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Study Design: This was a retrospective review of patients with compressive cervical radiculopathy treated with a minimally invasive 
anterior cervical foraminotomy (ACF).
Purpose: This study aimed to evaluate the results and complication rates of ACF in a consecutive series of patients and to report our 
clinical results of ACF as a minimally invasive technique in a series of 45 consecutive patients treated for compressive cervical radicu-
lopathy.
Overview of Literature: ACF is a motion-sparing procedure and an alternative to anterior cervical discectomy and fusion (ACDF) and 
posterior cervical foraminotomy for direct nerve root decompression in patients with compressive cervical radiculopathy.
Methods: The chart review recorded clinical and radiological features preoperatively and postoperatively and at follow-up (FU). The 
effect of prognostic factors was analyzed in relation to the clinical outcome.
Results: Between January 2004 and October 2019, 45 patients (15 females and 30 males) with a mean age of 55.9 years (range, 
28–78 years) underwent ACF for unilateral cervical radiculopathy. The global clinical outcome according to the MacNab scale was 
evaluated as excellent in 64.5% of patients (n=29), good in 28.9% (n=13), fair in 4.4% (n=2), and poor in 2.2% (n=1). The radiological 
FU was available for 73.3% (n=33). The statistical analysis revealed no influence of age, sex, operated level, and side on the clinical 
outcome. Only one patient (2.2%) exhibited spontaneous bone fusion at the operated level on FU after a right-sided C6–7 ACF with 
no clinical consequences. No patient presented with signs of delayed segmental instability. The overall reoperation rate of this series 
was 4.4%.
Conclusions: ACF is a feasible and low-cost alternative to ACDF in selected patients with cervical radiculopathy. The use of tubular 
retractors in ACF may confer an added advantage that creates a safe corridor for direct cervical root decompression yet minimizing 
surrounding soft tissue retraction and avoiding unnecessary bone removal.
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Introduction

Cervical radiculopathy may result from cervical disk her-
niation (“soft” disk) and/or osteophyte formation (“hard” 
disk) causing nerve root compression. Anterior cervical 
discectomy and fusion (ACDF), which enables direct 
decompression and indirect nerve root decompression 
through augmentation of the foraminal height [1], is the 
most common surgical procedure for degenerative cervi-
cal radiculopathy worldwide. Despite the favorable clini-
cal outcomes of ACDF, a major drawback of this proce-
dure is loss of motion at the index level, which may cause 
adjacent segment degeneration, secondary radiculopathy 
or myelopathy, and pseudarthrosis [2].

Artificial disk replacement (ADR) was developed as a 
motion-preserving procedure to reduce or eliminate the 
risk of adjacent segment disease. However, in terms of 
clinical outcome, the superiority of ADR over ACDF has 
not yet been clearly proven and implants remain expen-
sive [3].

Foraminotomy, either from anterior or posterior, is an 
alternative surgical procedure for direct nerve root de-
compression in cervical radiculopathy [4-6]. It has been 
reported that anterior cervical foraminotomy (ACF) is a 
safe and feasible “functional surgery” for direct nerve root 
decompression with preservation of the motion segment 
[4,5]. Furthermore, ACF does not require stabilization, 
which allows the surgeon to circumvent fusion-related 
complications including pseudarthrosis and to lower the 
costs [7]. Since the first description from Jho [4] in 1996, 
this technique remained controversial and has not been 
widely adopted by surgeons as a valid alternative to ACDF 
despite the satisfactory results in terms of safety and fea-
sibility of ACF as treatment for cervical radiculopathy 
[5,8-15]. A major concern limiting the acceptance of ACF 
is the risk of vertebral artery (VA) injury [8,12]. Some au-
thors also raised that ACF could lead to segmental insta-
bility, with the need for further surgery for fusion [6,16].

We have recently described a variant of the “minimally 
invasive” technique for ACF using tubular retractors for 
transuncal decompression of compressive cervical ra-
diculopathy [17]. The use of tubular retractors not only 
facilitates soft tissue retraction but also helps to ensure the 
appropriate surgical trajectory for bone resection lead-
ing directly to the neural foramen. This may aid to avoid 
complications and may lower the reoperation rate. In this 
study, we described our recent results using a minimally 

invasive ACF in a series of 45 consecutive patients with 
compressive cervical radiculopathy.

This study aimed to report the clinical outcome of our 
series of patients operated with ACF for cervical radicu-
lopathy and to compare the rate of surgical complications 
and reoperation with those reported in the literature.

Materials and Methods

1. Patient population

A retrospective review of medical records of patients sur-
gically treated for degenerative spine disorders through 
an anterior approach in two institutions (Lausanne Uni-
versity Hospital and Genolier Clinic, Switzerland) was 
conducted from January 2004 to October 2019. The lead 
surgeon was the same in all cases (J.M.D.).

The inclusion criteria were as follows: (1) age of >18 
years; (2) single- or two-level compressive cervical ra-
diculopathy with predominantly foraminal pathology, 
refractory to conservative medical management for at 
least 2 months with or without signs of motor weakness; 
(3) preoperative cervical magnetic resonance imaging 
with T1W and T2W sagittal and coronal images confirm-
ing cervical soft disk herniation or cervical spondylotic 
spurs correlated with the clinical findings and computed 
tomography (CT) scan obtained selectively to verify bone 
detail [12]; and (4) surgical procedure conducted through 
an anterolateral approach with minimally invasive tubular 
ACF. Medical management comprised simple analge-
sics (paracetamol, nonsteroidal antiinflammatory drugs, 
and opioids) and physical therapy. Patients with cervi-
cal myelopathy, ossification of the posterior longitudinal 
ligament, subaxial kyphotic deformity, or cervical central 
canal stenosis and patients with signs of infection were 
excluded.

2. Surgical technique

The surgical technique used in this cohort of patients is 
similar to that described by Jho [4] and Saringer et al. [12] 
with the additional usage of tubular retractor [17]. The key 
steps of our surgical technique were summarized as fol-
lows: Through a 2 cm skin incision centered over the an-
terior border of the sternocleidomastoid muscle, the skin 
flaps were undermined and the platysma was opened along 
the lines of its fibers. The anterior aspect of the subaxial 



Transtubular Anterior Cervical ForaminotomyAsian Spine Journal 675

cervical spine was exposed in the standard manner, albeit 
centered more laterally than with the standard skin inci-
sion. Under an operating microscope, the double layer of 
the prevertebral fascia was opened in line with the medial 
border of the longus colli muscle, centered on the index 
level. The prevertebral fascia was then mobilized laterally, 
taking the sympathetic chain with it. A thumbnail-sized 
portion of the longus colli muscle was resected to expose 
the uncovertebral joint from the base of one transverse 
process (TP) to the base of the TP below. An appropriately 
sized tubular retractor was placed, centered over the unco-
vertebral joint parallel to the index disk space (Fig. 1).

Bone resection was achieved by drilling on either side 
of the fibrous uncovertebral joint to achieve a superior 

vertebral transcorporeal approach (Fig. 2). The posterior 
longitudinal ligament was opened with a microsurgical 
hook and a 1 mm Kerrison to facilitate removal of herni-
ated disk fragments (Fig. 3).

3. Clinical evaluation

The index level and acute intraoperative and postopera-
tive complications (Horner’s syndrome, nerve root injury, 
VA injury, or hemorrhage) were recorded. Patients were 
followed up at 6 weeks to 3 months, at 6 months, and at 1 
year postoperatively. The following details at last follow-
up (FU) were recorded: (1) presence of arm pain, (2) pres-
ence of neck pain, (3) return to work, (4) reoperation rate 
at the index and adjacent levels, and (5) global clinical 
outcome at the last FU using the MacNab scale [18].

The MacNab scale evaluates the clinical outcome as fol-
lows: (1) excellent (no pain; no restriction of activity), (2) 
good (occasional back or arm pain of sufficient severity 
that interferes with the patient’s ability to do his normal 
work or his capacity to enjoy himself in his leisure hours), 
(3) fair (improved functional capacity but handicapped 
by intermittent pain of sufficient severity that curtails or 
modifies work or leisure activities), and (4) poor (no im-
provement or insufficient improvement to enable increase 
in activities; further operative intervention required).

4. Radiological evaluation

Two of the authors (V.A. and G.C.) reviewed the stand-
ing and dynamic (flexion–extension) radiographs of the 
cervical spine at each FU visit. CT scans were also evalu-

Fig. 1. Intraoperative lateral radioscopic image. The correct placement of the 
retractor system is verified correspondent of the index disk space (C5–C6).

C6 C5

Fig. 2. Intraoperative picture. After drilling of the superior aspect of the C5 
vertebral body and removal of the posterior half of the correspondent UP. The 
yellow dot line delimitates the anterior foraminotomy. UV, upper vertebral body; 
UP, uncinate process; HD, herniated disk.

HD
UP

UV

Fig. 3. Intraoperative image showing the removal of the DH through the ante-
rior foraminotomy. DH, disk herniation.

DH
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ated when available. The radiological criteria used for 
segmental instability at the index level were the presence 
of relative sagittal plain translation at >3.5 mm and/or 
sagittal plane rotation at >11° [19]. Radiological evidence 
of spontaneous bone fusion was also sought after.

5. Statistical analysis

The effect of several prognostic factors (age, sex, operated 
level, and side) was analyzed in relation to the clinical out-
come using the χ2 test for categorical variables. In terms 
of age, the Kruskal-Wallis or Mann-Whitney U-test was 
used for two or >two groups, respectively (STATA ver. 
15; Stata Corp., College Station, TX, USA). A p<0.05 was 
considered statistically significant.

Results

Over a period of 15 years, 45 patients (15 females and 30 
males) underwent ACF for unilateral cervical radiculopa-
thy, with a mean age of 55.9 years (range, 28–78 years) 
(Table 1). The mean FU period of 19.3 months (range, 
6–120 months) and 68.8% (n=31) had at least 1 year of 
FU.

The most frequent operated level was C6–7 (67.3%, 31 
patients), with C4–5 and C5–6 at 15.2% (n=7) and 17.5% 
(n=8), respectively (Table 1). One patient was operated at 
two adjacent contiguous levels (C4–5 and C5–6) on the 
right side. Surgical results are summarized in Table 2.

The mean operative time was 103.7 minutes (range, 
65–160 minutes). The mean blood loss was 63.8 mL (range, 
20–250 mL). In terms of acute postoperative complica-

tions, 4.4% of patients (n=2) presented with transient 
Horner’s syndrome. No other acute complications (nerve 
root injury, VA injury, hemorrhage, or wound infection) 
occurred.

At the final clinical evaluation, 88.8% of eligible patients 
returned to their previous working activity. There was a 
statistically significant difference between patients who 
returned to their previous work and the operated level 
(p=0.028). There was a lower rate of patients returning to 
work if operated at the higher cervical levels (C4–5 and 
C5–6). This may be because the patients operated at high 
cervical levels (C4–5 and C5–6) had a median age higher 
than those operated at C6–7 (59.6 versus 54.6 years), even 

Table 2. Surgical results after anterior cervical foraminotomy

Variable Value

Arm pain relief 36 (80)

Neurological complications 2 (4.4)

Other complications None

Neck pain 5 (11.1)

Surgical time (min) 103.7 (65–160)

Blood loss (mL) 63.8 (20–250)

Reoperation total 2 (4.4)

Reoperation at the index level 1 (2.2)

Reoperation at the adjacent level 1 (2.2)

Return to work 39 (88.8)

Values are presented as number (%) or mean (range).

Fig. 4. Two-dimensional chart graphic showing the clinical results at follow-up 
according to the MacNab scale. MacNab scale grading: “excellent” (no pain, 
no restriction of activity), “good” (occasional back or leg pain of sufficient se-
verity to interfere with the patient’s ability to do his normal work or his capacity 
to enjoy himself in his leisure hours), “fair” (improved functional capacity but 
handicapped by intermittent pain of sufficient severity to curtail or modify work 
or leisure activities), and “poor” (no improvement or insufficient improvement 
to enable increase in activities; further operative intervention required).
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Table 1. Patients population

Characteristic Value

No. of patients 45

Male 30

Female 15

Age (yr) 55.9 (28–78)

Level of pathology

C4–C5   7 (15.2)

C5–C6   8 (17.5)

C6–C7 31 (67.3)

Follow-up period (mo) 18.7 (1–120)

Values are presented as number, mean (range), or number (%).
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if no statistically significant difference is found (p=0.08). 
Nonmechanical, nondisabling neck pain was reported by 
11.1% of patients at FU (n=5).

According to the MacNab scale, the global clinical 
outcome was evaluated as excellent in 64.5% of patients 
(n=29), good in 28.9% (n=13), fair in 4.4% (n=2), and 
poor in 2.2% (n=1) (Fig. 4). Of the two patients with fair 
MacNab outcome, one patient had mild persistent neu-
ropathic radicular pain after a right-sided C6–7 ACF. The 
second patient with fair MacNab outcome was previously 
operated with a two-level ACDF procedure (C5–6 and 
C6–7) in another institution and had persistent neck pain 
at FU after a subsequent C4–5 ACF in our institution. The 
only patient with poor MacNab outcome had persisting 
debilitating neuropathic radicular pain after a right-sided 
C6–7 ACF.

Statistical analysis revealed no influence of age, sex, 
operated level, and side with clinical outcome as mea-
sured by the MacNab scale (p>0.05). Radiological FU was 
available for 73.3% (n=33). Only one patient (patient 21) 
exhibited spontaneous bone fusion at the operated level 
after a right-sided C6–7 ACF (Fig. 5) with no clinical con-
sequences. No patient exhibited any radiological evidence 
of instability.

Overall, two patients required reoperation for over 15 
years (4.4%). Patient 19 was operated with a right-sided 
C4–5 ACF and presented recurrent disk herniation and 
was reoperated 9 years later with an ACDF at the index lev-
el. The second patient (patient 4) was operated previously 
with a right-sided C5–6 ACF and developed adjacent-level 
disease requiring a C6–7 ACDF after 8 years (Fig. 6).

Discussion

ACF can be considered as a viable surgical alternative to 
ACDF, ADR, and posterior cervical foraminotomy (PCF) 
with no consensus on the optimal approach for cervical 
radiculopathy. Despite clear economic advantages in favor 
of ACF and PCF, the frequency of ACDF procedures is 
increased compared with foraminotomy [20].

This study aimed to investigate the clinical and radio-
logical results after ACF with the use of tubular retractors 
to further prove the safety and effectiveness of this proce-
dure. In our series, ACF has led to a good clinical result in 
a vast majority of patients with a low complications rate, 
thus confirming the findings of a previous ACF series 
(Table 3) [5,8,11-13,15,16,21,22]. We believe that the low 

Fig. 5. Sagittal computed tomography scan at 10-year follow-up of patient 21. 
Bone fusion is present at the operated level after a right C6–C7 anterior cervi-
cal foraminotomy (red arrow) with no clinical consequences.

A

B

C D

Fig. 6. Radiographic images of patient 4 with adjacent level disease at 8-year 
follow-up. ACDF was performed at C6–C7 level after a C5–C6 right anterior 
cervical foraminotomy. (A, B) Sagittal and axial magnetic resonance imaging 
at the time of the second surgery for C6–C7 adjacent level disease showing a 
C6–C7 disk herniation. (C) Preoperative standing X-rays of the cervical spine. 
(D) Standing X-rays of the cervical spine showing the C6–C7 space (red circle) 
before and after the ACDF procedure. ACDF, anterior cervical discectomy and 
fusion.

C5
C6

C7
C6–C7
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complication rate in our experience may be due to the use 
of tubular retractors in ACF. The tube defines a working 
trajectory toward the neural foramen, which may help to 
reduce the risk of VA injury and excessive bone removal 
by facilitating bone trajectory orientation, thus minimiz-
ing the potential risks of iatrogenic instability.

When ACF is compared with ACDF and ADR, the 
clinical results are comparable; however, the total health-
care costs exceed those of foraminotomy procedures [9]. 
Furthermore, there was no reported significant difference 
in the reoperation rate between ACDF and foraminotomy 
[23].

Kim et al. [6] compared ACF and PCF in terms of clini-
cal and radiological results. They found that uncoverte-
bral joint resection resulted in a significant decrease in 
disk height and loss of cervical lordosis during the first 6 
months postoperatively after ACF with a stabilization of 
the radiological parameters thereafter and no difference 
in terms of clinical outcome at FU between ACF and PCF. 
Their reoperation rate was 0% for ACF patients and 5% 
for PCF [6].

One study that compared ACF and ADR reported simi-
lar clinical results but different biomechanical outcomes. 
Range of motion was preserved for patients who under-
went arthroplasty, whereas those who underwent forami-
notomies exhibited reduced motion [9,24]. The conclu-
sions of this study were limited by the small number of 

patients included; thus, a larger series with longer-term 
outcomes is required to compare ACF with ADR.

In our study, no clinical and radiological signs of insta-
bility were found at FU, and even when spontaneous fu-
sion occurred after ACF, this remained asymptomatic in a 
single patient.

Kim et al. [6] have suggested PCF over ACF in patients 
with no disk degeneration, which seems unlikely consid-
ering the symptomatic nerve root compression; a clear 
advantage of ACF is that it preserves the facet joints com-
pared with PCF with a less potential risk of instability [25]. 
The use of a tubular retractor technique in ACF may play 
a role in reducing the rate of instability at the operated 
level.

Compared with the recently described endoscopic-
assisted technique for ACF [26], tubular retractors have 
several advantages: the surgeon’s familiarity with the mi-
crosurgical technique, the adequate working space in case 
of brisk bleeding, and the smooth learning curve.

The overall rate of complications for ACF in our series 
was low (4.4%), which was comparable with other ACF 
and PCF series (Table 3) [5,8,11-13,15,16,21,22,24].

In this study, the neurological complications were two 
cases of Horner’s syndrome, probably caused by excessive 
monopolar cautery over the longus colli muscle. Thus, 
we started to avoid monopolar cautery and switched to 
a blunt dissection of the prevertebral tissue with careful 

Table 3. Anterior cervical foraminotomy series reported in literature

Series (year) No. of 
patients

Length of 
FU (mo)

Neurological 
complication

Other 
complicationsa)

Overall good 
clinical outcome 

(at FU %)

Reoperation rate

At the index level At the adjacent level

Johnson et al. [15] (2000) 21 36 4.7 (1/21) NA 85 9.5 (2/21) 4.7 (1/21)

Jho [5] (2002) 104 74 4.0 (3/74) 1.3 (1/74) 99 1.3 (1/74) 2.7 (2/74)

Saringer et al. [12] (2002) 34 17 8.8 (3/34) NA 97 2.9 (1/34) NA

Hacker and Miller [16] (2003) 23 24 NA 4.3 (1/23) 52.1    6 (6/23) 4.3 (1/23)

Koc et al. [13] (2004) 19 36 5.2 (1/19) NA 89.4 5.2 (1/19) NA

Lee et al. [11] (2006) 13 25 NA NA 84.6 NA NA

Choi et al. [22] (2007) 20 12    1 (2/20) NA 92.8 NA NA

Umebayashi et al. [21] (2013) 35 84 NA NA 94.2 8.5 (3/35) 2.9 (1/35)

Park et al. [8] (2013) 44 84  15 (7/44) NA 94 NA 4.5 (2/44)

Kim et al. [6] (2019) 40 49.5 NA NA NA NA NA

Maduri et al. (2020, present study) 43 120 4.7 (2/43) NA 93.4 2.3 (1/43) 2.3 (1/43)

Values are presented as number or % (number/total number), unless otherwise stated.
FU, follow-up; NA, not available.
a)Cervical hematoma, infection, long-term neck pain, and general medical complications (pulmonary embolism, cerebral infarction).
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lateral mobilization of the loose fascia where the cervical 
sympathetic trunk runs (10–15 mm lateral to the medial 
edge of the longus colli muscle). Despite the occurrence 
of Horner’s syndrome, which was more frequent than 
reported in literature for ACDF [27], all patients experi-
enced complete resolution of symptoms within 6 months 
to 1 year after surgery (Table 3) [5,8,11-13,15,16,21,22,24].

Only two studies in the literature reported a compli-
cation rate of >5% for ACF [8,12]. Saringer et al. [12] 
reported transient recurrent laryngeal nerve palsy, which 
occurred in 5.8% of patients operated for ACF through 
the left side with complete resolution of the palsy after 4 
weeks. Hacker et al. [16] reported a poor result in 58% 
of patients who underwent ACF with a 15% rate of com-
plications and a 5% rate of reoperation. In their report, 
Hacker and coworkers attributed the unfavorable outcome 
in their series to the steeper learning curve of anterior 
foraminotomy and the fact that at that time the surgical 
technique was recently described with a relative lack of 
knowledge as to how to improve the surgical procedure 
and to avoid complications [28].

In terms of reoperation rate at the index level, the over-
all reoperation rate in this study was comparable with that 
reported in the literature for ACDF and other ACF series 
[5,8,11-13,15,16,21,22,29] whereas PCF was reported to 
have a higher reoperation rate than ACF [6,30].

Although this study has limitations due to the retro-
spective nature of the series, high selection bias (the same 
surgeon operated all patients), and the lack of a control 
group, our results add to the available literature about 
ACF, and our study is the first series to exploit the use of 
tubular retractors for ACF.

Despite the lack of studies comparing ACF with ACDF, 
previous studies comparing ACDF with PCF have report-
ed a significantly lower cost due to the lack of implants 
and a lesser need for imaging studies at FU [7]. These 
data can be extrapolated for ACF, supporting the cost-
effectiveness of this procedure for patients with unilateral 
cervical radiculopathy.

Conclusions

Our study confirms that ACF is a safe and effective al-
ternative to ACDF, ADR, and PCF in carefully selected 
patients, with satisfactory overall clinical results. Further-
more, the use of tubular retractors in ACF helps to main-
tain a safe corridor during bone removal for ACF, mini-

mizing soft tissue manipulation and avoiding unnecessary 
bone removal. Our results are encouraging and confirm 
the safety and effectiveness of ACF. Thus, in low-income 
contexts, with limited availability of spine implants, ACF 
may be considered as a viable alternative procedure to 
ACDF in carefully selected patients with unilateral cervi-
cal radiculopathy.
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