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Abstract

Anterior cervical foraminotomy (ACF) is a surgical procedure for cervical radiculopathy to avoid 
fusion and adjacent segment disease (ASD), but its long-term outcome has yet to be investigated. It is 
also unclear whether ACF enables preservation of range of motion (ROM) and decreases ASD com-
pared with anterior cervical discectomy and fusion (ACDF). This study included nine patients who 
underwent ACF, and 12 who underwent ACDF and with follow-up period of at least 5 years (average 
follow-up: 8.7 years). Preoperative and postoperative radiological findings were investigated, compar-
ing the changes in ACF versus ACDF. All disc height (DH) levels (C2/3-C7/Th1) were measured preop-
eratively and postoperatively in all 21 patients to compare with the change due to the natural history. 
The ACF group experienced significant loss of DH (0.6 mm, 13.5%, p <0.01) and ROM (p <0.01) at the 
operated level postoperatively. However, loss of DH was not significantly different from natural 
changes at unaffected levels, and ROM was maintained. The ACDF group experienced a significant 
increase in the ROM of the cranial adjacent segment from 6.46 to 7.45 mm (p <0.01), and the disloca-
tion in dynamic X-ray was also significantly increased from 1.61 to 2.89 mm (p <0.01), indicating 
radiological ASD. The ACF group had no significant increase in ROM and dislocation. ACF causes 
significant loss of DH and ROM, but this change is not significantly different compared with natural 
changes at unaffected levels. Furthermore, ACF causes less ASD than ACDF in the long term.
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Introduction

There are many procedures used to treat cervical 
radiculopathy that has not responded to conservative 
treatment; these options include anterior cervical 
discectomy and fusion (ACDF), posterior foramino-
tomy with or without endoscopy, anterior cervical 
discectomy without fusion, anterior cervical foramino-
tomy (ACF), and artificial disc replacement. However, 
it is still unclear which of these procedures is supe-
rior. Some surgeons still use posterior foraminotomy 
for cervical radiculopathy, but the difficulty associ-
ated with indirect posterior exposure and the inability 

to remove some ventral lesions has led to more 
frequent use of anterior discectomy procedures.1)

ACDF has been widely used, and has become a 
standard procedure for treating degenerative cervical 
disease caused by anterior pathologies, but fusion-re-
lated problems have also been reported.2–4) ACF aims 
to achieve direct decompression and to preserve the 
functional motion of the cervical spine while avoiding 
fusion-related problems. Some studies have reported 
excellent results after ACF,5–7) while others have 
reported that ACF results in reoperation or disc 
degeneration.8–10) Furthermore, few studies have inves-
tigated the long-term results of ACF, and the effect 
of ACF compared with ACDF on preservation of range 
of motion (ROM) and adjacent segment disease (ASD) 
during long-term follow-up. To the best of our knowl-
edge, no previous studies have investigated the long-
term radiological incidence of ASD after ACF compared 
with that after ACDF. The present study evaluated 
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the radiological results of ACF for cervical radiculop-
athy, with a follow-up period of at least 5 years.

Materials and Methods

From 2004 to 2011, a total of 33 patients with single-
level degenerative cervical radiculopathy underwent 
ACF in the Fujieda Heisei Memorial Hospital Spinal 
Disorders Center. Of these 33 patients, nine patients 
with at least 5 years of follow-up (mean follow-up 
period: 8.7 years), affected level was C4/5-C6/7, and 
sufficient data were included in the present study as 
the ACF group. Patients who underwent other proce-
dures during the follow-up period, those lost to 
follow-up, and those who did not undergo dynamic 
roentgen stereogrammetric analysis at least 5 years 
postoperatively were excluded. The ACF group comprised 
six males and three females, with an average age of 
54.5 (range: 32–66) years at the time of surgery. The 
main pathology was hard disc herniation in two cases, 
and soft disc herniation in seven. The operated level 
was C4/5 in one case, C5/6 in three, and C6/7 in five.

The ACDF group comprised 12 patients with single-
level degenerative cervical myelopathy who underwent 
ACDF (Cloward’s procedure11)) in Fujieda Heisei 
Memorial Hospital Spinal Disorders Center during the 
same period as the ACF group, and were included in 
the present study as a control group. The ACDF group 
comprised seven males and six females, with an average 
age of 49.1 (range: 33–71) years at the time of surgery. 
The main pathology was hard disc herniation in two 
cases, and soft disc herniation in 10. The operated 
level was C4/5 in two, C5/6 in nine, and C6/7 in one.

Operative indication
ACF was performed in patients with degenerative 

single-level unilateral cervical spondylosis or disc 
herniation with radiculopathy that did not respond 
to appropriate conservative treatment.

Although there were some reports that patients 
with cervical myelopathy or spinal tumors,12,13) treated 
by ACF, we select ACF the case of unilateral radic-
ulopathy. Those with myelopathy or extensive lesions 
up to the midline who are difficult to achieve suffi-
cient decompression are excluded. Similarly, patients 
with instability were excluded, and these patients 
were treated by ACDF.

Radiological confirmation of the underlying 
pathology by magnetic resonance imaging, myelog-
raphy, and high-resolution computed tomographic 
scans after myelography (CTM) was performed in 
all cases in accordance with the clinical symptoms.

Radiological evaluation
The following preoperative and postoperative 

dynamic radiological findings were investigated.

Disc height (DH): The operated segment DH was 
measured in the neutral position. DH was measured 
using the following method. Three parallel lines were 
drawn: one to the cranial endplate, one to the caudal 
endplate, and one from the anterior spur to the 
posterior spur. These lines were used to measure the 
DH of the anterior part (A), middle part (B), and 
posterior part (C) of the disc. Average DH was defined 
as (A) + (B) + (C)/3 (Fig. 1A). In addition, to assess 
the natural loss of DH in normal discs, the DH of all 
other cervical levels except the operated level (DH 
all) in all 22 patients was measured in the same way.

Functional segmental height (FSH): In the same 
way as for the DH measurements, one parallel line 
was drawn to the upper endplate of the cranial 
vertebra, and another was drawn to the lower 
endplate of the caudal vertebra. The FSH was then 
measured at the anterior part (A), middle part (B), 
and posterior part (C) of the segment. FSH was 
defined as the average of (A), (B), and (C) (Fig. 1B).

The Cobb angle for scoliosis and the focal kyphosis 
(FK) angle were also measured. ROM and ASD were 
measured as the changes in focal angle (ΔFA), and 
the difference between extension and flexion posi-
tions at the operative level (ΔSlip), and the differ-
ence of spinous process distance (ΔSPD) (Fig. 1C).

Statistical Analyses

The data were analyzed via a paired t-test and an 
independent t-test, and differences were considered 
statistically significant at p <0.05.

Ethics approval
The present study was approved by the research 

ethics committee of Fujieda Heisei Memorial Hospital 
(permission number: FHR no. 28-3). And the authors 
obtained written informed consent from patients 
included in the study at admission.

Surgical procedure
The patient was placed in the supine position 

without neck rotation. After confirmation of the 
affected level, only the longus colli muscle on the 
symptomatic side was peeled away from the verte-
bral body. The following surgical procedures were 
performed using a surgical microscope. The appro-
priate keyhole position was determined using the 
findings of CTM coronal sections. This image was 
used to create a keyhole of about 7 mm × 10 mm, 
preserving the lateral bone cortex as much as possible, 
and widely spread in the deep side (Fig. 2). This 
procedure prevented injury of the vertebral artery. 
The keyhole made by 3–5 mm diamond drill was 
directed toward the root sleeve. The posterior 
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longitudinal ligament and residual cortical bone 
were removed by micro curette and micro punch. 
The herniated disc fragment and posterior spur were 
then gently removed. The residual lateral portion 
of the pathology was approached from the contra-
lateral side in the last part of operation. A cervical 
collar was used for 1 week postoperatively.

Results

Radiographic changes at the affected level

Disc height
In the ACF group, the average DH and the DH 

all were significantly decreased after surgery (both 
p <0.01, Table 1). There was no significant difference 
between the degree of the decrease in DH and DH 
all. Although ACF caused significant loss of DH, 
this loss was not significantly different from the 
natural DH loss at other levels (Table 1).

Spinous process distance
In the ACF group, the average postoperative ΔSPD 

in dynamic X-ray indicated that there was significant 
loss of ROM at affected level (p <0.01, Table 2); 
however, a ROM of more than 3 mm was retained 
during long-term follow-up. In the ACDF group, the 
average postoperative ΔSPD also indicated that there 

was significant loss of ROM (p <0.01, Table 2); 
however, the ROM in all cases was less than 1 mm, 
indicating that mobility had almost completely 
disappeared (Table 2).

Functional segmental height
In the ACDF group, the DH of the operative level 

could not be assessed postoperatively because of 
fusion. Thus, we compared the FSH in the ACF 
group with that in the ACDF group. There was no 
significant difference between preoperative and 
postoperative FSH within both the ACF group and 
the ACDF group (Table 1). Furthermore, the degree 
of the FSH decrease did not significantly differ 
between the ACF and the ACDF groups (Table 1).

FK angle
A postoperative change in FK was seen in both 

the ACF and ACDF groups, but this change was 
not significant (Table 1). Furthermore, the degree 
of the FK change did not significantly differ between 
the ACF and ACDF groups (Table 1).

Scoliosis
In the ACF group, there was no significant post-

operative change in the scoliosis angle (Table 1). The 
scoliosis of the operative level could not be assessed 
postoperatively in the ACDF group because of fusion.

Fig. 1  (A) Measurement methods of DH using plain radiography in neutral lateral position. Three parallel lines 
are drawn to the cranial end plate, caudal end plate, and anterior to posterior spur and the following are 
measured: A. ventral end of disc height, B. medial (maximum) disc height, and C. dorsal end of disc height DH 
was defined as (A+B+C)/3. (B) Measurement methods of FSH using plain radiography in neutral lateral position. 
We draw two parallel lines to cranial end plate and caudal end plate. A. ventral end of disc FSH, B. medial 
FSH, and C. dorsal end of FSH. FSH was defined as (A+B+C)/3. DH: disc height, FSH: functional segmental height. 
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Focal angle
There was no significant postoperative change in 

FA in either the ACF or the ACDF groups (Table 2).

Slip
In the ACF group, there was no significant post-

operative increase in slip at the affected level 
(Table 2). The slip of the operative level could not 
be assessed postoperatively in the ACDF group 
because of fusion.

Radiographic changes at the adjacent levels

Spinous process distance
The ACF group showed no significant post-

operative changes in SPD at the cranial and 

caudal levels (Table 2). In the ACDF group, 
there was a significant postoperative increase in 
SPD at the cranial and caudal levels (p <0.01, and 
p <0.05, Table 2), which indicated that ASD had 
occurred.

Focal angle
Both the ACF and ACDF groups showed no 

significant change in FA postoperatively (Table 2). 
Only the FA at the cranial level in the ACDF group 
tended to increase postoperatively, possibly to 
compensate for fusion (ASD).

Slip
In the ACF group, there was no significant increase 

in slip at the adjacent levels (Table 2). In contrast, the 

Fig. 2  Key hole in ACF is shown. A 7 mm × 10 mm keyhole is made in the center of the disc, and with preser-
vation of lateral bone cortex as possible. By this procedure, the injury of VA can be prevented. ACF: anterior cervical 
foraminotomy, VA: vertebral artery. 

Table 1  Radiographical measurements

Preoperative Postoperative Δ %Δ p value

DH 5.36 mm 4.77 mm 0.58 mm 13.5% Decrease <0.01

DH all 5.18 mm 4.95 mm 0.23 mm 4.8% Decrease <0.01

FSH(ACF group) 37.4 mm 34.9 mm 1.08 mm 3.0% Decrease N.S.

FSH(ACDF group) 34.8 mm 33.4 mm 1.2 mm 3.4% Decrease N.S.

FK(ACF group) -0.57° 2.01° 2.58° – N.S.

FK(ACDF group) -1.52° 0.30° 1.82° – N.S.

Scoliosis(ACF group) 0.07° 0.86° 0.79° – N.S.

Δ: change in, ACF group: patients who underwent anterior cervical foraminotomy (n = 9), ACDF 
group: patients who underwent anterior cervical discectomy and fusion (n = 12), DH: disc height, 
DH all: disc height of all other cervical levels except the operated level, FK: focal kyphosis, FSH: 
functional segmental height, N.S.: not statistically significant.
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ACDF group showed a significant postoperative increase 
in slip at the cranial level (p <0.01, Table 2).

Discussion

Variations of ACF
Since the technique of ACDF was first intro-

duced,11,14) it has become a standard procedure for 
treating degenerative cervical disease caused by 
anterior pathologies. However, fusion-related prob-
lems typified by ASD have been reported. Hilibrand 
et al.4) reported that cervical fusion resulted in 
symptomatic ASD requiring additional surgery in 
2.9% of patients per year. To avoid this complica-
tion of ACDF, the ROM should be preserved as 
much as possible.

ACF has been developed to preserve the functional 
motion of the cervical spine while directly removing 
the underlying pathology; the lateral approach15) 
was reported in 1968, and the trans-uncodiscal 
approach12) was described in 1976. Several kinds 
of ACF procedures have been advocated, which can 
be classified into three types. The first type is ante-
rior cervical interspace decompression, which was 
first reported7) in 1989, and involves an anterior 
cervical partial discectomy through the disc space; 
this procedure is most similar to our procedure. 
The second type is a transuncal approach for ante-
rior microforaminotomy,6) which was first described 
in 1996, and is performed through the uncinate 
process to preserve the remaining disc in the inter-
vertebral space directly removing the compressive 
pathological lesion. Various modifications of the 
anterior microforaminotomy procedure were later 
reported, with the upper and lower vertebral bodies 

more extensively removed.13,16) The third type of 
ACF is transvertebral ACF, in which a keyhole is 
created in the vertebral body to enable removal of 
the underlying pathology.17,18) The common concept 
of the various types of ACF is to preserve the disc 
content as much as possible.

Radiological analysis

Loss of DH after ACF
According to the results of the present study, DH 

was significantly decreased postoperatively compared 
with the preoperative height. As the DH all was 
also significantly decreased postoperatively, this 
loss of DH after ACF may have resulted from the 
natural changes of the cervical spine; however, it 
seems to reflect the characteristics of ACF, where 
the disc space is not filled by any materials, such 
as iliac bone graft or artificial intravertebral implant. 
Previous studies have also investigated the outcomes 
of ACF during long-term follow-up of more than 3 
years. Park et al.19) followed up 44 patients for 8.8 
years after ACF, and reported a 10% decrease in 
DH in 78% of patients. Kim et al.20) also reported 
a 1 mm reduction of DH in 83.5% of patients at 
6.1 years after ACF. According to these reports and 
our present results, DH decrease can occur in ACF, 
but this change is comparable with natural changes 
in the unaffected spine.

Postoperative change in ROM after ACF
Although only a few studies have examined the 

results of long-term follow-up after ACF, there are 
many short-term follow-up studies.5,6,13,17–19,21–23) These 
short-term studies report varying results ranging 

Table 2  Summary of radiographical measurement (ROM)

ACF ACDF

Pre Op. Post Op. Δ P value Pre Op. Post Op. Δ p value

ΔSPD Cranial level 5.75 mm 6.29 mm +0.54 mm N.S 6.46 mm 7.45 mm +0.99 mm p <0.01

Affected level 5.89 mm 3.79 mm -2.1 mm p <0.01 7.09 mm 0.79 mm -6.50 mm p <0.01

Caudal level 4.14 mm 4.47 mm +0.33 mm N.S 6.35 mm 5.8 mm 0.55 mm N.S

ΔFA Cranial level 4.9° 3.84° -1.5° N.S 5.56° 7.17° +1.61° N.S

Affected level 4.89° 3.68° -1.21° N.S – – – –

Caudal level 2.16° 0.98° -1.75° N.S 4.82° 3.92° -0.9° N.S

ΔSlip Cranial level 1.89 mm 1.84 mm -0.05 mm N.S 1.61 mm 2.89 mm +1.28 mm p <0.01

Affected level 0.91 mm 0.8 mm +0.11 mm N.S – – – –

Caudal level 0.57 mm 0.58 mm +0.01 mm N.S 0.86 mm 1.8 mm +0.94 mm p <0.05

ACF: anterior cervical foraminotomy, ACDF: anterior cervical discectomy and fusion, FA: focal angle, N.S.: not statistically 
significant, ROM: range of motion, SPD: spinous process distance.
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from no significant change to significant restrictions 
in ROM after ACF. This wide variation in reported 
postoperative ROM may be caused by the lack of 
a common radiological standard. The ROM of the 
cervical spine was measured as the C2-7 angle in 
one study, the FA in another study, and the ΔSPD 
in another study. In the present study, the variables 
used to assess the ROM were the ΔSPD and ΔFA. 
Although the SPD of the operated level significantly 
decreased after ACF, the ROM was maintained. The 
FA did not significantly change after ACF. The ΔSPD 
was more likely to be significant than the ΔFA, 
which was also seen in ASD after ACF and ACDF. 
This is because the maximum ΔFA was ≤ 10°, and 
these small changes were difficult to distinguish 
from measurement error.

ASD after ACF
Many studies have evaluated ASD after ACDF,4,24) 

but there are few reports of radiological ASD after 
ACF,19,25) Park et al.19) reported that the incidences 
of radiological ASD after ACF were 6% and 11% 
at the upper and lower segments, respectively. Ahn 
et al.25) also reported that the incidences of radio-
logical degenerative change in the upper segment 
and the lower segment were both 11%. To the best 
of our knowledge, no previous study has investigated 
the radiological incidence of ASD in the long-term 
period after ACF comparing with ASD in ACDF, as 
was done in the present study. In our study, ACF 
resulted in mild increases in SPD, slip, and FA at 
the adjacent cranial level compared with the respec-
tive increases after ACDF. Herkowitz et al.26) eval-
uated 44 patients with cervical radiculopathy who 
underwent ACDF or posterior foraminotomy without 
fusion; 39% of patients developed radiological ASD 
after ACDF, while 50% of patients developed radio-
logical evidence of disc degeneration at the operated 
and adjacent levels after posterior foraminotomy 
without fusion.26) Another study evaluating the 
outcome of cervical arthroplasty reported no signif-
icant difference in the ROM of adjacent segments 
after ACF versus arthroplasty9); however, the follow-up 
duration was only 1 year.9) It is still unclear which 
of these procedure is superior in the long term. 
Further study is needed to investigate the outcome 
after ACF compared with the other procedures.

Limitations

This follow-up study includes some limitations, 
one of which is its small sample size. Because the 
patients with cervical radiculopathy due to the 
cervical disc hernia show good postoperative 
improvement, they do not need to be followed-up 

for a long time or do not want to consult the clinic 
postoperatively. So the long follow-up study of the 
patients with such cervical radiculopathy is difficult 
to perform.

Conclusion

ACF causes significant loss of DH and decrease in 
ROM at the operative level during long-term follow-up, 
but these changes are similar to the natural changes 
at unaffected levels. Maintaining the motion of the 
operated segment may impose less stress on the 
adjacent segments. ASD was mild after ACF compared 
with ACDF during long-term follow-up. ACF can 
be an effective surgical procedure for the single-
level cervical radiculopathy preserving satisfactory 
postoperative ROM with less adjacent level lesion.
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