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Abstract

Study Design: Survey.

Objectives: To characterize national practices of and shortcomings surrounding intraoperative assessments of spinal alignment.
Methods: Spine surgeons in the US were surveyed to analyze their experience with assessing spinal alignment intraoperatively.

Results: 108 US spine surgeons from 77 surgical centers with an average of 19.2 4 8.8 years of surgical experience completed the
survey. To assess alignment intraoperatively, 84% (91/108) use C-arm or spot radiographs, 40% (43/108) use full-length radio-
graphs, and 20% utilize the T-bar (22/108). 88% of respondents’ surgical centers (93/106) possessed a navigation camera and 63%
of respondents (68/108) report using surgical navigation for 40% of their deformity cases on average. Reported deterrents for
using current technology to assess alignment were workflow interruption (54%, 58/108), expense (33%, 36/108), and added
radiation exposure (26%, 28/108). 87% of respondents (82/94) reported a need for improvement in current capabilities of making
intraoperative assessments of spinal alignment.

Conclusions: Corrective surgery for spinal deformity is a complex procedure that requires a high level of expertise to perform
safely. The majority of surveyed surgeons primarily rely on radiographs for intraoperative assessments of alignment. Despite the
majority of surveyed surgical practices possessing navigation cameras, they are utilized only for a minority of spinal deformity
cases. With the majority of surveyed surgeons reporting a need for improvement in technology to assess spinal alignment
intraoperatively, 3 of the top design considerations should include workflow interruption, expense, and radiation exposure.
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Spinal deformity affects both pediatric and adult patients, and
occurs when the 3-dimensional curvature of the spine is imbal-
anced. Spinal deformity causes biomechanical inefficiency and
can result in pain and reduced quality of life."* Spinal align-

ment is assessed by a multitude of angular and distance-based
measurements that have previously been correlated with dis-
ability and health-related quality of life scores, and in select
patients, surgical correction of spinal alignment can offer pain
relief and improved quality of life.!>® However, these time-
consuming and often invasive operations can be technically
challenging, requiring a high degree of expertise to perform
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them safely.9’10 Complication rates associated with adult spinal
deformity vary in the literature, but have been reported to be as
high as 58% postoperatively, and include pseudoarthrosis,
adjacent segment disease, and implant failure.''"'> Further-
more, approximately 62% of patients experience residual
deformity postoperatively and up to 25% will need to undergo
one or more revision surgery that, in addition to the negative
impact on the patient, also results in compounding costs with
decreased reimbursement.'®?* One of the key drivers for
patients requiring revision operation is suboptimal postopera-
tive alignment that deviates from preoperative goals. For exam-
ple, Rothenfluh et al observed up to a 10-fold increased
likelihood of revision surgeries for patients who experienced
sagittal malalignment after undergoing lumbar fusion.>> More
specifically, postoperative malalignment has been shown to
increase the likelihood of proximal junctional kyphosis, which
occurs after up to 41% of spinal deformity surgical procedures,
and—when severe enough—can lead to proximal junctional
failure, which accounts for up to 17% of revision proce-
dures, 818:25-30

In an effort to decrease the rate of postoperative complica-
tions, a more recent area of focus in the field has deviated from
a one-size-fits-all approach to alignment, and instead strives to
establish patient-specific alignment parameters that incorpo-
rate variables such as patient demographics, disability scores,
and frailty indices.”' ™ As the field’s understanding of idea-
lized alignment parameters continues to grow, so does the rate
of these corrective procedures alongside the rapidly aging pop-
ulation in the US, with nearly a 3.5-fold increase in deformity
operations over the course of just 7 years for patients over the
age of 60 years.***>>

Limited research has focused on uncovering the surgeon’s
perspective on the factors that contribute to the challenges of
intraoperatively assessing spinal alignment and achieving pre-
operative goals by exploring the limitations of current techno-
logical offerings. This work presents the results of a national
spine surgeon survey focused on the previously available tech-
nology for assessing spinal alignment perioperatively.

Methods

Utilizing Qualtrics software (Provo, Utah), a survey question-
naire (Supplement) was created and distributed to US spine
surgeons in 2017. Following IRB approval, responses were
gathered by either direct digital completion of the survey, or
by inputting responses gathered by reading the questions to
participants during in-person or virtual meetings.

Results

In total, 108 US-based spine surgeons from 77 different surgi-
cal practices across 29 states completed the survey. Respon-
dents included 65 (60%) neurosurgeons and 43 (40%)
orthopedic surgeons with an average of 19 years of spine sur-
gical experience. The majority of participants had adult prac-
tices (73/108, 68%), 8 (7%) had pediatric practices, and

Table 1. Participant Demographics.

Variable n (%)
US spine surgeons surveyed 108
Orthopedic Surgeons 43 (40)
Neurosurgeons 65 (60)
ISSG members 24 (22)
SRS members 49 (45)
Unique surgical practices 77
US states represented 29
Mean years of spine surgery experience (+SD) 192 + 838
Practice Type
Adult only 73
Pediatric only 8
Both adult and pediatric 27

Abbreviations: ISSG, International Spine Study Group; SD, standard deviation;
SRS, Scoliosis Research Society; US, United States.

Table 2. Utilization of Alignment Assessment Methods.

Affirmative

Method responses, n (%)

Preoperative Assessments

Quantitative assessment of standing scoliosis 95/108 (88)
radiographs or EOS images
Qualitative assessment of standing scoliosis 63/108 (58)
radiographs or EOS images
CT imaging 74/108 (69)
MR imaging 74/108 (69)
Surgimap 44/108 (41)
Intraoperative Assessments
C-arm or spot radiographs 91/108 (84)
Intraoperative full-length radiographs 43/108 (40)
Medtronic O-arm 35/108 (32)
T-Bar 22/108 (20)
Nuvasive Integrated Global Alignment 13/108 (12)
Bendini 6/108 (6)

Abbreviations: CT, computed tomography; MR, magnetic resonance.

27 (25%) worked with both pediatric and adult patient popula-
tions. Additional demographics of survey participants are sum-
marized in Table 1.

With respect to preoperative assessment methods (Table 2),
88% of survey respondents (95/108) had used quantitative mea-
surements of standing radiographs, and 41% (44/108) had prior
experience with Surgimap. Those who used Surgimap on aver-
age reported only using it for approximately 40% of their defor-
mity cases. Additional free text response included citing the use
of flexion and extension radiographs for preoperative planning.
With respect to intraoperative measures of alignment, the
method most commonly used was C-arm or Spot radiographs
(84%, 91/108), while only 40% (43/108) had previously used
intraoperative full-length radiographs and only 20% (22/108)
had utilized the T-bar. A few of the free text responses also
indicated use of UNiD rods by Medicrea and intraoperative
computed tomography (CT). 88% of respondents (93/106)
reported that their surgical centers possessed a surgical
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Table 3. Deterrents for Using Available Intraoperative Assessment
Methods.

Deterrent n (%)

Workflow interruption 58/108 (54)
Lack of familiarity with available products 471108 (44)
Expense 36/108 (33)
Desired information is not provided 33/108 (31)
Radiation exposure 28/108 (26)
Inaccuracy 15/108 (14)

navigation camera, and of the 68 (63%) who reported using
surgical navigation systems for deformity cases, they did so on
average for 40% of their deformity cases.

Table 3 summarizes deterrents for utilizing currently avail-
able methods for intraoperative assessment of spinal alignment.
The most prominent deterrent, reported by 54% of respondents
(58/108), was interruption to the surgical workflow. 33% (36/
108) cited expense and 31% (33/108) reported that the quanti-
fied information they want to see is not provided by current
technology. For 26% of respondents (28/108), added intrao-
perative radiation exposure was also a deterrent for radiation-
based imaging assessment techniques. On average, respondents
reported overall satisfaction with current methods of intrao-
perative assessment of sagittal and coronal alignment as a 5.8
and 6.1 out of 10, respectively. The factors for which unsatis-
factory postoperative alignment results were most often attrib-
uted were general inability to assess alignment intraoperatively
(average of 40% of cases) and inability to visualize critical land-
marks for measurements intraoperatively (average of 31% of
cases). Ultimately, 87% of respondents (82/94) reported a need
for improvement in the current capabilities in making intraopera-
tive assessments of spinal alignment.

Discussion

Spinal deformity affects both adult and pediatric patients, and
results in decreased quality of life. The number of surgical
procedures to correct such deformity is growing rapidly along-
side the aging population in the United States.>***3> These
technically complex procedures require significant expertise
and are associated with high rates of postoperative deformity,
and a sizeable number of revision operations.”!'*'*"1? In addi-
tion to improving quality of life, successful correction of spinal
imbalance has been shown to reduce the need for costly revi-
sion procedures.'®?>%*-%> Furthermore, increasing emphasis
has been placed on determining patient-specific alignment
goals based on an array of variables.>' ™ In this light, improv-
ing the surgeon’s ability to accurately assess alignment intrao-
peratively and thereby titrate their deformity corrections to
meet preoperative goals—stands to not only improve patients’
postoperative quality of life, but also to reduce known post-
operative complications including proximal junctional kyphosis
and the currently high rates of revision operations.

Our national survey confirmed that the ability to assess
spinal alignment intraoperatively is a current clinical

shortcoming in need of improvement. In addition, we ascer-
tained the top factors that deter surgeons from using available
technology to assess alignment intraoperatively. Survey
respondents represented a diverse cross section of the country’s
spine surgeons, including individuals trained in both Neurosur-
gery and Orthopedics. More than half of the participants were
members of either the Scoliosis Research Society or Interna-
tional Spine Study Group. As expected, the most prominently
used method to assess alignment both pre- and intraoperatively
was radiography. As is often the case with obtaining intrao-
perative radiographs, workflow interruption was reported to be
the most prominent deterrent of making intraoperative mea-
surements. After lack of familiarity with available technology,
the 3 main deterrents for using technology were expense, not
being provided with the desired alignment information, and
added radiation exposure. As expected, surgical navigation
cameras were nearly ubiquitous, available at over 88% of cen-
ters, but only 63% of respondents reported using surgical navi-
gation. Of those who did use these cameras, it was for an
average of 40% of their deformity cases. Although this repre-
sents an increase from the 11% routine usage of surgical navi-
gation reported in 2013 by Hértl et al, it is likely a more modest
increase than it appears due to our survey respondents reporting
only using navigation for a minority of their cases.*® The pri-
mary reported factor responsible for unsatisfactory postopera-
tive alignment results was the inability to assess alignment
intraoperatively, and 87% of respondents ultimately reported
the need for improvement in current capabilities of making
intraoperative assessments of spinal alignment.
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