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Introduction
Monitoring the radius and ulna bones is necessary in veterinary radiology as it provides a guide to surgeons on the choice of 
surgical procedures to be performed in the growth plate region considering the time at which the growth plate of these bones 
appears, reach their proper anatomical shape and finally fuse.

Growth plates are also known asphyses, epiphyseal plate, metaphyseal growth plate, epiphyseal cartilage and epiphyseal disk [1]. 
They are the endochondral ossification areas of long  bones [2] which are specialized cartilages extending longitudinally between 
the epiphysis and metaphysis of immature long bones. The growth plate appears radiolucent on radiographs [3] which closes as the 
animal matures and at this age of maturity, the epiphysis fuses with the metaphysis to become a single bone [4]. 

Growth plates are specialized cartilages extending longitudinally between the epiphysis and metaphysis of immature long bones. The aim 
of this study was to evaluate the appearance, sequential thickness and closure time of the proximal and distal growth plates of radius and 
ulna bones in Nigerian indigenous dogs considering the paucity of information on these areas. In this study, a total of sixteen (8 male and 
8 females) apparently healthy Nigerian indigenous dogs were used over a period of 48 weeks. Medio-lateral radiographic exposures of the 
right forelimb of each puppy were taken at weekly intervals up to a period of 9 weeks and thereafter at 4 weeks interval. The radiographic 
images were reviewed and interpreted. The results obtained showed that the growth plate of the distal epiphysis of the radius was the first 
to appear at week 2 in some dogs and at 3 weeks in others, while that of the proximal epiphysis of the radius appeared second at 5 weeks 
in all the dogs. The growth plate of the distal epiphysis of the ulna bone appeared at 6 weeks while that of the proximal epiphysis of the 
ulna appeared at 8 weeks in all the dogs. The proximal ulna growth plate was the first to fuse at 24 weeks followed by the proximal radius 
at 28 weeks, then the distal ulna at 32 weeks while the distal radius was the last to fuse at 36 weeks in most of the dogs. 
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The age at growth plate closure is expected to depend on breed genetic factors, physiological conditions, disease, cross-breeding, 
nutritional conditions, and the management system [5].

For evaluation of growth plates, radiographic imaging is an effective method to demonstrate the time of appearance and closure of 
growth plates which are very important in order to decide whether there is normal or abnormal development of the bone and also 
to know the age at which interruption of the growth plate region using threaded devices can be performed without interrupting 
the growth plate. In support of this, several reports have been documented on the growth plate of other species and breeds of 
dogs: cat’s [12] mice [7] cattle [13], monkey [14], sheep [15], goat [16], in horse [17,18]. However, there was limited study on 
the radiographic observations of the forelimb of Nigerian indigenous dogs. Therefore, the objective of this study was to observe 
the time of appearance, sequential thickness and closure of growth plates of radius and ulna bones of male and female Nigerian 
indigenous dogs by using radiograph. 

Material and Methods
Sixteen (8 males, 8 females) apparently healthy Nigerian indigenous puppies, weighing an average of 0.3kg at the beginning of 
the study (week 1), were obtained from three different liters. They were physically examined to ascertain their health status. Each 
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Figure 1: (week 1)
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puppy was dewormed and vaccinated against rabies, parvovirus enteritis, para-influenza, hepatitis and canine distemper and were 
maintained on daily portion of jollof rice, gari with soup, beans and clean drinking water was provided ad libitum.
At week 1, animals were placed on the right lateral recumbency on the x-ray table for radiography without sedation till they 
were 4 weeks, when the puppies were sedated in order to immobilize them during radiography. Xylazine hydrochloride (0.2mg/
kg) (VMD Arendonk, Belgium®) and Atropine (0.04mg/kg) (8-Methyl-8-azabicyclo 3.2.1, Atropen®) combination administered 
intramuscularly [19] were used to achieve sedation. The weight of each dog was taken before each radiograph and radiographic 
exposures were scheduled at weekly interval till 9 weeks and thereafter at every four weeks interval till 48 weeks using a method 
adopted by [11]. Puppies were radiographed using Power mobile x-ray machine (LX-8 MOB) installed at Veterinary radiology 
unit of Usmanu Danfodiyo University Sokoto. Accurate settings of between 50-60kV, 8-12mAs [20] were used for this study. 
Mediolateral radiographs were taken with the animal on right lateral recumbency [21]. The right limb was placed on the loaded 
cassette containing the x-ray film on the x-ray table and the light beam was collimated with the primary beam focused on the 
diaphysis of the radius and ulna bone. The left limb was retracted caudally using gauze bandage with the head and neck slightly 
extended out of the primary beam. After taking a radiograph in the x-ray room, the cassette was taken to the dark room for 
identification and manual processing of the films in the processing tank after which it was allowed to dry. The thickness of the 
growth plate was measured using an electronic digital caliper (Raider®) (Figures 1,2,3,4 and 5) in mm until the growth plate started 
fusing (partial union). The x-ray films were viewed by placed them on an X-ray film illuminator (Techmel and Techmel Texas 
U.S.A). This study was conducted by a team of professionals comprising of an anatomist, a radiologist, and surgeons who organized 
the work, reviewed and interpreted the radiographs. Nigerian Indigenous dogs are small breed dogs. The weight of the dogs at the 
end of the study had an average of 14.6 kg 

Figure 2: (2 weeks)

Figure 3: (3 weeks) Figure 4: (4 weeks)

Images showing the development and partial ossification of growth plates of the radius and ulna bones
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Growth plate Age at appearance
(Weeks)

Age at closure
(Weeks)

Distal radius 2-3 32-40 

Proximal radius 4-5 24-28 

Distal ulna 5-6 28-32 

Proximal ulna 7-8 20-24 
Table 1: Range of appearance and closure times of the Growth Plates of the radius and ulna bones

Figure 5: (5 weeks) Figure 6: (6 weeks)

The radiolucent space located between the epiphysis and the metaphysis is the growth plate which appeared after the appearance 
of secondary ossification centers of each bone. The first growth plate to appear was the distal radius at 2 weeks (Figure 2) as a small 
ovoid structure which was present in 12 dogs (6 males and 6 females) but absent in 4 dogs which appeared at 3 weeks in others, 
followed by the proximal radius which appeared at 5 weeks (Figure 5) in all the dogs, then the distal ulna that appeared at 6 weeks 
(Figure 6) in all the dogs and finally the proximal ulna that all appeared at 8 weeks (Figure 8) for all the dogs.

Figure 7: (8 weeks) Figure 8: (12 weeks)

Partial ossification was observed 4 weeks before the final ossification of each of the growth plate of some growth plates like early 
signs (Partial ossification) of growth plate closure. That of the ulna bone was radiographically noticed at 20 weeks in 13 dogs (6 
males and 7 females) which was also noticed on other growth plates but the complete ossification of the growth plates of all the 
dogs were observed to be 24 weeks (Figure 13) for proximal ulna, 28 weeks (Figure 14) for the proximal radius, 32 weeks (Figure 
15) for the distal ulna and finally the distal radius that close at 36 weeks in 13 dogs (6 males, 7 females), 3 dogs (2 males, 3 females) 
fused at 40 weeks (Table 1,2 and 3). Considering the early signs of closure (partial union), the closure time for proximal and distal 
radius can be said to have a range of 24-28 and 32-40 weeks respectively while the proximal and distal ulna were 20-24 and 28-32 
weeks respectively (Table 1).

The measurement of the thickness of the growth plate of the male dogs were documented at 4 weeks interval. At week 1, no growth 
plate was found. At week 4, the first thickness was measured in the distal radius as 0.91mm. At week 8, all the growth plate of 

Results
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proximal and distal radius and ulna bones were present with the distal ulna having the largest thickness of 1.40mm and proximal 
radius had the least thickness of 0.56mm (Table 2).

Age/weeks Proximal radius/ cm Distal Radius/ cm Proximal Ulna / cm Distal Ulna/ cm

1 ND ND ND ND

4 ND 0.91 ND ND

8 0.56 0.68 0.96 1.40

12 0.77 0.76 0.72 1.38

16 0.49 0.47 0.34 0.29

20 0.35 0.46 PU 0.21

24 0.32 0.46 Fused PU

28 PU 0.32 Fused Fused

32 Fused PU Fused Fused

36 Fused (6 fused 2 not) Fused Fused

40 Fused Fused Fused Fused

44 Fused Fused Fused Fused

48 Fused Fused Fused Fused
NOTE: ND: Not developed; PU: Partial union
Table 2: Mean thickness of growth plate of radius and ulna bones in mm and closure time in males

Age/weeks Proximal Radius/ cm Distal Radius / cm Proximal Ulna / cm Distal ulna / cm

1 ND ND ND ND

4 ND 0.94 ND ND

8 0.54 0.80 1.36 1.38

12 0.67 0.71 0.96 1.30

16 0.37 0.55 0.25 0.31

20 0.32 0.48 PU 0.22

24 0.31 0.41 Fused PU

28 0.26 0.22 Fused Fused 

32 PU 0.22 Fused Fused 

36 Fused PU (7 fused 1 not) Fused Fused 

40 Fused Fused Fused Fused

44 Fused Fused Fused Fused

48 Fused Fused Fused Fused
NOTE: ND: Not developed; PU: Partial union
Table 3: Mean thickness of growth plate of radius and ulna bones and closure time for females

Figure 9: (24 weeks) Figure 10: (28 weeks)
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In the female dogs, at the week 1 of radiography, no growth plate was formed as well. At week 4, the first thickness was measured 
in the distal radius as 0.94mm. At week 8, all the growth plate of proximal and distal radius and ulna bones were present with the 
distal ulna having the largest thickness of 1.38mm and proximal radius having the least thickness of 5.4mm.The largest thickness 
of the growth plate in both males and females were observed at their time of appearance and kept reducing as the animal grew 
older until they finally fused (Table 3).

From this study, a radiolucent structure, extending longitudinally between the epiphysis and metaphysis of these bones at different 
times is known as the growth plate which appeared after the appearance of epiphysis. This is in line with the work conducted by 
[22] who reported a radiolucent space between the epiphysis and metaphysis to be the growth. The appearance of the growth plate 
of the distal radius was at 2-3 weeks, proximal radius at 5 weeks, distal ulna at 6 weeks and proximal ulna at 8 weeks. This is similar 
to the work documented by [11] who reported that the distal radius appeared at 2 weeks and the proximal radius at 4 weeks, distal 
ulna at 6 weeks and proximal ulna at 8 weeks. The difference between their work and ours is the time of appearance of the proximal 
radius which appeared at 5 weeks in ours rather than the 4 weeks of theirs, this could probably be due to breed variation. This work 
was contrary to the work conducted by [9], who reported the appearance of proximal and distal growth plate of the radius to be 
prenatal and that of the proximal and distal ulna to appear between 3-4 weeks for giant breeds of dogs. These differences might be 
due to genetic, nutritional or environmental factors. 

Figure 11: (32 weeks) Figure 12: (36 weeks)

Discussion

Our findings revealed that the thickness of the growth plate was larger at the time of appearance and kept decreasing as the 
animal grew older until partial union was observed which led to a complete closure of the growth plate. This followed a similar 
pattern with the work conducted by [6] and [23] and who reported a complete closure of the epiphyseal plates to occur by gradual 
displacement of the radio lucent area of the growth plate by radiopaque area (Partial union) until the bone becomes a single bone. 

In the present study, the first growth plate to close in the radius and ulna bone was the proximal ulna which closed at 24 weeks, 
followed by the proximal radius at 28 weeks while the distal ulna fused at the age of 32 weeks and finally the distal radius at 36 
weeks for most of the dogs, although a little delay was observed in the closure time of the distal radius in 3 dogs (2 males, 1 female) 
which finally closed at 40 weeks. The difference in the closure times of the 3 dogs could probably be due to genetic variation 
within the same breed due to the nature of their breeding (mixed breeding). The age of the growth plate closure of the radius and 
ulna bones in this study differs from the study conducted by [9] who reported the average time of closure of the growth plates of 
the proximal ulna to be 46 weeks, and proximal radius to be 49 weeks. The average closure time of the distal growth plate of the 
ulna and radius was 60 weeks in giant breeds of dogs. This could probably be due to genetic variation and nutrition. The range of 
appearance and closure of the growth plate among all the dogs for proximal and distal radius were 2-3 and 4-5 weeks respectively 
while for the proximal and distal ulna were 5-6 and 7-8 weeks respectively. A complete closure of all the growth plates of the radius 
and ulna bone were achieved at 40 weeks which is contrary to the 60 weeks reported by [9] for giant breeds of dogs [9]. This result 
is supported by the report of [24] and [25] who reported that among domestic breeds of dogs, small breeds attain maturity earlier 
within seven months to one year while large and giant-breed dogs might not be fully grown until they are eighteen months.

Our findings showed no statistically significant difference in the time of growth plate closure between male and female dogs 
although most of the females closed slightly earlier than the males (Table 3 and 4) and similar findings were reported by [26] and 
[27] and who documented that sex had no influence on the time of closure of the growth plate whereas [28] Smith and documented 
variations due to sex. This could probably be due to the breed of dogs used and their management system. 
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The range of age at appearance of growth plate for proximal and distal radius were 2-3 and 4-5 weeks respectively while the 
proximal and distal ulna were 5-6 and 7-8 weeks respectively. The closure time for proximal and distal radius had a range of 24-28 
and 32-40 weeks while the proximal and distal ulna were 20-24 and 28-32 weeks respectively. The thickness of the growth plate was 
wider at the time of appearance of the growth plate and kept reducing till they finally fused. Therefore, the appearance of all the 
growth plates of radius and ulna bones in Nigerian indigenous dogs were post-natal and fused at 40 weeks. 

Conclusion
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