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Abstract
Health concerns that affect civilian and military patient populations are closely similar in many aspects, except for a small segment, particularly military personnel involved in combat blasts. An increasing occurrence of significant injuries from explosions has further complicated recovery and treatment, increasing the need for stem cell techniques for regenerative tissue options. This has intensified interest in the vital role of stem cell regenerative options in military medicine. This research paper highlights the collection of injuries seen in combat and unique complications related to soldiers, discussing the current role of stem cell research applicable to military medicine. Induced pluripotent, adult and embryonic stem cell sources are discussed from the perspective of organ or tissue of interest, such as pulmonary, nervous system, sensory and musculoskeletal tissues. Also to be addressed is the potential application of the tissue engineering approach in military medicine. In addition, the paper provides recommendations for regulatory framework and applications of stem cell approach in military treatment, with a detailed overview of the only chance offered by the civilian and military commonality of stem cell studies.  
Introduction
Statement of the Problem
The U.S. military has long been at medical research and innovation forefront. However, when it comes to stem cell therapies it has been lagging. Both the military and civilians lack the accurate application of stem cell therapies. Even commercially existing bone therapies use mechanisms of a trinity, mesenchymal stem cells, and others utilize hematopoietic stem cells (Randolph, 2020). However, there is no larger-scale application of stem cells, especially those that involve stem cell therapies. There are existing military application disparities where the approach provides a unique opportunity and capacity to revolutionize war rehabilitation, providing a therapeutic strategy for soldiers off the battlefield. The paper highlights discrepancies in stem cell use among population injuries, focusing on techniques stem cells can be utilized in the supportive and regenerative role. Applications of stem cells in medicine are in the initial stages, with significant work projects already successful, anticipating ways to help solve problems pertinent to military personnel in combat. 
Definitions of Terms

A stem cell is a unique or extraordinary human cell with the exceptional ability to renew or develop into many different cells indefinitely and differentiate into all types of cells, from the brain to muscle. Thus, this cellular plasticity offers a promising opportunity to regenerate or replace damaged tissue or organ. Predominantly, three classes of stem cells exist, including induced pluripotent stem cells (iPSCs), embryonic stem cells (ESCs), and adult stem cells (ASCs) (Randolph, 2020). The therapeutic merits of these cell types have led to a widely discussed approach among field experts in medicine. Rose et al. (2018) state, "Regenerative rehabilitation is at the intersection of regenerative medicine and rehabilitation research." It is the next chapter in human transplant, which offers an opportunity to use regenerative cells instead of organs from live donors, which seems to be in limited supply. The well-researched stem cell is ASCs, hematopoietic and mesenchymal stem cells, often isolated from bone marrow. Whereas ESC stem cells result from the inner cell mass and are cultured to ESCs with unlimited differentiation and proliferation potential, intrinsic ethical and tumor concerns exist. IPSCs stem cells are created from adult cells, including blood or skin, through gene introduction and not from human embryos. iPSC technology allows the creation of genetically customized cell lines for a specific patient (Vatine et al., 2019). However, retroviral stimulation is essential to program adult stem cells, which is quite challenging.    
Significance of the Study

Stem cells are a vital concept in the future of military medicine that can help reduce inflammation by repairing and renewing damaged tissues. This therapy is a better and more effective approach to addressing chronic pain associated with combat injuries, especially targeting the affected tissues rather than trying to relieve the symptoms. According to Ude et al. (2018), "tissue engineering has emerged as a field with the potential to provide contemporary solutions." Thus, stem cell therapy offers a huge benefit in military applications, including pain relief, tissue reconstitution, repair, modulating properties, blood pharming, and a role in cognitive behavior related to traumatic brain injury. Soldiers in combat face numerous injuries requiring regenerative medicine, a promising source of restoring or replacing destroyed tissue through cellular plasticity. With no known treatments to reverse or prevent the deleterious consequences of combat brain trauma for soldiers, stem cell therapy can work the magic (Rosi & Borlongan, 2022). Hence, tissue engineering offers unlimited therapy opportunities for previously untreatable conditions (Laurencin & McClinton, 2020).  
Thesis statement

Stem cell therapy can enhance the quality of life for those wounded in combat and save lives. It is a cutting-edge tissue engineering that uses the body's cells to restore and repair damaged tissue, offering the potential to enhance the quality of life for soldiers wounded in combat zones, with the potential to save their lives. Stem cells provide new treatments for previously untreatable conditions, which calls for a more significant application in military medicine.
Background for the Research

In peacetime, civilian and military medical population needs are almost similar. However, in wartime, soldiers suffer the most combat injuries that bring a novel set of injuries or trauma into the therapeutic system. Combat injuries introduced to the health system cause stress to current therapy paradigms, especially in acute trauma. These injuries due to improvised explosive devices and insurgency are high and affect young, healthy patients. Civilian blast casualties are infrequent and often occur due to terror attacks, allowing for overlap of treatment and research models dedicated to military fatalities. A high degree of destruction and tissue loss linked to combat or blast wounds is a major significant characteristic of the new stem cell approach that presents the biggest medical dilemma. The stem cell approach is promising for regenerative medicine. It allows functional tissue to regenerate or repair itself or replace lost tissue or organ function due to disease, age, congenital disabilities, and damage. The increase of explosive blasts in warzones damaged all tissues, making the research of interest in military medicine highly attributed to the diverse nature of combat injuries sustained by soldiers.

Traumatic brain injury causes loss of neural cells, which can be cured by stem cells to repair damaged brain tissue for post-traumatic brain injury in soldiers. An explosive attack in active duty results in multiple injuries involving multiple tissues, muscles, and organs. According to Zhou et al. (2019), "Traumatic brain injury (TBI) is an important cause of human mortality and morbidity, which can induce serious neurological damage." Currently, brain damage casualty therapy includes brain stimulation, hyperbaric, and behavioral therapy, which is largely unsatisfactory. 

Applying stem cells to regenerate tissue and bone involves repairing damage to nerves and blood vessels (Laurencin & McClinton, 2020). Nearly all combat injuries involve musculoskeletal damage, such as fat, bone, muscles, and connective tissue. Combat medics often increase soldiers' survival through intensive injury care, better body armor, and rapid evacuation; orthopedic injuries are still high. Such damages can limit a soldier's mobility, increase pain, or cause total disability. A new stem cell approach increases recovery within musculoskeletal tissue, which makes stem cell key specimens for future regenerative therapies.

In nearly all combat injuries, skin damage results in wounded tissue or organ due to all-pervading or chemical injury, making skin coverage critical for a soldier's right wound healing in areas that pose infection and dehydration concerns. The skin has storage of multiple unique stem cells that can regenerate new epidermis that is resilient and constantly redevelops. However, currently, there is no clinical use, which makes stem cells a promising approach for accelerated recovery for deep-skin grafts. 
Presentation and analysis of Stem Cells in Military Medicine
Stem cell-based treatment shows promising results in regenerative therapy, making it vital in physiologic tissue regeneration and renewal after injury. In military medicine, stem cell wound healing is a good treatment approach that can help combat related healing-impaired wounds, primarily through natural wound-healing processes of tissue regeneration. Mesenchymal stem cells are crucial to developing new blood vessels and repairing or renewing cellular damage in ischemic tissues. Even though cutaneous wound healing can be a more complex process due to the complex multi-layered structure of the skin that often involves the interaction of multiple cells in the injured flesh, including endothelial cells, fibroblasts, and inflammatory cells, these are vital cells in the healing process, releasing chemo-cytokines that stimulate growth factors, promoting angiogenesis and inflammation, contraction and remodeling. This is a multi-stage method that largely relies on the coordination of numerous mediators and cells. According to Zhao et al. (2019), "normal skin wound healing is a dynamic system that relies on multiple cells and mediators communicating." Thus, stem cell skin healing has made tremendous progress over the past decades, especially in wound regeneration. With significant promise in tissue regeneration, the stem cell approach holds a center of interest in military medicine, given the considerable tissue damage in combat-related injuries. Moreover, military stem cell application includes treating injuries to sensory organs, skin, musculoskeletal systems, nervous system tissues, acute radiation syndrome, and genitals.
An adult stem cell is a crucial concept in self-renew or dividing indefinitely, meaning the cell can indefinitely generate various cell types and even regenerate the original tissue or organ. Regeneration and division are how organs, such as the liver, repair themselves after excessive damage. As stated earlier, insurgency and combat blasts can cause massive damage to multiple organs and injuries in soldiers. Hence, stem cells activate to help generate new tissue that replaces damaged ligaments, cartilage, tendon, or muscle. These master cells are the building blocks of tissues, organs, the immune system, blood, and all organs. They serve as regenerating mechanisms and internal repair systems to replace damaged or lost cells for injured soldiers.        

The nervous system can have multiple injuries, such as concussions, trauma to the brain, torn peripheral nerves, and severed spinal cords. Radioactive projectiles, explosives, and chemical agents harm the nervous system of soldiers on active duty (Ude et al., 2018). Most brain traumas or injuries are not reversible due to limited knowledge and the delicate nature of brain treatment and complexity. Spinal code injuries can lead to immobility, affecting motor responses and sensory innervation below affected areas. Thus, stem cell therapy can be crucial in the nervous system, establishing cognitive functions and avoiding psychological and physical malfunction among injured soldiers. It is paramount for military forces that discharge service men and women to be reintegrated into society with complete psychological and physical health states (Ude et al., 2018).           
Perhaps the most comprehensive research on stem cell areas is in muscle regeneration. Developments in combat-ready personnel, body armor, and improved surgical technology help soldiers on the battlefield. However, orthopedic injuries remain high and standard in military actions. Nearly all combat-related injuries damage ligament, cartilage, tendon, muscles, and adipose tissue making musculoskeletal injuries a priority in military medicine. These injuries limit a soldier's ability, particularly causing excruciating pain that hinders their ability to perform duties. Stem cells are beneficial in augmenting responses related to infections, improving a soldier's ability to heal correctly. Extensive work on cartilage and bone regeneration has been done in osteoarthritic models (Ude et al., 2018).
Discussion and Results
Arguably, stem cell is the key to treating skin injuries and the nervous system and reconstructing blood cells (Laurencin & McClinton, 2020). Military personnel deployed to conflict zones could suffer considerable tissue damage, and the skin is the most prominent affected tissue. Chronic and acute wounds require the integration of complex molecular and biological events of cell proliferation and migration, including angiogenesis, ECM deposition, and remodeling. Stem cells are vital for skin trauma, helping repair acute skin wounds (Bourne et al., 2018). While engineered skin represents medical advancement in wound care, its effectiveness and costly approach are limited. The stem cell approach is a prolonged self-renewal approach, which differentiates into various cell types, helping create damaged skin components. Adult stem cells are the most appropriate sources of self-repair or regeneration of injured skin tissue. 

Tissue regeneration and organ reconstitution are primary goals in defense medicine since every soldier's tissue is of military importance due to many war-related injuries. Soldiers at the forefront on the battlefield sustain injuries inflicted by insurgency gunshots and improvised explosive devices leading to the loss of legs and hands. The human organ routinely regenerates, including born marrow and liver cells, with every organ having specific repository cells replicating in case of injury. Notable research results on stem cells have included tissue-regenerated liver, muscle, bone, cartilage, blood vessels, and nerve conduits. This tissue engineering in defense forces is a promising regenerative medicine concept that can be capitalized with favorable realities. For practical regenerative engineering of complex tissues, stem cells require the incorporation of biomaterials. Exploring advanced and novel therapies to improve stem cell efficacy is of the essence to enable the full implementation of stem cell-based therapy. 
Recommendation

Stem cell therapy is a cutting-edge and vital cell-based medical treatment to heal and repair and regenerate damaged tissue. It has the potential to enhance the soldier's quality of life, healing the wounded in combat. However, with the emergence of modern, viable cell-based treatment options, the public and scientific community has concerns about regulation enforcement and consumer accessibility. Hence, addressing the opposing viewpoints and ethical aspects of using regenerative medicine in military medicine is vital. This effort is critical to maintaining the balance between ensuring public safety and promoting scientific innovation. More research is necessary to highlight contradictory information on efficacy and clinical safety for cell-based treatments. Regulatory frameworks are essential to ensure that the bleeding edge, off-the-edge, and cutting-edge interventions are properly instituted. Therefore, applying stem cells is critical, but regulatory frameworks should provide the efficacy and public safety of stem cell-based treatment in military medicine.
Conclusion

Stem cell therapy can enhance the quality of life for those wounded in combat and save lives. The stem cell-based wound healing process is therapeutic in situations where the natural healing process is insufficient. Although many steps of stem-cell-based therapy have been made, application results show that the approach is yet to gain popularity in both civilian and military medicine. This therapy poses theoretical merits, with multiple stem cells differentiating into specific cell types that provide growth factors for healing or regenerating damaged tissues. Future military medicine applications could revolutionize future battlefield injuries with progress in regenerative medicine. More adoption of cell-based therapy is likely to save lives and improve the healing process for wounded soldiers. In the future, lost arms and legs can be successfully regenerated, making the stem cell approach a more efficient and effective way of tissue injury therapies.                              
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