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Abstract: 

Caloric restriction followed by re-feeding (CRRF), Intermittent fasting (IF) and ketogenic diets (KD) are 

known to be supportive of wound healing in animal models. Evidence also suggests that injections of bio-

proliferative solutions (prolotherapy) in combination with functional range of motion exercises also promote 

tissue regeneration via wound healing mechanisms. Intermittent fasting and Ketogenic diets also favor 

wound healing, and may therefore synergistically support the regenerative effects of prolotherapy. A 

systemic review of Pubmed, Google Scholar, and other databases was conducted. Though no published 

sources directly linking these types of diets to an enhanced bio-proliferative injection response were 

identified, several studies did demonstrate that bio-regenerative responses of CRRF diets and prolotherapy 

share a common wound-healing pathway.  However, further research would be required to confirm and 

quantify if KD, CRRF, or IF diets are complimentary to prolotherapy. 
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Introduction: 

Prolotherapy, also known as regenerative injection 

therapy, 
1
  

Is a portmanteau for bio-proliferation injection 

therapy? Also known as bongling or non-surgical 

joint reconstruction, it is a regenerative injection 

technique, in which small quantities of an 

inflammatory-inducing solution are introduced to 

the site of painful and degenerated tendon-bone 

insertions (enthesis), joints, ligaments, and 

adjacent joint spaces. Usually, several sessions are 

required to optimally stimulate regenerative 

processes. 
1, 2, 3

  Systemic database reviews, meta 

analysis, and rct trials have provided evolving 

evidence that injection of glucose-based solutions 

and other substances such as phenol-glycerin-

glucose into soft tissues and joints, stimulate and 

propagate regeneration effects via the wound-

healing cascade. 
4, 5, 6,7 

 There is also evidence base 

that caloric restriction followed by re-feeding 

(crrf), intermittent fasting (if) and ketogenic diets 

(kd) also augments wound healing. 
8
 As 

prolotherapy and diet-selective utilization of 

ketone energy substrates both appear to enhance 

tissue regeneration via wound healing pathways, it 

is proposed that these diets may also support the 

bioproliferative effects of prolotherapy. Recovery 

from tissue injury occurs via initial and delayed 

inflammatory phases. The initial influx of 

granulocytes attract macrophages, which in turn 

secrete debriding enzymes, chemotactants, and 

polypeptide growth factors. These secretions 

activate fibroblastic collagen deposition and 

wound repair. This tissue remodeling continues 

for many months after the initial injury, and in 

animal models, maximum wound strength is 

achieved circa one year after injury.  So, wound 

healing progresses through staged granulocytosis, 

collagen deposition, scar formation/reformation, 

and movement enhanced functional remodeling 

over several months. Wolf’s law regarding bone 

remodeling and the Davis’ soft tissue law of 1867 

are both in accordance with the ‘specific adaption 

to imposed demands principle. Functional 
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movements also optimize tendon-ligament and 

volume remodeling over several months by 

inhibiting scar tissue formation, preserving 

optimal range of motion, and promoting collagen 

re-arrangement into more functional orderly 

arrays. 
9, 10, 11, 12

  

Discussion: 

On a search of the literature, the first historical 

references to ketogenic diets date back to 1924 

investigations into the management of epilepsy. 
13

 

in more recent times KD has been regarded as a 

broad-spectrum therapy for medically intractable 

epilepsy. 
14

 As the brain requires a steady supply 

of glucose (120 mg per day), serum insulin 

decreases and the liver begins production of 

ketone bodies from corporeal stores or ingested 

fat, with the ketones used by the brain as an 

alternative source of fuel. 
15

  It follows that 

peripheral nerves may also benefit from using 

ketones as a primary fuel source, which has a 

potential for supporting bioproliferative tissue 

regeneration objectives. Glucose solution 

injections may also play a role in the pain 

neuromodulation. Though controversial, some 

studies have proposed that dextrose-based 

subcutaneous peri-peripheral nerve injections and 

caudal epidurals may inhibit neurogenic 

inflammation by modulation of trpv1 receptors. 
16, 

17, 18
 Ketotic substrate energy metabolism related 

to cancer, was researched by Dr. Otto Warburg, a 

german-jewish physiologist, medical doctor and 

friend of albert Einstein in the 1930’s Germany. 

Though his notorious associations with Adolf 

Hitler and the nazi regime grossly limited 

international acceptance of his ideas, he was 

nevertheless nominated for the Nobel Prize 47 

times. Warburg’s original work with sea-urchin 

respiration, determined that cancer cells 

selectively ferment sugar even in the presence of 

oxygen (anaerobic glycolysis), and die without it 

while healthy cells did not. This original research 

landed him Nobel laureate in 1931. 
19

 Though 

some studies have reported that restricted energy-

nutrient intake is associated with age-related 

impairment of wound healing, 
20, 21, 22

 caloric 

restriction-re-feeding and ketogenic diets enhance 

wound healing recovery in animal models, and 

also support metabolic, endocrine and 

neurological functions.   

However, caloric restriction (cr) followed by ad 

libitum re-feeding prior to wounding (RF), was 

noted to enhance wound healing in both rats and 

primates.  
23

 Selective carbohydrate restrictive fat-

based ketogenic diets which favor ketone (β-

hydroxybutyrate (βhb)) energy metabolism also 

appear to augment wound healing. 
8
 There appear 

to be several ketogenic diet variations, such as 

cyclical eating of carbohydrates and/or additional 

amounts of protein. However the standard 

ketogenic diet typically contains 70% fat, 20% 

protein, and 10% carbohydrate (<50g per day) 
24

  

As in the stages of wound healing and remodeling, 

prolotherapy appears to support tissue 

regeneration via transient stimulation of the 

inflammation cascade. In contrast, systemic and 

protracted inflammation associated with chronic 

hyperglycemic states places wound in a perpetual 

state of inflammation, which inhibits healing. 
25 

Protein and fat rich animal foods are generally age 

rich and subject to further age formation through 

malliard cooking reactions. 
26 

However, only the 

low molecular weight ages are associated with 

diet, with vegetarian diets counter-intuitively 

inducing higher overall age concentrations in 

comparison to non-vegetarians.  The evidence 

base implies that hyperglycemia rather than 

dietary age intake is responsible for chronic 

inflammatory states. 
27

 Activation of the age 

receptors (rage) favors cytokine production (tissue 

necrosis factor b), and inhibition of 

metalloproteinase. 
28

 dietary carbohydrate 

restrictions also favors the decreased formation of 

pro-inflammatory age related glycation end 

products (ages).  Diabetes type 2 (dm) case series 

have demonstrated the effectiveness of therapeutic 

fasting to reverse insulin resistance, with resultant  

cessation of insulin therapy, accompanied by 

reduction in body fat, weight circumference and 

glycated haemoglobin level. 
29 

 

Though not directly related, improved glycemic 

contol and associated weight loss may also 

support a response to prolotherapy treatments.  

There are over 100 known physiologic factors 

contributory to wound healing deficiencies in 

diabetes, such as impairment of growth factor 

production, 
30

 macrophage function,  [mayurama k 

et al 2007], collagen accumulation, epidermal 

barrier integrity, an granulation tissue  

generation
32 

. Therefore, improving patient serum 

glucose levels is probably also an imperative for 

optimization of the prolotherapy response. In 

more general laboratory rat and mice if and crrf 
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studies, a broad spectrum of health indices has 

been noted, notably on disease processes 

(diabetes, cardiovascular disease, cancers, 

alzheimer’s, Parkinson’s, seizure disorders, CVA 

recovery), with improved functional outcomes. 

Body fat loss, enhancement of adaptive cellular 

stress response signaling pathways, enhanced 

mitochondrial health, DNA repair and autophagy, 

stem cell-based regeneration; prolonged metabolic 

improvements have been also reported. 

Intermittent fasting diets implemented in rat 

studies pre-spinal cervical cord-lesioning, have 

demonstrated a neuroprotective effect, with 

increased plasticity, and promotion of motor 

recovery. 
33

 Placing time restrictions on feeding 

have been shown to have broad systemic effects 

and trigger similar biological pathways as caloric 

restriction. 
34

 The utility of alternate day fasting as 

also been explored. 
35

 Though there is less is 

known about the role of exercise on wound 

healing, 
23 

caloric restrictions do not appear to 

impact an individuals’ ability to engage in 

moderate exercise. A twelve-week combined cr 

and exercise trial amongst subjects with obesity 

reported equal attendance to a supervised exercise 

programme (40 min of 75% max heart rate on 

three days per week) on both restricted and non-

restricted feeding days. 
36

 Similarly, carter and 

colleagues in 2016, 
34 

reported a comparable 

increase in daily average step count in the both if 

and cr groups and hill et al, reported comparable 

and good adherence to a moderate intensity 

walking programme (five 20–50 min sessions of 

brisk walking 60%–70% max heart rate per week) 

amongst dieters undertaking if/cr also 
37

 Fasting 

combined with exercise also shows an enhanced 

release of growth hormone. There is evidence that 

myocellular GH signaling is stimulated after 

exercise and fasting in terms of increased stat5 

phosphorylation and/or igf-i gene expression. This 

suggests that exercise with brief, well-defined GH 

peaks leads to distinct stat5 phosphorylation and 

subsequent igf-i gene expression, whereas fasting 

induces more sporadic GH bursts and less distinct 

but more persistent activation of the GH signal. 
38

 

However the type of exercise (running vs. Weight 

training) may also be important to consider in 

goals of tissue regeneration.  It has been 

demonstrated that genetically mutated and 

extremely obese db/db mice (leptin-compromised) 

mice become hyperglycemic after forced treadmill 

exercise, which is thought to be in response to 

excessive corticosterone and catecholamine 

production. Excessive norepinephrine secretion 

during acute exercise has also been reported in 

hypertensive and non-hypertensive type 2 diabetic 

patients, and poor metabolic control is associated 

with post exercise hyperglycemia and 

hyperinsulinemia in patients with type 2 diabetes. 
39, 40 

 

Furthermore weight loss via cr is accompanied by 

a significant decrease in lean body mass (lbm) 
41

  

A loss of muscle mass is also associated with 

frailty and increased mortality at advanced ages, 

and is a challenge for successful aging 
42 

However 

a meta-analysis reviewing factors of exercise, 

training, aging, sarcopenia, muscle mass, strength 

training, caloric restriction diets concluded that 

crrt (cr with resistance training) is able to prevent 

almost 100% of cr-induced muscle loss, while 

resulting in fbm and bm reductions that do not 

significantly differ from cr. 
43

 Effects of cr on age-

related impairments in wound healing in rodents 

have been variable, 
20, 21, 22

  In general, restricted 

animals have not demonstrated improvements in 

wound healing and in some cases even appear to 

be more impaired than age-matched, ad libitum-

fed, senescent counterparts 
21

[reiser et al., 1995]. 

However, at least one report has suggested that if 

restricted animals are re-fed ad libitum before 

wounding, healing rates improve markedly and 

are superior to those in non restricted controls 
22

[reed et al., 1996].  Even less is known about the 

role of exercise on wound healing. 
23

 However, 

functional movements due promote healing of 

more functional scar tissue. 
11

  During fasting and 

after exercise, skeletal muscle efficiently switches 

from carbohydrate to lipid as the main energy 

source to preserve glycogen stores and blood 

glucose levels for glucose-dependent tissues. 

Skeletal muscle cells sense this limitation in 

glucose availability and transform this information 

into transcriptional and metabolic adaptations.  
44 

Animal-derived foods that are high in fat and 

protein are generally age related glycation end-

product (age) rich, and are prone to further age 

formation during cooking. However, only low 

molecular weight ages are absorbed through diet, 

and vegetarians have been found to have higher 

concentrations of overall ages compared to non-

vegetarians.Some authors consider the relatively 

high-fructose content of vegetarian diets is 
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responsible for higher ages than meat eaters. An 

alternative explanation is that the relatively poor 

taurine status of vegetarians and vegans. 
45

 

Furthermore, glycation cross-line malliard 

reactions in meat dishes are significantly reduced 

by acidic ingredients such as lemon juice & 

vinegar, moist heat-low temperature cooking, 

shortened cooking times, and age inhibitory 

compounds such as aminoguanidine. 
26

 It is 

therefore unclear whether dietary ages contribute 

to disease and aging. However, decreasing glucose 

dietary uptake and controlling the blood glucose 

level reduce carbonyl stress involved in the 

formation of endogenous ages. Thus there is 

mitochondrial oxidative stress relief through 

selective reliance of ketogenic diets, 
46

 which have 

a potential to limit the formation of endogenous 

ages, 
47

 and meta-analysis has demonstrated age-

related delayed wound closure. 
48

  

By implication crrf, if, and KD all a potential to 

reduce oxidative stress on tissue and support the 

effects of bi-proliferative injections.  

Discussion: 

Both wound healing and regenerative injection 

responses occur through the conflicting activity of 

macrophage enzymatic intercellular matrix 

degradation versus continued granulocytic 

fibroblastic deposition of new collagen. It is the 

new collagen that gives strength to the healing 

wound and prolotherapy-treated tissues, with de-

novo collagen synthesis and deposition necessary 

for repair and regeneration in the late 

inflammatory phase. 
49

 Prolotherapy and diets 

favoring ketogenesis both appear to augment 

regeneration through the wound-healing cascade.  

Dextrose prolotherapy may also promote tissue 

repair that is required for healing chronic wounds 

and ameliorating the associated pain. 
50

 There also 

appears to be some benefit with short term if, crrf, 

kds in support of prolotherapy treatment.  

However caution is required, as even short term 

carbohydrate restriction has some potential 

complications such as transient hunger, headache, 

constipation, low mood fatigue, irritability and 

loss of concentration with these symptoms 

particularly affecting the obese. 
51

 The most 

common if-crrf early‐onset complication appears 

to be dehydration, especially in patients who 

started dietary ketosis with initial fasting. 

Gastrointestinal (gi) disturbances, such as 

nausea/vomiting, diarrhea, and constipation, also 

appear to be frequently noted, sometimes 

associated with gastritis and fat intolerance. Other 

early‐onset complications, in order of frequency, 

were hypertriglyceridemia, transient 

hyperuricemia, hypercholesterolemia, 

susceptibility infectious diseases, symptomatic 

hypoglycemia, hypoproteinemia, 

hypomagnesemia, repetitive hyponatremia, low 

concentrations of high‐density lipoprotein, lipoid 

pneumonia due to aspiration, hepatitis, acute 

pancreatitis, and later complications of persistent 

metabolic acidosis. 
52

 Advice for these diets 

therefore warrants risk-benefit awareness, 

particular in subjects with multiple co-morbidities, 

endocine-compromise, the elderly, 

immunocompromised, and during pregnancy & 

breastfeeding. Following known wound healing 

time frames and other augmenting wound healing 

factors, compliance with graded functional range 

of motion exercises, activity modifications, and 

avoidance of overtraining may also be 

complimentary to regenerative injections both 

during and up to one year after prolotherapy, with 

if/crrf/kd potentially augmenting functional tissue 

remodeling.  Protracted wound remodeling may 

also indicate that these diets would support an 

optimal bio-proliferative tissue response if 

followed both during and several months after 

prolotherapy sessions. However, the time window 

remains unknown.  Further research will be 

required, both to verify and more fully understand 

the potential role these diets may play in 

prolotherapy, and recognize complications 

associated with these diets.  
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