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NEUROSURGERY

Assessment of Impact of Long-Cassette Standing
X-Rays on Surgical Planning for Cervical Pathology:
An International Survey of Spine Surgeons

BACKGROUND: Understanding the role of regional segments of the spine in main-
taining global balance has garnered significant attention recently. Long-cassette ra-
diographs (LCR) are necessary to evaluate global spinopelvic alignment. However, it is
unclear how LCRs impact operative decision-making for cervical spine pathology.
OBJECTIVE: To evaluate whether the addition of LCRs results in changes to re-
spondents’ operative plans compared to standard imaging of the involved cervical spine
in an international survey of spine surgeons.

METHODS: Fifteen cases (5 control cases with normal and 10 test cases with abnormal
global alignment) of cervical pathology were presented online with a vignette and
cervical imaging. Surgeons were asked to select a surgical plan from 6 options, ranging
from the least (1 point) to most (6 points) extensive. Cases were then reordered and
presented again with LCRs and the same surgical plan question.

RESULTS: One hundred fifty-seven surgeons completed the survey, of which 79% were
spine fellowship trained. The mean response scores for surgical plan increased from 3.28
to 4.0 (P = .003) for test cases with the addition of LCRs. However, no significant changes
(P = .10) were identified for the control cases. In 4 of the test cases with significant mid
thoracic kyphosis, 29% of participants opted for the more extensive surgical options of
extension to the mid and lower thoracic spine when they were provided with cervical
imaging only, which significantly increased to 58.3% upon addition of LCRs.
CONCLUSION: In planning for cervical spine surgery, surgeons should maintain a low

threshold for obtaining LCRs to assess global spinopelvic alignment.
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uring the past decade, there has been

increased recognition of the importance

of global sagittal alignment of the spine.
The individual spinal regions and the junctions
between them play an integrated dynamic role in
maintaining normal global alignment. Numerous
studies have shown that positive sagittal malalign-
ment is correlated with increased pain and
disability.'™ Failure to adequately address sagit-
tal malalignment during deformity surgery has
been associated with suboptimal outcomes.””
Pathology in 1 region can induce reciprocal
changes in others as a compensatory mechanism

ABBREVIATIONS: HRQOL, health-related quality of
life; LCR, long-cassette radiographs; SVA, sagittal
vertical axis

to help maintain normal global alignment. The
cervical spine is the most mobile region and, as
such, may undergo significant compensatory
changes in alignment to compensate for thor-
acolumbar malalignment.*'?> Considering cer-
vical pathology in isolation may result in failure
to appreciate the contribution of thoracolumbar
deformity to regional and global malalignment.

The cervicothoracic junction has been shown
to play an important role in maintaining the head
over the pelvis and compensating for positive
sagittal malalignment. The shape and orientation
of the thoracic inlet defines the amount of cervical
lordosis required to maintain a balanced upright
posture and horizontal gaze. This is similar to the
relationship between the pelvic incidence and
lumbar lordosis in the lumbosacral spine.'* In
a recent study, Ames et al'> performed an
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extensive analysis of spinal parameters in an asymptomatic
volunteer population. They calculated the sequential correlations
between pelvic incidence, lumbar lordosis, thoracic kyphosis, and
cervical lordosis and found that subjects that had a positive sagittal
vertical axis (SVA) demonstrated an increase in their cervical
lordosis, regardless of whether their SVA was within the normal
range of values. This suggests that patients with positive sagittal
malalignment compensate through cervical hyperlordosis in order
to help maintain horizontal gaze. In their study, Blondel et al'?
concluded that patients with a negative SVA postoperatively
compensated through cervical hypolordosis or kyphosis in order
to help maintain the horizontal gaze. Collectively, these reports
demonstrate the ability of the cervical spine to undergo reciprocal
changes in both directions in order to compensate for pathology in
other segments of the spine. Considering only the regional cervical
alignment for surgical decision-making could, therefore, lead to
unfavorable outcomes in the setting of global imbalance.

Cervical kyphosis has been correlated with poor health-related
quality of life outcomes (HRQOL).'*'*"® Progressive cervical
kyphosis can lead to stretching of the spinal cord against the
vertebral bodies causing demyelination and neuronal apoptosis.'”
Recenty, Tang et al?® showed significant correlations between
HRQOL outcomes and postoperative cervical sagittal parameters.
They concluded that a C2-C7 SVA greater than 4 cm is associated
with worse clinical outcomes. In addition to its association with
poor HRQOL outcomes, positive sagittal malalignment signifi-
cantly increases the risk of developing adjacent segment pathology
after surgical procedures, which can vary from asymptomatic
degenerative changes adjacent to a construct to progressive
junctional deformities in both the coronal and sagittal plane
leading to decompensation and failure.”'

To date, very few studies have highlighted the importance of
obtaining full-length standin§ radiographs for the purpose of
preoperative planning.''™'>'>** None of these studies provide
direct evidence on the impact of long-cassette standing radiographs
(LCRs) on surgical planning. The authors of this study recently
performed an online survey to assess the effect of LCRs on
preoperative planning for lumbar pathology.*® We found a signif-
icant change among the practitioners’ responses towards opting for
more extensive surgical procedures when provided with LCRs that
demonstrated global malalighment. In this study, we have
extrapolated this concept to cervical spine pathology. We
hypothesized that, in cases with evidence of global spinal
malalignment, practitioners would change their surgical plan when
presented with LCRs in addition to imaging of the involved
cervical spine as compared to being shown cervical imaging
alone. Conversely, we hypothesized that surgeons would not
alter their operative plan when LCRs demonstrated normal
spinal alignment.

METHODS

We conducted an online survey of the AOSpine international members
comprising orthopedic and neurological spine surgeons across the globe.
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The survey included 7 demographic questions regarding the type and
extent of training, number of years of spine practice, and percentage of
cervical cases, deformity surgeries, and instrumented fusions performed
annually. Each participant was presented with 15 sequential cases of
cervical pathology. A clinical vignette was provided for each case, along
with relevant imaging that included a magnetic resonance image (MRI) or
computed tomographic (CT) myelogram and a plain radiograph of the
cervical spine (Figure 1). For the purposes of the present study, provided
images were confined to those showing representative views of the
cervical spine. Supine localizer images were not included for MRI or CT
myelogram studies. Six treatment options were provided, ranging from
least extensive (anterior cervical discectomy and corpectomy with
fusion) to most extensive (posterior 3-column osteotomy at or below
mid thoracic region * thoracic fusion = lumbar fusion) (Table 1).
Points were assigned for each option with the least extensive (choice A)
receiving 1 point and the most extensive (choice F) receiving 6 points;
choices B, C, D, and E received 2, 3, 4, and 5 points, respectively.
Next, the same 15 cases were reordered and presented again along with
36-inch standing LCRs (Figure 2). According to the level of
extensiveness, we stratified the surgical planning response options
into 1 of 2 groups: less extensive and more extensive. Because options
D, E, and F included fusion to the mid and lower thoracic spine with or
without high-grade osteotomies, these options were classified into the
more extensive group, while options A, B, and C were placed into the
less extensive group. High-grade and low-grade osteotomies were based
on the Ames-Smith classification of cervical osteotomies.>* The survey
did not include an explanation of the purpose of the study in order
to minimize participant bias.

The 15 cases included 10 test cases and 5 control cases. The LCRs of the
control cases showed normal global alignment, while that of the test cases
had sagittal and/or coronal malalignment, which included cervicothoracic
scoliosis, upper or mid thoracic hyperkyphosis, and mid thoracic
compression fractures. We divided the test cases into 2 groups: group A
(n=6) included cases with obvious cervicothoracic pathology evident on
the cervical imaging; whereas group B (n = 4) included cases with
pathology restricted to the cervical spine without thoracic spine
involvement as viewed on the cervical only imaging studies.

Statistical Analysis

Mean scores of the 15 cases based on cervical imaging only were
compared to the mean scores of the same 15 cases based on the addition of
LCRs. These comparisons were made separately for the test and the
control cases using the Student’s ¢ test for paired samples. A P value of
<.05 was considered significant. Mean percentages of the participants
who chose options D, E, and F were assessed for the control and test cases
comparing the responses between initial query with cervical imaging only
with subsequent query that included LCRs. In addition, among the test
cases, mean percentages of participants who chose options D, E, and F
were assessed for group A and group B test cases separately, comparing
the responses with and without LCRs. All data were analyzed using the
SPSS Statistics software (IBM SPSS Statistics; IBM Corp, Version 22.0,
Armonk, New York).

RESULTS

Demographic Variables

Of the 535 surgeons who started the survey, 157 (29%)
completed the entire series of 30 cases. Participants were from
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FIGURE 1. Sample case with cervical imaging and a brief clinical vignette. Shown are sagittal (A) and axial (B) T2-weighted
magnetic resonance images of the cervical spine and anteroposterior (C) standing cervical radiographs.

more than 40 countries, including 28% from North America,
36% from South America, and 22% from Asia. Approximately
two-thirds of those that completed the survey had completed an
orthopedic residency and a third had completed a neurosurgical
residency. Approximately 79% had completed spine fellowship
training. The average length of practice of the participants was
14.1 years (range, 1-48 years). On average, 78% of their practices
were devoted to spine care with 31.6% in cervical spine and 21.4%

NEUROSURGERY

in spinal deformity. The participants performed an average of 112
fusions (range, 5-450) per year.

Survey Responses

Mean scores were calculated for each case-based survey
question. Higher mean scores corresponded to more extensive
operative plans. The mean response score for the 10 test
cases presented with cervical imaging only was 3.28, which

VOLUME 78 | NUMBER 5 | MAY 2016 | 719



RAMCHANDRAN ET AL

TABLE 1. Surgical Options for the Survey Cases

Letter

Designation Description of Surgical Plan

A Anterior cervical discectomy * corpectomy and
fusion at 1 or more levels

B Posterior cervical decompression and fusion =
extension to T1, T2, or T3 = low-grade osteotomy

C Combined anterior and posterior cervical
decompression and fusion = extension to T1, T2, or
T3 £ low-grade osteotomy

D Posterior cervical fusion with extension to mid or lower

T-spine or posterior T-spine procedure only =
low-grade osteotomy

E Posterior 3-column osteotomy (C7 or T1) with cervical
fusion = extension to T1, T2, or T3

F Posterior 3-column osteotomy at or below mid
thoracic region * thoracic fusion = lumbar fusion

increased significantly to 4.0 (P = .003) when these cases were
subsequently presented again with the addition of LCRs
(Table 2). There was no significant difference (P = .10) for
the 5 control cases, for which a mean score of 2.2 was selected
when the cases were presented with cervical imaging only and
changed to 2.5 with addition of LCRs. Figure 3 graphically
illustrates the change in mean response score for each control
and test case. Test cases had steeper slopes than controls,

reflecting a greater increase in the mean scores upon addition
of LCRs.

For the test cases, 42.5% of the participants opted for surgical
options D, E, or F when they were provided with the cervical
imaging only. This increased t0 59.9% (P = .002) when the LCRs
were also included. For group A test cases with evidence of
thoracic spine involvement as observed in the cervical imaging
studies, this increased from 51.6% to 61% (P = .01). For the
group B test cases in which no evidence of thoracic spine
involvement was noted in the cervical imaging, 29% of
participants initially opted for options D, E, and F, which
significantly increased to 58.3% upon addition of LCRs (P =
.01). Conversely, for control cases, the proportion of participants
choosing options D, E, or F changed only minimally with the
addition of LCR from 6% to 12.4% (P = .12).

DISCUSSION

Poor global alignment of the spine requires increased energy
expenditure to maintain upright posture. Positive sagittal mala-
lignment can lead to several compensatory measures including
knee flexion, pelvic retroversion, thoracic hypokyphosis, and
cervical hyperextension in order to balance the head over the
pelvis and maintain a horizontal gaze.***?® Characterization of
global spinal alignment using established spinopelvic parameters
necessitates LCRs. Recently, we conducted an online survey to
determine the impact of LCRs on decision-making for seemingly
isolated lumbar pathology and found that there was a significant

kyphosis (D).

FIGURE 2. Examples of control and test case imaging. Shown are cervical imaging of a sample control case (A), standing long-cassette radiograph of the same control case
showing normal global alignment (B), cervical imaging of a sample test case (C), and standing long-cassette radiograph of the same test case showing significant upper thoracic
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TABLE 2. Survey Analysis”

Mean Response Score

Survey Cases

N Cervical Imaging Only Cervical Imaging + LCR P Value

Proportion of Participants Selecting
Options D, E, or F® (%)

Cervical Imaging Only Cervical Imaging + LCR P Value

Control 5 2.2 2.5
Test 10 34 4.0
Group A test 6 3.8 4.0
Group B test 4 2.8 4.0

1 6.0 12.4 12
.003 42.5 59.9 .002
.005 51.6 61.0 .02

.02 29.0 583 .01

9LCR, long-cassette radiographs.

bOptions D to F are as follows: D, posterior cervical fusion with extension to mid or lower T-spine or posterior T-spine procedure only * low-grade osteotomy; E, posterior
3-column osteotomy (C7 or T1) with cervical fusion * extension to T1, T2, or T3; F, posterior 3-column osteotomy at or below mid thoracic region = thoracic fusion * lumbar

fusion.
Significant results (P < .05) are shown in bold.

increase in the mean response score (P = .002) towards more
extensive surgical options when practitioners were presented with
LCRs as compared to lumbar imaging only.*® Similar results were
found in the present study for cervical pathology. In both studies,
the change toward longer constructs and more invasive osteot-
omies likely represents the intent of respondents to address global
spinal imbalance in addition to the regional pathology.

The radiological parameters that may be considered for the
planning of a cervical deformity correction include the cervical CO-
C7 Cobb angle, the C2-S1 SVA, the C2-7 SVA, the T1 slope, and
the thoracic inlet angle (TIA).” Recently, Lee et al®® showed
significant sequential relationships between the TIA and the T'1
slope, T1 slope and the C2-C7 angle, C2-C7 angle and C0-C2
angles. Also, complex interdependent and sequential relation-
ships have been shown between the sacropelvic and the
cervicothoracic parameters.'>?'? These relationships could be

partly explained by the ability of the spinal segments to undergo
compensatory reciprocal changes. In the cervical spine, reciprocal
changes can occur in both directions in the sagittal plane.'"'?
Some of these changes have been shown to be reversible after
correction of the primary deformity, whereas some may represent
fixed, nonreversible deformities. For example, Smith et al''
demonstrated spontaneous resolution of cervical hyperlordosis in
patients with positive sagittal malalignment caused by thoraco-
lumbar pathology who underwent lumbar pedicle subtraction
osteotomy. Conversely, Oh et al'® found that the reciprocal
cervical changes seen in adults with thoracic deformities do not
necessarily resolve after correction of the primary thoracic
deformity. One of the possible explanations given by them for
this complex behavior is the lack of consideration of the
cervicothoracic junctional parameters, which can have a strong
influence on the cervical sagittal profile.
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FIGURE 3. Change in the mean response scores on addition of full-length standing radiographs. Increased slope indicates
greater increases in the mean response score. Shown are plots for control cases (A) and test cases (B) of which cases 4, 5, 6, 7, 8,
and 9 belong to group A and cases 1, 2, 3, and 10 belong to group B. Color version available online only.
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These studies highlight the fact that determining the nature of
the given cervical spine pathology as primary or a reciprocal
compensatory change, which may require LCRs, is important
when planning surgical treatment.

In the present study, test cases with a significant thoracic
deformity (not readily evident on the cervical imaging) had an even
greater increase in the percentage of participants opting for more
extensive surgical plans than those with isolated cervical deformity
when provided with LCRs. This further underscores the impor-
tance of obtaining LCRs, as seemingly isolated cervical pathology
may occur in the context of disease in other regions of the spine. It
isalso possible that in long-standing conditions, reciprocal changes
in adjacent regions that began as compensatory mechanisms can
lead to permanent degenerative changes. In such scenarios,
addressing only the regional pathology could lead to suboptimal
surgical outcomes.

Although the findings of the present study favor obtaining
LCRs for the assessment of significant cervical pathology, which
may reveal more extensive spinal disorders, our intent is not
necessarily to advocate for routine use of longer or more extensive
constructs. Instead, the broader utilization of LCRs should be
viewed as a means of better appreciating the cervical pathology in
the context of global spinopelvic alignment in order to better
define the extent of pathology for patient counseling and
potentially in some cases for longer constructs or even different
surgical approaches.

It is well recognized that positive sagittal malalignment due to
pathology in the thoracolumbar spine is correlated with poor
HRQOL.>”?*** However, very few studies have specifically
investigated correlations between cervical radiographic parame-
ters and HRQOL outcomes measures. In a recent study regarding
relationships between cervical alignment, MRI-based spinal cord
measurements and severity of myelopathy based on the modified
Japanese Orthopaedic Association score, Smith et al'® found
significant negative correlations between preoperative C2-C7
SVA and the modified Japanese Orthopaedic Association score.
Although no correlation was found between the modified
Japanese Orthopaedic Association score and C2-C7 Cobb angle,
their study suggested a relationship between normalized cord
volume and myelopathy based on cervical alignment. Tang et al*
have found significant correlations between postoperative C2-C7
SVA and the Neck Disability Index score and Short Form-36
Physical Component Score. Based on regression analyses, they
concluded that a C2-C7 SVA greater than 4 cm is threshold for
moderate disability. Similarly, Roguski et al’”> found that
a postoperative C2-C7 SVA greater than 4 cm is associated with
poor Physical Component Scores despite improvement in cervical
myelopathy symptoms.*® In addition to poor HRQOL out-
comes, sagittal imbalance can lead to accelerated development of
adjacent segment disease.”"***” Cervical kyphosis can result in
transfer of load bearing from the posterior elements to the
vertebral bodies, thereby leading to accelerated degenerative
changes in the discs, especially at levels adjacent to a fused
segment. These changes may be associated with pain, disability,
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development of junctional deformities, and need for revision
surgery.

The purpose of the present study was to highlight the potential
importance of obtaining LCRs for planning of cervical surgery.
However, our methodology did not permit us to draw any
conclusions regarding specific criteria that may help guide the
decision of whether or not to obtain LCRs for seemingly isolated
cervical spine pathology. To the best of our knowledge, only one
study has suggested such a guideline. Knott et al** concluded that
patients whose T1 tilt falls outside the range of 13 to 25 degrees
should be sent for LCRs in order to evaluate their sagittal
alignment.

The results of this study are strengthened by the relatively large
number of participants in a highly specialized field, most of whom
were fellowship trained. Also, its generalizability is enhanced from
having participants from more than 40 countries, of which more
than half were from outside of North America and Europe. There
are several potential limitations to this study. First, the relatively
low completion rate of 29% could have introduced selection bias.
Another limitation was the nonlinear nature of the outcome
variable. Responses were assigned points (between 1 and 6) based
on the extensiveness of the recommended surgical plan; however,
the relative difference between any 2 choices was not necessarily
equivalent. For example, the difference between anterior cervical
discectomy and fusion (point 1) and posterior cervical decom-
pression and fusion (point 2) is not equivalent to that between
posterior 3-column osteotomy with extension to T1, T2, T3
(point 5) and posterior 3-column osteotomy with extension to mid
thoracic or lumbar spine (point 6). Unfortunately, no validated
linear scale of comparison exists that could have been applied to
this survey. The simplified scoring system used in our study
allowed us to compare the responses before and after the addition
of LCRs. Also, the format of our study did not allow the
respondents to have a detailed history and physical examination
for the patients, which could have influenced the need to obtain
LCRs for preoperative planning. In addition, for some cases it is
possible that full-length MR or CT myelogram localizer images,
which were not provided for the survey cases in this study, can
provide clues that could prompt a surgeon to obtain long-cassette
standing radiographs. Although localizer images may have given
clues for some cases, there are many deformities, especially more
flexible thoracic deformities or global positive sagittal imbalance,
that substantially “correct” when the patient is supine. Thus,
relying solely on supine imaging as a means of deciding which
patients need standing radiographs may not be sufficient.

Although LCRs provide valuable information, they involve
increased cost and radiation exposure. With newer technologies
such as EOS Imaging Inc. (Paris, France), which enables full-body
imaging at a fraction of the time and a fraction of the radiation
exposure, it may be more feasible to incorporate as routine
practice.”®?? Additional studies in the form of prospective
observational studies would be needed in order to assess the
impact of longer constructs on patient outcomes in the setting of
isolated cervical, regional cervicothoracic, and global spine
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pathology. The present study, however, does underscore the
impact that LCRs may have on the surgical decision-making in
patients considered for cervical fusion surgery. Hopefully, this
insight will help increase the attention of spine surgeons to the
role of spinal alignment and determination of such using LCRs.

Although the findings of the present study argue for including
long-cassette imaging as part of the evaluation of patients with
significant cervical pathology, further study will be necessary to
assess the impact of longer constructs on patient outcomes.
Previous studies have demonstrated the importance of global
spinal alignment in optimizing patient outcomes, but the present
study does not assess whether to address the presumed symptom-
atic pathology in isolation or as a component of a more extensive
correction of malalignment.

CONCLUSION
Global sagittal plane deformity may go unnoticed if only

regional spinal imaging is assessed. Failure to evaluate for such can
lead to unfavorable outcomes. Spine surgeons should maintain
a relatively low threshold for obtaining LCRs as part of their
preoperative evaluation for cervical spine pathology. In cases where
global malalignment was present, addition of LCRs seems to
significantly influence surgical decision-making.
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COMMENTS

he article by Ramchandran et al objectively confirms the utility of
long-cassette radiographs, which I call scoliosis films, as an assessment
tool for spine surgeons addressing cervical spine pathologies. The utility of

724 | VOLUME 78 | NUMBER 5 | MAY 2016

long-cassette radiographs reaches far beyond thoracolumbar pathologies.
We are only recently beginning to appreciate cervical sagittal imbalance
and the affect of upper and mid thoracic deformities on cervical spine
pathologies. Many patients with diagnosed cervical spine kyphosis have
suffered, in reality, from sub-cervical pathologies as the etiology. Much
more importantly, cervical sagittal imbalance is a root cause of significant
health-related quality-of-life morbidity. If improperly treated, such
morbidity is inadequately treated and often exacerbated. Ramchandran
etal are to be heartily congratulated for raising awareness and for providing
impetus for more complete and comprehensive evaluations for patients
with cervical spine deformity.

Edward C. Benzel
Cleveland, Ohio

he authors show the importance of obtaining long-cassette standing

x-rays in the evaluation of cervical spine pathology. Magnetic res-
onance imaging studies show the patient in the supine position and do
not formally evaluate the cervicothoracic junction. Moreover, they do
not accurately measure the C2-C7 relation because of the supine posi-
tion. Thus, relying solely on the magnetic resonance image may miss
certain pathologies that may arise from the cervicothoracic junction.
Ultimately, the goal of our surgeries is to improve our patients’ lives, and
surgeons must also consider the disability and pain associated with such
pathologies in each of their patients. Some patients with cervico-
thoracic kyphosis are severely disabled, whereas others may be only
mildly so, although they may have some level of pain. The patient’s
level of disability from the kyphosis must be weighed against the
morbidity of a reconstructive multilevel fusion. Thus, it is important to
consider the patient’s condition and health as a whole, not only the
radiographic finding on the long-cassette film. Nonetheless, the au-
thors have shown that the 3-foot standing x-rays provide a very
important dimension in analysis of patients with cervical spine
pathology that a supine magnetic resonance image simply cannot
provide.

Dean Chou

San Francisco, California
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