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Chapter |
INTRODUCTION

Occasionally clinical-neurological as well as myelographic
examination will fail to indicate the level of lumbar root com-
pression. There is, however, a third method which has not
been widely used for this purpose, namely, electromyography.

After perusal of the literature on the clinical application
of electromyography in lumbar nerve root compression syn-
drome, the present investigation was started, the purposes of
which were to find answers to the following questions:

1) To what extent can electromyography be utilized in the
investigation of the level of lumbar root compression syn-
drome?

2) To what extent do denervation potentials persist post-
operatively? (Can the method be used for recurrences?)

In the investigation patients with sciatica were examined:

1) electromyographically by the author personally who had
no knowledge of the patient’s history or clinical findings;

2} clinically-neurologically by the author personally;

3) myelographically (Abrodil) at the Roentgen Department
IT, University Hospital, Lund;

4) electromyographically and clinically-neurologically 1 year
after the operation.



Chapter Il
HISTORICAL REVIEW

Sciatica — formerly a syndrome of unknown aetiology —
has aroused the interest of research workers for almost two
centuries, and each generation of investigators has added to
our knowledge in this field.

The first to describe sciatica as a disease was COTUNNIUS
(1764). He distinguished 3 types of the disease, namely, ar-
thritic sciatica, in which pain was limited to the hip joint,
nervous posterior and anterior sciatica, in which pain was con-
fined to the posterior and anterior parts, respectively, of the
leg. He described muscular atrophy and ascribed the symptoms
to neuritis with oedema of the nerve sheath and consequent
compression of the nerve. He drew attention to the neural
origin of the disease, which distinguished it clearly from joint
pain.

A hundred years later (1864) LASEGUE described his now
well-known leg raising test.

40 years later (1904) the Frenchmen LORTAT-JACOB and
SABAREANU showed that in certain cases of sciatica: “sensory
disturbances presented a segmentary distribution”, and they in-
troduced the term “sciatique radiculaire”, which gained a firm
footing by the work of DEJERINE (1916). Reports on the fre-
quency of radicular sciatica in relation to sciatica in general
vary. DEJERINE & REGNARD (1912) regarded the form as very
common. WERTHEIM-SALOMONSON (1911) belived that two
thirds of all cases of sciatica were of radicular type and LARI
& SCHAEFFER (1916) expressed the view that sciatica is most
commonly of radicular origin. STURSBERG (1910) propounded
that radicular sciatica was a correct diagnosis if sensibility
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disorders of segmentary types could be demonstrated and that
a probable diagnosis could be made if other symptoms were
found, such as muscular atrophy, weakness of certain muscle
groups, etc.

The aetiology of sciatica has been the subject of much spe-
culation, and it was not until 1934 that MIXTER & BARR
showed that root compression due to disk herniation in the
lumbar region was the commonest cause of sciatica.

Many years previously, however, cases of intraspinal disk
herniation had been published, but they had fallen into ob-
livion. For example, KEY (1838) reported a case of intraspinal
disk herniation from the 11th thoracic interspace; the disease
resulted in paraplegia and death. LUscCHEA (1858) presented 2
cases of intraspinal disk herniation and demonstrated their
relation to nucleus pulposus. This herniation produced no
symptoms, but LUSCHKA claimed that if these formations had
grown, they could have caused pressure of the spinal cord.

But, as mentioned, LUSCHKA’s observation passed unnoticed
or into oblivion because with advances in intraspinal surgery
these symptomatic disk herniations became accessible to op-
eration and they were then regarded as tumours of the inter-
vertebral disk. They were usually classified as chondroma or
fibrochondroma (OPPENHEIM & KRAUSE (1909), ApsoN & OTT
(1922), ELSBERG (1925), ALAJOUANINE & PETIT-DUTAILLIS
(1929), Bucy (1930)).

The first to report a case of traumatic dislocation of an in-
tervertebral disk was KOCHER (1896). A 26-year old man had
fallen from a height of 100 feet in a standing position. At
autopsy the disk between LI and LII showed a large bulge, but
no vertebral fracture was demonstrable. KOCHER believed the
change to be due not to protrusion but to proliferation.

In 1911 MIDDLETON & TEACHER described a case. A 38-year
old man felt something snap in the back when lifting a heavy
weight. Local pain and paraplegia of the legs developed during
the following night. The patient died 16 days later from urinary
tract infection. Post mortem examination showed retropulsion
of the disk between the 12th thoracic and 1st lumbar vertebrae



10

in the spinal canal. “The mass was white and firm and par-
ticularly resembled the central part of the intervertebral disk.”

The same year (1911) GOLDTHWAIT published a paper in
which he tried to find a relationship between sciatica and
lumbosacral anomalies, sacralization, lumbalization, spina bi-
fida and with the development of irregularities on the small
joint surfaces of the arches. He soon discovered, however, that
many patients with congenital anomalies had not sciatica.
GoLDTEWAIT concluded that subluxation of Iumbosacral
joints was the commonest cause of sciatica.

In 1916 ELSBERG described extradural chondromata in the
spinal canal, and in 1925 he reported 3 cases of extradural
chondromas that he had operated upon. The patients had been
treated for several years for sciatica. Atrophy of the bone
musculature, paresis of the peroneus and weakness of the
dorsal flexion of the foot were noted.

In 1927 ScEMORL described “Knorpelknétchen”: ruptures of
the nucleus pulposus into the spongiosa. 2 years later SCHMORL
& ANDRAE described also “hintere Knorpelknétchen”: ruptures
of the nucleus pulposus into the spinal canal. They did not,
however, believe these changes to be of clinical importance.
In 1932 ScHMORL & JUNGHANS assumed that ruptures might
cause compression of the spinal cord if the ruptures assumed
considerable dimensions.

Some authors felt that an affection of the musculature might
be the primary disorder responsible for sciatica, e.g., PETREN
(1908). This opinion had been propounded earlier by HELLE-
DAY (1876) in his paper: “On myitis chronica.” PETREN sug-
gested that particularly m. piriformis, because of its close re-
lationship to the nerve trunk, might be capable of affecting
the nerve. Several other authors have described this muscle as a
possible cause of sciatica (FREIBERG & VINKE (1934), FREIBERG
(1937), BEATON & ANsoM {1938), HAGGART (1938}).

In 1920 HELWEG postulated that the pathological-anatomical
cause of the disease was myopathia, probably of ischaemic
origin due to muscular hyperfunction. INGVAR (1936) shared
his view. LINDSTEDT (1920, 1922, 1937) inclined to the view
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that sciatica was neuralgia due to chronic irritation, e.g., mus-
cular hyperfunction. ARERBLOM (1908) more or less shared
LINDSTEDT’s opinion.

The theoretical speculations on the aetiology of sciatica also
included the doctrine of the viscerosensory reflex (MACKENZIE
1893). According to that theory sciatic pain is a sort of “re-
ferred pain” (KELLGREN (1938), LEwis (1942)) from patho-
logical changes in various joints in the lumbosacral region or
from the surroundings of the joints (LJUNGDAHL (1919), SMITH-
PETERSEN & ROGER (1926), BURT (1934), WAGNER (1935),
PITRIN & PHEASANT (1936), BROCHER (1936), KIMBERLEY
(1937), BADGLEY (1937, 1941), STAINDLER (1940), SCHOBER
(1940)). -

CrAIG & WALSH (1941) claimed: “While it is probably true
that reflex pain exists in the leg, still, with our present know-
ledge, it is difficult to estimate its frequency, and an intraspinal
affection certainly must be excluded before the deduction can
be made that the patient’s pain is reflectory.” Even though a
number of sciatic symptoms can be explained by a referred
mechanism such as muscle tenderness, it is, of course, difficult
to explain the neural loss symptoms. Some of the above men-
tioned authors (BURT, BADGLEY, STAINDLER) are also of the
opinion that in those cases where neural loss symptoms are
demonstrable, this loss might suggest injury of a nerve root.

Anomalies and pathological changes in the sacro-iliac joints
and in the lumbosacral region have been held responsible for
sciatica particularly by orthopaedic surgeons. FRIBERG (1941)
reviewed papers by various authors in this field. Arthritic
changes in the sacro-iliac joints were regarded by many
authors as being capable of compressing the lumbosacral cord.
(GoLDTHWAIT & OscooD (1905), ROGERs (1911), YEOMAN
(1928), KLEINBERG (1929), SASHIN (1930)), but changes in the
lumbosacral region were also held responsible for sciatic pain
by the pressure they exerted on different nerve roots. (BAUMAN
(1924), DANFORTH & WILSON (1925), KLEINBERG (1929}, AYERS
(1929), Hises & SwiFT (1929), WiLLiAMS (1932), GHORMLEY
(1933), SMITH (1934), KIMBERLEY (1937), MAYERDING (1938)).
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As known, sciatica has often been ascribed to a radicular
affection (LORTAT-JACOB (1904)). SICARD (1918) felt that the
site of affection of the roots is situated peripheral to the spinal
ganglion and is due to changes in the intervertebral foramen,
which by pressure against the spinal nerve gives rise to sciatica.
He called this form of sciatica “sciatique funiculaire”, and
ROGER (1930) felt that this form of sciatica is the commonest
and that changes in the intervertebral foramen are of rheu-
matic origin.

FOERSTER (1936) also expressed the view that some cases of
sciatica may be due to arthritic changes in the intervertebral
foramen between the 5th lumbar vertebrae and the sacrum.
This view has been shared by Heuman (1920) in Sweden.
PuTTi (1927) shared SICARD’s view that sciatica is a form of
vertebral arthritis. SicArRD (1918) claimed that the common
form of sciatica is funiculitis in which the IIlrd and IVth and
Vth lumbar and Ist sacral roots were affected while lumbago
is a funiculitis in which the IInd, IIlrd and IVth lumbar roots
were involved. This relation between sciatica and lumbago has
been discussed earlier by ROMBERG (1853) and GOWERS (1892)
and particularly by GArRA (1907) who also stressed that ten-
derness to pressure over the spinal process of the last lumbar
vertebra is a common symptom of sciatica (even in such cases
in which sciatica is not preceded by lumbago). He regarded
this symptom as a support for the opinion that sciatica is a
root affection. In Sweden LINDSTEDT (1922) clearly showed
the relationship between sciatica and lumbago.

In 1925 DANFORTH & WILSON claimed on the basis of a
clinical and anatomical investigation that sciatic pain is a
symptom of injury to the lower lumbar region, commonly
localized to the junction between LV and sacrum, and that the
LV root is the one primarily involved.

In 1931 STENSTROM performed a clinical analysis of so-
called neuritic symptoms in sciatica and arrived at the con-
clusion that in a fair number of cases of sciatica there was
nerve injury apparently localized to the spinal nerves at the
very site where they enter the sacral plexus. He felt that it
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was not certain whether this form of sciatica could be distin-
guished pathogenetically from other forms of the disease.

ERvALL (1939) discovered the neuritic symptom in 90 %
of his cases and stressed the importance of careful neurological
examination. He believed that the site af attack was radicular,

After MIXTER & BARR’s (1934) renowned work had been
published many other series of operated disk herniations were
reported. BARR, HAMPTON & MIXTER published (1937) 58 cases
and LoveE & WaLsH 100 cases the following year. In 1940
LovE & WALSH reported on 500 cases and stated that 96 %
of the disk herniations were situated in the lower lumbar
region. In 1947 LOVE extended his operated material to 1217
cases. LOVE published other series together with Camp (1937)
and WALSH published together with CRAIG (1941). Among other
American investigators who have collected operated cases,
mention might be made of: DANDY, NAFZIGER, INMAN & SAUN-
DERS, BRADFORD & SPURLING, SPURLING & BRADFORD, SPURLING
& GRANTHAM.

Large series of operated cases were also collected in Europe
(BuscH & CHRISTENSEN, PENNYBACKER, DE SEZE, O’CONNEL,
FRIBERG, SJOQVIST, MALMROS, WIBERG, NORLEN, WARIS,
Rovia, KNUTSSON & WIBERG, HANRAETZ).

Of these, NAFZIGER et al. (1938) showed that ligamentum
flavum might also be the cause of root compression, a view
shared by other neurosurgeons (BARR, MALMROS). Other
authors who have found a thickening of the ligamentum flav-
um to be a cause of compression are ELSBERG, FLORES, TOWNE
& REICHERT, PUUSEPP, ABBOT, SPURLING, MAYFIELD & ROGERS,
BROWN, BRADFORD & SPURLING and LOVE. In 1940 PENNY-
BACKER stressed that certain myelographic findings may be
explained by hypertrophy of the ligament, but he never found
any such case in which the sciatic syndrome could be ascribed
entirely to hypertrophy of the ligament. It was soon realized
that in some cases of sciatica operated upon, no disk hernia-
tion could be found at operation. In Sweden it was, in parti-
cular, FRIBERG (1941) and LiNnpDBLOM (1941) who by anato-
mical examinations demonstrated that root compression might
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be situated in the intervertebral foramen. Similar opinions
have been expressed by, inter alia, BRADFORD & SPURLING
(1939) and O’CONNEL (1943).

According to BARR & MIXTER (1941) it is extremely difficult
to ascertain preoperatively the level of a disk herniation with
certainity, and no method for this is available. MALMROS (1942)
expressed the same view. According to SyOQVIST (1942), cli-
nical localization of a herniation between LV and SI is possible
under certain circumstances. Like SPURLING & GRANTHAM
(1940) he based his opinion on demonsirable weakness of the
Achilles tendon reflex, but he also described the value of pain
projection in the localization of a disk herniation. SPURLING,
BRADFORD & GRANTHAM propounded that myelography is not
necessary in indicating the level of disk lesions. Craic &
WALSH (1941), on the other hand, stressed that reliable cli-
nical localization is not possible.

Much work has been done to devise a reliable clinical
method for localizing disk herniation, i.e., to find the right in-
tervertebral space involved. It was mainly NORLEN, who by
his excellent work in 1944, cleared the compression syndrome
of the IVth and Vth lumbar and Ist sacral roots.

The surgical technique and methods have been devised
mainly along lines laid down by MIXTER & BARR and experts
in America (LOVE), and, particularly, in Scandinavia (FRIBERG,
OLIVECRONA, MALMROS, S10QVIST, HIRSCH).

Myelography has become of considerable value in locating
the level of disk herniation. In the beginning, air was used as
contrast medium. It was introduced by DANDY in 1918. In 1938
YouNG & ScoTT reported that they had used air myelography
for diagnosing disk herniation and that 4 cases diagnosed in
this way were confirmed at operation. CHAMBERLAIN & YOUNG
(1939) used oxygen instead of air (more readily re-absorbed).
Busn, who had experimented with air myelography in 1935,
published his over-pressure method in 1940. Of Scandinavian
investigators who have published works on air myelography,
mention might be made of LINDGREN, ANDERSEN & SCHROM,
REFSLUND POULSEN, LAssiLA. Positive contrast medium in
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the form of “iodized oil” was frequenily used after a publica-
tion by SICARD & FORESTIER (1921). The preparations used
were Lipiodol, Jodipin and Immertal. These contrast media,
however, were found to have side effects: They produced dis-
comfort; signs of meningeal inflammation, such as headache,
vomiting, pain and stiffness of the neck and back, was a com-
mon untoward reaction. 'These preparations were not absorb-
able. The side effects they produced have been described by
ODIN, RUNSTROM & LINDBLOM (1929) and others. Pantopaque
(ethyl iodophenylundecylate) is successively absorbed from
the spinal canal and has been widely used in the USA (ScoTT
& FurLow (1944)).

Thorotrast (thorium dioxide) has been used experimentally
as a contrast medium by NicoorLs & Nosic (1940) and BunTs
(1941) in the USA and by LEKSELL (1943) in Sweden. The
roentgenograms obtained with this contrast medium were
better than those produced with air or iodized oil as a contrast
medinm. The root pockets were brought out more distinctly.
A few reports on thorotrast had been published previously by
Rapovici & MELLER (1932), CAPUA (1933), LUCHERINI (1934),
JAcoBI, LOHR & WUSTMAN (1934)).

However, thorotrast did not find wide use because of its un-
absorbability.

Because of the above mentioned side effects, further con-
trast media were ftried, and in 1931 ARNELL & LIDSTROM
published the results of experiments with a new contrast me-
dium, Abrodil (sodium monoiodomethyl sulphonyl). This sub-
stance has been used most commonly for myelography (AR-
NELL, FELTSTROM, NORDENTOFT, LINDBLOM, JOHANSSON and
others).

In 1791 Luict GALVANI, a professor of anatomy, showed
that muscles contract when stimulated electrically and that an
electrical current is produced during muscular contraction.

Today, it is known that the current produced on muscle
contraction is the manifestation of a motor unit action po-
tential produced by volontary contraction.
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This was first recorded by DENNY-BROWN (1929) and the
same year by ADRIAN & BRONK, independently of one another.
Later, further observations were made of the muscle action
potentials by ECCLES & SHERINGTON (1930), CLARK (1931),
LINDSLEY (1935) and HOEFER & PuTNaM (1939).

The use of electromyography in the diagnosis of patho-
logical changes in human beings was decribed in 1938 by
DENNY-BROWN & PENNYBACKER. The clinical use of the method
is based to a large extent on the discovery of the denervation
fibrillations. The first to observe fibrillations in denervated
muscle was SCHIFF (1851). After having excised the n. hypo-
glossus on dogs, he observed 5 days later fibrillations in the
affected muscle. He believed the fibrillations observed in the
denervated muscle to be due to muscular activity and to de-
generation of the nerve.

Denervation-fibrillations were rediscovered by LANGLEY &
Kato (1915).

The first clinical observations were made by PROEBSTER
(1928), who described denervation-fibrillations which he had
recorded from an affected muscle in a 13-year old boy with
injury to the plexus brachialis. He observed that these fibril-
lations did not occur in normal muscle on the opposite side. He
also described denervation potentials from patients with polio-
myelitis.

Later investigations of denervation fibrillations have been
performed by BROwN (1937), DENNY-BROWN & PENNYBACKER
(1938), HOEFER & Purnam (1939).

WEDDELL, FEINSTEIN & PATTLE (1944) observed that fibril-
lations occurred in human beings 18—21 days after the dener-
vation.

These studies led to investigations with electromyography of
the lower motor neuron disease. GOLSETH & FIzzELL (1947),
JASPER & JOHNSTON (1945), JASPER (1945) and LOOFBOURROW
(1948) demonstrated that electromyography can record the
electric abnormalities accompanying lower neuron disease.
The clinical use of the method as the diagnostic tool in the
investigation of neurological diseases has been stressed by
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HOEFER & GUTTMAN (1944), BRAZZIER, WATKINS & MICHELSEN
(1946), KUGELBERG (1947) and HUDDLESTON & GOLSETH
(1948).

It is BucHTHAL who must be credited most with the devel-
opment of electromyography and the range of application of
the method. Together with his co-workers BUCHTHAL has
published numerous papers in this field.

Concerning electromyography as a diagnostic adjunct in
lumbar nerve root compression, the reader is referred to chapt.
111, subheading “Electromyographic findings”. Of authors,
who have published works in this field mention might be made
of SHEA, WoobDs & WERDEN (1950), GOLSETH (1950), VON
HAGEN (1955), MARINACCI (1954, 1955, 1958), SHEA & WOODS
(1955, 1956), CrRUE; PUDENZ & SHELDEN (1957), BONNER &
SceMIDT (1957), MENDELSOHN & SoLA (1958) and KNUTSSON
(1958).



Chapter lll
MATERIAL

Classification

The material consisted of 205 patients (124 males [60.49 %]
and 81 females [39.51 %]) operated upon for herniated inter-
vertebral disks at the Orthopedic Department, University Hos-
pital of Lund, during the years 1958 and 1959. One of the pa-
tients was operated upon twice.

(During the above mentioned 2 years a total of 227 opera-
tions were performed for intervertebral disk herniation (115
in 1958 and 112 in 1959). In 13 of these cases electromyography
was not done owing to the absence of the author at the time of
admission of these patients to the Department. In a further 8
cases myelography was not performed, so that the number of
patients submitted to clinical examination and myelography
as well as electromyography was reduced to 205, including the
patient operated upon twice, thus bringing the number of
operations up to 206.)

The material was divided into 2 groups:

Group 1. — This group consisted of 182 patients, who had
not been operated upon previously.

Group 2. — This group consisted of 23 patients, who had
been operated upon previously. One of the patients was ope-
rated upon twice.

The operative findings made in the 182 patients in group 1
were as follows:

Findings Total Males Females
a) disk herniation between LV and SI 60 36 24
b) disk herniation between LV and LVI 1 1 —
¢) disk herniation between LIV and LV 74 46 28
d) disk herniation between LIII and LIV 2 1 1
e} protrusion between LV and SI 11 6 5
f) protrusion between LIV and LV 14 7 7
g} “negative” 20 13 7
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Group 2 consisted of 23 patients operated upon a total of
24 times for disk herniation, and the operative findings are

given below:

Findings Total

a) herniation between LV and SI
) herniation between LIV and LV
¢) herniation between LIII and LIV
) protrusion between LV and SI
e) protrusion between LIV and LV
) protrusion between LIII and LIV
g} adhesions between LV and SI
h) adhesions beiween LIV and LV
i) adhesions between LV and SI and
LIV and LV
j) “negative”

6

N QO =i b QO

[

Males Females
5 1
3 1

— 1
1 2
—_— 1
1 —
— 3
9 —
2 —
1 —

Of the 20 patients, in whom the operative findings were
“negative” (group 1, subheading g), there were 7 with osteo-
phytes, which thus provided a satisfactory explanation for the
root symptoms, in 1 the space was narrow and 4 had pro-
nounced varices. In the remaining 8 cases exploration revealed
no signs at all of a pathological condition.

A comparison of these operative findings with those re-
ported by earlier investigators is given below:

Intervertebral disk herniation

1941 FRIBERG 76 %
1942 MALMROS 8 %
1944 SHINNERS & HAMBY 83 %
1946 SENNING & SIGQVIST 77 %
1948 WaARIS 77 %
1961 Author’s group 1 75.3 %
1961 Author’s entire material 71.8 %

(44/58)
(100/118)
(116/140)
(309/403)
(289/374)
(137/182)
(148/206)

All disk lesions (protrusions included)

1941 FRIBERG 8 %
1942 MALMROS 8 %
1944 SHINNERS & HAMBY 8 %
1946 SENNING & SiOQVIST 8 %
1948 WaRIs 88 %
1961 Author’s group 1 89 %
1961 Author’s entire material 86.2 %

(51/58)
(100/118)
(116/140)
(342/403)
(330/374)
(162/182)
(178/206)
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Other probable causes of root compression

1941 FRIBERG 7 %  (4/58)
1942 MALMROS 13 % (15/118)
1946 SENNING & SJOQVIST 2 %  (8/403)
1948 WaARIS 4 % (16/374)
1961 Author’s group 1 6.6 % (12/182)
1961 Author’s entire material 92 % (19/206)

Negative findings

1941 FRIBERG 5 % (3/58)
1942 MALMROS 3 % (3/118)
1944 SHINNERS. & HaMBY 17 % (24/140)
1946 SENNING & SJOQVIST 13 % (53/403)
1948 WaARIS 4 % (16/374)
1961 Author’s group 1 44 %  (8/182)
1961 Author’s entire material 44 %  (9/206)

There is general agreement that the 2 lowest lumbar disks
are those most commonly herniated. This was also found in
the present material.

The cases are listed according to the side involved, below:

Group 1

Findings Males Females

a) 34 left-sided 22 12

26 right-sided 14 12

b) 1 right-sided 1 —

c) 46 left-sided 29 17

28 right-sided 17 11

d) 1 left-sided 1 —

1 right-sided — 1

e} 9 left-sided 6 3

2 right-sided 1 1

f) 9 left-sided 3 6

5 right-sided 4 1

g) 11 left-sided 7 4

9 right-sided 6 3
Total number of left-sided disk herniations 81:52 m., 29 f.
» » » Tright-sided ,, ” 56:32 m., 24 f.

' ' ,» left-sided protrusions 18:9 m., 9 f.
» ' ., right-sided ' 7:5 m., 2 f.
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Group 2

Findings Males Females
a) 3 left-sided 2 1

3 right-sided 3 —
b) 4 left-sided 3 1
c) 1 left-sided — 1
d) 2 left-sided 1 1

1 right-sided — 1
e) 1 left-sided — 1
f) 1 left-sided 1 —
g) 2 left-sided —

1 right-sided — 1
h) 2 left-sided 2 —
i) 2 right-sided 2 —
j) 1 right-sided 1 —_

Total number of left-sided disk herniations 8:5 m., 3 f.

. » ,, right-sided ,, . 3:3 m.
» » ,»» left-sided protrusions 4:2 m., 2 f.
» » ,, right-sided . 1:1 m.

» » »» left-sided adhesions 4:2 m., 2 f.
0 . ,» right-sided . 3:2m., 1f.

Of the 206 cases, the symptoms were left-sided in 111
(53.9 %) and right-sided in 75 (36.4 %), while in 20 (9.7 %)
- they were bilateral. Of these 20, the symptoms were predo-
minant on the left side in 15 and on the right side in 5. Thus,
the symptoms were predominant on the left side in 126
(61.2 %) and on the right side in 80 (38.8 %). As mentioned,
in the present material males were predominant (60.49 against
39.51 % females). This preponderance is in agreement with
that found in most previous series. [LOVE & WALSH (1940)
71 %, MALMROS (1942) 63 %, WARIs (1949) 72 %, Rovie
(1949) 70 %, BARR & MIXTER (1941) 78 % and FRIBERG (1941)
61.4 %.]

In the present material the left side was involved more fre-
quently than the right. This observation has also been made by
earlier authors. [MALMROS (1942) 62 %, YASKIN et al. (1944)
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TABLE 2
Duration of the symptoms
Less More
than 1-3 4—6 7—12 than
3 weaks months | months | months 1year
Disk herniation L. V=S§1 —_ 20 21 13 6
» » LV—LVI — 1 — — —
» »s LIV—-LYV 1 28 26 10 9
» s L III—L1V — 2 — — —
Protrusion L V—S 1 —_ 3 1 4 3
Protrusion L IV—LV — 2 4 6 2
Negative findings — 5 6 3 6
Group 2 1 5 9 6 3
Total | 2 66 | 67 42 29

58 %, PETITS-DUTAILLIS & DE SEZE (1945) 59 % and WARIS
(1949) 51 %. Rovic (1949}, however, found the disease to be
slightly more common on the right side (50 right-sided, 45
left-sided and 4 bilateral)].

As to the ratio between unilateral and bilateral projection of
pain, it was unilateral in 90.3 % of the present material and
bilateral in 9.7 %. A similar ratio was given by BRADFORD &
SPURLING (1945), namely, 8 % bilateral sciatica, while most
other authors give a somewhat higher figure for bilateral ra-
diation of pain, e.g., LOVE & WaLsH (1938) 16 %, BArr &
MIXTER (1941) 20 %, FRIBERG (1941) 22.7 % and MACEY
(1940) 12 %.

The age distribution of the material is given in Table 1, and
the duration of the symptoms in Table 2.

Projection of pain

Sciatic pain and its projection has been the subject of dis-
cussion by many authors.

In 1841 VALLEIX distinguished 2 types of sciatic pain, namely,
spontaneous and provoked. According to him, provoked pain
consisted of pain produced by compression of the nerve, for
example, cough and special bodily movements. Pain produced
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by cough and sneezing has proved useful in the diagnosis of
sciatica due to intervertebral disk herniation. These attacks of
pain are, however, of no value for locating the site of the disk
herniation and will therefore not be discussed in detail here.

According to SAHLGREN (1942), however, exaggerated hyper-
extension of the leg to produce Laségue’s sign can often cause
projection of pain, which may be of value in locating the disk
involved.

CoTuGNO described pain as being confined to the region of
the hip, whence it radiated down along the posterior aspect of
the thigh, the outer surface of the lower leg and down into the
foot. He added that if a patient were asked to indicate the site
of the pain, “he will trace the line of the sciatic nerve just as
exactly as the best anatomist”.

VALLEIX (1841) stressed that pain need not always extend
along the entire length of the nerve but may be confined to
shorter segments or, even isolated points.

HELWEG (1920) expressed the view that pain is so subjective
a phenomenon that it is of no value in locating the disk in-
volved. He also very much doubted whether patients are able
to locate such a phenomenon as pain.

In the abundant literature, published after MiXTER & BARR’s
demonstration of the lumbar disk herniation as a causal factor
of sciatica, the location of the pain is described in full agree-
ment with the classical description of spontaneous sciatic pain.
Thus BARR & MIXTER, for example, described pain as “a pain
localized to the deep parts, beginning in the hip region, ra-
diating down the posterior thigh, the posterolateral aspect of
the calf, and occasionally going into the lateral border of the
foot or the great toe”.

In 1937 BARR wrote that “the spread of the pain is identical
if it is the 5th lumbar or 1st sacral root that is affected. The
spread of the pain, will, accordingly, be of no value in locating
the site of the injury”. This opinion is shared by BRADFORD &
SPURLING (1945), while other authors have a different opinion.

In herniation of the 4th and 5th lumbar disks, “the pain is
projected to the sciatic area” (MALMROS (1942), SPURLING &
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GRANTHAM (1940)), while in cases with herniation of a some-
what higher intervertebral disk “the pain is projected to the
anterior side of the thigh and sometimes also to the sciatic
area”. Sometimes, the pain is projected to the entire area in-
nervated by the segment, in other cases only to parts of the
area. In some cases, the pain may be confined to a very small
area. MALMROS (1942), for example, described cases of inter-
vertebral disk herniation in which the pain was localized only
to the great toe or lateral margin of the foot.

FOERSTER (1936) claims that severe irritation of a sensory
root causes pain in the entire area supplied by the root, while
less severe irritation causes pain in a smaller area, and slight
irritation often causes pain in only a very small area called
punctum maximum of the innervation segment.

According to FOERSTER these points are:

for 3rd lumbar root: anterior of knee and immediate sur-
roundings,

for 4th lumbar root: medial malleolus and great toe,

for 5th lumbar root: all toes and dorsum of foot,

for 1st sacral root: heel and sole,

for 2nd sacral root: posterior aspect of thigh, back of knee.

FOERSTER claimed that the site of punctum maximum of the
innervation segment is so constant that he could locate the
different roots at operation from the position of the punctum
maximum.

NORLEN (1944) analyzed a clinical material of 99 interverte-
bral disk herniations and found that of 53 patients with her-
niations between LIV and LV:

13 had projected pain in the great toe,

3 had projected pain in the heel.

Of 46 with disk herniation between LV and SI:

16 had projection of pain in the heel,

2 projection of pain in the great toe.

Thus, of 99 patients, 34 had projection of pain either in the
great toe or the heel.

Of 2 with disk herniation between LIII and LIV, both had
projected pain in the region of the hip and anterior surface of
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the thigh, and 1 patient reported pain even on the posterior
surface of the leg and down into the great toe.

Since the results of NORLEN’s clinical investigations did not
agree entirely with FOERSTER’s assertion, NORLEN performed
an experimental investigation. He irritated the 4th and 5th
lumbar roots as well as the 1st and 2nd sacral roots mechani-
cally at operation and reported the following findings:

1. On irritation of the 4th lumbar root (14 cases), the patients
reported that they felt projected pain in the hip and the an-
terior surface and inner side of the thigh, down to the knee,
and several also reported pain on the anterior side of the lower
leg. 2 also described pain in the calf. None of them reported
projection of pain into the foot or great toe.

2. On irritation of the 5th lumbar root {16 cases), 14 patients
reported that they felt projected pain on the posterior side of
the leg and in the great toe. 2 of the patients described pain
radiating out into the foot without saying where in the foot.

3. In 33 cases, the 1st sacral root was irritated. Of these
patients, 25 reported that they felt radiating pain on the back
of the leg down to the heel, 3 described pain in the foot with-
out saying where, 3 claimed pain in the entire foot and lateral
border of the foot, and 1 pain down to the ankle, but not into
the foot. In 1 case, a patient reported pain down to the back
of the knee but not further.

4. The 2nd sacral root was irritated in 10 cases. 7 of them
reported projection of pain to the back of the thigh down to
the back of the knee. 2 described pain on the back of the leg to
just below the knee and 1 down to the foot, but did not say
where.

In WaARIS’ material from 1948, 42 % (64 of 153) of the
herniations between LV and SI described projection of pain
resembling NORLEN’s SI-syndrome. In only 1 of the cases of
herniation at this level, was pain projected out into the great
toe, in 3 into the perineum and in 56 % (85 of 153) the pain
was less defined and radiated into the thigh, calf or ankles.

Of patients with herniation between LIV and LV, 21 % (27
of 129) reported projection of pain into the great toe (typical
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of compression of the 5th lumbar root). 17 % (22 of 129) re-
ported pain in the heel (characteristic of compression of the
1st sacral root). In 62 % of the cases (80 of 129) pain was
diffuse and radiated mainly down to the calf.

TABLE 3
Projection of pain

2| g g |8
a | w81 H 2 - el I
EIE|S|8 |38 2|88
= | &
Group 1
Herniated disk
between:.
LV—SI 3 | — 4|15 3 (10|10 3t]122| 60
LV—LVI —_- =] =] =—]—|—|—1]1 1
LIV—-LV — | 3 4 (17 (11 (10 711631 64| 74
LIII—L1IV — | — 2| —|—=—]1—1—1|— 2
Protrusion L V—S 1 — | — | — 3 2 2 1|— | 3 11
5 LIV—-LYV — | — 1 6 1 5 1| — | — ] 14
“Negative” 1| — 2 5 1 5 2] 3 1 20
Total group 1| 4 3 |13 )46 | 18 | 3221 | 22| 23 {182
Group 2
Herniated disk
LV—SI — = — 1| —f—|— 2 3 6
LIV—-LYV - — == 2 1| — | — 1 4
LII—LIV —_ - —| == 1| — 1
Protrusion L V—S I 1 | —|—|— 1| —]1—|— 1 3
' LIV—LV — === 1| —|—|— 1
" LII—L1V — =] === — 1| — | — 1
Adhesions LV—S 1 — | — | — 2] — | — 1(—1— 3
" LIV=LV — ] == —]— 1| — 1| — 2
. LV—S I+
+LIV-LV | — | — | — 1| —1— 11— 11— 2
Negatlive expl. — -] —=1——]— 1 1
Total group 2 | 1 | — | — 4 3 3 2 5 6| 24
Entire material total | 5 3 113 |50 |21 |35 232729 206

1

5 % projected pain into the great toe.
20 % projected pain into the heel.

21.6 % projected pain into the great toe.
8.1 % projected pain into the heel.
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Of those with herniation between LIII and LIV (7), 4
showed a typical LIV-syndrome pain, projected out into the
antero-median part of the thigh and hip joints. In the remain-
ing 3 cases, projection of pain was diffuse.

The projection of pain in the present material is apparent
from Table 3.

Table 4 gives a comparison with NORLEN's and WaRris’
material regarding projection of pain into the great toe and
into the heel in patients with disk herniation between LIV and
LV, and between LV and SI, respectively.

Pain in association with cough and/or sneezing occured in
96 (46.6 %) of the present cases.

TABLE 4

Projection of pain

Into the Into the . Number of
great toe heel Uncertain | Total cases
LV—SI
NORLEN 4% 35 % 61 % 100 % 46
‘WARIS 1% 42 % 57 % 100 % 153
Author’s group 1 59 20 % 75 % 100 % 60
LIV-LYV
NORLEN 25 % 6 % 69 % 100 % 53
‘WARIS 21 % 17% 62 % 100 % 129
Author’s group 1 21.6 % 8.1 % 70.3 % 100 % 74

Clinical neurological examination

On clinical neurological examination of the patients, the
following findings were made:

Changes in I. Weakness or absence of Achilles tendon reflex

Achilles tendon
reflex A. Group 1

48/60 80 %  a) Disk herniation between LV and SI. — Of the 60 cases
of disk herniation between LV and SI, the achilles tendon re-
flex was weak or absent in 48. The weakness or absence of the
Achilles tendon reflex was the only change in 25 cases, while
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15 also had paresis of the great toe, and in 5 the patellar re-
flex was weak or absent. In the other 3 cases the weakness or
absence of the Achilles tendon reflex was also accompanied
by weakness or absence of the patellar reflex and paresis of
the great toe.

b) Disk herniation befween LV and LVI. —.

¢} Disk herniation between LIV and LV. — Of the 74 cases
of herniation of the disk between LIV and LV, the Achilles
tendon reflex was weak or absent in 28. It was the only find-
ing in 9, it was combined with weakness or absence of the
patellar reflex as well as paresis of the great toe in 3, but only
with paresis of the great toe in 15 and only with weakness or
absence of the patellar reflex in 1.

d} Disk herniation between LIII and LIV. —.

e) Protrusion between LV and SI. — Of the 11 cases of pro-
trusion between LV and SI, the Achilles tendon reflex was
weak or absent in 8. In 1 of these cases it was combined with
weakness or absence of the patellar reflex and great toe pa-
resis, and in 2 with paresis of the great toe, while in 5 it was
the only finding.

f) Protrusion between LIV and LV. — Weakness or absence
of the Achilles tendon reflex was the only finding in 1 case of
the 14 cases of protrusion between LIV and LV, and it was
combined with paresis of the great toe in 2 cases.

g) “Negative” findings at operation. — Of the 20 cases in
which the findings at operation showed no disk pathology,
weakness or absence of the Achilles tendon reflex was the only
finding in 4, it was combined with paresis of the great toe in 3
and with weakness of the patellar reflex as well as paresis of
the great toe in 1 case.

B. Group 2.

a) Disk herniation between LV and SI. — Of the 6 cases of
disk herniation between LV and SI, the Achilles tendon reflex
was weak or absent in 5. This weakness or absence of the
Achilles tendon reflex was the only finding in 2, while it was
combined with weakness of the great toe in 2 and with weak-

28/74 3718 %

8/11 127 %

314 214 %

8/20 40%

95/182 522 %

5/6



3/4

/11

3/3

n

2/3

1/2

1/2

1/1

113/206 59.7 %

30

ness of the patellar reflex as well as weakness of the great toe
in 1.

b) Disk herniation between LIV and LV. — Of the 4 cases
of disk herniation between LIV and LV, the Achilles tendon
reflex was weak or absent in 3. It was the only finding in 1
case, while in 1 it was combined with weakness of the great
toe and in 1 with weakness of the patellar reflex.

¢) Disk herniation between LIII and LIV. — Herniation at
this level was seen in 1 case, and in that one the weakness of
the Achilles tendon reflex was accompanied by paresis of the
great toe and weakness of the patellar reflex.

d) Protrusion between LV and SI. — Of the 3 patients with
protrusions between LV and SI, the Achilles tendon reflex was
weak or absent in all. It was the only change in 2, while it was
combined with weakness of the great toe in 1.

e) Protrusion between LIV and LV. —.

f} Protrusion between LIII and LIV. — This was seen in 1
case. The Achilles tendon reflex was weak and was associated
with ready fatigueability of the great toe and weakness of the
patellar reflex.

g) Adhesions between LV and SI. — This was seen in 3
cases. In 2 of them, the Achilles tendon reflex was weak or
absent and in both it was combined with weakness of the great
toe.

h) Adhesions between LIV and LV. — This was seen in
2 cases. In 1 of them, the Achilles tendon reflex was absent
and the great toe was weak.

i) Adhesions between LIV and LV+LV and SI. — Ad-
hesions were seen in 2 cases. In 1 of them there was weakness
of the Achilles tendon reflex and of the great toe.

j} Negative finding at operation. — This subgroup consisted
of a single case. There was possibly slight weakness of the
Achilles tendon reflex.

The literature on changes in the Achilles tendon reflex in
patients with sciatica is abundant.

STERNBERG (1893) was probably the first to report a case of
sciatica in which the Achilles tendon reflex was absent.
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BABINSEI (1896) expressed the view that the absence of the
Achilles tendon reflex in sciatica, was evidence of inflammation
of the sciatic nerve in such cases.

BaBinskl, like BIRo (1897), reported areflexia in patients
without measurable atrophy or weakness of the calf muscles.
Likewise, the Achilles tendon reflex could be absent in patients
with normal sensibility.

ACCORNEO (1914) also found that some cases, which ap-
peared to be severe with muscular atrophy and sensibility dis-
orders, showed normal Achilles tendon reflex, while others,
which appeared to be slight cases showed areflexia.

How often is the Achilles tendon reflex absent in sciatica?

The frequency with which the Achilles tendon reflex has
been found to be absent in sciatica due to intervertebral disk
herniation varies somewhat from one author to another. As a
rule, the authors did not state whether the reflex was weak or
absent, and data on the site or level of the herniation in pa-
tients with areflexia are incomplete and scanty.

For example, LOVE & WALSH (1938) stated that the reflex
was weak or absent in 57 % of their cases, and in 1940 the
same authors gave 60 %. BRADFORD & SPURLING (1939) found
the reflex to be weak or absent in 15 of 35 cases. In 10 of these
cases, the herniation was located between LV and SI, and in 5
between LIV and LV. BARR (1938} found the Achilles tendon
reflex to be absent in 50 % of his cases and in 1941 BARR &
MIXTER reported weakness or absence of the Achilles tendon
reflex in 70 % of their cases. PENNYBACKER found the Achilles
tendon reflex to be normal in only 5 of his 28 cases, but on
analysis of his series it will be seen that he had 23 cases of
herniation of the disk between LV and SI, and only 5 between
LIV and LV. In 1942 S;j6QvIST found the Achilles tendon re-
flex to be absent in 12 and weak in 5 of a total of 17 cases of
herniation of the disk between LV and SI. In 4 cases of disk
herniation between LIV and LV, 2 had a normal Achilles tendon
reflex, and in 2 it was weak. In MALMROS’ series of 90 cases,
areflexia was noted in 38 (bilateral in 11) and weakness in 18.

WIiIBERG (1943) found the Achilles tendon reflex to be un-
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changed in 31 cases, weak in 15 and absent in 22 of 68 cases
of herniation of the disk between LIV and LV, while in 69 cases
of disk herniation between LV and SI, the Achilles tendon re-
flex was unchanged in 12, weak in 15 and absent in 42.
SPURLING & BRADFORD (1939) and SPURLING & GRANTHAM
(1940) claimed that weakness or absence of the Achilles tendon
reflex is suggestive of herniation of the disk between LV and
SI. They claim that it is a sign of an affection of the root of SI
to which the Achilles tendon reflex is believed to be linked.
DanDY (1941) wrote that weakness of the reflex suggests af-
fection of the 4th lumbar disk, even though the 5th disk may
be injured.

FOERSTER, OPPENHEIM, DEJERINE and others believe that
the Achilles tendon reflex is linked to the 5th lumbar and 1st
and 2nd sacral roots.

According to ACCORNEO, the centre of the Achilles tendon
reflex is situated at the level of the 5th lumbar segment, while
ELsBERG and BRrRAIN write that the centre of the Achilles
tendon reflex is situated in the 1st and 2nd sacral segments.
FOERSTER resected the posterior part of the 5th lumbar and
1st sacral roots, of the 1st and 2nd sacral roots, and of the
5th lumbar and 2nd sacral roots, respectively, and found that
only 1 of these roots needs to be intact in order to preserve the
reflex. These experiments were, however, carried out on
spastic patients in whom the reflex irritability is increased.
And FOERSTER (1936) writes that he cannot say whether or to
what extent this may hold for normals.

NORLEN (1944) in a series of 99 herniations of the 2 lowest
lumbar disks found the Achilles tendon reflex to be absent in
34 (bilateral in 4) and to be weak in 32. Of 53 cases of disk
herniation between LIV and LV, the Achilles tendon reflex was
absent in 7 and weak in 15, and in 46 cases of herniation be-
tween LV and SI, the Achilles tendon reflex was absent in 27
and weak in 14.

NORLEN in an experimental investigation blocked the 5th
lumbar and 1st and 2nd sacral roots, 1 at a time, with novo-
caine at operation. He obtained the following results:
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1. Blocking of the SI-root alone was followed by loss of
Achilles tendon reflex in 40 cases studied.

2. Blocking of the LV-root alone had no effect on the Achilles
tendon reflex in 17 cases studied. In 9 cases, subsequent block-
ing of the SI-root produced a prompt disappearance of the
Achilles tendon reflex.

3. Blocking of the SII-root alone produced no effect on the
Achilles tendon reflex in 9 cases studied. In 5, subsequent
blocking of the SI-root was promptly followed by disap-
pearance of the Achilles tendon reflex.

4. Blocking of the LV- and SII-roots produced none or only
a slight weakening of the reflex in 7 cases studied. Subse-
quent blocking of the SI-root was promptly followed by dis-
appearance of the Achilles tendon reflex in all these cases.

5. Blocking of the SI-root was follwed by a marked weak-
ening but not absence of the reflex in 2 cases studied.

6. Blocking of the SI-root had no effect on the Achilles ten-
don reflex but subsequent blocking of the LV-root resulted
in absence of the Achilles tendon reflex in 2 patients studied.

WARIS (1948) reported that of 374 cases of disk herniation,
changes in the Achilles tendon reflex were noted in 275 (74 %),
absence in 176 (47 %), weakness in 99 (26 %), and in 98
(26 %) the reflex was normal,

The following tables give a comparison of the results ob-
tained in previous investigations and in the present study.

TABLE 5
Changes in the Achilles tendon reflex
Absent 25 Weak %  Total % Number

of cases
1941 CRAIG & WALSH — — 60 285
1941 LOVE & WALSH — — 59 185
1941 BARR & MIXTER — —_ 70 139
1941 FRIBERG 37 31 68 44
1942 MALMROS 45 19 64 100
1944 NORLEN 35 32 67 99
1945 PETIT-DUTAILLIS & DE SEZE 24 43 67 45
1948 WARIS 47 26 73 374
1949 Rovia — — 49 100
1961 Author’s group 1 19.2 33 52.2 182
1961 Author’s entire material 20.4 34.5 54.9 206
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TABLE 6
Changes in the Achilles tendon reflex
(According to different authors)

Absent 9 | Weak % | Total % N“(’:’;;’:sr of
Disk herniation between
LVandSI

1941 CRAIG & WALSH — —_ 68

1942 MALMROS — — 70 37
1943 WIBERG 60 23 83 69
1944 NORLEN 57 32 89 46
1948 STAHL 31 25 56 167
1948 WARIS 70 24 94 153
1951 FRrIBERG & HuLT — — - 80 124
1958 KNUTSSON & WIBERG — — 83 133
1961 Author’s group 1 38.3 41.7 80 60
1961 Author’s entire material 39.4 40.9 80.3 66

Disk herniation between
LIVand LV

1941 CRrAIG & WALSH — — 37 *
1942 MALMROS —_ —_ 58 50
1943 WIBERG 32 22 54 68
1944 NORLEN 13 28 41 53
1948 STAHL 6 10 16 117
1948 WARIS 25 25 50 129
1961 Author’s group 1 10.8 27 37.8 74
1961 Author’s entire material 12.8 26.9 39.7 78

# In a series of cases, in which the number of herniations in the different
interspaces not is given.

Changes in II. Weakness or absence of patellar reflex
tell, 1
patellar reflex A. Group 1.

9/60 15%  a) Disk herniation between LV and SI. — The patellar re-
flex was changed in association with a change in the Achilles
tendon réflex in 5 cases, and together with weakness of the
great toe in 1, and in combination with both of these changes
in 3 patients with herniation in the lumbosacral space.
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b) Disk herniation between LV and LVI. — This was seen
in 1 case and here a weakness of the patellar reflex was ac-
companied by a weakness of the great toe.

¢) Disk herniation between LIV and LV. — The patellar
reflex was weak or absent in combination with weakness or
absense of the Achilles tendon reflex in 1 case, in combination
with paresis of the great toe in 5 cases and in combination with
both in 3 cases.

d) Disk herniation between LIII and LIV. — This was
noted in 2 cases in which a change in the patellar reflex was
the only finding.

e) Protrusion between LV and SI. — The patellar reflex
was changed in 1 case and then in combination with change of
the Achilles tendon reflex and weakness of the great toe.

f) Protrusion between LIV and LV. — The patellar reflex
was changed in combination with weakness of the great toe
in 1 case.

g) “Negative” findings at operation. — A change in the patel-
lar reflex was the only finding in 2 cases, it was seen in associa-
tion with weakness of the great toe in 4 and in combination
with a changed Achilles tendon reflex and weakness of the great
toe in 1.

B. Group 2.

a) Disk herniation between LV and SI. — Of the 6 cases of
herniation between LV and SI, the patellar reflex was weak in
1 and was then combined with absence of the Achilles tendon
reflex and weakness of the great toe.

b) Disk herniation between LIV and LV. — Of the 4 cases
of herniation of the disk between LIV and LV, the patellar
reflex was absent in 1 and was then combined with absence
of the Achilles tendon reflex.

¢) Disk herniation between LIII and LIV. — This was seen
in 1 case and in this a weakness of the patellar reflex was ac-
companied by a weakness of the great toe as well as a weak-
ness of the Achilles tendon reflex.

d) Protrusion between LV and SI: —.

111

9/74

2/2

1/11

1/14

7/20

1/6

1/4
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100 %

100 %

9.1 %

71 %

35 %

30/182 16.5 %
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e) Protrusion between LIV and LV: —.

f) Protrusion between LIII and LIV. — This was seen in
1 case and here a weakness of the patellar reflex was accom-
panied by a weakness of the great toe as well as a weakness of
the Achilles tendon reflex.

g) Adhesions between LV and SI: —.

h) Adhesions between LIV and LV: —.

i) Adhesions between LV and SI4+ LIV and LV:

j} Negative findings: —.

Only scanty data are available in the literature on the weak-
ness or absence of the patellar reflex in sciatica or in disk her-
niation between LIV and LV and LV and SI. WIBERG (1943)
reported weakness of the patellar reflex in 13 cases and absence
in 1 of 137 cases of disk herniation of the 2 lowermost lumbar
intervertebral disks.

Herniations between LIII and LIV are very uncommon in
the various series on record, but it was pointed out that the
patellar reflex was absent or may have been weak in these
cases (SPURLING & GRANTHAM 1940, CRAIG & WaALsH 1941).
WIBERG (1943) reported unchanged patellar reflex in 2 cases
and weakness of the reflex in 1 of a total of 3 cases of hernia-
tion between LIII and LIV.

In NORLEN’s (1944) series of 115 cases of sciatica, the patellar
reflex was wedk in 5. In 3 the herniation was situated between
LIV and LV, and 2 between LV and SI. In 2 cases of disk her-
niation between LIII and LIV, the patellar reflex was weak.

It has been claimed that the pathways of the patellar reflex
run through the 2nd, 3rd and 4th lumbar roots. (FOERSTER,
OPPENHEIM, DEJERINE and ELSBERG). It is therefore quite un-
derstandable why the patellar reflex is changed in the presence
of disk herniation between LIII and LIV where it is mainly
the LIV-root that is exposed to compression. SHERRINGTON
showed this as early as 1893 in experiments on Macacus
Rhesus.

In operations for arthrosis deformans coxae, in which the
sensible part of the LIV-root was cut off, the patellar reflex
was, as a rule weak and, in some cases, it even disappeared
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completely. (VON REIS, SAHLGREN and SJOQVIST 1943, NORLEN

1944).

WaRIs (1948) observed distinct changes of the patellar re-

TABLE 7

Changes in the patellar reflex
(According to different authors)

Absent 25 | Weak % Total 2 Nu;:?:sr of
1942 MALMROS 1 8 9 90
1943 WIBERG 1 10 11 140
1944 YASKIN & FINKELSTEIN — — 18 50
1945 BRADFORD & SPURLING — — >10 —
1948 WARIS 2 5 7 374
1961 Author’s group 1 2.2 14.3 16.5 182
1961 Author’s entire material 2.4 14.1 16.5 206
TABLE 8
Changes in the patellar reflex
Herniation | Herniation Hernition
between between between
LIlandLIV| LIVand LV LVandSI
1941 CRAIG & WALSH* 49 % 20 % 9%
1942 MALMROS — 16 9 (8/50) —
1943 WIBERG 33 9% (1/3) 10 % (14/137)?
1944 NORLEN 100 9% (2/2) 3/? 2/2
1948 WARIS absent 43 % (3/7) 39 (4/129)| 1% (1/153)
.  weak 57 % (4]7) 3 9% (4/129) | 5 % (8/153)
,»  total 100 9% (7/7) 6 9 (8/129)| 6 95(9/153)
1961 Author’s group 1
absent — 2.7 % (2/14) —
weak 100 % (2/2) 9.5 % (7/74) | 1.7 % (1/60)
total 100 % (2/2) [12.2 % (9/74) [1.7 % (1/60)
1961 Author’s entire material
absent — 3.8 9 (3/74) —
weak 100 9% (3/3) 99%(7/18) 3 9 (2/66)
total 100 % (3/3) [12.8 % (10/78)| 3 9% (2/66)

* In a series of 449 cases, the level of the herniations not given.
? 4th and 5th interspace jointly.
% In a series of 115 cases, the level of the herniations not given.
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flex in 27 (7 %) of his patients. The reflex was absent in 9
and weakened in 18. WARIs stated that nothing definite can be
said about the inconstant changes of the patellar reflex and
BRADFORD & SPURLING arrived at the same conclusion.

The results reported by previous authors and those found in
the present investigation are compared below.

III. Weakness or paralysis of the great toe
A. Group 1.

a) Disk herniation between LV and SI. — Paralysis or weak-
ening of the great toe occurred in 28 cases of 60 cases of disk
herniation between LV and SI. In 3 of these the change was
accompanied by changes in the patellar and Achilles tendon
reflexes, in 1 case together with a changed patellar reflex and
in 15 together with a changed Achilles tendon reflex, while
weakness of the great toe was the only finding in 9 cases.

b) Disk herniation between LV and LVI. — 1 case, and then
there was weakening of the great toe in combination with slight
weakness of the patellar reflex.

¢) Disk herniation between LIV and LV. — In the 74 cases
of disk herniation between LIV and LV, weakness of the great
toe was the only finding in 33, it was combined with changes
in the Achilles tendon reflex in 15, with changes in the patellar
reflex in 5, and in combination with changes in the patellar
reflex and the Achilles tendon reflex in 3.

d) Disk herniation between LIII and LIV: —.

e) Protrusion between LV and SI. — Weakness of the great
toe was the only finding in 2 cases, it was seen in combination
with changes of the patellar reflex as well as the Achilles ten-
don reflex in 1, and in combination with a change in the Achil-
les tendon reflex only in 2.

f) Protrusion between LIV and LV. — Weakness of the
great toe was the only finding in 7 cases and was seen in com-
bination with a change in the Achilles tendon reflex in 2, and
with a change in the patellar reflex in 1.

g) “Negative” findings at operation. — Weakness of the great
toe was the only finding in 2 cases, it was seen in combination
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with a change in the patellar reflex as well as in the Achilles
tendon reflex in 1, in combination with the patellar reflex only
in 4 and in combination with the Achilles tendon reflex only,
in 3.

B. Group 2.

a) Of the 6 cases of herniation between LV and SI, weakness
of the great toe was noted in 4. In 1 of them this was the only
change, it was seen in combination with weakness of the Achil-
les tendon reflex in 2, and in 1 the patellar reflex was weak
and the Achilles tendon reflex was absent.

b) In the 4 cases of disk herniation between LIV and LV,
there was weakness of the great toe in 2. In 1 of them it was
the only change and in 1 it was associated with weakness of the
Achilles tendon reflex.

¢} Disk herniation between LIII and LIV. — This was seen
in only 1 case and here a paresis of the great toe was associated
with a weakness of the patellar reflex as well as a weakness
of the Achilles tendon reflex.

d) Protrusion between LV and SI. — Of the 3 protrusions
between LV and SI, there was weakness of the great toe in 1
and then associated with a weakness of the Achilles tendon
reflex.

e) Protrusion between LIV and LV. — This was seen in 1
case and then weakness of the great toe was the only finding.

f) Protrusion between LIII and LIV. — Protrusion at this
level was noted in only 1 case and here a weakness of the great
toe was combined with weakness of the patellar- as well as the
Achilles tendon reflexes.

g) Adhesions between LV and SI. — Of these 3 cases, 2
showed weakness of the great toe as well as a changed Achilles
tendon reflex.

h) Adhesions between LIV and LV. — There were 2 cases
and in both there was weakness of the great toe, in combina-
tion with absence of the Achilles tendon reflex in 1 of them and
as the only finding in 1.

i) Adhesions between LIV and LV+LV and SI. — There

4/6

2/4

1/1

1/3

1/1

i

2/3

2/2

2/2
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were 2 cases and in both there was weakness of the great toe
which was combined with weakness of the Achilles tendon
reflex in 1.

j) Negative findings: —.

It appears that less importance was attached to paresis in
sciatica until a relatively long time after MIXTER & BARR had
described the causal relation between disk herniations and
sciatica.

In 1890 GUINON & PARMENTIER reported a number of cases
with loss of local motor symptoms particularly in the form of
paresis and atrophy of the dorsal flexor tendons of the foot and
toes.

EXvALL (1939) called attention to the fact that paresis of
the dorsal flexors of the great toe is by no means uncommon
in sciatica.

SPURLING & GRANTHAM (1940) pointed out that in sciatica
due to disk herniation paresis of certain groups of muscles
have been observed but one had not made any detailed study
of these cases.

Sy0QvisT (1942) writes that in 1 of his cases he found
paresis of the dorsal flexors of the great toe. In that case the
disk herniation was between LIV and LV.

MALMROS (1942) observed that of his 90 patients, 5 had
fairly severe paresis of the dorsal flexors of the foot and great
toe, and that 1 case had isolated paresis of the dorsal flexors
of the great toe. In all of these patients the herniation was
sitnated between LIV and LV. MALMROS did not draw any far-
reaching conclusions from this observation concerning the site
of the herniation.

The significance of paresis of the great toe has been stressed,
above all, by NORLEN (1944). He found such paresis in more
than 25 % of patients with herniation of the disk between LIV
and LV. The corresponding figure in WAaRIS’ (1948) material
was 22 % (4-uncertain weakness in a further 7 %), and STAHL
(1948) gave 45 % and ROvic (1949) 47 %. FRIBERG & HULT
{(1951) reported 48 % and KNUTSSON & WIBERG (1958) 71 %.

In the present group 1, weakness of the great toe was seen
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in 56 (75.7 %) of the 74 cases of disk herniation between
LIV and LV.

These figures, 71 % and 75.7 %, respectively, appear very
high, but in this series the strength of the dorsal flexors of the
great toe was tested very carefully. The patient was thus in-
structed to bend the great toe, not only a few times but 10—15
times, and in this way it was possible to note any fatigability
on the affected side, which is a satisfactory sign for diagnosing
weakness of the muscles.

In cases of disk herniation between LV and SI WARIS found
a weakness of the great toe in 7 %, STAHL in 5.4 % and ROVIG
in 12 %, while, in the present material, it was found with such
a high frequency as 46.7 % (28/60). Of these cases, however,
weakness of the great toe in 19 was combined with reflex
changes, and thus weakness of the great toe was the only
clinical finding in lumbo-sacral disk herniation in 9 (15 %).
(These cases are discussed further in the chapter on “Correla-
tion with operative findings”.)

Paresis and atrophy of muse. exst, dig. brev. have been
described by KUGELBERG & PETERSEN (1950) as a common
symptom in disk herniation between LIV and LV. In a series
of 41 cases of disk herniation between LIV and LV, they found
these symptoms in 35 (85 %) cases and weakness of the great
toe in 46 % of the same cases.

As to the musc. exst. dig. brev. the atrophy was either clear
{23 cases) or the consistency of the muscle on maximum con-
traction was softer than that of the contralateral foot (12 cases).

In 35 cases electromyography also showed signs of denerva-
tion of the muscle in question. The electromyographic findings
agreed with the clinical picture in all cases except 2.

A corresponding examination of the present material showed
atrophy-electromyographic denervation potentials in musc.
exst. dig. brev. in 11 cases (14.9 %) of the 74 cases of hernia-
tion of the disk between LIV and LV in group 1.

Of the 25 cases of herniation of the disk between LV and SI
KUGELBERG & PETERSEN found atrophy of the musc. exst. dig.
brev. in 2, and of the 60 with lumbosacral disk herniation
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(group 1) in the present material, 9 were found to have atrophy
and denervation of the musc. exst. dig. brev. This finding is
discussed in further detail in the chapter on “Correlation with
operative findings”.

IV. Impaired sensibility

RousseT (1804) appears to have been the first to describe
“sensory disturbances” in sciatica.

NoTTA (1854) studied these “sensory disturbances” in greater
detail and stressed that they never involve the entire area of
innervation but only irregular parts of it.

HUBERT-VALLEROUX (1870) claimed that sciatica always
shows “sensory disturbances”, but PHULPIN (1895) stated that
although such disturbances are common, they are not constant
accompaniments of sciatica. They are characterized by lack
of uniformity.

DuBArrY (1902) found impaired sensibility in 50 % of his
cases.

PHULPIN pointed out that in a number of cases in which the
anaesthesia coincided with the spread of one or more nervous
branches, the underlying muscles innervated by the same nerve
often atrophied.

LORTAT-JACOB & SABAREANU (1904) showed that some cases
of sciatica were accompanied by “sensory disturbances” of ra-
dicular distribution and suggested the term “sciatique radicu-
laire” as a particular form of the disease.

Many authors claim that this form of sciatica is very com-
mon (DEJERINE, WERTHEIM-SALOMONSON, LERI & SCHAEFFER,
STURSBERG).

According to HELWEG (1920) those cases in which “sensory
disturbances” occurred, the latter are localized to the area of
supply of the larger or smaller cutaneous nerves and never to
the area of the plexus or the roots.

In 1931 STENSTROM demonstrated the occurrence of “sensory
disturbances” in 26 of 110 patients and showed that their
spread coincided with the skin segments of the 1st and 2nd
sacral root.
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SAHLGREN in his series of 53 cases of sciatica (unoperated)
found 21 to have “sensory disturbances” with radicular distri-
bution corresponding to the 5th lumbar and 1st sacral root.

In cases of sciatica due to disk herniation, “sensory disturb-
ances” have been described with varying frequency within the
dermatome of the 5th lumbar and 1st sacral root. (FINCHER
84 %, BRADFORD & SPURLING 77 %, LOVE & WALSH 21 %,
BARR & MIXTER 35 %) PENNYBACKER found sensory disorders
in 21 cases out of 28. It was, above all, SPURLING & BRADFORD
(1939) who pointed out the significance of the spread of im-
paired sensibility in the location of a lumbar disk herniation,
and they claimed that knowledge of the extent of impaired
sensibility was often enough to locate the level of the hernia-
tion.

MALMROS (1942), on the other hand, expressed the view
that the level of the lesion cannot be determined on the basis
of sensory disturbances.

NORLEN (1944) found that it was difficult to outline the
limits of the dermatome on clinical grounds only. NORLEN ar-
rived at the conclusion that: “if a patient with sciatica has im-
paired sensibility of the great toe or of the adjacent parts of
the dorsum of the foot, it suggests disk herniation between LIV
and LV”.

Sensory disturbances

According to dif-
ferent authors

1940 LOVE & WALSH 21 %

1941 BARR & MIXTER 35 % (of 139)

1941 CRAIG & WALSH 57 % (285/500)

1941 FRIBERG 64 % (28/44)

1942 MALMROS 58 % (52/90)

1944 NORLEN 64 % (63/99) on the basis of the subjec-
tive symptoms; objective find-
ings in only 41 cases

1947 AITKEN & BRADFORD 59 % (48/82) disk herniations

1947 — 44 % (27/62) negative explorations

1948 WaRIS 62 % (224/374)

1949 Rovie 76 % (76/100)

1961 Author’s group 1 292 % (53/182)

1961 Author’s entire material 29.6 % (61/206)
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KEEGAN (1943) described distinct tracks of impaired sensi-
bility in relation to the different nerve roots:

LIV-root: medial side of knee, medial side of tibia to great
toe.

LV-root: lateral side of knee, antero-lateral part of lower
leg, dorsum of foot and the 3 middle toes, lateral side of heel.
SI-root: lateral side of leg and foot out into the small toe.

Other authors were unable to confirm the exact limits and
extent of these tracks of impaired sensibility.

FOERSTER’s investigation of the skin dermatomes of the
lumbar roots are cited for comparison:

“Das 5. Lumbaldermatom nimmt ebenfalls die Vorderseite
des Unterschenkels ein, den gesamten Fussriicken und an der
Plantarseite die mediale Héilfte der Fussohle, sowie die 1., 2.
und 3. Zehe.”

“Das erste Sakraldermatom nimmt die gesamte Planta pedis
ein und erstreckt sich von hier an der Hinterseite, Aussen- und
Innenseite des Unterschenkels empor; es greift auf die Dorsal-
seite der Zehex iiber.” .

NORLEN (1944) found impaired sensibility-in 41 of his 99
patients. In patients with herniation between LIV and LV
NoORrLEN found hypoaesthesia, particularly of the dorsum of
the foot or in the big toe. In patients with herniation between
LV and SI he found hypoaesthesia, particularly on the lateral
side of the foot and the posterior of the calf.

In the present material impaired sensibility was noted as
follows:

A. Group 1.

a) Disk herniation befween LV and SI: of the 60 patients
with lumbosacral disk herniations, 17 had impaired sensibility.
Of these, the impairment was localized to the lateral aspect
of the lower leg and/or foot in 10, to the dorsum of the foot
and/or the lower leg in 4, to the heel in 1, to the dorsal part
of the calf in 1 and to the dorsum of the foot and great toe
in 1.

b) Disk herniation between LV and LVI: Herniation at this
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level was seen in 1 patient and then it was associated with im-
paired sensibility of the dorsum of the foot.

¢} Disk herniation between LIV and LV: There were 74 pa-
tients of whom 21 had impaired sensibility; of the dorsum of
the foot and of the great toe (6); of the dorsum of the foot
and/or lower leg (5); of the lateral aspect of the lower leg and/or
of the foot (9} and on the dorsal aspect of the calf (1).

d) Disk herniation between LIII and LIV: This group con-
sisted of 2 patients, in 1 of whom impaired sensibility was
noted and then on the medial side of the lower leg.

e) Protrusion between LV and SI: This lesion was noted in
11 patients and with impaired sensibility of the lateral side of
the lower leg in 2 of them.

f) Protrusion between LIV and LV: This group consisted of
14 patients in whom impaired sensibility was noted of the
lateral aspect of the lower leg and/or foot in 2, and of the foot
and/or lower leg in 2.

g) “Negative” findings: This group comprised 20 patients with
impaired sensibility in 7. In 3 the impairment was localized
to the lateral side of the lower leg and/or foot, to the dorsum
of the foot and/or leg in 3, and to the dorsum of the foot and
great toe in 1.

B. Group 2.

a) Disk herniation between LV and SI: —,

b) Disk herniation between LIV and LV: Of the 4 patients
with disk herniation between LIV and LV, 3 had impaired
sensibility, 2 of them of the lateral aspect of the lower leg
and/or foot, and 1 of them of the medial side of the foot.

¢) Disk herniation between LIII and LIV: Herniation at this
level was seen in 1 patient and he had impaired sensibility of
the lateral side of the foot.

d) Protrusion between LV and SI: Of 3 patients in this group
1 had impaired sensibility and then of the medial side of the
lower leg.

e) Protrusion between LIV and LV: —.

f) Protrusion between LIII and LIV: —.

2U/74 284 %

172 50 %

2/11 182 %

4/14 28.6 %

7/20 35 %

53/182 292 %

3/4

11

1/3
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g) Adhesions between LV and SI: There were 3 patients with
such adhesions, and 2 of them had impaired sensibility of the
lateral side of the lower leg and/or foot.

h) Adhesions between LIV and LV: —.

i) Adhesions between LIV and LV and between LV and SI:
2 patients showed such adhesions and 1 of them had impaired
sensibility of the lateral side of the foot.

j) Negative findings: —.

V. Muscular atrophy

As early as 1764 COTUGNO observed that patients with severe
sciatica had pronounced muscular atrophy, and he claimed
that this atrophy was due to compression of the nerve by in-
creassing oedema of the nerve sheath. '

VALLEIX (1841) expressed the view that such advanced
muscular atrophy was very rare and that it occurred mainly
in the serious cases, but he also observed that muscular atrophy
was sometimes missing in severe cases but present in moderate
cases.

Lanpovuzy (1875) and FerneT (1878) distinguished 2 types
of sciatica: Cases without atrophy were termed sciatic neural-
gias. If muscular atrophy was present, it was regarded as a
sign of the presence of true neuritis.

LANDOUZY described the atrophy as diffuse and involving all
muscles, innervated by the sciatic nerve.

PETIT-DUTAILLIS & DE SEZE found 24 of their 35 patients
to have hypotension in association with atrophy (in 15 cases
of the gluteal musculature, in 16 of the thigh and in 11 of the
calf). In their opinion, sciatica due to disk herniation did not,
as a rule, cause motor symptoms.

In their review of a series AITKEN & BRADFORD (1947) found
atrophy of the leg in 57 % (55 of 97).

WaRis (1948), who measured the circumference of the
middle of the thigh and the largest circumference of the calf
found atrophy in 31 % (47/153) of patients with lumbosacral
disk herniation. The corresponding figures for disk herniation
between LIV and LV were 25 % (32/129).
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Rovic (1949) found atrophy in as many as 87 %, while
HANRAETZ (1959) found atrophy in only 4 %.

The occurrence of muscular atrophy in the present material
is listed below:

A. Group 1.

a) Disk herniation between LV and SI: This group consisted
of 60 patients, of whom 22 had muscular atrophy, 9 of the
thigh and calf, 7 of the calf only and 6 of the thigh only.

b) Disk herniation between LV and LVI:

c) Disk herniation between LIV and LV: Of the 74 patients
in this group, 30 had muscular atrophy: 14 of both the thigh
and the calf, 8 of the calf only, and 8 of the thigh only.

d) Disk herniation between LIII and LIV: There were 2 pa-
tients in this group, and 1 of them had atrophy of the thigh.

e) Protrusion between LV and SI: Of the 11 patients in this
group, 5 had muscular atrophy: 2 of the calf only and 3 of the
thigh only.

f) Protrusion between LIV and LV: This group consisted of
14 patients. 2 of them had atrophy of the calf only, and 2 of
the thigh only.

g) “Negative” findings: Of the 20 patients in this group, 5 had
atrophy of the thigh and calf, 1 of the calf only, and 4 of the
thigh only.

B. Group 2.

a) Disk herniation between LV and SI: Of the 6 patients in
this group, 1 had atrophy of the thigh and calf, 1 of the thigh
only and 3 of the calf only.

b) Disk herniation between LIV and LV: Of the 4 patients
in this group, 1 had atrophy of the thigh and calf.

c) Disk herniation between LIII and LIV:

d) Protrusion between LV and SI: There were 3 patients
with this lesion and 1 of them had atrophy of the thigh.

e) Protrusion between LIV and LV: —.

f) Protrusion between LIII and LIV: —,

Muscular

atrophy
22/60

30/74

1/2

5/11

4/14

10/20

72/182

5/6

1/4

1/3

36.7 %

40.5 %

50 %

455 %

28.6 %

50 %

39.6 %
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g) Adhesions between LV and SI: There was 1 patient with
atrophy of the thigh and calf.

h) Adhesions between LIV and LV: Of the patients with this
lesion 1 had atrophy of the thigh and calf.

i) Adhesions between LV and SI+ L1V and LV: 2 patients
had this lesion and 1 of them had atrophy of the thigh.

j) Negative findings: —.

VI. Laségue’s test

It is clear from all publications on lumbar disk herniation
that Laségue’s test is of decisive importance for the clinical
diagnosis of the disease.

BARR & MIXTER (1941) in a series of 135 patients with lum-
bar disk herniation “usually” found Laségue’s sign positive.
Love & WaLsH (1940) found Laségue to be positive in 84 %
(480 cases), and CrAXG & WALSH (1941) have similar figures,
namely, 81 % (285 cases).

FRIBERG (1941) found Laségue’s sign to be positive on one
side in 34 % and on both sides in 59 % of his 44 cases.

Rovic (1949), whose series consisted of 100 cases, found
Laségue’s sign to be positive in 98 %.

HANRAETZ (1959) found in a series from Ursula Clinic (num-
ber of cases not stated) that Laségue’s sign was positive in her-
niation of the lowermost disks in 94 % (also crossed in 46 %},
and in herniation of the disk between LIII and LIV in 60 %.

In the present material, the results of Laségue’s test were as
follows in Table 9.

Myelographic findings

All myelographic examinations were performed with water-
soluble contrast medium (Abrodil, Contrast U) which was first
used for myelography by ARNELL & LIDSTROM (1931). The
method employed in the present investigation was that de-
scribed by LINDBLOM (1946).

193 of the examinations were performed at the Roentgen-
diagnostic Department II, University Hospital of Lund, and the
remaining 13 in other hospitals, but the films taken in these
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TABLE 9
Laségue’s test
Group 1 Negative Positive Bilat. Crossed

Herniation L V—S 1 2 58 26 14
» LV—LVI — 1 _ _
» LIV—-LYV 3 71 39 19
. L II—LIV — 2 — —
Protrusion LV—S1 —_ 11 9 4
’ LIV—-LYV 2 12 9 3
Negative findings 2 18 9 1
Group 2 2 22 10 2
Total 11 195 102 43

Total positive 94.7 % Crossed 20.9 %

Unilateral 45.1 % Total negative 5.3 %

Bilateral 49.5 %

last mentioned 13 cases were re-examined at the Roentgen-
diagnostic Department II, Lund, before operation.

In the evaluation of the cases, consideration was given mainly
to the preoperative reports, but all films were checked for the
present investigation in association with Dr. STEN CRONQUIST
of the Department of Neurologic Roentgenology, Lund, and
sometimes also with Associate-professor NORMAN.

The primary roentgenologic findings and the operative find-
ings are summarized in Tables 10 and 11.

It is clear from Table 10 that in the 60 cases in which opera-
tion revealed disk herniation between LV and SI, the herniation
had been diagnosed by myelography at the same level in 37
(61.7 %) cases. In 14 (23.3 %) of these 60 cases, myelography
revealed no signs of a pathological condition, and in 9 (15 %)
the myelogram was misleading (the misleading myelograms
will be discussed in the chapter: “Correlation with operative
findings”).

In the 74 cases in which operation revealed disk herniation
between LIV and LV, the herniation had been diagnosed by
myelography in 69 (93.2 %), while it had failed to show her-
niation in 1 (1.4 %) and was misleading in 4 (5.4 %).

As to disk herniation between LIII and LIV (2) and LV and
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LVI (1), the myelograms were correct. As to protrusion between
LV and SI myelography showed a protrusion at the same level
in 4 (36.4 %), at an erroneous level in 2 (18.2 %) and no her-
niation at all in 4 (36.4 %), while in 1 (9 %), myelography
failed owing to a technical mishap.

In the examination of protrusion between LIV and LV myelo-
graphy produced, as in herniation at this level, better results,
namely, in 9 (64.3 %) cases of the 14 protrusions found at
operation at this level, myelography showed protrusion at the
same level. Myelography failed to reveal a herniation in 3
(21.4 %), it was misleading in 1 (7.1 %) and uncertain in 1
(7.1 %).

Of the 162 cases in group 1 in which at operation a disk her-
niation or protrusion was found, agreement was found between
the myelographic findings and operative findings in 122
(75.3 %).

Among the 20 cases, in which operation failed to show any
disk changes, myelography showed no signs of a pathological
condition in 8 (40 %). Of the remaining 12 cases, myelography
failed owing to a technical mishap in 1 (5 %) and was mis-
leading in 11 (55 %). These cases are discussed in a subsequent
chapter: “Correlation with operative findings.”

Concerning the myelographic findings in group 2, the num-
ber of cases was small and therefore percentages will not be
given.

Most authors have not compared the frequency of agreement
and disagreement between the myelographic and operative find-
ings at the various levels, but such a comparison can be made
from the material of FRIBERG & HULT (1951), for example. The
contrast medium used in that investigation was also Abrodil.
Of 121 lumbosacral herniations, 96 (79.3 %) were demonstrated
in the myelogram at the same level. HANRAETZ (1959) reported
myelography to have shown disk herniation at correct level in
35 (60.3 %) of 58 cases of disk herniation at the lumbosacral
space. But he used Lipiodol as a contrast medium. For the
space between LIV and LV, FrRIBERG & HULT reported agree-
ment between the operative and myelographic findings in 116
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(92.1 %) out of 126 cases, and HANRAETZ in a series in 54
(83.1 %) out of 65 cases. The figures in the material of FRI-
BERG & HULT are not quite comparable, because they have ex-
cluded 19 cases.

Most authors simply state how frequently operation con-
firmed the myelographic findings without stating anything
about the level.

Of series examined myelographically with Abrodil, mention
might be made of JOHANSSON’s (1949) series of 111 cases, in
which agreement was found between the myelographic and
operative findings in 90 %.

WORINGER, THOMALSKE & BAUMGARTNER (1956) reported on
a series of 346 cases. In 293 (98.3 %) cases out of 298 showing
myelographic changes, operation confirmed the changes de-
monstrated by myelography (disk herniation in 93.2 %, other
root compression in 5.1 %); of the 39 cases, in which myelo-
graphy showed no signs of a pathological condition, operation
revealed changes in-11 (28.2 %).

DEL BuoNo (1957) described a series of 373 cases, in which
a herniated disk found at operation was preoperatively dia-
gnosed by myelography at the same level in 82.7 %. In 9.3 %
the method failed to reveal changes afterwards found at opera-
tion, it showed a change but at the wrong level in 4.6 %, it
showed a change that could not be confirmed at operation in
1.8 %, and it showed no signs of a pathological condition in
1.6 %, in which operation revealed no change either. In other
words, good agreement was found between myelography and
the operative findings in 84.3 %.

Hirscu (1958) found positive myelograms to show changes
which were confirmed at operation in 90 %, and by negative
myelograms he had positive operative findings in 40 %.

FASSBENDER, HAUSSLER & STOSSEL (1958) reported agree-
ment between the myelographic and operative findings in
88.6 % of 470 cases (Myelographic changes confirmed at opera-
tion in 97 %; negative myelography — positive findings at
operation in 86 %).

KoLsTtaD & SOLEM (1959), whose series consisted of 173
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cases, found myelography to give correct findings in 155
(89.5 %), uncertain in 6 (3.5 %), it failed to show the lesion
in 7 (4.1 %), and the findings could not be confirmed at opera-
tion in 5 (2.9 %).

Of series, in which myelography was performed with Panto-
paque, mention might be made of Forp & Key (1950) (206
cases), in which agreement was found between the myelogra-
phic and operative findings in 72.3 %, FOrRD, RAMSEY, HOLT &
KEY (1952) (100 cases), in which agreement was found in 60 %,
and finally LANSCHE & FORD (1960) (560 cases), in which the
operative findings were in complete accord with the myelogra-
phic findings in 453 cases, giving an accuracy of 80.9 %.

As to the present material agreement was found between the
operative findings and the examination findings in 71.4 % in
group 1 and in 72.8 % of the entire present material. The cor-
responding figuré for FRIBERG & HULT’s series was 82.1 %.

On check examination of the roentgenograms, interest was
focused particularly on 1) thickened nerve roots, 2) filling de-
fects of nerve sheaths, 3) dislocated nerve roots. All of these
changes have been discussed previously and described by
Nicaors & Nosic (1940}, Bunts (1941), LEKSELL (1943}, AR-
NELL (1944), STENSTROM (1948), JOHANSSON (1949), F. KNUTS-
SON (1951), WALK (1958) and Daum, SMITH, WALKER, CHAP-
MAN & EVERSMAN (1959), and of course, they partly were noted
even in the preoperative reports.

On careful examination for these 3 factors, 9 of the 14 myelo-
grams originally regarded as normal were found to show disk
herniation between L'V and SI at the level of the change found
at operation, the percentage of agreement between the operative
finding of a disk herniation between LV and SI and the myelo-
graphic findings was thereby increased from 61.7 % to 76.7 %.
The corresponding figures for disk herniation between LIV and
LV were 93.2 % to 94.6 % for prbtrusion between LV and SI,
from 36.4 % to 54.5 %; and for protrusion between LIV and
LV, from 64.3 % to 71.4 %. This increased the frequency of
agreement between the positive operative findings and myelo-
graphic findings in group 1 from 75.3 % to 83.3 %.
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The corresponding increase in agreement between all opera-
tive findings and myelographic findings for group 1 was from
71.4 % to 78.6 %, and for the entire material from 72.8 % to
79.6 %.

The frequency of thickened roots, filling defects of the root
sheaths and dislocated roots in relation to the operative find-
ings is accounted for below.

Myelogram. Check examination.
A. Group 1.

a} Disk herniation between LV and SI: Of the 60 cases of
lumbosacral disk herniation, the SI-root was found to be
thickened in 30. (In 1 of them the LV-root was also thickened.)

b) Disk herniation between LV and LVI: Thickened SI-root
in 1 case.

¢) Disk herniation between LIV and LV: Of these 74 cases
of disk herniation, the SI-root was found to be thickened in
17 (18?) (6 of these cases also showed a thickened LV-root).

d) Disk herniation between LIII and LIV: —.

e) Protrusion between LV and SI: Thickened SI-root in 3 of
the 11 cases. (1 of the cases also had a thickened LV-root.)

f) Protrusion between LIV and LV: Of these 14 cases, 1 had
a thickened SI-root (in this case also a thickened LV-root).

g8) “Negative” operative findings: Of these 20 cases, the SI-
root was found to be thickened in 2.

A. Group 1.

a) Disk herniation between LV and SI: 44 cases (also LV in
4 cases, and LIV and LV in 1 case).

b) Disk herniation between LV and LVI: Defect of root
sheath SI in 1 case.

¢} Disk herniation between LIV and LV: 9 cases (also LV in
8 cases).

d) Disk herniation between LIII and LIV: —.

e) Protrusion between LV and SI: 6 cases (also LV in 1 case).

f) Protrusion between LIV and LV: 2 cases (also LV in these
2 cases).

g) “Negative” operative findings: 2 cases.

Thickened

Sl-root

30/60

1/1

50 %

100 %

17(189)/74
23% (24.3%9)

311 273 %

1/14

2/20

71 %

10 %

Filling defect

of root

sheath SI

44/60
1/1

9/74

6/11

2/14

2/20

73.3 %
100 %

122 %

54.5 %

143 %

10 %



Dislocated
SI;root
15/60 25 %

11 100 %
27/74 36.5 %

4/11 364 %
1714 71 %
1720 5%

Thickened
LV-root
3/60 5%

24/74 324 %

2/11 182 %
3/14 214 %

120 5%

Filling defect of
root sheath LV
9(8)/60

15 % (13.3 %)

68/74 919 %

311 273 %
10/14 714 %

4/20 20 %

Dislocated
LV-root
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A. Group 1.

a) Disk herniation between LV and SI: 15 cases (also SII in
2 cases). (In 5 cases only SII.)

'b) Disk herniation between LV and LVI: 1 case.

¢) Disk herniation between LIV and LV: 27 cases (also LV
in 10 cases). .

d) Disk herniation between LIII and LIV: —.

e) Protrusion between LV and SI: 4 cases.

f} Protrusion between LIV and LV: 1 case (also LV).

g) “Negative” operative findings: 1 case.

A. Group 1.

a) Disk herniation between LV and SI: 3 cases (also SI in
1 case).

b) Disk herniation between LV and LVI: —.

c) Disk herniation between LIV and LV: 24 cases (also SI
in 6 cases).

d) Disk herniation between LIII and LIV: —.

e) Protrusion between LV and SI: 2 cases (also Sl in 1 case).

f) Protrusion between LIV and LV: 3 cases (also SI in 1
case).

g) “Negative” findings: 1 case.

A. Group 1.

a) Disk herniation between LV and SI: 9 (8) cases (also SI
win 4 cases, and LIV and SI in 1 case).

b) Disk herniation between LV and LVI: —.

¢) Disk herniation between LIV and LV: 68 cases (also SI
in 8 cases and LIV in 1 case).

d) Disk herniation between LIII and LIV: —.

e) Protrusion between LV and SI: 3 cases (also SI in 1 case).

f) Protrusion between LIV and LV: 10 cases (also SI in 2
cases).

g) “Negative” findings: 4 cases.

A. Group 1.

a) Disk herniation between LV and SI: —.
b) Disk herniation between LV and LVIi: —.
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¢) Disk herniation between LIV and LV: 17 cases (also SI
in 10 cases and LIV in 1 case).

d} Disk herniation between LIII and LIV: 1 case (also LIV).

e) Protrusion between LV and SI: —.

f) Protrusion between LIV and LV: 2 cases (also SI in 1
case).

g) “Negative” findings: —.

A. Group 1. )

a) Disk herniation between LV and SI: —.
} Disk herniation between LV and LVI: —-,
} Disk herniation between LIV and LV: —.
) Disk herniation between LIII and LIV: —.
)
)

[=" < IR=2

Protrusion between LV and SI: —.
Protrusion between LIV and LV: —.
“Negative” findings: —.

=--

8)

A. Group 1.
Disk herniation between LV and SI: 1 case (also LIV and

) Disk herniation between LV and LVI: —.

)} Disk herniation between LIV and LV: 1 case (also LV).
) Disk herniation between LIII and LIV: 1 case.
Protrusion between LV and SI: —.

Protrusion between LIV and LV: —.

“Negative” findings: 1 case.

Disk herniation between LV and SI: —.

Disk herniation between LV and LVI: —.

Disk herniation between LIV and LV: 1 case (also LV).
Disk herniation between LIII and LIV: 1 case (also LV).
Protrusion between LV and SI: —. '
Protrusion between LIV and LV: —.

“Negative” findings: —.

Group 2
a) Disk herniation between LV and SI: 3 cases.
b) Disk herniation between LIV and LV: —.

17/74 23 %

1/2

2/14 143 %

50 %

Thickened
LIV-root

Filling defect of

root sheath LIV
1/60 1.7 %
1/74 14 %
1/2 50 %
1/20 5%

Dislocated

LIV-root
1/74 14 %
1/2 50 %

Thickened

Sl-root
3/6
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— c) Disk herniation between LIII and LIV; —.
— d) Protrusion between LV and SI: —.
— e) Protrusion between LIV and LV: —.
— f) Protrusion between LIII and LIV: —.
— g) Adhesions between LV and SI: —,
h) Adhesions between LIV and LV: —.
1/2 i) Adhesions between LV and SI+ LIV and LV: 1 case.
— j) Negative findings: —.
Filling defecto
rootzhecfth Sf B. Group 2
4/6 a) Disk herniation between LV and SI: 4 cases (also LV in

1 case).
2/4 b) Disk herniation between LIV and LV: 2 cases (also LV).
1/1 c) Disk herniation between LIII and LIV: 1. case (also LIV
and LV).
2/3 d) Protrusion between LV and SI: 2 cases (also LV).
— e) Protrusion between LIV and LV: —.
) Protrusion between LIII and LIV: —.
} Adhesions between LV and SI: —,
) Adhesions between LIV and LV: —.
1/2 i) Adhesions between LV and SI+ LIV and LV: 1 case
(also LV},
— j) Negative findings: —.

Dislocated
Slroot B+ Group 2

2/6 a) Disk herniation between LV and SI: 2 cases.

— b) Disk herniation between LIV and LV: —.

— ¢) Disk herniation between LIII and LIV: —.

— d) Protrusion between LV and SI: —.

— e) Protrusion between LIV and LV: —,

— f) Protrusion between LIII and LIV: —.

— g) Adhesions between LV and SI: (dislocated SII in 1 case).
— h) Adhesions between LIV and LV: —,

— i) Adhesions between LV and SI+ LIV and LV: —,

— j) Negative findings: —.

Thickened
LV-root B+ Group 2

— a) Disk herniation between LV and SI: —.

f
— g
h
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=2

(=7

Disk herniation between LIV and LV: —. —
Disk herniation between LIII and LIV: —. —
Protrusion between LV and SI: 1 case. 1/3
Protrusion between LIV and LV: —. —
Protrusion between LIII and LIV: —. —
Adhesions between LV and SI: —. —
Adhesions between LIV and LV: —. —
Adhesions between LV and SI+ LIV and LV: —. —
Negative findings: —. —

<

- D

SRR

illing defect o,
B. Group 2 foot sZeat’;‘l LVI
a) Disk herniation between LV and SI: 1 case (also SI). 1/8
b) Disk herniation between LIV and LV: 4 cases (also Sl in  4/4
2 cases).
¢) Disk herniation between LIII and LIV: 1 case [also LIV 1/1
and (SI)].

d) Protrusion between LV and SI: 2 cases (also SI). 2/3

e) Protrusion between LIV and LV: —. —

f) Protrusion between LIII and LIV: (1) case (also LIV), (Hn

g) Adhesions between LV and SI: 1 case. 1/3

h) Adhesions between LIV and LV: 2 cases. 2/2

i) Adhesions between LV and SI+ LIV and LV: 1 case 1/2
{also SI).

j) Negative findings: —. —

Dislocated

B. Group 2 LV-root

a) Disk herniation between LV and SI: —. —

b) Disk herniation between LIV and LV: 1 case. 1/4

¢) Disk herniation between LIII and LIV: —. —

Protrusion between LV and SI: —. —
Protrusion between LIV and LV: —. —
Protrusion between LIII and LIV: —, —
Adhesions between LV and SI: —. —
Adhesions between LIV and LV: —. —
Adhesions between LV and SI+ LIV and LV: —, —
Negative findings: —. —

:ER o 2L

Code bl
0 e
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Thickened B, Group 2
LIV-root
— a) Disk herniation between LV and SI: —.

— b) Disk herniation between LIV and LV: —.

11 ) Disk herniation between LIII and LIV: 1 case.
) Protrusion between LV and SI: —.

) Protrusion between LIV and LV: —,
)
)

[
-0 0

Protrusion between LIII and LIV: —.
Adhesions between LV and SI: —.

[
=gl

) Adhesions between LIV and LV: —.
— i) Adhesions between LV and SI+LIV and LV: —.
— j) Negative findings: —.

Filling defect of B GI‘Ollp 9
root sheath LIV

— a) Disk herniation between LV and SI: —.

— b} Disk herniation between LIV and LV: —.

1/1 ¢) Disk herniation between LIII and LIV: 1 case [also LV
and (SI)].

— d) Protrusion between LV and SI: —.

— e) Protrusion between LV and LIV: —.

11 f) Protrusion between LIII and LIV: 1 case [also (LV)].

— g) Adhesions between LV and SI: —.

— h) Adhesions between LIV and LV: —.

— i) Adhesions between LV and SI+-LIV and LV: —.

— j) Negative findings: —.

Dislocated B. Group 2

LIV-root
— a) Disk herniation between LV and SI: —.
— b) Disk herniation between LIV and LV: —.
1/1 ¢) Disk herniation between LIII and LIV: 1 case.
d) Protrusion between LV and SI: —.
e) Protrusion between LIV and LV: —.
) Protrusion between LIII and LIV: —.
— g) Adhesions between LV and SI: —.
) Adhesions between LIV and LV: —.
— i) Adhesions between LV and SI4+ LIV and LV: —.
)

Negative findings: —.
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The myelographic findings will be discussed further in the
chapter: “Correlation with operative findings.”

Electromyographic findings

In the present investigation a DISA electromyograph and
concentric needle electrodes (DISA 13K03) were used.

If a normal striated muscle is tested by electromyography during
rest, no electric activity will be recorded. If, however, a skeletal
muscle, for some reason or other, has been denervated, so-called de-
nervation potentials will be recorded even from the resting muscle,
approximately 18—21 days after the lesion responsible for denerva-
tion. These spontaneous abnormal action potentials appear with short
duration and low voltage (0.5—3 msec. and 50—200 V). They are
triphasic (the third phase is, however, of very small amplitude). At
the same time, a characteristic high-pitched, clicking sound is heard
in the loudspeaker. In addition to these denervation potentials, mono-
phasic, so-called positive sharp waves, may be noted for the dener-
vated musculature. (They are of 4—8 msec. duration.)

| b C
Fig. 1. Motor unit potential (a), fibrillation potential (b)
positive denervation potential (c)

The following sources of error must be borne in mind:

a) On insertion of the electrodes or on movement of the electrodes, the
eleciromyogram may show changes which can readily be confused with
denervation potentials. This phenomenon is, however, of very short dura-
tion.

b) If the needle electrode happens to be inserted into one of the many
fine nerve fibres extending through the muscle, false denervation potentials
may be recorded. In such cases, however, the patient experiences severe
pain.

It is sometimes necessary to insert the needle electrode seve-
ral times into the muscle before denervation potentials are de-
monstrable. In the present investigation, a muscle examined by
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electromyography was not said to be normal unless insertion
of the needle at 36 different points had failed to show any
denervation potentials. Three different electrodes were used
for each muscle, and each elecirode was inserted at 4 different
sites and at 3 different depths at every site.

The examination was performed with the patient in a com-
fortable resting position on the examination table. The follow-
ing muscles were studied in each patient: erector spinae, glu-
teus max. et med., tensor fascia lata, biceps femoris, quadri-
ceps femoris, peroneus longus, extensor dig. long., extensor hal-
lucis long., tibialis ant., soleus, the medial head of the gastro-
cnemius, the lateral head of the gastrocnemius and extensor
dig. brev. The electromyographic examination was performed
independently of, and without previous knowledge of, the cli-
nical and myelographic examination. In other words, the exa-
miner was not influenced by knowledge of earlier diagnostic
findings.

Electromyographic localization of nerve root injury is based
on the finding of denervation potentials in those muscles inner-
vated by this particular nerve root and in no other muscles. In
other words, even if an isolated muscle may have multiple
nerve root innervation, it should show denervation potentials
only together with the other muscles innervated by the same
injured nerve root. Such a group of muscles is called a myo-
tome.

SHEA, WoODs & WERDEN (1950) were the first to report the
value of EMG as a diagnostic tool in the investigation of lum-
bar nerve root compression syndrome. Their report is based on
60 cases of lumbar nerve root compression syndrome. The
operative findings in their material were as follows: LIV (tu-
mour): 1, LV: 23, SI: 35, and negative operative findings: 1.
In 55 of the cases, myelography (ethyl iodophenylundecylate)
was performed. They compared the diagnostic possibilities of
both electromyography and myelography and found the results
of electromyography to coincide with those at operation in 90 %
(54/60) and of myelography with 87.3 % (48/55).

In 1955 MARINACCI in his book “Clinical Electromyography”
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reported on 150 operated lumbar disk herniations, which he
examined electromyographically before operation. He gave the
following results:

71 cases had disk herniation between LV and SI:

EMG showed: SI 62 cases

LV 5

Normal 1 case (less than 14 days)
Myelography: LV—SI 31 cases

LIV—LV 4

LV—SI+LIV—LV 2 .,

Normal 26

No myelography 8

57 of them had disk herniation between LIV and LV:

EMG showed: LV 48 cases

LV+SI 5

SI 2

LIV 1 case

Normal 1 ,, (less than 14 days)
Myelography: LIV—LV 38 cases

LIV—LV+4LV—SI 4

LIII—LIV 2 .,

Opposite side 3 .,

No myelography 1 case

15 of them had disk herniation between LIV—LV+4LV—SI:

EMG showed: LV 6 cases
SI 4
LV+4SI 5

Myelography: LIV—LV 6 cases
LvV—SI 14
LIV—LV+4+LV—SI 2,
Normal 2,
No myelography 1 case

3 of them had disk herniation between LIII and LIV:

EMG showed: LIV4LV
LIII+LIV
Myelography: LIII—LIV
LIII—LIV+LIV—LV

2
1
2 cases
1

cases
case

case

2 of them had spondylolisthesis of LV:

EMG showed: LV4SI
Myelography: LIII—LIV
Normal

cases
1 case
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2 patients had cauda equina tumours, EMG and myelography
showed the same changes which were confirmed at operation
in both cases.

SHEA & WooDs (1956} described 354 cases of spinal nerve
root compression studied electromyographically and myelogra-
phically (Pantopaque in most cases) and in all cases operation
was done later. The results are given below.

Root lesion found EMG Myelography
at operation Correct Incorrect Correct Incorrect
L III—L 1V (tumour) 1 0 1 0
LIV—LV 152 9 104 37
LV—SI 171 20 124 21
No lesion 1 0 —_ —
Tolal 325 29 229 58
(91.8 %) (79.8 %)
354 287

The series hitherto referred to thus showed very good agree-
ment regarding the electromyographic findings. In 1957, how-
ever, CRUE, PUDENZ & SHELDEN described a material in which
the results were not quite so good. They gave the following
analysis of their 136 cases.

Ls trusi .
;:gifrgfr;:is(:gn Small protrusion
Correct Correct
localization % localization %
68 | cases 18 | cases
LV—SI
86 cases
Clinical. 57 84 15 83
EMG 56 82 14 71
Myel. 53 78 12 67
LIV—LV 34 | cases 16 | cases
50 cases
Clinical. 22 65 7 44
EMG 23 68 6 37
Myel. 30 88 13 81
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Other authors who discussed electromyography as a dia-
gnostic tool in the investigation of disk herniations are: BONNER
& ScHMIDT (1957) who in 30 patients found an accuracy for
electromyographic findings of 80 %, and MENDELSOHN & SOLA
(1958) which in 45 cases found a correct electromyography in
89 %, incorrect in 7 % and normal in 4 %. In their material
the myelograms were correct in 84 %, incorrect in 9 % and
normal in 7 %. GOLSETH (1950), voN HAGEN (1955) only de-
scribed the results in small materials (some single cases) and
will therefore not be discussed further here.

Among these earlier investigators MARINACCI gave the follow-
ing distribution of myotomes:

Muscle ) Myotome

Quadriceps femoris
Tibialis anterior LIV
Erector spinae (at the level of LIV—LYV vertebrae)

Tibialis anterior

Ext. hall. and dig. long.

Lateral head of gastrocnemius

The peroneal group

Hamstrings

Tensor fascia lata

Gluteus med.

Erector spinae (at the level of the lumbosacral interspace)

LV

Medial head of gastrocnemius

Soleus

Hamstrings

Gluteus max.

Erector spinae (at the level of SI—SII vertebrae)
The peroneal group

SI

SHEA, WooDs & WERDEN and SHEA & WooDSs used largely
the same classification but did not test the erector spinae. CRUE,
PUDENZ & SHELDEN, on the other hand, like MARINACCI, tested
the erector spinae and also used largely the same myotome
classification.

In the present investigation this schema was also adopted,
5



SI-denervation

48/60 80 %

20/74 27 %
9/11 818 %
5/14 35.7 %
8/20 40 %

LV-
denervation

12/60 20 %
1/1 100 %

56/74 75.7 %
2/11 182 %

11/14 786 %
7/20 35 %

LIV-
denervation
2/60 3.3 %
1/74 14 %
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but with the following modifications. Of hamstrings only the
biceps femoris was tested, of the peroneal group only the pero-
neus longus and as an addition the ext. dig. brev. (LV-inner-
vated) was tested.

The findings made at this examination are given below:

A. Group 1.

a) Disk herniation between LV and SI: 48 cases (including
5 with LV and 2 with LIV).

b) Disk herniation between LV and LVI: —.

¢} Disk herniation between LIV and LV: 20 cases (including
8 with LV).

d) Disk herniation between LIII and LIV: —.

e) Protrusion between LV and SI: 9 cases (including 2 with
LV).

f) Protrusion between LIV and LV: 5 cases (including 2 with
Lv).

g) “Negative” findings: 8 cases (including 1 with LV).

A. Group 1.

a) Disk herniation between LV and SI: 12 cases (including
5 with SI).

b) Disk herniation between LV and LVI: 1 case.

¢) Disk herniation between LIV and LV: 56 cases (including
8 with SI, and 1 with LIV).

d) Disk herniation between LIII and LIV: —. :

e) Protrusion between LV and SI: 2 cases (both of them
with SI).

f) Protrusion between LIV and LV: 11 cases (including 1
with SI and 1 with LIV).

g) “Negative” findings: 7 cases (including 1 with SI, and 1
with LIV).

A. Grouj) 1.

a) Disk herniation between LV and SI: 2 cases (both of them
with SI).

b) Disk herniation between LV and LVI: —.

c) Disk herniation between LIV and LV: 1 case (with LV).
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d) Disk herniation between LIII and LIV: 2 cases. 2/2 100 %
e) Protrusion between LV and SI: —. —
f) Protrusion between LIV and LV: —. —
g) “Negative” findings: 1 case (with LV). 120 5%

B. Group 2 SI-denervation

a) Disk herniation between LV and SI: 6 cases (including 2 6/
with LV).

b) Disk herniation between LIV and LV: 1 case. 1/4

¢) Disk herniation between LIII and LIV: —. —

d) Protrusion between LV and SI: 2 cases. 2/3
) Protrusion between LIV and LV: —, —
f) Protrusion between LIII and LIV: —, —
) Adhesions between LV and SI: 3 cases (including 1 with  3/3

h) Adhesions between LIV and LV: —. —
i} Adhesions between LV and SI+LIV and LV: 1 case (with  1/2

j) Negative findings: —. —

Lv-

B. Group 2. denervation
a) Disk herniation between LV and SI: 2 cases (with SI). 2/6
b) Disk herniation between LIV and LV: 3 cases. 3/4
¢) Disk herniation between LIII and LIV: 1 case (with LIV). 121
d) Protrusion between LV and SI: —. —
e) Protrusion between LIV and LV: 1 case. 11
f} Protrusion between LIII and LIV: —. —
8) Adhesions between LV and SI: 1 case (with SI). 1/3
h) Adhesions between LIV and LV: 2 cases (including 1 with 2,2

LIV).

i} Adhesions between LV and SI+LIV and LV: 2 cases (in- 2/2
cluding 1 with SI).
j) Negative findings: —. —

B. Group 2. LIv-

denervation
a) Disk herniation between LV and SI: —. —
b) Disk herniation between LIV and LV: —, —
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Disk herniation between LIII and LIV: 1 case (with LV).

c)

d) Protrusion between LV and SI: —.

e) Protrusion between LIV and LV: —,

f) Protrusion between LIII and LIV: 1 case.

g) Adhesions between LV and SI: —.

h) Adhesions between LIV and LV: 1 case (with LV).

—_— —

i) Adhesions between LV and SI+ LIV and LV: —.

j) Negative findings: —.

Figs. 2—5 show in which muscles denervation potentials
were demonstrable.

The diagnostic results and the “incorrect” electromyograms
are discussed in the next chapter.



Chapter IV
CORRELATION OF DIFFERENT
DIAGNOSTIC METHODS WITH

OPERATIVE FINDINGS

It is apparent from the description of the material in chapter
III that projection of pain and impaired sensibility are of rela-
tively little value in assessing the level of a lesion. Therefore, on
comparison of the value of the various examination findings for
assessing the level of lumbar root compression syndrome be-
low, these two factors will be disregarded. This also applies to
Laségue’s test and muscular atrophy which, except for atrophy
of musculus ext. dig. brev. is of no value in locating the level of
a lesion.

As to the clinical-neurological examination, attention was
thus given to reflex disorders and weakening or paralysis of
the extensors of the great toe.

Below a comparison is made of the value of these clinical
findings, of the primary myelographic findings and of the
electromyographic findings, judged from the findings at opera-
tion. The results of the comparison are summarized in the
tables below.

It is clear from Table 12 that lumbosacral disk herniation
produced clinically and electromyographically demonstrable
changes of SI in 80 %, while myelography gave a correct posi-
tive diagnosis in only 61.7 %. This is in agreement with earlier
experiences and may be explained by the relatively large dia-
meter of the spinal canal in the lumbosacral space. Of the cases
of disk herniation between LIV and LV and revealed at opera-
tion, however, myelography gave correct information in 93.2 %,
while clinical examination and electromyography suggested
affection of LV in only 75.7 %.

As to protrusions, best agreement was found between electro-
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TABLE 12
Clinical-neurological examination
Correct Misleading Normal Correct
Operation findings
F E E E
g % g % g % g %
= = E} 3
- z Z z
Diskherniation L V—S1 48 80 10 16.7 2 3.3 37 61.7
» LIV—-LV 56 75.71 10 13.5 8 10.8 69 93.2
. LIII—L IV 2| 100 —_ — —_ — 2 {100
Protrusion LV—S 1 8 72.8 2 18.2 1 9.1 4 36.4
” LIV—-LYV 10 71.4 1 7.1 3 21.4 9 64.3
Total with positive operation
findings 124 77 23 14.3 14 8.7 121 75.2
“Negative” findi af 20 |16 | 80 | S | See 9| 45
egative” indings correct | correct
14 7.7
Total number of cases | 128 70.7| 39 21.5 (18) (9.9) 130 71.8

myographic and operative findings: 81.8 % for lumbosacral
protrusions and 78.6 % for protrusions between LIV and LV,
while the corresponding figures for operative findings versus
clinical-neurological findings were 72.8 % (LV and SI) and
714 % (LIV and LV), respectively, and for operative findings
versus myelographic findings 36.4 % (LV and SI) and 64.3 %
(LIV and LV), respectively.

In group 1 best agreement was found between the positive
operative findings and electromyography, namely, 78.3 %, while
the corresponding figure for the clinical-neurological examina-
tion was 77 % and for myelography 75.2 %.

The relatively low number of correct diagnostic results in the
group in which operation revealed no signs of a pathological
disk condition is due to the fact that the findings were classi-
fied as “negative” simply because they showed no disk changes.
But it was only in 8 out of the 20 cases in which operation
revealed no signs of a pathological condition. The other 12
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A. Group 1
Myelography Electromyography
Misleading Normal T;&;lsllx:;(l:)al Correct Misleading Normal
o Bt £ £ £ [
£ 2 2 z H 3
gE| % g % g % g % E % g %
= E] El = El El
4 3 4 Z 4 4
9115 14 23.3 - — 48 80 7 11.7 5 8.3
4 5.4 1 1.4 — — 56 75.7 12 16.2 6 8.1
— — — — — — 2| 100 — — —_ —_
2| 18.2 4 36.4 1 9,1 9 818 | — — 2 18.2
21143 3 21.4 — — 11 78.6 3 21.4 — —
17 | 10.6 22 13.7 1 0.5 | 126 78.3 | 22 13.7 13 8.1
10 | 50 See See s See See
correct | cerrect 1 5 6 30 1 70 correct | correct
22 12.2 13 7.2
27 | 14.9 (29) (16.0) 2 1.1 | 132 72.9 | 36 19.9 (19) (10.5)

showed root affection due to factors other than disk involve-
ment, which is seen in Table 14.

It is therefore the figures in Table 14 that should be regarded
as adequate.

With regard to the cases in group 2, myelography and electro-
myography agreed well with the findings made at operation.
There was agreement in 91.7 %, while the corresponding figure
for the clinical-neurological examination of these cases was
79.2 %.

It is clear from the description of the material that in many
cases combined clinical-neurological findings, and likewise com-
bined electromyographic findings were made. These findings
are accounted for Tables 15 to 18.

The relation between unequivocal and combined clinical find-
ings, respectively, and unequivocal and combined electromyo-
graphic findings, respectively, and the operative findings are
given below.
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A. Group 1
a) Disk herniation between LV and SI:
TABLE 19
EMG
Clinical Total
SI SI4+LV | SI4+L1V | LV |Normal
SI 19 2 2 1 1 25
SI+LV 11 1 — 2 1 15
SI4+L1IV 3 — — — 2 5
SI+LV4LIV 2 1 — — —_ 3
LV 3 1 — 4 1 9
LV+LIV 1 — — — — 1
Normal 2 — — — — 2
Total 41 5 2 7 5 60

It is clear from the table that in 41 out of 60 cases electro-
myography showed unequivocal evidence of a lesion of the SI-
root and in 25 of 60 a similarly unequivocal clinical-neurologi-
cal pattern of SI syndrome was seen. In only 19 cases was
agreement found between the unequivocal diagnostic findings.

b) Disk herniation between LV and LVI: This herniation
gave an unequivocal electromyographic pattern of affection of
LV, while clinical-neurological examination indicated affection
of both LIV and LV.

¢) Disk herniation between LIV and LV:

TABLE 20
EMG
Clinical Total
LV LV4SI | LV4LIV SI Normal
LV 27 3 —_ 2 1 33
LV4SI 13 1 —_ 1 — 15
LV+LIV 3 —_— 1 — 1 5
LV4+LIV4SI 1 1 —_ 1 — 3
SI 1 1 —_ 5 2 9
SI+LIV — — — 1 — 1
Normal 2 2 — 2 2 8
Total 47 1 12 6 74
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Thus electromyography had given an unequivocal diagnosis
in 47 of the 74 cases of herniation found at operation between
LIV and LV, the corresponding figure for the clinical-neuro-
logical examination being 33. There was agreement in 27 cases.

d) Disk herniation between LIII and LIV: In both cases cli-
nical and electromyographic examination showed affection of
LIV only.

e) Protrusions between LV and SI:

TABLE 21
EMG
Clinical Total
SI SI+4L V| Normal

SI 3 —_ 2 5
SI+LV 1 1 — 2
SI+LV4LIV — 1 — 1
LV 2 — — 2
Normal 1 — — 1
Total 7 2 2 11

f) Protrusions between LIV and LV:

TABLE 22
EMG
Clinical Total
LYV LV4SI S1

LV 6 — 1 7
LV+SI 1 1 — 2
LV4LIV 1 — — 1
SI — — 1 1
Normal 1 1 1 3
Total 9 2 3 14
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g,) Negative explorations:

TABLE 23
Clinical EMG Total
Lv SI LV4SI Normal
LV — —_ — 1 1
LIV+LV — — — 1 1
LV4SI 1 — 1 — 2
S1I — 2 — — 2
Normal — 1 — 1 2
Total 1 3 1 3 8
g.) Osteofytes or varices:
TABLE 24
EMG
Clinical Total
Lv SI LIV4+LYV Normal
LIV 1 — — — 1
LV 1 — — 1 2
LIV4+LV 1 — 1 1 3
LIV+LV4SI | — 1 — — 1
SI 2 — — 2
LV+SI 1 — — — 1
Normal — 1 — 1 2
Total 4 4 1 3 12
B. Group 2
a) Disk herniation between LV and SI:
TABLE 25
EMG
Clinical Total
ST | SI+LV
S1 2 — 2
SI+LV 2 — 2
SI+LVA4LIV | — 1 1
LV — 1 1
Tolal 4 2 6
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b) Disk herniation between LIV and LV:

TABLE 26
EMG
Clinical Total
LYV S1

LV 1 —_ 1
LV+SI 1 —_ 1
LI1V+SI — 1 1
S1 1 _ 1
Total 3 1 4

c) Disk herniation between LIII and LIV: There was 1 case
which showed electromyographic affection of LIV+LV and of
all 3 roots clinically.

d) Protrusion between LV and SI:

TABLE 27

A EMG
Clinical Total

SI Normal

SI 1 1 2
SI+LV 1 —
Total 2 1 3

e) Protrusion betwéen LIV and LV: 1 case with distinct af-
fection of LV clinically as well as electromyographically.

f) Protrusion between LIII and LIV: 1 case with distinct
electromyographic affection of LIV but clinically with affec-
tion of all 3 roots.

g) Adhesions between LV and SI:

TABLE 28
EMG
Clinical Total
SI SI4+LV
SI+LV 1 1 2
Normal 1 — 1

Total 2 1 3
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h) Adhesions between LIV and LV:
TABLE 29

EMG
Clinical Total

LY |LV4LIV

LV 1 — 1
LV+SI — 1 1
Total 1 1 2

i) Adhesions between LV and SI+4LIV and LV:

TABLE 30
EMG
Clinical : Total
LV | LV4SI
LV 1 — 1
LV+4SI — 1 1
Total 1 1 2

j) Negative operative findings: 1 case, which gave a normal
electromyogram, showed clinical sign of SI affection.

Some misleading diagnostic findings compared with the find-
ings at operation occurred in all 3 diagnostic methods. They are
discussed below.

I. GROUP 1. DISK CHANGES FOUND AT OPERATION
1) Misleading clinical-neurological findings

a) Disk herniation between LV and SI: In 9 of these 60 cases
of disk herniation, weakness of the great toe was the only clini-
cal finding.

In 4 of them there was a lateral disk herniation which af-
fected the LV root (so-called lateral LV-syndrome, described
among others by BRADFORD & SPURLING, 1939; CRAIG & WALSH,
1941; NORLEN, 1944; HERRLIN, 1958). In all of these 4 cases
electromyography also showed an LV affection (1 of the cases
in combination with affection of SI). The myelogram was nega-
tive in 2 and showed a lesion between LV and SI in 1 and dist-
ally between LIV and LV in 1.
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In the other 5 cases there was the usual type of lumbosacral
disk herniation with affection of a root regarded as SI at opera-
tion. In all of these cases the vertebrae were counted and the
number was found to be normal in all. Electromyography
showed involvement of SI in 3 cases and normal finding in 1.
In these 4 cases the weakness of the great toe may be explained
by pain. In the 5th case the electromyogram, like the clinical
findings, suggested affection of LV, while the myelogram was
of normal appearance. The findings in this case may possibly
be explained by an innervation anomaly.

Check examination of the myeolgram showed a thickened SI
root and filling defect of the SI root sheath.

Finally, in 1 case clinical examination showed weakness of
the patellar reflex and of the great toe, while EMG showed: af-
fection of SI root, and myelography indicated a lesion between
LIV and LV. At operation a spontaneously perforated disk her-
nia was seen lumbo-sacrally and compressing an irritated and
a thickened SI root. The disk between LIV and LV was empty
and the herniation was certainly referable to this level. Four
months had elapsed between myelography and the operation.

c) Disk herniation between LIV and LV: In 9 of the 74 cases
of disk herniation between LIV and LV, the clinical-neurologi-
cal finding was a changed Achilles tendon reflex (but no weak-
ness of the great toe).

In 4 of these cases the disk herniation was very medial and
could therefore satisfactorily explain the affection of the SI
root. The only electromyographic finding was also affection of
SI in 3 of these cases, while the eleciromyogram was of normal
appearance in the 4th. In all 4 cases the myelogram showed a
medial herniation between LIV and LV.

Also in the 5th case operation revealed a very medial disk
herniation with compression of the SI root. Clinical examina-
tion of this case had, however, shown in addition to affection
of SI, also involvement of LIV. Electromyography suggested
involvement of the SI myotome and myelography showed a
slight lumbosacral bulge.

In 1 case electromyography also showed SI denervation and
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myelography indicated a lesion between L1V and LV. That pa-
tient had, however, 13 thoracic vertebraes.

In 1 case electromyography showed denervation fibrillation
in LV as well as the SI myotome, myelography indicated a le-
sion between LIV and LV, and operation revealed a relatively
large spontaneously perforated disk, which may have com-
pressed any of the roots or both.

In the 2 remaining cases disk herniation was found at the
usual site between LIV and LV. Myelography also indicated a
lesion at this level. Electromyography, like the clinical exa-
mination, suggested affection of SI only in one of these cases,
while in the other case the electromyogram was of normal ap-
pearance. The vertebrae were counted and found to be of nor-
mal number. In these cases then, no other explanation than
innervation anomaly can be offered.

e) Protrusions between LV and SI: In 2 of these cases the
only clinical-neurological finding was weakness of the great toe,
while electromyography showed denervation in the SI myo-
tome. This might be explained by the following assumption:
Weakness of the great toe may have been due to pain, the com-
pression of the SI root produced changes in the sensitive elec-
tromyogram but not any clinical signs.

f) Protrusions between LIV and L.V: In 1 case with weakness
of the Achilles tendon reflex as the only clinical finding, elec-
tromyography showed affection of SI. Operation revealed a
protrusion with a very medial compression. The myelogram
was negative.

2) Misleading myelographic findings

a) Disk herniation between LV and SI: In 9 cases myelo-
graphy suggested herniation between LIV and LV, while opera-
tion revealed lumbosacral herniation.

In 1 of the cases 4 months had elapsed between myelography
and operation, the disk had perforated spontaneously into the
Iumbosacral space, the disk between LIV and LV was empty,
and the hernation had probably originated from this space.

In 1 of the cases the lumbosacral disk had herniated far out
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laterally and affected the LV root and produced a myelogra-
phic change of the LV root and its sheath may be even up in
the space between LIV and LV.

In the other 7 cases no explanation could be found at opera-
tion for the misleading findings.

¢) Disk herniation between LIV and LV: In 3 cases myelo-
graphy showed lumbosacral disk herniation: in 2 of them the
herniation affected the SI root and thereby might have given
the changed picture lumbosacrally: in the 3rd no explanation
was found.

In 1 case myelography showed an inward bulge at the level
of LIII. No explanation was available.

As to the protrusions, the myelogram was misleading in 2
cases of protrusion between LV and SI and in 2 between LIV
and LV. Operation revealed no explanation for the changes.

3) Misleading electromyographic findings

a) Disk herniation between LV and SI: In 7 cases of lumbo-
sacral disk herniation electromyography showed denervation
fibrillation in the LV myotome.

In 4 of these cases the herniation was far laterally and pres-
sed against the LV root. In these cases clinical examination had
also suggested affection of LV (in 1 of the cases in combina-
tion with SI affection). In 2 cases the myelogram showed no
changes suggestive of a pathological condition, in 1 it indicated
a lesion between LV and SI and in 1 distally between LIV and
LV (so-called lateral LV-syndrome).

In 1 of the cases the disk herniation was relatively far out
laterally and affected the LV root as well as the SI root. Clini-
cal examination revealed affection of SI and myelography
showed changes between LV and SI.

In 1 case, No. 863/59, operation first revealed a vertical nerve
root that was neither swollen nor irritated in the lumbosaeral
space. When the nerve was pricked, the patient reported pain
in the dorsal part of the calf. Another nerve root running
obliquely laterally downwards was also observed. This nerve
root appeared to be swollen and irritated. When the nerve was



88

pricked, the patient complained of pain in the great toe. Lateral
to this last mentioned nerve root and dislocating it medially,
was a large (1.5 ml) disk herniation. In this case clinical exa-
mination had revealed weakness of the great toe and of the
Achilles tendon reflex. The Achilles tendon reflex were, how-
ever, weak on both sides. The myelogram suggested a lumbo-
sacral lesion.

In the 7th case electromyography as well as the clinical-
neurological examination suggested an affection of LV. Myelo-
graphy, however, showed no signs of a pathological condition.
The disk herniation was found at the usual place lumbosacrally.
Innervation anomaly was the only explanation available. (The
number of the vertebrae was normal.)

¢) Disk herniation between LIV and LV: In 12 of the patients
with disk herniation between LIV and LV, electromyography
showed denervation in the SI myotome.

In 9 of these cases the herniation was situated medially and
pressed against the iniradural SI root. Clinical examination
showed affection of LV in 1 of the cases, affection of SI in 6
including 2 with combined neurological signs. In 2 cases neuro-
logical examination was normal. A medial disk herniation be-
tween LIV and LV affecting the SI root has been described by
SHEA, Woops & WERDEN (1950), CRUE, PUDENZ & SHELDEN
(1957) and KNUTSSON (1958).

In 1 case clinical examination also showed SI affection and
myelography indicated a lesion between LIV and LV. That
patient had, however, 13 thoracic vertebraes.

In 1 case the disk herniation had perforated spontaneously
and, according to the operator, it might very well have affected
the SI root. Clinical examination had revealed weakness of the
great toe.

In the 12th case clinical examination suggested affection of
both LV and SI. Operation revealed changes only of the LV
root. No explanation was found for the SI denervation and the
clinical affection of SI.

f) Protrusions between LIV and LV: In 3 of these cases elec-
tromyography showed denervation of the SI myotome as the
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only finding. In 2 of these cases operation revealed a definite
affection of the SI root by medial pressure of the protrusion.
The clinical examination in 1 case was normal, and the myelo-
gram indicated changes between LIV and LV, in the 2nd case
clinical examination suggested affection of SI, while the myelo-
gram showed no lesions.

In the 3rd case clinical examination and myelography showed
involvement of LV. The operation revealed ‘a protrusion be-
tween LIV and LV with affection of the LV root, but lumbo-
sacrally the interspace was narrow and thereby the SI root
may have been affected.

II. GROUP 1. NO DISK LESIONS FOUND AT OPERATION

According to Table 14, there were among the “negative” find-
ings 7 cases in which clinical neurological examination was
misleading and 3 cases in which myelography and 6 cases in
which electromyography had given misleading results.

On analysis -of these cases it was found that 1 patient had
weakness of the great toe and Achilles tendon reflex, electro-
myography had shown LV denervation, and myelography had
suggested a lesion between LIV and LV, but no disk lesions
were found at operation. At re-examination 1 year after opera-
tion, the patient felt better and the weakness of the great toe
and denervation of LV had disappeared. There may therefore
have been some pressure which was eliminated by the decom-
pressive hemilaminectomy.

In 1 of the cases in which exploration revealed no disk
changes electromyographic examination had shown denerva-
tion of the SI myotome, while the clinical-neurological exami-
nation and the myelogram both were normal. At the postopera-
tive examination 1 year later the patient was completely re-
covered and no longer showed any electromyographic changes.
Some pressure which could not be demonstrated at operation
may therefore have been relieved by the operation.

In 3 other cases in which operation revealed no changes, cli-
nical examination and electromyography had shown similar
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misleading changes. In 2 of these cases the SI was found af-
fected by both methods. The myelogram was normal in both
cases. At re-examination 1 year after operation, 1 of the pa-
tients had not improved and had persistent electromyographic
changes, the other patient had improved and the electromyo-
gram was now of normal appearance. In the 3rd case clinical
examination as well as electromyography showed affection of
both LV and SI, while the myelogram showed a thickened LIV
root. At operation the 2 lowermost spaces were exposed but
with negative findings. At re-examination the patient showed
no improvement.

In 2 cases, in which exploration revealed no changes, the
patients had shown misleading clinical-neurological findings
but normal electromyograms. In one of these 2 cases clinical
examination had indicated affection of the LIV and LV roots
and myelography had shown a thickened LV root (and was
thus also misleading), in the other clinical examination had
shown an affection of LIV, but in that patient myelography
and electromyography had shown nothing abnormal. These 2
patients showed no improvement at re-examination.

In 1 case in which operation had revealed lumbosacral osteo-
phytes pressing a nerve root, which was regarded as the SI
root, clinical-neurological examination and electromyography
had shown affection of L'V, while the myelogram was normal.
The number of vertebrae was counted and found to be normal.
At re-examination the patient was better and the weakness of
the great toe and the denervation of LV had disappeared.

Myelography was misleading in 1 case, in which operation
revealed varices lumbosacrally and swollen SI root. Clinical
examination and electromyography had also shown SI affec-
tion. The myelogram, on the other hand, indicated a lesion be-
tween LIV and LV, where operation revealed no changes. At
re-examination the patient was better and the electromyogra-
phic changes had disappeared.



91

Group 2

The misleading clinical findings noted in 4 cases, may all be
due to persistent changes from earlier operation and will there-
fore not be considered.

The patient that showed misleading electromyographic find-
ings had a medially disk herniation between LIV and LV with
pressure of the intradural part of the SI root.

As to atrophy and denervation of musculus ext. dig. brev.,
such changes were found (see chapt. III) in 11 of 74 cases of
disk herniation between LIV and LV, or in 14.9 %, while Ku-
GELBERG & PETERSEN (1950) gave such a high frequency as
85 %.

In patients with disk herniation between LV and SI, KUGEL-
BERG & PETERSEN found the same change in only 8 %. In the
present investigation, on the other hand, corresponding find-
ings were made in 9 of 60 cases, i.e., 15 %. This figure appears
high: therefore these 9 cases are discussed further below.

In 4 of the 9 cases there was a lateral disk herniation (so-
called lateral LV syndrome), in 1 the herniation was situated
relatively laterally and affected the LV root as well as the SI
root. Clinical examination has shown weakness of the Achilles
tendon reflex and electromyography had shown LV denerva-
tion. In the 6th case the electromyogram and clinical-neuro-
logical examination also suggested affection of LV.

In 2 cases clinical examination showed not only atrophy and
denervation of musculus ext. dig. brev., but also weakness of
the great toe and of the Achilles tendon reflex.

In the 9th case electromyography and clinical-neurological
examination showed affection of SI.



Chapter V
THE REVIEW

In order to study the effect of operation and to ascertain
whether the electromyographic and clinical-neurological changes
persisted after the operation, the patients were examined clinic-
ally and electromyographically 1 year after the operation.

Of the 206 operations, 202 were reviewed. Of the 4, who were
not reviewed, 2 had died in the meantime from some intercur-
rent disease. The other 2 refused to cooperate.

I. Results

All of the 60 patients with lumbosacral disk herniation, co-
operated and 33 (55 %) were found to have made a complete
recovery, 17 (28.3 %) had symptoms in the form of weakness
of the back or back pain but no longer any leg pain. 9 of these
17 wore a corset. 9 (15 %) had persistent sciatic pain but felt
better than before the operation. Finally 1 (1.7 %) showed no
improvement. «

As to the patient in whom operation revealed herniation of
the disk between LV and LVI, he had made a complete recovery
by the time of the review.

Of the 74 patients who had been operated upon for disk her-
niation between LIV and LV, 71 (1 dead, 2 refused to co-
operate) were reviewed. 40 (56.3 %) had made a complete re-
covery, while 16 (22.5 %) complained of weakness and pain
of the back (9 wore a corset). 11 (15.5 %) felt better, but they
still had sciatic pain, while 4 (5.6 %) showed no improvement
at all.

The two patients, operated upon for disk herniation between
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LIIT and LIV, were found to have made a complete recovery by
the time of the review.

As to the 11 patients, operated upon for a lumbosacral pro-
trusion, 10 were examined (1 had died in the meantime). Of
these 10, 6 (60 %) had made a complete recovery, while 2
(20 %) complained of back pain (1 of them wore a corset) and
2 (20 %) had persistent sciatic pain but felt better than before
the operation.

The 14 patients, who had had a protrusion between LIV and
LV, all were examined. A complete recovery had been made
by 7 (50 %), while 5 (35.7 %) complained of back pain and 2
of them wore a corset, 1 (7.1 %) felt better but still had sciatic
pain and only 1 (7.1 %) reported no improvement at all.

All of the 20, in whom operation had failed to reveal any
disk changes, were reviewed. In the 7 cases, in which operation
showed osteophytes explaining the root compression syndrome,
2 (28.6 %) had made a complete recovery, while 3 (42.9 %) felt
better but still had sciatic pain and 2 (28.6 %) were unimproved.
Of the 4 patients, in whom the only operative finding was "va-
rices”, 1 (25 %) hade made a complete recovery, 2 (50 %) still
had leg pain but otherwise felt better and 1 (25 %) was un-
improved. In the case in which operation showed not only “va-
rices” but also a narrow intervertebral space, the patient had
no sciatic pain at the review but had back pain and he wore
a corset. Of the 8 cases, in which operation revealed no signs
of a pathological condition at all, 1 (12.5 %) had made a com-
plete recovery, 1 (12.5 %) no longer had sciatic pain but per-
sistent back pain (used corset), 3 (37.5 %) felt better but still
had sciatic pain, and 3 (37.5 %) were unimproved.

Of the 24 patients, who had been operated upon previously,
13 (54.2 %) had made a complete recovery, 2 (8.3 %) no longer
had sciatic pain but complained of back weakness (both wore
a corset), 7 (29.2 %) were improved but still had sciatic pain
and 2 (8.3 %) showed no improvement at all.

The results may thus be summarized as follows:
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Group 1:

Complete recovery 93/178 — 52.2 % 75.8 %

Recovery but persistent back pain  42/178 —23.6 % e 93.2 %
Improved 31/178 — 174 %

Unimproved 12/178 — 6.7 %

Entire material:

Complete recovery 106/202 — 52.5 % 74.3 %

Recovery but persistent back pain  44/202 —21.8 % = 93.1 %
Improved 38/202 — 18.8 %

Unimproved 14/202 — 6.9 %

For comparison the literature was studied for the results of
operation in previous materials. The analysis showed as fol-
lows:

In 1937 BARR reported on 58 cases: 54 (93.1 %) made a
complete recovery or improved, while 3 (5.2 %) were unim-
proved and 1 had died from post-operative uraemia. The same
year LOVE & CAMP reported complete recovery in 66 %, im-
provement in 30 % and no improvement in 4 %. These reports
may be regarded as the immediate results of operation. In 1939
CRAIG described a series which he had followed up for 1'/2>—
2 years and in which 67 % of the patients were completely re-
covered, while 29 % still had pain of varying degree. Half of
these patients were unable to work. In only 5 % were the results
really unsatisfactory.

BARR & MIXTER (1941) reviewed 94 of 135 patients operated
upon for disk herniation. The interval between operation and
the review was at least 1 year (average 1.5 years). They gave
the following results: complete recovery 77 %, persistent mild
symptoms 18 %, moderate pain 2 %, severe pain 3 %. The
same year FRIBERG reported on a review of 24 of 44 patients,
who were examined 12—27 months after the operation, and he
reported the results to be satisfactory in 84 %.

The following year MALMROS (1942) described a postopera-
tive examination of 54 of 100 patients operated upon for disk
herniation. The interval between the operation and the review
was 1 year to 6'/2 years. The results were found to be satisfac-
tory in 70.4 %.
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In NORLEN’s (1944) series of 99 patients, 62 were reviewed
1—4 years after the operation. Of these, 52 (83.9 %) were free
from sciatic pain, while 10 (16.1 %) still had pain of varying
degree.

BrADFORD & SPURLING (1945) reported satisfactory results
(good and improved) in 90 %, SENNING & SJOQVIST (1946) in
92.7 %, FRIBERG & HIrscH (1946) in 83.8 %, LovE (1947) in
90.1 %, BARR (1947) in 90 % and LENHARD (1947) in 83 %.

In 1948 WaRIs reported a review of 347 patients, who had
been operated upon 1—3 years previously, and gave the fol-
lowing results: good 41 %, improved 50 %, unchanged 6 %,
worse 1 % and re-operated 2 %. Back pain persisted in 67 %.

In 1950 O’CONNEL published a review of 443 cases, who had
been operated upon 1'/2—6 years previously, with the follow-
ing results: recovered 60.7 %, good improvement 31.6 %, im-
provement 4.7 %, no improvement 0.7 %, recurrence 2.3 %.

Finally in 1952 AITKEN gave a report of a review of 200 pa-
tients, including 165 in which operation revealed herniation
and 35 “no disk” changes and with the following results:

Disk changes No disk changes
Excellent 25 % 14 %
Good 20 % 12 %
Fair 21 % 26 %
Poor 27 % 30 %
Bad 6 % 17 %

and Ross & JELsSMA, also in 1952 described 365 patients who
had been operated upon 2 years previously. They gave the fol-
lowing results: good 82 %, fair 15.2 %, poor 2.4 %, mortality
0.26 %.

In most of the series, then, the results were described as
satisfactory in more than 90 %, as was found in the present
material.

Il. Clinical findings
The literature contains but scanty data on the persistence or
disappearance of neurological signs and symptoms. ALAJOUA-
NINE & PETIT-DUTAILLIS discussed this point as early as 1930
and claimed that one should not expect too much of the possi-
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bilities of regeneration. The same year (1930), however, TOWNE
& REICHERT described 2 cases of marked hypertrophy of the
ligamentum flavum. 1 of these 2 patients had paresis of the legs,
weakened patellar reflex, loss of Achilles tendon reflex and
marked impairment of sensibility. 16 months after operation,
the reflexes and sensibility were normal. In 1937 HOwWARD
BrOwN presented 7 cases with hypertrophy of the ligamentum
flavum with the same neurological signs which disappeared
after the operation, and in 1939 SPURLING, MAYFIELD & ROGERS
presented 6 patients in whom the neurological symptoms dis-
appeared before they left hospital. On the basis of experience
with a series from the Mayo Clinic, ADSON (1940) writes that
the injury to the nerve root in some cases was so severe that
slight symptoms, such as anaesthesia, weakened reflexes and
even paresis might persist indefinitely.

MaLMmRrOs (1942) found that slight neurologlcal changes
(hypaesthesia, slight muscular paresis or weakeness of reflexes)
usually disappeared. But marked impairment of sensibility,
paralysis of muscle groups or loss of reflexes often persisted
for years.

In 1941 FrIBERG found on review of 24 patients that in 3 of
them, in whom the patellar reflex was weak before operation,
this was normal at the review. 2 of these 3 patients showed a
weakened Achilles tendon reflex before operation, but in those
patients the reflex had also become normal by the time of re-
view. In a 4th patient the Achilles tendon reflex was also nor-
mal at the review instead of weakened before operation. Thus
FRIBERG reported recovery of a weakened reflex in 4 cases.

SENNING & SyOQVIST (1946) reported recovery of the Achilles
tendon reflex after complete loss in 11 cases. In their series
paresis of the extensors of the great toe usually disappeared
within a few weeks, but in 8 cases paresis persisted for more
than a year and in 3 cases for more than 3 years.

In 1946 FriBERG & HIRSCH reviewed 44 patients, who had
been operated upon at least 5 years previously. They never
found any recovery of the Achilles tendon reflex but regression
of the impairment of sensibility in 14 of 33 (42.4 %).
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Rovic (1949) wrote: “It is emphasized that neurological
changes, such as disturbances of the motor and sensory systems
and also change in reflexes due to root lesion, may persist for
years after the compression has been removed.”

This problem received considerable attention by WARIS
(1948). He found that of 56 patients, in whom the Achilles
tendon reflex had disappeared completely, it returned to nor-
mal strength in 12 (21.4 %). In 5 (8.9 %) a weak Achilles ten-
don reflex was demonstrable, while in 39 (69.6 %), the loss of
the reflex was permanent.

Before the operation the Achilles tendon reflex was weak in
18:1in 2 (11.1 %) of them the reflex could not be elicited at all
at the review, 8 (44.4 %) still had a weak reflex and in 8
{(44.4 %) it was normal.

In 2 cases he also found that complete paresis of the dorsal
extensors of the great toe had disappeared by the re-examina-
tion. 15 patients with weakness of the extensors of the great toe
were followed up and in 10 (66.6 %), the extensors recovered
normal strength and in 5 (33.3 %) slight weakness persisted.

As to impairment of sensibility WARIs states that of 137 pa-
tients, who had had symptom before operation, the symptom
persisted unchanged in 53 (38.7 %).

At the review WARIS observed no atrophy except in those
cases with definitive muscle weakness. He writes: “This may
partly support the assumption that the pain in these cases had
caused an atrophy of disuse which fairly soon disappears after
the pain is relieved, and that only the atrophy due to muscle
paralysis or weakness has been of a permanent nature. On the
other hand, this disappearance of atrophy is likewise an objec-
tive sign of real recovery; sciatic pain does not limit the use of
exiremities and cause atrophy any more.”

O’CONNEL (1950) found persistent reflex changes in 62 %,
persistent muscular weakness in 6.6 % and persistent. impair-
ment of sensibility in 30 % and atrophy in 8.4 % at review.

The neurological symptoms and signs observed 1 year after
the operation in the present material are summarized below:

a) Achilles tendon reflex.
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Of 40 patients with loss of the Achilles tendon reflex before
operation, the reflex was still absent at the review in 34 (85 %),
while in 5 (12.5 %) it had returned but was still weak. Only in
1 patient (2.5 %) had the reflex returned and recovered normal
strength.

Of 69 patients with weakness of the Achilles tendon reflex
before operation, the reflex was still weak at the review in 40
(68 %), in 11 (15.9 %) it could not be elicited and in 18
(26.1 %) it had returned to normal.

Of the 4 patients, who were not reviewed, the reflex was
normal in 2 and weak in the other 2 before operation.

b) Patellar reflex.

In 4 patients in whom the patellar reflex was absent before
operation, it was also absent at the review.

In 29 the patellar reflex was weak before the operation and
in 28 it was still weak after the operation, while in 1 it was
normal.

Of the 4 patients, who were not reviewed, the patellar reflex
could not be elicited in 1 before operation.

c) Paralysis or weakness of the extensors of the great toe.

13 of the patients had paralysis of the extensors of the great
toe before operation. Of these, 6 still had paralysis at the review,
4 of them showed weakness of the great toe and in 3 the
strength of the toe was normal.

Of the 110 patients with weakness of the gross strength of
the extensors of the great toe, 84 (76.4 %) showed normal
strength of the toe at the re-examination, while it was still re-
duced in 26 (23.6 %).

Of the 4 patients, who were not reviewed, 3 had had weak-
ness of the extensors of the great toe.

d) Impairment of sensibility.

Loss of sensibility was noted at the review in 41 (20.3 %)
cases, against 61 (29.6 %) before the operation. Of the 4 pa-
tients who were not reviewed, impairment of sensibility had
been noted in 1.

e) Muscular atrophy.

Atrophy of the lower leg and/or the musculature of the thigh
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had been noted before operation in 82 (39.8 %) patients, against
62 (30.7 %) after the operation. Of the 4 patients not reviewed,
2 had had atrophy at the time of the examination before opera-
tion.

It must thus be concluded that with the exception of weak-
ness of the dorsal extensors of the great toe, the neurological
signs to the greatest part persisted unchanged 1 year after the
operation.

I1l. Electromyographic findings

All the patients in the present material, with the exception
of the 4 who were not reviewed, were carefully examined by
electromyography 1 year after the operation.

The following findings were made:

Group 1

a) Disk herniation between LV and SI: Of the 60 patients
with lumbosacral disk herniation, preoperative examination
showed a positive electromyographic finding in 55 (91.7 %). At
the review the same electromyographic findings were made in
14 (23.3 %) and in 1 denervation potentials were found only in
the medial head of the gastrocnemius.

b) Disk herniation between LV and LVI: The electromyogra-
phic findings were normal at the review but had suggested a
pathological condition before the operation.

c) Disk herniation between LIV and LV: At preoperative
examination electromyography suggested changes in 68
(91.8 %), while at the review such changes were only found
in 9 (12.7 %) (3 patients not reviewed). In 3 other cases, in
which the preoperative examination showed denervation of LV,
electromyography at the time of the review showed denerva-
tion only of the extensor hallucis in 2 cases and of the extensor
hallucis and peroneus longus in the 3rd case. In 1 case denerva-
tion potentials were seen only in the erector trunchi at the
review.

d) The 2 patients with disk herniation between LIII and
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LIV at the preoperative examination showed LIV-denervation
but no such changes at the review.

e} Protrusion between LV and SI: Of these 11 patients, 10
were re-examined and they showed a positive electromyogram
in 3 (30 %), while the preoperative examination showed elec-
tromyographic abnormalities in 9 (81.8 %).

f) As to protrusions between LIV and LV, all 14 showed
electromyographic abnormalities before operation as against
only 3 at the review (21.4 %).

g) The 20 cases, in which operation revealed no disk changes,
showed electromyographic abnormalities in 14 (70 %) as
against 6 (30 %) after operation.

Group 2

In this group 22 of the 24 cases showed electromyographic
abnormalities (91.7 %) before operation as against only 7
(29.2 %) at the review.

At the preoperative examination, then, 185 (89.8 %) showed
electromyographic changes, against only 42 (20.8 %) after ope-
ration, and changes in single muscles in 5 (2.5 %).

Concerning the electromyographic findings, they thus tended
to disappear in a great percentage after the operation.

A fairly thorough search of the literature failed to reveal
any publication on post-operative electromyographic examina-
tions of patients who had undergone operation for disk hernia-
tion.

On the other hand, post-operative electromyographic studies
have been carried out on musculus erector trunchi by WED-
DELL, FEINSTEIN & PATTLE (1944) and by Mack (1951) whose
works, however, fall beyond the scope of the present investiga-
tion.



Chapter VI
DISCUSSION AND CONCLUSIONS

It is clear from chapt. IV (Table 12} that in those cases in
which operation revealed disk lesions, clinical-neurological
examination had shown the correct level of the lesion in 77 %,
and the corresponding figure for group 2, i.e., patients operated
upon previously (Table 13) was 79.2 %, and Table 14 (the 20
cases in which operation revealed no disk changes) shows that
clinical-neurological examination had revealed the correct level
of the lesion in 55 %. Clinical-neurological examination had
thus given a correct diagnosis of the level for the entire mate-
rial in 76.3 %.

As to the myelographic demonstration of the level of the
lesion, the examination indicated the proper level for the entire
material in 76.1 % (group 1, disk changes in 75.2 %, group 2,
91.7 %, and group 1 “no disk changes” in 65 %). The corre-
sponding figure for electromyography was 77.6 % (group 1,
disk changes in 78.3 %, group 2 in 91.7 % and group 1 "“no disk
changes” in 55 %). These figures do not include the disk her-
niation between LV and LVI, because it cannot be fitted into a
clinical-neurological and electromyographic scheme. The mye-
logram in that case was correct.

It is thus obvious that the 3 methods gave a correct diagnosis
with largely equal frequency.

In the comparison of the 3 diagnostic methods, the reliability
of each method was assessed by comparing each group of opera-
tive findings with the diagnostic findings. A more important
question from a practical point of view is to what extent the
various diagnostic findings can be confirmed at operation.

As to the clinical-neurological examination, group 1 included
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95 cases in which the Achilles tendon reflex was weak or ab-
sent, and in those patients operation revealed a lumbosacral
disk herniation in 48 (50.5 %), a lumbosacral protrusion in 8
(8.4 %) osteophytes in the lumbosacral space in 2 (2.1 %), and
“varices” in that space in 1 (1.1 %). Of the patients in whom
the Achilles tendon reflex was weak or absent in group 1,
lumbosacral disk lesions thus were found in 58.9 %, and an-
other explanation for the SI affection in 3.2 %. In group 2 the
Achilles tendon reflex was weak or absent in 18 cases and of
these patients operation showed a lumbosacral herniation in 5
(27.8 %), a lumbosacral protrusion in 3 (16.7 %) and lumbo-
sacral adhesions in 3 (16.7 %). In the entire material operation
thus revealed an affection of SI in the lumbosacral space in
62.8 % of the patients in whom the Achilles tendon reflex was
weak or absent.

In many of these patients, however, the Achilles tendon reflex
change was combined with weakness of the great toe and/or
changed patellar reflex. If only those cases be considered in
which the weakness or absence of the Achilles tendon reflex
was the only clinical-neurological finding (44 cases in group 1
and 6 in group 2), lumbosacral disk changes wereseenin 68.2 %
(30 cases) in group 1, and another cause of the affection of SI
in 4.5 % (2 cases) i.e. a total of 72.7 % (group 1), and of 72 %
of the entire material.

Only few authors have described such an analysis of a series.
STAHL (1949), however, did give such an analysis of patients
with changed Achilles tendon reflex as the only finding pre-
operatively, and he found lumbosacral lesions in about 80 % of
them at operation. KNUTSSON & WIBERG (1958) gave a corre-
sponding figure of 81 % and FRIBERG & Huvrt (1951), 77 %.

Weakness of the dorsal extensors of the great toe was seen
in 110 of the patients in group 1 and operation revealed a her-
niation between LIV and LV in 56 (50.9 %) of them, a pro-
trusion between LIV and LV in 10 (9.1 %), osteophytes in the
same space in 1 (0.9 %), and “varices” in 1 (0.9 %). In these
patients with weakness of the dorsal extensors of the great toe,
then, disk lesions were found at operation in the space between
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LIV and LV in 60 % of group 1, and in 1.8 % the LV affection
could be ascribed to some other cause. In group 2, 15 of the pa-
tients had weakness of the great toe and operation revealed a
disk herniation between LIV and LV in 1, protrusion between
LIV and LV in 1, and adhesions in this space in 2, i.e. a total
of 4 cases (26.7 %). Of the entire material, then, 57.6 % of the
patients with weakness of the great toe had a LV affection in
the space between LIV and LV.

Weakness of the great toe was, however, often combined
with a change of the Achilles tendon reflex and/or of the patel-
lar reflex. In those cases, in which weakness of the great toe
was demonstrated as the only clinical-neurological finding (53
cases in group 1, and 5 in group 2), operation revealed disk
changes between LIV and LV in 75.5 % (40 cases) and some
other causal factor for the LV affection in the same space in
3.7 % (2 cases), i.e. a total of 79.2 % (group 1) and of 79.3 %
of the entire material.

In patients with weakness of the great toe as the only clinical-
neurological finding, STAHL found disk lesions between LIV
and LV in 83 %, KNUTSSON & WIBERG in 63 %, and FRIBERG &
Huvrr in 83 %.

Weakness of the patellar reflex was the only clinical-neuro-
logical finding in 4 (group 1), and in 2 of them operation re-
vealed a herniation between LIII and LIV. In the other 2 cases,
operation showed no disk changes. In none of the cases in
group 2 was a change in the patellar reflex the only neurologi-
cal abnormality observed.

Myelography. Group 1. In those cases, in which myelography
(the primary reports) showed lumbosacral disk herniation (46
cases), the finding was confirmed at operation in 36 and a pro-
trusion was found in 4, thus making a total of 40 (87 %) cases,
and osteophytes were found in 2 (4.3 %) in the same space. The
diagnosis was thus correct in 42/46 (91.3 %).

Myelography showed changes between LIV and LV in 93
cases, of which operation showed a disk herniation in the same
space in 69 cases and a protrusion in 8 cases, thus making a
total of 77 (82.8 %) with disk changes, and in 4 (4.3 %) the
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changes could be explained by other factors (osteophytes in 2
cases, and “varices” in 2). The diagnosis was thus correct in
81/93 cases (87.1 %).

In 2 cases the myelogram showed changes between LIII and
LIV, and in both of them operation showed disk herniation at
that level.

Group 2. In 9 cases of group 2 myelography showed Iumbo-
sacral lesions, in all of which the diagnosis could be confirmed
at operation.

In 8 cases myelography showed changes between LIV and
LYV and in 7 of them these changes were verified at operation.

Myelographic changes of disk lesions between LIII and LIV
were seen in 2 cases, in both of which the changes were verified
at operation.

The positive myelographic finding could thus be confirmed
at operation in the following percentages:

Lumbosacral in 92.7 %.

Between LIV and LV in 87.1 %.

Between LIII and LIV in 100 %.

The corresponding figures in FRIBERG & HULT’s series were:
Lumbosacral in 92.2 %.

Between LIV and LV in 89.9 %.

Between LIIT and LIV in 100 %.

Electromyography showed SI denervation in 90 of the cases
in group 1; 48 (53.3 %) of them had a lumbosacral disk hernia-
tion, and 9 (10 %) were found to have protrusion in the same
space, the total number of disk lesions was 57 (63.3 %), and
another explanation for the SI affection in that space was given
in 4 (4.4 %) cases (3 with osteophytes and 1 with “varices”),
making a total of 67.7 % (group 1).

13 of the patients in group 2 had a SI denervation and in
these cases operation revealed a lumbosacral disk herniation
in 6 (46.2 %), a protrusion in that space in 2 (15.4 %), and
adhesions there in 4 (30.8 %). In the entire material, thus, of
the patients with SI denervation, 70.8 % had a lumbosacral SI
affection at operation.
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In many of these cases, however, the SI denervation was com-
bined with another denervation and if only cases with a SI de-
nervation only will be considered (70 in group 1, 9 in group 2),
it will be found that 68.6 % (48 cases) of these patients in
group 1 had lumbosacral disk lesions and another SI affection
in the lumbosacral space in 5.7 % (4 cases), making a total of
74.3 % (52 cases) for group 1 and 75.9 % for the entire mate-
rial.

LV denervation was seen in 89 patients of group 1. Of these,
56 (62.9 %) were found at operation to have disk lesions be-
tween LIV and LV, 11 (12.4 %) to have a protrusion in the
same space and 4 (4.5 %) to have some other LV affection in
the space in question (including 2 with osteophytes, 1 with
“varices” and 1 with “varices” and a narrow space). In group 2,
LV denervation was noticed in 12 patients, and in 3 (25 %) ope-
ration showed disk herniation between LIV and LV, a protru-
sion in that space in 1 (8.3 %), and adhesions in the space in
question in 4 (33.3 %). In the entire material, then, 78.2 % of
the patients with LV denervation had a LV affection in the
space between LIV and LV.

But here, too, many of the electromyographic findings were
combined, and if only those cases be considered with LV dener-
vation only (69 in group 1 and 6 in group 2), the number of
patients in group 1 with disk changes in the space between LIV
and LV will be 81.2 %, while some other LV affection in the
same space was seen in 4.3 %; making a total of 85.5 % for
this group and 86.7 % for the entire material.

Denervation of the LIV myotome was demonstrated in 6 cases
in group 1, and 2 of these patients had disk herniation between
LIII and LIV and 1 had osteophytes between LIII and LIV. In
the 2 patients with disk herniation, LIV denervation was the
only electromyographic finding, while it was combined with
LV and SI denervation, respectively, in the other 4 cases. Thus
all of the patients with LIV denervation only, had disk hernia-
tion between LIII and LIV. In group 2, 3 patients showed a LIV
denervation, 1 of them as the only electromyographic finding
and in that patient operation revealed a protrusion between
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LIII and LIV. The other 2 showed multiple findings, and in 1
of them operation revealed herniation between LIII and LIV.

PRI pmeer Tow
Achilles tendon reflex
change only 44 68.2 %,, 4.5 %, 72.7 %44
SI denervation only 70 68.6 % 4 5.7 %, 74.3 %y,
Myelographic signs of
lesions between LV
and SI 46 87 %, 4.3 %, 91.3 %,

Thus, in 12 patients with a distinct change in the Achilles
tendon reflex operation showed no affection of the SI root in
the lumbosacral space. The following findings were made at
operation of these patients: disk herniation between LIV and
LV in 9 (discussed in chapt. IV: misleading clinical-neurological
findings; disk herniation between LIV and LV); protrusion be-
tween LIV and LV in 1 (discussed in chapt. IV: misleading
clinical-neurological findings; protrusion between LIV and LV)
and no disk changes at operation in 2 (discussed in chapt. IV:
negative findings).

18 patients with a distinct SI denervation showed no lumbo-
sacral SI affection at operation. Of these 18 patients, the opera-
tive findings made were as follows: 12 disk herniations between
LIV and LV (discussed in chapt. IV: misleading electromyogra-
phic findings; disk herniation between LIV and LV), 3 protru-
sions between LIV and LV (discussed in chapt. IV: misleading
electromyographic findings; protrusion between LIV and LV)
and 3 no disk changes at operation (discussed in chapt. IV:
neg. operative findings).

In 4 patients myelographic changes between LV and SI could
not be confirmed at operation. 3 of them were found to have
herniation between LIV and LV (see chapt. IV: misleading
myelographic findings; disk herniation between LIV and LV),
and 1 of them a protrusion between LIV and LV (see chapt. IV:
misleading myelographic findings; protrusion between LIV and
LV).
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. . Other SI-
Entirzlx)lt:;llerial DIIJS% lis lSmITls I’:“f,ec_“g“l Total
Achilles tendon reflex
change only 50 68 %, 4 %, 72 Doy
SI denervation only 79 68.4 %, 7.5 %4 75.9 %40
Myelographic signs of
lesions between LV
and SI 55 83.6 % 9.1 %, 92.7 %5,
. : Other L V-
N SO
Weakness of the great
toe only 53 75.7 Yo 40 3.7 %, 79.2 % .4
LV denervation only 69 81.2 %, 4.3 %, 85.5 %y,
Myelographic signs of
lesions between LIV
and LV 93 82.2 %4, 43 %, 87.1 %,

Thus, 11 with definite weakness of the great toe showed no
affection of the LV root in the LIV—LV space at operation.
The operative findings made in these 11 patients were as fol-
lows: disk herniation between LV and SI in 9 cases (disc. in
chapt. IV: misleading clinical-neurological findings; disk her-
niation between LV and SI), protrusions between LV and SI
in 2 {disc. in chapt. IV: misleading clinical-neurological find-
ings; protrusion between LV and SI).

In 10 cases with LV denervations, operation revealed no in-
volvement of the LV root in the space between LIV and LV.
The operative findings in these 10 cases were as follows: disk
herniation between LV and SI in 7 (disc. in chapt. IV: mislead-
ing electromyographical findings; disk herniation between LV
and SI), no disk changes in 2 (disc. in chapt. IV: negative find-
ings) and disk herniation between LV and LVI in 1.

Of the cases, in which the myelograms showed changes be-
tween LIV and LV, the lesions could not be verified at opera-
tion in 12; 9 of them were found to have a lumbosacral disk
herniation (see chapt. IV: misleading myelographic findings;
disk herniation between LV and SI), 2 a protrusion between
LV and SI (see chapt. IV: misleading myelographic findings;
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protrusion between LV and SI), and in 1, no disk changes (see
chapt. IV: negative findings):

Other . V-

Entir'(la‘(;ltl%lterial II):SII{’ l_e_s II(A“{IS Lalf{';e(ii(i‘nv Total
Weakness of the great
toe only 58 74.1 %y 5.2 %, 79.3 %,
LV denervation only 75 80 %, 6.7 % 86.7 %45
Myelographic signs of
lesions between LIV
and LV 101 81.2 %, 5.9 %, 87.1 %4

A question of practical importance is to what extent all three
diagnostic methods give single or combined or normal findings,
respectively, in the same cases, or whether the three methods
differ from one another in this respect. The relationship be-
tween single, combined and normal findings, respectively, on
clinical-neurological and electromyographic examinations is
apparent from Tables 19-—30 in chapt. IV and therefore need
not be discussed again here. The ratio between these findings
and the myelographic findings is as follows:

Group 1. a) Disk herniation between LV and SI: In 5 patients,
in which electromyography showed no signs of pathological
condition, the myelogram showed lumbosacral changes in 4
but not in the 5th (in this case, however, the clinical-neuro-
logical examination indicated an affection of SI).

In 2 cases the clinical-neurological findings were normal, and
in 1 of them the myelogram indicated lumbosacral changes,
while in the other case it revealed no signs of a pathological
condition (in this case, however, the electromyogram showed
SI denervation).

Of the 14 cases in which myelography was of normal appear-
ance in patients with lumbosacral disk herniation found at
operation, electromyography and clinical-neurological exami-
nation distinctly showed the same lesions in 6 of them. In 3 of
the 14 cases electromyography gave clear-cutinformation, while
the clinical-neurological examination gave a combined finding,
while in 2 cases it was the converse. In 1 case there were com-
bined findings on electromyographic as well as clinical-neuro-
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logical examination, in 1 case distinct electromyographic find-
ings but normal findings on clinical-neurological examination
and in 1 case vice versa.

c¢) Disk herniation between LIV and LV: In 6 patients the
electromyogram was of normal appearance, and in all of them
myelography indicated changes in the space between LIV and
LV (in 2 of them the myelographic changes were the only dia-
gnostic findings).

In 8 cases clinical-neurological examination was of normal
appearance, and in all of these the myelogram showed changes
between LIV and LV (regarding 2 of these, see above).

In 1 case the myelogram was of normal appearance in a pa-
tient in whom operation revealed disk herniation between LIV
and LV, but in that patient electromyography showed an un-
equivocal LV denervation and clinical-neurological examination
showed a combined finding.

e) Protrusion between LV and SI: In 2 of these patients the
electromyogram was normal, in 1 of them the myelogram was
negative and in the other misleading, but in both of these cases
clinical-neurological examination showed an affection of SI
only.

In 1 case, in which clinical-neurological examination was of
normal appearance, myelography revealed lumbosacral changes.

In the group with protrusions between LV and SI myelo-
graphy was normal in 4, in 3 of them electromyography dis-
tinctly showed SI denervation, and clinical-neurological exami-
nation likewise showed a clear-cut affection of SI in 2 of these
cases, but a combined finding in the 3rd. In the 4th case elec-
tromyography, like myelography, revealed no abnormalities,
but the clinical-neurological examination distinctly showed an
affection of SI.

In 1 case myelography failed owing to a technical mishap,
and in that case both clinical-neurological and electromyogra-
phic examination showed a combined LV and SI affection.

f) Protrusion between LIV and LV:In 3 cases in this group
the clinical-neurological findings were normal, but in all 3 the
myelogram indicated changes between LIV and LV.
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The group included 3 patients in whom myelography showed
no signs of a pathological condition and 1 in which the myelo-
graphic findings were suspected, but in all of these cases clini-
cal-neurological and electromyographic examination gave a
firm diagnosis.

Group 2. Of the positive findings made at operation in group
2, “re-operated cases”, electromyography was of normal appear-
ance in one case: a protrusion between LV and SI but in this
case the myelogram suggested lumbosacral lesion, and in 1 case
there was a normal clinical-neurological finding, namely, in the
subgroup “adhesions between LV and SI” and in that case the
myelogram was normal too.

Of the patients (in group 2) in whom operation revealed po-
sitive findings, the latter had been missed by myelography in 3,
namely, in the one referred to above, in which the electromyo-
gram showed lesion of SI and thus was the only positive find-
ing by the 3 diagnostic methods. In the same subgroup (adhe-
sions between L.V and SI) myelography was normal in another
case, too, in which the electromyogram indicated lesion of SI,
while the clinical-neurological examination suggested affection
of both LV and SI. The 3rd case where the myelography was
of normal appearance belonged to the subgroup “disk hernia-
tion between LV and SI” and in that case the clinical-neuro-
logical examination suggested lesion of the LV root, while the
electromyogram indicated affection of both the LV and the SI
myotomes. This case is described here because reoperation had
been done, partly because of the electromyographic findings.
The patient was a 30-year old male operated upon on 6.11.1957,
when a large herniation of the disk (2.2 ml) was found between
the 4th and 5th lumbar vertebrae. The patient, 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: paresis of
the great toe, Laségue’s test positive at 50°. Myelography was
negative. Electromyography showed denervation fibrillation
in both the LV and SI myotomes. A new operation revealed
a herniation of the disk (0.6 ml) in the lumbosacral space
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and since its removal the patient has been free of pain (case
185/58).

Summarizing, in a few of those cases in which operation
revealed changes, only one of the examination methods gave a
positive finding. Thus, clinical-neurological examination show-
ed: lumbosacral disk herniation in one case and lumbosacral
protrusion in another, in which cases both myelography and
electromyography had been of normal appearance.

As to the myelographic examination, this, in 2 cases, was the
only method, which showed disk herniation between LIV
and LV.

Finally, electromyographic examination was the only method
that revealed signs of a pathological condition in 1 case of disk
herniation between LV and SI (group 1), in 1 case of protru-
sion between LV and SI (group 2), and in the described re-
operated case with a disk herniation between LV and SI found
at the reoperation. In none of the cases in which operation
revealed disk changes did all examinations fail to detect the
lesions.

The 20 cases (in group 1) with no disk changes found at
operation are discussed below.

This group included 8 cases in which operation revealed no
changes at all.

In 1 of these patients none of the 3 examination methods had
revealed any signs of disease, but the patient had severe pain
and atrophy of the thigh and calf muscles, for which reason
explorative surgery was decided upon, but the results were
negative (apart from a possible thickening of the SI root). At
re-examination 1 year after the operation, the patient reported
no improvement but still showed no electromyographic or cli-
nical-neurological abnormalities.

In 1 case clinical examination as well as electromyography
had shown changes of both the LV and the SI root, while the
myelogram suggested a thickened LIV root. The 2 lowermost
spaces were explored but revealed nothing of interest. At re-
examination the patient felt no better and the clinical and elec-
tromyographic changes were still demonstrable.
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In 1 of the cases both clinical examination and electromyo-
graphy showed affection of SI and the myelogram suggested
lumbosacral lesions. The 2 lowermost disks were explored, but
no changes were found. At re-examination the patient was un-
improved and the clinical-neurological and electromyographic
changes were still demonstrable.

In 2 other cases, in which the patients were likewise unim-
proved at the review, 1 of the patients had clinical-neurological
symptoms of affection of LIV, but neither myelography nor
electromyography showed any abnormalities and in that case
the 3 lowermost spaces were explored but nothing of interest
was found, and in 1 patient with clinical affection of the LIV
and the LV root, myelography showed a thickened LV root, but
the electromyogram was normal and in that case exploration
of the 2 lowermost spaces revealed no changes either.

In the 5 cases, described above it is possible that the surgeons
might have missed a possible cause of root compression.

Of the remaining 3 patients in whom surgical exploration
revealed no changes, 2 were improved and 1 had made a com-
plete recovery by the time of the review. One of the improved
patients showed clinical and electromyographic evidence of
affection of SI but no myelographic changes, and the other pa-
tient showed clinical evidence of involvement of the LV and
the SI root, electromyographic signs of LV denervation and
myelography showed changes in the space between LIV and
LV. In both cases the electromyographic changes, as well as
the weakness of the great toe in the last case, had disappeared
by the time of the review. The patient, who had made a com-
plete recovery, had shown no clinical-neurological signs before
operation and the myelogram had been normal, but electro-
myography had shown SI denervation. The electromyographic
abnormality had disappeared by the time of the review.

In these 3 last-mentioned cases there had either been spon-
taneous restitution or some compression might have been pre-
sent which could not be demonstrated at operation but which
was, nevertheless, relieved by the decompressive henilaminec-
tomy.
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In 7 cases osteophytes were seen that could explain the root
compression.

In 1 of these cases the change was only demonstrable by
myelography, while clinical-neurological examination and elec-
trography revealed nothing of interest. The patient had im-
proved by the time of the review.

In 4 cases all 3 examination methods showed root compres-
sion; 2 of these patients had completely recovered by the time
of the re-examination and by them the electromyographic
changes had disappeared, while the other 2 were unimproved
and still showed electromyographic abnormalities.

In a 6th case myelography showed abnormalities, while the
compression produced both clinical-neurological and electro-
myographic signs. At the review this patient had improved and
then both the clinical-neurological sign (weakness of the great
toe) and the denervation had regressed.

In the 7th case the clinical-neurological examination revealed
no abnormalities, while myelography and electromyography
suggested the same lesions. The patient felt better at the review
but the denervation was still demonstrable.

From the observations made in these 7 cases it may be con-
cluded that the osteophytes may cause root compression and
that their removal may be followed by improvement or even
by complete recovery.

Of the 20 cases (group 1) in which operation revealed no
disk changes, there were still 5 in which the operative findings
were described as “varices” in 4 and as “varices” +narrow space
in the 5th. Before operation the last mentioned patient showed
LV denervation and myelography suggested a change in the
space between LIV and LV, while the clinical-neurological exa-
mination showed weakness of the patellar reflex. At the review
the patient had made a complete recovery and the LV denerva-
tion had disappeared. Unless this recovery had been spontane-
ous, the LV root might have been compressed by the very nar-
row space observed at operation, where according to the sur-
geon, the arches almost contacted one another and where large
varicose veins were seen.

8
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Of the 4 patients in whom “varices” were seen, 1 of the pa-
tients had made a complete recovery by the time of the review.
At the preoperative examination, there were clinical signs of
weakness of the great toe, myelography had failed owing to a
technical mishap and the electromyogram showed no abnorma-
lities. At the review the strength .of the great toe was normal.
2 patients had improved by the time of the review. One of them
had clinical-neurological and electromyographic signs of in-
volvement of SI before operation, while the SI denervation had
disappeared after the operation. In the other case there was
preoperatively an affection of the LIV and the LV root, while
the myelogram and electromyogram showed no abnormalities.
The clinical changes persisted after the operation. In the 4th
case the patient showed clinical signs of involvement of the LIV
and the LV root, while eleciromyography showed LV denerva-
tion. Myelography revealed no abnormalities. At the review the
patient was unimproved and the LV denervation persisted as
did the clinical findings. The patient had pronounced muscular
atrophy which had increased since the operation. The patient
was re-operated upon later, but re-operation revealed only
markedly varicose veins.

In all of these 4 cases the surgeon had observed relatively
wide, tortuous veins but no other signs of a pathological condi-
tion. It is probable that these varicose veins do not themselves
compress the roots but they are obviously a sign of stasis or
some other cause of the root compression. HANRAETZ (1959)
surveyed the literature on the cause of the occurrence of such
varicose epidural veins. He first divides the varicose changes
into primary and secondary. He ascribes the primary to a dis-
ontogenetic disturbance of the mesoderm. The secondary vari-
cose changes in the epidural veins may, according to HAN-
RAETZ, be the result of: .

a) a local lesion in the vertebral canal itself.

b) inflammation within the spinal canal.

c¢) plethora of the plexus may result from hyperaemia out-
side the spinal canal such as following upon tumours and in-
flammation in the abdomen and gynecological disorders.
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d) Varicosis may be the result of over-abundant blood supply
e.g. through vascular tumours, angiomatosis of the central ner-
vous system and haemangiomatosis vertebrae.

In 1 case in group 2 surgical exploration revealed no changes
at all. Before operation the Achilles tendon reflex was possibly
somewhat weak but neither electromyography nor myelography
had shown any signs of a pathological condition. 6 years pre-
viously the same space had been explored, and neither then
had operation revealed any changes. By the time of the review,
1 year after the last operation, the patient had recovered and
the Achilles tendon reflex was normal.

Also among some of those cases, in which operation revealed
no disk changes, only one of the methods had suggested disease,
namely: the clinical-neurological examination in 2 cases, in
which the operator found only “varices” and in which one of
the patients made a partial recovery and the other complete
recovery after explorative surgery and in 2 cases, in which
operation revealed no changes at all. In one of these cases
(group 2) the patient had recovered and in the other (group 1)
he showed no improvement at all by the time of the review.

The myelographic examination revealed changes in 1 case in
which operation showed osteophytes and in which the patient
improved after the operation.

Electromyography showed lesions in 1 case in which explora-
tion revealed no changes at all and in which the patient made
a full recovery with disappearance of the electromyographlc
changes after the operation.

In 1 case none of the diagnostic methods showed any signs
of disease and surgical exploration provided no explanation
either. At the review that patient was unimproved.

As is apparent from chapt. V, the postoperative regression
was considerable as far as electromyographic changes are con-
cerned, while the clinical-neurological findings to a large degree
persisted. For practical reasons myelography was not done after
the operation. No correlation was found between the post-
operative regression of the electromyographic changes and the
size of the disk hernia or the results of operation.
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The findings described above suggest the following conclu-
sions:

I. Neurological examination and electromyography cannot
always give an exact diagnosis. The reasons for this inexacti-
tude are as follows:

a) The LV root can be compressed also by a lateral prolapse
in the LV and SI space, as shown by the 4 patients in which the
disk had herniated far laterally in the lumbosacral space (see
chapt. IV).

b) The SI root can be compressed by a medial prolapse in
the LIV—LYV space. The present material included 4 cases of
medial disk herniation between LIV and LV with clinical as
well as electromyographic changes suggesting only involve-
ment of SI. And this also applies to a medial protrusion between
LIV and LV (see chapt. IV).

¢) One and the same prolapse can compress two roots and
thus give combined findings (see analyses in chapt. IV). There
are for example cases with clinical-neurological as well as elec-
tromyographic signs of affection of both the LV and the SI
root, and in which the electromyographic changes had disap-
peared by the time of the review.

d) The lowerwost disk is not always the 24th from the atlas.
For example, 1 patient, may have 7 cervical vertebrae, 12 thora-
cic vertebrae and 6 lumbar vertebrae, such as the patient, who
was classified as having a disk herniation between LV and LVI.

e) Individual variations occur in the nervous system. In the
present material there was 1 case of lumbosacral disk hernia-
tion at the usual place in the space with clinical and electro-
myographic findings suggesting only involvement of LV and
1 case of disk herniation between LIV and LV at the usual place
in the disk with only clinical and electromyographic signs of
involvement of SI (see chapt.IV). In both these cases the electro-
myographic changes had disappeared by the time of the review.

IL. In certain cases, 2 or 3 roots may produce clinical-neuro-
logical signs while the electromyographic examination may
show only involvement of 1 root and vice versa. This is illu-
strated by Tables 19—30 in chapt. IV.
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III. Myelography is not exact either, because lateral prolap-
ses can compress a root without causing any defect in the con-
trast column in the dural sac or root pockets. It was pointed
out in the section on the myelographic findings that at the level
of the disk between LV and SI, the dural sac often tapers so
that large lateral prolapses may be present despite a normal
myelogram.

In view of the above considerations, it appears that electro-
myography is valuable in the diagnosis of the lumbar root com-
pression syndrome and, on the basis of the analysis performed
in the present material, its importance may be summarized as
follows:

1) The electromyogram may show changes in the absence of
clinical-neurological findings (see Tables 19—30 in chapt. IV).

2) The electromyogram may show involvement at one level
when combined clinical-neurological symptoms may suggest
changes at two levels (see Tables 19—30 in chapt. 1V).

These 2 conclusions are illustrated by Tables 19-—30 in
chapt. 1IV.

3) The electromyogram may show abnormalities when the
myelogram is normal.

Of the 14 patients, in whom myelography showed no changes
but in which operation revealed lumbosacral disk herniation,
the electromyogram showed changes in 13, and of the 4 pa-
tients with normal myelograms but with the operative findings:
protrusion between LV and SI, 3 showed a positive electromyo-
gram. As to the space between LIV and LV, the myelograms
were normal in 4, 1 in whom operation revealed disk hernia-
tion, and 3 in which operation showed protrusion. In all of
these 4 cases electromyographic changes were noted. The de-
gree of accord between myelography on one hand and electro-
myography and clinical-neurological examination on the other
hand among patients in whom no disk changes could be found
at operation were discussed in a previous section. Group 2 in-
cluded 2 patients in whom operation revealed lesions that had
not been demonstrated in the myelogram but in the electro-
myogram.
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4) The electromyographic changes regress considerably after
operation and can therefore be used with advantage for demon-
stration of so-called recurrences. This is apparent from the
postoperative examination, which is accounted for in chapt. V.
The clinical-neurological changes, with the exception.of weak-
ness of the great toe, were still demonstrable in a high degree
1 year after the operation, while the electromyographic changes
persisted in only about one fourth of the patients.

The disadvantages of electromyography are as follows:

1) The electromyographic denervation potentials do not ap-
pear until 18—21 days after onset of the disease.

2) Every muscle must be examined very carefully requiring
the insertion of the needle a relatively large number of times.

There appears to be general agreement on the value of elec-
tromyography for the diagnosis of lumbar nerve root compres-
sion syndrome. SHEA & WooDSs (1955) write: “Perhaps the com-
monest and most practical clinical use of the EMG is as an aid
in the diagnosis of a compression lesion of a specific nerve root
(most frequently by a protruded intervertebral disk).” MARI-
NACCI (1955) writes: “The EMG has proved itself to be a definite
significance in determining and localizing nerve root lesions.”
“The clinical findings when correlated with the EMG aids the
surgeon in selecting his cases for opaque myelography.” And in
his book on “Clinical Electromyography”, MARINACCI (1955)
concludes: “In the diagnosis of nerve root compression syn-
drome the EMG is slowly but surely replacing subjective un-
certainty with objective reality. Nevertheless, the EMG is a
laboratory procedure and its findings must always be correlated
with the history and the clinical picture.”

It is clear from the present investigation that electromyo-
graphy is not superior to the other two methods, but that it is
a good supplementary method.



Chapter VII
SUMMARY

A series of 206 cases (205 patients) operated upon for lumbar
nerve root compression syndrome, was studied with respect to
the diagnostic value of clinical-neurological, myelographic and
electromyographic examination.

The operative findings, made in the material, were:

Group 1 (patients not operated upon previously) 182
a) Disk hernjation between LV and SI 60
b) Disk herniation between LV and LVI 1
¢) Disk herniation between LIV and LV 74
d) Disk herniation between LIII and LIV 2
e} Protrusion between LV and SI 11
f) Protrusion between LIV and LV 14
g) No disk changes 20,

consisting of 4 subgroups:

1) No pathological findings at operation
2) Osteophytes

3) “Varices”

4) Very narrow interspace-‘“varices”

Group 2 (previously operated cases) 2
a) Disk herniation between LV and SI
b) Disk herniation between LIV and LV
¢) Disk herniation between LIII and LIV
d) Protrusion between LV and SI
e) Protrusion between LIV and LV
f) Protrusion between LIII and LIV
g) Adhesions between LV and SI
h) Adhesions between LIV and LV
i) Adhesions between LV and SI+LIV and LV
j) No pathological findings at operation

(23 patients)

NS DN GO e e SO R i O W e =1 OO

An account is then given of projected pain in the different
groups. Projected pain into the heel was noted in 20 % of the
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patients with disk herniation between LV and SI (group 1)
and projection of pain into the great toe was noted in 21.6 %
of the patients with disk herniation between LIV and LV.

The Achilles tendon reflex was found to be weak or absent
in 80 % of the patients with disk herniation between LV and
SI (group 1), in 37.8 % of those with a herniation between LIV
and LV, in 72.7 % of those with a protrusion between LV and
SI, and in 21.4 % of those with protrusion between LIV and LV.

In group 1 the patellar reflex was found to be changed in
100 % (2/2) of the patients with disk herniation between LIII
and LIV, in 15 % of those with disk herniation between LV
and SI, and in 12.2 % of those with disk herniation between
LIV and LV.

Weakness of the extensors of the great toe was noted in
75.7 % of patients with disk herniation between LIV and LV
in group 1, and in 46.7 % of those with disk herniation between
LV and SI, and in 71.4 % of those with a protrusion between
LIV and LV, and in 45.5 % in those with protrusion between
LV and SIL

Atrophy of m. ext. dig. brev. was found in 14.9 % of cases of
disk herniation between LIV and LV and in 15 % of those with
disk herniation between LV and SI.

Impairment of sensibility was noted in 29.2 % of group 1
and in 29.6 % of the entire material. The extent of the impair-
ment of sensibility was analyzed in the various groups.

A short account is given on the occurrence of muscular
atrophy and of the results of Laségue’s test.

The clinical findings were compared with findings by earlier
investigators.

As to the myelographic findings, an account is given of the
primary reports and of the postoperative check examination of
the preoperative myelograms and comparisons are made with
myelograms in previous materials.

The electromyographic examination is described and the
electromyographic findings in the patients grouped according
to the operative findings are presented. Electromyographic data
published by earlier authors, are also reviewed.
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In chapter IV the results of the examinations by the 3 dia-
gnostic methods are compared with the operative findings and
it was found, among other things, that of the cases in which
operation revealed disk herniation or protrusion in group 1, the
clinical-neurological diagnosis was correct in 77 %, the myelo-
graphic diagnosis was correct in 75.2 %, the electromyographic
diagnosis was correct in 78.6 %.

The corresponding figures for group 2 were: clinical-neuro-
logical examination 79.2 %, myelography 91.7 %, electromyo-
graphy 91.7 %, and for the group in which operation revealed
no disk changes the figures were: clinical-neurological examina-
tion 55 %, myelography 65 %, electromyography 55 %.

The same chapter also gives an account of the ratio between
single and combined clinical findings and single and combined
electromyographic findings.

Misleading clinical, myelographic and electromyographic
findings are then discussed.

Chapter V gives an account of a review of the patients 1 year
after the operation with special reference to the results of the
operation and the disappearance of the clinical and electro-
myographic signs. It was found that the results of operation
were satisfactory in 93.2 % of group 1 and in 93.1 % of the
entire material. At the review it was also found that in only
1 case had the Achilles tendon reflex returned after complete
absence and that a weak Achilles tendon reflex became normal
again in 26.1 %. As to the patellar reflexes, if they had dis-
appeared completely, they never became normal again, while of
29 in which the reflex was weak, one recovered normal strength.
Of the 13 with a paralytical great toe, the toe recovered normal
strength in 3, and of the 110 with weakness of the extensors of
the great toe before operation 76.4 % recovered normal strength
after the operation.

Of the 185 patients, who had electromyographic changes be-
fore operation, only 42 had persistent electromyographic
changes at the review and 5 had signs of denervation in a
single muscle.

In chapter VI an account is given of the ratio between un-
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equivocal, positive, diagnostic findings and the operative find-
ings and it was found that in group 1 operation revealed lumbo-
sacral changes in 72.7 % of all patients (44) with an unequi-
vocal Achilles tendon reflex change, or in 72 % of the entire
material; operation revealed lumbosacral changes in 74.3 % of
all patients (70) in group 1 with definite SI denervation, or in
75.9 % of the entire material; and that if the myelogram show-
ed lumbosacral changes, these changes were confirmed at ope-
ration at the same level in group 1 in 91.3 %, or in 92.7 % of
the entire material; and that operation revealed changes be-
tween LIV and LV in group 1 in 79.2- % of all patients with
paresis of the great toe or in 79.3 % of the entire material;
operation revealed changes between LIV and LV in 85.5 % of
all patients with unequivocal LV denervation in group 1 or in
86.7 % of the entire material. Myelographic changes between
LIV and LV were confirmed at operation in the same space in
87.1 % of group 1 and in 87.1 % of the entire material.

In addition, those cases in which operation revealed no disk
changes are analysed. Finally, it is given an account of the pos-
sibilities of the various diagnostic methods.
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