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T 
HE lateral surgical approach to the 
cervical spine is a relatively recent de- 
velopment. Kiit tner u in 1917 described 

a technique for exposing the vertebral artery 
between the transverse processes. In his paper 
he mentioned that Helferich had suggested re- 
moval of the anterior rim of the foramen trans- 
versarium, but  no further details of this tech- 
nique were given until Henry's  8 precise de- 
scription of the exposure of the second portion 
of the vertebral artery. This procedure was 
also used by Elkin and Harris 3 for traumatic 
vertebral arteriovenous fistulae. 

We had occasion to perform this operation 
for a spontaneous vertebral arteriovenous 
fistula, following Henry 's  procedure. The ver- 
tebral artery was lifted from its bed by means 
of tapes applied above and below the lesion, 
and the abnormal communications could be 
occluded while the artery remained patentY 1 
As we viewed the operative exposure, it oc- 
curred to us that this procedure provided ex- 
cellent access to the lateral aspects of the 
cervical vertebral bodies, the intervertebral 
foramina, and the port ion of the anterior 
rami of the brachial plexus lying in the neural 
grooves of the transverse processes. 

Since then, we have used this approach 
(Figs. 1-3) on a small number  of patients who 
had lateral bony spurs compressing the verte- 
bral artery, arthritic spurs compressing cervi- 
cal nerve roots, lateral rupture of a cervical 
disc, or damage to the upper portion of  the 
brachial plexus near the transverse processes. 
All operations were performed under the con- 
trol of an x-ray image intensifier and a tele- 
vision monitor  to facilitate identification of the 
level of the lesion. 

Lateral Spondylotie Spurs Compressing 
the Vertebral Artery 

These deformities have been discussed re- 
cently by Bakay and Leslie, 1 who removed 
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most of the lateral spurs using the Cloward 
technique. 

Hardin, et al., v were the first to describe re- 
lief of lateral spur compression of  the verte- 
bral artery by exploring the artery in its canal 
and removing the spur with a bone curette. No  
further details of the operative technique were 
given. Jackson operated on a similar patient 
reported by Gortvai?  Recently, Hardin 6 re- 
ported on 15 patients in whom osteophytic 
compression of the vertebral arteries was 
treated by removal of the anterior and pos- 
terior roots of the involved transverse pro- 
cesses. No  mention was made of  the removal 
of the spurs. 

It  is still an open question whether this type 
of decompression is sufficient, since rotation of 
the head with the chin to the opposite side, 
producing traction on the artery, may result in 
its displacement toward the lateral spurs. We 
have chosen to remove these spurs after ex- 
posure of the artery in its canal; excision of a 
disc or making holes in the vertebral bodies 
thus become unnecessary. 

Operative Technique. Our operation has 
been a modification of Henry 's  technique. 
Henry placed the patient with the chin turned 
away from the vessel. In cases of  spondylotic 
compression this position may lead to occlu- 
sion of the vertebral artery; therefore, we 
placed the head in a midposition. In this posi- 
tion, moreover, it is easier to approach the 
transverse processes between the sternomas- 
toid muscle and the larger vessels on one side 
and the pharynx and larynx on the other, in- 
stead of retracting the sternomastoid muscle 
medially. The attachments of the longus colli, 
and if necessary of the longus capitis muscles, 
to the anterior tubercles of the transverse 
processes above and below the level of  the 
lateral spur are sectioned (Fig. 3 A);  these 
muscles are retracted medially, with care 
taken not  to injure the cervical sympathetic 
chain. 

Next, the anterior roots of these transverse 
processes as well as the costotransverse 
lamellae are removed, thus allowing lateral 
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F~G. 1. Bony resections used in lateral approach to the cervical spine (dark lines). A. Resection of anterior 
root of the transverse process and costotransverse lameUa allows lateral retraction of the vertebral artery and 
removal of lateral compressing spurs. B. Same resection as in A but in addition removal of the lateral por- 
tion of the uncinate process for access to posterior spurs or a lateral ruptured disc. C. Oblique view of trans- 
verse process. The anterior ramus lying in the neural groove is bounded anteriorly by the anterior tubercle, 
posteriorly by the posterior tubercle, and at the base by the costotransverse lamella. D. Resection of the trans- 
verse process in proximal lesions of the superior rami of the brachial plexus. E. Bracket indicates improved 
access to anterior rami for performing neurolysis or nerve suture. 

displacement of the vertebral artery (Figs. 1 A 
and 3 B). This resection must be performed 
carefully to avoid damage to the anterior roots 
of  the brachial plexus. After slight lateral re- 
traction of  the vertebral artery, the lateral 
spurs are removed piecemeal by a rongeur. 
Even in the presence of radicular branches, 
the vertebral artery can be safely retracted a 
few millimeters laterally. 

Hypertrophic Changes of Luschka's Joints 
Producing Narrowing of the 

Intervertebral Foramen 

The same operative technique allows a 
ready access to the intervertebral foramina, 
which are easily found by following the course 
of  the exposed anterior rami of the brachial 
plexus medially (Fig. 3 B). The osteophytes 
can be removed by means of a guarded drill or 
small osteotomes (Fig. 1 B). 9 Disc excision is 
not  necessary unless the disc space is opened. 
The advantage of  this method compared to 
posterior foramenectomy is that the posterior 

articulations remain intact. Its advantage over 
an anterolateral approach is the visualization 
of the cervical nerve roots and the consequent 
reduction in the risk of damage to them. 

The lateral approach also allows removal of 
transverse ridges after excision of the uncinate 
process and the intervertebral disc; the trans- 
verse ridge is then removed proceeding from 
the intervertebral foramen inward. Better 
visualization of  nerve roots is again an impor- 
tant advantage. 22 

When exposing the anterior rami we con- 
firmed Kirgis' observation that many fibers of 
the anterior scalene muscle appear to originate 
from the sheaths of these nerves. TM Kirgis 
stressed the possible significance of this rela- 
tionship in the production of the scalenus 
anticus syndrome. We divided the muscular 
attachments to the exposed anterior rami. 
Venous bleeding was arrested by stripping the 
venous plexus from the artery in the exposed 
area, occluding its lateral branches, and ap- 
plying surgicel on both ends of the exposed 
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portion of the artery. The stripping should be 
performed carefully to avoid damage to 
radicular arteries leaving the vertebral artery. 
These procedures were used in the following 
two cases. 

Case 1. This 61-year-old man had com- 
plained of neck pain since 1949 and the de- 
velopment of right hemiparesis and paresthe- 
sia in the left leg since 1966. 

Examination. Exaggerated tendon reflexes 
were present in the right arm and leg, a Babin- 
ski reflex on the right, diminished sensation 
for all modalities in the left leg, and extensor 
weakness of the right hand and fingers. There 
was no muscle wasting or signs of  denervation 
in the electromyogram of  the neck, the arms, 
and hands. The lumbar  cerebrospinal fluid 
protein was 60 rag/100 ml, and there was no 
Queckenstedt response with extension of the 
head. 

X-ray showed spondylotic wedged de- 
formity of the vertebral bodies of C-4 and 
C-5, resulting in anterior angulation of the 
cervical spine. The AP view showed consider- 
able lateral hypertrophic changes of the verte- 
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bral joints at C5q5 and C4-5. At  these levels 
the intervertebral foranaina were also very 
narrowed (Fig. 4 A). The tomoairmyelograms 
showed focal narrowing of the cervical spinal 
canal at the levels of the C4-5 and C5-6 discs, 
where a positive contrast myelogram revealed 
pronounced transverse ridges. The right 
vertebral angiogram demonstrated consider- 
able lateral deflexion and narrowing of the 
artery caused by lateral spurs at C4-5 and 
C5~5 (Fig. 5 A). The left vertebral angiogram 
also showed narrowing of the vessel at the 
C4-5 level. 

Operation (Bilateral). On August 30, 1966, 
after exposure of the transversarial foramina, 
the vertebral arteries were retracted slightly 
laterally with tapes, and the lateral hypertro- 
phic bone removed. The uncinate processes of  
C-5 and C-6 were resected bilaterally, includ- 
ing the foraminal spurs. Through this lateral 
access, the C4-5 and C5-6 discs were excised. 
The posterior transverse ridges were removed 
proceeding from the intervertebral foramina 
inwards. Wedge-shaped tibial cortical grafts 
were inserted in the empty disc spaces for in- 
terbody fusion. Since there was no significant 

FIG. 2. Cutaneous incisions. Incision a is used for two-level operations on the middle or lower cervical spine, 
while b can be applied in one-level operations. For approaches to the upper portion of the cervical spine or for 
larger exposures, incision c is used. This allows section of the attachment of the sternocleidomastoid muscle to 
the mastoid process and eversion of this muscle. At the end of the operation the muscle is sutured to the mastoid 
process. 
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Fro. 3. Lateral exposure of the cervical spine. (See facing page for legend.) 
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transverse ridge at the C 3 - 4  level, the C3-4  
disc was removed by excision of the anter ior  
annu lus  fibrosus. The poster ior  a n n u l u s  fibro- 
sus was left intact,  and  a wedge-shaped tibial 
cortical graft  was inserted for correct ion of the 
anter ior  angula t ion .  

Postoperative course. Vertebra l  ang iography  
(Fig. 5 B) showed that  the na r rowing  and  de- 
flections of  the vertebral  arteries p roduced  by 
the lateral  spurs n o  longer  existed and  that  the 
lateral spurs had been removed  on b o t h  sides. 
The interver tebral  f o r a m i n a  at C4-5  and 
C5-6  in the obl ique x-ray views showed the 
decompress ion in their an te r ior  por t ions  (Fig. 
4 B). X-ray  control  films of the cervical spine 
6 mon ths  later showed sat isfactory fus ion and 
correct ion of an ter ior  angu l a t i on  at  the C3-4  
level. The dis turbance of sensa t ion  in  the left 
leg disappeared,  and  the t e n d o n  reflexes be- 
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came normal .  The  power  in the legs was 
markedly increased. The pat ient  could now 
walk for 30 minutes ,  whereas before the opera-  
t ion he was tired after 5 minutes .  

Case 2. This  53-year-old m a n  had com- 
plained for 1�89 years of  paresthesia of the left 
middle and r ing fingers and  weakness of the 
left a rm and hand ,  inc lud ing  complete paraly-  
sis of  finger extension.  

Examination. A t r o p h y  and  e lec t romyogram 
denervat ion potent ia ls  were found in the left 
adductor  pollicis, interosseus IV, abduc to r  
digiti V, extensor d ig i to rum communis ,  flexor 
carpi ulnaris,  and  triceps brachii  muscles. 
There were d imin ished  left biceps and  triceps 
tendon reflexes, and  hypesthesia in the left 
C-7, C-8 and  T-1 dermatomes .  There were 
normal  manomet r i c  tests on l u m b a r  punc tu re  

FIG. 3. A. Muscles attached to the lateral portion of 
the cervical spine. These muscles are approached be- 
tween the sternocleidomastoid muscle and the great 
vessels on the lateral side, and the airways and esopha- 
gus on the medial side. The following muscles are 
identified: LCa=longus capitis; LCo=longus colli; 
AS, MS, and PS=anterior, medial, and posterior 
scalenus muscles respectively. Arrow points to fine of 
incision in this muscle mass. The longus colli and 
longus capitis muscles are retracted medially. The 
attachments of the anterior scalenus muscle are cut if 
the anterior tubercle must be removed. 

B. Important skeletal landmarks for exposure of the 
vertebral artery, the intervertebral foramen, and the 
rami of the brachial plexus. V=vertebral artery; 5, 6, 
and 7=the anterior rami of the brachial plexus; 
T= superior trunk of the brachial plexus. Exposure of 
the vertebal artery in its canal. The insertions of the 
longus capitis and longus colli muscles to the anterior 
tubercles of the transverse processes are sectioned in 
the area involved, and these muscles are retracted 
medially. The anterior intertransverse muscles extend- 
ing between the anterior roots of the transverse 
processes are also removed, and the anterior rim of the 
foramen transversarium is resected. In the drawing, 
this has been performed with the transverse process of 
C-5. The vertebral artery is retracted laterally with 
tape (not shown) if it is compressed medially by bony 
spurs. Lateral retraction is facilitated by resection of 
the anterior tubercle and the costotransverse lamella, 
which form the lateral border of the foramen trans- 
versarium. The inset shows this resection performed at 
the C-6 level. Bony spurs can then be easily re- 
moved. 

Exposure of the intervertebral foramen. The anterior 
rims of the foramina transversaria above and below the 
intervertebral foramen are resected, and the vertebral 
artery is retracted anteriorly. The extent of retraction 
depends on the presence and length of radicular ar- 
teries, which should not be torn. The radicular arteries 
leave the vertebrals 0.1 to 1 cm inferior to the roots. 20 

Identification of the intervertebral foramen is greatly 
facilitated by first exposing the corresponding anterior 
ramus of the brachial plexus where it lies behind the 
anterior tubercle (at) of the transverse process. This 
necessitates resection of this tubercle, care being taken 
not to damage the anterior ramus which lies just below 
(inset). Removal of the anterior tubercle entails also 
the removal of the corresponding insertion of the 
scalenus anterior muscle. Some of the latter fibers con- 
nect with the anterior ramus of the brachial plexus and 
these should also be interrupted. Following the ante- 
rior ramus from this point medially, removing the sur- 
rounding connective tissue as much as possible, leads 
without difficulty to the intervertebral foramen. With- 
out following these landmarks, however, it is very 
difficult to identify the intervertebral foramen. Intra- 
foraminal spurs are removed by means of small drills 
or osteotomes. 

In Cases 3 and 4, soft lateral disc protrusions bulged 
outside the intervertebral foramen as indicated here in 
B and the inset by the arrow at the level of the C6-7 
intervertebral foramen. In Case 5, the protrusion was 
completely inside the intervertebral foramen and the 
adjoining portion of the cervical spinal canal. The 
lateral disc protrusion is removed piecemeal by means 
of a pituitary forceps, whereas residual fragments in 
the anterior portion of the intervertebral foramen are 
removed using a small but strong curette. The curetting 
is performed towards the posterolateral aspect of the 
vertebral bodies to avoid damage to the dural sac or 
nerve roots. The protrusion may be adherent to the 
anterior ramus or spinal ganglion and then careful 
dissection is needed. In case of an associated anterior 
scalene syndrome, a superior scalenotomy is per- 
formed, with division of all attachments of the muscle 
to the anterior tubercles and anterior rami. 

Special Warning. Because of the normal cervical 
lordosis, the anterior ramus of C-6 lies more anteriorly 
than that of C-7. During selective exposure of the C-7 
anterior ramus, care should be taken not to damage 
the C-6 anterior ramus with a retractor. 
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and a CSF protein content of 54 mg/100 ml. 
X-rays demonstrated spondyloarthritic 

changes of the lower cervical spine. The left 
intervertebral foramina at C5-6 and C6-7 
were considerably narrowed by hypertrophic 
arthritic disease (Fig. 6 A). The AP view 
showed large lateral spurs at C5-6 and C6-7. 
The myelogram showed slight transverse 
ridges between C-4 and C-7 and a left lateral 
filling defect at the site of the C-8 root sleeve. 
Left vertebral angiography in the neck by 
retrograde pressure injection in the left bra- 
chial artery showed local narrowings and lat- 
eral deflections of the vertebral artery caused 
by pressure f rom the lateral spurs at the 
C5-6 and C6-7 levels and to a lesser degree at 
C4-5 (Fig. 7 A). Arteriography with the head 
turned to the right produced an occlusion at 
the C5-6 level, although rotation took place 
only in the upper cervical vertebrae (Fig. 
7 B). No occlusion occurred when turning the 
head to the left. 

Operation. On January 19, 1967, the ante- 
rior roots and costotransverse lamellae of the 

three corresponding transversarial foramina 
were removed and the vertebral artery ex- 
posed. The lateral spur at the C5-6 level was 
resected, but  the vertebral artery did not  re- 
expand, probably because of constricting 
fibrous tissue. After the latter had been dis- 
sected free, the artery assumed its normal 
width. The lateral spur at C6-7 and a lateral 
hypertrophic connective tissue mass at C4-5 
were also removed, whereupon the diameter 
of  the vertebral artery became normal  at all 
exposed levels. The vertebral artery was then 
slightly retracted laterally with tapes; the 
cervical nerves C-6 and C-7 were exposed and 
followed to the intervertebral foramina. An- 
terior decompression of the foramina C5-6 
and C6-7 was achieved by removal of the 
spurs and part  of the uncovertebral joints. 
Since this resulted in exposure of the inter- 
vertebral discs, the latter were removed by 
means of a curette. The empty disc spaces were 
so flat that interbody fusion was not  per- 
formed. The exposure of the C7-T1 inter- 
vertebral foramen was more difficult, but  good 

FIQ. 4. Case 1. A. X-ray showing preoperative narrowing of intervertebral foramina C4-5 and C5-6. B. 
Postoperative x-ray showing anterior decompression of the foramina following removal of spurs. Note three- 
level interbody fusion. 
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FIG. 5. Case 1. A. Preoperative angiogram showing lateral deflexion and narrowing of the right vertebral 
artery caused by lateral spurs at C4-5 and C5-6. B. Postoperative angiogram showing decompression of artery 
and removal of lateral spurs and uncinate processes (arrows). 

access was obtained by removing the anterior 
root  of the transverse process of C-7. A small 
curette was introduced into the foramen and a 
soft protruding disc mass removed. 

Postoperative course. The postoperative 
left vertebral angiogram showed that the 
narrowing and distortion of the artery had dis- 
appeared (Fig. 7 C). No  occlusion occurred 
when turning the head to the right. The 
oblique x-ray view of the cervical spine showed 
the anterior decompression of the left C5-6 
and C6-7 intervertebral foramina (Fig. 6 B). 
Two months after the operation an increase of 
power in the left arm and hand was noted;  the 
patient now could extend his fingers, although 
with diminished strength. 

Lateral  Protrusion of  a Cervical D i sc  

In our cases, the anterior roots and costo- 
transverse lamellae of the transverse processes 
above and below the lesion were resected and 
the vertebral artery was slightly and gently re- 
tracted laterally with tapes. A small curette 
was introduced into the intervertebral foramen 
and the protruded disc mass removed. In one 
of the patients (Case 3) there was an associ- 
ated scalenus anticus syndrome. Semmes and 
Murphey, 15 who in 1943 made their basic con- 
tribution to our knowledge of lateral cervical 
disc rupture, noted that this rupture will cause 
spasm of the scalenus anticus muscle. Kirgis's 
anatomical finding, 1~ described above, suggests 
that this muscle spasm causing traction on the 

anterior rami of the brachial plexus may con- 
tribute to the pain associated with a com- 
pressed nerve root. In Case 3, the scalenus 
anticus syndrome had preceded that of disc 
rupture for many years, so that there was 
reason to treat the conditions as separate en- 
tities. The advantage of the lateral approach 
was that removal of the protruded disc and 
scalenotomy could be performed in one op- 
eration. 

Case 3. This 39-year-old man, for 24 years, 
had experienced paresthesia in all fingers of the 
left hand when elevating that arm. For  4 
years he had suffered from recurrent left 
shoulder pain. In February,  1966, he felt a 
sudden severe cervical pain which spread to 
the radial side of the left arm and was accom- 
panied by a stiff neck. 

Examination. There was diminished sensa- 
tion on the lateral side of the left forearm and 
a depressed left biceps reflex. The Adson test 
was positive on the left. Compression of the 
neck to the left by Spurling and ScoviUe's test 
produced radiating pains in the left shoulder 
and down the lateral side of the left arm. The 
electromyogram was normal. X-rays of the 
cervical spine showed a flattened C4-5 disc 
space with calcified deposits in its posterior 
part. There was no cervical rib. The lumbar 
CSF protein content was 77 mg/100 ml. The 
cervical myelogram showed a left lateral 
C5-C6 filling defect (Fig. 8 A). A diagnosis of 
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FIG. 6. Case 2. A.  Preoperative oblique x-ray shows narrowing of intervertebral foramina at C5-6 and C6-7. 
B. Postoperative x-ray shows anterior decompression of these foramina. 

FIG. 7. Case 2. A.  Preoperative left vertebral angiogram shows local narrowing and lateral deflection of the 
artery at C6-7, C5-6, and C4-5. B. Preoperative rotation of head to the right produced occlusion of vertebral 
artery at C5-6 level, although the rotation took place only in the upper cervical vertebrae. C. Postoperative 
vertebral angiogram shows decompression of artery by removal of uncinate processes and lateral spurs. 
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a combined left scalenus anticus syndrome 
and a left lateral protrusion of the C5-C6 disc 
was made. 

Operation. On March  9, 1967, the well-de- 
veloped scalenus anticus muscle was exposed 
through a supraclavicular T incision. It was 
cut and the subclavian artery dissected free 
from enveloping membranes. The C5-6 trans- 
verse processes were then exposed, their an- 
terior roots resected, and the vertebral artery 
slightly retracted laterally with tapes. Profuse 
bleeding from the venous plexus and vertebral 
veins was controlled by gentle tape traction. 
A soft disc protrusion was removed from the 
intervertebral foramen at C5-6 by means of a 
curette. 

Postoperative course. The patient made an 
uneventful recovery, and the complaints dis- 
appeared. Repeat cervical myelography 14 
days after the operation showed that the left 
lateral filling defect was no longer present; the 
root sleeve of C-6 did not  yet fill well (Fig. 
8 C). 

Case 4. This 45-year-old man had had neck 
pain for 1 year. Two months before admission 
he experienced severe acute pain in the neck 
that radiated through the left arm to the index 
and middle fingers. Since then, the neck had 
been held rigidly to the right; the patient also 
complained of paresthesia in the left index, 
middle, and ring fingers. 

Examination. Examination showed a left 
C-7 root  compression with a positive compres- 
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sion test, weakness of the triceps muscle, re- 
duced triceps tendon reflex, and hypesthesia 
in the index, middle, and ring fingers and the 
dorsum of the hand. No  other abnormalities 
were found except a positive Rossolimo sign 
on the left. The cerebrospinal fluid was nor- 
mal. X-rays showed right lateral inclination of  
the neck, a small left lateral spur at C5-6, but  
no foraminal or posterior spurs. Cervical 
myelography demonstrated a left lateral filling 
defect at C6-7. 

Operation. On March 14, 1967, the left 
C6-7 intervertebral foramen was exposed ac- 
cording to the technique already described. 
The lateral spur demonstrated by x-ray had 
created a small depression in the vertebral 
artery and was removed. The anterior ramus 
of C-7 was hyperemic and surrounded by 
fibrous adhesions. A soft tissue mass pro- 
truded from the intervertebral foramen of  
C6-7 and was adherent to the anterior aspect 
of the C-7 nerve root. It was dissected free and 
removed. The intraforaminal portion of the 
ruptured disc was removed with the bone 
curette. 

Postoperative course. Neck movements were 
free and the pains had disappeared by the next 
day. The patient still had numbness of the left 
index, middle, and ring fingers. A control 
myelogram revealed that there was no longer a 
filling defect at the C6-7 level. 

Case 5. This 50-year-old man had a sudden 
development of pain in the left arm radiating 

FIG. 8. Case 3. A. Preoperative myelogram shows interruption in the column of contrast medium at the left 
C5-6 level. B. X-ray taken during operation shows curette introduced laterally into the superior portion of the 
left intervertebral foramen C5-6. C. Postoperative myelogram no longer shows interruption of the contrast 
medium at C5-6. Left root sleeve of C-6 is still not filled. 
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into the index and middle fingers 2 months 
before admission. This was followed by neck 
pains a few days later. Flexion and extension 
of  the head and compression tests produced 
shooting pains in the left arm. The left triceps 
reflex was reduced, and there was marked 
hypesthesia in the index finger and to a lesser 
degree in the middle finger and dorsum of the 
hand. An electromyogram showed denerva- 
tion potentials in the left extensor muscles of 
the neck and in the left triceps brachii muscle. 
The lumbar CSF protein content was 108 
mg/100 ml. The cervical myelogram showed a 
filling defect on the left at the C6-7 level (Fig. 
9 A ) .  

Operation. On September 9, 1967, the left 
intervertebral foramen C6-7 was exposed. 
There was no protrusion of disc mass outside 
the foramen. The anterior border  of the inter- 
vertebral foramen was enlarged by drill and 
osteotome. Following this, protruding disc 
material lying in front of the spinal ganglion 
and the origin of the C-7 anterior ramus could 
be removed. 

Postoperative course. The patient was mobi- 
lized the day after operation. His pains had 
disappeared, and the myelogram repeated 7 
days later was normal (Fig. 9 B). 

Postganglionie Upper Brachial Plexus 
Paralysis Due to Traction Injuries 

Erb, 4 whose name is associated with this 
type of lesion, found its most frequent site at 
or near the junctions of the C-5 and C-6 an- 

terior rami, where they form the superior 
trunk (Erb's point). Traction injuries leading 
to upper braehial plexus paralysis have been 
thought to be due to forceful shoulder-head 
separation while the patient's arm is at his 
side. It  has been shown experimentally that 
this mechanism produces greatest stress on 
the upper nerve roots, 19 which results either in 
root  avulsion f rom the cord or rupture of the 
extraspinal port ion at or near Erb's point. It is 
important  to distinguish between these two 
lesions because only the rupture is apt to be 
treated surgically. There are two major prob- 
lems in surgical repair: 

1. After resection of the damaged area, the 
gap may be of such length that end-to- 
end suture of the nerve stumps is impos- 
sible. In such cases the gap can be re- 
paired by using autogenous nerve 
grafts. 14 

2. The damage may be extended to or into 
the area where the anterior rami lie in the 
neural grooves of the transverse pro- 
cesses. TM 

Taylor  TM stressed that with proximal exten- 
sion of the lesion adequate nerve suture can- 
not be performed;  he applied a modified pro- 
cedure instead. He split the cicatrized root  up 
into the intervertebral foramen, and, if good 
nerve bundles were exposed above, he sutured 
the distal end of  the nerve into the cleft "with 
the bope that good union will occur." In 1922 
Stookey 16 still advised the Taylor procedure, 

FIG. 9. Case 5. A. Myelogram before operation showing left lateral filling defect at the C6-7 level (arrow). 
B. Myelogram 1 week after operation no longer shows interruption of the contrast medium at the left C6--7 level 
(arrow) and even the C-7 root pouch is filled with contrast medium. 
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but Pollock and Davis TM considered these le- 
sions surgically unapproachable,  an opinion 
shared by d'Aubign~ 1~ 20 years later. Taflov 
and Day 17 advised the use of  a plasma clot 
suture. 

Our experience showed that resection of the 
transverse processes (Fig. 1 D) and retraction 
of  the vertebral artery upward and medially 
allowed good access to the anterior rami as far 
as the real intervertebral foramina. The gain in 
exposure was about 2 cm at C-6 and 1.5 cm at 
C-5 (Fig. 1 E). Most authors agree that, of  all 
types of brachial plexus lesions, the surgical 
repair of  a postganglionic upper plexus lesion 
has the best chance of ultimate functional re- 
covery. Surgical exploration, however, is only 
justified when it has been proven that the 
lesion is postganglionic. In the following two 
cases, the diagnosis was based on the results of 
sweating and intradermal skin tests, a normal 
cervical myelogram, and the absence of  elec- 
tromyographic changes in the neck muscles 
innervated by the fifth and sixth cervical 
nerves. Although a preoperative diagnosis of 
proximal extension of the lesion in the anterior 
rami can be made with considerable confi- 
dence, the extent of the damage can only be 
ascertained during operation. 

Operative Technique. The procedure was the 
same in both cases (Fig. 10). We used a 
T-shaped supraclavicular incision, its horizon- 
tal leg parallel to the clavicle and its vertical 
leg extending to the junction between the up- 
per and middle thirds of the sternomastoid 
muscle. This muscle, the carotid arteries, and 
internal jugular vein we dissected free, allow- 
ing them to be retracted medially as well as 
laterally during the operation. The attach- 
ments of the anterior scalenus muscle to the 
anterior tubercles of the transverse processes 
of  C-4, C-5, and C-6 were sectioned. In both 
cases, these parts of the muscles were fibrotic, 
confirming Barnes' statement s that, before 
pathological stretching of  the nerve roots can 
occur, the violence must be severe enough to 
rupture the scalene muscles or to avulse the 
tubercles of the transverse processes. The 
fibrotic portion of the anterior scalenus muscle 
was removed. 

The attachments of  the longus colli and cap- 
itis muscles to the anterior tubercles of  the 
transverse processes of  C-4, C-5, and C-6 were 
sectioned and the muscles retracted medially. 
We took great care not  to sever the phrenic 
nerve or the cervical sympathetic chain. The 
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anterior roots of the C4-6 transverse processes 
including their anterior tubercles, the costo- 
transverse lamellae, and posterior tubercles 
were removed, a delicate procedure because of  
the proximity of the anterior rami. The verte- 
bral artery was lifted from its bed with tapes. 
No radicular branches of the vertebral artery 
were encountered. The anterior rami were 
freed from surrounding connective tissue as 
far as the real intervertebral foramina (Fig. 
10). The only remaining bony structures in 
these areas were the posterior articular pro- 
cesses, which lie posterolaterally to the inter- 
vertebral foramina and posteriorly to the an- 
terior rami (Fig. 1 D). 

Since the anterior rami of C-5 and C-6 
make downward angles across the transverse 
processes, these angles increase to 180 ~ after 
the bony resections. This implies some reduc- 
tion of the gap between nerve ends after re- 
section of the scar, but  the greatest advantage 
is that nerve sutures can be made in an area 
which heretofore has been inaccessible. This 
procedure is demonstrated in a cadaver dis- 
section (Fig. 10). 

Case 5. This 31-year-old man was admitted 
in October, 1966, 4 months after a right bra- 
chial plexus lesion caused by a motorcycle 
accident. 

Examination. There was a complete deficit 
in the areas supplied by the anterior rami of 
C-5 and C-6. The function of the diaphragm 
was normal. 

Operation. The superior trunk of the 
brachial plexus was normal on palpation ex- 
cept in its proximal portion. The distal por- 
tions of the anterior rami of C-5 and C-6 were 
adherent to each other and surrounded by 
scar tissue. The scar tissue extended into the 
area of the transverse processes. Following 
resection of the latter, the anterior rami of 
C-5 and C-6 could be freed from dense extra- 
neural scar and separated from each other. 
The rami showed no  swelling, had a normal 
diameter, but were unusually hard as far as 
the intervertebral foramina. The phrenic nerve 
was also adherent to the scar and was dissected 
free. The length of  abnormal nerves was too 
great to allow end-to-end sutures after resec- 
tion, and the operation was terminated after 
neurolysis. 

Postoperative course. When last seen in 
February, 1967, the patient showed consider- 
able improvement of  motor  power. Active 
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con t rac t ions  of  the  r ight  de l to id  and biceps 
muscles  aga ins t  g rav i ty  were noted.  

Case 6. This  58-year-o ld  m a n  had  an upper  
b rach ia l  p lexus  para lys i s  caused by  a moto r -  
cycle acc ident  on A u g u s t  14, 1966. The cl inical  
p ic ture  ind ica ted  a p r o x i m a l  lesion of  the an-  
ter ior  rami  of  C-5 and  C-6. 

First operation. O n  Janua ry  16, 1967, a left 
hemi l aminec tomy  of  C-5 and C-6 was per-  
fo rmed ;  the i n t r a d u r a l  nerve roo ts  and  the 
roo t  pouches  were intact .  

Second operation. O n  F e b r u a r y  6, the supra-  
clavicular  b rach ia l  plexus was exposed.  The  
an te r io r  r ami  o f  the fifth and  sixth cervical  
nerves were shor t  a n d  involved in an endo-  
n e u r o m a  ex tend ing  f rom the t ransverse p ro -  
cesses down  to  the  super io r  t runk.  Af ter  re- 
sect ion of  the  t ransverse  processes of  C-5 and 

C-6 and  o f  the an te r io r  r o o t  of  the  t ransverse  
p rocess  o f  C-4, the ver tebra l  a r te ry  was  re- 
t r ac t ed  wi th  tapes  and the n e u r o m a s  were  re- 
sected.  In  the  C-5 ramus,  all nerve bund les  ap-  
p e a r e d  to  be in te r rup ted  by  scar  tissue, and  in 
the  C-6 ramus ,  only  one smal l  nerve bund le  
t r ave r sed  the scar. The cut  nerve ends  h a d  a 
hea l t hy  a p p e a r a n c e ;  the gaps  be tween  the 
ends  were a b o u t  3 cm. Af t e r  e leva t ion  o f  the 
shou lde r  it  was  poss ible  to  p lace  a su ture  be-  
tween the an te r io r  rami  and  the supe r io r  
t runk .  A t  the  end of  the ope ra t i on  the e levated  
shou lde r  was immobi l i zed  in p las ter .  

Thus ,  resec t ion  of  the t ransverse  processes  
m a d e  poss ib le  exact  cuts be tween  the scar red  
and  hea l thy  zones of  the  an te r io r  rami ,  and  
fac i l i ta ted  the  app l i ca t ion  o f  end - to -end  nerve 
sutures ,  which  otherwise w o u l d  no t  have  been 
poss ib le .  

FIG. 10. Exposure of superior brachial plexus lesions as far as the area of the neural grooves of the transverse 
processes. (artist's drawing of a cadaver). Because of the rigidity of the embalmed tissues, another incision was 
used than that described in the text. V= vertebral artery; C = carotid artery retracted with tape; J=jugular  vein; 
S = sternocleidomastoid muscle; P = phrenic nerve. The anterior scalenus muscle has been resected. T= superior 
trunk of the brachial plexus. Asterisk and bracket, which enclose the same area as in Fig. 1 E, indicate gain in 
length of exposure of the anterior ramus of C-5 following resection of the entire transverse process of C-5. The 
same procedure has been followed at the C-6 level. In resecting the scalenus anterior muscle, care has been taken 
not to injure the phrenic nerve (P). Interruption of the ornohyoid muscle (O) may facilitate the exposure of the 
superior trunk of the brachial plexus and forward retraction of the great vessels. 
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Postoperat ive  course. W h e n  the pa t ien t  was 
last seen in October,  1967, active cont rac t ions  
of  the biceps were possible. 

Summary 
We have described techniques for the lateral  

approach  to the cervical spine which provide  
satisfactory access to the ver tebral  artery, 
lateral aspects of the cervical ver tebral  bodies,  
in terver tebral  discs, in terver tebra l  foramina ,  
and  anter ior  rami  of the brachial  and  cervical 
plexuses. We have reported appl ica t ion  of 
these methods  to removal  of lateral  spurs 
compress ing the vertebral  arteries, hyper-  
t rophic compress ion of cervical nerve roots  in 
the interver tebral  foramina ,  soft lateral  disc 
prot rus ions ,  and  neurolysis  and  nerve suture  
in certain lesions of the brachial  plexus. 
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