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SUMMARY: Even though morphometric and mineral studies related to the guin€zapig porcellu$ skull have been carried
out, this study is the first attempt to evaluate all developmental stages of male and female guinea pigs. This studyg atodytcstto
create 3D modeling of CT images obtained from the skulls of male and female guinea pigs during the developmental peeoty (prepub
and the period between puberty and adulthood) and following periods (young adulthood and old adulthood), to analyze siene biomet
bone data such as volume, surface area and length, and to assess the developmental analysis of the mineral matteirciaige in the
The CT-scanned skulls were transferred to 3D Slicer (5.0.2), which is used for 3D modeling. The surface area and vollcnéteste ca
by measuring the measurement points on the models. In addition, the XRF device was used to show elemental ratio changes during
different developmental stages. According to metric measurements, a gradual increase was observed during the life petrad. The m
measurements of the skull bone had a higher measurement value in male guinea pigs than in their female counterpartsafithile Ca/P
increased up to the third group and partially decreased in the fourth group in males, it gradually increased from thp foshgro
fourth group in females. This study revealed that puberty, adulthood and sex were effective in the physical and cheneécalatitarac
of skull bone structure in guinea pigs.
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INTRODUCTION

The guinea pigGavia porcelluyis a species of rodent carbonate (10 %). It also has a small amount of magnesium
belonging to the family Caviidae of the order Rodentia. Guphosphate and calcium fluoride (Calislar, 1996; Tasbas, 2001).
nea pigs are easily affected by changes in temperature and
humidity (Lok, 2009). They are frequently used in experimen- Mineralized tissues such as bones, teeth, and horns are
tal studies on immunology, toxicology, pharmacology, anBasic storage sites in animals. These tissues contain both major
physiology. While guinea pigs are native to South Americalements such as calcium (Ca), phosphorus (P), magnesium
wild ones are herbivorous rodents inhabiting in Peru (YaviiMg), and sulfur (S) as well as trace elements such as iron
&Yavru, 2000). They have large heads and small ears and tgf®), zinc (Zn), and manganese (Mn). Most of the related
(LOk, 2009). Adult guinea pigs have a length of 27-33 cm angludies have focused on key elements, especially Ca, P, and
weigh 700-1200 g. They live for 2-8 years (Harkness &g because they play a critical role in bone metabolism
Wagner, 1995; Yavru &Yavru, 2000). (Dermienceet al, 2015).

~ A bone that has completed its development contain  X-ray fluorescence (XRF) is used for routine, relatively
calcium phosphate (approximately 85 %) and calciumon-destructive chemical analysis of rocks, minerals,
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sediments and fluids, and can provide information about maiWATERIAL AND METHOD
components of various biological specimens such as bone
(Gonzalez-Rodriguez & Fowler, 2013, Nganvongpehdl, Animals. In this study, 20 female and 20 male guinea pig
2016b) teeth (Christensem al, 2012; Nganvongpanét al, (Cavia porcellu} skulls obtained from the T.R Ministry of
2015) and horn (Kierdost al, 2014) and to forensically de- Agriculture and Forestry Elazig Veterinary Control Institute
termine the type of body residues (Christenseal, 2012; were used. The guinea pigs were grouped based on their
Gonzalez-Rodriguez & Fowler, 2013). developmental stages (prepuberty and the period between
puberty and adulthood, young adulthood and old adulthood)
Morphometry is a research method that investigat¢g\ndersoret al., 1982; Harkness & Wagner, 1995; Horsfall,
the shape differences of objects and organisms and th&#94) and necessary dissection procedures were completed.
relationship with other variations. This method is sometimes
used to analyze the relationship between the sex of the spe@Bsmaging. MDCT images of the skulls were obtained with
and growth factors and the effects of the treatment appliéd slice, multi-detector, spiral computed tomography device
(Lack, 2014). Conventional morphometry is a multiplgGeneral Electronic Revolution) at 80 kV, 200 mA, and 639
variance statistical analysis performed with quantitativenGY with 0.625 mm slice thickness. MDCT images were
(length, width, and height) variables. Morphological andonverted to DICOM format for modelling. The data was
morphometric studies have easily revealed differences in ttransferred to 3D Slicer (5.0.2), that is used for 3D modeling.
growth of the organism depending on the environmental
components and genetic structure (Wehausen & Ramey, 2000¥ay fluorescence (XRF).The skulls of guinea pigs were
scanned and mapped in [d6r diameter areas using the XRF
Biomedical imaging methods are used to diagnosievice located in Bilecik Seyh Edebali University, Central
and treat numerous diseases (Eken & Gezici, 200Rgsearch Laboratory, Application and Research Center
Witkowskaet al, 2014). The computed tomography (CTYMARAL). The samples were ground and made
method, which is one of the medical imaging techniquespmogeneous so that they were assessed by loose powder
displays the structures in a cross-sectional view and theethod. They were filled intodm mylar film-coated vessels
images are much more detailed than those obtained by atid read in the Omnian (semi-quantitative analysis) soft-
ray (Alkan, 1999). In recent years, CT has played amare using a 2.4 kW XRF device. In XRF analysis,
important role in the anatomical studies and accurate diggercentage concentrations of Mg (MgO), Al (@), Si
nosis of diseases in veterinary medicine. CT is usd8i0,), P (RO,), CI (Cl), K(K,0), Ca (Ca0), Fe (£8,), Ni
effectively in biometric researches and diagndseases (NiO), Zn (ZnQO) ), and Sr (SrO) elements were determined.
(Eken & Gezici, 2002; Ohlerth & Scharf, 2007).
Statistical analysis.The surface area and volume values
Reconstruction is three-dimensional (3D) modellingvere calculated by measuring the osteometric parameters
of transverse and longitudinal sections obtained from CT afi89] of the skulls specified in Tables | and Il on the models
other medical imaging techniques (Fretital, 2011; Ozkadif, created. SPSS 22.0 was used for statistical analysis.
ﬁl?cl)rSr%a-tI}glrf ont])'?;ir:wc:e% Its)yut?lzdrégoarllrsr?rzgt?o?\nci 5{2 ?ﬁ:ts Ct::)i%%'e I. Definitions and abbreviations of osteometric parameters
L ) o - easured in the skull and mandible.
section images and to present such information in various wa

. . . . u ABBREVIATION DEFINITION
and has been accepted in medical sciences, especiallyin TL Total length
anatomy, surgery, and clinical treatment (Kémal, 2012; 2 CBL Condylobasal length
- . 3 BL Basal length
Ozkadif, 2015)- 4 DL Dental length
5 GLN Greatest length of the nasals
Th . f thi tudy is t luate th tri 6 PL Parietal length
e aim of this study is to evaluate the metric, FL Frontal length
measurements of the bones, volume and surface area by VL Viscerocranium length
creating 3D modeling of the skulls of male and female guined, gRoc Sreatest breadth of tezcipital condyle
pigs during the developmental period (prepuberty and the: GNL Greatest neurocranium length
period between puberty and adulthood) and following periodég <B>§B (B)ref‘d‘h of Skt‘}"m "
ral zygomatc mea
(young adulthood and old adulthood), to assess the, GBN Groatee breadth of the nasals
developmental analysis of the mineral matter change in theip b PB Palatal breadth
. . andible
skulls. Furthermore, even though morphometric and mmera'ﬁ LA Length from angle
studies related to the guinea pig skull have been carried oat, LC Length of the cheektooth row
f : - LD Length of the diastema
this study is the first attempt to evaluate all developmentaj L Length
stages of male and female guinea pigs. 5 HVR Height of the vertical ramus
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RESULTS AND DISCUSSION S x
(]
gL —
Morphometric measurements Volumetric 3D rendered images of the © g Y ¢ 3 8 3§ § 8
guinea pig head clearly showed various cranial and facial bones of the ce S S 22 2 2 ¢
skull. The mandible is one of the facial bones in the skeleton of lower| o
. . . . > f-
jaw. The 3D images shqw the measurement points craniodorsal and © & o ® 9 & o § §
ventrally on the skulls (Fig. 1). >5 g& 8 8 8 & g 2
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Fig. 1. Measurement points of the skull in Guinea pig (craniodorsal and vegs| G E Y T NN A d 4 1O T+ ™
tral view). g
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TL, BL, CBL, DL, GLN, VL, GNB and BS measurement points o 8 838338 FX3FB8gang
were statistically significant in terms of group change according t8 | « AR D=t R b P R i B
. . ac H o+ HH HH HAH A HO OOO
group and sex (p<0.05) (Table Il1). When considering all measuremeft| £ $ I8 INgE3N3NSY
. . . (] AN — ©
points for these variables, the average change increased from the fEst 8 EERSSSNSI9SSr28y
group to the fourth group in both males and females. Especially thg IT¥ATNNAAANT S OO
increased from group 2 to group 3 was the highest at all measuremgnt
i 5]
points. g DB o ®
IS QMmO
~ BB LLEBLR’IZe2
Group change was quite significant for the PL and FL vanableg‘ O [damanouonowe o9 779D
(p<0.001). The increase was developmentally significant in these tw@®| « < Eoi E % 3 3 O‘TBI % 3 % b § § % §
measurement points. Finally, the PB variable was significant accordirg) g § 22 ITICEE IR § Jogw
to the group, sex, and the change in the sex (p<0.05). S GEERSTIIISSSYNIURRS
c
. . . =
Male guinea pigs had a higher measurement value than femde
guinea pigs and body development increased with age. However, Ege ﬁ’) 0 0 I
measurement points of the females were higher in the third and four@h S Qo d
; ; ; ; 8 o $883BNoB598ae
groups in TL, the third group in BL, the fourth group in CBL and DL, ? momIe~moa®my BEN
the third and fourth groups in GLN, the second and third groups in PE | 7 g{ i} [ ﬁ 3 [ %%% E § § § E
the second group in VL, the second and fourth groups in GNB, and th’e 3 § ’g N § @ o § e % A=)
= .--.--mo--l\NLO(D
second group in GBN when compared to the measurement pomts%ﬂ O=S=SggSg¥onddddoon
the males. Sex change did not show a statistically significant dlfferenge
for all measurement points (p>0.05). B 0 © 0 o © o o
g . |efefefofofofoat
© © © [ [ © ©
It was observed that there was a gradual increase in the Skhb” A sPsP=2sP=0=s2=s8
volume and surface area measurements from the first group to the fOLgh
group in both males and females; however, males had higher vaIL@ss 2
than females in all 4 groups. In volume and surface area, p value betwgen 2 g
groups, p value between sexes and p value between group and sex g o 9
.. . P . —_ Q
were statistically significant in all groups (p<0.001). These data Werg % ﬁ o o S &
highest in the 4th group during and after the developmental period.lc_cs S S Q9 L 8 2 & 3
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In the present study, the 3D images show

. Analysis and 3d imaging of morphometric - mineral structure changes in skulls of
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Table IV shows descriptive statistics and p values of the gui-

the measurement points on the mandible (Fig. 2)ea pig group according to the mandibular measurement points.
It was observed that there was a gradual increag&ecordingly, the group change for LA, LCR, L, LD and HVR

in mandibular volume and surface areaneasurement points statistically significantly increased (p<0.001).
measurements from the first group to the fourtMoreover, sex change was also statistically significant for LCR and
group in both males and females, but higher valuét/R measurement points. In these two measurement points, the mean
were observed in males compared to femaleslues of male subjects were higher than the values of female subjects.

(Table IV).

h

pig (Cavia porcellu}.

In the measurements of the volume and surface area of the
mandible, the p-value between the groups, the p-value between sexes,
and the p-value between the groups and sexes were statistically
significant in all groups (p<0.001). The data were highest in the
fourth group.

XRF Measurements. For Si, P, K, Ca, Ni, Zn, Sr, and Ca/P
variables, p value between the groups, p value between sexes and p
value between the group and sex were statistically significant in all
groups.

For Al and Cl variables, the p value between sexes and the p

Fig. 2. Measurement points of the mandible in Guinedalue between the group and sex were statistically significant in all

groups (p<0.001).

Table IV. Guinea pig skull mean % element concentration.

Elements Sex Group 1 Group 2 Group 3 Group 4 pvalue pvalue pvalue
(meant SD)  (meant SD) (meant SD) (meant SD) for for sex  for group
(%) (%) (%) (%) group *sex

Mg Male 0,159+0,224 0,047+0,002 0,035+£0,002 0,091+0,001 0,735 0,240 0,313
Female  0,088+£0,002 0,068+0,002 0,088+0,002 0,054+0,002

Al Male 0,000+0,000 0,007+0,002 0,000+£0,000 0,000+0,000 0,007 <0,001 <0,001
Female  0,004+£0,002 0,000+0,000 0,000+0,000 0,000+0,000

Si Male 0,024+0,002 0,021+0,001 0,016+0,001 0,025+0,002 <0,001 <0,001 <0,001
Female  0,065+0,002 0,014+0,002 0,015+0,002 0,016+0,002

P Male 7,051+0,001 8,717+0,002 10,862+0,005 10,175+0,001<0,001 <0,001  <0,001
Female  7,188+£0,002 7,335+0,001 9,301+0,002 10,006+0,002

Cl Male 0,076+0,002 0,093+0,002 0,107+0,002 0,111+0,002 0,089 <0,001 <0,001
Female  0,075+0,002 0,089+0,002 0,114+0,002 0,106+0,001

K Male 0,315+0,002 0,397+£0,002 0,306+0,002 0,419+0,001 <0,001 <0,001 <0,001
Female  0,275+£0,002 0,336+0,002 0,313+0,002 0,382+0,002

Ca Male 24,164+0,002 27,387+0,003  33,497+0,002 32,264+0,002<0,001 <0,001 <0,001
Female  23925+0,002 24,760+0,002 29,815+0,002 31,350+0,002

Fe Male 0,054+0,002 0,092+0,002 0,054+0,002 0,057+0,003 0,144 0535 0,388
Female  0,070+0,002 0,054+0,001 0,047+0,002 0,040+0,002

Ni Male 0,000+0,000 0,012+0,002 0,000+0,000 0,015+0,002 <0,001 <0,001 <0,001
Female  0,012+0,002 0,009+0,002 0,008+0,002 0,011+0,001

Zn Male 1,317+0,002 0,886+0,004 0,228+0,002 0,357+0,002 <0,001 <0,001 <0,001
Female  1,214+0,002 0,334+0,002 0,163+0,002 0,042+0,002

Sr Male 0,062+0,002 0,057+0,002 0,057+0,002 0,045+0,002 <0,001 <0,001 <0,001
Female  0,056+0,002 0,051+0,002 0,044+0,002 0,043+0,002

Ca/P Male 3,428+0,002 3,143+0,002 3,085+0,002 3,172+0,002 <0,001 <0,001 <0,001
Female  3,375+£0,002 3.329+0,001 3,208+0,002 3,135+0,002
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While Ca and P concentrations increased in males Studies have indicated that many elements in the same
until the third group, there was a partial decrease in th®ne show significant differences between species
fourth group and there was a gradual increase in femal®dganvongpaniet al, 2015; Buddhachat al, 2016). The
from the first group to the fourth group. The highest Ca/8lemental content of mineralized tissues can be useful for
ratio in both sexes was seen in the first group and gradudlyecies differentiation and/or forensic classification and
decreased until the fourth group in females and until thmological protection.
third group in males.

In addition, numerous studies have revealed the

As an exotic animal, the guinea pig is an animal moddifferences in the effect of age factor on bone mineral level
used in many experimental studies in the field of heal{tioannidou, 2003; Maciejewslat al, 2014). Accordingly,
(Yavru &Yavru, 2000). CT and 3D modeling are currentlyit is possible to evaluate both the change in the element
used to diagnose and treat many diseases (Eken & Gezitintent of the same bone in different species and the change
2002; Perez de Freitas al, 2011; Kimet al, 2012). Head (developmental and sex) in the elemental content of the same
region is important in animals. Radiographic imaging is usespecies by using the XRF technique. In this study, the
as a diagnostic tool in a distressed situation (Thrall, 2018Jlifferences in both developmental and inter-sex element
However, due to its complex anatomy, it is difficult for thecontents of guinea pigs were evaluated.
physician to diagnose skull lesions through conventional
radiography (Forrest, 2018). Therefore, many researchers  Maciejewskeet al (2014), also reported that Zn, Sr,
use CT as it provides good detail and contrast (Thrall &d Fe elements were high in newborn rats and decreased
Robertson, 2015). with age. In the present study, it was observed that while Zn

and Sr elements were high in the first group, they decreased

In addition, CT is the imaging modality of choice totowards the fourth group. The Fe element was the highest in
evaluate lesions of nose, paranasal sinuses, periorbital regtte, second group in males and in the first group in females.
middle ear, and brain (Stickle & Hathcock, 1993). The 3Dhere was no proportional increase or decrease.
reconstruction of CT images has an advantage over the
traditional CT cross-section view as it allows one to visualize The Ca/P ratio in bones is an important parameter
the 3D orientation of the head region. 3D modeling can her osteoporosis (Fountat al, 1999). Nganvongpanitt
used to detail the skull and as an anatomical reference &r (2016a), found the highest Ca/P ratio in the dog bone,
anatomical and clinical CT imaging studies of this regiod.09 in the patella bone, and 2.22 in the lowest left carpus
(Arencibia & Jaber, 2014). bone. The mean percentage concentration of Ca/P ratio was

2.21 in humans (Tzaphlidou & Zaichick, 2003), 2.17 in pigs

The studies (Miller & German, 1999; Kara, 2002)Dickerson, 1962), 1.69 in cattle (Legrtsal., 1987), 1.28
reported that measurements of male rates were higher tlianabbits, and 2.12 in rats (Tzaphlidetal, 2005). Legros
female ones in morphometric measurements of male aetlal (1987), also reported that the Ca/P ratio was lower in
female rat bones in both control and experimental groupsung rats, increased with increasing age, and was 1.51 at
In the present study, it was observed that the craniupirth, 1.60 at 30 days of age, and 1.65 at one year of age.
measurement points were compatible with the valudgtowever, in the present study, it was observed that the Ca/P
reported in the studies, but the mandible measurement poirato of guinea pigs varied between 3.085 and 3.428 during
were higher in females in all the groups. the development period. In the present study, the Ca/P ratio

was higher in young people as reported by Legtoal.

In their study, Anbuhkt al. (2017), examined the (1987). However, the fact that the values were higher than
morphological development of the skull from birth tothe reported ones may be due to the differences in the
adulthood in 63 guinea pig€évia porcelluy and stated that measurement technique.
the skull enlarged significantly in the first 8 weeks of their
life. In the present study, it was observed that total skull leng8@ONCLUSIONS
increased gradually from the first group to the fourth group.

In conclusion bones are a fascinating area of anatomy

Cox & Jeffery (2011) reported total skullto study. Bones have to adapt to changing body weights and
measurements of adult squirrels, guinea pigs, and ratsaasivities during and after developmental periods.

48.22 mm, 57.51 mm, and 43.40 mm, respectively. In the

third group, to which adult guinea pigs were assigned, the Consequently, 3D modelling, metric measurements,
total skull measurement was 62.%84259 mm in males and volume and surface area measurements of the skull bone
63.0721.433 mm in females. were created in guinea pigs for prepuberty, puberty-
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