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Determination and padronization of normal values of
bone mineral density (BMD) of the acessory carpus
bone in young Thoroughbred horse using optical
densitometry in radiographic image

Determinacao e padronizagao dos valores normais da
densidade mineral 6ssea (DMO) do carpo acessorio de
equinos em crescimento da raca puro sangue inglés (PSI)
por meio da densitometria déptica em imagem radiografica
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Abstract

The bone mineral density (BMD) of the accessory carpus bone was
measured (in aluminum milimeters - mmAl) in 12 female and 12 male
thoroughbred horses aging from 12 months old until the moment of
complete closure of the radio distal epiphysis, using optical
densitometry in radiographic images. Evaluation was made using a
software specially developed for optical density measurement in X-ray
films, containing the radiographic image of the accessory carpus bone,
the region of soft parts adjacent to the accessory carpus and the degrees
of an aluminum stepwedge, used to measure BMD value (average of
the interest region established on the accessory carpus bone
cotresponding to the value on the stepwedge [in milimeters]). BMD
values did not show differences between sexes (p=0.86). BMD value
(in mmAl) was 3.109 + 0.056 x age (in months) at this age interval.

Introduction

Horses raised for sport activities, work
and leisure are constantly submitted to physical
conditioning since birth, requiring a permanent
qualitative and quantitative evaluation of their
development. For more accurate qualitative
evaluation of this development, an evaluation
of the bone constitution by mineralization or
by the mineral density of the compact bone is
needed.

Studies carried out in humans have
shown a direct correlation between the
incidence of fractures and the bone mineral
content.! Previous studies have also
suggested that the stress due to training leads
to different values of bone mineral.?

The use of 7n vivo measurement
techniques is needed to evaluate the
mineralization or the bone mineral density
(BMD) of growing animals. Several methods
and techniques have been studied and
developed, aiming to find the one that best
fits the conditions of work and has an
accuracy as good as the Direct Absorption
by Photons’, the Analysis of Activation by
Neutrons®, the Computerized Tomography”,
the Radiographic Photometry® and the Optical
Densitometry in Radiographic Image , which
can be used for a more accurate sequential
analysis of the bone mass and with a lower
cost than other methods.”5%!0:1L12131415.16

The densitometry of radiographic
images is a methodology able to detect slight



differences in bone mineral content, when
standardized radiographic images are used.
This method was recommended to be used
zn vivo in the evaluation of the consolidation
of fractures.”

The growth of foals raised in the
traditional way, breast-fed up to the 4™
month was compared to other ones raised
with commercial milk. Weight, height and
radiographic optical density of the 3
metacarpus was used as criteria to evaluate
growth.'® Using the same methodology, was
analyzed the correlation between bone
density and weight through radiographic
image, concluding that there was a positive
correlation between these values.”

The utilization of digital radiographic
images using a video camera or a scanner
has improved the use of the densitometric
methodology, making a more accurate and
elaborated analysis of this technique
possible. This evaluation of density through
digital image detives, from the radiographic
optical densitometry.*

The digital bone densitometry was used
to calculate the bone mineral content of the
3" lumbar vertebrae, the femoral lap and the
2 metacarpus in distinct human groups.”
The results were compared to the ones
obtained through DPA (Dual Photon
Absorptiometry), observing that the shapes
of the curves and the precision and
reproduction index of this method suggest
thatit can be used to detect and observe bone
mineralization of patients, with moderate
cost. This method was independent from
sensitization and processing parameters of the
radiographic film.

The use of 7 vitro studies regarding to
optimization of the optical densitometry
technique in radiographic images of bone
pieces, concluded that the sectoring of the
characteristic curves and the correction of the
irregular effect of X-radiation provided a
significant increase in the sensitivity of the
radiographic densitometry method used, once
they allowed the identification of the
extraction of up to 12% of calcium in bone

pieces.
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The objective of this work was to
develop and standardize a technique for the
determination of normal values of bone
mineral density (BMD) of the accessory carpus
bone in young Thoroughbred horses, thus
making possible an appropriate and efficient
evaluation of the normal bone structure in
these animals, using optical densitometry in
bone radiographic images.

Materials and Methods

Twelve female and 12 male
Thoroughbred horses, aging from 12
months old, belonging to the Eqtilia Horse
Breeding Farm, in the region of Avaré, in
the state of Sao Paulo, were used. All animals
were clinically healthy and kept under the
same conditions of handling, fed with
balanced food and supplementation with
green alfalfa, hay and coast-cross grass.

All animals had conventional training
from 18 months old on, when they were
submitted to guidance training on the ring
for a month, riding with trot on the ring for
one more month and riding on the track with
trot and gallop, with two laps on a 1.300m
track until the moment of complete closure
of the radio distal epiphysis, when the study
was finished.

The radiographic images of the
animals were obtained from 12 months old
(moment M1), followed for intervals of 120
days (M2, M3 and M4). From moment M4
on, at the beginning of closure of the radio
distal epiphysis of some animals, they started
to be monthly evaluated in moments M5 and
MO0, when the complete closure of the radio
distal epiphysis of all remaining animals of
both groups occurred. (Tables 1 and 2)

The radiographic image of the
accessory carpus bone of the left limb on
the medial side projection was chosen to be
used in the study of the bone mineral density
in horses, using a 24x30cm frame containing
a radiographic film inserted into a 3-mm
wood frame, to which an aluminum [Alloy
6063 — ABNT (Brazil)| stepwedge (phantom)

was attached and used as a densitometry
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Table 1

reference, composed by 29 steps, being the
first step 1.00 = 0.03mm wide and varying
from 1.00 £ 0.03mm from one step to the
other, up to the twenty-ninth step. Each step
had an area of 5x15 mm. The values in
millimeters of each step of the aluminum
stepwedge were checked with a micrometer
and the values obtained from each step,
maintaining a maximum variation of *
0.03mm of one step in relation to the next
upper or lower step. The values (in mmAl)
of each step of the stepwedge were used as
input for the computer program developed
to serve as reference for the bone mineral
density (BMD) of the accessory carpus bone.

The craniocaudal projection was used
to follow up the complete closure of the
radio distal epiphysis, with the central radius
placed on the physeal region of the distal
portion of the left radio.

An FNX JOCKEY 90 (FNX —
Distribuidora de Equipamentos Médicos
Ltda.) portable x-ray machine was used to
obtain the radiographic images, using a
focus-film distance of 70cm. The kilovoltage
(kVp) was standardized at 56kVp and the
milliamperage/second (mAs) was variable,
depending on the bone development of the
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animals. A BRAF (BRAF — Kodak Brasileira
Com. e Ind. Ltda.) film was used and the
development and fixation processes were
carried out in a Macrotec ( MACROTEC —
Ind. ¢ Com. de Equipamentos Ltda.)
automatic processor.

The radiographic images of the
accessory carpus bone of the animals and
the phantom were digitalized using an HP
ScanJet 6¢ (Hewlett Packard) scanner, with
an HP Scanjet 6¢c (Hewlett Packard)
transparency adaptor.

A software (ATHENA — SAI —
Sistema de Inteligéncia Avancada Com. Imp.
Exp. Ltda. — SJC/SP) containing the
radiographic image of the accessory carpus
bone, the region of soft parts around the
accessory carpus bone and the steps of the
aluminum phantom was developed to
measure the optical density in X-ray films,
making the measurement of the bone
mineral density possible, which, in this study,
is the average of the region of interest
established on the accessory carpus bone
corresponding to the millimeters of the step
on the aluminum stepwedge.

The statistical analysis was carried out
using regression analysis with auto-

Values of bone mineral density (BMD) in aluminum millimeters (mmAl) of the accessory carpus bone of 12 Thoroughbred mares in M1, M2, M3, M4, M5 and M6, with the respective ages (in months)
until the final closure of the radio distal epiphysis (CRDE) with averages (x) and standard deviations (s). Avaré, SP. 2001

MOMENTS
M1 M2 M3 M4 M5 M6

N° BMD age BMD age BMD age BMD age BMD age | BMD age BMD CRDE
01 3,50 12,26 3,96 16,43 4,07 20,43 4,59 24,56 4,45%  2546% 445 25,46
02 347 11,70 - - 4,57 1986 | 430%  24,00% 430 24,00
03 4,00 12,66 4,02 16,83 4,01 20,83 474%  2496* 474 24,96
04 348 12,83 485 17,00 4,59 21,00 4,30 25,13 5,28%  26,10% 5,28 26,10
05 3,60 12,46 3,87 16,63 4,07 20,63 4,39 24,76 419%  2573* 419 2573
06 3,95 12,70 3,83 16,860 4,50 20,86 441+ 25,00% 441 25,00
07 4,05 11,86 3,73 16,03 4,40 20,03 451%  24,16* 4,51 24,16
08 3,30 9,86 4,04 14,03 429 18,03 430 22,16 406%  23,13* 4,06 23,13
09 3,70 12,56 4,02 16,73 4,08 20,73 434%  24.86* 434 24,86
10 3,50 11,80 3,57 15,96 4,02 19,96 3,57 24,10 474 25,06* 4,74 25,06
1n 3,99 10,70 433 14,86 4,66 18,86 4,08 23,00 486 2396 | 532%  2486% 532 24,86
12 448 12,63 4,92 16,80 3,81 20,80 4,74 24,93 439 2590 | 435 26,084 435 26,08
X 3,75 12,00 4,10 16,20 4,31 20,16 4,41 24,30 25,04 4,56 24,95

S 0,34 0,90 0,43 0,94 0,29 0,90 0,31 0,90 1,02 0,40 0,87

(*) Moment of the closure of the radio distal epiphysis (CRDE) and final reading of the bone mineral density (BMD) of the accessory carpus bone.
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Values of bone mineral density (BMD) in aluminum millimeters (mmAl) of the accessory carpus bone of 12 Thoroughbred males in M1, M2, M3, M4, M5 and M6, with the respective ages (in months)
until the final closure of the radio distal epiphysis (CRDE) with averages (x) and standard deviations (s). Avaré —SP., 2001

MOMENTS
M1 M2 M3 M4 M5 M6
N° BMD idade | BMD idade | BMD idade BMD idade| BMD idade | BMD idade | BMD CRDE
13 401 11,63 | 445 1580 | 428 19,80 440 2396 | 4,50% 24,90% 4,50 24,90
14 430 1076 | 383 1493 | 413 1893 4145 23,06% 4,14 23,06
15 378 1276 | 363 1693 | 362 2093 3,665 2506% 3,66 25,06
16 337 12,10 | 317 1626 | 405 2026 460 2440 | 511% 2536* 5,11 25,36
17 381 1256 | 416 1673 | 427 2073 482 2486 | 474% 2583* 474 25,83
18 377 1130 | 430 1546 | 380 1946 4435 23,60% 443 23,60
19 3,69 1226 | 411 1643 | 387 2043 439 2456 | 448% 2553% 448 25,53
20 343 1130 | 421 1546 | 458 1946 456 23,60 | 481 2456 | 475+ 2546* 475 25,46
21 411 1306 | 424 1723 | 496 2123 438 2536 | 452+ 2633* 452 26,33
22 368 11,16 | 389 1533 | 403 1933 438 2346 | 4060 2443 | 456¢ 2533* 4,56 25,33
23 381 1210 | 383 1626 | 407 2026 421 2440 | 446 2536 | 453 2626* 453 26,26
24 373 1256 | 353 1673 | 412 2073 415%  24,86% 415 24,86
X 3,80 11,96 | 3,94 1612 | 4,15 20,12 434 24,32 25,28 4,46 25,13
S 026 0,72 | 037 072 |[035 0,72 029 0,60 0,41 0,36 0,96

(*) Moment of the closure of the radio distal epiphysis (CRDE) and final reading of the bone mineral density (BMD) of the accessory carpus bone.

correlation. An effect of sex and an effect
of interaction between sex and time were
included in the model to compate the lines
of males and females. The significance of
these effects was tested by the /statistics. The
analysis was made using the SAS software
(SAS Inc., 19906), by using PROC MIXED.

The effects of sex on the average of
the carpus bone mineral density (BMD) at
the moment of closure of the radio distal
epiphysis and on the average time of closure
of the radio distal epiphysis were
investigated using the 7 test.

Results

The regression lines for bone mineral
density values (in aluminum millimeters) of
the accessory carpus bone of Thoroughbred
males and females in function of time (age)
were given by line equations BMD =
3,099+0,058 x age (Figure 1) and BMD =
3,162+0,052 x age (Figure 2), respectively. The
adjustments of these lines showed no evidence
that growth is different between sexes
(p=0,806). Therefore, only one line was
employed, joining both sexes.

The adjusted line equation was BMD
= 3,109 + 0,056 x age (Figure 3).

Figure 1

Regression curve of bone mineral density, in mmAl, of the accessory

carpus bone of female Thoroughbred horses in function of time (age).
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Figure 2
Regression curve of bone mineral density, in mmAl, of the accessory
carpus bone of male Thoroughbred horses in function of time (age).
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The line inclination was significant
(p=0,0001), indicating that values of bone
mineral density (in aluminum millimeters) of
the accessory carpus bone of the animals
increased, in average, 0,056 * 0,007 mmAl
per month, until the moment of closure of
the radio distal epiphysis.

Comparing average values of the bone
mineral density (BMD) of the accessory carpus
bone of males and females at the moment of
closure of the radio distal epiphysis by means
of the 7 test, there was no significant statistical
difference between them (p=0,5544), as well
as between the averages of the time for closure
of the radio distal epiphysis of females and
males (p=0,7608).

Discussion and Conclusions

This study tried to develop and
standardize a technique that evaluated the
normal bone mineral density (BMD) of
Thoroughbred horses in an efficient, practical
and economical way, allowing a more efficient
analysis of the sport potential of these animals
and the evaluation of the physical
conditioning, which has been routinely carried
outin sport animals nowadays. The evaluation
of bone mineral density in Thoroughbred
horses is based on the optical densitometry
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in radiographic image, which can be used for
a sequential analysis of the bone mass, with
low cost in relation to the other
methodologies and having precision as its
main point. '

This research allowed the evaluation
of the bone mineral density of the accessory
carpus bone in Thoroughbred horses from
12 months old until the moment of complete
closure of the radio distal epiphysis, when
the animals start more intense work,
demanding a higher effort of the bone-
muscular system.

The technique used was based on
setting a calibration curve obtained from the
values of the radiographic optical density of
the degrees of the aluminum stepwedge
(phantom), made up with 29 degrees from 1
to 1 mm, varying from one degree to the
other not more than £ 0,03 millimeters, which
was used as a densitometric reference
standard in function of the wideness of the
degrees. Thus, the radiographic image of each
animal had its curve traced in function of
the transference of the values of the optical
densitometry from the radiographic images
of the degrees in millimeters of the
aluminum stepwedge. These values were then
correlated to the average of the optical
densitometry of the region of interest of the

Regressao

Regression curve of bone mineral density, in mmAl, of the accessory carpus bone of the set of female("") and male(+ + +) Thoroughbred horses

in function of time (age).



accessory carpus in the radiographic image,
expressed in comparison to the values
obtained from the aluminum stepwedge (in
mmAl). Reproducibility was obtained using
this methodology with 5% of error in the
evaluation of 30 radiographic images of a
same patient, without the support of the
computer resources available nowadays
which provide even mote precise results.”

To overcome technical problems in
relation to the radiographic technique®, we
have standardized a fixed value of 56 kVp
for the kilovoltage. We have also maintained
the accessory of the carpus and the phantom
parallel to each other and centered along the
flow of the primary radiation, where the
geometric problems of the image of the
anodic effect are bypassed’, making results
reproductive, reminding that every technical
variation affects both image values of the
radiographic image and phantom, and allows
reliability of the results when kVp and focus-
object distance are maintained constant.

A high reproducibility with an error
around 1%, was reported using this technique
indicating that it’s sensitive for the evaluation
of the bone mineral density and allowing a
follow up of the variation of the bone
mineral content of patients individually.”

The use of the method of digital
radiographic optical densitometry to estimate
the bone mineral content of the accessory
carpus of equines adopted in this experiment
has been already evaluated, when the results
of this method was compared to the ones
obtained through DPA (Dual Photon
Absorptiometry)®, concluded that the
precision and reproducibility index of the
method makes it qualified to be used to
detect and observe the mineralization of
patients with moderate cost, regardless
sensitization and film development
parameters, as confirmed in this study, where
it was possible to observe the mineralization
of the accessory carpus bone during the
growth of the animals.

The softwate used for determination
of the bone mineral density by means of
optical densitometry in digital radiographic
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images with the support of the ATHENA
SAI company — Sistema de Inteligéncia
Avancada Com. Imp. Exp. Ltda., for
standardization of the values of bone mineral
density of the acessory carpus bone of
growing Thoroughbred horses, from 12
months old until the complete closure of the
radio distal epiphysis, showed that females,
from the beginning of the study until the
average age of 12 £ 1 month old, showed
average values of bone mineral density of
3.75 * 0.34 mmAIl. At the moment of
closure of the radio distal epiphysis, which
occurred at the average age of 25 1 month
old, average values of bone mineral density
was 4.58 £ 0.40 mmAl, with an average
variation of 0.83 mmAl For the 12 males,
with the average age of 11.96 * 0.72 months
old, an average value of bone mineral density
of 3.80 = 0.26 mmAl was observed and, at
the moment of closure of the radio distal
epiphysis, which occurred at the average age
of 25.13 = 0.96 months old, average value
for the bone mineral density was 4.46 + 0.36
mmAl, with an average variation of 0.66
mmAL This slight variation in the values of
bone mineral density of the accessory carpus
between the beginning and the end of the
study, for both males and females, is probably
due to the fact that horses, from 12 months
old on, have their bone mineral constitution
almost totally structured, with slight variations
in the bone mineral density of the skeleton
from 12 to 25 months old.

It may also be affirmed that the little
increase in the bone mineral density of the
accessory carpus bone during the
development of the study will allow the
evaluation of the bone age of horses through
the radiographic optical densitometry, as
reported in the study growth and
development of bone in children.* In our
study, the radiographic conditions were
standardized, allowing the evaluation of the
bone mineral density (in mmAl) of the
accessory carpus bone of Thoroughbred
horses between 12 and 25 months old, using
the software developed.

There was no significant statistical
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difference between sexes during the growth
of the animals, so only one line was adjusted
for the evaluation of the animals of both
sexes, given by the line equation of bone
mineral density in mmAl (BMD mmAl =
3.109 + 0.056 x age).

In this study, it was possible to

Vulcano, L.C. and Santos, F.A.M.

develop of software to evaluate the bone
mineral density by means of optical
densitometry in radiographic image,
determining normal values of bone mineral
density, in mmAl, of the accessory carpus
bone of male and female Thoroughbred
horses.

Resumo

Em 12 fémeas e 12 machos da raga Puro Sangue Inglés com idade
média de 12 meses, avaliou-se os valores normais da densidade mineral
6ssea do carpo acessorio em milimetros de aluminio (mmAl) até o
momento do fechamento completo da epifise distal do radio, por
meio do método de densitometria 6ptica em imagens radiograficas.
A avaliacdo foi realizada por meio de um programa computacional
(software) especialmente desenvolvido para medida de densidade
optica em filmes de raios-X, o qual contém a imagem radiografica do
08S0 carpo acessotio, regido de partes moles adjacente ao carpo acessorio
e os degraus de uma escala de aluminio (phatom), que permitiu a
medida de densidade mineral 6ssea, sendo esta a média aritmética da
regido de interesse determinada no osso carpo acessorio
correspondente ao valor em milimetros da escala. Os valores da
densidade mineral 6ssea em mmAl do acessério do carpo em fungao
da idade nio apresentaram diferencas entre os sexos (p=0,80)
permitindo que uma equagao de reta fosse ajustada para ambos os
sexos (densidade mineral 6ssea (DMO) mmAl = 3.109 + 0,056 x

Palavras-chave:

Eqtiinos.

Densidade mineral 6ssea.
Acessorio do carpo.

idade em meses), na faixa etaria estudada.

References

_

.O’'CALLAGHAN, M. W. A brief look at new
tecnologies and their potential application to equine
diagnosis. Veterinary Clinics of North America, v.
7,n.2,p.467-479, 1991.
2.JEFFCOTT, L. B. Training effects on bone joints. In:
INTERNATIONAL CONFERENCE OF EQUINE
SPORTS MEDICINE, Proceedings... Stockholm, p.
14-17. 1990.

3.WENTWORTH, R. A. et al. In vivo stimation of
bone mineral content. A research and diagnostic
technique for veterinary medicine. Amer. ). Vet. Res.,
v. 32, p. 985, 1971.

4.AL-HITI, J. et al. Spinal calcium. Its in vivo
measurement in man. Internat’l. ). Appl. Radiat.
Isotopes, v. 27, p. 97, 1976.

5.REICH, N. E. et al. Determination bone mineral
content using CT scanning. Amer. J. Roentgenol., v.
127, p. 593, 1976.

6.EKMAN, B.; LJUNGQUIST, K. G.; STEIN, U.
Roentgenologic - photometric method for bone
mineral determination. Acta Radiol. Diag., v. 10, p.
305, 1970.

7.CARVALHO FILHO, F. Estudo radiografico do nucleo

secundario de ossificacao do calcaneo em populacao

normal e acometida de apofisite do calcaneo. 1997.
90 p. Tese (Doutorado) — Faculdade de Medicina,
Universidade de Sao Paulo, Ribeirao Preto, 1997.

8.COSMAN, F. et al. Radiographic absorptiometry: A
simple method for determination of bone mass.
Osteoporosis Int., v. 2, p. 34-38, 1991.

9.GALLO, R. N. et al. Avaliacao da densidade 6ssea
em gatos em crescimento submetidos a dois tipos de
racdo. In: Congresso Panamericano de Ciéncias
Veterinarias, 15.,1996, Campo Grande. Anais...
Campo Grande, MS, 1996.

10.LOUZADA, M. J. Q. Otimizacao da Técnica de
Densitometria Optica em Imagens radiograficas de
Pecas Osseas. Estudo “In Vitro”. 1994. 191 p. Tese
(Doutorado) - Faculdade de Engenharia Elétrica,
Universidade Estadual de Campinas, Campinas, 1994.

11.MATSUMOTO, C. et al. Metacarpal bone mass in
normal and osteoporotic japanese women using
computed X-ray densitometry. Calcif. Tissue Int., v.
55, p. 324-329, 1994.

12.MAZZONETTO, R. et al. Efeito do glutamato
monossodico no processo de reparo alveolar e
densidade ¢ssea em ratos. In: REUNIAO CIENTIFICA
DA SOCIEDADE BRASILEIRA DE PESQUISAS
ODONTOLOGICAS, 12., 1995, Aguas de Sao Pedro.
Anais... Aguas de Sao Pedro, SP, 1995.



Determination e padronization of normal values of bone mineral density (BMD) of the acessory carpus bone in young Thoroughbred horse using optical densitometry in radiographicimage 1

13.SEO, G. S. et al. Assessment of bone density in the
distal radius with computer assisted X-ray
densitometry (CXD). Bone Miner., v. 27, p. 173-
182, 1994,

14.VULCANO, L. C. etal. Valores normais da densidade
6ssea do carpo ulnar em potros em crescimento da
raca Quarto de Milha através da densitometria 6ptica
radiografica. A Hora Veterinaria, ano 17, n. 100, p.
52-54, 1997.

15.YANG, S. et al. Radiographic Absorptiometry for
bone mineral measurement of the phalange: precision
and accuracy study. Radiol., v. 192, p. 857-859,
1994.

16.YATES, A. ). et al. Radiographic absorptiometry in
the diagnosis of osteoporosis. Am. J. Med., v. 98, n.
2A, p. 41-47, 1995.

17.TIEDEMAN, . J. et al. Quantitative roentgenographic
densitometry for assessing fracture healing. Clin.
Orthop., v. 253, p. 279-286, Apr. 1990.

18.LAWRENCE, L. M. et al. Growth responses in hand-
reared and naturally reared quarter horse foals. Equine
Pract., v. 13, n. 2, p. 19-26, 1991.

19.MEAKIM, D. W. et al. Estimation of mineral content
of the equine third metacarpal bye radiographic
photometry. J. Anim. Sci., v. 53, n. 4, p. 1019-1026,
1981.

20.MAJER, L. et al. Densitométrie osseuse digitalisée.
Une méthode de routine pour évaluer et surveiller la
minéralisation osseuse. Ann. Radiol., v. 33, n. 6, p.
329-338, 1990.

21.McFARLAND, W. Evaluation of bone density from
roentgenograms. Science, v. 119, n. 4, p. 810-811,
1954.

22.ANDERSON, J. B.; SHIMMINS, J.; SMITH, D. A. A
new technique for the measurement of metacarpal
density. Br. ). Radiol., v. 39, p. 443-450, 1966.

23.MELSEN, F.; MELSEN, B. The relation between
densitometric and quantitative histological analysis
of bone specimens from the iliac crest. Clin. Orthop.,
v. 117, p. 321-326, 1976.

24.BAUSELLS, J.; SANTOS-PINTO, R. indice carpal
densitométrico. Ver. Farm. Odontol. Araraquara, v.
4,n. 1, p. 183-197, 1970.

Braz ] vetResanim Sci40 (suplemento 1) 2003



