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SUMMARY  

Reproducible and easily applied measurements for radiologic evaluation are needed in the day-to-day 

clinical practice for diagnosis and treatment or management of thoracic disorders in the Nigerian 

Indigenous Dog. The objective of this prospective cross-sectional study was to document measurement 

indices used for the evaluation of canine thoracic silhouette. Thirty healthy Nigerian Indigenous Dogs, 10 

puppies and 20 adults of average body weight 8.19±2.45 kg and comprising equal number of both sexes. 

Ninety survey dorsoventral, right lateral and left lateral thoracic radiographs of the animals were obtained. 

The shape of the thoracic silhouette in each radiograph was objectively evaluated and adequately 

described. In the right and left lateral views, sternovertebral distance and sagittal vertebral diameter of the 

tenth vertebra were measured and recorded; while the dimension measured in the dorsoventral view was 

costocostal distance. In the lateral radiographs, mean values of vertebral indices (VI) for right/left lateral 

radiographs were 0.10±0.00/0.10±0.00, respectively. Results of normal thoracic silhouette determined in 

dorsoventral versus right lateral orthogonal radiographs were: frontosagittal index (FSI) 1.06±0.05 and 

Haller index (HI) 0.95±0.04. The clinical relevance of this investigation is that it provides measurement 

indices for the morphological evaluation of the thoracic silhouette in the Nigerian Indigenous Dog. These 

indices are reproducible, objective and easy to apply in small animal clinical practice.  
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INTRODUCTION 

There are numerous thoracic cage deformities that 

variably affect the contour and volume of the 

thorax. Congenital deformities of the sternum, 

ribs, and thoracic spine are frequently 

encountered clinically, radiographically, and 

incidentally (Bauer, 1989). However, some of the 

patients, including humans and animals, hardly 

experience respiratory disorders unless the 

condition is accompanied by primary cardiac or 

pulmonary defects (Bauer, 1989; Gurkok et al., 

2003). Majority of these malformations involve 

the following skeletal elements in order of 

decreasing frequency: sternum, spine, and ribs 

(Farrow, 1996).  Pectus deformities are the most 

common types of congenital thoracic wall 

developmental malformations and usually cause a 

marked cosmetic defect associated with a 

psychological trauma in human patients 

(Golladay and Golladay, 1997; Donnelly and 

Frush, 1999; Einsiedel and Clausner, 1999; Suita 

et al., 2001). Pectus deformities may be 

quantified using the vertebral, frontosagittal, and 

other cardiothoracic indices necessary for 

accurate preoperative and postoperative 

assessments of patients with the pectus disorders 

(Gurkok et al., 2003; Kilda et al., 2007; Rahal et 

al., 2008). Lateral radiographic measurements are 

more valuable than dorsoventral views in patient 

assessment because the main effect of pectus 

repair operation on the anatomy of the thoracic 

cavity is a dorsoventral effect rather than a 

transverse effect (Kaguraoka et al., 1992; Haller 

et al., 1996; Pretorius et al., 1998; Hebra et al., 

2000). 

Pectus excavatum (funnel chest) or dorsal 

displacment of the sternum is a sternal deformity 

that typically involves the caudal sternebrae and 

costal cartilages (congenital chondrosternal 

depression). Funnel chest has been attributed to 

excess traction of the diaphragm during the 

early stages of late intrauterine or early 

neonatal development (Smallwood and Beaver, 

1977; Shires et al., 1988). This deformity is 

associated with varying degrees of local and 

regional concavity. The inward displacement 

of some of the sternebrae secondarily alters the 

shape of the caudoventral aspect of the thoracic 

cavity. Occasionally, pectus excavatum may 

result in clinical signs referable to the 

displacement and or compression of the heart 

or lung (i.e., cardiorespiratory anomalies e.g. 

heart palpitations, tachycardia, disturbed 

comprehensive inspiration) and these problems 

lead to impaired development and physical 

exercise intolerance (Haller et al., 1989; 

Donnelly and Frush, 1999; Saxena et al., 

1999). However, only severe chest wall 

deformations can cause malfunctioning of 

thoracic organs (Kaguraoka et al., 1992; Ohno 

et al., 2001) and surgical correction of funnel 

chest is predicted on the severity of clinical 

signs (Saperstein et al., 1976; McAnulty and 

Harvey; 1989). In humans, pectus excavatum 

may be acquired or congenital, but all 

documented cases in animal species are 

congenital malformations (Fossum et al., 

1989). The cause of pectus excavatum is 

unknown but heredity has been incriminated 

(Ellison and Halling, 2004). In man, cosmetic 

and psychological indications for surgical 

treatment gained more importance after the 

introduction of minimally invasive Nuss 

operation for pectus excavatum (Miller et al., 

2001; Croitoru et al., 2002; Hoise et al., 2002). 

Radiologic evaluation using thoracic 

radiographs and CT is very important for the 

assessment of indications for surgically 

corrective treatment even in cases of moderate 

thoracic wall deformity with no clinical signs 
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of thoracic organ compression and or 

displacement (Nakahara et al., 1987; Ohno et al., 

2003). Radiographic indicators of pectus 

excavatum are a marked dorsal deviation of the 

caudal aspect of the sternum, resulting in 

abnormally reduced sternospinal distance (dorsal 

to ventral narrowing of thorax) at the affected 

part, acute angulation of the associated costal 

cartilages, and dorsal displacement of the heart in 

lateral views. Lateral heart displacement is often 

pronounced in VD views (Owens, 1982; Kealy, 

1989). In severe cases, the sternum is 

superimposed on the heart in lateral projection 

(Suter, 1984). Cardiothoracic measurements, 

made from preoperative and postoperative 

thoracic projections, have been employed to 

quantitatively assess the degree of surgical 

correction (Fossum et al., 1989; Gurkok et al., 

2003; Rahal et al., 2008). Congenital syndromes 

associated with pectus excavatum in both man 

and animals include osteogenesis imperfecta, 

osteodysplasty, and human foetal alcohol 

syndrome (Taybi and Lachman, 1990; Reeder and 

Bradley, 1993). Pectus carinatum (pigeon chest), 

the opposite of pectus excavatum, is a congenital 

anomaly that results in a laterally compressed 

thorax secondary to ventral (outward) 

displacement of the caudal aspect of the sternum 

(Suter, 1984). When viewed laterally, the vertical 

diameter of the thorax is increased in the affected 

animal. In the cat, only mild pectus carinatum has 

been observed, typically represented 

radiographically by a caudoventral deflection of 

the xiphoid process and one or two adjacent 

sternebrae (Farrow, 1996). The ventral aspect of 

the diaphragm is straighter than normal, and the 

diaphragm, on the whole, is more vertically 

oriented (Farrow, 1996). Congenital syndromes 

associated with pectus carinatum include 

osteogenesis imperfecta, mucopolysaccharidosis 

(especially in cats), spondyloepiphyseal 

dysplasia congenital, foetal alcohol syndrome 

and homocystinuria (Taybi and Lachman, 

1990; Reeder and Bradley, 1993; Farrow, 

1996).  

Various parameters to measure the severity of 

pectus defects have been proposed for human 

cases using plain radiography, computed 

tomography, pulmonary function tests, and 

cardiac investigations (Kaguraoka et al., 1992; 

Shields, 1994; Donnelly et al., 2000; 

Fonkalsrud et al., 2000; Hebra et al., 2000). 

Different thoracic cage indices have been 

reported in some exotic companion animals 

and a few wild lives (Fossum et al., 1989; 

Linklater and Smith, 1997; Gulanber et al., 

2005; Gardner et al., 2007). Unfortunately, 

there is a dearth of published documents on the 

methods used for thoracic cage appraisal in the 

Nigerian Indigenous Dog (NID). The aim of 

the present study was to determine 

measurement indices for the evaluation of 

thoracic size in the NID. 

 

MATERIALS AND METHODS 
 

Procurement of Nigerian Indigenous Dogs 

and Acclimatization 
 

The study adopted prospective cross-sectional 

radiologic design using thirty Nigerian 

Indigenous Dogs of equal sexes, procured from 

breeders in the neighbourhood by non-

probability convenience sampling method. The 

dogs consisted of adult dogs (≥12 months old) 

and puppies (˂12 months old) (Blood & 

Studdert, 2005). The animals were kept in 

separate kennels and acclimatized for a month. 

The dogs were generally examined and 

screened for diseases. Results of vital 

parameters (heart rate, rectal temperature, 
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respiratory rate, and pulse rate), serum 

biochemistry, and haematological analyses of the 

dogs were within the normal values reported for 

the NID (Atata et al., 2018). None of the dogs 

manifested any clinical sign of cardiovascular or 

pulmonary disease. Therefore, the animals were 

adjudged healthy and appropriate for the present 

research (Ukaha et al., 2022). The dogs were 

identified with neck tags numbered 1-30. 

 

Ethical Approval 
 

The housing, feeding and management procedures 

adopted while acclimatizing the dogs used in the 

present work were in tandem with the ethical 

standards of Research Ethical Committee 

(Approval No: MOUAU/CVM/REC/202124) of 

the College of Veterinary Medicine, Michael 

Okpara University of Agriculture, Umudike, 

Nigeria; the management procedures were also 

based on the Helsinki Declaration of 1975 revised 

in 2000. 

 

Animal Restraint and Radiographic 

Procedures 
 

The study NIDs were restrained for radiography 

with xylazine hydrochloride (XYL–M2®, VMD, 

Belgium) at 2.0mg/kg i.m and ketamine 

hydrochloride (Ketanir®, Aculife Healthcare, 

India) injected i.m. at 10mg/kg. The x-ray 

machine used to obtain all the radiographs was 

mobile Dynamax 40 (GEC Medical Equipment 

Group Ltd, England), with the focus-film-distance 

set at 90 cm and the object-film-distance at 0 cm 

for all the exposures. Other exposure factors used 

(namely, kilovoltage and milliamperage-second) 

were different depending on the thoracic 

thicknesses of individual dogs. A viewing box, x-

ray films (Begood®, China), cassettes and screens 

(NACAL Medical, England), processing 

chemicals (developer and fixer powders) 

(Begood®, China), standard metre rule, a pair of 

 

calipers and a weighing scale were also used. 

Ninety radiographs consisting of dorsoventral 

(DV), right lateral (RtL) and left lateral (LeL) 

views of the thirty dogs were obtained at peak 

of inspiration. The entire thorax (from a few 

centimetres cranial to the first rib to a point just 

caudal to the first lumbar vertebra) was 

exposed in each projection with the photon 

being centred at the most prominent parts of the 

scapulae for DV views and at the midpoint of 

the 4th intercostal space for the lateral 

radiographs (Douglas et al., 1987; Ukaha et al., 

2018). Exposed films were processed manually 

and stored in labelled envelopes.  With the use 

of a viewing box, the study radiographs were 

examined. The relevant parameters were 

measured with a meter rule in centimetres and 

recorded.  

 

Data Collection and Determination of 

Indices   
 

In the RtL and LeL views, measurements 

recorded were sternovertebral distance (SV), 

taken between the ventral border of T10 and 

the dorsal border of the xyphoid cartilage (XC) 

(Kilda et al., 2007; Rebeis et al., 2007); and 

vertebral sagittal diameter of T10 measured 

along SV (VD) (Plate 1 a). In each DV view 

(Plate 1 c), the parameter recorded was the 

costo-costal (latero-lateral) distance (CC), 

measured between the inner surfaces of the 

costal cage through the midpoint of the tenth 

thoracic vertebra (T10). The recorded 

parameters were used to determine radiologic 

indices for the NID as follows: 

a) The vertebral index (VI) was calculated 

with the formula VI = VD ÷ (SV+VD), or 

the ratio of tenth vertebral diameter (VD) to 

sum of the sternovertebral distance (SV) 

and the VD measured in line with SV.  

b) The frontosagittal index (FSI) was 
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determined using, FSI = CC/SV (i.e. costocostal 

distance-to-sternovertebral distance ratio), and c) 

The Haller index (HI) obtained using the 

relationship, HI = SV/CC (i.e. sternovertebral 

distance-to-costocostal distance ratio) (Haller et 

al., 1987; Kilda et al., 2007; Khanna, 2010; 

Poston, 2015) 

    

Data Analyses 
 

Obtained data, expressed in descriptive statistics, 

were presented in plates and tables. Results in the 

tables are presented as Means ± standard errors of 

means (SEM). Mean value differences (TABLES 

II a - V) obtained in the dorsoventral DV versus 

right lateral projections, and right lateral RtL 

versus left lateral LeL views of the sexes and ages 

were subjected to student’s t-test using SPSS 

version 22 for windows. The mean, range, 

standard error of mean, and variance, were 

calculated for each sex, age bracket separately, 

and for all the dogs pooled. A probability value 

less than, or equal to, five percent (P ≤0.05) was 

 

TABLE I: Sex and age distributions of the dogs used for the study on Radiologic Evaluation of 

Thoracic Size in the Nigerian Indigenous Dog by Vertebral, Haller and Frontosagittal Indices. 

 

 Sex  

Age  Male Female Total 

Adult (≥ 12 months) 11  9 20 

Puppy (˂ 12 months)  4  6 10 

Total 15 15 30 

 

 

considered statistically significant. 

 

RESULTS  

 

Demography of the NID 
 

Thirty dogs of the Nigerian indigenous breed 

(comprising fifteen males and fifteen females) 

were made up of 20 adult dogs (66.7%) and 10 

puppies (33.3%). Body weights of the research 

dogs ranged from 4.0 to 15.6 kg (mean: 

8.19±2.45). Adult dogs had an average weight 

of 9.65±1.93 (range: 8.3 – 15.6 kg), while 

puppies weighed 5.76±0.93 on the average 

(range: 4.0 – 7.2 kg). As shown in Table 1, out 

of the 20 adult dogs evaluated, 11 (55%) were 

males while 9 (45%) were females. On the 

other hand, 4 (40%) of the puppies were males 

and 6 (60%) females. 
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A 
PLATE 1: Thoracic radiographs of healthy 

Nigerian Indigenous Dog showing 

measurements taken for thoracic evaluation: 

(a) Right lateral thoracic radiograph, (b) 

Annotated diagram of the right lateral 

thoracic radiograph, and (c) Dorsoventral 

thoracic projection. 

 

Legends: VD, sagittal vertebral diameter = 

measured from the dorsal to ventral borders of 

the vertebra. T10 = tenth thoracic vertebra. XC 

= xiphoid cartilage. SV, sternovertebral 

distance = measured distance in line with VD 

from the ventral border of the tenth thoracic 

vertebra to the dorsal surface of the xiphoid 

cartilage. CC = costocostal distance, measured 

at the midpoint of the tenth thoracic vertebra 

(T10).  

Vertebral indices (VI) in right lateral (RtL) and 

left lateral (LeL) thoracic radiographs.  

In TABLE II (a), the right lateral (RtL) mean 

vertebral diameter VD (1.06±0.02) and mean 

sternovertebral distance SV (9.93±0.23) are 

both varied with their respective mean values 

(1.05±0.02 and 9.96±0.24) in the left lateral 

(LeL) projections. However, there is no 

significant difference between the RtL and LeL 

mean vertebral indices (P≥0.05). There are also 

dimensional mean differences in the measured 

VD and SV parameters between RtL and LeL 

views of the male and female dogs, as seen in 

TABLE II (b); but there is no statistical 

difference between any two of the sex VI 

indices (0.10±0.01 and 0.09±0.00; 0.10±0.00 

and 0.10±0.00) obtained (P≥0.05). In TABLE 

II (c), the mean differences between RtL and 

LeL VI values of adult dogs and puppies 

(0.09±0.01 and 0.09±0.00; 0.10±0.01 and  

 

  
 

A 

B 

C 
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0.10±0.01) are not significant (P≥0.05). 

 

TABLE II (a): Vertebral indices (VI) in right lateral (RtL) and left lateral (LeL) thoracic radiographs of 

the Nigerian Indigenous Dog; measurements in cm. VI = VD/(SV+VD). 

 

Vertebral indices Right lateral views Left lateral views 

VD 1.06±0.02  1.05±0.02 

SV 9.93±0.23 9.96±0.24 

VI 0.10±0.00 0.10±0.00 

Index means are not significantly different from each other (P≥0.05). 

 

 

 

TABLE II (b): Sex differences in vertebral indices in right lateral and left lateral thoracic radiographs 

of Nigerian Indigenous Dogs; measurements in cm. VI = VD/(SV+VD). 

 

VI RtL (Females) LeL (Females) RtL views (Males) LeL (Males) 

VD 1.07±0.03 1.05±0.03 1.05±0.04 1.04±0.03 

SV 10.03±0.26 10.10±0.32 9.84±0.37 9.81±0.37 

VI 0.10±0.01 0.09±0.00 0.10±0.00 0.10±0.00 

Index means are not significantly different from each other (P≥0.05). 

 

 

 

TABLE II (c): Age differences in vertebral indices in right lateral and left lateral thoracic radiographs 

of the Nigerian Indigenous Dog; measurements in cm. VI = VD/(SV+VD). 

 

VI RtL (Adult dogs) LeL (Adult dogs) RtL (Puppies) LeL (Puppies) 

VD 1.09±0.02 1.09±0.02 0.99±0.12 0.96±0.11 

SV 10.50±0.16 10.51±0.20 8.80±1.03 8.85±1.04 

VI 0.09±0.01 0.09±0.00 0.10±0.01 0.10±0.01 

Index means are not significantly different from each other (P≥0.05). 
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Haller index (HI) in dorsoventral (DV) versus right lateral (RtL) thoracic radiographs In TABLE III (a), 

the mean costo-costal distance (CC) in dorsoventral (DV) views is greater than the mean sterno-vertebral 

distance (SV) in right lateral thoracic (RtL) views. The Haller index (HI) obtained is 0.95±0.01. 

In TABLE III (b), the HI mean obtained in female radiographs is less than the mean value calculated for 

the males, but the mean indices (0.93±0.01 and 0.96±0.01) are not significantly different from each other 

(P≥0.05). 

As shown in TABLE III (c), we also see mean HI values (0.95±0.01 and 0.94±0.01) not significantly 

different between adult dogs and puppies. 

 

TABLE III (a): Haller index obtained in dorsoventral versus right lateral thoracic radiographs of Nigerian 

Indigenous Dogs; measurements in cm. HI=SV/CC. 

  
SV in RtL view CC in DV view      HI 

Haller index  12.53±0.26 13.22±0.28 0.95±0.01 

 

 

 

TABLE III (b): Haller indices in dorsoventral versus right lateral thoracic radiographs of male and female 

Nigerian Indigenous Dogs; measurements in cm. HI=SV/CC. 

 

Haller index HI in Females HI in Males 

SV (RtL) 12.62±0.36 12.43±0.38 

CC (DV) 13.51±0.42 12.93±0.37 

HI 0.93±0.01 0.96±0.01 

Index means are not significantly different from each other (P≥0.05). 

 

 

 

TABLE III (c): Age differences in Haller index in dorsoventral versus right lateral thoracic radiographs of 

Nigerian Indigenous Dogs; measurements in cm. HI=SV/CC. 

 

Haller index HI in Adult dogs HI in Puppies 

SV in RtL 13.14±0.26 11.31±0.31 

CC in DV 13.80±0.32 12.06±0.32 

HI 0.95±0.01 0.94±0.01 

Index means are not significantly different from each other (P≥0.05). 
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Frontosagittal indices (FSI) in dorsoventral (DV) versus right lateral (RtL) thoracic radiographs. The 

mean fronto-sagittal index FSI (1.05±0.01) of the Nigerian Indigenous Dog is shown in TABLE IV (a), 

with the mean costo-costal distance CC (13.22±0.28) in dorsoventral (DV) views slightly greater than 

the mean sterno-vertebral distance SV (12.53±0.26) in right lateral thoracic (RtL) views. 

Female mean FSI (1.06±0.01) is greater than male FSI mean value (1.04±0.01) (TABLE IV b), but the 

sex mean indices are not significantly different from each other (P≥0.05). 

Puppy FSI mean value (1.06±0.01), as shown in TABLE IV (c), is greater than the mean value 

determined for adult dogs (1.05±0.01). However, the mean indices are not significantly different from 

each other (P≥0.05). 

 

TABLE IV (a): Frontosagittal indices in dorsoventral versus right lateral thoracic radiographs of 

Nigerian Indigenous Dogs; measurements in cm. FSI= CC/SV. 

 

Frontosagittal Index CC in DV views  SV in RtL views       FSI  

Parameters    13.22±0.28    12.53±0.26 1.05±0.01 

Index means are not significantly different from each other (P≥0.05). 

 

 

 

TABLE IV (b): Frontosagittal indices in dorsoventral versus right lateral thoracic radiographs of male 

and female Nigerian Indigenous Dogs; FSI = CC/SV. 

 

FSI Indices   Females    Males 

CC in DV views  13.51±0.42 12.93±0.37 

SV in RtL views  12.62±0.36 12.43±0.38 

FSI 1.06±0.01 1.04±0.01 

Index means are not significantly different from each other (P≥0.05). 

 

 

 

TABLE IV (c): Age differences in frontosagittal indices in dorsoventral versus right lateral thoracic 

radiographs of Nigerian Indigenous Dogs; measurements in cm. FSI = CC/SV. 

 

FSI Indices Age difference in FSI (Adult dogs) Age difference in FSI (Puppies) 

CC (DV) 13.80±0.32 12.06±0.32 

SV (RtL) 13.14±0.26 11.31±0.21 

FSI 1.05±0.01 1.06±0.02 

Index means are not significantly different from each other (P≥0.05). 
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TABLE V: Summary of index results obtained for the Nigerian Indigenous Dog 

 

TABLE V shows the pooled index means, ranges, sex and age mean differences of the vertebral index 

(VI), Haller index (HI) and fronto-sagittal index (FSI).  n = number of radiographs studied; Var = 

variance 

 

 VI (RtL/LeL) 

(Range) 

HI (DV versus RtL) 

 (range) 

FSI (DV versus RtL) 

 (range) 

Male 

(n = 15) 

0.10±0.01/0.09±0.00 

(0.08-0.12/0.08-0.10) 

0.96±0.02 

(0.92 – 0.99) 

1.04±0.03 

(1.01 – 1.09) 

Female 

(n = 15) 

0.10±0.00/0.10±0.01 

(0.09-0.11/0.09-0.10) 

0.93±0.04 

(0.84 – 0.98) 

1.06±0.05 

(1.02 – 1.19) 

Adult 

(n = 20) 

0.09±0.01/0.09±0.00 

(0.08-0.10/0.08-0.10) 

0.95±0.03 

(0.88 – 0.99) 

1.05±0.04 

(1.01 – 1.13) 

Puppy 

(n = 10) 

0.10±0.01/0.10±0.01 

(0.09-0.12/0.09-0.10) 

0.94±0.04 

(0.84 – 0.98) 

1.06±0.05 

(1.02 – 1.19) 

Pooled 

(n = 30) 

0.10±0.00/0.10±0.00 

(0.08-0.12/0.08-0.10) 

0.95±0.04 

(0.84 – 0.99) 

1.05±0.04 

(1.01 – 1.19) 

Pooled Var 0.000007/0.000004 0.001439 0.001793 

The mean VI, FSI, and HI values were not significantly different between sexes and ages (p≥0.05).  

 

DISCUSSION  

 

The thirty Nigerian Indigenous Dogs used for the 

radiologic research were made up of fifteen male 

and fifteen female dogs distributed into two age 

brackets: (a) adult dogs, numbering twenty and 

(b) puppies, consisting of ten animals (TABLE I).  

Mean vertebral indices (VI) obtained in both the 

RtL and LeL thoracic radiographs of the NID 

ranged from 0.08 to 0.12 and 0.08 to 0.10 with 

0.10±0.00 and 0.10±0.00 being their respective 

means (TABLE II a). These indices did compare 

very well with 0.10±0.01, the result established 

for the rabbit (Oryctolagus cuniculus) in a 

previous investigation by Ukaha et al. (2018). 

However, the pooled samples VI means (and 

adult and puppy mean values) determined in this 

work diverged widely from earlier findings of  

7.32±0.15 in puppies by Nnaji et al. (2010). In 

the West African Dwarf Goat, Nnaji et al. 

(2014) also reported unalike mean VI results of 

13.11±0.34 and 13.00±0.79 for female and 

male goats, respectively. These variations were 

probably due to methodological or procedural 

differences. In the present investigation, we 

adopted the approach, VD/(SV+VD), 

developed by the pioneer workers (Donnelly et 

al., 2000). However, the present VI means did 

not line up very well with the results, 0.26 and 

0.25, published by Donnelly et al. (2000) and 

Croitoru et al. (2002), which have successfully 

been utilized in the pre- and post-surgical 

evaluation of children and other patients with 

thoracic wall malformation. Neither the 

Croitoru nor Donnelly collaborators recorded 

any sex difference in their reports just like our  
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own findings. Pectus carinatum (a congenital 

deformity in which the sternum bulges 

caudoventrally and protrudes) and lordosis 

(downward curvature of lumbar spine) are the 

causes of less than normal VI values while pectus 

excavatum (a congenital deformity in which the 

sternum and caudal ribs are concave and 

depressed towards the spine reducing thoracic 

cavity space) and kyphosis (abnormally increased 

convexity in thoracic spine curvature as seen in 

lateral views) will result in VI values greater than 

normal (Farrow, 1996; Linklater and Smith, 1996; 

Blood et al., 2008). Ankylosing spondylosis 

(spondylosis deformans) is another condition in 

which VI appraisal may be indicated. The 

exostosis that develop on the ventral and lateral 

aspects of the vertebral bodies, mostly reported on 

the caudal end of thoracic vertebrae and the 

cranial end of lumbar vertebrae (especially in 

middle-aged male dogs) usually result in abnormal 

increase in vertebral diameter (Walker, 1986; 

Wright, 1982). Haller index (HI) is a ratio 

measured from an axial computed tomographic 

(CT) scan and used to describe the internal 

dimensions of the thoracic cage. It was established 

in human chest sections first by Haller et al. 

(1987) and later applied by Daunt et al. (2004) 

and Archer et al. (2016) as a mathematical 

relationship between the transverse thoracic 

diameter of the inner ribcage surfaces and the 

anteroposterior (sternovertebral) distance of the 

chest. However, recent studies have shown that 

thoracic radiographs are equally as effective as CT 

scans in the determination of the Haller index 

thereby recommending replacing CT scans with 

radiography to eliminate radiation exposure issues 

(associated CT scanning) except in complex cases 

of ribcage deformities (Khanna, 2010; Poston, 

2015). In a retrospective study of 154 human 

patients who underwent a surgery for pectus 

excavatum deformity, the mean preoperative. 

Haller indices obtained in thoracic radiographs 

and CT scans were 3.82±1.17 (range, 2.0-10.2) 

and 4.61±1.58 (range, 2.6-11.9), respectively, 

and the correlation coefficient between the two 

parameters was 0.757 (Wu et al., 2013). 

However, the normal Haller index in man in 

the original paper was 2.56. In this present 

research, the mean HI was 0.95±0.04 

(TABLES 3 a - c). This result is not 

comparable with the finding in man due to the 

flatness of the human chest compared with the 

barrel shape of the canine thoracic cage. 

Literature is devoid of any report on HI in 

animals, and the present inquiry may be the 

first time the index was established in a non-

human species. Thoracic wall anatomic 

anomalies such as pectus deformities can cause 

the sternum to invert (excavatum) or evert 

(carinatum), thus increasing or decreasing the 

index to abnormal values. HI is a descriptive 

and decision making tool for the management 

of pectus deformation. Frontosagittal index 

(FSI) is the ratio of the thoracic width at the 

10th thoracic vertebra (T10) on DV radiographs 

and the distance from the ventral surface of 

T10 to the nearest point on the sternum in RtL 

projections. Range of the FSI established in 

this work was 1.01 – 1.19 with a mean of 

1.06±0.01 (TABLES 4 a - c), comparable with 

the reference values (1.0 to 1.5) reported for 

brachycephalic dogs (Fossum, 2012). There 

was no significant mean difference between 

sexes and ages.  The results compared to some 

favourable extent with previously published 

mean FSI values of 1.34±0.09 (range: 1.23 - 

1.48) by Nnaji et al. (2010), which was also 

within the brachycephalic reference range. 

Nnaji and his team worked with 12 (7 male and 

5 female) puppies aged 6-20 weeks. The puppy 

mean FSI, 1.06±0.01, determined in this work 

varies a little from the result obtained by Nnaji 
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and his collaborators, probably due to procedural 

differences between the two studies. Diagnosis of 

pectus excavatum is usually straightforward based 

on clinical manifestations and radiological 

findings. Objective evaluation is used to grade the 

degree of the deformity by calculating the FSI and 

VI indices and the condition is mostly observed in 

the caudal part of the sternum evidenced by the 

reports of several investigators including Fossum 

(2012), Cho et al. (2012), and Hassan et al. 

(2018). 

CONCLUSION 

The three indices studied are used in both medical 

and veterinary sciences for diagnostic purposes 

(Haller et al., 1987; Kilda et al., 2007; Khanna, 

2010; Poston, 2015). The results in the present 

investigation are reference values determined for 

the first time in the Nigerian Indigenous Dog. 

Therefore, the authors recommend that the 

reference indices be applied by veterinarians in 

small animal clinical practice for the radiologic 

evaluation of the thoracic size in the Nigerian 

Indigenous Dog. Similar investigations to the 

present work in other dog breeds, for comparative 

purposes, need to be conducted. 
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