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Abstract A retrospective analysis was performed in a

nine month period of the electrophysiological data, imag-

ing and clinical findings of patients with monoradicular

disc herniation compressing either the L5 or the S1 nerve

root. The primary purpose of the analysis was to determine

the distribution of pathological spontaneous activity in the

medial paraspinal muscles on electromyographic exami-

nation in monoradicular L5 and S1 nerve root compression

syndromes. Anatomically, the medial paraspinal muscles

receive their innervation from a single root while the ilio-

costalis muscles and the longissimus muscle are thought to

be innervated by multiple nerve roots. In the analysis, in

single nerve root lesion of the L5 or S1 nerve root, elec-

tromyography of the medial paraspinal muscles revealed

pathological spontaneous activity one to three vertebrae

cranial to the disc herniation with extension to the opposite

side of the lesion. In conclusion, the medial paraspinal

muscles might be thought to be innervated by one single

nerve root on anatomical studies, electrophysiologically the

extension of axonal lesion signs of one single lumbar nerve

root is much broader. The widespread distribution of the L5

and S1 nerve root must be taken into consideration on

electromyographic examination of the medial paraspinal

muscles.

Keywords Paraspinal muscles � Electromyography �
Disc herniation

Introduction

Electromyography is an important tool in the evaluation of

the differential diagnosis including lumbosacral radicu-

lopathy, polyneuropathy, motor neuron disease, affection

of the lumbosacral plexus, radiculitis, myopathy and cen-

tral nervous disease. Neurophysiological examination

normally supports the majority of the findings of imaging

studies disclosing a nerve root compression [17, 19]. In

case of surgical intervention, confirmation of an axonal

lesion on electromyography correlates with a successful

surgical outcome, particularly when it is combined with

imaging studies and psychological testing [20, 21].

In lumbosacral radiculopathy, examining a set of mus-

cles of the lower extremities, the combination of positive

and negative findings allows the determination of the

damaged nerve root [4, 14, 15]. The inclusion of the

paraspinal muscles in the electromyographic investigation

raises the identification rate of an axonal lesion in lumbo-

sacral radiculopathies [4].

The lumbar paraspinal muscles constitute a set of three

muscle groups with different innervation patterns. Bogduk

and colleagues have proposed an anatomical scheme which

more precisely describes the location of multifidus muscle,

longissimus muscle and iliocostalis muscle fascicles. The

most medial multifidus muscle has been anatomically

shown to be innervated by one nerve root while the more

lateral localised muscles are innervated by multiple nerve

roots [1, 2]. The multifidus muscle, thought to be inner-

vated by one single nerve root, stretches multiple levels

below the spinous process from which it originates [16].
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Indeed, the anatomically based electrophysiological find-

ings of Haig showing monosegmental innervation of the

multifidus muscle have been corroborated by studies

describing multisegmental denervation potentials two lev-

els below the affected lumbar nerve root [10]. On the other

hand, several authors suspected a polysegmental innerva-

tion of the medial paraspinal muscles as they detected

spontaneous activity several segments caudal and adjacent

to the lumbar nerve root lesion [6, 14, 22].

We questioned if there is a cranial extension of patho-

logical spontaneous activity in the paraspinal medial

muscles in acute monoradicular lumbar nerve compression

syndromes affecting the L5 or the S1 nerve root. If the

electromyographic examination reveals axonal lesions

signs cranial and caudal to the level of the disc herniation,

is there a need to extend the diagnostic procedure because

of widespread paraspinal denervation in the case of an

obvious monosegmental disc herniation? Since the elec-

tromyographic examination, especially of the paraspinal

muscles, is uncomfortable for the patient, the aim of the

electrodiagnostician should be to minimise the number of

muscles studied.

Materials and methods

Patient selection. All examinations were performed in a

routine setting for diagnostic investigation of acute and

subacute back pain. Patients gave informed consent to each

diagnostic procedure. The retrospective analysis was con-

ducted among 11 patients showing an S1-syndrome and 10

showing an L5-syndrome presenting with lower back pain

during a 9 month period (September 2005 to June 2006)

using electrodiagnostic findings, imaging studies (magnetic

resonance imaging, computed tomography, X-ray) and

clinical data of patients presenting a monoradicular lumbar

discogenic damage of the L5 or the S1 nerve root. Subjects

with an additional foraminal or extraspinal herniation on the

corresponding or adjacent level in addition to the medio-

lateral disc herniation, a herniation on another level,

spondylolisthesis or lateral or central lumbar stenosis, other

neuromuscular disease or a history of back surgery were

excluded. In addition, there had to be a distal paresis con-

fined to a damage of either the L5 or the S1 nerve root

defined as a weakness of 4/5 or less on the Medical

Research Council Scale. Subjects presenting a disc herni-

ation on the level L5/S1 were only included if

electromyographic examination revealed spontaneous

activity in the gastrocnemius muscle and gluteus maximus

muscle and/or gluteus medius muscle. In subjects present-

ing a disc herniation on the level L4/L5, pathological

spontaneous activity had to be in the peroneus longus

muscle and gluteus medius muscle or clinical weakness in

the gluteus medius muscle in addition to the axonal lesion

signs on electromyography in the peroneus longus muscle.

For all patients, a standardised physical examination was

completed that consisted of the following to exclude other

neurological disease than monosegmental nerve root com-

pression: (1) a neurologic examination including manual

muscle testing and sensation and reflex assessment (2) a

musculoskeletal examination, (3) straight leg raise test.

Electromyographic, neurographic and imaging studies.

Electromyography was performed using standard concen-

tric needle electrodes with a recording surface of

0.007 mm2 and a Viking IV (Nicolet, Madison Wisconsin)

electromyograph. For the detection of fibrillation potentials

and positive sharp waves, sensitivity was set at 50 lV/

division, with a bandpass of 5 Hz to 10 kHz, and a sweep

of 10 ms/division. Motor conduction velocity of the pero-

neal nerve and sensory conduction velocity of the sural

nerve contralateral to the affected side were measured

using standard techniques, and the results were compared

with the normal values of our laboratory. Distal and

proximal muscles of the lower leg were considered

abnormal on electromyography if they demonstrated posi-

tive sharp waves and fibrillation potentials in more than

three of ten needle positions.

Muscles of the leg electromyographically examined

included the tibialis anterior muscle on both sides, the

gluteus medius and maximus muscle, the peroneus longus

muscle, the gastrocnemius muscle (medial and lateral

head), the rectus femoris muscle and the plantaris muscle

on the affected side.

A modified MiniPM protocol of Haig, routinely per-

formed in our lab, was used to examine the paraspinal

lumbar muscles [7]. According to Haig, the needle position

is 2, 5 cm lateral to the midline and 1 cm cranial to the tip of

the L4, L5 or S1 spinous process. At each insertion side, a

50 mm monopolar EMG needle is directed at a 45� angle

towards the midline, and inserted in approximately 5 mm

intervals until it contacts the spinous process. The needle is

withdrawn and directed cranially 45�, and the procedure is

repeated. Again, it is withdrawn and redirected caudally 45�
until contact with midline. We modified the protocol as

follows: at each insertion site 2 cm lateral to the midline on

the level of the spinous process and 1 cm cranial, a 50 mm

monopolar needle is directed at a 45� angle towards the

midline and inserted in approximately 5 mm intervals until

it contacts the spinous process, then the needle was retracted

and directed in a sagittal direction in 5 mm intervals

(Fig. 1). A minimum of three sites at one lumbar/sacral

level had to show pathological spontaneous activity to be

regarded as an axonal lesion of the corresponding nerve

root. Spontaneous activity had to be reproduced. Sponta-

neous activity in the proximity of bone was excluded. To

define the level of the paraspinal insertion of the needle the
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spinous process of the vertebra L4 on the X-ray film was

depicted and compared to the level of the iliac crest.

Results

Eleven patients were selected presenting a paresis of the

foot flexors and spontaneous activity on electromyography

confined to a compression of the S1 nerve root (Table 1).

All patients showed a mediolateral disc herniation at one

side between the 5th lumbar vertebra and the first sacral

vertebra on computer tomography or magnetic resonance

imaging. The 11/11 patients revealed spontaneous activity

in the gastrocnemius muscle, 9/11 in the gluteus maximus

muscle and the remaining two patients showed atrophy of

the gluteus maximus muscle. Paravertebral electromyog-

raphy on the ipsilateral side of the paresis showed axonal

damaging in 7/11 subjects at the level of the S1 vertebra, in

cranial extension up to the L4 vertebra and in caudal

direction down to the S2 vertebra (Fig. 2). On the opposite

side of the paresis there were signs of axonal lesion para-

vertebral at the level of the S1 vertebra and in the caudal

direction down to the S2 vertebra in two patients (Fig. 3).

Ten patients presenting a paresis of the foot extensors

were selected confined to an L5 nerve root lesion by

imaging studies and on electromyographic findings

(Table 2). Computed tomography or magnetic resonance

S 1

S 2

L 4

L 5

2 cm

1cm

Site of 
insertion

Fig. 1 Site of the needle insertion at each level. The insertion site

was performed 2 cm lateral to the spinous process and 1 cm cranial.

At first the needle was directed in 5 mm intervals in a sagittal

direction and then in a 45� medial angulation
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imaging revealed a mediolateral disc herniation on one

side between the 4th and the 5th lumbar vertebra. In one

patient, disclosing six lumbar vertebrae on X-ray, there

was an exclusively extraspinal extension of the disc her-

niation cranial to the last but one lumbar vertebra.

Spontaneous activity was detected in the tibialis anterior

muscle and in the peroneus longus muscle in 10/10 sub-

jects. The 6/10 revealed spontaneous activity in the gluteus

medius muscle, the remaining four subjects without axonal

lesion signs on electromyography showed weakness in the

gluteus medius muscle. The 0/10 subjects had axonal

lesion signs in the rectus femoris muscle. Paravertebral

electromyography disclosed ipsilateral to the paresis axo-

nal damaging in 9/10 subjects at the level of the L5
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contralateral side in 11 patients with a S1 nerve root lesion in

cranial and caudal extension. The filled bars correspond to axonal

lesion signs in the sacral segments, the hatched bars to axonals lesion

signs in the lumbar segments of each patient. Duration of the paresis

in weeks (w)
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vertebra, in cranial extension up to the L2 vertebra and in

caudal direction down to the S2 vertebra (Fig. 4). On the

contralateral side to the paresis there were signs of axonal

lesion paravertebral at the level of the S1 vertebra and in

cranial direction up to the L2 vertebra (Fig. 5). Additional

electrophysiological data are shown in Tables 1 and 2.

Discussion

The analysis has been conducted to determine the distri-

bution of spontaneous activity on electromyographic

examination in medial paraspinal muscles in patients with a

monoradicular nerve root lesion of the L5 or S1 nerve root.

In dissection studies it had been shown that the iliocostalis

and the longissimus muscles receive polysegmental inner-

vation, but the most medial multifidus muscle fibers at one

lumbar level are innervated from only one nerve root level

[1, 2, 5, 8]. Recently electrophysiologic studies performed

in paraplegic patients found pathological spontaneous

activity and axonal lesions two segments below the para-

plegic level as well as voluntary motor unit action

potentials below and adjacent to the lesion [6, 14, 22]. Wu

reported a subject with a monoradicular lesion of L3 nerve

root revealing positive sharp waves on electromyography

down to the L5 medial paraspinal muscles [22]. Lalive

described axonal lesion on electromyography in the medial

paraspinal muscles on adjacent levels in monoradicular

lumbar nerve root lesion [14]. Our analysis addresses the

cranial extension of the innervation respectively denerva-

tion in monoradicular L5 or S1 nerve root lesion. To be

sure to examine only at the level of one single segment, we

adapted the technique of Haig and did not change the

direction of the needle in a cranial or caudal direction [9,

11, 12].

In case of an L5- and S1-nerve root lesion, pathological

spontaneous activity could be detected on the ipsilateral

side down to the S2-segment. These findings can be

explained either by a polyradicular innervation of the

medial paraspinal muscles as Wu [22] and Lalive [14]

suspected or by the extension of the multifidus muscle

itself coursing from the spinous process of L5 to the

transverse process of the S1 vertebra at the L5-S1 inter-

space, so that the spontaneous activity at the lower

segments could originate from the multifidus musle

innervated by a nerve root situated cranially [12]. To our

surprise electromyography revealed spontaneous activity in

L5 nerve root lesion subjects up to three segments cranial

to the L5 vertebra, e.g. to L2 vertebra. This widespread

distribution of denervation is thought to be related to the

lesion of the L5-nerve root as there is an accumulation of

spontaneous activity around the L5-nerve root in the whole

group and a decrease with the distance. Additionally, we

ruled out a general distribution of spontaneous activity by

examining the following segment as far as there was no

further spontaneous activity. The paraspinal cranial

extension of spontaneous activity of the subjects presenting

an S1-nerve root lesion compromised only two segments.

According to Haig, the S1 nerve root does not substantially

innervate the paraspinal muscles [5]. In our analysis the

denervation potentials of the medial paraspinal muscle in

an S1 nerve root lesion reached down to the S2 segment.

As the size of the S2 spinous process is very small, the

localisation is difficult, and as the sacral vertebra become

smaller, there might be an overlapping zone between the

S1 nerve root and the S2 nerve root.

laretalispi5LnoiselevrenfonoisnetxE

P1
(2

W
)

P2
(3

W
)

P
(

3
3

)
W

(
4P

3
)

W
(

5P
4

)
W

(
6P

5
)

W
(

7P
6

)
W

)
W9(

8P

)
W61(

9P 1P
0

)
W02(

sis)erapfonoitarud(Ptneitap

sa
cr

al
- 

  
 l

u
m

b
ar

- 
  

le
ve

l 
 

S
2 

 S
1 

 L
5

L4
  

L3
  

L2
  

L1
 

rabmul

larcas
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We cannot exclude reinnervation in the patients without

pathological spontaneous activity in the medial paraspinal

muscles, especially in the cases with a longer duration of

the paresis. In patients with an L5-nerve root lesion, the

extension of the pathological spontaneous activity was

equally distributed between subjects with a shorter and

patients with a longer duration of paresis. But in patients

with an S1-nerve root lesion, those patients with a longer

duration of paresis disclosed no pathological spontaneous

activity in the medial paraspinal muscles.

The inconsistency between the anatomic studies and our

electrophysiological findings in L5 and S1 nerve root

lesion probably reflects the limitations of postmortem

investigations of the peripheral nervous system. Anatomi-

cally, small nerve branches and anastomoses can be

missed. The difference to the electrophysiological studies

of Haig, studying patients with various diseases might

originate from the group studied in this analysis com-

plaining a short duration of the weakness, presenting an

obvious paresis and disclosing spontaneous activity in the

distal muscles and a nerve root compression on imaging

studies [7]. The declining frequency of spontaneous

activity with distance from the damaged nerve root argues

against a normal distribution of pathological spontaneous

activity ranging from 14.5 to 41.5% in recent studies

examining a normal collective without back pain [3, 18].

The extension of spontaneous activity to the contralateral

side to the nerve root damage might originate from a cross-

over innervation of the contralateral medial paraspinal

muscles. Another explanation of widespread pathological

spontaneous activity in a monoradicular nerve root lesion

might originate from an intersegmental reflex pathway. A

lumbar nerve root compression caused by a disk herniation

is followed by a contraction of the paraspinal muscles.

According to the studies in cats this contraction could be

the result of an intersegmental reflex leading to this muscle

contraction [13]. So this hypothesis of ischemic damage of

muscle fibers and following spontaneous activity on electro-

myographic examination by longstanding muscle contrac-

tion can be discussed. The loss of lordosis in older patients

might be a result of repeated lumbar nerve injuries with a

widespread damage of the paraspinal multisegmental

innervated muscles, leading to weakness and fatty trans-

formation of the dorsal muscles. The anterior part of the

vertebra is more stressed and, in case of osteoporosis,

results in wedge-shaped vertebra.

In summary the distribution of spontaneous activity on

electrophysiological studies in monoradicular nerve root

L5 and S1 reveals a widespread innervation of the medial

paraspinal muscles. Our results demonstrate that the

examination of the lumbar paraspinal muscles cannot

identify a specific level of lumbar radiculopathy. The

widespread innervation respectively denervation must be

taken into account in the valuation of electromyography of

the paraspinal muscles in the consideration of differential

diagnosis.
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