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            Abstract

            
               
Introduction: Non-union of bone is a frightening consequence of fracture management. This condition usually occurs when the body's natural
                  healing process cannot bridge the gap and restore the continuity of the bone. Non-infected non-union can be classified into
                  two main types: Hypertrophic and Atrophic. Our research aims to determine the results after primary osteosynthesis without
                  bone graft or adjuvant in neglected shaft femur fracture aseptic non-unions. 

               Materials and Methods: We performed a retrospective chart review to include consequative series of neglected shaft of femur fracture non-unions treated
                  by primary osteosynthesis surgery during a span of 3 years from 2020-2022. We excluded cases with partial union, identifiable
                  systemic or external causes of non-union and those belonging to pediatric & elder age groups. 

               Results: We included 13 neglected cases of shaft femur fractures. Out of 13 patients, 7 (53.8%) were males. The mean age was 43 (range
                  23-55) years, and the mean injury presentation interval was 9 (range 4-18) months. Nine had hypertrophic, 2 had atrophic and
                  1 had undefinable non-union. At one year follow-up, 12 out of 13 showed completely united fractures with no functional limitation.
                  Only one patient showed delayed union and eventually united Discussion: Treating non-union requires a comprehensive approach
                  tailored to the fracture personality. The original AO principles (1960) of fracture healing remain the mainstay of fracture
                  healing. Besides the gold standard autologus bone graft, many biological agents like BMP are currently available to augment
                  bone healing. However, most of them have failed to provide consistent and promising results when there is an absence of innate
                  osteogenic potential.
               

               Conclusion: In our experience, an excellent union rate can be achieved without the use of bone-grafting or bone-healing adjuvants in chronically
                  neglected long bone fractures where no previous surgical attempt was made in absence of systemic and exteral risk factors
                  for non-union.
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               Introduction

            Non-union of bone is a frightening consequence of fracture management. In layperson's terms, the non-union of a long bone
               refers to the failure of bone healing following a fracture, resulting in a persistent gap between the fractured bone ends.
               The FDA definition of non-union is a fracture that persists for at least nine months without signs of healing for at least
               three consecutive months.1 This condition usually occurs when the body's natural healing process cannot bridge the gap and restore the continuity of
               the bone. Non-union can lead to pain, limited mobility, and functional impairment.
            

            Infection is a significant contributing factor for non-union that must be ruled out in each non-union case. Infected non-union
               is a very challenging scenario and requires quite a different and individualized approach. In this study, we will limit our
               discussion to non-infected cases of non-unions only. Non-infected non-union can be classified into two main types:
            

            
                  
                  	
                     Hypertrophic Non-union: In this type, there is excessive callus formation without bridging fracture site, indicating that
                        the bone is actively attempting to heal, but there is a lack of sufficient stability or the presence of excessive mobility.
                        In general, it’s an issue with fixation.
                     

                  

                  	
                     Atrophic Non-union: A lack of callus formation indicates a minimal healing response. The bone ends appear narrow, suggesting
                        a local or systemic fault in the bone healing process. Inadequate blood supply can also result in such types of non-union.
                        Open fractures or excessive soft tissue dissection during primary surgery could be the culprit. In general, it’s an issue
                        with biology. Several systemic factors like smoking, tobacco use, diabetes, peripheral vascular disease, vitamin D deficiency,
                        renal insufficiency, osteoporosis, anemia, long-term usage of bisphosphonates, NSAIDs, steroids, etc., do contribute to the
                        biology of healing.
                     

                  

               

            

            We do not support the term Oligotrophic non-union. It seems more like a mixture of the abovementioned terms and does not have
               its specific etiology. We neither agree with the claims of inadequate reduction with displaced fracture fragment as a cause
               for Oligotrophic non-union. Similarly, some authors do not support the atrophic non-union terms as atrophic and oligotrophic
               non-unions are histologically not different.2 We believe that pseudo-arthrosis is a sequelae of chronic mobile non-union, and it is not a type of non-union. Similarly,
               gap non-union should be referred to as any non-union where the amount of gap or displacement is significant enough (usually
               more than 3 mm) to exclude the possibility of spontaneous union.
            

            Neglected fractures themselves are very uncommon in this modern era of medicine. Moreover, untreated chronic long-bone non-unions
               are further rare due to the morbidity associated with them. To our knowledge, no study in the literature evaluates the results
               of primary osteosynthesis without bone grafts or adjuvants in neglected chronic long-bone shaft fracture non-unions. Our research
               aims to determine the results after primary osteosynthesis without bone graft or adjuvant in neglected shaft of femur fracture
               aseptic non-unions. The femur is the longest and stronget bone in the human body and it’s growth potential is significant
               compared to other bones. Most pediatric shaft femure fracture unites with lengthening despite being immobilized in overlapped
               position during conservative treatment.3 Although adult bone does not have growth potential as good as pediatric growing bone, we believe that a fair chance of union
               can still be given to primarily neglected fractures. We hypothesize that chronic aseptic non-union in shaft of femur for neglected
               fracture poses a lower union rate if the surgery does not include bone graft or bone healing augment.
            

         

         
               Materials and Methods

            We performed a retrospective study at a level I trauma center in India. We performed a chart review to include the tibia,
               femur, and humerus non-unions treated by primary osteosynthesis surgery during March 2020 - February 2022 (3 years). We included
               cases with at least two years of follow-up after revision surgery. We excluded the following cases. (1) septic (infected)
               non-union (2) non-union involving long bones other than femur (3) non-union involving region other than shaft of femur (4)
               borderline/questionable non-union with at least two cortices united (out of 4) in two X-ray views (AP and Lat) (5) patients
               with systemic (Anemia, Hypothyroidism, Vitamin D Deficiency, etc.) and external (open fractures. Tobacco, Smoking, Steroid,
               etc.) causes for non-union (6) Pediatric (<18 Years) and Elderly (>60 years) age groups.
            

            Diagnosis of non-union involves a thorough medical history, physical examination, and X-rays. For inclusion purposes, we defined
               radiological non-union as a lack of signs of union in 3 out of 4 cortices in AP and later X-ray views. CT scans or MRIs were
               also used if needed to understand the non-union anatomy. These tests help to identify the absence of healing and provide a
               detailed view of the fracture site, bone quality, and surrounding tissues.
            

            All the patients were treated with primary rigid osteosynthesis via ORIF (Open Reduction Internal Fixation). The margins of
               fracture fragments were thoroughly freshioned at 360 degrees after removing fibrous non-union or pseudoarthrosis. The medullary
               canal of both the fragments was opened, and all the tissues obstructing the canal were scooped out with a curate. Whenever
               the sclerosing callus/bone is found at the fracture end, it is either removed or left with multiple drill holes (by 2mm K-wire)
               after assuring some amount of vascularity. No bone grafts or augments were used during surgery. An interfragment screw was
               used in case of an oblique fracture pattern or in the presence of medium to large butterfly fragments. We aimed for the maximum
               compression at the fracture site and accepted any amount of shortening as compared to the unaffected side. In all cases, the
               drain was kept for 24-48 hours.
            

            Post-operatively, full range of motion exercise started in all the patients on the next postoperative day. Weight-bearing/lifting
               was not allowed until 2 weeks in all patients. Sutures were removed at approximately 2 weeks in all patients. Gradual weight
               bearing was allowed after 3 weeks, and full weight bearing was allowed at 6 weeks after confirming a check X-ray. Further
               follow-ups were scheduled for 3 months, 6 months, 9 months, 12 months, 28 months and 2 years after surgery. X-rays (AP and
               Lateral views) were evaluated at every visit for the progress of union and stability of reduction. Oblique X-ray views were
               also taken whenever needed.
            

            

            
                  
                  Figure 1

                  Caseof neglected (1.5 years old injury) right shaft femur fracture in 31-year-oldfemale patient’s pre-operative X-rays (a) AP (anteroposterior) view (b) Lateral view
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                  Figure 2

                  Intra-operative images (a) Pseudoarthrosis and fibrosis around the fractrure shown by white arrow (b) Fractre fixaion after freshioning of margins with 4.5 mm LCDCP(Low contact dynamic compression plate) and an inter-fragmantary
                     lag screw
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                  Figure 3

                  Post-operaiveX-rays (a) Fracture compressed in AP view immediately after surgery (b) Fracture compressed in Lateral view immediately after surgery (c) Fracture completely united at 8 months after surgery in AP view (d) Fracture completely united at 8 months after surgery in Lateral view
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               Results

            We included 13 cases with shaft of femur (Figure  1, Figure  2, Figure  3) fractures. Out of 13 patients, 7 (53.8%) were males and 6 (46.2%) were females. All 13 patients belong to the lower socio-economic
               class, and lack of insurance/affordability issues was identified as the main reason for no surgical intervention at the time
               of injury. Out of 13, nine had road traffic accidents, three had domestic falls, and one had assault. However, 10 out of 13
               patients had a history of conservative treatment (splinting/bandaging) by quacks. The mean age of the cohort was 43 years
               (range 23-55 years. The mean injury presentation interval was 9 months (range 4 months -1.5 years). Out of 13 patients, nine
               had hypertrophic non-union, 3 had atrophic non-union, and the remaining 1 could not be categorized radiologically in either
               variety. 
            

            At one year follow-up, 12 out of 13 showed completely united fractures with no functional limitation. Only one patient showed
               delayed union and eventually united at 1 year 10 months post-operatively. The mean radiological union time was 6.5 months
               (range 4 months – 22 months). However, clinical union (lack of tenderness, absence of micromotion/mobility, and ability to
               weight bearing/successful usage of the extremity) was established in all cases prior to the radiological union. No patients
               developed complications of neuro-vascular injury, infection, wound healing, surrounding joint stiffness, or implant failure/loosening/impingement.
               Only one patient developed serous discharge from a surgical wound during the first week post-operatively. It was thoroughly
               debrided one week after surgery, and the culture report was negative for any organism. The wound was healed eventually without
               any signs of infection on follow-up. Minimum follow-up was 2 years (Maximum 4 years). 
            

         

         
               Discussion

            Bone healing is a much more complex physiological process that includes both anabolic followed by a catabolic phase and multiple
               signalling.4 Improvement in understanding molecular and cellular events has led to the development of biological agents to augment the
               microenvironment for enhancing bone repair and remodeling. Various modalities to augment the inadequate bone-regeneration
               process, including autologous bone graft (mostly from the iliac crest), vascularised free fibula graft, or allograft implantation,
               have been used for ages. Recently, the usage of Intramedullary reaming, irrigation, and debris aspiration (RIA); osteoconductive
               scaffolds like G-bone (synthetic Hydroxyapatite in low crystalline form analog with another form of calcium and phosphate)
               and DBM (mixture of Type I collagen, noncollagenous proteins and other stimulants); growth factors such as bone morphogenetic
               proteins (BMP-2 and 7 is FDA approved for tibia non-union), teriparatide (parathyroid hormone) injection and stem cell therapy
               are gaining popularity to combat this notorious problem. 
            

            Autologous bone graft remains the gold standard, providing all the required qualities such as osteogenic, osteoinductive,
               and osteoconductive, and facilitating vascular in-growth. Limitations to this technique include low graft volume and donor
               site morbidity. Allograft has potential for risk of disease transmission and an increased susceptibility to infection. Artificial
               scaffolds can provide an osteoconductive construct; however, they fail to provide an osteoinductive stimulus and frequently
               have poor mechanical properties. Growth factors like recombinant bone morphogenetic proteins (BMP) can provide an osteoinductive
               stimulus; however, they are costly and have licensing-related limitations. Various animal studies have shown the benefit of
               using BMP alone for bridging massive bone defects, but these effects are yet to be studied in humans. 5 Besides, the lack of negative result studies again suggests the possibility of positive publication bias. Critics of the
               PPSA (Physician Payments Sunshine Act) in the United States raised notable concerns, and increasing funding from industry
               to orthopedic surgeons could have an adverse impact on patient care, clinical practice, and research. 6, 7 Based on the best available evidence, Garnavos C concluded that the value of Ultrasound and/or Electromagnetic stimulation,
               as sole therapeutic tools, is declining with time and should be considered as subsidiary methods for managing aseptic long
               bone non-unions. 8

             Fractures like displaced midshaft clavicular fractures and proximal humeral fractures, scaphoid waist, and thoracolumbar
               compression fractures have demonstrated optimal results even with non-surgical treatment. 9 Also, problems like congenital pseudoarthrosis are still nightmares to treat due to the lack of any gold standard treatment
               and the requirement of multiple surgeries, including amputations. 10 It suggests that external augmentation by bone graft or adjuvant has failed to provide consistent and promising results when
               there is an absence of innate osteogenic potential. Even though non-union is a common and difficult orthopedic problem associated
               with fracture treatment, literature is lacking, with studies evaluating results of isolated use of bone graft or adjuvants
               without revising the fixation, which is concerning. Moreover, Bhandari et al. suggested a significant lack of consensus in
               assessing fracture healing among orthopedic surgeons in terms of duration for non-union and delayed union. 11 As per current data (2023), two-year marginal cost of non-union ranged from $33K-$45K reoperation may added $16K-$34K in
               costs. Needless to say, infection does raise the cost further. 12 
            

            Treating non-union requires a comprehensive approach tailored to the fracture personality. However, the original AO principles
               (1960) of fracture healing remain the mainstay of fracture healing 13, 14, 15 i.e., (1) Restoration of anatomy, (2) Stable fracture fixation, (3) Preservation of blood supply, (4) Early mobilization
               of the limb and patient. We believe in these core principles, especially when we have ruled out the systemic or external causes
               of non-union. We have achieved a high success rate (12/13, 92.3%) in terms of timely union for challenging non-unions. We
               believe that compression at the fracture site ensured absolute stability, and usage of the lag screw in most cases helped
               to protect it. We used ORIF in each case, which has been proven superior in terms of absolute stability. We do not believe
               in achieving 100% anatomical reduction by extensive periosteal dissection for these non-articular fractures. However, the
               removal of fibrosis and/or pseudoarthrosis and the freshening of margins is of the utmost importance. Besides, we opened the
               medullary canal in each case, and gentle rimming was performed as needed.
            

            Retrospective design itself is a limitation. Lack of patient reported outcomes is another limitation. Although our study has
               a small sample size, it is unique, especially when finding chronically neglected femur shaft fractures, which is a rarity
               in the current era. All the cases were operated by a single surgeon, and this has led to a reduction of subjective bias. Our
               study can also act as reference for future studies in neglected long bone fractures other than shaft of femure or metaphysial
               regions of long bones. Our study highlights our trust upon the natural healing potential of an adult long bone shaft, when
               the market of orthobiologics is growing like never before.
            

         

         
               Conclusions

            Extremely high union rates, in our case, are attributed to the simple and universal principles of bone healing. We recommend
               evaluating case-by-case bases for the use of bone-grafting or bone-healing adjuncts. In our experience, an excellent union
               rate can be achieved without the use of bone-grafting or bone-healing adjuvants in chronically neglected long bone fractures
               where no previous surgical attempt was made in absence of systemic and exteral risk factors for non-union.
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