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Abstract

Photogrammetry is a science and technology which allows quantitative traits to be determined, i.e. the reproduc-
tion of object shapes, sizes and positions on the basis of their photographs. Images can be recorded in a wide
range of wavelengths of electromagnetic radiation. The most common is the visible range, but near- and medium-
infrared, thermal infrared, microwaves and X-rays are also used. The importance of photogrammetry has increased
with the development of computer software. Digital image processing and real-time measurement have allowed
the automation of many complex manufacturing processes. Photogrammetry has been widely used in many areas,
especially in geodesy and cartography. In medicine, this method is used for measuring the widely understood
human body for the planning and monitoring of therapeutic treatment and its results. Digital images obtained
from optical-electronic sensors combined with computer technology have the potential of objective measurement
thanks to the remote nature of the data acquisition, with no contact with the measured object and with high accu-
racy. Photogrammetry also allows the adoption of common standards for archiving and processing patient data
(Adv Clin Exp Med 2015, 24, 4, 737-741).
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Photogrammetry is a field of science and tech-
nology dealing with the acquisition, accumula-
tion and transformation of information about the
shape of an object, its location against other objects
in space, and its movement or deformation [1].
The very name photogrammetry comes from three
Greek words: photo (light), gramma (record), and
metreo (measure). In short, this means recording
and measuring with the use of light. Photogram-
metric images can be made in various wavelengths
of electromagnetic radiation. The most common is
the visible range, but near- and medium-infrared,
thermal infrared, microwaves and X-rays are also
used. Images are recorded by sensors suitable for
a given type of radiation. Cameras and scanners
are used for the visible and infrared bands, while
special receivers and radars for microwaves, and
special X-ray cameras for X-rays [2].

Photogrammetric techniques used to be lim-
ited by the expense and specialization of the

equipment, the operation of which required suit-
able knowledge and skills. Developments in IT,
improvements in the quality of equipment, and
a reduction in costs, have all contributed to the in-
creased use of photogrammetry [3]. Digital imag-
es obtained from optical-electronic sensors com-
bined with computer technology have the potential
of objective measurement thanks to the remote na-
ture of the data acquisition, with no contact with
the measured object and with high accuracy. Fur-
ther advantages of photogrammetric methods in-
clude the possibility of examining a great variety
of objects and phenomena, including dynamic
processes. Digital image processing and real-time
measurement allow the automation of many com-
plex manufacturing processes [1, 4, 5].
Photogrammetric techniques are used on
a large scale in geodesy. Photogrammetric imag-
es used in bar and photographic maps are wide-
ly used in agriculture, drainage work, forestry, and
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construction on land and water. Photogramme-
try has revolutionized map-making. Dimension-
al terrain models obtained using stereoscopic im-
ages are of particular importance in initial studies
in spatial planning, environmental protection and
many technical projects. Three-dimensional re-
construction of an object is currently a very fash-
ionable form of presentation in architectural doc-
umentation [6-9].

Medical Applications
of Photogrammetry

In medicine, photogrammetry has gained pop-
ularity as a method of repeatable reproduction of
body structures for the planning and monitor-
ing of therapeutic treatment and its results [10].
Currently, photogrammetric methods are used
most frequently in orthopedics. They allow quick
measurements of an entire body or its parts, e.g.
in screening tests of spinal curvatures [2, 11-14].
In a study by Saad et al.,, 20 patients aged 11-44
years with idiopathic scoliosis were photographed
in the frontal and the sagittal plane to examine
their anatomical landmarks in the acromion, the
inferior angle of the scapula, anterior superior
and posterior superior iliac spines, and the later-
al malleolus. The conclusions emphasized the re-
liability of photogrammetric techniques in their
study of posture [15]. Rodriques et al. conduct-
ed a comparative study of 12 women aged 65-74
with diagnosed osteoporosis and osteopenia, as
well as healthy women. Twelve women of mean
age 68.5 years were evaluated and divided into
2 groups. Group 1 consisted of 6 women with
a densitometry diagnosis of spinal osteoporosis,
while group 2 consisted of 6 women with a den-
sitometry diagnosis of spinal osteopenia. These
groups were compared with young adults. The
2 groups were photographed in the right sagittal
plane. To measure the degree of thoracic kypho-
sis, perpendicular skin markers were placed on the
spinous process of the 7% cervical vertebra (C7)
and on the 12 thoracic vertebra (T12). Their re-
sults indicate that osteoporosis increases the de-
gree of thoracic kyphosis, while their conclusions
emphasized the superiority of non-invasive pho-
togrammetry over the X-ray analysis of the curva-
tures of the spine, which exposed patients to radia-
tion while providing low quality images [16].

Posture screening in children is usually per-
formed using relatively cheap and easy to use de-
vices based on moiré projection methods. The
moiré method involves performing photographs
of bright and dark stripes displayed on the object
that are formed by superimposing of 2 line families

onto each other. A network of lines placed be-
tween the object and 2 different light sources proj-
ects onto the object 2 superimposing shades. Giv-
en the distances of light sources from the object
and of the network from the object as well as di-
mensions of the line, object shape can be recon-
structed. A patient with scoliosis has a character-
istic difference between the contour lines of the
2 halves of the body [2, 17, 18]. The resulting im-
ages also allow for the assessment of the progress
of treatment [16, 17]. In a study by Drzal-Grabiec
and Szczepanowska-Wolowiec the posture of chil-
dren aged 7-9 years was assessed using a photo-
grammetric method and was based on the moiré
phenomenon. The study identified the dominant
lordosis (subtype L1) and compared 24 parame-
ters differentiating the type of posture and height-
-weight ratios [17].

Analysis of joint prosthesis abrasion is neces-
sary to determine the cause of a failure of an im-
plant or in predicting the duration of its use. The
assessment of the degree of wear of orthopedic im-
plants also uses photogrammetric methods, next to
radiographic and gravimetric methods [19].

Photogrammetry has also been used in oph-
thalmology [20-22]. Romano, in his study based
on fundus photography, developed a simple di-
agnostic method for identifying the under-devel-
opment of the optic nerve which can be used for
children. The author studied 16 eyes with clinical-
ly identified retardation and 55 healthy eyes. He
measured the diameter of the optic disc. “For the
normal series of eyes, the mean optic disc horizon-
tal image diameter was 3.88 mm, with a range of
3.44 to 4.70 mm. For the series of eyes with op-
tic nerve hypoplasia, the mean horizontal diame-
ter was 2.64 mm, with a range of 1.80 to 3.27 mm.
In subjects with no major ametropia (< 2.5 diop-
ters of spherical or cylindrical refractive error),
a 3.4-mm horizontal diameter optic disc image
on a 35-mm transparency can be used as a clini-
cal guide or dividing line for the diagnosis of op-
tic nerve hypoplasia” [23]. According to Takamoto
and Schwartz, the photogrammetric technique of
measuring the thickness of the retinal nerve fiber
layer can be a repeatable and valuable method for
early diagnosis of glaucoma and other optic neu-
ropathies, and also in monitoring the progress of
damage to the retina [24].

In dermatology, photogrammetry can be used
to examine the surface of the skin. According to
Ding et al., it may facilitate the early diagnosis of
melanoma. The authors compared the 3D imag-
es in 11 cases of skin melanoma plus 28 cases of
benign changes (dermatofibroma, intradermal ne-
vus, hyperkeratotic squamous papilloma, com-
pound nevus, seborrhoeic keratoses, dysplastic
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nevus, congenital nevus and junctional nevus)
with the images of healthy skin. Disorders of the
skin texture were higher in melanoma compared
to benign changes [25]. In monitoring the prog-
ress of healing and in the assessment of the efficacy
of treatment used for chronic skin ulcers, it is im-
portant to analyze the size of wounds. The photo-
grammetric method eliminates manual measure-
ment errors caused by difficulties in the objective
assessment of the wound borders. It is easy to use
and cheap, does require contact, saves time and is
reliable [26-28].

In forensic analysis, the exact analysis of dam-
age to hard and soft tissues is important for assess-
ing the manner and cause of death. A limitation
of the previously used radiodiagnostic method,
i.e. scanning electron microscopy, was based on
problems with comprehensive evaluation of large
wounds [29, 30]. Sansoni et al. analyzed traumat-
ic traces in 3 forensic cases: abrasions of soft tis-
sues in lower limbs in a traffic accident victim,
blunt head injuries caused by a strike with a metal
rod, and knife marks on the right femur. The study
used a laser scanner and software converting da-
ta sets in the form of a cloud of points in a three-
dimensional model of the object. Test time was
10 s. The images were used to evaluate the shape
and depth of wounds. According to the authors,
this type of 3D analysis can provide information
about the direction, strength and speed with which
the injury occurred, and also allow a comparison
of wound morphology with the shape of the tool.
This method can be used directly by the patholo-
gist at the crime scene. The resultant 3D image can
be converted to stereolithography. Merging data
from a photogrammetric examination of the sur-
face with computed tomography (CT) and nuclear
magnetic resonance (NMR) images of internal or-
gans gives the possibility of a complete analysis be-
fore a post-mortem examination [29]. Another ap-
plication of photogrammetry is the visualization of
bite marks, which allows for a very precise match-
ing of the wound shape and individual character-
istics of the culprit’s teeth [31, 32].

In dentistry as well, the non-invasive tech-
nique of photogrammetry has been used to study
the morphology of the facial skeleton. Motta et al.
used photogrammetry to assess the relations be-
tween head posture and the incidence of brux-
ism in young children. Forty-two children aged
between 3 and 6 years, with complete deciduous
dentition, participated in the study. Twenty-one
children diagnosed with bruxism according to
the diagnostic criteria of the American Academy
of Sleep Medicine were selected for the bruxism
group, and 21 children without bruxism were se-
lected for the control group. Markers were placed

on 3 anatomical landmarks (spinous process of the
7t cervical vertebra, manubrium of the sternum
and mental protuberance) and photographic mea-
surements were made to evaluate head posture.
Children with bruxism showed greater changes in
head posture than healthy children [33].

Three-dimensional imaging has many appli-
cations in orthodontics and orthognathic and re-
constructive surgery [34-36]. This technique can
also be used in longitudinal studies to show chang-
es in facial softtissue morphology at different time
intervals and to monitor closely growth distur-
bances and deviations from normal growth. Kau
et al. described a 9-year old patient who had un-
dergone segmental resection of the left side of the
mandible with preservation of the condylar head
due to juvenile aggressive fibromatosis. Immedi-
ate reconstruction of the defect was made by us-
ing a 2.4-mm syntheses titanium reconstruction
plate fixated with 8 screws placed in the head and
neck of the left condyle for rigid fixation. Sever-
al bone markers were placed at the time of oper-
ation for monitoring mandibular growth and its
displacement vectors. Three-dimensional surface
scans with the 3dMDface system were taken at
several follow up times: immediately after resec-
tion, 6 months after resection, and 2 years after
resection to monitor and evaluate the soft-tissue
changes during dentofacial growth and the chang-
es in the mandibular growth pattern after resec-
tion. This method of analysis has helped to define
a great dilemma in the approach to future manage-
ment and rehabilitation of the patient [37].

Craniofacial photographic analysis has also
been used by Lee et al. to predict obstructive sleep
apnea (OSA). One hundred eighty subjects (43
women and 137 men), with their ages ranging be-
tween 20 and 86 years, were evaluated. Clinical as-
sessment, craniofacial photographic analyses and
polysomnography were performed. “Frontal and
profile photographs of the head and neck were ob-
tained with a standardized setup using a single-lens
reflex digital camera”. Obstructive sleep apnea was
found in 114 patients. “The photographic measure-
ments identified in the logistic regression models
appear to capture a range of anatomical risk fac-
tors for OSA. These include general and regional
obesity (face width), fat deposition on the anterior
neck (cervicomental angle), mandibular deficien-
cy (mandibular length), and possibly inferior hyoid
position (cervicomental angle)” [38]. Craniofacial
photographic analysis technique may have a poten-
tial role as a research and diagnostic tool in epidemi-
ological study and clinical practice [39, 40].

The authors have concluded that modern dig-
ital image processing methods allow the high re-
producibility and objectivity of results. They are
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strong competition for other previously used meth- of various phenomena in human tissues. They also

ods. Photogrammetric measurement techniques make it possible to adopt common standards for

are being increasingly used in medicine. They al- data and image archiving. The patient data can be

low for the recording and comparative assessment easily compressed, transferred and encoded.
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