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INTRODUCTION: Lumbar spinal stenosis remains a common cause of lower back pain and weakness especially in elderly patients. Once 

conservative treatments have failed the standard of care surgical intervention remains the lumbar laminectomy. Previous research has shown that 

minimally invasive procedures such as unilateral and bilateral laminotomies also provide efficient results in the decompression of spinal stenosis [1]. 

These procedures provide the benefit of sparing the posterior tension band consisting of the supraspinous and interspinous ligaments as well as the 

multifidus muscles that are destroyed during a lumbar laminectomy [2]. Our previous research has shown that the use of the midline sparing approach 

decreases intradiscal pressure especially upon extension [3]. Regarding the literature, there have been very few published studies that investigate the 

biomechanical outcomes of these procedures to alleviate spinal stenosis and the associated muscular forces. We hypothesize that since a laminotomy 

preserves the multifidus muscles from the spinal processes there will be little compensation from the superficial muscles of the back as well as the 

trunk muscles. To compare this, we will be utilizing OpenSim Musculoskeletal Modeling (Simbios, California, USA) to compare the muscle forces of 

the back following unilateral and bilateral laminotomy compared to a laminectomy.  

METHODS: A non-linear, ligamentous finite element model was developed using the CT scans of a 55-year-old healthy adult spine with no 

abnormalities. The original model contained a ribcage, thoracolumbar spine, and pelvis that was fixed at the ischial tuberosity. This intact model was 

subject to a 10Nm moment split to the T1 vertebral body and the L1 vertebral body to obtain range of motion (ROM). Three models were created from 

this intact model to simulate the traditional laminectomy and bilateral and unilateral midline sparing approaches at the L4-L5 segment. The same 

10Nm moment ROM was applied to these models and segmental ROM was obtained. The ROM for all models were input into the OpenSim 

Thoracolumbar model. As discussed in the literature, the laminotomy procedure involves 18.7% cross-sectional area (CSA) damage to the surgical site 

[1]. Therefore, the OpenSim model for bilateral and unilateral laminotomy was modified by reduction of the maximum isometric force [FM
max (N) = 

CSA (cm2) * specific tension (N/cm2)] in the multifidus (MF) muscles. The laminectomy procedure involves complete dissection of the MF fibers; 

therefore, CSA was reduced by 100% at the surgical site to represent this. Muscle forces were obtained and analyzed to determine the compensatory 

muscle forces in spinal extension and flexion. The muscles included the latissimus dorsi (LD), trapezius (trap), longissimus thoracis pars lumborum 

(LTpL), longissimus thoracis pars thoracis (LTpT), multifidus (MF), Iliocostalis Lumborum (IL), Psoas Major (PM), Quadratus Laborum (QL), 

Transversus Abdominus (TA), External Oblique (EO), and Internal Oblique (IO). We further investigated the muscle forces of the superficial back 

muscles (LD, trap), deep back muscles (LTpL, LTpT, MF, IL), and anterior muscles (PM, QL, TA, EO, IO). We took the percent change of each 

muscle force compared to a model with no surgery to determine how muscle use varied among procedures.   

RESULTS: In the muscle forces for both extension and flexion, percent change was compared between each procedure. All the data that compared 

unilateral laminotomy to bilateral laminotomy produced at most a 4% change except TA which produced a 12% decrease in extension. When 

comparing the two procedures for extension, there was less than a 1% change in LD, Trapezius, LTpT, PM, EO, and IO. A 2% decrease in LTpL, 14% 

increase in IL, 19% increase in MF, 2% decrease in QL, and 65% decrease in TA was observed. For flexion there was a 39% decrease for LD, 10% 

decrease for Trap, 31% decrease for LTpL, 2% increase for LTpt, 13% increase for MF, 54% increase for IL, less than 1% change in PM, 6% increase 

in QL, 55% decrease in TA, 2% increase in EO and 26% decrease in IO. 

DISCUSSION: There was a very small percent change when comparing bilateral to unilateral laminotomy indicating that both approaches have a 

similar effect on the muscles of the back. When comparing laminotomy to laminectomy, there is an increase in force on the large superficial muscles 

for flexion. There is also increased force produced by the LTpL, TA, and IO muscles for flexion. Finally, a decrease in MF and IL is observed 

indicating that deep muscle fibers are decreased as muscle damage increases in both motions. Overall, the superficial large back and trunk muscles all 

indicated an increase in force following a laminectomy showing that these muscles compensate for the destruction of the multifidus muscles. 

Additionally, the long Erector Spinae fibers (LTpL) indicate compensation, especially in flexion as the muscle damage increased in the laminectomy 

procedure. These results indicate that these muscles have compensatory effects when the multifidus along with the posterior tension band are removed. 

Further studies are needed to determine the effect that these muscle compensations have on the vertebra along with the spinal cord. These results may 

indicate the importance of preserving the paraspinal muscles along with the posterior tension band, both of which are removed during a laminectomy. 

CLINCIAL RELEVANCE: This study offers surgeons insight into the potential benefits of the midline sparing approach when treating a patient with 

lumbar spinal stenosis. 
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Figure 1 & Figure 2: Muscle tensions of the superficial and deep muscles of the back following each respective procedure 

 
Figure 3: Muscle tensions of the anterior muscles following each respective procedure 
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