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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.
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Background
Radiating pain to the arm caused by cervical radiculopathy (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 herniation 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]. Randhakrishnan 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 symptomatic 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.

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

Surgical methods include anterior cervical decompression and fusion (ACDF) or disc replacement, and foraminotomy 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 foraminotomy for patients with severe CR. The purpose of this
study was to evaluate factors related to true subjective satisfaction 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 foraminotomy 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, including 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 foramen, operated side, operation time, estimated blood
loss, complications related to the operation, and occurrence of re-operation in 1 year were all obtained from
medical records. We also obtained the following outcome scores by self-written questionnaire. The NDI
score [14] was assessed preoperatively and 1 year postoperatively to evaluate the degree of disability. The numerical 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 comprehensive quality of life [15]. We used the EQ-5D-3 L version 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 satisfaction 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 survey 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 variables. In the satisfaction analysis, we converted the
aforementioned seven-level rating scale into a two-level
rating scale. We regarded the median answer of “borderline” 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)

Table 3 Pre- and postoperative scores

Age

52.9 ± 11.8

Female

8 (19.0)

BMI (kg/m2)

24.2 ± 4.3

Smoking status

6 (14.3)

NDI (0–100)

32.8 ± 14.7

NRS; neck (0–10)

4.4 ± 3.2

NRS; upper back (0–10)

4.3 ± 3.5

NRS; arm (0–10)

5.4 ± 3.3

EQ-5D (0–1)

0.67 ± 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 estimated 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 postoperatively (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

Level of the operated foramen

Operated side of foramen (cases)

1

29

2

13

C4/5

2

C5/6

30

C6/7

19

C7/T1

4

Right / Left

24 / 31 (18 / 24)

Operation time (min.)

72.7 ± 32.5

Operation time for one level (min.)

57.7 ± 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 postoperation

NDI (0–100)

32.8 ± 14.6

14.8 ± 11.6

< 0.0001*

18.0

NRS; neck
(0–10)

4.4 ± 3.2

1.8 ± 2.3

< 0.0001*

2.6

NRS; upper
back (0–10)

4.3 ± 3.5

1.5 ± 2.2

< 0.0001*

2.8

NRS; arm
(0–10)

5.4 ± 3.3

2.0 ± 2.6

< 0.0001*

3.4

EQ-5D (0–1)

0.67 ± 0.13

0.81 ± 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 preoperative 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 operation, and a large portion of the subjects were subjectively 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

Extremely satisfied/willing

Subjective
satisfaction

Willingness to undergo the
same operation if needed

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/
unwilling

0

0

Total

42

42
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Table 5 Factors related to subjective satisfaction
Satisfied
(n = 34)

Unsatisfied
(n = 8)

P

50.5 ± 10.3

62.9 ± 3.8

0.0062*

Male
(n = 34)

76.5

23.5

0.3163

Female
(n = 8)

100

0

24.6 ± 4.5

22.4 ± 2.7

0.1838

50.0

50.0

0.0456*

Age
Sex

BMI (kg/m2)
Smoking status

Yes

Table 6 Factors related to willingness to undergo the same
operation if needed

Age
Sex

No

91.3

8.7

Number of operated
foramen

1 (n = 29)

82.8

17.2

2 (n = 13)

76.9

23.5

Operated side

Right
(n = 18)

83.3

16.7

Left
(n = 24)

79.2

Unwilling
(n = 6)

P

53.4 ± 11.2

49.5 ± 16.1

0.4594

Male
(n = 34)

82.4

17.6

0.5757

Female
(n = 8)

100

0

BMI (kg/m2)
Smoking status

Willing
(n = 36)

24.7 ± 4.2

21.1 ± 3.0

0.0542

Yes

66.7

33.3

0.2693

No

87.0

13.0

Number of operated
foramen

1 (n = 29)

86.2

13.8

2 (n = 13)

84.6

15.4

Operated side

Right
(n = 18)

83.3

16.7

Left
(n = 24)

87.5

12.5

0.6861

1.0000

20.8

Pre-operation

1.0000

1.0000

NDI (0–100)

35.4 ± 14.4

22.2 ± 10.6

0.0209*

Pre-operation

NRS; neck (0–10)

4.4 ± 3.0

4.5 ± 4.2

0.9077

NDI (0–100)

34.8 ± 14.0

15.6 ± 6.0

0.0109*

NRS; upper back (0–10)

4.1 ± 3.5

5.3 ± 3.7

0.4010

NRS; neck (0–10)

4.5 ± 3.2

3.7 ± 3.4

0.5575

4.5 ± 3.5

3.0 ± 3.5

0.3335

NRS; arm (0–10)

5.4 ± 3.3

5.8 ± 3.9

0.7661

NRS; upper back (0–10)

EQ-5D (0–1)

0.65 ± 0.12

0.72 ± 0.15

0.2255

NRS; arm (0–10)

5.9 ± 3.2

2.8 ± 3.5

0.0379*

EQ-5D (0–1)

0.65 ± 0.12

0.78 ± 0.11

0.0140*

Post-operation
NDI (0–100)

13.6 ± 10.8

20.0 ± 14.0

0.1629

Post-operation

NRS; neck (0–10)

1.6 ± 2.3

2.3 ± 2.7

0.5198

NDI (0–100)

14.2 ± 10.6

18.0 ± 17.6

0.4744

NRS; upper back (0–10)

1.4 ± 2.1

2.0 ± 2.4

0.4517

NRS; neck (0–10)

1.7 ± 2.3

2.2 ± 2.6

0.6537

1.4 ± 2.1

2.0 ± 2.5

0.5269

NRS; arm (0–10)

1.7 ± 2.3

3.5 ± 3.5

0.0424*

NRS; upper back (0–10)

EQ-5D (0–1)

0.82 ± 0.14

0.77 ± 0.16

0.3239

NRS; arm (0–10)

2.1 ± 2.7

1.8 ± 2.7

0.8336

EQ-5D (0–1)

0.80 ± 0.15

0.85 ± 0.11

0.4436

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 previous study; therefore, we can infer that microendoscopic 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 satisfaction 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.

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 unwilling 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 anterior 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 decompression 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 preoperative 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, improvement 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 surgical outcomes from other methods of operation, such as
ACDF, 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 conservative, 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 microendoscopic foraminotomy for CR include younger age,
non-smoking status, high preoperative NDI score, high
preoperative NRS score for the arm, low preoperative EQ5D score, and a low postoperative NRS score for the arm.
Abbreviations
ACDF: Anterior cervical decompression and fusion; BMI: Body mass index;
CR: Cervical radiculopathy; EQ-5D: EuroQOL-5D; MCID: Minimal clinically
important difference; NDI: Neck disability index; NRS: numerical rating scale
Acknowledgements
We would like to thank Hiromi Yamanobe, Ai Ido, Kumiko Shimada, and Yuka
Miura, who are the medical clerks at the hospital, for collecting the data.
Funding
No funding was obtained for this study.
Availability of data and materials
The dataset supporting the conclusions of this article is proprietary to Iwai
Orthopaedic Medical Hospital and will not be shared, because the hospital
restricts sharing of the raw data with concerned personnel only.
Authors’ contributions
JT and HI conceived the study. JT, HI, YT, HK, YY, RS, YO, and SB performed the
experiments, the acquisition of data, and the interpretation of the results. HO
conducted the statistical analysis. JT drafted the manuscript. HO, ST, and KM
revised it critically. ST and KM supervised the study. All authors participated in
the review of the manuscript for important intellectual content. All authors
have read and approved the final version of the manuscript.
Ethics approval and consent to participate
This study was approved by the medical ethics review board of Iwai Orthopaedic
Medical Hospital. Written informed consent was obtained from all patients.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
Department of Orthopedic Surgery, Kanto Rosai Hospital, 1-1
Kizukisumiyoshicho, Nakahara-ku, Kawasaki-city, Kanagawa 211-8510, Japan.
2
Department of Orthopedic Surgery, Inanami Spine and Joint Hospital, 3-17-5
Higashishinagawa, Shinagawa-ku, Tokyo 140-0002, Japan. 3Department of
Orthopedic Surgery, Iwai Orthopaedic Medical Hospital, 8-17-2 Minamikoiwa,
Edogawa-ku, Tokyo 133-0056, Japan. 4Department of Medical Research and
Management for Musculoskeletal Pain, 22nd Century Medical and Research
Center, Faculty of Medicine, The University of Tokyo, 7-3-1 Hongo Bunkyo-ku,
Tokyo 113-8655, Japan. 5Department of Orthopedic Surgery, Faculty of
Medicine, The University of Tokyo, 7-3-1 Hongo Bunkyo-ku, Tokyo 113-8655,
Japan.

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

Page 6 of 6

Received: 24 May 2017 Accepted: 16 January 2018

References
1. Woods BI, Hilibrand AS. Cervical radiculopathy: epidemiology, etiology,
diagnosis, and treatment. J Spinal Disord Tech. 2015;28:E251–9.
2. Iyer S, Kim HJ. Cervical radiculopathy. Curr Rev Musculoskelet Med.
2016;9:272–80.
3. Radhakrishnan K, Litchy WJ, O'Fallon WM, Kurland LT. Epidemiology of
cervical radiculopathy. A population-based study from Rochester,
Minnesota, 1976 through 1990. Brain. 1994;117(Pt 2):325–35.
4. Sampath P, Bendebba M, Davis JD, Ducker T. Outcome in patients with
cervical radiculopathy. Prospective, multicenter study with independent
clinical review. Spine. 1999;24:591–7.
5. Rhee JM, Yoon T, Riew KD. Cervical radiculopathy. J Am Acad Orthop Surg.
2007;15:486–94.
6. Saal JS, Saal JA, Yurth EF. Nonoperative management of herniated cervical
intervertebral disc with radiculopathy. Spine. 1996;21:1877–83.
7. Selvanathan SK, Beagrie C, Thomson S, et al. Anterior cervical discectomy
and fusion versus posterior cervical foraminotomy in the treatment of
brachialgia: the Leeds spinal unit experience (2008-2013). Acta Neurochir.
2015;157:1595–600.
8. McAnany SJ, Kim JS, Overley SC, Baird EO, Anderson PA, Qureshi SA. A
meta-analysis of cervical foraminotomy: open versus minimally-invasive
techniques. Spine J. 2015;15:849–56.
9. Dodwad SJ, Dodwad SN, Prasarn ML, Savage JW, Patel AA, Hsu WK.
Posterior cervical foraminotomy: indications, technique, and outcomes. Clin
Spine Surg. 2016;29:177–85.
10. Song Z, Zhang Z, Hao J, et al. Microsurgery or open cervical foraminotomy
for cervical radiculopathy? A systematic review. Int Orthop. 2016;40:1335–43.
11. Abtahi AM, Lyman KS, Brodke DS, Lawrence BD, Zhang C, Spiker WR. Patient
satisfaction is not associated with self-reported disability in a spine patient
population. Clin Spine Surg. 2016 Oct 19; [Epub ahead of print]
12. Godil SS, Parker SL, Zuckerman SL, et al. Determining the quality and
effectiveness of surgical spine care: patient satisfaction is not a valid proxy.
Spine J. 2013;13:1006–12.
13. Fessler RG, Khoo LT. Minimally invasive cervical microendoscopic foraminotomy:
an initial clinical experience. Neurosurgery. 2002;51(5 Suppl):S37–45.
14. Vernon H, Mior S. The neck disability index: a study of reliability and validity.
J Manip Physiol Ther. 1991;14:409–15.
15. Rabin R, de Charro F. EQ-5D: a measure of health status from the EuroQol
group. Ann Med. 2001;33:337–43.
16. Tsuchiya A, Ikeda S, Ikegami N, et al. Estimating an EQ-5D population value
set: the case of Japan. Health Econ. 2002;11:341–53.
17. Parker SL, Godil SS, Shau DN, Mendenhall SK, McGirt MJ. Assessment of the
minimum clinically important difference in pain, disability, and quality of life
after anterior cervical discectomy and fusion: clinical article. J Neurosurg
Spine. 2013;18:154–60.
18. Jackson KL 2nd, Devine JG. The effects of smoking and smoking cessation
on spine surgery: a systematic review of the literature. Global Spine J. 2016;
6:695–701.
19. Kato S, Takeshita K, Matsudaira K, Tonosu J, Hara N, Chikuda H.
Normative score and cut-off value of the neck disability index. J Orthop
Sci. 2012;17:687–93.
20. Donk R, Verbeek A, Verhagen W, Groenewoud H, Hosman A, Bartels R. The
qualification of outcome after cervical spine surgery by patients compared
to the neck disability index. PLoS One. 2016;11:e0161593.
21. Godil SS, Parker SL, Zuckerman SL, Mendenhall SK, McGirt MJ. Accurately
measuring the quality and effectiveness of cervical spine surgery in registry
efforts: determining the most valid and responsive instruments. Spine J.
2015;15:1203–9.
22. DeVine J, Norvell DC, Ecker E, et al. Evaluating the correlation and
responsiveness of patient-reported pain with function and quality-of-life
outcomes after spine surgery. Spine. 2011;36(21 Suppl):S69–74.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

