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of the healing fracture (Augat et al., 2014). Plain radiographs 
provide the ability to determine the bridging of the fracture 
gap and to quantify the amount of periosteal callus formation. 
Several radiographic features are easily observed during 
direct or secondary fracture healing with the production of 
external callus, these being the formation and growth of a 
calcified callus and the bridging of the fracture with callus.

C-arm (Fluoroscopy) is an imaging technique commonly 
used to obtain real time images of the internal structures 
of the patient. The fluoroscopy usually utilizes x-ray source 

In t r o d u c t i o n

Dogs suffer with various musculo-skeletal disorders 
leading to lameness and pain. Majority of the disorders 

include fractures, partial or complete dislocation of joints, 
tendon and ligament injuries. Most of the disorders occur 
due to non-infectious causes like accidents, falls and 
fighting. Evaluation of musculo-skeletal disorders by clinical, 
bio-chemical and imaging diagnostic techniques helps 
clinician to analyze the degree and severity of the disorder 
in order to decide optimum treatment regimen and evaluate 
healing process. Biochemical parameters like serum calcium, 
inorganic phosphorus and alkaline phosphatase enzyme 
activity during fracture healing have been analyzed and 
evaluated by numerous studies. Assessment of fracture 
healing and other musculo-skeletal disorders is still debatable 
as the values vary with different studies as a result of different 
physiological conditions and complications.

The measurement of serum markers of bone metabolism 
could assist in the evaluation of the cellular function in the 
bone fracture healing process, providing near real time 
information about the organic response to the lesion and 
to the selected treatment. These assays could also provide 
simple, accessible and accurate method of assessing disease 
progression during the bone fracture healing process (Breur 
et al., 2004). Imaging techniques provide a non-invasive and 
often instructive reproduction of the repair progress and 
healing status of the fractures. However, the interpretation 
of this reproduction is often qualitative and provides only an 
indirect and surrogate measure of the mechanical stability 
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Ab s t r ac t
The study was conducted on ten cases of dogs with musculoskeletal disorders over a period of two years, randomly divided into 2 
groups, viz., Group I and Group II. Each individual case was subjected to radiography (Group I) and C-arm (Group II) imaging techniques 
along with recording physiological parameters and blood collection for the estimation of the serum minerals and enzymatic profile at 0 
day pre-operative, immediate post-operative and 30th day post-operative. The physiological parameters, viz., respiratory rate, heart rate 
and rectal temperature remained within normal physiological limits suggesting the injuries occurred in these animals did not produce 
alarming changes in these parameters. Significant hypercalcaemia, hyperphosphataemia and increase in serum alkaline phosphatase 
levels were observed on 30th post-operative day, whereas changes in ALT and AST were non-significant. On radiography and C-arm 
comparison in group I and II dogs; radiographic technique showed superior performance in 17 instances, whereas C-arm technique 
revealed superior performance on 11 instances. In conclusion, radiographic technique was found superior to the C-arm technique in 
diagnosis of musculoskeletal disorders in dogs.
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coupled to an image intensifier and video capture device. 
This allows the clinician to view x-ray images in real time, 
gaining insight into the dynamic motion of internal structures 
as well as aiding in localizing the lesions. Definitive diagnosis 
and fracture assessment were done through radiographic 
and fluoroscopic imaging of fractures in dogs by Sharma 
et al. (2013). The present study was undertaken to evaluate 
physiological and biochemical parameters in musculo-
skeletal disorders in dogs and to compare diagnostic 
efficiency of radiography and C-arm in its evaluation. 

Mat e r ia  l s a n d Me t h o d s

The present study was carried on 10 clinical cases of dogs 
with musculoskeletal disorders presented at Department 
of Veterinary Surgery and Radiology, Veterinary College, 
Bidar (Karnataka, India) over a period of two years. All 
these dogs were subjected to two imaging techniques, viz., 
Radiography (Group I) and C-arm imaging (Group II). The 
animals comprised of both sexes, aged 2 months to 6 years. 
The dog breeds were one each of Pug, Labrador, Doberman, 
Mudhol hound, German shepherd and Pomeranian and 
remaining 4 non-descript. Physiological parameters, viz., 
respiratory rate (breaths/min), heart rate (beats/min) and 
rectal temperature (°F) were recorded in all the animals before 
treatment on “0”day, immediate post-operative day and 30th 
post-operative day.

All the dogs were subjected to blood collection prior 
to surgical intervention, immediate post-operative day and 
30th day post-operatively for serum biochemical estimation, 
viz., calcium, phosphorus, alkaline phosphatase, alanine 
transaminase (ALT), aspartate transaminase (AST) by using 
semi-automatic biochemical analyzer (ARTOS make) with the 
kit supplied by Swemed diagnostics, Bengaluru. 

Radiographs and C-arm images of affected region in 
medio-lateral and anterio-posterior views were taken pre-
operatively, immediately post-operatively and 30th day 
post-operatively to record the observations to find out the 
degree and severity of disorder to look for accuracy of surgical 
intervention and to record the healing process subsequently. 
The radiographic and C-arm images were obtained from 

Allengers ceiling suspended model x-ray machine and 
Allengers frolley model C-arm machine (Allengers medical 
systems limited), respectively. All the data obtained were 
analysed statistically using student’s “t” test as described by 
Snedecor and Cochran (1994).

Re s u lts a n d Di s c u s s i o n

The physiological parameters (Table 1), viz., respiratory rate, 
heart rate and rectal temperature of all dogs remained within 
normal physiological limits suggesting the injuries occurred 
in these animals did not produce alarming changes in these 
parameters. The similar results in fracture cases were also 
observed by several earlier studies (Hegade et al., 2007; Daron 
Joseph, 2013). Among the biochemical parameter (Table 2), 
significant hypercalcemia, hyperphosphataemia and increase 
in serum alkaline phosphatase levels were observed on 30th 
post-operative day in dogs, whereas changes in ALT and AST 
were non-significant. These results were in accordance with 
earlier studies (Umarani and Ganesh, 2003; Mahendra et al., 
2007). The details of individual cases (Table 3) are discussed 
below. 

In Case 1, a 3 months non-descript male dog with simple 
complete oblique over riding distal epiphyseal fracture of 
right femur, radiographic image was slightly superior at 
immediate post-operative phase, whereas C-arm image was 
slightly superior at “0” day and 30th post-operative days. The 
radiography was used for successful evaluation of fracture 
healing by several earlier studies (Singh and Sahay, 2005; 
Raghunath and Singh, 2008; Bini and Syam, 2014). The C-arm 
image results were in agreement with the earlier study of  
Sharma et al. (2013).

In Case 2, a 6 years male Pug with simple complete short 
oblique proximal metaphyseal fracture of ulna, C-arm image 
was slightly superior on “0” day, whereas radiographic image 
was slightly superior on 30th day. The C-arm technique is 
better in detection of subtle changes, whereas well ossified 
lesions were identified by radiography. The results were in 
agreement with Raghunath and Singh (2008), whereas C-arm 
image findings concurred with the findings of  Sharma et al. 
(2013).

Table 1: Mean ±SE values of physiological parameters recorded in dogs (n=10)

Period Respiratory rate (breaths/minute) Heart rate (beats/minute) Rectal temperature (˚F)

“0” day 32.00±1.33 80.50±1.09 102.45±0.09

Immediate post-operative 32.50±1.22 81.50±1.23 101.25±0.06

30th day post-operative 30.50±0.54 78.50±0.93 102.19±0.07

Table 2: Mean ±SE values of serum biochemical parameters recorded in dogs (n=10)

Period Calcium (mg/dL) Phosphorus (mg/dL) ALP (IU/L) ALT (IU/L) AST (IU/L)

“0” day 8.80±0.24a 4.50±0.19a 126.03±6.25a 17.04±1.03a 15.43±0.37a

Immediate post- operative 8.90±0.34a 4.65±0.21a 127.50±4.25a 17.50±2.05a 15.85±0.38a

30th day post-operative 10.86±0.48b 5.24±0.16b 136.61±7.48b 17.21±1.36a 15.49±0.23a

Means bearing different superscripts differ significantly (p≤0.05)
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In Case 3, a 5 months Labrador female with simple 
complete transverse proximal metaphyseal fracture of right 
metacarpal, the radiography was slightly superior to C-arm 
imaging at all stages of study in this case. The radiography 
results were in agreement with earlier studies (Augat et 
al., 2014; Bini and Syam, 2014). The C- arm image results 
concurred with findings of Axelrad and Einhorn (2011). 

In Case 4, a 4 months Doberman female with simple 
complete transverse dentate overriding proximal 
metaphyseal fracture of right femur, the radiography was 
slightly superior to C-arm imaging technique at all the stages 
of present case (Fig.1A to 1F). The radiographic results were 
in agreement with earlier study by Augat et al. (2014). The 
C-arm image results concurred with the findings of Axelrad 
and Einhorn (2011). 

In Case 5, a 3 years old Mudhol hound male dog with 
compound oblique overriding mid diaphyseal fracture of 
right radius and ulna, the radiographic image was slightly 
superior at “0” day and 30th post-operative day, whereas 
C-arm image was slightly superior at immediate post-
operative phase. The radiographic image results were in 
agreement with Umarani and Ganesh (2002). The poor 
radiographic image is in agreement with the earlier study of 
Blokhuis et al. (2001). The C-arm image result concurred with 
the findings of Sharma et al. (2013) and Stephen et al. (2015).

In the same Mudhol hound, with simple complete oblique 
over riding distal diaphyseal right tibial and fibular fracture, 
the C-arm image was slightly superior on “0” day and at 
the immediate post- operative phase. The C-arm image 
was slightly superior on 30th post-operative day. The C-arm 
imaging was slightly superior in early detection of changes 
than radiography in this case. The result of C-arm imaging is 
in agreement with Cook et al. (1999) and Custers et al. (2010). 
The radiography was effective in detecting callus formation 

at 30th day which could be attributed to increased mineral 
content of callus. The results of radiographic imaging on 30th 
day were in agreement with Morgan et al. (2006).

In Case 6, a 5 years old non-descript male dog with 
simple complete transverse overriding diaphyseal fracture 
of right tibia and fibula, both the techniques, viz., C-arm 
imaging as well as radiographic imaging were equally good 
at “0” day and immediate post-operative phase. However, at 
30th post-operative day radiographic imaging proved to be 
slightly superior when compared to C- arm imaging. These 
results indicate that when the callus formation increases, 
radiography was effective technique in detecting the 
changes. These results were in agreement with earlier studies 
of Sharma et al. (2013), but differed from the observations 
of Blokhuis et al. (2001) who had reported radiography as 
poor parameter in evaluation of fracture healing. The C- arm 
image results were in agreement with Custers et al. (2010) and 
Stephen et al. (2015).

In Case 7, a 1 year old German Shepherd male with simple 
complete transverse eburnate overriding mid diaphyseal 
fracture of left radius and ulna, the radiography and C-arm 
imaging were equally good on “0”day and immediately after 
operation (Fig.2A to 2D), whereas on 30th post-operative 
day C-arm imaging was slightly superior than radiography 
(Fig.2E to 2F). The results of C-arm imaging were in agreement 
with the earlier studies (Cook et al., 1999; Roel et al., 2010; 
Manjunatha, 2012). The results of radiography concurred 
with the findings of earlier worker of Blokhuis et al. (2001).

In Case 8, a 2.5 years old non-descript male with 
simple complete oblique overriding proximal metaphyseal 
fracture of left femur, the radiography and C-arm imaging 
were equally good on “0” day whereas, immediately after 
operation and on 30th post-operative day radiography 
was slightly superior than C-arm imaging. The results of 

Table 3: Comparative result of radiographic and C-arm images in dog cases (Group I and II)

Case No.
“0” day Immediate post-operative 30th day post-operative

Radiography C-arm Radiography C-arm Radiography C-arm

1 Inferior Superior Superior Inferior Inferior Superior

2 Inferior Superior Not operated Not operated Superior Inferior

3 Superior Inferior Superior Inferior Superior Inferior

4 Superior Inferior Superior Inferior Superior Inferior

5 a)  Superior
b)  Inferior

a)  Inferior
b)  Superior

a)  Inferior 
b)  Inferior

a)  Superior
b)  Superior

a)  Superior
b)  Superior

a)  Inferior
b)  Inferior

6 Equally good Equally good Equally good Equally good Superior Inferior

7 Equally good Equally good Equally good Equally good Inferior Superior

8 Equally good Equally good Superior Inferior Superior Inferior

9 Superior Inferior Superior Inferior Superior Inferior

10 Inferior Superior Inferior Superior Inferior Superior

Superior 4 4 5 3 8 3

Inferior 4 4 3 5 3 8

Equally good 3 3 2 2 0 0
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radiography were in agreement with Umarani and Ganesh 
(2002), Augat et al. (2014) and Bini and Syam (2014). The results 
of C-arm imaging were in agreement with earlier studies of 
Axelrad and Einhorn (2011). 

In Case 9, a 2 months non-descript male pup with 
simple complete short oblique overriding proximal 
metaphyseal right femur fracture, radiography was slightly 
superior to C-arm throughout the period of study. The 
results of radiography are in agreement with  Umarani 
and Ganesh (2002) and Bini and Syam (2014). The C-arm 
imaging concurred with the finding of Axelrad and Einhorn  
(2011).

In Case 10, a 6 years old Pomeranian female with simple 
complete oblique distal metaphyseal right tibial and fibular 
fracture, the radiography and C-arm imaging were equally 
good on “0” day and in the immediate post-operative 
phase. However, on 30th post-operative day radiography 
was slightly superior to C-arm imaging. The results of 
radiography were in agreement with earlier studies 
(Umarani and Ganesh, 2002).

Overall, the radiographic technique showed superior 
performance in 17 instances where as, C-arm technique 
revealed a superior performance at 10 instances. The 
radiographic images were inferior 10 times where the value 
in C-arm imaging was 17. Both the techniques were equally 
good at 5 instances. 

Co n c lu s i o n

Based on the above observation it can be concluded 
that radiographic technique was slightly superior to 
C-arm technique in diagnosing the canine fractures. The 
effectiveness of radiography could be attributed to more 
penetrating x-rays in radiography than in C-arm techniques 
in diagnosis and evaluation of fractures in dogs. 
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Fig. 1A: A Doberman Dog (Case No. 4) 
“0” day pre-operative radiographic image 
showed simple complete transverse 
dentate overriding fracture of proximal 
metaphysis of femur bone.

Fig. 1C: Immediate post-operative radiograph 
showed clear lodgement of Steinmann pin in 
distal epiphysis of the femur.

Fig. 1E: 30th day post-operative radiograph 
revealed the presence of Steinmann pin in situ 
and callus formation at the fracture site.

Fig. 1B: “0” day pre-operative C-arm 
image showed that there was a complete 
transverse dentate overriding fracture of 
proximal metaphysis of femur bone. The 
dentate lesion was not appreciable in C-arm 
as it was observed in radiography.

Fig. 1D: Immediate post-operative C-arm 
image showed clear image of Steinmann pin 
lodgement in the distal epiphysis of femur. 
However, the fracture site was not clearly visible 
when compared to radiograph.

Fig. 1F: 30th day post-operative C-arm imaging 
revealed that the Steinmann pin was in situ. 
However, the callus formation was not appreciable 
in C-arm when compared to radiography.
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Fig. 2A: German Shepherd dog (Case 
No. 7) “0” day pre-operative radiographic  
image showed simple complete trans-
verse eburnate fracture of radius and 
ulna bone. The image was clear.

Fig. 2C: Immediate post-operative radiograph 
showed presence of string of pearls plate 
in situ on radius and K-wire in the ulna. The 
fracture site of both radius and ulna were 
visible clearly.

Fig. 2E: 30th day post-operative radiograph 
showed presence of string of pearls plate in 
situ on radius and K-wire in the ulna. The radius 
had less callus when compared to ulna at the 
fracture site.

Fig. 2B: “0” day pre-operative C-arm 
image also revealed clear presence of 
simple complete transverse eburnate 
fracture of radius and ulna bone. Both 
techniques were equally good.

Fig. 2D: Immediate post-operative C-arm im-
age showed presence of string of pearls Plate 
in situ on radius and K-wire in the ulna. The 
fracture site of both radius and ulna were vis-
ible clearly. Both techniques were equally good 
at this stage of study.

Fig. 2F: 30th day post-operative C-arm imaging 
revealed presence of string of pearls plate in situ 
on radius and K- wire in the ulna. There was excess 
callus formation in ulna when compared to radius 
at the fracture site. The C-arm image was superior 
when compared to radiography at this stage.
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