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INTRODUCTION
Neuropathic pain is a pathological condition arising 

as a direct consequence of a lesion or disease affecting 
the somatosensory system.1 Neuropathic pain has various 
etiologies including carpal tunnel syndrome, complex re-
gional pain syndrome, herpes zoster, diabetic neuropathy, 
phantom limb, traumatic nerve injury (including post-
surgical and postmastectomy pain), trigeminal neuralgia, 
neuroma, entrapment syndromes, and painful scars.2

The prevalence of neuropathic pain in the world was 
estimated between 0.9% and 17.9%,3 whereas the inci-
dence rate was reported as 0.82% per year.4 Neuropathic 
pain is characterized by paresthesias, spontaneous ongo-

ing shooting pain, electric shock-like sensations, burning 
sensation, hyperalgesia, mechanical and thermal allodyn-
ia, and temporal summation.2

Neuropathic pain is regarded as one of the more se-
vere types of chronic pain5 and presents a great challenge, 
as response to medical therapy remains often unpredict-
able.6 Available therapy revolves around many types of 
drugs, including antidepressants, antiepileptics, opioids, 
botulinum toxin type A, nitrate derivates, nicotinic ago-
nists, lidocaine plasters, capsaicin patches, and others.6 
Unfortunately, drug treatment is usually chronic and mul-
timodal because of the difficulty in eliminating the pain, 
but the results remain unsatisfactory because they do not 
address the underlying etiology.7,8

In recent years, surgeons have explored various sur-
gical avenues to improve outcomes in neuropathic pain 
patients and have demonstrated that in selected cases fat 
grafting was found to be beneficial (Table 1). For this rea-
son, this review aims to summarize the evidence about the 
use of fat grafting in the treatment of neuropathic pain.

NEUROMA
Aside from drug therapies, people have generally 

treated neuromas with surgical excision. However, results 
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of surgical treatment alone are poor, being ineffective in 
up to 67% of cases.31

Vaienti et al9,10 described favorable outcomes using 
neuroma excision in combination with perineural autolo-
gous fat grafting (Coleman’s technique) to treat painful 
neuromas of the upper limb, either refractory to medical 
therapy or featured by multiple recurrence after previous 
unsuccessful excision. They showed that 7 out of 8 patients 
had a statistically significant reduction of neuropathic pain 
at 6 months illustrated by an improved disabilities of the 
arm shoulder and hand score (preoperative disabilities of 
the arm score = 46.6; 6 months postoperative disabilities 
of the arm score  =  24.8, P  =  0.028) and visual analogic 
scale [preoperative visual analogue scale (VAS)  =  6.8; 6 
months postoperative VAS = 3.4, P = 0.017).10 However, no 
statistical significant difference was found at 12 months 
follow-up in VAS score. The authors hypothesized that the 
beneficial results of fat grafting are due to biological and 
mechanical properties, such as improved vascularization 
and creation of a cushion around the nerve stump, reduc-
ing nerve compression and stimulation.9,10 Ulrich et al11 
published in 2012 a short case series describing the op-
timal neuropathic pain relief achieved using autologous 
fat grafting (Coleman’s technique) in 2 women affected 
by postepisiotomy painful neuromas, which recurred after 
previous surgical excision. The 2 patients experienced a 
marked drop in the VAS score (75% and 68% preopera-
tively versus 5% and 8% postoperatively, respectively) at 7 
and 9 months, respectively. Furthermore, Calcagni et al12 
described in a recent case series, the use of autologous 
stromal vascular fraction (SVF)-enriched fat grafting after 
excision of painful neuromas of superficial radial nerve 
to treat neuropathic pain. Five patients with a mean dura-
tion of preoperative pain of 67.5 months were clinically 
evaluated before surgery and at 2-, 6-, 12-, and 36-month 
follow-up visits using a 3-point Likert scale. An overall pain 
reduction score was observed from 2.2 to 1.4 three years 
after the surgery but did not reach statistical significance. 
Pain reached a steady level 2 months after the surgery with 
no relapse up to 36 months. The same group published 
later a controlled-cohort study, comparing the aforemen-
tioned new technique to intramuscular transposition tech-
nique in painful neuromas of the superficial branch of the 
radial nerve.13 Despite an initial significant pain reduction 
in the transposition group, no statistically significant dif-
ference was found after 6 months. However, the SVF-en-
riched fat grafting group showed a steady and maintained 
pain reduction during the whole follow-up (36 months) 
suggesting a potential benefit. The authors speculated 
that SVF accelerates neuronal regeneration and prevents 
disorganized axonal outgrowth thanks to enhanced vas-
cularization and reduced inflammatory processes, which 
leads to decreased fibrosis and hypertrophy of the adjacent 
tissues. Furthermore, the fat graft is thought to protect the 
nerve stump preventing contraction of the surrounding 
tissues and nerve entrapment.12 Although these case series 
provide some evidence of the benefits of fat grafting in 
the management of neuromas, the small sample size and 
lack of a control group prevents any conclusions. Further 
studies are therefore indicated.C
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PERIPHERAL NEURALGIA
Fat grafting demonstrated a promising result in the 

treatment of neuropathic pain in patients affected by pe-
ripheral neuralgia, specifically in occipital,14 pudendal,15 
and trigeminal neuralgia.16,17 In 2009, Klinger et al14 used 
fat grafting (Coleman’s technique) in a patient affected 
by postsurgical, chronic, drug-resistant occipital neural-
gia, within the clinically painful affected area. According 
to the VAS score and to the Neck Pain Disability Index, 
a steady improvement was observed at 1-year follow-up. 
Because anatomical scar entrapment was identified as the 
etiology of persistent neuropathic pain in this instance, 
the authors hypothesized that autologous fat grafting was 
able to remodel the architecture of scar tissue (scar entrap-
ment release) and to secrete factors that prolonged anal-
gesia. Moreover, a prospective clinical trial was published 
in 2015 by Venturi et al15 concerning pudendal neuralgia 
treated with fat grafting (Coleman’s technique) injected in 
Alcock’s canal of the affected side. They reported that 10 
out of 12 patients with pudendal neuralgia demonstrated 
at 12 months a statistically significant improvement in VAS 
scores (8.1 versus 3.2, P < 0.001), and Short Form 36 Health 
Survey scores (85.0 versus 75.5, P < 0.01). However, this in-
novative treatment did not lead to any benefit in 2 patients. 
Interestingly, a progressive pain reduction until 6 months 
postoperatively was observed, suggesting a potential active 
biological role played by the implanted cells, besides the 
mechanical cushion effect. Similar to prior studies, the au-
thors speculated that growth factor and cytokine secretion 
by adipose-derived stem cells (ASCs) promote angiogen-
esis and hinder inflammation, and also stimulate the re-
pair of damaged nerves. Small sample and lack of a control 
group represent the main weaknesses of this trial.

Fat grafting was also found to be beneficial in the treat-
ment of trigeminal neuralgia.16,17 Collet et al17 published a 
case report in 2013 on a patient suffering from essential 
trigeminal neuralgia of right V3 (30–35 pain episodes a 
day) previously treated without success with carbamaze-
pine, gabapentin, and amitriptyline at the time of consult. 
The labial and cheek region were treated with fat grafting 
(Coleman’s technique). The patient described the evanes-
cence of pain occurring after an even and gradual reduc-
tion of attacks over 2 months, nevertheless attacks recurred 
after 6 months. After a second round of fat grafting, her 
pain disappeared within 3 weeks, without recurrence at 24 
months follow-up, despite stopping her antineuropathic 
analgesics. In 2014, Vickers et al16 conducted a study on 
9 subjects with neuropathic trigeminal pain and treated 
them with SVF grafting. Most patients enrolled had tried 
multiple medications without relief. At 6 months follow-
up visits, 5 out of 9 patients had reduced both pain inten-
sity score (7.5 versus 4.3, P = 0.018, using a 10-point Likert 
scale) and had either stopped or lowered the dose of an-
tineuropathic medication (P = 0.053). Again, no control 
group was available, and placebo effect is possible, espe-
cially because of the use of a surgical procedure. However, 
according to the authors, a 6-month follow-up featured by 
a steady and progressive reduction in pain should lessen 
the placebo effect, particularly in subjects with a history of 
unsuccessful multiple drug treatments.

Although several medications and procedures are avail-
able as a treatment for peripheral neuralgia, they dem-
onstrated varying success rate and side effects. Although 
further evidences are needed in this direction before any 
conclusion can be reached, fat grafting has been shown to 
be a promising safe and effective treatment, especially in 
drug-resistant peripheral neuralgia.

MIGRAINE AND HEADACHE
Fat grafting was also tested as a way to reduce severity 

and frequency of migraine and headache. Porter et al18 
conducted a controlled clinical study in 2009 enrolling 
85 patients undergoing retrosigmoid craniotomy for re-
moval of cerebellar-pontine tumors. The control group 
included patients with standard wound closure, whereas 
in the study group, abdominal fat graft was placed over 
the bone pate at the time of wound closure. The study 
group experienced less severe postoperative headache af-
ter retrosigmoid craniotomy compared with the control 
group, with statistical significance (P < 0.05) at 1- and 
3-month follow-up. No statistical difference was found 
at 6-month, 1- and 2-year follow-up. Additionally, almost 
all of the nongrafted patients who experienced postcra-
niotomy headache (90.9%) transitioned to the chronic 
state, compared with only 42.9% of patients of the fat graft 
group (P  <  0.05). Gaetani et al19 conducted an observa-
tional study in 24 subjects with chronic cervicogenic head-
aches or occipital neuralgia threated with autologous fat 
grafting in the zone adjacent to the nerve emergence cor-
responding to the clinical tender point. At 6-month follow-
up, the VAS score (P = 0.0008), Neck Pain Disability Index 
(P = 0.0006), Headache Disability Index (P = 0.001), and 
SF-12 (P = 0.003) showed a statistically significant decrease 
compared with preoperative scores. Furthermore, a re-
duction was found in duration of headache (P = 0.0006), 
days of medical treatment (P = 0.0011), and work days loss 
(P = 0.0015). Of 24 subjects, 22 reported to be strongly sat-
isfied with their treatment. Because chronic cervicogenic 
headaches and occipital neuralgia are often characterized 
by persistent pain due to the involvement of the great oc-
cipital nerve, with concurrent myofascial spasm and the 
consequent nerve entrapment within the trapezoid tun-
nel, subsequently the authors hypothesized that different 
molecules secreted by transplanted ADSC express an anti-
fibrotic and anti-inflammatory effect improving tissue dif-
ferentiation and nerve entrapment, leading to successful 
clinical result. Another recent case series by Mauskop et 
al20 injected 8–10 mL of SVF into the temporalis, occipita-
lis, neck, and trapezius muscles of 9 subjects suffering from 
chronic migraine refractory to medical treatment. Pain 
was improved in 7 out of 9 patients at the 3-month follow-
up. Nevertheless, the number of headache-free days, the 
percentage of patients with 50% or greater improvement 
in headache-free days, and the number and type of abor-
tive medications taken showed no change. The authors of 
both studies associated these improvements to the anti-
inflammatory and immunoregulatory properties of SVF. 
Furthermore, they hypothesized that endothelial progeni-
tors derived from adipose tissue may replace or positively 
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increase the activity and the number of endothelial cells, 
which have been addressed as a possible dysfunctional 
element in the pathogenesis of migraine. However, due 
to the small number of patients, the allowance of con-
comitant therapies, changes in those therapies during the 
study, and lack of a control group and use of placebo, de-
finitive conclusions cannot be drawn.

NEUROPATHIC SCAR PAIN
In 2015, Huang et al21 described the successful use of 

fat grafting (Coleman’s technique) to treat neuropathic 
scar pain in 13 patients. They used the VAS, DN4, and 
Neuropathic Pain Symptom Inventory scores to survey pa-
tient’s pain. The 3 scores showed statistically significant 
decreased pain levels at 24 weeks. However, the 2 old-
est patients (over 50 years of age) did not demonstrate 
improvement in pain levels, leading to the hypothesis 
that age might impact the activity of the ASCs. However, 
these findings were not confirmed in other clinical stud-
ies treating neuropathic pain. In fact, fat grafting used to 
treat trigeminal neuralgia was found to be most benefi-
cial in patients over 80 years old.16 Moreover, in vitro study 
showed that ASCs exhibit similar characteristics regardless 
of the donor age, except for a modest decline in growth 
rate with age.32 In their study on neuropathic scar pain, 
Huang et al21 showed that most significant improvements 
were evoked in pain and paresthesia and dysesthesia (P 
< 0.001). The authors agreed on the possible mechanical 
role played by fat grafting in building a protective lining 
around the damaged nerve, which inhibits nerve stimula-
tion and abnormal sensations. Simultaneously, autologous 
fat grafting may reduce scar inflammation and relieve 
neuropathic pain because AD-MSC-secreting cytokines 
such as IL-10 inhibit the production of inflammatory cy-
tokines. A limitation of this study is the small extension of 
the scar areas addressed. de Gast et al22 reported the ben-
eficial effect of lipofilling to treat neuropathic scar pain in 
2 patients caused by cosmetic surgery (face lift and breast 
augmentation) and resistant to multiple medical thera-
pies. The first patient demonstrated a 7-point reduction 
(using a 10-point Likert scale) at 48-month follow-up; the 
second patient underwent lipofilling twice at distance of 
5 months because of partial efficacy, but ultimately had a 
complete resolution of her neuropathic scar pain demon-
strated by a 9-point reduction at 28-month follow-up. Both 
patients would strongly recommend this treatment. Au-
thors attributed alleviation of pain not only to the padding 
effect of fat, but also to the tissue regeneration and im-
munomodulation promoted by ASCs. Ulrich et al23 investi-
gated the usefulness of fat grafting in treating chronic scar 
pain after episiotomy in 20 patients suffering from dyspa-
reunia and other scar pain related problems. A significant 
improvement of pain and sexual function was confirmed 
at 1-, 3-, and 6-month follow-up (P < 0.05). Klinger et al24 
conducted a retrospective study of 20 patients affected 
by chronic scar pain due to retracted and painful scars 
from burn injuries, road trauma, domestic accidents, or 
surgery procedures treated with fat grafting (Coleman’s 
technique). A mean scar pain reduction of 38% (P < 0.05) 

was registered using the patient and observer scar assess-
ment scale questionnaire at the 3-month follow-up. Simi-
lar results were observed by Maione et al25 who showed a 
38% scar pain reduction (P < 0.05) following fat grafting 
(Coleman’s technique) in a prospective clinical trial of 36 
patients who complained of post short stature surgical cor-
rection painful scars. According to the authors, a possible 
explanation is that at the basis of the tissue remodeling 
process, there is the local action of cytokines, growth fac-
tors, angiogenic factors, enzymes, and cellular component 
contained in lipoaspirate, which leads to the formation of 
new blood vessels with scar tissue remodeling. The afore-
mentioned outcomes indicate how fat grafting might be 
an encouraging tool against drug-resistant neuropathic 
scar pain. However, any conclusion remains limited be-
cause of the low level of evidence and few studies available 
so far. Randomized controlled trials (RCTs) are necessary 
to better confirm the results described above.

POSTMASTECTOMY PAIN SYNDROME
Strong data exist of the benefits of fat grafting in the 

treatment of postmastectomy pain syndrome (PMPS). The 
International Association for the Study of Pain defined 
PMPS as a chronic pain condition with characteristics re-
sembling neuropathic pain. Its incidence is between 20% 
and 60% of patients undergoing mastectomy or lumpecto-
my for breast cancer33–35 and therefore is of great concern 
for both patients and surgeons. Chronic pain is defined 
as PMPS if it responds to 3 criteria: pain properties, loca-
tion, and timing. Pain should have neuropathic character-
istics with unpleasant and peculiar sensations described as 
numbness, pins and needles sensations, burning, or stab-
bing. Its location should be recorded at the same side of 
surgery, in the axilla, arm, shoulder, or chest wall area. It 
should last more than 3 months after surgery.26 After mas-
tectomy, reconstructive surgery should aim to restore not 
only the patient’s breast but also the patient’s quality of 
life to preoperative conditions: an effective and safe tech-
nique that aims to cope with PMPS was investigated.

To the best of our knowledge, Caviggioli et al26 was the 
first group to report in 2011 the positive outcome achieved 
in treating PMPS with fat grafting (Coleman’s technique). 
A total of 98 patients (those lost to follow-up are excluded) 
affected by PMPS were enrolled in a prospective controlled 
clinical trial. All of the patients underwent mastectomy with 
axillary dissection and adjuvant radiotherapy; however, 63 
subjects were treated with fat grafting and 35 patients did 
not receive further surgical intervention (control group). 
The authors demonstrated a statistically significant decrease 
in pain levels with VAS score reduction of 3.23 in the experi-
mental group and 1.04 in the control group. Furthermore, 
analgesic medications were stopped in 82% of patients 
belonging to the experimental group whose antalgic drug 
intake was recorded. No information about the antalgic 
therapy was reported for the control group. Nerve entrap-
ment liberation is suggested as a possible pathophysiologic 
explanation for pain control improvement in PMPS. The 
secretion of anti-inflammatory molecules that improve tis-
sue differentiation and scar softness might be responsible 
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for the analgesic effect. Another possible explanation is the 
mechanical effect of adding soft tissue to scars. In 2014, the 
same group extended the therapeutic use of autologous 
fat grafting (Coleman’s technique) to patients who under-
went breast conservation surgery (lumpectomy) and ad-
juvant radiotherapy.27 A total of 92 subjects (experimental 
group = 57, control group = 35) completed the controlled 
clinical trial demonstrating a statistically significant greater 
reduction in pain levels in the fat grafting group compared 
with the control group (3.1 versus 0.9, P < 0.005). They hy-
pothesized that fat grafting induces stimulating changes in 
the microenvironment, architectural remodeling of scar tis-
sue, enhancing regeneration of nervous system, and neoves-
sels formation. Because no randomization was performed 
in these 2 studies, selection bias might be present. Neverthe-
less, Caviggioli et al28 published a review of their experience 
in 2016, uniting the results obtained in 201126 and 201427 
and to exclude selection bias they statistically compared VAS 
values in case patients and in control patients before treat-
ment, showing absence of statistical difference

More evidence about the use of autologous fat graft-
ing in persistent pain after breast cancer treatment comes 
from a single-site, not blinded, randomized controlled 
study conducted by Juhl et al.29 A total of 15 patients who 
had undergone unilateral mastectomy to treat breast can-
cer were included in the study: 8 patients who underwent 
fat grafting and 7 patients who did not undergo further 
intervention (control group). All the subjects were exam-
ined at the baseline and at 3 and 6 months by using the 
DoloTest, VAS score, neuropathic pain symptom inven-
tory score, and patient and observer scar assessment scale. 
All the scores found statistically significant improvement 
at 6-month follow-up compared with baseline scores in the 
study group, on the contrary no statistically significant dif-
ferences resulted in the control group at 6 months. Inter-
estingly, according to the VAS score, this study detected an 
average pain reduction of 54% at 6 months from the day 
of fat grafting, and this result is similar to previous find-
ings reported by Caviggioli et al26 and Maione et al.27 Re-
cently, in 2017, Cogliandro et al30 enrolled 70 patients who 
underwent mastectomy with implant-based reconstruc-
tion in a not-randomized controlled clinical trial. The ex-
perimental group (46 patients) who received fat grafting 
(Coleman’s technique) demonstrated a statistically signifi-
cant improvement in BREAST-Q scores related to pain in 
the muscles of the chest, sharp and shooting pains in the 
breast area. Although main weaknesses of the study are 
lack of randomization or use of placebo, the favorable ef-
fect of fat grafting against neuropathic pain was reported.

Although the placebo analgesic effect could not be 
excluded and RCTs are mandatory before deducing any 
conclusion, the aforementioned studies boast high level 
of evidence, thus the promising results obtained warrant 
further investigation.

BENEFITS, LIMITATIONS, AND FUTURE 
CONSIDERATIONS

Current surgical interventions for treating localized 
neuropathic pain include nerve decompression, neuroly-

sis, neurectomy, or nerve reconstruction. Nerve decom-
pression is commonly applied to many peripheral nerves, 
including the median nerve at the carpal tunnel, and the 
ulnar nerve at the cubital tunnel and generally finds indi-
cation in cases of identifiable anatomic narrowing or com-
pression from adjacent tissues. Neurolysis for entrapment 
syndromes is commonly performed for the peroneal nerve 
at the fibular neck, or the tibial nerve at the tarsal tunnel. 
It is also performed commonly for neuromas-in-continuity, 
such as those following injury to a mixed motor and senso-
ry nerve. To achieve a high success rate, nerve decompres-
sion and neurolysis can be performed once a precise point 
of entrapment has been highlighted.36 Neurectomy can be 
considered in patients who have pain in the distribution 
of purely sensory nerves. It has to be considered as a per-
manent step and carries the risk of neuroma formation. 
In addition results decrease with long-term follow-up and 
patients need to be carefully instructed about care of the 
new areas of numbness. Nerve repair or reconstruction 
can be considered in patients with intractable pain from 
a nerve injury. Dysesthetic neuropathic pain is common 
in patients who undergo neurolysis or neurectomy in the 
immediate postoperative period, which typically but not 
always resolves over several days to weeks.36 The aforemen-
tioned techniques are pure surgical procedures. Alterna-
tives include neurostimulation techniques, acupuncture, 
and nerve block injections.37

Fat grafting has proven to be a minimally invasive, easy 
to perform, safe, tolerable, and effective procedure in re-
ducing or completely eliminating persistent neuropathic 
pain. This technique demonstrated significant improve-
ment of symptoms in addition to lowering or entirely 
stopping antineuropathic therapy to enable an improved 
quality of life with fewer drug side effects.

Although the role of fat grafting in modulating neu-
ropathic pain is still unclear, many authors hypothesized 
the anti-inflammatory effect of ASCs in addressing the 
underlying pathogenesis of neuropathic pain in selected 
cases, thanks to the capability of ASCs to secrete anti-
inflammatory cytokines.38–40 Several in vitro and animal 
studies demonstrated different ways through which 
ADSC could play a role in alleviating neuropathic pain. 
There is evidence that ADSC might differentiate in 
Schwann cell phenotype and be able to promote neurite 
overgrowth, thus be beneficial for peripheral nerve inju-
ries.41 ADSCs are also able to produce anti-inflammatory 
cytokines at the nerve injury site and revert nociceptive 
hypersensitivity.39,42,43 Experimental models of neuropa-
thy including burn-induced neuropathic pain and sciatic 
nerve injuries demonstrated marked improvement after 
ADSC application.44–46

Another possible explanation of the benefits of fat 
grafting drawn from the aforementioned studies consid-
ers both the ASCs biological and mechanical properties in 
inducing tissue softening and maturation, which release 
nerve entrapment and stimulation. However, the mecha-
nism remains uncertain due to the low level of evidence 
of the studies available in the literature so far. Most of the 
studies include small sample size and lack randomization. 
Only one RCT was conducted.29
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Future studies should be randomized, examine a larger 
cohort, and include control groups to provide a stronger 
level of evidence and to try to answer important questions 
such as the time of efficacy after treatment, volume of fat 
grafting, patient selection, and site of injection.

CONCLUSIONS
Fat grafting is an emerging therapy for chronic neuro-

pathic pain of various etiologies. This is an exciting area 
because of the benefits of fat grafting and the potential 
of reduction of long-term medical therapy. Promising re-
sults have been reported, but they are limited by the small 
sample size and low level of evidence of current studies. 
The encouraging results, however, are worthy of further 
clinical and scientific study.

J. Peter Rubin, MD, FACS
Department of Plastic Surgery

University of Pittsburgh Medical Center
3550 Terrace Street

6B Scaife Hall
Pittsburgh, PA 15261
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