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Neurogenic muscle hypertrophy as an uncommon
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Abstract
Unilateral limb edema is a common diagnostic problem. Apart from the most common pathologies, i.e. chronic
venous insufficiency and lymphedema, differential diagnosis should include unusual causes of asymmetric extremity edema. We presented a case of 41-year-old man with suspicion of lymphedema of the left calf, who reported
to a lymphology clinic. We discuss subsequent steps of the diagnostic procedure in case of the calf edema.
In our patient, neurogenic muscle hypertrophy was found to be the cause of the calf enlargement. The diagnosis
was confirmed by results of ultrasound, magnetic resonance, computed tomography, lymphoscintigraphy and
electromyography examinations. Neurogenic muscle hypertrophy is a very rare and unusual cause of the calf
enlargement. Nevertheless, it should be taken into account in the differential diagnosis.
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Introduction
Unilateral limb edema is a common diagnostic problem, usually consulted by vascular disease specialists.
It is usually defined as a palpable thickening of the
limb circumference caused by increased amounts of
the interstitial fluid [1]; however, this definition does
not include less common causes of an increase in limb
circumference, e.g. as a result of the overgrowth of
anatomical structures (e.g. muscles).
Undoubtedly, one of the most common causes of
unilateral edema of the lower extremities is chronic
venous insufficiency, which affects almost 50% of women and 40% of men in Poland. A frequently observed
cause in everyday practice is also lymphedema, defined
as an abnormal accumulation of the interstitial fluid and
fibrous-lipid tissue mainly in the subcutaneous tissue due
to oncological treatment, trauma, infection or congeni-

tal lymphatic system abnormalities. Apart from the two
most common causes, the differential diagnosis should
take into account other numerous causes of unilateral
edema of the lower limb [2], listed in Table 1.
Apart from meticulous physical examination, ultrasound is very helpful in establishing the diagnosis, as
it allows visualization of a vast majority of the venous
and arterial systems disorders and obtaining information about the location of the edema (suprafascial or
subfascial). The choice of further imaging methods
(computed tomography, magnetic resonance imaging,
lymphoscintigraphy, angiography) in clinical practice
depends on the result of physical and ultrasound
examinations.
We present a case of a 41-year-old man with
neurogenic calf muscle hypertrophy who was originally referred to an angiologist with the suspicion
of lymphedema. We discuss subsequent steps of the
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Table 1. Causes of unilateral lower extremity edema, based
on [2], modified
Venous

Primary venous disease
Post-thrombotic syndrome
Iliac vein compression
(May-Thurner syndrome)
Deep vein thrombosis
Superficial thrombophlebitis
Klippel-Trénaunay syndrome
Venous adventitial cystic disease

Musculosceletal

Ruptured Baker’s cyst
Ruptured leg muscle
Sprain/strain
Static foot disorders
Fracture

Lymphatic

Lymphedema

Arterial

Intramuscular hematoma
Muscular infarction (particularly
in diabetes)
Vascular malformation
Critical limb ischemia
(consequence of leg position)
Compartment syndrome

Miscellaneous

Infection (bacterial, parasitic)
Radiation
Mass/tumor
Insect/animal bites
Complex regional pain syndrome
type 1
Atrophy/hypertrophy
Overgrowth syndromes
Granulomatous myositis
Amyloidosis

diagnostic procedure that enabled the final diagnosis
of a rare cause of limb enlargement.

Case report
A 41-year-old man after surgical treatment of the left
iliac bone fracture more than a decade earlier, with suspected left leg edema reported to a lymphology clinic.
Since the fracture, the patient observed edema and an
increase of the calf circumference. He also complained
of alternating numbness, particularly of the left foot, for
a few years. On physical examination, circumferences
of the left thigh and calf were 3–4 cm larger than in

contralateral extremities, numerous telangiectasias
and small varicose veins were observed in the ankle
area. On doppler ultrasound normal arterial flow was
confirmed and venous thrombosis was excluded, there
were signs of the great saphenous vein insufficiency and
its varicose veins, the popliteal vein did not collapse
completely in compression test, the subcutaneous
tissue hypertrophy were not present in the thighs and
calves. Computed tomography (CT) did not reveal any
filling defects in the common femoral veins, external
iliac veins, internal iliac veins, common iliac veins and
in the visible portion of the inferior vena cava.
Post-thrombotic syndrome and lymphovenous edema of the left lower extremity was suspected. Further
diagnostic investigations, i.a. lymphoscintigraphy, were
scheduled, and the patient was instructed to continue
compression therapy and reduce his body weight.
Lymphoscintigraphy revealed normal iliac and inguinal lymph nodes and an increased number of the
superficial lymphatic vessels on the thighs and calves
bilaterally (Fig. 1). Magnetic resonance imaging (MRI)
revealed signs of left calf hypertrophy, particularly of the
medial and lateral heads of the gastrocnemius (Fig. 2).
No focal abnormalities or post-contrast enhancement were demonstrated. The signal from bone and
muscle structures was unchanged. A discrete zone of
edematous lesions of the adipose tissue was disclosed
just below the inferior pole of the lateral head of the
gastrocnemius. In addition, moderate varicose veins of
the left calf were observed, particularly those originating from the great saphenous vein. The right calf was
unaffected and had normal muscle and bone structures,
with no focal lesions and no areas of abnormal post-contrast enhancement. Based on clinical presentation and
the diagnostic procedures performed, hypertrophy of
the left calf muscle was diagnosed and the patient was
referred for further tests.
Electromyography (EMG) revealed reduced amplitudes of motor potentials in the left peroneal and tibial
nerves and prolonged F wave latencies. Sensory conduction of the sural nerve and motor conduction of the
femoral nerve were within normal limits. The results
supported the diagnosis of axonal sciatic nerve injury.
CT of the lumbosacral spine showed slight midline
protrusion of the L5/S1 intervertebral disc with no
significant compression of nerves, the L4/L5 intervertebral disc protruding towards the back moderately
asymmetrically, more on the left side, with thecal sac
and left nerve root indentation, and moderate hypertrophic changes of L4/L5 and L5/S1 facet joints. No
signs of central or foraminal stenosis were observed.
In our patient, neurogenic muscle hypertrophy was
found to be the cause of the calf enlargement. The
patient started physiotherapy.
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Figure 1. Lymphoscintigraphy. Normal visualization of the iliac and inguinal lymph nodes, increased number of superficial lymph
vessels of the thighs and calves bilaterally

Discussion

Figure 2. Magnetic resonance imaging (MRI) in transverse
(A) and coronal (B) plane. Muscle hypertrophy of the left calf,
particularly the medial and lateral head of the gastrocnemius
muscle; the skin, subcutaneous tissue, and bones of similar size
bilaterally, normal
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In a patient with unilateral edema of the lower limb,
the angiologist first of all would search for pathologies
of the venous, arterial and lymphatic system, probably
taking into account also the most important traumatic
causes. By means of ultrasound examination it is possible to rule out the majority of venous and arterial
disorders. Moreover, the thickness of the subcutaneous
tissue and its echogeneity may be premises of possible
lymphedema, but the results of lymphoscintigraphy is
important for establishment of the latter diagnosis (normal lymphoscintigraphy does not exclude lymphedema).
In the presented patient, no clinically significant vascular
pathologies were found, and the thickness of the skin
and subcutaneous tissue was similar on both sides.
Therefore, the patient was referred for an MRI, which
showed the hypertrophy of the muscles of the calf.
Muscle hypertrophy in neurogenic disorders is
unusual finding, as a rule in these conditions is muscle
atrophy [3]. Neurogenic muscle hypertrophy, referred
to as “denervation hypertrophy”, was first described in
the 19th century, and is caused mainly by compression
of the nerve root, thus most commonly affects the calf
muscles (78% of all reported cases) [4], including the
gastrocnemius muscle or all muscles of the posterolateral lower leg compartment [5]. In a review of the
available literature, comprising less than 30 cases, Zabel
et al. [6] showed that neurogenic muscle hypertrophy is
usually manifested by painful calf enlargement in males
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at the age between 32 and 60, with a previous history
of low back pain and sciatica, and that the average time
from the onset of the trigger factor to the development
of the hypertrophy was 7.3 years. In the vast majority of cases, the cause was a damage to the S1 root
[5, 7–10], single cases also reported involvement of the
L5 [4] or L4 [11] root or even the cervical spine [12].
In the presented case, at the L4/L5 and L5/S1 levels
discopathic lesions were visualized, and the EMG examination confirmed axonal damage to the left sciatic nerve.
The pathomechanism of muscle hypertrophy is not
completely clear and is certainly multifactorial. In radiculopathies may occur complex repetitive discharges
(CRDs, observed as denervation signs in EMG [7]),
which explains some, but not all, cases of calf hypertrophy secondary to L5 or S1 radiculopathy. When carbamazepine or botulinum toxin are administered, positive
motor activity is not only reduced or stopped, but also
the accompanying muscle hypertrophy is reduced, that
additionally supports this hypothesis [13]. In addition
to above mechanism, other possible explanations for
the pathogenesis of neurogenic hypertrophy have also
been proposed: work load — the workload of healthy
muscle fibers remaining after damage and stretching
and release of growth factors [8]. In addition, attempts
have been made to explain the pathomechanism of
focal myositis as a continuum of changes induced by
chronic stimulation [14]. If chronic stimulation is the
trigger for hypertrophy, it is conceivable that as the
size of the fiber increases, splitting and then necrosis
occur, either because the overgrown fiber exceeds its
nutrient supply, or simply because of overstimulation;
necrosis is a stimulus that attracts inflammatory cells,
especially macrophages [14].
The treatment of neurogenic muscle hypertrophy is
not well-established. It can be surgical (microdiscectomy) or conservative, including described as an effective
injection of botulinum toxin [4, 8]. Physiotherapy plays
an important role as well.

Conclusions
Detailed physical examination remains an essential part
of our routine practice, because slowly changing muscle
size may go unnoticed by the patient and may be omitted in the medical history [13]. The clinician should be
aware that isolated muscle hypertrophy may be a sign
of partial damage to peripheral nerves or nerve roots
and is likely to occur in any skeletal muscle [11].
Unilateral calf edema should be considered as a rare
symptom of lumbosacral radiculopathy. When suspected — history and physical examination, lumbar spine
imaging should be performed in conjunction with EMG.
Upon confirmation of radiculopathy that correlates with

anatomical compression, this rare association should
be suspected. However, the remaining non-invasive
tests for other most common causes of unilateral calf
enlargement, including doppler ultrasound, should not
be delayed [15].
Neurogenic muscle hypertrophy is an uncommon,
but well-documented phenomenon that physiotherapists should also be aware of, because patients with
chronic muscle imbalance due to neuropathic disorders
are often referred for a physiological evaluation [16].

Conflict of interest
None.

References:

1. Ely JW, Osheroff JA, Chambliss ML, et al. Approach to leg edema
of unclear etiology. J Am Board Fam Med. 2006; 19(2): 148–160,
doi: 10.3122/jabfm.19.2.148, indexed in Pubmed: 16513903.
2. Gasparis AP, Kim PS, Dean SM, et al. Diagnostic approach to
lower limb edema. Phlebology. 2020; 35(9): 650–655, doi:
10.1177/0268355520938283, indexed in Pubmed: 32631171.
3. Gutmann L. AAEM minimonograph #46: Neurogenic muscle hypertrophy. Muscle & Nerve. 1996; 19(7): 811–818, doi: 10.1002/
(sici)1097-4598(199607)19:7<811::aid-mus1>3.0.co;2-c.
4. Shin HHo, Jeon YH, Jang SW, et al. Neurogenic muscle hypertrophy: a case report. Korean J Pain. 2016; 29(4): 270–273, doi:
10.3344/kjp.2016.29.4.270, indexed in Pubmed: 27738507.
5. Gobbelé R, Schoen SW, Schröder JM, et al. S-1 radiculopathy as
a possible predisposing factor in focal myositis with unilateral hypertrophy of the calf muscles. J Neurol Sci. 1999; 170(1): 64–68, doi:
10.1016/s0022-510x(99)00200-2, indexed in Pubmed: 10540038.
6. Zabel JP, Peutot A, Chapuis D, et al. Hypertrophie musculaire
neurogène : à propos de trois cas, imagerie et revue de la littérature. Journal de Radiologie. 2005; 86(2): 133–141, doi: 10.1016/
s0221-0363(05)81333-2.
7. Charlot-Lambrecht I, Brochot P, Noblet H, et al. Neurogenic
muscle hypertrophy. Joint Bone Spine. 2009; 76(4): 401–403,
doi: 10.1016/j.jbspin.2008.10.014, indexed in Pubmed: 19481489.
8. Costa J, Graça P, Evangelista T, et al. Pain and calf hypertrophy associated with spontaneous repetitive discharges treated with botulinum toxin. Clin Neurophysiol. 2005; 116(12): 2847–2852, doi:
10.1016/j.clinph.2005.07.016, indexed in Pubmed: 16256429.
9. Merkli H, Pál E, Gáti I. Asymmetric calf hypertrophy of neurogenic origin. Pathol Oncol Res. 2006; 12(4): 254–256, doi:
10.1007/BF02893424, indexed in Pubmed: 17189992.
10. Zutelija Fattorini M, Gagro A, Dapic T, et al. Neurogenic muscle
hypertrophy in a 12-year-old girl. Brain Dev. 2017; 39(1): 89–92,
doi: 10.1016/j.braindev.2016.07.002, indexed in Pubmed: 27449889.
11. Mattle HP, Hess CW, Ludin HP, et al. Isolated muscle hypertrophy as a sign of radicular or peripheral nerve injury. J Neurol Neurosurg Psychiatry. 1991; 54(4): 325–329, doi: 10.1136/
jnnp.54.4.325, indexed in Pubmed: 2056318.
12. Gorkhaly MP, Lo YL. Segmental neurogenic muscle hypertrophy
associated with radiation injury. Clin Neurol Neurosurg. 2002;
105(1): 32–34, doi: 10.1016/s0303-8467(02)00090-2, indexed
in Pubmed: 12445921.
13. Walters J. Muscle hypertrophy and pseudohypertrophy.
Pract Neurol. 2017; 17(5): 369–379, doi: 10.1136/practneurol-2017-001695, indexed in Pubmed: 28778933.

www.journals.viamedica.pl/acta_angiologica

111

Acta Angiol, 2020, Vol. 26, No. 3

14. Lunde HM, Skeie GO, Bertelsen AK, et al. Focal myositis —
neurogenic phenomenon? Neuromuscul Disord. 2012; 22(4):
350–354, doi: 10.1016/j.nmd.2011.10.023, indexed in Pubmed:
22153989.
15. Walcott BP, Nahed BV, Redjal N, et al. Pathological mechanism of
lumbar disc herniation resulting in neurogenic muscle hypertrophy.

112

J Clin Neurosci. 2011; 18(12): 1682–1684, doi: 10.1016/j.
jocn.2011.03.033, indexed in Pubmed: 21985744.
16. Baker SK. Isolated spinal accessory mononeuropathy associated with neurogenic muscle hypertrophy: restricted neuralgic
amyotrophy or stretch-palsy? A case report. Arch Phys Med Rehabil. 2008; 89(3): 559–563, doi: 10.1016/j.apmr.2007.11.011,
indexed in Pubmed: 18295637.

www.journals.viamedica.pl/acta_angiologica

