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Olabisi Onabanjo University Teaching rameters. distance of apex beat from the mid-

Hospital, Sagamu, Nigeria. Subjects and MethodShis cross- line and weight (r = 0.850, g
sectional survey was carried out in0.001); height (r = 0.867, p<
Sagamu, Nigeria. Apparently 0.001); chest circumference (r =
healthy children were randomly 0.833, p< 0.001); BSA (r = 0.862,
selected for the study. Apex beatp < 0.001) but not with Body Mass
location in the intercostal space wasndex (r = 0.019, p = 0.774).
determined and distance from theConclusion: The location of the
midline was recorded. Weight andapex beat in children was strongly
length/height were also recordedinfluenced by growth as suggested
while Body Mass Index (BMI) and by anthropometric parameters.
Body Surface Area (BSA) were
calculated. Key words: Anthropometry, apex
Results: A total of 237 children beat, children, mid-clavicular line,
aged 12 hours to 10 years were sumipple line

Introduction in terms of specific parameters like the weightighe
and body mass index (BMI). Therefore, as the child
Over the years, many cardiac diseases in childreth grows, these anthropometric parameters also chenge
congenital and acquired, have been described inymanspecific patterns referred to as somatic growthaddi-
populations. In Nigeria and most parts of the depielg tion to this, visceral growth takes place in specdr-
world, congenital heart diseases account for 80-@9% gans of the body which also increase in size asatad
patients attending most paediatric cardiology cbni  body size increases. For example, renal sizes heee
while the acquired variety is responsible for tamain-  demonstrated to have a strong relationship withrant
ing 10-20%" Many of these diseases result in enlarge-pometric parameters in a study of renal sizes among
ment of the heart with consequent displacementef t Nigerian childrer?. Therefore, it may not be out of place
apex beat. Therefore, clinical assessment of tbatitn ~ to expect similar changes in cardiac size with eespo
of the apex beat is helpful in detecting likely diac increasing age. In addition, it would also be iegting
diseases particularly in resource-constrained pdrtse  to relate the location of the apex to growth partanse
world where diagnostic imaging is scarce. Unfortu- irrespective of age. Thus, this study was carriatto
nately, literature on the location of the apex teeabng  determine the relationship between apex beat lotati
healthy children is sparse in the developing wofli. and anthropometric parameters such as weight, fieigh
date, only one study carried out among Jamaicar chi body mass index (BMI), body surface area (BSA) and
dren close to three decades adescribed the location chest circumference among children.
of the apex beat in childhood particularly withpest to
age. Further, it may be interesting to know howltiva-
tion of the apex beat changes with growth pararseter

For clinical and research purposes, growth is nreasu



Methods

This was a cross sectional study carried out oraapp
ently healthy Nigerian children between Decembé®20
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Physical Examinationns and MeasurementsBefore
the commencement of the study, two research astista
who were junior resident doctors in the same demant
with the researcher were trained in the art of the

and April, 2010. The study was conducted in Sagamugxamination according to specified methodology. One

Ogun State; a town located within the Yoruba caltur
region of the southwestern Nigeria. Institutiontlieal
approval was obtained from the Scientific and Ethic
Review Committee of the Olabisi Onabanjo University

research assistant was trained in the art of palysix-
amination and apex beat location and for everyctéh
dren the researcher examined, the research assistan
amined one child to minimize observer error. Theeot

Teaching Hospital, Sagamu and informed consent wasesearch assistant assisted in anthropometric measu

also obtained from the parents and guardians et
children.

Sample size: A previous studyreported the mean apex
beat distances from the midline in different ageugs

of children from birth to ten years. Assuming a giar

of error of 5% of the mean for each age group stira-
ple that would be necessary to study at 5% leveligpf
nificance (95% confidence interval) was calculdteadn

the formula:*N = (6% [ Zu]®) / € whereo is the as-
sumed standard deviationg/2 represents Type -1 Error
while ¢ is the margin of error (5% for each age group).
The total calculated sample size was 237 (Table 1).

Table 1: Sample size calculation for each age group using
mean distance of apex beat from the midline

Age Group Mean o Zap € Sample size
Neonates 28 0.4 1.96 0.19 17
<lyr 3.8 04 196 0.14 31
>1yr< 2yrs 4.1 0.7 1.96 0.21 43
>2yrs< 3yrs 4.7 0.3 1.96 0.24 06
>3yrs<dyrs 4.6 04 1.96 0.23 12
>4yrs<8yrs g g 0.8 196 0.25 39
>Eyrs< 6yrs 5.1 0.5 1.96 0.26 14
>Byrs<7yrs 5.2 0.7 196 0.26 28
>Tyrs< 8yrs 5.4 0.6 1.96 0.27 19
>8yrs<9yrs 55 0.5 1.96 0.28 12
>9yrs=<10yrs 5 7 0.6 1.96 0.29 16
Total 237

Sampling method: The neonates and infants were re-
cruited from the maternity unit and Immunizationn@
of the Olabisi Onabanjo University Teaching Hodpita

ments and for every ten children the researchemexa
ined, this assistant also examined one to minimize
server error.

For each subject, the location of the apex beatdeey-
mined according to standard clinical methodsThe
apex beat was determined in the supine positiotien
newborn babies and infants, in erect position iifdoén
aged between one and three years, and in bothardct
supine positions in the othet3he location of the apex
beat was measured from the midline, nipple line tied
mid-clavicular line. The midline was established by
joining the central point in the suprasternal fossshe
xiphisternal angle, and the horizontal distanceths
apex beat and the nipple were measured from the mid
line using an inelastic tape. The extreme media an
lateral ends of the clavicle were identified ane tiorre-
sponding points on the skin marked with ink. Thegt&

of the clavicle represented by these points madtethe
skin was similarly measured. Half of the clavicular
length was taken as corresponding to the mid aldaic
line. Horizontal distance of the mid claviculardinvas
measured from the midline.

In subjects below two years of age, the weight was
measured using the KinLBeelectronic bassinette
weighing scale with accuracy of 0.01kg with the -sub
jects naked while in subjects above two years ef dwe
weight was measured with the Gl8belectronioveigh-

ing scale with accuracy of 0.1kg, with the subjeind-

ing upright and bare footed on the scale and witly o
pants on.

Heights were measured in subjects above two years o

Sagamu. Children aged between one and five yea®s we age using a stadiometer, with the child standirecter
recruited from day care centres and nursery schoolgnd bare footed on the stadiométérin subjects below
while children aged between 6 and 10 years were retwo years of age, the recumbent length was measured

cruited from primary schools in Sagamu, all of whic
were randomly selected.

The inclusion criterion was age from birth to 1Gasse

using an infantometer. Both equipment were caldatat
in centimetres and millimetres.

There are two landmarks which can be used for the

The newborn babies included were term, products oimeasurement of chest circumference. It can be mesdsu

spontaneous vertex delivery, appropriate for gestak

at the level of the nippleand at the level of the xiphis-

age from 12 hours of age without asphyxia or otherternal junctio’. However, because the level of the nip-

forms of critical illness. Physical examinations safb-

ple may vary among individudfs therefore, the chest

jects were done to exclude cardiac pathology andcircumference was measured in this study at thel iefv

chronic illnesses. Subjects with displaced tractoaa;
diac murmurs, cyanosis or features of chronic dabil
ing conditions were excluded. Those who satisftes t
inclusion criteria were recruited consecutivelyilutite
sample size was reached.

the Xiphisternal junction, using an inelastic measy
tape calibrated in centimeters and millimeters.

From the measured values of weight and height, the
body mass index were calculated as folloWs:

BMI = Weight (Kg)/ Height (m)

The body surface area was obtained using the
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Mosteller’s formula:**BSA = [Weight (Kg) x Height  Fig 1: Graphical relationship of chest circumference aisd d
(cm)] / V3600. The values of BMI and BSA were re- tance of apex beat from the midline

corded to the nearest three decimal places.

The data were analysed with SPSS version 15.0 sof 7
ware using the Students t test, linear regressiatyais
and the Pearson Correlation (r). P values less @6
were accepted as significant.

Results

A total of 237 children with ages ranging from 1duhs
to 10 years were studied. These consisted of 131
(55.3%) males and 106 (44.7%) females (M: F = 8).0.
The mean distance of the apex beat from the miditine . . . . . . .
each age group is depicted in Table 2. BOHE BB st Circumterence omy

Mean Distance of apex from midline (cm)

Table 2: The mean distance of apex beat from the midline in  Fig 2: Graphical relationship of weight and mean distasfce

the supine and erect positions apex beat from the midline
Supine Erect ol
Age(months) N  Mean (SD) Mean (SD) '
Neonates 17 2.3(0.6) NC £
<1lyr 31 2.7(0.4) NC 2"
>1yr -<2yrs 43 NC 3.4(0.6) 2
>2yrs -< 3yrs 06 NC 4.8(1.1) E 5o
>3yrs -<4yrs 12 5.0(1.3) 5.0 (1.3) 5
>4yrs -<5yrs 39 4.9(11) 4.9(1.1) &
>5yrs -<6yrs 14 55(0.7) 55(0.8) 5]
>6yrs -<7yrs 28  6.0(0.6) 6.0(0.6) ol
>7yrs-< 8yrs 19 6.3(0.6) 6.3 (0.7) =
>8yrs -<9yrs 12 6.7(0.5) 6.7(0.5)
>9yrs< 10yrs 16 6.4(0.9) 6.4 (0.8) 27

T T T T T T T
<5 5.0-9.99 10-14.99 15.0-19.99 20.0-24.99 25.0-29.99 30.0-34.99
Weight (Kg)

NC: Not computed

Apex Beat location and height
Relationship between apex beat location and anthro-
pometric parameters Figure 3 relates the mean distance of apex frontimeid
Apex Beat location and Chest Circumference to the height. The mean distance of apex beat fiwm
midline increased with increasing height. Strongl an
Figure 1 shows a gradual increase in mean distahce significant correlation was found only in age grduwg
apex beat from the midline with increasing chest tween 7 and 8 years. However, for all ages together
circumference. height was strongly correlated with distance ofalpeat
With respect to correlation, significant correlatioc-  from the midline. (r = 0.867, p = 0.000)
curred only in the 4 to 5 years age group (r = B,37=
0.0020) and between 7 and 8 years (r = 0.577, p =Fig 3: Graphical relationship of height and distance @&hap
0.010). However, overall correlation from birth 10
years showed strong and significant correlationvbet
Chest Circumference and distance of apex beat fhem
midline (r = 0.833, p = 0.000).

beat from the midline

°
o
1

Apex beat location and Weight

o
°
1

Figure 2 shows progressive increase in the mean dis
tance of apex from midline with increasing body gtei
Further analysis showed no significant associaben
tween body weight and apex beat location in anthef
individual age groups. However, overall correlation
from neonatal period to 10 years showed significan
relationship between body weight and distance efxap
beat from the midline (r = 0.746, p = 0.000).

Mean Distance of apex from midline (cm)
=
5
1

©
°
1

T T T T T
45.0 - 64.9 65.0-84.9 85.0 -104.9 105.0 - 124.9 125.0 - 144.9
Height (cm)



Apex Beat location and Body Mass Index (BMI)

Figure 4 shows the relationship between mean distan
of apex from midline and body mass index. There wa
no linear relationship between body mass index an
mean distance of apex beat.

In terms of correlation, significant p value wasurid
only in age group between 2 and 3 years (r = 0.p78,
0.001). However, for all ages together, the coti@ta
between body mass index and distance of apex be
from the midline was weak. (r = 0.019, p = 0.774).

Fig 4: Graphical relationship of body mass index and mean
apex beat from the midline
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Overall correlation and regression analysis of dis-
tance of apex beat from the midline, anthropometric

Sparameters and landmarks on the chest wall
c](midclavicular line and nipple line)

Table 3 shows the overall correlation and regressio
analysis of distance of apex beat from the midline,
anthropometric parameters and landmarks on thet ches
V{/all (midclavicular line and nipple line). All thenthro-
pometric parameters, midclavicular line and nipipte
were strongly and significantly correlated with afpeat
except body mass index. The strongest correlatias w
observed with the height. From these observatioals,
ues of the weight, height, body surface area, ctiest
cumference, distance of midclavicular line from limel
and distance of nipple line from midline can all used

to predict the distance of apex beat from the mélin
children, using the linear regression equation gead
with respect to each variable as shown in TablSice
BMI shows weak correlation and insignificant p \elit
may not be a reliable factor for predicting apeathdis-
tance from the midline.

Using linear regression equations, predicted distaof
the apex beat from the midline can be obtained from
values of regression analysis of anthropometriaupar
ters shown on Table 4.

T T T
12.0-13.9 140-159 16.0-179
Body Mass Index (Kg/m2)

T
10.0-11.9 >/=18

Apex Beat location and body surface area (BSA)

Figure 5 shows the relationship between mean distan
of apex from midline and Body Surface Area. A pro-
gressive increase in the mean distance of apeXtosat
the midline with increasing Body Surface Area was
noted. On further analysis, significant correlatieas
observed only in age group between 7 and 8 years
(r=0.743, p = 0.041). However, for all ages theet
there was strong and significant correlation betwee
Body surface area and mean distance of apex tweat fr
the midline (r = 0.862, p = 0.000).

Fig 5: Graphical relationship of body surface area andrmea
distance of apex beat from the midline

> o o
o ° °
1 1 1

Mean Distance of apex from midline (cm)
w
5
1

T T T T
0.4-0.59 0.6-0.79 0.8-0.99 1.0-1.99

Body Surface Area

T T
0.1-0.19 0.2-0.39

Table 3: Overall correlation and regression analysis of dis-
tance of apex beat from the midline, anthropometaiame-
ters and landmarks on the chest wall ( midclaviclite and
nipple line)

Parameters Pear- Anova P- Con- Factor
son (F) values stantk b
0]
Weight (kg) 0.850 614.20 0.000* 1.689 0.219
0
Height (cm) 0.867 709.57 0.000* -0.854 0.058
5
BMI (kg/m2) 0.019 0.083 0.774 4.295 0.023
BSA 0.862 681.13 0.000* 0.816 6.495
6
CC(cm) 0.833 534.27 0.000* -4.018 0.177
1
Distance of
MCL 0.790 389.28 0.000* -1.263 1.135
From Midline 1
(cm)
Distance Of
NL From 0.803 427.51 0.000* -2.526 1.297
Midline (cm) 6

BMI: Body Mass Index; BSA: Body Surface Area; CCGie5t
Circumference;
MCL: Mid-clavicular line; NL: Nipple line

Transition of apex beat location from 4" left inter-
costal space to 8 left intercostal space in relation to
anthropometric parameters

Fifty two subjects had their apex beat locateditheg
the 4" or 5" left intercostal space irrespective of age.
Their mean anthropometric parameters were calalilate
to determine the mean parameters at which transitio
the apex beat from thd"4eft intercostal space to th&'5
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left intercostal space occurred. Table 5 showsttban  anthropometric parameters also had strong overaiée
values of anthropometric parameters at which ttiamsi  lation with mean distance of apex beat from thelimgd
of apex beat from%left intercostal space td"geft in- This was not so surprising as the size of the hiadtte
tercostal space occurred. thoracic cage is expected to increase with incnegsi

weight, height, body surface area and chest ciretmf
Using the mean values and standard deviations fronence. As the heart physiologically enlarges in ttine
table 5 above, the apex beat was more likely inSthe racic cage proportionately with body size duringvaih,
intercostal space in this study when the weight was the apex of the heart is expected to be carriethdur
14.1 + 1.7kg or height 100.6 + 5.1cm or BSA 0.63 + away from the midline, thereby resulting in inciegs
0.05nf or chest circumference 50.9 + 2.1cm. Below apex beat distance from the midline. Using linegres-
these values, it was more likely in th& ihtercostal  sion equations, values of these anthropometricrpara
space. ters could be used to predict the distance of dymat
from the midline.

Table 4: Linear regression equations relating the location o

the apex beat to anthropometric parameters. Findings of direct correlation between distancettof
Parameters Linear Regression Equation to apex beat and the chest circumference in the 7yea8
determine the location of apex beat age-group in this study was similar to earlier iimy$
from the midline among Jamaican children aged 7 to 9 years. However
Weight 0.2 x weight(kg) + 1.7 in the Jamaican study, no significant correlatioasw
Height 0.1 x Height(cm) - 0.9 found in the younger age groups whereas, in thidyst

significant correlation was found in the 4 to 5 iyage-

Body Surface Area 6.5 x BSA() + 0.8 group?The reason for this difference is unclear but this

Chest circumference 0.2 x CC (cm) — 4.0 may be due to the differences in the sample simties.
Mid-clavicular line 1.1 x MCL(cm) — 1.3
Nipple line 1.3xNL(cm)-2.5 A relatively stronger correlation was found in trea-

tionship between nipple line and distance of apeatb

from the midline compared to that of the midclalécu
line. It was not clear while the nipple line coateld
with apex beat stronger than the midclavicular line
this study. This could be due to possible gendfferd
Parameters N Minimum  Maximum Mean SD ences in clavicular lengths and the spacing ohtpples

Table 5: Transition of apex beat froni"4eft intercostal space
to 5" left inercostal space in relation to anthroponogpe-
rameters

in subjects studied. Changes in socioeconomic facto

Weight (kg) 52 11.10 20.10 14.059 1706 which could have impacted on growth rates of chitdr
Height (cm) 52  90.70 117.00 100.60 5.076 over the years could also be contributory, morahso
5 reports have shown that children worldwide have be-

i"z")' Ko/ 52 10743 16.237 13.865  0.981 come bigge_r and talléf. The present study was done in
BSA (M?) 52 0529 0.808 0626 0051 Nigeria while the comparative study was done over

three decades ago in Jamaican children with sontigeof
CC (cm) 52 45.000 55.500 50.909  2.059 gybjects being Chinese and Indian destent.
BMI: Body Mass Index; BSA: Body Surface Area; CCie5t
Circumference

Conclusion

The findings in this study has established localuperi-
ties in the location of apex beat as well as thation-
ship of apex beat location with landmarks on th&e-an
rior chest wall and anthropometric data. Theseiffigsl
are expected to be useful in clinical practice aed

Discussion

The present study showed that irrespective of the a
values of anthropometric parameters ( weight, hHeigh
chest circumference and body surface area ) casdrd - . e
to predict the position of apex beat in the intetab search particularly with respect to the predictadrthe

space. When the weight wasl4.1 + 1.7 kg or height Iocatior_l of the apex beat from the midline usintheo:
100.6 + 5.1cm or Body Surface Aread.6 + 0.05mor ~ POMetric parameters. A multicentre study on apeat be
chest circumference 50.9 £ 2.1cm, the apex beat was location In n_orma_ll ch_lldren is highly desirable weli-
more likely in the 8 left intercostal space. Below these date the findings in this present study.

values, it was more likely in thé"4eft intercostal space.
However, values of Body Mass Index were not reéabl
in predicting apex beat location. This is not sisipg
since there was no linear relationship between Body
Mass index and distance of apex beat from the ngdli ~~cknowledgement

Conflict of interest : None
Funding : None

The efforts of Drs Adekoya O.A and Ayeni V.A of-de
partment of paediatrics, O.0.U.T.H Sagamu are well
appreciated.

The mean apex beat distance from the midline ia thi
study increased with increasing weight, height, Bod
Surface Area and chest circumference while allftlus
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