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ABSTRACT
Error in measurement of a posture evaluation system is related to the digitalization, camera resolution 

and distance in relation to the volunteer studied, among others. These errors are summed up during the 
process and many of them are not possible to be avoided; however, they must be known and quantified. 
Objective: to quantify the error of the positions measured by SAPO (postural assessment software) in diffe-
rent experimental situations. Methods: 16 photos of a 1.40m tall articulated mannequin were taken at the 
anterior, posterior, right lateral and left lateral planes with 3.2 and 12.0 megapixels resolution cameras, at 
3.0m and 5.0m from the model. To quantify the error, the differences between the measurements obtained 
by SAPO and the ones made directed on the mannequin were calculated. Results: the mean values of the 
horizontal, vertical, angular and distance measurements are close to zero; however, some angles were larger 
for the left and right measurements. The 3.2 megapixel digital camera located 3 m away showed the lowest 
error. The digitalization position is not influenced by the experience of the evaluators. Conclusion: SAPO is 
an accurate method for clinical use. Further studies are necessary to verify the effect of the position plane 
of the volunteer in relation to the camera, the effect of the relocation and the measurement palpation 
provided by the software. 
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introduction
Postural assessment is the initial step for any physiotherapeu-

tic treatment since it is from the observation of the body alig-
nment that the hypothesis of load distribution and mechanical 
demand on the structures is created(1). However, the postural 
assessment is most of the times performed in a subject manner 
by visual inspection and it depends on the ability and experience 
in the interpretation of the results. Fedorak et al.(2) verified the 
intra and interexaminer reliability and concluded that the visual 
inspection of the cervical and lumbar regions is not reliable, 
especially when procedures applied by different professionals 
are compared. Thus, the observation of the body alignment by 
visual inspection is not recommended for the examination of 
patients’ posture(3-7).

The need to quantify postural deviations is old and the 
technological development has enabled the use of relatively 
simple instruments for this purpose(1). Postural assessment 
through images becomes a more reliable resource to reduce 
errors caused by subjective posture assessments. The use of 
photographs for postural assessment is a common proce-
dure(8-11), however, it should be carefully used, since the ap-
plied methodology, despite being simple, can present factors 
which modify the measurement value, that is to say, errors can 
be introduced in the measurement taken. Therefore, different 
software, among it the SAPO (postural assessment software), 
has been developed for postural assessment from the record 
of digital photographs of the individual in different planes 

for measurement of variables, such as: position, length, angle, 
gravity center and body alignment(12).

Measurement error of a postural assessment system is related 
to digitalization, camera resolution, camera distance in relation 
to the studied volunteer, among other factors(13-15). These errors 
sum up during the methodological procedure and many of them 
cannot be avoided; however, they should be known and quanti-
fied(16-18). Regarding the camera resolution, some authors infer 
that high resolution presents higher accuracy when compared 
to a camera of low resolution for measurements performed with 
the Biotonix software(14). Concerning the distance between the 
volunteer and the camera, its increase produces lower systematic 
error, since lenses distortion becomes lower(13).

Thus, the aim of this study was to assess the effect of the dis-
tance between the camera and the evaluee and the level of the 
image resolution in the mean error of the postural assessment 
performed by the SAPO. The initial hypothesis is that different 
situations influence on the error magnitude.

MaterialS and MetHodS
16 photographs on the posterior, right lateral and left lateral 

planes of an articulated 1.4m high mannequin (Figure 1) (Human 
Artist Model® – Drawing mannequin) were taken. The mannequin 
was placed next to a plumb line (Ramada®) and perpendicular to 
the optical axis of the camera. The images were taken with two 
digital cameras with different definitions (3.2 megapixels Sony 
DSC-P52 and 12.1 megapixels Sony DSC-W220). The cameras 
were placed parallel to the ground, on a leveled trip od (Nikon®) 
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Figure 1. Articulated mannequin (Human Artist Model® – Drawing mannequin).

whose height was half of the height of the mannequin (0.70m). 
Only one evaluator performed the recording of the images; 

however, the digitalization of the points marked on the manne-
quin in the software was performed by three individuals; each 
one performed 30 digitalization points of each analyzed method.

The cameras were placed 3.0m away from the mannequin 
and subsequently the images were taken and replaced for 5.0m 
and the image recording was repeated (3m at 3.2Mp, 3m at 
12Mp, 5m at 3.2Mp and 5m at 12Mp). The zoom of each camera 
was not altered and the mannequin was placed in the middle 
of the image to reduce distortions.

Points determined in the SAPO protocol were marked with 
white styrofoam 15-mm balls, attached with double-face tape 
on the mannequin. All points were placed so that the measure-
ments values between these points were equal to the SAPO’s 
reference standard. Whenever there were not reference values, a 
value which placed the mannequin the closest to the reference 
standard suggested by the literature was adopted. These points 
represent anatomic sites on the human body: earlobes, acromion, 
anterosuperior iliac spine, great trochanter of the femur, knee ar-
ticular line, superior border of the patella, tibial tuberosity, medial 
and lateral malleolus, point between the head of the second and 
third metatarsal bones, inferior border of the scapula, posterosu-
perior iliac spine, calcaneus, calcaneus tendon, posterior medial 
line of the tibia and also spinal processes of the seventh cervical 
vertebra (C7) and of the third thoracic vertebra (T3).

Assessed variables
After the points have been marked on the mannequin, direct 

measurement was taken with a goniometer (Cardiomed®) and a 
pachymeter (CG®). The 27 measurements directly and indirectly 
performed were:  

Aligning measurements 

Horizontal

Head (AHCA), acromions (AHA), anterosuperior iliac spines 
(AHEIAS), head (C7) rigth and left sides (AHCLD and AHCLE), tibial 
tuberosity (AHTT), right and left pélvis (AHPLD e AHPLE)

Vertical

Head (acromion) right and left sides (AVCLD and AVCLE), trunk 
right and left sides (AVTLD and AVTLE), right and left body (AVCOLD 
e AVCOLE).

Angle measurements 

Angle 

Frontal of the right lower limb (AFMID), frontal of the left 
lower limb (AFMIE), right Q (AQD),left Q (AQE), right leg/retro 
foot (APRD), left leg/retro foot (APRE), hip (trunk and lower 
limb) right and left (AQLD and AQLE), knee (AJLD and AJLE), ankle 
(ATLD and ATLE). 

Distance measurement: difference in the length of the 
lower limbs (DCMI).

Error was quantified through the calculation of the differ-
ences (∆) of the measurement obtained through SAPO with the 
measurements directly done on the mannequin. Afterwards, 
the measurement of the standard error was calculated using 
the formula: 

The angle and distance measurements present variability 
due to the digitalization method. In this study 90 repetitions of 
each measure are available. In clinical practice though, it is not 
possible to perform this many repetitions to obtain an accurate 
measurement, which makes one question: how many repetitions 
are necessary to obtain an accurate measurement?

Considering that the variability statistics is exactly the one 
which provides information on how accurate the measurement 
is, the presented question can be paraphrased: how many repeti-
tions are needed to obtain a measurement with variability close 
to that verified when using 90 repetitions?

In order to answer this question, the following procedure 
was adopted:

1. From the 90 repetitions, 1,000 samples with the n = 2 size 
were drawn;

2. For each sample, the standard deviation was calculated 
generating hence a base of 1,000 standard deviations;

3. The mean of the 1,000 standard deviations was calculated;
4. Procedure fro m1 to 3 was repeated, ranging the sample 

size, from n = 2 to n = 30 (each sample size represents a simula-
tion of the use of n repetitions of the measurement).

5. The mean standard deviation value obtained in step 3 was 
compared with the standard deviation calculated using the 90 
initial observations.

Thus, the closer the mean standard deviation of the sample 
with 90 repetitions, the more accurate will the measurement 
be, that is to say, the results will present sufficient variability to 
provide a more reliable estimation.

RESULTS ANALYSIS
The results are presented with standard error values. After 

having tested the data normality, the four methods have been 
compared, namely: with a 3.2Mp camera and a 12Mp camera 3m 
and 5m away. Analysis of variance (ANOVA) with Tukey post hoc 
was applied to test each angle and distance measurement sepa-
rately and two-way ANOVA to compare all angle and distance 
measurements concerning the different methods. Significance 
method adopted was of p < 0.05.
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RESULTS
As follows, the standard errors of the horizontal align-

ment (Table 1), vertical alignment (Table 2), angle and dis-
tance alignment (Table 3) are presented. Analysis of variance 
of two factors joined all measurements in a single set. The 
analysis of the effect of the distance and the image resolu-
tion in the standard error of the measurements showed that 
the distance (p = 0.3) and the level of image resolution (p = 
0.09) did not affect the standard errors of the measurements.

The second analysis of variance was separately applied for each of 
the 27 assessed variables (table 4). Thus, the effect of the interaction 
between distance and image resolution in 23 variables was observed 
(p < 0.05). In the majority of the times (52%), the lowest stan-
dard error occurred with the 3m distance and 3.2Mp resolution.  

The relation between the number of repetitions (digitaliza-
tion) necessary to obtain a reliable measurement was assessed 
In figure 2, the results found for two measurements (AHCA and 
AHA) are presented. It is observed that with up to 10 repetitions 
95% of the accuracy which could have been obtained in case 90 
repetitions were used is reached.

diScuSSion
The aim of the study was to verify the effect of the distance 

of the camera and the image resolution in the standard error 
of measurements related to the postural assessment obtained 
through the SAPO software. Two-way ANOVA did not show main 
effect of the distance or image resolution in the standard error of 

Table 1. Means of the differences and standard errors of the horizontal measure-
ments for the four methods. 

Distance 3 meters 5 meters

Resolution 3.2Mp 12Mp 3.2Mp 12Mp

AHCA -0.11±0.02 -0.23±0.01 0.87±0.01 -0.36±0.01

AHA -1.17±0.02 -0.33±0.01 -0.39±0.01 -0.19±0.006

AHEIAS 0.03±0.02 -0.44±0.01 -0.35±0.01 -0.63±0.01

AHTT -2.20±0.03 -1.40±0.02 -1.63±0.01 -1.44±0.02

AHCLD -3.19±0.10 1.78±0.03 2.85±0.01 3.10±0.01

AHCLE 0.91±0.11 -0.24±0.03 -0.67±0.02 -1.59±0.01

AHPLD 0.60±0.02 -0.06±0.01 0.25±0.01 -0.23±0.01

AHPLE 1.92±0.03 1.4±0.01 1.42±0.01 1.08±0.01

Head horizontal alignment (AHCA), acromial horizontal alignment (AHA), anterosuperior iliac spines hori-
zontal alignment (AHEIAS), tibial tuberosity horizontal alignment (AHTT), head horizontal alignment (C7) 
right and left sides (AHCLD and AHCLE), right and left pelvis horizontal alignment (AHPLD and AHPLE).

Table 2. Means and standard deviations of the vertical measurements for the 
four methods. 

Distance 3 meters 5 meters

Resolution 3.2Mp 12Mp 3.2Mp 12Mp 

AVCLD 0.24±0.01 0.36±0.01 0.64±0.01 1.11±0.01

AVCLE 2.04±0.01 2.61±0.01 2.50±0.01 1.87±0.01

AVTLD -0.06±0.002 -0.31±0.004 0.01±0.003 -0.31±0.003

AVTLE -0.64±0.004 -1.12±0.005 -0.89±0.002 -0.82±0.005

AVCOLD 0.94±0.005 1.17±0.003 1.45±0.002 1.27±0.002

AVCOLE 0.37±0.003 0.17±0.002 0.26±0.002 0.28±0.002

Head vertical alignment (acromion) right and left sides (AVCLD and AVCLE), trunk vertical alignment right 
and left sides (AVTLD and AVTLE), right and left body vertical alignment (AVCOLD and AVCOLE).

Table 3. Mean of the differences and standard deviations of the angle and dis-
tance measurements for the four methods.

Distance 3 meters 5 meters

Resolution 3.2Mp 12Mp 3.2Mp 12Mp

AFMID 0.84±0.01 1.30±0.01 1.32±0.005 1.02±0.01

AFMIE -0.66±0.02 -1.22±0.03 -0.86±0.01 -0.64±0.01

AQD -0.03±0.08 3.24±0.04 4.63±0.02 3.94±0.01

AQE -2.73±0.08 1.48±0.04 1.79±0.02 1.74±0.04

APRD -0.75±0.02 -2.38±0.02 -2.56±0.02 -1.30±0.04

APRE 1.08±0.01 1.41±0.03 2.47±0.02 1.75±0.03

AQLD -1.93±0.01 -2.86±0.01 -2.83±0.005 -3.16±0.008

AQLE -1.11±0.07 -1.63±0.006 -1.22±0.005 -1.12±0.009

AJLD -0.26±0.006 -0.40±0.01 -0.52±0.007 -0.56±0.01

AJLE 1.29±0.009 1.22±0.01 1.53±0.01 1.48±0.01

ATLD 1.61±0.009 2.14±0.003 2.32±0.005 2.27±0.004

ATLE 1.80±0.01 1.72±0.006 1.86±0.004 1.77±0.005

DCMI 0,89±0,01 0,42±0,003 0,47±0,002 0,47±0,003

Frontal angle of the left lower limb (AFMIE), right Q angle (AQD), left Q angle (AQE), leg/right retrofoot angle 
(APRD), leg/left retrofoot angle (APRE), frontal angle of the right lower limb (AFMID), hip angle (trunk and 
lower limb) right and left (AQLD and AQLE), knee angle (AJLD and AJLE), ankle angle (ATLD and ATLE), difference 
in the length of the lower limbs (DCMI).

Table 4. Quantity of variables by method which presents the lowest error among 
the 23 variables with significant difference.

Method Quantity of variables % with the lowest error 

3,2Mp a 3m 12 52%

3.2Mp at 5m 6 26%

12Mp at 3m 1 4%

12Mp at 5m 4 17%

Figure 2. Relative variability of the head horizontal alignment (AHCA) and acromial ho-
rizontal alignment (AHA) in relation to the number of repetitions of each measurement.
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the chosen measurements. Thus, the standard error of a set of 
measurements for postural assessment does not suffer global 
effect of the camera distance from the individual, neither of 
the image resolution. The recommendation for these two fac-
tors is very simple: the distance should be sufficient to place 
the entire body of the individual in the middle of the image 
and the resolution should be sufficient to clearly show each of 
the markers. The body image should be centralized to avoid 
distortion which could occasionally occur due to the lenses 
curvature, but for the level of analysis used in this study is ir-
relevant. Centralizing the image reduces the risk of not showing 
the entire body of a person in it. 

On the other hand, the resolution level allows distinguishing 
details of the image; in the case of postural assessment, the 
markers. Regardless of the image resolution, the markers should 
be visualized in the image. This condition facilitates visualiza-
tion and digitation of the points in the image processing for 
postural assessment.

Standard error was used as an indicator of measurement 
accuracy for the postural assessment. The lack of main effect 
in the set of measurements selected suggests that different 
photographic cameras and distances between a camera and 
a person can be used with no alteration in the accuracy of the 
postural assessment. Such fact ensures that the SAPO system 
is robust enough to be a system of postural assessment simple 
and versatile. 

In order to determine the measurements error with the 
SAPO software, the values offered by it were compared from 
the photos of a mannequin with measurements taken on the 
mannequin itself (actual measurement). Such errors could be 
influenced by the data collection method; therefore, different 
methodologies were applied. The mean values of the errors of 
the 27 analysed measurements are close to zero, indicating that 
SAPO is an accurate method for clinical use. Recent studies have 
found errors around 0.1º (19,20); however, they used only three 
reference points in their methodologies for digitalization of the 
actual measurements. The advantage of the present study was 
that it used a mannequin to quantify the measurement error of 
SAPO in a condition similar to the clinical practice. 

The postural assessment systems are different from the ki-
netatic assessment systems for having a pre-set representation 
for some postures which makes it possible to define postural 
deviations and other body measurements which present clinical 
meaning. Thus, systems based on photometry are offered to 
evaluate posture, facilitate and increase assessment reliability. 
The Weaving Posture Analysis System (WEPAS) is a system of bi-
dimensional video based on image processing for posture re-
cording and analysis during laboratory activities, which presents 
an error lower than 1º(21). Another postural assessment system 
is the PosturePrint, which presents mean errors for dislocation 
between 0.5º and 1.3º, and 0.9 and 1.2mm. The PosturePrint 
system enables the accurate measurement of the pelvis (22) and 
trunk rotation and translation (23). The BioTonix’s video system for 
postural assessment presents mean errors of 1.5º and 3.3mm, 
for angle and distance, respectively. The BioTonix’s is also con-
sidered valid, being recommended for postural assessment(14).

The SAPO is accurate for postural assessment and presents 
errors similar to the ones observed in other software; therefore 

it is recommended for clinical postural assessment. However, 
one should be careful in some measurements, such as in the 
Q angle ones. Sacco et al.(24) concluded that computer postural 
assessment is reliable concomitantly to goniometry, except for 
the Q angle, and attributes that the unsatisfactory results found 
should be due to the fact that this angle involves postures 
of more than one articular segment (hip, femoropatellar and 
femorotibial) adding up between each other many freedom 
degrees, which makes the measurement of this angle difficult.

Besides the Q angle, other measurements presented dif-
ferences higher than 1º; this fact may be due to the site of 
the anatomic marks which range with the segment contour, 
which may make the visualization of some points difficult and 
offer difficulty in their digitalization as well. A system which 
recognized the center of the markers during the process of 
point marking could minimize this effect.

Iunes et al.(25) report that the computer postural assessment 
presents acceptable variability, being recommended for the 
majority of the angle measurements assessed; however, they 
also report low reproducibility and hence the follow-up of the 
pre and post-results may not be sufficiently reliable. The au-
thors discuss that this low reproducibility may be due to the 
environment preparation and luminosity, tripod, camera and 
volunteer placement, among other elements. It was observed 
that alterations in the camera distance in relation to the object 
as well as the camera resolution have no effect when all the 
measurements offered by the software are considered; however, 
when these measurements are observed separately; the best 
choice is shorter distance and low  resolution. 

Still concerning the camera positioning, Paul and Douwes(13) 
infer that the bigger the distance between the volunteer and the 
camera, the shorter the systematic error since the lenses presents 
less distortion. It was observed during the digitalization that the 
higher the distance the higher the need to use the zoom in 
the software (100%), which could have caused image distortion 
increasing hence error in some measurements. Regarding the 
resolution, Normand et al.(14) found high reliability when com-
pared high and low resolution cameras; however, in their study 
the authors do to report which resolutions were used.

Santos et al.(26), with the aim to test the inter-examiner con-
cordance of the photogrametry applied to evaluate postural 
alignment in chidren, used some resources, such as the devising 
of a target (Pimaco® adhesive) on the marker (styrofoam marker) 
and standardization of the zoom in the software in 100%, and 
believe that such devices are crucial to offer greater accuracy 
to the analyses and reduce the variability in the measurements. 
The present study corroborates that the use of a target is an 
important device to guarantee accuracy to the analyses; ho-
wever, zooming should be avoided.

The process of manual digitalization of the marks may in-
duce to measurement variability; however, it has been estab-
lished that manual digitalization is reliable between evaluators 
and at different days(27). Since variability can be understood 
as quantification of how accurate the angle (28), alignment or 
distance measurement is, this information is important for the 
definition of the amount of digitalization necessary to guaran-
tee accuracy. In the present study, it was generally verified that 
with up to 10 repetitions, 95% of the accuracy which could have 
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been obtained in case 90 repetitions had been used is reached. 
Such data facilitates the digitalization process performed in the 
clinical practice.

An inanimate object termed a mannequin was used and the 
measurements taken from this mannequin were performed with 
a goniometer and a pachymeter. Such methods also present 
errors which in the present study have been disconsidered. Since 
a mannequin has been used, other error sources such as repo-
sitioning, palpation of the anatomic marks and others, have not 
been quantified.

CONCLUSION

The standard error of a set of measurements for postural as-
sessment does not suffer global effect of the distance of the 
camera until the volunteer neither of the image resolution. It 

was observed that the mean errors are generally close to zero, 
especially when they are observed through a 3.2Mp camera used 
3m away from the volunteer. The SAPO is an accurate method 
for clinical use; yet, further studies are necessary to verify the 
influence of the positioning plane of the volunteer in relation to 
the camera as well as the effect of the repositioning and palpa-
tion in the measurements offered by the software.
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