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Clinical Utility of an Intervertebral Motion Metric
for Deciding on the Addition of Instrumented Fusion
in Degenerative Spondylolisthesis

Joey F.H. Reijmer, MD,? Lex D. de Jong PhD,* Diederik H.R. Kempen, MD, PhD,® Mark P. Arts, MD, PhD,¢ and

Job L.C. van Susante, MD, PhD?

Study Design. A prospective single-arm clinical study.
Objective. To explore the clinical utility of an intervertebral
motion metric by determining the proportion of patients for whom
it changed their surgical treatment plan from decompression only
to decompression with fusion or vice versa.

Summary of Background Data. Lumbar spinal stenosis
from degenerative spondylolisthesis is commonly treated with
decompression only or decompression with additional instru-
mented fusion. An objective diagnostic tool capable of estab-
lishing abnormal motion between lumbar vertebrae to guide
decision-making between surgical procedures is needed. To this
end, a metric based on the vertebral sagittal plane translation-
per-degree-of-rotation calculated from flexion-extension radio-
graphs was developed.

Materials and Methods. First, spine surgeons documented their
intended surgical plan. Subsequently, the participants’ flexion-
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extension radiographs were taken. From these, the translation-
per-degree-of-rotation was calculated and reported as a sagittal
plane shear index (SPSI). The SPSI metric of the spinal level
intended to be treated was used to decide if the intended surgical
plan needed to be changed or not.

Results. SPSI was determined for 75 participants. Of these, 51
(68%) had an intended surgical plan of decompression only and 24
(32%) had decompression with fusion. In 63% of participants, the
SPSI was in support of their intended surgical plan. For 29% of
participants, the surgeon changed the surgical plan after the SPSI
metric became available to them. A suggested change in the sur-
gical plan was overruled by 8% of participants. The final surgical
plan was decompression only for 59 (79%) participants and
decompression with fusion for 16 (21%) participants.
Conclusion. The 29% change in intended surgical plans sug-
gested that SPSI was considered by spine surgeons as an adjunct
metric in deciding whether to perform decompression only or to
add instrumented fusion. This change exceeded the a priori
defined 15% considered necessary to show the potential clinical
utility of SPSI.

Key words: spinal stenosis, spinal fusion, orthopaedics, diag-
nostic imaging, decision support systems, clinical, neurosurgery,
radiographic image interpretation, computer-assisted, surgical
decompression, spondylolisthesis
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ecompression alone or decompression with instru-

mented fusion are both common surgical procedures

to treat patients with lumbar spinal stenosis (LSS) from
degenerative spondylolisthesis. Analyses have shown that
additional fusion in the management of LSS may be less cost-
effective! and yield no clinical improvements over decom-
pression alone.>> However, research has also shown that fusion
in addition to decompression may be of some benefit to a
proportion of patients with LSS in terms of back pain or
physical health-related quality of life.*> It is always challenging
for surgeons to select which of the two procedures is best for the
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individual patient because, to date, there are no valid diagnostic
tools and treatment algorithms that can reliably identify patients
that will benefit from the addition of fusion.

Spinal instability is one of the signs most surgeons con-
sider when deciding whether or not to combine decom-
pression with fusion.®” Since a diagnostic test to objectively
diagnose spinal instability is lacking,3'! surgeons currently
rely on a combination of clinical symptoms, tests, and
subjective radiographic criteria to judge instability.!? There
is some evidence that lateral flexion-extension radiographs
can be a useful adjunct to neutral radiographs and magnetic
resonance imaging,'3 and that sagittal plane intervertebral
translation between flexion and extension may be an
objective metric for dynamic instability."*!5 Since the
amount of translation can increase with the amount of
intervertebral rotation,'®"!° the magnitude of rotation must
also be considered when interpreting translation. Deter-
mining the intervertebral translation-per-degree-of-rotation
(TPDR)! has previously been proposed as a potentially
useful metric to quantify spinal instability. The TPDR is
associated with the facet fluid sign!®1520:21 which is cur-
rently considered one of the better indirect indicators of
instability.??

Sagittal Plane Shear Index (SPSI; Medical Metrics Inc.,
Houston, TX) is a new and validated metric based on the
TPDR to quantify abnormal spinal motion between two
vertebrae. Mathematically, SPSI is the same metric as the
previously developed Quantitative Stability Index.!* How-
ever, its name was changed because SPSI better indicates
that shear motion in the sagittal plane is being measured,
but also to avoid confusion about SPSI being an instability
index (that increases with increasing instability) instead of a
stability index, as the name Quantitative Stability Index was
suggesting. SPSI is produced by a computer-assisted method
measuring the ratio of TPDR between two lumbar vertebrae
on lateral dynamic flexion-extension radiographs.?3 SPSI is
a ratio that is expressed as the number of SDs from the
average TPDR that was found in people with radio-
graphically normal spines.?* SPSI is intended to be used
preoperatively to objectively assess the sagittal plane TPDR
of the stenotic level. A SPSI >2 means that the degree of
TPDR is more than two SDs (i.e. outside of the 95% CI)
from the average asymptomatic person’s TPDR.1%24
Although the SPSI metric has not yet been used in in vivo
studies, its use may have clinical value as an objective
diagnostic indicator for the presence of spinal instability. As
such, and as an adjunct to their existing diagnostic strat-
egies, it may assist spine surgeons in deciding whether to
perform decompression only or with instrumented fusion in
patients with LSS from degenerative spondylolisthesis.

As a first step in exploring the clinical utility?® of the SPSI
metric in surgical decision-making, we established the SPSI
metric in a target group of patients and explored whether
their SPSI results would be considered by spine surgeons2®
as an adjunct to their existing diagnostic strategies. In
particular, we explored whether the patients’ SPSI value of
the level intended to treat would change the surgical
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treatment plan that was recorded by the surgeons before the
SPSI metric was available to them. This outcome was
deemed critical for the design and reporting of future
research,?” because, for SPSI to have a future chance of
being adopted into routine clinical practice, it would first
have to show its clinical utility.

MATERIALS AND METHODS

Design and Participants

This was a prospective, single-arm clinical study. Patients
from four tertiary nonacademic hospitals in the Netherlands
were recruited by employing a nonprobability purposive
sampling method. Only patients referred to the spine sur-
geons involved in the study were checked against the eligi-
bility criteria and approached for participation. Patients
were eligible for participation if they had (i) symptoms
consistent with single-level LSS, (ii) central and/or foraminal
stenosis between two adjacent vertebrae confirmed by
magnetic resonance imaging, (iii) grades 1 (10%-25%) or 2
(26%—-50%) anterior or retrospondylolisthesis according to
the Meyerding classification,?® (iv) no history of prior
lumbar spinal surgery and (v) were suitable for posterior
lumbar interbody fusion surgery using posterior pedicle
screws, rods, and/or a spinal cage in case instrumented
fusion was considered. Patients were excluded if they had (i)
stenosis at the level of a transitional vertebra or severe
stenosis that required a wide decompression that was
judged to destabilize the spine, (ii) lateral spondylolisthesis,
(iii) scoliosis involving a lumbar curve >10° (iv) an
American Society of Anesthesiologists class IV or higher
disease, or (v) were pregnant. Written informed consent was
obtained from all participants.

Sample Size

The sample size calculation was based on the assumption
that, for the SPSI metric to be accepted as clinically useful
and as a threshold for deciding whether to proceed to a
large clinical trial after this study, at least 15% of treatment
plans would need to be changed by the inclusion of SPSI
metrics. With alpha set at 5% and beta at 90%, a simple
test of proportion indicated that a sample size of 59 par-
ticipants would be required to determine if this change was
at least 25%, under the assumption that 10% (n=6) of
treatment plans would change anyway due to variability in
how surgeons establish treatment plans. It was also esti-
mated that in a maximum of about 25% (n=15) of the
cases, the SPSI metric would not be followed. Another 20%
drop-out was expected due to participants having insuffi-
cient (< 5°) intervertebral rotation.2? This > 5° threshold is
required since, without sufficient intervertebral motion, it is
not possible to determine whether the intervertebral motion
restraints are competent or whether abnormal motion can
occur during flexion to extension. Motion of <5° is con-
sidered to be within the neutral zone of intervertebral
motion,3%-32 where the spine is not sufficiently stressed to
allow for detection of incompetent intervertebral motion
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restraints. To offset all of these possible reasons for par-
ticipant drop-out we aimed to recruit a minimum of 100
participants.

Study Procedures

A detailed description of the study procedures, including
two representative examples describing how the SPSI metric
was utilized during this study and two stabilized flexion-
extension radiographs, can be found in Supplemental File 1,
http://links.lww.com/BRS/C388 and Supplemental Digital
Content 1, http://links.lww.com/BRS/C387, respectively.

Data Collection and Analysis

Data collection was managed by an independent Clinical
Research Organization (Avania, https://www.avaniaclinical.
com). Data was analyzed using IBM SPSS Statistics for
Windows (Version 25.0; IBM Corp., Armonk, NY). Partic-
ipant characteristics were summarized descriptively. The
proportion of changed treatment plans was calculated using
frequencies (percentages).

RESULTS

Participant Flow and Characteristics

Between March 2019 and November 2022, a total of 100
patients were identified and screened for study eligibility.
Eight participants had to be excluded shortly after initial
inclusion, resulting in 92 participants included in the study.
The flow of the participants and their SPSI metric and
surgical planning results are shown in Figure 1.

Another 17 participants had to be excluded shortly after
having documented their intended (pre-SPSI) surgical plans
and having analyzed their flexion-extension radiographs
because they had <5° of rotation at the level intended to
treat. The characteristics of the 75 participants, for whom
all the required data was available to answer the main
research question, are presented in Table 1.

Outcomes

For 51 (68%) of the analyzable 75 participants, the eight
senior spine surgeons involved in the study documented an
intended (pre-SPSI) surgical plan of decompression only. In
24 (32%) participants, the intended surgical plan was
decompression with fusion.

In 63% (n=47) of all participants, the resulting SPSI was
in support of the surgeons’ decision regarding their intended
(pre-SPSI) surgical plan. Twenty-nine percent (n=22) of
pre-SPSI surgical plans changed after the SPSI metric was
used in the surgical planning. In 8% (n=6) of all partici-
pants, the surgeons chose not to implement a change to the
surgical plan, even though this was supported by the SPSI
metric. Reasons reported for not changing it (all explained
in the legend of Fig. 1) included doubts about how to
interpret SPSI values at the cutoff value for spinal (in)
stability. Including the data of the six participants for whom
the surgeons chose not to implement a change to the
surgical plan, where the SPSI metric suggested a change
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should be considered, for 79% (n=159) of participants, the
final surgical plan was decompression only, and for 21%
(n=16), it was decompression with fusion. There were no
changes in any of the participants’ surgical plans because of
intraoperative findings.

DISCUSSION

SPSI is a new and validated metric based on the TPDR to
quantify abnormal spinal motion between two vertebrae. It
was developed as an objective diagnostic indicator for the
presence of spinal instability, and it may offer spine sur-
geons a valuable adjunct metric in deciding whether to
perform decompression only or to add instrumented fusion
in patients with LSS from degenerative spondylolisthesis.
The results of this clinical study showed that the use of SPSI
by spine surgeons led to a change of 29% in their originally
intended (pre-SPSI) surgical plans. This change was almost
twice the a priori defined 15% considered acceptable for the
SPSI metric to have potential clinical utility and considered
a threshold for proceeding to a future large clinical trial.
Knowledge about the SPSI metric led spine surgeons to
perform fewer instrumented fusions than they had origi-
nally intended because SPSI suggested spinal stability in a
proportion of the participants judged by the spine surgeons
to have spinal instability. Overall, the results of this study
suggest that SPSI has potential clinical utility in surgical
decision-making for patients with LSS. However, before the
use of SPSI in daily clinical practice and surgical decision-
making is considered, some important issues, gaps in
knowledge, and study limitations need to be discussed.

The Potential Clinical Utility of SPSI in Surgical
Decision-making
The results of this study show that the SPSI metric was
considered in the clinical decision-making process for the
study participants and that spine surgeons were willing to
change their surgical treatment plan from decompression
only to decompression with fusion or vice versa if this was
supported by SPSI. Concerns about the invasiveness of
additional fusion surgery for a patient or doubts about the
presence of (in)stability based on regular radiology led
surgeons to not implement a change to the surgical plan in
8% (n=6) of the participants, even when a change was
supported by the SPSI metric. For example, SPSI values
around the cutoff value 2 of two participants were not just
used as a dichotomy between stability or instability, but
interpreted in the context of other relevant clinical factors
and as an adjunct to the surgeons’ existing diagnostic
strategies. These six cases arguably exemplify the surgeons’
learning process in using SPSL

During this study, 68% of the analyzable 75 participants
were initially planned for decompression only and 32% for
decompression with fusion. The latter rate is clearly lower
than the 82% to 97% fusion rates sometimes reported in
the literature,3334 and it also contrasts with the results of a
recent international survey that showed that surgeons
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[ Screened for eligibility (n= 100) ]

Participant identification,

| T

Excluded:

screening and inclusion e Screening errors (7= 6), the presence of a multi-level stenosis
¢ =20 ] revealed during an MRI-scan (7 = 1) and the presence of
I lumbosacral transitional anatomy (n=1).
Surgeon’s recording of the pre- Intended surgical plan: Intended surgical plan:
- SPSI surgitai plan decompression only decompression with fusion
) (n=64) (n=28)
I T
Taking Ih.e Flerion extenzion [ Obtaining and analysing the flexion-extension radiographs ] Excluded:
ra(.ilographs and : ' ......................................................................... | D Insufficient intervertebral rotation at treatment level to allow for
calculating the SPSI metric 1 1 1 l reliable assessment of SPSI (7= 17).
SPSI<2, 2 " 5
Receiving the report containing ine soinal siability Sesi>2, Sspsl<2, Sesi>2,
the SPSI metric suggestmg st:‘ stabil suggesting spinal instability suggesting spinal stability suggesting spinal instability
(n=42) n=9) (n=17) n=7
Surgeon’s decision about the Final surgical plan: Final surgical plan: Final surgical plan: Final surgical plan: In 8% (17=6/75) of participants the spine surgeons chose 77of to
post-SPST surgical plan decompression only Decompression + fusion decompression only Decompression + fusion implement a change to the surgical plan even though the SPSI
(n=41) n=T7P* (n=15)* (n=6) metric suggested a change should be considered . *

!

29% (n =22/75) of pre-SPSI surgical plans changed
after the SPSI metric was used in the surgical planning.

i

In 63% (7 =47/75) of participants their SPSI was supporting
the spine surgeons' decision regarding the intended surgical plan.

Figure 1. The flow of the participants and their Sagittal Plane Shear Index (SPSI) metric and surgical planning results. * These cases explain why the
sample sizes in the “Final surgical plan” boxes decreased. The spine surgeons’ reasons reported for not implementing a change to the surgical plan
in cases where the SPSI metric suggested a change should be considered were: ? the decision to perform decompression with fusion despite a SPSI
of exactly 2 which was suggesting spinal stability (n = 2); ® concerns about the invasiveness of fusion surgery in a participant at risk of complications
(n=1); € doubts about the presence of instability based on the radiographic images despite a SPSI of 4.1 (n=1); ¢ the decision to perform a
decompression with fusion at two levels (n=1); and © the refusal of a participant to undergo fusion surgery (n=1). MRI indicates magnetic

resonance imaging.

utilized fusion for the treatment of degenerative spondylo-
listhesis more commonly than performing primary
decompression.” However, our 32% fusion rate does lie
within the 22% to 44% range reported in more recently
published studies.'3%:3¢ These latter lower rates may reflect
a decrease in the utilization of fusion surgery ever since
evidence has accumulated that decompression with fusion is
not superior to conventional decompression alone,?3:37-38
that it remains unclear as to which patients may still benefit
from fusion surgery®® and that fusion procedures are asso-
ciated with increased costs but not clinical benefits.*%#! As
long as there is no robust evidence that adding fusion to
decompression is beneficial for patients, it has been sug-
gested that it should be restricted to patients with radio-
graphically proven mechanical instability.*> With this
study, we explored the clinical utility of a diagnostic indi-
cator for the presence of such mechanical instability. By
using the SPSI metric for surgical decision-making, the
number of participants who ultimately underwent decom-
pression with fusion surgery was 11% lower than what the
surgeons had intended before SPSI was known to them.

Strengths, Limitations, and Future Research

By conducting this study, we have taken some of the
recommended?32% first steps to explore the clinical utility of
a new intervertebral motion metric. The participants
included in this study resembled those planned for
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decompression only or with fusion used in previous studies
in terms of leg pain intensity and disability related to low
back pain. For example, for both of these patient groups,
the baseline mean leg pain numeric rating scale scores typ-
ically range between 6 and 8.***5 Our participants had
numeric rating scale scores of around 6.6, which was within
the exact same range. Similarly, Oswestry Disability Index
scores typically ranged between 36 and 48+41:43:4446 while
our participants’ Oswestry Disability Index scores of
around 38 also fell within this range.

The most important limitation of this study was that it was
neither designed nor powered to test the hypothesis that SPSI
can help to improve clinical outcomes. Data regarding the
clinical outcomes of this study’s participants will be presented
separately after the two-year follow-up has been completed
(results expected in 2025). Those results will arguably assist in
gaining a better understanding of the likely role of SPSI in terms
of a replacement or add-on diagnostic?” and in the design of
further research into the accuracy of SPSL In order to reliably
calculate the SPSI metric, patients need to have > 5° of lumbar
rotation. This requires that a patient flexes and extends the spine
with maximal effort while the flexion-extension radiographs are
taken. During this study, the participants received their
instructions on how to achieve this through a short video.
Although these instructions were standardized and staff were
also trained on this protocol, it was not possible to physically
check whether each participant sufficiently stressed their spine
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Baseline Characteristics of the 75

Analyzable Participants

Characteristic Value
Age, yr 66.7 (9.3)
Sex, n (%)
Male 28 (37)
Female 47 (63)
BMI, kg/m” 28.2 (4.8)
Lumbar spinal level treated, n (%)
L3-L4 12 (16)
L4-L5 61 (81)
L5-S1 2 (3)
Leg pain intensity NRS score* 6.6 (2)
Use of pain medication, yes, n (%) 51 (68)
ODI scoret 38.5 (16)
Centers, participants, n (%)
Amsterdam 20 (26.7)
Arnhem 48 (64)
Den Haag 5 (6.7)
Zwolle 2(2.7)
Values are reported as mean (SD) unless stated otherwise.
"Scores range from 0 to 10 where a higher score indicates a higher leg pain
intensity experienced in the past week.
"Original scores range from 0 to 50, and these are subsequently recalculated
into a percentage by using the equation [total ODI score /(5xnumber of
completed items)]/100, where a higher percentage indicates more disability
related to low back pain.
BMI indicates body mass index; NRS, numeric rating scale; ODI, Oswestry
disability index.

during radiography. Some of the 17 excluded participants may
actually have had <5° of lumbar rotation,”® but some may also
not have exerted maximal effort, for example, due to back pain.
The exclusion of these participants negatively impacted the
sample size of this study. Also, other factors can influence a
patient’s SPSI values, such as minor (<10°) rotational
deformities. Even though SPSI is tolerant of a fair amount of
malalignment of the central X-ray beam with respect to verte-
bral bodies,*” future research into this and potential other
confounding factors is warranted. The presence of a certain
degree of measurement error around TPDR values could thus
not be ruled out. Especially around the SPSI cutoff value of 2,
such errors could result in the misclassification of spinal (in)
stability.

We recommend conducting a study where SPSI is used
during the clinical decision-making process in symptomatic
patients with LSS and to investigate its effect on clinical
outcomes such as pain, disability, reoperation, and revision
rates, postoperative complications, and their associated
health care costs. We further recommend establishing
TPDR values in a large sample of patients with symptom-
atic LSS and conducting research into the methodological
qualities (i.e. psychometric properties) of SPSI.

Spine

CONCLUSION

The 29% change in intended surgical plans suggested that SPSI,
a metric based on the TPDR to quantify abnormal spinal
motion between two vertebrae, was considered by spine sur-
geons as an adjunct metric in deciding whether to perform
decompression only or with instrumented fusion for patients
with LSS from degenerative spondylolisthesis. This change
exceeded the a priori defined 15% considered necessary to
show the potential clinical utility of SPSI and to proceed with
further research. By using the SPSI metric for surgical decision-
making, the number of participants who ultimately underwent
decompression with fusion surgery was 11% lower than what
the surgeons had intended before SPSI was known to them.
Future research should focus on establishing the methodological
qualities of SPST and whether utilizing it during clinical decision-
making will yield better patient outcomes.

> Key Points

O Sagittal Plane Shear Index (SPSI) is a new and
validated metric based on the translation-
per-degree-of-rotation calculated from flexion-
extension radiographs that aims to quantify
abnormal spinal motion between two vertebrae
and to objectively diagnose spinal instability.

O This study explored whether the patients’ SPSI
value of the level intended to treat would change
the surgical treatment plan that was recorded by
the surgeons before the SPSI metric was available
to them.

O A 29% change in intended surgical plans suggests
that SPSI was considered by spine surgeons as an
adjunct metric in deciding whether to perform
decompression only or with instrumented fusion.
This change exceeded the a priori defined 15%
considered necessary to show the potential clinical
utility of SPSI.
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