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Abstract A prospective analysis of the first twenty

patients operated for cervical radiculopathy by a new

modification of transcorporeal anterior cervical for-

aminotomy technique. To evaluate early results of a

functional disc surgery in which decompression for the

cervical radiculopathy is done by drilling a hole in the

upper vertebral body and most of the disc tissue is

preserved. Earlier approaches to cervical disc surgery

either advocated simple discectomy or discectomy with

fusion, ultimately leading to loss of motion segment.

Posterior foraminotomy does not address the more

common anterior lesion. Twenty patients suffering

from cervical radiculopathy not responding to conser-

vative treatment were chosen for the new technique.

Upper vertebral transcorporeal foraminotomy was

performed with the modified technique in all the pa-

tients. All the patients experienced immediate/early

relief of symptoms. No complications of vertebral

artery injury, Horner’s syndrome or recurrent laryn-

geal nerve palsy were noted. Modified transcorporeal

anterior cervical microforaminotomy is an effective

treatment for cervical radiculopathy. It avoids unnec-

essary violation of the disc space and much of the bony

stabilizers of the cervical spine. Short-term results of

this technique are quite encouraging. Longer-term

analysis can help in outlining the true benefits of this

technique.
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Introduction

Cervical radiculopathy is mainly a disease of the

anterior relations of the cervical nerve root, with disc

herniation and uncovertebral osteophytes accounting

for the majority of cases [15, 25]. Until now, posterior

laminoforaminotomy and anterior discectomy with or

without fusion have been the standard surgical treat-

ments for this disease group. However, all these tech-

niques have been associated with the limitations of

indirect decompression, technical difficulties due to

excessive bleeding and fusion related adjacent segment

disease etc. [8, 12, 13, 15].

Since 1968, various authors have tried to use ante-

rior microforaminotomy for decompression of these

lesions but many were still removing either a part or

the whole of the intervertebral disc tissue to achieve

their goal [10, 16, 27, 30]. Jho, in 1996, was the first to

attempt a disc sparing surgery via a transuncal ap-

proach that was later modified by Saringer and subse-

quently by Jho himself in 2002 [14, 15, 23]. The latest

technique by Jho [15] utilizes a drill hole made into the

inferolateral part of the upper vertebral body along

with medial 1–2 mm of transverse foramen.

The authors wish to describe a modification of Jho’s

technique of upper vertebral trancorporeal anterior

microforaminotomy to treat cervical radiculopathy,

which is safer and easier. The new technique avoids

breaching the medial wall of the transverse foramen,

attempting to preserve the lower end plate and is

located more medially than Jho’s technique. We report
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a prospective analysis of the clinical results of the first

twenty patients treated by this technique. To the best

of our knowledge, this is the first prospective report on

a purely upper vertebral transcorporeal foraminotomy

technique for cervical radiculopathy.

Material and methods

Patient population

Between May 2004 and December 2005, forty-one

consecutive patients were operated for cervical radi-

culopathy with the new modified technique at the au-

thors’ institute. Out of these, the first twenty patients

with a minimum follow-up of 1-year and above con-

stitute the subject of this study. The patients were

considered for surgery on the basis of: (1) Unilateral

cervical radiculopathy not responding to conservative

treatment of more than 6 weeks (or earlier if the

patients continued to have severe radicular symptoms

not controlled with opioids), (2) Imaging studies

corresponding to the clinical features, and (3) Absence

of cervical spondylotic myelopathy symptoms.

Fifteen were men and five women with an average

age of 48.7 years (range 37–74 years, and the average

duration of symptoms was 19.8 months (range 0.5–

96 months). All except two patients were given a trial

of at least 6 weeks of conservative treatment before

being considered for surgery. The two patients who

were operated on at 2 weeks after the onset of symp-

toms had a severe radiculopathy (VAS 8 and 9) not

responding to medical and physical treatment. Table 1

shows the distribution of clinical symptoms along with

the type of lesion and their level.

All the patients were investigated with X-rays

(standard cervical spine series-AP, Lateral, Oblique,

Flexion and Extension views), MRI and CT scans to

outline the nature and exact site of the incriminating

lesion (Table 1). CT scans were also utilized for pre-

operative measurement of the depth and direction of

the drill hole trajectory. Patients suffering from mul-

tilevel disease, bilateral involvement and spinal canal

stenosis were not considered in this study. The new

surgical procedure was performed after obtaining due

permission from the local institutional review board as

well as informed consent from the patients.

Follow-up evaluation consisted of regular follow up

at 6 weeks, 3 months, 6 months, and 1 year and at 6-

month interval subsequently. At each follow up visit,

VAS scores for radicular pain and neck pain were as-

sessed. Any requirement for oral analgesics/opioids

was inquired about. Neck Disability Index (NDI) was

measured and compared with preoperative values.

Prolo’s [21] economic and functional scale was em-

ployed to judge the overall outcome of the surgical

intervention at the last follow-up visit. An independent

third party observer assessed NDI and Prolo scores.

Disc height and disc height index measurements

were done as per method of Lu et al. modified by An

et al. in which the disc height was calculated by an

average of measurements obtained from the anterior,

middle and posterior portions of the Intervertebral

Disc (IVD) and this value was divided by the average

of sum of adjacent vertebral body heights to calculate

the Disc Height Index (DHI) [1, 17]. This helped in

avoiding the errors of magnification and positioning

while taking X-rays. All these measurements were

done on a Picture Archiving and Communication

System (PACS workstation, Mediface, Seoul, Korea).

An independent observer calculated all the values

twice, and the average of the two readings was taken as

the final value.

The results were analyzed statistically by paired

Student’s t test and the confidence level was kept at

P < 0.05.

Surgical technique

The intended skin incision level is identified with the

help of a marker X-ray film taken in the operating

room. The surgical approach is made from the affected

side similar to the conventional anterior cervical disc-

ectomy except that the 3–4 cm transverse skin incision

is made at one level higher than the affected disc level

(i.e., for a C5-6 disc herniation, the skin incision would

be like that for C4-5). Access to the cervical spine is

Table 1 Clinical features, type of lesion and affected level

Demographics Number of patients (%)

Preoperative clinical features
Neck pain 16 (80%)
Interscapular pain 4 (20%)
Shoulder pain 2 (10%)
Radicular pain 20 (100%)
Sensory loss 5 (25%)
Motor weakness 16 (80%)
Tendon reflex abnormalities 7 (35%)

Type of lesion
Soft disc herniation 7 (35%)
Spondylotic stenosis with osteophyte 3 (15%)
Soft disc with osteophyte 10 (50%)

Level of pathology
C6-7 14 (70%)
C5-6 4 (20%)
C4-5 1 (5%)
C7-T1 1 (5%)
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gained by sharp and blunt dissection through various

layers of deep cervical fascia. Once the prevertebral

fascia is opened, the midline on the anterior surface of

upper vertebral body of affected segment is marked in

relation to the two longus colli muscles (LCM). A

marker X-ray film is taken to confirm the exposed le-

vel. The LCM attachment from its medial margin is

erased subperiosteally with bipolar cautery, and self-

retaining Caspar retractors (Aesculap, Tuttlingen,

Germany) are applied under the LCM. In this tech-

nique, the affected disc level is exposed but there is no

need to expose the lower vertebra of the affected

segment. The position of the drill hole is 4–6 mm

above the lower border of the exposed vertebra

(approximately mid-body level), at the level of medial

border of LCM. This is a relatively medial position

than the earlier techniques. The trajectory of the

tunnel is decided depending upon the location of

the target identified on preoperative assessment of the

offending pathology from imaging studies. Sometimes,

anterior osteophytes may create confusion regarding

the starting point of drill hole. Under such circum-

stances, the intraoperative marker film with a needle in

the disc space can help chose the cephalo-caudal

location and direction of the drill hole, in addition to

the medial border of longus colli muscle serving as the

starting point for the drill hole. If required, intraoper-

ative C-arm can also be used for verification of the hole

position and trajectory. A 6 · 7 mm drill hole is made

from a medial to lateral direction so as to open into the

foramen. Care is taken to avoid damage to the medial

wall of the transverse foramen as well as to preserve

the integrity of the underlying end plate especially

in the anterior two-thirds of the disc (Figs. 1, 2a). Due

to the obliquity of the cervical disc, this trajectory leads

directly to the pathological site in the foramen (Figs. 3,

4). Initially a 4 mm matchstick type diamond burr is

used with a high-speed drill (Black Max, Anspach,

Palm Beach Gardens, FL, USA) to start the drill hole

from the desired point. Subsequently we may need to

change to a 3 mm burr tip for better visualization and

fine drilling. In addition, the length of the drilling burr

may also need to be changed to a longer one, as

sometimes during the course of the drilling, the routine

length burr tip does not allow easy drilling of the

posterior vertebral region especially when the antero-

posterior diameter of the vertebra is more than 20 mm.

While using a longer burr, wobbling may be encoun-

tered when we use the distal tip of the burr for drilling.

Extra care needs to be taken at this point to avoid any

untoward injury. Once the posterior limit of the drill

hole is reached, we can use the side-cutting edge of the

longer burr tip to expand the hole. The posterior

longitudinal ligament still acts as a protective barrier

between the instruments and the neural structures. The

spongy bone of the cervical vertebra acts as a visual

guide for the progress of the drilling process. Using

bone wax can help stop bleeding during the drilling of

the spongy bone. When the thin, ivory white cortical

shell of the posterior vertebral wall is encountered,

the drilling is stopped, and gentle, careful lifting of the

cortical shell is done with thin bone punches and cur-

ette. At this point, if some epidural bleeding is

encountered, it can be managed by putting Avitene

(MedChem Products, MA, USA) for some time, but

use of bipolar coagulation is to be discouraged. After

opening the posterior wall of the foraminotomy hole,

we can visualize the herniated disc fragment (Fig. 5a)

and the hypertrophied uncovertebral region, which can

Fig. 1 Postoperative axial CT scan showing preservation of
medial wall of foramina transversaria and opening into the
intervertebral foramen

Fig. 2 a (left) Immediate postoperative 3D reconstructed CT
scan showing the position of the drill hole. b (right) Six-month
follow-up 3D reconstructed CT scan of the same patient showing
new bone formation at the drilled hole
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be gently removed with a combination of microcu-

rettes, micro punch and blunt hook. This step may

necessitate removal of a small part of the posterolat-

eral disc tissue in some cases, to remove the uncinate

osteophyte arising from the lower vertebral body.

Finally, the adequacy of the foraminal decompression

is checked by blunt hook palpation of the superior

and inferior pedicles along the course of the nerve

root and refilling of the nerve root sleeve with CSF

(Fig. 5b) and CSF pulsation in the nerve root.

Postoperative protocol

The patients were discharged on first postoperative day

with instructions to wear a soft collar for 2 weeks.

Return to work was allowed as per rate of symptom

improvement and patient comfort.

Results

All patients experienced immediate/early relief of their

radicular symptoms after the surgery. Two patients

experienced a tingling sensation in the ipsilateral limb

that subsided within 2 months. Neurological symptoms

recovered in all the patients and the time to recovery

was 2 weeks to 3 months. Average follow up period

was 16.7 months (range: 12–21 months). Average pre-

operative and postoperative VAS scores for radicular

pain were 7.8 ± 0.9 and 0.6 ± 0.8, respectively, showing

an improvement of 92% (P = 0). Average preopera-

tive and postoperative VAS scores for neck pain

were 3.2 ± 1.9 and 1.1 ± 1.1, respectively, showing an

improvement of 65% (P = 0). Average preoperative

and postoperative Neck Disability Index (NDI) mea-

surements were 55.6 ± 16.2 and 4 ± 3.7, respectively,

showing an overall improvement of 92.8% (P = 0). All

patients had a final Prolo score between 8 and 10

showing good outcome. None of the patients had a

poor outcome. There was no case of Horner’s

syndrome or recurrent laryngeal nerve palsy.

Average preoperative and postoperative disc height

measurements were 6.1 ± 0.7 and 5.7 ± 0.7 mm,

respectively. Though the difference was statistically

significant (P = 0.005), yet the percentage change in

disc height was only 6% from the baseline value.

Average preoperative and postoperative disc height

index values were 0.38 ± 0.04 and 0.36 ± 0.04, respec-

tively and the difference was statistically significant

(P = 0.03). However, the loss in disc height seemed to

stabilize after the first 3 months as measured on serial

X-rays at longer follow-up periods. No case of post-

operative instability was seen as measured on dynamic

cervical spine X-rays.

Discussion

Development and propagation of the anterior cervical

approach, first by Smith and Robinson, and later by

Cloward, ushered in an era of anterior cervical

discectomy with or without fusion for the patients of

cervical spondylotic radiculopathy [4, 26]. The treat-

ment was well conceived in principle, with the idea of

Fig. 3 Preoperative sagittal MRI image showing a paramedian
and foraminal herniated disc at C6-7 level (arrow)

Fig. 4 Postoperative MRI of the same patient showing adequate
decompression and the direction of the drill hole
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direct anterior decompression of the offending struc-

tures, but it had the inherent disadvantages of loss of

disc height (for discectomy without fusion cases) and

fusion of a mobile motion segment [11, 19, 30]. One of

the main complications associated with the loss of a

motion segment is the adjacent segment disease, the

incidence for which has been quoted from 25 to 81% in

various long-term studies [5, 6, 13]. The cause of this

adjacent segment disease, though not yet clear, has

been postulated as the increased mechanical stress

exertion leading to increased intradiscal pressure at the

adjacent level, resulting in osmotic gradients and

metabolic deficiencies [20, 28, 29]. In addition, the

anterior fusion technique has also been fraught with a

significant incidence of pseudoarthrosis and bone graft

related problems [3, 18, 24]. On the other hand, indi-

rect decompression via posterior foraminotomy has

also been advocated for cervical radiculopathy, even

when the pathology commonly lies anterior to the

nerve root and is not directly touched by the surgical

procedure [15, 22, 31]. This approach is more suited for

cervical radiculopathy arising out of lateral disc her-

niation, focal lateral thickening of the ligamentum

flavum, facet thickening and arthropathy [8, 15]. The

laminoforaminotomy is also associated with the tech-

nical limitations of limited surgical view, difficulty in

resecting osteophytes, limited visualization of the distal

foramen and increased epidural bleeding [7]. In addi-

tion, higher incidence of postoperative muscle spasm,

neck pain and long recovery time have been reported

with this technique, probably due to the muscle dis-

section needed to obtain adequate surgical exposure

[8]. Though many long-term studies have reported

good outcome with laminoforaminotomy, still, this is

not the ideal treatment for most of the patients of

cervical radiculopathy who usually suffer from a com-

bined pathology of soft disc herniation and spondylotic

osteophytes lying anterior to the nerve root. On the

other hand, bone fusion with elimination of a motion

segment is not a physiological treatment [15].

Therefore, an anterior approach that would not

affect the motion segment while at the same time

providing an opportunity to decompress anterior

pathological lesion becomes the natural choice in the

evolution of treatment for cervical radiculopathy. This

brings into focus what is known as the ‘‘functional

spine surgery’’—a term coined by Jho [15]. Snyder and

Bernhardt were the first to attempt a disc sparing non-

fusion technique for anterior foraminal decompression,

but their technique still required removal of the lateral

one-third of the disc [27]. George et al. [9] revisited the

original technique of Verbiest for oblique transcorpo-

real approach for anteriorly located lesions in the

cervical spinal canal, but it needs to expose the verte-

bral artery with its inherent risks and is more suitable

for lesions extending over a wide area.

Jho in 1996 [14] first described the transuncal ante-

rior foraminotomy with the emphasis on preserving as

much of the disc space as possible. But this technique

still required exposing the vertebral artery along its

medial surface. Saringer, in 2000, proposed a modifi-

cation to Jho’s transuncal technique by preserving a

thin piece of cortical bone of the lateral wall of the

uncinate process, thus avoiding exposure of the verte-

bral artery [23]. However, their technique required

transverse cutting of the LCM for about 10–14 mm,

leaving a scope for injury to the cervical sympathetic

chain and Horner’s syndrome. As both the above

techniques used a lower vertebral transcorporeal ap-

proach, it placed the foraminotomy hole relatively

caudal to the pathological lesion due to the obliquity of

the cervical disc, thus requiring more bone and soft

tissue excision to achieve adequate decompression. In

2002, Jho [15] reported an upper vertebral transcor-

poreal foraminotomy technique in his paper on results

of various anterior microforaminotomy techniques,

overcoming some of the disadvantages of the lower

vertebral transcorporeal approach. The hole in this

technique was drilled at the most lateral, inferior

4–5 mm portion of the upper level vertebral body and

Fig. 5 a (left) Intraoperative photograph showing the drilled
hole and various anatomical structures that are visualized:
ruptured disc fragment (right arrow), nerve root (down arrow),

posterior longitudinal ligament (left arrow). b (right) Showing
decompressed and expanded nerve root after removal of the
ruptured disc fragment
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the medial 1 or 2 mm portion of the transverse fora-

men was also drilled. The cartilage end plate was ex-

posed and entered in its posterior third. The

posterolateral portion of the lateral uncinate process,

which often represented the pathology, was excised. By

using this technique, Jho claimed that the surgical

target could be more precisely approached and the disc

height could also be preserved.

We agree with Jho’s idea of approaching the sagi-

tally oblique cervical disc through an upper transcor-

poreal approach. However, with our technique, the

vertebral artery does not need to be exposed and

endangered. As the cervical sympathetic chain lies

relatively medially at lower cervical spine as compared

to upper cervical spine (though still on the lateral

border of LCM), placing the hole more medially helps

in avoiding the risk of Horner’s syndrome as well as

any unnecessary retraction of the LCM, thus making

this technique easier and simpler. There might arise a

doubt about the feasibility of removal of osteophytes

from the inferior lateral corner of the segment being

treated through the drill hole. This problem is over-

come by accurate preoperative planning regarding the

direction and placement of drill hole. In addition, in

certain cases, we may need to remove a part of the

posterior and lateral disc to access that region. Despite

this, the amount of disc tissue removed is very small

and is not likely to have any impact on the stability of

the segment. We would also like to submit here that

this technique would be more suitable for lower cer-

vical levels. For the upper cervical levels above C4–5, it

is our presumption (though we do not have an expe-

rience so far) that a lower vertebral transcorporeal

approach may prove better because of the disc incli-

nation as well as difficulty with accessing the upper

vertebral body due to interference by the mandible.

In our study, there was a minor but statistically

significant loss of disc height and disc height index.

Although this has not been reported previously, we

think the previous published studies neither applied

strict measuring criteria as used by us nor mentioned

what method was used to assess the disc height. An-

other point worth mentioning here is that the loss in

disc height was seen most significantly in the first

3 months after the surgery. In the subsequent X-rays

taken at longer follow-up periods, the disc height loss

stabilized and did not progress further. We postulate

that this loss in disc height in the early postoperative

period results from a relative lack of nutrition to the

disc from the adjacent end plate that is partly handled

during the surgery. Once the drilled hole is refilled with

reparative new bone formation, this relative deficiency

is eliminated and the disc height loss is halted.

There was no case of postoperative instability at the

latest follow-up visit as measured by dynamic flexion

and extension views. Though this observation was

made from a short-term follow up, the stability is ex-

pected to remain the same in the long run as the loss in

disc height stabilizes after 3 months and the previous

literature also supports the evidence that minor loss in

disc height and minor alterations in cervical sagittal

curvature after anterior cervical discectomy without

fusion do not affect the long-term outcomes in such

patients [2]. A potential problem with this technique

could be the risk of vertebral body collapse during the

early postoperative period, as the drill hole creates a

stress riser. However, we found this risk to be theo-

retical than actual as the drill hole occupied only 12%

(1/8th) of the vertebral area and no such complication

was seen in our study group. In addition, the drill hole

was filled with new bone as seen at subsequent CT scan

images (Fig. 2b).

Though the outcome observations in this series are

based on a small number of patients, the excellent

short-term results are encouraging. Lack of complica-

tions like Horner’s syndrome and recurrent laryngeal

nerve palsy and avoiding the danger to the vertebral

artery prove the benefits of the current technique.

Strict selection criteria and direct access to the

offending lesions are some of the factors contributing

to good outcome in a large number of patients.

Conclusion

Modified transcorporeal anterior cervical microforam-

inotomy is a simple, effective, and minimally invasive

technique for the treatment of cervical radiculopathy

as it preserves most of the disc tissue. By placing the

drill hole more medially, complications like Horner’s

syndrome and risk to vertebral artery associated with

earlier reports can be avoided. The initial results with

this technique have been encouraging, but a long-term

assessment is needed to judge the true potential and

benefits of this technique.
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