotal original current

1000 1500 2000 2500 3000 3500 4000 4500
score model(1)a model(1)b
(y8 to 48) weeks weeks

y8 20 21 23 24 24
y4 22 22 24 25 26
0 24 24 25 26 27
4 25 26 26 27 28
8 27 27 28 28 29 30
12 28 29 29 30 30 31 32
16 30 31 30 31 32 32 33 34 35 36
20 32 32 31 32 33 33 34 35 36 37
24 33 34 32 33 34 35 35 36 37 38
28 35 36 33 34 35 36 37 37 38 39
32 36 37 35 35 36 37 38 39 39 40
36 38 39 36 37 37 38 39 40 41 41
40 40 41 38 39 40 41 42 43
44 41 42 42 43 44
48 43 44 44 45

Calculated using formula LMP GAs24.q 0.4 total scores adopted from the Ballard chart(1991).a

Calculated using the regression equation: LMP GAs24.493q0.420 total scores.b

Calculated using the regression equation: LMP GAs24.002q0.292 total scoresq0.0016 g.c

by Singer et al. w3x study in predicting LMP
gestational age in regions of most clinical impor-
tance. A shortcoming of the Singer et al. studyw3x
is that their sample consisted mostly of mothers
who had an unknown LMP. We included only
those mothers who had attended prenatal care early
and who had known LMP. We also applied strin-
gent inclusion criteria as outlined by other studies
w15x. It is therefore not surprising that our regres-
sion line is closer to that in the original Dubowitz
study. Our slightly lower correlation coefficient
could be attributed to factors such as late entry
into prenatal care and inability to verify LMP with
ultrasound in our population. Our Ballard results
also compared favorably with the previous Ballard
w10,11x and Dubowitz studiesw2,3,8,9x. Given its
better performance in the regression models, the
Dubowitz method is perhaps more appropriate for
use in research studies of prematurity, which
demand more precise estimates, while given its
relative ease of administration, the Ballard method

could be an important tool in routine clinical
practice.
For both methods, the standard error of predic-

tion for one single observation was higher than
the error reported by the original Dubowitzw8x
study, but relatively lower than that reported in
Zambiaw2x and elsewherew3,9x. It should be noted
that the error of prediction in all these studies is
more than one week. Controversy and criticisms
of the use of the Dubowitz method to assess
gestational age has hinged on the problem of
measurement error, especially in very pre-term
babies below 34 weeks. The methods tend to
overestimate gestational age generally, but espe-
cially for pre-term infantsw15–17x. As the ability
to detect prematurity is a primary reason for doing
gestational age assessment, the overestimation of
gestational age in pre-term infants is a major
concern. We incorporated information on birth
weight in an effort to reduce this error.
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Our study found that low birthweight(LBW)
significantly decreased prediction of LMP gesta-
tional age. Previous studiesw10,16,17x have report-
ed that gestational age tends to be overestimated
in LBW births, especially for the neurological
assessment. Neurological development is acceler-
ated by a high-risk chronically stressed pregnancy
such as those complicated by hypertension, pre-
eclampsia or chronic fetal malnutrition. Our study
excluded infants from mothers who had medical
complications. Some authorsw16,17x argue that
the prevalence of accelerated neurological maturity
may not be sufficient to bias the neurological
criteria score. However, within a sample with a
high proportion of low birthweight births, this
acceleration is likely to be more influential.
Assessing skin color of the African newborn is

problematic, especially more than 48 h post deliv-
ery. In this study, 98.5% of babies were examined
by 30 h post delivery. Other studies have per-
formed examinations at 72 hw18x, 96 h w10,11,15x
and up to 5 daysw8x post-delivery. Nonetheless,
we believe these methods are applicable to the
African newborn, because prediction of gestational
age using these methods has not been shown to
differ by racial groupw15,16x. The key limitation
of our study was the practical constraint arising
from late entry into prenatal care.
In conclusion, developmental methods for

assessment of gestational age, perform well in the
Zimbabwean population. Introduction of bir-
thweight into the maturity scale improves assess-
ment of gestational age and corrects for errors
caused by low birthweight. We recommend use of
our modified birthweight-sensitive Dubowitz
assessment for studies of prematurity, and of the
modified birthweight-sensitive Ballard method for
routine clinical practice. The need remains to
evaluate effects of maternal diseases in pregnancy
including diabetes, hypertension, anemia, malaria
and HIV infection, and of infant morbidity includ-
ing congenital anomalies and respiratory distress
syndrome, on gestational age assessment scores.
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Appendix A: Dubowitz Assessment method:
individual criteria

Correlations with gestational age obtained from last menstru-
al period

Item Criteria Score Mean
score
(S.D. )a

Correlation
coefficientb

Neurological
criteria
Total 0–35 24.9 (4.5) 0.79

1. Posture 0–4 3.8(0.55) 0.65

2.
Square
window 0–4 2.9(0.43) 0.64

3.
Dorsiflexion
of foot 0–4 2.5(0.66) 0.59

4. Arm recoil 0–2 1.9(0.35) 0.55
5. Leg recoil 0–2 1.9(0.33) 0.47

6.
Popliteal
angle 0–5 2.5(0.75) 0.63

7. Heel to ear 0–4 2.0(0.68) 0.59
8. Scarf sign 0–3 2.4(0.66) 0.63
9. Head lag 0–3 2.5(0.77) 0.59

10.
Ventral
suspension 0–4 2.6(0.70) 0.70

Physical
criteria
Total 0–35 23.9 (4.1) 0.77

11. Edema 0–2 2.0(0.12) 0.22
12. Skin texture 0–4 2.6(0.60) 0.57
13. Skin color 0–3 2.3(0.53) 0.45
14. Skin opacity 0–4 2.3(0.55) 0.35
15. Lanugo 0–4 2.5(0.63) 0.49

16.
Plantar
creases 0–4 2.6(0.73) 0.64

17.
Nipple
formation 0–3 1.8(0.63) 0.55

18. Breast size 0–3 1.8(0.58) 0.57
19. Ear form 0–3 2.3(0.66) 0.57
20. Ear firmness 0–3 2.0(0.51) 0.53

21
Genitals
combined 0–2 1.8(0.42) 0.62

21a.
Genitals—
male 0–2 1.9(0.36) 0.60

21b.
Genitals—
female 0–2 1.8(0.46) 0.63
Total scores 0–70 48.9 (8.4) 0.81

Standard deviation.a

P-value-0.0001 for all criteria, testing for zero correlationb

between the Dubowitz criteria and gestational age obtained
from last menstrual period.
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Appendix B: Ballard assessment method: indi-
vidual criteria

Correlations with gestational age obtained from last menstru-
al period

Item Criteria Score Mean
score
(S.D.a)

Correlation
coefficientb

Neurological
criteria
Total I4 to 25 17.8 (3.1) 0.74

1. Posture 0 to 4 3.8(0.54) 0.63

2.
Square
window y1 to 4 2.9(0.45) 0.57

3. Arm recoil 0 to 4 3.8(0.65) 0.58

4.
Popliteal
angle y1 to 5 2.5(0.72) 0.65

5. Heel to ear y1 to 4 2.3(1.15) 0.42
6. Scarf sign y1 to 4 2.5(0.67) 0.56

Physical
criteria
Total I8 to 25 15.6 (3.2) 0.75

7. Skin y1 to 5 2.8(0.62) 0.63
8. Lanugo y1 to 4 2.7(0.61) 0.55

9.
Plantar
creases y2 to 4 2.8(0.62) 0.61

10. Breast y1 to 4 2.1(1.28) 0.30
11. Ear y2 to 4 2.6(0.63) 0.65

12.
Genitalia
combined y1 to 4 2.5(0.73) 0.61

12a.
Genitalia—
male y1 to 4 2.6(0.74) 0.58

12b.
Genitalia—
female y1 to 4 2.3(0.69) 0.64

Total scores
I12 to
50 33.4 (5.9) 0.80

Standard deviation.a

P-value-0.0001 for all criteria, testing for zero correlationb

between the Ballard criteria and gestational age obtained
from last menstrual period.
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