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Study Design: Retrospective cohort study.

Objective: Assessment of outcome after minimally invasive

posterior cervical foraminotomy (MI-PCF).

Summary of Background Data: Surgical management of cervical

radiculopathy represents a controversial area in spinal surgery.

Preferred approaches include both anterior cervical discectomy

and posterior cervical foraminotomy (PCF). Numerous studies

showed comparable results. Employing PCF eliminates risks

associated with anterior approach. PCF as originally described

by Spurling and Scoville necessitates extensive stripping of cer-

vical muscles to expose the cervical spine, resulting in muscle

injury, impaired muscle function, prolonged postoperative neck

pain, and increased use of narcotics. There are only few studies

investigating outcome after employing MI-PCF.

Materials and Methods: Retrospective review of 34 patients who

underwent MI-PCF for presenting complaints, postoperative

and follow-up outcome.

Results: In the last follow-up the weakness resolved completely

in 62.6% of patients, in 4.1% improved and in 16.5% remained

unchanged. In the last follow-up 76.7% of patients originally

presenting with pain reported complete resolution of pain and

10% reported partial improvement of pain. In total, 23.5% of

patients were lost during follow-up as far as pain was concerned.

In the last follow-up, 75% of patients achieved relative neck-

pain-freedom (Visual Analog Scaler3) at rest and 62.5% of

patients under strain. The mean neck pain on Visual Analog

Scale at rest was 2.13 (SD=2.42) and 3.34 (SD=3.01) under

strain. In total, 93.8% (n=15) of patients would undergo the

same procedure for the same achieved result.

Conclusions: Minimally invasive cervical foraminotomy is an

effective procedure for decompression of cervical nerve roots

regardless the type of the stenosis. Even employing minimally

invasive technique still causes neck pain in the long term affect-

ing up to 25% of patients. More randomized control studies are

required to clarify the benefits of minimally invasive PCF.
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Cervical radiculopathy is a common cause for a spinal
surgery, mostly affecting patients in their 50s. A

definition used by Bono and colleagues describes it as
“pain in a radicular pattern related to compression and/or
irritation of one or more cervical nerve roots including
varying degrees of sensory, motor, and reflex changes as
well as dysesthesias and paresthesias related to nerve
roots without evidence of spinal cord dysfunction
(myelopathy).”1 Cervical radiculopathy is often accom-
panied by neck pain. There are only few published studies
addressing the incidence of this disease. A study by
Radhakrishnan et al2 reported the incidence of 107.3 per
100,000 in men and 63.5 per 100,000 in women, with a
peak at 50 to 54 years of age.

Most patients improve with a conservative treatment.
Surgical management still remains a controversial area in
spinal surgery with preferred approaches varying in the past.
It includes both anterior cervical discectomy with or without
fusion [anterior cervical decompression and fusion (ACDF)/
anterior cervical decompression (ACD)] and posterior cer-
vical foraminotomy (PCF). Numerous studies showed
comparable results.1,3–8 Employing ACDF/ACD puts pa-
tient in risk of iatrogenic paresis of recurrent laryngeal
nerve, postoperative dysphagia/odynophagia, perforation of
esophagus and possibly fatal complications due to post-
operative bleeding and mediastinitis.9,10 PCF as described
by Spurling and Scoville,11 and later by Frykholm12 over 60
years ago eliminates those risks.13 Furthermore, it preserves
mobility of the operated segment. The opponents of this
approach stressed an increased risk of developing a cervical
kyphosis.14 Recent studies proved that unilateral foramin-
otomy with preservation of >50% of the facet joint does
not lead to changed alignment.15,16 One of the major
drawbacks of the original technique employed by Fry-
kholm, Spurling and Scoville is the necessity to dissect and
significantly retract deep cervical muscles to expose the
cervical spine, resulting in muscle injury, impaired muscle
function, prolonged postoperative neck pain, and increased
use of narcotics.17

With the introduction of minimal invasive proce-
dures in lumbar spine these found their application also in
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the cervical spine. Clarke and Stewart18 in their meta-
analysis demonstrated presumed advantages of lower
blood loss, shorter surgery time, shorter hospital stay,
and reduced usage of narcotics.

Immediate postoperative outcome between open
and minimally invasive methods seems to be com-
parable.19 Studies regarding long-term results are rather
scarce.

The aim of this study was to investigate long-term
outcome of minimal invasive PCF concerning axial neck
pain, arm pain, palsy and patients’ functional status.

MATERIALS AND METHODS
This study was approved by the local Ethics Com-

mittee. We retrospectively reviewed electronic hospital
records of patients operated on due to a single-level 1-
sided cervical nerve root compression syndrome through
posterior foraminotomy using minimally invasive tech-
nique from December 2005 to June 2010. Most of the
cervical root compression symptoms resolve sponta-
neously within several months.2,20–22 We operated on
patients who presented with either severe or deteriorating
muscle weakness, failure of conservative treatment for at
least 6 weeks or patients not willing or able to undergo
nonsurgical treatment because of unbearable pain. In-
clusion criteria were above mentioned patients with cer-
vical monoradicular symptoms due to foraminal stenosis
with muscle weakness or radicular pain resistant to con-
servative treatment. Patients were included regardless of
age and duration of symptoms. Exclusion criteria were
cervical myelopathy, prior ACDF in any segment of the
cervical spine, spinal cord compression, and non-
degenerative causes (eg, trauma, spontaneous fracture,
and tumor). A total number of 34 patients were included.
Magnetic resonance imaging and computed tomography
studies were employed to visualize the pathology. The
chart review investigated preoperative and postoperative
clinical symptoms—muscle weakness, radicular pain, and
outcome in follow-up (paresis, radicular pain, and neck
pain) and the need of reoperation for recurring symp-
toms. The preoperative, discharge, and regular follow-up
examinations were performed by a random doctor on
duty. Operative records were queried for underlying
pathology (bony stenosis vs. disk herniation). All patients
were invited for a follow-up interview to the outpatient
clinic in April and May 2014 and were asked to complete
standardized questionnaires—Patient Satisfaction Index
(PSI), Neck Disability Index (NDI), Visual Analog Scale
(VAS) and questionnaire addressing further surgeries in
the cervical spine. A total of 47.05% (n=16) of 34
treated patients actually presented, completed the ques-
tionnaires and were examined by the first author (I.P.).
The remainder of patients declined participation due to a
long distance from our institute, advanced age or co-
morbidities.

For all patients we used categorical assessment (no
change, improvement, resolution) of symptoms based on
the most recent clinical follow-up. VAS of r3 was

considered as “no considerable pain,” as VASr3 alone
would not otherwise warrant a further work-up or a
treatment.

The mean follow-up was 30.4 months. We employed
statistical software SPSS 22 (IBM). Patient characteristics
were summarized either as counts with percentages or
means with SDs, as appropriate. Independent sample t
test and 1-way analysis of variance for independent
samples were used for continuous data, Fisher exact tests
were utilized to analyze categorical variables, and
P<0.05 was considered statistically significant.

Patients Demographics
Total number of patients included in the study was

34 (23 (67.7%) males, 11 (32.3%) females) with a
mean age of 61.4 (41.9–76.1) years at the time of surgery
(Table 1).

Surgical Technique
The patient is in prone position with orthogonal

head fixation in radiolucent carbon Mayfield head holder.
The target segment is identified in a lateral x-ray projec-
tion for upper segments and in an anterior-posterior
projection for lower segments, using Th 1 as a landmark.
Following a paramedian horizontal skin incision in a
length of few millimeters longer than the tube diameter,
opening of the thoraco-lumbal fascia is performed using
scissors, just lateral to the processus spinosus, for easier
access to the hemilamina. The approach is done using
tubular retraction system (METRx, Medtronic) with
a tube diameter of 14 to 18mm. The first dilatator is
placed on the medial aspect of the facet joint under lateral
or anteroposterior fluoroscopy (Fig. 1). Subsequent tub-
ular muscle dilators are placed serially. We do not use K-
wires because of the risk of dura perforation. The position
of the tube is confirmed using fluoroscopy and optimized
if necessary. Facetectomy of the medial facet joint is done
using high-speed drill under microscopic surveillance.
Care is taken not to resect >50% of the facet joint

TABLE 1. Preoperative Characteristics of the Patient Group

Characteristics n (%)

Age distribution (y) 61.44 (41.91–76.16),
SD=10.58

Sex distribution 23 Male, 11 Female
Patients with neck pain 31 (91.17)
Patients with muscle weakness only 4 (11.76)
Patients with radicular pain only 14 (41.18)
Patients with radicular pain and
weakness

16 (47.06)

Bony stenosis 13 (38.24)
Soft disk 21 (61.76)
Follow-up length (mo) 30.41 (range, 0–96),

SD=31.13
Affected nerve root

C4 3 (8.8)
C5 3 (8.8)
C6 3 (8.8)
C7 12 (35.2)
C8 13 (38.2)
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(Fig. 2). The nerve root is exposed following a dissection
of the lateral aspect of ligamentum flavum. High-speed
drill and small Kerrisons punch (1–2mm) are used to
further decompress the foramen. In case of soft disk
herniation, this is removed with a small nerve hook with
minimal retraction on the nerve root. Wound closure in
subcutaneous layer is performed and the histoacryl glue is
applied to close the skin. The patients were not ordered to
wear a cervical collar.

RESULTS
In total, 47.1% of patients (n=16) presented with

radicular pain and muscle weakness, 41.2% (n=14) with
radicular pain only and 11.8% (n=4) patients com-
plained of muscle weakness only. In 38.2% (n=13)
foraminal stenosis was caused by facet joint hypertrophy
or posterior osteophyte and in 61.8% (n=21) of cases by
lateral disk herniation. There were no surgical complica-
tions except 1 (2.9%) cerebrospinal fluid leak requiring
surgical revision. Upon discharge, the weakness of the
musculature innervated by the affected nerve root re-
solved itself completely in 16.7% (n=4) of patients,
improved in 37.5% (n=9) and remained unchanged in
45.8% (n=11). In the last follow-up in 62.5% (n=15)
of patients the weakness resolved itself completely, in
4.1% (n=1) improved and in 16.6% (n=4) remained
unchanged. A total of 66.6% (n=26) of patients with
preoperative muscle weakness profited from the surgery.
No deterioration of paresis was observed. 16.6% (n=4)
of patients were lost during follow-up regarding paresis
(Table 2). In 50% (n=15) of patients, there was a
complete resolution of the pain on discharge from hos-
pital and 50% (n=15) of patients reported some degree

of improvement. In the last follow-up 76.7% (n=23) of
patients originally presenting with pain reported complete
resolution of pain and 10% (n=1) reported partial im-
provement of pain. 13.3% (n=6) of patients were lost
during follow-up as far as pain was concerned. Two pa-
tients out of these 6 patients were pain free at the time of
discharge and 4 patients improved (Table 3). Altogether
86.7% of patients presenting preoperatively with rad-
icular pain profited from the surgery.

In the last follow-up, 75% (n=12) of patients
achieved relative pain-free-neck (VASr3) at rest and
62.5% (n=10) of patients under strain (Tables 4 and 5).

We further evaluated PSI, VAS, and NDI in all
participating patients (n=16). The mean neck pain on
VAS at rest was 2.13 (SD=2.42) and 3.34 (SD=3.01)
under strain. Mean value of the PSI was 1.44 (SD=0.63),
meaning that 93.8% (n=15) of patients would undergo
the same procedure for the same achieved result (Table 6).

There was no statistically significant association
between arm pain (in rest and under strain) in terms of
VAS and PSI scores in 1-way analysis of variance anal-
ysis. Descriptive analysis of NDI showed mean NDI
of 20% (SD=15.91) corresponding to mild disability
according to Vernon and Mior.23

To test the hypothesis that there is no difference
between NDI and arm pain (in rest and under strain) in hard
disk and soft disk stenosis group, we performed independent
sample t test. The group with causative bony stenosis was
associated with NDI of 16.2% (SD=14.96), arm pain in
rest of M=0.60 (SD=1.075), arm pain under strain of
M=2.40 (SD=2.41). By comparison, the soft disk group
was associated with NDI of M=27.4 (SD=16.7), arm
pain in rest of M=0.33 (SD=0.82), and Arm pain under
strain of M=1.83 (SD=1.33). The independent sample

FIGURE 1. Intraoperative position of the tube in anteroposterior (A) and lateral view (B).
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t test was not associated with a statistically significant effect
in terms of NDI (P=0.772), arm pain in rest (P=0.610),
and arm pain under strain (P=0.608).

Apart from 1 operative closure of cerebrospinal
fluid fistula, no patient required further surgery in the
cervical spine during the entire follow-up.

FIGURE 2. A, Preoperative axial CT scan of the index level showing bony stenosis of the right intervertebral foramen. B,
postoperative CT scan of the index level shows decompression of the intervertebral foramen(area between dashed lines represents
extent of facetectomy being <50% of the facet joint). C, preoperative sagittal CT scan showing bony stenosis of the intervertebral
foramen. D, postoperative sagittal CT scan showing vertical extent of resection (area between both dashed lines). CT indicates
computed tomography.

TABLE 2. Results in Terms of Paresis

n (%)

Completely Resolved Improved No Change No Follow-Up

On discharge 4 (16.7) 9 (37.5) 11 (45.8) NA
In last follow-up 15 (62.6) 1 (4.1) 4 (16.6) 4 (16.6)

Total of 24 patients presented with paresis.
NA indicates not applicable.
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We did not perform further assessment of cervical
alignment, as no patient required further surgery that
would warranty new imaging.

DISCUSSION
Procedure of choice for decompression of cervical

nerve roots in patients presenting with unilateral cervical
radiculopathy is a matter of debate among spine sur-
geons. Many surgeons propose to reserve the PCF for
treatment of acute soft disk foraminal nerve entrapment
only or foraminal stenosis in individuals in whom the
potential of even 1-sided paralysis of the recurrent lar-
yngeal nerve would be of disastrous consequences (pro-
fessional singers, television presenters, etc.).

In our study, 86% of all patients improved after PCF
in terms of pain and 66% in terms of paresis. Numerous
other studies were published documenting efficacy of this
treatment of isolated cervical root syndromes with no spine
cord involvement.7,19,24–27 Several studies were published
documenting comparable outcome in both ACDF and
PCF.6,27,28 Advantages of PCF are well documented, but
some authors suggest that a loss of integrity of facet joints
and posterior column complex can shift the weight-bearing
axis anteriorly, requiring constant contraction of the cervical
musculature, and subsequently causing kyphosis.29 Pre-
operative alignment of the cervical spine should be taken
into consideration before performing PCF. A newer cadav-
eric biomechanical study done by Brody et al16 suggests that
1-sided foraminotomy does not alter the range of motion of
the index segment and thus should not contribute to change
of cervical alignment and the development of adjacent seg-
ment disease as opposed to ACDF. Cho et al came to similar
conclusion.30

The original method described by Frykholm neces-
sitates subperiostal dissection of neck musculature mak-
ing it prone to long-term dysfunction and chronic neck
pain,31 making it no attractive alternative to ACDF.
However, there is newer evidence showing that even
standard PCF improves neck pain significantly as re-
ported by Selvanathan et al8 and Bydon et al.32 A recent
study by Steinberg and German33 showed no significant
difference between minimally invasive PCF and ACDF in
terms of NDI or neck pain VAS at the last follow-up.
However, both groups were relatively small.

Under this assumption minimal muscle dissection
should minimize the postoperative pain and muscle dys-
function even in the long term. Comparative study by
Kim and Kim34 showed benefits of minimally invasive
approach in reducing postoperative neck pain up to the
first 4 weeks, but not beyond. Our own series showed less
neck pain even in the long term compared with an open
approach group in the study of Selvenathan et al8 There
are unfortunately only few series reporting validated
outcome measures as NDI or VAS. Our own series shows
significant headache and chronic neck pain (VAS>3)
being the most common long-term sequel after PCF,
affecting up to 25% of patients at rest and 37.5% under
strain even after employing minimally invasive approach,
comparable with the study by Grieve et al.35

Posterior foraminotomy as opposed to ACDF pre-
serves mobility of the intervertebral segment and thus it
does not prevent further degeneration of the index seg-
ment as a possible cause of the subsequent neck pain.

Some surgeons reserve PCF for soft disk foraminal
nerve compression only and employ ACDF for
long-standing disk herniation or bony stenosis. When

TABLE 3. Results in Terms of Radicular Pain

n (%)

Pain Completely Resolved Pain Improved But Still Some Residual Pain No Follow-Up

On discharge 15 (50) 15 (50) NA
In last follow-up 23 (76.7) 1 (10.00) 6 (13.3)

As counts and percentages out of 30 patients presented with pain preoperatively. 2 patients out of 6 patients with no follow-up were pain-free on discharge and
4 patients improved compared with preoperative examination.

NA indicates not applicable.

TABLE 4. Neck Pain at Rest in the Last Follow-Up

VAS Frequency % Cumulative %

0.0 6 37.5 37.5
1.0 3 18.8 56.3
2.0 1 6.3 62.5
3.0 2 12.5 75.0
5.0 2 12.5 87.5
6.0 1 6.3 93.8
7.0 1 6.3 100.0
Total 16 100.0

VAS indicates Visual Analog Scale.

TABLE 5. Neck Pain Under Strain in the Last Follow-Up

VAS Frequency % Cumulative %

0.0 3 18.8 18.8
1.0 4 25.0 43.8
2.5 1 6.3 50.0
3.0 2 12.5 62.5
5.0 1 6.3 68.8
6.0 1 6.3 75.0
7.0 2 12.5 87.5
8.0 2 12.5 100.0
Total 16 100.0

VAS indicates Visual Analog Scale.
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investigating best candidates for PCF we found no sta-
tistically significant outcome difference in our series in
terms of VAS of arm or neck pain regardless the cause of
stenosis (hard or soft disk), similar to results of Korinth
et al7 and Terai et al.36 Therefore, we can recommend this
technique for the treatment of both acute and chronic
cervical nerve root compression syndromes.

Cost-effectiveness must be taken into account as
well. Terai et al36 conclude that PCF is more cost-effective
and allows quicker return to unrestricted activity com-
pared with ACDF.

Limitations of this study are well known, foremost
its retrospective design and relatively small groups, fur-
thermore the lack of a control group and of consistent
preoperative VAS records.

CONCLUSIONS
Minimally invasive cervical foraminotomy is a safe

and effective procedure for decompression of cervical
nerve roots regardless of the type of the stenosis. Al-
though it omits risks of ACDF its application is limited to
lateral pathologies with no spinal cord involvement or
central disk herniation. Despite minimizing dissection of
the neck muscles, employing minimally invasive technique
still causes neck pain in the long term, affecting up to 25%
of patients. More randomized control studies are required
to clarify the benefit of minimally invasive PCF compared
with standard open PCF, especially concerning adjacent
level disease.
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