Journal of Amimal and Veterinary Advances 8 (7): 1248-1251, 2009

ISSN: 1680-5593
© Medwell Journals, 2009

Three-Dimensional Measurements of Glenohumeral Joint
Surfaces in Sheep, Cat and Rabbit by Photogrammetry

Hakan Karabork
Department of Geodesy and Photogrammetry Engineering,
Faculty of Engineering and Architecture, University of Selcuk, 42079, Konya, Turkey

Abstract: The aim of this study, was the 3-dimensional analysis of the glenohumeral jomts of the sheep, cat
and rabbit. Twelve glenohumeral joints of animals were examined as materials. The surface areas of the glenoid
cavity and the caput of the humeral head, the maximum cranio-caudal and medio-lateral depths of the glencid
cavity, the maximum cranio-caudal and medio-lateral heights of the humeral head, the cramo-caudal and
medio-lateral curvature distances of the glenoid cavity and the cranio-caudal and medio-lateral curvature
distances of the humeral head were measured by photogrammetric technique in the animals. Ratios amongst
swface area of glenoid cavity and caput of humeral head, maximum cranio-caudal depth of glenoid cavity and
height of humeral head, maximum medio-lateral depth of glenoid cavity and height of humeral head, cranio-
caudal curvature distance of glenoid cavity and humeral head and medio-lateral curvature distance of glenoid
cavity and humeral head were determined. The sheep had the largest values for the glenohumeral joint, except
for some ratios. Cats had the smallest ratios for all measured values. As a result, this photogrammetric technique

may be useful for vetermary anatomy and surgery.
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INTRODUCTION

Medical imaging techniques have facilitated the
production of 3-Dimensional (3D) surface measurements
and are a very important source of data for anatomical and
climcal research, diagnosis and treatment. In modem
healthcare practice, many medical imaging modalities are
used to classify anatomical (digital radiography imaging,
magnetic resonance imaging, Computed Tomography
(CT) etc.) and functional data (positron emission
tomography fimctional magnetic resonance imaging, etc.).

However, there are great differences among these
techniques, including the types of measurements possible
and their resolution, acquisition time and accuracy. For
mstance, CT gives excellent images of bone and dense
structures, whereas, Magnetic Resonance (MR) imaging
gives excellent images of soft tissue but not of bone.
However, photogrammetry  accommodates  both
radiometric and geometric constraints and can reconstruct
3D objects and so can supply highly accurate
measurements. The 3D measurement and mapping of
wregular surfaces 1s a well-developed discipline in
photogrammetry (Elad and Finav, 1990; Patias, 2002). It
was stated that photogrammetry is an effective medical
measurement tool and has many advantages over
alternative methods (Malian et al., 2004; Pateraki et al.,

2006). Tt was also reported that photogrammetric
technique 1s a reliable and wversatile method for
determining areas of joints (Ateshian et al., 1994).

The glenohumeral joint (shoulder joint, articulatio
humeri) is formed by the glenocid cavity of the scapula and
the head of the humerus. It can move mn any direction,
but its main movements are extension and flexion
(Evans, 1993). Although, photogrammetric analysis is
used i human anatomy (Mitchell, 1995), there have been
few photogrammetnic studies until now. To the best of our
knowledge, no mvestigation has examined the
glenohumeral joints of animals using photogrammetric
analysis.

The aim of this study, was to use a photogrammetric

technique to describe the morphology of the
glenohumeral joint.
MATERIALS AND METHODS

Twelve joints of 3 adult animal species, the
Alkkaraman sheep, stray cats and New Zealand White
rabbits, were exammed. The bones were supplied by the
Anatomy Department of the Veterinary Faculty, Selcuk
University, Konya, Twkey. The bones are preserved
specimens used for the education of students and for this
reason, no ethics approval was necessary.
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The points that best formed the boundaries of the
joint surfaces and the most appropriate points to
represent the surfaces were synthetically marked at
intervals of 3 mm (Fig. 1). To establish the 3D coordinates
of the marks representing the jont surfaces using the
photogrammetric method, a framework with fixed
coordinates, with which to determine the shooting
positions of the camera based on the object, was
manufactured at the laboratories of Selcuk University,
School of Technical Sciences (Fig. 2). It was manufactured
from 24 metal bars with diameters of 1 c¢m, in varying
positions and heights on a platform 30x20x3 cm in sizZe.

The X, Y and 7 coordinates of the 24 points on this
framework were measured with a Ferranti brand 3D
coordinate measuring device (Maxi-Check 750 FC,
Ferranti, UK), which has aprecision of £4.9 um, at Konya
Tumosan A.S. Engine Factory (Konya, Turkey). Each
bone tobe prepared for measurement was placed in the

Fig. 1: Markers of the glenohumeral joint surfaces in the
sheep
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Fig. 2: A framework with fixed coordinates and camera
positions for images taken from different angles

framework in such a manner that the whole joint surface
could be seen. The images of the joint surfaces were taken
from different angles so that all the points representing
the surface would appear on at least 2 digital images
(Fig. 2). For each material, 6-11 digital images were taken
with a calibrated Nikon Coolpix 930 digital camera
(image size 16001200 pixels, pixel size 4 pm; Nikon
Corporation, Tokyo, Japan). The digital images and the
coordinates of the 24 points on the framework were
transferred onto a computer. The image processing was
evaluated using the Pictran photogrammetric evaluation
software package (Technet GmBH, Berlin Technical
University, Germany). In other words, the coordinates of
the 24 points were matched with the same points on the
framework in the images taken. Thus, the shooting
(filming) positions of the camera, from which each image
was taken, were determined. Using these shooting
positions of the cameras, each of the marks on the object
was recorded on at least 2 images and the 3D coordinates
of the marks were determined. Then, triangles were drawn
among the points, using their coordinates to calculate the
surface area. The Cranio-Caudal (CC) and Medio-Lateral
(ML) curvature distances of the glenoid cavity and the
humeral head were also determined.

The parameters of the glenohumeral joints examined
were evaluated with Tukey’s test. The data are expressed
as means+SE. Significance was accepted at p<0.05.

RESULTS

The values for the glenohumeral joints are shown in
Table 1. The sheep had the largest values for the
glenchumeral joint compared with those of the cats and
rabbits, except for some ratios. The greatest ratios of the
surface area of the glenoid cavity/surface area of the
caput of the humeral head, the maximum CC depth of the
glenoid cavity/maximum CC height of the humeral head
and the CC curvature distance of the glenoid cavity/CC
curvature distance of the humeral head were observed
in the sheep. The smallest ratios for the surface area of
the glenoid cavity/surface area of the caput of the
humeral head, the maximum CC depth of the glenoid
cavity/maximum CC height of the humeral head, the
maximum ML depth of the glenoid cavity/maximum
ML height of the humeral head, the CC curvature distance
of the glenoid cavity/CC curvature distance of the
humeral head and the ML curvature distance of the
glenoid cavity/ML curvature distance of the humeral head
were observed in cats. Rabbits had the greatest ratios for
the maximum ML depth of the glenoid cavity/maximum
ML height of the humeral head and the ML curvature
distance of the glenoid cavity/ ML curvature distance of
the humeral head.
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Table 1: PFhotomammetne analysis of the glenclnrmeral joits in the sheep, cat a1 rabbat (meam S E)

Photorranenetric analysis

Sheep Cat Fabbit
Surfare area of glencad cavity [zt a00E10.8 21 EF B4 70 DEF
Suae aeaofcapat of el head (nmd) 1255419 a0k lelx2.61"
Surface area of glencid cavityfaarface area of capat of lnameral head 04780010~ 054 50.001" 0402+0,m0F
Marimun O depth of glencid cavity (mm) Alam0115 24810 122¢ 1 9050145
MadrmmCC heizht of lnuneral head (mam) 11,550 555 TH201200 & 0252
Macirnum CC depth of glencid cavitpimadnnnm CC height of homeral head 0 532¢+0 A0s 03570012 03000 023
Marirnun ML depthof glanod cavity (mom) 3215019 099720055 1 787+0.128F
MagrmmML heizht of humeral head (mom) 80273 40220195 2580 25%x
Marimum ML depth of glenoid camtyrimacdrmm ML height of humeral head 0387200230 02630013 07500118
CC ourvature distance of glencid cavity (non) 31512 12 400 058 10300303
CC ourvature distance of tmrmeral head (nem) 43871119 25080 295 1987+0 367
CC ourvature distance of glencid cavityliCC mareanie distancs of lomeral head 0.712¢0 00e 0.53 50,0088 05450010
ML ourvabare distance of glencid cavity (mom) 24 2420 323 217033 10150007
ML ourvatore distance of lnmeral head (mm) 38,540 721 16.1 240,342 12300 404
ML ourvatue distance of glencid cavitgML owvabe distance of humersl head 04320018 0.51 D0 025 0.798+0034

CC: Cramo-Candal; ML: Medio-Lateral. * b Different ktters on aline indicate that the vahies are statistically diffeent fiom one ancther (p=0.05)

DISCUSSION

Although, many digital analytical technigques are
used for medical purposes, photograrometyy in part cular
meets all the critena for clinical measurements.
Photograrmometry can rmpidly  present  accumte  and
essenitial  data (DWlitchell, 1995% In this study, it was
demonstrated that the sheep has the largest surface areas
of the glenoid cawity and humeral head and the greatest
CCoand WL measwrements (curvature distances, depths
and heights) of the glenoid cavity and humeral head
cotnpared to thaose of the cat and mbbit (Table 1), These
differences primarnily reflect the anatomical differences of
the animals In thisinwestigation, the ratios ofthe various
measured values were calculated for each animal to justify
theanatomical differences amongst animal species. When
the ratins were evaluated, the tatios for the suwfacearea of
the glennid cavity' surface area ofthe caput of the hurmeral
head, the mamimoun CC depth of the gleneid
cavitymamirmun CC height of the hurneral head and the
CC curvature distance of the glenoid cavity/CC curvature
di stance of the humeral head were greatest in the sheep.
The rabhit had the greatest ratios for the mammoum ML
depth of the glenoid cawity/masdmum WL height of the
humeral head and the ML cwrvatuwre distance of the
glenoid cavity/IVIL curvature distance of the humeral
head. It haz been reported that in the horse, the glenoid
surface iz about half az large as that of the huameral head
(Sigzon, 1975) Thiz may indicate that the humeral
surface in hethivores iz about twice that of the glenoid
cavity. Cats had the smallest ratios for the all parmmeters
analyzed. These differences may reflect their athletic
anatomy as carnivores. These results may alzo indicate
that each animal should be evaluated according to their
characteristic anatormy and diet.

In thiz study, the glenchumeml joints of three
different amimal  spedes were analyzed with a
photograrometric technicque (Fig 1-30 Photogratnemetric
analysiz (Jordan ef @, 20010 and the AutoCAD program

WL CI
Hmera Thead

Fig. 3. a) 3D model of the glenoid cavity, b) the humeral
head (tnght glenchumeral joint surfaces in the
sheep). Mastrmoun MWedio-Lateral Depth (MWL,
Ilazmum Crania-Caudal Depth (BWCCD), Cranio-
Caudal Curvature Distance CCCD), IWedio-Lateral
Curvature Distance (WL CD), Wlasmum Medio-
Lateral Height (IWIWVILH), IWastimum Cranio-Caudal
Height (IMCCH)

(Edaminsjad et @, 2006% have been used to evaluate the
deformation ofhoofhorn capsules in the horse and in the
reconstruction of the cartilage canals of the right tibia in
chicks Exarnination of the glenohumeral joints in anirnals
uang photogmmmetnc techmgues 12 especially, important
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in orthopedic surgery. Because the glenochumeral joint has
the largest range of motion of any major diarthrodial jomt
in the body, the morphological details of the articular
surfaces are important in the surgical reconstruction of
traumatized jomts and the design of arthroplastic devices
(Ege et al, 2004). The morphometric analysis of the
glenoid fossa of the scapula is important in understanding
the kinematics of the glenohumeral jont and m jont
replacement surgery (Monk et al., 2001). Hence, specific
measurement should be made in evaluating the
glenohumeral joint before and after prosthesis 1s
implanted (Rozing and Obermann, 1999).

CONCLUSION

Photogrammetry may be useful in the study of
vetermmary anatomy. The mformation obtamed with
this technique may be important in the orthopedic
clinic.
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