
 

 

 

 
 

UNIVERSITÀ DEGLI STUDI DI NAPOLI  
“FEDERICO II” 

 
 

 
 
 
 

Doctoral Thesis 
 

“ Morphometric applications in Veterinary 
Diagnostic Imaging” 

 
 
 
 
 
 
 
 
 
Coordinatore 
 

 
        Candidato 
 

 
            Tutor 

 
 
 

Prof. Paolo De 
Girolamo 

Dott. Dario 
Costanza 

 

Prof. Leonardo 
Meomartino 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
List of abbreviations 8 
 
List of figures 10 
 
List of tables 19 
 
General overview 23 
 
Aims of the thesis  24 
 
Summary of the Results and Conclusions  26 
 
Chapter I – Introduction 
 

1.1 The domestication and selection process 30 
1.2 Age determination trough the skeletal development  31 
1.3 Skull morphology 35 
1.4 Cardiac silhouette dimensions 39 
1.5 Renal dimensions 45 
1.6 References 48 

 
Chapter II – Radiographical age determination in puppies using the 
dimension of the ossification centers: preliminary results with the distal 
radius. 
 

2.1 Abstract 62 
2.2 Introduction 64 
2.3 Materials and Methods 65 
2.4 Results 69 

  2.5 Discussion 72 
  2.6 References  75 
  



Index 
 

 6 

Chapter III – A computed tomography based method for the 
assessment of canine retrobulbar cone volume for ophtalmis 
anaesthesia.   
 

3.1 Abstract 81 
3.2 Introduction 83 
3.3 Materials and Methods 85 
3.4 Results 89 

  3.5 Discussion 94 
  3.6 References  97 
 
Chapter IV – Retrobulbar filling for enophtalmos treatment in dogs: 
technique, description and computed tomography evaluation. 
Preliminary cadaveric study 
 

4.1 Abstract 102 
4.2 Introduction 103 
4.3 Materials and Methods 104 
4.4 Results 108 

  4.5 Discussion 113 
  4.6 References  117 
 
Chapter V – Computed tomographic assessment of pituitary gland 
dimensions and reference values in domestic short-haired cats. 
 

5.1 Abstract 122 
5.2 Introduction 123 
5.3 Materials and Methods 125 
5.4 Results 131 

  5.5 Discussion 137 
  5.6 References  141 
  



Index 
 

 7 

 
Chapter VI – The heart-to-single vertebra radio: A new objective 
method for radiographic assessment of cardiac silhouette size in dogs. 
 

6.1 Abstract 50 
6.2 Introduction 52 
6.3 Materials and Methods 58 
6.4 Results 65 

  6.5 Discussion 69 
  6.6 References 
 
Chapter VI - Ultrasonographic measurement of kidney-to-aorta 
parameters in Whippets 

 
7.1 Abstract 147 
7.2  Introduction 148 
7.3 Materials and methods  150 
7.4 Results  155 
7.5  Discussion 160 
7.6  References 164 

 
 
 
 
 
 
  



List of abbreviations 
 

 8 

 
ANOVA,  one-way analysis of variance 
AoD,   aortic luminal diameter;  
AoDL,  aortic luminal diameter on longitudinal scan;  
AoDT,  aortic luminal diameter on transversal scan;  
ASCVP,  American Society for Veterinary Clinical Pathology 
BA,   brain area 
CCC,   concordance correlation coefficient;  
CI,   confidence interval;  
CLSI,   Clinical Laboratory and Standards Institute 
CrCa,   craniocaudal radiographic view 
CT,   computed tomography;  
DICOM,  digital imaging and communications in medicine;  
DROC,  distal radius ossification center 
DSH,   domestic short-haired cats 
HSD test,  Tukey’s honest significance difference test 
HSVR,  heart to single vertebra ratio;  
HSVRT4,  heart to single vertebra ratio determined using the fourth 
thoracic vertebra;  
HSVRT5,  heart to single vertebra ratio determined using the fifth 
thoracic vertebra;  
HSVRT6,  heart to single vertebra ratio determined using the sixth 
thoracic vertebra;  
HSVRT7,  heart to single vertebra ratio determined using the seventh 
thoracic vertebra;  
HSVRT8,  heart to single vertebra ratio determined using the eighth 
thoracic vertebra;  
HU,   Hunsfield units 
ICC,   intraclass correlation coefficient;  
IGF-1,   insuline-like growth factor-1 
KL,  kidney length. 
kVp,   Kilovoltage peak;  
LA,   cardiac long axis;  
M1,   CT-based method 1;  
M2,   CT-based method 2;  
mA,   milliampere;  
MAE,   mean absolute error;  
ML,   mediolateral radiographic view 
MPR,   multiplanar reconstruction;  



List of abbreviations 
 

 9 

MRI,   Magnetic Resonance Imaging 
OC,   ossification center 
P:B ratio,  pituitary-to-brain ratio 
PH,   pituitary height 
PHS,   maximal pituitary height visible on the sagittal plane 
PHT,   maximal pituitary height visible on the transverse plane 
PL,   pituitary length 
PW,   pituitary width 
SA,   cardiac short axis;  
SD,   standard deviation;  
T4,   fourth thoracic vertebra;  
T5,   fifth thoracic vertebra;  
T6,   sixth thoracic vertebra;  
T7,   seventh thoracic vertebra;  
T8,   eighth thoracic vertebra;  
VHS,  vertebral heart size; 
VTBI,   volume to be injected 
WL,   window level;  
WW,  window width. 
 
 
  



List of figures 
 

 10 

FIGURE 1.1 Sequential stages (A–E) in enchondral ossification leading to 

the formation of a long bone. The histological appearance of a region where 

is replaced by bone is illustrated. From McGeady, et al,.- Veterinary 

Embryology 2nd ed. – Chapter 17 Muscular and skeletal system, modified. 

 

FIGURE 1.2 Determination of the cephalic index using CT dorsal 3D 

volume rendering images of canine skull: (A) brachycephalic, (B) 

dolichocephalic and (C) mesocephalic. The cephalic index, is computed by 

multiplying the cranial width (blue lines) by 100 and dividing the product 

by the cranial length (red lines). 

 

FIGURE 1.3 Computed tomography transverse postcontrast images of the 

brain in two different dogs with confirmed pituitary adenoma. In (A) the 

pituitary adenoma is readily visible (macroadenoma) and compress the 

surrounding brain parenchyma. In (B) there is a subtle increase in pituitary 

dimensions with a pituitary-to-brain (P:B) ratio of 0.37. In dogs a P:B ratio 

> 31 is suggestive of enlarged pituitary gland. 

 

FIGURE 1.4 Left-lateral thoracic radiographs in an Afghan Hound (A), 

Mixbreed dog (B) and French Bulldog (C) illustrating the effect of body 

constitution on the appearance of the cardiac silhouette. 
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FIGURE 1.5 Dorsal-ventral (DV) thoracic radiograph illustrating the 

cardio-thoracic index proposed by Hamlin. Normally, the distance between 

the left ventricular free-wall and the left thoracic wall (blue line) is 

approximately equal to the distance between the right ventricular free-wall 

and the right thoracic wall (yellow line). Similarly, the left ventricular free 

wall (orange line) extends as far to the left of the middle as the right 

ventricular free-wall (green line) extends. In healthy dogs, the total expanse 

of both right and left sides of the heart (green and orange lines respectively) 

is equal to less than 65% of the total transversal width of the thorax (pink 

line). 

 

FIGURE 1.6 Left-lateral thoracic radiograph in a mixed breed dog 

depicting the Vertebral Heart Score (VHS) method. The cardiac long axis 

(red line) is measured from the tracheal bifurcation (carina) to the cardiac 

apex. The cardiac short axis is measured perpendicular to the long axis at 

the point of maximal cardiac silhouette width. To calculate VHS, the two 

axes are repositioned over the thoracic vertebrae starting from the cranial 

endplate of T4. The VHS is then expressed as the number of thoracic 

vertebrae (v) to the nearest 0.1v. In this dog the obtained VHS is equal to 

10,1v and considered within reference values. 
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FIGURE 1.7 Dorsal ultrasonographic image of the left kidney (A) and of 

the aorta (B) acquired just caudal to the origin of the renal artery. In (A) the 

renal length and width are measured in the point of maximal renal length. In 

(B) the maximal luminal diameter is obtained after reviewing cineloop 

frames to account for pulsation of the aorta; measurement cursors were 

placed at the margin of the lumen excluding the vessel walls. 

 
FIGURE 2.1 Close up view of the DROC in a Cavalier King Charles 

Spaniel (A), Golden Retriever (B) and Bullmastiff (C). The DROC area is 

obtained by multiplying the DROC width (red lines) by the height (white 

lines) 

 

FIGURE 2.2 Correlation between DROC area (in mm2) and age (in days) 

in all the dogs included in the final sample. From day 60th there are two 

different growth trends. 

 

FIGURE 2.3 Linear correlation between DROC area (mm2) and age (in 

days) for medium/large-sized dogs.  

 

FIGURE 2.4 Logarithmic correlation between DROC area (mm2) and age 

(in days) for medium/large-sized dogs.  
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FIGURE 3.1 Multiplanar reconstruction of a dolichocephalic dog skull; (A) 

sagittal, (B) axial and (C) dorsal planes are displayed. The yellow line 

represents the sagittal plane, the violet line the axial plane and the blue line 

the dorsal plane. Images show the centring of the sagittal and the axial planes 

on the right globe, and the tilting of the dorsal plane to fully expose the 

retrobulbar cone and optic foramen. 

 
FIGURE 3.2 A representative example of the retrobulbar cone volume 

measurements in a dolichocephalic dog skull, made in the dorsal plane. (A) 

The anatomical landmarks used to trace the cone base diameter and the cone 

height are displayed: insertion points of medial and lateral rectus muscles 

(white asterisks); optic canal (black asterisk); 1 = medial rectus muscle; 2 = 

optic nerve; 3 = lateral rectus muscle. (B) The measurements of retrobulbar 

cone base diameter (white line) and retrobulbar cone height (black line). 

 

FIGURE 3.3 Computed tomography 3D volume rendering images of the 

morphology groups of three dogs’ skulls: (A) dolichocephalic, (B) 

mesocephalic and (C) brachycephalic. 
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FIGURE 3.4 Retrobulbar cone volume grouped by size and by skull 

morphology. (A) The distribution of retrobulbar cone volume grouped by 

skull size (large, medium and small). The horizontal lines refers, for each 

group, to the mean ± standard deviation; P values were obtained using post-

hoc Tukey’s honest significant difference (HSD) test. (B) The distribution 

of retrobulbar cone volume grouped by skull morphology (brachycephalic, 

dolichocephalic and mesocephalic). The horizontal lines refer, for each 

group, to the mean ± standard deviation; P values were obtained using post-

hoc Tukey’s HSD test. (C) The scatter plot shows the correlation between 

the dog’s body weight (kg) and retrobulbar cone volume (mL). The straight 

blue line represents the regression line obtained using the least squares 

method, and the grey area shows the confidence band, setting confidence 

level at 95%. 

 

FIGURE 3.5 Graphical representation of the prediction sum of squares 

associated with estimated nested model; P values refer to the analysis of 

variance comparison between models 

  



List of figures 
 

 15 

FIGURE 4.1 (A) Dorsal-oblique, (B) transverse and (C) dorsal post-

injection MPR image of the skull of a 17-year-old male mixed-breed dog. 

Soft tissue algorithm (manually windowed to WW = 350, WL = 40), slice 

thickness 0.625 mm, kVp 120, mAs 220. (A) In M1, the eyeball 

displacement was evaluated on a dorsal-oblique plane, drawing a line from 

the optic foramen to the ipsilateral corneal surface (red lines). (B) In M2, the 

lateral displacement was assessed on the transverse plane, drawing a line 

from the frontal to the zygomatic bone (black lines) and then from this line 

to the corneal surface (red lines), while the rostral displacement was 

evaluated on the dorsal plane (C), drawing a line from the maxillary to the 

zygomatic bone (black lines) and then from this line to the corneal surface 

(red lines). The contrast media mixed with the viscoelastic solutions (black 

arrowheads) is visible within the retrobulbar space. 

 

FIGURE 4.2 Scatter plot comparing the rostro-lateral displacement in 

millimeters (mm) between the pre- and post-injection groups using Method 

1 (M1). The solid black lines represent the mean 

 

FIGURE 4.3 Scatter plots comparing the lateral (A) and rostral (B) 

displacement in millimeters (mm) between the pre- and post-injection 

groups using Method 2 (M2). The black solid lines represent the mean. 
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FIGURE 5.1 (A-C) transverse and (D) sagittal soft tissue algorithm 

postcontrast CT images of the skull of a twelve-month-old DSH cat. (A), 

Pituitary height (blue line) measured on the transverse plane (PHT) at the 

level of the pituitary fossa, perpendicular to the basisphenoid bone. (B), 

Brain area (BA, green line) measured on the transverse plane, at the same 

level of the PTH using an automated segmentation tool. (C), Pituitary width 

(red line) measured on the transverse plane (PW) at the point of maximal 

width of the gland. (D), Pituitary height (blue line) measured on the sagittal 

plane (PHS) perpendicular to the basisphenoid bone and pituitary length 

(PL, red line) measured where the maximal length of the pituitary gland was 

visible and parallel to the basisphenoid bone. (A, C, D) manually windowed 

to WW = 455, WL = 234; (B) manually windowed to WW = 2000, WL = 

800. Ca: Caudal; L: Left; R: Right; Ro: Rostral 

 
FIGURE 5.2 Bland-Altman plot comparing measurements of the pituitary 

gland height measured in the transverse (PHT) and sagittal (PHS) plane. The 

y-axis shows the difference between the two measurements, and the x-axis 

shows the average. The blue dotted lines represent the 95% confidence 

intervals, and the red dotted line represents the bias. 
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FIGURE 6.1 Representative right lateral thoracic radiographic image (kVp 

80; mAs 4) of a mixed-breed dog depicting the measurements of the length 

of each single vertebral body between T4 and T8, including the 

corresponding caudal intervertebral disc spaces (black and white dotted 

arrows labelled T4–T8). The cardiac long axis (LA) and short axis (SA) 

were measured as described by Buchanan and Bücheler. In this method, the 

LA (doubled-headed black arrow) was traced from the ventral border of the 

carina to the cardiac apex and the SA (doubled-headed white arrow) was 

traced perpendicular to LA at the point of the maximum width of the cardiac 

silhouette, and then transposed ventral to the column starting from the T4 

cranial endplate. 

 

FIGURE 6.2 Lin’s concordance correlation coefficient (CCC) and related 

Bland–Altman plots. (A–E) Lin’s CCC comparing VHS with HSVRI 

determined using T4 (A), T5 (B), T6 (C), T7 (D) and T8 (E). The y-axes 

show the VHS index, and the x-axes show the HSVR. The continuous lines 

represent the lines of perfect agreement (i.e. the ideal condition where 

HSVR equals VHS), the dashed lines represent the estimated least squares 

lines, and the red dots represent outliers. (F–J) Bland–Altman plots 

comparing VHS with HSVR obtained using T4 (F), T5 (G), T6 (H), T7 (I) 

and T8 (J). The x-axes show the mean of both measurements, the y-axes 

show the difference between the two measurements, the dashed lines 

represent the 95% confidence intervals, and the continuous lines represent 

the bias. 
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FIGURE 7.1 (A) Measurement of the kidney length (7.15 cm) on a dorsal 

ultrasound scan (patient in right lateral recumbency; multifrequency 

microconvex probe working at 6,5 MHz. (B) The abdominal aorta is scanned 

from the left side and the aortic luminal diameter is measured just caudal to 

the emergence of the left renal artery. The aortic luminal diameter is 

measured on longitudinal (1.13 cm) and transversal (1.11 cm) scans by 

placing the electronic calipers at the border of the lumen, after excluding the 

vessel walls. 

 

FIGURE 7.2 Correlation between kidney length (in cm) and bodyweight 

(in kg). 

 

FIGURE 7.3 (A) Correlation between aortic luminal diameter measured on 

longitudinal scans (AoDL) and age (in months) of male Whippets. (B) 

Correlation between the aortic luminal diameter measured on transversal 

scans (AoDT) and age (in months) of female Whippets. 

 

FIGURE 7.4 (A) Bland–Altman plot comparing the aortic luminal 

diameters, measured on longitudinal and transversal scans (AoDL and 

AoDT). (B) Bland–Altman plot comparing the kidney-to-aorta ratio 

obtained from longitudinal and transversal scans of the abdominal aorta 

(KL/AoDL and KL/AoDT). The y-axis shows the difference between the 

two measurements and the x-axis shows the average of both measurements. 

The dotted lines represent the 95% confidence intervals and the dashed line 

represents the bias
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TABLE 2.1 Secondary ossification centers (OCs) visible in the considered 

period (7th – 120th day) that can be evaluated with the adopted radiographic 

protocol. 

 

TABLE 4.1 Descriptive statistics for M1 pre- and post- retrobulbar 

injection. Abbreviations: CI, confidence interval; GROUPED; grouped data 

of right and left eyeballs; POST, post-injection; PRE, pre-injection; LE, left; 

MIN, minimum; MAX, maximum; RT, right; SD, standard deviation. 

 

TABLE 4.2 Descriptive statistics for M2 pre- and post-retrobulbar injection. 

Abbreviations: CI, confidence interval; GROUPED; grouped data of right 

and left eyeballs; POST, post-injection; PRE, pre-injection; LE, left; LD, 

lateral displacement of the eyeball; MIN, minimum; MAX, maximum; RD, 

rostral displacement of the eyeball; RT, right; SD, standard deviation. 

 

TABLE 5.1 Intraclass correlation coefficients (ICC), relative 95% 

confidence intervals and P-values for the inter-observer reliability test. 

Abbreviations: PHT: pituitary height in the transverse plane; PHS: pituitary 

height in the sagittal plane; PL: pituitary length; PW: pituitary width; BA: 

brain area. 
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TABLE 5.2 Intraclass correlation coefficients (ICC), relative 95% 

confidence intervals and P-values for the intra-observer reliability test. 

Abbreviations: CI, confidence interval; BA, brain area; ICC, intraclass 

correlation coefficient; P:B ratio, pituitary gland height to brain area ratio; 

PHS, maximal pituitary height on the sagittal plane; PHT, maximal pituitary 

height on the transverse plane; PL: pituitary length; PW: pituitary width 

 

TABLE 5.3 Mean ± standard deviation, upper and lower limits of the 

reference value (and corresponding 90% CI) of the pituitary gland linear 

measurements, brain area and pituitary-to-brain ratio. Abbreviations. CI, 

confidence interval; BA, brain area; Max, maximum; Min, minimum; P:B 

ratio, pituitary gland height to brain area ratio; PHS, maximal pituitary 

height on the sagittal plane; PHT, maximal pituitary height on the transverse 

plane; PL: pituitary length; PW: pituitary width; SD, standard deviation. 

 

TABLE 5.4 Mean ± standard deviation, upper and lower limits of the 

reference value (and corresponding 90% CI) of the pituitary gland linear 

measurements, brain area and pituitary-to-brain ratio. Abbreviations. CI, 

confidence interval; BA, brain area; Max, maximum; Min, minimum; P:B 

ratio, pituitary gland height to brain area ratio; PHS, maximal pituitary 

height on the sagittal plane; PHT, maximal pituitary height on the transverse 

plane; PL: pituitary length; PW: pituitary width; SD, standard deviation. 
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TABLE 6.2 Reasons for thoracic radiography for included dogs and 

numbers (%) of dogs in each reason category 

 

TABLE 6.2 Intraclass correlation coefficients for inter-observer agreement 

among the three observers. Abbreviations: CI, confidence interval; ICC, 

intraclass correlation coefficient; HSVRT4, heart to single vertebra ratio 

determined using the fourth thoracic vertebra; HSVRT5, heart to single 

vertebra ratio determined using the fifth thoracic vertebra; HSVRT6, heart to 

single vertebra ratio determined using the sixth thoracic vertebra; HSVRT7, 

heart to single vertebra ratio determined using the seventh thoracic vertebra; 

HSVRT8, heart to single vertebra ratio determined using the eighth thoracic 

vertebra; VHS, vertebral heart size index 

 

TABLE 6.3 Intraclass correlation coefficients for intra-observer agreement 

between the three observers. Abbreviations: CI, confidence interval; ICC, 

intraclass correlation coefficient; HSVRT4, heart to single vertebra ratio 

determined using the fourth thoracic vertebra; HSVRT5, heart to single 

vertebra ratio determined using the fifth thoracic vertebra; HSVRT6, heart to 

single vertebra ratio determined using the sixth thoracic vertebra; HSVRT7, 

heart to single vertebra ratio determined using the seventh thoracic vertebra; 

HSVRT8, heart to single vertebra ratio determined using the eighth thoracic 

vertebra; VHS, vertebral heart size index 
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TABLE 7.3 Descriptive statistics for the kidney lengths, aortic luminal 

diameter and the kidney-to-aorta ratios in a sample of clinically normal 

Whippets. Values in the sample were normally distribute. 

Abbreviations: KL= kidney length; AoDL= aortic luminal diameter 

measured on longitudinal scans; AoDT= aortic luminal diameter measured 

on transversal scans; KL/AoDL= kidney-to-aorta ratio obtained from 

longitudinal scans of the abdominal aorta; KL/AoDT= kidney-to-aorta ratio 

obtained from transversal scans of the abdominal aorta; SD= standard 

deviation; 95% CI= confidence interval; Min= minimum ; Max= maximum 
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GENERAL OVERVIEW 

 

The morphological diversity within the canine and feline species constitutes 

a daily challenge for veterinarians. In addition, to knowing specific or 

prevalent pathologies within a breed, the clinician must discern between 

normal anatomical variations and pathological findings. Diagnostic Imaging 

is particularly susceptible to such variations. The wide fluctuation among 

different breeds makes absolute measures such as length, height, and 

thickness unreliable, as linear measurements considered pathological in one 

breed may be considered within the normality in others. To address this 

breed-related variation, over the years, different morphometric indices, 

where the dimensions of a given organ or anatomical structure are 

normalized with respect to a different organ or anatomical structure, have 

been proposed. Nevertheless, fluctuations within the proposed normal 

values are observed. Consequently, attempts have been made to establish 

narrower reference intervals using samples consisting of specimens of the 

same breed or breeds with overlapping morphological features. 

This thesis addresses different topics linked by the common thread of 

morphometric applications in small animals Diagnostic Imaging.  

The thesis is structured in two different parts. The introduction illustrates 

the various morphotypes of canines and felines created through human 

selection, the specific pathologies resulting from this process relevant to the 

research aims, and the most frequent morphometric measurements 

performed during ultrasonographic, radiographic, and computed 

tomographic exams of canine and feline patients. The second part illustrates 

the results presented as journal articles or conference contributions.
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AIMS 
 
The aims of this thesis were: 

 

1.  To describe a new radiographic method that provide a more accurate 

age estimation in puppies, through the evaluation of OCs development, in 

particular the distal radius ossification centre (DROC). 

 

2. To determine a comprehensive formula for calculating the 

retrobulbar cone volume in dogs with different skull morphologies 

(brachycephalic, dolichocephalic and mesaticephalic) and, consequently, 

the volume of the local anaesthetic to be injected for optimal retrobulbar 

anaesthesia. 

 

3. To describe and evaluate the feasibility of the retrobulbar filling, a 

new technique for enophthalmos treatment, assessing the eyeball 

displacement and the position of the injected material in the retrobulbar 

space by means of two different CT-based methods. 

 

4. To establish reference values for pituitary linear dimensions (height, 

width, and depth) and pituitary-to-brain (P:B) ratio in domestic short-haired 

cats. Additionally, to evaluate the effect of age, body weight, and sex on 

pituitary dimensions and the P:B ratio. Finally, to assess the intra- and inter-

observer agreement between two observers with different levels of 

expertise. 
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5. To describe a new objective method for radiographic assessment of 

cardiac silhouette dimensions in patients where VHS cannot be determined, 

due to alterations affecting the thoracic vertebral bodies or intervertebral 

disc spaces, assess the level of agreement between the new method and VHS 

and to evaluate the intra- and inter-observer agreement among three 

observers with different levels of experience. 

 

6. To determine cut-off values of the kidney-to-aorta ratio in healthy 

Whippets, compare the results with the previously published reference 

values, and investigate the influence of sex, age, weight, and side on kidney-

to-aorta ratio. 
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SUMMARY OF RESULTS AND CONCLUSIONS 
 
1. The measurement of the width, height, and area of the DROC, in 

combination with the time of its appearance, can more accurately and 

precisely estimate the puppy's age. Our research also found distinct growth 

patterns in DROC development between small and medium/large breed 

dogs, with small breeds slowing down growth around sixty days of age and 

medium/large breeds experiencing continued growth. As a result, separate 

mathematical formulas to estimate age in small and large/giant breed dogs 

are proposed. 

 

2. Based on our data, body weight and skull morphology were the main 

variables required to calculate the retrobulbar cone volume in dogs. 

Brachycephalic and dolichocephalic dogs showed a larger retrobulbar cone 

volume than mesaticephalic dogs of the same weight. Consequently, the 

volume of the anaesthetic solution to be injected for adequate retrobulbar 

anaesthesia can be determined using the proposed mathematical formulas 

for each canine skull morphology.  

 

3. The retrobulbar lipofilling determined a significant rostro-lateral 

displacement of the eyeballs and, therefore, demonstrated to be a possible 

technique in the enophthalmos resolutions in dogs. The supratemporal 

approach adopted for retrobulbar injection proved to be safe and without 

macroscopic and histopathological lesions to relevant retrobulbar structures. 

Computed tomography permitted to accurately establish the localisation of 

the material injected within the retrobulbar space. Both the proposed CT 
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methods demonstrated to be reliable for quantifying the rostro-lateral 

displacement of the eyeball.  

 

4. The obtained values for pituitary linear dimensions and P:B ratio 

were significantly different from those previously reported. Significant 

correlations were found between body weight and pituitary size and between 

age and pituitary height and length. No differences between genders were 

found. Furthermore, CT pituitary linear dimensions and P:B ratio showed a 

good intra-operator agreement but a moderate inter-operator agreement, 

likely consequent to the millimetric dimensions of the gland and its 

relatively low contrast enhancement compared to the brain parenchyma.  

 

5. The new proposed method, called the heart-to-single vertebra ratio 

(HSVR), obtained by dividing the sum of the cardiac long and short axes by 

the length of a single thoracic vertebral body could be determined in dogs 

with alterations affecting the thoracic vertebral bodies or intervertebral disc 

spaces, allowing an objective determination of the cardiac silhouette 

dimensions in these dogs. The HSVR revealed a strong correlation with 

VHS, especially when considering T7 and a good to excellent inter- and 

intra-observer agreement. 
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6. The proposed cut-off values for the kidney-to-aorta ratio in Whippets 

(6.3 – 6.9), were significantly narrower than the previously reported range 

(5.5 – 9.1). The obtained values did not differ between right versus left sides 

or male versus female sexes. This last finding was notable since the kidney 

lengths in Whippets exhibits marked sexual dimorphism. Additionally, there 

were no differences in assessing aorta diameter between the longitudinal and 

transversal scans. Our findings support the use of breed-specific kidney-to-

aorta ratio values for characterizing abnormal renal size in canine breeds and 

minimize possible overlap with values obtained from healthy dogs. 
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1.1 THE DOMESTICATION AND SELECTION PROCESSES IN 
THE DOG AND CAT 
 
Domestication, selective breeding for desirable traits, and propagation of 

specific breeds have made the dog unparalleled in its diversity among land 

mammals. Selective breeding has allowed dogs to adapt to various roles, 

such as herding, guarding, hunting, rescue, and companionship. The range 

of sizes among dogs extends beyond that of wolves and jackals, giving dogs 

the distinction of being the most morphologically diverse terrestrial 

mammalian species.1 This diversity is demonstrated through both a high 

degree of variation between breeds and a high degree of similarity within 

breeds.2,3 In the XIX century, a trend of breeding and trading dogs for 

specific physical and behavioral traits had become popular in Europe and 

the United Kingdom. The Kennel Club, founded in 1873, standardised dog 

breeding by categorizing them based on their lineage, appearance, and 

behaviour. There are over four hundred breeds of dogs worldwide, of which 

the Kennel Club officially recognizes approximately half.4  

Differently, cat domestication likely started 10 000 years ago in the Near 

East.5 The cat probably began its association with humans as a commensal, 

feeding on the rodent pests that infested the grain stores of the first farmers.6 

In recent years, breed selection has resulted in tens of morphologically 

differing breeds through intentional breeding and purely dictated by 

aesthetic purposes. Today, the International Cat Association currently 

recognizes seventy-one breeds.  
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1.2 AGE DETERMINATION TROUGH THE SKELETAL 

DEVELOPMENT 

 

There are two critical phases in the development of bone. The first occurs in 

utero, during embryonic and foetal development when bone tissue starts to 

form in certain regions called ossification centres (OCs). These latter 

develop in the approximate positions that will determine the basic skeletal 

pattern of the adult. The second development phase occurs in postnatal life 

as the animal grows. During this time, bones elongate and change shape, 

assuming the adult form;7 besides, although the size and shape of each bone 

are genetically determined, its final form may be influenced by a number of 

environmental and dietary factors.8 Bone develops by the replacement of 

pre-existing tissue. When it is formed in a sheet of vascular loose connective 

tissue, the process is called intramembranous ossification; on the contrary, 

when bone replaces calcified cartilage is referred to as endochondral 

ossification.8 The latter is responsible for the development of long bones. 

The process begins in the embryonic stage and continues after birth until the 

bones reach definitive size and shape. The process of enchondral ossification 

begins with the formation of a cartilage model, which serves as a template 

for the future bone (Figure 1.1A). In the first step, chondrocytes proliferate 

in the region where bone formation is occurring. Then these cells 

differentiate and form a matrix of extracellular material (Figure 1.1B). As 

the matrix mineralizes, blood vessels invade the cartilage model, bringing 

in osteoblasts (Figure 1.1C). The osteoblasts deposit bone matrix around the 

chondrocytes, eventually enclosing them within small spaces called lacunae. 

As the bone matrix continues to be deposited, the chondrocytes in the 
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lacunae degenerate and are replaced by bone (Figure 1.1 D,E). This process 

continues until the entire cartilage model has been replaced by bone. The 

bones formed through enchondral ossification are composed of a dense, hard 

outer layer of cortical bone and a spongy inner layer of trabecular bone.9, 10  

 

 
 

  

FIGURE 1.1 Sequential stages 
(A–E) in enchondral ossification 
leading to the formation of a 
long bone. The histological 
appearance of a region where is 
replaced by bone is illustrated. 
From McGeady, et al,. 
Veterinary Embryology 2nd ed. 
– Chapter 17 Muscular and 
skeletal system, modified. 
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Differently from enchondral ossification, intramembranous ossification 

does not involve the replacement of a cartilage model with bone. Some 

mesenchymal cells differentiate into osteoblasts, producing an osteoid 

matrix that subsequently mineralise, forming bone spicules. When more 

spicules become interconnected, they form a trabecular network of 

cancellous bone referred to as an ossification centre.8 This process is 

responsible for the formation of flat bones such as the mandible and skull 

bones.8, 9  Most long bones develop from at least three OCs: the primary OC 

is located at the diaphysis and starts during foetal life, while secondary OCs 

are located at the epiphyses and start their function after birth. The number 

of secondary OCs depends on the shape of the bone and its function. The 

sequence of events which leads to bone formation at the secondary OCs is 

similar to that described for bone formation at the primary OCs.8 During the 

bones’ growth in length, the proliferation of the reserve cartilage is balanced 

against the rate of osseous replacement until it is exceeded by the latter 

resulting in the eventual replacement of the epiphyseal plate. There is a wide 

variation of the times in which growth plate closure occurs in different bones 

within a given animal, species and breed.11 The modality of choice for 

determining age in human forensic medicine is through the examination of 

physeal and OCs development and closure rates. This technique is effective 

for individuals ranging in age from birth to around 24-26 years and is well-

documented in radiographic atlases, which illustrate the gradual progression 

of various bones as a person ages.12, 13 Similarly, in veterinary medicine, 

during the first half of the XX century, the appearance and closure rate of 

OCs has been investigated to understand their implication in the 

pathogenesis of skeletal growth diseases.16-25 Unfortunately, from those 
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studies, the OCs exhibit a wide range of appearance and fusion and, 

consequently, were quite unreliable in age estimation.14, 15 This wide 

variation in veterinary patients are related, for example, to the different times 

in reaching skeletal maturity. Small breed dogs reach skeletal maturity 

before one year, while large and giant breeds can take up to sixteen months. 

Furthermore, even puppies within the same breed can show variations in 

skeletal growth due to factors such as nutrition, congenital disorders, or 

acquired diseases.11 Due to OCs’ variability, the use of dentition as an 

alternative method for age determination for forensic purposes was 

proposed. However, dental eruption times are only reliable in animals at 

around 6-7 months.15 Furthermore, various external factors such as poor 

diet, infectious diseases, antibiotic therapies or dental care can cause wear 

and tear on the teeth, leading to missing, decayed, or damaged teeth, making 

age determination via dentition unreliable.16 This is particularly relevant in 

forensic cases as neglected animals often have poor diets and 

malnourishment, resulting in poor dentition.11 More recently, with the rise 

in illegal puppy trafficking and growing public awareness, there has been 

renewed interest in the radiographic assessment of OCs to estimate the age 

of dogs.14, 17, 18 
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1.3 SKULL MORPHOLOGY 

 

The phenotypic differences within the canine and, to a lesser extent, in feline 

species can be well-represented by their skull shape. The wide range of 

morphological variation among these breeds is so distinct that skull shape is 

often used as a defining characteristic of a breed.19 Currently, dogs and cats 

are classified into three groups: dolichocephalic, mesaticephalic, and 

brachycephalic, based on the cephalic index, computed by multiplying the 

cranial width (measured from zygomatic arch to zygomatich arch) by 100 

and dividing the product by the cranial length (from the occiput to the 

prostion).20-25 According to Evans and De Lahunta26 brachycephalic dog 

breeds, such as French Bulldog, Pug, etc., or cat breeds, such as Persian, 

Himalayan, etc. have shorter and larger skulls with a cephalic index 

approximately of 81 or greater (Figure 1.2 A). On the opposite end of the 

spectrum, there are dog breeds such as Collie, Greyhound, Irish Wolfhound, 

etc. or cat breeds such as Siamese, Abyssinian, Sphynx, etc. which have a 

dolichocephalic appearance, showing a more significant development of the 

skull's longitudinal axis with a cephalic index of 39 or smaller (Figure 1.2 

B). Between the two extremes of brachycephaly and dolichocephaly are 

mesaticephalic breeds. These breeds have skulls that are of intermediate 

length and width with a cranial index approximately of 52 (Figure 1.2 C). 

Examples of mesaticephalic dog breeds include Beagle, Golden Retriever, 

Labrador Retriever, etc. while as cat breeds, Domestic short-haired cat, 

Ragdoll, Russian blue, etc.  

  



Introduction 
 

 36 

 

 
FIGURE 1.2 Determination of the cephalic index using CT dorsal 3D volume rendering images of 

canine skull: (A) brachycephalic, (B) dolichocephalic and (C) mesocephalic. The cephalic index, is 

computed by multiplying the cranial width (blue lines) by 100 and dividing the product by the cranial 

length (red lines) 
 

The differences between skull morphotypes affect the splanchnocranium 

and the neurocranium and can have clinical relevance. For example, dogs 

with similar body weight but differing in skull morphology might display 

different retrobulbar cone volumes and shapes. Therefore, this variation in 

skull conformation must be considered when performing specific clinical 

procedures as the retrobulbar anaesthesia in which the volume of local 

anaesthetic solution to be injected can vary widely among morphotypes. 

Underestimating this volume can result in an ineffective block, while 

overestimating it can cause severe collateral effects, including toxicity, 

proptosis, and increased intraocular pressure.27, 28 Therefore, the volume of 

anaesthetic solution required for retrobulbar anaesthesia should be carefully 

calculated. Furthermore, certain breeds (Afghan Hound, Golden Retriever, 
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Great Dane, Labrador Retriever, Newfoundland, Standard Poodle, 

Rottweiler, Weimaraner and Persian), due to refined aesthetic 

conformations, may also develop ocular alterations such as the entropion, 

caused by inherited enophthalmos. This condition, characterized by the 

inward turning of the eyelid (entropion) that causes traumatic corneal lesions 

provoked by the eyelashes and formation of a pocket in the lower 

conjunctival area where foreign material can accumulate and lead to chronic 

conjunctivitis, redness of the third eyelid, and a slight mucous discharge, 

known as the "medial canthal pocket syndrome". These alterations can lead 

to impaired vision and discomfort for the affected patient.29  

Many small brachycephalic breeds feature the neurocranial appearance of 

human turricephaly, hydrocephalus,30 persistent fontanelles,31 Chiari-like 

malformation and secondary syringomyelia.32  

The different cranial configurations can also alter the cut-off values 

established for some morphometric indices already described for the dog 

and cat. In particular, the detection of anatomical alterations of the pituitary 

gland is performed using Magnetic Resonance Imaging (MRI) or Computed 

Tomography (CT). In many cases, the diagnosis of pituitary macroadenoma 

is straightforward since the pituitary mass dorsally protrudes from the sella 

turcica and compresses the adjacent brain parenchyma (Figure 1.3 A). 

Differently, in pituitary microadenomas, there are only subtle and often not 

visible changes in pituitary size and contours (Figure 1.3 B).33 In order to 

address variation in pituitary gland size between dogs and cats of different 

sizes and breeds, the pituitary-to-brain ratio (P:B ratio) computed by 

multiplying the pituitary heinght (in mm) by 100 and dividing the product 

by the brain area (in mm2) obtained on the same slice was introduced to 
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address variations in pituitary gland size between dogs and cats of different 

sizes.34-37 However, it has been shown that the cut-off values for dogs and 

cats with different skull morphology can be different from those originally 

proposed. Therefore, the use of breed-specific cut-off values is necessary.38 

 

 
FIGURE 1.3 Computed tomography transverse postcontrast images of the brain in two different dogs 

with confirmed pituitary adenoma. In (A) the pituitary adenoma is readily visible (macroadenoma) 

and compress the surrounding brain parenchyma. In (B) there is a subtle increase in pituitary 

dimensions with a pituitary-to-brain (P:B) ratio of 0.37. In dogs a P:B ratio > 31 is suggestive of 

enlarged pituitary gland. 
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2.4 CARDIAC SILHOUETTE DIMENSIONS 
 
Morphological differences between animals of different breeds also affect 

the evaluation of the heart. While the morphological difference between 

breeds has little influence on the typical appearance of a feline thoracic 

radiograph,39 it has a considerable impact on the evaluation of canine thorax, 

especially in the evaluation of structures such as the mediastinum and 

cardiac silhouette. Breed-associated conformational variations are 

considered the most important cause of variation in interpreting the canine 

cardiac silhouette.40 Dogs with wide shallow thorax (brachymorphus) have 

shorter, rounder cardiac silhouette at a large inclination to the spine; 

additionally, the cardiac silhouette has an extended contact area with the 

sternum mimicking right-sided cardiomegaly. On the other hand, dogs with 

a deep narrow thorax (dolycomorphus) have long oval cardiac silhouette 

with a vertical position in the thorax, almost perpendicular to the spine. 

Finally, in dogs with intermediate thoracic conformation (mesomorphus) the 

cardiac silhouette appears ovoid.40 Consequently, the radiographic 

evaluation of cardiovascular disease in veterinary patients using is complex 

due to variations in individual and breed-specific characteristics (Figure 

1.4).  
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FIGURE 1.4  Left-lateral thoracic 

radiographs in an Afghan Hound (A), 

Mixbreed dog (B) and French Bulldog (C) 

illustrating the effect of body constitution on 

the appearance of the cardiac silhouette 
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Although radiography is not the gold standard for evaluating the heart in 

small animal practice, it remains a straightforward modality to assess cardiac 

dimensions, evaluate concurrent pulmonary diseases, and monitor the 

progression of cardiomyopathy over time.41 Several methods considering 

ratios between the dimensions of the heart and the thorax were proposed39, 

42 but are applicable only within the same breed or in dogs with closely 

similar thoracic conformations.40, 43 The cardio-thoracic index proposed by 

Hamlin in 1968 42 compared the cardiac dimensions to the thoracic width 

but it relies on radiographs made with a consistent technique (Figure 1.5).  

Minimal obliquity of projection, shifting of the cardiac apex or the 

expiratory phase precludes the use of this method since obtained values are 

artifactually increased or decreased. Additionally, the position of the 

diaphragm, obesity, skeletal deformities of the thorax or spine, and uneven 

lung lobe inflation have similar effects.44-46  
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FIGURE 1.5 Dorsal-ventral (DV) thoracic radiograph illustrating the cardio-thoracic index 

proposed by Hamlin. Normally, the distance between the left ventricular free-wall and the left 

thoracic wall (blue line) is approximately equal to the distance between the right ventricular free-

wall and the right thoracic wall (yellow line). Similarly, the left ventricular free wall (orange line) 

extends as far to the left of the middle as the right ventricular free-wall (green line) extends. In healthy 

dogs, the total expanse of both right and left sides of the heart (green and orange lines respectively) 

is equal to less than 65% of the total transversal width of the thorax (pink line). 
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In 1995, Buchanan and Bücheler described the vertebral heart score (VHS) 

as an objective method to estimate heart size.47 To determine the VHS, the 

long axis of the cardiac silhouette is measured from the tracheal bifurcation 

to the cardiac apex. The short axis is measured perpendicular to the long axis 

at the point of the largest cardiac silhouette width. The obtained axes are 

transposed on the vertebral column starting from the cranial endplate of the 

fourth thoracic vertebra. The VHS value, expressed in the number of 

thoracic vertebrae (v), is then obtained by the cardiac length and width sum 

(Figure 1.6). Dogs' normal vertebral heart score has been reported as 9.7 ± 

0.5 (range 8.5–10.5). The wide diffusion of the method in clinical practice 

is testified by the large number of scientific publications that in the 

following years have evaluated the method's reliability and the influence on 

VHS score of variables such as respiratory phase, cardiac cycle, recumbency 

and determined indices for individual breeds that tend to deviate from the 

initially reported cut-off values.48-61 However, among the method’s 

limitation, there is its inapplicability in patients with spinal abnormalities, 

such as spondylosis deformans, reduced intervertebral disc spaces or 

malformations, like hemivertebrae or butterfly vertebrae, which are 

common in elderly dogs and in brachycephalic breeds, respectively.48, 60, 62 
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FIGURE 1.6 Left-lateral thoracic radiograph in a mixed breed dog depicting the Vertebral Heart 

Score (VHS) method. The cardiac long axis (red line) is measured from the tracheal bifurcation 

(carina) to the cardiac apex. The cardiac short axis is measured perpendicular to the long axis at the 

point of maximal cardiac silhouette width. To calculate VHS, the two axes are repositioned over the 

thoracic vertebrae starting from the cranial endplate of T4. The VHS is then expressed as the number 

of thoracic vertebrae (v) to the nearest 0.1v. In this dog the obtained VHS is equal to 10,1v and 

considered within reference values. 
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1.5 RENAL DIMENSIONS 

 

Variations in the patient's weight and size significantly impact the 

abdominal organs. As expected, larger dogs generally have larger organs 

than smaller dogs.63 To account for this intra-specific variation, 

morphometric indices have been proposed. In particular, several studies 

have focused on determining renal size in healthy patients.64-70 Some 

pathologic conditions, like acute kidney disease, pyelonephritis, neoplasia, 

and hydronephrosis, can cause slight to severe increase in kidney 

dimensions; others, like chronic kidney disease, hypoplasia and renal 

dysplasia, can determine slight to severe reduction.71 Among diagnostic 

modalities, survey radiographs can be used to estimate kidney size by 

comparing the renal length to the length of the second lumbar vertebra.64 

However, this ratio is limited by factors such as renal depth and inclination, 

which can cause variable radiographic magnification and distortion. 

Moreover, any loss in abdominal detail, for example, due to peritoneal or 

retroperitoneal effusion or cachexia, can affect renal visibility.72  

Nowadays, ultrasonography is considered the first level technique to 

evaluate the kidneys since it can provide information about size, shape, and 

internal structure, even in patients where radiography cannot visualize them. 

Additionally, it can also be used for ultrasound assisted renal fine need 

aspirations, biopsies and therapeutic procedures such as ethanol 

sclerotherapy for renal cysts.71, 73 Finally, Doppler and contrast-enhanced 

ultrasonography allows for functional assessment of renal blood flow.71, 74 

Unfortunately, still today, there is not a widely accepted method for 

determining renal size in dogs using ultrasounds.71 Several studies have 
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attempted to correlate kidneys’ linear dimensions or volume with body 

weight or surface area but have found limited success since as they are time-

consuming, require sedation and therefore of limited clinical relevance.65-68 

More recently, two studies have tried to correlate renal dimension with other 

anatomical structures of the same patient.69, 70 In one of these studies,69 the 

authors correlated the renal length, width, and height with the lengths of the 

fifth and sixth lumbar vertebrae. The obtained  renal:vertebral-length index 

ranged from 1.3 to 2.7, a normality range similar to the radiographic method 

proposed by Finco64 for the radiographic evaluation. However, the proposed 

method faces several limitations, including the difficulty in identifying with 

certainty and in obtaining an accurate longitudinal scan of the vertebral 

bodies, the impossibility in visualizing the intervertebral spaces in patients 

with spondylosis deformans and the reduced vertebral length in 

chondrodystrophic dogs.75 In 2007, Mareschal et al.70 proposed the kidney-

to-aorta ratio, a new method for assessing more objectively the canine renal 

size. In this method, the renal length is related to the aortic diameter 

measured just caudal to the left renal artery (Figure 1.7). This method 

demonstrated to have a good reproducibility, when used by different 

operators, and to be quick and easy to perform and therefore optimal for 

routinary application. The method's popularity is reflected by its inclusion 

in the ACVR/EVDI consensus on abdominal ultrasound, which suggests its 

usage for detecting renal abnormalities.76 Unfortunately, the normal cut-off 

values proposed by the authors has a wide range (5.5 – 9.1) and, 

consequently, a low sensitivity and specificity. One possible reason for the 

wide range of normal values could be related to the sample included in the 
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study, represented by dogs belonging to different morphologies, breeds and 

different body weights.75, 77   

 

 
FIGURE 1.7 Dorsal ultrasonographic image of the left kidney (A) and of the aorta (B) acquired just 

caudal to the origin of the renal artery. In (A) the renal length and width are measured in the point 

of maximal renal length. In (B) the maximal luminal diameter is obtained after reviewing cineloop 

frames to account for pulsation of the aorta; measurement cursors were placed at the margin of the 

lumen excluding the vessel walls  
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2.1 ABSTRACT 

The illegal trafficking of puppies has led to a need for a more precise method 

of determining their age, since the movement of puppies across the 

European Union is only allowed after they reach 15 weeks of age. Currently, 

the assessment of dental eruption and the radiographic secondary 

ossification centers (OCs) are the most used methods, but both have wide 

temporal windows, making them unreliable in procedural debates. This 

study aimed to evaluate the relevance of the distal radius OC (DROC) in 

estimating puppies' age. The study design involved two distinct components, 

one utilizing a sample of live subjects (“in vivo” group) and the other 

utilizing a sample of cadaver specimens (“ex vivo” group) whose age was 

known. The in vivo group was composed of puppies of different breeds, who 

were radiographically examined starting from the day 7th up to 4 months of 

age, with a mean interval of 11 days between each examination. In the ex 

vivo group, a single radiographic examination was performed. The same 

radiographic protocol, including mediolateral and craniocaudal projections 

of the right forelimb and mediolateral projection of the right hindlimb, was 

used for both groups. The age of appearance, the linear dimensions (width 

and height) and the area of the DROC were recorded. The data were 

analyzed using descriptive statistics, the Mann-Whitney U-test, and 

Spearman's rank correlation. The DROC was visible in all 68 puppies at 27 

days, and its growth was gradual. The statistical analysis revealed a strong 

correlation between the DROC area and age (P < 0.0001, R2=0.99), while 

there were no significant differences between sexes (P = 0.49). Equations to 

calculate age were derived from the correlations, with an accuracy value of 

± 5 days in 80% of the sample. These results demonstrate that the DROC 
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dimensions can aid in obtaining a more accurate evaluation of puppies' age 

and provide support in a forensic scenario.  
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2.2 INTRODUCTION 
 
The illegal trafficking of puppies is a growing issue in forensic Veterinary 

Medicine. Fifteen weeks is the legal age at which puppies can be moved 

abroad within and across the European Union (EU) states (EU Reg. No. 

576/20139) but puppies of illegal trafficking are usually younger than 15 

weeks. These puppies are mostly irregularly imported from eastern 

European countries and are often accompanied by certificates attesting to a 

fake age.1, 2 In puppies, the more accredited methods for determining age are 

dental examination and secondary ossification centers (OCs) radiographic 

evaluation.3 Unfortunately, boths methods have a wide range of errors, 

estimated in ± 15 days, and are potentially unreliable in a legal court.4, 5 

Additionally, studies on these methods have only been conducted on 

specific breeds, making their results unreliable to all dogs.2, 3, 6 The canine 

species exhibits a wide range of morphological variation due to the extensive 

human selection process, which has led to the development of breeds of 

varying sizes that exhibit different skeletal growth patterns.7 In small or 

medium-sized dogs, skeletal maturity is reached before the age of one year, 

while for large/giant breeds dogs, skeletal growth can last up to sixteen 

months. This difference inevitably affects the timing of appearance, growth 

rate, and age of the closure of the epiphyseal growth plates.8 Additionally, 

even puppies of the same breed can exhibit variations in skeletal growth 

related to variables such as nutrition, congenital pathologies, or acquired 

diseases.9 The most of the literature on OCs dates back to the early 1900s. 

These studies were conducted on small samples of specific dog breeds, and 

the investigation protocols often were not provided.10-21 Despite this, these 

studies are still referenced in veterinary radiology textbooks.3, 8, 22-25 More 
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recently, due to the increased illegal trafficking of dog puppies and public 

awareness, a renewed interest has invested the OCs’ radiographic 

evaluation, their time of appearance, growth rate and reliability as a method 

of age estimation.6, 26 However, the usefulness of radiographic assessment 

of OCs in a forensic scenario remains questionable. Specifically, studies in 

the literature consider only the time of appearance of OCs but none of them 

consider the OCs growth rate and how this differs between small-breed 

puppies and large or giant-sized ones. Notably, small-breed puppies 

represent the large portion of illegally trafficked dogs. This study 

aimed to develop a radiographic method for determining the age of puppies 

that considers not only the timing of the appearance of OCs but also their 

growth rate. In this preliminary section of the study, our investigation 

focused on the distal radius OC (DROC). 

 
2.3 MATERIALS AND METHODS 
 

The prospective, reference interval, longitudinal study was approved by the 

Ethical Animal Care and use committee of the University of Naples 

“Federico II” (protocol number PG/2018/0050378).  

The study design involved two distinct components, one utilizing a sample 

of live dogs (“in vivo” group) and the other utilizing a sample of cadavers 

(“ex vivo” group).  The in vivo component was longitudinal in design and 

was performed on a cohort of puppies of three different sizes, including one 

giant breed (Bullmastiff), one large breed (Golden Retriever), and one small 

breed (Cavalier King Charles spaniel). All the dogs of each breed come from 

the same litter and the same breeder. Each dog was radiographically 

examined on a bi-weekly basis, starting from the day 7th to 4 months (120 
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days), considering the breeder's availability. Before each radiographic 

examination, each puppy underwent a clinical assessment to ensure its 

overall health. Criteria for exclusion from the study included suboptimal 

health status, the presence of clinically and/or radiographically evident 

skeletal diseases, and a diet that differed from that of other puppies in the 

same litter. The radiographic examinations were performed using a portable 

device (Orange 1040HF, EcoRay, Seoul, South Korea) coupled with a 

digital radiography system. The film-focus distance was fixed at 100 cm. 

All the radiographical examinations were performed without sedation with 

puppies manually restrained by a single operator. During the execution of 

the radiographic exams, all necessary radiation exposure protections were 

strictly adopted, including personal protective equipment such as lead 

aprons, thyroid shields, and lead glasses. Furthermore, exposure parameters 

(kVp and mAs) were minimized as low as reasonably achievable, and 

narrow collimation was adopted to minimize scattered radiation. After each 

radiograph acquisition, if the obtained images were deemed inadequate due 

to motion artifacts or excessive limb rotation, only one additional attempt 

was made in order to minimize the puppy’s and operator's exposure to 

radiations. Furthermore, all the operators involved in these activities were 

equipped with radiation badges and included in a radiation protection 

program.  The ex vivo component of the study consisted of puppies 

whose age was known and whose death occurred from causes unrelated to 

this study. In these puppies, a single radiographic examination was 

performed using a direct digital (DR) radiographic system (Agfa-Gevaert 

DR 14e Agfa HealthCare, Mortsel, Belgium).  For both in vivo and ex 

vivo groups, the radiographic protocol included the acquisition of 
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mediolateral (ML) and craniocaudal (CrCa) views of the right forelimb and 

a ML view of the right hindlimb.  All the radiographic images in 

DICOM format were stored in the picture archiving and communication 

system (dcm4chee-arc-light version 5.11.1, http://www.dcm4che.org) of the 

Interdepartmental Centre of Veterinary Radiology27 and reviewed on a 

workstation (iMac 5K, 27-inch, Apple Inc., Cupertino CA, USA) using an 

open-source DICOM viewer (Horos version 3.3.6, 64-bit, Nimble Co LLC 

d/b/a Purview, Annapolis, MD, USA, https://www.horosproject.org). 

Images deemed inadequate due to motion artifacts or poorly projected were 

excluded from the analysis. Of all visible secondary ossification centers, the 

distal radius ossification center (DROC) in the CrCa projection was 

considered at this stage. The DROC width (in mm) and height (in mm) were 

measured by a professor of veterinary radiology with a Ph.D. and >25 years 

of experience, using the ‘line’ function. The DROC area (in mm2) was 

obtained using the formula for calculating the area of a rectangle (length * 

width) (Figure 2.1). All data were reported in an electronic spreadsheet 

(Microsoft Excel version 16.52 2021, Microsoft Corp). Statistical analyses 

were performed by one of the authors (L.M.) using commercial statistics 

software (Prism version 9.5.0 (525), GraphPad Software San Diego, 

California). Given the heterogeneity of the sample, the data were analyzed 

using non-parametric models. The Mann-Whitney’s U test and Spearman’s 

rank correlation coefficient (rs) were used to investigate possible differences 

between sexes and the correlation with age, respectively. The correlation 

was made considering the entire sample and the subcategories represented 

by dog size and sex. The best equations for predicting age based on DROC 
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were derived from these correlations. In all analyses, P < .05 was considered 

statistically significant. 

 

 
  

FIGURE 2.1 Close up view of the DROC in a 
Cavalier King Charles Spaniel (A), Golden 
Retriever (B) and Bullmastiff (C). The DROC area 
is obtained by multiplying the DROC width (red 
lines) by the height (white lines) 
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2.4 RESULTS 
 

The final sample consisted of 291 radiographic studies performed on 68 

puppies, starting from 7 days to 142 days of age (20 weeks). Twenty-five 

out sixty-eight of the puppies examined came from the in vivo component 

and were divided as follows: 9 Bull mastiffs (5 females, 4 males), 10 Golden 

Retrievers (7 females, 3 males), and 6 Cavalier King Charles Spaniels (4 

females, 2 males). The remaining 43 puppies came from the ex vivo 

component. The OCs visible during the analyzed period using the proposed 

radiographic protocol are summarised in Table 1.  

 

 

 
 

 

 

 

Forelimb 

Radius distal epiphysis 
Ulna distal epiphysis 
Radial carpal bone 
Central carpal bone 

Intermediate carpal bone 
Accessory carpal bone 

Carpal bone I - IV 
Metacarpal bone I proximal epiphysis 
Metacarpal bone II - V distal epiphysis 

Proximal phalanx (digit I - V) proximal epiphysis 
Middle phalanx (digit II - V) proximal epiphysis 

Palmar sesamoid bones 
Dorsal sesamoid bones 

Hindlimb 

Femur distal epiphysis (trochlea and condyles) 
Patella 

Tibial tuberosity 
Tibial proximal epiphysis 

Tibial distal epiphysis 
Fibula proximal epiphysis 

Fibual distal epiphysis 
Calcaneal tuber 

Central tarsal bone 
Tarsal bone I - IV 

TABLE 2.1 Secondary ossification centers 
(OCs) visible in the considered period (7th – 
120th day) that can be evaluated with the 
adopted radiographic protocol. 
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The DROC was visible from day 22, with a steady increase in size over the 

days. The statistical analysis showed a strong correlation between age, linear 

dimensions (width and height), and area. Notably, the DROC had different 

growth in medium/large-sized and small-sized dogs (Figure 2.2).  

 

 
FIGURE 2.2 Correlation between DROC area (in mm2) and age (in days) in all the dogs included in 
the final sample. From day 60th there are two different growth trends. 
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Furthermore, considering these two categories independently, 

medium/large-sized dogs exhibit a linear correlation between age (in days) 

and DROC (R2 = 0.93, P < 0.0001) (Figure 2.3), while small-sized dogs had 

a logarithmic correlation (R2 = 0.97, P < 0.0001) (Figure 2.4).  

 

 
 

 
  

FIGURE 2.3 Linear correlation 
between DROC area (mm2) and 
age (in days) for medium/large-
sized dogs. 
 

FIGURE 2.4 Logarithmic 
correlation between DROC area 
(mm2) and age (in days) for 
medium/large-sized dogs.. 
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No differences were found between the sexes (P = 0.49). Based on our 

model, the age (in days) can be estimated using the following formulae that 

had a variability of ±5 days on 80% of the sample:  

Age (in days) = DROC (mm2)/1,983 + 43,36 for medium/large-sized dogs 

Age (in days) = DROC (mm2) /log 0,4428 + 1,3914 

 

2.5 DISCUSSION 
 

This study aimed to describe a radiographic method for determining the age 

of puppies that considers the date of appearance and growth rate of OCs.  

The illegal trafficking of puppies has become a prevalent concern in Europe 

in recent years. These animals are sold without proper documentation, 

vaccinations and are often plagued by severe health issues.1, 2 The puppy 

trade has become a highly profitable business for criminals who are taking 

advantage of the growing demand for popular breeds of dogs and cats. The 

proceeds from illegal trafficking are often funnelled back into organized 

crime, further exacerbating the problem.1  The minimum age for animal 

movement within the European Union countries is set at 15 weeks, because 

at 12th week of age it is administered the mandatory vaccination against the 

rabies and 3 weeks is the necessary period for developing anti-rabies 

immunity (EU Reg. No. 576/20139). To ensure compliance, judicial 

authorities have placed increasing demands on veterinarians to determine 

the age of animals, particularly dogs, being moved within and outside the 

EU. Traditionally, in veterinary medicine, age estimation has relied on the 

assessment of dentition. However, the reliability of this technique is limited 

to animals around 6-7 months of age, and external factors such as poor diet, 
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infectious diseases and antibiotic treatments, can result in missing, decayed, 

or damaged teeth, making dentition an unreliable method for age 

determination in legal debates.3, 4 In human forensic medicine, the preferred 

method for determining age is through the examination of OCs development 

and closure rates. This technique is considered effective for individuals 

ranging in age from birth to approximately 24-26 years.  According to 

the authors, the protocol adopted constitutes a reasonable compromise by 

limiting X-ray exposure while allowing to visualise numerous OCs. In this 

preliminary part, our investigation focused on the DROC as this is readily 

visible since the third week of life, has a regular, roughly rectangular shape 

and is thus relatively easy to measure. The puppies of the in vivo component 

became progressively accustomed to manipulation over the weeks. 

Furthermore, the progressive body growth made their handling easier, thus 

making the need for repeat X-rays less frequent. The DROC was visible in 

all subjects from day 22. The profiles became more defined as the weeks 

passed, making measurement easier. Statistical analysis revealed that the 

DROC had different growth patterns among the different body size dog’s 

breeds included in the sample. In detail, till the fourth month of life, the 

DROC area in medium and large dogs showed a geometrical growth pattern 

while, in small-sized dogs, a logarithmic growth pattern characterized by an 

initial rapid growth pattern, followed by a quite levelled one.  This 

variation in the DROC growth pattern is probably linked to these breeds' 

different skeletal growth rates. Medium, large and giant-sized dogs must 

reach a significant size in a few months. Differently, small-sized dogs, after 

a few weeks, reach body dimensions similar to those they will have as adults. 

In both groups considered, the correlation between the area of the DROC 
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and the age showed a high correlation that allowed the calculation of the 

above-reported formulae. As there are no significant differences between 

the sexes at this age, these formulae are applicable regardless of sex. Even 

though this was a preliminary study and with a limited number of dogs, 

especially for the in vivo component, differences in OCs growth rate pattern 

were already evident. The different growth pattern found in the current study 

is greater than that already reported in the literature between large breed 

dogs of different breeds.4 Although this difference have to be confirmed also 

for other OCs, this can be one of the reasons for the wide range of OCs 

appearance and physeal closure reported in the literature, since most of this 

studies were performed on small samples made by large breed dogs or mixed 

breed. 10-21  Consequently, in order to determine the age of the puppies 

with a reasonable narrow margin of error not only the time of appearance 

and physeal closure of OCs must be taken into account but also their 

progressive growth, together with other variables, such as breeds and body 

sizes, . Limitations of our study include the small number of subjects from 

the in vivo component, which limited the number of longitudinal 

radiographic evaluations. Furthermore, since all the dogs of the in vivo 

component came from the same breeder, the influence of variables such as 

diet was not evaluated. In conclusion, morphometric indices such as 

DROC’s area could be a reliable method in establishing the age of puppies 

during their first weeks with a reasonable precision. Further studies are 

needed to reduce the margin of error by combining the information obtained 

from the analysis of multiple OCs visible through the proposed protocol.  
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3.1 ABSTRACT 

Objective of this retrospective cohort imaging study study was to develop a 

comprehensive formula for calculating the volume of local anaesthetic 

solution used for retrobulbar anaesthesia in dogs with different skull 

morphologies. Skull computed tomography (CT) images of 188 dogs of 

different breeds collected between January 2009 and December 2017. 

Anatomical integrity of the orbit and adjacent structures, presenting 

complaint, clinical signs and CT findings were verified to exclude ocular 

abnormalities. The volume of the retrobulbar cone of 376 eyes was 

calculated using CT scans of the dogs’ skulls. Additional data recorded 

included morphology of the skull, body weight, sex and size of the dogs, all 

of which were matched for possible association to the retrobulbar cone 

volume through univariable and multivariable linear regression models. 

Results of linear regression models were expressed as estimated beta 

coefficients with the corresponding 95% confidence intervals (95% CIs). 

Using univariate analysis, the retrobulbar cone volume was positively 

associated with weight and male sex. In addition, brachycephalic and 

dolichocephalic dogs showed a larger retrobulbar cone volume than 

mesocephalic dogs, while sex was no longer significantly associated with 

the retrobulbar cone volume. In multivariate analysis, when considering all 

variables in the model, weight emerged as the strongest predictor (beta 

coefficient: 0.062 mL kg-1, 95% CI: 0.056 - 0.067 mL kg-1 , P < 0.001). 

In the veterinary literature, there is no agreement on the precise volume of 

local anaesthetic solution that should be used to achieve intraconal 

retrobulbar anaesthesia in dogs. Here we suggest a formula to calculate the 
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retrobulbar cone volume and, accordingly, the injection volume of local 

anaesthetic solution for effective retrobulbar anaesthesia. 
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3.2 INTRODUCTION 
 
Among multimodal analgesia techniques, the analgesic efficacy of regional 

anaesthesia is unrivalled.1, 2 Locoregional anaesthesia of the eye 

anaesthetizes the sensory, motor and autonomic innervation of the globe and 

its adnexa, sparing general anaesthesia requirement, decreasing the need for 

systemic analgesia and avoiding the use of neuromuscular blocking agents.3-

5  One of the most well-documented regional anaesthesia techniques 

for ophthalmic surgery is retrobulbar anaesthesia. It consists of the injection 

of local anaesthetic caudal to the globe in close proximity to the optic 

foramen and orbital fissure. The optic (II), oculomotor (III), trochlear (IV), 

abducens (VI), and ophthalmic and maxillary branches of the trigeminal (V) 

cranial nerves emerge from this fissure. These nerves are in close proximity 

to the rostral alar foramen carrying the zygomatic nerve and to the ethmoidal 

foramen allowing passage of the ethmoidal nerve. Retrobulbar anaesthesia 

allows eye akinesia, exerts effective sparing effects on perioperative 

anaesthetic and analgesic treatments,6-8 and inhibits the oculocardiac 

reflex.9, 10  Despite the widespread use of retrobulbar anaesthesia, there 

is currently no agreement on the volume of anaesthetic required to obtain 

good clinical efficacy. Nor is there agreement on a formula to easily 

calculate that volume for daily use.   Shilo-Benjamini11 reviewed different 

retrobulbar anaesthetic techniques in dogs, remarking that most of the 

authors reported a different volume of local anaesthetic solution for 

injection. This was mostly calculated empirically and based solely on the 

dog’s body weight. However, studies compared by Shilo-Benjamini11 

lacked homogeneous morphometry of the subjects.  Dogs are the most 

morphologically variable land mammals on earth.12 Within the considerable 
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variation in their size and morphology, the cranial index has been used to 

categorize approximately 400 dog breeds into three broad classes: 

dolichocephalic, mesocephalic and brachycephalic.13 Within these 

categories, there exists a wide variation in the ocular anatomy, which means 

that the practitioners must consider several variables when they perform 

retrobulbar anaesthesia. One of these variables is the volume of local 

anaesthetic solution for injection. Underestimating this volume can result in 

an ineffective block. An overestimation of this volume can cause severe 

undesirable effects including toxicity, proptosis and increased intraocular 

pressure.14  Since mixed breed dogs represent a large part of the canine 

population, cranial index categorization has been hindered by an absence of 

clearly defined craniofacial margins.13, 15 As a consequence, dogs with 

similar body weight but with a differing skull morphology might display 

different retrobulbar cone volumes and shapes. Therefore, the volume of 

anaesthetic solution required for retrobulbar anaesthesia should be 

calculated accordingly. Klaumann et al.16 were the first authors to consider 

a dog’s skull morphology, as distinct from their body weight, to calculate 

the required injection volume. However, a limited number of subjects were 

enrolled in that study. To the authors’ knowledge, there are currently no 

studies assessing the differences in the retrobulbar cone volume between 

dolichocephalic, mesocephalic, and brachycephalic dogs via computed 

tomography (CT) examination.  The objective of our study was to 

develop a comprehensive formula for calculating the volume of the 

retrobulbar cone in dogs with different skull morphologies. For this purpose, 

our retrospective study evaluated the retrobulbar cone volume variations 

between dolichocephalic, mesocephalic and brachycephalic dogs in a large 
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population. Using morphometric data of canine skulls acquired by CT, we 

describe a comprehensive formula for estimating the actual volume to be 

injected (VTBI) for retrobulbar anaesthesia in dogs. We hypothesized that 

not only bodyweight but also skull morphology would affect the retrobulbar 

cone volume in dogs of different breeds. 

 
3.3 MATERIALS AND METHODS 
 
The protocol received full approval by the ethical committee for animal use 

at the Animal Welfare Committee of the University of Naples Federico II 

(PG/2020/0043383). All canine head CT studies performed during general 

anaesthesia for different clinical reasons, between January 2009 and 

December 2017 at the Interdepartmental Center of Veterinary Radiology, 

University of Napoli “Federico II”, were retrospectively evaluated. Due to 

the retrospective nature of the study, anaesthetic protocols were not 

standardized. Inclusion criteria were complete visualization of the globes. 

Exclusion criteria included the presence of ocular, retrobulbar and/or orbital 

diseases. All CT studies were performed using a slice thickness of 1.5 - 2.5 

mm and were then post-processed using ‘standard’ and ‘bone’ convolution 

filters. Images were evaluated through a soft tissue window (window width 

= 350 HU and window level = 40 HU) using a DICOM viewer software 

(Horos Version 3.0.1; 64-bit, Nimble Co LLC d/b/a Purview, Annapolis, 

MD, USA, https://www.horosproject.org).  For measurement of the 

retrobulbar cone volume, all CT examinations were processed through a 

multiplanar reformation technique along the axial, sagittal and dorsal planes. 

The lateral and medial ocular rectus muscles and the orbital canal were 

chosen as the anatomical landmarks for retrobulbar cone volume   
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measurements because they were easily identified. The axial plane was 

positioned at the level of the eye lenses and oriented until a symmetrical 

image of both eyes was obtained. The sagittal plane was placed in the centre 

of the globe and then the dorsal plane was tilted until the optic canal and 

retrobulbar cone were entirely visible (Figure 3.1).  

 

 
FIGURE 3.1 Multiplanar reconstruction of a dolichocephalic dog skull; (a) sagittal, (b) axial and (c) 
dorsal planes are displayed. The yellow line represents the sagittal plane, the violet line the axial 
plane and the blue line the dorsal plane. Images show the centring of the sagittal and the axial planes 
on the right globe, and the tilting of the dorsal plane to fully expose the retrobulbar cone and optic 
foramen. 
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After obtaining the images, the cone base diameter and its height were 

traced. The diameter of the retrobulbar cone base was measured between the 

insertion points of the lateral and medial rectus muscles on the globe. The 

height of the cone was then measured as the line running from the centre of 

the traced cone base diameter to the optic foramen (Figure. 3.2).  

 

 
FIGURE 3.2 A representative example of the retrobulbar cone volume measurements in a 
dolichocephalic dog skull, made in the dorsal plane. (a) The anatomical landmarks used to trace the 
cone base diameter and the cone height are displayed: insertion points of medial and lateral rectus 
muscles (white asterisks); optic canal (black asterisk); 1 = medial rectus muscle; 2 = optic nerve;  
3 = lateral rectus muscle. (b) The measurements of retrobulbar cone base diameter (white line) and 
retrobulbar cone height (black line). 
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For each eye, the retrobulbar cone volume (expressed in mL) was calculated 

according to the formula: (π * r2 * h) / 3 where π was pi, r was the cone base 

radius expressed in centimetres (one half of the cone base diameter) and h 

was the cone height expressed in centimetres. All CT measurements were 

made by a radiologist with 10 years experience.  In addition, the sex, 

body weight (expressed in kg), skull morphology and the size of each animal 

were recorded as possible variables affecting the retrobulbar cone volume. 

Canine skulls were classified based on the cranial index (skull width * 

100/skull length) as dolichocephalic (cranial index approximately 39), 

mesocephalic (cranial index approximately 52) and brachycephalic dogs 

(cranial index approximately 81 or greater).17 Based on body weight, the 

size of the dogs was classified as small (< 8 kg), medium (> 8 but 22 kg) and 

large (> 22 kg).  We used the statistical platform R (Version 3.5.1, R 

Foundation for Statistical Computing, Austria, https://www.R-project. org/) 

for data manipulation, descriptive analysis and linear regression. Standard 

descriptive statistics were used to describe the characteristics of the sample, 

and data are reported as mean ± standard deviation (SD) or frequencies 

(percentages). Potential violations from normality were visually checked 

using boxplots. Univariate comparisons between groups were based on one-

way analysis of variance (ANOVA) test, followed by Tukey’s honest 

significant difference post-hoc tests. Pearson correlation coefficients were 

used to assess the collinearity between continuous variables. Multivariate 

linear regression was used to derive the best equation for predicting 

retrobulbar cone volume according to the selected predictors. Variable 

selection was guided by recognition of the importance of the variables in the 

literature and no automatic procedure was undertaken. All clinically relevant 
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interactions terms were tested. The prediction sum of squares18 was used to 

select the best model. Results of the final model were expressed as estimated 

beta coefficients with the corresponding 95% confidence intervals (95% 

CIs). All analyses were conducted at an alpha level of 0.05 

 
3.4 RESULTS 
 

The initial sample included 213 skull CT scans. A total of 25 dogs were 

excluded from the study because they had presented with lesions of the eyes, 

of the ocular annexes and/or of the retrobulbar space, orbital or periorbital 

bones. Therefore, the final number of dogs enrolled in the study was 188 and 

376 eyes. There were 83 (44.1%) female (32 ovariohysterectomized) and 

105 (55.9%) male (11 castrated) dogs. According to the cranial index 

categorization of the skulls, 22 (11.7%) were brachycephalic, 153 (81.4%) 

were mesocephalic and 13 (6.9%) were dolichocephalic. Representative 3D 

volume rendering CT images are reported in Figure 3.3 

 

 
FIGURE 3.3 Computed tomography 3D volume rendering images of the morphology groups of three 
dogs’ skulls: (a) dolichocephalic, (b) mesocephalic and (c) brachycephalic.  
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The mean ± SD body weight was 18.8 ± 13.4 kg, and the mean ± SD age 

was 6.8 ± 4.0 years. According to the ANOVA test, the cone volume was 

significantly larger in the large dogs (2.8 ± 0.77 mL) than in medium (1.88 

± 0.63 mL, P < 0.001) and small dogs (0.94 ± 0.31 mL, P < 0.001) (Figure 

3.4A). Sex also affected the retrobulbar cone volume, being larger in male 

dogs than in female dogs with the same skull morphology (2.19 ± 1.09 mL 

versus 1.6 ± 0.84 mL; P < 0.001), while no significant differences were 

found between castrated male and ovariohysterectomized female dogs. 

Significant skull morphologyelinked retrobulbar cone volume differences 

were found (Figure 3.4B). Mesocephalic dogs displayed a smaller volume 

(1.82 ± 0.91 mL) than brachycephalic (2.45 ± 1.36 mL, P = 0.012) and 

dolichocephalic dogs (2.46 ± 0.69 mL, P < 0.037). Finally, a positive 

correlation between retrobulbar cone volume and animal body weight was 

also found (Pearson r = 0.84; P < 0.001; Fig. 3.4C).  In the 

multivariate analysis, because there was a strong correlation between size 

and body weight, only the latter was used. When all the variables were 

considered, weight persisted as the strongest retrobulbar cone volume 

predictor, with a significant difference between skull morphologies. When 

accounting for all the variables in the model, sex was no longer significantly 

associated with retrobulbar cone volume, thus it was excluded. 
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FIGURE 3.4 Retrobulbar cone volume grouped 
by size and by skull morphology. (a) The 
distribution of retrobulbar cone volume 
grouped by skull size (large, medium and 
small). The horizontal lines refers, for each 
group, to the mean ± standard deviation; P 
values were obtained using post-hoc Tukey’s 
honest significant difference (HSD) test. (b) The 
distribution of retrobulbar cone volume 
grouped by skull morphology (brachycephalic, 
dolichocephalic and mesocephalic). The 
horizontal lines refer, for each group, to the 
mean ± standard deviation; P values were 
obtained using post-hoc Tukey’s HSD test. (c) 
The scatter plot shows the correlation between 
the dog’s body weight (kg) and retrobulbar 
cone volume (mL). The straight blue line 
represents the regression line obtained using 
the least squares method, and the grey area 
shows the confidence band, setting confidence 
level at 95%. 
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To assess the relative value of each predictor, we built several nested models 

by starting with the simplest one, in which only body weight was used. The 

predictive accuracy of the different models is displayed in Figure 3.5. By 

adding the skull morphology to the weight, a relevant reduction in the 

prediction error was gained while the inclusion of the first-order interaction 

between morphology and weight, although significant, did not account for a 

further decrease in the prediction error. 

 

 
FIGURE 3.5 Graphical representation of the prediction sum of squares associated with estimated 
nested model; P values refer to the analysis of variance comparison between models. 
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Therefore, body weight and skull morphology were the only variables 

retained in the final model, accounting for 75% of the whole variability of 

the cone volume (R2 = 0.75). The model was overall significant (P < 0.001). 

When accounting for all the variables in the model, for each kg increase in 

body weight, the retrobulbar cone volume increased by 0.06 mL (95% CI: 

0.06 - 0.07 mL kg-1; P < 0.001). In addition, in brachycephalic and 

dolichocephalic dogs, the retrobulbar cone volume was larger than in 

mesocephalic dogs (difference: + 0.57 mL, 95% CI 0.34 - 0.80 mL, P < 

0.001 and + 0.37 mL, 95% CI 0.11 - 0.64 mL, P < 0.001, respectively).   

Based on our model, the retrobulbar cone volume can be estimated in dogs 

based on their morphology and body weight using the following formulae, 

where coefficients are reported up to the fifth decimal digit to improve 

accuracy: 

  

Retrobulbar cone volume (mL) 

1) 0.69238 + 0.06177 X BW in kg for mesocephalic skull morphology 

dogs. 

2) 0.69238 + 0.06177 X BW in kg + 0.57034 for brachycephalic skull 

morphology dogs. 

3) 0.69238 + 0.06177 X BW in kg + 0.37414 for dolichocephalic skull 

morphology dogs. 
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3.5 DISCUSSION 
 

In this study we were able to develop a formula to predict the volume of the 

intraconal space, as defined by the periorbita, using the dog’s body weight 

and conformation.  We found a positive association between the 

retrobulbar cone volume and dog’s body weight, size, skull morphology and 

sex. In particular, using univariate analysis, the dog’s size showed a positive 

linear association with cone volume, where larger sized dogs displayed 

significantly larger retrobulbar cone volumes than medium and small sized 

dogs. Sex also showed a significant association with retrobulbar cone 

volume, being larger in male dogs than in female dogs of the same skull 

morphology group. Such sexual dimorphism was not observed between the 

castrated or ovariohysterectomized dogs of either sex. As expected, skull 

morphology showed a significant association with retrobulbar cone volume, 

being larger in dolichocephalic and brachycephalic dogs than in 

mesocephalic dogs.  Based on our findings, we were able to easily 

calculate the retrobulbar cone volume. For each of the three skull 

morphologies, an estimated coefficient was proposed to multiply by the 

dog’s body weight (in kg). The numerical value, expressed in mL-1 eye , 

resulting from this mathematical calculation, theoretically corresponds to 

the VTBI required for intraconal retrobulbar anaesthesia. For the intraconal 

retrobulbar anaesthesia technique, a smaller volume of local anaesthetic 

solution is used to achieve anaesthesia and akinesia of the eye, compared 

with that needed for extraconal or periorbital infiltration techniques. 

Previously, different retrobulbar anaesthesia techniques and different 

injection volumes have been reported in dogs.11 Accola et al.3 injected 2 mL 
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(0.2 mL kg-1) of a 2% lidocaine solution through an inferior-temporal-

palpebral approach in 10 kg Beagle dogs. They obtained adequate analgesia 

and a suitable distribution of the injectate within the retrobulbar cone. More 

recently, Chiavaccini et al.19 reported a novel supratemporal approach for 

intraconal retrobulbar anaesthesia in canine cadavers. They suggested that 

an injection volume of only 0.1 mL kg-1 of local anaesthetic solution versus 

2 mL was needed for the inferior-temporal-palpebral approach. In their 

study, a 1:1 mixture of 0.5% bupivacaine with a contrast agent was deemed 

sufficient for intraconal retrobulbar anaesthesia in dogs, essentially filling 

60% of the extraocular muscle cone. Klaumann et al.16 used dogs’ 

morphometric features, in addition to body weight, to estimate the ideal 

injection volume for retrobulbar anaesthesia. Given that the dog’s 

splanchnocranium is less variable than the neurocranium, those authors 

correlated cranial length with periorbital length and suggested an injection 

volume of 0.1 mL of anaesthetic solution for each cm of cranial length. 

Based on the author’s experience, an ultrasound-guided supratemporal 

approach for intraconal injection facilitates retrobulbar block in dogs, using 

volumes as small as 0.1 mL kg-1. The advantages derived from injecting a 

smaller volume within the extraocular muscle cone include a reduced risk 

of local anaesthetic toxicity avoiding proptosis and also an associated 

increase in the intraocular pressure. Under these circumstances, the 

availability of a mathematical formula to calculate the VTBI for intraconal 

retrobulbar anaesthesia could be a valuable aid for ophthalmic surgery.20 

The intraconal volume of 0.06 mL kg-1 resulting from our calculation allows 

plenty of freedom for possible drug dilution and the use of drug 

combinations.   Our data increase the practitioners' awareness of the 
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high variability in the retrobulbar cone volume between dogs of differing 

breeds and of the need to adjust this volume according to a dog’s size and 

skull morphology. The main limitation of the present study was the 

relatively small number of dolichocephalic dogs in the analysed sample, 

probably owing to their low presence in the south of Italy. Moreover, the 

derived model should be validated using an independent external cohort in 

order to correct for overoptimism of the estimated prediction sum of squares. 

Further multicentre imaging studies will be needed to expand our statistical 

findings; additionally, several clinical intraconal retrobulbar anaesthesia 

studies will be required to test the effectiveness of the VTBI calculated using 

our formula. Based on our data, body weight and skull morphology are the 

main variables required to calculate the retrobulbar cone volume in dogs. 

Thereby, the volume of anaesthetic solution to be injected for an effective 

intraconal retrobulbar anaesthesia can be determined. A mathematical 

formula to calculate retrobulbar cone volume for each of the three canine 

skull morphologies is proposed. Further studies are needed to confirm the 

clinical effectiveness of the VTBI calculated when the proposed formula is 

used. 
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4.1 ABSTRACT 

A new therapeutic approach for enophtalmos may be the retrobulbar 

lipofilling. This experimental, prospective, one group pre-test, post-test, 

method comparison study aims to standardize a technique of intraconal 

filling and to evaluate the degree of eyeball displacement by computed 

tomography (CT). Skull CT was performed on six dog cadavers before and 

after intraconal injection of two 5% iodinated, viscoelastic solutions, one per 

eye, using an ultrasound-guided supratemporal approach. The volume to be 

injected was estimated using formulas found in the literature for retrobulbar 

cone anaesthesia. After the CT, the dogs underwent necropsy and 

histopathology to evaluate damages eventually occurred to retrobulbar 

structures. Eyeball displacement was estimated using two CT-based 

methods, named M1 and M2. The Wilcoxon signed-rank test revealed no 

significant difference between the two injected materials in both M1 (P > 

0.99), and M2 (lateral P = 0.84; and rostral displacement P = 0.84). A 

statistically significant difference was found between the pre- and post-

injection group M1 (P = 0.002), M2 (P = 0.004) for the lateral and (P = 0.003) 

for rostral displacement. Although the slight eyeball displacement, the 

retrobulbar filling can lead to enophtalmos resolution. Compared to M1, M2 

has better defined anatomical landmarks. Further, preclinical in vivo studies 

are necessary to assess retrobulbar filling efficacy and safety. 
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4.2 INTRODUCTION 
 
Enophthalmos is relatively common in dogs. It can result from Horner's 

syndrome, atrophy of the orbital and masticatory muscles or fat due to 

myositis or cellulitis, orbital, nasolacrimal duct or retrobulbar neoplasia, 

tetanus, orbital fractures secondary to trauma or resulting from orbitotomy1, 

2. Furthermore, many dog breeds (i.e. Afghan Hound, Golden Retriever, 

Great Dane, Labrador Retriever, Newfoundland, Standard Poodle, 

Rottweiler and Weimaraner) could have enophthalmos due to the selective 

breeding processes for refined skull conformation. Additionally, the 

posterior displacement creates a pocket in the ventral conjunctival fornix 

where foreign material accumulates, leading even to altered tear drainage. 

This process hesitates in chronic conjunctivitis, nictitans hyperemia, and a 

slight mucoid discharge (medial canthal pocket syndrome).3 In 

human medicine, the autologous fat intraconal injection (retrobulbar 

lipofilling) for enophthalmos resolution, mainly resulting from blow-out 

fractures or tumour resection, is well-described with excellent results and a 

low complication rate.4-10Among diagnostic imaging modalities, magnetic 

resonance imaging could provide detailed information regarding the nature 

and extent of concurrent soft tissue injuries within the retrobulbar space. On 

the other hand, computed tomography (CT) is the modality of choice for 

evaluating the orbital bony structures.11-13 Furthermore, CT, due to its wide 

distribution, speed of acquisition, high spatial resolution, multiplanar 

reconstructions (MPR), 3D volume rendering, and the simultaneous 

visualization of the eyeball, skeletal structures, retrobulbar space and 

adnexa, is widely used for the evaluation of retrobulbar space.14 In 

Veterinary Medicine, except for a single experimental study in rabbits,15 
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there are no published studies assessing the technique and feasibility of 

intraconal lipofilling for enophthalmos resolution in dogs. In the Authors 

opinion, as in humans, intraconal lipofilling could be a valuable method for 

enophthalmos treatment. Therefore, the primary aims of this study were to 

describe and evaluate a technique to inoculate within the retrobulbar space, 

two different materials, one per eye, with viscoelastic proprieties similar to 

the adipose tissue, and to evaluate the eyeball rostral displacement using CT. 

Secondary objective was to evaluate the presence of eventually occurring 

damage to retrobulbar structures through macroscopic and histopathological 

examination. 

 
4.3 MATERIALS AND METHODS 
 
The single-centre experimental, prospective, one group pre-test, post-test, 

method comparison study was approved by the Clinical Ethical Review 

Board of the University of Napoli "Federico II" (PG/2022/0063335), and 

written owner consent was obtained for all the dogs included in the study. 

Dogs were included in the sample if: a) were euthanized for reasons 

unrelated to this study, b) had a certain degree of enophthalmos, c) 

intraconal injection and necropsy were performed on the same day. 

Exclusion criteria were the presence of alterations found on clinical 

examination or following CT examination in the eyeballs, retrobulbar space 

and ocular adnexa. The morphotype (dolichocephalic, mesaticephalic, 

brachycephalic), sex, weight and age of each dog cadaver included in the 

final sample were recorded. Skull CT was performed on each dog cadaver 

using a 16-slices computed tomography unit (GE BrightSpeed, GE 

Healthcare, Milwaukee, WI, USA). The images were acquired using a 
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standardized institutional protocol for the skull with the following 

parameters: sternal recumbency, tube potential 120 kVp, mA 180-250, 

rotation speed 0,8 seconds, slice thickness 0.625 mm, slice interval 0.625 

mm, pitch: 0.925. Images were reconstructed using soft tissue and bone 

convolution algorithm (General Electric proprietary 'standard' and 'bone' 

respectively) with matching soft tissue window level (WL): 40, windows 

width (WW): 350 and bone windows (WL: 300, WW: 1500). After CT 

acquisition, two viscoelastic solutions: a) 3% sodium hyaluronate (VISCO-

3 Sodium Hyaluronate, Zimmer Biomet, Warsaw, Poland) and b) carmellose 

sodium gel with 2,5% lidocaine (Luan 2,5% gel, Molteni Farmaceutici 

S.p.A, Scandicci FI, Italy) were mixed with methylene blue (Methylene 

Blue solution, Merck KGaA, Darmstadt, Germany) and 5% iodine-based, 

nonionic contrast medium (Iopamidol, Iopamiro 370 mgI/ml, Bracco 

Imaging S.p.A, Milano, Italy). The total volume of solution to be injected, 

expressed in mL, was estimated using the formula proposed by Greco et al.16 

for retrobulbar cone volume, taking into account the morphotype and the 

weight of each dog.  The solutions were injected within retrobulbar space 

through a 18 Gauge needle using an ultrasound-guided supratemporal 

approach.17 The same operator executed all injections. Solution A was 

injected within the right retrobulbar space of each specimen, while solution 

B in the left ones. After the injection, the CT exam was repeated using the 

same settings as the first acquisition. Finally, the dogs underwent necropsy 

for a macroscopic and histopathological examination to evaluate eventual 

damages to the eyeball, retrobulbar space and adnexa following the 

retrobulbar filling maneuver.  Pre- and post-injection CT images of 

each dog were compared by a professor of Veterinary Radiology with a 



Retrobulbar filling for enophtalmos treatment in dogs: a cadaveric study 
 

 106 

Ph.D. and >25 of experience (L.M.) on a computer workstation (iMac 5K, 

27-inch, Apple Inc., Cupertino, CA, USA) using an open-source DICOM 

viewer (Horos version 3.3.6, 64-bit, Nimble Co LLC d/b/a Purview, 

Annapolis, MD, USA, https://www.horosproject.org). Any eventual 

intraocular or extraconal distribution of the contrast medium was recorded. 

 Eyeball displacement was estimated subjectively, observing the 

macroscopic position of the eyeballs, and objectively, using two methods, 

named M1 and M2. In M1 (Fig. 4.1A), the rostro-lateral displacement was 

evaluated on a dorsal-oblique plane tracing a line from the corneal surface 

to the optic canal. In M2, the lateral displacement was assessed on the 

transverse plane (Fig. 4.1B), drawing a line from the frontal to the zygomatic 

bone and then from this line to the corneal surface, while the rostral 

displacement was evaluated on the dorsal plane (Fig. 4.1C), drawing a line 

from the maxillary to the zygomatic bone and then from this line to the 

corneal surface.  
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FIGURE 4.4 (A) Dorsal-oblique, (B) transverse and (C) dorsal post-injection MPR image of the skull 
of a 17-year-old male mixed-breed dog. Soft tissue algorithm (manually windowed to WW = 350, WL 
= 40), slice thickness 0.625 mm, kVp 120, mAs 220. (A) In M1, the eyeball displacement was evaluated 
on a dorsal-oblique plane, drawing a line from the optic foramen to the ipsilateral corneal surface 
(red lines). (B) In M2, the lateral displacement was assessed on the transverse plane, drawing a line 
from the frontal to the zygomatic bone (black lines) and then from this line to the corneal surface (red 
lines), while the rostral displacement was evaluated on the dorsal plane (C), drawing a line from the 
maxillary to the zygomatic bone (black lines) and then from this line to the corneal surface (red lines). 
The contrast media mixed with the viscoelastic solutions (black arrowheads) is visible within the 
retrobulbar space. 
 

Statistical analyses were performed by one of the authors (D.C.), a third-

year Ph.D. student in Veterinary Diagnostic Imaging, using commercial 

statistical software (Prism version 9.5.0 (525), GraphPad Software San 

Diego, California, USA). Descriptive statistics were calculated for both pre- 

and post-injections groups using M1 and M2. The Wilcoxon signed-rank test 

was used to assess the presence of significant differences between the left 

and right eyeballs in pre- and post-injection groups and then to evaluate the 

degree of rostro-lateral displacement for both methods.  

In all analyses, P < 0.05 was considered statistically significant. 
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4.4 RESULTS 
 

The final sample consisted of 6 dogs [3 females (1 spayed) and 3 males) (4 

mesaticephalic and 2 brachycephalic) for a total of 12 retrobulbar spaces. 

The breed represented were mixed breed (n = 4), English Cocker spaniel (n 

= 1), and Chihuahua (n = 1). The median weight was 9,4 kg (range 5 – 12,7 

kg). The volume to be injected was between 0,4 – 0,9 mL. The ultrasound-

guided intraconal filling was achieved in all the dogs without significant 

difficulties.  An evident anterior displacement of the eyeballs was 

subjectively deemed adequate for all the dogs. The contrast medium, mixed 

within the injected solutions, was visible within all the retrobulbar spaces. 

The iodinated viscoelastic solution was completely intraconal in 7 

retrobulbar space, while was partially or completely in the extraconal space 

in 3 and 2 retrobulbar space respectively. On necropsy, the injected material 

was still visible in the retrobulbar space in all the dogs. The ocular muscles 

and the optic nerve, macroscopically, were not damaged as they retained 

their original shape, position and colour. On histopathological examination, 

the examined ocular muscles and optic nerve were intact.  

Descriptive statistics, including the mean, range (minimum to maximum), 

standard deviation (±SD) and 95% confidence interval (CI) of the mean, for 

eyeball displacement calculated for the left, right and pooled eyeballs in both 

pre- and post-injection groups considering both M1 and M2 are reported in 

Table 4.1 and Table 4.2 respectively.  
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MEAN 
(±SD) 95% CI RANGE 

(MIN - MAX) 

PRE RT 
(n = 6) 

42.93 
(±3.44) 39.32 - 46.55 39.9 - 47.5 

PRE LE  
(n = 6) 

43.22 
(±3.59) 39.44 - 46.99 39.5 - 47.6 

POST RT 
 (n = 6) 

45.03 
(±2.97) 41.91 - 48.15 41.6 - 48.5 

POST LE 
 (n = 6) 

44.45 
(±3.61) 40.66 - 48.24 39 - 48 

PRE 
GROUPED 
 (n = 12) 

43.08 
(±3.36) 40.94 - 45.21 39.5 - 47.6 

POST 
GROUPED 
 (n = 12) 

44.74 
(±3.16) 42.73 - 46.75 39 - 48.5 

 
TABLE 4.1 Descriptive statistics for M1 pre- and post- retrobulbar injection. Abbreviations: CI, 
confidence interval; GROUPED; grouped data of right and left eyeballs; POST, post-injection; PRE, 
pre-injection; LE, left; MIN, minimum; MAX, maximum; RT, right; SD, standard deviation. 
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DISPLACEMENT MEAN (±SD) 95% CI RANGE 

(MIN - MAX) 
PRE RT 
(n = 6) 

LD 0.63 (±0.37) 0.24 - 1.02 0.27 - 1.25 
RD 0.72 (±0.24) 0.46 - 0.98 0.47 - 1.09 

PRE LE 
(n = 6) 

LD 0.62 (±0.32) 0.28 - 0.96 0.31 - 1.19 
RD 0.76 (±0.21) 0.53 - 0.98 0.55 - 1.02 

POST RT 
(n = 6) 

LD 0.78 (±0.33) 0.43 - 1.13 0.46 - 1.39 
RD 0.87 (±0.26) 0.60 - 1.15 0.53 - 1.19 

POST LE 
(n = 6) 

LD 0.77 (±0.31) 0.44 - 1.1 0.43 - 1.33 
RD 0.85 (±0.18) 0.66 - 1.04 0.61 - 1.12 

PRE 
GROUPED 

(n = 12) 

LD 0.63 (±0.33) 0.42 - 0.84 0.27 - 1.25 

RD 0.74 (±0.22) 0.6 - 0.88 0.47 - 1.09 

POST 
GROUPED 

(n = 12) 

LD 0.77 (±0.30) 0.58 - 0.97 0.43 - 1.39 

RD 0.86 (±0.21) 0.73 - 1 0.53 - 1.19 

 
TABLE 4.2 Descriptive statistics for M2 pre- and post-retrobulbar injection. Abbreviations: CI, 
confidence interval; GROUPED; grouped data of right and left eyeballs; POST, post-injection; PRE, 
pre-injection; LE, left; LD, lateral displacement of the eyeball; MIN, minimum; MAX, maximum; RD, 
rostral displacement of the eyeball; RT, right; SD, standard deviation. 
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The Wilcoxon signed-rank test revealed no significant difference between 

the right and left eyeballs in the pre-injection group for the rostro-lateral 

displacement in M1 (P = 0.53), and for the lateral (P = 0.31) and rostral (P 

> 0.9) displacement in M2. No significant differences were also found 

between the right and left eyeball in the post-injection group for the rostro-

lateral displacement in M1 (P > 0.99), and for the lateral (P = 0.84) and 

rostral (P = 0.84) displacement in M2. Consequently, for the following 

statistical analyses, the eyeballs and respective retrobulbar spaces were 

pooled together. The Wilcoxon signed-rank test revealed a statistically 

significant difference between the pre- and post-injection group for the 

pooled data for the rostro-lateral displacement in M1 (P = 0.002; Figure 4.2), 

lateral (P = 0.004; Figure 4.3A) and rostral displacement in M2 (P = 0.003; 

Figure 4.3B). 
 

 
FIGURE 4.2 Scatter plot comparing the rostro-lateral displacement in millimeters (mm) between the 
pre- and post-injection groups using Method 1 (M1). The solid black lines represent the mean. 
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FIGURE 4.2 Scatter plots comparing the lateral (A) and rostral (B) displacement in millimeters (mm) 
between the pre- and post-injection groups using Method 2 (M2). The black solid lines represent the 
mean.. 
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4.5 DISCUSSION 
 

The primary aims of this study was to describe a technique to treat 

enophthalmos by injecting two different materials, with viscoelastic 

proprieties similar to adipose tissue, within the retrobulbar space and to 

evaluate the eyeball rostro-lateral displacement using CT. The results 

demonstrated that the retrobulbar filling is a technique relatively simple to 

perform and without any contraindications.   The injection technique 

adopted was derived from the supratemporal approach proposed by 

Chiavaccini et al.17 However, differently from the original method, in our 

study, the injection was performed under ultrasound guidance to avoid 

possible damage to the eyeballs and retrobulbar structures, (i.e. the optic 

nerve and the vessels). The degree of eyeball rostral and lateral displacement 

was judged subjectively good and the amount of material injected, 

nevertheless it was only a few mL, was enough to obtain it. 

 Anyway, the eyeball rostral and lateral displacement was objectively 

evaluated using two different CT-based methods. The statistical analyses 

found no significant differences between the two injected materials. and 

both CT methods we proposed to evaluate the eyeball's degree of cranial and 

lateral displacement confirmed a significant displacement compared to the 

starting condition. Both the CT methods demonstrate to be reliable. 

However, although M1 allows the assessment of the rostral and lateral 

eyeball advancement with a single measurement, M2 provides more defined 

anatomical landmarks and makes it easier to compare the pre- and post-

injection series. Our methods are similar to the lateral and superior 

protrusion indexes described by Ye et al. 4 in human medicine and confirm 
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the usefulness of CT in pre-operative planning and evaluation of the degree 

of correction of enophthalmos. In human medicine, only a few studies 

estimated the amount of fat to be injected before the retrobulbar filling.4, 5. 

In others, the amount of autologous fat to be injected was at the clinician's 

discretion according to the visual degree of improvement achieved.6, 8-10 Its 

lack of precision may be responsible for early diplopia and unsatisfactory 

aesthetic results requiring additional injections.4 In our study, the volume to 

be injected was estimated by formulae proposed by Greco et al.16 to 

calculate the retrobulbar cone volume using CT. This method has proved to 

be effective; however, for in vivo inoculations, considering that a 

reabsorption rate of up to 30-40% of the injected autologous fat is expected 

in a few weeks, this loss must have to be taken into account; otherwise, 

additional inoculations could be necessary.4-6 In our study, the 

inoculated iodinated viscoelastic solutions were partially or completely 

extraconal in 3 and 2 cases respectively. This is most likely related to the 

inexperience of the author in performing this injection but also to a partial 

leakage of the more fluid component of the solution from the intraconal 

space. The inoculation of fat within the extraconal space can cause a slight 

swelling of the eyelids, inadequate cranial displacement of the eyeball and 

post-operative transitory pain. However, according to the literature, 

extraconal migration of autologous fat does not alter the function of 

extraocular muscles, optic vessels, and nerve.4, 6, 8, 10 Differently in human 

medicine, hard materials like hydroxyapatite, cartilages, silicone or glass 

beads have been implanted in the orbit for the same purpose. However, these 

materials do not meet the physiologic and anatomical requirements of the 

orbit, so major complications such as vision loss, ocular motility restriction, 
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ocular nerve and vessels damage, and migration of these implants can 

occur.4, 6, 8 12 Minor complications related to autologous fat inoculation and 

reported in the literature include intraoperative retrobulbar haemorrhage, 

post-operative pain, periorbital swelling, ptosis and blurring of the vision. 

Most of these complications tend to resolve in a short period and without 

irreversible damage to relevant anatomical structures.6, 10 Potential major 

complications such as acute blindness, fat embolism and oculocardiac reflex 

have not been reported.6, 8, 18 The method's safety was also confirmed in our 

study by the absence of relevant damages at the necropsy and 

histopathological exam. Indeed, no injury to the eyeball, the ocular muscles, 

vessels and optic nerve was demonstrated. Obviously, further pre-clinical 

studies on living subjects are necessary to assess the number and extent of 

complications following this procedure. The main limitation of our 

study is represented by its cadaveric nature, hence the impossibility of 

confirming with certainty the lack of damage to the optical structures and 

other major complications such as vision loss. Additionally, the use of 

materials that, although viscoelastic, has different physical properties to 

autologous fat, so the amount of material to be inoculated and the result 

obtained may differ from our results. In conclusion, the retrobulbar 

filling could represent a possible technique for the treatment of enophtalmos 

in dogs. The supratemporal approach adopted for the injection manouvre 

has proved to be relatively simple and safe, without macroscopic and 

histopathological lesions to the retrobulbar structures. Both proposed CT 

methods used to estimate the degree of ocular displacement were able to 

detect the degree of rostral and lateral displacement of the eyeball. Further 

preclinical in vivo studies are necessary to investigate the procedure's 
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effectiveness, the modalities and sites of autologous fat harvesting and the 

rate of major complications. 
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5.1 ABSTRACT 

The detection of subtle changes in the pituitary size has important diagnostic 

and therapeutic implications since the gland plays a major role in regulating 

the endocrine system. In cats, a few studies established the cut-offs values 

of linear dimensions of the pituitary gland, but those values were determined 

on small and inhomogeneous samples. The aims of this retrospective, 

interval reference study were: to determine by computed tomography the 

reference values for pituitary linear dimensions and for the pituitary-to-brain 

(P:B) ratio; to evaluate the intra- and inter-observer agreement of 

measurements; to assess the effects of sex, age and weight in a sample of 

domestic short-haired cats. Exclusion criteria were clinical, laboratory or CT 

alterations related to the pituitary gland or brain disease, fractures of the 

neurocranium, and a definitive diagnosis of diabetes mellitus. Pituitary 

dimensions and brain area were assessed by two different observers using 

multiplanar reconstructions and automated segmentation tools. Fifty-one 

cats were included in the final sample. The intraclass correlation coefficient 

for intra- and inter-observer reliability showed good/excellent and 

moderate/good reliability, respectively. No differences between sexes were 

detected (P > 0.05). Findings from the current study provided as normal 

reference cut-off values for pituitary height (1.88 – 4.01) and P:B ratio (0.25 

– 0.49), useful for assessing abnormally enlarged pituitary gland in DSH 

cats.  
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5.2 INTRODUCTION 
 
The pituitary gland plays a pivotal role in regulating the endocrine system 

through the production, storage, and release of various hormones.1 Pituitary 

tumors can originate from different cell lineages and can be either functional 

or non-functional. The clinical signs associated with the neoplasm depend 

on the secretory proprieties but also on the tumor’s size. Indeed, also non-

functional tumors can become clinically relevant when they enlarge enough 

to cause neurologic signs.2 Furthermore, pituitary tumors can be incidental 

findings when skull imaging is performed for unrelated reasons 

(incidentalomas).3 In humans, according to 2017 WHO “classification of 

tumors of the pituitary gland”, pituitary neoplasms can be classified as 

adenomas or carcinomas. The latter is defined only by demonstrating 

metastatic spread.4 This classification mainly focuses on 

immunohistochemical classification according to the hormone that the 

tumor express and so can be further subdivided into melanotroph, 

corticotroph, thyrotroph, lactotroph, somatotroph or gonadotroph. In dogs, 

corticotroph (ACTH-secreting) adenomas and adenocarcinomas responsible 

for pituitary-dependent hyperadrenocorticism prevail, while in cats, 

somatotroph (GH-secreting) tumors are the most reported.5 In this lasts, the 

excessive secretion of growth hormone can result in chronic 

hypersomatotropism that can cause acromegaly and insulin resistance, due 

to the concomitant increase of insulin-like growth factor-1 (IGF-1). Of note, 

cats affected by somatotroph pituitary tumors are often brought to 

consultation for clinical signs related to poorly controlled diabetes, such as 

polyuria, polydipsia and polyphagia, rather than somatic changes due to 

acromegaly.6-8 Somatotroph adenoma is the most reported pituitary tumor 
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in middle-aged to older male cats. Domestic short-haired (DSH) cats and 

Maine Coons seem predisposed.6-8 The detection of anatomical alterations 

of the pituitary gland is performed using Magnetic Resonance Imaging 

(MRI) or Computed Tomography (CT).9 These imaging techniques are 

paramount for diagnosis and for planning surgery or radiotherapy.3 In many 

cases, the diagnosis of pituitary macroadenoma is straightforward since the 

pituitary mass dorsally protrudes from the sella turcica and compresses the 

adjacent brain parenchyma, sometimes with associated neurological signs.3, 

9, 10 Differently, in the case of microadenomas there are only subtle and often 

not visible change in pituitary size and contours.8, 10 In literature there are 

few studies were the linear dimensions of the pituitary gland (height, width, 

and length) were established in cats using both MRI11 and CT12-14. In order 

to increase diagnostic accuracy in the detection of pituitary microadenomas, 

the pituitary gland was also evaluated by Tyson et al.13 using dynamic scans 

since pituitary tumors can alter the normal network of pituitary vessels and, 

consequently, the enhancement pattern.  

 In order to address variation in pituitary gland size between dogs and cats 

of different sizes and breeds, the pituitary height-to-brain ratio (P:B ratio) 

was introduced.12, 15 However, those studies were performed on cats using 

third-generation CT units 12 or thick MRI slices 11 and made on small and 

inhomogeneous samples. More recently, a study aimed to evaluate possible 

differences in pituitary size between mesaticephalic and brachycephalic cats 

found a significant difference between the two skull morphotypes.14 These 

results highlight the need to obtain reference measures of the pituitary gland 

according to morphotype or, even better, according to breed. Of note, the 

DSH represents the most diffused cat worldwide.16 We hypothesised that the 



Pituitary linear dimension and P:B ratio in DSH-cat 
 

 125 

reference intervals for pituitary linear dimensions (height, length, and width) 

and the P:B ratio in DSH cats may be different than previously reported. 

Therefore, the primary aim of the present study was to establish normal 

reference range values of the linear pituitary dimensions and the P:B ratio 

in DSH cats. Secondary objectives were to evaluate the influence of age, 

body weight and sex on pituitary dimensions and P:B ratio. Finally, to 

evaluate the intra- and inter-observer agreement among two observers with 

different levels of expertise. 

 
5.3 MATERIALS AND METHODS 
 
The single-centre, retrospective, reference interval, intra- and inter-observer 

agreement study was approved by the Ethical Animal Care and use 

committee of the University of Naples “Federico II”. The electronic clinical 

records and CT reports of DSH cats referred to the Interdepartmental Centre 

of Veterinary Radiology of the University of Naples “Federico II” in the set 

study period between September 2018 and October 2022 were retrieved 

from the picture archiving and communication system (dcm4chee-arc-light 

version 5.11.1, http://www.dcm4che.org) and CT images were reviewed. 

CT exams were performed for various reasons, including nasal discharge, 

nasopharyngeal polyps and other upper respiratory airways pathologies, eye 

and retrobulbar disease, oral pathologies, otitis media, and metastasis 

exclusion. Patients were excluded from the study if they had clinical, 

laboratory, or CT final report reporting alterations related to a) pituitary 

gland disease, b) neurologic signs different from vestibular symptoms, c) 

intracranial lesion detected on CT, d) fractures or conformational alterations 

of the neurocranium, e) polyuria or polydipsia, f) signs of acromegaly, d) 
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definitive diagnosis of diabetes mellitus.  As part of the inclusion criteria 

for the current study, all CT studies were performed using the same CT unit 

and the same protocol. More in detail, all the patients were under general 

anaesthesia (the anaesthetic protocol adopted varied depending on the 

decision of the anesthesiologist in charge) and were positioned in sternal 

recumbency within a radiolucent polyurethane vacuum immobilisation 

mattress (Vacuumat, Génia, St. Hilaire de Chaléons, France) and with the 

forelimbs pulled caudally along the thorax. Computed tomography studies 

were obtained using a 16-slices MDCT unit (BrightSpeed, General Electric 

Healthcare, Milwaukee, WI, USA). All the studies were acquired using the 

same protocol: helical mode; slice thickness of 0.625 mm; pitch 0.9375:1; 

tube potential 120 kVp, 200 mA, 1-second tube rotation speed; soft tissue 

and bone reconstruction algorithms (General Electric proprietary “standard” 

and “bone” filters); post-contrast images acquired after a delay of 60 

seconds. All the patients received a standardised intravenous dose (740 

mgI/kg, i.e. 2ml/kg) of iopamidol (Iopamiro 370mgI/ml, Bracco Imaging 

s.p.a., Milano, Italy) using a rate of infusion of 1 ml/s followed by a 5 ml 

saline flush through a double-barrel power injector (EmpowerCTA+, Bracco 

Imaging s.p.a., Milano, Italy). The sex, neutering status, weight (in 

kilograms), and age (in months) were recorded for each cat included in the 

preliminary sample group. After a preliminary evaluation, L.M., a professor 

of Veterinary Radiology with a Ph.D. and >25 of experience, decided to 

include or exclude each cat from the definitive sample group. CT studies 

were excluded from the definitive sample group if a) the postcontrast series 

of the skull acquired with soft tissue reconstruction algorithm was not 

available, b) the quality of the images was inadequate for a correct 
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interpretation, c) the presence of beam hardening artifacts preventing a 

correct evaluation of the pituitary gland. The same author anonymised all 

the CT studies before submitting them to two observers which reviewed the 

images using a commercial DICOM viewer software (Philips Extended 

Brilliance Workspace v. 4.5.5). Observer 1 (D.C.), a third-year Ph.D. 

student in Diagnostic Imaging and observer 2 (P.C), a veterinarian with two 

years of expertise in CT. The two observers were blinded regarding the 

clinical data and reasons for CT examination. All the measurements were 

performed once by each observer, independently and blinded to the results 

reported by the other. A pituitary gland measurement method was 

established prior to the analysis by two authors (D.C. and L.M) and recorded 

on a portable document file. Pituitary linear dimensions (height, length, 

width) expressed in millimeters (mm) were measured using electronic 

calipers on post-contrast images displayed using a standardised window 

[window width (WW): 450, window level (WL): 200]. Measurements were 

made on multiplanar reconstructions (MPR) images in order to obtain the 

best visualisation of the pituitary gland and avoid interpreting the dorsum 

sellae as a pituitary mass.10 The pituitary height (PH) was measured at the 

level of the pituitary fossa, perpendicular to the basisphenoid bone, where 

the maximal pituitary height was visible both on the transverse plane (PHT) 

(Figure 5.1A) and on the sagittal plane (PHS) (Figure 5.1D). The pituitary 

length (PL) was measured on the sagittal plane where the maximal length 

was visible, parallel to the basisphenoid bone (Figure 5.1D). The pituitary 

width (PW) was determined on the transverse plane at the point of maximal 

width of the gland (Figure 5.1C). The brain area (BA) expressed in mm2 was 

measured on the same slice of the PHT using an automated segmentation 
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tool (Figure 5.1B). When deemed necessary, the observer used the bone 

reconstruction algorithms with associated high contrast window (WW = 

2000, WL = 800) to better delineate the brain edges.  

 

 
FIGURE 5.5 A-C transverse and D sagittal soft tissue algorithm postcontrast CT images of the skull 
of a twelve-month-old DSH cat. A, Pituitary height (blue line) measured on the transverse plane 
(PHT) at the level of the pituitary fossa, perpendicular to the basisphenoid bone. B, Brain area (BA, 
green line) measured on the transverse plane, at the same level of the PTH using an automated 
segmentation tool. C Pituitary width (red line) measured on the transverse plane (PW) at the point of 
maximal width of the gland. D Pituitary height (blue line) measured on the sagittal plane (PHS) 
perpendicular to the basisphenoid bone and pituitary length (PL, red line) measured where the 
maximal length of the pituitary gland was visible and parallel to the basisphenoid bone. A, C, D 
manually windowed to WW = 455, WL = 234; B manually windowed to WW = 2000, WL = 800. 
Ca: Caudal; L: Left; R: Right; Ro: Rostral. 
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All the data were reported in an electronic spreadsheet (Microsoft Excel 

version 16.52 2021, Microsoft Corp. Redmond, WA, USA) and the P:B ratio 

was automatically computed for each cat as already reported in the literature: 

P:B ratio = !"#(%%)×())
*+(%%!)

. Two months later, to assess the intra-observer 

agreement, the measurements were repeated once, independently by each of 

the two observers, on a smaller sample of thirty re-anonymised and re-

randomly selected CT exams. 

Statistical analyses were performed by one of the authors (L.A., former 

researcher with a Ph.D. and ten years of experience and specific training in 

statistics) using commercial software (JMP® Pro, v. 16.0, SAS Institute, 

Cary, NC, USA; MedCalc version 19.2.6, MedCalc Software Ltd, 

Acacialaan 22 8400 Ostend, Belgium; IBM® SPSS©, v. 26.0, IBM, Armonk, 

NY, USA). The normality of data was evaluated with the Shapiro-Wilk’s W 

test. Continuous data were reported as mean ± SD or median (range) 

depending on the distribution. For inter-observer agreement, measurements 

belonging to all the patients were included in the analysis, while for the 

intra-observer, only the measurements of the smaller sample were 

considered. For both inter- and intra-observer agreement, a two-way mixed 

effects intraclass correlation coefficient (ICC) for single measurement or 

single observer accordingly, and absolute agreement was calculated; the 

relative 95% confidence intervals (CI) were calculated, as well. The ICC 

was categorized according to Koo and Li.17 Based on the reliability analysis 

results, all intra- and inter-observer measurements with an ICC > 0.80 were 

averaged and subsequently analysed. For measurements that did not reach 

this value, the first measurements of observer 1, considered the most 

experienced, were used.  
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A Bland-Altman plot was used to explore the differences between PHS and 

PHT. The bias and 95% limits of agreement were calculated. Correlations 

between the measurements and body weight were tested with Pearson’s 

correlation coefficient (r), whereas those between the measurements and age 

using Spearman’s rank correlation coefficient (rs). Finally, differences 

between males and females were tested with a pooled Student’s t-test, with 

Welch’s correction since variances resulted significantly different at the F 

test (PL, PW, BA, and P:B ratio), or a Mann-Whitney’s U test (PHT and 

PHS), according to sex distribution and non-considering the neutering 

status. Finally, the reference range for each measurement was calculated 

according to the American Society for Veterinary Clinical Pathology 

(ASCVP) guidelines for reference intervals.18 Briefly, outliers were 

automatically identified according to Reed et al.19 Then, data distribution 

was tested automatically with the Shapiro-Wilk’s W test. Reference lower 

and upper limits, and the corresponding 90% CI were then calculated 

employing the robust method following Clinical Laboratory and Standards 

Institute (CLSI) recommendations (CLSI C28-A3), with bootstrapping 

(1000 iterations). No partitioning into subclasses based on age, body weight 

or sex was applied according to their lacking of correlation with the 

measurements. In all analyses, P < .05 was considered statistically 

significant. 
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5.4 RESULTS 
 

A total of the 59 CT studies of DSH cats performed in the set period were 

found and included in the preliminary group. After the preliminary review, 

51 CT studies met the inclusion criteria, while eight were excluded for the 

following reasons: brain neoplasia (n = 4), deformed cranium (n = 2), and 

lack of post-contrast images (n = 2). The DSH cats included in the final 

sample were 4 intact females (8%), 26 (51%) spayed females, 7 (14%) intact 

males, and 14 (27%) castrated males. The median age was 72 months (range 

2 – 180), and the weight 4.6 ± 1.5 kg. In all the cats included in the 

final sample, the pituitary gland was distinguishable from the adjacent 

structures with a good contrast enhancement and all the predetermined 

measurements were obtained.  Sometimes, it was challenging to 

identify the pituitary edges with absolute precision due to the pituitary 

gland's small size. Additionally, since in some cats the gland's position was 

slightly oblique to the respect of the sella turcica, it was necessary to tilt the 

sagittal plane on MPR to determine PHS and PL to the best. For the 

determination of the BA, the automated segmentation tool allowed for a 

rapid delimitation of the brain area.  Results for inter-observer agreement 

are summarised in Table 5.1. All measurements were within the moderate 

reliability class, but the BA, for which good reliability was detected.  
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Measurement ICC 95% CI P 

PHT 0.69 0.38 – 0.84 <0.0001 

PHS 0.58 0.37 – 0.74 <0.0001 

PL 0.58  0.36 – 0.73 <0.0001 

PW 0.66 0.46 – 0.79 <0.0001 

BA 0.81 0.50 – 0.91 <0.0001 

 
TABLE 5.6 Intraclass correlation coefficients (ICC), relative 95% confidence intervals and p-values 
for the inter-observer reliability test. Abbreviations: PHT: pituitary height in the transverse plane; 
PHS: pituitary height in the sagittal plane; PL: pituitary length; PW: pituitary width; BA: brain area. 
 

Results for the intra-observer agreement are summarised in Table 5.2. 

Reliability was good for all measurements from observer 1, but for PL, that 

resulted moderate; on the other hand, reliability resulted moderate for all 

measurements from observer 2, but for BA, that resulted excellent.  
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Measurement 
Operator 1 Operator 2 

ICC 95% CI P ICC 95% CI P 

PHT 0.81 0.63 – 0.91 <0.0001 0.66 0.17 – 0.86 <0.0001 

PHS 0.87 0.71 – 0.94 <0.0001 0.60 -0.04 – 0.85 <0.0001 

PL 0.51 0.19 – 0.73 0.001 0.70 0.10 – 0.89 <0.0001 

PW 0.78 0.59 – 0.89 <0.0001 0.60 0.08 – 0.83 <0.0001 

BA 0.82 0.66 – 0.91 <0.0001 0.92 0.84 – 0.96 <0.0001 

 
TABLE 5.2 Intraclass correlation coefficients (ICC), relative 95% confidence intervals and p-values 
for the intra-observer reliability test. Abbreviations: CI, confidence interval; BA, brain area; ICC, 
intraclass correlation coefficient; P:B ratio, pituitary gland height to brain area ratio; PHS, maximal 
pituitary height on the sagittal plane; PHT, maximal pituitary height on the transverse plane; PL: 
pituitary length; PW: pituitary width. 
 

All the measures were weakly correlated with body weight, whereas only 

PHS and PL weakly correlated with age. No differences between sexes were 

detected for any measurement (PHT, P = 0.40; PHS, P = 0.68; PL, P = 0.31; 

PW, P = 0.21; BA, P = 0.30; P:B ratio, P = 0.94).  Correlation coefficients 

and relative p-values are summarised in Table 5.3.  
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Measurement 
Mean  ± SD Range  

(Min – Max) 
Lower limit  
(90% CI) 

Upper limit  
(90% CI)  

PHT (mm) 2.94 ± 0.52 2.0 – 4.1 1.88  
(1.68 – 2.10) 

4.01  
(3.81 – 4.20) 

PHS (mm) 2.95 ± 0.55 1.9 – 4.0 1.84  
(1.63 – 2.08) 

4.10  
(3.89 – 4.27) 

PL (mm) 3.17 ± 0.52 2.0 – 4.4 2.13  
(1.92 – 2.37)  

4.23  
(4.03 – 4.42) 

PW (mm) 3.24 ± 0.61 2.1 – 4.8 1.92  
(1.66 – 2.15) 

4.41  
(4.12 – 4.71) 

BA (mm2) 789.02 ± 61.85 647.87 – 962.85 659.51  
(634.51 – 687.61) 

910.96  
(883 – 938.01) 

P:B ratio 0.37 ± 0.06 0.25 – 0.48 0.25  
(0.23 – 0.28) 

0.49  
(0.47 – 0.51) 

 
TABLE 5.3 Mean ± standard deviation, upper and lower limits of the reference value (and 
corresponding 90% CI) of the pituitary gland linear measurements, brain area and pituitary-to-brain 
ratio. Abbreviations. CI, confidence interval; BA, brain area; Max, maximum; Min, minimum; P:B 
ratio, pituitary gland height to brain area ratio; PHS, maximal pituitary height on the sagittal plane; 
PHT, maximal pituitary height on the transverse plane; PL: pituitary length; PW: pituitary width; 
SD, standard deviation. 
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The PHT was 2.94 ± 0.52 mm and the PHS 2.95 ± 0.55 mm and the Bland–

Altman plots showed low bias (-0.01) and limits of agreement (-0.79 – 0.76) 

between the methods with (Figure 5.2).  

 

 

FIGURE 5.2 Bland-Altman plot comparing measurements of the pituitary gland height measured in 
the transverse (PHT) and sagittal (PHS) plane. The y-axis shows the difference between the two 
measurements, and the x-axis shows the average. The blue dotted lines represent the 95% confidence 
intervals, and the red dotted line represents the bias. 
 

All the measurements described resulted normally distributed, and no 

outliers were detected in any of them. The reference intervals, mean ± 

standard deviation and range (minimum to maximum) for linear 

measurements and P:B ratio are reported in Table 5.4.  
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Measurement 

Mean  ± SD Range  
(Min – Max) 

Lower limit  
(90% CI) 

Upper limit  
(90% CI)  

PHT (mm) 2.94 ± 0.52 2.0 – 4.1 1.88  
(1.68 – 2.10) 

4.01  
(3.81 – 4.20) 

PHS (mm) 2.95 ± 0.55 1.9 – 4.0 1.84  
(1.63 – 2.08) 

4.10  
(3.89 – 4.27) 

PL (mm) 3.17 ± 0.52 2.0 – 4.4 2.13  
(1.92 – 2.37)  

4.23  
(4.03 – 4.42) 

PW (mm) 3.24 ± 0.61 2.1 – 4.8 1.92  
(1.66 – 2.15) 

4.41  
(4.12 – 4.71) 

BA (mm2) 789.02 ± 61.85 647.87 – 
962.85 

659.51  
(634.51 – 
687.61) 

910.96  
(883 – 938.01) 

P:B ratio 0.37 ± 0.06 0.25 – 0.48 0.25  
(0.23 – 0.28) 

0.49  
(0.47 – 0.51) 

 
TABLE 5.4 Mean ± standard deviation, upper and lower limits of the reference value (and 
corresponding 90% CI) of the pituitary gland linear measurements, brain area and pituitary-to-brain 
ratio. Abbreviations. CI, confidence interval; BA, brain area; Max, maximum; Min, minimum; P:B 
ratio, pituitary gland height to brain area ratio; PHS, maximal pituitary height on the sagittal plane; 
PHT, maximal pituitary height on the transverse plane; PL: pituitary length; PW: pituitary width; 
SD, standard deviation. 
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5.5 DISCUSSION 
 

The primary aim of the study was to evaluate the linear pituitary dimensions, 

P:B ratio and to establish the normal reference range values in DSH cat. 

Secondary objectives were to evaluate the influence of age, body weight and 

sex on those measurements and evaluate the intra- and inter-observer 

agreement.  Pituitary dimensions and, consequently, the P:B ratio 

assessed by CT can vary widely in DSH cat. Measurements had a 

moderate/good inter-observer agreement, while the intra-observer 

agreement was good/excellent for the most experienced (observer 1). All the 

linear measurements had negligible/low correlation with body weight, and 

only PHS and PL had a low correlation with age.  

Results of the ICC for the intra-observer agreement suggest that it was 

influenced mainly by the experience of the operator; indeed, observer 1, 

considered the most experienced, showed good reliability and, except for PL 

and BA, higher ICC values compared to observer 2. The ICC for inter-

observer agreement revealed a moderate/good agreement between 

observers. In a previous study20 assessing the intra- and interobserver 

agreement accuracy and reproducibility of CT measurements of the pituitary 

gland in dogs on a phantom model, the authors found an excellent level of 

agreement for PH and P:B ratio between the observers. However, a 

systematic and significant difference was present between them. The authors 

concluded that due to this systematic variation, intra- and inter-patient 

comparisons have to be performed preferably by the same observer. In a 

previous study, Van Hoe et al.21 suggested a fundamental role of image 

windowing in the manual measurement of small parts. Accordingly, the 



Pituitary linear dimension and P:B ratio in DSH-cat 
 

 138 

moderate agreement between observers in the current study may mainly rely 

on the operator's experience level and ability to obtain the best window 

levels and width to measure the pituitary gland. The ICC results for BA 

indirectly support this hypothesis. Indeed, the BA was the measurement with 

the higher level of agreement between observers and is probably related to 

the automated segmentation tool used for obtaining it that makes the 

measurement not operator dependent.  The Bland-Altman plot 

showed minimal bias (- 0.01) between PHT and PHS. Therefore, both 

methods can be used to determine the pituitary height. However, in the 

authors opinion, the determination of the pituitary height is easier with PHT 

than PHS, due to the oblique position of the pituitary gland in some cats. On 

the other hand, on the sagittal MPR, it is possible measure the PHS and PL 

in a single image.  

In a previous study12 performed on fifteen cats, of which ten were DSH, the 

authors found a significant correlation between pituitary dimensions and 

body weight. However, the correlation between those variables was not 

reported. Additionally, considering only the DSH cats, the authors reported 

a significant difference between those weighing < 3 kg and those above this 

value. In our study, although body weight was positively correlated with all 

pituitary dimensions, the degree of correlation was negligible/low. 

Therefore, an actual effect of body weight on pituitary dimensions is 

doubtful as reported by other studies.11,14 

 In the current study, we decided to include also skeletally immature cats 

since in humans is well-known the progressive growth of the pituitary gland 

during puberty 22, 23 and the small size of the pituitary gland in elderly 

people.24 Similarly, Häußler et al.14 found a positive correlation between age 
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and pituitary height, width and length in a sample of brachycephalic cats 

with 25% of them with less than 15 months, while this correlation was not 

performed in the mesaticephalic group. In our sample of mesaticephalic cats, 

age was weakly correlated with PHS and PL. Consequently, a significative 

influence of age on pituitary dimensions is unlikely.  

 No correlation was found between gender and pituitary dimensions. This 

finding agrees with a previous study12 but partially disagrees with the study 

from Häußler et al.14 where male cats had larger pituitary width. A bias in 

our study may have been introduced by the high number of neutered females 

constituting more than half of the whole group. Further studies with 

homogeneous gender groups are needed to clarify the incidence of gender 

and neutering on the pituitary gland. 

  This is the first study where reference values for the pituitary linear 

dimensions and P:B ratio were established according to the guidelines of the 

ASVCP.18 The obtained values are wider and partly differ from those 

already reported in the literature.11-14 This discrepancy can be mainly related 

to the larger sample size, which tends to be more representative of the actual 

DSH cat population, including a few healthy cats with pituitary sizes at the 

extremes of the reference interval. Another possible cause may be related to 

the deployment of different CT units. In the current study and differently 

from the previous, all the CT studies were performed using a MDCT unit 

providing high spatial resolution and real isotropic images. These, technical 

aspect facilitated the use of MPR and allows precise assessment of the 

pituitary gland.25 Finally, a further cause of divergence may be related to the 

different experiences of the observers.  

 The main limitation of this study is the absence of IGF-1 assay in cats 
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included in the final sample. Consequently, it is impossible to exclude 

acromegaly categorically. However, none of the subjects had clinical, CT or 

laboratory findings consistent with acromegaly or diabetes mellitus. Given 

the small number of laboratories that perform this analysis and the relatively 

high cost, the assay for IGF-1 is not performed as part of the routine serum 

analysis panel in our institution as it is reserved for cats with clinical 

suspicion of acromegaly. Another limitation is the absence of necropsy and, 

therefore, the possibility of categorically ruling out pituitary lesions and 

verifying the degree of agreement between the actual measurements of the 

pituitary gland and those obtained by CT. 

 In conclusion, this study provides reference values for pituitary dimensions 

and P:B ratio in DSH cats. The reference values are wider than the mean 

values previously reported. Pituitary linear dimensions and P:B ratio exhibit 

a good intra-operator agreement but a moderate inter-operator agreement, 

likely consequent to the millimetric dimensions of the gland. Software that 

automatically defines the structures of interest may help reduce this 

operator-related variability. In the sample analysed, although significant 

correlations were found between body weight and pituitary size and between 

age and pituitary height and length, the actual effect of these variables on 

the pituitary gland remains questionable. In addition, no differences between 

genders were found. According to this study, pituitary gland with PHT > 

4mm or a P:B ratio > 0.49 have to be considered enlarged. The reference 

ranges obtained from this study may help assess pituitary size in cats with 

suspected neoplastic lesions affecting the pituitary gland in surgical or 

radiation therapy planning and monitoring response to treatment. 
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6.1 ABSTRACT 

Vertebral heart size (VHS) is widely determined in clinical practice as an 

objective method to assess the cardiac silhouette dimensions. However, a 

key limitation is that it is impossible to determine VHS in dogs with 

vertebral alterations. This retrospective, method comparison, observer 

agreement study sought to overcome this limitation by using the heart to 

single vertebra ratio (HSVR), by evaluating the level of agreement between 

VHS and HSVR, as well as the intra- and inter-observer agreement for 

HSVR. Three independent observers retrospectively evaluated thoracic 

radiographs obtained over a set time-period. Exclusion criteria were the 

presence of alterations of the thoracic spine and the inability to clearly 

outline the cardiac silhouette. The lengths of the vertebral bodies, from the 

fourth to eighth thoracic vertebra, and VHS were measured on each 

radiograph. The HSVR was calculated by dividing the sum of the cardiac 

long and short axes by the length of each vertebral body. Eighty dogs of 

different breeds were included in the final analysis. Lin’s concordance 

correlation coefficients revealed strong correlations between VHS and 

HSVR (0.91–0.96), and the Bland–Altman plots showed low bias (0.01–0.2) 

between the methods. The mean absolute errors indicated low average 

magnitudes of error (0.11–0.28). The intraclass correlation coefficients 

showed good to excellent inter-observer (0.87–0.92; P = 0.000) and intra-

observer (0.87–0.99; P < .001) agreement. In the authors’ opinion, this new 

method, which is less time consuming and more objective, could offer a 

valuable alternative to VHS.
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6.2 INTRODUCTION 
 
Although echocardiography is considered the gold standard modality for 

studying the heart, radiography plays a fundamental role in assessing the 

size of the cardiac silhouette and ruling out the presence of concomitant 

pulmonary disorders such as vascular congestion, pulmonary oedema, and 

pneumonia.1 However, radiographic assessment of the cardiac silhouette 

dimensions is not always straightforward and is quite subjective; indeed, 

variations may occur owing to different inherent conformations of the thorax 

among different canine morphotypes.2 Over the years, several methods have 

been proposed to objectively determine the dimensions of the cardiac 

silhouette.3-5 However, these methods are not widely used in clinical 

practice because of their limitations, including variations in cardiac 

silhouette inclination, thoracic conformation, the breathing phase in which 

the radiograph is acquired, difficulty in correctly positioning the patient, the 

presence of concurrent lung pathologies that alter the cardiothoracic ratio, 

and the inaccuracy of determining the anatomical landmarks used for 

measurements.4, 6, 7 In 1995, Buchanan and Bücheler described the 

vertebral heart score (VHS) as an objective method for assessing heart size.8 

Since then, a number of studies have evaluated its reliability by assessing 

the intra- and inter-observer agreement, the effects of sex, breathing, cardiac 

cycle, body condition score, and recumbency on the measurements, and 

determined indices for individual breeds that tend to deviate from the 

initially reported cut-off values.9-25 VHS is very useful in clinical practice 

because it is relatively simple to determine at initial and follow-up 

examinations.19, 26, 27 However, some limitations exist, including the 

difficulty of determining VHS in patients with spondylosis deformans, 
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reduced intervertebral disc spaces, or vertebral malformations such as 

hemivertebrae, butterfly vertebrae or wedge vertebrae. Of note, vertebral 

abnormalities artifactually increase VHS.11, 24  We hypothesised that a 

single vertebra preserves its proportion to the respect of the whole body as 

well as the thoracic vertebral tract proposed by Buchanan and Bucheler.8 

The use of a single vertebra, without shape and dimensions alterations, could 

allow the clinician to objectively evaluate cardiac silhouette dimensions, 

even in patients with thoracic spine alterations. Therefore, the primary aim 

of this study was to develop a novel method, termed the heart to single 

vertebra ratio (HSVR). Secondary objectives were to test the level of 

agreement between the newly described method and VHS, and to evaluate 

the intra- and inter-observer agreement among three observers with different 

levels of experience. 
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6.3 MATERIALS AND METHODS 
 
The single-centre, retrospective, method comparison, observer agreement 

study was approved by the Clinical Ethical Review Board of the University 

of Naples “Federico II” (PG/2022/0062754). The electronic records of 

canine patients referred to the Interdepartmental Centre of Veterinary 

Radiology of the University of Naples ‘Federico II’ in the set study period 

between September 2018 and January 2021 were retrieved from the picture 

archiving and communication system (dcm4chee-arc-light version 5.11.1, 

http://www.dcm4che.org) and the images were reviewed. Radiography was 

performed for various reasons, including cardiologic screening, pre-

anaesthetic evaluation, and exclusion of metastases. All radiographic 

examinations were obtained on awake, unsedated patients during inspiration 

and used a computed radiography system (Agfa CR-30, Agfa HealthCare, 

Mortsel, Belgium) equipped with a focused Potter–Bucky grid and a focus-

to-film distance of 100 cm. The dogs were restrained manually or with 

sandbags, attempting to avoid spinal or heart mispositioning that could 

cause geometric distortions or make it difficult to correctly visualise the 

anatomical landmarks. All radiographic examinations included at least the 

right-lateral view, which was used to assess the heart dimensions. Exclusion 

criteria were as follows: (a) presence of alterations affecting the thoracic 

spine (e.g., hemivertebrae, butterfly vertebrae, spondylitis, spondylosis 

deformans, kyphosis, or reduced intervertebral disc space); (b) inability to 

correctly visualise the cardiac silhouette (e.g., pleural effusion, right middle 

lung lobe increased opacity, cardiac neoplasm, or mediastinal masses); (c) 

positioning or technical errors (e.g., overexposure, underexposure, or 

motion artefacts); and (d) skeletal immaturity.  
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The breed, sex, weight (in kilograms), and age (in years) were recorded for 

each dog. The decisions on whether to include or exclude radiographs were 

made by one author (D.C), a second-year Ph.D. student in diagnostic 

imaging. All the selected radiographs, in DICOM format, were anonymized 

by the same author before submitting them to three observers to assess the 

inter-observer agreement. One month later, the same author randomly 

selected from the same set of radiographs a smaller sample using the 

‘randbetween’ tool (Microsoft Excel version 16.52 2021, Microsoft Corp., 

Redmond, WA, USA) to assess the intra-observer agreement among the 

three observers. All radiographic measurements were performed using the 

right-lateral view by three independent operators with different levels of 

experience using the ‘line’ function in an open-source DICOM viewer 

(Horos version 3.3.6, 64-bit, Nimble Co LLC d/b/a Purview, Annapolis, 

MD, USA, https://www.horosproject.org) on the same workstation (iMac 

5K, 27-inch, Apple Inc., Cupertino CA, USA). Observers 1 (L.M) and 2 

(A.G) are professors of veterinary radiology with a Ph.D. and >25 and >10 

years of experience, respectively. Observer 3 (D.P) is a professor of 

cardiology with a Ph.D. and >15 years of experience. All the observers were 

blind regarding the clinical data and reasons for thoracic radiography. All 

measurements were performed one time by each observer, independently 

and blinded to the results reported by the other observers by following the 

same oral and written instructions provided in a portable document format 

file. First, the length of the vertebral body of the fourth (T4), fifth (T5), 

sixth (T6), seventh (T7), and eighth (T8) thoracic vertebrae, including the 

respective caudal intervertebral disc space, was measured. Then, the cardiac 

long axis (LA) and short axis (SA) were measured as described by Buchanan 
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and Bücheler (Figure 6.1).8 The LA was defined as the axis traced from the 

ventral border of the carina (the origin of the left mainstem bronchus) to the 

cardiac apex, and the SA was defined as the line perpendicular to the LA at 

the point of the maximum width of the cardiac silhouette. To calculate VHS, 

the two axes were repositioned over the thoracic vertebrae starting from the 

cranial endplate of T4. VHS was then expressed as the number of thoracic 

vertebrae (v) to the nearest 0.1v. Additionally, the sum of the cardiac axes 

(LA+SA) was divided by the length of the vertebral body, including the 

respective caudal intervertebral disc space, for T4, T5, T6, T7, and T8 to 

determine HSVRT4, HSVRT5, HSVRT6, HSVRT7, and HSVRT8, respectively.  
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FIGURE 6.7 Representative right lateral thoracic radiographic image (kVp 80; mAs 4) of a mixed-
breed dog depicting the measurements of the length of each single vertebral body between T4 and T8, 
including the corresponding caudal intervertebral disc spaces (black and white dotted arrows 
labelled T4–T8). The cardiac long axis (LA) and short axis (SA) were measured as described by 
Buchanan and Bücheler.8 In this method, the LA (doubled-headed black arrow) was traced from the 
ventral border of the carina to the cardiac apex and the SA (doubled-headed white arrow) was traced 
perpendicular to LA at the point of the maximum width of the cardiac silhouette, and then transposed 
ventral to the column starting from the T4 cranial endplate. 
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All data were reported independently by each operator in an electronic 

spreadsheet (Microsoft Excel version 16.52 2021, Microsoft Corp.). One 

month later, to assess the degree of intra-observer agreement, the 

measurements were repeated once, in a single session, independently by 

each of the three observers on a smaller sample of thirty re-anonymised and 

re-randomly selected radiographs.  

Statistical analyses were performed by one of the authors (D.B. a full 

professor in biostatistics and epidemiology with a Ph.D. in statistics, 

biostatistician of the Animal Welfare Committee of the University of Napoli 

“Federico II”) using open-source statistics software (R version 4.0.1, R 

Foundation for Statistical Computing, Austria, https://www.R-project. org). 

Descriptive statistics were calculated for age, weight, and breed. Numerical 

variables were summarized using the median value and range (minimum to 

maximum). The concordance between the HSVR and VHS values for the 80 

radiographs as determined by observer 1, who was considered the most 

experienced observer, was assessed using Lin’s concordance correlation 

coefficient (CCC) with the corresponding 95% Confidence Interval (95% 

CI) .28 The strength of the agreement was scored using the cut-off values 

proposed by McBride29 and further analysed using Bland–Altman plots. 

Error between the VHS and HSVR values was estimated using the mean 

absolute error (MAE). Intra- and inter-observer agreement was assessed 

using intraclass correlation coefficients (ICC) and the results were 

interpreted as suggested by Koo and Li.30 In all analyses, P < .05 was 

considered statistically significant. 
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6.4 RESULTS 
 
A total of 300 thoracic radiographic examinations were performed during 

the time-period. After applying the exclusion criteria, radiographs for 80 

dogs (23 intact females, 26 spayed females, 23 intact males, and 8 castrated 

males) were included in the final sample for assessing the agreement 

between VHS and HSVR and among the observers. The exposure settings 

(kilovoltage peak, milliampere and seconds) varied according to the size of 

the dog and the body condition score. Reasons for radiographic examination 

included suspicions of heart disease, and other reasons are summarised in 

Table 6.1.  

 
Reasons for thoracic radiography for included dogs n = 80 (%) 

Exclusion of metastases 25 (31.25%) 

Cardiomyopathies 22 (27,5%) 

Cough 16 (20%) 

Pre-anaesthetic evaluation 9 (11.25%) 

Suspected tracheal collapse 2 (2.5%) 

Suspected oesophageal regurgitation 1 (1.25%) 

Suspected aspiration pneumonia 1 (1.25%) 

Pulmonary hypertension 1 (1.25%) 

Systemic thromboembolism 1 (1.25%) 

Systemic Leishmaniasis 1 (1.25%) 

Dirofilariosis 1 (1.25%) 

 

TABLE 6.8 Reasons for thoracic radiography for included dogs and numbers (%) of dogs in each 

reason category.   
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One month later, 30 radiographs, randomly selected from the same set, were 

used for assessing the intra-observer agreement. The median age was 11 

years (range 1–16 years) and the median bodyweight was 10 kg (range 1.3–

30.5 kg). The breeds represented were mixed-breed (n = 48), Dachshund (n 

= 4), Beagle (n = 4), Maltese (n = 4), English Cocker spaniel (n = 3), 

Miniature Poodle (n = 3), Yorkshire terrier (n = 2), Jack Russell terrier (n = 

2), and one of the each following: Chihuahua, Standard Poodle, Dalmatian, 

Doberman Pinscher, Labrador Retriever, German Shepherd, Pit bull, Irish 

Setter, Shih Tzu, and English Springer spaniel. The CCC showed 

substantial agreement of HSVRT7 (0.983; 95% CI 0.974–0.989), HSVRT8 

(0.964; 95% CI 0.946–0.977), HSVRT6 (0.96; 95% CI 0.94–0.973), and 

HSVRT5 (0.958; 95% CI 0.936–0.972) with VHS, and moderate agreement 

of HSVRT4 with VHS (0.938; 95% CI 0.90–0.95) (Figure 6.2A–E). The 

Bland–Altman plots for HSVR versus VHS showed a bias of 0.019 for 

HSVRT7 (±0.18; 95% CI −0.34 to 0.38), 0.11 for HSVRT5 (±0.27; 95% CI 

−0.42 to 0.63), −0.13 for HSVRT8 (±0.22; 95% CI −0.57 to 0.30), 0.18 for 

HSVRT6 (±0.21; 95% CI −0.24 to 0.60), and 0.20 for HSVRT4 (±0.30; 95% 

CI −0.38 to 0.70) (Figure 6.2 F–J). 
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FIGURE 6.2 Lin’s concordance correlation coefficient (CCC) and related Bland–Altman plots. (A–
E) Lin’s CCC comparing VHS with HSVRI determined using T4 (A), T5 (B), T6 (C), T7 (D) and T8 
(E). The y axes show the VHS index, and the x axes show the HSVR. The continuous lines represent 
the lines of perfect agreement (i.e. the ideal condition where HSVR equals VHS), the dashed lines 
represent the estimated least squares lines, and the red dots represent outliers. (F–J) Bland–Altman 
plots comparing VHS with HSVR obtained using T4 (F), T5 (G), T6 (H), T7 (I) and T8 (J). The x 
axes show the mean of both measurements, the y axes show the difference between the two 
measurements, the dashed lines represent the 95% confidence intervals, and the continuous lines 
represent the bias. 
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The MAE for the comparison between HSVR and VHS was lowest for 

HSVRT7 (0.14; 95% CI 0.12–0.16) followed by HSVRT8 (0.20; 95% CI 

0.16–0.23), HSVRT6 (0.22; 95% CI 0.18–0.26), HSVRT5 (0.22; 95% CI 

0.23–0.33), and HSVRT4 (0.28; 95% CI 0.23–0.33). The ICC showed good 

to excellent inter-observer (Table 6.2; P = .000) and intra-observer (Table 

6.3; P < .001) agreement for all measurements. 

 

 

ICC 

(n = 80) 
95% CI 

VHS 0.92 0.86–0.95 

HSVRT4 0.88 0.82–0.92 

HSVRT5 0.90 0.86–0.93 

HSVRT6 0.88 0.81–0.92 

HSVRT7 0.87  0.81–0.92 

HSVRT8 0.89  0.85–0.93 

 
TABLE 6.2 Intraclass correlation coefficients for inter-observer agreement among the three 
observers. 
Abbreviations: CI, confidence interval; ICC, intraclass correlation coefficient; HSVRT4, heart to 
single vertebra ratio determined using the fourth thoracic vertebra; HSVRT5, heart to single vertebra 
ratio determined using the fifth thoracic vertebra; HSVRT6, heart to single vertebra ratio determined 
using the sixth thoracic vertebra; HSVRT7, heart to single vertebra ratio determined using the seventh 
thoracic vertebra; HSVRT8, heart to single vertebra ratio determined using the eighth thoracic 
vertebra; VHS, vertebral heart size index 
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ICC (95% CI) 

(n = 30) 

 Observer 1 Observer 2 Observer 3 

VHS 0.96 (0.93–0.98) 0.96 (0.93–0.98) 0.93 (0.87–0.96) 

HSVRT4 0.98 (0.97–0.99) 0.95 (0.90–0.97) 0.92 (0.85–0.95) 

HSVRT5 0.98 (0.96–0.99) 0.96 (0.92–0.98) 0.90 (0.83–0.95) 

HSVRT6 0.88 (0.78–0.93) 0.95 (0.91–0.97) 0.92 (0.85–0.95) 

HSVRT7 0.99 (0.97–0.99) 0.88 (0.79–0.94) 0.90 (0.82–0.95) 

HSVRT8 0.97 (0.94–0.98) 0.87 (0.78–0.93) 0.94 (0.89–0.97) 

 
TABLE 6.3 Intraclass correlation coefficients for intra-observer agreement between the three 
observers. Abbreviations: CI, confidence interval; ICC, intraclass correlation coefficient; HSVRT4, 
heart to single vertebra ratio determined using the fourth thoracic vertebra; HSVRT5, heart to single 
vertebra ratio determined using the fifth thoracic vertebra; HSVRT6, heart to single vertebra ratio 
determined using the sixth thoracic vertebra; HSVRT7, heart to single vertebra ratio determined using 
the seventh thoracic vertebra; HSVRT8, heart to single vertebra ratio determined using the eighth 
thoracic vertebra; VHS, vertebral heart size index 
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6.5 DISCUSSION 
 

The primary aim of this study was to describe a new objective method for 

radiographic assessment of cardiac silhouette dimensions in patients where 

VHS cannot be determined owing to alterations affecting the thoracic 

vertebral bodies or intervertebral disc spaces. The secondary aims of the 

study were to assess the level of agreement between the new method and 

VHS, including intra- and inter-observer agreement. Findings from our 

study supported our hypotheses. The HSVR is a simple, quick and reliable 

method with an excellent agreement with the VHS and substantial intra- and 

inter-observer agreement. Congenital alterations of the thoracic spine, of 

uncertain clinical relevance, are present in many dogs, particularly 

brachycephalic breeds,31 and this means it is impossible to correctly 

determine VHS.11 Similarly, acquired spinal alterations (e.g. severe 

spondylosis deformans) tend to worsen with age and make VHS unreliable 

for follow-up of the cardiac silhouette in the same patient. Eventually, these 

alterations hinder the ability to predict the onset of potentially serious 

disorders such as pulmonary oedema.26, 27, 32  Determining HSVR by 

comparing the cardiac axes with a single thoracic vertebra overcomes this 

intrinsic limitation of VHS and represents a more objective evaluation of 

cardiac silhouette dimensions, even in patients with alterations involving 

some thoracic vertebrae between T4 and T8. In the present study, we 

decided to calculate the VHS and vertebral length, including the respective 

caudal intervertebral disc space, since its absence would have led to an 

overestimation of HSVR when compared to VHS. Indeed, multiple 

intervertebral disc spaces are implicitly included when the cardiac LA and 
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SA are transposed over the spine for VHS estimation. Finally, not 

considering the intervertebral disc space in determining the VHS will lead 

to erroneously obtain the same VHS value when the transposed cardiac axis 

reaches either the caudal endplate of one vertebra or the cranial endplate of 

the following vertebra.22 In the present analyses, HSVRT7 showed 

substantial agreement with VHS, together with low bias and mean error 

between the methods. The results of the present analyses also indicate that, 

when it is not possible to determine HSVRT7, it is possible to use the other 

ratios in the following order of preference: HSVRT8, HSVRT5, and HSVRT6. 

Although these indices showed slightly lower agreement with VHS than did 

HSVRT7, they still showed substantial agreement and low bias. Of the five 

ratios evaluated, HSVRT4 is perhaps least favourable because it showed the 

lowest, although still acceptable, level of agreement with VHS and relatively 

higher bias compared with HSVR calculated using the other thoracic 

vertebrae.  The method’s reliability is also supported by the high 

correlation between VHS and HSVR despite the broad heterogeneity of the 

study sample, which mostly comprised mixed-breed dogs and a variety of 

pure-breed dogs of different sizes and thoracic conformations. Furthermore, 

the presence or absence of an underlying cardiac disease was not considered 

in order to increase the randomness of the sample, making it more 

representative of the dog population in clinical settings. The good to 

excellent inter- and intra-observer agreement confirms the reliability of this 

new method, probably due to the easier method of calculating the cardiac 

silhouette dimensions in vertebral units and the clear anatomical landmarks. 

In fact, as previously described, the inter- and intra-observer agreement for 

VHS is related to individual variations in the identification of the anatomical 
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landmarks used to track the cardiac axes and converting the length of the 

cardiac axes into vertebral units.14, 15, 17, 19, 22, 23, 25, 27, 33 Similar to the 

objective VHS proposed by Sánchez et al.,33 the cardiac axes measured for 

HSVR are normalised for the vertebral length without transposing the 

cardiac axes over the thoracic spine and without the need to span the 

conversion of the cardiac axis in vertebral units, thus reducing the method’s 

susceptibility to differing inter-observer interpretation.12, 22 In this way, it is 

possible to avoid some of the limiting factors, such as inter-observer 

variation in the interpretation of VHS, and may allow more objective 

evaluation of cardiac silhouette dimensions.22, 33 However, unlike the above-

mentioned objective VHS, HSVR is determined using a single vertebral 

body rather than the entire T4–T8 distance. Therefore, HSVR is suitable for 

the objective evaluation of cardiac dimensions in patients with thoracic 

spine alterations. Furthermore, HSVR is quicker and easier to determine 

than VHS because it is not necessary to transpose the cardiac axes on the 

thoracic spine. These advantages of HSVR could increase the clinical 

applications of quantitative radiographic evaluation of the cardiac 

silhouette, which is difficult to interpret, and may reduce the risk of 

erroneous subjective interpretation.33 Some limitations of this study 

include the following: the relatively high experience of the three observers. 

Although previous studies of VHS have demonstrated that the difference 

between observers is more strongly linked to identification of the anatomic 

landmarks than to the observer’s experience,14, 15, 17, 19, 22, 23, 25, 27, 33 further 

studies involving inexperienced observers would be useful to verify its use. 

Another possible limitation of the HSVR is the need to use breed-specific 

cut-off values, the same as VHS, because there is intrinsic variability in the 
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ratio between the heart size and vertebral body length among different 

breeds. In conclusion, HSVR is a simple and reliable modality for assessing 

the cardiac silhouette size in dogs with thoracic spine alterations. Given the 

simplicity of determining HSVR, as there is no need to transpose the cardiac 

axes on the thoracic spine, non-specialists could benefit more than 

radiologists in using this method. 
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7.1 ABSTRACT 
 
In a previous study, an ultrasonographic method to assess kidney size in 

dogs as a ratio of kidney length to aortic luminal diameter (KL/AoD ratio) 

was proposed. The main limitation of this method was the wide range of 

normal values (5.5 – 9.1), which resulted in poor sensitivity and specificity. 

The aim of this prospective, observational, reference interval study was to 

determine whether the KL/AoD normal cut-off values in a single breed 

(Whippets) would have a narrower range than the previously reported 

normal reference ranges. The influence of sex, age, weight, and side on 

kidney length (KL) and of sex, age, weight, and scanning plane (longitudinal 

vs. transversal) on aortic luminal diameter (AoD) were also investigated. 

Thirty-six clinically healthy Whippets (16 males, 20 females) without 

ultrasonographic renal lesions were included in this study. The 95% 

confidence interval of mean KL/AoD was found to be narrower than the 

previously reported range (i.e. 6.3 – 6.9 versus 5.5 – 9.1). This was 

considered to be especially notable in that the KL in this breed exhibits 

marked sexual dimorphism. The KL/AoD ratio did not differ between right 

versus left sides or male versus female sexes in Whippets (p > 0.05).   

Findings from the current study provided KL/AoD ratio normal reference 

range cut-off values for future use in Whippets and supported the use of 

breed-specific KL/AoD ratio values for characterizing abnormal renal size 

in other canine breeds. 
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7.2 INTRODUCTION 
 
Ultrasonography is a standard diagnostic test for evaluating dogs with 

suspected renal disease, however subjective assessments can be affected by 

the degree of the operator’s expertise.1 Previous research studies have 

described quantitative ultrasound methods for more objectively 

characterizing renal size in dogs.  Some studies have correlated renal 

linear measurements with body weight 2,3 or with the length of the sixth or 

seventh lumbar vertebra.4 Other studies have described methods for 

sonographically estimating the kidney volume.5-7 In general clinical 

practice, the time necessary to perform these measurements can be a 

constraint and therefore renal ultrasonographic dimensions are more 

commonly evaluated subjectively.8,9  In 2007, a new method for more 

quickly quantifying canine renal size was proposed: a ratio of kidney length 

(KL) to aortic luminal diameter (AoD).10 That method was found to have 

good reproducibility when applied by different operators.10,11  However, the 

main limitation of this method was the wide range of normal cut-off values, 

which increased the likelihood of having an overlap in values for dogs with 

versus without renal pathologies.  One possible reason for the wide range 

of normal values could have been the use of different breeds, different 

morphologies (i.e. brachymorphic, mesomorphic and dolichomorphic), and 

different body weights .3,12 We hypothesized that the cut-off values for a 

single breed of dog would be narrower and thus of greater clinical value.  

Primary objectives of this study were to determine normal cut-off values of 

the KL/AoD ratio in a sample of clinically normal Whippets and compare 

the results with the previously published reference values.10 Secondary 



Kidney-to-Aorta in Whippets 
 

 173 

objectives were to test the effects of sex, age, weight, and side on KL and of 

sex, age, weight, and scanning plane (longitudinal vs. transversal) on AoD. 

 

7.3 MATERIALS AND METHODS 

 

The prospective, observational, reference interval study was approved by 

the Clinical Ethical Review Board of the University of Naples “Federico II” 

(n° 64674), and performed at Interdepartmental Center of Veterinary 

Radiology of the University Federico II of Napoli and at three private 

breeding kennels. The sample size for the study was based on a prospective 

power analysis performed with G*Power (v. 3.1.9.2, March 2014, Heinrich-

Heine-Universität Düsseldorf, Germany) selecting correlation from the t 

tests family, applying one tail, an effect size of 0.4 (mean effect size 

according to Cohen) a significance level (α) = 0.05 and a power of 80%. The 

number of dogs meeting the inclusion criteria were enrolled in a period of 

time between March and December 2017. Only clinically healthy dogs and 

without ultrasonographic renal lesions were included. Dogs were considered 

to be clinically healthy if there were no history of signs consistent with renal 

disease and the clinical examination was unremarkable for diseases related 

with the urinary system. Final decisions for dog inclusion or exclusion were 

made by a professor of Veterinary Medicine (M.P.P.) for the clinical 

examinations and by a professor of Veterinary Radiology for the ultrasound 

examinations (L.M.). For each included dog, the following clinical 

characteristics were recorded by a first-year Ph.D. student (D.C.): sex, 

weight (in kg), age (in months) and findings from the physical examination 

eventually compatible with systemic disease and/or renal function 
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impairment (i.e. hyperthermia/hypothermia, muscle wasting, lethargy, 

weakness, etc.). Ultrasonography examinations were performed by a 

professor of Veterinary Radiology with twenty-four years of experience in 

ultrasonography (L.M.). Dog were physically restrained in the right and left 

lateral recumbent position or in a standing position at the discretion of the 

ultrasonographer. No sedatives were administered. Transducer-skin contact 

was achieved after first moistening the skin with alcohol and then applying 

acoustic coupling gel. The US exams were performed using one of two 

devices (MyLab Class C Vet or MyLab 30 Vet, Esaote, Genova, Italy), each 

equipped with a 3.5–10 MHz microconvex electronic transducer.  Each 

kidney was preliminarily evaluated in order to rule out parenchymal 

alterations. Using previously described protocols,10 the KL was measured 

on still images acquired in the dorsal plane (Figure 7.1A), when the distance 

between the two poles was maximum and, the renal pelvis clearly visible, to 

avoid oblique scans and consequently a possible underestimation of the 

kidney length. The AoD was assessed from the left side, in transversal 

(AoDT) and longitudinal (AoDL) scans, just caudal to the origin of the left 

renal artery. During the examination the operator was careful not to apply 

excessive pressure on the abdominal wall and compress the aorta. 

Measurements were made from still images acquired at the maximum 

luminal diameter, after reviewing cine-loop frames to account for aortic 

pulsation. Measurement cursors were placed at the borders of the lumen, 

after excluding the vessel walls (Figure 7.1B). Both the kidneys and the 

aorta diameters were measured in triplicate and the average values were used 

for statistical analyses. 
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FIGURE 7.9 (A) Measurement of the kidney length (7.15 cm) on a dorsal ultrasound scan (patient in 
right lateral recumbency; multifrequency microconvex probe working at 6,5 MHz. (B) The abdominal 
aorta is scanned from the left side and the aortic luminal diameter is measured just caudal to the 
emergence of the left renal artery. The aortic luminal diameter is measured on longitudinal (1.13 cm) 
and transversal (1.11 cm) scans by placing the electronic calipers at the border of the lumen, after 
excluding the vessel walls.  
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Statistical analyses were performed by an observer with a Ph.D. degree and 

eight years of expertise in statistics (L.A.). Data were entered into an 

electronic spreadsheet (Microsoft Excel ver.16.10 2016, Microsoft Corp., 

Redmond, WA, USA) and statistical analyses were performed using 

dedicated software (IBM SPSS Statistics, v. 26.0 IBM Corporation, 

Armonk, NY, USA; Prism ver.7.0, GraphPad Software, Inc. La Jolla CA 

USA). The normality of data distribution was evaluated using the Shapiro–

Wilk test. Descriptive statistics, including the mean, range (minimum to 

maximum), standard deviation and 95% confidence interval (CI) of the 

mean were calculated for KL, AoDT, AoDL, and the ratios KL/AoDL and 

KL/AoDT (Table 7.1).  

 
  

MEAN ± SD 
(n =36) 95% C.I. RANGE 

(Min-Max) 

KL (cm) 6.2 ± 0.7 6 - 6.4 4.9 - 8.2 

AoL (cm) 0.94 ± 0.11 0.91 - 0.98 0.71 - 1.3 

AoT (cm) 0.98 ± 0.1 0.95 - 1 0.78 - 1.3 

KL/AoDL 6.7 ± 0.83 6.5 - 6.9 5 - 9.1 

KL/AoDT 6.5 ± 0.78 6.3 - 6.7 4.1 - 8.2 

 
TABLE 7.10 Descriptive statistics for the kidney lengths, aortic luminal diameter and the kidney-to-
aorta ratios in a sample of clinically normal Whippets. Values in the sample were normally distribute. 
Abbreviations: KL= kidney length; AoDL= aortic luminal diameter measured on longitudinal scans; 
AoDT= aortic luminal diameter measured on transversal scans; KL/AoDL= kidney-to-aorta ratio 
obtained from longitudinal scans of the abdominal aorta; KL/AoDT= kidney-to-aorta ratio obtained 
from transversal scans of the abdominal aorta; SD= standard deviation; 95% CI= confidence 
interval; Min= minimum ; Max= maximum. 
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 A mixed linear model was applied to evaluate the effects of sex, age 

(considered as a continuous variable), and bodyweight (as fixed principal 

effects) and of subject and side (as random factorial effects) on KL, 

KL/AoDL, and KL/AoDT; AoDT and AoDL were also assessed after 

adjusting for the effects of sex, age, and bodyweight (fixed effects) and of 

the subject (random effects). Since sex, age, and bodyweight significantly 

affected KL, AoDT and AoDL, the effects of age and sex were also tested 

within sex in a general linear model, prior to further analysis. Post hoc tests 

were selected according to variable type (continuous vs. categorical) and 

distribution. Differences in KL, AoDL, and AoDT between males and 

females were tested using the pooled Student’s t test with Levene’s test. 

Correlations of age with KL, AoDL, and AoDT were studied using 

Spearman’s rank correlation coefficient (rs) within males and with Pearson’s 

product moment test (r) within females. The correlation between 

bodyweight and KL was studied with Spearman’s rank correlation 

coefficient (rs). Correlations of bodyweight with AoDL and AoDT were 

studied using Pearson’s product moment test (r) within both sexes and in the 

whole sample.  AoDL and AoDT were compared using a Bland–Altman plot 

and the intraclass correlation coefficient (ICC) for absolute agreement was 

calculated with 95% CI, using a two-way mixed model for single 

measurements. KL was normalized to the AoD derived from both 

longitudinal (KL/AoDL) and transversal (KL/AoDT) scans, and the ratios 

were studied using the same statistical approaches used for AoDL and 

AoDT. In all analyses, P < 0.05 was considered statistically significant. 
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7.4 RESULTS 

The power analysis yielded a samples size of 34 Whippets. A total of 39 

Whippets (17  males and 22 females all intact) met all criteria for inclusion. 

Three dogs (2 females and 1 male) were excluded due to the presence of 

mild pyelectasia (2) and irregular renal contour (1). Included dogs ranged 

from 10 months to 14 years of age and weighed between 10 and 20 kg (mean 

14.12 ± 2.38 kg). The mixed linear model identified significant effects of 

sex (P < 0.0001) and bodyweight (P = 0.029) on KL, but no effects of age 

(P = 0.66), subject (P = 0.30), or side (P = 0.78). The effect of bodyweight 

was independent of sex (P = 0.07). KL differed significantly between males 

and females, and was longer in males (P < 0.0001). There was no correlation 

between KL and age. However, there was a positive linear correlation 

between KL and bodyweight (rs = 0.64, P < 0.0001, Figure 7.2).  

 

 
FIGURE 7.2 Correlation between kidney length (in cm) and bodyweight (in kg). 
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For both AoDT and AoDL, the mixed linear models found significant effects 

of sex (P < 0.0001), age (P < 0.0001), and bodyweight (P < 0.0001). In male 

Whippets, both AoDL (Figure 7.3A) and AoDT were positively correlated 

with age (rs = 0.56, P = 0.03, for both). A positive correlation was also 

identified in females for AoDT (r = 0.46, P = 0.04, Figure 7.3B), but not for 

AoDL (r = 0.16, P = 0.49).  

 

 
FIGURE 7.3 (A) Correlation between aortic luminal diameter measured on longitudinal scans 
(AoDL) and age (in months) of male Whippets. (B) Correlation between the aortic luminal diameter 
measured on transversal scans (AoDT) and age (in months) of female Whippets. 
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In all dogs combined, a significant positive correlation with age was found 

for both AoDL (r = 0.44, P = 0.007,) and AoDT (r = 0.30, P = 0.07,). A 

Bland–Altman plot showed minimal bias (−0.03 ± 0.11; 95% CI −0.25 to 

0.17, Figure 7.4A) and an ICC of 0.63 (P<0.0001; 95% CI 0.40–0.77) 

between AoDL and AoDT. 

None of the effect variables included in the mixed linear model had any 

effect on either KL/AoDL or KL/AoDT. The Bland–Altman plot showed a 

bias of 0.27 (± 0.73; 95% CI −1.15 to 1.70, Figure 7.4B) and an ICC of 0.69 

(P < 0.0001; 95% CI 0.49–0.81) between KL/AoDL and KL/AoDT. 

 

 
FIGURE 7.4 (A) Bland–Altman plot comparing the aortic luminal diameters, measured on 
longitudinal and transversal scans (AoDL and AoDT). (B) Bland–Altman plot comparing the kidney-
to-aorta ratio obtained from longitudinal and transversal scans of the abdominal aorta (KL/AoDL 
and KL/AoDT). The y axis shows the difference between the two measurements and the x axis shows 
the average of both measurements. The dotted lines represent the 95% confidence intervals and the 
dashed line represents the bias. 
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7.5 DISCUSSION 

Breed-specific findings from the current study of Whippets, as 

hypothesized, contributed narrower KL/AoD cut-off values than those 

previously proposed by Mareschal et al.10 This is consistent with findings 

from studies of other morphometric indexes such as the Vertebral Heart 

Score.13,14 Use of ratios with adjacent structures, categorization by body 

conformation (i.e. brachymorphic, mesomorphic, and dolichomorphic), or 

determining breed-specific values can help to maximize clinical utility.3,12.  

The ultrasonographer for the current study considered the KL and AoD to 

be relatively easy to obtain, as previously reported.10,11 The cranial margin 

of the right kidney was sometimes more difficult to clearly outline, due to 

its more cranial position within the rib cage, particularly when imaging was 

performed with the dog in a standing position. This position was used in 

some dogs to reduce the stress associated from placing them in the lateral 

recumbent position. Similar to previous reports,4,10 the absolute length of 

the kidney was not significantly different between the right and left kidneys, 

although the right kidney was slightly larger than the left one in other 

studies.2,11,12  The positive correlation between KL and bodyweight, as 

previously reported,2 was also identified in our study. This was particularly 

notable given the fact that the bodyweights showed a fairly narrow range in 

our sampled dogs (10–20 kg).  It has been previously reported that 

end-stage kidney disease and aging are associated with reductions in renal 

dimensions.15 This would suggest that a negative correlation would occur 

between age and kidney dimensions.  However, we found no such 

correlation in our study.  The KL/AoD did not differ between the right 

and left kidney in our sampled dogs. Furthermore, even though Whippets 
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show marked sexual dimorphism, the KL/AoD ratio was not significantly 

different between the two sexes. These findings supported normalization of 

KL using AoD to help minimize outside sources of variability based on 

differences between sexes and facilitating comparability of results. Findings 

also supported using only one range of the KL/AoD ratio for both kidneys 

and both sexes.  In a previous radiographic study that compared KL 

relative to the body length of the second lumbar vertebra (L2), there were 

significant differences between dogs grouped by skull type, particularly 

between dolichocephalic and brachycephalic dogs.3 Therefore, it is possible 

that the KL/AoD cut-off values obtained in the present study could be used 

as a reference for other dolichocephalic breeds, particularly sighthound 

breeds. However, given the differences in body conformation among breeds 

within the same skull types, and considering the high correlation between 

bodyweight and KL; this theory would need to be confirmed in studies of 

other dolichocephalic and/or dolichomorphic breeds.  We did identify 

a positive correlation between age and AoD in our sampled dogs.  This could 

have been due to an increase in systemic arterial pressure that occurs with 

aging. 16,17 One study found that systemic arterial pressure is significantly 

greater in males and in sighthound dogs (e.g. Whippets).17 Another 

explanation could involve degeneration of vessel walls, as reported in 

healthy humans.18 Blood pressure was not measured in dogs for the current 

study and may therefore warrant further investigation.  The positive 

correlation between AoD and bodyweight likely reflected an expected 

relationship between AoD and the size of the dog. 
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We also found that the AoD measured in longitudinal and transversal scans 

displayed minimal bias and a high ICC. In the original study that proposed 

the KL/AoD ratio,10 the measurements obtained from longitudinal scans 

showed a higher degree of agreement between different operators. That 

result indicated greater variability of measurements obtained using 

transversal scans.  A proposed reason was that the ultrasound beam is 

never perpendicular to the long axis of the vessel in this orientation. For this 

reason, the authors concluded that it is preferable to measure the AoD on 

longitudinal scans.10 In another study of dogs aged  ≤ 18 months, the 

KL/AoD ratio was easier to obtain using transversal scans than with 

longitudinal scans.11 The authors reported that this was due to motion 

artifacts and the small sizes of the anatomical structures. Previous studies 

that measured vessel diameters suggested that transversal scans may be used 

as exploratory scans, and recommended obtaining the measurements using 

longitudinal scans, since the transversal scans are affected by multiple 

refraction artifacts that reduce their quality. 19,20 In our study, we found no 

significant differences in AoD between the longitudinal and transversal 

scans, with minimal bias on a Bland–Altman plot and a large ICC. 

Regarding the KL/AoD ratio, although the Bland–Altman plot showed 

greater bias, the ICC was slightly larger and had a narrower 95% CI. In order 

to establish whether longitudinal or transversal scans are better for 

measuring AoD, we think that other imaging modalities, such as CT or MRI, 

are needed to provide a more objective measurement of AoD.21  The 

main limitations of our study may include the relatively small number of 

dogs used and their classification as healthy on the basis of the physical 

examination and ultrasonographic examination alone. For the a priori power 
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analysis we selected a power of 80%, which should be considered fair in 

view of the inclusion of a single pure breed, and on statistical considerations 

per se. Yet, our results should be confirmed on larger samples. The dog’s 

state of hydration and any subclinical cardiac pathologies that can affect 

blood pressure and, consequently, the AoD was not investigated. 

Furthermore, although the dogs did not show any clinical or US signs of 

kidney disease, we cannot exclude the possibility of subclinical kidney 

disease. In conclusion, findings from the current study supported the 

use of breed-specific normal reference values for KL//AoD ratios. In this 

sample of Whippets, taking into account the 95% CI of the mean KL/AoD, 

a value of <6.3 could indicate decreased renal size, whereas a value >6.9 

could indicate an enlarged kidney. This range (6.3 – 6.9) is narrower than 

the previously reported range (5.5 – 9.1),10 and may help to minimize 

possible overlap with pathological values for future clinical patients. 

Although Whippets show marked sexual dimorphism, the KL/AoD ratio 

was not significantly different between the two sexes. Further studies are 

needed to obtain reference range measurements for each breed or class of 

dogs. Studies are also needed in order to determine the effect of hydration 

status and systemic arterial pressure on aorta diameter and therefore on the 

KL/AoD ratio. 
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