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SUMMARY: Two patients had lumbo­
sacral radiculopathy following radiation 
treatment of cancer. Twenty previously 
reported cases were similar. The clinical 
picture is one of progressive motor and 
sensory loss in the legs, usually appear­
ing within a year after radiation, but 
sometimes delayed up to several years. 
Experimental studies quoted indicate 
greater vulnerability of peripheral nerves 
to ionizing radiation than has been pre­
viously recognized. Lumbo-sacral 
radiculopathy is readily produced in the 
experimental animal (rat) and affords an 
experimental model closely resembling 
the human cases reported. 

RESUME: Deux patients ont manifeste 
une radiculopathie lombo-sacree a la 
suite d'une radiotherapie pour cancer. 
Les vingt cas precedemment publies 
sont semblables: ainsi le tableau clinique 
est-il marque par une perte progressive 
des fonctions motrices et sensitives aux 
jambes apparaissant environ un an 
apres I'irradiation, mais parfois tardant 
de plusieurs annees. Les etudes 
experimentales egalement citees mon-
trent qu'il existe une susceptibilite aux 
radiations ionisantes des nerfs 
peripheriques plus importante qu'on ne 
I'avait d'abord cru. La radiculopathie 
lombo-sacree peut etre facilement pro-
duite chez I'animal experimental (rat) et 
permet I'etude d'un modele 
experimental semblable aux cas hu-
mains rapportes. 
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INTRODUCTION 
Peripheral neuropathy as a de­

layed complication of radiotherapy 
is considered a rarity. Observations 
on the effects of ionizing radiation 
on peripheral nerves of experimental 
animals have been contradictory and 
incomplete. Most observers stress 
the extreme resistance of peripheral 
nerves to radiation. On the other 
hand, obvious delayed degeneration 
of spinal nerves following doses of 
x-rays close to the clinical range has 
been reported (Linder, 1959; Innes, 
1967). On the clinical side, 
neuropathies of the brachial plexus 
and cranial nerves following radia­
tion for carcinoma of the breast, 
head and neck and Hodgkin's dis­
ease have all been extensively 
documented (Stoll and Andrews, 
1966; Maruyama et al., 1967; Cheng 
et al., 1975; Bataini et al., 1974; 
Shukovsky and Fletcher, 1972). The 
effects of radiation therapy on the 
lumbo-sacral plexus have been de­
scribed only rarely (Greenfield and 
Stark, 1948; Klaua, 1974; Friedman, 
1954; Maier et al., 1969). We de­
scribe delayed neuropathy of the 
lumbo-sacral plexus in two patients, 
treated with telecobalt radiation for 
carcinomas of the bladder and cer­
vix. 

Case 1. This 60-year-old man had 
intermittent painless hematuria for 
one month in 1964. Cystoscopy re­
vealed "resolving hemorrhagic cys­
titis". In January, 1965, biopsy was 
done and a diagnosis of transitional 
cell carcinoma of the urinary bladder 
was made. He was treated by radia­
tion receiving 6,750 rads in 24 treat­
ments. (Details of this follow the 
case report.) 

He was admitted to hospital in 
October, 1965 with symptoms of 
bowel obstruction, shown at 
laparotomy to be due to pelvic fib­

rosis and stricture of the rectum. A 
terminal colostomy was made. 
There was no evidence of cancer in 
the rectosigmoid area. 

In 1969, four years after comple­
tion of radiotherapy, he complained 
of numbness of the soles of his feet; 
this subsequently spread to his 
knees. There was also severe aching 
pain in the feet. Over the next three 
years he complained of progressive 
weakness of the leg muscles, most 
severe distally. He had continued to 
walk in spite of bilateral foot drop. 
In October, 1972, he was admitted to 
hospital for neurological evaluation. 

General physical examination 
showed no abnormality. There was 
no evidence of recurrence of the 
bladder carcinoma. His colostomy 
was functioning well. Neurological 
abnormalities were confined to the 
legs with findings somewhat more 
severe on the left side. There was 
moderate weakness of flexion and 
adduction and slight weakness of 
abduction and extension at the hips. 
Knee flexion was weak but exten­
sion preserved. Bilateral foot-drop 
was evident. Plantar flexion at the 
ankles was almost normal. The knee 
and ankle jerks were absent. There 
was impairment of sensation dis­
tally, light touch and pain sensation 
were impaired to the knees and vib­
ration and joint-position sense were 
lost in the feet. 

Radiograms of the lumbo-sacral 
spine and pelvis, lumbar myelogram, 
CSF examination, glucose tolerance 
test and Schilling test were all nor­
mal. EMG and nerve conduction 
studies indicated proximal nerve in­
volvement. 

Reviewed in September, 1975, he 
described further slight worsening of 
his symptoms. He continued to walk 
with the use of leg braces. There was 
no evidence of recurrence of the 
bladder carcinoma. Neurologically, 

Vol. 4, No. 4 NOVEMBER 1977 - 259 

https://doi.org/10.1017/S0317167100025087 Published online by Cambridge University Press

https://doi.org/10.1017/S0317167100025087


THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES 

he exhibited severe wasting of both 
legs, the left more than the right. 
Fasciculations were noted in the an­
terior right thigh muscles. There was 
good strength in the abdominal mus­
cles. There was weakness of all the 
leg muscles. No voluntary move­
ment was noted in the left hip abduc­
tors and knee flexors. There was 
complete bilateral foot-drop. Muscle 
stretch reflexes were absent in both 
legs. Sensory testing revealed distal 
hypalgesia to the mid-calf on the 
right side and to mid-thigh on the 
left. Vibration sense was absent 
below the anterior superior iliac 
spines. Joint-position sense was ab­
sent in the feet and impaired at the 
knees. 
Details of Radiation Therapy: Be­
tween December 29, 1964, and Feb­
ruary 3, 1965, a radical course of 
radiotherapy was given. The tumor 
dose was 6,750 rads. Two pairs of 
parallel and opposing fields were 
used. The anterior and posterior 
fields measured 10 x 15 cms. and the 
lateral fields 10 x 10 cms. Each pair 
of fields was treated on alternate 
days. The total number of treatment 
days was 24 over a total elapsed 
period of 36 days. On 14 of 24 days 
treatments were given with 22 MEV 
Betatron. On the remaining 10 days 
the "Saskatoon" cobalt-60 unit was 
used. 

The total tumor dose of 6,750 rads 
over 24 days is rather high. A more 
usual dose would be 6,000 to 6,500 
rads over a total time period of 5 to 6 
weeks, in which case somewhat 
smaller fields are used for at least 
part of the time. 

Case 2. In July, 1967, this woman, 
aged 48, had a routine Pap smear 
done, following which a biopsy of 
the cervix was taken. A Stage II 
squamous cell carcinoma of the cer­
vix was found. Physical examination 
showed no abnormality. First and 
second stage Manchester radium 
implantations were made and subse­
quently a three-week course of deep 
x-ray therapy to the parametria. (De­
tails given after case report.) 

In December, 1973, she was seen 
in the neurological clinic- She first 
had problems with her legs six 
months after completing the course 

of deep x-ray therapy. These con­
sisted of burning and tingling sensa­
tions in the feet along with 
generalized "discomfort" of the 
legs. Her paresthesias were in­
creased by walking. Symptoms had 
slowly progressed until her presenta­
tion at the clinic. There had been no 
sphincter disturbance. 

Examination revealed a well-
orientated co-operative woman, who 
gave a good history. The general 
physical examination showed no ab­
normalities. Neurologically, the ab­
normal findings were confined to the 
legs. There was slight weakness of 
dorsiflexion and eversion at the ank­
les, the left more so than the right. 
The muscle stretch reflexes were 
absent at both ankles and at the left 
knee. The right knee jerk could only 
be obtained with reinforcement. 
Pain sensation was impaired in a 
stocking distribution to about mid-
calf regions bilaterally. Touch and 
joint-position sense were also 
slightly depressed in the feet. 

When reviewed in May, 1975, she 
said her troublesome paresthesias 
had persisted and she had also noted 
some increase in the weakness of the 
legs, the left more so than the right. 

Neurological examination re­
vealed moderately severe weakness 
of all movements at the left ankle 
and mild to moderate weakness of all 
movements at the right ankle. All 
muscles tested in the legs were weak 
to some degree. No muscle stretch 
reflexes were obtained. The right 
knee jerk had previously been ob­
tained with reinforcement. Pain and 
touch sensation were impaired as 
before to mid-calf bilaterally. In ad­
dition, there was marked reduction 
of joint-position sense in the toes 
and at the ankles, plus reduction of 
vibratory sense throughout both 
legs. 

Several investigations, including 
serum B12, serum T4, thoracic and 
lumbar spine x-rays were normal. 
EMG and nerve conduction studies 
revealed decreased conduction po­
tentials of the muscles tested, indi­
cating a diffuse moderate 
neuropathy in the legs. 

When reviewed in September, 
1975, physical findings were similar 

to those recorded in May of the same 
year. 
Details of Radiation Therapy: On 
July 25 and August 1, 1967, in­
tracavitary radium insertions were 
carried out using the Manchester 
technique. On each occasion 2 x 13.3 
and 1 x 10 mgm radium tubes were 
inserted into the uterine cavity while 
two medium-sized vaginal ovoids, 
each with 2 x 13.3 mgm radium 
tubes, were placed in the vaginal 
fornices separated by spacer. Ioniza­
tion probe readings were taken in the 
bladder and in the rectum. In­
tracavitary radiation was given for 
54 hours after the first insertion and 
for 56 hours after the second inser­
tion. 

From August 8 to August 25, 1967, 
inclusive, a course of external radia­
tion to the parametria was given with 
the "Saskatoon" cobalt-60 therapy 
unit delivering 4,000 rads tumor dose 
to 15 x 15 cm parallel and opposing 
anterior and posterior pelvic fields 
with midline shielding. The total 
elapsed time period was 16 days, the 
number of fractions being 14. 

The total dosage in rads from in­
tracavitary radiation alone was 
computed to be 8,190 rads to point A 
on the left side and 5,320 rads to 
point A on the right side. The total 
dose for intracavitary radiation to 
point B was 2,760 rads on the left 
side and 1,900 on the right side. 
Point A was taken in the paracervi-
cal triangle as defined by Todd and 
Meredith, 1938: 2 cms lateral to the 
central canal of the uterus and 2 cms 
up from the mucous membrane of 
the lateral fornix in the axis of the 
uterus. Point B is taken 3 cm later­
ally of A. Adding the amount of 
external radiation (4,000 rads tumor 
dose computed at mid-pelvis) to the 
amount of radiation to point B on the 
left and right side, a total of 6,750 
rads was given to the left pelvic wall 
and a total of 5,900 to the right pelvic 
wall. 

Though the total dose to the left 
pelvis was computed to be in the 
same range as for Case 1, we have to 
note the fact that she had both in­
tracavitary radiation and external 
radiation. The biological effects of 
these two types of radiation are 
rather difficult to delineate and do 
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L pelvic wall 
(Point B Left) 

Intracavitary radiation 2,760 rads 
External radiation 4,000 rads 
Total 6.760 rads 

not amount to a simple summation 
as has been done here. It is possible 
that the dose to certain nerve trunks 
situated near the vicinity of the in­
tracavitary radiation axis exceeded 
the mentioned total since according 
to the computed data a much higher 
dose was given to the left side. The 
asymmetry in her neurological signs 
was pronounced and would be in 
accord with the above considera­
tions. 

DISCUSSION 
A. Experimental Aspects. 

Peripheral nerve tissue is largely 
non-mitotic so that radiation damage 
is likely to become manifest only if 
some injury stimulates the compo­
nent cells into mitotic activity. The 
experiments of Cavanagh (1968) 
support this concept. He crushed the 
sciatic nerves of rats shortly after 
doses of 200 to 2,000 rads had been 
given at a dose rate of 100 rads'per 
minute. At seven days there was a 
slight but significant reduction in the 
total cell population following 200 
rads, a greater reduction after 500 
rads, and after 1,000 rads the cell 
population of the nerves was 81.4 
percent of the control population. 
2,000 rads caused further reduction 
to 70.9 percent of normal. Mitotic 
rates showed a comparable decline 
with dose. At 14 days after 200 rads 
the nuclear population lay within the 
range of the unradiated nerves and 
the mitotic rates were at comparable 
levels. With 1,000 rads and even 
more so with 2,000 rads a serious 
failure of proliferation became ap­
parent. Pathological changes were 
apparent in Schwann cells, en-
doneurial fibroblasts, vascular cells 
and, occasionally, perineurial cells. 
As far as evidence of repair of ir­
radiated cells with passage of time 
was concerned, no difference was 
found in repair mechanisms of 
crushed nerves at three weeks or at 
nine months. 

Bradley et al. (1977), studied the 
delayed effects of irradiation of the 

Ashenhurst et al. 

R pelvic wall 
(Point B Right) A Left A Right 

1,900 rads 8,190 rads 5.320 rads 
4,000 rads Shielded Shielded 
5,900 rads 8,190 rads 5,320 rads 

thoracic and lumbar spinal cord and 
cauda equina in rats. The rats were 
given 3,500 rads of x-radiation in a 
single dose while breathing oxygen 
at one atmosphere pressure. The 
changes seen in the thoracic series 
were those of myelopathy, some­
times progressing to total transverse 
necrotic myelopathy. In no animal 
was damage detectable in the 
thoracic spinal roots. Similar find­
ings have been reported by others. 
In striking contrast, the rats in the 
lumbar series showed either no evi­
dence of spinal cord damage (more 
than 50%) or evidence of a minor 
degree of myelopathy. The anterior 
and posterior nerve roots were se­
verely damaged. "The conclusion is 
inescapable that the radiculopathy 
and not the myelopathy was respon­
sible for the clinical signs in the 
lumbar ser ies" (Bradley et al. , 
1977). The cauda equina series 
showed essentially the same clini­
cal signs and pathological changes 
in the roots as the lumbar series. 

In the light of these experimental 
findings the authors suggested that 
attention be given to the spinal roots 
in the pathological investigation of 
patients with radiation myelopathy, 
particularly where the lumbo-sacral 
cord had been irradiated. 

B. Clinical Aspects. Maier et al. 
(1969) summarized the findings in 
15 patients treated by irradiation for 
malignant germ-cell tumors of the 
testicle. In most patients the radia­
tion fields included the inguinal and 
iliac lymph nodes on the involved 
side as well as the para-aortic lymph 
nodes to the level of the diaphragm. 
Three of these patients had been 
reported previously by Greenfield 
and Stark (1948) and another six by 
Friedman (1954). In every patient 
the neurological abnormalities con­
sisted of lower motor neuron weak­
ness of the legs together with loss of 
deep reflexes and some fascicula-
tion. Although cystometrograms 
demonstrated bladder atonicity in 
some cases, loss of bladder or rectal 

sphincter function was not evident 
even in the two patients with parap­
legia. A remarkable feature was the 
absence of sensory loss. The clinical 
findings are summarized in Table I 
(cases 1-15), along with those of 
other reported cases. While these 
patients have been reported as radia­
tion myelitis of the dorso-lumbar 
spine, the authors (Maier et al., 
1969) recognize an alternative in­
terpretation. "From the clinical find­
ings it is possible that the site of 
injury is in the lumbar and sacral 
nerve plexuses instead of or in addi­
tion to the spinal cord." We believe 
that the purely lower motor signs, 
the absence of long-tract signs, the 
frequent asymmetry and the lack of 
sphincter disturbance in these pa­
tients all speak strongly for involve­
ment of the lumbo-sacral plaxus 
rather than spinal cord. There was 
no pathological examination of the 
spinal cord or nerve roots in these or 
other reported cases. 

Klaua (1974) reported five patients 
(from a series of 430) who had tele­
cobalt radiation of the abdominal 
area and developed lumbo-sacral 
plexus lesions. The symptoms de­
veloped between two and 14 months 
after completion of radiation treat­
ment. They tended to be chronic and 
progressive, sometimes with step­
wise relapses. Autopsies had been 
done on two patients . Re­
troperitoneal fibrosis was seen in 
both cases. No examination of the 
spinal cord or nerve roots was re­
ported. 

In considering the present and 
previously reported cases, certain 
characteristics of radiation induced 
damage to the lumbo-sacral plexus 
can be identified. Lumbo-sacral 
neuropathy may follow irradiation of 
the abdominal cavity for the treat­
ment of cancer. The incidence of the 
complication appears to be small (5 
patients in one series of 430 for an 
incidence of 1 percent). The dose of 
radiation to the lumbar spinal cord 
has varied between a high of 5,680 
rads and a low of 1,700 rads. If the 
dose is estimated for the posterior 
pelvic wall somewhat higher figures 
are obtained. The interval between 
irradiation and the occurrence of 
neuropathy is variable. In 15 of 22 
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TABLE I 

Reported Cases of Lumbo-Sacral Neuropathy Following Radiation 

Author 

Maier et al. 
(1969) 

Klaua 
(1974) 

Present 

and 

Dose of 
Radiation* 

to 
Lumbar Cord 

4,299 
3,510 
4,810 
4,148 
4,587 
4,246 
3,569 
4,850 
4,420 
3,520 
4,800 
5,680 
3,650 
5,310 
5,400 

3,000 
3,000 

1,700 

2,400 

— 
6,750 

(tumor dose) 
6,760 (left 

pelvic wall) 
5,900 (right 
pelvic wall) 

Interval 
to 

Neuropathy 
(months) 

64 
27 
15 
7 

156 
12 
12 
13 
12 
12 
6 

12 
9 
4 

12 

1 
14 

2 

3 

7 
48 

6 

Survival 
after 

Neuropathy 
(years) 

13 
13 
16 
3 
6 
2 

21 
21 

5 
14 
2V2 

3 
5 
\V2 

13 

VA 

— 

2 

4 

— 
9 

9 

Current 

Alive. 
Alive. 
Alive. 
Alive. 
Alive. 
Dead. 
Alive. 
Alive. 
Dead. 
Alive. 
Dead. 
Dead. 
Alive. 
Dead. 
Alive. 

Dead. 
Dead. 

Alive. 

Alive. 

Alive. 
Alive. 

Alive. 

Clinical Status 

Unilateral leg paralysis. 
Right leg paralysis, left foot drop. 
Right leg paralysis. 
Incomplete bilateral leg paresis. 
Incomplete bilateral leg paresis. 
Bilateral foot drop. 
Limping gait, palsy. 
Paraplegic. 
Bilateral foot drop. 
Bilateral foot drop. 
Bilateral foot drop, palsy right leg. 
Paralysis right leg. 
Bilateral leg weakness and muscular atrophy. 
Paraplegic. 
Bilateral leg weakness and muscular atrophy. 

Plexus lesion left side. 
Sensory disturbance both legs followed by weakness 
of right leg. Root lesion L4 left. 
Sensory disturbance left leg followed by weakness of 
left leg. 
Progressive paraparesis with loss of reflexes 
and sensory loss. 
Femoral neuropathy right side. 
Paraparesis with areflexia sensory loss. 

Paraparesis with areflexia, greater on left side. 
Sensory loss. 

* Presuming a lumbo-sacral site of injury, the dose estimated for the lumbar cord should be increased an average of 6.5%. 

patients, symptoms began within 
one year and in six of these within 
six months. However, the appear­
ance of neurological abnormalities 
may be greatly delayed. One patient 
first developed symptoms after four 
years, one after five years and one 
after 15 years. Survival following 
neurological complications is fre­
quently prolonged, a reflection no 
doubt of the treatable nature of the 
underlying cancer (cervix, testis, 
and bladder) and the young age of 
most patients. Because of this ex­
tended survival, the morbidity of 
radiation induced neuropathy as­
sumes considerable clinical impor­
tance. 

The clinical features of radiation 
induced lumbo-sacral neuropathy 

are rather constant. Lower motor 
neuron weakness of the legs occurs. 
This is sometimes confined to one 
leg (six patients). Most often both 
legs are affected although in many 
cases asymmetrical involvement is 
apparent. The muscle stretch re­
flexes are lost or reduced. Muscle 
wasting and sometimes muscle fas-
ciculations are seen. Sensory loss, 
except in Maier's patients (1969), 
has been prominent. Clinical distur­
bance of sphincter function has not 
been observed. Progression of disa­
bility may extend for months or 
years either in insidious or, less 
often, step-wise fashion. 

Lumbo-sacral radiculopathy is a 
rare complication following radia­
tion of the abdominal cavity. Two 

patients are described and the find­
ings in 20 previously reported cases 
are summarized. It is possible that 
this condition is more common than 
the frequency of reported cases sug­
gests. The widely-held view that 
peripheral nerve is highly resistant 
to the effects of ionizing radiation 
must be reconsidered in the light of 
experimental work cited here 
(Cavanagh, 1968). Indeed, an animal 
model closely resembling these pa­
tients has been produced (Bradley, 
1977). 

In considering the tolerance of 
nervous tissue to radiation of the 
abdominal cavity, dosage to the 
lumbo-sacral plexus rather than the 
lumbar spinal cord should be esti­
mated. 
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