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Abstract

The aim of this study was to investigate the influence of image resolution manipulation on the photogrammetric measurement 
of the rearfoot static angle. The study design was that of a reliability study. We evaluated 19 healthy young adults (11 females 
and 8 males). The photographs were taken at 1536 pixels in the greatest dimension, resized into four different resolutions (1200, 
768, 600, 384 pixels) and analyzed by three equally trained examiners on a 96-pixels per inch (ppi) screen. An experienced 
physiotherapist marked the anatomic landmarks of rearfoot static angles on two occasions within a 1-week interval. Three different 
examiners had marked angles on digital pictures. The systematic error and the smallest detectable difference were calculated 
from the angle values between the image resolutions and times of evaluation. Different resolutions were compared by analysis 
of variance. Inter- and intra-examiner reliability was calculated by intra-class correlation coefficients (ICC). The rearfoot static 
angles obtained by the examiners in each resolution were not different (P > 0.05); however, the higher the image resolution the 
better the inter-examiner reliability. The intra-examiner reliability (within a 1-week interval) was considered to be unacceptable 
for all image resolutions (ICC range: 0.08-0.52). The whole body image of an adult with a minimum size of 768 pixels analyzed 
on a 96-ppi screen can provide very good inter-examiner reliability for photogrammetric measurements of rearfoot static angles 
(ICC range: 0.85-0.92), although the intra-examiner reliability within each resolution was not acceptable. Therefore, this method 
is not a proper tool for follow-up evaluations of patients within a therapeutic protocol.
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According to the American Society for Photogrammetry 
and Remote Sensing (1), photogrammetry is the science 
of obtaining reliable information through pictures of physi-
cal objects and their environment that can be measured 
and interpreted. One advantage of photogrammetry is the 
possibility of recording subtle changes (2). The technique 
also quantifies the morphological variables related to pos-
ture and provides more reliable data than those obtained 
by observational evaluations (3-6). Another advantage of 
photogrammetry is the possibility of saving the files digitally, 
with consequent economy of space. 

Photogrammetric postural evaluations have been fre-
quently used in physical therapy assessments and can be 

considered a reliable option to evaluate posture (3,5,7-12) 
and even angle motion (13). However, postural evalua-
tion by photogrammetry encompasses many elements 
that exert a direct influence on data reliability (6), such as 
camera position, resolution of the captured image, tagging 
of the anatomical markers used in postural evaluation, and 
the digital measurement of postural variables. Investigat-
ing each of these factors individually is an important way 
to ensure the quality of the photogrammetry evaluation, 
since they could cause errors in the measurement process, 
influencing its reliability (14). 

Most studies concerned about the reliability of the 
method have focused on studying position and distance 
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of the camera, anatomical mark identification and the 
measurement itself. This is because the photogrammetric 
two-dimensional (2-D) analysis has limitations compared to 
3-D analysis, especially because of variations in the image 
perspective due to an incorrect image framework compared 
to the anatomical plan of the posture. Van Maanen et al. 
(11) and Iunes et al. (7) concluded that body posture evalu-
ation via photogrammetry presents good intra-/inter-rater 
reliability. Penha et al. (8) evaluated and described the static 
spinal postural alignment of 7- and 8-year-old children using 
photogrammetry. Saad et al. (15) and Braun and Amund-
son (16) described the good reliability and repeatability of 
this method for evaluating spinal scoliosis and head and 
shoulder postural alignment in adults, and Sacco et al. 
(3) described the reliability of this method in the postural 
evaluation of lower limb alignment. 

However, one important issue was that Iunes et al. (7) 
reported a poor reliability of photogrammetric evaluation 
of the rearfoot angle. In physical therapy clinics, the rear-
foot valgus orientation has often proved to be related to 
the occurrence of dysfunctions (17-20). The poor general 
reliability found in this particular angle may be associated 
with the image resolution (14) that can reduce the sharp-
ness of the image area in which the markers are located. 
In this particular case, the area is more susceptible to im-
age resolution interference considering the lower location 
of the necessary markers. Although the photogrammetry 
method is capable of producing accurate and reliable 2-D 
measures, Moncrieff and Livingston (21) suggest that the 
captured image size could influence the intra-examiner 
reliability of the measures.

In postural photogrammetric clinical evaluation, the im-
age size definition is related to the minimum pixel density 
necessary to satisfactorily identify the anatomical markers 
over specific body parts on a monitor screen. Therefore, the 
definition of the image pixels per screen unit (e.g., image 
resolution) is essential to guarantee the reliability of the 
angular and linear measures in a postural evaluation. 

The image size usually adopted by studies that use 
methods of photogrammetric evaluation is 1600 x 1200 
pixels (3,7,22). This pixel matrix makes it possible to 
represent each image component by at least two pixels 
without interpolation on an 800 x 600-pixel screen. How-
ever, no studies have justified or explained so far why this 
image size is adopted in photogrammetric procedures, or 
what the consequences for the measurement process are. 
One of the most popular types of software for quantitative 
posture evaluation is the Postural Assessment Software 
(SAPO) (8,22). This software performs an interpolation of 
the image that reduces the highest resolution of the im-
age to fit a 1-Mb file size to optimize data processing time. 
Therefore, even if the researcher captures the image with 
a higher resolution, using this software the posture image 
resolution will decrease to fit the file size established by 
the SAPO algorithm.

The broad usage of this method in physical therapy 
and the weak intra-tester reliability of visual and manual 
assessments make digital photogrammetry a possible 
method to use in clinical environment. Several procedures 
need to be followed to guarantee the minimum quality of the 
photogrammetric analysis, such as: a suitable environment 
and clothes, a proper camera position, a correct tagging of 
anatomical markers, and image resolution (7,13,23-26). A 
better understanding of its potential interference factors, 
such as image resolution, is needed in order to improve the 
reliability and repeatability of the postural assessment.

The aim of the present study was to determine the 
influence of image resolution manipulation on the photo-
grammetric measurement of a rearfoot static angle. Our 
hypothesis was that, considering a fixed marker size, a 
minimal image resolution would be accepted to assure the 
reliability of postural assessments of the rearfoot angle of 
an adult using photogrammetric measurements.

Material and Methods

A sample power calculation was done using the GPower 
3.0 software. The sample size calculation was based on 
the primary outcome (rearfoot angle), considering a sta-
tistical design of an F-test for repeated measures (within 
effects), with a moderate size effect (f = 0.25), a power 
of 80%, and an alpha error of 5%. The resulting sample 
size was 20 individuals. We had to exclude one individual 
from the final statistical analysis due to errors in the in-
strumentation. Therefore, 19 healthy young adults, 8 men 
(42%, 20 ± 3.5 years old, 62.0 ± 3.7 kg, 173 ± 10 cm) and 
11 women (58%, 23 ± 4.8 years old, 54.8 ± 5.1 kg, 161 ± 
3 cm) were studied. They were all asymptomatic, with no 
history of neurological disease, or leg length discrepancies 
of more than 1 cm (umbilicus-medial malleolus) (27). The 
Ethics Committee of the Hospital das Clínicas, Faculdade 
de Medicina, Universidade de São Paulo approved the 
study (Protocol No. 1237/05) and all subjects gave written 
informed consent to participate.

Image acquisition
A digital camera (focal length relative: 33 mm, Sony DSC-

P41, Brazil) was used for standing posture photography. The 
camera was positioned 1 m above the ground, centralized 
and horizontally placed at a distance of 2 m posterior to the 
subject. Although we focused on the rearfoot measure, we 
defined the camera position based on its focal length and 
depth of field, and on a regular clinical evaluation of the 
entire body posture. A plumb line was fixed on the roof, to 
the side of the subject, for posterior image calibration.

The vertical dimensions of a 17-inch monitor screen was 
adopted to establish the initial image resolution (reference; 
resolution 3, 768 pixels); based on that initial resolution, four 
other resolutions were later defined in the Adobe Photoshop 
v. 7.0 on the basis of pixel density per screen unit: 1536 
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(resolution 1), 1200 (resolution 2), 600 (resolution 4), and 
384 (resolution 5). In order to ensure equality of conditions, 
image acquisition was performed at the highest resolution 
(resolution 1), before the images were re-dimensioned 
using a bicubic interpolation mode in Adobe Photoshop v. 
7.0, a software for artistic purposes but with tools that allow 
a proper image assessment. The proportion of the images 
was maintained in all resizings (aspect ratio = 1).

Rearfoot angle postural evaluation 
The subjects were placed in the orthostatic position, 

barefoot, in front of an opaque wall, to evaluate the rearfoot 
angle in the posterior view of the frontal plane. To maintain 
uniform inter-subject positioning, they were told to maintain 
their feet parallel to each other, and an ethylene vinyl acetate 
rectangle (7.5 x 30 cm) was placed between each subject’s 
feet. Also, we standardized the distance between feet for 
each subject and drew the support base freely adopted 
for each subject on a draft card in the first evaluation. We 
used it to perform the second evaluation 1 week later, 
and then we could keep the same chosen support base 
and foot positioning of each subject in both evaluations. 
With a demographic pencil and white marks every 9 mm, 
the following anatomical landmarks were identified by an 
experienced physiotherapist on the inferior and posterior 
aspects of both legs: the centers of the posteroinferior and 
posterosuperior portions of the calcaneus, and the center 
of the posteroinferior third of the leg.

Once the photography was completed, 3 additional 
equally trained examiners (examiners 1, 2, and 3) measured 
the rearfoot angle (2,3). Each subject image was marked 
and analyzed in Photoshop v. 7.0. The evaluation process 
(anatomical landmark palpation and label fixation, photo-
graph registration, and angle measurement) was performed 
at 1-week intervals to provide data for the determination of 
inter- and intra-examiner reliability. 

To identify the systematic errors associated with image 
resolution in the measurement of the rearfoot angle, we 
calculated the difference between the measure obtained 
in the reference image (resolution 3) and those obtained 
in all other resolutions. In addition, considering the pres-
ence of random errors in the measurement results, we 
evaluated the measurements’ reliability in all resolutions, 
performed by 3 independent examiners (1, 2, and 3) in dif-
ferent environments, in order to avoid information exchange 
between them. Each examiner evaluated the images in five 
different resolutions and at both evaluation times (1-week 
interval).

Statistical analysis 
Reliability tests and inferential statistical analysis were 

performed after confirming the normal distribution (Shapiro-
Wilk test) and homogeneity of variances (Levene’s test) 
of the rearfoot angle. The comparisons among i) different 
examiners and ii) different resolutions of the images for 

each examiner were performed by ANOVA for repeated 
measures, with the level of significance set at 5%. 

The intra-rater reliability at each level of resolution for the 
rearfoot angle was verified using the intra-class correlation 
coefficients (ICC3,1) (28) for each examiner’s measurements 
at both evaluation times. The inter-rater reliability of each 
resolution for the rearfoot angle was calculated with the 
ICC2,1 (28), using the first data set from 3 independent 
examiners. The first data set was selected randomly by 
simple draw. ICC scores below 0.70 were considered to be 
unacceptable, scores from 0.71 to 0.79 were acceptable, 
0.80 to 0.89 were very good, and scores over 0.90 were 
excellent (28).

In order to determine the systematic error of the 
measurement process for each examiner (intra-examiner 
reliability), we calculated the standard error of measure-
ment (SEM) (28). The intra-examiner reliability SEM was 
calculated as the ratio between the variability (standard 
deviation, or SD) of the mean difference scores between 
the two times of evaluation and √2, since there were two 
repeated measures. In order to determine the systematic 
error of the measurement process for each resolution (inter-
examiner reliability), we calculated the standard error of 
prediction (SEP). The inter-examiner reliability SEP was 
calculated as indicated in Equation 1: the product of the 
variability (SD) of the measure obtained by each examiner 
in each resolution and √1-ICC2 (28). 

                                      
                                 (Equation 1)

where ICC2,1 = ICC types 2 and 1.

Results and Discussion

The aim of this study was to investigate the influence 
of image resolution manipulation on the intra- and inter-
examiner reliability of photogrammetric measurements of 
static rearfoot angles. To our knowledge, no previous reports 
of the influence of image resolution on lower limb photo-
grammetric measurements are available in literature. Our 
main results showed that an image size of 768 pixels was 
sufficient to ensure a very good inter-examiner reliability for 
rearfoot static measurements, and that image resolutions 
higher than 768 pixels improved the inter-examiner reliability 
of photogrammetric measurement (Table 1). Finally, the 
unacceptable intra-rater reliability results in all resolutions 
(ICC from 0.08 to 0.52) associated with a high SEM (from 
0.07 to 0.70) led us to discard this method of analysis to 
follow up patients in clinical practice, but can still be used 
as a posture diagnostic tool. 

Although photogrammetric studies in the current litera-
ture have established a standard image resolution of 1600 
x 1200 pixels, in order to minimize the influence of this 
factor on postural assessments (3,7,21), the present study 
showed that higher or lower resolutions than 768 pixels did 
not influence rearfoot outcome measures when the same 
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examiner evaluated a single image twice at 1-week intervals 
(intra-examiner reliability). The fact that the resolution did 
not change intra-examiner reliability when measuring the 
rearfoot angle in the same image at different times leads 
us to conclude that this is probably not the most important 
factor of the photogrammetric process. This conclusion is 
in line with other studies that found poor intra-examiner 
reliability in postural assessment under the same condi-
tions, when a single image was assessed over time by the 
same examiner (7,21). 

An interesting finding of our study was that resolutions 
higher than 768 pixels (1200 and 1536) improved the inter-
examiner reliability of the rearfoot angle measurement. 
This leads us to conclude that it is highly desirable to have 
larger image sizes when many examiners are involved in 
clinical assessment, as in multicenter studies. Larger image 
sizes, however, require longer data processing times and 
larger storage space. 

Regardless of the resolution, all examiners demon-
strated unacceptable intra-examiner reliability of the mea-
surement when the whole photogrammetry process was 
performed twice. In the present study, systematic errors 
such as perspective, positioning/repositioning of subject 
in the scene, positioning/repositioning and also anatomical 
landmarking and intra-individual variability of the posture 
may have influenced our results and could indeed be 
considered as a study limitation. Our findings agree with 
another study (7) that confirmed that photogrammetry is not 
a proper tool for follow-up evaluations of patients within a 
therapeutic protocol.

Our study contributes to the literature by investigating 
the influence of an important factor that, although only 

superficially approached in the literature, interferes with 
the inter- and intra-examiner reliability of photogrammetric 
studies (21) in clinical practice, i.e., image resolution. Image 
sizes higher than 768 pixels should be adopted in all clini-
cal protocols defined to evaluate the whole body posture 
of an adult (5,7,10,14), but not to other postural assess-
ment protocols defined to evaluate only a specific angle, 
as observed in studies by Ribeiro et al. (9,26), McPoil and 
Corwall (29), and Cornwall and McPoil (30).

Although the rearfoot angle is an important postural 
variable and has been associated with common muscu-
loskeletal dysfunctions (17-20), we suggest that the same 
reliability design protocol should be performed for other 
postural static angles.

For photogrammetric postural studies of the whole 
body of an adult, any image size analyzed on a 96-ppi 
monitor screen does not influence the rearfoot static angle 
measurement. In addition, images with vertical dimensions 
of 768 pixels still provide very good inter-examiner reli-
ability. However, higher resolutions than 768 pixels (1536 
and 1200) further improve the inter-examiner reliability of 
measurements. Regardless of the image resolutions, the 
intra-examiner reliability was not acceptable and this method 
is not a proper tool for follow-up evaluations of patients 
within a therapeutic protocol. 
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