
94

ABSTRACT

This is the second of a two-part series addressing 
symptoms, evaluation, and treatment of load carriage–
related paresthesias. Part 1 addressed rucksack palsy 
and digitalgia paresthetica; here, meralgia paresthetica 
(MP) is discussed. MP is a mononeuropathy involv-
ing the lateral femoral cutaneous nerve (LFCN). MP 
has been reported in load carriage situations where 
the LFCN was compressed by rucksack hipbelts, pis-
tol belts, parachute harnesses, and body armor. In the 
US military, the rate of MP is 6.2 cases/10,000 person-
years. Military Servicewomen have higher rates than 
Servicemen, and rates increase with age, longer load-
carriage distance or duration, and higher body mass 
index. Patients typically present with pain, itching, and 
paresthesia on the anterolateral aspect of the thigh. 
There are no motor impairments or muscle weakness, 
because the LFCN is entirely sensory. Symptoms may 
be present on standing and/or walking, and may be 
relieved by adopting other postures. Clinical tests to 
evaluate MP include the pelvic compression test, the 
femoral nerve neurodynamic test, and nerve blocks us-
ing lidocaine or procaine. In cases where these clini-
cal tests do not confirm the diagnosis, specialized tests 
might be considered, including somatosensory evoked 
potentials, sensory nerve conduction studies, high-res-
olution ultrasound, and magnetic resonance imaging. 
Treatment should initially be conservative. Options 
include identifying and removing the compression if 
it is external, nonsteroidal inflammatory medication, 
manual therapy, and/or topical treatment with capsa-
icin cream. Treatments for intractable cases include in-
jection of corticosteroids or local anesthetics, pulsed 
radiofrequency, electroacupuncture, and surgery. Mili-
tary medical care providers may see cases of MP, es-
pecially if they are involved with units that perform 
regular operations involving load carriage.

Keywords: paresthesias, load carriage–related; meralgia 
paresthetica; mononeuropathy; nerve, lateral femoral cuta-
neous; Bernhardt–Roth syndrome

Introduction

Paresthesias are sensations of numbness, burning, and/
or tingling, usually experienced as a result of nerve in-
jury or irritation.1 Several types of compression-related 
paresthesias have been described in association with 
load carriage, including brachial plexus palsy, digital-
gia paresthetica, and meralgia paresthetica (MP). These 
are important to understand in the military context be-
cause Soldiers who carry heavy loads and wear body 
armor may present with symptoms indicative of these 
types of injuries. This is the second of a two-part series 
addressing symptoms, diagnosis, treatment, and preven-
tion of load carriage–related paresthesias. In Part 1, we 
addressed rucksack palsy and digitalgia paresthetica; in 
Part 2, we examine MP in detail.

MP is a neurological disorder involving the lateral fem-
oral cutaneous nerve (LFCN) and is characterized by 
pain, itching, and paresthesia on the anterolateral as-
pect of the thigh (Figure 1). The disorder has also been 
termed Bernhardt–Roth syndrome2,3 and lateral femoral 
cutaneous neuralgia.2–4 Bernhardt–Roth syndrome was 
named after Martin Bernhardt, who first described the 
condition, and Vladimir Roth, who later identified the 
condition in an Army officer wearing a tight belt.2,3

Epidemiology

Table 1 lists the prevalence or rates of MP that have been 
reported in various investigations. The prevalence among 
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Appalachian Trail hikers5 was especially high, but the 
number of study participants was relatively low (n = 280) 
and cases (n = 10) were deduced from symptoms self-
reported by the hikers. The other investigations in Table 
1 were diagnosed cases obtained from medical records. 
Nonetheless, the Appalachian Trail hiker study5 may sug-
gest that symptoms could be much more prevalent than 
some studies identify and that many individuals experi-
encing symptoms do not  present for medical care.

We obtained data on MP directly from the Defense 
Medical Epidemiology Database6 for all military ser-
vices (i.e., Army, Navy, Marine Corps, and Air Force). 
Data were collected on visits to medical care providers 
that were coded 355.1 (MP) according to the Interna-
tional Classification of Diseases, Ninth Revision, and 
diagnosed from 2006 through 2014. These data are 
shown in Table 1 (last row) and in Figure 2.

Rates increased during the period examined (Figure 
2A). Military Servicewomen had higher rates of MP 
than military Servicemen (Figure 2B), and rates gener-
ally increased with age (Figure 2C). The Army and the 
Air Force had the highest rates and the Navy and Ma-
rine Corps had the lowest (Figure 2D). In general clini-
cal practice, rates increased with age, but, in contrast to 
the military data, there was little association between 
MP and sex.7,8 Other risk factors associated with the dis-
order include load carriage of longer distance or dura-
tion5 and higher BMI.7,9

Etiology

MP is a mononeuropathy caused by a compression of 
the LFCN, a sensory nerve branch descending from the 
L-1 to L-3 spinal nerve roots. The nerve innervates cu-
taneous areas on the lateral thigh, accounting for the 
sensory deficits reported in this area.4,10–12 Cadaver stud-
ies have shown that the nerve has a wide variety of path-
ways as it descends from the spine (Figure 3). In the 
pathways described as types A, B, and C, the LFCN is 
ensheathed by, or superficial to, the inguinal ligament, 
and these descending pathways may be most susceptible 
to compression.13 A case-control ultrasound study also 

Figure 1  Area typically affected in MP (shaded).

Table 1  Prevalence or Rates of Meralgia Paresthetica in Various Studies

Study
Participants, Location, 

Circumstances Cases, No. Denominators Prevalence or Rate

Ecker and Woltman24 Diagnosed cases at Mayo Clinic, 
Rochester, Minnesota

150 Not clear 3.5 cases/ 
10,000 people

Boulware5 Self-report of symptoms from 
backpackers hiking ≥7 days on the 
Appalachian Trail in the eastern 
United States

10 Hikers 357 cases/ 
10,000 people

van Slobbe et al.8 Diagnosed cases from computerized 
files of general practices in 
Rotterdam, Netherlands, 1990–1998

74 Patient population in 
Rotterdam 

4.3 cases/ 
10,000 person-years

Latinovic et al.47 Diagnosed cases among 253 medical 
practices in the United Kingdom, 
1992–2000

2,177 Registered patient 
population in United 
Kingdom

10.8 cases/ 
10,000 person-years*

Parisi et al.7 Diagnosed cases in Olmsted County, 
Minnesota, 1990–1999

262 Olmstead County 
residents

3.3 cases/ 
10,000 person-years†

Defense Medical 
Epidemiology 
Database6

Diagnosed cases (ICD-9 code 355.1) 
in the US Military, 2006–2014

3,749 US military population 6.2 visits/ 
10,000 person-years

ICD-9, International Classification of Diseases, Ninth Revision.  *Age-adjusted rate.  †Age- and sex-adjusted rate.
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showed that close proximity to the anterior superior 
iliac spine increased the risk of MP.14

MP has been reported in load-carriage situations involv-
ing rucksack hipbelts,5 pistol belts,10,15 parachute har-
nesses,3 and body armor.11,16 Case reports of deployed 
US and French soldiers found that when soldiers were 
wearing body armor and were seated in vehicles for long 
periods, the lower edge of the body armor compressed 
the inguinal region. This resulted in entrapment of the 
LFCN, leading to the typical symptoms of MP, including 
pain and paresthesia.11,16

There are a number of other conditions that appear to be 
associated with MP. Situations that increase  abdominal 
pressure, such as obesity and pregnancy, can cause the 
disorder.7,9,17 Compression of the hip area involving 
trauma from seat belts,18–20 tight-fitting clothing,21 limb-
length discrepancies,22 and surgeries18 have also been 
reported to cause the disorder. Diabetes mellitus was 
found associated with MP in one case-control study7 
but not another.7 Other metabolic conditions like alco-
holism and lead poisoning have been postulated to be 
associated with the disorder, but these have not been 
proved.12 Abdominal and pelvic masses should also be 
considered in the differential diagnosis of MP.23

Evaluation

An algorithm for the diagnosis and treatment for MP 
is shown in Figure 4. Patients with MP typically pres-
ent with paresthesia in the lateral or anterolateral thigh 
(Figure 1). Symptoms may be described as numbness, 
tingling, itching, or a dull ache. There are no motor 
impairments or muscle weakness, because the LFCN 
is entirely sensory. As such, deep tendon reflexes (like 
the patella reflex) should still be present. Symptoms 
may be present on standing and/or walking, and may be 
relieved with sitting or adopting other postures  unless 
these  posture maintain nerve compression (e.g., they 
exacerbate pressure from body armor). Palpating the 
involved area or tapping over the nerve as it exits the 
pelvis on the inner side of the anterosuperior iliac spine 
can elicit or heighten symptoms. An area of hair loss 
may be seen on the lateral or anterolateral thigh from 
Soldiers rubbing the area. Soldiers should be questioned 
on trauma to, or compression in, the hip area. A history 
of diabetes, abdominal or pelvic pathologic conditions, 
hip arthritis, or previous hip or other orthopedic surgery 
in that area should be explored.12,23–25

Clinical tests to evaluate MP include the pelvic compres-
sion test and the femoral nerve neurodynamic test. For 
the pelvic compression test, the patient lies on the unaf-
fected side. The evaluator uses his or her hand to apply 
a downward compressive force on the pelvis and holds 

Figure 2  Rates and factors associated with meralgia 
paresthetica in US military personnel. (A) Rates from 2006  
to 2014. (B) Association with sex. (C) Association with age. 
(D) Association with military service. AF, Air Force; MC, 
Marine Corps.

Figure 3  Anatomical variations of the location of the lateral 
femoral cutaneous nerve (LFCN) as it exits the abdomen, 
as described by Aszmann et al.13 in 104 nerves from 52 
cadavers. In type A, the LFCN was situated over the top 
of the iliac crest (4% of cases), the most superficial of all 
locations; in type B, the LFCN pierced the inguinal ligament 
(27% of cases); in type C, the nerve sat in the tendon of the 
sartorius muscle (23% of cases); in type D (26% of cases), 
the nerve was under the inguinal ligament and medial to the 
sartorius muscle; in type E (20% of cases), the nerve was 
medial, on top of the iliopsoas. 

Reprinted with permission from Grossman et al.13 as adapted with 
permission from Aszmann OC et al. Plast Reconstr Surg 1997;100: 
600–604.
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the force for 45 seconds. If symptoms are reduced, the 
test is positive. The downward pressure presumably re-
laxes the inguinal ligament and reduces compression on 
the LFCN, leading to the reduction in symptoms. The 
pelvic compression test is reported to have a sensitiv-
ity (i.e., the ability to detect the disorder) of 95% and 
specificity (i.e., the ability to identify those without the 
disorder) of 93%.26,27

For the femoral nerve neurodynamic test, the patient 
lies on the unaffected side, grasps the knee on the unaf-
fected leg to achieve full hip flexion, and flexes their 
neck toward the knee. The evaluator hooks his or her 
hand under the calf of the affected leg and grasps the 
knee with one hand, pushing slightly on the back of the 
hip with the other hand. The evaluator slowly bends the 
patient’s knee and abducts the hip of the affected leg to 
place tension on the lateral femoral cutaneous nerve. A 
positive test is reproduction of the patient’s specific MP 
symptoms rather than just a normal stretch sensation.26

Slightly more invasive is a diagnostic nerve block using 
5–10mL of 1% lidocaine or procaine. The anesthetics 
can be injected 1cm medial and inferior to the anterior 

superior iliac spine or at the point of maximum tender-
ness. The test is positive if symptoms are quickly re-
lieved and this lasts for 30–40 minutes. It is sometimes 
useful to retest patients who do not respond 3–4 weeks 
later.26,28,29

Other specialized techniques for the diagnosis of MP 
may also be useful, especially when the history and 
physical examination have not been conclusive. These 
include somatosensory evoked potentials, sensory nerve 
conduction studies, high-resolution ultrasound, and 
magnetic resonance imaging (MRI). In one study,30 so-
matosensory evoked potentials for MP involving stimu-
lation of the lateral aspect of the distal third of the thigh 
had a sensitivity of 84% and specificity of 100%, stim-
ulation of the LFCN below the anterior superior iliac 
spine had a sensitivity of 53% and specificity of 100%, 
and sensory nerve conduction studies had a sensitivity 
of 65% and a specificity of 100%. The sensitivity/speci-
ficity of high-resolution ultrasound for diagnosis has 
not been determined, but the technique may useful for 
comparison of morphological differences of the LFCN 
on the affected and unaffected sides.31,32 MRIs read by 
experienced radiologists had intraobserver reliability of 
≥79%, sensitivity of ≥71%, and specificity of ≥94% 
for the detection of clinically diagnosed MP.33 MRI or 
other imaging techniques would also be helpful to in-
vestigate a suspected intraabdominal mass compressing 
the LFCN.23

Treatment

The symptoms of MP may be mild and resolve spon-
taneously or be more severe and limit function.5,8,26,34 
If the symptoms are related to load-carriage issues, the 
nature of the compression should be identified because 
symptoms generally resolve with removal of the com-
pression5,10 (e.g., by changing the configuration of the 
carried loads or the position of belts). Initial treatment 
with nonsteroidal anti-inflammatory drugs (NSAIDs) 
and ice applications (30 minutes three times per day) 
may assist in relieving pain associated with inflamma-
tion of the LFCN.12,25 Topical treatment with 0.025% 
capsaicin cream35 or 0.1% tacrolimus36 has also shown 
to be helpful in reducing pain.

A systematic review37 evaluated the effectiveness of vari-
ous forms of treatment for MP. The review included 
observational studies in which there were at least five 
cases and a follow-up of at least 80% of cases for at 
least 3 months. One study reported that 18 (62%) of 
29 patients recovered completely without intervention. 
Four studies involving injection of corticosteroids or lo-
cal anesthetics found recovery or improvement in 130 
(83%) of 157 of combined cases. Nine surgical studies 
involving decompression of the nerve showed benefit in 

Figure 4  Algorithm for evaluation and treatment of meralgia 
paresthetica (modified and updated from Grossman et al.12 
and Williams and Trizil25). LFCN, lateral femoral cutaneous 
nerve; NSAID, nonsteroidal anti-inflammatory drug.
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264 (88%) of 300 cases, and three surgical studies in-
volving neurectomy found benefit in 45 (94%) of 48 
combined cases. One case series of 277 patients25 not 
reported in the systematic review37 found that 50% of 
patients responded well to conservative treatment in-
volving removal of compression, application of ice to 
the affected area, and NSAID medication. For persistent 
discomfort, local anesthetic agents and corticosteroids 
were recommended, but the success of this method was 
not reported.25

In several studies, pulsed radiofrequency treatment 
was shown successful in relieving pain associated with 
MP,38–40 including one involving a female Servicemem-
ber.41 More recently, a case series was reported on 11 
patients with intractable MP who were provided pulsed 
radiofrequency treatment.42 On the 10-point visual ana-
log pain scale (0cm = no pain, 10cm = worst possible 
pain), patients rated their pretreatment pain level (mean 
± standard deviation) at 6 ± 1. At both posttreatment 
and at 6 months of follow-up, pain was rated at 1 ± 1. 
Seven patients were pain free, three had pain relief, and 
one had a recurrence of pain. This treatment modality 
provides a nonsurgical alternative for patients with MP 
who have not responded to other conservative therapies.

Acupuncture was found effective in relieving MP pain 
in one observational case series involving 10 patients.43 
Two to eight electroacupuncture treatments were as-
sociated with a >90% improvement in pain scores in 
follow-up periods ranging from 2 to 36 months. The 
mechanism by which acupuncture may be effective is 
not clear,44 although some have strongly argued that 
it may act by blocking neural impulses.45 One system-
atic review on acupuncture effectiveness46 included only 
conditions involving acupuncture, placebo acupuncture, 
and no acupuncture studies (N = 13 conditions) and pa-
tients with a wide variety of painful conditions. Pain 
reduction amounted to 4mm on a 100mm visual ana-
log scale (i.e., 4% reduction in pain) in the acupuncture 
condition compared with the placebo acupuncture, and 
10mm (i.e., 10% reduction in pain) in the acupuncture 
condition compared with the no-acupuncture condition. 
Thus, acupuncture appears to be another nonsurgical 
treatment option, but further research on its effective-
ness for pain relief in MP is necessary.

Finally, a recent review26 noted that several case reports 
have been published that describe relief of MP symp-
toms in some patients after soft-tissue manipulation or 
manual therapy applied by a chiropractor or physical 
therapist. This soft-tissue therapy was designed to im-
prove the mobility of the LFCN through the soft tissues 
that surround it. However, the research evidence to sup-
port this approach is currently weak and further, more 
rigorous research is required.

Conclusion

Although MP occurs rarely, medical care providers are 
likely to encounter cases of MP during their careers, es-
pecially if they are involved with Soldiers who perform 
regular operations involving load carriage. MP should 
be considered when there is pain, itching, paresthesia, 
and other sensory changes in the anterolateral thigh. 
Numerous diagnostic tools are available involving joint 
and muscle mobilization, nerve blocks, somatosensory 
evoked potentials, sensory nerve conduction studies, 
high-resolution ultrasound, and MRI.

Initial treatment should be conservative, with removal 
of the compression and use of NSAIDs and topical 
 capsaicin or tacrolimus. If these are unsuccessful in pro-
viding relief, other treatment options, including local 
steroid injections, pulsed radiofrequency treatment, and 
surgery, should be considered. Always consider the need 
for further evaluation for such findings such as intra-ab-
dominal masses, diabetes or other causes of peripheral 
neuropathic conditions, and hip or other orthopedic 
pathological disorders, particularly if symptoms do not 
resolve with nonsurgical treatments. The primary goal 
should be prevention, but if the condition manifests, the 
objective will be to reduce pain and restore the LFCN 
function so that the Soldier can perform as a more effec-
tive part of the unit.
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