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Evaluation of Haematological and Serum Biochemical Parameters for the assessment of long bone fracture healing stabilised with Locking Compression 
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ABSTRACT:
The present study was conducted to evaluate haemato-biochemical parameters in dogs with long bone diaphyseal fractures stabilised using locking compression plate (LCP) alone (Group I, n=6) and LCP with composite bone graft containing bioactive glass and platelet-rich plasma (PRP) (Group II, n=6). Haematological parameters including haemoglobin (Hb), packed cell volume (PCV), total leucocyte count (TLC) and differential leucocyte count, and biochemical parameters including serum calcium, phosphorus and alkaline phosphatase (ALP) were evaluated preoperatively (0th day) and postoperatively on 15th, 30th, 45th and 60th days. Haemoglobin and PCV showed a progressive increase, whereas TLC and neutrophil values decreased progressively with a corresponding increase in lymphocyte values during the healing period, while monocyte and eosinophil counts remained within normal physiological limits. Serum calcium and ALP levels increased during the postoperative period with peak values observed around the 30th day, showing comparatively higher levels in Group II, while phosphorus levels remained relatively stable throughout the study period. These findings indicated that haemato-biochemical parameters serve as useful indicators of fracture healing and the addition of composite bone graft along with LCP enhanced early healing response when compared to LCP alone. The data collected were statistically analyzed using using SPSS software version 20. Analysis of variance (ANOVA), followed by Tukey's HSD post hoc test, was used to compare variations in hematological and biochemical parameters at different preoperative and postoperative time intervals.
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1. INTRODUCTION:
	A fracture is defined as a disruption in the continuity of hard tissues such as bone and cartilage, most commonly resulting from trauma in small animals due to forces such as bending, torsion, shearing and compression, leading to various fracture configurations (Patil et al., 2017). Bone healing is a complex physiological process involving multiple mechanisms at both tissue and cellular levels, and it differs from soft tissue healing due to variations in morphology and composition (Chaurasia et al., 2019). The process of fracture healing is influenced by several factors including the extent of damage to surrounding soft tissues, displacement of fracture fragments, degree of comminution, method of stabilisation employed and patient-related factors such as age and presence of co-morbidities (Sousa et al., 2021).Bone healing is relatively slow and therefore requires adequate mechanical and physical support through external or internal fixation methods and implants (Reddy et al., 2021). Effective fracture management in dogs, particularly of the appendicular skeleton, requires both proper mechanical stabilisation and stimulation of osteogenesis (Shende et al., 2025). 
Bioactive glasses are recognised as bone-bonding and osteoconductive materials with additional bone-stimulating and antibacterial properties. They enhance the expression of genes associated with bone formation, including collagen types I–III, osteocalcin, osteonectin and osteopontin, as well as markers involved in bone resorption such as cathepsin K and MMP-9. This activity promotes osteoblast function and increases local bone turnover, thereby facilitating bone regeneration (Lindfors et al., 2010). Platelet-rich plasma (PRP) has emerged as an important therapeutic modality, particularly in the management of acute long bone fractures. Being autologous in origin, PRP is rich in growth factors and cytokines, which contribute to enhanced bone healing potential (Zhu et al., 2024).  
Radiographic evaluation is considered the standard method for assessing fracture healing, while haemato-biochemical parameters provide valuable information regarding both the general health status of the patient and the progression of fracture healing (Phaneendra et al., 2016; Patil et al., 2017 and Chaurasia et al., 2019). Although fracture healing is commonly assessed through clinical examination and serial radiographic evaluation, differentiation between delayed union and non-union remains challenging without advanced diagnostic methods. In such situations, biochemical markers such as alkaline phosphatase (ALP) serve as useful indicators of bone formation and progression of fracture healing (Bhargav et al., 2025). Alkaline phosphatase (ALP) remains an inexpensive and useful marker for monitoring the process of bone fracture healing (Sousa et al., 2015). Serum concentrations of calcium and inorganic phosphorus, which are essential components involved in fracture healing, reflect both the stage and outcome of the healing process (Sumiran et al., 2021). Thus, the present study was undertaken to evaluate haemato-biochemical changes during fracture healing in dogs stabilised using locking compression plate with and without composite bone graft.
2. MATERIALS AND METHODS 
2.1 Study area and case selection 
The present study was conducted on dogs presented to the Department of Veterinary Clinical Complex and Department of Veterinary Surgery and Radiology, NTR College of Veterinary Science, Gannavaram, Sri Venkateswara Veterinary University, Andhra Pradesh during January 2025 to December 2025. Dogs of different age, breed and sex presented with long bone diaphyseal fractures were selected for the study. All the cases were subjected to detailed clinical examination, including assessment of lameness, pain, swelling and abnormal mobility at the fracture site. Radiographic evaluation was performed using standard cranio-caudal and medio-lateral views to confirm the location and type of fracture.
2.2 Experimental design and grouping
A total of twelve dogs with long bone diaphyseal fractures were included in the study and randomly divided into two groups comprising six animals each. In Group I (n=6), fractures were stabilized using locking compression plate (LCP) alone, whereas in Group II (n=6), fractures were stabilized using LCP along with composite bone graft consisting of bioactive glass and platelet-rich plasma.
2.3 Surgical procedure 
	All the animals were anesthetized using standard protocol. Preanaesthetic medication included Atropine sulphate (0.04 mg/kg SC) and Butorphanol tartrate (0.1 mg/kg IM). Anaesthesia was induced using Ketamine hydrochloride (5 mg/kg IV) and Midazolam (0.2 mg/kg IV) and maintained with Isoflurane in oxygen.
Following induction of anaesthesia, the animals were subjected to open reduction and internal fixation using locking compression plate under aseptic surgical protocol. In Group II, composite bone graft consisting of bioactive glass and PRP was applied at the fracture site after stabilization of LCP.
2.5. Post-operative care
	Post-operative care included administration of Ceftraixone (25 mg/kg IM, twice daily for 5 days), Meloxicam (0.2 mg/kg IM for 3 days) and oral calcium supplementation. The animals were regularly monitored for wound healing, limb usage and any post-operative complications. Fracture healing was further assessed based on lameness grading, clinical evaluation and radiographic examination at different intervals.
2.6. Haematological analysis
	A 2.5 ml of blood was collected from each animal preoperatively (0th day) and postoperatively on 15th, 30th, 45th and 60th days. Blood samples were collected in EDTA vials and analysed for haematological parameters Hb, PCV, TLC and DLC using an autoanalyser. 
2.7. Biochemical analysis
	A 2.5 ml of blood was collected from each animal in clot activator vials preoperatively (0th day) and postoperatively on 15th, 30th, 45th and 60th days. Serum was separated from the collected samples and analysed for calcium, phosphorus and alkaline phosphatase (ALP) using an automatic biochemical analyser.
2.8 Statistical analysis
	The data obtained were statistically analysed using SPSS software (Version 20). The results were expressed as mean ± standard error (SE). Differences between groups and time intervals were analysed using one-way analysis of variance (ANOVA) followed by Tukey’s HSD post hoc test. Values were considered significant at P < 0.05. 
3. RESULTS AND DISCUSSION
3.1 Haematological parameters
The mean ± SE values of haematological parameters in Group I and Group II at different time intervals are presented in Table 1. 
3.1.1 Haemoglobin (g/dL)
The mean ± SE values of haemoglobin ranged from 10.88 ± 0.16 to 12.03 ± 0.16 in Group I and 11.27 ± 0.14 to 12.55 ± 0.19 in Group II, with overall mean values of 11.52 ± 0.10 and 11.99 ± 0.11, respectively. The haemoglobin values did not differ significantly between day 0 and day 15 in both groups; however, a significant (p < 0.05) increase was observed from day 30 onwards up to day 60. A significant difference (p < 0.05) was observed between the groups, with higher values in Group II, while all values remained within the normal physiological range throughout the study period. 
The variations observed in haemoglobin values might be attributed to erythropoietic and neovascularization activity contributed by the vascular endothelial growth factors of PRP, a component pf composite graft. The comparatively higher values observed in Group II may be due to enhanced osteogenic activity associated with the application of composite bone graft. The present findings are in agreement with the reports of Patil et al. (2017) and Reddy et al., (2021) who observed an increase in haemoglobin values during fracture healing. However, Chaurasia et al. (2019) and Bhargav et al. (2025)  reported an initial decrease in haemoglobin levels during the early postoperative period. 
3.1.2 Packed cell volume (%) 
	The mean ± SE values of packed cell volume ranged from 34.02 ± 0.41 to 40.99 ± 0.28 in Group I and 33.90 ± 0.18 to 41.51 ± 1.03 in Group II, with overall mean values of 37.56 ± 0.50 and 37.90 ± 0.54, respectively. The PCV values showed a progressive increase from day 0 to day 60 in both groups, with significant (p < 0.05) differences observed between the time intervals. However, no significant difference was observed between the groups. All the values remained within the normal physiological range throughout the study period.
	The increase in PCV values within the groups observed during the study might be due to enhanced erythropoiesis during fracture healing. The values remaining within normal physiological limits indicate normal recovery and absence of systemic disturbances. Similar findings were reported by Patil et al. (2017) and Reddy et al. (2021), who observed a progressive increase in packed cell volume during fracture healing.The maintenance of values within normal physiological limits is also in accordance with Shende et al. (2025). In contrast, Bhargav et al. (2025) reported an initial decrease in PCV values during the early postoperative period.
3.1.3 Total Leucocyte Count (×103/μL)
The mean ± SE values of total leukocyte count ranged from 18.09 ± 0.21 to 12.79 ± 0.23 in Group I, with an overall mean of 15.73 ± 0.39, and from 17.98 ± 0.25 to 12.18 ± 0.20 in Group II, with an overall mean of 15.12 ± 0.41. A significant (p < 0.05) decrease was observed from day 0 to day 45 in Group I and up to day 60 in Group II, with no significant difference between the groups. All values remained within the normal physiological range. 
The higher TLC values observed initially might be due to inflammatory response associated with trauma, along with contributions from corticosteroid release, stress, pain, anaesthesia and surgical manipulation. The subsequent decrease in TLC values may be attributed to gradual resolution of inflammation and return to normal physiological condition during fracture healing. A similar trend of higher initial TLC values followed by a gradual decline during the healing period was reported by Bhargav et al. (2025), Chaurasia et al. (2019), Reddy et al. (2021) and Patil et al. (2017).
3.1.4 Differential Leucocyte Count 
3.1.4.1. Neutrophil (%) 
	The mean ± SE values of neutrophil count ranged from 81.42 ± 0.43 to 74.13 ± 0.32 in Group I, with an overall mean of 78.07 ± 0.50, and from 82.03 ± 0.34 to 73.38 ± 0.10 in Group II, with an overall mean of 77.33 ± 0.59. The mean neutrophil values in both groups showed a significant (p < 0.05) decrease from day 0 to day 60. 
	The higher neutrophil values observed initially might be due to acute inflammatory response associated with trauma and tissue injury. The subsequent decrease may be attributed to resolution of inflammation during fracture healing. A similar decreasing trend in neutrophil count during the healing period was reported by Bhargav et al. (2025), Chaurasia et al. (2019), Reddy et al. (2021) and Patil et al. (2017).
3.1.4.2. Lymphocyte (%). 
	The mean ± SE values of lymphocyte count ranged from 13.45 ± 0.18 to 18.35 ± 0.12 in Group I (overall mean: 16.41 ± 0.34) and from 13.60 ± 0.41 to 18.76 ± 0.70 in Group II (overall mean: 16.82 ± 0.35). A significant (p < 0.05) increase was observed from day 0 to day 60 in both groups, with no significant difference between the groups and all values within the normal physiological range.
	This increase in lymphocyte values may be due to resolution of inflammation and recovery of immune function during fracture healing. These findings are in agreement with Patil et al. (2017) and Bhargav et al. (2025), while Chaurasia et al. (2019) reported an initial rise followed by return to normal values.
3.1.4.3 Monocytes (%) 
	The mean ± SE values of monocyte count ranged from 2.11 ± 0.09 to 2.42 ± 0.09 in Group I (overall mean: 2.24 ± 0.04) and from 2.17 ± 0.12 to 2.44 ± 0.11 in Group II (overall mean: 2.26 ± 0.05). A non-significant (p > 0.05) increase was observed from day 0 to day 60 in both groups, with no significant difference between the groups and the values were within the normal physiological range. These values showed no marked variation throughout the study period and were comparable with the observations of Bhargav et al. (2025), Patil et al. (2017) and Chaurasia et al. (2019), indicating normal healing. 
3.1.4.4. Eosinophils (%)
	The mean ± SE values of eosinophil count ranged from 1.58 ± 0.14 to 1.61 ± 0.13 in Group I (overall mean: 1.60 ± 0.06) and from 1.61 ± 0.10 to 1.63 ± 0.11 in Group II (overall mean: 1.61 ± 0.04). No significant (p > 0.05) changes were observed  between both the groups and all the values were within the normal physiological range. This pattern aligns with the findings of Bhargav et al. (2025), Patil et al. (2017) and Chaurasia et al. (2019).
3.2 Biochemical parameters 
	The mean ± SE values of biochemical parameters in Group I and Group II at different time intervals are presented in Table 2. 
3.2.1 Calcium (mg/dL)
	The mean ± SE values of calcium in Group I ranged between 9.25 ± 0.14 and 9.68 ± 0.08 with an overall mean of 9.49 ± 0.05. In Group II, the values ranged between 9.35 ± 0.15 and 10.40 ± 0.12 with an overall mean of 9.91 ± 0.08. The mean ± SE values of calcium in Group I showed a gradual increase from 0th  day to 45th day, followed by a slight decrease at 60th day. In Group II, the values showed a significant (P < 0.05) increase from 0th day to 15th and 30th day, with peak values observed at 30th day, followed by a gradual decline towards 60th day. The mean calcium values differed significantly (P < 0.05) between Group I and Group II, with higher values observed in Group II.  
	These findings are consistent with the results reported by Patil et al. (2017) and Bhargav et al. (2025). The decrease in serum calcium levels observed during the early postoperative period may be attributed to increased deposition of calcium at the fracture site, while the subsequent rise in the later stages could be active bone remodelling as opined by Chaurasia et al. 2019. 
3.2.2 Phosphorus (mg/dL)
	The mean ± SE values of phosphorus in Group I ranged between 4.16 ± 0.13 and 4.26 ± 0.12 with an overall mean of 4.18 ± 0.06. In Group II, the values ranged between 4.18 ± 0.10 and 4.57 ± 0.09 with an overall mean of 4.32 ± 0.05.
	In this study, serum phosphorus levels in both Group I and Group II showed non-significant increase up to the 30th day followed by a gradual decline, remaining within the normal physiological range throughout the observation period. There was no significant difference between the groups. These findings are in accordance with previous reports of Takoo (2024), Bhargav et al. (2025) and Shende et al. (2025). However, Patil et al. (2017) reported a significant increase in serum phosphorus levels during the postoperative period, although the values remained within normal physiological limits. 
3.3.3 Alkaline Phosphatase (U/L)
The mean ± SE values of alkaline phosphatase in Group I ranged between 73.77 ± 0.83 and 178.40 ± 8.44 with an overall mean of 130.93 ± 6.33. In Group II, the values ranged between 72.15 ± 0.71 and 204.78 ± 2.04 with an overall mean of 146.08 ± 8.17.
In the present study, serum alkaline phosphatase (ALP) levels in both Group I and Group II showed a progressive increase up to the 30th day, followed by a gradual decline to the normal values during the later stages of observation. These findings were similar to those reported by Patil et al. (2017), Sumiran et al. (2021), Takoo (2024) and Shende et al. (2025). The increase in ALP levels during the early postoperative period may be attributed to osteogenic activity from the damaged periosteum as opined by Sumiran et al. (2021). 
Further, ALP levels were significantly higher in Group II compared to Group I, suggesting enhanced osteogenic activity and accelerated fracture healing in animals treated with LCP along with composite bone graft. 
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Table. 1: The mean ± SE values of Hematological Parameters in Group I & II during pre and post-operative periods.
 
	
S.No
	
PARAMETERS
	
GROUPS

	Time intervals
	

	
	
	
	0th Day
	15th Day
	30th Day
	45th Day
	60th Day
	Overall mean

	1
	Haemoglobin (g%)
	Group I

	10.88a ± 0.16
	11.13a ± 0.16
	11.68b ± 0.15
	11.85b ± 0.15
	12.03b ± 0.16
	11.52 ± 0.10A 

	
	
	Group II

	11.27a ± 0.14
	11.60a ± 0.15
	12.13b ± 0.18
	12.38b ± 0.18
	12.55b ± 0.19
	11.99 ± 0.11B

	2
	PCV (%)
	Group I

	34.02a ± 0.41
	35.52b ± 0.40
	37.72c ± 0.46
	39.55d ± 0.27
	40.99e ± 0.28
	37.56 ± 0.50A

	
	
	Group II

	33.90a ± 0.18
	35.63b ± 0.13
	38.15c ± 0.27
	40.29d ± 0.19
	41.51e ± 1.03
	37.90 ± 0.54A 

	3
	TLC (×103/μL)
	Group I

	18.09a ± 0.21
	17.77b ± 0.20
	15.82c ± 0.23
	14.20d ± 0.22
	12.79d ± 0.23
	15.73 ± 0.39A

	
	
	Group II

	17.98a ± 0.25
	16.98b ± 0.28
	14.92c ± 0.29
	13.52d ± 0.16
	12.18e ± 0.20
	15.12 ± 0.41A 

	4
	Neutrophil (%)
	Group I

	81.42a ± 0.43
	80.10b ± 0.45
	78.10c ± 0.35
	76.67d ± 0.34
	74.13e ± 0.32
	78.07 ± 0.50A

	
	
	Group II

	82.03a ± 0.34
	79.49b ± 0.31
	76.69c ± 0.42
	75.03d ± 0.20 
	73.38e ± 0.10
	77.33 ± 0.59A 



	
5
	
Lymphocyte (%)
	Group I

	13.45a ± 0.18
	15.44b ± 0.16
	16.98c ± 0.11
	17.81d ± 0.19
	18.35e ± 0.12
	16.41 ± 0.34A 

	
	
	Group II

	13.60a ± 0.41
	15.96b ± 0.20
	17.54c ± 0.13
	18.26d ± 0.72
	18.76e ± 0.70
	16.82 ± 0.35A

	6

	Monocyte (%)

	Group I

	2.11a ± 0.09
	2.19ab ± 0.10
	2.22ab ± 0.11
	2.26ab ± 0.10
	2.42ab ± 0.09
	2.24 ± 0.04A

	
	
	Group II

	2.17a ± 0.12
	2.20a ± 0.12
	2.23a ± 0.12
	2.27a ± 0.11
	2.44a ± 0.11
	2.26 ± 0.05A 

	7
	Eosinophil (%)
	Group I

	1.58a ± 0.14
	1.59a ± 0.14
	1.61a ± 0.13
	1.60a ± 0.14
	1.59a ± 0.14
	1.60 ± 0.06A 

	
	
	Group II

	1.61a ± 0.10
	1.62a ± 0.10
	1.63a ± 0.11
	1.60a ± 0.10
	1.61a ± 0.04
	1.61 ± 0.04A



Means bearing different superscripts (a,d,c,d,e) within a row differ significantly (p<0.05)
Means bearing different superscripts (A,B,C,D) within a column differ significantly (p<0.05). 
Table. 2 :  The mean + SE values of Serum Biochemical Parameters in Group I & II during pre and post-operative periods
	
S.No
	
PARAMETERS
	
GROUPS

	Time intervals
	

	
	
	
	0th Day
	15th Day
	30th Day
	45th Day
	60th Day
	Overall mean

	
1
	
Calcium (mg%)
	Group I

	9.25a ± 0.14
	9.43ab ± 0.12
	9.60ab ± 0.09 
	9.68b ± 0.08
	9.48b ± 0.05
	9.49 ± 0.05A 

	
	
	Group II

	9.35a ± 0.15 
	9.75b ± 0.13 
	10.40bc ± 0.12 
	10.15cd ± 0.11
	9.92d ± 0.12
	9.91 ± 0.08B

	2

	Phosphorus (mg%)

	Group I

	4.16a ± 0.13
	4.24a ± 0.13
	4.26a ± 0.12
	4.19a ± 0.13
	4.06a ± 0.14
	4.18 ± 0.06A

	
	
	Group II

	4.18a ± 0.10
	4.26a ± 0.08
	4.57a ± 0.09
	4.37ab ± 0.09
	4.20b ± 0.09
	4.32 ± 0.05A

	3
	Alkaline phosphatase  (U/L)
	Group I

	73.77a ± 0.83
	135.78b ± 2.43
	178.4c ± 8.44
	140.22c ± 5.98
	126.48d ± 2.80
	130.93 ± 6.33A

	
	
	Group II

	72.15a ± 0.71
	141.62b ± 1.10
	204.78b ± 2.04
	170.35c ± 3.47
	141.5d ± 2.92
	146.08 ± 8.17B


Means bearing different superscripts (a,d,c,d,e) within a row differ significantly (p<0.05)
Means bearing different superscripts (A,B,C,D) within a column differ significantly (p<0.05)

4. Conclusion: 
In conclusion, both treatment groups showed stable haematological and biochemical parameters throughout the study period. Significant changes were observed in hemoglobin, calcium and alkaline phosphatase levels during fracture healing. Group II showed higher values of these parameters, indicating enhanced bone metabolism and improved healing response. All the parameters remained within normal physiological limits, suggesting effective and uneventful fracture healing.

ABBREVIATIONS: 
Hb – Haemoglobin
PCV – Packed Cell Volume
TLC – Total Leucocyte Count
DLC - Differential Leucocyte Count
ALP – Alkaline Phosphatase
LCP – Locking Compression Plate
PRP – Platelet-rich Plasma
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