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Abstract 
Regenerative medicine is an emerging multidisciplinary science that endeavours to replace or regenerate 

human cells, tissues and organs to establish or restore normal function. The regenerative medicine field 

results from the convergence of multiple scientific avenues, including the successful growth of cells in the 

laboratory, identification, characterization and differentiation of stem cells and the improved 

understanding and development of molecular biology. This allows for the control of the intracellular and 

extracellular environment to promote tissue and organ formation in the lab. Regenerative medicine 

consists of three factors: cell, chemical substance and scaffolds from this point of view the process 

resembles anti-aging medicine. And offers the potential to revolutionize patient care in the twenty-first 

century, and thus a reset of outcome measures and basic principles in medicine must be considered. 
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Introduction 

Quality vs Quantity 

Advancement in medicine is increasing the longevity and enhancing the quality of life of people around 

the world [5]. Currently the average western life expectancy is 72.6 years [12], and the average western 

quality of life is around 60% [79]. We appear to be living longer but with more alignments, our medicine  

allows us to live with disease rather than curing or reversing.  Anti- ageing and regenerative medicine 

has the potential to increase life expectancy by up to 500%[94] I propose that true regeneration should 

not only increase the quantity but also the quality. Included in quality would be the potential 

invasiveness  of the intervention and potential  side effects .What do we need to go through in order to 

achieve the desired outcome. Is the treatment worse than the cure? 

Regenerative medicine has emerged as a multidisciplinary field to potentially address the limitations in 

both the quality and the quantity of life. Restoration of normal function with minimal invasiveness to 

maximise the efficacy of the treatment for the patient [112]. The aim to make the risks of the treatment 

pale in comparison to the rewards derived from the treatment. 

In order to achieve this combinations of treatments will be required including stem cells ,molecular 

biology and the use of adjuvants.[112,77].This will allow for the development of tissues both in vivo and 

in vitro [77]. 

Three broad avenues involving cells,adjuvants and scaffolds need to be brought together as in anti-aging 

medicine [34]. Disease is generally the result of aging in western society. Its arrest and/or reversal offer 

the potential to revolutionise patient care in the 21st century [91]. 

Biologics 

A biologic drug (biologic) is a product that is produced from or contains components of living organisms 

[6]. Use of products that are made from animal hosts is not new. Vaccinations have been used for many 

years and have revolutionised the delivery of medicine largely eliminating many diseases that where a 

scourge to the mankind. As internal modifiers, biologic drugs either enhance or inhibit biological 

processes that are part of the key mechanisms of action for critical pathways in healing. Perhaps the 

most prevalent and advanced example of biologics is CRISPR [17,63,70]. CRISPR-Cas9 is a versatile tool 

used for genome engineering that has revolutionized biotechnology.  This gene manipulation technique 

provides a widely available tool for altering and even correcting DNA, thus preventing a wide range of 

diseases [17,70].  

 

Regeneration Vs Anti- aging 

Aging can be defined as a progressive deterioration of physiological function accompanied by an 

increase in vulnerability and mortality with age [35,27], it is a complex and heterogenous process as its 

rate varies considerably between diverse species, between organisms of the same species and even 

between tissues and cells of the same organism [27]. Currently the leading cause of death worldwide 

and notably in industrialized countries, are age related conditions such as cancer and cardiovascular and 
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neurodegenerative diseases [23,29]. As result of the relationship between the aging process and age-

related diseases, the benefits emerging from anti-ageing science have enormous potential to both 

increase life expectancy and financial savings [33]. Harvard professor David Sinclair has recently 

proposed a new radical theory of aging suggesting that aging hallmarks are symptoms of epigenetic 

changes that occur over time, but that the original genetic code remains very much intact, he suggests 

the idea that if we can rest these codes we could slow, stop or even reverse aging. 

Regeneration is perhaps an isolated example of anti-aging. Regeneration focusses on regional loss of 

cells leading too conditions such as osteoarthritis. As cells become increasingly senile the tissue 

becomes exposed to disease and failure. Osteoarthritis is a prime example of this process  

 
Future anti-aging treatment: the role of stem cells  

Stem cell therapies contain live cells that have the ability to generate a whole new organism. As they are 

pluripotent (meaning they are capable of turning into many different cell types), stem cells have the 

potential to help patients to restore their tissue, and therefore increase their longevity. Emerging stem 

cell-based therapies to combat the function decline associated with aging has recently attracted 

attention, due to their ability to differentiate [68,11] (Figure 1) and give rise to all cellular types proving 

opportunity for regenerative medicine [21,24,94]. The trick is to encourage the stem cell to become the 

cell that is needed at the host site. 

 

 
 

Figure 1: Chrondrocyte Differentiation. Strobach, et al. “Gene therapy Applications in fracture repair”. 
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Catastrophic biologic failure 

The beginning of the end 

The beginning points of biologic failure are: 

1. The end of growing  

2. The end of stem cell multiplication 

3. The  decline of adjuvant hormones HGH etc 

4.  Critical loss of stem cell/adjuvant hormones. Excess capacity loss ,tipping point 

5. Catastrophic failure. Death 

The aftermath of death follows a set sequence: autolysis, bloat, active decay and skeletonization 

[68,111].   Note that different tissues are beyond salvage at different time intervals. 

 

 

Stage one- Autolysis  

The first stage of death autolysis otherwise known as self-digestion begins immediately after death. This 

stage occurs due a lack of blood and oxygen circulation. As the body has no way of receiving oxygen and 

removing waste there is a built up of excessive carbon dioxide, this excess causes an acidic environment 

which results in the rupture of cell membranes. These membranes release enzymes that begin eating 

the cells from the inside out [68,111]. 

 

Stage two- Bloat  

Leaked enzymes from stage one begins to produce various gases, causing the human body to potentially 

double in size. Additionally, microorganism and bacteria produce unpleasant odours called putrefaction 

[68,111].  

 

Stage Three- active decay  

Fluids are released through orifices indicating the beginning of the process of active decay. During this 

process organs, muscles and skin becomes liquefied. Once all of the body’s tissue decomposes, hair, 

bones, cartilage and other by-products of decay remain. Throughout this process the cadaver losses 

most of its mass[68,111].  

 

Stage Four- Skeletonization  
There is no set framework throughout which skeletonization occurs, as the decomposition rate of 

collagen and inorganic components varies [111].In medicine allograft is used regularly to provide a 

scaffold in healing. 

 

Reverse engineering 

Lets look at death than look how it relates to limb reconstruction/regeneration. In salvage we start with 

debridement which is the removal of dead, infected contaminated tissues. This generally means 
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resection to a margin of safety similar to tumour surgery. The problem with this in the foot is that the 

resultant limb is left dysfunctional as important tissue is removed. The remnant foot has excess 

pressures applied to areas which were not designed to receive this load and can in turn fail. This can 

lead to a cycle of amputation until the entire foot is removed. In reconstruction we have no 

compunction in using allograft or other tissues which are by their nature already dead. Here we are after 

the structure and the hopeful incorporation by the body with creeping substitution. My contention is 

that structures such as bone even if dead can perhaps be recolonised by native cells and salvaged. 

Structures that liquefy earlier as above have to be removed. But other structures that die slower can 

perhaps be reclaimed. 

 

Principles of Regeneration 

Surgical principles of regeneration 

 

As noted above in a threatened extremity we can see that some tissues get to the point of no return 

quicker than others. 

 
Reconstruction of threatened limb. 

1. Ensure skeleton structure stable and joints. Protection/movement/?exo skeleton minimise 

detrimental environment maximise overall health i.e  heart  

2. Tissue envelope repair 

3. Introduction of new cells/Activation  

4. Ongoing maintenance/proliferation [94,78]  

 

Principle of regeneration 

• tissues to be regenerated should be at a critical number and quality to allow regenerative 

threshold. Tissues and functions regenerate at different rates. They need to be protected during 

this time, 

• stem cell can be recruited or introduced to diseased zones to achieve a regenerative threshold. 

There abundance in blood vessels leads peripheral tissues to be able to regenerate quicker than 

other less vascular tissues. i.e. Toes better than heels  

• regeneration is a slow process, there may be multiple treatments required to regenerate 

tissues. Treatment should shift to injection therapies rather than invasive treatments. 

• proliferation of cells is not necessarily required to cure a disease, as local cells can be 

augmented e.g. chondrocytes increase matrix or the quality of the matrix [77,82,112]. 

 

Even though the process of death is different in many respects to regeneration there is a likeness in the 

way it relates. Slowly metabolising tissues will regenerate slowly. Previous views have considered the 

process of regeneration as a continuum [56,82]. However, an emerging view supports the idea the 

process of regeneration can be split into major constituent cellular events [56].  These phases I propose 

can be likened to the stages of death, and thus considering the process of death and the events that 
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occur at each stage can aid in dissecting the essential mechanisms of regeneration.   

 

Tissue engineering  

 

 
 

Image Credit: Medgadget . tissue injuring example 

All injuries is a cause of concern to the patient from various perspectives. First, there’s the 

inconvenience of potential immobility, coupled with the economic stress of having to pay for healing 

and recovery. Some orthopaedic conditions require the utilization of surgical procedures in order to 

restore the patient to optimal health, and the healing time can be extensive and take up to a few 

months. 

Orthopaedic surgery requires the utilization of methods that aim to restore the mechanical integrity of 

the body. With time, there are some aspects of the body’s healing mechanisms that revert, and the 

healing of tissues such as cartilage and ligaments is difficult to achieve. Some bone and tissue functions 

that do have the ability to restore do not do this to the original strength. 

According to medical studies the healing of orthopaedic tissues is directly correlated to the 

incorporation of four main elements: cells, morphogenetic signals, scaffolds and mediums that will 

support the mechanical structure of the body. Bioengineering procedures have enabled the 

development of tissue regenerative materials that will restore both the mechanical integrity of bone, 

and also facilitate the restoration of the ligaments, cartilage and even blood vessels that are associated 

with particular regions of the body such as the ankles and the knees.  

 

Via medical research, source tissues for tissue engineering is sourced from various bodily sources and 

the importance of each of the differing cell sources is yet to be identified. In the medical realm:  

 

1) Stem cell research is understudy to identify the most effective cells to introduce to specific 

healing sites.  

2) For morphogenetic signals their influence by growth factors or other sources such as platelet 

rich plasma is currently being elucidated  

3) Smart scaffolds that integrate with the body are also under investigation  
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As medical knowledge on a topic expands, it will be possible to overcome the obstacles to the current 

incorporation of engineered tissue into the orthopaedic treatment plan. In the future, as synthetic and 

biologic material properties are better understood it will be possible to combine all of these elements in 

order to apply them to therapies. Industry best practices and federal approvals still have to be 

established before the full implementation can be accepted globally.  

 

Regenerative Treatments  
The human body is designed to heal itself. As aging occurs this capability declines with stem cell 

depletion. The body’s skeleton is one prime example of a mechanism that has to heal itself in situ. Bone 

cells regenerate spontaneously, and new cells are always being regenerated, to replace the ones that 

have been absorbed by the body. One of the beautiful things about bone is that in its natural state, bone 

will heal without scarring.  

 

Regeneration of the Skeletal System  
The skeleton bears mechanical loads and it moves with mechanical stimuli. Tissue engineering 

technologies have been incorporated that will enable the restoration of the relevant tissues that will 

keep the bone function at peak. The generation of these tissues involves the utilization of patient 

autologous cells, growing them in a culture, and then seeding them onto a scaffold. Bioreactors are the 

incubators of our cell cultures. Success of this method is a promising technique that will lead to 

proliferation of regenerative methods in orthopaedic care. 

As the ideal methods for culturing cells is under debate, the truth of the application cannot be overseen. 

Practicality will result in an initial focus on minimally invasive procedures that will incorporate these 

engineered tissues. With time, and better understanding, more sophisticated applications can be 

identified. (114) 

 

Outcome Measures 

Classification systems in orthopaedics have been used extensively in orthopaedics for a variety of 

different applications. Notably in research, for descriptive purposes, and attempts to classify disease and 

injury to predict pathology and treatment outcomes [1-25]. A good classification system should be easily 

reproducible so that inter observer reliability is high. With the advent of minimally in- vasive techniques 

of surgery in the forefoot it has become more necessary to be accurate in planning surgery. 

Current surgical treatments are often end stage and “procedures of desperation”. For example after 

conservative treatments have failed and pain killers the pressure is for surgery to be offered as a last 

resort. By this stage there is often a decline in the overall health of the individual and loss of lifestyle and 

conditioning. 

 

By definition than regenerative surgery is offered when there is something to regenerate.many patients 

are told to “come back when you can’t walk. 
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“If there is complete loss of cartilage cells than regenerative technology with a simple adjuvant or 

accelerant is unlikely to work. In this case the base cells would need to be added.” Regenerative 

medicine works best in the earlier components of disease. 

 

Intervention in this case occurs earlier than salvage and perhaps treatment length is longer as tissues 

regrow slower. The aspiration of the patient in terms of restoration of function can perhaps be met 

rather than long term limitations placed (Table 1). 

Outcome Measurement of Treatment 
A. Level of invasiveness: 

• Risk vs reward. 

• Salvage. Has there an invasive procedure such as loss of organ (joint replacement). 

• Minimally invasive with joint preservation 

• Regenerative injection therapy 

 

B. Result: 

• Outcome compared to age matched control 

• Outcome compared to “youthful result” 

 

C. Longevity of result: 

• Deteriorating leading to catastrophic failure and revision. Secondary salvage 

• Deteriorating resulting in primary salvage procedure 

 

D. Maintenance: 

• Long term result but requires further interventions. But these are RIT (regenerative injection 

therapies). 

 

E. Benefits outside of primary treatment target: 

• The future regenerative medicine blending with anti-aging. 

LEVEL Outcome  

One  • Better than before treatment ( >30%) 

Invasive treatment with replacement of organ 

 

Patient satisfied outcome but not with the 

treatment. 

Result is deteriorating 

 

Limitations on activity 

Two  • Better than before treatment minimally invasive 

• Result is deteriorating 

 Limitations on activity 
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Patient satisfied with result and treatment 

 

three  

 

 

• Better than before treatment but not fully active  

Treatment outcome declines. 

• Minimally invasive. 

• Limitations on activity 

 

four  

 

• Regenerative Rp  

• Age matched return of function 

•  Treatment outcome Declines 

• Not invasive  

 

Five 

 

• Regenerative 

• Restoration of normal function 

• Not just good for age now a youthful outcome 

• Better than before procedure + increasing  

benefits.  

• Local effect only. 

• No restrictions in activity 

 

Six  • Anti-aging 

• Single Rx 

• Multi positive effects outside target organ 

• No restrictions in activity 

 

 

 

Table 1: With a regenerated ankle joint for example. 

 

Discussion 
Regenerative medicine offers the possibility to both restore function avoiding salvage operations and 

also to turn the clock back to function when compared to age-matched controls. 

 

The treatment principle with biologics is that they can be repeated with increasing effects and be safe to 

the patient to do so. This is compared to for example steroid injections where treatment number is 

limited. 

Formally it has been thought that it not possible to regrow cartilage however it is clear that mammalian 

chondrocytes can proliferate in the right circumstances. The paradigm shift to regenerative techniques 
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continue with the constant question of can we ultimately turn the clock back on disease increasing the 

quality of life and perhaps ultimately life extension. Orthopedic practice sees a continued shift to 

keyhole image guided surgical techniques. Except the ‘key hole’ is slightly longer now then the tip of a 

ball point pen. This is leading to reduced recovery times, pain, and complications. Of course, these need 

to be balanced against enthusiasm and learning curves. These techniques combine well with 

regenerative techniques. 

Previously we have written a paper on the foetal healing cascade. The message is that it was once 

possible, even as humans, to heal quickly without scaring; it was even possible to heal and repair 

complex organs. Just as the Mexican salamander is able to regenerate entire complex limbs into 

adulthood. Our humble starting point is to heal failed tissue of a single cell type to the point where the 

effects of disease reverse. 

Some definitions may need to be changed or at least modified in their assessment. For example 

debridement. The definition of dead tissue can be challenged in some circumstances as for example 

dead bone can be used as a scaffold. 

I propose now that in the future virtually all disease processes can be reversed with regenerative 

techniques which can be likened to the first incremental steps in anti-aging medicine. Most chronic adult 

diseases are a result of aging. 

 

Our  rationale is outcome measures need to evolve raising the bar on treatment outcomes and the way 

in which the treatment is delivered. Regeneration in the adult is slow. Advances are needed to shorten 

the duration of treatments. This will likely be in the form of the use of more adjuvants for example after 

initial distraction therapies. A possible outcome measurement would be both objective and subjective. 

The patients experience being the pivotal in the result. Not merely survivorship of the initial operation.  

Regenerative medicine will continue to evolve in the management of many conditions and become 

compelling as an alternative to traditional treatments. 
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