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ABSTRACT 

Background: Nonunion of long bones remains a challenge in orthopedic surgery, often resulting in pain, disability, and 

impaired function. While autogenous bone grafts (ABG) are traditionally preferred for their osteogenic properties, their use is 

limited by donor site morbidity. Bone substitutes like hydroxyapatite (HA) have emerged as alternatives due to their 

osteoconductive capabilities. Comparative studies are necessary to evaluate the effectiveness of ABG versus HA in achieving 

early union in nonunion cases. 

Objective: To compare the effectiveness of autogenous bone grafts and hydroxyapatite bone substitute in promoting early union 

in long bone nonunion. 

Methods: A randomized controlled trial was conducted at General Hospital, Lahore, Pakistan, from January 2021 to January 

2023. Eighty patients with nonunion of long bones, aged 15 to 70 years, were enrolled via probability randomized sampling. 

Patients were randomly assigned to two groups: Group A received autogenous bone grafts, while Group B was treated with 

hydroxyapatite bone substitute. Clinical and radiological evaluations were conducted at regular intervals to assess bone union. 

Statistical analyses were performed using an independent t-test, with significance set at p < 0.05. 

Results: The mean age of patients in Group A was 27.32 ± 12.17 years, while in Group B it was 31.10 ± 10.12 years. Group A 

comprised 37 males (92.5%) and 3 females (7.5%), whereas Group B included 34 males (85%) and 6 females (15%). Union 

rates were 90% in Group A and 85% in Group B, with no statistically significant difference (p = 0.499). 

Conclusion: This study indicates that both autogenous bone grafts and hydroxyapatite bone substitutes are effective in treating 

long bone nonunion, with slightly higher union rates observed in the ABG group. Both modalities provide viable options for 

promoting bone healing in nonunion cases. 
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INTRODUCTION 

Bone grafting is a commonly employed surgical technique in orthopedics, with an estimated 2.2 million procedures performed annually 

worldwide (1). Despite advancements in fracture management, nonunion—characterized by the absence of healing progression for three 

months and persisting unhealed for nine months—remains a significant challenge, affecting 5 to 10 percent of all fractures (1,2). 

Nonunion, often associated with pain, joint stiffness, and functional impairment, can lead to considerable disability and job loss (3). A 

range of factors, including fracture type, location, soft tissue involvement, underlying bony pathologies, and the treatment approach 

used, influence the incidence of nonunion (1,2). Given its impact on patient quality of life and economic burden, restoring bone integrity 

in nonunion cases through effective grafting techniques is crucial to promote timely bone healing (4). Autogenous bone grafting (ABG), 

which involves relocating a segment of bone from one site to another within the same individual, is traditionally considered ideal for 

filling bone defects due to its osteogenic, osteoinductive, and osteoconductive properties. It avoids immunological reactions and disease 

transmission, given its natural histocompatibility. However, ABG has limitations, including a limited donor-site volume (50-55 cm), 

potential complications at the donor site such as chronic pain, infection, neurovascular injury, and additional blood loss, as well as the 

need for an additional surgical procedure (5,6). Consequently, bone substitutes have garnered interest as alternatives to ABG, offering a 

larger quantity of graft material and circumventing donor-site morbidity while maintaining favorable physical properties (7). 

Superior synthetic bone graft substitutes, including calcium sulfate (CaSO4), bioactive glass, and ceramics like coralline hydroxyapatite 

and tricalcium phosphate (3CaPO4), have been developed with properties that promote bone formation and remodeling. They exhibit 

biocompatibility, osteoconductivity, and osteointegration, along with minimal fibrotic response. Specifically, coralline hydroxyapatite, 

approved by the Food and Drug Administration in 1992, has demonstrated effectiveness in treating metaphyseal defects, providing 

mechanical support comparable to cancellous bone, albeit with a need for protection against excessive loading until bony ingrowth is 

complete (8,9). Despite the growing body of research on bone substitutes, comparative data between hydroxyapatite bone grafts and 

autogenous bone grafts in terms of early union in long bones remains limited. Hydroxyapatite has primarily been studied in femoral 

fractures and within Western populations (10,11). This study aims to address this gap by comparing autogenous bone grafts with 

hydroxyapatite bone substitutes in promoting early union across various long bones in a diverse population, with the objective of 

elucidating the most effective approach for enhancing bone healing in nonunion cases. 

METHODS 

The study was conducted as a randomized controlled trial at a single center, the Orthopedic Unit of Lahore General Hospital, Lahore, 

over a period of two years, from January 2021 to January 2023. A total of 80 patients, aged between 15 to 70 years, were selected using 

a probability randomized sampling technique from the orthopedic outpatient department, all of whom were diagnosed with nonunion in 

one or more long bones. Exclusion criteria included patients with active infections, those who had undergone more than one surgery at 

the nonunion site, individuals with pathological fractures (based on medical records), and those on immunosuppressive or chemotherapy 

drugs. All eligible participants were randomly assigned to one of two treatment groups: Group A (n=40) received autogenous bone grafts 

(ABG), while Group B (n=40) was treated with hydroxyapatite (HA) as a bone substitute. Ethical clearance was obtained from the 

Institutional Review Board, and informed consent was secured from all participants prior to inclusion in the study. In Group A, the 

autogenous bone grafts were harvested from the iliac crest on the ipsilateral side of the fracture site. For Group B, hydroxyapatite crystals 

were used as the bone substitute. Stabilization of the fracture nonunion was achieved through secure instrumentation, ensuring stable 

fixation at both the proximal and distal ends of the affected bone. 

Patients were scheduled for routine postoperative follow-up at 2, 4, 6, 8, 10, and 12 weeks to monitor bone union progress. Radiological 

union was determined by the presence of callus formation and the disappearance of the fracture line in both anteroposterior and lateral 

radiographic views. Clinical union was assessed by the absence of pain or tenderness at the fracture site and the patient’s ability to bear 

weight without discomfort. Data were entered into SPSS version 20 for statistical analysis. Age, a quantitative variable, was expressed 

as mean ± standard deviation (SD), while gender, a qualitative variable, was represented as frequency and percentage. The effectiveness 

of ABG and HA in promoting bone union was analyzed using the independent t-test to determine any statistically significant differences 
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between the two groups. The independent t-test, an inferential statistical test, was employed to evaluate mean differences between the 

groups, with a p-value of < 0.05 considered statistically significant. 

To strengthen the study’s rigor, specific fixation techniques were carefully selected based on the location and severity of each fracture, 

ensuring stability at both the proximal and distal sites of the nonunion. Standardized fixation procedures were followed to minimize 

potential variability in healing outcomes. Additionally, potential confounding variables, such as fracture type and associated soft-tissue 

injuries, were recorded and monitored to allow for more precise comparative analysis between the two groups. This approach aimed to 

control for differences in fracture characteristics that could influence healing rates, thereby enhancing the validity of the findings 

regarding early bone union outcomes between autogenous bone grafts and hydroxyapatite substitutes. 

RESULTS 

The mean ages of participants in Group A and Group B were 27.32 ± 12.17 years and 31.10 ± 10.12 years, respectively. In terms of 

gender distribution, Group A consisted of 37 males (92.5%) and 3 females (7.5%), while Group B included 34 males (85%) and 6 

females (15%). The analysis revealed that both treatment groups achieved similar bone union rates, with no statistically significant 

difference between them. Specifically, the union rate was observed to be 90% in Group A and 85% in Group B, with a chi-square value 

of 0.4571 and a p-value of 0.499. 

 

Table 1: Union Achieved in Treatment Groups 

 Group-A Group-B 

Yes 36(90%) 34(85%) 

No 4(10%) 6(6%) 

Total 40 40 

Chi-Square Test= 0.4571 

p-value= 0.499 

During follow-up evaluations, no union was observed in either group by the 2nd or 4th week, clinically or radiologically. By the 6th 

week, clinical union was achieved in 25% of Group A and 5% of Group B. Radiological union remained absent in both groups at this 

stage. At the 8th week, clinical union rates had markedly increased to 90% in Group A and 85% in Group B, while radiological union 

rates reached 55% and 50% in Group A and Group B, respectively. By the 10th and 12th weeks, clinical and radiological union rates in 

both groups reached their highest values, with 90% in Group A and 85% in Group B for both parameters. 

 

Table 2: Clinical and Radiological Union Rates by Follow-up Week in Group A and Group B 

Follow-ups Clinical Union (%) Radiological union (%) 

2nd week Group-A 0 Group-A 0 

Group-B 0 Group-B 0 

4th week Group-A 0 Group-A 0 

Group-B 0 Group-B 0 

6th week Group-A 25 Group-A 0 

Group-B 5 Group-B 0 

8th week Group-A 90 Group-A 55 
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Follow-ups Clinical Union (%) Radiological union (%) 

Group-B 85 Group-B 50 

10th week Group-A 90 Group-A 90 

Group-B 85 Group-B 85 

12th week Group-A 90 Group-A 90 

Group-B 85 Group-B 85 

 Although Group A displayed a slightly higher overall union rate compared to Group B (90% versus 85%), the difference was not 

statistically significant, indicating comparable efficacy of autogenous bone grafts and hydroxyapatite in promoting bone healing in long 

bone nonunion cases. 

DISCUSSION 

In the past, autologous bone grafting was often associated with notable postoperative complications stemming from both the harvesting 

and grafting processes (13). With the advent of advanced bone substitutes and osteoinductive agents, the role of autologous bone grafting 

as the gold standard for nonunion management has been challenged. Innovations over recent decades have seen a shift toward ceramic 

materials, including hydroxyapatite and calcium-phosphate-based pastes, while contemporary advancements continue to explore tissue-

engineered products integrating growth factors and stem cells, pushing the boundaries of traditional grafting techniques. While the 

literature lacks direct comparisons of autologous bone grafts and bone substitutes specifically for long bone nonunion, this study aimed 

to address that gap. Findings from Michael A. Flierl’s research indicate an 8.6% nonunion rate in patients treated with autografts (10). 

The current study observed a similar rate for autografts, with a 10% nonunion rate, closely aligning with Flierl's findings and supporting 

the efficacy of autologous grafts. Similarly, Takanobu Nakase’s study on hydroxyapatite ceramics demonstrated a 91.66% healing rate 

over an extended follow-up, with only one patient requiring a secondary procedure for supplemental autografting (11). Although 

Nakase’s research corroborates the effectiveness of hydroxyapatite, it did not employ a comparative framework, limiting its relevance 

in evaluating relative efficacy between treatments. 

The findings of this study align closely with results from Ramprasad R’s work, which reported a 98% union rate using autogenous bone 

grafts and rigid fixation, with minor, manageable complications that did not affect functional outcomes (12). While the union rate in this 

study for autogenous bone grafts was slightly lower at 90%, the consistency across studies underscores the reliability of autologous 

grafting for nonunion management. However, unlike previous studies, the randomized controlled design used here offers a more robust 

comparative perspective on the use of bone substitutes. Further evidence for the potential of bone substitutes is demonstrated by a 2016 

study investigating a combination of bone marrow-derived mesenchymal stem cells (BM-MSCs) and hydroxyapatite granules for 

treating long bone nonunion. This study revealed that patients treated with BM-MSCs achieved faster functional and radiographic 

recovery than those treated with autografts, with comparable outcomes between groups at the one-year follow-up, highlighting the 

emerging viability of stem-cell-based bone substitutes in expediting union (15). Moreover, Ding et al. demonstrated the enhanced 

osteogenic capability of hydroxyapatite-nanoparticle and silk fibroin composites infused with bone morphogenetic protein-2 (BMP-2), 

which suggests that controlled BMP-2 release could further augment bone healing properties (16). 

The strengths of this study lie in its randomized controlled design and systematic follow-up approach, allowing for a balanced assessment 

of bone union rates across two distinct grafting methods. However, certain limitations remain. The relatively short follow-up period, 

restricted to 12 weeks, may not fully capture long-term outcomes or delayed union cases, and the sample size, while sufficient for 

primary comparisons, limits the generalizability of the findings. Furthermore, the study did not incorporate advanced biological adjuncts, 

such as growth factors or stem cells, which have shown potential in augmenting the effects of bone substitutes in other research. Future 

studies could expand on this work by examining longer-term outcomes and integrating these adjunct therapies to enhance the evidence 

base for optimizing nonunion treatment strategies. 
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CONCLUSION 

This study demonstrated that both autogenous bone grafting (ABG) and hydroxyapatite bone substitute are effective options for treating 

nonunion of long bones. While autogenous bone grafting showed a slightly higher rate of union, both treatments provided comparable 

outcomes in promoting bone healing. These findings suggest that hydroxyapatite can serve as a viable alternative to ABG, offering 

similar efficacy without the need for a donor site, thus broadening the options available for managing nonunion cases effectively. 
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