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1. measurements of height taken by trained measurers. In routine surveys, thc technical 
error may be as high as 0.49 cm for height (American Health Examination Survey, 
Johnston, Hamill and Lemeshow, 1972). Measurements of recumbent length are not 
likely to be more reliable than height measurements because active opposition of the 
measured infant is common. Therefore, more precise measurements of linear growth are 
needed for evaluation of short term growth in infants and the study of growth in knee 
heel length was thus initiated. 

Measurements of knee heel length have been carried out with a high degree of 
precision in children (Valk et al. 1983) obtaining tcchnical errors of 0.16 min 
(Hermanussen, Geiger-Benoit, Burmeister and Sippell 19881, but the measuring device 
is very large and therefore cannot be used in field studies. Furtherfore, it is suitable only 
for children over three years of age who arc able to sit quietly and cooperate. A small, 
hand held knemometer was developed by one of the authors (KFM) in collaboration 
with the Danish Institute for Biomedical Engineering, and was shown to measure 
growth in knee heel length with high reliability in premature infants (Michaelsen, Skov, 
Badsberg and Jorgensen 1991). This measuring device is easily portable and therefore 
well adapted to field studies. For these reasons, it was chosen for the measurement of 
knee heel length of infants in the present study. 

The data presented below were collected during a multicenter cohort study of the 
impact of supplementation on linear growth in weanlings agcd 4-7 months in thrce less 
developed countries (Congo, Senegal and Bolivia). 

The aims of the present work are to describe linear growth i n  recumbent length and 
i n  knee heel length in weanlings, and to compare growth i n  knee heel length with 
growth in recumbent length in the three study areas.' 

Material and Methods 
, I  

The study was conducted according to a common protocol in two African countries 
(Brazzaville, Congo and a rural area of Senegal) and in La Paz, Bolivia, in 1993. In 
order to be included in the study, the infants had to meet the following conditions: be 
single-born, breastfed at the age of 4 months and have ;i length for age of not below 
-2.5 z-scores of the NCHS reference at 4 months (three infants in the Congo and in 
Senegal and two infants in La Paz were too short to be included). Parents would liave 
no plans for emigration out of the study area. Mothers had to give their informed, oral 
consent to the study. Mean height for mothcrs was 159.9 cm i n  the Congo, 148.7 cm i n  
Bolivia and 160.4 cin in Senegal. Mean birth weight was 3.09 kg and mean birth length 
48.7 cm in the Congo (n = 102, maternity hospital data). 

In all settings, measurements were taken on four occasions, at age 4 months (+ 7 
days), and 4, 8 and 13 weeks later (at ages 4.0, 4.9, 5.8 and 7.0 months). Ages will 
herewith be referred to as ages 4, 5, 6 and 7 months. Measurements were taken in the 
children's homes in the Congo and Senegal, and at the local health clinic in  Bolivia. 
Recumbent length was the mean of three consecutive measurements using a Holtain 
infantometer (resolution: O. 1 cm). Knee heel length was the mean al' five consecutive 
measurements using the hand held knemometer (resolution: 0.01 min). A small 
printerkomputer attached to thc measuring device calculated mean valuc and standard 
deviation immediately in the field. If standard deviation was abovc 0.8 min, a new 
series of five measurements was taken. This second set of mcasurcnients was seldom 
necessary. A detailed description OS the measurement technique can be found i n  

316 



*' Michaelsen ct al. 1991. There was onc single measurer per setting (AG in the Congo, a 
technician in Senegal and JB in Bolivia). Only infants with a complete data set were 
included i n  the analysis. 

Reliability of knee lieel length measurements was tested in the Senegalese study 
setting by measuring 30 infants twice by the saine observer (two series of five 
measurements at about 20-30 min intervals). There was no significant difference 
between the first and second measurements, although the second mean tended to be 
higher than the first mean (mean difference was -0.26 min, p = 0.062 using paired t- 
test). The technical error was 0.54 mm using r = m, where d is the difference 
between the first and second ineasureinent and N the number of comparisons. The 

I coefficient of variation was 0.32% using CV = r/x, where x is the overall mean of 
measurements. Thc reliability of rccumbent Icngth mcasurcments was not cvaluated, 

~ 

I 

l reasons. 

but within cach series of threc tncasurements, the tcclinical error was O. 18 cm i n  
Senegal. Intersetting reliability could not bc assesscd for technical and financial I 

Results 

Total numbers of study subjects by country and by sex are given in Table 1. There 
were between 52 and 67 infants of each sex i n  each of the countries. 

Tuble f. Number of infants with complete data set 

sex Serlegal Congo Bolivia 

Boys 
Girls 
Both 

58 64 61 
' 52 56 55 
I IO I20 122 

Mean recumbent length by age is given i n  Figure 1 for all three countries, together 
with the NCHS reference. Congolese infants were the longest, followed by the 
Scnegalese, while Bolivian infants were thc shortest. The only significant difference 
was between the Congolcse and Bolivian boys (p < 0.001 from 6 months). All groups 
were significantly shorter than the reference population at all ages. At the age of 4 
months, Congolese boys were 1.6 cm shorter (p < 0.001) and Congolese girls were 1.1 
cin shorter (p < 0.01). Further faltcring occurred during the study period, and at thc agc 
of 7 months, Congolese boys werc 2.4 cni shorter and the girls 2.1 cm shorter than the 
rcfere t i  ce. 

Mean knee heel length by age is shown together with reference values from the 
Copenhagen cohort study (Figure 2). The relationship between the three study countries 
was the same as for recumbent length, but there were more significant differences. 
Congolese infants had significantly longer lower legs than the Senegalese (p < 0.001 for 
both boys and girls at 6 months) and Bolivian infants had significantly shorter lower 
lcgs than the Senegalese (p < 0.001 and p < 0.01 for boys and girls, respectively, at 6 
months). 
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Fig 2: Mean knee heel length by age and country in boys (Ich) and girls (right) 

Comparisons with the Western reference at the age of 6 months gavc completely dif- 
ferent results from those seen for recumbent length, since Congolese values were 
slightly higher than the reference in both sexes (p < 0.05 for the girls). Senegalese in- 
fants had values which were very similar to those of the reference, and only Bolivian in- 
fants had lower values (p < 0.001 in both sexes). 

Increments in recumbent length between 4 and 7 months were very similar betwcen 
the three countries (TubLe 2). In the Congo and Senegal, boys had significantly higher 
increments than girls (p < 0.05), while Bolivian boys and girls had similar valucs. In- 
crements i n  knee heel length between 4 and 7 months showed the same pattern as the 
attained knee heel length: Congolcsc infants had thc highcst values and Bolivian infants 
had the lowest values (Table 3). The only significant difference between countries was 
between Congolese boys and Bolivian boys (p < 0.01). 
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4 Table 2. Incremenls i n  rccurnbent length at 4-7 mo (cid3 mo), 
by sex and country 

Country 
Boys 

mean SD 
Girls 

mean SD 

Senegal 4.98 I .o2 4.56 1.15' 

Bolivia 4.83 I .o9 4.79 0.82 

'BOYS VS. girls: 11 < 0.0s 

congo 5.05 1.11 4.60 l . lok  

Table 3. Increment in knee heel length at 4-7 mo (mm/3 mo), 
by sex and country 

~~ 

Country 
Boys Girls 

mean SD mean SD 

Senegal 13.23 4.1 I 12.58 3.83 
Congo 14.36 4.17 13.14 4.59 

:i; :i; 

Bolivia 12.3 I 2.94 12.13 2.86 

:k:k Bolivian boys vs. Congolese boys: p < 0.0 I 

Mean monthly increments by age in the three study populations are shown in Fig- 
wes 3 to 5. The general pattern was one of decrcasing vclocitics during lhe 3 months. 
However, there were some exceptions. Sencgalcse boys (Figure 4) and Congolese girls 
(Figwe 5) had almost the same values during the 5-6 month period as during the 6-7 
month period. Monthly increments of Congolese boys (Figure 5) showed an unexpected 
pattern, with the 6-7 month knee heel increment being significantly higher than the 5-6 
month increment (p < 0.01). This local minimum in knee heel length increments was 
not noted i n  the recumbent length increments, which decreased with age. For Congolese 
boys, a discrepancy was thus found bctween mean incrcments i n  recumbent length and 
in knec heel length. 

Tcible 4. Correlation coefficients between incrcments 
in knec heel length and in recumbent length 

Interval Senegal Congo Bolivia 

4-5 ino 
5-6mo 
6-7 in0 
4 -,I mo 

0.13 O. 18" 0.05 
0.27'k* 0.05 0.28*" 

0.14 
::iT:k*)k 0.29*" 

0.49"** 
0.65""" 

' 1) < 0.0.5, .k.L 11 c 0:01, 'k 11 < 0.001 

To test whether growth in recumbent length and that i n  knee heel length were 
synchronous, correlation coefficients between individual increments in  recumbent 
length versus knee heel length were computed l'or each monthly interval (4-5, 5-6, 
6-7) and for the total study pcriod (4-7 mo). Some of the coefficients for I month 
periods were high, while others were close to zero (Table 4). For the 3-month period, all 
coefficients were significant. 
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Discussion 

The NCHS reference was used for recumbent length because it gives values at 
monthly intervals. The Copenhagen cohort study was used as a reference for knee heel 
length, since measurements were taken using the same measuring device and technique, 
and since no other references exist. Infants from the Copenhagen cohort study had 
longer recumbent length than the NCHS reference in both sexes (0.6 cm for boys and 
0.5 cm for girls at age 6 months; KFM, unpublished data). 

Congelese infants were longer than Senegalese in both sexes, although differences 
were not significant. This difference is probably due to socio-economic differences 
between samples, since Congolese infants lived in an urban environment with much 
higher educational levels of their parents, probably higher income and better access to 
health care services. Feeding patterns.differed, with earlier introduction of supplements 
to breast milk in the Congo (unpublished data). The Bolivian infants were the shortest, 
despite the urban environment. Bolivian infants were Amerindians of the Aymara 
ethnic group, and they lived at an altitude of 3 700 to 4 O00 meters. Infants living at 
high altitudes have lower gains in length than lowlanders during the first months of life 
(Eveleth and Tanner 1990). Thc mean hcight of Bolivian inothers was only 148.7 cin, 
and small mothers are likely to give birth to sinall infants. Unfortunately, the birth 
Icngth of Bolivian infants was not known. 

An unexpected finding of the study was that of the long lower legs of African infants 
living in deprived environments as compared to healthy Danish infants. However, it is 
well known that African adults have body proportions different from those of European 
adults, with relatively longer legs. These differences are thought to be genetic in origin 
(Eveleth and Tanner 1990), and they might exist from birth or even in utero. However, 
as intercountry reliability of knee heel measurements was not cvaluated, coinparisons of 
knee heel length between countries should be made with caution, and further studies are 
needed to confirm these findings. 

In Senegal and the Congo, linear growth seemed to be impaired during the 5-6 
month interval as coinpared to the 6-7 month interval, both for recumbent length and 
for knee heel length. The explanation which seems most likely at the present time is an 
increased prevalence of morbidity, especially diarrhea, during the 5-6 month interval. 
Since morbidity data were collected, this hypothesis can and will be tested. The 
explanation of the discrepancy between growth in knee heel length and in recumbent 
length described for Congolese boys might be due to a greater sensitivity of knee heel 
length growth to environmental factors. This hypothesis will also bc tested using 
morbidity data and other growth data such as body weight, which is very sensitive to 
environmental stress. 

Growth in knee heel length was studied mainly to evaluate growth with higher 
precision, thereby making analysis of short term growth more efficient than what would 
have been possible measuring only recumbent length. Evaluation of measured 
increments was done by comparison to increments i n  recumbent length, but 
discrepancies occur and it is d cult to determine whether these are due to insufficient 
precision of measurement of either of the two variables, or whether growth in  knee heel 
length and recumbcnt length is partly independent over short intervals, such as one 
month. The higher correlations for the 3-month interval compared to monthly intervals 
can be explained both by relatively less importance of measurement imprecision over 
longer intervals and by "smoothing out" of true shorr-term growth differences over 
longer periods. 

- 
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Other authors havc compared incrcnients in knec heel Icngth to increments in 
rccumbent length and found low correlations. Dean, Schentag and Winter (1990) found 
that, i n  25 children agcd 3-16 years, the ratio of 4-weekly increments in knee heel 
Icngtli rclated to height increments varied from O. 1 to 40. Correlation coefficients were 
not given. The authors concluded that apparent mini-growth spurts in the leg do not 
appear to occur simultaneously with growth in  the spine. 

Indced, increasing evidence of the irregular nature of growth (Hermanussen et al. 
1987; Lainpl, Veldhuis and Johnson 1992) is important for the comprehension of the 
rcsults shown above, hut the hypothesis of saltation cannot explain the low correlation 
hctween short-term increments in knec heel length and rccumbent length. It implies, on 
the contrary, that the wliolc body is growing synchronously in  order to achievc an 
incrcment in rccumbent length of about 1 c m  within a few days (Lainpl ct al. 1992). 
More studies of hoth normal and impaired growth are needed in order to undcrstand thc 
rclationsliip between growth of the limbs, spine and total length. 

E 

Ac~krroi~~le(/gerrie,rl.v: Pope Niokhor Diouf took all nieiistirenients in  the Senegalese setting. We are indebted 
to Dr. M. Coly, Region Médicale de Fatick, Senegal and to Dr. M. Perez, Centre de Santé EI Carmen, La Paz, 
Bolivia for their help and support. 

This strrdy was sup[iorted by a grant rroorn the French Mhixtère de Io RecIiert./ie cf de I'Espoce (convention 
92L0620 "Nutrition-Dbvcloppement 92". II. 382). 

References 
Allen, L. 13. (1994) Nutritional inllucnces on linear growth: il genelal revicw. - Gfropc(fif ./offrirrd ofC/irtictt/ 

Dcan, H. J., Schcntag, C. T., and Wintcr, J. S. D. (1990) I'rctlictivc value of short-term growth using 
kneniometry i n  a large populiition of hcalthy children. - Ac./tr Paedio/rictr Sctrrrdirrtwictr, 79; 57-63, 

Eveleth, P. B., and Tanner, J. M. ( 1990) Worldwide iur.ict/iori irr Iririritrrr groivf/r. pp. 185-1 87. Cambridge 
University Press, Cambridge. 2nd edition. 

Hernianossen, M., Geiger-Benoit, K., Burmeister, J.. and Sippell, W. C. ( I  987) clin the knernoineter shorten 
the time for growth rate assessment? -Ac/tr ftieditr/rict~ Sctrrrdirrtri,iccl, Suppl. 337; 30-36. 

Hermanussen, M., Geiger-Benoit, K., Burineister, J., and Sippell, W. C. (1988) Knemoinetry in  childhood: 
accuracy and standardization of :i new technique of lower leg length niensurement. - Airrrtrls of H~rr~r tur  

Johnston, F. E., Hainmill, P. V. V., Lemeshow, S. (1972) Skii!fiM //rickriesses (!fcIr;/dre/r 6-If yetrrx Unitecl 
'?/tiles. U. S. Government Printing Office, Washington, D. C. 

Knrlberg, J., Ashraf, R. N., Snlcenii, M. Ynqoop. M., and Jnlil, F. (1993) Early child health in Lahore, 
Pakistan. XI. Growth. -At./tr f'cteclirrtriccc. Suppl. 390; I 19-1 

Lnmpl, M., Veldhuis, J. D., Johnson, M. L. ( I  992) Saltation and sta a model of human growth. - S'cie/rce. 
-158; ROI-803. 

Miclinelsen, K. F., Skov, L., Badsbeg, J. H., and Jorgensen, M. (1991) Short-term incasurcinent of lincar 
growth i n  pretcrm inlhnts: validation of a hand-held kncmometcr. - /'editr/ric Xesearclr, 30; 464-468. 

Ncuniann, C. G., Hairisson, G. G. (1 994) Onset aiid evolution of stunting i n  infants and children. Ex:iniples 
from the Human Nutrition Collaborative Research Support Progrcini. Kenya and Egypt studies. - 

Siinondon, K. B. ( 1  99 I ) P réí/ictio/r des ~~rtclrri~tritioics ~~r~~~féi~r~~-éirer;,~é/i~~~~e.s ])(ir Itr crois.wice ii!%/ffile (ut 
Corrgo rrrrrtl et ic Pikine, Sbi&r/. -Editions de I'ORSTOM, Paris. 

Vnlk, I. M., Langhont-Cliabloz, A. M. E., Sinals, A. G. H., Kloppenborg, P. W. C., Cassaria, F. G., and 
Schutte, E. A. S. T. (1983) Accurate ineasurenients ol' the lower leg length and the ulnar length and its 
application in  short term growth nieasureinent. - Groii~rIr. 47; 51-66. 

Waterlow, J. C. (1988) Observations on the natural history of stunting. - Or: Waterlow, J. C. (Ed.) Liiretrr 
~ q i ~ o w / / i  re/urdt/tiotr Or less ere/o/~ec/ coirrrlries, pp. 1-1 6. Rnven Press. New York. 

Nff/r;/io~f, 48 Suppl. I ;  75-89. 

1 3 i o / o , ~ ~ ,  /5; 1-16, 

Elfrq'ectrc JOLfrl1tfl of c/i/lictr/ Nfftriliorf. 48 SnppI. I ;  90--102. 

. 
4 

c 

Mtrilirrg ticIí/rcss: Dr. Kirstcn B. Siniondon 
Nutrition Unit 
ORSTOM Centre 01'Dakar 
B P  1386 
Dakar 

-. Senegal, West Africa 

322 
0 

r 


