INTERNATIONAL

JOURNAL

SPINE

SURGERY

Qualitative Evaluation of Paraspinal Musculature After
Minimally Invasive Lumbar Decompression: A Prospective
Study

Ramon Oliveira Soares, Nelson Astur, Lucas Rabello de Oliveira, Michel Kanas, Marcelo
Wajchenberg and Delio Euldlio Martins

Int J Spine Surg published online 26 August 2024
https://www.ijssurgery.com/content/early/2024/08/26/8631

Thisinformation is current as of August 27, 2024.

Email Alerts Receive free email-alerts when new articles cite this article. Sign up at:
http://ijssurgery.com/alerts

The International Journal of Spine Surgery
2397 Waterbury Circle, Suite 1,
Aurora, IL 60504, Phone: +1-630-375-1432

© 2024 ISASS. All R&mﬁmymnpsﬂwww.ijwrgery.cow by guest on August 27, 2024

SOCIETY for the ADVANCEMENT of

S ST INTERNATIONAL
e SPINE SURGERY


https://www.ijssurgery.com/content/early/2024/08/26/8631
http://jpm.iijournals.com/alerts
https://www.ijssurgery.com/
https://www.ijssurgery.com/

International Journal of Spine Surgery, Vol. 00, No. 0, 2024, pp. 1-7
https://doi.org/10.14444/8631
© International Society for the Advancement of Spine Surgery

Qualitative Evaluation of Paraspinal Musculature After

ROS, 0000-0002-3861-4150;
MW, 0000-0003-1961-6537;

Minimally Invasive Lumbar Decompression:
A Prospective Study

RAMON OLIVEIRA SOARES, MD'; NELSON ASTUR, MD, PuD"*; LUCAS RABELLO DE OLIVEIRA, MD';

MICHEL KANAS, MD'"*; MARCELO WAJCHENBERG, MD, PuD"*; AND DELIO EULALIO MARTINS, MD, PuD"?

! Orthopaedic and Trauma Department, Hospital Israelita Albert Einstein, Sdo Paulo, SP, Brazil; 2Spine Surgery Department, Instituto Cohen Ortopedia, Sdo Paulo, SP,

Brazil

NA, 0000-0002-2608-2118;
DEM, 0000-0001-5510-3507

LRdO, 0000-0002-0815-7999; MK, 0000-0002-2179-3666;

ABSTRACT

Background: To quantify fatty infiltration and degree of paraspinal muscle degeneration in patients submitted to tubular
microdiscectomy and conventional open microdiscectomy.

Methods: A prospective cohort of patients was submitted to microdiscectomy for lumbar disc herniation after failure of
conservative treatment. Selection of the technique was based on the surgeon’s preference. Analysis of the multifidus muscle
was performed using the Goutallier system and the percentage of fat in the muscle. Preoperative and 1-year postoperative T2-
weighted magnetic resonance imaging was used, and statistical analysis was carried out using the Wilcoxon test and Spearman
correlation test using a significance level of 5%.

Results: Thirty-two patients were included in the study. The percentage of fatty infiltration in the muscle increased
on both sides of the spine 1 year after surgery, although only the ipsilateral side presented statistical significance in patients
submitted to conventional microdiscectomy (43.3% preoperative and 57.8% postoperative). Muscular degeneration increased
significantly ipsilateral to the disc herniation according to the Goutallier classification (grades 1-2) for both interventions.
No statistically significant difference was found for fatty infiltration scores or for the degree of muscular degeneration of the
multifidus in the comparative analysis of the methods.

Conclusions: Muscular damage resulting from surgery of lumbar disc herniation significantly increases fatty infiltration
and degeneration of the multifidus. Muscular degeneration was associated with worsening back pain.

Clinical Relevance: While no significant difference was found between the techniques, the tubular minimally invasive
approach shows a tendency for less muscle damage. These findings highlight the importance of minimizing muscle injury

during surgery to improve postoperative recovery and long-term outcomes.

Level of Evidence: 4.

Minimally Invasive Surgery

Keywords: minimally invasive surgical procedures, muscle injury atrophy, microdiscectomy, comparative analysis, fatty

infiltration, Goutallier classification

INTRODUCTION

The paraspinal musculature, particularly the multifi-
dus muscle, plays a critical role in maintaining the sta-
bility and biomechanical function of the spine.'?

There is growing interest in understanding its normal
physiology and pathological states®* given its relation
to the physiopathology of degenerative diseases of the
spine, chronic lumbar pain, and scoliosis.'”® Among
degenerative diseases, lumbar disc herniation is 1 of the
most common conditions.! Discectomy has long been
the standard surgical procedure for treating patients
with persistent symptomatic lumbar disc herniation,

with good results in terms of satisfaction and improve-
ment of sciatic pain.” However, similar to other surgical
procedures of the lumbar spine that require conven-
tional posterior approaches, the retraction and resec-
tion of spinous process muscles (to ensure an adequate
field of view) can result in ischemia and denervation
of the paraspinal musculature.* These changes lead
to atrophy of the spinal musculature and can result in
reduced biomechanical capacity of the trunk and an
unfavorable long-term prognosis in terms of clinical
outcomes, primarily represented by residual lumbar

.21
pain.>'”
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With recent less invasive surgical techniques, one can
reduce damage to the paraspinal musculature related to
the surgical approach by applying tubular retractors for
intramuscular separation. Although the literature shows
similar results for tubular and conventional techniques,
it is believed that less dissection has potential clini-
cal benefits, which include a reduction in blood loss,
reduced postoperative lumbar pain, shorter hospitaliza-
tion, lower incidence of infection, and faster return to
daily activities.'™!! However, few studies specifically
quantify changes in the multifidus after tubular micro-
discectomy. Existing studies present limitations related
to sample size, follow-up time, and a lack of correlation
between evaluation of the musculature and presented
clinical outcomes.*'!!

The objective of this study was to quantify fatty infil-
tration and the degree of degeneration of the paraspinal
musculature in patients who underwent tubular micro-
discectomy and conventional open microdiscectomy.

Our study hypothesized that the tubular intra/inter-
muscular technique would cause less postoperative
muscular tissue damage than the traditional midline
approach to spinal surgery. We focused on the degree
of fatty infiltration, as measured by Goutallier grade
changes, to assess this. Our primary judgment crite-
rion was the comparison of preoperative and 1-year
postoperative Goutallier grades in magnetic resonance
imaging (MRI) scans.

PATIENTS AND METHODS

This prospective cohort study was conducted at a
tertiary private hospital after obtaining approval from
the research ethics committee. The study included a
consecutive series of patients aged 18 to 65 years with
herniated lumbar disc referred for single-level unilat-
eral decompression surgerybetween January 2017 to
March 2019. After signing an informed consent and
agreeing to participate, patients were assigned nonran-
domly to 2 groups with different surgical techniques
based on the surgeon’s preference: Group 1 underwent
1-level conventional open midline approach microdis-
cectomy surgery and group 2 underwent microdiscec-
tomy surgery with the use of a lumbar tubular retractor
approach. All patients were prospectively followed for
1 year with questionnaires on quality of life, pain, and
dysfunction, applied by the same research secretary,
prior to surgery and during the first year after surgery.
To be included, all patients underwent an MRI of the
lumbosacral spine before surgery and 1 year after
surgery. Patients with a history of reoperation, previ-
ous infectious, oncological disease, or spinal fracture,

as well as those with incomplete medical histories, were
excluded from the study.

Surgical Technique

In the conventional open midline microdiscectomy
surgery, the patient was prone positioned under general
anesthesia. After vertebral level confirmation through flu-
oroscopy, a 3-cm skin incision was made at the midline,
and the paraspinal muscles were then subperiosteally dis-
sected only at the laminectomy side. A Caspar-type retrac-
tor (Taylor, Aesculap, Tuttlingen, Germany) was placed
against the ipsilateral side of the spinous process and
lateral musculature. A hemilaminectomy and flavectomy
were performed to expose the disc space, followed by a
standard discectomy.

For the tubular retractor microdiscectomy group, a 1- to
2-cm incision was made 1 cm lateral to the midline at the
level of interest. Lumbar fascia was identified and incised.
Sequential tubular dilators were introduced through
the paraspinal muscles followed by the placement of an
18-mm tubular retractor. A standard microdiscectomy was
then performed.

Clinical Analysis

In this study, demographic data were collected for
each participant including age, sex, height, weight, and
body mass index (BMI). Clinical evaluation was con-
ducted using validated questionnaires administered
both before and 1 year after surgery. The Oswestry Dis-
ability Index (ODI)'? was used to evaluate function. The
visual analog scale (VAS) was used to assess lumbar
pain. Lastly, EuroQol (EQ—SD)13 was used to assess
the participants’ quality of life. All questionnaires were
administered by the same research secretary to ensure
consistency in the data collected.

Radiographic Analysis

The evaluation of fatty infiltration and muscular
degeneration was conducted using an MRI of patients
included in the study and extracted from a digital plat-
form (Carestream Health, Inc., 2020). T2-weighted
axial images of the operated intervertebral disc level
were used for this classification, with analysis per-
formed on the paraspinal muscles at both the ipsilateral
and contralateral sides of the operated level before and
1 year after surgery. The degree of paraspinal muscle
degeneration was classified using a modified Goutal-
lier scale, which was used to quantify the amount of
fatty degeneration of the muscles using a grading scale
from O to 4 defined as follows: grade O indicates no
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Grade O Grade 1

Grade 2

Grade 3 Grade 4

Figure 1. Image representation of the modified Goutallier scale: grade 0 indicates no intramuscular fat; grade 1 indicates some fatty streaks present; grade 2
indicates fat that is evident but less than muscle tissue; grade 3 indicates amounts of fat that are equal to the amount of muscle; and grade 4 indicates more fat

than muscle tissue.

intramuscular fat; grade 1 indicates some fatty streaks
present; grade 2 indicates fat that is evident but less than
muscle tissue; grade 3 indicates amounts of fat that are
equal to the amount of muscle; and grade 4 indicates
more fat than muscle tissue (Figure 1). 14

Quantitative analysis was conducted with Imagel
software (version 1.43, U.S. National Institutes of
Health, Bethesda, Maryland, USA) according to the
methodology proposed by Battaglia et al.'” The soft-
ware interprets the intensity of gray levels and pixels
using a monochromatic scale with values that range
from 0 to 256. For the measurement in pixels, the area
of the multifidus muscle was selected manually at both
the operated and nonoperated side (Figure 2).

Independent analysis was performed by 2 examiners
who did not participate in the image selection process:
a spine surgeon with more than 5 years of experience
and a second-year intern specializing in spine surgery.
Concordance between examiners was determined using
the Kappa coefficient, resulting in a good concordance
level between 0.6 and 0.8, and the Lin coefficient, also

Figure 2. Selection of the multifidus muscle (represented in the yellow circle)
using ImagedJ software. The obtained image was then converted to an 8-bit
scale. The standard calibration was determined using the psoas muscle as the
lower limit and the subcutaneous fat as the upper limit. The relative amount of
fat is represented by the number of pixels present, expressed as a percentage.
A comparison of the 2 sides was made between the 2 groups and participants,
using the nonoperated side as a control.

resulting in good concordance levels between 0.8 and
0.9.

Statistical Analysis

To characterize study participants, a descriptive anal-
ysis was carried out based on measurements of aver-
ages, SDs, minimums, medians, and maximums. The
nonparametric Wilcoxon signed-rank test was used to
compare the degeneration of paraspinal muscles before
and after surgery, as well as to assess differences in
degeneration and clinical variables based on type of
surgery and sex. The nonparametric Spearman’s rank-
order correlation test was used to analyze the associa-
tion between muscular degeneration, clinical outcomes,
age, and BMI. A significance level of P < 0.05 was
adopted for all analyses.

RESULTS

A total of 32 patients completed all questionnaires
and imaging studies after 1 year of follow-up and were
included in the analysis. The mean age of the partic-
ipants was 46 = 14 years, of which 53.1% were men.
The mean BMI was 26.52 + 7 (Table 1).

Regarding the level of surgery, 6.89% of the patients
were operated on at the L3-L4 level, 44.82% L4-L5,
and 48.27% L5-S1. In terms of surgery type, 40.62%
(13 patients) had a conventional microdiscectomy and
were included in group 1, while 59.38% (19 patients)
underwent tubular microdiscectomy and composed
group 2.

Table 2 and Figure 3 show that radiating pain had
a greater mean and median score than low back pain
on the VAS before surgery, and radiating pain generally
decreased more than low back pain after surgery. More
than half of the patients scored 0 on a scale of O to 10 for
radiating pain after surgery. The ODI and EQ-5D scales
also showed large reductions in their means between
the 2 periods, with the mean ODI going from 46.62 to
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Table 1. Demographic and clinical data.

Variable Mean SD Minimum Median Maximum
Age,y 46.19 13.22 22 435 79
BMI 26.52 3.69 19.03 26.84 34.89
Time to MRI, mo 13.84 3.95 7 13 24

Abbreviations: BMI, body mass index; MRI, magnetic resonance imaging.

Table 2. Descriptive measures of the clinical variables of the research
participants, by moment.

Preoperative Scores Postoperative Scores

Mean Median Mean Median
Clinical Variable (Min; Max) (Min; Max)
VAS back pain 5.80 6 (0; 10) 2.31 1(0;9)
VAS leg pain 7.33 8 (0; 10) 2.15 0(0;9)
ODI 46.62 41 (12; 88) 13.85 12 (0; 46)
EQ-5D 46.67 50 (10; 80) 13.85 10 (0; 50)

Abbreviations: EQ-5D, EuroQol; ODI, Oswestry Disability Index; VAS, visual
analog scale.

13.85 points and the EQ-5D going from 46.67 to 13.85
points.

For both procedures, there was an increase in fatty
infiltration on both sides according to the results of
the image analysis by ImageJ. Patients who under-
went tubular microdiscectomy (group 2) presented a
3.29% increase of fatty infiltration on the operated side,
although this increase was not statistically significant.
The same patients presented a statistically significant
increase in the considered Goutallier interval (1-3; P
=0.037). The results on the nonoperated side (control)
did not reach statistical significance for either analysis
(Table 3).

Patients submitted to conventional open microdis-
cectomy (group 1) presented no statistically significant
difference between the methods used for the nonoper-
ated side. However, there was a statistically significant
increase in the percentage of fatty infiltration (21.17%,
P =0.020) on the operated side. This increase was also
observed in the Goutallier classification (P = 0.002),

which was represented by an increase in the median
(1-2). No statistical difference was found between
tubular and conventional microdiscectomy for fatty
infiltration scores and for the degree of multifidus
muscle degeneration. Table 4

Regarding clinical outcomes, improvement was
observed in patients who underwent both procedures,
with no statistically significant difference between the 2
groups. Correlation analysis between the methods used
for evaluating the degree of muscular degeneration and
clinical results revealed a statistically significant associ-
ation between variations in the Goutallier scale and the
perception of lumbar pain, as measured by the VAS for
lumbar pain. Table 5

Specifically, higher Goutallier classifications (indic-
ative of greater fatty degeneration) were associated with
poorer clinical outcomes, characterized by worsening
of pain and a diminished perception of improvement.

DISCUSSION

The paraspinal musculature, particularly the
multifidus muscles, plays a vital role in the phys-
iological load transport and functional movement
of the spinal column, as well as in stability."* The
correlation between paraspinal muscular injury
and lumbar surgery has been established, particu-
larly with the increasing use of less invasive tech-
niques.3’4’8_“’16’17 However, only a limited number
of studies have compared postoperative differences
in the paraspinal musculature between minimally

VAS (back Pain) VAS (leg Pain) oDI EQ5D
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Figure 3.

. Boxplots of the clinical variables of the research participants, by time point.
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Table 3. Evaluation of fatty percentage according to the procedure performed.

Midline Lumbar Microdiscectomy

Tubular Lumbar Microdiscectomy

Outcome Measure Ipsilateral

Contralateral

Ipsilateral Contralateral

Fatty Multifidus Infiltration, %

Preoperative 36.62 (29.63; 59.04)

Postoperative 57.79 (48.49; 66.17)

P 0.020
Muscular Degeneration (Goutallier)

Preoperative 1(1;2)

Postoperative 2(1;2)

P 0.002

41.5 (33.87; 53.38)
47.63 (32.05; 60.24)

44.92 (38.42; 51.39)
48.21 (28.41; 55.95)

36.78 (27.73; 61.28)
42.74 (33.18; 54.36)

0.465 1.0 0.946
1(1;2) 1(1;2) 1(1;2)
1(1;2) 1(1;3) 1(1;2)
0.145 0.037 >0.99

Note: Values are shown as median (minimum; maximum) . P < 0.005.

Table 4. Comparison between the 2 methods with regard to variation in muscular degeneration.

Ipsilateral Contralateral
Fatty Multifidus Muscular Degeneration Fatty Multifidus Muscular Degeneration
Outcome Measure Infiltration (%) (Goutallier) Infiltration (%) (Goutallier)
Tubular lumbar microdiscectomy -3.02 (-5.62; 15) 0(0;1) 0.38 (-3.63;5.2) 0(0;0)
Midline lumbar microdiscectomy 16.43 (-6.1; 26.97) 101 2.48 (-12.78; 15.21) 0(0;0)
P 0.108 0.451 0.520 0.149
Note: Values are shown as mean (minimum; maximum) . P < 0.005.
Table 5. Correlation between variation in the clinical results and variation in the percentage of fat.
Ipsilateral Contralateral
Fatty Multifidus Muscular Degeneration Fatty Multifidus Muscular Degeneration
Clinical Variable Infiltration (%) (Goutallier) Infiltration (%) (Goutallier)
VAS back pain 0.05 (0.9) 0.83 (0.006) 0.01 (0.98) —-0.16 (0.69)
VAS leg pain 0.59 (0.097) —-0.23 (0.55) 0.43 (0.25) 0.05 (0.89)
ODI —-0.02 (0.97) 0.14 (0.72) —-0.15 (0.67) —-0.55(0.13)
EQ-5D 0.37 (0.29) —-0.27 (0.45) 0.29 (0.41) —-0.04 (0.9)

Abbreviations: EQ-5D, EuroQol; ODI, Oswestry Disability Index; VAS, visual analog scale.

Note: Values are shown as median (P value). P < 0.005.

invasive techniques and the conventional posterior
lumbar approach.®!!1¢17

In the context of surgical treatment of lumbar
disc herniation, this study aimed to quantify fatty
infiltration and the degree of paraspinal muscle
degeneration in patients who underwent tubular
microdiscectomy compared with conventional
microdiscectomy. We observed that in patients
undergoing tubular microdiscectomy, there was
a statistically significant difference in changes in
the multifidus muscles according to the Goutal-
lier classification. In the quantitative analysis of
the percentage of infiltration, there was an average
increase of 3.19%, which was 6 times smaller
than that of patients who underwent conventional
microdiscectomy (21.17%). Patients who under-
went tubular lumbar microdiscectomy had minimal
muscular degeneration in the short term (1.2% of
fatty infiltration), similar to the contralateral side."'
Similar results were found in other studies that used
minimally invasive techniques.

Bresnahan et al® compared the open approach for
lumbar stenosis and observed that decompression
by less invasive methods had a significantly lower
impact on the paraspinal musculature. Fan et al't
compared the atrophy in the multifidus muscle in
patients who underwent a posterior interbody fusion
with percutaneous screws (MIS-transforaminal
lumbar interbody fusion) to open posterior lumbar
interbody fusion. Although the authors were com-
paring different techniques and a wide range of
indications for patients within a spectrum of degen-
erative diseases, they were able to show significantly
lower muscular atrophy in the percutaneous cohort
compared with the open cohort. These results may
be related to a lower inflammatory response at the
lesion site, with smaller amounts of systemic IL-6
and serum C-reactive protein.'® The increase in the
expression of proinflammatory cytokines plays an
active role in the multifidus muscle and may con-
tribute to the formation of fibrosis and fat infiltra-
tion, inhibiting the proliferation and differentiation
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of cells and hindering the regeneration of muscular
fiber.'”*°

There was no statistically significant difference
between the considered techniques, which may be related
to the sample size of this study. However, Arts et al'® con-
ducted a double-blinded randomized clinical trial involv-
ing 216 patients and similarly found no difference in the
degree of atrophy between tubular microdiscectomy and
conventional open microdiscectomy or in the percentage
of patients showing an increase in the muscular atrophy
score.

As expected, both groups presented statistically signif-
icant improvement in terms of pain, function, and quality
of life. The similar and favorable clinical results of tubular
and standard microdiscectomy are well described in the
literature.>'*2 There was a statistically significant relation-
ship between lumbar pain and the degree of degeneration
when clinical results were associated with those obtained
in the evaluation of the quantification of muscular degen-
eration. In other words, a greater degree of muscular
degeneration was associated with worsening of lumbar
pain postoperatively. The involvement of the paraspi-
nal musculature may be one of the possible mediators,
directly influencing pain and disability after treatment.”
The inflammatory response triggered by the surgical iat-
rogenic lesion and consequent muscular dysfunction can
lead to segmental instability, which is responsible for the
pain process in the short and long term.**

Fan et al'® found a significant correlation between mus-
cular damage during surgery and muscular atrophy of the
multifidus in the long term, as well as fatty infiltration.
Furthermore, these degenerative changes in the multifidus
were also significantly correlated with worse long-term
clinical outcomes. However, the literature remains con-
troversial. Ohtori et al* reported that all of their patients
presented with muscular degeneration 12 months after
surgery, but lumbar pain decreased after surgery and was
not associated with any type of muscular degeneration
after surgery, as identified by MRI of the lumbar spine.

Limitations

Although statistically significant differences
were found, the number of cases evaluated is rel-
atively small. However, to the best of our knowl-
edge, the current study is the largest radiographic
and prospective clinical analysis of patients sub-
mitted to primary tubular microdiscectomy, with a
control group submitted to conventional microdis-
cectomy. Furthermore, the lack of correlation of the
results with age, BMI, and time of MRI indicates
less heterogeneity between the groups. Another

possible limitation is the inability to differentiate
fibrous scar tissue and fat tissue in the analysis of
musculature with the methods chosen. However,
the method used to analyze fat percentage has been
described and employed in various works, including
the study of other lumbar pathologies.® The validity
and reproducibility of the relationship between the
modified Goutallier classification and degenerative
disc diseases have been the object of research, with
excellent correlation."

CONCLUSION

The study found that both tubular and open micro-
discectomy lead to increased fatty infiltration in the
paraspinal musculature 1 year after surgery, with
no statistical difference between the 2 techniques.
However, the tubular technique did show a tendency
toward a lower rate of muscular degeneration and
fatty infiltration compared with the open technique.
There is a significant relationship between the degree
of muscular degeneration and worse postopera-
tive lumbar pain. Moreover, higher degrees of fatty
infiltration in the muscle after microdiscectomy are
related to higher scores of lumbar pain.
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