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Introduction
Compressive cervical radiculopathy is commonly caused by disc 
or spondylotic	pathology,	and	both	can	be	treated	surgically	by	
anterior or posterior access. Usually choosing one or another 
approach depends on the pathology as well as the surgeon´s own 
preference.

The	 first	 report	 on	 cervical	 herniated	 disc	 successfully	 treated	
by laminectomy was published in 1934 by Mixter and Barr [1]. 
In 1944, Sperling and Scoville [2] reported cervical disc removal 
using laminectomy in a large series. Form that moment on, the 
posterior	 access	 for	 treating	 cervical	 radiculopathy	 evolved	
to minimal lateral foraminotomy, also known as keyhole, 
popularized by Frykholm [3]. Although posterior cervical keyhole 
maintains	function	on	the	affected	side,	it	only	achieves	indirect	
decompression of the nerve root, and does not allow direct 
removal of an eventual ventromedial lesion that may compress 
the	 nerve	 root,	 with	 the	 exception	 of	 soft	 disc	 fragments	 [4-
9].	 Posterior	 access	 limitations	 led	 to	 the	 development	 of	 the	
anterior access to the cervical spine, and to anterior cervical 
discectomy with and without intervertebral fusion in the 1950´s 
by Cloward [10] and Smith and Robinson [11], and has been 
adopted	by	many	authors	since	then	[12-20].	However,	anterior	
intervertebral fusion and anterior cervical diskectomy without 
fusion, which culminates in spontaneous arthrodesis as well as 
part	of	its	natural	evolution,	result	in	loss	of	mobility	and	function	
of the compromised vertebral segment	[16-21].

The	objective of avoiding the morbidity associated to vertebral 
fusion,	 including	those	complications	related	to	the	graft	 itself,	
graft´s	donor	site	and	the	disease	of	the	adjacent	cervical	 level	
on	one	side,	and	considering	the	advances	 in	radiology	[22-24]	
that	 allow	 a	 thorough,	 detailed	 and	 precise	 evaluation	 on	 the	
other side, led to the development of minimally invasive surgical 
techniques through anterior access. These intended to treat 
anterior compressive foraminal lesions which do not require, 
unlike classical techniques, the complete disc removal nor the 
implant	 of	 intersomatic	 prosthetic	 devices,	 achieving	 direct	
and complete decompression of the root while maintaining the 
intervertebral	 disc	 in	 its	 shape	 and	 function,	 preserving	 both	
stability and mobility of the affected	segment.

Surgical Technique
In this paper we propose and describe a minimally invasive 
technique for microsurgical anterior cervical decompression 
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Abstract 
Cervical	radiculopathy	is	typically	caused	because	of	posterolateral	disc	herniation	
or	 spondylotic	 foraminal	 stenosis.	 Most	 of	 the	 times,	 either	 direct	 anterior	
excision	 necessitating	 fusion	 or	 indirect	 posterior	 decompression	 is	 used	 as	 a	
standard	 surgical	 treatment	 for	 the	 same.	 However,	 anterior	 decompression	
has	 been	 used	 widely.	 Different	 techniques	 can	 be	 used.	 The	 authors	 report	
the	 clinical	 application	 of	 a	 new	microsurgical	 technique.	 The	 cervical	 anterior	
foraminotomy (uncoforaminotomy), which is used for the surgical treatment of 
unilateral	cervical	 radiculopathy	secondary	to	posterolateral	disc	herniations	or	
spondylotic	foraminal	stenoses.

Keywords: Anterior	cervical	foraminotomy;	Disc	herniation;	Spondylotic	foraminal	
stenosis; Nerve root decompression 

Microsurgical Anterior Cervical Foraminotomy 
(Uncoforaminotomy) for the Treatment of 

Compressive Radiculopathy



ARCHIVOS DE MEDICINA
ISSN 1698-9465

2017
Vol. 3 No. 2: 11

2  This article is availabel in: http://spine.imedpub.com/

Spine Research
ISSN 2471-8173                                                                                        

of the foramen, which is based on the technique described by 
Jho	[25],	but	modified	to	preserve	the	majority	of	the	processus	
uncinatus,	 maintaining	 a	 better	 stability	 upon	 the	 cervical	
segment.

The surgical approach has previously been reported and does not 
differ	significantly	from	the	approach	required	for	conventional	
anterior	 cervical	 diskectomy	 [11-21].	 The	 patient	 was	 given	
general	anesthesia	and	placed	in	supine	position	on	the	operating	
table	with	 the	head	 in	neutral	position.	The	cervical	 spine	was	
slightly extended to increase the lordosis using a gel cushion under 
the	shoulders.	 It	was	not	necessary	the	use	of	cervical	 traction	
devices	 nor	 caudal	 fixation	 of	 the	 upper	 limbs.	 The	 shoulders	
were	attached	to	the	surgical	table	with	adhesive	tape	to	improve	
the	fluoroscopic	vision.	The	approach	was	done	ipsilateral	to	the	
radiculopathy. The correct vertebral level and site of skin incision 
was	 identified	 using	 preoperatively	 fluoroscopic	 guidance	with	
X-rays	 and	 a	 needle	 lateral	 to	 the	 neck.	 Subsequently,	 sterile	
operative	field	was	set	placing	surgical	drapes.

Transversal	skin	incision	of	3	cm	to	4	cm	was	made	in	the	confirmed	
cervical	 level,	two-thirds	medially	and	one-third	laterally	to	the	
anterior border of the sternocleidomastoid muscle. The platysma 
was dissected along the skin incision. The access to the cervical 
spine	was	 achieved	 through	 blunt	 dissection	 starting	 from	 the	
opening	 of	 the	 superficial	 fascia	 at	 the	 anterior	 border	 of	 the	
sternocleidomastoid muscle, maintaining the visceral structures 
medially and the neurovascular bundle laterally. The prevertebral 
fascia was opened exposing the anterior aspect of the vertebral 
bodies,	 the	 intervertebral	 disc	 and	 the	 medial	 portion	 of	 the	
longus	 colli	 muscle.	 The	 correct	 level	 was	 again	 confirmed	 by	
X-rays	 in	 lateral	 view.	Under	microscopic	view,	 the	 longus	colli	
wass	 disinserted	 subperiostically	 (Figure 1)	 and	 then	 reflected	
laterally, covering a length of 12 mm to 16 mm, and thus exposing 
approximately 6 mm caudally and 10 mm rostrally to the inferior 
margin	of	 the	disc	 space	 in	question.	This	way,	visualization	of	
the whole processus uncinatus was achieved (Figure 2). At the 
level of C7 extreme care must be taken to avoid injury to the 
vertebral artery, which runs between the transverse process and 
the longus colli. Unlike Jho’s technique, the vertebral artery was 
not exposed deliberately in this approach [25].

At	 this	 stage,	 under	 microscopic	 view,	 the	 surgical	 field	 was	
limited cranially, caudally and laterally by the longus colli. This 
muscle,	reflected	laterally,	acted	as	an	additional	protective	plane	
to	 the	 vertebral	 artery.	 The	 exposed	 field	 involves	 the	 lateral	
third	of	the	intervertebral	disc,	the	lateral	portion	of	the	inferior	
vertebral body including the corresponding processus uncinatus 
(PU) and the lateral aspect of the superior vertebral body. Using a 
high-speed	drill	and	a	1.8	mm	spherical	bur,	proceeded	to	cut	the	
external	side	of	the	PU,	conforming	a	semi-oval	orifice	of	2	mm	
to 3 mm wide and 8 mm to 10 mm high. Drilling was performed, 
reaching	the	posterior	cortical	laminae	or	directly	to	the	dura	of	
the corresponding nerve root. Using a 2 mm spherical diamond 
bur	we	proceeded	to	resect	the	thinned	posterior	cortical	layer	
and the posterior part of the lateral wall of the PU carefully drilling 
it. Through this procedure, posterolateral osteophytes as well as 
the external and foraminal part of the PU were removed, and so 

the underlying root was decompressed under microscopic view 
(Figure 3).	In	some	cases,	a	thin	cortical	bone	layer	of	the	lateral	
wall of the PU can be maintained in order to keep a landmark and 
as	a	protection	for	the	subjacent	vertebral	artery.	In	such	cases,	
the periosteum covered the nerve root, disc fragments and 
the lateral aspect of the posterior longitudinal ligament (PLL). 
When the bone covert was not maintained, the safety limit was 
provided by the venous plexus surrounding the vertebral artery.

Periosteum,	 fibrous	 cartilage	 tissue	 and	 degenerative	 tissue	
found between the apex of the PU and the inferior plate of 
the upper vertebral body were removed with a 1 mm or 2 mm 
Kerrison rongeur. Osseus decompression of the nerve root caused 
by bone anomalies such as osteophytes or posterolateral bone 
spurs in the inferior terminal plate of the inferior vertebral body 
were removed using the same Kerrison rongeur. The maneuver 
was performed at the foramen, from lateral to medial.

Fragments	of	the	herniated	disc	could	be	identified	in	front	of	the	
underlying nerve root. Such fragments were safely removed from 
the disc using microsurgical hooks and clamps.

At this stage, the lateral aspect of the PLL covered the lateral 
part of the dural sac and the origin of the nerve root. Posterior 
Longitudinal Ligament was then elevated with a microsurgical 
hook, and if a sequestered disc was found under the ligament, it 
could be resected with a 2 mm Kerrison Rongeur.

Figure 1 Approach medial to longus colli muscle.

Figure 2 Exposure of PU.



ARCHIVOS DE MEDICINA
ISSN 1698-9465

2017
Vol. 3 No. 2: 11

3© Under License of Creative Commons Attribution 3.0 License

Spine Research
ISSN 2471-8173                                                                                        

After	all	these	steps,	the	complete	nerve root was appreciated, 
from its origin to the intervertebral foramen, which could be 
approached without risks with a microsurgical hook inferiorly 
and	 superiorly	 to	 the	 nerve	 root,	 confirming	 it	 was	 entirely	
decompressed.

Finally, the skin retractor was removed, hemostasis was 
controlled	meticulously,	the	platysma	was	sutured	with	separated	
reabsorbable	 stitches,	 and	 finally	 a	 hidden	 intradermal	 suture,	
without	requiring	drain	devices.	We	did	not	use	external	fixation	
of the neck with a cervical collar.

Patient	could	be	dismissed	at	24	hours	after	the	surgery,	and	could	
return	to	work	immediately,	without	the	need	for	rehabilitation.	
We	prescribed	anti-inflammatory	and/or	analgesic	pills	for	2	days	
to	3	days.	Medical	control	was	appointed	at	10	days	after	surgery	
(Figures 4-6).

Clinical Cases
Between	 January	 2002	 and	 December	 2009,	 thirty-seven	
consecutive	patients	were	surgically	operated	due	to	compressive	
cervical radiculopathy, using the surgical technique described 
above.

Patients	were	indicated	surgery	based	on	the	following	criteria:

1. Unilateral cervical radiculopathy refractory to medical 

therapy	after	6	weeks	of	optimal	treatment.

2. Absence of symptoms and signs of cervical myelopathy.

3.	 Compatible	 Imaging	 studies	 showing	 foraminal	 stenosis	
produced	 by	 osteophytes	 and/or	 a	 foraminal	 herniated	
disc, without spinal cord compression.

Fifteen	of	the	patients	were	male	and	twenty-two	were	female,	
with	an	average	age	of	53	by	the	time	of	the	surgical	intervention	
(range	 42	 years	 to	 68	 years	 old).	 The	 duration	 of	 symptoms	
before surgery was 2 months to 26 months (average 7.8 months). 
(Table 1)

All	patients	were	studied	with	radiographic	dynamic	imaging	of	
the cervical spine in lateral view (maximum extension, maximum 
flexion	and	neutral).	In	addition,	all	37	patients	had	cervical	spine	
MRI	and	CT	scans	to	determine	the	relation	and	compromise	of	
the nerve root and foramen.

Neurophysiological	 studies	 were	 not	 routinely	 made	 and	 was	

Figure 3 Decompression of the cervical nerve root.

Figure 4 Foraminal	stenosis	with	surgical	indication.

Figure 5 Foraminal	stenosis	preserving	the	PU	after	
surgery,	modified	technique.

Figure 6 Surgery for foraminal stenosis using the 
technique described before.
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a	 part	 of	 the	 workup	 in	 those	 patients	 whose	 symptoms	 and	
imaging	studies	were	not	completely	compatible.

Patients	with	bilateral	symptoms	and	significant	stenosis	of	the	
spinal canal, associated to myelopathy or severe alignment of the 
spine	axis	were	not	indicated	with	surgical	intervention.

Results
All	37	patients	had	 immediate radicular and cervical pain relief 
after	surgery,	with	preservation	of	the	normal	range	of	movement	
of the neck and without morbidity related to surgery. Four out 
of	nine	patients	with	pre-operative	paresis	recovered	the	motor	
deficit	within	the	first	week	after	surgery.	Those	5	patients	who	
did	 not	 recover	 the	 motor	 function	 immediately	 continued	
physical	rehabilitation	until	complete	regain	of	strength	the	next	
6	months	after	 surgery	 in	 three	patients,	 and	2	patients	had	a	
persistent	mild	motor	deficit.

Sensory disturbance phenomena such as hypoaestesia, disestesy, 
etc	 improved	 immediately	 in	10	of	16	patients	presenting	with	
such	findings.	Depending	on	symptoms	duration,	sensory	deficit	
improved	gradually	 in	 the	majority	of	 the	remaining	6	patients	
in	weeks	to	months.	The	follow	up	time	was	from	2	months	to	
72	months,	with	an	average	of	32.6	months.	During	this	time,	no	
recurrence of radiculopathy was observed (Table 2).

Since	 all	 patients	 had	 notorious	 clinical	 improvement	 without	
recurrence	of	radicular	pain,	we	did	not	perform	routine	MRI	nor	
CT scans during the follow	up	time.

Discussion
Development	and	dissemination	of	the	anterior	cervical	approach,	
initially	proposed	by	Smith	and	Robinson	and	then	by	Cloward,	
may be considered the beginning of the age of anterior cervical 
diskectomy	with	and	without	fusion	for	the	patients	afflicted	with	
cervical	spondylotic	radiculopathy	[10,26].	This	technique	argued	
in favor of direct anterior decompression of the structures causing 
the symptoms, but had to face the many disadvantages inherent 
to the lowering of the disc´s height– in those cases of diskectomy 
without fusion– and the fusion a mobile cervical segment 
with	 consequent	 loss	 of	 function	 [16,27,28].	 One	 of	 the	main	
complications	 associated	 to	 the	 loss	 of	mobility	 of	 a	 particular	
cervical segment is the adjacent segment´s appearance of the 
disease,	with	 a	 reported	 incidence	 of	 25%	 to	 81%	 in	 different	
studies	 with	 long	 term	 follow-up	 [14,29,30].	 The	 cause	 of	 the	
Adjacent´s Segment Syndrome, which is not fully elucidated, 
seems to be related to the increase in mechanical stress which 
leads	to	 increased	pressure	of	 the	disc	at	 the	contiguous	 level,	
resulting	 in	 osmotic	 gradients	 and	metabolic	 disorder	 [31-33].	

Moreover, the anterior fusion technique has been related to a 
higher incidence of pseudoarthrosis and problems related to the 
bone graft	[15,34,35].

Furthermore, the approach and indirect decompression 
through posterior foraminotomy has also been used to cervical 
radiculopathy, even when the lesion is located anteriorly to 
the nerve root and is not directly reached with this surgical 
procedure	 [36-38].	 This	 approach	 is	 more	 suitable	 for	 the	
cervical radiculopathy secondary to a lateral herniated disc, 
localized	lateral	hypertrophy	of	the	ligamentum	flavum	or	facet	
joint arthropathy with secondary hypertrophic facet [36,39]. 
Lamino-foraminotomy	is	also	associated	to	technical	limitations	
conditioned	by	the	restricted	surgical	view	of	the	distal	foramen,	
and	 an	 increased	 epidural	 bleeding	 [40].	 Additionally,	 this	
technique	 has	 a	 higher	 incidence	 of	 postoperative	 muscle	
contracture, neck pain and a longer recovery period, probably 
due	to	the	muscular	dissection	needed	to	expose	the	surgical	site	
[39]. Although several long term studies have reported successful 
outcomes	using	the	lamino-foraminotomy	technique,	this	is	not	
the	optimal	treatment	for	most	of	the	patients	suffering	cervical	
radiculopathy who usually present a mixed disease of herniated 
disc	and	spondylotic	osteophytes	located	anteriorly	to	the	nerve	
root.

Therefore,	 an	 anterior	 approach	 that	 does	 not	 affect	 the	
segmental	 mobility	 and	 that	 offers	 at	 the	 same	 time	 the	
opportunity to resolve the pathologic lesion responsible for the 
compression	becomes	the	natural	choice	in	the	evolution	of	the	
treatment of cervical radiculopathy. This enhances the concept 
known	as	“functional	cervical	surgery”,	term	coined	by	Jho	[36].	
Snyder	 and	 Bernhardt	 were	 the	 first	 surgeons	 attempting	 a	
technique without fusion maintaining the disc for the anterior 
foraminal	 decompression,	 but	 this	 technique	 still	 required	 the	
removal of the lateral third of the intervertebral disc [11]. George 
et al. [41] resumed the original technique reported by Verbiest of 
oblique transcorporal approach for the lesions located anteriorly 
in the cervical spinal canal, exposing the vertebral artery with the 
associated risks of the procedure.

In	1996	Jho	[25]	was	the	first	to	describe	the	anterior	transnuchal	
foraminotomy,	emphasizing	the	preservation	of	the	disc	space.	
However,	 this	 technique	 still	 demanded	 the	 exposure	 of	 the	
vertebral artery along it´s medial surface. Saringer in the year 
200,	 proposed	 a	modified	 trans	 nuchal	 technique	preserving	 a	
thin	layer	of	cortical	bone	of	the	lateral	aspect	of	the	PU,	avoiding	
the exposure of the vertebral artery [42]. Anyhow, the transversal 
dissection	of	the	sternocleidomastoid	muscle	of	at	least	10	mm	

Duration of symptoms Number of patients
< 2 months 2

2 months to 4 months 10
4 months to 6 months 12
6 months to 8 months 6

>12 months 7

Table 1	Duration	of	symptoms	before	surgery	in	37	patients.

Follow up time Number of patients
2-11	months 7
12-23	months 6
24-35	months 10
36-47	months 6
48-60	months 5
60-72	months 3

Table 2	Follow	Up	time	of	37	patients.
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was	needed,	thus	favoring	the	injury	of	the	cervical	sympathetic	
chain	expressed	as	Horner´s	Syndrome.	Because	both	techniques	
mentioned	 above	 use	 a	 relatively	 low	 transcorporal	 vertebral	
approach,	 situating	 the	 opening	 caudally	 to	 the	 compressive	
lesion due to the obliquity of the vertebral disc, and thus requiring 
a larger	osseous	and	 soft	tissue	 resection	 to	achieve	adequate	
decompression. In the year 2002, Jho [36], based on his previous 
experience, reported a vertebral transcorporal foraminotomy 
technique	 locating	 the	 opening	 of	 the	 foraminotomy	 rostrally,	
overcoming to some of the disadvantages of the lower vertebral 
transcorporal approach. Using this technique, Jho claimed that 
the surgical target was approached easily and preserving the 
intervertebral disc.

Of	 all	 the	 different	 techniques,	 the	 one	 described	 by	 us	 is	 the	
only one that does not require to expose the vertebral artery, 
diminishing	 the	 risk	 of	 arterial	 injury.	 Locating	 the	 foramen	
medially to the sternocleidomastoid muscle helps in avoiding 
Horner´s	 Syndrome,	 using	 this	 muscle	 as	 a	 protection	 of	 the	
vertebral	artery	and	the	sympathetic	chain,	facilitating	even	more	
this technique. By preserving most of the PU, the stability of the 
segment	is	not	compromised	if	partial	diskectomy	is	needed	to	
access	the	conflicted	region.

A	potential	problem	with	this	 technique	 is	 the	risk	of	vertebral	
collapse	 during	 the	 early	 postoperative	 period,	 because	 the	
foraminotomy opening acts as a mechanical stressing factor. 
With our technique, this problem is minimized since most of the 
vertebral body remains mostly unscathed (untouched). Anyhow, 
this	 risk	 is	 rather	 theoretical	 than	 real,	 because	 the	opening	 is	
only	12%	of	 the	vertebral	area,	and	such	complication	has	not	
been observed by any other research group.

Although the outcomes in these series are based in a small group 
of	patients,	the	excellent	results	in	the	short	and	long	term	are	
encouraging.	 The	 absence	 of	 complications	 as	 the	 Horner´s	
Syndrome,	recurrent	laryngeal	nerve	palsy,	the	minimization	of	
injuries to the vertebral artery, together with the maintenance in 
the	stability	of	the	cervical	segment,	proof	of	the	benefits	of	this	
technique.	A	strict	patient-inclusion	criteria,	and	a	direct	access	
to	the	compressive	lesions	are	some	of	the	contributing	factors	
to	an	optimal	outcome	in	most	of	the	patients	operated	with	this	
technique.

Conclusion
Anterior cervical microforaminotomy is a minimally invasive 
procedure,	 simple	 to	 perform,	 highly	 effective	 in	 the	 short	
and long term to treat the foraminal compressive cervical 
radiculopathy.	 Preservation	 of	 most	 of	 the	 disc,	 associated	 to	
minimal	aggression	on	the	bone	structures	ensure	the	functional	
maintenance	 of	 the	 affected	 segment,	 which	 is	 reflected	 in	 a	
rapid	and	complete	recovery	in	those	patients	treated,	allowing	
immediate	and	total	social	and	labor	reintegration.

The	need	of	a	surgical	microscope	and	high-speed	drill	as	the	only	
condition	required	to	perform	this	procedure	turns	it	into	a	cost-
effective	 technique,	 unfortunately	 underused,	 but	 with	 a	 high	
potential	to	be	promoted	in	our	region.

The	 main	 difference	 of	 the	 proposed	 technique	 compared	 to	
the previous one is that it is much more anatomic and minimally 
invasive,	with	the	preservation	of	at	least	70	or	more	percent	of	
the PU, as shown in cadaveric specimens step by step.
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