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BACKGROUND 

Genetic and environmental factors predominantly contribute to human 
stature (Batty et al., 2009) and the growth of its components: legs and 
trunk (Eveleth & Tanner, 1976; Azcorra, et al., 2013). 

Disadvantageous circumstances, particularly early in life, affect leg growth 
more than trunk growth (Bogin et al. 2002), which is especially reflected in 
children suffering chronic malnutrition, through the manifestation of 
impaired leg growth (Azcorra et al., 2013).   

Photographic imaging may be used to assess height and its components 
(legs and trunk) in an accurate way.  Nonetheless, inter- and intra-rater 
variations represent a potential source of error in this novel method.  

To determine the inter- and intra-rater reliability when using photographic im-
aging for the estimation of height (H), total length (TL), leg length (LL) and 
the trunk-to-leg ratio (TLR) in preschool children from the Western Highlands 
of Guatemala.  

 

OBJECTIVE 

 

METHODS 

1. Subjects: Photographs from 50 (height estimation exercise) and 60 (body 
segment estimation exercise) schoolchildren aged 4-7 years old were 
selected from a larger sample of 241 children recruited at private and public 
elementary schools located in the Departments of Sololá and 
Quetzaltenango, Guatemala.  The study was approved by CeSSIAM Human 
Subjects Committee and parental informed consent was obtained.   

2. Photographic images: Photos were taken with a Nikon Coolpix L830 
camera from a 3-m distance with the child standing sideways in front of a 
color-coded metric ruler and looking forward with a Frankfort plane gaze 
(Figure 1).  

3. Height estimation from photos: Height was estimated from paper print-
outs, computer or camera screens and compared to the gold standard 
stadiometer.  A square ruler was used to make an angle on the photo print-
out (Figure 2).  Height was read at the nearest 1.0 cm  

4. Total- and leg-length estimation from photos: Measurements were made 
with a plastic ruler by marking the crown of the head, the sole of the foot 
and a colored sticker on the photograph, which identified the iliac crest as 
the landmark of divisopm of trunk and legs. Relative total length was 
determined by measuring the distance, in millimeters (mm), between the 
crown of the head and the sole of the foot. Relative leg length was defined 
as the distance in mm between the top of the colored sticker to the sole of 
the foot. Relative trunk length was determined by the difference, 
subtracting leg length from total length.  

5. Inter– and intra-rater reliability assessment: Image-derived H, TL and LL 
were measured on 3 different occasions (rounds I, II, and III) by the same 
investigator (R1) for intra-rater correspondence and once by 2 other 
investigators (R2 & R3) for inter-rater reliability assessment.   
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RESULTS 
 

CONCLUSION 

 
The results from this study highlight strong inter- and intra-
rater concordances for estimates of standing height and of  
body components derived from photographic Imaging.  Thus, 
we are presenting an innovative method a promising tool for 
growth studies in humans. 
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Intra-rater reliability 

Measurements 

Round I vs. II* Round I vs. III* Round II vs. III* 

Pearson Lin Pearson Lin Pearson Lin 

 r r  r  r  r  r  
Total length derived 
from photo print-out 

0.997 0.997 
  

0.998 
  

0.998 
  

0.998 0.998 
  

Leg length derived 
from photo print-out 

0.994 0.993 0.992 0.991 
  

0.995 0.995 
  

Trunk-to-leg ratio** 0.971 -- 0.960 
  

-- 
  

0.979 
  

-- 
  

  Inter-rater reliability 

Measurements 

Rater A vs. 
Rater B* 

Rater A vs. 
Rater C* 

Rater B vs. 
Rater C* 

Pearson Lin Pearson Lin Pearson Lin 

 r r  r  r  r  r  

Total length derived 
from photo print-out 

0.997 
  

1.000 
  

0.997 1.000 0.999 1.000 
  

Leg length derived 
from photo print-out 

0.996 1.000 
  

0.996 1.000 
  

0.997 
  

1.000 

Trunk-to-leg ratio** 0.974 -- 0.979 -- 0.982 -- 

Intra-rater reliability 

 Measurements 

Round I vs. II* Round I vs. III* Round II vs. III* 

Pearson Lin Pearson Lin Pearson Lin 

r r r r r r 
Photo print-out 
height 

0.999 0.999 0.999 0.999 0.998 0.998 

Camera-derived 
height 

0.998 0.998 0.998 0.997 0.998 0.998 
  

Computer-derived 
height 

0.999 
  

0.999 1.000 
  

1.000 0.999 
  

0.999 
  

  Inter-rater reliability 

Measurements 

Rater A vs. 
Rater B* 

Rater A vs. 
Rater C* 

Rater B vs.  
Rater C* 

Pearson Lin Pearson Lin Pearson Lin 

r r r r r r 
Photo print-out 
height 

0.998 0.998 0.998 0.994 0.994 0.994 
  

Camera-derived 
height 

0.998 0.998 
  

0.997 0.997 
  

0.997 
  

0.997 

Computer-derived 
height 

0.998 
  

0.998 0.998 
  

0.997 
  

0.999 0.999 

Table 3. Reproducibility within- and between raters reproducibility for image
-derived height measurements: photo print-out, camera screen and      
computer screen (n= 50 selected images). 

Table 2. Reproducibility within- and between raters for body segment        
estimation (n= 60 selected images) 

Table 1:  Anthropometric descriptors of the populations used to assess 
inter- and intra-rater reliability within the height and body segment esti-
mation exercises. Data shown as Mean±SD and [median]. 

Figure 2. Taking measurements 
for total length and leg         
estimation from photographs 

Figure 3. Child standing on stadiometer  
platform 

Figure 1. Length estimation 
from photographs 

Total  
Population 
(N = 241)  

Height estimation  
exercise* 

Body segment  
estimation exercise**  

  Descriptor  
Intra-rater 

(n=50) 
Inter-rater 

(n=50) 
Intra-rater 

(n=60) 
Inter-rater 

(n=60) 

Age (yrs.) 
5.8±1.0 

[6.0] 
5.7±0.8 

[5.5] 
6.2±0.9 

[6.3] 
5.9±1.0 

[5.6] 
6.2±0.9 

[6.3] 

Height 
measured 
with  
stadiometer 
(cm) 

109.7±7.1 
[110.0] 

110.5±6.8 
[111.0] 

111.6±7.3 
[111.0] 

112.4±7.8 
[111.0] 

110.0±8.7 
[109.5] 

Height esti-
mated from 
photographs 
(cm) 

109.9±7.0 
[110.0 

110.6±6.5 
[111.0] 

112.1±7.4 
[111.0] 

112.0±6.9 
[111.0] 

109.2±7.7 
[109.0] 

HAZ 
-1.10±1.1 

[-1.07] 
-0.64±0.9 

[-0.67] 
-0.97±-1.1 

[-1.00] 
-0.44±1.0 

[-0.41] 
-1.26±1.3 

[-1.18] 

HAZ=height-for-age z-scores 
*A different selection of the total sample was used to assess intra- and inter-rater reliability regarding the height estimation exercise 
** A different selection of the total sample was used to assess intra- and inter-rater reliability regarding the body segment estimation 
exercise 

* p <0.05 *p <0.05   

**no Lin concordance correlation is given for the trunk-to-leg ratio since Lin is based on round numbers  

Background:  Photographic imaging may be used to assess height and its 
components (legs and trunk) in an accurate way.  Nonetheless, inter- and intra
-rater variations represent a potential source of error in this novel method.  
Objective: To determine the inter- and intra-rater reliability when using pho-
tographic imaging for the estimation of total length (TL), leg length (LL) and 
the trunk-to-leg ratio (TLR) in preschool children from the Western Highlands 
of Guatemala.  
Methods:  Photographs from 247 preschool children aged 4-7 y were taken 
from a 3-m distance with the child standing sideways in front of a color-coded 
metric ruler and looking forward with a Frankfort plane gaze. TL and LL were 
estimated from paper printouts, measured to the nearest mm, and both served 
to calculate TLR. Height was compared to the gold standard stadiometer. Im-
age-derived TL and LL were measured on 3 different occasions by the same re-
searcher (R1) for intra-rater correspondence and by 2 other researchers (R2 & 
R3) for inter-rater reliability assessment.   
Results:  The mean measured height and estimated photo height were 
109.7±0.46 cm (stadiometer) and 109.9±0.45 cm (photo).  Mean TL and LL 
were 228±1.0 mm and 128±0.7mm, respectively.  The Pearson correlation co-
efficients for intra-rater reliability for TL, LL and TLR on all 3 occasions were 
consistently higher than 0.9 (p<0.05); and for inter-rater reliability these values 
were 0.997, 0.996 & 0.974, (R1 vs. R2), 0.997, 0.996 & 0.979 (R1 vs. R3), and 
0.999, 0.997 & 0.982 (R2 vs. R3) (p<0.05).    
Conclusion:  The results from this study highlight strong inter- and intra-rater 
concordances for height and body components derived from photographic im-
aging, which makes this innovative method a promising tool for growth studies 
in humans.  





 


