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Introduction

Various surgical techniques can be used for the treat-
ment of degenerative cervical disease caused radicular 

pain secondary to the soft disc heniation or foraminal ste-
nosis.9,14,15,18,24) Although anterior cervical discectomy and 
fusion (ACDF) is widely accepted the gold standard for 
the management of cervical radiculopathy at the present 
time, posterior cervical foraminotomy has been recom-
mended as an effective surgical treatment option in appro-
priately selected patients.3,9,24) In addition, this technique 
has several advantages over anterior cervical discectomy 
such as easy root decompression, avoidance of major neck 
structures, preservation of motion segment and avoidance 
of potential morbidities associated with arthrodesis.17,23)

However, the more wide extent of foraminal pathology, 
the more extensive laminoforaminotomy may be required. 
Furthermore, too excessive facetectomy becomes associat-
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ed with a higher risk of instability.5,17) The present study was 
performed to compare retrospectively the clinical parame-
ters and surgical outcomes of posterior cervical laminofo-
raminotomy between soft disc herniation and foraminal 
stenosis patients in the treatment of cervical radiculopathy.

Materials and Methods

Patients and evaluation
A total of 47 patients who managed by laminoforaminot-

omy at a single level unilaterally for cervical radiculopa-
thy were retrospectively reviewed between 2004 and 2012 
in a single institute. Mean follow up period was 16.3±8.2 
months. We classified 47 patients into two groups based on 
the disease: Group A for soft ruptured disc (n=27) and Group 
B for foraminal stenosis patients (n=20). Then, we com-
pared the demographic factors, amount of medial facetec-
tomy, postoperative instability with neck pain and clinical 
outcomes between the two groups.

Inclusion criterias were posterolaterally located soft rup-
tured disc, foraminal stenosis secondary to bony spurs, fac-

et arthropathy with foraminal compression and continued 
radiculopathy after ACDF. 

The patients with significant central canal stenosis, align-
ment abnormalities, or myelopathy were excluded.

All patients had preoperative evaluation with static (an-
terior-posterior and lateral) and dynamic (flexion/extension) 
plain cervical spine radiography, computed tomography 
(CT) and magnetic resonance imaging. All patients were 
assessed the instability using dynamic plain cervical radi-
ography at 1years postoperatively and reviewed the extent 
of medial facetectomy by immediate postoperative CT. In 
postoperative CT, we measured A: length of contralateral 
facet and B: length of remnant facet and then, the percent-
age of facetectomy was calculated as follow, Facetectomy 
(%)=(A-B)×100/A (Figure 1).

The preoperative and postoperative visual analogue scale 
(VAS) scores of neck and arm pain and modified Odom’s 
criteria (Table 1) for surgical outcomes were evaluated for 
clinical assessment.

Surgical technique
All patients were operated on in a prone position. The pa-

tient is positioned in slight flexion using the horseshoe head-
rest and the neck is maintained parallel to the floor to min-
imize epidural venous bleeding and risk of air embolism. 
A vertical 3 to 4 cm midline incision was made after ob-
taining a lateral radiograph to confirm the correct operative 
level. Under a surgical microscope, a partial hemilaminec-
tomy and partial facetectomy was performed using vari-
ous punches and high-speed drills following the exposure 
of lateral lamina and medial facet joints. The extent of the 
facet resection was based on the extent of the foraminal 
pathology until medial half of the facet joint. In cases of 
soft disc herniation, the proximal root was adequately vi-
sualized in order to remove the compressing disc material. 
However, in cases of foraminal stenosis, the adequate de-
compression of the proximal root needs to be further as-
sessed carefully using a 2 or 3 mm diameter diamond burr, 
microcurette and punch. Patients wore a soft collar for 4 
weeks after the operation and were given adequate medi-
cation (Figure 2).

TABLE 1. Modified Odom’s criteria

Grading Definition
Excellent All preoperative symptoms and abnormal findings improved.

Good Minimal persistence of preoperative symptoms (neck tenderness only, otherwise no symptoms). Abnormal 
findings improved.

Fair Definite relief of some preoperative symptoms. Other symptoms slightly improved (residual root irritation 
with transient pain).

Poor Symptoms and signs unchanged or worse.

FIGURE 1. In postoperative computed tomography, we mea-
sured length of contralateral facet (A) and length of remnant fac-
et (B) and then, the percentage of facetectomy was calculated 
as follow, facetectomy (%)=(A-B)×100/A.
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Statistical analysis
The SPSS 12.0 statistical software package (SPSS, Inc., 

Chicago, IL, USA) was used for statistical analysis. Data 
were analyzed using the χ2 and Student’s t-tests, as appro-
priate. A p-value of <0.05 was considered to be statistically 
significant.

Results

As for the our results, there were statistically no difference 
between two groups in sex, preoperative symptom duration 
and preoperative VAS score. But there was difference in 
mean ages. The most frequent operation level is C6-7 and 
the next is C5-6 (Table 2 and Figure 3). 

According to the modified Odom’s criteria, laminoforam-
inotomy for the ruptured disc showed surgical success rate 
(good or excellent) in 100% (92.6% excellent and 7.4% good 

results) of patients and for the foraminal stenosis in 80% 
(55.0% excellent and 25.0% good results), which was sta-
tistically significant (p＜0.05). However, when including 
both groups. Overall success rate showed in 91.5% of pa-
tients (Figure 4). 

Although posterior laminoforaminotomy for the ruptured 
disc showed the better outcomes than foraminal stenosis, 
The extent of medial facetectomy for ruptured disc (5.05±
1.25 mm, 31.2%) was smaller than for stenosis (8.13±1.86 
mm, 48.8%) and it was statistically significant (p＜0.05) 
(Figure 5). 

Postoperative mean arm and neck VAS were markedly 
decreased compared with preoperative arm and neck VAS 
in both groups. But, 13 patients complained of postopera-
tive neck pain. Group A was 6 patients (22.2%) and Group 
B was 7 patients (35.0%). There was no statistically signifi-
cance. And this symptoms were resolved about 2 months 

TABLE 2. The results of demographic factor

Group A (n=27) Group B (n=20) Total (n=47) p-value
Sex (Male:Female) 19:8 18:2 p＞0.05
Age (mean years) 46.3±10.6 55.6±9.9 p＜0.05
Symptom duration (mean months) 6.5±2.3 6.7±1.8 p＞0.05
Preoperative arm VAS 8.3±1.1 8.5±0.9 p＞0.05
Preoperative neck VAS 5.3±0.8 5.1±1.2 p＞0.05
Operation level p＞0.05

No. of C3-4 1 0 1
No. of C4-5 1 1 2
No. of C5-6 9 8 17
No. of C6-7 12 7 19
No. of C7-T1 4 4 8

VAS: Visual Analogue Scale

FIGURE 2. (A) In the ruptured disc case, we pulled out a ruptured disc beneath a root. (B) In the foraminal stenosis case, we per-
formed a more facetectomy compared with ruptured disc for enough nerve decompression.

A B
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after operation spontaneously.
There was no instability on dynamic X-ray until the last 

follow up period and we had two cases complications (4.3%). 
One of them was spondylodiscitis and the other one was 
postoperative hematoma. Spondylodiscitis was managed 
by antibiotics and postoperative hematoma was absorbed 
spontaneously. These results were summarized in Table 3.

Discussion

The posterior approach to cervical pathology was origi-
nally introduced by Mixter and Barr. Subsequently, the key-
hole foraminotomy was popularized by Scovill, Epstein, 
and Fager. Ducker renamed it to the term laminoforami-
notomy later.6,8,24) However, the technique was increasing-
ly replaced by the anterior cervical approach with or with-
out fusion due to the ease of exposure and wider exposure 
of the disc space.19) Although anterior cervical surgery is 
generally indicated for the management of midline or 

paramedian discs or spurs.11,20) The treatment of lateral or 
foraminal pathology by the anterior or posterior approach-
es remains controversial.10)

The major advantages of laminoforaminotomy versus 
anterior approaches are easy root decompression, avoidance 
of major neck structures, preservation of disc and motion 
segment and avoidance of potential morbidities associated 
with arthrodesis.17,23) However, following laminoforami-
notomies, some patients have a severe postoperative neck 
pain and muscle spasm, possible instability after facetec-
tomy. Also, perineural and epidural bleeding can obscure 
surgical field.5,17) 

In many previous report,1,9,12,16,24) posterior laminofo-
raminotomy has been showed favor surgical results in 82% 
to 97% of patients who have cervical radiculopathy caused 

FIGURE 3. Distribution of operation level: the most frequent op-
eration level is C6-7 and the next is C5-6.
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FIGURE 5. Although posterior laminoforaminotomy for the rup-
tured disc showed the better outcomes than foraminal stenosis. 
The extent of medial facetectomy for ruptured disc (31.2%) was 
smaller than for stenosis (48.8%) and it was statistically signifi-
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60

50

40

30

20

10

0
Ruptured disc (n=15) Stenosis with bony spur (n=15)

31.2%

48.8%

Facetectomy (%)

p＜0.05

FIGURE 4. (A) According to the modified Odom’s criteria, laminoforaminotomy for the ruptured disc showed 92.6% excellent results 
and (B) for the foraminal stenosis was 55.0% excellent and 25.0% good results, which was statistically significant (p<0.05). (C) 
However, when including both groups. overall success rate showed 91.5%.
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by foraminal stenosis or posterolateral herniated discs. Hen-
derson et al.9) published a comprehensive review of 846 
surgical cases performed in 736 consecutively treated pa-
tients with cervical radiculopathy using the laminoforami-
notomy technique. Good or excellent outcomes were ob-
tained in 91.5% of patients and there was no statistically 
significant difference between the outcomes for patients 
with hard or soft disc herniation or cervical spondylosis. 
However, Krupp et al.13) described that in according to 
Odom’s classification, the average values obtained in soft 
disc cases were significantly better than those achieved in 
the group treated for a hard disc and Woertgen et al.22) ob-
served bad outcomes were often observed in patients with 
bony foraminal stenosis. In our study, although overall good 
or excellent outcomes showed in 91.5% of patients, poste-
rior laminoforaminotomy for the ruptured disc showed the 
better outcomes (100%) than foraminal stenosis (80%).

The percent of facet resection is based on the extent of 
foraminal pathology.7) Some previous studies2,4,17,23) sug-
gested that the extent of facet resection required during 
laminoforaminotomy is typically 25%, and rarely exceeds 
50%. In Baba et al.2), 16 nerve roots were adequately ex-
posed with 25% of the facet removed, while 8 patients re-
quired a 25% to 50% medial facetectomy. In Zdeblick et al.’s 
cadaveric study23), laminectomy alone did not allow visu-
alization of the nerve root. The 25% facetectomy allowed 
visualization of mean 2.7 mm nerve root; 50% facetectomy, 
5.9 mm; 75% facetectomy, 10.0 mm; 100% facetectomy, 

14 mm. Similarly, Raynor et al.17) reported that 3 to 5 mm 
of root could be exposed with 50% facetectomy, and 8 to 
10 mm with 70% facetectomy. However, 50% or more fac-
et resection becomes associated with a higher risk of insta-
bility.17,23) In our study, 31.2% medial facetectomy was 
enough for removing the posterolaterally located soft disc. 
On the other hand, 48.8% facetectomy in patients with fo-
raminal stenosis showed lower clinical outcomes than soft 
disc.

Tanaka et al.21) reported that the shape of the interverte-
bral foramina approximated a funnel, the entrance zone 
being the most narrow part in cadaveric study. Therefore, 
compression of the nerve roots occurred at the entrance zone 
of the intervertebral foramina. This observation may sug-
gest that in many cases of foraminal stenosis, medial face-
tectomy until the 50% was possible to decompress the nerve 
root sufficiently. However, we suggest that the location and 
extent of osteophyte, disc height, individual variation in 
the nerve root and three-dimensional foraminal anatomy 
might affect the surgical results of laminoforaminotomy in 
foraminal stenosis patients. 

According to our study, the posterior cervical laminofo-
raminotomy for posterolateral soft disc is a comparable sur-
gical option with ACDF. However, in the case of cervical fo-
raminal stenosis, more precise comparison with anterior 
approaches is necessary from the point of clinical outcomes 
and radiological changes. 

TABLE 3. The summary of surgical results

Group A (n=27) Group B (n=20) Total (n=47) p-value
Modified Odom’s criteria p＜0.05
No. of excellent (%) 25 (92.6) 11 (55.0) 36 (76.6)

No. of good (%) 2 (7.4) 5 (25.0) 7 (14.9)

No. of fair (%) 0 (0.0) 4 (20.0) 4 (8.5)

No. of poor (%) 0 (0.0) 0 (0.0) 0 (0.0)

VAS
Preoperative arm VAS 8.3±1.1 8.5±0.9 p＞0.05
Postoperative arm VAS 1.3±0.9 1.7±1.1 p＞0.05
Preoperative neck VAS 5.3±0.8 5.1±1.2 p＞0.05
Postoperative neck VAS 1.4±0.7 1.8±1.3 p＞0.05
Facetectomy

Length of contralateral facet (A) 
in postoperative CT (mm)

16.17±2.37 16.66±1.41 p＞0.05

Length of remnant facet (B) 
in postoperative CT (mm)

5.05±1.25 8.13±1.86 p＜0.05

Facetectomy (%)=(A-B)×100/A 31.2 48.8 p＜0.05
No. of instability 0 0 p＞0.05
No. of complication (content, %) 1 (Infecton, 3.7%) 1 (Hematoma, 5%) 2 (4.3 %) p＞0.05
VAS: Visual Analogue Scale, CT: computed tomography
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Conclusion

Posterior laminoforaminotomy is an effective procedure 
for radiculopathy with laterally located soft disc or spondy-
lotic foraminal stenosis. The extent of facetectomy for rup-
tured disc was smaller than it for stenosis. Posterior lami-
noforaminotomy for the ruptured disc showed the better 
outcomes than foraminal stenosis, but overall success rate 
of posterior foraminotomy was 91.5% and complication 
rate was 4.3%.

■ The authors have no financial conflicts of interest. 
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