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Abstract

Background—Previous studies have shown that the injection of dehydrated alcohol has been 

successful for the treatment of Morton's neuroma in the foot. In this study, we determined the 

cellular effect of injection of alcohol into and around the sciatic nerve of rats, and measured the 

extent of cell necrosis and/or any associated histologic or inflammatory changes.

Methods—Twenty-two male (~375g) Wistar rats were randomized into two groups each 

receiving alcohol injections into or around the sciatic nerve after nerve exposure under sterile 

technique. Group 1 rats were injected with a 0.5ml solution of 0.5% Marcaine in the left sciatic 

nerve as a control group. In the right sciatic nerve a 0.5ml solution of 4% ethanol with 0.5% 

Marcaine was injected. Group 2 rats received 0.5ml of 20%ethanol with 0.5% Marcaine injected 

into the left sciatic nerve and 0.5 ml of 30% ethanol with 0.5% Marcaine injected into the right 

sciatic nerve. In each group, the rats were placed in 3 subgroups: intraneural, perineural, 

perimuscular injections. All rats were sacrificed and tissue harvested for histologic evaluation at 

day 10 post injection.

Results—No evidence of alcohol-associated cell necrosis, apoptosis or apparent inflammation 

was observed in histologic specimens of any injected nerves, perineural tissue, or muscles in 

controls or experimental groups regardless of concentration of ethanol injected on day 10.

Conclusion—We concluded that alcohol injection (≤30% ethanol) into and/or around the sciatic 

nerve or the adjacent muscle of rats has no histologic evidence of necrosis or inflammation to the 

nerve or surrounding tissue. There was no observable histological change in apoptosis, or cell 

number, in response to the alcohol injection.
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INTRODUCTION

Morton’s metatarsalgia or “Morton’s digital neuralgia” of the foot was first described in 

1876 by Thomas G. Morton of Philadelphia.14,24 The condition is believed to be due to an 

entrapment neuropathy secondary to compression of the common interdigital nerve under 

the overlying transverse metatarsal ligament. Documented cases have shown irregular 

swelling of the plantar nerve.8,24 Histologically, the condition is not a true neuroma, but is 

characterized by fibrosis, endoneurial edema, axonal degeneration and local vascular 

proliferation.8,14 Common clinical signs include reproducible pain and paresthesias with 

plantar pressure directed between the metatarsal heads; Mulder’s sign (reproducible painful 

click upon simultaneously squeezing the forefoot while pushing upward with the thumb in 

the involved interspace); and symptomatic relief following injection approximately 2 cm 

proximal to the metatarsal head beneath the intermetatarsal ligament with lidocaine.8,16,23

In recent years, the injection of dehydrated alcohol has been reported to successfully treat 

Morton’s neuroma in the foot.11 The use of alcohol as a sclerosing agent has been reported 

for different medical conditions.1,3,10-12,15 However, the mechanism of action and efficacy 

of this particular therapy in Morton’s neuroma remains highly controversial.5,11,18,21 High 

concentrations of alcohol (up to 98%) have been reported to induce damage to the 

endothelium in cystic disease and cause resultant fibrosis.1,3,15 Similarly, in portal 

hypertension sclerosing therapy has been used to damage the vascular endothelium and 

smooth muscles by inducing fibrosis.17,19 Several clinical studies have also reported success 

with concentrations of alcohol as low as 4%.11,18

Currently, our approach has been to treat clinically assessed, symptomatic Morton’s 

neuroma non-surgically at first with modifications to shoe wear, plantar pad placement, 

stretching and NSAIDs. When these are unsuccessful a cortisone injection (lml of 

dexamethasone and 1ml of local anesthetic) is administered at the site. If the injection is 

unsuccessful surgical excision of the neuroma through a dorsal incision and nerve 

transection is performed.23 After reviewing the literature no studies where alcohol was 

injected into or around the peripheral nerves and that determined histologic changes in the 

tissue that could help explain a clinical response were identified. Since successful treatment 

relies on the accurate identification of the mechanically induced degenerative neuropathy 

and cessation of the mechanical or noxious stimuli over the nerve end, alcohol sclerosis 

treatment of the neuroma would seem counterintuitive. However, if alcohol injection 

induced histological changes such as apoptosis of the nerve and surrounding cells, altered 

cell proliferation or changes in local vessel patency, with some local moderating effects on 

the pain, then some alcohol efficacy on the causal neuroma would be conceivable.

Therefore, our objective was to evaluate the effect of alcohol injection in animals to 

compare histological effects with the clinical effects reported by others.4,6,11,12 We chose 

the rat sciatic nerve as a model since it is a peripheral nerve and its size is comparable to the 
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human plantar digital nerve.20 The purpose of this study was to directly determine the 

cellular effects of alcohol injection on the intraneural or perineural tissues of the sciatic 

nerve of rats.

MATERIALS AND METHODS

All animals were used in this study according to the NIH Guide for the Care and Use of 

Laboratory Animals under an IACUC-approved protocol consistent with local institutional 

guidelines for the humane use of animals in research. All animals were housed in individual 

cages in temperature (22°C) and humidity (50%) controlled rooms having a 12 h light/12 h 

dark cycle with food and water ad libitum. All animals were handled by animal care 

personnel for 5-7 days prior to surgery.

Following Institutional animal use review board approval, a small pilot study was performed 

to ascertain efficacy and safety. Throughout the study, all rats were anesthetized with an 

injection of 80mg/kg ketamine and 12mg/kg xylazine. Adequacy of the anesthesia was 

assessed by toe pinch and monitoring of respiration. The rat’s limbs were aseptically 

prepared with betadine scrub and a 2-3 cm incision was made to expose the sciatic nerve of 

both hind limbs. The sciatic nerve distal to the sciatic notch was exposed aseptically using a 

dissecting microscope or magnifying loupes. In the pilot study, one rat was directly injected 

with 0.5 ml of 0.5% Marcaine in the left sciatic nerve and 0.5ml of 4% alcohol in a 0.5% 

Marcaine solution into the right sciatic nerve with no observable ill-effects and no evidence 

of histological change. A second rat was injection with 0.5 ml of 20% ethanol in a 0.5% 

Marcaine solution on the left sciatic nerve and 0.5ml of 30% ethanol on the right sciatic 

nerves with no ill effects or adverse histologic changes. Since injections caused no adverse 

effects to the rats, the study was expanded to an additional 20 rats divided into two groups.

The twenty additional male Winstar rats (weighing ~ 375g) were divided into two groups of 

ten and randomized to receive alcohol injections of different concentrations. In Group 1, the 

rats were injected with a 0.5ml of 0.5% Marcaine in the left sciatic nerve to serve as a 

control and 4% ethanol with 0.5% Marcaine in the right sciatic nerve. Group 2 rats were 

injected with 0.5ml of 20%ethanol with 0.5% Marcaine in the left sciatic nerve and 0.5ml of 

30% ethanol with 0.5% Marcaine in the right sciatic nerve.

Animals were divided into 3 injection subgroups: intra-neural injection, perineural injection 

and peri-muscular injection. The injection of alcohol was performed using surgical loupes to 

directly visualize which tissues were being injected. The intraneural injection was placed in 

the mid-substance of the nerve ensuring there was slight expansion of the nerve fibers to 

confirm appropriate location. The perineural injections were placed in the perineural 

connective tissues while observing that the actual nerve fibers remained the same size under 

magnification and that the perineural tissues expanded. The intramuscular injection was 

done in the biceps femoris muscle tissue directly adjacent to the nerve. The three locations 

were chosen to mimic the possible injection combinations that could occur with either an 

ultrasound guided or by using anatomic landmarks to inject the intermetatarsal neuroma.
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A total of 44 injections (including the 2 pilot study rats) were performed with 27-gauge 

needles and the area examined histologically. There were different concentrations of ethanol 

used in 0.5% Marcaine solution: 0% (control), 4%, 20%, and 30%. Each concentration was 

injected into 11 sites. Each injection was performed intra-neurally in 4 nerves, peri-neurally 

in 4 nerves, and intramuscularly in 3 nerves( Table 1). All animals survived surgery and 

were observed for changes in limb usage, self-mutilation and pain. All were euthanized 10 

days after the procedure. The nerves and adjacent muscles were harvested for gross 

evaluation and histologic examination.

Histology and Apoptosis

All harvested muscle and nerve were fixed in 10% neutral buffered formalin, dehydrated, 

and embedded in paraffin. Five to seven micron sections (20 per specimen) were cut on a 

microtome (Leitz 1512, Wetzlar, Germany) for hematoxylin and eosin staining (H&E). 

Unstained sections were also used for apoptosis staining. To detect apoptotic cells in the 

sciatic nerve, the TUNEL assay was performed using a commercial kit (In Situ Cell Death 

Detection Kit; Roche, Mannheim, Germany). Samples from all animals were assessed for 

extent of apoptosis and underwent the same immunohistochemical staining. In brief, 

sections were fixed in 10% neutral buffered formaldehyde for 72 h and then pretreated with 

100 mg/ml proteinase K for 30 min at 37 °C. Subsequently, sections of 5 μm thickness were 

mounted on a gelatinized glass slide, incubated in TUNEL reaction mixture for 1 h at 37 °C. 

For staining, DAB solution was used, and apoptotic cell nuclei stain brown. Mayer’s 

hematoxylin (DAKO, Glostrup, Denmark) was used for counterstaining before dehydration 

and mounting onto gelatinized glass slide. For the assessment of apoptotic cells, the stained 

sections were viewed under a bright field microscope and TUNEL-positive cells were 

detected based on their brownish color

RESULTS

There was no evidence of complications, including pain or functional deficiencies 

postoperatively. No numbness or irritation of sciatic nerve injection site was noted. Mild 

bilateral muscle weakness in the lower limbs was noted during the immediate postoperative 

period but resolved within 24 hours. No self-mutilating behaviors were observed, which 

would have been justification to stop intervention and exclude the subjects from the study. 

On pathological investigation, no alcohol-injected samples showed any evidence of 

enhanced inflammatory cell infiltration or other infiltrating cells.

In addition, no observable differences in apoptosis of any cells were identified between 

alcohol and control groups regardless of the concentration or location of the injection 

(Figure 1). These data demonstrate that no alcohol injection at any site was able to elicit 

cellular changes in apoptosis in or around the nerve. The apoptotic rates per high–power-

field were 7 ± 2 in the intraneural injections, regardless of concentration and 5 ± 3 in both 

the perinerual and perimuscular injections. No significant differences between either 

concentration of alcohol solution injected or site of injection were observed. No differences 

in TUNEL-positive cells were detected in the sciatic nerve, perineural tissue or surrounding 

muscle of alcohol injected nerves or controls regardless of concentration. As such we 
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conclude that alcohol sclerosis treatment is not able to elicit robust changes in cell apoptosis 

in vivo.

DISCUSSION

Better understanding of Morton’s neuroma, once a totally obscure and poorly understood 

entity, marked a great advance in differential diagnosis and logical treatment of painful 

disorders of the forefoot. However, few randomized or controlled trials documenting 

treatment efficacy have been performed. Historically treatment involved surgical excision of 

the neuroma and surrounding perineural fibrosis. Some clinicians treat Morton’s neuroma 

conservatively with shoe wear modification, steroid injections and if unsuccessful then 

resort to surgical intervention.2 Shoe wear modification might include open types of shoes, 

metatarsal pads, orthotic inserts and limitation of weight-bearing activities. Corticosteroid 

injection typically follows failure of shoe wear modification. After failure of corticosteroid 

injection, surgical excision is recommended and has good short term results.22 Most 

recently, a technique using the sclerosing effects of alcohol delivered by multiple ultra-

sound guided injections over a period of time has been the topic of study. Improvement of 

symptoms with no long-term adverse events was reported in several cases, although some 

patients complained of localized pain at the injection site. An average of 84% of patients in 

these studies reported symptom resolution or improvement after receiving 3-5 4% alcohol 

injections over the course of several months.21 Ethanol injected around a nerve was 

documented to produce chemical neurolysis through dehydration, necrosis, and precipitation 

of protoplasm.19 The maximum effect was said to be in larger myelinated fibers. In one 

study, a series of 100 patients described an 82% complete response rate and 89% complete 

or partial response rate after series of 4% ethyl alcohol injections.4 Fanucci et al. reported a 

90% partial or complete response at l0 month follow-up in a cohort of 40 patients after a 

series of four injections of 30% alcohol.6 Hyer et al. in 2005 also reported positive results in 

their small study in six out of eight observed neuromas.12 However, in a recent study, the 5 

year outcomes of sclerosing alcohol treatment for Morton’s neuroma had only 29% of 

patients symptom free, 36% had subsequently undergone surgery and 29% still reported 

symptoms.9

In our study, solutions of 4%, 20% and 30% alcohol mixed with local anesthetic were used. 

These concentrations were chosen based on the earlier studies documenting short term 

clinical improvement and nervous signal inhibition at these concentrations.2,4,6,11,12 We 

used a 30% alcohol concentration in an attempt to elicit observable cell-based changes in the 

nerve or perineural tissues greater than those expected with lower concentrations of alcohol. 

In addition, three different injection site locations were used to simulate the different 

scenarios that occur with ultrasound or non-ultrasound guided injections of a neuroma. We 

observed no significant alteration in the pathology of the tissue harvested from the various 

groups, regardless of the alcohol concentration or location of injection compared with the 

control injection group.

Clearly, the rat sciatic nerve may not be the ideal model to study human intermetatarsal 

neuromas, although others have demonstrated similar effects in the rat model.13 We also 

recognize that the results of animal studies do not always translate to human subjects, 
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however our findings do question the effectiveness of single alcohol injections for the 

treatment neural-based pathologies such as Morton’s neuroma. Since we examined only 

single injections of alchohol, it is interesting to speculate that despite the lack of effect at the 

highest dose (30%), repeated injection into or around the nerve may produce cellular 

changes. Although unlikely, we are currently attempting to determine if this is indeed the 

case.

In conclusion, despite the fact there have been several studies suggesting that sclerosing 

nerves with dehydrated alcohol is a viable alternative to surgical excision of Morton’s 

neuroma,2,4,6,11,12,21 the results of our study suggests that injection of alcohol into or around 

the sciatic nerve of a rat has no demonstrable effect on cellular histology, apoptosis or cell 

survival. No evidence of necrosis or inflammation was observed in any of the treatment 

groups. Our study has shown that injection of multiple concentrations of alcohol and local 

anesthetic into or surrounding the rat sciatic nerve did not produce any observable clinical or 

histologic effect. In our increasingly financially driven healthcare environment, each 

practitioner should carefully weigh the risks and benefits of using interventions with a low 

potential long-term benefit in order to avoid prolonging pain and suffering in patients and to 

reduce unnecessary healthcare expenditures.
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Clinical Relevance

The lack of any measureable changes in nerve or adjacent muscle histology with ethanol 

injection into the rat sciatic nerve (and surrounding tissues) raises questions about the 

efficacy of using ethanol injections in the treatment of Morton’s neuroma in human 

clinical practice.
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Figure 1. 
The number of TUNEL-stained apoptotic cells per high-power field (um2) in controls and 

various concentrations of ethanol (EtOH) for each injection location. (Mean ± SD). No 

significant differences were found between groups.
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Table 1

Table 1 shows the different injection groups and locations and the number of injections performed in each area

Allocation of Subjects

Marcaine
Control

4% EtOH in
Marcaine

20% EtOH
in Marcaine

30% EtOH
in Marcaine

Intraneural 4 4 4 4

Perineural 4 4 4 4

Intramuscular 3 3 3 3
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