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SUMMARY
The author presents three hundred and ninety-five

women who underwent obstetric ultrasonography between July

1992 and March 1993. The aim was to assess the accurate

relationship between known menstrual age visa vis femoral

length, biparietal diameter, head circumference and

abdominal circumference. It was done for gestation age

fourteen to forty-two weeks.

Out of the 395 clients all attending ante-natal clinic

at Kenyatta National Hospital, 296 were sure of thelr

normal last menstrual period. These numbers were assessed

and found statistically viable.

Ultrasonography machines used were:-

1. Phillips Orion Model using 4MHz linear transducer at

X-Ray Department of Kenyatta National Hospital.

2." Aloka SSD 650 using 3.5MHz linear transducer at Kenya

Medical Research Institute, Headquarters, Nairobi

(Clinical Department).

No significant results differences were observed in

patients examined at the two centres.

Biparietal diameter, femoral length, head and

abdominal circumferences were worked out and compared with

known menstrual ages. Outliers removed, there was good

correlation between known menstrual age and ultrasound

measurements.
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Linear cubic regression analysis proved superior to

linear quadratic. Using the formula obtained from the

computer statistical package i.e.

bpdcp = a+(bxlmp) + (cxlmp3) where bpd is biparietal

diameter, a,b&c are constants. Bpd is substituted for by

femoral length (FL), head circumference (HC) and abdominal

circumference to obtain regression value for each studied

parameter.

Goodness of fit, (R2) was as follows:-

Biparietal diameter

Femoral length

Head circumference

Abdominal circumference

=

80.381%

81.366%

84.999%

79.578%=

Results obtained by ultrasonography compared

favourably with those of Campbell S. et aI, Hadlock et al

and Sabbagha et aI, as well as those done locally by Drs.

Rogo K., Dhadialla H. and Qureshi Z.P. Importance of

obstetric ultrasonography is underlined.

Controlled and funded multi-disciplinary study

recommendations are presented. These come in the

discussion section. Conclusions which are made amplify

clinical applications that arise following accurate cross

sectional studies.

Besides limitatipns that are correctable. it would

require collaborative work between sonologists,

obstetricians. technicians. administrators and

statisticians.



INTRODUCTION
Histo~ical backg~ound.

Ultrasound is a form of mechanical energy whose

frequency is far beyond the upper limit of human hearing

range of 20 (twenty) kilohertz.

In 1912 the first ultrasound machine was designed by a

French engineer named Paul Lengeurin. He stated that

transducers are composed of PIElO-ELECTRIC CRYSTALS in

which electrical energy is transformed into mechanical.

Ultrasound waves are mechanical vibrations transmitted as

longitudinal waves requiring a medium. In bone they are

nearly completely absorbed creating an acoustic shadow.

However, ultrasound waves are propagated through soft

tissues at a velocity of one thousand, five hundred and

forty meters per second (1540 m/sec).

In 1919 the Titanic ship was sunk in battle. Initial

uses of ultrasonography included locating of the Titanic.

Hence the terminology SONAR meaning sound navigation and

ranging was coined. Its use in metallurgy to locate flaws

began in 1930s. By the late 1950's it gained prominence in

medical work - Donald, Ian et al (1).

Our interest in ultrasonography is for information

gathered at the same tissue level. Liquids transmit almost

all ultrasound waves and behave as acoustic windows through

which subjacent organs are probed.

99.9% of ultrasound is reflected at soft tissue - air

interphase, necessitating an oil or gel coupling medium.

At frequencies range 2.5MHz to 4MHz all obstetric work is

done perfectly using linear and sector transducers.
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In this study, a B-mode (Real time dynamic scanning)

linear transducer was used; with M-mode for cardiac

activity demonstration. Pulse-echo technique has the sole

purpose to transmit a short ultrasonic pulse and detect all

the returning echoes using the same transducer. Time gain

compensation for distant echoes can be adjusted.Quality:

Guaranteed by multi-element transducer arrays with ~ 60

frame rates per second.

Safety: There is near complete safety as assured by the

1984 Natiunal Institute of Health of the U.S.A. seminars.

No significant degree of heating or cavitation occur at

diagnostic freguency range 2-8MHz. (Ref:

Ultrasound imaging in pregnancy) (2).

The necessity to beat the deadline for

Diagnostic

my study made

us supplement the use of Phillips Orion Kenyatta National

Hospital Ultrasound Machine with the SSD 650 ALOKA - KEMRI

Ultrasound Machine.

Preliminary sonography of three pregnant mothers in

second trimester using the two machines above produced

comparable results. This validates my study which also

reveals that on Aloka machine, film image is Sharper and

more distinct than Phillips. Both are of high quality.

For the three hundred and ninety-five patients, the

machines described gave excellent measurements. These were

biparietal diameter, head circumference, abdominal

circumference and femoral length.

I am motivated by the fact that in combination, the

four parameters have not been studied at the Kenyatta

National Hospital.
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In future this will broaden the base of local normal

sonographic standards., For example when the foetal skull

is in unfavourable position, the sonographer should refer

to femoral length. This need to be familiar to the

sonologist and sonographer.

However, in a short period such as I have, the funds

available and limited interdepartmental experience, my

study will be restricted to the 395 patients.



LITERATURE REVIEW

SECOND AND THIRD TRIMESTER FETAL AGE AND WEIGHT

ASSESSMENT

Campbell S. et al (3) in 1985 took 4527 consecutive

women scanned by technicians at King's College Hospital and

the results were analysed.

His conclusion was that between 12 and 18 weeks'

gestation, biparietal diameter measurements were accurate.

In this group, 2410 pregnancies datable by menstrual

history met the delivery criteria. Of these 1317 had

optimal menstrual histories, while 84.71. delivered within

~two weeks of their clinical estimated date of confinement.

Among those with suspect menstrual history,

observation showed that they performed poorly. Menstrual

history prediction by biparietal diameter, 89.41. delivered

within ~2 weeks of the date predicted (P<0.001).

In his study, Campbell S. et al found that

approximately 19.41. of the total group of women were unsure

of their menstrual age.

Conclusions drawn emphasized that the cost of

ultrasonography and hospital centered institutions biased

selection and results. Those who lived near such

institutions and could afford benefitted from services of

obstetric ultrasonography.

Frank P. Hadlock et al in 1987 (4) examined 300

indigent black (381.) and Hispanic (621.) patients in a

county Hospital in the Houston area of Texas State, USA.



It was felt that although multiple fetal measurements to

predict menstrual age is accepted, more studies were

necessary.

Regression equations drawn applied well in other areas

with different socio-economic and racial characteristics.

This study concluded that each laboratory should develop

its own equations using multiple parameters.

Earlier in 1961, Donald and Brown - Campbell S. 1968

(5) described an ultrasonic technique for determining fetal

biparietal diameter. This was improved upon by Campbell in

1968 when he combined use of undimensional A scan and plan

position indication or B scan. It permitted measurement of

fetal biparietal diameter between 20-30 weeks for the first

time then.

Campbell (1968) measured transverse diameter between

both parietal eminences perpendicular to the midline echo.

Later in May 1982, Hadlock, P.F. et al(6) using a 3.5MHz

linear transducer did serial transaxial scans parallel to

canthomeatal line. Level two, defined as including

anechoic midline, originally described by Campbell and

Thomas, it was thought represented cavum septum pellucidum.

Justification of the line described above by Campbell

and Thomas, in 1977, was made by Hadlock et ale

1982 he emphasised:-

(1) Production of the plane for correct measurement.

In May

(2) Specific anatomic landmarks for reference.

(3) Comparison of this plane with others using

varying data. Results from this study and that

of Campbell/Thomas agree.
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(4) Measurement along the plane of head circumference

on basis of maximum occipito-frontal diameter.

In 1983, Rogo(7) at Kenyatta National Hospital found

out that foetal biparietal diameters compared with those

done in affluent countries. Growth peaks were two: 20-30

weeks and 30-40 weeks. In 1983, Osefo(12) and others found

similar results among women in Nigeria.

Campbell and another presentation by Hadlock stated

that there is a progressive increase in the mean BPD up to

forty wee-ks.

Sabbagha E. Rudy et al in 1974(8) said that the

straight line fit for the regression of menstrual age (x)

on BPD (y) where y?J. Ocm and n=158 coordinate points, is X

= 7.151+2.8574.

R2 = .825 - with confidence

intervals: x = 1.6 weeks.

The purpose of his study was to define the accuracy of the

sonar biparietal diameter (BPD) as a predictor of

gestational age.

Dhadialla in 1986(9) at Aga Khan Hospital did a

prospective study to show biparietal nomogram

representative of middle class African and Asian patients

attending antenatal clinic. For about 340 patients he took

1100 measurements at 4-weekly intervals of both biparietal

diameter and fetal abdominal circumference. He was able to

say when best B.P.D. measurements predict menstrual age.

Three years later at Kenyatta National Hospital, Dr.

Z.P. Qureshi (10) did a similar study emphasising

relationship between femoral length and biparietal diameter



for fetal age dating. Out of about 500 foetuses she

concluded that BPD is a better predictor compared to femur

length.

Other studies on Biparietal Diameter measurements have

been done by Sabbagha et al (1974), Osefo et al (1983) and

both agree on plane of scanning. Osefo maintains that in

Africans, foetuses have a smaller biparietal diameter in

comparison to Caribbean and American study results.

Doubilet M. Peter et al (13) carried out research on a

topic entitled, 'Improved Prediction of Gestational Age

from Foetal Head measurements'. The study consisted of

4051 consecutive obstetric patients for; 1. Crown rump

length, 2. fetal biparietal diameter, and 3. occipito-

frontal diameter.

He stated area corrected biparietal diameter. This is

the biparietal diameter of the standard shaped head with

the same cross sectional area as that of the fetal head

examined.

Assumptions in this study were:-

1. Cephalic Index changes with advancing fetal age.

2. To give a threshold Cephalic Index that would

maximise sensitivity for detection of misleading

BPD due to altered head shape.

Cephalic Index = Biparietal Diameter

Occipito-frontal Diameter

Biparietal diameter measurements are valid if

x 100%

Inferences:

they fall within the 95% confidence interval of the

Washington University reference curve, and those falling

10



outside invalid.

Kurtz A.B. et al 1980 (14) came up with graphs and

tables for conversion of biparietal diameter into menstrual

age in weeks to which wide reference is now made.

FETAL HEAD CIRCUMFERENCE

In 1982 Hadlock et al (15) studied four hundred

consecutive patients chosen for analysis based on:-

1. Certainty of menstrual age.

2. / Clinical evaluation.

3. Fetal head in occipito-transverse position so

that anatomic planes could be easily recognised.

4. Free of serious maternal illness.

5. Single foetus.

The results of this study wer~ analysed by both linear

quadratic (r=98.3%) and linear cubic (98.31.) functions

which could be considered the optimal model. He showed

that the graph of head circumference versus menstrual age

is non-linear.

Head circumference is a more useful index of fetal

maturity in which variations of fetal head shape (e.g.

Dolichocephaly, brachycephaly) adversely affect the

accuracy of biparietal diameter.

O'brien D.G. et al 1981 (16) measured foetal femur

length by real-time ultrasonography in second trimester.

Only calcified portions of the bone were measured.

11



Results were assessed for reproducibility and

reliability of ultrasound for prediction of foetal age.

Hadlock et al (1982) (18), the following year, studied

sonographically 338 middle class white women. Fetal femur

was found to lie almost in all cases in a horizontal

position. A focussed transducer ADR - Tempe, AZ was

aligned along the longest axis of the femur. The

relationship between femur length and menstrual age (r~ =

96.61.) was described by linear and quadratic functions;

linear quadratic function (r= = 97.71.) was better.

ABDOMINAL CIRCUMFERENCE

Work on foetal abdominal circumference for gestation

age and fetal weight assessment has been extensively

studied. Stuart, Campbell and David Wilken in British

Journal of Obstetrics in 1975 (44) explained the

relationship between gestation age, foetal weight, and

abdominal circumference. They sonographed mothers within

forty-eight hours of intended delivery at different

gestations in second and third trimester. Birth weight

prediction varied with the size of the foetus such that

foetal weight steadily rose in third trimester. If birth

weights were transformed to log, e values the variations

were approximately the same over the whole range of

abdominal circumferences.

A second degree polynomial regression of the form

Y=a+bX+cX= (where Y = birth weight and X = abdominal

circumference) was fitted to the transformed data using

appropriate compute programme.
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Hadlock et al 1982 (19) ~ecommended measu~ement of

abdominal ci~cumfe~ence th~ough a dotted line ~ound the

abdominal wall at the point whe~e umbilical vein ente~s the

lines fo~ming the po~tal vein, and stomach.

Fou~ hund~ed foetuses we~e looked at f~om gestation,

15 weeks till 41 weeks using a linea~ a~~ay ~eal time

ult~asound scanne~ - following specifically defined

methodology.

Results showed that foetal abdominal ci~cumfe~ence is

a wo~se predicto~ of menst~ual age than bipa~ietal

diamete~. Howeve~, fo~ gestation age between 36-42 weeks,

foetal abdominal ci~cumfe~ence is consistently useful.

Poll V. et al (1979) (20) desc~ibed a simple and

accu~ate method fo~ estimating fetal weight f~om a single

abdominal ci~cumfe~ence. This was conve~ted into a weight

centile fo~ matu~ity at the time of measu~ement so that the

weight at delive~y could be p~edicted.

Wo~k by Rumack M.C. et al (1991) (21) in diagnostic

ult~asound chapte~ 34 gives an up to date comp~ehensive

method fo~ estimating foetal weight. Va~ious methods a~e

given. In one a combination of bipa~ietal diamete~,

femo~al length and abdominal ci~cumfe~ence is used. In

anothe~ fetal femo~al length lS measu~ed in combination

with abdominal ci~cumfe~ence. Employing linea~ cubic

~eg~ession model, it was possible to d~aw g~aphs fo~ foetal

weight ve~sus menst~ual age.

13



MATERIALS AND METHODS
The purpose of this study is to analyse comparative

and contrasting fetal growth parameters against menstrual

age.

Most antenatal patients at the Obstetric Clinic at

Kenyatta National Hospital, although a referral centre,

were on history and physical examination found to be normal

pregnant women. It is this group we targeted for a sample

of three hundred and ninety-five. They were further

reduced to approximately 280 who had complete data on

menstrual age and deemed to have reliable information.

Important Historical Considerations

1. Family history free of:

(a) Severe maternal illness such as diabetes

mellitus, hydrops foetalis, hypertension in

pregnancy or psychiatric illness.

2. Cessation of oral contraceptive usage three months

prior to present pregnancy.

3. Non-depo provera users for at least six months as its

prolonged use alters menstrual pattern.

4. No anaemic status, nor predisposing factors such as

severe malnutrition or sickle cell disease status

5. Known non-smokers, Non-alcoholics.

6. Certainty of previous menstrual period.

7. Anticipated term delivery.

14



Sociodemoqraphic data: Age, marital status, parity,

foetal loss, and income/expenditure outcome variables are

taken but will not be subjected to mathematical testing.

This is because they were not adequately controlled for.

Patients were selected after obtaining verbal consent.

This was sometimes influenced by convenience to them

concerning time and to the sonographer depending on how

busy the ultra sound machine was with routine hospital

work. The youngest woman was 15 years old and the oldest

42. Most/of the women were married. lived in the city

centre and sub-urban areas.

They largely fall into low socio-income bracket, a

small proportion would be said to be middle class,

including a few professionals. This classification lS

based on estimates as most clients did not keep record of

their income nor expenditure.

Ability to pay by each patient examined at Kenyatta

National Hospital, Ultrasonography Department was

essential. They were charged like other ordinary obstetric

cases KShs.300. At KEMRI I negotiated for KShs.200 per

patient examined and paid for those clients I studied using

SSD 650 ALOKA.



Measurements

Biparietal Diameter
Taken in a transaxial plane, biparietal diameter

was measured at the widest portions of the skull.

(BPD)

A

edge to leading edge measurement was obtained from the

first echo of the closer temporoparietal calvarial table to

the first echo of the farther temporoparietal calvarial

table.

It was t~en across the plane of occipito-frontal diameter.

Head Circumference

The study consisted of three hundred and ninety five

consecutive patients largely of middle, lower income

groups. All examinations were performed using a linear

array real-time (dynamic image) sanagraphic system.

The anatomic plane chosen for head measurements was

the axial plane described by Hadlock et al 1982 (6) for

measurement of the fetal occipito-frontal diameter.

Gain settings were adjusted giving the skull width a

sharp outline. All measurements were made using either a

hand held map measurer or an electronic digitizer. Tracing

of the head was along the outer perimeter of the calvarium.

Each fetus was measured only once in pregnancy.

16

Abdominal Circumference

Measurement is performed the same way as that of the

head circumference.



This was done by using a digitizer and in some cases a map

reader to trace the outer limits of the fetal body.

Abdominal circumference was measured by tracing the

outer margin of the abdomen. The plane of section was

through the liver, umbilical vein and stomach.

The relation between fetal abdominal circumference and

menstrual age was determined for 281 foetuses 15-42 weeks;

examined with a linear array real time ultrasound scanner.

Mathematical modeling was done on linear quadratic, and

linear cubic regressions. Results obtained are displayed

graphically. Comparing to works by other investigators, it

is shown that abdominal circumference measurements are

amenable to mathematical foetal weight manipulation. For

predicting foetal gestation age in the third trimester,

fetal abdominal circumference gave consistent results -

Hadlock P.F. et al(17,25), Campbell et al(3).

Fetal femoral length was measured with a linear array

transducer. real time ultrasound scanner in 284

uncomplicated gravid patients who knew their menstrual age

reliably.

This covered gestation age from 14 weeks till 42

weeks. To measure the femoral length transducers used were

3.5 megahertz (MHz) frequencies with a velocity calibration

of 1540 megahertz per second.

A freeze frame was employed once the full length of

the femur was visualized.

The length of the calcified portion of the femur was

measured. Data obtained was subjected to statistical

analysis.
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Linear and non-linear cubic regression was performed

on the observations for biparietal diameter, head

circumference, abdominal circumference and femur length.

Non-linear regression provided the best line of goodness of

fit using the cubic equation for all the above mentioned

parameters.

The equation for biparietal diameter was:-

Biparietal diameter = -2.416 + 0.405 MA2 - 7.70 x 10-~

MA3

(M.A. = Menstrual Age)

The equation for head circumference was:-

Head circumference -8.206 + 1.459 MA - 2.83 x 10-4

MA3

The equation for abdominal circumference was:-

Abdominal circumference = -8.306 + 1.278 MA - 1.88 x

10-4 MA3

The equation for femur length was:-

Femur length -2.640 + 0.329 MA - 5.39 x 10-~ MA3

The goodness of fit (R2) for the above lines were:-

Biparietal diameter

Head circumference

Abdominal circumference

80.3831.

84.9991.

79.5781.

81.3661.Femur length

The above ~tatistics were done using the SPSS statistical

package.

NOTE: Non-linear - regression is used

interchangeably with linear cubic.

2. M.A. = Menstrual age.

1.
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RESULTS

Section A:

Many mothers were young as 81.3% or 278 were thirty years

of age or below. (Histogram figure 1).

Marital Status: Most were married, 50 women were single

and 3 either divorced, widowed or separated. No

information is available for twenty-two women or 5.57% of

395 women.

figure 2).

Monthly I~come:

See Histogram of marital status. (Histogram

They were largely low income earners with

84.41. (248) of a valid number of 294 earning or spending

less than KShs.4,000 per month. No information was

available for the remaining 101 women. (See Fig. 3).

Menstrual age ln weeks: Only one patient presented at

gestation age 14 weeks and two at 43-44 weeks. Most women

presented for obstetric ultrasonography at a gestation age

of thirty-six weeks - 30 patients. Those unsure of dates

were 104 or 26.3%. (See histogram Figure 4). Those women

for whom parity was given were 350. Those who had

delivered three or fewer children made up 92.9% of 350

(325). Further 121 women were nulliparous constituting

34.61.valid percent. (See histogram Figure 5).

was as tollows:-

Average is 0.479 foetal per pregnant woman examined l.e

Foetal loss

(See histogram Figure 6).



Placental position - The commonest placental location is

anterior followed by fundoposterior. Previa were 4 cases

out of 370 valid cases hence 1.1%. (See Histogram Fig.

7).

Sec;:tionB:

Results of Means Versus Menstrual Age

The means of this study are presented in graphic form;

such as the mean of biparietal diameter in cm versus

menstrual age in weeks (~2 S.D.). This is followed by a

table of means of this study compared to that of Yagel et

al 1986. A graph of comparison between means of B.P.D. ln

cm versus menstrual age in this study versus Yagel et al is

presented. A similar graph of this study and Rogo et aI,

Dhadialla and Osefo et al. is presented (7,9,12).

The other means whose results subsequently follow are

for head circumference, femoral length and abdominal

circumference versus menstrual age. Graphs of comparisons

with studies done elsewhere are given. (See Figures 8-18,

Tables 1-6).



Results are presented between pages 22 and 64, both

inclusive.

Sociodemoqraphic Data is summarised and presented on

histograms. They cover a wide range of results based on

statistics carried out with a maximum of three hundred and

ninety-five women. Here also emphasis is placed only on

those with complete information. (see Appendix II on page

80) •

Presentation of Means: The order is as follows:-

(1) This study on a barline graph for biparietal diameter,

head circumference, femoral length and abdominal

circumference.

(2) Tables of menstrual age in weeks, measurements in this

study and that of Yagel or Hadlock as appropriate.

Also with Rogo, Osefo, Dhadialla and Qureshi.

(3) Graphs representative of number 2 above.,
Please note; descriptive leGend for tables and graphs

is given on appendices ii,iii & iv on pages 80-82.
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Table of mean biparietal diameter values a~~cific ~eeks in gestation;
Comparison between this study and Yagel et al (1986)

THIS STUDY Yagel et a1 (1986)
I I I I
IMenstruallMean One No. of I Mean One No. of I
lage IB.P.D. stddev Cases I B.P.D. stddev Cases I
I I 1 1
114 14.0000 0.0000 I 2.733 0.219 12 1
115 13.0500 0.3536 2 I 2.987 0.262 23 I
116 /3.7000 0.7071 2 I 3.397 0.204 ..,..,.

I•..)....!

117 14.3750 0.4787 4 I 3.653 0.261 38 I
118 14.4000 0.3464 3 I 3.936 0.238 25 I
119 14.2500 0.8426 4 1 4.336 0.220 31 1
120 \5.1250 0.4349 4 1 4.708 0.258 ,..,.,.

I.L~

121 15.6800 1.2934 10 I 5.018 0.286 28 1
122 15.7000 0.5050 9 I 5.280 0.325 3C! I
123 15.9000 0.6236 10 I 5.407 0.307 41 I
124 16.2000 0.5782 8 I 5.808 0.358 39 I
125 16.4769 0.5946 l' I 6.204 0.327 49 I'-'

126 16.2857 0.8474 7 1 6.509 0.425 33 1
127 16.6818 0.6780 11 I 6-.-662 0.457 52 I
128 17.5875 0.'794 8 I 7.091 0.371 47 I
129 -,7.4364 0.7187 11 I 7.325 0.340 48 I
130 17.8500 0.8555 12 I 7.585 0.390 59 1
131 18.0150 0.65.32 20 I 7.818 0.403 62 I
132 17.4857 0.8475 14 I 8.108 0.364 66 1
133 18.3000 0.5390 22 I 8.200 0.416 61 I
134 18.3524 0.5645 21 I 8.457 0.363 68 I
135 18.7556 0.5147 18 I 8.570 0.365 54 I
136 18.5767 0.5348 30 I 8.761 0.337 61 I
137 18.5692 0.4029 13 I 8.926 0.368 43 I
138 18.6857 0.3997 14 I 8.989 0.410 35 I
139 18.6600 0.5232 10 1 9.206 0.365 33 I
140 19.4000 0.7071 2 I 9.100 0.389 10 I
141 19.6000 0.0000 1 1 9.117 0.286 6 I
142 18.9333 0.2082 3 1 I
143 18.3000 0.0000 1 I I
144 18.4000 0.0000 1 I 1

TABLE 1
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Table of mean biparietal diameter at specific weeks in gestation
Comparison betw~en this study and Osefo,Rogo & Dhadialla

THIS STUDY OSEFO ROGO DHADIALLA
I I I I I I
IMenstruallMean IMean IMean I Mean I
lage IB.P.D. IB.P.D. IB.P.D. I B.P.D. I
I I I I I I
114 14.0000 I - I - I 1
115 13.0500 I - 1 - I I
116 13.7000 I - I - I I
117 14.3750 I - I - 1 1
118 14.4000 I - I - I I
119 '" "500 1 - I - I Ii"T·-

120 15.1250 14•88 I 4.89 I 4.77 I
121 15.6800 I - I -

/ II

122 15.7000 15•50 I 5.56 I 5.49 I
I"'''' 15.9000 I - I - I IL~

124 16.2000 15•81 I 6.09 I 5.98 /
!25 16.4769 I - I - 1 II

126 16.2857 16•41 I 6.66 I 6.58 1
127 /6.6818 I - I - I I
128 17.5875 16•93 I 7.04 I 7.21 I
129 17.4364 I - I - I I
130 17.8500 17•53 I 7.31 I 7.67 I
131 18.0150 I - I - I I
132 17.4857 17•86 I 7.72 I 8.23 1
133 18.3000 1 - I - I I
134 18.3524 18•37 I 8.19 I 8.62 I
135 18.7556 I - I -

1 I
136 18.5767 18•82 I 8.65 I 8.92 I
137 18.5692 I - I -

/ I
138 18.6857 !9.06 I 8.89 1 9.21 I
139 /8.6600 I - I -

/ /

140 19.4000 19•33 I 9.23 I 9.46 I
141 19.6000 I - I - I 1
142 /8.9333 I - I - I I
143 18.3000 I - 1 - I I
144 18.4000 I - /

-
/ I

I

TABLE 2
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Table of mean head cicumference at specific weeks in gestation; Comparison
between this study and Hadlock(1982)

THIS STUDY HADLOCK et al 1982
I I I 1
IMenstrual/ Mean One No. of / Mean One No. of I
lage H.C. stddev cases

/
H.C. stddev cases /

/ / /
j14 15.0000 0.0000 1 / I
115 10.4000 0.0000 1 / 11.4 0.38 5 I
116 13.1500 2.7577 2 / 12.2 1.23 15 /
117 15.7667 1.5948 3 ! 13.4 0.69 18

/

118 15.8667 1.1060 3 / 14.8 0.66 10
/

/19 16.4667 1.3577 ..,.
I 16.0 1.14 17

/.'
/20 19.1000 1.3241 4

/
17.7 1. 16 17 I

/21 19.4143 1.69Cl6 7 / 18.2 0.85 15 /
122 21. 4444 2.3812 9 / 19.3 1.16 16 I
123 21.7700 1.7179 10 / 20.8 1.07 13 I
124 23.0500 1.8769 8 I 22.1 0.78 21 /

125 24.0308 2.1853 I'
/

23.9 1.34 10 /.'
/26 23.7800 2.9227 5 I 24.1 1.21 13 /
127 I 25.5400 1.0926 10 / 25.6 1.04 14 I
128 I 27.8375 1.3585 8 I 27.1 1.51 9 ,
I I
129 I 26.4091 2.2726 11 / 27.3 1.15 12 I
130 I 28.2333 2.2268 12 / 27.7 0.80 10

/

131 / 28.6850 2.5808 20 / 28.1 1.12 12 /

132 I 28.3000 2.1162 12
/

29.2 0.71 12
/

133 / 30.0600 1.6794 20 / 30.2 1.13 12 I
134 I 30.0889 1.6413 18 / 30.9 1.00 17 /
/35 /

31. 4722 1.3345 18 /
31.7 1.23 8 I

136
/

31. 1033 1.9045 30
/

32.2 0.94 11
/

137 / 30.6308 1.5190 13 / 33.0 1. 16 8 I
138

/
31.7071 1.9105 14 / 33.6 0.76 32 I

139 I 31. 7000 1.3666 9 I 34.0 0.90 44 /

140 1 31.3000 0.2828 2 / 34.5 0.81 '"le:- I";',J

141 I 34.0000 0.0000 1 / 35.4 0.98 4
/

142 I 33.3000 1.9975 3 I /

143
/

31.3000 0.0000 1 I I
144 I "? .6000 0.0000 1 / I.;;

TABLE 3
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Table of means of femur length at specific weeks of gestation; Comparison
between this study and Yagel et al (1986)

THIS STUDY YAGEL et a1 (1986)
I I I I
IMenstrual 1 Mean One No. of 1 Mean One No. of 1
IAge I F .L. stddev Cases 1 F.L. stddev Cases 1
1 1 1 1
114 I 2.5000 0.0000 1 1 1.442 0.250 12 1
115 I 1.8500 0.3536 2 I 1.609 0.202 23 1
116 I 2.2500 1.()607 2 J

1.914 0.251 35 1
117 I 2.5250 0.2754 4 I 2.092 0.216 38 1
118 I 2.8667 0.1155 3 I 2.412 0.199 25 1
119 1 3.3000 0.2646 3 I 2.865 0.162 31 1
120 1 3.7750 0.1258 4 1 3.204 0.232 25 1
121 1 3.5750 0.7704 8 I 3.461 0.231 28 I
122 I 4.2800 0.5391 10 1 3.737 0.279 30 1
123 1 4.3700 0.5539 10 1 3.912 0.236 42 1
124 I 4.5625 0.3852 8

1
4.213 0.296 39 I

1
25 1 4.6429 0.4620 14 1 4.530 0.277 50 I

1
26 I 4.8667 0.9004 6 1 4.745 0.292 ":' ... IoJ·.;,

127 1 4.8545 0.4865 11 / 4.936 0.331 53 I
128 I 5.6500 0.2000 8 I 5.157 0• .51'7' 47 1

129 / 5.4364 0.5626 11 1 5.402 0.254 48 1
/30 1 5.8.333 0.7240 12 1 5.632 0.297 59 /
131 / 6.0550 0.6901 20 / 5.782 0.295 62 /
132 I 5.7846 0.5998 13 1 6.121 0.265 67 1
133 1 6.1818 0.5500 22 1 6.224 0.241 62 1
134 / 6.5263 0.6505 19 / 6.427 0.263 70 /
/35 I 6.5611 0.4730 18 / 6.545 0.220 55 /

136 1 6.7433 0.5905 30 1 6.767 0.296 61 1
137 / 6.7000 0.5164 13 1 6.919 0.342 43 1
138 I 7.0429 0.5543 14 I 7.057 0.262 35 I
139 1 6.8800 0.6250 10 1 7.174 0.256 34 1
140 1 7.2000 0.1414 2 1 7.250 0.317 10 1
141 1 7.5000 0.0000 1 1 7.450 0.327 6 1
142 1 7.0000 0.7810 3 1 1

143 / 7.1000 0.0000 1 1 1
144 / 6.6000 0.0000 1 1 1

TABLE 4
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Means of femur le~th as per menstual age
f~mpari?~n with Quresh Z.P. (1989)

THIS STUDY QURESH
I I IIMenstrLlal 1 Mean No. of Two I Mean No. of Two \

lage; weeks\ F.L. Cases stddev 1 F.L. Cases stddev I
1 I I I
114 I 2.5000 1 0.0000 I 1.55 11 0.30 I
j15 I 1.8500 2 0.7072 I 1.96 12 0.50 I
116 I 2.2500 2 2.1214 I 2.08 10 0.32 I
117 I 2.5250 4 0.5508 I "") -:!'c" 11 0.88 IL. ,_1-.,1

118 1 2.8667 3 0.2310 1 2.65 11 0.60 1
119 I 3.3000 3 0.529:: I 3.04 14 0.74 I
120 I 3.7750 4 0.2516 I 3.43 16 0.72 1
121 I 3.5750 8 1.5408 I 3.60 15 0.76 . I
122 I 4.2800 10 1.0782 I 3.86 13 0.58 I
1
23 I 4.3700 10 1.1078 1 4.02 14 0.94 1
124 I 4.5625 8 0.7704 I 4.53 20 1.04 1

125 1 4.6429 14 0.9240 I 4.59 23 0.54 I
126 I 4.8667 6 1.8008 1 4.99 24 1.06 I
127 I 4.8545 11 0.9730 1 5.15 21 0.86 1

128 1 5.6500 8 0.4000 1
r:: 7~ 21 0.64 1..J •. ~,,J

129 1 5.4364 11 1.1252 1 5.40 22 0.80 I
130 1 5.8333 12 1.4480 I 5.78 26 0.84 1
131 I 6.0550 20 1.3802 I 5.96 27 0.82 1I"~? I 5.7846 13 1.1996 I . 6.20 22 0.68 I~-
133 I 6.1818 22 1.1000 1 6.36 32 0.88 1

134 I 6.5263 19 1.3010 I 6.59 27 0.66 1

135 I 6.5611 18 0.9460 1 6.71 33 0.52 I
136 1 6.7433 30 1.1810 1 6.87 31 0.68 1

137 1 6.7000 13 1.0328 I 7.00 21 0.40 1

138 I 7.0429 14 1.1086 I 7.16 26 0.82 I
139 I 6.8800 10 1.2500 1 7.27 21 0.62 1

140 1 7.2000 2 0.2828 I 7.37 15 0.70 1
141 1 7.5000 1 0.0000 1 7.40 10 0.60 1
142 1 7.0000 3 1.5620 1 1

143 I 7.1000 1 0.0000 I I
144 1 6.6000 1 0.0000 1 1

TABLE 5
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Table of mean abdominal circumference values ~t specific weeks in
gestation; Comparison between this study and Hadlock et al (1982)

THIS STUDY HADLOCK et al(1982)
I I I I
IMenstruaIIA.C. One No. of I A.C. One No. of I
lage IMean stddev cases I Mean stddev cases I
I I I I
114 115.2000 0.0000 1 I I
115 I 8.1500 1.4849 2 I 9.87 0.53 5 I
116 111.7500 3.7477 " 1 10.47 1. 14 15 1c:

117 113.7500 0.6403 4 I 11.36 0.86 18 I
118 113.0333 1.0693 3 I 12.77 0.83 10 I
j19 114.4667 1.8771 3 I 13.58 1.43 17 I
120 116.3750 0.6500 4 I 15.49 1.29 17 I
121 117.2000 3.2615 8 I 15.82 1.00 15 1
122 \17.8100 2.9080 10 I 16.91 1.38 16 I
123 119.0400 2.4487 10 I 18.72 1.81 13 I
124 119.8500 2.0674 8 I 19.72 1.01 21 1
/25 119.4769 1.8780 13 I 21.36 0.97 10 I
126 120.0000 2.5955 7 I 22.08 1.25 13 /
127 /21.4636 2.6882 11 I 23.09 0.97 14 I
128 124.9875 1.7537 8 I 24.66 1.55 9 I
/29 122.4636 2.4853 11 1 25.00 1.08 12 1

130 125.5667 3.0043 12 I 25.21 1.32 10 I
131 126.2368 2.9532 19 1 26.59 1.38 12 1

132 126.1917 2.6845 12 1 27.15 0.87 12 I
133 127.5864 2.2331 22 1 28.90 1.37 12 I
134 127.5579 2.5178 19 I 29.78 1.36 17 I
135 129.4833 2.7408 18 I 30.46 1.23 8 1

136 128.8100 2.2715 30
/

31.22 1.15 11 I
/37 129.3385 2.6729 13 I 32.95 1.46 8 I
138 130.7714 2.4938 14 1 33.93 1.39 32 1
139 129.6889 2.2597 9 1 34.51 1.49 44 1
140 130.4500 1.0607 2 1 34.91 1.29 25 I
141 132.3000 0.0000 1 I 35.43 0.42 4 I
142 129.5000 2.0881 3 1 1
143 131.0000 0.0000 1 1 1
144 129.6000 0.0000 1 I 1

TABLE 6
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Mean abdominal ci~cumfe~ence as pe~ menst~ual age
Compar:.ison wi th dhadi all a

THIS STUDY DHADIALLA
I I I I
IMenstrualIA.C. Two I A.C. Twc I

I
lage;weekslMean stddev I Mean stddev I
1 I I I
114 115.2000 0.0000 I - I
j15 I 8.1500 2.9698 I - I
j16 111.7500 7.4954 I - 1
117 113.7500 1.2806 I - I
118 11'7 -'77'7 2.1386 1 - I.,.). ().,j ...)..,j

119 114.4667 3.7542 1 14.3 4.6 I
120 116.3750 1.3000 I 14.5 2.0 1
121 117.2000 6.5230 1 15.8 2.8 I
122 \17.8100 5.8160 I 17.0 2.4 1
123 119.0400 4.8974 I 17.2 1.9 I
124 119.8500 4.1348 1 17.8 2.1 1
125 119.4769 3.7560 1 19.9 2.3 1
126 120.0000 5.1910 1 20.3 3.0 1
127 121.4636 5.3764 I 21. 5 2.3 I
128 124.9875 3.5074 1 23.1 3.1 1
129 122.4636 4.9706 I 23.5 3.2 I
130 125.5667 6.0086 1 24.4 4.0 I
131 126.2368 5.9064 1 25.4 3.8 I
132 126.1917 5.3690 1 26.7 3.0 1
133 127.5864 4.4662 1 28.1 3.0 1
134 127.5579 5.0356 1 28.4 4.6 1
135 129.4833 5.4816 1 30.0 3.2 1
136 128.8100 4.5430 1 29.9 4.9 1
137 129.3385 5.3458 1 31.8 2.3 1
138 130.7714 4.9876 1 32.4 3.4 I
139 129.6889 4.5194 I 31.3 7.0 1
/40 130.4500 2.1214 1 33.3 1.8 I
141 132.3000 0.0000 I - I
142 129.5000 4.1762 1 - 1
143 131.0000 0.0000 I - I
144 129.6000 0.0000 I - 1

TABLE 7
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Section C:

1. Bipar-ietal Diameter-

Bipar-ietal diameter- (bpd) was plotted against

menstr-ual age using a non-linear- r-egr-ession for-mula,

bpd cp = a+(bxlmp)+(cxlmp3), wher-e cp is goodness of

fit, or- R:2. Imp - menstr-ual age in weeks.

The computer- gave a,b&c values as follows:-

a = -2.41610

b .40515 and

c .00008

289 cases wer-e subjected to mathematical modeling.

Goodness of fit R:2 = 80.3811..

Asymptotic 951. confidence inter-val cur-ves for- lower-

and upper- limits wer-e dr-awn based on the following

computer- r-ange:

LOWER UPPER

A -3.4400 -1. 3925
B .3517 .4586
C - .0001 - .0001

See the asymptotic cur-ve.



2. Head Circumference, hc

The foetal head circumference was plotted against

menstrual age using a non-linear regression formula,

hccp3 = a+(bxlmp)+(cxlmp3).

cp3 = head circumference goodness of fit or R2.

a = -8.206445888

b = 1.459264240

c = - .000283233

Asymptotic 951. confidence interval.

LOWER UPPER

-11.3984 -5.0145

1.2942 1.62434

- .0003 -0.0002

There are 272 cases after removing worst 14 outliers.

Goodness of fit is 84.9991..

See graph.
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3. Abdominal Circumference, ac

Formula - compute accp2 = a+(bxlmp)+(cxlmp3)

Cases available = 281.

cp2 is goodness of fit R2 - abdominal circumference;

L.M.P. - menstrual age in weeks.

The computer gave the values of a,b,c on statistical

package as follows:-

a = -8.30601

b 1.27789

'c = .00019

Asymptotic 95% confidence interval.

Lower Upper

A -12.3525 -4.2595

B 1.0671 1.4887
'.

C - 0.0003 - .0001

R2 79.578% - abdominal circumference goodness of fit.

Please see asymptotic curve.

4. Femoral Length, fl

All 284 cases are used. No outliers removed. Subjected

to non-linear regression analysis using the formula given

as: flcp2 = a+(bxlmp)+(cxlmp3) where Cp2 is the value R2

- Goodness of fit.

Asymptotic 95% confidence interval.

Parameter Estimate Lower Upper

A -2.6401 -3.5495 -1.7308

I B .3285 .2812 .3759

C - .0001 - .0001 - .00004 I
49



R squa~ed = 1 - Residual ss/co~~ected ss
of fit.
See asymptotic cu~ve

81.3661. - Good

5. Estimating fetal weight in Kg using a fo~mula of bpd, fl
and ac as given by Rumach M. Ca~ol et al. (21) and same
using only two pa~amete~s i.e. femo~al length and
abdominal ci~cumfe~ence a~e given.
- see g~aphs.

HEAD, ABDOMEN AND FEMUR

Fo~mula 1:

Log10(EFW)=1.4787-0.003343 AcxFL+0.001837 BPD=+
0.0458 AC+0.158 FL.

ABDOMEN AND FEMUR

FORMULA 2:

Log1o(EFW)=1.1134+0.05845AC-0.000604ACZ-
O.007365BPD2+0.00595BPDxAC+0.1694BPD.

50



a 'L -

14 16 1B 20 22 24 26 ~~830 32 34 36 38 40 42 44

1~~

10

8

6
a
o
I=!

•.-1

I

Ii
I,,' ,

4 ·if:, :'f
I:: ~' •
If ~

21;

A
P-<

I'Q

FIGURE 19(a)

'i, I
i II, I",' :,:It i !, : 1'1 ""

I' ,I i' " , I
, ' "I" [: "'1 .,'" .', I:' I I ,! I n 1IIIn

!,,':I ' ' :ii I "I : ' ,I ' !I I': I
I ,I ' ' "I \1 , I' ~'I' I" "
" , ' ..,' ' ,, ': ' ," I ", 'I' 11 I, ' '" ' ' 'I "ii" L, ; , , " ,I ' ' ," """, " ,I,'J'!' Ii' I" ," " ,. "," " Iii,'
" : Ii,' I, i I I I, I' I I' II" , "-: • I" "jl 1'1 "li'I" '
It','I;' L "I!, I ,!I' :!,: ,! •• 'I':: '; i : I·: ; ~ I. " ; I + ld ,I,ll': 1:, III', ' ' ' ' , ' I •. II I I I I' " , '

.,' !' ,: " , " ,,,,,,, .' '" 1'1 ',.' "
'~,I,':Ii;': I;: ~,i ; 'III>' p" " I!' :I, "u ,I ,'II '1::

1

,1;,,'. ".,,'' ' ,, .."" " H "." , "il:,1 :t' ~ :iJ! F~ivl:!'+! ihI! I~j\'I'l:;',jdrriil,:'!"
!: : ~'~ 11,;' ~!r,~';1 I' ": I' u ',: '" : " ,,~ i'; ~I 'I" i" " I' ,(,,!: Jill, ,i'l' :llj~
" """, I. " • .' , " ,. ' '",' ~'; f ,I I' , ' ",' '. ,. ,'.' .", ' , • , ' , I," I ": I' ,I,, , ".' i" '" " ,., . '.. " ., .~ I : I' 1 1 1111 Il

n

- II I H I

• .• "', ,I '. "I, ," , " " I ,', , ':

~
;:t~'I ,~: ,'I ,0 I Ir': ,,' " ,.""." I , ii' I': I' illi 'Ill: ,II:' III' :,1

••• ,.' ",,' ' ' • r • I 'I I "II' III' I II 'Ir :,,' .."" .• ' I' ' ' • . "I' ,,:' ,I i I II,' ,:: 11'1: I'i
• ' . '1,' ' ,,' , " ' , ,,'" ,.,' .,' l l ..
• Of' ~I' IJ I I': 1111 'I I' ~ , '. ,. : ,I' , : .• , ,I 1"'.1 I I I I!:: II,' II'" : 'I' :'• T' " . t ' I ",'" ' ., , , ' ",' ,1',1 " '

,;.J:' " ' : i, I', Iii I, : I : ,', ,: I,:: II :; !~ , Iii I, I" ., ' ,i r: ! I, 'Ii, <I!: 11'11

1

, Iii: IH
• • " ,., , •. ", ," I' , " ,,'I II "I , ' " ," , ,', " , ". ' ,"I

G, , ' ~ I :1; ,I;" 'I~ ~ 1'," I" I',:, I: :, .; :' III I"~ I' :: I I' I ,I,:" , I I :, I, IIIi II" 'I,ll '11'il'l,, , ", "" ,,,,,,." 1 : ,. " ,.", ' " ,,'I' "'I "'I,
, ,Ii' I'll, I'" ,! ! 1" I' I, ;' I" 1'1':' I', 'I i' I' L I I' , I [, ,," I,' 'I ! I I', " .., ' , ," ' , "" " ." . , "a Ilf' ' ,I i, t, :' 1;:I:i ,i,:,' 111,1'" II! I, r; "'" ',: ,. J, I' i' ,I i ,I! ,11'liill:I'I:I' Ii" I,

I ,.", I" ,I' I' ' I, I"'" "I. 'I ' ',I ," ' !, I ,," I'" 'III,; ," 1 r I,' I' : ,I : I, ,I' I' I'.,'. I, ': I, ,,' ,'" ," • 'I l ' (';1 'ill ! ':' I'
"I ,',:. ' ' I I' 'I I" II I '" I,,' "I. "I 'I' I'!"" i 'i I I' I: ~i II I" ,i" i" I, • ",,:1' " , ' , ,i IIr ,I' II,

" !, ,I, , t ,; , I I ' . Ii . ':1 I, 1!I:II
Ji

'" I" I:
Ii" ' : ' " ,I ' I' I' I ' I; ,'!. '! I, " II ,1:1""1

1

1',11'
r , , , : "Ii" : I ., ," : ,.: I' "'II

" ,.,! . . ., ",.,,,' ' , ',i' .11

1

" i i' "
I: ' Ii. I, II, ,: I ,I. ,:',:' :i ,: Ii' I','" , j I:, I'! I, I Illi : I:: ,III 1,: II, " ...! ,,' ". I' I, I, " " " . '. :' I ,,'i "I' "'.,
! III!! I:' ill :"C,I Iii! u !I, II,' I::!:" L !I,,! ,':' ' ';1 I r " 'I' Iti

'
,I;; :'11,.11

11

,I'
~ II I ,I , : Iii" I"~ II ,! I' II, '"I, .,' r": .I ",1

1

1

1

" i ' Iii:' II, ' ,' .. ' I " ' '.' " ' ' '''' I "~.':,', ::•, !:I i'" il: I ': I I' I ' !!I' I~!II" ;: i I'"~ " ' ,I ' , I I" I, II 'I I" """ t E '.i I ,'I" ! I'i ~1,11111 II': I;~ I.' I I '" ' I
- " 'i: " ',', '

j 1.• ..! L.I . I ; <
..•..• 1~'

li,
I
!I
I

i,

Mpn~~1n I~~I ~rto i"", •..•• "" .•.•. 1.,-

B.P.D.
,.-I
tI"\

,+ Predicted



s(.J

16 I:: "" r '; " ' '. 1 -, - "1 r [II ' k :j. ;' '11:, !; , 1;1: I: I I" ':' r :'"'.''',',.r[,'PT. i, "1+ '1..'1:; ~'-~ .. T :I'I!: III: [ [, ,

I
' I' I ' ' 1',1" 'I " i, ' ,. , ",.: I:, II i' 'I 'Ii Ii, ,I, I, "I;, I "I" ",' 1 ' 'I" Ii' tI

Ii;!,: I' :1, 'I 11, I i. ,'1 I ! II I, 'I • j : \11 'I I .'il : II

: 'I il! II: :1,,I, iii,', I': ';', I: ' I I, I: I '''I , i: I :': '; I ;, !' ': ,: I ' j II!: 1'1 I! I" 1"11' "III. ,I I, ' , I ", II II II I, I, II , II I I ' I l I", I'
: :1"1 i'I'i "', Ill' I' i" ;': if:', ,I! 'I r i',.. :1.,/', ii I, ii, ~ i, i . I i Ii ~:' ":' ;11~ II' ':, U "
, 1

1'1 I' "" 'I' "" 1'1 I: I I I 'I ': 11'1' I", ,I I, ' "'~ ,"', ,, I' j: :'1' I,' " ,'Ii I" 'I I' : ': I, ,: ,'; I I"" I ''171 I I 'I "I' :,
I , I I I" I' 'I 1 'I! '11 I ' P II 11 I I I I I , • ,I I;

'I il:1 I::': I',,~ 1'1, II ; i,' I: 1
1
11, 'I"" '1;1 \< 'I': ' I" 11

:
1 fi.ll~~:~t',~fll'l d: Iii ! II!! i 1

111:11
1

: I "I':'" ,'" "" I I'" '1'1 1,1', 'I' [1:711[' I " '"" ':111, I : I. I I II 1'111 ii" 1,1 11'1 I 1'1 .' ,I! 'J I t 'I il !" 1:- I." j ,,; \.:", ~:', I' ., I" '·i,1i.'i 1* I 'II', " , i ,I,,: 'I, r rl' , Iii !~,I
I I, '"II I' ",', 'I' ' I ;wt, 'if I: I't!," 11'1'1, I' 1, III!'!!I! II:IT': I:' : I' I::il 11:'; I Ii': i t. "'1'~~,', :; i' ii', ii;:, il ,I ii' ill: 1,1'lillll:
, "i" I I", II' ! I. P1'tl'- ~ I, I:, I, , ' Ii,' I:!, ': I," 'I'! I , ' ' I , III ::' i I

1 0 I'II,~ . [,; I I 'I Iii" J! 1%: I:: ~" Ii,! t,. ilil:.,,~~+Ill" [~ !I, :1, !''; !!!~!:,I!.' ~ II,!:I t' Ili'li I~ :" 1: J

I
! : ~ II; ~:~!II'! IIJ II;i

, , , " , " "; Io:, "III ,', It 11i".}~ : I' 11 I II It ,I', ,':", !, ,I' I, :, J I 'i', ' ":'~' 1'1111111,'I"'" ,I ", , II I" ':1, ,I,:: li ".~. I " II :1 II I I' 11'1'1' : I I ", I !! ii' 'i I I I", 'i II! :11/
. I , 'I' I :1i li: ,; ;': : .••~ V'I I: I' I: ' it i ' I"" , : : "i:·:, " :1 1.1:' 11'1" ~I'I!I"~!i! :";: ,: I,: i'!'!.:'-l.~ I ! I·:' jl , :' :" ! I!~iII : : 'tU.;J+-I..;...,L·1'/, -11: ",/il [i ,nil
jI I" I f1~r!ti' ! , ! I I 1, II I I I r t!' rr ~I I 1 I I ',I" I I

I ' ; i I I ' I I I '" ,.\.. I ~ i II It l' ", I I II I II 1 I' .. •• --- Ij I , ' I' 1 ll .
i!' . I I , z; I I I I' ,I, I I I 'I 'f I I I, '8 /'.' ",' "..,.!.,. ,·k, If" H: i ,I', . : I 'I, I, t n ,1,,1: .11, Ir ' 'r~i1rf r' " . I!" I, " !I: ' (. " 'I I. . I' H ~" II: Ilrl
' " ! ' •• ifll: ! i I::' Ii" i ! II:' !' Iii:,I ' 'I L"f' rl'~' Ii,; I' I,' I, 11,,1Ii, II:, ',i!,1 "I ': ,I :1 !: Ii! 'II,': :1'11

'I ''- "I I , 'I n.! I 'I' I' 'I, I

I ' ' I lJ-.: ,f'l i j' 11;.1, I' I, I,#:' 'L" ,,~~, i, I'!, II : I:': II . ! I· " '" ' "" I " I ,'I!illl:: II!II, '¥' vr, I "I, I """ I' "" I' " "II ' I 'I, II " I""· ", I I """ II"
, 'I 'I' II' "', " ", I' " , 'II'" 'I: \ /.4. I I / I:' II' ,I' I ~ +f1"lf nl!: !! i h i'!i I i", Ii : i I :11 I '! 1 I 1 I Ii! I III I'6 I' .,'; *' I ; 1 ,: I I: I' 't.J~.'~i' I' :.1'1 I I'L r" ': I: , It I 'I ':-' '. ii', .i,l .. Il ii' I'~ I' '.'...1 .1 ~:'. lie, "t.i' " I 'Jl "l" 'I' I ' , " " I " , ' ", , 'I' " II 'I

, :•..•~ I, I jl 11..,'n,!: 'ji'.: :!;, .J;:! !; i it . 1: ~,:; L II> I; I: I q! i i i ': I \ i: I,; : j; I Ii I!! I

,.t :,' ..L ilf, PII I',: I. I.' !' ill.'. I II. 1.1. ,I I, III !. 'I: :: I, il ' !: .11 I: ! ,! t; r II!I'JIL li'lle . J "r ." I. , I " ,. "I I 'j' I, I', .1.1 ' 'I I II I I,' II ,II
~ , ~ ;1"1 i I' '.:'! i:' J': ,I';j i i ,: ..; -i: .,:., .-.: lilT! a .;.:.,", i, '!: Iii I,

,, .. r, I' ii," " ,. .' ~ j" I' I I' I I, ' , ',,,, •• I I 'I : 1,Ii. ' ~' , I I'" , I, I !--r.- ! I41' " ·· ..1 . 1'1 .' ',' .• . • c,.., , I:' I . I ••• . I, • I' ~ ,! "I. r' H! "l'H,,1
"J4

' ,I' '. ,.! ' 'I I"" " , :,', I,",
+

:--1 , ' ••.. .., i'" I I I 'i· ,,'" ., ' ", I:, ,i": If
I. , , "1"' r- I 'I t- I" ,... ,I I, "i : ',i 11.,,'11 I:

I
;: i.; • ,.r·'!" i ': L 'I' I' Ii.' '; I "I:': :' I I I 'I'i I'll," '!

.' j, I I I· 1 II ~ ; !! '1 I:' : I II' I (I I): ,I, I.' 'I

• I· L· ;' ,., Ii ,; '1- ! , ,; 1 II Ii II

q •. l~ : '" ,,' i pi' illi I: 'I', II ... I, : !, ill" I I" II, II" ILI I I" I I '.r 1/" I"" , "", 111"'1• ". :" , I' 'i i. I I i:' II 1,1' :i' ,i,,'lll,

t'" I , 'I'" I! , I ~I •• I! I'. ,: ' 'i I:, I, ",I,' lot " "
I ; I.ti 11-Pi ,I I, I I ;iq! II.: , ' II ' I' ,I. ' ,I II.' I,

,I: j' I I· . I I ,1 I, ' I '. I' II

•
I : !' Ii.' ,I· I ' !i ,. I"~ I , II I, II' I,·"", ' 0;, " I, I,. 'I':. "j, " 'ii' i" ii, f: I I' , I': I ' 1'1 " '!' I';:!I

! I; I, ·1 ! 'i ' ',I ' .'. I" I 1::'lj I:. I'o I.... .~.j.~.....•.......... -, •• L. .. 1. .,.: , •. _. u, .. I:..... r.. '-._ L _ ~.,.,l.. 1. •. o,Ll., J J~.-L •._L. . ..J., :..l.• [lu.ll.•. (11,,]

14 16 18 20 22 24 26 28 ~3032 34 36 38 40 42 44

12

14" . ,

1 .

c.,...,
.

o
~.
!Xl

Menstrual age in weeks
Figure 19(b)

-1-" Predicted

N
LI')

~!~.. Upper Iirrut

-a-- Lower limit



"1'"
, ' -- i [" r ·i:. -, - .

I I ,,', ,I I;.: i T,'· ;.. r- r rr n" '"I ....
., ' , " ' ' " •• " '. . t! '.' " .., I,' "l •• ." • •.

, ' ,I. :1' !. i I I' " I' 'I' ,I I r~l'I ' :' 'I ,i ! ' I' " " i 'I' I' ' ' i 'I . n~ n• " ',," , • .' " ".Ii'

1'1' ,I I ,1'1 I' ' , II ',I" 'I 'I' ' I' I:~d. I" ,," ' .' .' " L 1,- ''''n
j )' I Iii I' ' " ,. .:' " L ." , e." .''" ,I ., ,'" '. ... . " or. -" ,,'
I I ' /1' 'I'll f 1 I •. ' !.,., il. , .: " ,.,jt.~, r! : " ,I 1;-. I:

I

' I I u, I " " ,r, I' " .J. . 1',: ,II I' II,iI'"I: II' ' I I I I •. ~••... i'J 1', I':'" ' I',
I I, 1'1

1

1'1,1, I' II, II, I I /~rtt, - " ,I I ,,," I' "

I

I ' I'" I J T I II"" ' ,,,' , . " ' ,'-" , " .. ', ' "" u ' •., !. . , •. ".",. . ". 'i" ' .. , " .,'
1'1' II,"'" "I' ,I III,J. t." I,,,. I" ,. I " ,I' I': I'. II I '/:' II,!, I'

I

, ,,'I,; 1
1

,1'11' I I : ),fI!' II /' ' '1 ,.,'!: ,!.," I' ' "II:, "" ,- .,', '" • ,!.,.' , " ,. '.:' ." , .' !.."
I Iii ,I:, II" '[I I • r~' ,,' " ,I ' I':' I II" 1'1'1' ," I 1'1' I I I,! I " I' ;,,' I i ,I 1'1 I: ' I'I' '. """,,,,,, , , ' , , II'", ,', ' , " .. " ., . .

,,' 'I III" 11'11'1)ld, I ~I ' • " " ' I: "It I' I 'I" II II" Ii, , 'I't I I 'III" '111"1', •• • • , '" • , rt !, .. , . : . ,. , : I' " .. , i: I": 1,1' I ' 'I ,i Ii
I I: ': " 1 fir: ,>"1: r rt 1

11
"1;< ;, n, II I' I ,- ~'. ,I' I,.,' ' I '~H7''+" I 11'1111:

1

'1
::: :,; ,I *".'¥4*I'!, 1!111';:I;,ii 11",l:,:;:,;! rll'i'!!J.~~rl~-,;.tl~I'i:!r;rlrf~:'-:IT;~'I~l.'"II',i,·1~I'II:~'lr~. . " '~ , " " . 'I . " " , ." 1, I: ,. " .. II . ," 'I "II"'" 'Ilil
il . !,:i,,1' ,I I hi,'r'." 'i.!r~,ri I: ,: I! I' I II ' :' '::: II, lili: 'I' : i 1,:1 'I: i!::!,i li;i!
, ., " .' ",,' '0"'" , I" ,.' , " ' ,II' •. " 1 ': 111,1'(~;1'!" l~~'f"IIW~lr~;i)'III.'!, !III:,I :~ i i: III Ii l'llt:i;;t:,!!: li::;:;I;1 I:!! il :'1: i,l: 'Ii' i i:lllrliilll::"1

, 'I t, '1' I;' I I: I" "I I"'" I 'I ' , ' ',", .1" ' .r . ,' ' .'_L>T : ri" II, I ' I : I": i! : I' I: II 1- , ,~" I'· ~' -,', II I: I I \1' '/!:! II III Ill: J!i Ii
. 7J' 1'1/1"" I" .' ..-1"' . '1 ,. ," 1'1""'"t, ldj'," .. i ,i, ,I i,J;~ \.. -I' (. -1:

1

" !.~.iIi' II ,( I: ~ I!~~,:~ V "r-wi,.1,.~..Lf l'J' , ~~,i':1' :1,1
_ ,! I m"~' " ,I"" I I, i I II' ,I I, ' ,I, "'I' I • - 11::'1" III

. l.I~ .• ~ I' !i
l

Ii 'I ' Ii': I:' ,II II: I,,: II, /i II I, I. :. 'I, I,' ., " ! ,i I.' 'I' ..", ,'"I"." ,." .'" " , " , ..: ,. ," ' I ., . , ' . .' ,. " ' " '
, i ••• /~ "': "ji" Iii '1,:1 ,u' 1;1 :!I:, I", I;' Ii Ii I Ii i Ii : I:: I: ,'::' II', II 'il : ill 'I 'j I' 1'lii,~rll'r:11
• 'j,: ,'ill : 'It.: : I': Il' I;:' !_ 'I I' " , ' :. . I, ", ., , '. " I ", ','I'. I, ' I: I, II I,. ,:" ',I' n : I ,. I' r., l:'. 'I' I" 'I I ,'i' , I' I I' " : ill ; 1',,/1

1

'

I

, " I'. ' , • ,,' • I. " .•. t, ,,' "'" I I " i': 1'1'" 1'1 '" ,., ,"" " 'I: I" :.' h' , •• ,. ,. ,.1' ,,,I, ,
,, y W, ,I:, ;: ,,' I' : I : !, ! " I I! : 1>1: I ': i, 'i :, II" ::,!'I: 'I 'I I" I' 'f 11 ~!l!i,: .1,1: I, " I . , ' ' ' " . ,,'" ' I" fI, ""II

O

'. I ,.' , , ::. II ' :' ·1' I' i 'jl i '!! 1 ' 'I I: ,!' 'II:!!,!! ,1
1

1.

1

'

, . ,. " . , ', .. " ' ,." ' .' , '",' "I'
_ •.. _... ," ,! I I, , ' I' ':1 ,I:, I' 11,1, 'I' I

.... - ' . " ' .' ,..",.., """14 16 """._"..',:. ' '. '.' .,' , . ,I I I" . " i j"'" h, I.......... c I ' ': I.' , ' Jl! Ii:, III.._ .. ' I ' I" ;," '• __ ~ - ' : "I" I' I I"
•. "."' u' ,! I : !, I:':'~_..•..I.J.. _. . 1: I· II 1_. _.__._.J _' .J. I", II" ,I I,...._ _D.: ..L':' ... hJ

s
~ 30
"n
Q)

u
I=!
Q)

~
Q)

~

B 20
~
"nu
"0

C\l
Q)::r.:

Figure 20(a)

50 ,"

40,

10

~

I
I I

I

I,
j'" ~

8 20 22 24 ~~628 :3032 34 36 38 40 42 44

Menstrual age in weeks

r - - --

C"')
u;

I
-II- Lower limit

.- _. •....... ._-.- -- - - -- -_... , .- _. -- _ .. - ---

-1-- Pred icted

~t-Upper limit



40,:'
'11 W·.·· .. '.';" ,.:.' , nl:. '~.':~." ii. r ,. i.I'~'1;.:'1' '1:' ~ r ~ :" fi ~I'I ~'I~'~~~.'j T T r ".I 'I':1;:' 'IHi i ,I' I' . I' ,·1·, I' I I" " I' ...,' " I' I II I',' 'I'i n . Ii II -. 'i ,;"'I' : I' II II:·, ; .' 1I I: ;', ::' Ii ,I I :1 , : ,I' Ii 'ii" ii' 'I'li, II I' , I ." I' ., I, I' I' . 'I' , ',ii, •• , 'I I·. ,

! .'. j I ~i ) i "1' , : ' I I I I' I' ' I::: I , III! , I ;: I: [ I iI' I': I , ' I'
I,. I' (Il. I, ; I, I I, , I I . I. I! !',';,. i 'I, \' :1. I' , 'II' I; i I . 11'1' " ,I; I I,' 1·1 II,

I . ,'\1 I I. ,', • I I

I· I· I ;. r ";1 I": I· I I' ,1· ~., 1 j . ,. r ~. t I" ,." l' ., I '" I' '1' 'I" '1
I, 'I'. I' ", ,,' I' " " . , I I . "", I' I II , , .•• , '" III " ',I,
. ". : " "I.", I' . I' I !I:' , I 'I • ii' ,>I ~:: . 'I' I'

I !, 1:, i' I i I' II! I, I· ,I,' ,~ I, I .". I.t' i '! ,1.!. I I I

; I I ii, "II I I I I ,: 1 , .: tJ II:I I DI : I ~ I t I L 1.,1: I I'

: '1 ;, . I' '1 I I II II I II II J Hr' 'r-,I--I1"'-- 1 ,I:d· ,I -"1'-
I" I I I; I·! • , I ~( " ~ I • I II i II". : !
, .\ . i " 11 l .: ,I ill 1 I II! 1'1 I

II . . . I .1" ..-;.. :·1 I ~, •• , t w.1f: " ' iii' 1 ',"" ' r 'ITI .ll· "I I I
: ~ I I !I ill!!, 11 I ,.!, r~1 !,1;! ~j ~ I I ; '1 j I 1: II! I,' I lul

; . , . I! I: " I~ , ~. I:· tJ I" ,,TIt , .• '''' I " 'I"" ,'i
'. )- 1',' I' I "" ,I ! I 11I1 I I I, ,ii'

I', ,II'. I,. : ' ."" !a' !i'.~ 'I ""~'. i" I I I IiI,;roi, ! I II', i, I i * , , 1111: 1'.1 ii,'. '1,1, 'i U, ~" , " ~ - Ii, II ' '" ,I, ' • i ; , , I I', "
i :':111':: ,.' .. 11 II I : "~I 1!,: ~. ! .• I • I I I;. ':'1 " , I;' : ,1;1 I' II ,. ,

" .• ' , ,11·- .-". " ". "I " -" 'I' .'
! 11, !.I: - ..1 r i ~11. ;), .lA.)1 I I'" ,. I:: ,,'" " I ,I,,' 1 [ 'II,: ,rl: Ii;, Ii' : I
I :1." 'i; ~ . )~:' ,~ II : Ii·" II "~' 'I I 'I:, ,.j I ' h: 'I ,,'i i, , t' ", I' .', II I I I' I I' I·· , 'I 'I II i' ' , I ,! • ,:1 ~ .-: ' I .11 Ii I !i.'" !, '·1 !I II ~ i~, i. I I "I' II! I I d l I It"'1

u ,',. ",' 'Il II iI.•• I: ,I I' I: 'I I I" Iii II I, ,
I' ~' T " I rt, I~';' ,! I !t, I. ~ i ; ': I ,! 1" 11 I' ,, . ; '-I': 1I,,~i.': [! . .'. ;". 'I'. I., I ~,. : I" !..... "'.J - . t,· I 1111 Ii' I,. I .k·"I· 'j'" . 'I' I I ,,' . , I' I 'I' I '.',' n, "'"

,"'1 'I' it( i,ii'l ,'I" " I' I. I.. ,,,' t' I i· , ., ; , . I :1 Ii';' 'I"i'
,11' "'Ii ~ , .r. 'i I'· I I' I' I" ., I,", I., ' I', II" Ij'! I :

. eit }.fc:; r!; I 1, I I' . 1'; 'I!i! j Ii I Ii I j; , II I t,,!' ,i iii' II ,I:! I i~I I; ,111

1,h!1 Ik
<lJ / I ",. • 'I., I !" ' I ,'. I I , I II II I •

U , "t. 'I" ,II!.: ,I,., ".1' : 'I"i '1'1, "i I :1 ' !: 'I I I ,,' ",,' Ii Ii. I!' 'I ',' II f I ' II i 1'1 ,1:-: Ir:i oi' ~
~ .• I I /' i ! i'I!: '1~" ," 1 i :~ I' •• !;f! II i ! I" /' L, ii,'! !l II 111", I l I Ill: I : , I I ;1 '

Q) 15 ' .•. :;al"" I J' .. , -I "I', 1II,i.'L.-•. '.i.'" ~",. -'I'.'..'!I"" II" . l. I' .11' ",' ~I,.IIJ...... . ,', '." ~ " '.'"'''.. i' <I' r I"! ;1.lp I I .,"Hi .. \..~., • . :,,/'11,:(; I! . , ",!" o" I I· Ii , ! I" I :i!-.it· : i:·, ii.:" I ,.., , i :. ' , ,Ii! I'" 1'1 Ii 'Iii:
Q) VT I , ,I Iii ';:' :II! '1, !,' li;tl, 1'1I II r i : i' ,I":: ';1' !"" ij' ,'. "I "I' 11'1 I 'I Ii

~ l - '. : ,I :H.' ill,:: :!Ii; ill. I ;:::1 :1.1 ;:.1:.1::' Ii Ii 1:, I'll;.;; 1111:. i' '. II :: I: 1.1.1 "'J':)' : . ! :: 1111 ili,! 1:1 i 11,;1111'
~ - r i" I Ill,,' 'I"" , , 'II',··,: II .! '1' ,I, ~i'! II.' Ii ,i: , "I .r 'I' I ;1 1111'1" HI, 'I.t I ' :; 1 I ' l:! !!, , I', ", ~ I I :' r I I I 'iP . , ' 11 II' . I III
I-< 10 .! ! II' '.' 'I 11"" ,I,· .1 .. 11 I .1' I!· ,.1:· f', I " I lit . l' ,- ,,,1'11 II'. , 1111OM , , in: ,I I ... .u; II" , , . , " ' ':. , :., .. [.' " I ,'I ·1, 1'1'u .. >I, , . .' I,'P, ,1\, I' . I":· ':'i, 'I. " , i'. 1'1' 'III

I '.. . . 10 I : .! i I!.. ,'f'! I I\! " I 1'" "1

~,' II 1,Ii t.!' i fl.', ' II·i! ii ! I:. I II ;1 1
1
:1:. l !:, 1, I' Iii I I 'I. I 1,1 i!!: I!i, :;;i ~ti'l' Ili'l

Q) '. I· I '. . ' 'l I' ,I " I. ' ! I :1' . 1:1 ' 'II 'II il::r:: I! . !: ,- I' i: t I r ~,j ; , I , 1 _ II' ,: ' I I I[ i ; i I I j , I t

5 I .I. ; i : 1'1·.··'II'T 'I.•;' I.. ~ '." ".. I: .i. I. "'. '.' HI l' -r .r ".,' ' .. ',' L ' .... ~ -.•..•. 1- I tl'I'11 ~I.,.'IIUIlel~ ;1 I.! :, -', ,: l:: ,'.:: 1 ,t I Ii lilL Li -: P liii 1- I!: I', I 'rl I, II i Ill;' In!!!

. ' ,. 'I: 'I' .: ' 'I' 1,': .' ,I, " ' I 1'1' I I I :'1:' I" . i: I ,j I I' i "1" rill ';,1 1"1:1'111r.' I [ 1 I .; , - ,:. ' 'II~1 ' I." !, il I; ,; II 1'1 ' I 'I 'i i 1· I {: Ii I'I ' , I
Ii' I!i ' " 1 I "I'!! .: ' !, I I, r 1- pi! I 'I i.1 I! • II I,!III

I. '. . ., II, "I i 1'1 I" : ;!':: I:: ,: , I,. ' il'.' lJ. ,,! I:, 'II' "i !,:. 1'1 d Ii,' 11',1'111 'I
I'.' ,. I I'll. I'., .1 'iii: 1 I' 'i ,I ii' Ii'" ., "'Ii I iii' II;' '.iI'

'I' .; , i '1"1':1.' '111,',i>- ,:, I, . II I II I ! I II ,', ; ,,' II I', i ' Ii I 'I ,.; '.' II ,
I I _ .,Ii!], '!. .1, ,! I I'. II I 'I '. I III 1 '., Ia Ic" --, .. c· J "c"J" •• L -L~I JJ __C ".L.L I~_L _.~c. "'L,~_

14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44

35
I:

301
I,
I
I·,

25

~ 20 Ii
C'M

,
I!

Moristr ua! aOA in \A/OOVCO

1-

,
L..... _

• H.C. ~
Lr)

predicted



14 "

s
u

~
'..1

1 'n' I. I' :1 r" II" - " , i ~- '1' ~ , ~"I r P I" Ili~]'
, "" I' , , ,I'"" I' , , 1'1'II" ,, I (I I I I tl !' t, I

[, ',' ' , Ii I, I, I'! I. , i 'I; i '1:: I ::'1:'1 ,I!
I r, 11:1" I,',!' ,: I' ",; Iii I I, ',I , 'I 'Ii' ,I,! '1'1'III

It" I I I I I. ! I !! I', Itj
I' ,I' I ":1": ii Ii !: I. I' ,I II ;1:; II' I ! 'i:"I!.:!'11I ,'I' I'" I II ,I, ,II, I ,

, - " - ,- t I' '", , I ; i ",' t - L~' , ' ,
i, ,;' , 'I' ,I: ,I' "I' , I 't'l' ,I,

I!" 'I ,I i " I! I' ii II' II I:',,' I;' ' , I ,,' I;JJJ", ,4!f~:t'
, , , ' ' I' ", I ' !'", ! ' "" ', '-'''11' :I!: 1 ", ,,' ,: 'I' 'I ' I : " I :' " II' ,," I '! 'J,;.-*t~' ~I I " Iii '11': .II

I, I! ! 1'1 ' , ! ' 'I I II!" I"'~: ! I II I II1"'1" I " ," , ,,, :'"," ',,', I, I" d1", r ' ; : ,'I' ,1,,11,
'If ' I \ 'I 'I 1 I J; " ' II'

I <II' I.' IH', i , "I I- ; , I "Ip 11 'I'd'" +>r 1"~ '~1'1 1- 'I' f I,: 11"11"I' I,' I" I' 'I"" I II ' " . 'il'll 'I " ",1/'1,:':,' 1,1'i' : (,! I I II I :' I] j II ,1-r:-j~ I I illl I I, II ,Ill, id ,'111!1

, " Ii:I 11'1 Ii I:'! :1\1, :!I •. ,i,,' I: d il 'I' III ~'I~"r,t: II', l' I' II' !I,I! I' I; II' !'I <! ;, 1\ I:: ;II! II1I1I' 'i,': I'!I 'I " , I' I I. : ' " r : ' I' , ! " , I! I, 'i' I, , 'I' I' : ' IPI ill I:
I I I" I,' 11,1'lfi 'Ii"! ": ' " ~ 'I I I, 't~'L" [ i':i I 'II '!'. I d 'i' 'I ,'i i I 1:1,!1 1'1' I:: .! ,1 i 1'1111

: I! I II I', jl LI, ' :1 u !- t I ,II II ' : ,I 1 II : I I I ! I I fll'l 11 r81 "- I .11'1'1'1 1\' ~ • I I, IfI" I, - ~-f'lt' ~'~I'r: I, :I,,'d 1"1' l' III: I.. c il- '1' I. ~ II ,!"1,1
, I 'I'd, I! ' I I ~II"':'I Ii 11'1; "i " , ' III" I 'i "~' I 1I'I'I'I,r
I : I I I: i ' ,! : " '" :, I' ' I, I, I I ':I, !I ' I'I il II i~ 'i; I! III ii, ,,", I, !, I I

I" I "I! '".,j:<r II " I[ ,: I ' , d "', I I' 'i " ill 'fl i , ~ "I, ", I I I ,I ! I j " _ I,

, "I, I, " ''i' , , il' [ , " I L I [" I' I I J-:. - -rr , " " II
,i I :, I 1'~4: " I, 'I II' II 'I II :; II I, I!i I",' !J ,I L'l'r;"-l:rriil,11'~ 'I "I .. ,! ; lillll' I111

61 ' " SL't:' l' ' I I"~I.', li'I,,' ' !4 ,,("'~Ir ' I' : r : ,I ',' 1',' ::':'1111,
)! " . WI:" '\ll'-, ,L: I, II, ,- r 'f' ~"'Ii' " I' I "'I ' i ,I -. r '0" 'I:r

' H,', 'k'" I 'I,' 'I" I 'II ," I
I ';1 t I I I I •• -t" r II:. Ii j Ii I , 'II 'I ,jl' II : ; ! I !

I :i' , '." ¥. '" i I Ii' !II , ! " L?'~ 1 ,I ~ I'II!" i' i! I: I' II ' I! II ' II I I :I! 'I; I ! Ii! III: I !'II
I ' , ,,,t , 'Ii t, :. ' I I L ;;p'r' t, :' !f ""II, ,I i I I' Ii' lil" I, r: I',' "I ,III Iii I;
I' 1''''* , II, I'i I,'i I ~ Ii ,"\l" !': ' 'I Ii , II I I''1'1 ,I I' II' 'I' I:, I' I'll'! '" I' :, ,! I' " " i"I\" Iii I"~l< ' I ( ";.1 1" I' 'I" I : I , I', ." ," 'I I I I .I 'I I' .11 . I

, ?1' ' I J 'J: ,", I '" -n.: II I' , 'I ,I: 'I' 'I II'" , , Ii, 'I ,,' i II ';, ii'" II I, , I'" 'm1l ,I' 'I ' I I' , '" I" , , 'I '
r , Il.; :.~ ~I! !. 'illilr~tj! :~'J II I': 'I~:I 'r .: I: '; 'II r ii'" /" II: I;, 11' \i" il'l 'I' i[': 111" "r ./- I( ~, II !, I!II!
~ 1'1 I 'ff' 'II n "I!- " ", I,,, ' I II I ," ,Ii 'I,' I ' I '" I II" '1'1'1 ,I

, " ,,' ~" "1'", I";' ,;""P,"I',' , !I 'I' I i,i 1,1 " I'i I nt' I '" I "'I" 1'1' 'I'"~ I,", I' ~ , I' I " '''I'''!' I" "" I ',' " ',' ru,.-,. - -.:.1'•• ' ' " "'I II '
I I I, 'I ,It II I'ld l' Ii ! I I I, II ' : I L~ 111 r I::' I .l ,J .,. " I I' To" ' ! I I, I

I;'; , ,'" Jf~(f:: , I; ,I, I' II:''!I ':1 l ~III'r' -" r' :tl • ~II'i! Ii" " "Ii,; i: I;' Ii li'I'; 'I" ' Ii:;' I'i II':!, 'I" :1. II: i,
''<'' I' I I ••. ' ,,' I. I ' 1'1 ' , , I' 'I' 'I', "'I 'I "'IItI ,,,,, , , •. •. ••• '" ,,' "" I I I! Ii I; I I' :11 'I 'I 'Ii ,'",2 . + ''" .. - !" • I'~ 1 ,I, I, 1-' I :r H I I II ! I 'I I -r I' I., ,!, ,- I, ~ 'I' ' 'I' I., ~: :1 \' "i I- r " II' '.,"'" ' i I 'I ' ; : I:,': I: I I ! Ii,: I 'I ' ' ,I I, ,I! 'I! ill,l i' Ii! Ii" .' I ""', " ,,' I' I' I" I' I"",-" I !'! I i I I I I' I ' 1 Ii I III Ii " 11'1

it , •. ' ~ ': I' I' I I " II ill I!' 1,( '," , " ',I:" ,: ,I,; i. 'I ~ r' Ilii ' I' II

,It, I' ", , l "II' I ':" "'I' I ' 'ta:""• I I I Ii , ,! 'I ' """ , ,;,' " ! I ' "" 'I' ,
~ I I I 'I I' i I' j " ! 11 '\0' 'I ! ,'I'! 'j' I' I I I Ii' I • i 11 Io .L_ -- ~--. _ .. -- ~ ,-- -. -- - u.r Jw..L.. .. , .J. " ~ d_ L ,_. U. , ~ "_. _~~ __ .~ ~_ t... .L. ~~ :!1J__It.. ~ -'_ ~ __ . " oj. Jl

14 16 18 20 22 24 26 28 30 3

121

10

..c:
+J
eo
~~,...:l
H
;:l
S~~

3 36 38 40 42 44

Menstrual aqe in weeks
Figure 21(a)

FE>rY"l LJr I"",,,ClI th

-1- Predicted

-::t~.Upper limit

-a-- Lower limit

Ul
Ul

I. _ _ _,_ _".._"__, , _



10

6
a
<J

~
'H

.c
4-I-.l

ClJJ
~
Q)

H
Hg
Q)

~ z

Fi2ure 21 (b

.,..r .•......--~··-··~ ·~l·jir' .. ·'·'·· ; ~.j,-. 11 .....~l;-l~:rj-· ....r·[Tj-·l ........•...·l--I-" 'I 'II I' I, !, 'I "", I' ! " ,I,,' I,' , I'" I'
, ",," I ,,' I' I:" I ' "II' I, ,[ "II .!, '\ 1 i '1 I I ,I) I , I' 'I il I, )1 I II I I ,I I ' , ll]

II, ,I!:: l" 111'il:,:, I,' 1': ii Ii !i II: !II i:, !,,: !, i: ;1 : III: i: I'll II ! 1,::,:1: II~,;:: ill'\
1'1 !, ' 1", I' , " "",' I I Ii I I II I' I' I'" "I, I' I I" " 'I" I III 'I' I'
I! : :'Ii,; J ' Iii:! ili ,i:; ,i :I!:: 1'1

1

1:: 'I :: I; I: I::: Ii i III ,1 pili 'I"!: I,i !, ~i',1
1

:
1 :1: ; '1::\' ,il':

I II I' I 'I ! I', lit' I 1 I I tl,1 I 1'1 t: i: III
I I ' 'I", " I. ,I ,'" ",' I, I I I,

, 'I' I" I" 'Ii 'I II ' II " I, II, I" 1"1' "I" I" II, II :1" I'" ",I ~ ,1,11. "., , '1' "II', II II I I ,1" 'i I '1 I "i'l I I)' !
I I) 'I ,I ! J I II II I I. I I ' IrJl1! I 1'1 ',1 i" ! ,I

I, " [' ii, i ' 'I' " ,,' , ,,! ,II! I:: ,." I ''', III" I ~ '" 1'1 :1 I L ' , I I I i Ii iI , I I I II, ,: t, I r '1' I I PI I I

I 'Ii" 'I' I",: ": ""I Ii ,,~!, I·'j I ,I" i [Jill" +t' 'I' iif" 'I- :':
" ' ' I' ',' I e," 1,1i'll,,' , ' I 'I I I m ~I t.J;- ,

" I, 'I I' I I II, ': II,. : II !, I 11.11: 1. l-~ I 'I li"
[, I I' I', I I I If' ;l' I IJ ' 51'1 I lrT 11 I I· ' ,I III

I
I;' I 1::;:1: i ; i : !i I' I! ~ i "I! !; :$1,: ,I"P~-tt~f!d I 1,1' d I:,
,'Ii ! :: I 'i' I I ,! II ,; i I ::': I "I!ItI' ~ ; ~I: Ii''" 11,1" I, i !: I : : ,[I : ,It!'

'if' I 1111:~ iii II" I!' [I '~" ~u I' J ',I. t li~'~~~I'~i~ ..•,11: ," 111· rr: 'f ':"1 '!'- !I" ,I 'I ' il\1, I ' I '" , •• , ,e ,I, . ',: 'I ~" Ir tI" ~ 1'1 11,1 I' I I I I " [! I I U I II~' , I I I J "I I I' I t I
I , !I~ Ii, Ii: ,!:, li:, II 11"j I', ,'I I" ' joJ ,II.', I, I, I":! 'III " ,!, I

I f,l!'i '! 1\11' ! I , II JI ' ;. Ii 'I' 1 (I j,l'l J II I, j I· i ! I' I

! I: I': 'I,': :1,1, ,ulll, i,f:tf II ,nl,~r'I "i;, ,1!;)lil'll[1' 1111:: Ii:; Ili:III'! ::' I,i ;1 f ~ I ,III '1
11,1II

,. li'~' 'II' I~' ,]' I' ~ I;' 'I.li I O'Ii" \'1 I' Ir' : I I':' II I' , , : 1
r" I 'j , :1 ~,11P i I ~ 1'1 I I I ' :' ,'; , " ,d ,: I' " ", '

, 'I I 'I i :l}ll ',1'1" I 'I' I~ :1 , III I, 'I 1,1 I' !II II i, I' I \' 'I',I 'i I 'I' ,I 1111, I 111,1I Ira! , " Il- I' ,~' I, I I I . . I I' II' , I I ,

I I 1-1 I II l' • ' :11
I 1·11 '( I ' I: Ii j 1 ': I" " I; I ;11 [, Jill, "1:1 I' : i :'1

I . 'OJ "~ "', ,II'! I" r" I, I! I, I' I II'" II-I" Ir U I ,,, I'· I"' " ,I· 'I· , 1" 111,1•• 1 .' t 1;11I Iii 'I I,!' I II, '1 11 I II I 'I I I I I 11 I J' I

I D p," :.• ;,,' " ' ': I' I II I' I I" 'Ii, ,; I, ! ,:' u.: , ,1':1" 'I ! I II, • ",-,,, 'I'· 'Iii! ,", I: 1 : , I' I: ,! 0' I! , 1,1 ,', ' I !' i:: il! i' 'I ' ' "I 'll
' I , ,'f ," , I, 'I"" !, , ',I " I il'.' I I I: " ',I'I Ii" 'I' , : 'I' I I"I~ " "f I ' 'j'" Ii' III'I!, I' ,,!I' 'II,,', "I II I 'I' I, " IiiI "I: ,I ..: I'i I ' : ,I I' I' I I: I : 1'1 Ii[
I' II ./ I' ',I, I 'I I" I" I I I' I :'1,'1'," 'I I' I '" ,'I I 'i I' II"'I· - -, I. III I!' 1'1,' :! 11'1 I I I I II 'I II I L Id h II 'I I' I.' dol ; I I 11' I I II I i I II!
. I"" I 1 ' ' I I ,,' , q I I I ' I , I , " • I, I

!i . ,: j/~·1,' : :" I11I1 :1, i II 'i" 'I: II', i!' 'I' ! I: I i I~:1 I" ii, !;, ii, II :: !, I: I : I ,,:1 I ,'I, 11' :11 ji ill 'I
: .. ?It:. ! "i I'i 'II!: '!',' I i II '," II I!! ' :i: i: 'I t' ,,' I" ! " 'I, i' I ; " :j! II Ili \
i."" : ~ 'I II " 'I ,I ;1 I II 1 I:' !, I ,I:" ,': I: ! I' I I',"!,;'r. " , ,. " ,t, ' r- ' I I' '. - - If r' I r' M -I'" I,',
, i' " I , , 'I i ;: ,i :,' Ii" "I:'" II I"" 'I ':," !' , ',:, II I , II I, I" " , , Ii'I

I. ~ , II : ,I , !. ' ; I: I ,j t 'I ,'! :tl
I 1 I I I ; I II l 1 ' ' " ~)' .r I , 1 1 I

. : :':: 1,1. i ! 'I: I :' I, i. : ;,! ,I, ."; ,I"J"I
I' , 1 " j'I' I':, ': i I' !, I I ", I !," ii' I'." II' I I. I. I [:: I
i i h ,11 1 ,. I i I ! I' ~! 'I I ,.! , I. ::! - . I· ,-I I) i( I

, I I! I, • 'I I I. I
" I Ii .'I)I! IIi :' I Ii '.1.: ,I i

~ " .: 'I' " . '1 " Ii' I 1;,;:1, ".. I . " i i. I; .., I ';1 I I : :.'; 'I,. I ' 'I l I.· I;' ,. , ,. ,o I ,. • .., -, ... ..l - - - -- J ,. i 1. " , .. ," l "-'."".L ,1._ " ~ ,',_L,• .., j ~._ -'. 1_.1 L..,

14 16 18 20 22 24 26 28 (~O32 34 36 38 40 42 44

! I
! :'! i

j! L n 1
I.
"

,

81;",,
,

" ,

, ,
,
I

I,
!I

Menstrual age in weeks

· Femur length

- t· Predicted
1 ._ . . _

<oen



"

40r T-,

e
u

- -, " T' '11'T 11" .. r-' II '" r " r n -r-r : -"-', ". '---''1'' Ti n: lIe'l'" 1" 11'I '1"" I , I , ", ' III. I' " 'I" '1' , '111" I" :, ' I
I
: 'I" ti' ! ' I: ,: I I I,ll ' ~ 'I I ,:' i 'I HI' II''',,; !I ii,'I .' I' " ,., ' , ' " , II' I' .',I 'i'" '.' 'If I I ". I ' ,:1'" ". 1.'1' Iii '1i..'.11'.,··'l-I u I, j t I 1!1 J' ' ." j ~ "I, ~; d II, l; , 'Ii "i' I, I' ,: I ' :. i' , I' ' !' II, I I IIi! Ii! III!I' Iii I;

, 1 oi ! t, .! L'i !, I ,I' ,I ::: f ), I :,_:;. : f' i i ; _iil; ;!; :1(1 "II It

'! i.' : '! ·r. I !" Ii 'I, i!: i' 'i' I ! II 'I ,11'1!1!III:!I'II:!I!, .', I ,. ,I· , " . ,I I 11111,11 ,'I, II
i::,,! I I I li!,.:i !< 1 I . i,* I, .'1 : I.' I' I'; j I If

1" " it " I':. • j • I I I I : ,I.
'I' 'ii',,' I I. I, ,II I!' '. I It I .r ~ 10, I I'': 'II 111,'I,'
'I" I I" •• '. , ,: dill ' '~~ ",r"·'r""'
" .. I "I'. '! ". I. 'I ,. , ~" I I I '. 1- ' ", " ..' I " ' I .. I " ' • I ',- ,', I II' II
! . ::. !. I. " I: " !: L jr'~' II : .' I ..,-'l~'I"J "t, :~l ~ [~!I' : ~,I!: I,' 'i!'I' I," 'I' Ii /'1 II I' , II :11 I" 'I iii . I " I , ',!" II" III,,'" ;, ".,' ..,I'S, (,1, ,I Ii I:i' uu
,'; !. .' I i! I I ' II ' I II II' ;,.' t, , " , II , I " ''''':,:"lli,!:

';! " I'; I II, i 1 _ I !ill ~. 1,1 I Ja I ,. I I, I

,I, 'I':!I Ii". '. ' II'"" II I. : : I•• I 'i.i: II ,'. ,.1'1' I' I:. I' I 11/' ! It P. ilL, I:: ,!I
' ,I I'll,. Ii - i·' t T I ,', t'!" ,I: 'II;, , I I' :' 1,1 1111:j n

, i ·1 ~.l:'Ili.i ill I 1.1ii I '11,., '.:.Ii~, I:.::111. I~,.~III:.~~n'=rl· , i :,:" ~ I' '., 'I~ I j 'I":! :.1'1:'. ,I.I!;; II,. i ::1. :1.11
i" "I' 1:"1 . (. ': ·'1' , \' "II I .,,'."~'" '! ' I I; t , I'", ., ,: I' !"'I" "~I ,I ','~I "I "., !. I I: '.", 11.1'./

I i" II 'I ! i I jl·, :' I !R' ! ! I l.1 :!'", I I: I;, 1:1, !'it I

, . iI 1 ••: 1,'1' ':...i·j-" r,,~Itl ! !'~ " n : ~ ';4 I ,! I! f: Iii '!!Ii '.':! I J ii,. I" I '. .." ••... • ',' 'I'" ", I, I' I, I " , ", it, "II I. j' I ,~~.I'! _ .. i M ,:" I.!, ll'l i' ,:;' I 'I IiI ii' III Pi
Iii. ': "i' ,'Il 1fT: ~ 'I '.: I ill I. I~" 'I . . S" :, :i i !.II·': ,!" I' 1':II,.' II" II,'

I I' ~ , , I I I,"· III ,. I, 1"1" I· '1 I ' , , t , "1'
" I I 1 'I, I- "~r '1'0 ,:11; !, : ' I 11"" 'I" h· II.' II. '. . I j " I' 'Ii ~I' ,'I·t 'I'
, 'U I, ;-". . "I" , I : . I I ilt 'I" " "
I : It I I ~ q II, Ii '1\ :'\. "II : I. I L ,i \ I, I'i I: I I ' , j: , I il I, !

I !J':C' I ~ I ,II I, II '''II I: Ii·: ... : :I: 1'1I!, ~:!, " : i I.,' !, III" Ii' :'
I I r ft 'I :. I I'll 'l- : I, :\ t l' I!, Ii, J" I:' !!:l! I', t I, I' i q ii I

~;I 'II ,.!, II ,I "'. '11,t I, II I: ,I! . il il ii, I ;-:1: I ri ! i I:! i 1/' II' Ii' II:
4 I I! I!!: &;'1 ; l!: .,~ : I' :1 I q ~ ',:, L ':: :: i I II ;1' i ,!, j : I III'~.: , I: .. \c~~ I I ' : III: ":1 !;!: I I' ,Ii I", 1,:, I II' I' Ii Ii I,I!.,' I I ".1 IJI'I I:' I, I'

I,: ; '~. ",11 : !:' :hl!:,il::: , i" 11" , I I' I ': :i I".: :! iL,i il::: I I ;1 ,I. ! li!III'1 ,I 'I!"!
!: ! I" ~ >", - , ,~,!I:' I,,,, I i I. i' i I: ; I: I !, i,1 ii i, I, Ii 111'1', i"', i I;! , i i!;:j II i !, Ii
:,' . >1~." I 'I,·'.I! 11::i:.I'.it ; I pi:: II I' II' II 1

1
;.1:; Ii I"~11'.:1;.i'.I:'I 'I :1: 01' ,II: I'llillilli! II!IIIIIII l" I' 'I '. I' , II' I, ' , 'I " I ..1'1 ' ,I "I I' ,

I , C'(' :.! i.::1 Ii i 1'1'1 I it! I', ., 'i,' i' i I;" ill r 'I i . ,I: I ' ,',:I II' ,I i'+ 'I ' : - I "I' 1'-'.1 l : ' '" '~'g Ii :", I' " ~ , II ~ i '. '1 ; i ,;1 , . "III: I:' I] :11

'-::' ,Il ~. i'l, ;'.' '.!: i , I: :.1.1 III Ii Ii ,I i; ,., j'," :1. I: jl II 1'·llll,·1 I ',;.: I I: ,I!:: 'II JI,III
I I I i,;'" 'j .. '.' I I" II I' j::' Ii i' II I ;lli ' I I j', II I. 'I I I

, 1'.. :1' 1.'1'1. ! , I 'i' I: II Ii III I " I, I::, II. '1'1'1; I I' '''I 11'11'lti·l" 11,11I', " ",. I I" I' I ; . I I ,', . I ' ,I II I", III I
tI. . .', .I ~, .1: , :I' , " , I: I I I! ; I' ;I :I I : I I : , 'I' I' ',',

I ;;.,' "'r ! t I I 'II I I ' ·i "I I' II I II.' 'i 1',;,,' I I· I I. I' I ,,'. , :' I I ""II ., ".,j 1111:1,. ii','I'.. , , .' II ' " ,I I I ' . II 'I ' ·1 I I I I' h. I II'I I 1'1.,1 . . I'i I I Ii I I I, 11 II II' 1 ,I, ' 'I, :' I

'I I ,.Ii!; 1:.',,1. 'I '1,111 II II :" I II I" ,:, it, i Ii "i' '1Iill:l .I 'I II 'Ii I: l: iil I 'III" III:1111111'. '11'1'.:. Ii:,' 'I ' , , I " ,'" II j, 1'1 I I'" I ' 'II" I' 'I'Il i I ,I I' 'Ii" II r , I I I II ,11 'I ': ,I I' 1,1 i ,i, j I 1 I ' II' Il ' III. ," i' 'II': :1 ,I 'I' " Ii'" I ':' i" ': ' I 'I 'I II ': I" lI·iI:
I I' i I' r : 'I I .: L I ! I !1 I' Ill! I \ II I, ' I I j ii, [I I, I I, .j"II ! , 'I' I 1,,11,; I ·,'1'1 III II' I:' !I"" I',' I. I' ili'l I I I I· 1,;'1,1,1" ,1,,1,
, , i : :i'l i.'" I,:! I. I ii' :[ , I :; "I I Ii, I .! i, Ii II' , 'I I, !'I ii ! 'i! II!:L u., '-" "" ~ ,. L 'J.'dJ··'. 1.'"' ,.~Hl,il~c~~Lb !lLL ,--111. ,li J II.

3°1:
I:~

'M I

<1.1
()

o
<1.1

H 2 I'
<1.1 C) t: '. I

"'" "
~
o
H....•
U

..-1
t.'C
~

"M
I'l

] 10
«

o
14 1Ei 18 20 22 24 26 28 30 32 34 36 38 40 42 44

Menstrual age in weeks
l, FIGURE 2.2 (a)

r-
If')

A.C.

-+- Predicted
IL_, . _



Abdominal Circumference in cm

---L.
(J)
~
a>
ro
0

~
ro
1\)

CD ro:Jen ~
f"+ ro....••
C ())
W ro
P> CO
to WCD 0
::l W

~
ro

CD W
CD ~-,... Wen CJ)

co
CD
~
~
"'-'
~
ro

""-..-
~

01o (J)
o

• . I,

, I'

r C ""0
0 -0 --.
S ~ CD-- ..., Q.
CD CD- ....•• -\J~
::J ::J CD

f"""I
-J .J ~
~ f"+

58



4 ,-' r

3

,! ,lI'

21,',',"1 I'. I I;: ft.J
'! ",',

'"5h
'-";3
J:<..

1~ I,
'"0
.-<
'-"

00
0.....:1

o
14

::

'il,, i ,
!;: Ii
, 1,,1 ',Ill

j, II

111 !: i

"

I I I! I I

I I'
:1, j: :' I I ,

i"I: ! i
;...~..:....l...!.. ••.•..•

16

T':"T r"ITT"r"OT"" ,...,...,

;: ~

" I, '

!, '

I!•
I

18

III
e;:J

20

",' ..
Ii ~1, i1

r
i: 0'" r I" ~" r I' TT l' - , 'j: 'Ii' ~ "'I"~'" I'~'fl' ;~:i-n' ~i~r f. r III[ i ir i: :r T -II';'In; [' 1: :

Ii' , I , :: , , ' I', II " i. ' , I: ',', 'I /' ",' II, " : ':' I : [, I ," ,
, , I: l. I! 11"11"I: I!,' i,': Ii: 'I ': iI :'1' I; I ',: i: II' ii'~ I, i' !I Ii' Ii,' Ii: I :" !~ II I!I ' I:' I' I

I." I, I "I, '1'1 I " 1:, I I I I I" "'I"" 1'1 I :'" I", 'I "1' 1'1 I' "" , I ,," I' , " I I I I 'I I' I " I"I " I I ill' II" ,I ,'I :" "," I' 'I' I" ' ",I , !. I, 'I"! ! t 'I 1 II ! I t tJI I ! I I II i I,l II • I

I I': ,: ',[ ;' 'i I" :j:'I!: i I,: I' II " I !,F : I :1'" ,: r. II~'!: i I'll II Ii ; Ii 1\ II ~~ 1!liU: \Ii ;

'I' , , I I':; I, I' r I , I'I! Ii '~ : ~ I' ,II:: II' :'1 ;,1:'1 I \iiI', I'~: 11\11 I! I I I~ I,l", :! 'I:~~
,t I· II·, J' I I (I 'II I "!J I I I

I ~ I! '~II :1111 III',: II~, ~~1\1 ~ Ill: ,Iii: :~I ,II ,II :1, !Ii i,l' I'!I;I I:: Ih i! ;'I!':1,'1,-'1" 1:11111;ill II! i: II" i !I Ii"!: ;! I I::
• 'G I • I. I ~.II" I I: I~ " I I'" I' II, I !", I' " , ' ,I l " 'i' ,I '.1" 'li',OOII :' I" "I I r' II' ,IU II! II' ': 'i H: I II:' I II 'I!' I;" ,i' ~,: 1: i ,i I ' , : ,n II It' :"1 1., ' I I I, I., '" 'I.,,: I' I' ',I" II' 'I" 'I' ',I:, I I'

f j' . ! (gIll l!, II I I: I ' ,1 I. j i, I! I' t I I ! I, ,I I I, i I I
I:!I' I,',J:,I ',1:1$11 ~,ill I' ,'I!, '!p i ,I::,' 1'1 ',ii' ,II ': III ,I' ri": :!: II 1'1

1
,11,\1 II ': II !il'i I! ililli: Ii':

-I', 'im,d"liltl ~I" I : I I'" I ,,;:,' ii' I :":, I" 'I': II" 'pi:1 ''I'' I ,; Ii [I I" :' ,1,1111 II' I !

:: !:, I II; Ii ~I:: I, 1,llli; 1",/ I: ; :11
':'" ;;, ,i i ;I' ii II :i"!: ,ill I[ :: I;: Ii!' Iliu ii' II~j :1: I!' 11,\ !r II,: illlll!l,'!' !

! 1[:: Ilq I' ii": I, I ,,:' ,I ,I.,",!, I,!, I' II, I, 'Id 1"1'" I I II I':! ,I: ,i' " I
'J i: i' I, [, 'Hi!!: ! II': I: :; ill' i ,;; ii' i;: Ii l-II': II! Ii" [I: I' ,:: II: li;!i' '! :: ' 'I 'II I' II' Ii:! 1:: I~i

,I q' t ',. 1: I I I :i r : I I' 1. 'I I Ii! I I ,I I I I II I II ,I I I ~ 1I

, , :j Ii!',i' Ii I I ' II', I I!,! i i'I'lli' III" II" II I, i' Ill'! II' II Ii 1 I Ii !J I, il! III! ' /: I
! I' : ; I ' u ,,' I t I I II " I I: I : I l' I'I " ill,! " I,.I' ,

I:, ',:, 'l'lh I" ," r. 1 I, I' I I. ~ J ,,:, 1'-1" I 'Ii- " 1: I' 1111' II II ,[, r" r' ,III II,!!I " I 'I, I'" ' 'I" I'" I Ii, "I I I I I I' 1'1' " ',II I ~I I :) I ~ I !~: I I , 1, i ,I )1, ; d \ I JII I II I I I I,: 'I I I! I' ' ,
" I 1 I: ,:1 j 1':1 !! I ' I 1 I II I P '1'1 1 1'1 I II ! II '

"I, I' ~! , 'i [II! I,: Iii': 'Ii: : : il i :1 '; II,:, i; ;'1: ': ;:i lit, Ii: i!' Ii il II' II" III:)' Ii:: I;!
, i. I ,;.': I" ili I I II I ,i "! Ii I' !i, :,! ,: ill II' III,' I: " ,I ill' Iii j,il ir" i"!
I I, ' II; , ': f I ,I :: oil I' !! 1. 11 I' i I III !I Ii II, I,: I' , ,! ' II' ',' j' I111 ' ,: Ii' , ! I I' 'I' :,'

, ,,' ,," I " , ' , 'I II ,Ii I'
, " !'" I 'i ' !I'I'I',' 'II II Iii'" 'I

I" I' ' '. I I' I' II' I',
'" I I'" '1"1 ' , , 'I ' ,

I, ' ,,,t. I' , I, ':" 1'1ii,' I i, 1;:,';, , II 11,1"'1"". ! I , ,1'1 i'!' (, ' Ii ,,( ::'",

I II" I' , , I, """.. ,I '11,11"',11' I'" I _'1,1:' , 11 ' l ;' ,f '1 , ·1· 'I:

Ii i I: I-I I" rl'" , I' I, ,;,' l; d I!' .:qi, oj!.' I !

. "!: - "I: I ' ~'~ " :: ' li'i' I '; ~, ::,:: ii :: r iii) 'I , :
, ,"I I II' ", I', 'i ! " I '
i, . I: I ' , ; " 11,: i ~ ! I! \ ,i 1 ,I I ' I ! J : 11 1 1 I ' 1 I ' I

. I! .,: ~It: ': I' ' .' I 1 II ' ! I : I I
I': I " I' j' I:",' I,,' '" i' " I, II, : I' , ;: ,', [, I "I
Ii; Ii ; I I" I' : I!i t II I' t I' t. 11 l' ( I' i
",! ii ~! II I I I', ( : I ' ,II !';! t I I ': II i' 1 1 ( I

, I t: I, I I I'" I I I'" Ii I " f," 'III' I,": 'I d ,I ,II I" 1'1' h" ',,;: 'I ,,' I,', ' I" II " ", II I' 1:11'" I. \ " "II; ,! :,' II Ii! I i jl 'I;' 'J. I. ,I', ': I I' I'!:" I ,I II d I ,P ,I, I I I' :1
:',':,';, I' !I II , '" I., I, ,:I !,' I ' , " I, ,II "" I, Ii' ,II':I II', , ,'II II I~ I I' II ' ,I 'III. i '
01,1', .r , I 'I' \'. II .', I 'I "I I I ! I' I I' , t II Ii ""1, i'l III. ,I "I': :i I' lil:!l 1:;I, ,[Ii: il: I I .I" .' II"'" : :' I: , l! 11'11 I , I ,I I: ," ,11,1

j lit,; I I 11 " ,i , ' !I':" ;:: :': 'i: _,d r ' ~!,i I , 'L, I ! I I f I I 1 ,I ~ I I ,'! '\1 III I,, , I,' , : ,I I, " I 'I, Ii 1"\,, I., ',"',' Iii ,I I ,I, I' II, ,:", II tI'l' I ,,1111 1,1/ I 1111' 11,,11,1
: I": 'i': : d :' i!; 'i ! ;q'!ii; ,1:, ':; I : ,f! ~l' I I 1 1 I !.! 11:1 If l 1 ,II I!' I! I !il! ; I: I' II' 1;1 i !II : i

-- - .. L_ ,c,. L, _ Lu; -'-...l.J,., .1:" U".L"L ",,1 IW._, :L E ..L ""l.ILL -'_., fiL ,.2', IL, L lli. 1I!.Jlli.._,L W..1

(j\
L1"'I

, I

I
"I III

• : I -1
• ' III

1,1
••

II
I

~

:1 .

":!'

I,: I
I.

I I,
I ,i'IlL. -.: L.~...L.

22 2,624 na 30 32 34 36 38 40 42 44
Meristn J::ll ~rtO



I,
i I'

!:

I: '
Ii ,i Ii!! :, I Ii:
I.': I 'o L.~-.-.,~".L.

14

,..-.,.
So

'--"
~ 1r:r..
~

,..-.,.
0
..-<
'--'eo
0
~

41f"

3

2

~. T !i- -- -t

I" i; Ii

I,' I' i::
I I'

I , i'
Ii I
I' ,

. "j I; ;L -i ~. .'I' !"1.
r'" I

1'" \
!

, '1' ;-~. "f
' ., ... ,

,. I !':,
'F'

i:,: Ii
':·iI,;,!

P'd!i 'I'

!,
l' I'

,
t.

'j

I, i

.J;
:

16

FIGURE 23(b)

18

i' r - T ~

!' II I! : I I: ~Idl i 11;~r' I;' r ....
I
I ' ' , d 'I" I' , , If ,~ II~'--:, . II ,I', ,!,: ' ' I I 1'" ;I' TI" rr; .

I. " ' 'I' I' ,: 'I'" I' ill, I : I I ' d 'I,I T"I~;," -;-.I" ., .,' ' ' ' • ' ," ' rr-, "I " I' I "I ,I II, Ii ",I II ,I" ,I r , I' IT"11' ~." I"" " ' ,I,' I, " ,'" ,"' •
:1 , , ,I I, 'I ,,' ,,' . ' , : " : i ,', ',,.' ' '''" II '",' n',"'-".
:' ,: 'I :i 'I I II" 'i" I II I Ii, 'I li"1 I ' I ' I I II!, ,I I II'i I II ,i" 'II II i ,I II, II,

, ' ,I' I' 1,1' j' II: I" ' 'I 'I' I I I ,,:I ','I I I' ', I I' ! ' ,! , ; I,:II' I I: .' !' ':, ' Ii: ', !~ 'I' ,! II' I! ; I I ;1 , ! II' I Ii' ii' I I: ' :' ', ,:,' " .. ' , ,,', ". '_ ' I ,I' " ' , .,' ,,' ,,'1,,:1 I, ,: I : I
, ~ 1'1 •.. 1 ' "q:'1 'I I, "']I"~") l..~~~~.~!~ " f;i;, ~' " . ii, Loll, ;;. l;; u. I I'I' I' I I IIII; I' I," . " ' " , " . ~d, ". " , .' ...' " ,,' I ' I

','i .,'_' "I _+ ~ . . ' '. '". "e, ; .• ,~ ;" '1"", '. . ",",1, .' ,,'

" . . ~i ~,:~"\,:' ' I I' ! I" I~' 11,;: Ir,' '1'1'11 :II! I I, I!'" 11'1 IlhJ ::l'li' ,;.[ : I;' I' 'I' i,' II" 'I ~i ,i: I'
I, _' I, i b : :': I I' ':1 I I,' II,' I' , : I'll, I I' I 'I'~'r

l

I 'I : " ,, i:'I' . I ,: Ii" ,' ! ' ' I" ~, I I:' I'' , !I II:i III II, '; I!III'!. I" I' ,I<I I, III ,i : ;, "I:
, "", "., ,., I' "'1"" I" I:i I ' ,"I " ': •I, . ,; " : I' 'I" II I:, I ;1' 11 II III L l'
" ' ' , ' • ' , I ,: I ." 'I I' , • 'I I" I ' . . ,.' I " " " ,,,, i' 'I II II ,I, : ,
, !' '. ",', d " ,I,,.,' ! II' ,'I "

II,. Ii; I' :'I!. .! ~II, 1:. t; I: Ii i! 'I " .i :i ,: I' : !I Ii. i! i I, I " I II I "I "I"" I' ' ,,, ""
, I'" i' ! ,I I' " i;' " I' I". .' , " I" I: i, ' ,."", ' ." ." ' . "I" ",I' ' , i. I "" II I.'

"~I, ": . , "i 'i"" I" • I ' " '!., 'I'

I

II,!! L fl I I.' '.i ' 1i ·i I': Ii I: [, ,:; II" ,:., !, i:' ;i '1 :I 'I' ' I, il,:'!: II" "" ,I, :! 'i:It . I 1":' 11' " n : " j: I !: ,I' j ,i I.!' i, ' , ' .' . ",:" ',' '
I

, " i I ,I ': 'I '" ,I I:, I," I' I, 'I "" I ': :r 1 I;
, . ' I'" 'I' I' ' "I "," , ., 'I I i" """,

: I, I • I "I ,,,,.,' .'" 'I " '" 'i' "
I' il' I',!' ., I , '", "i " ,:: ,,' .i I, "I," , " ' , " : I, I' II
II iT

I

,; 'i i l,d
l

1"1
1
, !I 1

11

'1
1

1;'1 I : .I. Ii ::' ,J ~!I'll j: :1, I: ;, ,i :::11, Iii I I' ill ;i II' !!
I I, ,'I ,", ,,' , : ii, .1 " I· .1 I, ,,',' • ,I' ,,1.

1
:1, , , : ,.!, "

1

'- I; . , 1',1 .i il 'i :i I i,., I" I'.: li,,!i I Ii II II,,, r: I! ! :! :i,;l Iii .i' II !:,~' i! !I:I Iii I : :: Ii Ii Ii II
., .' .' u.u.: •• ' ,. ' ' ' ",' ' ,,'" " ,"i,q I II ii' 'ii'!," h",II,;:',". i t I, 1'1 I ii", :'1 'I : ,I I, I :1 II: Ii' ,i I.: ,j I" I! I', II: '11,··, ,,!: .' II' III ;',::.1 . '

I

,I,' ,: 'I 1'.' ' r I' II ,,' 'I I" ,,' , ' I' I "I'II II I:' ,; j' n I:j I:! .ll'! ': I j" II' i' . I" I'.'~ , ': 1:1, I I" .1" lj! hi': I ! ! lit!: I, ,," "", ' ,'1 • • ," ., " • ,., "'I' : ,; I I I ! ;'1'
I '1:'" ,;. I,' t.: I" ',' "I. ,.. ,., .' , , 'I ",,':!,". I· "" :' ; ii I" I, 'I' I ' ' !I ,"Ii I' ".

: I : i'l! I, ii .'l.. :Ii ii'l i,I'" li~ill" ,II I:,;, Ii! 'II I 1',1, I' "I! i'll II' 'n:, ,II" II :1, I: i ~ li:I!:.:~1 ii, ::':..111. I:: l II : .Il!;' iii' :.1
: ,I, r: I'I! I'll II'" ': " '1::

1
:"'" I I :1,' ,:1 I," I " I !i':' 11"1' i! 1 II': I,;:',

!I ;/ •• I',' ,: ii" ..' 1.", I: : II!!: I Iii !,!, Ii '!, II I'll, ~I I !:I: 11::1' :!, I, ,I :1', I!.·,I'.I I','I .1.. !i :1' i"III.: 1

1

1...• : i
u •• , I: I' """," ,", I ,,'1 I'" ,,..' • ",I ",' , .,'

, •. !! Ii i:' li111i
d

1.'[ :1

1

,: j;, ;1: Iii II.: I!!,:J '! h'I' , ii' Ii il r: ii::, li.:,!!.f II;" ,i!; .,J I!II"'II':IIII'·I! il' I: III: II! ':lli' lii::i,1
" .. ",' I I "I ' " , ,I' "I' I " ,I ,,f I' I' I' ,I , I: 'I q, II" I' I'" ,,'"
,I.l.. L" JI' L. I', Ii : ::i I': Ii:: : ::: 1111' ]. ,':' d '11'1 .' ';: .1; .1' Ii..~ "', ".'.1 :: .;. II.' .Ii!' 1':"'.' 'i i '.': III',: ." 111'.:, .1'... . 'i" • ' .", I'" . 1.1 . '1 II I'" , ' , ' ' . " .'

__ 0.. u , idL.iL 1. lL.. JI J. ii, III ,'I'I : ' r i! :1 I' J : :1 1:'1 :1: Ii ii'" :: i: " :i il 'I ! I, I ,III'. _..•. " 'I ' :1, i!' .t • . Ii' . , " ' I" .i': II ' ,I' I "i "• ~~. __ JL.:L .L j' " I: [! ,! : ' !i : :1' i I I' ' II ,j I".' '1::' Ii .1,,-,,~J....11.. !L. L ' ji i"I' Ii ,I I' . H U 1:\ II' :
.•. ~ I.e. D. II I .' ii Wit I:; i I_... _.1...LlL. J:; 10:

"j --,

;i !

"I:"
ill

I Ii.
J' 'I

1 ':.,
:i,f,
q' I

i'I,
il
I'" ,;:" J II

I:;, Ii: f: 1

I" Ii,,"! I1· ,. " I I

, : I !
I'
I

,I, II
j;' I"' I, '
, "

I '

20

I:,
o
<o

"

I:Ii
II i

I: '

2 26 28 3024 32 34 36 38 40 42 4

Menstrual aoe



PLATE 1.

KNH.
BIPARIETAL DIAMETER

KEMRI
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PLATE 2.

KNH.

KEMRI

HEAD CIRCUMFERENCE
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PLATE 3.

KNH.
ABDOMINAL CIRCUMFERENCE

KEMRI
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DISCUSSION
Results of the study shown above have been divided

into three sections. First are those meant for socio-

demographic data and second obstetric measurements divided

into means and regression analysis.

Discussion of socio-demographic data is mainly

descriptive. The histogram on fig. 1 page 22 gives

distribution of patients per age group. Many of the

mothers were primigravida. A total of 81.31. of all women

were aged 30 or below. There was no clear relationship

between maternal age and parity. This seems to have

depended on what age someone entered into reproductive

family life. For instance a mother aged 26 years had 6

children while one aged 31 had only two.

Marital status showed that the majority are married,

i.e. over three hundred while single mothers were about

fifty. About half of teenage pregnancies were single.

Divorcees. separated and widows were three. It is possible

those who did not give their marital status could have

added to this number (Histogram Fig.2, page 23).

Histogram Fig.3, page 24 shows distribution according

to menstrual age. At presentation for obstetric

ultrasonography, many women were in late second and third

trimesters. This, however, did not affect menstrual age

histograms as in each week of gestation, 12-42 weeks there

were at least a patient.



Some women gave menstrual dates that could not be

relied upon. For instance one said she was 29 weeks.

Measurements on the same patient showed that femoral

length, abdominal circumference, head circumference and

biparietal diameter were equivalent to 22 weeks. These

cases about 14 in all are excluded in statistical analysis,

hence outliers.

Monthly income was compounded by flaws. Some of these

were:-

1. Relu~tance by subjects to tell the truth about their

income.

2. Uncertainty about the spouse's lncome.

3. Irregular cash flow.

Classification into low, middle and high socio-income

groups is superfluous with current inflationary trend and

dependence (Fig. 4, page 25).

There was a general relationship between parity and

age (Figure 5, Page 26). It was noted most mothers had an

average of three deliveries between age 25 and 35.

may be explained by economic trend in this country,

knowledge attitude and practice of family planning and age

This

at initial conception.

Fetal loss defines high risk groups. Given my sample

bias for normal, not many had more than one ~bortion

(Figure 6, page 27).

Placental Position: Only four subjects had placenta

praevia.



Of these two we~e incidental finding at ~outine

ult~asonog~aphy. No~mal placental position with the

highest f~equency is an ante~io~ position (Figu~e 7, page

28) .

Section B

A. The~e were a total of 296 women whose menst~ual age

was known. The few outlie~s we~e ~emoved in

statistical analysis.

The extent of analysis to be discussed will be as

follows:-

1. Bipa~ietal Diamete~

(a) Among the patients in the study.

means

- reg~ession analysis.

(b) In compa~ison with that of Osefo, Rogo and Yagel

eta 1 (1986).

(c) Ccin t ri but i on by Ku rt z A.B. (14) is noted.

(d) Limitations.

2. Head Ci~cumfe~ence

(a) Valid obstet~ic population.

Means

Reg~ession analysis

(b) Compa~ison with F~ank P. Hadlock, AJR 138:649,

1982).(15)



(c) Head circumference to abdominal circumference

ratio.

(d) Limitations.

3. Abdominal Circumference

(a) Valid obstetric cases.

Means

Regression analysis

(b) Comparison with that of Dhadialla (1986)(9) and

/ Hadlock F .P. et al. (19 )

(c) Abdominal circumference for fetal weight

estimation.

(d) Limitations.

4. Femoral Length

(a) Valid obstetric cases.

Means

Regression analysis

(b) Comparison with Qureshi, 1989 (10), and Yagel et

a 1 (1986) (33). Contributions by Jeanty P.J.,

Ultrasound Med.3:75, 1984 is mentioned.

Gestation adjusted growth rate, gestation age range in

weeks versus variability (weeks) at 95% confidence limit.

gestation age at delivery birth weight estimation were not

done; neither is calculation of multiple fetal age

assessment parameters versus single parameters.



B. Biparietal Diameter

Assumption made in this and the following subsection

is that sonographers followed correctly the methodology

out lined. Instances of difficult measurements of foetal

biparietal diameter occurred with the foetal head deep in

the pelvis of the mother, occipito posterior, breech and

near term gestation. With patience and palpation usually

the foetus moved. This permitted axial sonography putting

biparietal eminences, basal ganglia and thalamus in the

same plan-e parallel to base of skull. Occasionally a large

foetal head had to be measured adequately by means of a

sector transducer. This was rare and far in between.

In the table of means shown there is uniform increase

in b.p.d measurements second trimester which become non-

uniform in the third. This is explained by differential

foetal growth that is a normal phenomenon in pregnancy.

The table of means of this study compared to Osefo. Rogo,

Yagel et al (1986) show good correlation (7,12,33).

Within 951. confidence limit, two standard deviation,

my predicted means significantly from those of Kurtz.

Biparietal diameter at term often exceed 9.2cm - with 9.6cm

at upper limit (not demonstrated).

The results of biparietal diameter were subjected to

linear cubic, (R2) regression analysis. A gr:-aphshowing

biparietal diameter versus menstrual age was drawn. Range

of values within two standard deviation are shown. An

asymptotic curve was obtained. Goodness of fit of 80.3811.

compares with advanced centres (e.g. Hadlock et al)(4).
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Limitations:

These were:-

(i) failure to get equal number of patients in each

gestation age bracket.

(i v)

possibility of inter-observer error.

Non-standardization for the head shape using

cephalic index.

Fetal variation in head size depending on

maternal size, health, gestational age and fetal

/development.

(v) Small numbers at each of very early second and

(ii)

(iii )

late third trimesters.

C. Head Circumference

Valid number of subjects tested is 272. Given this

measurement takes into consideration head shape and

occipito frontal diameter, it is more reliable in case a

fetus was either dolichocephalic or brachycephalic.

(Campbell S. et aI, Hadlock et aI, Sabbagha and Callen

Peter) (3,4,8,38).

The formula given in methodology for linear cubic

regression was used. This gave a higher correlation

compared to linear quadratic.

The goodness of fit was found to be 84% as' cqmpared to 78%

in linear quadratic. An asymptotic 95% confidence interval

curve created for mean head circumference versus menstrual

age is similar to that of Hadlock F.P. et al .• Yagen et al.

Relationship between head circumference and abdominal

circumference is useful in studying asymmetric growth
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retardation. Ratio of head circumference divided by

abdominal circumference versus gestation age showed a

reduction from 1.15 at 15-16 weeks gestation to 0.90 at 41-

42 weeks. This generally indicates head to abdomen foetal

symmetry.

Limitations:

(i) Being not one of the commonly assessed parameters

at Kenyatta National Hospital, there was a

tendency to forget to take head circumference at

. the inception weeks of the study.

Tracer technique tended to extrapolate areas of(i i )

(i i i )

the head which would not fit on cathode ray

oscilloscope ultrasonography screen.

Means were in a few cases impossible as only a

patient appeared on a certain age bracket.

Table of head to abdominal circumference is

excluded to reduce large number of tabulations.

(i 'v )

D. Abdominal Circumference (A.C.)

Fetal age assessment by abdominal circumference is

estimated from 14 weeks to 44 weeks.

studied.

281 cases were

There is greater variations of AC measurements· with wider

standard deviations for menstrual age compared to femoral

length and biparietal diameter. The rate of increase in

abdominal circumference in the last 4 weeks of third

trimester is more rapid than head circumference

measurements.

Mean abdominal circumference for menstrual age in this
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study compares well with that of Dhadialla In Aga Khan

1986. The table of foetal parameters versus menstrual age

from 19 to 40 weeks shows lower measurements in this study.

It is a result of fewer measurements at each completed

week.

Linear cubic regression analysis of this study gave

goodness of fit of 79.5781.. The scatter diagram drawn was

similar to that of Hadlock F.P. et al(19).

Limitations.

1. An obvious under estimation of AC after 35 weeks lS

noted. This might be explained by lnter observer

errors.

2. Level of abdominal girth measured depended on the

observer visualisation of portal vein and stomach.

Weight estimation of foetuses at different menstrual

ages were taken. Two formulae were used

(Rumack C.M. et al. 1991 (21), Chapter 34- pp 728-731)

i.e 1 + 2 given below ..

Key to abbreviations used:-

EFW Estimated Foetal Weight in gm.

BPD Biparietal Diameter in cm.

AC Abdominal Circumference in cm.

FL Femur Length in cm.

=ormula 1

_Og10 (EFW) = 1.4787 - 0.003343 AC x FL + 0.001837 BPD~ +

).0458 AC + 0.158 FL.

=ormula 2

_Og10 (EFW) = 1.1134 + 0.05845 AC - 0.000604 AC2 - 0.007365

3PD~ T 0.00595 BPD x AC + 0.1694 BPD.



The estimated foetal weight using the formula given for

menstrual age gave a graph similar to relevant studies done

elsewhere. No attempt is made to compare with birth weights

since records of the women who delivered in Kenyatta Hospital

was a small percentage of the total studied.

Limitation: All mothers admitted to Labour Ward were issued

unit file numbers.

antenatal

clinic numbers, it was not possible in absence of this to

Since this study records were based on

procure many/dates of delivery.

Femur Length

Measurements were consistent. Rate of increase of

femoral length was uniform till approximately 35 weeks of

menstrual age. 284 cases were studied. Regression line with

95% confidence limits drawn for menstrual age was almost

linear. In linear cubic regression analysis the goodness of

fit was found to be 81.366%.

quadratic which was 75%.

Similar studies have been done.

This was higher than linear

Locally Qureshi Z.P. In

1989 found that the femur length was not a better predictor of

menstrual age compared to biparietal diameter. O'brien D.G.

et al 1981, Ye Ming-Neng et al 1982, Poll V. et al.(16,20,34)

all show high correlation on linear quadratic and cubic

equations.

Results shown by Dr. Quresh give similarity to means in

this study.



From this study at Kenyatta National Hospital, it would

appear femoral length was very consistent. It gives a uniform

menstrual age estimation even in late third trimester.

Limitations:

1. The lower limb being mobile compared to the rest of the

body it required patience on the part of the investigator

to measure correctly. Due to limited study duration per

patient all femur lengths measured were sometimes not

portrayed in their longest plane.



CONCLUSIONS
The population under study was drawn among those who

normally visit antenatal clinic at Kenyatta National Hospital.

This is not entirely representative of the city where over 901.

of pregnant women are delivered, among other institutions at

Nairobi Hospital, Aga Khan, Pumwani Maternity, Jamaa Maternity

and Nursing Home. In a nut-shell the very normal population

deliver in private, high cost institutions or free City

Council maternity health centres such as Langata, Eastleigh,

Kariobangi, ~estlands and Jericho.

Marriage in this country, in essence, is simplified by

common agreement among partners to make spouses. Hence the

majority were married. Low parity among this study population

reflects their youthful age. No conclusion is to be drawn

from foetal loss because in normal pregnancy which is well

managed no foetal loss is anticipated. Placental position

compares with other centres (Kukard et al 1973 (22).

The study of multiple fetal age assessment parameters

shows that:

(1) Biparietal diameter is the most frequently studied and

gives high accuracy from 16-28 weeks of gestation.

(2) Femoral length sonography gives a linear graph and high

positive correlation even in third trimester of

pregnancy.

(3) Head circumference is more useful than biparietal

diameter in estimating gestation age in third trimester.

(4) Head circumference/fetal abdominal circumference ratios

describe fetal symmetry.



(5) Besides abdominal circumference being a reliable

indicator, it with BPD or FL or single can give estimated

foetal weights.

earlier.

Some of the formulae used were shown

(6) Linear cubic regression analysis is a better study

compared with linear quadratic e.g which gave a maximum

correlation of 751. for biparietal diameter.

(7) Phillips Orion and Aloka, SSD 650 ultrasonography

machines with linear transducers 4MHz, 3.5 MHz

respect~vely are of high quality and reliability.

7L



RECOMMENDATIONS
Multi-departmental collaborative study between department

of Obstetrics and Gynaecology, Medical Statistics and

Sonologistics to be undertaken in the near future.

Need for a separate ultrasound machine for ample time to

carry out relevant research projects.

Representation in good numbers of normal pregnant women

at each gestation weeks from 12-40 weeks.

Stricter control on inclusion/exclusion criteria;

achievable by accurate history taking, physical

examination and ancillary laboratory tests.

Study to be done in two to three years so that those who

deliver can have their wel~hts related to individual and

multiple growth parameters.

Records to include antenatal clinic numbers so that one

can retrieve records when patients deliver. The

situation today, where patients who deliver get a totally

new unit number negates follow up of the records. Hence

birth weights and dates of delivery were not availed in

this study.

Funds be set aside to pay for study patients, at least in

part as many came and could not pay.
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APPENDIX I

DATA COLLECTION SHEET
Date ......•..•...........•..•....................•

Case No.: •.....•.•.••.••.•..•...•..•...........•..

Name .....•................•.•.... Reg. No .

Address: Clinic No •....•........ Parity .

Wa rd .........•.........

o the r .

Ag e .

Marital status: 1 Married
3 Separated

2 Single
or Divorced

Income per month o - 1000
1001 - 2000
2001 - 3000
3001 - 4000
4001 - 10000

EGA by L.M.P.L.M.P.

Special reasons for ultrasound
Dates by this ........•.....

History Living .
No. of fetuses Fluid ................•.....
Feta I posi tion .
Placenta location .
MEASUREMENTS

Range
Weeks
Weeks
Weeks
Weeks

Percentile
Percentile
Percentile
Percentile

B.P.D.
H.C.
F.L.
A.C.

EGA by L.M.P ..•.......•.•...•..••......•.....•.•...•.......•

EGA by p r: ior U/S .......•........................•....•......

EGA by measurements ................................•..•.....

INVEST IGATOR .

RESIDENT DOCTOR .

SUPERV ISOR .......................•..........................
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