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ABSTRACT

Objective: The aim of our studly is to reveal the errors that can be encountered during the shooting of photogrammetric studies
on the lower extremities.

Methods: We revealed the necessary tools that used during photogrammetry measurements of the lower limb. Also, the errors
have been encountered of our two previous studies performed on photogrammetry of lower limbs. The technical errors or
incorrect positioning of 20 from 220 volunteers were encountered.

Results: The identified errors of 20 volunteers’ photographs related to lower limb were about the inadequate quality image,
calibration, poor lightining, positioning error of trunk or parts of lower limb and clothes that cover the anatomical points affected
the measurements.

Conclusion: Photogrammetry is an important and useful tool for evaluation, diagnosis, treatment, and efficacy monitoring. In
anatomy, it is frequently used as a time-saving method in terms of measurement and evaluation in the laboratory, which can be
applied and repeated for research. For this reason, errors that occur during the lower extremity have been reported and we think
that it will be useful for studies on this part of the body and can be a guide.
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INTRODUCTION

The word “photogrammetry” comes from the Greek words” w¢»
meaning «light» and «ypappetpta” meaning “something written
or drawn”[1]. It was first used by British scientist Sir John Herschel
in 1839 (Figure 1) [2]. The research in this area, which began in
the early 19th century, has found that photography can express
a great deal more detail than other disciplines like painting and
sculpting. The first known photograph that left a permanent
mark was produced by Nicéphore Niepce in 1822.“View from the
Window at Le Gras,"which he photographed in 1826, was the first
ever permanent nature image. However, since these shootings
can be done in about 8 hours, he tried to find new systems in
this field with Louis Daguerre [3]. Daguerre, on the other hand,
discovered the method of obtaining images by exposing silver
plates known as daguerotype to mercury vapor for a period of
10-20 minutes [4]. Contrarily, a sight captured using this method
in 1838, when a man had his shoes painted on the streets of
Paris, is considered to be the first human picture in history.
During the 19th century, there were many developments such

as the transition from silver and copper plates to glass plates.
By 1884, George Eastman invented film instead of photographic
plates [5]. Photogrammetric measurement, on the other hand,
is a method of obtaining reliable information about physical
objects and the environment in the process of recording,
measuring and interpreting photographic images and patterns of
electromagnetic radiant images and other phenomena [6]. This
methodisusedwithhighaccuracytodetect, measureandinterpret
the properties of living or non-living things. The primary benefit
of photogrammetry is that measurements are obtained from
photographic representations rather than directly on objects [7].
Making measurements repeatedly became convenient as a result
of this. This approach first appeared about the same time as the
photograph. With the advancements, it has also been extensively
employed in the field of medical, in addition to areas like maps
and architecture [8]. In 1863, American physician Holmes used
it for the first time in medicine [9, 10]. This made it possible for
him to create prosthetic limbs for Civil War troops who had lost
their arms or legs [9,10]. Its use has expanded as development
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has progressed. Yet, despite declines throughout the world wars,
it spread and the region of its utilization continuously grew. As
a reproducible replication technique for planning and observing
therapeutic treatment for bodily structures, photogrammetry has
grown in significance in medicine [11].

Figure 1. British scientist Sir John Herschel (1839) who was
first used the photogrammetry.

Photography in medicine was first used by the French physician
Alfred Frangois Donné. Donné, who was also the inventor of
photomicrography, used the materials he revealed using the
“daguerrotype” method in his lectures, and collected what
he took under the microscope in his book titled “Cours de
Microscopie, Complementaire des Etudes Médicales: Anatomie
Microscopique et Physiologie des Fluides de L'Economie”[12,13].
The first daguerrotype taken in the field of dermatology was a
photograph of skin disease in 1848, and the photographs taken
before and after surgery in the field of orthopedics in 1852 [12].
Taking photos from inside the body was not realized until 1883
due to the light problem [12].

For the design and evaluation of therapeutic treatment and its
outcomes, photogrammetry has grown in popularity in medicine [14].
It is a technique for reproducing bodily structures in a reproducible
manner. As photogrammetry is non-invasive and precise technique
that uses photographs to measure and analyze the shape, size, and
position of objects. In medicine, photogrammetry has a wide range
of applications, where the most common used now is in orthopedics.
They provide rapid measurements of the whole body or specific body
parts, such as in screening exams for spinal curvatures, determining
the craniofacial anthropometric features or lower limb [15-19].

Main Points:

« The importance of correct use of the necessary tools that used
during photogrammetry measurements (camera, tripod, light
source, White background, calibration object, markers, foot
support, software and computer)

- Correct positioning of the volunteer before shooting and planning
the preparations correctly.

» Removing clothes or accessories from the area(s) where the photo
will be taken and ensuring the hygiene of the area.

Nteli Chatzioglou G. Photogrammetry of Lower Limb

METHODS

During our studies of the “Variable Lower Limb Alignment of
Clinical Measures With Digital Photographs” [18] and “Physical
attractiveness: analysis of buttocks patterns for planning body
contouring treatment” [19], the detection of difficulties and errors
we encountered in photogrammetry was examined. Although a
total of 220 adult volunteers (115 male, 105 female) between the
ages of 19-21 participated in the study, 200 of them have been
included in the study. Twenty volunteers’ photos were excluded
from the study due to low resolution, incorrect extremity position,
etc. The reasons for 20 individuals who were not included in the
study were explained in the result section. None of the participants
had a history of surgery or reported trauma, lower extremity
fractures, or pain in the lumbar spine and lower extremity until at
least 3 months prior to measurement. The studies were ethically
approved by Ege University Faculty of Medicine and complies with
the Declaration of Helsinki.

Research Plan and Procedure of Photogrammetry

Five characteristics the thigh, knee, leg, ankle and foot of
lower limb were assessed in this study. Utilizing a variety of
measurement techniques, including the Image J tool to measure
digital photos. A standard posture was used to acquire weight-
bearing, full-length, antero-posterior, and lateral digital photos
of the lower limb. Participants were asked to stand in a neutral
position, which is described as having the feet shoulder-width
apart, the toes looking forward, and the upper extremities crossed
over the chest, in order to assess the static lower limb alignment
factors. The anatomical body landmarks indicating the center
(kneecap, tibial tuberosity, the knee joint center, lateral femoral
condyle, ankle joint, and lateral malleolus) were marked on the
skin with nontoxic color pencils. Each participant was assigned
a number before the picture shoot, and the photographs that
matched that number were subsequently uploaded to a digital
folder. Care was also taken to ensure that the picture session was
done in metric (Figure 2).

Figure 2. The standart positions of the lower limb during
photo shoot from anterior, posterior and lateral views.
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As the feet were more swollen towards the end of the day, we
performed the photo taking both feet accurately in the morning/
afternoon. The procedure of picture shoot of the foot was done
with a glass-supported setup. Obtained digital pictures were
imported into Image J software (http://rsbweb.nih.gov/ij) in
order to calculate the determined parameters (Figure 3).
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Figure 3. The standart position of the plantar surface of foot

The necessary tools that used during photogrammetry

measurements of the lower limb were as follows:

a) Camera: A digital camera with high resolution and good image
quality was essential for capturing detailed images of the foot.

b) Tripod: A tripod was necessary to keep the camera steady and
ensure that the images were in focus.

c) Lightsource: A consistent and even light source was important
for capturing clear and accurate images. A softbox or diffused
light source was used to reduce shadows and glare.

d) White background: A plain white background was used to
provide contrast and enhance the visibility of the markers on
the images.

e) Calibration object: A calibration object (the green metric) was
used to establish the scale of the images and ensure accurate
measurements. It was a green plastic meter stick or a custom-
made object of known size.

f) Markers: Markers were used to identify specific anatomical
landmarks on the foot, which were necessary for accurate
measurements. The skin was marked with nontoxic color
pencils.

g) Foot support: A foot support was used to position the foot in
a standardized position for imaging. It was a custom-made
support or a commercially available one.

h) Software: Photogrammetry software was necessary to
process the images and obtain accurate measurements. Some
popular photogrammetry software options included Agisoft
Metashape, Pix4D, and RealityCapture.

i) Computer: A powerful computer with sufficient storage and
processing power was necessary to handle the large image
datasets and process the images using photogrammetry
software. Overall, photogrammetry of the lower limb,
especially the foot, requires specialized equipment and
software to ensure accurate measurements and reliable
results.
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RESULTS

It was observed that 20 of the 220 volunteers who were
photographed had errors in their images. The technical errors
or incorrect positioning were encountered in our study (Figure
1 and Figure 2).

Errors identified in a photogrammetric study of lower limb:

a) clothing and underwear covering the anatomical points made
it impossible to make the planned measurements (Figure 4).

b) incorrect rotational trunk (Figure 5) or lower extremity (Figure
6) position: It was important that the planned parameters
were realized in a static upright posture. Therefore, rotations
of different parts of the body were not preferred during
shooting.

¢) inadequate technical error-picture quality (Figure 7):
Poor image quality not only made the analysis with the
photogrammetric method difficult, but also led to inaccuracies
in measurement.

Errors identified in a photogrammetric study of the foot and the
plantar surface:
a) it was observed that the possible reflection of the sole of
the foot, which occurred due to the glass apparatus used
during the photo shoot, affected the measurements (Figure
8). In addition, it was another mistake that the clarity of the
metric (green meter) placed on the glass was insufficient for
measurement. It was also necessary to prevent reflections
that might be caused by the glass material used during photo
shoots. For this, it was necessary to control the light and
camera before shooting.

removal of digitus secundus from the midline (Figure 9): The

parameters planned to be measured should be done with the

foot in a standard position.

insufficient hygiene of the plantar surface (Figure 10): The

parameters that were planned to be measured must be clear

and understandable. In this case, care should be taken to
ensure that the plantar surface of the foot was hygienic.

d) clothes (thin socks) that cover the anatomical points affected
the measurements (Figure 11): Clothing that covers the
landmarks determined during the measurement should be
avoided.

b

-

C

Figure 4. Clothes and underwear that cover the anatomical
points of the lower limb.
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Figure 5. Incorrect position of trunk. Figure 7. Inadequate picture quality durig the photo shoot of
lower limb resulting in poor image.
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Figure 6. Incorrect position of the lower limb. Figure 8. Inadequate picture quality durig the photo shoot of
the foot resulting in poor image.
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Figure 9. Incorrect position of the plantar surface of the foot
where the digitus secundus has been removal from the midline.
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Figure 10. Insufficient hygiene of the plantar surface.

Figure 11. Undesired clothes such as socks that cover the
anatomical points of the lower limb.

DISCUSSION
Photogrammetry is a technique that involves taking
measurements and making three-dimensional models of

objects or scenes from photographs [20]. It has a wide range
of applications, including in the field of medicine, where it
is used for measurements of lower limb and foot. One of the
most common uses of photogrammetry in lower limb and foot
measurements is for orthopedic purposes [21]. By taking precise
measurements of the foot and lower limb, orthopedic specialists
can identify any anomalies or abnormalities, such as flat feet
or misaligned joints [18, 22]. These measurements can then be
used to create customized orthotics or other devices to help
correct these issues. Another use of photogrammetry in lower
limb and foot measurements is in the field of biomechanics [23].
Biomechanists use photogrammetry to study the movement and
mechanics of the lower limbs and feet during various activities,
such as walking, running, and jumping [24]. By analyzing these
movements, areas of potential injury or strain can be identified
and develop strategies to prevent or reduce these issues.
Therefore, photogrammetry is a valuable tool in the field of
lower limb and foot measurements, allowing for precise and
accurate measurements that can aid in diagnosis, treatment, and
prevention of various foot and lower limb issues [25].

Photogrammetry can also be used to design custom orthotics,
which are shoe inserts that are used to correct foot posture and
improve foot function. By taking photographs of the foot in
different positions, photogrammetry can be used to create a 3D
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model of the foot that can be used to design custom orthotics.
So, the photogrammetry is a useful tool in the assessment and
treatment of foot-related conditions, as well as in the design of
custom orthotics and footwear [26].

In studies to be carried out with the photogrammetric method,
the marked anatomical points and the photographs taken
should be clear. Especially during the measuring of determined
parameters with the Image J software is crucial. The software
which has been used in this study is a free, open-source image
analysis software developed by the National Institutes of Health
(NIH). It is widely used in scientific research, particularly in the
fields of biology and biomedical research [27]. It allows users to
analyze digital images and videos by performing measurements,
processing, and enhancing of images. The software provides
a wide range of functions, such as filtering, thresholding,
segmentation, and morphological operations. It also offers tools
for image registration, colocalization analysis, and 3D rendering.
In research, Image Jis commonly used to analyze images obtained
from various techniques such as anatomy [28], histology [29], and
radiology [30-33].

Although the photogrammetry is a non-invasive technique
that involves using photographs to measure the shape and
size of objects easly, there are some disadvantages to using
photogrammetry in the lower limb analysis, which are discussed
below:
a) inaccuracy:oneofthe maindisadvantages of photogrammetry
is the potential for measurement errors. The accuracy of
photogrammetry depends on several factors, including the
quality of the camera, the angle and distance of the camera
from the subject, and the presence of any obstructions
in the image. These factors can affect the accuracy of the
measurements, resulting in errors in the data.
limited range: another disadvantage of photogrammetry
is the limited range of motion that can be captured. To
obtain accurate measurements, the subject must remain
still during the imaging process, which can be difficult for
some individuals, particularly those with mobility issues or
pain. Additionally, the range of motion that can be captured
is limited by the angle of the camera and the distance from
the subject, which can be problematic in assessing dynamic
movements such as walking or running.
c) equipment requirements: photogrammetry requires specific
equipment, including a high-quality camera and software,
which can be expensive. Additionally, the process requires a
trained professional to capture the images, which can further
increase the cost of the analysis.
image quality: the quality of the images captured can also
affect the accuracy of the measurements. If the images are
blurry, overexposed, or underexposed, the measurements
may be inaccurate, making it difficult to obtain reliable data.
e) complex data analysis: photogrammetry data analysis can be
complex and time-consuming. The images must be processed
using specialized software, and the data must be carefully
analyzed to obtain meaningful results. This requires a skilled
and experienced professional, which can further increase the
cost of the analysis.

)
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f) ethical considerations: Finally, there are ethical considerations
to consider when using photogrammetry in lower limb
analysis.

This technique involves taking photographs of the subject’s body,
which can be intrusive and uncomfortable for some individuals.
Additionally, there is the potential for the images to be used
inappropriately, which can lead to privacy concerns.

The encountered errors of photogrammetry related to lower
limb have been explained in this study. However, other than the
lower limb errors, may be encountered in studies performed
on other parts of the body (upper limb, face, etc.). Although this
study has been described the encountered errors during the
photogrammetry of young Anatolian adults, a number of other
errors related to photogrammetry may also be encountered
depending on race or age. Therefore, it is thought that this study
may be a guide for photogrammetric measurements to be made
about the lower limb, as well as encouraging new studies to reveal
the errors that may be encountered in different ethnic groups,
ages or demographic features.

In conclusion, photogrammetry is a useful tool for lower limb
analysis, but it is not without its limitations. The potential for
measurement errors, limited range of motion, equipment
requirements, image quality issues, complex data analysis, and
ethical considerations must be carefully considered before using
this technique. Despite the disadvantages of photogrammetry,
it is thought that this method will contribute to patient control,
treatment planning / treatment follow-up, and revealing the
morphometric and morphological characteristics of the lower
limb as a method to reduce radiation preference.
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