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Biochemical evaluation of the effect of biomaterials on long 

bone fractures stabilized with the application of positive profile 

end threaded stainless steel and titanium intramedullary pins 

in dogs 
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Abstract 
The current study was conducted on long bone fractures in dogs to assess the suitability of positive 

profile end threaded pins made of stainless steel and titanium, as well as the effect of biomaterials on 

fracture healing augmentation. Based on preoperative radiographic evaluation, the cases were randomly 

divided into four groups of six dogs. The fractures were stabilized with self-tapping positive profile end 

threaded intramedullary pins made of stainless steel in group I and titanium in groups II, III, and IV. The 

fracture gap was left unfilled in groups I and II, filled with Osseograft and Osseomold in group III, and 

filled with Osseograft and Autogenous Cancellous graft in group IV. On the preoperative day, the 7th, 

15th, 30th, 60th, and 90th postoperative days, haematological and biochemical parameters were recorded 

and compared between the groups. The values of both haematological and biochemical parameters were 

within the normal range throughout all of the periodic intervals and appeared to fluctuate in relation to 

fracture healing in different groups. 
 

Keywords: Long bone fractures, positive profile end threaded pins, alkaline phosphatase, serum calcium, serum 

phosphorus 

 

Introduction 

Fracture repair is distinguished by the creation of a new organic matrix (osteoid) and its 

subsequent mineralization, which eventually spans the space between two bony fragments 

(bridging callus) (Arnon 1998, Johnson and Watson 2000) [2, 10]. Age, fracture site, type of 

fixation (implant devices), stability, and blood supply all influence the time required for 

''typical'' fracture healing. Delayed union or nonunion refers to the lengthening or failure of the 

healing process (Arnon, 1998; DeCamp 2003) [2, 8]. The healing process is monitored with 

physical and serial radiologic tests of the fracture site (Arnon, 1998; DeCamp 2003) [2, 8]. 

However, distinguishing a delayed union from a nonunion radiologically can be challenging 

(Kaderly 1993 and Betts 1995) [11, 3], and the use of more sophisticated imaging techniques, 

such as nuclear Scintigraphy, is currently limited in veterinary medicine (Betts 1995) [3]. 

Detecting specific biochemical indicators of bone formation in serum, such as alkaline 

phosphatase (ALP) activity, can thus be therapeutically relevant in monitoring the healing 

process (Nyman et al 1991) [15]. Other markers, such as serum calcium and phosphorus levels, 

may also be useful in evaluating improvement. The purpose of this study was to examine if 

serum ALP activity, calcium, and phosphorus levels were associated to fracture healing in 

dogs. 

 

Materials and Methods 

Based on preoperative radiographic evaluation, the cases were randomly divided into four 

groups of six dogs. The fractures were stabilized with self-tapping positive profile end 

threaded intramedullary pins made of stainless steel in group I and titanium in groups II, III, 

and IV. The fracture gap was left unfilled in groups I and II, filled with Osseograft and 

Osseomold in group III, and filled with Osseograft and Autogenous Cancellous graft in group 

IV. On the preoperative day, the 7th, 15th, 30th, 60th, and 90th postoperative days, the 

biochemical parameters were recorded and compared between the groups.
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Results and Discussion 

The mean ± SE values of the alkaline phosphatase, serum 

phosphorus and serum calcium of different groups at different 

periodic intervals were showed in the tables-1, 2 and 3 

respectively. The alkaline phosphatase values showed a 

significant (p<0.05) rise from preoperative and immediate 

postoperative periods to the 30th postoperative day in all the 

groups and then found decreased. The values were above the 

normal physiological range in all the dogs at different 

periodic intervals, except in groups-III and IV, in which the 

values reached the normal physiological range by 90th 

postoperative day. Highest values were recorded on the 7th, 

15th and 30th postoperative days and lowest values on the 90th 

postoperative day in group-IV, whereas, lowest values were 

recorded on the 7th, 15th and 30th postoperative day and 

highest values on 90th postoperative day in group-I. 

The values of serum phosphorus were found to rise from pre 

and immediate postoperative days to the 30th postoperative 

day in groups-I and II; from pre and immediate postoperative 

day to the 15th postoperative day in groups-III and IV. All the 

groups showed lower values of serum phosphorus on the 90th 

postoperative day. The values differed significantly (p<0.05) 

among the groups on the 7th, 15th and 30th postoperative days 

with higher values in group-IV and lower values in group-I.  

The values of serum calcium had decreased from pre and 

immediate postoperative days to the 30th postoperative day 

and then reached normal values by 90th postoperative day in 

all the groups. The values differed significantly (p<0.05) 

among different periodic intervals in group-III and IV. There 

was no significant difference in the values of serum calcium 

among different groups at various periodic intervals except on 

the 15th postoperative day on which significantly (p<0.05) 

higher values were recorded in group-I (8.98 ± 0.78). 

However, all the values were within the normal physiological 

range. 

Fracture healing in Orthopaedic patients is usually monitored 

with the help of clinical and radiographic examination. 

However, these examination procedures could not distinguish 

the cases with delayed union from mal-union. (Kaderly, 1993 

and Betts, 1995) [11, 3]. Bone marker like alkaline phosphatase 

was elevated in the serum, in relation to Osteoblastic activity 

that takes place at the fracture site (Leung et al., 1993 and 

Komnenou et al., 2005) [14, 12]. Hence, serum biomarker like 

alkaline phosphatase could be useful in evaluating the 

progress of healing process, especially in cases of delayed 

union and non-union (Allen et al., 1998, Komnenou et al., 

2005 and Sousa et al., 2011) [1, 12, 17]. In the present study, 

higher alkaline phosphatase values were noticed in the dogs 

of all the four groups, during preoperative and immediate 

postoperative days, and these values further increased up to 

the 30th postoperative day and then started declining to normal 

values. These findings suggest that, the Osteoblastic activity 

was peak on the 30th postoperative day with obvious callus 

formation. Similar findings were also reported by Chaudhari 

et al. (2000) [6], Kulkarni (2000) [13], Bhalerao (2010) [4] and 

Chaurasia et al. (2019) [7]. The higher preoperative values 

could be attributed to increased release of alkaline 

phosphatase from the damaged periosteum as opined by 

Hegde et al. (2007) [9] and Patil et al. (2017) [16].  

The values of alkaline phosphatase are higher in Group-III & 

IV dogs than the other two groups on the 7th, 15th and 30th 

postoperative days suggesting more Osteoblastic activity at 

the site of fracture in these dogs. This increased activity might 

have been favored by the application of biomaterials at the 

fracture site. Chaurasia et al. (2019) [7] opined that, 

implantation of Osteoinductive materials at fracture site, 

further increased the Osteoblastic activity. The normal values 

of alkaline phosphatase in Group-III & IV on 90th 

postoperative day suggested the completion of fracture 

healing. Bolger, (1975) [5] stated that, when callus formation 

ceased the serum alkaline phosphatase reaches normal range. 

The alkaline phosphatase released by the osteoblasts caused 

elevation of inorganic phosphorus levels in the serum 

(Komnenou et al., 2005) [12]. Hence the values of inorganic 

phosphorus varied in correlation with those of alkaline 

phosphatase in the affected dogs. The values of serum 

phosphorous increased initially up to 30th postoperative day in 

group –I & II and up to the 15th postoperative day in group- 

III & IV and later declined to normal levels in the present 

study. The higher levels of inorganic phosphorus in group-II 

& IV suggested augmented healing process at the fracture 

site. Suryawanshi et al. (2001) [18] and Patil et al. (2017) [16] 

observed increase in the values immediately after fracture 

fixation to the end of observation period. Whereas; Hegde et 

al. (2007) [9] reported that, the values had increased up to the 

60th postoperative day and then declined. The increase in 

extracellular concentrations of phosphorus results in the 

deposition of calcium at the fracture site, thus causing 

ossification of the callus (Komnenou et al., 2005) [12].  

The Serum calcium values decreased from preoperative and 

immediate postoperative period to the 30th post-operative 

period in all the dogs and then increased to normal by the 90th 

postoperative period. Suryawanshi et al. (2001) [18], Hegde et 

al. (2007) [9], Patil et al. (2017) [16] and Chaurasia et al. (2019) 
[7] observed a decrease in the values of serum calcium 

initially, that increased to normal range by the end of 

observation period. Chaurasia et al. (2019) [7] opined that, 

deposition of excessive calcium at the fracture site might 

cause a decrease in the levels of serum calcium during earlier 

phase of postoperative period and termination of the healing 

process at the fracture site in later phases might cause 

elevation of the levels. 

 
Table 1: The mean + SE values of alkaline phosphatase in different groups during various periodic intervals. 

 

Group 
Pre-operative 

day 
Immediate- P.O.D 7th P.O.D 15th P.O.D 30th P.O.D 60th P.O.D 90th P.O.D 

Total 

Mean ± SE 

I 138.00±4.24A 136.50±3.43A 151.80±4.67AB a 164.22±5.05B a 165.60±5.09B a 164.22±5.05B 133.77±3.36A b 150.58±2.59 

II 147.50±9.87 145.00±8.25 163.89±10.96ab 177.00±11.85ab 178.47±11.95ab 177.00±11.85 133.40±7.59b 160.32±4.52 

III 152.33±7.96B 151.83±5.23B 174.09±9.10BC ab 198.03±10.35C ab 188.89±9.87C ab 167.57±8.76BC 91.10±3.14A a 160.55±5.82 

IV 154.50±10.88B 148.33±7.15B 196.25±12.93BC b 219.39±15.45C b 217.60±15.42C b 163.77±11.53B 89.00±4.29A a 169.83±7.81 

Means bearing different superscripts within a row (A,B.) and within a column (a, b.) differ significantly (p<0.05). 

*Normal physiological range of alkaline phosphatase in dog is 1-114 units/L. 
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Table 2: The mean + SE values of Serum phosphorus in different groups during various periodic intervals 
 

Group Pre-operative day Immediate- P.O.D 7th P.O.D 15th P.O.D 30th P.O.D 60th P.O.D 90th P.O.D 
Total 

Mean ± SE 

I 4.31±0.13A 4.27±0.10A 4.74±0.14AB a 5.13±0.16B a 5.17±0.16B a 5.13±0.16B 4.18±0.10A 4.70±0.08 

II 4.61±0.31 4.53±0.25 5.12±0.34ab 5.53±0.37ab 5.57±0.37ab 5.53±0.37 4.28±0.23 5.02±0.14 

III 4.75±0.24AB 4.74±0.16AB 5.43±0.28BC ab 6.19±0.32C ab 5.90±0.30BC ab 5.23±0.27BC 3.55±0.97A 5.12±0.16 

IV 4.82±0.34AB 4.63±0.22AB 6.13±0.40BCD b 6.85±0.48D b 6.80±0.48CD b 5.11±0.36ABC 3.65±0.13A 5.43±0.22 

Means bearing different superscripts within a row (A,B.) and within a column (a,b.) differ significantly (p<0.05). 

*Normal physiological range of serum phosphorus in dog is 2.9-5.3 mg/ dL. 

 
Table3: The mean + SE values of Serum calcium in different groups during various periodic intervals 

 

Group Pre-operative day Immediate- P.O.D 7th P.O.D 15th P.O.D 30th P.O.D 60th P.O.D 90th P.O.D 
Total 

Mean ± SE 

I 10.65±0.83 10.78±0.90 10.12±0.79 8.98±0.78b 7.99±0.62 9.58±0.75 10.24±0.86 9.76±0.31 

II 10.01±0.85 10.53±0.85 9.21±0.78 8.53±0.68ab 7.51±0.64 9.21±0.78 10.00±0.80 9.29±0.31 

III 10.25±0.67C 10.60±0.67C 9.22±0.60ABC 7.42±0.47AB ab 7.07±0.46A 9.84±0.64BC 10.07±0.64BC 9.21±0.29 

IV 10.58±0.87C 10.38±0.84C 8.99±0.74ABC 6.23±0.51A a 6.56±0.54AB 10.16±0.83C 9.86±0.80BC 8.96±0.37 

Means bearing different superscripts within a row (A,B.) and within a column (a,b.) differ significantly (p<0.05). 

*Normal physiological range of serum phosphorus in dog is 9.1-11.7 mg/ dL. 

 

Conclusion 

Serum alkaline phosphatase and serum phosphorus levels 

increased during the early stages of fracture healing and 

gradually declined to normal levels by the late stages of the 

study in all the groups, whereas serum calcium levels 

decreased initially and then rose to normal levels by the late 

stages of the study. This change in value trend effectively 

reflected the fracture healing state in the current study in 

distinct groups. Based on the findings of biochemical 

parameters, group-III and IV animals where biomaterials are 

employed to bridge the fracture gap had a higher healing rate 

than the other two groups. 
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