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Abstract

Background: Microendoscopic foraminotomy has been reported to be effective for the treatment of cervical
radiculopathy, using outcome measurement scores such as the neck disability index (NDI) and numerical rating
scale (NRS). However, the scores for spine surgery do not always reflect the true subjective satisfaction of the
patient. The purpose of this study was to evaluate factors related to subjective satisfaction following
microendoscopic foraminotomy for cervical radiculopathy.

Methods: The subjects consisted of consecutive patients who underwent microendoscopic foraminotomy for
cervical radiculopathy. Patient background information and operative data were collected. The NDI, the NRS score
for the neck, upper back, and arm, and the EuroQOL-5D (EQ-5D) were assessed preoperatively and 1 year
postoperatively. Postoperative subjective satisfaction was also assessed as a direct evaluation of satisfaction, and
willingness to undergo the same operation if needed was assessed as an indirect evaluation.

Results: A total of 42 patients were included in this study. The mean age was 52.9 + 11.8 years; 19.0% were female
and 81.0% were male. The operation time for one level was 57.7 min and the estimated blood loss was minimal in
most cases. All NDI, NRS, and EQ-5D scores improved significantly postoperatively. Univariate analyses revealed that
the factors related to subjective satisfaction were younger age, non-smoking status, high preoperative NDI score,
and low postoperative NRS score for the arm. Factors related to the willingness to undergo the same operation if
needed were high preoperative NDI scores, high preoperative NRS scores for the arm, and low preoperative EQ-5D
scores.

Conclusions: Factors related to subjective satisfaction following microendoscopic foraminotomy include younger
age, non-smoking status, high preoperative NDI score, high preoperative NRS score for the arm, low preoperative
EQ-5D score, and a low postoperative NRS score for the arm.

Keywords: Cervical radiculopathy, Microendoscopic foraminotomy, Satisfaction

Background

Radiating pain to the arm caused by cervical radiculopa-
thy (CR) is a common cause of disability in activities of
daily life. CR is a clinical condition resulting from the
compression of cervical nerve roots. Compression of the
nerve root may occur by impingement due to disc hernia-
tion or bony osteophytes. It typically presents as unilateral
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arm pain and upper back pain around the scapula, and
sometimes, motor weakness of the arm [1, 2]. Randhak-
rishnan et al. estimated that the annual incidence of
cervical radiculopathy is 107.3 per 100,000 for men and
63.5 per 100,000 for women [3]. Some studies have
suggested that the natural history of CR is favorable and
self-limiting [3, 4], and nearly 90% of patients have symp-
tomatic improvement with conservative treatment [5, 6].
However, some patients with CR do not respond to
conservative therapy and subsequently require surgery.

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12891-018-1947-4&domain=pdf
mailto:juichitohnosu@yahoo.co.jp
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/

Tonosu et al. BMC Musculoskeletal Disorders (2018) 19:30

Surgical methods include anterior cervical decompres-
sion and fusion (ACDF) or disc replacement, and fora-
minotomy using a posterior approach. Both methods
have been reported to be effective for the treatment of
CR [1, 2, 7]. Posterior foraminotomy is performed by an
open approach or minimally invasive approach using a
microscope or endoscope. A review of the literature has
revealed that foraminotomy for CR provides good
clinical results by both the open and minimally invasive
approach, although the minimally invasive approach
results in less blood loss, shorter operation time, and
shorter hospital stays than the open approach [2, 8-10].
However, outcome measurement scores for spine
surgery, such as the neck disability index (NDI), do not
always reflect the true subjective satisfaction of the
patient [11, 12]. True subjective satisfaction following
surgery has not been well-estimated.

Since the introduction of microendoscopic foraminotomy
in 2002 [13], we have performed microendoscopic forami-
notomy for patients with severe CR. The purpose of this
study was to evaluate factors related to true subjective satis-
faction following microendoscopic foraminotomy for CR.

Methods

Subjects

We typically diagnose CR using physical findings, X-rays,
magnetic resonance imaging, and computed tomography.
In addition, we sometimes perform electromyography and
transforaminal epidural nerve block injections during
diagnosis. Patients who do not respond sufficiently to a
three-month course of conservative therapy proceed to
surgery. We collected the data of consecutive patients
who underwent microendoscopic foraminotomy between
May 2012 and June 2014 from the operation database of
our hospital. We performed microendoscopic foraminot-
omy on 44 patients in this time frame. Of these 44
patients, we excluded two who did not fully complete the
preoperative and postoperative evaluations. Therefore, a
total of 42 subjects were included in this study.

Patient background information was collected, includ-
ing age, sex, height, weight, and smoking status. Body
mass index (BMI) was calculated from the height and
weight data. The number and level of the operated for-
amen, operated side, operation time, estimated blood
loss, complications related to the operation, and occur-
rence of re-operation in 1 year were all obtained from
medical records. We also obtained the following out-
come scores by self-written questionnaire. The NDI
score [14] was assessed preoperatively and 1 year post-
operatively to evaluate the degree of disability. The nu-
merical rating scale (NRS) score for the neck, upper
back, and arm was also assessed to evaluate the degree
of pain. The area of pain was shown diagrammatically
on the questionnaire. The EuroQOL-5D (EQ-5D) score
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was also used to evaluate disability by assessing compre-
hensive quality of life [15]. We used the EQ-5D-3 L ver-
sion and calculated the score according to the previous
literature [16]. Postoperative subjective satisfaction and
willingness to undergo the same operation if needed
were also assessed, using a seven-level rating scale with
the following levels: extremely satisfied/willing, very
satisfied/willing, satisfied/willing, borderline, unsatisfied/
unwilling, very unsatisfied/unwilling, and extremely
unsatisfied/unwilling. We regarded the former question
(subjective satisfaction) as a direct evaluation of satisfac-
tion and the latter question (willingness to undergo the
same operation if needed) as an indirect evaluation of
satisfaction. We divided the patients into a satisfied and
unsatisfied group and a willing and unwilling group so
that we could evaluate factors related to true subjective
satisfaction following microendoscopic foraminotomy
for CR.

Statistical methods
We compared the baseline characteristics of both
groups, and analyzed the factors related to subjective
satisfaction and the willingness to undergo the same
operation if needed. To evaluate the relationship
between the response to the subjective satisfaction sur-
vey and willingness to undergo the same operation if
needed, a correlation analysis between the response to
the subjective satisfaction survey and the willingness to
undergo the same operation was evaluated by Fisher’s
exact test. Descriptive statistics are presented as means
and standard deviations or frequencies and percentages.
Between-group differences in baseline characteristics
were evaluated using Fisher’s exact test for categorical
variables and the Student’s t-test for continuous vari-
ables. In the satisfaction analysis, we converted the
aforementioned seven-level rating scale into a two-level
rating scale. We regarded the median answer of “border-
line” as “unsatisfied” and “unwilling.” Subjects were
grouped into a satisfied and unsatisfied group, and a
willing and unwilling group based on their responses.
Statistical analysis was performed using the JMP 11.0
software program (SAS Institute, Cary, NC, USA). A P
value < 0.05 was considered significant.

Results

A total of 42 patients were included in this study. The
mean age was 52.9 + 11.8 years; 19.0% were female and
81.0% were male. The baseline characteristics and
preoperative evaluations are shown in Table 1.

Details of the operations are shown in Table 2.
One-level foraminotomy was performed in 29 cases and
two-level foraminotomy in 13 cases. The operated side
of the two-level foraminotomies was the same side in all
13 cases. The cervical level most frequently addressed
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Table 1 Demographic data (n=42)
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Table 3 Pre- and postoperative scores

Age 529+118
Female 8 (19.0)
BMI (kg/m?) 242+43
Smoking status 6 (14.3)
NDI (0-100) 328+14.7
NRS; neck (0-10) 44+32
NRS; upper back (0-10) 43+35
NRS; arm (0-10) 54+33
EQ-5D (0-1) 067+0.13

Data are shown as mean + SD or number of participants (%). BMI, body mass
index; NDI, Neck disability index; NRS, numerical rating scale;
EQ-5D, EuroQOL-5D

was C5/6, followed by C6/7. Herniotomy was performed
in addition to foraminotomy in seven cases. The esti-
mated blood loss was minimal in almost all cases with
the exception of two cases with blood loss of 100 ml and
500 ml, respectively. Much of the bleeding in these cases
resulted from the venous plexus craniad to the nerve
root. Three cases exhibited temporary postoperative
muscle weakness, although they recovered in 1 month, 6
months, and 1 year, respectively. Additional herniotomy
had been performed in one of these three cases. There
were no incidences of dural tear or nerve root injury,
and no cases of re-operation within 1 year.

All NDI scores, NRS scores for the neck, upper back,
and arm, and EQ-5D scores improved significantly post-
operatively (Table 3). The number of patients who were
subjectively satisfied with the operation was 34, whereas
8 were not. The number of patients who would be willing
to undergo the same operation if needed was 36, whereas
6 would be unwilling. The responses to the subjective

Table 2 Details of the operations

Number of operated foramen 1 29
2 13
Level of the operated foramen C4/5 2
C5/6 30
ce/7 19
c7/m 4
Operated side of foramen (cases) Right / Left 24 /31 18/ 24)
Operation time (min.) 727 +325
Operation time for one level (min.) 577 +27.1
Complications
Temporary muscle weakness 3(7.0)
Dural tear 0(0.0)
Nerve root injury 0 (0.0)
Re-operation 0 (0.0)

Data below operation time are shown as mean + SD or number of
participants (%)

Pre-operation  Post-operation P Pre-operation

minus post-
operation

NDI (0-100) 328+ 146 148+ 116 <0.0001* 180

NRS; neck 44+32 1.8+23 <0.0001* 26

(0-10)

NRS; upper  43+35 1.5+22 <0.0001* 28

back (0-10)

NRS; arm 54+33 20+26 <0.0001* 34

(0-10)

EQ-5D (0-1) 067+0.13 081+0.14 <0.0001* -0.14

Data are shown as mean + SD or number of participants (%). *: P < 0.05
NDI, Neck disability index; NRS, numerical rating scale; EQ-5D, EuroQOL-5D

satisfaction survey and willingness to undergo the same
operation were significantly related (P = 0.0079). Details of
the subjective satisfaction survey and willingness to
undergo the same operation if needed are shown in
Table 4. Univariate analyses of factors related to subjective
satisfaction are shown in Table 5. There were significant
associations between subjective satisfaction at 12 months
after the operation and age (P =0.0062), smoking status
(P=0.0456), preoperative NDI score (P=0.0209), and
NRS score for the arm (P=0.0424). There were
significant associations between the willingness to
undergo the same operation if needed and preopera-
tive NDI score (P=0.0109), NRS score for the arm
(P =0.0379), and EQ-5D score (P =0.0140) (Table 6).

Discussion

In this study, all of the outcome measurement scores for
pain and disability improved significantly after the oper-
ation, and a large portion of the subjects were subject-
ively satisfied with the operation. Parker et al. have
reported the minimal clinically important difference
(MCID) of the NDI, NRS, and EQ-5D for ACDF for CR
[17]. They reported that the MCIDs of the NDI, NRS for
the neck, NRS for the arm, and EQ-5D are 17.3, 2.6, 4.1,
and 0.24, respectively. The differences in the scores in

Table 4 Details of subjective satisfaction and willingness to
undergo the same operation if needed

Subjective Willingness to undergo the
satisfaction same operation if needed

Extremely satisfied/willing 12 15

Very satisfied/willing 14 14

Satisfied/willing 8 7

Borderline 4 5

Unsatisfied/unwilling 3 0

Very unsatisfied/unwilling 1 1

Extremely unsatisfied/ 0 0

unwilling

Total 42 42
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Table 5 Factors related to subjective satisfaction

Satisfied Unsatisfied P
(n=34) (n=8)

Age 505+103 629+38  0.0062*
Sex Male 76.5 235 03163

(n=34)

Female 100 0

(n=38)
BMI (kg/m?) 246+45 224+27 01838
Smoking status Yes 500 500 0.0456*

No 913 8.7
Number of operated 1(h=29 828 17.2 0.6861
foramen 2(1=13) 769 235
Operated side Right 833 16.7 1.0000

(n=18)

Left 79.2 20.8

(n=124)
Pre-operation
NDI (0-100) 354+144 222+106 0.0209*
NRS; neck (0-10) 44+30 45+42 0.9077
NRS; upper back (0-10) 41+35 53+37 04010
NRS; arm (0-10) 54+33 58+39 0.7661
EQ-5D (0-1) 065012 072+0.15 0.2255
Post-operation
NDI (0-100) 136+108 200+140 0.1629
NRS; neck (0-10) 16+23 2327 0.5198
NRS; upper back (0-10) 14+2.1 20+24 04517
NRS; arm (0-10) 1.7+£23 35+£35 0.0424*
EQ-5D (0-1) 082£0.14 077+0.16 03239

Data are shown as mean + SD or number of participants (%). *: P < 0.05. BMI,
body mass index; NDI, Neck disability index; NRS, numerical rating scale;
EQ-5D, EuroQOL-5D

the current study, using the same questionnaires, were
18.0, 2.6, 3.4, and 0.14, respectively. The differences for
the NDI and NRS for the neck are equivalent to the pre-
vious study; therefore, we can infer that microendo-
scopic foraminotomy for CR reduced disability and neck
pain in a manner similar to ACDF for CR.

We also evaluated whether patients would be willing
to undergo the same operation in the future, if needed,
as well as subjective satisfaction in order to assess satis-
faction both indirectly and directly. The two questions
were significantly related; however, some of the results
differed between the two questions.

Younger age, non-smoking status, high preoperative
NDI score, and low postoperative NRS score for the arm
were observed to be significantly different in those who
were subjectively satisfied. A systematic review showed
that the effectiveness of cervical and lumbar surgery in
smokers is lower than that in non-smokers [18]. Our
results were consistent with these findings.
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Table 6 Factors related to willingness to undergo the same
operation if needed

Willing Unwilling P
(n=36) (n=6)

Age 534+£112 495+16.1 0459
Sex Male 824 176 0.5757

(n=134)

Female 100 0

(n=8)
BMI (kg/mz) 247 +42 211 £30 0.0542
Smoking status Yes 66.7 333 0.2693

No 87.0 13.0
Number of operated 1(n=29 862 138 1.0000
foramen 2(1=13) 846 154
Operated side Right 833 16.7 1.0000

(n=18)

Left 87.5 125

(n=24)
Pre-operation
NDI (0-100) 348+140 156+60 0.0109*
NRS; neck (0-10) 45+32 37+34 05575
NRS; upper back (0-10) 45+35 30+£35 0.3335
NRS; arm (0-10) 59+32 28+35 0.0379*
EQ-5D (0-1) 065+0.12 078+0.11 0.0140*
Post-operation
NDI (0-100) 142+106 180+176 04744
NRS; neck (0-10) 1.7+£23 22+26 0.6537
NRS; upper back (0-10) 14+2.1 20+£25 0.5269
NRS; arm (0-10) 2127 18+£27 0.8336
EQ-5D (0-1) 080+£0.15 085+0.11 04436

Data are shown as mean + SD or number of participants (%). *: P < 0.05. BMI,
body mass index; NDI, Neck disability index; NRS, numerical rating scale;
EQ-5D, EuroQOL-5D

The preoperative NDI score of 22.2 in the unsatisfied
group was significantly lower than that of 35.4 in the
satisfied group. A previous study established that the
cut-off value for disability using the NDI is 15 [19].
Although the NDI of both groups indicates the presence
of disability, those who were in the unsatisfied group
were less disabled preoperatively and therefore had less
subjective improvement in pain and disability than
expected. Similarly, the difference between the respective
preoperative NDI scores of 15.6 and 34.8 in those un-
willing and willing to undergo the same operation if
needed could be explained by the same aforementioned
reason. Although there were no statistically significant
differences in the postoperative NDI scores between the
satisfied group and the unsatisfied group (13.6 vs. 20.0,
respectively), and those willing and unwilling to undergo
the same surgery if needed (14.2 vs. 18.0, respectively),
only the mean postoperative NDI scores of the satisfied
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group and those willing to undergo future surgery were
less than the disability cut-off value of 15 [19]. In that
sense, postoperative disability could also be related to
subjective satisfaction. A previous study showed that an-
terior cervical surgery for CR is regarded as effective
when the postoperative NDI is seven or less [20]. The
relatively high score of the postoperative NDI in the
current study could be attributed to the fact that the
posterior approach only provided indirect decompres-
sion of the nerve root, which was compressed on the
anterior side. A previous study concluded that the NDI
is the most valid and responsive measure of the
improvement in pain and disability after cervical spine
surgery [21], and our results were consistent with this
report, confirming that preoperative and postoperative
disability could be related to subjective satisfaction.

The mean postoperative NRS score for the arm was
1.7 in the satisfied group, which was significantly lower
than that of 3.5 in the unsatisfied group. The mean pre-
operative NRS score for the arm was 5.9 in those willing
to undergo the same operation if needed, which was
significantly higher than that of 2.8 in those unwilling to
undergo the same operation. Those who were unwilling
to undergo the same operation had less arm pain
preoperatively and therefore experienced less subjective
improvement in pain than expected. Therefore, improve-
ment in arm pain could also be a factor related to
subjective satisfaction, as in the previous study [21].

A systematic review of patient-reported scores for
quality-of-life outcomes for spine surgery showed that
the EQ-5D is a useful tool [22]. The mean preoperative
EQ-5D of 0.65 in those willing to undergo the same
operation if needed was significantly lower than that of
0.78 in those unwilling to undergo the same operation.
As with the NDI and NRS score for the arm, a score of
0.78 might indicate less disability in those unwilling to
undergo the same operation if needed.

There were some limitations to the current study.
First, we did not compare patient satisfaction with surgi-
cal outcomes from other methods of operation, such as
ACDE for CR in this study. Second, we could not
perform multivariate analyses because the number of
patients who were unsatisfied with the operation and
those unwilling to undergo the same operation if needed
were too low. Third, the follow-up period was relatively
short at 1 year. If we followed these patients for a longer
period, the outcomes might have been different. Fourth,
there was selection bias among our patients. We were
not able to acquire information about the number of
those who responded to conservative treatment for CR
in our hospital. Since therapy for CR is usually conserva-
tive, one indication for the operation is determined by
the willingness of the patient to proceed with surgery.
As such, the subjects of the current study might have a
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tendency to be willing to undergo surgery. Furthermore,
the patients from one hospital may not represent all
patients with CR in general.

Conclusions

Factors related to subjective satisfaction following micro-
endoscopic foraminotomy for CR include younger age,
non-smoking status, high preoperative NDI score, high
preoperative NRS score for the arm, low preoperative EQ-
5D score, and a low postoperative NRS score for the arm.
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