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Abstract 

 

The purpose of this study was to identify the effect of age on the ratio of pulp 

cavity/tooth width (P/T ratio) in healthy cats. The dental radiographs of 32 cats (16 

males, 16 females) were generated with a digital dental X-ray unit under general 

anesthesia. Standardized measurement of the canine teeth was achieved by drawing a 

line on the radiograph perpendicular to the cemento-enamel junction (CEJ) of the tooth. 
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There was an inversely proportional correlation between the chronological age and the 

P/T ratio. Moreover, a strong squared Pearson correlation (γ
2 
= 0.92) was revealed in 

the curved regression model. In terms of the cats’ sex and breeds, no significant 

difference in the P/T ratio was found. These results suggest that determination of age 

by P/T ratio could be clinically useful in estimating the chronological age of unknown-

aged cats. 
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I. Introduction 

 

Dental age estimation has been useful in human forensic medicine and wildlife 

animal research. Age estimation is an important aspect of the postmortem examination 

and it has been used in human forensic medicine to determine the age of humans who 

were killed during large scale disasters. Hard tissue, such as teeth and bones is 

preserved for a long time after the decay of soft tissue and it is utilized as useful 

evidence for personal identification (Sakuma et al., 2013). The pulp cavity volume of 

teeth is gradually decreased with advancing years and this is known to be associated 

with the aging deposition of dentin (Star et al., 2011). In veterinary medicine, the 

studies related to unknown-aged wildlife (grey foxes, coyotes, moose, and other 

species) have investigated the correlation between chronological age and teeth 

(Knowlton and Whittemore, 2001; Linhart and Knowlton, 1967; Sergeant and Pimlott, 

1959; Tumlison and McDaniel, 1984). However, few studies have investigated 

domestic cats. The chronological age of abandoned cats is commonly unidentified. 

Therefore, it is not possible for some cat owners to know the chronological age of the 

abandoned cats they have adopted. 

The dental age estimation method is beneficial because teeth are highly resistant to 
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mechanical, chemical, or physical impacts (Bass, 1979; Kringsholm et al., 2001; Liang 

et al., 2009; Thevissen et al., 2006). Teeth are less affected by hormones, nutrition and 

environmental factors as compared to other skeletal markers (Saunders et al., 1993). 

Although many methods have been evaluated, dental radiography has been generally 

used to analyze changes in the size of the pulp cavity in human forensic medicine and 

wildlife animal research (Kershaw et al., 2005; Knowlton and Whittemore, 2001; 

Kvaal et al., 1995; Tumlison and McDaniel, 1984). The dental radiograph method is 

simple, non-invasive, and suitable for age estimation (Karkhanis et al. 2013). 

The purpose of this study was to evaluate the correlation of age and pulp 

cavity/tooth width in healthy cats. Additionally, the correlation between P/T ratio and 

sex and breeds was evaluated. 
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II. Materials and Methods 

 

1. Animals 

Thirty-two clinically healthy, client-owned cats (16 males, 16 females) were 

evaluated in this study. The age of all the cats was known and the age range was 6 to 

108 months. The clients volunteered for this clinical study and signed a consent form 

were evaluated. The breeds of the participating cats were: Domestic Short Hair (DSH) 

(n=17), Persian (n=9), Turkish Angora (n=4), and Siamese (n=2). All the cats 

underwent physical examination and blood testing to rule out any systemic disease. 

Cats that had received dental treatment in the past were excluded from this study. 

The entire sample (n=32) was used to evaluate the correlation of age and pulp 

cavity/tooth width in healthy cats. However, to study P/T ratio based on sex and breeds, 

the sample list was reclassified according to the subgroup of age. The following 18 cats 

were selected and evaluated based on their sex (9 males, 9 females) and breeds (9 DSH, 

9 Persian). The each subgroup (n=9) was devided as like less than 1 year old group 

(n=2), 1~3 year old group (n=4), 3~6 year old group (n=3). To reducing the statistical 

error, the breeds that were deficient in number (Turkish Angora and Siamese cats) were 

excluded from the corresponding investigation (Table 1). 
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Table 1. Distribution of data (sex and breeds) and subgroup according to age 

Breeds Sex 
Age group (years) 

Total 
< 1 1-3 3-6 > 6 Subtotal 

DSH 
M 1 3 2 2 8 

17 
F 2 4 2 1 9 

Persian 
M 2 2 1  5 

9 
F  2 2  4 

Turkish 

Angora 

M   2  2 
4 

F  1 1  2 

Siam 
M   1  1 

2 
F    1 1 

Total 5 12 11 4  32 

*DSH : Domestic Shorthair, M : Male, F : Female 
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2. Anesthesia 

All the cats were anesthetized with medetomidine hydrochloride (Domitor
®
; Orion 

Pharma, Espoo, Finland, 40 ㎍/kg, IM) and tiletamine-zolazepam (Zoletil
®
; Virbac 

Laboratories, Carros, France, 5mg/kg, IM). A half-dose of tiletamine-zolazepam was 

additionally administrated when the symptoms of waking from anesthesia were 

identified. 

 

3.  Radiography 

The cats were positioned in sternal recumbency for radiography of the maxillary 

canine teeth. The maxillary canine teeth were chosen because of convenience of 

application and obdurability by deep roots in comparison with other teeth. The digital 

sensor pad was inserted into the mouth to obtain a rostral maxillary view. The sensor 

pad was placed between the tongue and the maxilla and beneath the canine tooth root. 

The cat’s head was adjusted so that the digital sensor pad can be level with the position 

indicating device (PID). The PID was positioned perpendicular to the bisecting angle 

(sensor and long axis of the tooth) and placed as close as possible to the cat’s maxilla, 

and over the nose (Lommer et al., 2000). All dental radiographic images were 

generated with a digital dental X-ray unit (Dentix
®
, Ardet Buccinasco, Italy). The 

standard exposure setting was 8 mA at 60 kVp for 0.1 sec, and the setting of kVp was 
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slightly adjusted according to the radiographic outcome (Fig. 1). 

 

 

Fig. 1. Occlusal view of the maxillary canine teeth in the cat (BSA : bisecting angle). 
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4.  Measurements 

The radiographic images were converted into JPEG files and processed using the 

Adobe Photoshop CS6 image editing software program (Adobe Systems Incorporated, 

San Jose, CA, USA). Standardized measurement of the canine teeth was achieved by 

drawing a line on the radiograph perpendicular to the cemento-enamel junction (CEJ) 

of the tooth (Fig. 2). The program automatically calculated the pixel volume of the 

pulp cavity and the tooth width using a ruler tool. 

Each image file was numbered consecutively from 1 to 32 as part of a blind setup. 

While analyzing the radiographs, the investigator did not know about the chronological 

age of the cats. To test the reproducibility, all measurements were performed by the 

same experienced investigator and re-examined after an interval of two weeks. 
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Fig. 2. Pulp cavity (A) and tooth width (B). Standardized measurement of the canines 

was achieved by drawing a line on the radiograph perpendicular to the cemento-enamel 

junction (CEJ) of the tooth. 
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9.  Statistical Analysis 

Statistical analysis was performed using SPSS Statistics 21.0 software (SPSS, Inc., 

Chicago, IL, USA). To quantify the proportion of variance explained in age by the pulp 

cavity/tooth width ratio, squared Pearson correlation coefficients were calculated. 

Linear and curved regression analyses were utilized to determine a correlation between 

age and P/T ratio. The best fit regression equation was determined by calculating the 

correlation coefficient (γ
2
). The Mann-Whitney test was used to compare the mean 

values of the P/T ratio between the male and female cats. The same statistical method 

was used to compare the mean values of P/T ratio between two breeds (DSH and 

Persian cats). A P-value less than 0.05 was considered to be statistically significant. 
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III. Results 

 

1.  Reduction in the P/T ratio associated with increasing age 

The P/T ratio associated with aging was shown to have a marked reduction. The P/T 

ratio was 0.56, 0.27, 0.18, and 0.15 for the cats aged 6 months, 12 months, 32 months, 

and 60 months, respectively. The calculated P/T ratio of the entire sample ranged from 

0.13 to 0.56, with a mean (± SD) value of 0.21 ± 0.11 and a median of 0.18 (Fig. 3).  
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Fig. 3.  Radiographic images of feline canine teeth. Marked reduction in the pulp 

cavity (white line)/tooth width (black line) ratio associated with increasing age (A: 6 

months old; B: 12 months old; C: 32 months old; D: 60 months old). 
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2.  Correlation between the chronological age and the P/T ratio 

There was good correlation between age and P/T ratio (linear regression model: y = 

0.294 – 0.002x, γ
2 

= 34; curved regression model: y = 0.094 + 2.463/x, γ
2 

= 92, p < 

0.01, x: month, y: P/T ratio). An inversely proportional correlation was observed in the 

plot. The curved regression model was definitely more suitable than the linear 

regression model in this study (Fig. 4). 

 

Fig. 4. Plot between chronological age and pulp cavity/tooth width ratio (P/T 

ratio). 
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3.  Comparison of P/T ration between males and females 

The mean value (± SD) for the male cats was 0.40 ± 0.19 (less than 1 year old 

group), 0.19 ± 0.03 (1~3 year old group), and 0.15 ± 0.02 (3~6 year old group). The 

mean value (± SD) for the female cats was 0.42 ± 0.21 (less than 1 year old group), 

0.20 ± 0.02 (1~3 year old group), and 0.15 ± 0.03 (3~6 year old group). The value of 

entire sample (n=9) was 0.22 ± 0.12 in males and 0.23 ± 0.13 in the females, 

respectively. The differences between the males and females were not statistically 

significant (p = 0.66, Fig. 5). 

 

Fig. 5. Mean value of P/T ratio between males and females. Subgroup of age (A) and 

entire sample (B). 
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4. Comparison of P/T ration between the DSH and Persian cats  

In terms of breeds, the mean value (± SD) of the DSH cats was 0.41 ± 0.21 (less 

than 1 year old group), 0.21 ± 0.03 (1~3 year old group), 0.16 ± 0.04 (3~6 year old 

group). The mean value (± SD) for Persian cats was 0.40 ± 0.19 (less than 1 year old 

group), 0.21 ± 0.03 (1~3 year old group), and 0.15 ± 0.01 (3~6 year old group). The 

value of entire sample (n=9) was 0.24 ± 0.13 (DSH) and 0.23 ± 0.13 (Persian), 

respectively. The differences between the DSH and Persian cats were not statistically 

significant (p = 0.80, Fig. 6). 

 

Fig. 6. Mean value of P/T ratio between the DSH and Persian cats. Subgroup by age 

(A) and entire sample (B). 
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IV. Discussion 

 

In this study, the pulp cavity volume measured with maxillary canine teeth was 

evaluated to estimate the chronological age of cats. The change of pulp cavity volume 

is associated with secondary dentin deposition. Secondary dentin deposition is a 

normal morphological alteration of aging (Star et al., 2011). The formation of 

secondary dentin may be caused by the following impacts: attrition, abrasion, erosion, 

change in osmotic pressure throughout the pulp cavity, or aging (Philippas, 1961; 

Solheim, 1992). Among these, aging is the main reason for secondary dentin deposition 

in intact teeth. As a result, the volume of the pulp cavity progressively decreased. 

Therefore, the volume reduction of the pulp cavity in intact teeth can be recognized as 

a dental age predictor (Star et al., 2011). 

In human forensic medicine, many studies have reported on the correlation between 

age and P/T ratio by radiograph. Furthermore, three-dimensional analysis using 

computed tomography has been used in recent years (Sakuma et al., 2013; Star et al., 

2011). Overall, the result of regression analysis in humans indicated a general inverse 

relationship that was similar to the findings in this study. However, there are slight 

differences between humans and other animals, including cats. In humans, a rapid 
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reduction in the P/T ratio during the juvenile period was not revealed (Cameriere et al., 

2012; Karkhanis et al., 2013; Sakuma et al., 2013; Star et al., 2011). However, the 

previous study in coyotes indicated a rapid reduction in the P/T ratio during the first 

year of life, with a marked reduction as the years go by (Knowlton and Whittemore, 

2001). These features were also satisfied equally in this study. The supposed reason for 

these features is that humans and animals have a different whole-body growth rate 

during their respective juvenile periods. 

In cats, the difference between males and females was not a dominant affecting 

factor, and this finding is similar to the findings in studies on humans and other 

animals (Cameriere et al., 2012; Knowlton and Whittemore, 2001; Sakuma et al., 2013; 

Star et al., 2011). Moreover, the differences between breeds (DSH and Persian cats) 

were not found to be dominant affecting factor in cats. 

Further studies about more diverse types of teeth (incisors, canines, premolars) were 

evaluated in previous studies. There were slight difference in the correlation 

coefficients among the different types of teeth, but the overall relation between age and 

P/T ratio was not found to be widely different (Karkhanis et al., 2013; Knowlton and 

Whittemore, 2001; Star et al., 2011). In this study, other types of teeth (incisors, 

premolars) were not evaluated, so a comparison between cats and other animals was 
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not investigated. 

In summary, our findings demonstrated that P/T ratio has a good correlation with age. 

Based on the results of our study, determination of age by P/T ratio could be clinically 

useful in estimating the chronological age of unknown-aged cats. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 - 18 - 

V. References 

 

Bass WM., 1979. Developments in the identification of human skeletal material (1968–

1978). Am J Phys Anthrop, 51, 555-562. 

 

Cameriere R, De Luca S, Aleman I, Ferrante L, Cingolani M., 2012. Age estimation by 

pulp/tooth ratio in lower premolars by orthopantomography. Forensic Sci Int, 214, 105-

112. 

 

Karkhanis S, Mack P, Franklin D., 2013. Age estimation standards for a Western 

Australian population using the coronal pulp cavity index. Forensic Sci Int, 231, 412 

e411-416. 

 

Kershaw K, Allen L, Lisle A, Withers K., 2005. Determining the age of adult wild dogs 

(Canis lupus dingo, C. l. domesticus and their hybrids). I. Pulp cavity : tooth width 

ratios. Wildlife Res, 32, 581-585. 

 

Knowlton FF, Whittemore SL., 2001. Pulp cavity-tooth width ratios from known-age 

and wild-caught coyotes determined by radiography. Wildlife Soc B, 239-244. 

 

Kringsholm B, Jakobsen J, Sejrsen B, Gregersen M., 2001. Unidentified bodies/skulls 

found in Danish waters in the period 1992–1996. Forensic Sci Int, 123, 150-158. 

 



 - 19 - 

Kvaal SI, Kolltveit KM, Thomsen IO, Solheim T., 1995. Age estimation of adults from 

dental radiographs. Forensic Sci Int, 74, 175-185. 

 

Liang X-H, Tang Y-L, Luo E, Zhu G-Q, Zhou H, Hu J, Tang X-F, Wang X-Y., 2009. 

Maxillofacial Injuries Caused by the 2008 Wenchuan Earthquake in China. J Oral 

Maxillofac Surg, 67, 1442-1445. 

 

Linhart SB, Knowlton FF., 1967. Determining Age of Coyotes by Tooth Cementum 

Layers. J Wild Manage, 31, 362-365. 

 

Lommer MJ, Verstraete FJ, Terpak CH., 2000. Dental radiographic technique in cats. 

Compend Contin Educ Pract Vet, 22, 107-117. 

 

Philippas GG., 1961. Influence of occlusal wear and age on formation of dentin and 

size of pulp chamber. J Dent Res, 40, 1186-1198. 

 

Sakuma A, Saitoh H, Suzuki Y, Makino Y, Inokuchi G, Hayakawa M, Yajima D, Iwase 

H., 2013. Age Estimation Based on Pulp Cavity to Tooth Volume Ratio Using 

Postmortem Computed Tomography Images. J Forensic Sci. Epub ahead of print. doi: 

10.1111/1556-4029.12175 

 

Saunders S, DeVito C, Herring A, Southern R, Hoppa R., 1993. Accuracy tests of tooth 

formation age estimations for human skeletal remains. Am J Phys Anthropol, 92, 173-



 - 20 - 

188. 

 

Sergeant DE, Pimlott DH., 1959. Age Determination in Moose from Sectioned Incisor 

Teeth. J Wild Manage, 23, 315-321. 

 

Solheim T., 1992. Amount of secondary dentin as an indicator of age. Eur J Oral Sci, 

100, 193-199. 

 

Star H, Thevissen P, Jacobs R, Fieuws S, Solheim T, Willems G., 2011. Human dental 

age estimation by calculation of pulp-tooth volume ratios yielded on clinically acquired 

cone beam computed tomography images of monoradicular teeth. J Forensic Sci, 56, 

77-82. 

 

Thevissen PW, Poelman G, De Cooman M, Puers R, Willems G., 2006. Implantation of 

an RFID-tag into human molars to reduce hard forensic identification labor. Part 2: 

Physical properties. Forensic Sci Int, 159, 40-46. 

 

Tumlison R, McDaniel VR., 1984. Gray Fox Age Classification by Canine Tooth Pulp 

Cavity Radiographs. J Wild Manage, 48, 228-230. 

 

 

 

 



 - 21 - 

VI. 국문초록 

 

고양이에서 치수공간과 

치아너비 비율을 이용한 

나이 추산 연구 

 

지도교수 서 강 문 

 

박 경 선 

 

서울대학교 대학원 

수의학과 임상수의학 전공 

 

본 연구에서는 건강한 고양이에서 치수공간과 치아 너비 비율 (P/T 

ratio)을 이용하여 나이를 추산하는 것이 효과가 있는지 조사하였다. 디지털 

치과 엑스레이 장비를 이용하여 총 32 마리 고양이 (수컷 16마리, 암컷 16
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마리)의 치과 방사선을 전신 마취하에 촬영하였다. 송곳니 (canine teeth)

의 시멘트사기질이음 (cement-enamel junction, CEJ) 에서 수직으로 가

상의 선을 그린 지점을 기준으로 하여 일정하게 비율 측정을 실시하였다. 

실제 나이와 P/T ratio 사이에 반비례 관계가 있는 것으로 확인되었다. 이

와 더불어, 통계적으로 곡선 회귀 분석 모델에서 매우 유의적인 결과 

(squared Pearson correlation, γ2 = 0.92)를 나타내었다. 성별과 품종간 

차이는 확인되지 않았다. 이를 토대로 나이를 모르는 고양이의 실제 나이를 

P/T ratio를 이용하여 추산하는 것이 임상적으로 도움을 줄 수 있을 것이라 

생각된다. 
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