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Clinical, radiographical and haematobiochemical changes in growing dogs with
retained cartilage core
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ABSTRACT

The study was conducted in 11 growing dogs of up to 1 year affected with retained cartilage core. All the 11 cases
were observed for the clinical signs of the disease and subjected to different haemato-biochemical and hormone analysis
to find out the status of the disease. The incidence recorded was 2.87% (among the 387 growing dogs}. Great Dane (7)
was more commonly affected breed than others. Majority of the affected dogs (7) were less than 3 months. Males and
females were almost equally affected. Lameness, focal hard swellings proximal to the carpus, bowing of the radius,
carpal valgus and stunted growth were the clinical signs observed in most of the dogs. A radiolucent inverted cone
shaped arca in the distal metaphysis of ulna was the characteristic radiographic sign. Hyperphosphataemia, low Ca: P
ratio, hypOVil&miﬂ()SiS'-Dj and incregsed alkaline phosphatase activity were the common biochemical findings. The
diagnosis was made on the basis of radiographical signs, The dogs were treated with preparations of vitamin D, caleium
and multivitamins and an appreciable improvement in 7 dogs could be noticed within 45 days.
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Bone growth abnormalities particularly of forelimby(s) are
common in the large breed dogs, which result in bowing of
limb(s), lateral deviation of the paw, varying degree of
lameness and stunted growth (Burk and Ackerman 1986). In
a long bone, longitedinal bone growth occurs by a process
of endochondral ossification of the growth plate and an
abnormality in this process is thought to produce the lesion
of retained cartilage core, which is responsible for the
development of forelimb deformity. Retained cartilage core
(RCC) is more frequently reported in the fast growing large
breed dogs like Great Danes (Konde 1994, Montgomery
2002), Though the radiographic picture of retained cartilage
core like the presence of an inverted radiolucent cone at the
distal ulna has been very well described in the literature
(Montgomery 2002, Farrow 2003), plasma biechemical
profile and therapy of retained cartilage core have not been
described earlier. Further, there is no study on the incidence
of RCC in Indian subcontinent. The present study was,
thezefore, aimed to record the incidence, clinical signs,
radiographic features and haemato-biochemical profile in
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growing dogs affected with RCC and to record their response
to calcium and vitamin D, therapy.

MATERIALS AND METHODS

The growing dogs aged up to one year, presented to the
referral polyclinic of Indian Veterinary Research Institute,
Tzatnagar (UP) during April 2002 to March 2003 were
examined for the presence of any skeletal growth
abnormality, Retained cartilage core (RCC) was found in 11
dogs that made the subject for the present study.

Detailed history regarding the age, sex, breed, duration
of illness, diet, litter size, previous treatments etc. were
recorded. All the affected dogs were subjected to clinical,
radiographical and haemato-biochemical examinations.
Clinical signs like pain, lameness, bowing of the radius-ulna,
enlargement of the distal metaphysis of the radins-ulna, hind
quarter weakness, angular deformity and carpal valgus were
recorded on the day of admission and at 15 days interval
thereafter. All the clinical signs were graded on a 0-3 scale
as nermal (0}, mild (1), moderate (2), and severe (3). The
angle of carpal valgus was measured as per the method of
Ramadan and Vaughan (1978). Physiological parameters like
respiratory rate (RR), beart rate (HR) and rectal temperature
(RT) were alse recorded on day 1 and at an interval of 15
days, when the animals were presented to the clinic for follow
up examination.
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Radiographs of the fore limbs were taken in antero-
posterior (A/P) and medio-lateral (M/L) planes on the day
of admission and subsequently at an interval of 15 days up
1o 45 days. Diagnosis of the case was made on the basis of
changes seen on radiographic examination.

The haematological parameters viz. haemoglobin (Hb),
differential leukocyte count (DLC) and packed cell volume
{(PCV) were estimated by standard procedures (Jain 1986).
The plasma calcium (Webster 1962), phosphorus (Gomorri
1942}, magnesium (Gindler and Dwayne 197 1), tatal protein
and albumin (Dumas et 2l. 1971), and alkaline phosphatase
(Kind and King 1954) were estimated by standard methods.
Vitamin D, was estimated by RIA method (Bouillon et al.
1987), whereas iPTH (Bouillon ef a/. 1990} and calcitonin
were estimated by IRMA method (Rougier ef al 1983). All
the affected dogs were subjected to haemato-hiochemical
evaluation on the day of presentation and at an interval of 15
days up to 45 days. The plasma value of different parameters
on the days of admission was compared with plasma value
of the normal dogs (Kaneko ef al. 1997, Kushwaha 2003),
whereas plasma values obtained on subsequent days were
compared with the previous plasma values of the same dogs
obtained on the day of admission.

Treatments given to all the 11 dogs included preparation
of calcium, vitamin D,, multivitamins and minerals, Vitamin
D, (vit.D, in oily base 300,000 IU (7.5 mg) and 600,000 IU
(15 mg) per mL)] was administered intramuscularly @ 3
lakh IU in the dogs weighing up to 10 kg and 6 1akh JU in the
dops weighing more than 10 kg at weekly intervals for a
minimum of 3—4 weeks. Syrup or tablet containing elemental
caleium 250 mg, vitamin D, 125 TU @ ¥ tsf bid or 1 tab bid
orally was used for calcium supplementation for a mininsum
of 30 days. The anti-inflammatory-analgesic drug nimesulide
was administered orally @ % tab (50 mg) bid for 1 week,

The incidence (age, sex, breed etc.) was expressed in
percentage. The data of different haemato-biochemical
parameters recorded in all the dogs on day 1 were expressed
m mean+SE. Some of the dogs were not presented for follow
up examinations at definite intervals. The data obtained from
4 dogs, which were presented at regular intervals (up to 45
days) were analyzed for haemato-biochemical parameters
by paired ‘t’ test {(Snedecor and Cochran 1994).

RESULTS AND DISCUSSION

In the present study, RCC was recorded in 11(2.87%) out
of 387 growing dogs. Great Dane was the most commonly
affected breed (63.63%) followed by non-descript (18.18%)),
German Shepherd and Doberman (9.09% each) breeds.
Johnson (1981) and Konde (1994) has also reported that
retention of cartilage occurs in young large and giant breed
of dogs like Great Dane, where physeal hypertrophic
chondrocytes fail to mature and mineralize adjacent matrix
and accumulate in large columns in the primary spongiosa.
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Johnson et al. (1995} have observed that signs of RCC appear
at the age of 5 months and lesions are usnally bilateral.
However, in the present study dogs aged up to 3 months were
affected more (63.63%) followed by those aged between 3-
6 months {36.36%), which suggest that signs of RCC could
be seen in very yvoung dogs also, Among the dogs affected
with RCC, 6 were males and S were females.

The dog owners reported that the clinical signs started to
appear about 15-30 days prior to presentation to the clinies.
Eight dogs suffering from RCC were vaccinated and
dewormed prior to presentation. Six dogs were fed on milk,
bread and chapati. In remaining 5 dogs, meat and eggs were
also given, Two Great Dane dogs also had femoral fracture,
where osteopenic bone probably predisposed for fracture.
The status of littermates and dam was not known to the
owners in any case. In most of the dogs, general clinical
signs seen were pain, lameness, broadening of distal
metaphyses of radius-ulna, bowing of the radius, hind quarter
weakness and carpal valgus (Fip. 13. Similar signs were also
reported by Johnson et al. (1995) and Farrow {2003). Mild
pain on palpation of the affected bone was recorded in 5
cases and moderate pain in ! case. Mild and moderate
lameness was seen in 2 cases each and severe lameness in 1
case during progression. Retarded or discontinued growth at
the distal ulnar physis leads to cranial bowing of radius, due
to shortened ulna acting as a bowstring. In the present study
mild bowing was recorded in 7 cases and moderate bowing
was seen in 4 cases, which may result in hyperextended
carpus. The radius bows medially, forcing the limb 1o deviate
laterally into valgus. This results in external rotation of paw
(Remadan and Vaughan 1978, Newton 1985), which was
noticed in 5 cases. The angle of carpal valgus was mild (5-
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Figs 1-2. 1. A 3'/2 month-cld female Great Dane pup affected
with retained cartilage core (RCC) shows bilatera) carpal valgus
and focal hard swelling proximal to carpus {arrow). 2. Radiograph
of a retained cartilage core (RCC) in medio-lateral view shows an
inverted ‘V' shaped cone.extending frem physis deep into
metaphysis (arrow).
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10°} in 3 cases, moderate in remaining 2 cases, 1 had 25°
and another had 30° angle of carpal valgus, Mild broadening
of distal metaphysis was seen in 4 cases and moderate
broadening was seen in 7 cases. Mild and moderate
hindquarter weakness was seen in 3 cases each. The mean
rectal temperature, respiration rate and pulse rate recorded
were within the normal physiological range.

The characteristic radiographic feature abserved inall the
cases of RCC was the presence of a radiojucent inverted cone
shaped area in the distal metaphysis and broadening of
metaphysis (Fig. 2). The cone shaped radiolucent area was
seen mostly at the distal metaphysis of ulna which is due to
failure in endochondral ossification. This results in slow
growth of ulna which causes variable degree of bowing of
radins (Montgomery 2002, Farrow 2003),

The mean +5E of different haemato-biochemical
parameters recorded in plasma of all the 11 growing dogs
are shown in Table 1. Haemoglobin (106=5.89g/L) was found
below nommal physiological range (120-180 g/L} for the
species; 4 dogs showed normal value and remaining 7 dogs
had below normat range. The packed cell volume (0.34+0.02
L/L} was also below normal physiological range (0.37-0.53
1/1); § dogs had normal levels and 6 dogs had Jow levels.
The differential lenkocyte count was found normal, although
3 dogs showed neutropenia and Iymphacytosis. This indicates
that the RCC does not influence the haematological
parameters. Plasma biochemical status of the RCC affected
dogs revealed normal calcium level (mean 2.404+0.32]
mmol/L), however, hypercalcaemia and hypocalcaemia were
recorded in 3 cases each. The plasma phosphorus level was
found high in all the 11 cases with the range of 2.23-7.93
mmol/L. The Ca: P ratio was found below normal {(0.756
£0.151); however, 2 dogs, despite disturbed plasma Ca and
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P level, showed normal Ca: P ratio. The significant reduction
in Ca: P ratio was mainty due to hyperphosphataemia. Earlier
studies showed that both high calcium and high phosphorus
level might result in the failure of endochondral ossification
(Hazewinkel et al. 1987, Nap et al. 1993). In this study the
plasma magnesium was found normal (0.795 £0.135 mmol/
L), however, 4 dogs showed hypomagnesemia and 2 dogs
showed hypermagnesemia. The total protein, albumin,
globulin and A:G ratio were below normal (46,15 +2.87 gm/
1), normal (29.53 %3.44 gm/L), below normal {16.63 £1.91
gm/L) and above normal (2.26 % 0.532) respectively. The
low level of plasma protein indicated that dogs wexe not fed
on proteinous diets. The mean plasma alkaline phosphatase
(370.36+132.4 U/L) showed marked increase in the cases of
retained cartilage core. Increased alkaline phosphatase
activity is probably due to increased osteoblastic activity,
which is a sign of incomplete mineralization of organic matrix
(Johnson ef al. 1988, Grondalen et al. 2004). The iPTH level
increased (10.67%5.16 pg/mL), indicating hyperpara-
thyroidism. The available literature does not show any
correlation between RCC and secondary hyperpara-
thyroidism. This may be atiributed to hyperphosphataemia,
which reduces biood calcium levels, which in tum stinulate
parathyroid glands. Reduced vitamin D, level was recorded
in the present study. Vitamin D, and its metabalites normally
increase the absorption of calcium and phosphorus from the
intestine, thereby maintain adequate level of these
electrolytes in the extra celluiar fluid that permits proper
mineralization of bone matrix. In young animals, vitamin D,
is required for orderly growth and minerzlization of cartilage
in growth plate. In the deficiency of vitamin D, mineralization
of cartilagenous matrix fails to occur and hence the formation
of bone is blocked (Hazewinkel and Tryfonidou 2002). The

Table 1. Haematobiochemical parameters in plasma of the dogs affected with retained cartilage core (RCC)

Breed Hb PCV N L M E B Ca P CaP Mg TP A G AG ALP PTH CT VitD,
WL (L) ) (%) (%) (%) (%) (mmo {(mmo (mmo (gL} (gL) (/L) i) (pg  (pg/  (mmo/
YLy 1L} 1YL} mL)  mL} 1L}
Gb 105 033 65 0 2 2 1 0338 321 026 080 6037 4576 1467 313 8409 394 407 44385
Gp 120 038 51 40 8 1 0 438 2581 150 054 4850 30.00 1850 1.62 16806 689 529 8387
GbD 59 020 48 47 3 2 0 280 7.93 035 169 4410 3152 1267 242 14477 - 09.6 -
GD 98 630 66 2 12 0 0 222 307 072 036 4840 3250 1590 204 13725 127 445 2477
ND 165 032 70 25 3 2 0 150 325 044 041 6037 4840 1197 364 19022 - - -
DB s 036 72 20 6 1 i 144 259 (.55 041 4600 2727 1880 144 14126 517 539 22012
GSD 115 043 68 20 3 ] 1 - - - - - - - - - - - -
GD 120 038 67 25 7 i 0 216 223 086 095 4116 1753 2336 074 73713 356 351 14006
GD 125 038 70 18 9 3 0 309 314 097 101 3961 1589 2371 064 60350 113 419 21500
Gp BS 029 65 30 5 0 0 3.0% 234 13 121 3650 2848 0431 612 (1985 - 458 220600
ND 120 047 47 43 4 2 0 253 506 '050 057 4250 2000 2250 088 13775 - - 86.00
Mean 106.09: 034 6236 2909 645 181 027 2404 357 0756 0.795 4615 29.53 16.63 1226 37036 10.67 2615 157.825
(*SE} 5.8 002 £2.75 £3.02 +0.91 20.50 #0.14 2032 20.54 +0,131 0,135 £287 2344 1.9 =53 =*132.4 4516 21150 £27.41
Ref.  120- 037- 60— 12~ 3~ 2% 01" 220~ 12 1[2- 074 074 26— 21— 0702~ 20— 204 1932 235.65
rapge 180 055 70¢ 30" 100 ¢ 3.00% 207 089 0997 4 37 1.904" 156* £0.50° £8.467 *31.96*

GD- Great Dane, ND-non-descript, DB-Doberman, GSD- German Shepherd; # Kaneko ef al. (1997); * plasma value obtained in normal

growing dogs recorded in the present study.
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Table 2. Mean (+8E) values of plasma levels of different biechemical parameters at different intervals of treatment in dogs affected with
RCC (n=4)

Interval (days}

Parameters 0 15 30 45

Ca {mmal/L) 2.07£0.45 2.17+0.38 2.63+0.23 2.74x0.08P
P {mmol/L) 2.74+0.19 2.80+0.65 2.03:+0.40 1,660, 10%
Ca:P 0.79+0.18 1.25+0.55 1.41+0.31 1.70:0.14
Mg (mmol/L} 0.87+0.17 0.55:0.14 0.51+0.08 0.67=0.10
TP {(g/L} 44.20+6.28 50,9048 84 48.18+4 46 53.3125.24
A (g/L) 28.8546.21 33.99+7.21 33.8246.91 32.03:4.67
G (g/L) 15,35+4.12 17.0144.97 14.36+4 28 21.28=1.72
A:G 2.85+1.21 2.67+0.89 2.7140.04 1.52=0.23
ALP (U/L) 237.05£122.33 264.12496.84 173.84+110.22% 121616082
PTH {(pg/mL) 12,7346.15 30.87£10.12 - -

CT (pg/mL) 13.96:9.32 20.61£3.69 - -

Vit-D, (nmol/L) 122.22+38.03 208.39£78.17

*Differ significantly (P<0.05) from base value.

exact cause of RCC is not clearly understood (Konde 1994,
Farrow 2003) and it is thought to be doe to failure in
endochondral ossification (maturation and mineralization of
matrix), which might cceur due to increased calcinm and
increased phosphorus intake, hypercaleitonism and disorders
m vitamin-D, metabolism (Hedhammar er a/. 1974, Nunez
et al. 1974, Schoenmakers et al. 2000). The epiphyseal plate
becomes irregularly thickened as progressively more
cartilagenous matrix accumulates and fails to mineralize, In
the present cases, the reduced level of vitamin D, and
disturbed Ca: P ratio might have caused defects in
mineralization resulting in retention of cartilage core.

The animals with RCC showed varied response to
treatment. Among the & dogs presented for follow-up
treatment, 5 dogs showed moderate improvement clinically
in about 30-45 days, 2 dogs showed slight improvement,
whereas another dog did not show any improvement till 30th
day, Response to treatment in the remaining 3 dogs was not
known as the owners did not turn-up for follow-up {reatment.
Rectal temperature, heart and respiratory rates recorded at
different post-treatment intervals did not show any significant
change (P>0.05),

Follow-up radiographs could be taken in only 6 cases.
Among these, slight improvement in terms of ossification of
retained cartilage was seen in 2 cases and moderate
improvement in anether case. However, no improvement was
seen in 3 cases up to 45 days of observation.

Mean haemoglobin, PCV and DLC values recorded at
different intervals did not show any significant change. The
plasma biochemical parameters estimated at different
intervals of treatment are shown in Table 2. Plasma calcium
increased at different intervals up to day 45. Mean phosphorus
value recorded on day 0 was above the normal range. It
decreased gradually to reach the normal range on day 45.
Ca: P ratio, which was below normal on day 0, increased

gradually to attain normal range on day 30 and it remained
within normal range on day 45. The supplementation of
vitamin D, and calcium might have corrected the calcium:
phosphorus ratio and hence improved the condition. Plasma
Mg values recorded at different treatment intervals were
helow the base value recorded on day 0. Mean plasma total
protein increased at different treatrnent intervals. Albumin
and globulin also increased at different intervals except on
day 30, where globulin slightly decreased. A: G ratio showed
a decreasing trend to attain the normal range on day 45,
Alkaline phosphatase activity increased on day 15, but
significant decrease was noticed on day 30 and subsequently
reduced well below the base level on day 45. The dectreased
alkaline phosphatase activity indicates mineralization of the
cartilape osteoid matrix. The mean plasma levels of iPTH,
calcitonin and vitamin D, increased on day 135 as compared
to 0 day values. These results indicate that most of the
haemato-biochemical parameters showed signs of
improvement following treatment.From the present study, it
can be concluded that RCC is a bone disease of young
growing dogs occurs probably due to failure in endochondral
ossification, Hyperphosphataemia, disturbed Ca: P ratio, low
level of vitamin D, increased iPTH and alkaline phosphatase
are significant changes in the blood. Supplementation of
vitamin D, and calcium preparations may be useful in the
treatment of RCC, though the response is not uniform.
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