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In this study, dual energy X-ray absorptiometry (DXA) was performed on 
the calcaneus (CAL) and accessory carpal bone (ACB) of early-age neutered (n = 
11) and sham-operated puppies (n = 10) to investigate changes in bone mineral 
density (BMD) and bone mineral content (BMC) over time. Prepubertal ovario-
hysterectomy and sham surgery were performed at 10 weeks, while BMD and 
BMC were measured at 12, 16, 20 and 24 weeks of age. BMD and BMC of CAL 
and ACB of ovariohysterectomised puppies were found to be higher. The differ-
ences between the groups were statistically unimportant; however, the fourth 
measurement of the ACB showed a significant (P < 0.05) difference. Sexually in-
tact puppies weighed less than gonadectomised puppies in all measurements. Be-
cause of the positive correlations between body weight and bone mineral density, 
BMD and BMC of early-age neutered puppies were found to be higher. These re-
sults suggest that BMD and BMC are not affected by prepubertal ovariohysterec-
tomy until six months of age in mixed-breed puppies. 
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Stray dogs or unwanted animals are still a serious dilemma all over the 
world. Pet overpopulation causes health problems not only to animals but also to 
humans. According to data of the World Health Organization, an estimated 
10 million people receive post-exposure treatments each year after being exposed 
to rabies-suspect animals. The annual number of deaths caused by rabies world-
wide is estimated to be between 40,000 and as high as 70,000 (World Health Or-
ganization, 2001). 

Prepubertal ovariohysterectomy or early-age neutering is a tool used for 
combating pet overpopulation, a problem which requires the euthanasia of mil-
lions of unwanted healthy dogs and cats each year (Olson et al., 2001). The con-
cept of early neutering is not new. In the early 1900s, veterinarians advocated 
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spaying bitches between 3 and 6 months of age or even prior to weaning. Current 
recommendations, however, suggest that bitches should be spayed between 5 and 
8 months of age. Unfortunately, scientific information regarding the optimal age 
for elective gonadectomy is scarce (Salmeri et al., 1991a).  

In dogs and cats the effects of early-age neutering have been demonstrated 
in relation to skeletal growth, obesity, behaviour, secondary sex characteristics 
and the urinary system (Salmeri et al., 1991b; Stubbs et al., 1996). 

However, the effect of early-age neutering on bone mineral density 
(BMD) and bone mineral content (BMC) has not been investigated in dogs. 

This study was aimed at comparing the BMD and BMC values of the cal-
caneus (CAL) and the accessory carpal bone (ACB) in gonadectomised and non-
gonadectomised puppies over time. 

 
 

Materials and methods 

Animals 

Twenty-one six- to eight-week-old mixed-breed female puppies weighing 
2.0–6.16 kg (mean weight: 3.29 kg) were used in the study. The puppies were se-
lected from animal shelters and housed with their littermates in an indoor facility. 
They were fed dry dog food (ANF Advantage Puppy, ANF Specialities, Inc., 
Nacogdoches, TX, USA) individually twice daily. Drinking water was provided 
ad libitum. 

Study design 

The puppies were treated for intestinal parasites with an anthelmintic in 
the 6th week of life. Vaccinations against distemper, hepatitis, leptospirosis, pa-
rainfluenza, parvovirus (Vanguard® Plus 5, Pfizer Animal Health, Exton, PA, 
USA) and Bordetella bronchiseptica (CoughGuard® B, Pfizer Animal Health, 
Exton, PA, USA) infections were given at 7 weeks of age and every 3 to 4 weeks 
thereafter until the animals were 12 weeks old. Killed rabies virus vaccines (De-
fensor® 3, Pfizer Animal Health, Exton, PA, USA) were given at 12 weeks of age. 

Surgeries 

Surgeries were performed at 10 weeks of age. Prior to the surgeries, a 
general physical examination was performed on all animals. The food was with-
held for 3 to 5 h prior to the induction of anaesthesia by mask administration of 
isoflurane (Isoflurane, Rhodia Organique Fine Ltd., Avonmouth, Bristol, UK) 
and oxygen. 

The puppies were intubated and maintained on isoflurane and oxygen. Af-
ter induction of anaesthesia all puppies were clipped and routinely prepared for 
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surgery. Warm Lactated Ringer solution was administered through an 22 GA ce-
phalic catheter at the rate of 4 ml/kg of body weight. The procedure for ovario-
hysterectomy (Group I) was routine. The sham surgery (Group II) followed the 
same protocol as ovariohysterectomy, excluding ovary and uterus removal. A 
small amount of food was offered 2 h after extubation. 

DXA protocol 

The facilities of Nuclear Medicine at the Faculty of Medicine were used 
for the measurements. In order to determine the changes, a dual energy X-ray ab-
sorptiometry bone densitometer (Hologic QDR-4500W Elit X-ray bone densi-
tometer) was used at one-month intervals after surgery till 6 months of age.  

Prior to the measurements, a 22 GA cephalic catheter was placed and xy-
lazine (Rompun, Bayer Türk Kimya San. Tic. Ltd., Turkey) was administered in-
travenously to provide complete relaxation and immobilisation for the precise 
positioning required for high-quality scans. Each puppy was positioned in lateral 
recumbency (Fig. 1).  

 
Fig. 1. The positioning of a sedated puppy on a dual energy X-ray absorptiometry scan table 

 
Then the right CAL (Fig. 2) and ACB (Fig. 3) of each puppy was scanned 

in mediolateral direction. Each scan took 2–5 min to perform and all scans were 
performed by the same operator.  

Scan process 

All scans were performed using AP Spine Scan Selections Programme. 
The scans were processed by the paediatric software program designed by the 
manufacturer [Low Density Spine scan model (V8.26a:5)]. The estimated area 
for all measurements was 0.67 cm². 
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Fig. 2. Mediolateral scanning of the CAL 

 
Fig. 3. Mediolateral scanning of the ACB 

Statistical methods 

The differences between Group I and Group II were analysed by Inde-
pendent Samples t-test. P < 0.05 was considered to be statistically significant.  

 
 

Results 

Bone mineral density and bone mineral content of the calcaneus 

In ovariohysterectomised puppies (Group I), higher values were found for 
the BMD and BMC of the CAL when compared with the sham-operated group 
(Group II). However, the differences between the groups were statistically not 
significant. The changes in calcaneal BMD and BMC are shown in Figs 4 and 5.  
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Fig. 4. Bone mineral density (BMD) values of the calcaneus (CAL) 
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Fig. 5. Bone mineral content (BMC) values of the calcaneus (CAL) 

Bone mineral density and bone mineral content of the accessory carpal bone 

As can be seen in Figs 6 and 7, neutered puppies had higher BMD and 
BMC values in the ACB. Only the 4th measurements of the ACB for BMD and 
BMC displayed a significant difference between the groups. 

 

Discussion 

In the study reported here, we attempted to determine the effects of prepu-
bertal ovariohysterectomy on bone mineral density and bone mineral content of 
the calcaneus and the accessory carpal bone in puppies.  

Bone densitometry is an established technique in the clinical practice for 
fracture risk assessment and diagnosis of osteoporosis in humans. It is also used 
to monitor therapy and change in bone mass with time (Wells and Ryan, 2000). 
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Fig. 6. Bone mineral density (BMD) values of the accessory carpal bone (ACB) 
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Fig. 7. Bone mineral content (BMC) values of the accessory carpal bone (ACB) 

 
There are many techniques for measuring and evaluating BMD and BMC. 

These methods are based on attenuation of a beam of γ-rays, X-rays or ultra-
sound (Gala Paniagua et al., 1998). One of these techniques is dual energy X-ray 
absorptiometry (DXA), which has become a standard procedure for noninvasive 
evaluation of body composition in research and clinical medicine in humans. 
Few publications (Emmerson et al., 2000; Lauten et al., 2001) have directly ad-
dressed its use for clinical research in dogs and other companion or farm ani-
mals. In dogs, DXA has been used for research into fracture healing, bone 
strength, and other physical properties of bone (Lauten et al., 2001). 

Prior to the study, we had to decide which skeletal site we should measure 
in order to demonstrate the effects. As indicated by Ito et al. (2003), ‘Appropri-
ate site for bone mass measurement, to predict the risk for fragility fracture and 
to monitor bone density alteration in response to ageing or treatment, depends 
on the patient’s gender, age, clinical history and other factors’. In humans, the 



 PREPUBERTAL OVARIOHYSTERECTOMY AND BONE MINERAL DENSITY IN DOGS 475 

Acta Veterinaria Hungarica 53, 2005 

hip, spine, total body, finger, wrist, knee cap, shin bone and heel are scanned 
with the appropriate central or peripheral machines.  

In our study, we chose to measure the calcaneus and the accessory carpal 
bone for several reasons: measuring these bones is simple and easy; repeatable 
positioning is possible; rotation of the bones which can give false results does 
not occur; good correlation has been demonstrated between BMD of the CAL 
and that of individual vertebrae in sheep (Turner et al., 1995b); human studies 
showed that the relative risk of all fractures estimated from heel BMD measure-
ments is similar to that from DXA measurements in the hip or lumbar spine 
(Black et al., 1992; Kullenberg and Falch, 2003). 

Another issue that we faced before the study was the software. DXA tech-
nology is a combination of a pencil-beam X-ray absorptiometry and a sophisti-
cated analytic computer software. Many studies (Markel et al., 1994; Emmerson 
et al., 2000; Lauten et al., 2001) proved that software designed for humans could 
be used successfully in larger-sized animals like dogs, sheep and pigs. However, 
since our animals were puppies weighing less than 10 kg, we applied the Low 
Density Programme that is used in children. 

For certain reasons, we had difficulty in comparing our results with those 
of other studies. First of all, the studies demonstrating the effects of ovariectomy 
or ovariohysterectomy on bone physiology have used either invasive techniques 
such as histomorphometry (Wilson et al., 1998) or bone markers such as osteo-
calcin (Dannucci et al., 1987). We used dual energy X-ray absorptiometry, which 
is a noninvasive technique. Furthermore, in studies applying the DXA technol-
ogy, sheep or rats were used instead of dogs (Omi and Ezawa, 1995; Turner et 
al., 1995a; Turner et al., 1995b). In addition, the dogs used in previous DXA 
studies were not puppies but adults (Markel et al., 1994; Emmerson et al., 2000; 
Lauten et al., 2001).  

In ovariohysterectomised puppies, compared with the sham-operated 
group, higher values were detected in this study. These results are in contrast 
with those reported by Omi and Ezawa (1995). They found significantly (P < 
0.001) lower BMD values of the lumbar spine, femoral proximal and distal me-
taphysis and tibial proximal metaphysis in ovariectomised aged and growing 
rats. However, the BMD of the tibial diaphysis showed no change. Since we used 
the CAL and the ACB for the measurements, we cannot compare our results with 
those of the authors cited above. Apart from this, as indicated in the discussion 
part of the same study (Omi and Ezawa, 1995), changes in BMD might be differ-
ent at different bone sites. 

On the other hand, our results are in accordance with those obtained by 
Turner et al. (1995a). They investigated the longitudinal changes in bone mass 
and bone-specific alkaline phosphatase (BSAP) in 7- to 9-year-old ovariec-
tomised and sham-operated ewes for six months. Bone mineral density was de-
termined at 0, 3 and 6 months in the vertebrae (L4–L6/L5–L7), calcaneus and 
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distal radius. No significant change was observed in the calcaneus or distal ra-
dius. BMD in the vertebrae was found to be significantly lower in the ovariec-
tomised group compared to the sham-operated one (P < 0.08).  

As we know from the numerous studies performed on humans and dogs, 
body weight (BW) is one of the principal determinants of BMD (Martin et al., 
1981; Harris and Dawson-Hughes, 1991; Mazess and Barden, 1991; Reid et al., 
1992a; Koo and Hockman, 2000). Mazess and Barden (1991) found no effect of 
daily activity, birth-control pills, calcium intake or age on BMD in premeno-
pausal women. However, BW was determined to be a better predictor of BMD.  

Koo and Hockman (2000) reported that the BW was the major determi-
nant of total body bone mass at birth and postnatally in humans.  

A study in beagles by Martin et al. (1981) demonstrated the importance of 
BW when explaining the changes in bone minerals. They found that mineral, 
width and mineral-to-width ratio all increase with increasing BW. In our study, 
the BW values of ovariohysterectomised puppies were higher than those of the 
sham-operated group in all measurements (Fig. 8). Because of the positive corre-
lation between BW and BMD, we found higher BMD and BMC values in 
ovariohysterectomised puppies. In the study by Turner et al. (1995a), the BW did 
not change in any group, and because of the close correlation, BMD of the cal-
caneus and distal radius did not show a change.  
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Fig. 8. Body weight (BW) values of Group I and Group II 

 
The relationship between BW and BMD is not fully explained. There is 

significant disagreement in the literature regarding the relative contributions of 
lean and fat mass components of BW to BMD. Some studies (Douchi et al., 
1997; Douchi et al., 1998) found that the lean mass was important, whereas oth-
ers found the fat mass as the principal determinant (Reid et al., 1992a; Reid et 
al., 1992b). For our study it was not important whether the lean mass or fat mass 
affected the BMD. As explained by Reid et al. (1992a), the effect of BW on 
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BMD has been suggested to be mediated by either a direct modulation of bone 
cell function by the mechanical load resulting from a greater fat mass or by the 
conversion of adrenal androgens to oestrogens in adipocytes. Also, it is well 
known that puberty is delayed in animals and humans of low body weight. 

In addition to this, as Miller et al. (1995) indicated in their review, ‘the 
skeleton may not be as responsive to the reduction of ovarian hormones after 
ovariectomy in animals with longer anoestrus periods’.  

In conclusion, this study in mixed-breed puppies suggests that early-age 
neutering does not affect bone mineral density and bone mineral content of the 
calcaneus and the accessory carpal bone until six months of age. Additional stud-
ies with longer experimental time, different breeds and sufficient animal material 
are needed. As far as we know, the present study is the first one to demonstrate 
the effects of prepubertal ovariohysterectomy on bone mineral density and bone 
mineral content by dual energy X-ray absorptiometry in puppies. 

 
 

Acknowledgements 

The authors are grateful to Dr. Bülent Ekiz (Department of Animal Breeding and 
Husbandry, Faculty of Veterinary Medicine, Istanbul University) for the statistical analy-
sis. The authors gratefully acknowledge the support received from the Department of 
Veterinary Medicine, Pfizer Turkey, for this study. 

 
 

References 

Black, D. M., Cummings, S. R. and Genant, H. K. (1992): Axial and appendicular bone density 
predict fractures in older women. J. Bone Mineral Res. 7, 633–638. 

Dannucci, G. A., Martin, R. B. and Patterson-Buckendahl, P. (1987): Ovariectomy and trabecular 
bone remodeling in the dog. Calcified Tissue Int. 40, 194–199. 

Douchi, T., Oki, T., Nakamura, S., Ijuin, H., Yamamoto, S. and Nagata, Y. (1997): The effect of body 
composition on bone density in pre- and postmenopausal women. Maturitas 27, 55–60. 

Douchi, T., Yamamoto, S., Nakamura, S., Oki, T., Maruta, K., Nakae, M. and Nagata, Y. (1998): 
Lean mass as a significant determinant of regional and total body bone mineral density in 
premenopausal women. J. Bone Mineral Metab. 16, 17–20. 

Emmerson, T. D., Lawes, T. J., Goodship, A. E., Rueux-Mason, C. and Muir, P. (2000): Dual en-
ergy X-ray absorptiometry measurement of bone-mineral density in the distal aspect of the 
limbs in racing Greyhounds. Am. J. Vet. Res. 61, 1214–1219. 

Gala Paniagua, J., Diaz-Curiel, M., De la Piedra Gordo, C., Castilla Reparaz, C. and Torralbo Gar-
cia, M. (1998): Bone mass assessment in rats by dual energy X-ray absorptiometry. Brit. J. 
Radiol. 71, 754–758. 

Harris, S. S. and Dawson-Hughes, B. (1991): Weight, body composition, and bone mineral density 
in postmenopausal women. Calcified Tissue Int. 59, 428–432. 

Ito, M., Nishida, A., Kono, M., Uetani, M. and Hayashi, K. (2003): Which bone densitometry and 
which skeletal site are clinically useful for monitoring bone mass? Osteoporosis Int. 14, 
959–964. 



478 EKICI et al. 

Acta Veterinaria Hungarica 53, 2005 

Koo, W. W. K. and Hockman, E. M. (2000): Physiologic predictors of lumbar spine bone mass in 
neonates. Pediatr. Res. 48, 485–489. 

Kullenberg, R. and Falch, J. A. (2003): Prevalence of osteoporosis using bone mineral measure-
ments at the calcaneus by dual X-ray and laser (DXL). Osteoporosis Int. 14, 823–827. 

Lauten, S. D., Cox, N. R., Brawner, W. R. and Baker, H. J. (2001): Use of dual energy X-ray ab-
sorptiometry for noninvasive body composition measurements in clinically normal dogs. 
Am. J. Vet. Res. 62, 1295–1301. 

Markel, M. D., Sielman, E. and Bodganske, J. J. (1994): Densitometric properties of long bones in 
dogs, as determined by use of dual energy X-ray absorptiometry. Am. J. Vet. Res. 55, 
1750–1756. 

Martin, R. K., Albright, J. P., Jee, W. S., Taylor, G. N. and Clarke, W. R. (1981): Bone loss in the 
beagle tibia: influence of age, weight and sex. Calcified Tissue Int. 33, 233–238. 

Mazess, R. B. and Barden, H. S. (1991): Bone density in premenopausal women: effects of age, die-
tary intake, physical activity, smoking and birth-control pills. Am. J. Clin. Nutr. 53, 132–142. 

Miller, S. C., Bowman, B. M. and Jee, W. S. S. (1995): Available animal models of osteopenia –
small and large. Bone 17, 117S–123S. 

Olson, P. N., Root Kustritz, M. V. and Johnston, S. D. (2001): Early-age neutering of dogs and cats 
in the United States (a review). J. Reprod. Fertil. Supplement 57, 223–232. 

Omi, N. and Ezawa, I. (1995): The effect of ovariectomy on bone metabolism in rats. Bone 17, 
163–168. 

Reid, I. R., Ames, R., Evans, M. C., Sharpe, S., Gamble, G., France, J. T., Lim, T. M. T. and 
Cundy, T. F. (1992a): Determinants of total body and regional bone mineral density in 
normal postmenopausal women – a key role for fat mass. J. Clin. Endocrinol. Metab. 75, 
45–51. 

Reid, I. R., Plank, L. D. and Evans, M. C. (1992b): Fat mass is an important determinant of whole 
body bone mineral density in premenopausal women but not in men. J. Clin. Endocrinol. 
Metab. 75, 779–782. 

Salmeri, K. R., Olson, P. N. and Bloomberg, M. S. (1991a): Elective gonadectomy in dogs: a re-
view. J. Am. Vet. Med. Assoc. 198, 1183–1192. 

Salmeri, K. R., Bloomberg, M. S., Scruggs, S. L. and Shille, V. M. (1991b): Gonadectomy in im-
mature dogs: Effects on skeletal, physical and behavioral development. J. Am. Vet. Med. 
Assoc. 198, 1193–1203. 

Stubbs, W. P., Bloomberg, M. S., Scruggs, S. L., Shille, V. M. and Lane, T. J. (1996): Effects of 
prepubertal gonadectomy on physical and behavioral development in cats. J. Am. Vet. 
Med. Assoc. 209, 1864–1871. 

Turner, A. S., Alvis, M., Myers, W., Stevens, M. L. and Lundy, M. W. (1995a): Changes in bone 
mineral density and bone-specific alkaline phosphatase in ovariectomized ewes. Bone 17, 
395–402. 

Turner, A. S., Mallinckrodt, C. H., Alvis, M. R. and Bryant, H. U. (1995b): Dual energy X-ray ab-
sorptiometry in sheep: experiences with in vivo and ex vivo studies. Bone 17, 381–387. 

Wells, J. and Ryan, P. J. (2000): The long-term performance of DXA bone densitometers. Brit. J. 
Radiol. 73, 737–739. 

Wilson, A. K., Bhattacharyya, M. H., Miller, S., Mani, A. and Sacco-Gibson, N. (1998): Ovariec-
tomy-induced changes in aged beagles: histomorphometry of rib cortical bone. Calcified 
Tissue Int. 62, 237–243. 

World Health Organization (2001): WHO Fact Sheet No. 99: Rabies. Revised in June 2001. http:// 
www.who.intmediacentre/factsheets/fs099/en/print.htm, World Health Organization, Geneva. 

 


