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Biochemical evaluation in femur fracture repair of dogs 

using mALPS and PAX plating and plate-rod construct 

techniques 

 
Swaroop GL, Dr. Dilipkumar D, Dr. Bhagavantappa B, Dr. Venkatgiri, 

Dr. Manjunath Patil and Dr. Bijurkar RJ 

 
Abstract 
24 clinical cases of dogs having femoral fractures were randomly divided into 4 groups (I, II, III and IV) 

consisting of 6 dogs in each group. Group I animals of femoral fractures were treated with modified 

Advanced Locking Plate System (mALPS). Group II animals of femoral fractures were treated with 

Polyaxial Locking Plate System (PAX). Group III animals of femoral fractures were treated with plate-

rod construct using mALPS and group IV animals of femoral fractures were treated with plate-rod 

construct using PAX. Biochemical parameters were evaluated on day 0th, 15th, 30th, 60th and 90th post-

operatively. There was increase in serum alkaline phosphatase at 30th and 60th day. There was significant 

increase in serum calcium level on 15th day and serum phosphorous should non-significant changes, by 

90th day all the biochemical parameters were with in the normal physiological limits in all the groups. 
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Introduction 

The femur fracture is a common fracture in dogs. The femoral fracture repair requires use of 

internal fixatures like plates (Aithal et al., 1999 [1] and Cunningham, 2001 [3]). The fracture 

healing under stable fixation can be assessed by radiography, CT scanning however these 

techniques used harmful electro-magnetic radiation like x-rays, hence there is a need for 

alternate fracture healing evaluation techniques. In this contest biochemical parameters 

evaluation doesn’t produce any health hazards. So present study aimed at evaluation of 

fracture healing by measuring the levels of serum alkaline phosphatase, serum calcium and 

serum phosphorous. 

 

Materials and Methods 

The study was conducted in 24 clinical cases of dogs having femoral fractures were randomly 

divided into 4 groups (I, II, III and IV) consisting of 6 dogs in each group. Group I animals of 

femoral fractures were treated with modified Advanced Locking Plate System (mALPS). 

Group II animals of femoral fractures were treated with Polyaxial Locking Plate System 

(PAX). Group III animals of femoral fractures were treated with plate-rod construct using 

mALPS and group IV animals of femoral fractures were treated with plate-rod construct using 

PAX. The blood was collected on day 0th, 15th, 30th, 60th and 90th post-operatively. The serum 

was separated, in the serum sample the alkaline phosphatase, calcium and phosphorus were 

evaluated by using ARTOS [4] biochemical analyzer using respective diagnostic kit. Statistical 

analysis of data obtained was carried out by employing Student‘t’ test as per the standard 

procedure outlined by Snedecor and Cochran (1994) [20].   

 

Results 
Serum Alkaline Phosphatase (IU/L): Presented in Fig 1 

The Mean ± SE values for the serum alkaline phosphatase (IU/L) in Group I animals at 0th, 

15th, 30th, 60th and 90th post-operative days were 138.67±8.25, 138.67±4.13, 141.67±6.14, 

143.83±4.86 and 133.34±4.66 respectively. 

The Mean ± SE values for the serum alkaline phosphatase (IU/L) in Group II animals at 0th, 

15th, 30th, 60th and 90th post-operative days were 123.17±1.68, 128.83±1.56, 133.50±2.91, 

135.67±2.11 and 128.34±2.03 respectively. 
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The Mean ± SE values for the serum alkaline phosphatase 

(IU/L) in Group III animals at 0th, 15th, 30th, 60th and 90th post-

operative days were 130.83±3.33, 129.50±2.73, 138.00±4.01, 

139.67±2.50 and 132.00±1.26 respectively. 

The Mean ± SE values for the serum alkaline phosphatase 

(IU/L) in Group IV animals at 0th, 15th, 30th, 60th and 90th 

post-operative days were 129.67±4.24, 135.00±4.37, 

141.67±4.41, 139.17±3.81 and 126.67±3.65 respectively. 

There was a significantly (p<0.01) increasing in serum 

alkaline phosphatase level were observed at 30th and 60th days 

interval in all the groups of animals and at 90th day decrease 

observed with in the normal limit. There were no significant 

differences observed between the group in all the intervals of 

the study. 

 

 
 

Fig 1: Serum Alkaline Phosphatase (IU/L) 

 

Serum Calcium (mg/dL): presented in Fig 2 

The Mean ± SE values for the serum calcium (mg/dL) in 

Group I animals at 0th, 15th, 30th, 60th and 90th post-operative 

days were 8.17±0.96, 9.51±0.92, 9.15±0.82, 9.07±0.45 and 

9.39±0.56 respectively. 

The Mean ± SE values for the serum calcium (mg/dL) in 

Group II animals at 0th, 15th, 30th, 60th and 90th post-operative 

days were 8.75±0.23, 10.57±0.22, 9.57±0.23, 9.03±0.21 and 

8.76±0.17 respectively. 

The Mean ± SE values for the serum calcium (mg/dL) in 

Group III animals at 0th, 15th, 30th, 60th and 90th post-operative 

days were 9.43±0.29, 11.19±0.25, 10.01±0.15, 9.40±0.17 and 

9.20±0.16 respectively. 

The Mean ± SE values for the serum calcium (mg/dL) in 

Group IV animals at 0th, 15th, 30th, 60th and 90th post-operative 

days were 9.40±0.20, 10.62±0.25, 9.67±0.20, 9.38±0.18 and 

9.13±0. respectively. 

There was a significantly (p<0.01) increasing in serum 

calcium level were observed at day 15th interval in all the 

groups of animals and decrease till the end were observed 

with in the normal limit. There were no significant differences 

observed between the group in all the intervals of the study. 

 

 
 

Fig 2: Serum Calcium (mg/dL) 

Serum Phosphorous (mg/dL): presented in Fig 3 

The Mean ± SE values for the serum phosphorous (mg/dL) in 

Group I animals at 0th, 15th, 30th, 60th and 90th post-operative 

days were 5.03±0.10, 4.94±0.09, 4.93±0.12, 4.82±0.21 and 

4.83±0.25 respectively. 

The Mean ± SE values for the serum phosphorous (mg/dL) in 

Group II animals at 0th, 15th, 30th, 60th and 90th post-operative 

days were 4.65±0.26, 4.99±0.20, 5.11±0.21, 4.80±0.19 and 

4.72±0.20 respectively. 

The Mean ± SE values for the serum phosphorous (mg/dL) in 

Group III animals at 0th, 15th, 30th, 60th and 90th post-operative 

days were 4.49±0.24, 4.80±0.19, 4.64±0.20, 4.36±0.26 and 

4.24±0.24 respectively. 

The Mean ± SE values for the serum phosphorous (mg/dL) in 

Group IV animals at 0th, 15th, 30th, 60th and 90th post-operative 

days were 4.69±0.27, 4.99±0.25, 4.93±0.22, 4.60±0.21 and 

4.59±0.21 respectively. 

There were no significant differences in serum phosphorus 

levels were observed within and between the group in all the 

intervals of the study. 

 

 
 

Fig 3: Serum Phosphorous (mg/dL) 
 

Discussion 

The biochemical changes indicated that serum alkaline 

phosphatase enzyme was significantly (p≤0.01) increased on 

30th and 60th post-operative days in all the groups of animals 

which was correlative with the callus formation at the fracture 

site. The elevated alkaline phosphatase level could be 

attributed to proliferation of osteogenic cells and maximum 

contribution from periosteum of destructed bone, which is a 

rich source of alkaline phosphatase. These results differ from 

the earlier workers viz.,  Hunsberger and Ferguson (1932) [8], 

Brinker (1965) [2], Shirfin (1970) [18], Katerjian and Arsenia 

(1975) [9], Singh et al. (1976) [19], Hosking (1978) [7], Pandey 

and Udapa (1981) [13], Volpin et al., (1986) [23], Sahay et al. 

(1988) [17], Vasantha (1991) [22], Maiti et al. (1999) [11], 

Manjubala et al. (2001) [12], Hegade et al. (2007) [5] and 

Phaneendra et al. (2016) [14]. 

The serum calcium showed significant (p≤0.01) increase on 

15th post-operative day in all the groups of animals. This 

could be attributed to initiation of calcification at the fracture 

site. The elevation in calcium level with in normal 

physiological limits was observed several earlier workers viz., 

Lauren and Kelly (1969) [10], Pandey and Udapa (1981) [13], 

Rao (1991) [16] and Vasantha (1991) [22]. 

The serum phosphorous showed no significant difference in 

both within and between the groups of animals. The results 

are in agreement with the findings of Henderson and Nobel 

(1926) [6], Pandey and Udapa (1981) [13], and different from 

findings of Soliman and Hassan (1964) [21], Vasantha (1991) 
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[22] and Prachasilpchai et al. (2003) [15], who observed a non-

significant change in serum phosphorus level during fracture 

healing. 

 

Conclusion 

Serum alkaline phosphatase is more reliable marker for 

assessment of fracture healing when compared to serum 

calcium and phosphorous estimation.  

 

References 

1. Aithal HP, Singh GR, Bisht GS. Fractures in dogs: A 

survey of 402 cases. Indian J Vet. Surgery. 1999;20:15-

21. 

2. Brinker WO. The clinical approach to the fractures in 

small animals. Veterinary Record. 1965;76:1412-1422. 

3. Cunningham JL. Textbook of Current orthopedics 5th ed; 

c2001. p. 457-464.  

4. Fully automated haematology cell counter-Automatic 

Blood Cell Counter, Model-PCE 210 (Erma Tokyo). 

5. Hegade Y, Dilipkumar D, Usturge S. Comparative 

evaluation of biochemical parameters during fracture 

healing in dogs. Karnataka Journal of Agricultural 

Sciences. 2007;20:694-695. 

6. Henderson MS, Noble TP. Serum calcium levels in 

humans following fractures. Journal of Bone and Joint 

Surgery. 1926;8-A:607-611. 

7. Hosking DJ. Changes in serum alkaline phosphatase after 

femoral fracture. Journal of Bone and Joint Surgery. 

1978;60:61-65. 

8. Hunsberger AJ, Ferguson LK. Alkaline phosphatase 

during early fracture healing. Archives of Surgery. 

1932;24:1052-1056. 

9. Katerjian AY, Arsenia C. Morphological and 

biochemical studies during differentiation and 

calcification of fracture callus cartilage. Clinical 

Orthopaedics. 1975;107:266-273. 

10. Lauren EL, Kelly PJ. Serum calcium in dogs during 

fracture healing. Journal of Bone and Joint Surgery. 

1969;51:298-301. 

11. Maiti BK, Sen TB, Singh B, Sanki S. 

Haematobiochemical changes following application of 

internal fixation technique in treatment of femur fracture 

in dog. Indian Journal of Animal Health. 1999;38:133-

134. 

12. Manjubala RV, Kumar S, Sastry TP. Biocompatibility 

evaluation of biphasic calcium phosphate ceramics an in 

vivo study. Trends in Biomaterials and Artificial organs. 

2001;14:27-29. 

13. Pandey SK, Udapa KN. Effect of growth hormone on 

biochemical response after fracture in dogs. Indian 

Journal of Veterinary Surgery. 1981;1(2):73-78. 

14. Phaneendra, Lakshmi DN, Devi prasad V, Raju NKB. 

Evaluation of biochemical parameters for assessment of 

fracture healing in dogs. Journal of Livestock Science. 

2016;7:111-113. 

15. Prachasilpchai W, Bupha-intr T, Kalpravidh M, 

Sarikaputi M. Serum bone-specific alkaline phosphatase 

of dogs with various bone condition. Thai Journal of 

Veterinary Medicine. 2003;33(3):81-90. 

16. Rao NV. Studies on acetabular fractures in dogs. Ph. D. 

thesis, Andhra Pradesh Agricultural University, 

Hyderabad, India; c1991. 

17. Sahay PN, Moulvi BA, Prasad BA, Prasad RI, Bachoo 

BA. Studies on serum alkaline phosphatase activity 

during different stages of fracture healing in goats. Indian 

Journal of Animal Health. 1988;11:408. 

18. Shirfin IZ. Alkaline phosphatase in fracture healing. 

Clinical Orthopaedics. 1970;70:212-216. 

19. Singh H, Lovell JE, Schiller AG, Kenner GH. Serum 

calcium, phosphorus and alkaline phosphatase levels in 

dogs during repair of experimental ulnar defects. Indian 

Veterinary Journal. 1976;53:862-865. 

20. Snedecor GW, Cochran WB. Statistical Methods. Edn 8, 

IOWA State University Press, USA. 1994, 138-169. 

21. Soliman FA, Hassan SYS. Serum calcium and 

phosphorus in rabbits during fracture healing with 

reference to parathyroid activity. Nature London. 

1964;204:693-694. 

22. Vasantha MS. Studies on effect of ultrasonic therapy and 

short-wave diathermy on femoral fracture healing in 

canine. Ph.D. thesis, Andhra Pradesh Agriculture 

University, Hyderabad, India; c1991. 

23. Volpin G, Rees JA, Ali SY, Bentley G. Distribution of 

alkaline phosphatase activity in experimentally produced 

callus in rats. Journal of Bone and Joint Surgery. 

1986;60:629-634. 

https://www.thepharmajournal.com/

