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Abstract
Study Design.—Retrospective cross-sectional cohort.

Objective.—The aim of this sudy was to determine whether muscle health measurements are
associated with health-related quality of life scores (HRQOLS) for patients with lumbar spine
pathology.

Summary of Background Data.—Poor muscle health has been implicated as a source of pain/
dysfunction for patients with lumbar spine pathology. Our aim was to quantify the relationship
using muscle health measurements and HRQOLS.

Methods.—Three hundred and eight patients were included (mean age 57.7 +standard deviation
18.2 years’ old). We randomly selected patients into a derivation cohort (200) and validation
cohort (108) to create our muscle health grade. We measured muscle health by the lumbar
indentation value (L1V), goutallier classification (GC), and ratio of paralumbar muscle cross-
sectional area over body mass index (PL-CSA/BMI). A muscle health grade was derived based

on whether a measurement showed a statistically significant impact on visual analog scale back
and leg pain (VAS-leg and VVAS-leg), Oswestry Disability Index (ODI), short-form 12 physical
health score (SF-12 PHS), short-form 12 mental health score (SF-12 MHS) and Patient-reported
Outcomes Measurement Information System (PROMIS). A variety of statistical tools were used to
determine whether there was a relationship between a measurement and HRQOLSs.

Results.—In the derivation cohort, a muscle health grade was created based on the GC and PL-
CSA/BMI ratio. For patients with a GC <2, one point was given. For patients with a PL-CSA/BMI
=130, one point was given. Patients with 2 points were graded as “A” and 0 or 1 point were graded
“B.” Within the validation cohort of patients, there was a statistically significant higher PROMIS
(mean 34.5 +standard deviation 12.6 vs. 27.6 + 14.0, £=0.002), ODI (38.8 + 18.3 vs. 45.8 +£ 18.1,
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P=0.05) and SF-12 PHS (34.7+ 11.3 vs. 29.1 + 6.3, P=0.002) for patients with a good muscle
health grade of “A.”

Conclusion.—This study offers an objective measurement of muscle health that correlates with
HRQOLs for patients with lumbar spine pathology.

Keywords

disability; health-related quality of life scores; low back pain; lumbar grading system; lumbar
spine; muscle; muscle health; pain; paralumbar muscle health

The prevalence of low back and spinal pathology has been estimated between 65% and
85% with one-fourth of adults in the United States stating that they have had low back pain
within the last three months.1~4 Recent studies show that sarcopenia or decreased muscle
strength/quality is associated with low back pain.5—8 The manner with which this decrease
in muscle health/quality impacts common spinal conditions causing low back pain, such as
lumbar spinal stenosis or a disc herniation, remains unclear.

Although there have been studies examining how certain conditions impact patient function
in relation to lumbar muscle health, there has been limited data examining how muscle
health impacts commonly reported health-related quality of life scores.®-11 Previous studies
have identified changes in paralumbar muscles with age and low back pain.12:13 Wagner et
al also found that larger psoas cross-sectional area was protective against severe disability as
measured by the Oswestry Disability Index (ODI).14 The authors of this study suspect that
a portion of disability and pain that patients with lumbar pathology suffer from is due to
decreased muscle health.

To study this relationship, we have examined three preoperative markers for paralumbar
muscle health and examined whether these markers impact health-related quality of life
scores (HRQOLSs). We performed this experiment in two steps. We first derived a muscle
heath score based upon an analysis of muscle health measurements on a cohort of patients.
We then applied this score to another validation cohort of patients to ensure our score
accurately predicted health related quality of life scores.

METHODS

We performed a retrospective review of patient charts and imaging between January 2017
and April 2019. This was done with the approval of the senior author’s home institutional
review board (IRB). We included consecutive operative patients that presented with
debilitating back and/or radiating leg pain to a spine clinic in the Northeast United States.
Patients with <6 weeks of symptoms were not included within our study. Only patients who
had received non-operative management of their symptoms with treatments including, but
not limited to, physical therapy, acupunture, chiropractor, activity modification, and so on,
were included in our analysis. Patients were diagnosed and indicated for surgery with the
following primary diagnoses: spondylolisthesis, disc herniation, foraminal stenosis, central
stenosis, degenerative disc disease. Patients with debilitating back and/or radiating low back
pain were indicated for surgery if their back pain/radiating leg pain matched anatomic
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findings of stenosis and/or instability on radiographs and magnetic resonance imaging. We
excluded patients with an acute traumatic injury causing their symptoms and those with a
cancer diagnosis. Any patient with a previous lumbar spine surgery was also excluded.

Basic demographic information was collected on each patient including age, sex, and body
mass index (BMI). At the patient’s preoperative visit there were six scores collected on
each patient. These HRQOLSs included patient-reported outcome measurement information
system physical health (PROMIS) scores, ODI, short-form 12 mental health score (SF-12
MHS), short-form 12 physical health score (SF-12 PHS), visual analog scale back (VAS
back), and visual analog scale leg (VAS leg) scores. PROMIS physical function was the sole
PROMIS measure used within this study.

Muscle Health Measurements

Muscle health was measured in a variety of manners. We used a previously validated
measurement of muscle degeneration named the lumbar indentation value (L1V).12 An
example measurement is shown in Figure 1. This measurement is the perpendicular distance
between the spinous process and a line tangential to the paralumbar muscle bulges.

To obtain the cross-sectional area of paralumbar muscles (PL-CSA), we used a specially
designed free online software.12:15 The image-processing software platform (Image J,
National Institutes of Health, Bethesda, MD) utilized allowed us to trace out the boundary
of the combined multifidus and erector spinae muscles. A sample of this measurement is
shown in Figure 2. We used a methodology of measuring that was similar to one performed
by Takayama et a/12 The muscle area was outlined manually with a cursor on the right

and left side of the spinous process and was added together. The area of multifidus and
erector spinae was outlined from the facet/lamina/spinous process to posteriorly and laterally
to the thoracolumbar fascia. Figure 2 shows the combined area of erector spinae/multifidus
measured on one axial slice. These measurements were then added together. To correct for
a patient’s habitus when evaluating the absolute value of PL-CSA, we divided PL-CSA
(mm?) with the BMI of the patient (kg/m?2). To date, no study has used this ratio to quantify
paralumbar muscle health.

The Goutallier classification of the paralumbar muscle was graded on a 1 to 4 scale based

on a qualitative assessment of fat atrophy of the muscle.16 A One of 4 was defined as having
minimal to no fatty streaks in muscle, a 2 of 4 as having fat evident but more muscle present,
a 3 of 4 meant equal fat and muscle, and a 4 of 4 was more fat than muscle.

All measurements were done on an axial T2 weight cut from the MRI at L4-L5. We selected
L4-L5 based upon previous research that showed lumbar muscle degeneration is most
prevalent at this level when present at all.1217 All measurements were done using Sectra
Medical Imaging (Sectra AB, Linkoping, Sweden). The majority of MRIs were done with a
1.5T-scanner. The repetition time and echo time were 3635 ms and 100 ms, respectively with
3 to 3.5 mm cuts. The matrix size was 416 x 224. Patients were placed in a supine position
with the lumbar spine in a neutral position. A portion of MRI scans was done at outside
institutions and we could not control for the specifications of these outside MRIs, although
any MRIs that were not done in a supine position were automatically excluded.

Spine (Phila Pa 1976). Author manuscript; available in PMC 2024 August 02.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Virk et al.

Page 4

All measurements were performed by either a fellowship-trained spine surgeon, resident in
orthopedic surgery, or medical student. Measurements performed by the medical student
and orthopaedic surgery resident were checked by a fellowship-trained spine surgeon to
ensure proper accuracy. Medical students and residents were trained on the methodology
of measuring paralumbar muscle (cross-sectional area, lumbar indentation value, and
Goutallier classification) over the course of a day. Relevant articles detailing this measuring
methodology were also provided to the medical student and orthopaedic surgery resident
to help with understanding the accurate method to measure paralumbar muscle.12:18.19 An
intraclass correlation coefficient was calculated for 20 measurements between researchers
for CSA and LIV. A kappa value was calculated for 20 measurements of Goutallier
classification between researchers.

Development and Validation of Muscle Health Grade

To create our muscle health grade we randomly divided our patient population into two
cohorts. One cohort represented two-thirds of our entire patients and was used to develop
our muscle health grade (derivation cohort). The second group was used to validate our
findings (validation cohort). A schematic of how this score was created is shown in Figure 3.

Statistical Analysis

To compare preoperative HRQOL scores to the evaluation of muscle health several statistical
tools were utilized. The HRQOL values for each Goutallier class were compared using an
analysis of variance (ANOVA) calculation. A linear regression analysis was used to compare
LIV with the preoperative HRQOL. When multiple analyses were performed on the same
set of data, a bonferoni correction factor was to correct the p values reported. We compared
the ratio PL-CSA/BMI to HRQOL ’s using a linear regression analysis. We also tested the
diagnostic performance of each measurement using a receiver-operating characteristic curve
(ROC curve). A ROC curve was created based on having a PROMIS score of 240 as the
state variable. This PROMIS score was selected as it represented one standard deviation
from the average level of physical function for the general United States population.2021 We
choose 40 as our cutoff because any amount of lumbar spine related pathology frequently
disables patients significantly and the majority of patients with a diagnosis such as lumbar
spinal stenosis has PROMIS physical function scores <40 (/.e., more than one standard
deviation below the general population).22 If a parameter had an acceptable area under

the curve (AUC) for its corresponding ROC curve then the optimal cutoff point to stratify
“good” versus “poor” muscle was determined from the ROC curve. The Youden index
(specificity + sensitivity — 1) was used to determine the optimal cutoff value for each
variable as well.23 A patient was then given one point for each muscle health measurement
that corresponded to a “good” muscle health score.

We then compared HRQOLSs from each scoring category within our muscle health score
based on a either a student ztest or an ANOVA analysis in both the derivation and validation
cohort. A statistically significant value was any correlation or difference with a p value of
0.05 or less.
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There were 308 patients included within our analysis. The basic demographic information,
muscle health measurements, and the breakdown of the patient’s pathology are shown in
Table 1. A breakdown of HRQOL scores is also provided with Table 1. No statistically
significant differences were found between the derivation and validation cohorts of patients
in terms of any of the HRQOL scores or muscle health measurements. The intraclass
correlation coefficient for CSA was 0.99 and for L1V was 0.98 showing excellent reliability
between researchers. The kappa value for goutallier classification was 0.78 showing good
reliability.

Derivation Cohort Results—Individual Scores and HRQOL Values

The most common Goutallier classification for our patients was 2. There were 31 patients
with a muscle health score of 1, 112 patients with a score of 2, 34 patients with a score of
goutallier of 3, and 23 patients with a score of 4. The HRQOL score that correlated with
Goutallier classification was PROMIS (P=0.01). The AUC for the goutallier classification
was fair (AUC=0.75). A cutoff of 2 was chosen to represent “good” muscle health as it
represented a sensitivity of 0.95 and a high Youden index of 0.39. The ROC curve for
goutallier classification is shown in Figure 4A.

The LIV was correlated with all six HRQOL scores using a linear regression analysis. No
statistically significant linear relationships were found. As above, we created a ROC curve
for the LIV and found an AUC of 0.54. Therefore, we did not include the LIV within our
muscle health score as it failed to correlate with HRQOLS using a linear regression analysis
and our ROC curve showed that LIV had no discrimination capacity for the PROMIS score.

The PL-CSA/BM I ratio was correlated with all six HRQOL scores using a linear regression
analysis. We found that there was a statistically significant linear relationship between
PL-CSA/BMI and PROMIS (/<0.001, r=0.29) and VVAS-leg scores (£=0.02, =0.16). As
above, we created an ROC curve for PL-CSA/BMI. The AUC for PL-CSA/BMI was fair
(AUC=0.73). Of note, a “fair” AUC has been deemed acceptable in previously published
studies of predictive models.24-26 A cutoff of 130 was chosen to represent “good” muscle
health as it represented a sensitivity of 0.90 and had a high Youden index of 0.33. The ROC
curve for PL-CSA is shown in Figure 4B.

Derivation Cohort—Creating the Muscle Health Grade

To create our muscle health grade, we combined our results from the above analysis to
grade paralumbar muscle based on goutallier classification and PL-CSA/BMI. A Goutallier
classification of <2 was deemed to be “good” muscle health and a patient would be

given one point. Similarly, if a patient had a PL-CSA/BMI of =130 they were graded as
“good” and given a point. Table 2 outlines the combined components of the muscle health
grade which were able to model HRQOLs. Within our scoring rubric a score of 0 or 1
corresponded to a “poor” muscle health grade of “B”. A score of 2 corresponded to “good”
muscle health grade of “A.”
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Validation of Muscle Health Grade

We applied the same grading system defined above to a separate cohort of patients. There
were 108 patients included within the validation cohort of patients. Within the validation
cohort, patients with a PL-CSA/BMI >130 had a statistically significant better SF-12 PHS
(P=0.02), ODI (P=0.02), and VVAS-leg (~=0.02). In this same validation cohort, patients with
a GC of <2 had an improved SF-12 PHS (~=0.01) and PROMIS (~=0.001).

There were 32 patients with a muscle health score of 0, 27 patients with a score of 1, and 49
patients with a score 3. The breakdown of HRQOL scores for each grade of muscle health
is shown in Table 3 for the validation cohort. There is a statistically significant difference in
SF-12 PHS, ODI, and PROMIS in relation to a better muscle health grade for the derivation
cohort.

When applying the muscle health grade to the entire cohort of patients (308) we found these
findings remained consistent. There were statistically significant better VAS-leg (P=0.02),
SF-12 PHS (P=0.02), ODI (P=0.02), and PROMIS scores (P<0.001) for patients with
“good” muscle health.

DISCUSSION

We found that there are significant correlations between poor muscle health and worse
HRQOL scores for patients suffering from lumbar spine pathology. Poor muscle health

as quantified by a low muscle health grade corresponds to worse functional status as
measured by ODI, PROMIS, and SF-12 PHS. These findings offer insight into the role
that paralumbar muscle health might play into overall disability of patients as measured by
HRQOL measurements.

This muscle health grade provides a clinical tool and insight on how sarcopenia is associated
with disability associated with common spinal disorders.>27-30 |t is important for spinal
surgeons to understand this link given the high prevalence of sarcopenia in patients,
especially the elderly.3 Estimates of sarcopenia range from 6% to 24% of the population
and is markedly high (22.6%—-26.8%) in the elderly.31-34 There are a variety of ways to
measure sarcopenia, but a commonly used modality is hand-grip strength testing.3® This
testing may not be done routinely in the office of a spinal surgeon, whereas surgeons

are routinely evaluating lumbar MRIs. We hope that this study provides surgeons a quick
surrogate measurement of sarcopenia and the related disability of sarcopenia by evaluating
the Goutallier classification and estimating the overall paralumbar muscle area. Of note, the
cross-sectional area of paralumbar muscle can be measured by first downloading once the
imagej software from the National Institute of Health website for free. Saving an axial MRI
at the L4-L5 disc space as a JPEG and using the imagej software to draw out the area of
muscle of interest. This can be done in a relatively short amount of time. Furthermore, this
study also provides a link between the findings related to sarcopenia/deconditioning and
commonly reported HRQOLSs.

Our findings of decreased muscle health related to poor functional scores ties into previously
reported literature on patients with lumbar spinal stenosis having hyperactive paralumbar
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muscles.10 Leinonen et a/found that patients with lumbar spinal stenosis had surprisingly
good muscle endurance. This could be from increased activity of lumbar muscles in patients
with lumbar spinal stenosis working to maintain lumbar lordosis.3® Further study is required
to understand how paralumbar muscle health changes throughout the disease process. How
hyperactive paralumbar muscles impact muscle health measurements on MRI is also a
potential area of further research. The authors acknowledge that lumbar spine pathology
and disability is a complex relationship and muscle health is not the sole determinant of
disability. The authors contend, however, that muscle health may be a subtle but important
factor contributing to discomfort/disability for patients with lumbar spine pathology as
measured by HRQOLSs. Furthermore, the differences in HRQOLSs between the cohort

of patients with “good” versus “poor” muscle health approaches or is above minimally
clinically important difference (MCID) figures for SF-12 physical health score, PROMIS
physical function, and ODI.37-39

The relationship between disc degeneration and muscle health has been explored and offers
an important area of future research. Several studies have outlined the correlation between
disc degeneration and paralumbar muscle degeneration.13:40:41 The pathophysiology of this
process of disc degeneration and muscle degeneration may to some degree be related to
changes in biologic signaling between these structures.#243 The authors feel this is a vital
area of new research that may lead to future treatments for patients suffering from lumbar
spine pathology.

An important finding of this study is the use of a scaling factor in order to properly compare
paralumbar cross sectional area across patients. The PL-CSA/BMI figure was found to
correlate with pre-operative HRQOLSs. We believe this is a unique measurement of muscle
health as it factors in the patient’s habitus in order to properly gauge the relative size of
paralumbar muscle cross-sectional area. Previous studies to date have not incorporated a
scaling factor to cross-sectional area.*4-4

There are several important limitations to the present study. It is a retrospective study

of patients with known lumbar pathology and therefore we do not have a control group

of normal patients to compare our various muscle health measurements. We attempted to
control for this variable by separating our patient population into derivation and validation
cohorts. This allowed us to develop a score then apply its results to a separate patient
population. Future study will require us to apply this scoring system to a normative control
population of patients with lumbar MRI. There has also been literature demonstrating the
link between chronic pain and changes in paralumbar muscle.648 We did not control for
this potential source for sarcopenia, although it may in part be reflected in the ODI within
our 2 cohorts of patients. We also did not factor in other HRQOL measures that may
better reflect the quality of a patient’s pain, time course of dysfunction/disability, cites of
pain, among others. The precise nature of low back pain and/or radiating leg pain may
significantly impact muscle health and this is likely a topic for future research. The authors
acknowledge that the dichotomous nature of our scoring system does limit the usefulness
of our muscle health grade for clinical use. Body mass index was used to correct for the
generalized fat percentage that a patient might be living with. There is, however, evidence
that BMI does not reflect perfectly the location of excess mass.#? It was included within
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our study as it is a commonly measured patient characteristic and we hoped that its wide

use would facilitate interpretation and utility of our muscle health grade. Further study on
the distribution of fat in the abdomen and above the fascia in the lumbar spine and its

impact on commonly used HRQOLSs for the spine will likely be needed. There is an inherent
limitation related to the LIV measurement in that a patient’s position on the MRI scanner
may impact the LIV. Pressure from the MRI scanner may distort the surface topology of
paralumbar muscle and impact the LIV measurement. The authors also acknowledge that
this methodology of creating a scoring system from validation/derivations may be unfamiliar
to some readers. There have been numerous publications in a variety of journals that have
used this methodology to create a score or prediction model for a clinical entity.3%-52 Qur
analysis also includes a population of patients that is similar in size to previously published
studies using this methodology.

In conclusion, this is the first study to show a link between a portion of HRQOL
measurements and muscle health for patients with lumbar spine pathology requiring surgery.
It also provides a relatively easy to obtain muscle health score that correlates strongly with
functional HRQOIs. We hope these data inform clinicians on the role of paralumbar muscle
health in disability related to lumbar spine pathology.
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Key Points
. Paralumbar muscle health correlates with HRQOL measures for patients with
lumbar spine pathology
. Patients with a low ratio of paralumbar cross-sectional area over BMI have
lower HRQOLSs.
. A novel grading system using paralumbar cross-sectional area over BMI and

Goultallier classification correlates strongly to HRQOLSs.

. This study demonstrates the role of paralumbar muscle in the complex
physiology of pain/disability from lumbar spine pathology.
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Figure 1.
The lumbar indentation value (LIV) is the perpendicular distance between the spinous

process and a line tangential to bilateral paralumbar muscle bulges.
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Figure 2.
This is a sample measurement of the cross-sectional measurement of paralumbar muscle

(PL-CSA) using T2-weighted imaging. This is an axial slice from the L4-L5 disc space. The
yellow outline delineates the area of measurement which is drawn by cursor on both the
right and left sides of the spine.
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Figure 3.
Method for deriving and validating the muscle health score.
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These graphs represent the receiver-operating character curves for the goutallier

classification (A) and paralumbar muscle (PL-CSA) (B).
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TABLE 2.

Components of the Muscle Health Score

Variable Score
Goutallier Classification
34 0
1-2 1

Paralumbar cross-sectional area/BMI

<130 0

>130 1
Muscle Grade Total score
Poor muscle health 0-1
Good muscle health 2

BMI indicates body mass index.
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