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ABSTRACT

Dental growth lines are often counted for age determination in feral animalsthat areliving in thewild
and aresubject to seasonal variations. Toassesswhether or not thistechniquecould alsobeused in domestic
animals, thecementum growth linesof the canineand second premolar teeth weredetermined in 4red foxes
(Vulpeswvulpes) livingin thenatural habitat of Flanders, and in 7 domestic dogs (Canisfamiliaris) that were
kept in housing conditions. Datesof birth of all animalswereregistered. In thefoxesagood correlation was
found between the age of the animalsand the number of cementum growth lines. In contrast, in domestic
dogsthenumber of cementum lineswasvariableand could har dly bedeter mined becausethedifferencebe-
tween primary and secondary lines was often uncertain. It was concluded that the count of cementum
growth lines cannot be used for age assessment of dogsthat areliving in domestic conditionsdevoid of
seasonal variationsin food accessibility and weather conditions.

SAMENVATTING

Het aantal groeilijnen ter hoogte van de tanden wordt vaak geteld voor leeftijdsbepaling bij diersoorten diein
het wild leven en onderhevig zijn aan seizoenvariaties. Om nate gaan of deze techniek a dan niet bruikbaar is bij
gedomesticeerde dieren die in beschutte omstandigheden worden gehuisvest, werden de cementlijnen van de
haaktanden en van detweede premol aren geteld bij vier vossen (Mul pesvul pes) afkomstig uit VIaanderen enverge-
Ieken met deze van zeven gedomesticeerde honden. VVan alle dieren was de geboortedatum gekend. Bij de vossen
waser een goede correl atietussen delesftijd en het aantal groeilijnenin de cementlaag. Bij de honden daarentegen
was het aantal groeilijnen veel meer variabel en bovendien moeilijk te bepal en wegens het geringe verschil tussen
primaire en secundairelijnen. Er werd besl oten dat detelling van het aantal groeilijnenin het cement geen bruikba-
retechniek isom del eeftijd te bepal en van honden die gehouden worden in een beschut milieu zonder seizoenvari-
atie in voedsel beschikbaarheid en weersomstandigheden.
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INTRODUCTION

Age estimation based on dental eruption and mor-
phology isconsidered to be an accurate method for age
determination and is therefore often used in wildlife
population studies of different mammalian species,
including thered fox (Vulpesvul pes). Age-dependent
dental featuresinclude the number of cementum and
dentinelayers. Withincreasing age dentineisdeposi-
ted within the dental cavity, whichisgradually filled

up, thus making age determination very difficult. In
contrast, cementum is deposited in peripheral layers
around the dental root. This process is continuous
throughout life, as cementum deposition is not ham-
pered by space limitations (Morris, 1972).
Thedeposition of cementum startswiththeinvolu-
tion of theenamel organ shortly beforeeruption of the
tooth and it occursin different phases, which results
inalayered aspect on histological sectionsof theden-
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tal root. These subsequent layersor incremental lines
represent periods of different cementoblast activity.
Thisvariableactivity resultsin aphasic deposition of
the cementum with an altered production of the orga-
nic matrix and subsequent mineralization, which can
be detected on both ground sections and deminerali-
zed sections (Ten Cate, 1998).

In ageing animal s the dental roots are surrounded
by arepetitiveformation of abroad central layer and a
narrow peripheral layer of cementum. Thetwo layers
differ in optical density and staining characteristics:
the narrow layer has a more intense color and can be
seen asadark line on histological sections (Sergeant,
1967). Thesedark growth linesare used for age deter-
mination. A distinction is made between primary, se-
condary and resorption cementum lines. Primary ce-
mentum linesare very distinct and appear in aregular
sequence due to seasonal variations such as environ-
mental temperature and food accessibility (Grue and
Jensen, 1979) or endogenous endocrine factors (Kolb,
1978). These lines can be considered as growth lines
and are counted for agedetermination. I n contrast, se-
condary lines are less distinct and appear in a more
random order. They are thought to be caused by mi-
nor, short-term changes in the course of animal life
(Morris, 1972). Finally, resorption linesaretheresult
of dental reparation mechanisms. They haveaveryir-
regular appearanceand aremostly confined totheapi-
cal sideof thedental root (Grueand Jensen, 1979).

Thetime of appearance of thefirst cementum line
is a species-specific phenomenon. Knowledge of the
age of an animal at thetime of eruption of the perma-
nent teeth and of the season in which thegrowth lines
are formed isimportant for a correct age assessment,
as both parameters are species-specific. Red foxes
have afixed breeding season, and most cubs are born
in March and April. In this species the dark growth
line is formed during spring and summer (Artois,
1989; Kolb, 1978; Grue and Jensen, 1979). The ena-
mel organs of the permanent teethinvol uteduring the
summer and eruption of the permanent dentitiontakes
place between the 11" and 25" week of age (Artais,
1989), i.e. during (late) summer. Thefirst cementum
line appears between the first and second autumn of
life (Jensen and Nielsen, 1968), i.e. between the age
of 6 and 18 months. Consequently, ared fox withteeth
displaying a single growth line is considered to be 1
year old, with a variation of 6 months. Each subse-
guent year an additional growth lineisformed (Jen-
senandNielsen, 1968; Grueand Jensen, 1979, Artois,
1989).
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Dataabout cementum deposition in domestic dogs
israther scarce. Only Grueand Jensen (1979) and De-
heyder (2003) have done some research on this phe-
nomenon. In order to obtain more information about
cementum formationin dogs, the chronology and varia-
bility of cementum deposition was studied in anum-
ber of domestic dogsand compared with data of feral
red foxesthat lived in the same area. By relating the
number of cementum lines with the registered age of
all theanimals, the possibl e use of cementumlinesfor
age determination in dogs was assessed.

MATERIAL AND METHODS

In the present investigation dental cementum de-
position wasstudied histologically in 4 red foxesand
7 domestic dogs, al of known age. The 4 foxes were
captured and tagged as cubs of about 1 to 1.5 months
of age, after which they werereleased in their natural
habitat in Flandersand collected at death at theagesof
8, 22, 23 and 37 months, respectively. The skinned
skulls of these animals were macerated by bacterial
decompositioninaputrefactiontank at 70° Cfor four
days. Theteethwereeasily removed fromtheal veolar
sockets. The 7 dogs of registered age and breed were
euthanazed for various reasons at the Ghent University
Faculty of Veterinary Medicine. In order to prevent
the cementum from being damaged, theteethwerere-
moved from the canine skulls along with their sur-
rounding alveolar sockets. In analogy with other stu-
dies (Morris, 1972; Fancy, 1980), the canine and
second premolar teeth of each animal were examined
for the presence of cementum layers. After fixation of
the samples in a 3.5% formaldehyde solution, the
teeth weredecal cified in a14% HCI solution and sub-
sequently cleft by means of ascalpel, either in trans-
versal (maxillary teeth) or in longitudinal direction
(mandibular teeth). All samples were routinely pro-
cessed for histological study by embedding in paraf-
fin. Dental sections of 8 um thick were stained with
cresylviolet, hematoxylin-eosin (orthochromatic) and
toluidine blue (metachromatic) (Thomas, 1977).

RESULTS

Cementum growth lines were observed in all the
canineand premolar teeth of all foxesand dogs(Table
1). In general, the cementum lines were more clearly
identified in the longitudinal sections than in the
transverse sections made near the dental neck, because
deposition of the cementum was most manifest and
thickest around the dental root apex (Figs. 1 and 2).
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Table 1. Results of the cementum growth line count in 4 red foxesand 7 domestic dogs.

Species Breed Age (months) Number of cementum growth lines + remarks

Fox 1 8 1 cementum layer on al canine and premolar teeth, but no
dark growth line visible

Fox 2 22 1 growth line on the canines, 2 on the premolar teeth

Fox 3 23 1 growth line on the canines, 2 on the premolar teeth

Fox 4 37 2 growth lines on the canines, 3 on the premolar teeth

Dog 1 Cocker Spaniel 24 Results varied between 0 and 2 growth lines

Dog 2 Rottweiler 72 Results varied between 0 and 7 growth lines

Dog 3 Husky 8 1 cementum layer on al canine and premolar teeth, but no
dark growth line visible

Dog 4 German Braque 84 Results varied between 3 and 10 growth lines

Dog 5 L abrador 72 Results varied between 2 and 6 growth lines

Dog 6 Bernese Mountain Dog 60 Results varied between 0 and 5 growth lines

Dog 7 Rhodesian Ridgeback 72 Results varied between 7 and 13 growth lines

Consequently, acementum layer wasnot alwaysvisi-
ble on all transverse sections of the dental root (Fig.
34), despite the presence of such alayer inthe apical
root areaof thesametooth (Fig. 3b). Inthered foxesa
good correlation between age and number of growth
lineswasobserved (Table 1). However, theformation
of anew cementum layer did not start simultaneously
inall teeth. Inonefox, anewly formed layer wasvisi-
ble at the second premolar (Fig. 4a), whileit was still
absent at the canine tooth (Fig. 4b). Inthe domestic
dogsitwasmoredifficult tointerpret theresultsof the
growthlinecount, because of the presenceof multiple
secondary lines and the morphological similarity be-
tween the secondary and the primary lines (Figs. 5a
and 5b). Thereforeacorrect age assessment wasoften
impossible, asevidenced by thedatalistedin Table 1
(see also Figs. 6a and 6b).

DISCUSSION

The possibility of determining the age of a mam-
mal on the basis of the histological structure of its
teeth has been used for many years in wildlife re-
search and archaeology. Annual incremental linesin
tooth cementum have been found in almost every
group of mammals, both terrestrial and marine.
Appositional growth resulting in the development of
incremental linesisfound in cementum, dentine and

enamel, aswell asin bones (Grue and Jensen, 1973;
Ten Cate, 1998). However, dentine shows multiple
accessory groups of lines, which makeinterpretation
difficult, and incremental linesin bones are not very
stable because of the continuous remodeling of bone
tissue. Therefore incremental lines in tooth cemen-
tum are normally preferred for age determination
when they are present and available.

The present study confirms that the method of age
determination involving the counting of cementum
growth linesiseffective for feral red foxes, as previ-
ously described by Jensen and Nielsen (1968) and
Grueand Jensen (1973 & 1979). In contrast, thistech-
niqueislessreliable in the domestic dog because of
the presence and frequency of secondary cementum
lines, which are very variable and often hardly dis-
tinguishable from the primary growth lines. Further-
more, the onset of growth line formation in dogs has
not been determined precisely. Therefore ablind stu-
dy to assessadog’s ageislikely to give uncertain or
incorrect results. Thisleadsto the conclusionthat age
determination in domestic dogs by means of cemen-
tum growth line count isnot areliable method for ob-
taining correct information.

The difference in cementum morphology between
feral foxes and domestic dogs might be dueto domesti-
cation. Thisprocessdiminishesseasonal variationsin
food accessibility and environmental conditions, resul-
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Fig. 1. Fox (36 months): longitudinal section of the
canine dental root showing 3 dark growth lines (ar-
rows) in the cementum (cresylviolet stain) (scale bar
= 200 pm).

(a) alveolar socket; (c) cementum; (d) dentine; (pl) pe-
riodontal ligament; (*) dentine-cementum junction

Fig. 3a. Fox (21 months): transver sesection of theca-
nine dental root close to the dental neck; no cemen-
tum layer isvisible(cresylviolet stain) (scalebar =100
pm).

(a) alveolar socket; (c) cementum; (d) dentine; (pl) peri-
odontal ligament; (*) dentine-cementum junction
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Fig. 2. Fox (36 months): longitudinal section of theden-
tal root of the2nd premolar tooth (toluidine blue stain);
thecementum isthickest ar ound thetooth apex (compa-
redistance X and Y) (scale bar = 250 pm).

(a) alveolar socket; (c) cementum; (d) dentine; (pl) pe-
riodontal ligament; (*) dentine-cementum junction

Fig. 3b. Fox (21 months): transver se section of the ca-
nine dental root; in the distal root area a broad ce-
mentum layer is visible (arrowheads) (cresylviolet
stain) (scale bar = 200 um).

(a) alveolar socket; (c) cementum; (d) dentine; (pl) pe-
riodontal ligament; (*) dentine-cementum junction

Fig. 4a. Fox (36 months): longitudinal section of the
dental root of the2nd premolar tooth showing 3dark
growth lines (arrows) in the cementum (cresylviolet
stain) (scale bar = 500 pm).

(a) alveolar socket; (c) cementum; (d) dentine; (pl) pe-
riodontal ligament; (*) dentine-cementum junction

Fig. 4b. Fox (36 months): longitudinal section of the
canine dental root showing 2 dark growth lines (ar-
rows) inthe cementum (cresylviolet stain) (scalebar =
500 pm).

(a) alveolar socket; (c) cementum; (d) dentine; (pl) pe-
riodontal ligament; (*) dentine-cementum junction
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Fig. 5a. Labrador (6 years): transver se section of the
root of the2nd premolar tooth (cresylviolet stain); on
some partsof thedental root, 6 lineswerevisible (ar-
rows) (scale bar =200 um).

(a) alveolar socket; (c) cementum; (d) dentine; (pl) peri-
odontal ligament; (*) dentine-cementum junction

Fig. 6a. German Braque (7 years): transver sesection
of the canine dental root showing 3 distinct lines (ar -
rows) and several vaguelines (arrowheads) in thece-
mentum (cresylviolet stain) (scale bar = 200 pum).

(a) alveolar socket; (c) cementum; (d) dentine; (pl)
periodontal ligament; (*) dentine-cementum junction

Fig 5b. German Braque (7 years): transver se section
of the root of the 2nd premolar tooth (cresylviolet
stain); thedifferencebetween primary and secondary
cementum growth lines is not clear; cementum
growth lines split and fuselocally (arrows) (scale bar
=100 pm).

(a) alveolar socket; (c) cementum; (d) dentine; (pl) pe-
riodontal ligament; (*) dentine-cementum junction

Fig. 6b. German Braque (7 years): transver se section
of the dental root of the 2nd premolar tooth clearly
showing 6 lines (arrows) in the cementum (cresylvio-
let stain) (scale bar = 100 um).

(a) alveolar socket; (c) cementum; (d) dentine; (pl) pe-
riodontal ligament; (*) dentine-cementum junction

tinginalossof thespecific pattern of theprimary lines,
making them less distinguishable from the secondary
lines. Thisiswell evidenced in the comparative study
by Grueand Jensen (1979), who compared dedgedogs
submitted to seasonal variationsin Denmark to domes-
tic pet dogsthat were kept in conditionswithout expo-
sureto seasonal variations. It wasfound that age deter-
mination by means of counting the growth lines was
possibleinthesledgedogsbut failedinthepet dogs.

It may be wondered whether the gradual urbaniza-
tion of red foxes will influence their natural way of
lifein such a manner that the cementum growth line

count will nolonger bereliablefor age determination
inthese animals. In thiscontext it would also beinte-
resting to compare the data from the present study
with the number of cementum growth lines in foxes
that are kept on fur farmsin sheltered conditions and
with regular food supply.
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Uit het verleden

DE ARME VROUW EN DE VEEARTSBIJ DE ZIEKE KOE

Zal dan mijn een’ ge koe bezwijken?
Ach! ‘k zie het wel, wat is zij ziek!
Die ziekte zal wen niet meer wijken,
Haar toestand is al heel kritiek?
Maar als ik ook die koe moet derven,
We zegt mij, waar 't dan henen moet?
Och mocht ik zelv' dan maar sterven!
‘k Weet geen raad. Wat gaf ze goed.

Wat gij heer Doctor niet kunt geven
Dat kon toch onze lieve heer?
Waarom zou Hij 't beest doen sneven?
O! ‘k bad zo vurig keer op keer.
Blijf, sprak de man, den Heer verwachten.
Hij heeft, al sterft uw koe, nog brood.
Het faalt uw’' Vader nooit aan krachten,
Hij zorgt ook in den hoogsten nood.

Of desveeartsen’s onvermogen. Dit ontroerende dichtstuk vloeide uit de pen van Jacob Van Dam (1785-1865),
rijksveearts te Aarlanderveen bij Zwammerdam (Zuid-Holland) en, zoals veel van zijn landgenoten, gelegen-

heidsdichter.

Uit:

L eeflang, P. (1985). Jacob van Dam (1785—1865), landman, veeartsen dichter. In: vander Horst, K., Koolmees, PA ., Mon-
na, A. (eds.), Over beesten en boeken, Erasmus Publ., Rotterdam, 195 — 210.



Vlaams Diergeneeskundig Tijdschrift, 2005, 74 294




