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The diagnosis “herniated disc” is based primarily on the presence 
of symptoms and signs caused by the hernia pressing on a nerve root. 
The symptoms and signs vary according to the nerve root affected, or, 
in other words, according to the level of the hernia. The level is mainly 
diagnosed by clinical neurological examination, and, if the results of 
this examination for some reason are doubtful, such as when the 
symptoms suggest compression of two nerve roots, or if no neuro- 
logical signs are demonstrable, the level may be diagnosed by myelo- 
graphy. In recent years a third diagnostic method has become available, 
namely the electromyography. 

The application of electromyography in human neurological dis- 
orders was described in 1938 by Denny-Brown and Pennybacker. 
Among the first to report the use of electromyography in the diagnosis 
of intervertebral nerve root pressure were Shea, Woods and Werden 
(1950). They showed that of 60 operated lumbar disc herniations, 
electromyography had proved the diagnosis in 90 per cent and had 
failed in 10 per cent. Myelography was done in 55 cases with a correct 
diagnosis in 87.3 per cent. The same authors published (1956) a larger 
material : 354 cases with a correct electromyographic diagnosis in 
91.8 per cent. Myelography was performed in 287 cases with a correct 
diagnosis in 79.7 per cent. Marinacci (1955) reported 71 cases of 
lumbosacral herniations of the intervertebral disc in which the electro- 
myographic findings agreed with the operative findings in 94.3 per 
cent. He also described 57 cases of herniations of the disc between the 
4th and 5th lumbar vertebrae in which electromyography had shown 
the exact location of the lesion in 92.9 per cent. None of these authors 

(Lecture at American College of Surgeons’ Meeting, Stockholm July 1968). 
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A t  Rest 

Denervation 
Normal Fibrillation Sharp waves 

During Voluntary Effort  

Normal Fibrillation Polyphasic 
Motor unit Voltages Motor unit 

Fig.  I .  
Elcctromyograms, showing characteristic voltages of normal and 

denervated voluntary muscle. 

draw comparisons with the clinical neurological findings. Myelography 
is not done routinely but only in part of the cases. Nor are the incorrect 
electromyograms discussed. 

The clinical electromyograph is an instrument containing a high 
gain, low noise, balanced amplified system, driving a cathode ray 
oscilloscope and a loud speaker. Connected to this system are needle 
electrodes, which are inserted directly into the muscle fibers to be 
tested. The examinations are conducted in a darkened room, so as 
better to visualize the wave forms on the oscilloscope screen. The 
patient is placed on an examination table in a comfortable position, 
no premedication is given. The skin is prepared with an antiseptic, 
and the needle electrodes are inserted into the muscle to be tested. 

When a normal muscle a t  rest is tested by electromyography (EMG) 
no electrical activity is recorded visually or acoustically. If, however, 
a skeletal muscle has been denervated for example by compression of 
the spinal nerve root innervating that muscle, abnormal action poten- 
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tials are observed. Approximately three weeks after a nerve root has 
been injured, a physiological phenomenon known as fibrillation oc- 
curs in the resting muscle. These spontaneous abnormal action poten- 
tials are visualized in the cathode ray oscilloscope as monophasic and 
diphasic spikes or as sharp waves. They recur rhythmically. In addi- 
tion to the unmistakable wave forms seen on the screen, there is a 
characteristic high-pitched, clicking sound which is heard through the 
loud speaker. 

Muscles I Myotome 

Quadriceps femoris 
Tibialis anterior The L IV-myotome 
Erector spinae (at the level of L IV-L V vertebrae) 

Tibialis anterior 
Extensor hallucis and digitorum longus 
Lateral head of gastrocnemius 
The peronealgroup 
Hamstrings 
Tensor fascia lata 
Gluteus medius 
Erector spinae (at the level of the lumbosacral interspace) 

The L V-myotome 

Medial head of gastrocnemius 
Soleus 
Hamstrings The S I-myotome 
Gluteus maximus 
Erector spinae (at the level of S I-S I1 vertebrae) 

Fig. 2. 
The myotomes. 

With active contraction a normally innervated muscle will yield a 
simple wave (monophasic, diphasic, triphasic). This apparently results 
from the synchronous contraction of the motor unit. A degenerated 
muscle on the contrary will contract in an asynchronous manner and 
thereby produce an unmistakable polyphasic, or complex wave. Waves 
of this form produce a characteristic sound resembling the strained, 
chugging sound of an old four-cylinder automobile engine. 

The basis of the electromyographic localization of a single nerve root 
lesion is the finding of dlnervation fibrillation in those muscles sup- 
plied specifically by the nerve root involved and in no other muscles. 
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An isolated muscle may have multiple nerve root innervation, it will, 
however, show denervation fibrillation only together with those other 
muscles that are innervated by the same compressed nerve root. This 
group of muscles is called a myotome. It  is thus necessary to test the 
entire myotome. 

Electromyographic Localization of Lesions of Lumbosacral Nerve Roots. 
~ ~~~ ~ 

Location of lesion as 
indicated by degree of dener- 

va tion B bri Ila t ion 
Hoot I Muscles tested 

L IV 

.................... Quadriceps femoris L IV +++ 
Tibialis anterior ........................ L 1V. L V  ++ 
Extensor hallucis long. 
Peroneus long. L IV, L V + 
Lateral head of gastrocnemius ..... 
Medial head of gastrocnemius ..... (L V), S 1 - 
Soleus - ...................................... S I 

........................... 
- LV, (S  I )  

- ++ 
(+) +++ +++ 

+++ ( + I  

- 

Fig. 3. 
Electromyographic Localization of Lesions of L IV-, L V- and S I-Nerve Roots. 

To illustrate this, let us assume that the first sacral nerve root is 
compressed by a herniated disc. The needle electrode is placed suc- 
cessively into the quadriceps femoris (L  IV) and no evidence of dener- 
vation is found. Progressing, the tibialis anticus . ( L  IV, L V )  is tested 
and again no denervation fibrillation voltages are picked up. However, 
in the gastrocnemius (L  V. S I )  numerous denervation fibrillation vol- 
tages are demonstrated. Similarly in the soleus ( S  I, S 11) the EMG 
reveals evidence of denervation. Since we have demonstrated that the 
muscles supplied by the 4th and 5th lumbar nerve root are not in- 
volved, whereas the muscles partially innervated by S I are, the lesion 
must be compressing this root. Finally, denervation is found in the 
erector spinae thus proving that the root and not a portion of the 
lumbosacral plexus is implicated. 

A t  the Department of Orthopaedics, Lund, EMG has now been used 
routinely in the examination of patients with herniated intervertebral 
disc since the first of January 1958. Electromyographic examination 
is made independently and without previous knowledge of the clinical 
or myelographic diagnosis. In other words the decision of the electro- 
myographer is not influenced by previous diagnostic procedures. The 
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clinical neurologic, myelographic and electromyographic signs are 
then compared with the operative findings. 

In 24 patients with lumbosacral disc herniation the electromyogram 
was correct in all the 24 cases and myelography was correct only in 
14 of the cases, and among the neurological signs the Achilles tendon 
reflex was weak or absent in 18 cases. 

EMG Myelography Neurological signs 
Herniated or protruded disc 
hund between: C o r  Incor Cor- Incor- C o r  Mlslea- Norma, 1 rect I rect 1 rect I rect 1 rect I ding I 
L V - S I  .................... 24 - 14 10 18 4 2 
L I V - L V  ................. 2 1  4' 26 4 18 6 I 
L 111- L IV ............... 1 1 1 
No herniation found 

- - - - 

at  operation ........... 3 1 4 1 3 See - 
correct 

Total ........................ 55 5 45 14 38 13 9 

3 of the incorrect electromyograms showed denervation of the S I-myotome. In 
all these 3 cases a herniation was found between L IV- L V vertebrae but it was the 
S I-nerve root that was affected. 

1 of the incorrect clectromyograms did not show any dcnervation but in this case 
the patient had had symptoms only 10 days. 

Fig. 4. 
Comparison of Electromyographic, Myelographic, Neurological and 

Operative findings. 

In 31 cases of intervertebral disc herniation between the 4th and 5th 
lumbar vertebrae I found a correct elcctromyogram in 27 cases, but 
an incorrect one in 4 cases. Myelography had demonstrated herniation 
between the 4th and 5th lumbar vertebrae in 26 of 30 cases but missed 
in 4. Myelography was not done in one case. In 18 out of 31 cases 
I found among the neurological-signs a paresis of the great toe. Now 
to the 4 incorrect electromyograms : 

In 3 of the incorrect cases, the electromyogram suggested involve- 
ment of the first sacral nerve root, whereas myelograms as well as the 
operative findings showed the compressive lesion to be at  the level of 
the 4th lumbar intervertebral space. On reviewing the myelographic 
and the operative observation, a fairly obvious reason was found for 
the false anatomic localization by the EMG. In these cases the lesion 
was a herniated nucleus pulposus which had protruded medially and 
inferiorly at the 4th lumbar space without involving the 5th nerve 
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root, but actually compressing the first sacral nerve root. The EMG, 
then correctly localized the involved nerve root, but the compression 
instead of being at  the lumbosacral space was actually at  the 4th 
lumbar interspace. Therefore, when the EMG shows the first sacral 
nerve root to be involved, the surgeon must bear in mind that the lesion 
may be situated either in some few cases medially, at the 4th lumbar 
interspace, or laterally at  the lumbosacral space. 

L LP-root 

L P-root 

Fig.  5. 
Diagram showing how a medially and inferiorly herniated nucleus pulposus at the 

fourth lumbar interspace may compress the first sacral nerve root. 

The fourth of the incorrect electromyograms did not show any 
denervation, but in this case the patient had had symptoms only 10 
days. The EMG did not turn positive until after about 21 days. 

One patient had a herniated disc between the 3rd and 4th lumbar 
vertebrae. In this case I found a correct EMG and myelography and 
a weakness in the patellar reflex, too. 
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In 4 cases no herniation was found at the operation. Here EMG was 
correct, it means negative, in 3 of the cases. In the 4th case EMG showed 
denervation of the first sacral myotome. The patient has been followed- 
up and has been found to have been definitely relieved of his sciatic 
pain. This would seem to indicate that root compression had actually 
existed (as shown by the electromyogram alone) and was relieved by a 
simple laminectomy with decompression of the nerve root. 

In all the 4 patients explored the myelograms were negative. The 
neurological examination was misleading in 3 of the 4 cases, but cor- 
rect in one. 

Finally, a few interesting cases. 

Case 1. A 36-year-old male had since 1955 attended three other hospitals because 
of “back trouble” and left sciatica. Neurological examination was not convincing. 
Myelography was reported to be negative and the patient was considered hysterical. 
Neurological examination at  the Orthopaedic Clinic in Lund was normal and so was 
the myelography too. An EMG was done and revealed severe left lirst sacral root 
involvement. Operation confirmed a protruded lumbosacral disc and the first sacral 
nerve root was found to be greatly enlarged. The patient recovered and returned to 
work. 

Case 57. A 50-year-old male, who had been diagnosed elsewhere as hysterical, 
came to  the Orthopaedic Clinic in Lund because of radiating pain into the left leg 
and great toe. Lasbgue’s sign was positive at  90”. Neurological examination was nor- 
mal. Myelography was essentially negative. (Perhaps an enlarged S I-nerve root). 
An EMG revealed denervation fibrillation of the 5th lumbar myotome. Operation 
revealed a large lateral herniation in the space between the 4th and 5th lumhar 
vertebrae. Now the patient is free from pain. 

Case 5. A 36-year-old male was operated upon 6/11 1957, when a large herniation 
of the disc (2.2 ml.) was found between the 4th and 5th lumbar vertebrae. The pa- 
tient, however, was not relieved of his radiating pains and he came back to the 
hospital in January 1958. Neurological examination showed the same situation 
as before the first operation, namely: a paresis in the great toe, Lasbgue’s sign 50”. 
Myelography was negative. EMG showed denervation fibrillation in  both the L V- 
and S I-myotomes. A new operation revealed a herniated disc (0.6 ml) in the lumbo- 
sacral space and since its removal the patient has been free of pain. 

The electromyogram is of real value in substantiating or eliminating 
suspected root compression syndrome. In the cases just described, the 
patients were not only given proper treatment, but the suspected dia- 
gnosis of hysteria or malingering wa8 excluded, I believe that when the 
clinical findings are uncertain, electromyography should be done be- 
fore submitting the patient to myelography. Electromyography, how- 
ever, is not necessary when the clinical findings give a clear-cut dia- 
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gnosis, but it has been found to be of definite value for excluding the 
possibility of root compression if the myelogram is negative. In acute, 
severe intervertebral disc herniations EMG is of no value. It is often 
impossible to wait three weeks before instituting treatment. 

S U M M A R Y  

The author reports the method of electromyography as an aid in the 
diagnosis of lumbar disc herniations. 

In an analysis of the electromyographic, clinical, myelographic and 
operative findings in a series of 60 patients operated upon at the De- 
partment of Orthopaedics, University Hospital, Lund, the following 
observations of interest were made. 

In 24 patients with lumbosacral disc herniation the electromyogram 
was correct in all the 24 cases and myelography was correct only in 
14 of the cases and the Achilles tendon reflex was weak or absent in 
18 cases. 

In 31 cases of intervertebral disc herniation between the 4th and 5th 
lumbar vertebrae the author found a correct electromyogram in 27 
cases but an incorrect one in 4 cases. Myelography had demonstrated 
herniation between the 4th and 5th lumbar vertebrae in 26 of 30 cases 
but missed in 4. (Myelography was not done in one case). A paresis 
of the great toe was found in 18 out of the 31 cases. The 4 “incorrect” 
electromyograms are discussed and a fairly obvious reason for them is 
given. 

A few interesting cases are reported. 

R E S U M E  

L’auteur rapporte la mCthode de l’klectromyographie comme une 
aide dans le diagnostic de la hernie discale lombaire. 

Dans I’analyse des trouvailles Clectromyographiques et opkratoires 
chez une sCrie de 60 malades opCrCs B la Clinique d’OrthopCdie de 
l’H6pital de 1’UniversitC de Lund, les observations suivantes prksentant 
de l’intCr&t ont CtC faites: 

Chez 24 malades souffrant de hernie discale lombo-sacrCe, I’Clectro- 
myogramme Ctait correct dans tous les 24 cas et la myClographie n’Ctait 
correcte que dans 14 de ces cas, le rCflexe achillben Ctant faible ou 
aboli dans 18 cas. 

Dan’s 31 cas de hernie discale intervertkbrale entre les 4bme et 5bme 
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vertbbres lombaires, l'auteur a trouvC un Clectromyogramme correct 
dans 27 cas et incorrect dans 4 cas. Le myClogramme a dCcelC la hernie 
entre la 48me et la 58me vert8bre lombaire dans 26 cas sur 30, mais a 
fait dCfaut dans 4. (I1 n'a pas 6th pratiqut! de myClogramme dans un 
cas). Une parCsie du gros orteil a CtC trouvCe dans 18 cas sur 31. Les 
quatre Clectromyogrammes a incorrects B sont discutbs ; une explication 
paraissant plausible est donnke. 

L'auteur rapporte quelques cas inthressants. 

Z U S A M M E N F A S S U N G  

Der Verfasser berichtet uber die Methode der Elektromyographie als 
cin Hilfsmittel in der Diagnose des Vorfalles von Lendenwirbel- 
zwischenscheiben. 

Die Analyse der elektromyographischen und operativen Befunde in 
einer Reihe von 60 Patienten, die an der orthopedischen Abteilung des 
Universitetskrankenhauses in Lund operiert wurden ergab die folgen- 
den interessanten Beobachtungen. 

Bei 24 Patienten mit lumbosakralem Scheibenvorfall war das Elek- 
tromyogram in allen 24 Fallen richtig und die Myelographie nur in 14 
der Falle, wahrend der Achillessehnenreflex in 18 Fallen geschwacht 
oder abwesend war. 

In  31 Fallen von Scheibenvorfall zwischen dem 4. und 5. Lenden- 
wirbel fand der Verfasser ein richtiges Elektromyogram in 27 Fallen, 
ein unkorrektes jedoch in 4 Fallen. Das Myelogram hatte einen Vorfall 
zwischen dem 4. und 5. Lendenwirbel in 26 von 30 Fallen aufgezeigt, 
hatte aber in 4 Fallen versagt. (In einem Falle wurde keine Myelo- 
graphie vorgenommen). Eine Parese der Grosszehe wurde in 18 von 
31 Fallen gefunden. Die vier ,,fehlerhaften" Elektromyogramme werden 
besprochen und eine ziehmlich naheliegende Erklarung fur ihr Ent- 
stehen wird gegeben. 

Einige interessante Falle werden berichtet. 
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