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Background: A diseased lumbar intervertebral vacuum disc void of any structurally intact tissue may 
be vertically unstable. A primary standalone endoscopic decompression and interbody fusion surgery in 
the treatment of vertical instability in patients with a vacuum disc may be a more reliable treatment than 
decompression alone. 
Methods: The authors solicited responses to an online survey sent to spine surgeons by email, and chat 
groups on social media networks, including Facebook, WeChat, WhatsApp, and Linkedin. Descriptive and 
correlative statistics were employed to count the responses and compare the surgeon’s responses recorded 
on a Likert scale from 1 (disagree) to 10 (agree) or in multiple-choice questions. Surgeons were asked about 
their familiarity with the concept of vacuum disc and vertical instability and how they would treat such 
patients. Kappa statistics and linear regression analysis of agreement of incoming responses were performed.
Results: A total of 1,165 surgeons accessed the survey. The completion rate was 22.78. The majority 
surgeons were very familiar with the concept of a “vacuum disc” as a sign of end-stage lumbar degenerative 
disc disease and a collapsing lumbar motion segment (182/273; 66.7%; Likert score 6.53). The majority 
of surgeons also thought that vertical instability precedes anterolateral lumbar instability (187/273; 
68.5%; Likert score 6.64) and that a vacuum disc may cause vertical instability with symptomatic dynamic 
foraminal & lateral recess stenosis (222/273; 81%; Likert score 7.48), mechanical back pain (201/273; 
73.1%; Likert score 7.48), and may cause sciatica-type low back and leg pain (179/273; 66.3%; Likert score 
6.59). The majority of surgeons indicated that vacuum phenomenon on radiographic studies is associated 
with vertical instability and collapse resulting in dynamic foraminal and lateral recess stenosis and should 
be treated surgically (199/266; 73.7%; 7 missing responses; Likert score 6.86). Preferred treatments were 
decompression alone without fusion (P<0.014). There was consensus in support of fusion by TLIF or PLIF 
with a Likert score of 6.68 (184/266; 69.2%; 7 missing responses). There was no consensus on standalone 
fusion.
Conclusions: Vacuum phenomenon on radiographic studies is associated with a vertical instability and 
collapse, resulting in dynamic foraminal and lateral recess stenosis that should be treated surgically. Preferred 
surgical treatments were decompression alone, decompression with interbody fusion using just bone graft, 
and fusion employing TLIF or PLIF. Further research into the clinical significance of lumbar vacuum disc, 
vertical instability and its most appropriate surgical treatments if any is necessary.
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Introduction

Minimally invasive spinal surgery techniques (MISST) and 
endoscopic spinal fusion techniques, in particular, have 
received some attention recently as a means to further 
simplify spinal surgery for patients and to facilitate their 
transition into outpatient ambulatory surgery center (ASC) 
setting (1-4). Various applications of endoscopic spinal 
surgery techniques in the delivery of interbody fusion cages 
in combination with percutaneous bilateral or unilateral 
pedicle screw constructs or as standalone endoscopic fusion 
have been demonstrated, proposed by different surgeons 
and stakeholders (4). The authors of this article were 
explicitly interested in better understanding the opinions 
of the surgeons surveyed. Some opinions reflect the use of 
fusion regarding indications and patient selection criteria 
for a standalone endoscopic decompression and interbody 
fusion surgery (5).

The well-accepted indications for open lumbar 
decompression and spinal  fusion surgery include 
spondylolisthesis with motion on dynamic lateral extension-
flexion views and decompression induced instability for 
severe spinal stenosis dictating aggressive resection of 
the posterior spinal elements. However, these traditional 
indications for open translaminar lumbar fusion surgery 
may not be ideal for the successful application of endoscopic 
spinal surgery techniques. While advances in endoscopic 
decompression technologies with motorized burrs and 
more effective larger-diameter endoscopic rongeurs 
equaling those used in open surgeries have certainly allowed 
expanding the indications of endoscopic surgery, treating 
patients with end-stage degenerative disc- and facet disease 
with associated severe central stenosis or greater than Grade 
I spondylolisthesis may be pushing the limits of endoscopic 
surgery. Instead, patients with less severe forms of spinal 
stenosis affecting predominately the lateral recess or the 
foramina are more likely to be chosen for the endoscopic 
decompression procedure. Many of these patients may 
be successfully treated in such a way with favorable long-

term outcomes, even up to five years postoperatively (6). 
However, some patients—particularly those with end-stage 
lumbar disease and persistent or progressive postoperative 
vertical or anterolateral instability—may require additional 
surgeries for recurrent symptoms in spite of initial functional 
improvements. A vacuum phenomenon on preoperative 
imaging studies has been recognized as a radiographic sign of 
end-stage degenerative disc disease (7-23). It correlates with 
a dysfunctional delaminated, fissured, cavitated or entirely 
hollow lumbar intervertebral disc (17,19) often directly 
visualized during routine endoscopy (5).

The authors of this study stipulate that such a diseased 
lumbar intervertebral vacuum disc void of any structurally 
intact tissue is at the end of its biological life cycle and 
that treating it with a primary reconstructive interbody 
fusion procedure may deliver more reliable long-term 
functional outcome improvements in patients who suffer 
from it. A simplified standalone outpatient endoscopic 
lumbar interbody fusion procedure may be an elegant 
way to treat this group of patients in a more durable 
manner diminishing the overall utilization by avoiding 
costly aftercare and early repetitive revision surgeries. It 
is evident that such a clinical protocol calling for primary 
intervertebral height reconstruction by interbody fusion 
in cases of vacuum disc invites controversy and deserves 
further investigation before its implementation in routine 
practice. In this survey study, the authors attempted 
to vet the opinions of practicing spine surgeons about 
the significance of a vacuum disc and the concept 
of vertical instability. At the outset of this study, the 
authors intended to use this consensus-building opinion 
research in the value-based discussion of early and staged 
intervention of common painful lumbar degenerative 
conditions—a concept that is in direct competition with 
traditional spine care delivery models where escalating 
cost of treating the end-stage of lumbar spine disease 
may simply hamper its affordability unless rationed. 
Treatment for pain is complex and multifactorial. Pain is 
an end result of normal physiologic aging, and patients 
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respond differently along with cultural differences. 

Methods

The authors used an approach of soliciting responses to 
an online survey they had employed in other survey-based 
opinion research. The questionnaire was sent to prospective 
respondent surgeons by email, chat groups in social 
networks including Facebook, WeChat, WhatsApp, and 
LinkedIn. The survey was available online (www.typeform.
com) and distributed via a link distributed through these 
social network media to surgeons worldwide. The details 
of the survey methodology have been described in detail 
elsewhere. Surgeons could answer the survey question 
on their computer, laptop, and any hand-held devices 
such as an iPad, or a cellular smartphone. Surgeons were 
asked to answer a variety of clinical questions by choosing 
their level of agreement on a Likert scale from 1 to 10—
with 1 being equivalent to complete disagreement and 
10 being equal to complete agreement (24-28). Several 
additional multiple-choice questions were also included. 
Responding spine surgeons were also asked to provide 
some demographic information including their gender, age, 
country of residence, practice setting, type, and extent of 
postgraduate residency and fellowship training, as well as 
the types of MISST surgeries they perform (Table 1). The 
survey questions and the results of their respective Likert-
scale data analysis are listed in Tables 2-5. To improve survey 
completion rate and to minimize the impact of geographic 
bias the survey questions written by the team of authors 
and were translated into Mandarin by the second author 
(X Zhang), into Spanish by the third author (JF Ramírez 
León), and into Portuguese by the fourth author (PST 
de Carvalho). In other words, four versions of the survey 
were published and distributed to surgeons residing in the 
respective world regions. Responses were synthesized into 
one database for statistical analysis. Backend translation of 
the survey responses was not necessary since all responses 
were given by choosing a number on a Likert scale from 1 
to 10 or by selecting one of several multiple-choice answers.

The survey ran from November 25, 2018, to May 
27, 2019. The authors were blinded as to the identity of 
the responding surgeon at all times. Individual personal 
identifiers were not recorded. The typeform.com survey 
created a time-stamp upon initiation of the study, and 
once the completed questionnaire was submitted. Also, 
a unique network identifier (ID without IP address) was 
recorded for each responding surgeon. Upon completion 

of the survey, the responses were downloaded in an 
Excel file format and imported into IBM SPSS (version 
25) statistical software package for further data analysis. 
Descriptive statistic measures were used to count responses 
and calculate the mean, range, and standard deviation as 
well as percentages. Missing responses were included for 
accurate percentage calculation and are listed at the top of 
each data table. Wherever applicable, a P value of 0.05 or 
less was considered statistically significant, and a confidence 
interval of 95% was employed for all statistical tests. The 
Likert scale responses from spine surgeons were analyzed as 
numerical variables. The authors also used linear regression 
and kappa analysis of agreement in an attempt to measure 
the presumed consistency of the submitted responses in 
real-time as they came in because of unknown sample size 
required to have sufficient power for clinically meaningful 
statistical analysis.

Results

One thousand one hundred seventy-nine surgeons accessed 
the online survey during a total of 1,596 visits to the 
typeform.com web site. Of the 1,179 spine surgeons who 
were directed to the survey, 273 submitted a valid survey 
recording. Thus, the completion rate was 22.78%, and the 
average time to complete the survey was 16:21 minutes. 
The demographics of the responding surgeon is shown 
in Table 1. Of the 273 respondents, 20.9% indicated that 
they were neurosurgeons, 32.6% designated that they were 
orthopedic surgeons, and 52.4% had completed a spine 
fellowship. There were no statistically significant differences 
in the response rates between neuro- or orthopaedic spine 
surgeons regardless of fellowship training. Therefore, 
responses are reported for the group as a whole. Forty-
one percent of responding surgeons were between the ages 
of 35 to 44, and another 30.8% between the ages of 45 to 
54 years. When asked about their practice setting, 50.9% 
indicated that they were hospital employed. Another 24.2% 
were in a private practice setting, and 12.1% were working 
at a university. The respondent surgeons worked at nearly 
equal portions in a single- versus a multispecialty group 
with the majority of surgeons being in a larger group of 
10 surgeons, or in a small group with another physician 
(17.9%), or two other surgeons (12.1%). The majority of 
responding spine surgeons were residing in China (42.9%). 
The remaining responding spine surgeon in descending 
order were from Mexico (13.2%), Colombia (9.9%), Brazil 
(9.5%), India (4.5%), South Korea (3.7%), USA (3.7%), 
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Table 1 Demographic data of responding spine surgeons

Survey question Frequency, N=273 Percent Valid percent Cumulative percent

Postgraduate training

Missing responses 127 46.5 46.5 46.5

Neurosurgeon 57 20.9 20.9 67.4

Orthopaedic surgeon 89 32.6 32.6 100.0

Fellowship training

Missing responses 130 47.6 47.6 47.6

Spine fellowship trained (6–12 months) 143 52.4 52.4 100.0

Employment setting

Missing responses 35 12.8 12.8 12.8

Hospital employed 139 50.9 50.9 63.7

Private practice setting 66 24.2 24.2 87.9

University setting 33 12.1 12.1 100.0

Practice setting

Missing responses 206 75.5 75.5 75.5

I prefer not to answer 5 1.8 1.8 77.3

Multispecialty group 29 10.7 10.7 88.0

Single specialty group 33 12.0 12.0 100.0

Number of surgeons in my group

1 20 7.3 7.3 7.3

2 49 17.9 17.9 25.3

3 33 12.1 12.1 37.4

4 25 9.2 9.2 46.5

5 26 9.5 9.5 56.0

6 24 8.8 8.8 64.8

7 13 4.8 4.8 69.6

8 14 5.1 5.1 74.7

9 10 3.7 3.7 78.4

10 59 21.6 21.6 100.0

Respondent surgeons’ age

18 to 24 2 .7 .7 .7

25 to 34 32 11.7 11.7 12.5

35 to 44 112 41.0 41.0 53.5

45 to 54 84 30.8 30.8 84.2

55 to 64 31 11.4 11.4 95.6

65 or older 12 4.4 4.4 100.0

Table 1 (continued)
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Argentina (1.8%), Iran (0.7%), Taiwan (0.7%), United 
Kingdom (0.7%), and other areas (8.4%). Surgeons from 
China exclusively used their smartphone when answering 
the online survey. Surgeons from all other parts of the world 
used a computer or tablet at a much higher rate of nearly 
equal portions. The survey completion rate was more than 
twice higher when surgeons used a computer rather than 
their smartphone. There was no statistically discernable 
difference in impact of practice setting, or country of 
residence.

The vast majority of responding spine surgeons were 
very familiar with the concept of a “vacuum disc” as a sign 
of end-stage lumbar degenerative disc disease (question 1;  
Table 2) with an average Likert score of 7.97. Also, the 
majority of surgeons indicated that they have encountered a 
hollow structurally incompetent disc during routine lumbar 
microdiscectomy with 68.5% of respondents declaring 
having encountered it in up to 25% of their cases, and 
another 15.4% admitting to having found it in 25% to 75% 
of cases (question 2, Table 2). Over half (137/273; 50.2%) 
of the responding surgeons had found a hollow vacuum 
disc during routine endoscopic discectomy surgery and 
validated its existence by direct endoscopic visualization 
(question 3; Table 2). The reported Likert score of 5.49 
reflects the 49.2% of responding surgeon who did not 
perform endoscopic spine surgery (question 3; Table 3). The 

concept of “vertical instability” as a result of progressive 
degenerative disc disease and collapse of the lumbar motion 
segment causing sciatica-type back- and leg pain was very 
familiar to the majority of surgeons (139/273; 71.4%; 
Likert score 6.86; question 1; Table 3). A similar majority 
of surgeons thought that vertical instability is a result of a 
collapsing lumbar motion segment (182/273; 66.7%; Likert 
score 6.53; question 2; Table 3). The majority of surgeons 
also thought that vertical instability precedes anterolateral 
lumbar instability (187/273; 68.5%; Likert score 6.64; 
question 3; Table 3) and that a vacuum disc may cause 
vertical instability with symptomatic dynamic foraminal 
& lateral recess stenosis (222/273; 81%; Likert score 7.48; 
question 1; Table 4), mechanical back pain (201/273; 73.1%; 
Likert score 7.48; question 2; Table 4), and may cause 
sciatica-type low back and leg pain (179/273; 66.3%; Likert 
score 6.59; question 3; Table 4).

Spine surgeons’ responses regarding the diagnostic 
workup, and preferred treatment of lumbar vacuum disc 
on a Likert scale from 1 (least agreeable) to 10 (Extremely 
agreeable) and in relation their annual surgical volume 
are listed in Table 5. While surgeons where undecided 
one way or the other whether a preoperative MRI or CT 
scan may fail to demonstrate a vacuum disc, they agreed 
overwhelmingly with the statement that such advanced 
imaging studies underestimate the presence of a vacuum 

Table 1 (continued)

Survey question Frequency, N=273 Percent Valid percent Cumulative percent

Region

China 117 42.9 42.9 42.9

Mexico 36 13.2 13.2 56.0

Colombia 27 9.9 9.9 65.9

Brazil 26 9.5 9.5 75.5

India 13 4.8 4.8 80.2

South Korea 10 3.7 3.7 83.9

United States of America 10 3.7 3.7 87.5

Argentina 5 1.8 1.8 89.4

Iran 2 0.7 0.7 90.1

Taiwan 2 0.7 0.7 90.8

United Kingdom 2 0.7 0.7 91.6

Other 23 8.4 8.4 100.0
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Table 2 Spine surgeons’ Familiarity with vacuum disc phenomenon and frequency of intraoperative observation

1. How familiar are you with the concept of a “vacuum disc” as a sign of end-stage lumbar degenerative disc disease on a Likert scale 1–10?  

Fr
eq

ue
nc

y

1 = Unfamiliar > 10 = Extremely likely 

Familiarity vaccum disc Mean = 7.97

Std.Dev. = 2.424

N =273

120
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0             2            4            6            8           10         12

2. How often do you encounter a hollow disc during routine lumbar microdiscectomy?

1. Never

2. Occasionally (<25% of cases)

3. Often (25%–75% of cases)

4. Practically all the time (>75% of cases)

Response Frequency Percent Cumulative percent

Never 43 15.8 15.8

< 25% 187 68.5 84.2

25—75% 42 15.4 99.6

>75% 1 0.4 100.0

273 100.0

3. How often do you find a vacuum disc shown below on intraoperative fluoroscopy during routine lumbar endoscopic transforaminal 
discectomy as a sign of endstage degenerative disc disease on a Likert scale 1–10?

Fr
eq

ue
nc

y

1 = Unfamiliar > 10 = Extremely familiar

Familiarity with vacuum disc during routine spinal endoscopy? 

Mean = 5.49

Std.Dev. = 2.942

N =273
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0
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Table 3 Spine surgeons’ familiarity with vertical spinal instability concept

1. How familiar are you with the concept of “vertical instability” being the result of degenerative disc disease and collapse of the lumbar 
motion segment causing sciatica-type back- and leg pain on a Likert scale from 1 to 10?

Fr
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nc

y

1 = Unfamiliar > 10 = Extremely familiar

Familiarity with degenerative lumbar vertical instability 

Mean= 6.86  

Std. Dev. = 2.754 

N = 273
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2. On a Likert scale from 1 to 10, how likely are you to agree with the statement that vertical instability is the result of a collapsing lumbar 
disc? 1–10

Fr
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y

1 = Disagree > 10 = Agree 

Vertical instability's association with 

collapsing lumbar disc 

Mean= 6.53 

Std. Dev. = 2.866 

N = 273
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3. On a Likert scale from 1 to 10, how likely are you to agree vertical instability precedes anterolateral lumbar instability (degenerative 
spondylolisthesis)?

Fr
eq
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nc

y

1 = Disagree > 10 = Agree

Vertical-preceeds anterolateral instability

Mean = 6.64

Std.Dev. = 2.716

N =273
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Table 4 Spine surgeons’ opinions on clinical relevance of lumbar vacuum disc

1. On a Likert scale from 1 to 10, how likely are you to agree with that a vacuum disc may cause vertical instability with symptomatic 
dynamic foraminal & lateral recess stenosis?

Fr
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nc

y

1 = Disagree > 10 = Agree

Vacuum disc causes dynamic foraminal & lateral recess stenosis 

Mean = 7.48

Std.Dev. = 2.407

N =26960
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2. On a Likert scale from 1 to 10, how likely are you to agree with that a vacuum disc may cause mechanical back pain?

Fr
eq
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y

0             2            4            6            8           10         12
1 = Disagree > 10 = Agree

Mean = 7.14

Std.Dev. = 2.584

N =26860
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0

Vacuum disc causes low back pain  

3. On a Likert scale from 1 to 10, how likely are you to agree with that a vacuum disc may cause sciatica-type low back and leg pain?

Fr
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y

Vacuum disc causes low back pain  with sciatica

Mean = 6.59

Std.Dev. = 2.787

N =270

0            2            4            6            8           10         12
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Table 5 Spine surgeons’ responses to diagnostic workup, and preferred treatment of lumbar vacuum disc on a Likert scale from 1 (least agreeable) 
to 10 (extremely agreeable) and annual surgical volume 

Survey question N Range Minimum Maximum Mean Std. Dev

Diagnostic workup of vacuum disc

Preoperative MRI or CT may fail to demonstrate vacuum disc? 270 10 0 10 5.35 3.472

Does MRI underestimate vacuum disc? 269 10 0 10 6.93 2.835

How would you treat vacuum disc?

Pain management 261 9 1 10 6.55 2.504

Epidural steroid Injections 265 9 1 10 5.32 2.858

Surgical management 266 9 1 10 6.86 2.621

Regenerative treatment 261 9 1 10 3.08 2.472

Intradiscal therapy 265 10 0 10 4.78 3.125

Soft interbody fusion with bone graft only 258 9 1 10 3.55 2.820

Decompression only 270 10 0 10 5.34 3.602

Standalone interbody fusion 264 9 1 10 5.28 3.130

Standalone ALIF 263 10 0 10 4.20 3.346

TLIF or PLIF with interbody cages and pedicle screws 266 9 1 10 6.68 2.942

Do you observe inferior outcomes with vacuum disc? 262 10 0 10 5.29 3.054

Respondents’ annual surgical volume

How many discectomies do you perform annually? 249 800 0 800 112.44 136.378

How many fusions do you perform annually? 247 600 0 600 61.69 79.552

Valid N (listwise) 207

ALIF, anterior lumbar interbody fusion; TLIF, transforaminal lumbar interbody fusion; PLIF, posterior lumbar interbody fusion.

disc pain (199/273; 74%; Likert score 6.93; Table 5). This 
was statistically significant for surgeons who also believed 
that a vacuum disc is associated with dynamic foraminal and 
lateral recess stenosis, and for surgeons who thought that 
vertical instability precedes anterolateral instability (two-
tailed independent t-test; P=0.003 for both tests assuming 
unequal variances). These surgeons were also convinced 
that presence of a vacuum disc is associated with inferior 
clinical outcomes regardless of treatment (P<0.022; two-
tailed independent t-test assuming unequal variances). 
When asked how to treat patients with symptomatic 
vacuum disc, surgeons were in favor of pain management 
(177/261; 65.9%; 12 missing responses; Likert score 6.55; 
Table 5; not statistically significant) and surgical treatment 
(199/266; 73.7%; 7 missing responses; Likert score 6.86; 
Table 5) if surgeons were of the opinions that a vacuum disc 
is associated with vertical instability (P=0.15; two-tailed 
independent t-test assuming unequal variances) or causes 

dynamic foraminal or lateral recess stenosis instability 
(P=0.003; two-tailed independent t-test assuming unequal 
variances). Preferred surgical treatments reported by 
responding surgeons who were familiar with the vacuum 
disc phenomenon or had encountered hollow disc during 
endoscopic surgery were decompression alone without 
fusion (P<0.014; two-tailed independent t-test assuming 
unequal variances). Soft interbody with bone graft only 
without the use of an interbody fusion cage was preferred 
by surgeons who opined that vertical instability precedes 
anterolateral instability (P<0.007; two-tailed independent 
t-test assuming unequal variances). Transforaminal lumbar 
interbody (TLIF) or and posterior lumbar interbody 
fusion (PLIF) with a Likert score of 6.68 (184/266; 
69.2%; 7 missing responses; Likert score 6.86; Table 5) 
was recommended by surgeons who believed that vertical 
instability causes collapse of the lumbar intervertebral disc. 
However, this did not achieve statistical significance level 
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(P=0.08; two-tailed independent t-test assuming unequal 
variances). Surgeons reported their surgical average annual 
volume as 122.34±136.38 discectomies and 61.69±79.55. 

Discussion

Endoscopic fusion procedures are on the horizon (5,29-34),  
and the debate on its appropriate clinical indications 
and patient selection criteria will likely intensify as more 
instrumentation sets and implants are hitting the market. 
The authors of this study solicited responses to an online 
survey from spine surgeons as to the clinical relevance 
of radiographic evidence of a vacuum phenomenon 
and endoscopically visualized hollow disc devoid of any 
structural tissue able to resist vertical collapse which 
presumably results in vertical instability with dynamic 
foraminal and lateral recess stenosis. These were the 
concepts tested in this opinion-based research study in an 
attempt to build consensus on the basis of the extensive 
clinical experience of the respondents many of whom 
indicated that they are at the pinnacles of their careers 
between the ages of 35 and 55 working in busy private 
practice (24.2%) or hospital setting (50.9%). Only a 
minority of surgeons worked in a university setting (12.1%). 
Many surgeons indicated that they had busy clinical practice 
with the majority of them performing several hundred 
discectomies and fusion surgeries per year with the most 
active surgeons reporting that they performed a staggering 
annual number of 800 discectomies or 600 fusions.

What became clear from this survey is that most surgeons 
believed that a vacuum phenomenon on radiographic 
studies is associated with a vertical instability and collapse 
resulting in dynamic foraminal and lateral recess stenosis 
that should be treated surgically (35). Responses supporting 
these conclusions had statistically significantly higher Likert 
scores for decompression surgery (P<0.014), and fusion—
regardless of whether TLIF or PLIF—surgery (P=0.08). 
The majority of surgeons did concur that leaving a vertically 
unstable disc untreated or performing a decompression 
alone is associated with inferior clinical outcomes. 
Responding surgeons considered performing an un-
instrumented interbody fusion for vertical instability with 
just bone graft as a reasonable surgical option (P<0.007). It 
had a higher Likert score than performing an instrumented 
standalone interbody fusion using a cage for which surgeons 
were undecided. The authors of this survey study concluded 
that the concept of a standalone interbody fusion without 
posterior supplemental pedicle screw instrumentation 

might currently still be too far out of the mainstream to be 
considered a reasonable treatment even though standalone 
expandable lumbar interbody fusion cages have received 
approval by the Food and Drug Administration. 

While it is evident that opinion surveys cannot replace 
actual clinical trials to prove up new clinical protocols, they 
have been considered a powerful tool to size-up support 
amongst surgeons for new procedures and implants and 
to identify areas of improvements likely to translate into 
a clinical benefit to patients. One such technology is 
endoscopic spinal surgery which has gained significant 
traction recently because of its minimally invasive nature, 
but also in part because it has been recognized as a platform 
for innovative surgical pain management and reconstructive 
procedures—standalone endoscopic decompression and 
fusion being one such example (1,2,5,33,36). The proof of 
concept has been demonstrated in recent clinical studies 
with the Lordotic Endoscopic Wedge Lumbar Interbody 
Fusion (5) (LEW-LIF™)—some of which have been 
published in this special focus issue on staged management 
of common lumbar pain generators. The LEW-LIF™ 
procedure is not only attractive because of its simplicity, but 
also for its consideration of patient-specific factors during 
the interbody height restoration surgery thereby reliably 
eliminating vertical instability and dynamic stenosis related 
recurrent symptom (5). This team of authors expects that 
an outpatient standalone endoscopic fusion substantially 
improves the durability of the endoscopic decompression 
procedure by providing long-lasting pain relief without the 
need for costly and repetitive cycles of medical and other 
supportive care measures, pain management, or revision 
surgeries. In spite of its limitations discussed below, this 
survey study amongst spine surgeons confronting these 
issues in their day-to-day practice certainly highlight the 
need for further research into the clinical significance 
of vertical instability and its most appropriate surgical 
treatments but also put the magnifying glass on the areas 
of controversies that will need to substantiated with high-
grade clinical evidence to win the evolving medical necessity 
debate with payers, and governmental review boards alike. 
When it comes right down to it, this team of authors is 
looking to replace some of the traditional open translaminar 
surgeries, with more cost-effective and more reliable 
procedures. Of course, this burden of proof lies with those 
pioneers who decide to venture into this unchartered 
territory.

The survey was distributed via email and social media and 
had apparent limitations. Average response rates have been 
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reported for an in-person survey at 57%, mail survey at 
50%, email survey at 30%, online survey at 29%, telephone 
survey at 18%, an in-app study of 13%, with an overall 
average survey response rate of 33% (37-43). Clinical 
examples include a postal questionnaire sent to 2,048 
prospective respondents with a response rate of 46% (44). 
Another web-based 59-items survey with 260 respondents 
had a response rate of 60% (45), and a written paper survey 
reported a response rate of 49.5% (302/610) (46). An online 
patient satisfaction survey in 9,975 Medicare beneficiaries 
with 434 unduplicated survey submissions had a response 
rate of 4.3% (47). These examples illustrate that there can 
be a wide range of survey response rates. The response 
rate of 22.78% obtained in this study seems low at first 
glance. However, this survey study still was able to discern 
statistically significant differences in response rates by 
respondents considering the high number of participating 
surgeons. After all, 1,179 spine surgeons were attempting 
to complete the survey. Ultimately, 273 of them were able 
to finish it and submit a complete recording. Whether 
or not the high usage of smartphones over computers or 
laptops harmed the overall response rate was beyond the 
authors’ abilities to analyze the data. In fact, responses 
were blinded, and the team of authors had no information 
as to the identity of the responding spine surgeons, hence, 
minimizing the impact of intuition and hindsight bias 
amongst the investigators. The effect of non-response bias 
due to the low response rate may improve survey accuracy 
and therefore was less problematic to this team of authors. 
Non-response bias has been recognized as an indicator of 
survey quality. Although lower response rates in the 20% 
range have been related to more accurate measurements 
than surveys with 60% to 70% response rates which are 
still considered preferable since the missing data is not 
random (48). Additional limitations may have arisen from 
geographic bias where the digital communication used in 
this survey study could have obliterated existing geographic 
diversity and various cultural perspectives of responding 
spine surgeons. The lack of statistical differences in 
response rates concerning the country of origin suggests a 
negligible impact of geographic bias factors. However, the 
authors had no way to exclude this scenario. Therefore, 
the authors were cautious not to generalize the findings of 
this survey in the context of their preconceived notions of 
vacuum disc phenomenon and vertical instability to counter 
the homogenizing effect of the digital data acquisition 
across multiple cultural boundaries while recognizing its 
limitations in the quest for genuinely alternative insights 

by other surgeons. To minimize the potentially distorting 
effects of such geographic biases, this international team of 
authors worked closely together on writing the survey in 
Mandarin, Spanish, Portuguese, as well as in English. The 
survey data analysis and interpretation took the cultural 
diversities among respondents into account.

This survey study amongst busy practicing spine surgeons 
on the clinical significance of vacuum disc and vertical 
instability was blinded, which minimized the impact of 
intuition and hindsight bias amongst the investigators. After 
all, the study investigators did not know the distribution of 
responses and which underlying trends would emerge when 
the survey launched. Hence, it was unclear at the outset of 
the online data acquisition when sufficient statistical sample 
size would have been achieved to close the survey. Linear 
regression monitoring of the change in response rates to 
the questions over time and kappa analysis of agreement 
in the 273 survey submissions showed a relatively stable 
distribution of asymmetric variances suggesting that similar 
percentage response rates could have been reasonably 
expected with a higher response rate. Therefore, the authors 
of this simply imply that results presented herein are in 
fact, representative of current opinions of spine surgeons 
and spine practitioners with various backgrounds regarding 
vacuum disc, vertical instability, and preferred treatments.

Conclusions

This online survey reached 273 spine surgeons. The 
majority of them believed that a vacuum phenomenon on 
radiographic studies is associated with a vertical instability 
and collapse resulting in dynamic foraminal and lateral 
recess stenosis that should be treated surgically. Statistical 
analysis using a p-value of 0.05 as a cut-off number show 
that preferred surgical treatments were decompression 
alone, decompression with interbody fusion using just 
bone graft, and fusion employing TLIF or PLIF. This 
survey reflects on the opinions of surgeons with various 
backgrounds with skewed views on opinions of stakeholders 
focused on decompression and fusion techniques as a 
solution for a normal aging condition that is dependent on 
individual patient needs. Treatment for pain covers a broad 
spectrum of indications, including just treating the pain 
generators in a staged manner.
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