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Abstract

Background: Meralgia paresthetica is an entrapment neuropathy. Neuropathic pain was reported to be improved by
using neural prolotherapy. Aim of the research was to assess and evaluate the short-term efficacy of neural prolother-
apy on relieving pain, paresthesia and improving function and quality of life of patients with meralgia paresthetica.
The study included 19 lower limbs with idiopathic meralgia paresthetica obtained from 15 patients. Subcutaneous
perineural injection of dextrose (5%) in sterile water was given once. All patients were evaluated for outcome meas-
ures twice, at baseline visit and at follow-up visit four weeks after the injection which included: patient assessment of
overall symptoms of meralgia paresthetica, patient assessment of meralgia paresthetica pain, patient assessment of
meralgia paresthetica paresthesia and patient assessment of meralgia paresthetica effect on function and quality of
life using visual analogue scale.

Results: There was a statistically significant improvement in the visual analogue scale of patient assessment of overall
meralgia paresthetica symptoms, patient assessment of meralgia paresthetica pain, patient assessment of meralgia
paresthetica paresthesia and patient assessment of meralgia paresthetica effect on function and quality of life when
the findings at the postinjection visit were compared to the preinjection assessment among all patients. All the
patients tolerated the injection procedure-induced pain. All the patients experienced immediate postinjection relieve
of the meralgia paresthetica pain. At the postinjection assessment visit, all patients were satisfied with the procedure.
There were 12 lower limbs (63.2%) from 10 patients (66.6%) that showed improvement and recovery. Two patients

of them had bilateral meralgia paresthetica. There was no patient withdrawal, and no patients were lost to follow-up.
There was one lower limb (5.3%) from one patient (6.7%) who had bruises at the injection sites that resolved within
few days after the procedure.

Conclusions: Neural prolotherapy is easy, safe, tolerable, effective and successful in treatment of meralgia pares-
thetica. It is effective in relieving pain, paresthesia and improving function and quality of life of patients with meralgia
paresthetica. Neural prolotherapy injection should be included in the conservative treatment armamentarium of
meralgia paresthetica.

Trial registration : NCT04499911. Registered 5 August 2020—retrospectively registered.

Keywords: Lateral cutaneous nerve of the thigh, Lateral femoral cutaneous nerve, Lateral femoral cutaneous nerve
entrapment neuropathy, Meralgia paresthetica, Subcutaneous perineural injection, Neural prolotherapy, Prolotherapy,
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Background
Meralgia paresthetica (MP) is a neuropathy of the lateral
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femoral cutaneous nerve (LFCN) (i.e., lateral cutaneous
nerve of the thigh). It is known as the lateral cutaneous
nerve of the thigh neuralgia [1]. It is usually an entrap-
ment neuropathy of the LFCN [2—4]. MP is characterized
by pain, tingling, paresthesia and numbness in the anter-
olateral aspect of the thigh. The symptoms may be partic-
ipated or increased by prolonged standing and walking.
Sitting may alleviate the pain because there is reduction
of the tension over the nerve [1, 2, 5].

The treatment of MP is directed towards the improve-
ment of the symptoms which is mainly pain with subse-
quent improvement of function and quality of life (QoL),
as well as, treatment of the etiology. It includes conserva-
tive treatment and surgical intervention. Conservative
treatment consists of non-pharmacologic treatment and
pharmacologic treatment [1, 2, 5-9]. Surgical treatment
is indicated in case of failure of conservative treatment.
Surgical options consist of neurolysis and neurectomy
[10].

Neural prolotherapy (NP) was reported to improve and
relieve neuropathic pain [11, 12]. NP is the subcutane-
ous perineural injection of isotonic dextrose 5% in sterile
water (D5W) solution especially at the points of fascial
penetration of the sensory nerve. It is the site where the
sensory nerve reaches the subcutaneous plane [11-13].

There are scanty studies that assessed the efficacy of
NP in improving and relieving neuropathic pain [11,
12]. Also, there are no previous studies in the literature
that assessed the efficacy of NP in the treatment of MP.
Aim of the research was to assess and evaluate the short-
term efficacy of NP (subcutaneous perineural injection
of D5W solution) on relieving pain, paresthesia and
improving function and QoL of patients with MP.

Methods

Study design and ethics statement

The current study was a single-center prospective case
series study. The researcher explained the study for all the
participants, and each one gave an informed consent. The
local Institutional Ethics Committee approved the study.
The study was registered in the ClinicalTrials.gov (a trial
registry) with an identifier number of NCT04499911.

Study participants and patient selection
Twenty patients were recruited sequentially from those
attending the Physical Medicine, Rheumatology and
Rehabilitation outpatient clinic of Main University Hos-
pital (a single tertiary referral academic medical center),
Alexandria University Faculty of Medicine, Alexandria
Governorate, Egypt, between April 2018 and September
20109.

The clinical diagnosis of MP was based on the follow-
ing: (i) the presence of pain, paresthesia and numbness
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over the anterior and lateral aspect of the thigh; (ii) exac-
erbation of these symptoms on walking, standing and
hip extension; and (iii) MP was confirmed electrophysi-
ologically by nerve conduction study with or without
somatosensory evoked potential [14]. The MP symptoms
needed to be present for at least three months. Partici-
pants were unresponsive to conservative treatment. The
conservative treatment included lifestyle modification
including activity modification (avoid the use of seat
belts) and avoidance of tight underwear (tight garments
such as jeans and uniforms); weight reduction; non-ste-
roidal anti-inflammatory drugs and anticonvulsants for
neuropathic pain; and physiotherapy.[1, 2, 7] Exclusion
criteria included diabetes mellitus, endocrine disorders,
metabolic disorders, systemic rheumatologic disorders,
neurological disorders including peripheral neuropathy,
lumbar radiculopathy and lumbar plexopathy; coagulopa-
thy, anticoagulant treatment, current skin or soft tissue
infection at or near the site of injection, prior local injec-
tion of corticosteroid in the past year for MP, prior NP in
the past year for MP, prior surgery in the affected thigh
region, patients presented with a systemic active inflam-
matory condition or infection, and pregnancy.

After screening, 15 patients were selected for the study.
Four patients had exclusion criteria (three patients had
diabetes mellitus and one patient received anticoagu-
lant treatment) and one patient refused to participate in
the study. A total of 19 lower limbs with idiopathic MP
obtained from 15 patients were included in the current
study (Fig. 1).

Study assessment

All patients involved in the study were assessed as the
following: demographic data collection including age
and sex. Body mass index (BMI) was assessed (weight
[kg]/[height (m)]?) [15]. Clinical examination was done
including neurological and musculoskeletal examination.

Study intervention

Patients included in the study received subcutaneous
perineural injection of D5W solution [11, 13]. Before
injection, clinical examination of the thigh was done
to detect tender points along the anatomical course of
the LFCN which start from the LFCN fascial penetra-
tion point. It is located at the crossing point of the line
drawn directly down from the anterior superior iliac
spine (ASIS) and the line level with the lower border of
the symphysis pubis, in the depression on the lateral side
of the sartorius muscle when the thigh is flexed. Then, all
tender points along the course of the LFCN distally are
identified. They are usually located along a line extend-
ing from the ASIS to a point on the lateral end of the
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Fig. 1 The study flowchart. n, number of patients

superior border of the patella. The end of the course is
about four finger breaths proximal to the patella [13]. The
tender points were marked. Patient feedback was used to
localize the tender points.

The injection procedure was done while the patient
lying supine and fully extending the hips and knees.
The anterolateral aspect of the thigh with identified ten-
der points (i.e., injection area) was sterilized with povi-
done-iodine solution then with medical alcohol (70%).
Injection was done through an aseptic technique to
minimize risk of infection. Subcutaneous injection of
D5W solution was done using a 28-gauge needle (length:
12.75 mm) and an insulin syringe. D5W solution was
available as container of 250 ml. The D5W solution was
withdrawn from the D5W solution container by using a
23-gauge needle. The injection was done starting from
the LFCN fascial penetration point. All tender points
were injected with D5W solution. Each tender point was
injected with 0.5 ml of D5W solution subcutaneously
about 0.5 cm deep. A skin bleb was formed with injected
solution [11, 13]. Up to 10 skin punctures were done,
placing a minimal total volume of 5 ml of D5W solution.
After that, the patient was asked to point to any painful
and tender points left without injection. These points

were subsequently injected by the same procedure. The
aim was to achieve complete relief of pain at the end of
injection procedure. The injection procedure was com-
pleted once all tender points were injected [11, 13].

Immediately following the end of injection procedure,
the patient was asked to assess the injection procedure-
induced pain by visual analogue scale (VAS) (a 10-cm
horizontal scale) in which it ranged from 0 (no pain) to 10
(severe intolerable pain) [16]. Also, immediately postin-
jection assessment of MP pain severity was assessed by
VAS (a 10-cm horizontal scale) in which it ranged from 0
(no pain) to 10 (severe intolerable pain) [16].

Rescue medication and postinjection care

The patients were instructed to stop all analgesics 48 h
before the procedure and for a period of 4 weeks after the
injection. After injection, instructions regarding resting
the thigh for 24 h were given. Only acetaminophen was
recommended occasionally to control intolerable thigh
pain (taken orally and up to 4 g per day was allowed)
and discontinued 48 h prior to the postinjection visit. All
patients were instructed for weight reduction and wear-
ing looser fitting clothes. Instruction for the patients was
given that injection could be repeated at one week if their
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pain and symptoms recurred within one week from the
initial injection.

Study schedule and outcome measures
All patients were evaluated for outcome measures
twice (Fig. 1). Initial baseline assessment was done
before injection (preinjection assessment). Reassess-
ment was done after injection by four weeks (postinjec-
tion assessment). The assessment included: (I) primary
outcome measure: patient assessment of overall symp-
toms of MP. It was evaluated collectively by using VAS
(a 10-cm horizontal scale) which ranged from 0 (no
MP symptoms) to 10 (severe intolerable symptoms)
[16]. Secondary outcome measures: (i) patient assess-
ment of MP pain. It was evaluated by using VAS which
ranged from O (no pain) to 10 (severe intolerable pain);
(ii) patient assessment of MP paresthesia. It was evalu-
ated by using VAS which ranged from 0 (no paresthe-
sia) to 10 (severe intolerable paresthesia); (iii) patient
assessment of the effect of MP symptoms on function
and QoL. It was evaluated by using VAS which ranged
from 0 (no influence on QoL) to 10 (severe influence
on QoL) [16-18].These assessment methods have good
validity and excellent reliability [17, 18]. Only in the
postinjection visit the patient’s degree of satisfaction
regarding the procedure results was assessed by using a
VAS which ranged from 0 (no satisfaction at all), to 10
(complete satisfaction) [16]. Searching for side effects
of NP and recurrence of symptoms were done in the
postinjection assessment visit.

According to the results of the outcome measures in
the four-week postinjection assessment, the patients
were categorized as having the following [19].

(I) Complete recovery of MP: The patient had no pain,
no symptom and complete recovery of their func-
tion and QoL.

(II) Partial recovery of MP: There was no complete
recovery but the patient had improvement of more
than 50% in the primary outcome measure and any
of the secondary outcome measures.

(III) No recovery of MP: The patient had no improve-
ment of more than 50% in the primary outcome
measure and any of the secondary outcome meas-
ures.

Statistical assessment of data was performed using
the SPSS (version 17) software. The following consti-
tuted the descriptive measures (count, frequency, mini-
mum, maximum, median, mean and standard deviation
[SD]). The following constituted the analytic measures:
(i) qualitative data were analyzed using Chi-square test
or Fisher’s exact test (when required) and (ii) quantita-
tive data were analyzed using Mann—Whitney test and
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Wilcoxon signed ranks test. Statistical significance dif-
ference was considered for any P value less than 0.05.

Results

The study included 19 lower limbs obtained from 15
patients with MP. There were 11 women (73.3%). The
mean age of the patients was 41.66+11.16 years (ranged
from 22 to 59 years). The characteristics of the patients
are summarized in Table 1. There were four patients
(26.7%) with bilateral MP.

There was a statistically significant improvement in
the VAS of patient assessment of overall MP symptoms,
patient assessment of MP pain, patient assessment of MP
paresthesia and patient assessment of MP effect on func-
tion and QoL when the findings at the postinjection visit
were compared to the preinjection assessment among all
patients. All the patients tolerated the injection proce-
dure-induced pain. All the patients experienced immedi-
ate postinjection relief of the MP pain (Table 2). At the
postinjection assessment visit all patients were satisfied
with the procedure.

Regarding the effectiveness of the intervention, 12
lower limbs (63.2%) from 10 patients (66.6%) showed
improvement and recovery. Two patient (20%) of them
had bilateral MP. In each one, complete improvement
was present in one lower limb and partial improvement
occurred in the other lower limb. These constituted the

Table 1 Demographic, anthropometric and clinical
characteristics of the patients

Demographic, Patient group Range
anthropometric and clinical (n=19 lower limbs

characteristics of the patients from 15 patients)§

Age (yearn)* 43(41.66£11.16) 221059
Woment 11(73.3) NA

Weight (kg)* 90(88.31+16.15) 61to 119
Height (cm)* 162(162.94+6.24)  150.00 to 173.50
BMI (kg/mz)* 3346(33.174523)  22.05t043.70
BM|I categories

Normal weightt 1(6.7) NA
Overweightt 3(20) NA

Obesityt 10(66.6) NA

Morbid obesityt 1(6.7) NA

Side (right/left)+ 10/9(52.6/47 4) NA

Duration of the symptoms 12(14.474+£9.317) 41036

(months)*

kg kilogram; cm centimeter; BMI body mass index; m meter; n number of lower
limbs; NA not applicable

“ Data are reported as median (mean + standard deviation)

T Data are reported as number (percentage) of patients

¥ Data are reported as number (percentage) of lower limbs

§ There were four patients with bilateral meralgia paresthetica
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Table 2 Comparison between the preinjection and the postinjection assessments regarding outcomes measures and procedure

assessment
Outcomes measures Preinjection assessment Postinjection Test of P

(n=19 lower limbs from assessment significance||

15 patients)§ (n=19 lower limbs from

15 patients)§

Overall MP symptoms (VAS)T 7(7.00£1.49) 1(1.8441.80) -3.848 <0.0001*
MP pain (VAS)t 6(642+1.92) 1(1.94+£1.87) -3.745 <0.0001*
MP paresthesia (VAS)t 7(731£1.49) 1(1.894+2.13) -3.835 <0.0001*
MP effect on function and QoL (VAS)T 5(5.57+£1.67) 0(1.054+1.47) -3.839 <0.0001*
Procedure assessment
Immediately postinjection MP pain (VAS) 0(0) NA NA NA
Injection procedure-induced pain (VAS)t 2.5(244+£081) NA NA NA
Presence of injection procedure side effectst NA 1(5.3) NA NA
Degree of satisfaction regarding the procedure (VAS)t NA 8(742+£2.75) NA NA

MP meralgia paresthetica; VAS visual analogue scale; overall MP symptoms; patient assessment of overall MP symptoms; MP pain; patient assessment of MP pain; MP
paresthesia; patient assessment of MP paresthesia; QoL quality of life; MP e ect on function and QoL; patient assessment of MP e ect on function and QoL; n number

of lower limbs; NA not applicable

“Pissigni cantat<0.05

T Data are reported as median (mean = standard deviation)

* Data are reported as number (percentage) of lower limbs
$There were four patients with bilateral meralgia paresthetica
||Value of Wilcoxon Signed Ranks test

improved patients group. Among them, six lower limbs
(50%) from six patients (60%) had complete recovery of
MP while another six lower limbs (50%) from six patients
(60%) had partial recovery of MP. No recovery was pre-
sent in seven lower limbs (36.8%) obtained from five
patients (33.4%). These constituted the non-improved
patients group.

There was no patient withdrawal, and no patients were
lost to follow-up. One lower limb (5.3%) from one patient
(6.7%) had bruises at the injection sites that resolved
within few days after the procedure. Other than that,
there were no drug and procedure side effects reported
by the patients in the four-week postinjection follow-up
visit.

Table 3 shows the comparison between the improved
patients group versus non-improved patients group
regarding the demographic, anthropometric and clinical
characteristics; preinjection outcomes measures and pro-
cedure assessment. There was a statistically significant
difference between both groups regarding the patient
assessment of MP pain using VAS which was signifi-
cantly higher among the non-improved patients group
(P=0.028). There was a statistically significant difference
between both groups regarding the degree of satisfaction
to the procedure which was significantly higher among
the improved patients group versus the non-improved
patients group (P <0.0001) (Table 3).

Only five lower limbs (26.3%) of four patients (26.7%)
received a NP extra-injection upon their request due

to inadequate improvement within the first week after
injection. Among them, there were four lower limbs
(80.0%) of three patients (75%) within the non-improved
group of patients. The percentage of patients who needed
NP extra-injection was statistically significantly higher
among the non-improved patients group in comparison
with the improved patients group (P=0.038) (Table 3).

Discussion
Lateral femoral cutaneous nerve is a sensory nerve.
Its nerve roots are the second and third lumbar spinal
nerves. It is a branch of lumbar plexus. It appears from
the lateral border of the psoas major muscle. It crosses
superficial to the fascia of the iliacus muscle. Then it
runs just deep to the inguinal ligament [20]. In most of
the subjects, LFCN passes under the inguinal ligament
medial to the medial tip of the ASIS [21]. However,
LFCN has some anatomical variations in relation to the
ASIS. Some of them make the individuals more prone to
develop MP than others [1]. Then LECN pierces the deep
fascia inferior to the inguinal ligament usually at a point
about 2-3 cm distal to the ASIS. Then it runs laterally
and distally within the subcutaneous tissue of the antero-
lateral aspect of the thigh where it is divided into two ter-
minal braches (i.e., the anterior and posterior branches)
[22, 23].

Meralgia paresthetica is a neuropathy of the LFCN. It
is usually an entrapment neuropathy of the LFCN when
it passes deep the inguinal ligament to enter the thigh
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Table 3 Comparison between the improved patients group versus non-improved patients group regarding different assessed

parameters
Demographic, anthropometric and clinical characteristics; Improved Non-improved Test of significance P
preinjection outcomes measures and procedure assessment  patients group patients group

(n=12lowerlimbs (n=7 lower limbs

from 10 patients)|| from 5 patients)
Age (yeant 44.50(43.75+10.69) 39(38.4249.03) (2)—1.016 0.340
Women# 7(70) 4(80) (X3 0.170 0680
Weight (kg)t 93.25(90.37 +18.20) 78.00(84.78+£1234)  (2)—0.931 0352
Height (cm)t 161(162.25+£7.27) 164(164.14£4.18) (2)—0.764 0.445
BMI (kg/m?)t 34.66(34.1915.76) 3124 (3142+£3.94) (2)—1.270 0.204
BMI categories
Normal weight+ 1(10) 0(0) (X?) 2550 0466
Overweight# 1(10) 2(40)
Obesity+ 7(70) 3(60)
Morbid obesity+ 1(10) 0(0)
Side (right/left)§ 6/6(50/50) 4/3(57.1/42.9) (X% 0.090 0.764
Duration of the symptoms (months)t 12(14.16 £9.55) 12(15.00 £ 9.60) (Z2)—0.043 0.967
Preinjection outcomes measures
Overall MP symptoms (VAS)+ 7(7.08£1.37) 7(6.85£1.77) (2)—0476 0.650
MP pain (VAS)t 5(5.75£1.71) 7(7.57+£1.81) (2)—2.261 0.028*
MP paresthesia (VAS)t 7(6.91£1.50) 8(8.00+1.29) (2)—1.637 0.120
MP effect on function and QoL (VAS)t 5(5.50+1.78) 6(5.71£1.60) (2)—0.607 0.592
Procedure assessment
Immediately postinjection MP pain (VAS)+ 0(0) 0(0) (Z) 0.000 1.000
Injection procedure-induced pain (VAS)t 2.75(2.5440.86) 2(2.28+0.75) (2)—0.709 0.536
Presence of injection procedure side effects§ 1(8.3) 0(0) X)) 0616 0.632#
Receiving an extra-injection upon request§ 1(8.3) 4(57.1) (X?) 5432 0.038*#
Degree of satisfaction regarding the procedure (VAS)t 9.50(9.16+£1.02) 4(4.4242.07) (Z) —3.448 <0.0001*

kg kilogram; cm, centimeter; BMI body mass index; m meter; MP meralgia paresthetica; VAS visual analogue scale; overall MP symptoms; patient assessment of overall
MP symptoms; MP pain; patient assessment of MP pain; MP paresthesia; patient assessment of MP paresthesia; QoL quality of life; MP e ect on function and QoL,;

patient assessment of MP e ect on function and QoL; n number of lower limbs
“Pissigni cantat<0.05

" Data are reported as median (mean + standard deviation)

* Data are reported as number (percentage) of patients

§ Data are reported as number (percentage) of lower limbs

||Bilateral lower limbs with meralgia paresthetica were obtained from two patients (20%) among improved patients group

T Bilateral lower limbs with meralgia paresthetica were obtained from two patients (40%) among non-improved patients group

# pvalue of Fisher's exact test

region. It is usually idiopathic [2]. It is common among
obese individuals, pregnant women, patients with
increased intra-abdominal pressure and pendulous abdo-
men with abdomen bulging over the inguinal ligament
[24]. This is because of the close relationship between the
LFCN and iliac fascia. The protruding abdomen results in
traction of the iliac fascia on the LFCN [2, 25]. It could
be due to nerve stretching by repetitive motion of the
hip joint [2].Direct pressure on the nerve and its subse-
quent compression can occur by wearing tight under-
wear, pants, belts, corset and tight low-waist trousers or
even tight car seatbelts [2, 3]. These leads to pathological
changes in the nerve [10].

The mean age of patients included in the study
was 41.66 years. This was in accordance with previ-
ous researches [2, 7]. Bilateral MP was present in four
patients (26.7%). This was in accordance with previous
studies that reported MP to be bilateral in about 20%
of the cases [4]. The majority of the patients were obese
(66.6%) and one patient (6.7%) was morbid obese. This
was in agreement with literature that reported MP to be
common among obese patients [2, 7].

There were 12 lower limbs (63.2%) from 10 patients
(66.6%) who showed improvement and recovery. This
was not assessed previously in the literature. This is
considered the first case series study that assessed NP
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for the treatment of MP. The effectiveness of NP in this
study was comparable with the results of other interven-
tions for MP. Kalichman et al. reported that improve-
ment was present in 60% of their MP patients by using
Kinesio taping treatment approach for MP [18]. Elavarasi
et al. reported that improvement was present in 75% of
their patients with MP by using local injection of triam-
cinolone acetonide [26]. De Ruiter et al. reported that
successful MP improvement was observed more after
neurectomy (93.3%) than after neurolysis (37.5%) [10].
The percentage of improvement in the current study was
in agreement with a previous study assessed the effect of
NP on carpal tunnel syndrome (improvement of 70% of
patients) [27].

There was no patient withdrawal, and no patients were
lost to follow-up. All the patients tolerated the injec-
tion procedure-induced pain. There was one lower limb
(5.3%) from one patient (6.7%) who had bruises. All
patients were satisfied with the procedure at the postin-
jection assessment visit. These were in accordance with
previous studies that assessed efficacy of NP for carpal
tunnel syndrome and other musculoskeletal problems
[27-29]. These indicated that NP procedure for MP was
a simple, easy, safe and minimally invasive procedure [11,
13, 28-31].

Immediate postinjection disappearance of the MP pain
was reported by all patients. This was in agreement with
previous studies that reported NP produce quick relief of
pain after injection [11, 32].

An extra NP injection was done in five lower limbs
(26.3%) from four patients (26.7%). This was done upon
the patients request due to inadequate improvement
within the first week after NP injection. The major-
ity of them (three patients [75%]) were within the non-
improved group of patients. No improvement within the
first week after injection and the need for an extra-injec-
tion could be an indicator of inadequate efficacy of NP.
It was reported that some patients need a large number
of NP sessions to show complete improvement of symp-
toms [30, 33, 34].

To understand the mechanism of action of NP in the
treatment of MP, the pathogenesis of MP should be dis-
cussed. Compression of the LFCN causes nerve ischemia
[35, 36]. When the LECN is irritated by nerve ischemia,
the transient receptor potential vanilloid-1 (TRPV1)-
sensitive C pain fibers in the nerve and in the nervi ner-
vosum produce two neuropeptides which are substance
P and calcitonin gene-related peptide (CGRP) [11, 32,
35]. These are released from the nociceptors and induce
neurogenic inflammation. This cause plasma extrava-
sation, nerve edema and pain [13, 32, 37]. These are
due to increase vascular permeability of the blood sup-
ply to the nerve. Subsequently, edema formation in the

Page 7 of 9

subendoneurial space within the nerve takes place. So,
the pressure in the nerve fascicles increases and inter-
feres with the normal endoneurial microcirculation [35,
36]. When the nerve swelling reaches the fascial penetra-
tion points, chronic constriction injury (CCI) takes place.
The CCI site inhibits the normal neural axoplasmic flow
of the nerve growth factors which are essential for nerve
integrity and repair [13, 32, 37]. The neurogenic inflam-
mation lowers the firing threshold and induces ectopic
activity of the nociceptive neurons and produces neuro-
pathic pain [35]. Subsequently, the treatment of neuro-
genic inflammation is associated with improvement of
neuropathic pain [11, 35].

Neural prolotherapy is the subcutaneous perineural
injection of isotonic D5W solution especially at the fas-
cial penetration points of the sensory nerve through
which sensory nerve reaches the subcutaneous plane. It
was found to produce an immediate analgesic effect fol-
lowing its injection [11-13]. It is a type of prolotherapy
[33]. Prolotherapy is the injection of a small quantity
of a proliferant solution in specific points at the pain-
ful musculoskeletal structure to induce healing process.
The most common proliferant solution is dextrose solu-
tion [38]. Dextrose is a water soluble, and it is normally
present in the blood. It can be injected safely in multiple
areas and in any quantities [13, 38].

The mechanism of action of NP using D5W solution is
unknown. It was postulated that dextrose inhibits neuro-
genic inflammation through acting on glucose-respon-
sive nerves. Dextrose 5% inhibits TRPV1 receptor (a
capsaicin-sensitive receptor). TRPV1 receptor is a
ligand-gated non-selective cation channel that has a role
in pain response to stimuli as endogenous lipids, low PH
and capsaicin [27, 39]. When TRPV1 receptors are inhib-
ited by dextrose 5%, there is decreasing in the release
of proinflammatory neuropeptides as substance P and
CGRP which are essential for induction of neurogenic
inflammation [11, 32]. The inhibition of TRPV1 receptor
by D5W allows resolution of neurogenic inflammation.
There is decreasing in nerve swelling, and this allows nor-
mal flow of different nerve growth factors. The end result
is nerve recovery and decreased pain [32]. It was reported
that subcutaneous injection of dextrose in a concentra-
tion as little as 0.5% stimulates human cells to start prolif-
eration, increase in cell protein and DNA synthesis. Also,
it stimulates the release of a variety of growth factors as
platelet-derived growth factor and transforming growth
factor-p and other growth factors [40—42]. The use of
dextrose solution of concentration below 10% directly
stimulates cell proliferation without any inflammatory
reactions [13, 38]. This is opposite to the use of dextrose
solutions of 10% or more which leads to osmotic gradient
outside the cells with subsequent cell lyses that end with
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inflammatory cells infiltration with influx of growth fac-
tors and induce a sterile inflammatory reaction as wound
healing cascade [13, 30].

There was a statistically significant difference between
the improved patients group versus the non-improved
patients group regarding the preinjection patient assess-
ment of MP pain using VAS which was significantly
higher among the non-improved patients (P=0.028). The
higher the patient assessment of MP pain severity could
be an indicator of failure of NP injection for MP. Patients
with high pain severity could have more severe intraneu-
ral changes within the LFCN which becomes irreversible
[10]. Also, the percentage of patients needed NP extra-
injection was statistically significantly higher among the
non-improved patients group in comparison with the
improved patients group (P=0.038). The need for an
extra-injection of NP could be an indicator of failure of
NP injection for MP.

Limitations of the research: (i) This was a case series
study without a control group. Ethically, it was not
acceptable to do an invasive maneuver using a placebo
drug to patients with MP. All recruited patients were
unresponsive to conservative therapy. Spontaneous
improvement of the improved patients was unlikely. A
placebo effect may explain the improvement partially.
(ii) There is no standardized protocol for the number of
NP sessions and their schedule for MP. There is no stand-
ardization for the dosage of D5W solution. The optimal
number and schedule of sessions, as well as the optimal
dosage, are still unknown. Future researches are rec-
ommended to clarify and explore these items. (iii) The
mechanism of action of NP using D5W solution was not
evaluated in the current study. Future studies are needed
to evaluate the mechanism of action of NP. (iv) The small
number of patients included in the current study. This
was due to: (a) the inclusion of chronic patients having
MP for at least three months who were unresponsive to
conservative treatment. Treatment of MP involves a step-
wise approach and about 85% of MP patients are effec-
tively improved by conservative treatment, but only 15%
of patients remain refractory [43]; (b) the wide range
of exclusion criteria presented in the current study; (c)
patients with chronic MP who were unresponsive to con-
servative treatment preferred to seek neurosurgery con-
sultation and not physical medicine, rheumatology and
rehabilitation consultation; and (d) the low incidence of
MP which was estimated at approximately 4.3 per 10,000
person per year [2]. Further studies with a larger sam-
ple size are recommended. (v) The study did not assess
the long-term effect of NP. A longer follow-up period is
recommended to evaluate the long-term efficacy of NP.
(vi) The study was conducted in a single medical center.
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Subsequently, the generalization of the obtained results
needs to be taken cautiously.

Conclusions

In conclusion, NP is easy, safe, tolerable, effective and suc-
cessful in treatment of MP. NP is effective on relieving pain,
paresthesia and improving function and QoL of patients
with MP. NP injection should be included in the conserva-
tive treatment armamentarium of MP. Further multi-center
randomized placebo controlled studies should be done on a
larger number of patients for verification the effectiveness
of NP in the treatment of MP. A longer follow-up period is
recommended to evaluate the long-term efficacy of NP.

Abbreviations

ASIS: Anterior superior iliac spine; BMI: Body mass index; CCl: Chronic constric-
tion injury; CGRP: Calcitonin gene-related peptide; D5W: Dextrose 5% in sterile
water; LFCN: Lateral femoral cutaneous nerve; MP: Meralgia paresthetica;

NP: Neural prolotherapy; QoL: Quality of life; SD: Standard deviation; TRPV1:
Transient receptor potential vanilloid-1; VAS: Visual analogue scale.

Acknowledgements

The author is grateful to Mariam Kamal Aziz Saba for her assistance in the
statistical analysis. The author is grateful to Maria Kamal Aziz Saba for her
assistance in the preparation of the figure.

Author contributions

The author (EKAS) contributed in the concepts, design, definition of intel-
lectual content, literature search, clinical studies, data acquisition and analysis,
manuscript preparation, editing and revision. The author approved the manu-
script. The author read and approved the final manuscript.

Funding

The author received no specific funding for this work. The author declares
that no financial or material support was provided by any parties and that
there are no equity interests, patent rights or corporate affiliations for this
work. This research did not receive any specific grant from funding agencies
in the public, commercial or not-for-profit sectors. There were no sponsors or
funders (other than the named author) played any role in study design, data
collection and analysis, decision to publish and preparation of the manuscript.
All research facilities are available in our department for research with no
restrictions.

Availability of data and material
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The local Ethics Committee of Faculty of Medicine, Alexandria University,
Egypt (IRB NO: 00007555-FWA NO: 00018699), approved the study. Date of
approval: 12/4/2018. Serial number: 0303901.

Informed consent
A written informed consent was given by each participant.

Consent for publication
Consent for publication was given by each participant.

Competing interests
The author declares that he has no competing interests.



Saba Egyptian Journal of Neurosurgery

(2022) 37:20

Received: 11 March 2021 Accepted: 7 May 2022
Published online: 27 June 2022

References

1.

20.

21.

22.

23.

24.

Cheatham SW, Kolber MJ, Salamh PA. Meralgia paresthetica: a review of
the literature. Int J Sports Phys Ther. 2013;8(6):883-93.

Hui GKM, Peng PWH. Meralgia paresthetica: what an anesthesiologist
needs to know. Reg Anesth Pain Med. 2011;36:156-61.

Moucharafieh R, Wehbe J, Maalouf G. Meralgia paresthetica: a result of
tight new trendy low cut trousers (taille basse). Int J Surg. 2008,6:164-8.
Nouraei SAR, Anand B, Spink G, O'Neill KS. A novel approach to the
diagnosis and management of meralgia paresthetica. Neurosurg.
2007;60:696-700.

Grossman MG, Ducey SA, Nadler SS, Levy AS. Meralgia paresthetica:
diagnosis and treatment. J Am Acad Orthop Surg. 2001;9:336-44.

Patijn J, Mekhail N, Hayek S, Lataster A, van Kleef M, Zundert JV. Meralgia
paresthetica. Pain Pract. 2011;11(3):302-8.

Harney D, Med DP, Patijn J. Meralgia paresthetica: diagnosis and manage-
ment strategies. Pain Med. 2007;8(8):669-77.

Ahmed A, Arora D, Kochhar AK. Ultrasound-guided alcohol neurolysis of
lateral femoral cutaneous nerve for intractable meralgia paresthetica: a
case series. Br J Pain. 2016;10(4):232-7.

Onat SS, Ata AM, Ozcakaar L. Ultrasound-guided diagnosis and treatment
of meralgia paresthetica. Pain Phys. 2016;19:E667-9.

De Ruiter CJW, Kloet A. Comparison of effectiveness of different surgical
treatments for meralgia paresthetica: results of a prospective observa-
tional study and protocol for a randomized controlled trial. Clin Neurol
Neurosurg. 2015;134:7-11.

. Conaway E, Browning B. Neural prolotherapy for neuralgia. J Prolother.

2014,6:€928-31.

Itkin A. Treatment of trigeminal neuralgia utilizing neural prolotherapy: a
case report. J Prolotherapy. 2016;8:2961-5.

Reeves KD, Lyftogt J. Prolotherapy. In: Waldman SD, editor. Pain manage-
ment. 2nd ed. Philadelphia: Saunders (Elsevier); 2011. p. 1027-44.
El-Tantawi GAY. Reliability of sensory nerve-conduction and somatosen-
sory evoked potentials for diagnosis of meralgia paraesthetica. Clin
Neurophysiol. 2009;120:1346-51.

Agu AU, Esom EE, Anyaeji PS, Nzekwe KC, Chime SC, Ikele I, et al.
Obesity indices and academic performance of medical students of Igho
extraction at College of Medicine, University of Nigeria. World J Med Sci.
2019;16(4):191-5.

Gould D, Kelly D, Gammon J. Visual analogue scale (VAS). J Clin Nurs.
2001;10:697-706.

De Boer AG, van Lanschot JJ, Stalmeier PF, van Sandick JW, Hulscher JB,
de Haes JC, et al. Is a single-item visual analogue scale as valid, reliable
and responsive as multi-item scales in measuring quality of life? Qual Life
Res. 2004;13:311-20.

Kalichman L, Vered E, Volchek L. Relieving symptoms of meralgia
paresthetica using Kinesio taping: a pilot study. Arch Phys Med Rehabil.
2010;91:1137-9.

Saba EKA, EI-Sherif SM. Ultrasound-guided versus palpation-guided local
corticosteroid injection therapy for treatment of plantar fasciitis. Egypt
Rheumatol. 2016;38:123-31.

Lee SH, Shin KJ, Gil YC, Ha TJ, Koh KS, Song WC. Anatomy of the lateral
femoral cutaneous nerve relevant to clinical findings in meralgia pares-
thetica. Muscle Nerve. 2017;55:646-50.

Tomaszewski KA, Popieluszko P, Henry BM, Roy J, Sanna B, Kijek MR, et al.
The surgical anatomy of the lateral femoral cutaneous nerve in the ingui-
nal region: a meta-analysis. Hernia. 2016;20:649-57.

Rudin D, Manestar M, Ullrich O, Erhardt J, Grob K. The anatomical course
of the lateral femoral cutaneous nerve with special attention to the
anterior approach to the hip joint. J Bone Joint Surg Am. 2016;98:561-7.
OmichiY, Tonogai |, Kaji S, Sangawa T, Sairyo K. Meralgia paresthetica
caused by entrapment of the lateral femoral subcutaneous nerve at the
fascia lata of the thigh: a case report and literature review. J Med Invest.
2015;62:248-50.

William PH, Trzil EW. Management of meralgia paresthetica. J Neurosurg.
1991,74:76-80.

25.

26.

27.

28.

29.

30.

31

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 9 of 9

Dias Filho LC, Valenca MM, Guimaraes Filho FA, Medeiros RC, Silva RA,
Morais MG, et al. Lateral femoral cutaneous neuralgia: an anatomical
insight. Clin Anat. 2003;16:309-16.

Elavarasi A, Goyal V, Singh MB, Srivastava MVP. Is triamcinolone an easy
and efficient way to treat meralgia paresthetica? A cohort study. Ann
Indian Acad Neurol. 2019;22(3):308-10.

Wu YT, Ho TY, Chou YC, Ke MJ, Li TY, Tsai CK, et al. Six-month effi-

cacy of perineural dextrose for carpal tunnel syndrome: a prospec-

tive, randomized, double-blind, controlled trial. Mayo Clin Proc.
2017,92(8):1179-89.

Soliman DM, Sherif NM, Omar OH, EI Zohiery AK. Healing effects of pro-
lotherapy in treatment of knee osteoarthritis. Egypt Rheumatol Rehabil.
2016;43:47-52.

El-Badawy MA, EI-Nagaar HA, Mohammed MM, Assaf NY, El-Mallah RME.
Musculoskeletal ultrasonographic evaluation of perineural injection
therapy versus therapeutic ultrasound in chronic lateral epicondy-

litis. Egypt Rheumatol Rehabil. 2021;48:1. https://doi.org/10.1186/
$43166-020-00050-1.

Lyftogt J. Subcutaneous prolotherapy treatment of refractory knee,
shoulder and lateral elbow pain. Australas Musculoskeletal Med.
2007;12:110-2.

Elshoura HM, Saber NZ, Elwy MA, Abdelhakim MM. Therapeutic potential
of perineural injection for temporomandibular joint pain, dysfunction
and musculoskeletal ultrasound findings in rheumatoid arthritis patients.
Egypt Rheumatol. 2020;42:11-5.

Weglein AD. Neural prolotherapy. J Prolotherapy. 2011;3(2):639-43.
Lyftogt J. Prolotherapy and achilles tendinopathy: a prospective pilot
study of an old treatment. Australas Musculoskeletal Med. 2005;10:16-9.
Lyftogt J. Subcutaneous prolotherapy for achilles tendinopathy. Australas
Musculoskeletal Med. 2007;12:107-9.

Schmid AB, Nee RJ, Coppieters MW. Reappraising entrapment
neuropathies-mechanisms, diagnosis and management. Man Ther.
2013;18:449-57.

Rempel DM, Diao E. Entrapment neuropathies: pathophysiology and
pathogenesis. J Electromyogr Kinesiol. 2004;14:71-5.

Birklein F, Schmelz M. Neuropeptides, neurogenic inflammation and
complex regional pain syndrome (CRPS). Neurosci Lett (Ireland).
2008;437:199-202.

Hauser RA, Hauser MA, Baird NM. Evidence-based use of dextrose
prolotherapy for musculoskeletal pain: a scientific literature review. J
Prolotherapy. 2011;3(4):765-89.

Cui M, Honore P, Zhong C, Gouvin D, Mikusa J, Hernandez G, et al. TRPVA
receptors in the CNS play a key role in broad-spectrum analgesia of
TRPV1 antagonists. J Neurosci. 2006;26(37):9385-95.

Oh JH, Ha H, Yu MR, Lee HB. Sequential effects of high glucose on mesan-
gial cell transforming growth factor-beta 1 and fibronectin synthesis.
Kidney Int. 1998,54:1872-8.

Natarajan R, Gonzales N, Xu L, Nadler JL. Vascular smooth muscle cells
exhibit increased growth in response to elevated glucose. Biochem
Biophys Res Commun. 1992;186:552-60.

McGinn S, Poronnik P, King M, Gallery ED, Pollock CA. High glucose and
endothelial cell growth: novel effects independent of autocrine TGF-beta
1 and hyperosmolality. Am J Phyiol Cell Physiol. 2003;234:C1374-86.
Patijn J, Mekhail N, Hayek S, Lataster A, van Kleef M, Van Zundert J. Meral-
gia paresthetica. Pain Pract. 2011;11:302-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1186/s43166-020-00050-1
https://doi.org/10.1186/s43166-020-00050-1

