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Abstract: Trunk flexibility is an important parameter in
the assessment of the overall health status of a subject
and has been the focus of manual photogrammetric
studies. A preliminary study towards automating such
photogrammetric assessment using image processing
techniques — the Generalised Hough Transform and a
gradient-based angle estimation algorithm — is presented
in this work. The algorithm shows promising results
when compared to previous photogrammetric studies
using the same image data.
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Introduction

The assessment of body health status involves
several physical aspects, such as strength, balance and
flexibility. A reduction in flexibility can lead to
functional limitations and lower back pain. Some of the
main locations for assessing trunk flexibility are the
posterior thigh muscles, which are called ischiotibial
muscles [1].

In this sense, the most commonly test used to assess
trunk flexibility is the sit and reach test (SRT) because
of its simplicity and convenience to conduct in large
groups. However, studies suggest that the outcome of
the SRT is generic and that it has many intervening
factors that result in inaccuracies [1, 2].

With the intention to enhance the assessment of
trunk flexibility, Perin and colleagues [1] developed an
assessment protocol using photogrammetry, a resource
that is already successfully used in many protocols in
the biomedical field for the assessment of lung volume
[3, 4] and the assessment of postural spine deviations in
athletes [5] and subjects in general [6].

Photogrammetry is the combination of digital
photography and imaging software for the measurement
of distances and angles. Although generic image
manipulation software can be used for this purpose,
there is also software that is specifically designed for
postural assessments — an example is SAPO (Sofiware
para Avaliagdo Postural, in Portuguese, or Postural
Assessment  Software), which already has pre-
established anatomical landmarks to be identified in the
image [7].

However, both in conventional protocols using
generic software and other protocols using specific
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software such as SAPO, there are inaccuracies in tracing
lines and angles or in the identification of anatomical
landmarks, which depend on the human operator. This
problem has been formally investigated before and the
conclusion was that inter-operator reliability is low — the
method is considered reliable only when a single
operator is involved [8, 9].

Regarding the specific case of trunk flexibility,
another aspect to be considered is the time for
completion of the assessment. The SRT (having the
disadvantages already mentioned) is a quick test, but the
protocol developed by Perin and colleagues [1] requires
the manual measurement of three angles by the operator,
which is time consuming and increases the probability
of inaccurate measurements.

In this sense, the objective of the present study is to
develop software that automatically measures the angles
proposed by Perin and colleagues [1] for trunk
flexibility assessment using digital image processing
techniques, with the objective of improving inter-
operator reliability and time spent in the analysis.

Materials and methods

Perin’s protocol uses three commercial right-angled
polystyrene electrical conduits as markers (Figure 1).
These markers are adhered to the surface of the skin on
the dorsal region of the subject’s trunk, in such a way
that they are easily identified in a digital photograph.
The markers are placed using double faced adhesive
tape in the following anatomical points: fifth lumbar
vertebra, twelfth thoracic vertebra and seventh cervical
vertebra (Figure 2).

Figure 1: Right-angled polystyrene electrical conduit
used as marker [1].
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Figure 2: Markers placed on the spine: fifth lumbar
vertebra, twelfth thoracic vertebra and seventh cervical
vertebra [1].

The protocol follows the same movement used in the
sit and reach test, with the subject’s feet resting on a
standard Wells’ bench (31 cm in height, 64.5 cm in
length and 40 cm in width) — the test is used to assess
the stretching of the posterior region of the trunk and
ischiotibial muscles (hamstrings), as shown in Figure 3.

Fq_}

Fl =Fql - Fq
Ft = Fqilt - Fql

Figure 3: Sit and reach test using a standard Wells’
bench in order to measure angles for the assessment of
trunk flexibility [1].

Figure 3 also shows five angles used for assessment
of trunk flexibility in Perin’s protocol (Fg, Fql and Fqlt
are measured angles, whereas F/ and Ft are calculated
angles, see Table 1). The intention is to estimate the
contribution of different segments of the spine at the end
of the trunk flexion movement when performing the sit
and reach test.

Table 1: Perin’s protocol angles for the assessment of
trunk flexibility.

Angle Measurement / Computation
Lumbar hip thoracic flexion: angle between
Fqlt the upper edge of the marker at the seventh
cervical vertebra and a horizontal reference
line
Lumbar hip flexion: angle between the up-
Fql | per edge of the marker at the twelfth thorac-
ic vertebra and a horizontal reference line
Hip flexion: angle between the upper edge
Fq of the marker at the fifth lumbar vertebra
and a horizontal reference line
Fl Lumbar flexion angle: FI= Fql— Fq
Ft Thoracic flexion angle: Ft = Fqlt - Fql
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In order to measure and calculate the angles listed in
Table 1, digital photographs are taken from the subject
at a distance of 200 cm, with a 10 megapixel resolution
camera held by a tripod 50 cm high from the floor.

The Generalised Hough Transform [10] is used in
order to locate the markers in the digital photographs.
For that, a synthetic model of the markers (Figure 4)
was used to generate the R-table that votes for candidate
locations of the markers within the input image.

Figure 4: Synthetlcmode of the markers with the same
approximate size (48 X 48 pixels) as the real markers.

The first step in the construction of the R-table [10]
is to obtain its centre of mass, by computing the average
coordinates of white pixels in the synthetic model.
Then, the image gradient is computed using Sobel
masks and each edgel (pixel corresponding to a strong
edge in the gradient image) is mapped to an entry in the
R-table. Each entry in the R-table contains the radius
(R) from the coordinates of the edgel (x;, y;) to the centre
of mass of the model (x, y.), and the relative angle (8)
between the orientation of the local gradient (@) and the
direction from the edgel to the centre of mass of the
model:

(1
2

R= \/(xi - xc)z + (yl - yc)z
0= ®(xif yz) - atanz[(yi - yc); (xi - xc)]

The R-table is then used to vote for candidate
locations of the markers in the input image, independent
of their orientation. This is done by computing the
image gradient of the input using Sobel masks and then
finding strong edgels (with magnitudes higher than half
of the maximum gradient magnitude response). For each
strong edgel (x;, ;) detected in the gradient of the input
image, the R-table is used to increment one vote per
entry in each corresponding location in Hough space (a
matrix H with the same dimensions of the input image).
This is done by computing the direction (&) from the
orientation of the local gradient and the relative angles
stored in the entries of the R-table, and then voting at
locations (xy, »v), whose distances are given by the
corresponding radii:

a=0(x,y;)—0 (3)
X, =X — Rcosa 4
Yy =Y;— Rsina (5
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The result at the end of the process is that locations
with the highest number of votes in Hough space are
likely to correspond to where the markers are located in
the input image — as there are three markers, the last
step in the transform is to search for the three highest
peaks in Hough space.

The final stage of the algorithm concerns measuring
the angles of the detected markers with respect to
horizontal lines. This is accomplished by first cropping
an image patch of 48 X 48 pixels in the surrounding of
each detected location and then computing its image
gradient. All gradients with orientations above 90° are
discarded and the median of the remaining orientations
(below 90°) is taken as the approximate measurement of
the angle of the marker.

Results and discussion

Experiments were conducted using five input images
originally used in the work of Perin and colleagues,
which were previously converted to gray levels and had
irrelevant regions removed, in order to reduce
processing time. An example of input image is given in
Figure 5.

(b)
Figure 5: Photograph from subject 106. (a) Original
colour image [1]; (b) Input image converted to gray
levels, with regions not corresponding to the subject
removed.

Computation of the Generalised Hough Transform in
search for the synthetic model of the markers (Figure 4)
within the input image corresponding to subject 106
(Figure 5b) resulted in the voting landscape (Hough
space) depicted in Figure 6.
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Figure 6: Voting landscape (matrix H) resulting from the
Generalised Hough Transform in search for the
synthetic model of the markers. The three highest peaks
correspond to the locations of the markers in the input
image of subject 106.

It can be noticed in Figure 6 that the three highest
peaks correspond to the locations of the markers in the
input image, as shown in Figure 7. The corresponding
regions of 48 X 48 pixels were correctly located by the
Generalised Hough Transform, independently of the
orientation of the markers.

Figure 7: Markers highlighted in the input image of
subject 106. The Generalised Hough Transform was
able to detect all three markers accurately, regardless of
their orientation.

Figure 8 shows the cropped image patches of the
markers (48 X 48 pixels) and their rotated versions in
order to illustrate the accuracy of the gradient-based
procedure used for orientation estimation.

il

(a) (b) (c)

(d) (e) (®
Figure 8: Detected markers. (a) Fgq; (b) Fgl; (c) Fqlt; (d)
rotated Fg; (e) rotated Fql; (f) rotated Fglt. One can

notice that the edges of the rotated markers are aligned
with the horizontal line.
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The results obtained for five subjects (106 to 110)
are shown in Table 2, and compared to the ground-truth
(manual angle measurements) from the work by Perin
and colleagues.

Table 2: Results obtained for measured angles Fg, Fql
and Fglt for subjects 106 to 110 and corresponding
ground-truth.

Ground-truth (deg.) Autom. Meas. (deg.)
Sub Fq Fql | Fqlt Fq Fqgl | Fqlt
106 | 79.29 | 93.50 | 168.7 | 76.04 | 96.46 | 166.3
107 | 84.81 | 111.5 | 182.9 | 75.04 | 111.1 | 185.9
108 | 75.38 | 112.4 | 165.3 | 74.55 | 110.6 | 193.5
109 | 1054 | 119.1 | 201.3 | 1069 | 116.6 | 197.2
110 | 99.46 | 120.6 | 180.0 | 99.14 | 119.8 | 175.0

The errors between automatic and manual angle
measurements are given in Table 3, where one can
notice that most results are below 5%. Larger errors
were obtained for Fg for subject 107 and Fgqlt for
subject 108.

Table 3: Error between automatically measured angles
and manually measured angles (ground-truth) from the
work by Perin and colleagues.

Error (%)

Subject Fq Fql Fqlt
106 4,10 -3,17 1,44
107 11,5 0,30 -1,65
108 1,10 1,56 -17,1
109 -1,36 2,09 2,00
110 0,32 0,63 2,79

A more rigorous analysis revealed that the manual
measurement for Fg for subject 107 was more accurate
than the automatic measurement, but the automatic
measurement for Fglt for subject 108 was more accurate
than the manual measurement. This analysis shows that
marker angles closer to the horizontal reference line are
more accurately estimated by the automatic method than
marker angles closer to 90°.

Conclusion

This paper presented an automated technique for
photogrammetric assessment of trunk flexibility based
on Perin’s protocol [1], aiming at increasing reliability
in the measurement of marker angles. The technique is
based on the Hough Transform and a gradient-based
angle estimation algorithm.

Preliminary experimental results show that errors are
mostly within £5%, except in cases in which marker
angles are close to 90°. A small change in the original
protocol, regarding the standardisation of orientations
while positioning markers may improve accuracy in
marker angle estimation significantly.

Future work will focus on investigating different
algorithms for the estimation of angles in order to
improve measurement accuracy.
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