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a r t i c l e i n f o a b s t r a c t 

Background: Transforaminal full endoscopic lateral recess decompression (TE-LRD) can decompress lateral recess 

stenosis transforaminally under the endoscopy procedure. However, the biomechanical effects of the TE-LRD 

compared to the conventional decompression techniques are not reported. The purpose of this study is to compare 

the biomechanical effects of TE-LRD with conventional decompression techniques using finite element method. 

Methods: Three finite element models of lumbar functional spinal unit (FSU) of the L4-L5 levels were created: 

1) normal disc 2) moderate grade disc degeneration 3) severe grade disc degeneration. For each of these three 

models, the following decompression techniques were simulated, 1) 50% TE-LRD, 2) 100% TE-LRD, 3) Unilateral 

laminectomy, 4) Bilateral laminectomy. The lower endplate of the fifth lumbar vertebra was fixed and 10Nm 

of moment in flexion/extension, left/right bending and axial rotation was applied to the upper endplate of the 

fourth lumbar vertebra, under a follower load of 400N. The range of motion, intervertebral disc stress, and facet 

joint stress were compared. 

Results: 50% TE-LRD was found to be the most stable decompression technique in all intervertebral disc models. 

Though the increase in the range of motion of 100% TE-LRD was higher than other decompression techniques in 

the normal disc model, it was not significantly different from 50% TE-LRD or unilateral laminectomy techniques 

in the degenerated disc models. The increase in the intervertebral disc stress was lowest for the 50% TE-LRD 

surgery in all intervertebral disc models. The increase in the facet stresses for 50% TE-LRD was lower than in the 

conventional decompression techniques for all intervertebral disc models. 

Conclusions: 50% TE-LRD was the decompression surgical technique with the least effect on spinal instability. 

100% TE-LRD showed to be effective for cases with degenerative discs. 50% TE-LRD may decrease the risk of 

postoperative intervertebral disc and facet joint degeneration. 
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Amongst the elderly population, lumbar spinal stenosis (LSS) is a

ery common ailment with an incidence rate of about 66% in the age

ange of 60–69 years [1] . LSS can be broadly defined as the narrow-

ng of the spinal canal resulting in neurovascular impingement. LSS can

e divided into two categories – central stenosis and lateral stenosis.

ateral stenosis can be further classified into two more subcategories –

oraminal stenosis and lateral recess stenosis [1 , 2] . 
Abbreviations: TE-LRD, Transforaminal full-endoscopic lateral recess decompression

ecompression; ROM, Range of motion; HRQoL, Health related quality of life (HRQo
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LSS was traditionally managed using conservative treatments like

se of analgesics, spinal injections and physical therapy. In case of fail-

re of mitigating the pathology with conservative means, open spinal

ecompression surgery with laminectomy and facetectomy has been typ-

cally performed with the use of general anesthesia [3 , 4] . 

Interlaminar decompression is a traditional approach for LSS. Unilat-

ral laminectomy has been performed for unilateral recess stenosis and

ilateral laminectomy has been performed for bilateral recess stenosis
; FSU, Functional spinal unit; LSS, Lumbar spinal stenosis; FED, Full-endoscopic 
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Fig. 1. Posterior and lateral views on a non- 

linear ligamentous validated finite element 

model of functional spinal unit of L4-L5. 
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Fig. 2. A: Moderate grade disc degeneration model of non-linear ligamentous 

validated finite element model of L4-L5, B: Severe grade disc degeneration 

model of non-linear ligamentous validated finite element model of L4-L5. 
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Due to the development of high-speed drills, full-endoscopic decom-

ression (FED) surgery has been recently established for LSS [5] . FED

as enabled transforaminal approach as well as the conventional inter-

aminar approach for LSS. With this technique, under the guidance of the

ull-endoscopic view through the cannula, the herniated disc fragment

as removed. Following this, a technique was developed to decompress

he foraminal stenosis percutaneously with the full-endoscopic systems

6] . 

The transforaminal full-endoscopic lateral recess decompression (TE-

RD) was subsequently developed in 2017 [7 , 8] . This technique had

he advantage of allowing the removal of the superior articular process

ransforaminally while enabling simultaneous decompression of foram-

nal and lateral recess stenosis. The major advantage of TE-LRD proce-

ures is that the entire procedure was performed under local anesthesia

7–10] . 

With the above procedure, the patient can be awake during surgery

nd the surgical technique can help avoid serious nerve root damage.

ince many of the elderly patients suffering from LSS have comorbidi-

ies, such as lung, heart and kidney dysfunctions, which limit the safety

nd effectiveness of an open surgical procedure performed under gen-

ral anesthesia [11 , 12] . A minimally invasive decompression procedure

ay lead to lower medical complication rates in this vulnerable patient

opulation. 

TE-LRD has a different approach from the conventional decompres-

ion techniques as the lamina and ligamentum flavum were preserved

n this procedure. This difference makes the postoperative spinal struc-

ure different compared to unilateral and bilateral decompression tech-

iques. However, the biomechanical effects of the TE-LRD compared to

he conventional decompression techniques have not been studied. The

urpose of this study is to compare the performance of TE-LRD with con-

entional decompression techniques (unilateral and bilateral laminec-

omy) using finite element method with respect to annular stresses, facet

tresses and range of motion. We hypothesize that since TE-LRD removes

 smaller proportion of the posterior column, spinal instability and sub-

equent intervertebral disc stresses will be lower compared to conven-

ional decompression techniques. 

ethods 

A nonlinear ligamentous finite element model of the L4-L5 functional

pinal unit (FSU) was used in this study, Fig. 1 . This normal spine model

f L4-L5 was created in ABAQUS software (Dassault Systems, Johnston

I, USA). The geometric data was obtained from transverse CT scan

mages of a cadaveric spine and a three-dimensional model was created

rom this data. This model was then meshed using hexahedral shaped

lements in ABAQUS. 

The L4-L5 vertebral bodies were modelled as a cancellous bone core

urrounded by a 0.5 mm thick cortical bone shell. A nine-degree lordotic

ngle was maintained between the L4-L5 vertebrae based on published
2 
nthropometric data [32] . The intervertebral disc was modelled as a

ombination of annulus and nucleus. The annulus was simulated as a

omposite solid with alternating ± 30° collagen fibers modelled using

EBAR elements with “no compression ” allowed. Nucleus was simulated

s a linearly elastic material. The facet joints were simulated using three-

imensional gap elements with an initial defined clearance of 0.5 mm.

ll ligamentous structures were simulated as hypoelastic materials. The

aterial properties used in the model were obtained from published

iterature and are listed in Table 1 [13 , 14] . 

A majority of elderly patients with LSS have an associated lumbar

isc degeneration of varying degrees. Therefore, models with moderate

rade disc degeneration and severe grade disc degeneration were also

reated in this study. 

The normal spine model was used as a template to produce the mod-

rate grade and severe grade disc degeneration models, Fig. 2 . The disc

egeneration was performed by incrementally reducing the compress-

bility of the nucleus pulposus and the stiffness of annulus grounds as

er studies conducted by Rohlmann et al and Schmidt et al [16 , 17] . The

isc height was reduced for the disc degeneration models as described

y the degenerated disc grading system established by Wilke et al [18] .

he disc height was reduced by 50% and 80% for the moderate grade

nd severe grade disc degeneration models respectively. The disc ele-

ents were not remeshed but the height of the elements was uniformly

educed to reflect the change in height. 

The decrease in disc heights lead to the buckling of ligaments and

his change in length was compensated by simulating the offset of the

onlinear force-deflection curve as per Rohlmann et al and Schmidt et al

16 , 17] . The facet gap was also correspondingly reduced to account for

he facet joint degeneration observed concurrent to the degenerative

hanges in the intervertebral disc. Similarly, the posterior ligament ma-

erial properties (for posterior longitudinal ligament, interspinous liga-

ent and suprapspinous ligament) were altered to account for the de-
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Table 1 

Material Properties and element types used in the L4-L5 finite element model. 

Bony Structure Material model / element type Young’s modulus Poisson’s ratio 

Cortical Bone Isotropic, elastic / hexahedral elements 12000 0.3 

Cancellous Bone Isotropic, elastic / hexahedral elements 100 0.2 

Intervertebral disc 

Annulus Ground Substance Isotropic, Elastic / hexahedral elements 4.2 0.45 

Annulus (fibers) Rebar 357-550 0.3 

Nucleus Pulposus Incompressible, Isotropic, Elastic / hexahedral elements 9 0.4999 

Ligaments 

Anterior Longitudinal Tension-only, Truss elements 7.8( < 12%), 20.0( > 12%) 0.3 

Posterior Longitudinal Tension-only, Truss elements 10.0( < 11%), 20.0( > 11%) 0.3 

Ligamentum Flavum Tension-only, Truss elements 15.0( < 6.2%), 19.5( > 6.2%) 0.3 

Intertransverse Tension-only, Truss elements 10.0( < 18%), 58.7( > 18%) 0.3 

Interspinous Tension-only, Truss elements 10.0( < 14%), 11.6( > 14%) 0.3 

Supraspinous Tension-only, Truss elements 8.0( < 20%), 15.0( > 20%) 0.3 

Capsular Tension-only, Truss elements 7.5( < 25%), 32.9( > 25%) 0.3 

Joint 

Apophyseal Joints Non-linear Soft contact, GAPPUNI elements — —

Fig. 3. A: 50% Transforaminal full endoscopic lateral recess decompression (TE- 

LRD), B: 100% Transforaminal full endoscopic lateral recess decompression (TE- 

LRD), C: Unilateral laminectomy, D: Bilateral laminectomy. 
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enerative changes in posterior ligament complex. The material prop-

rty of the annulus fibers was not altered for the disc degeneration mod-

ls as per observations by Rohlmann et al and Schmidt et al [16 , 17] . 

For each of three models of the L4-L5 FSU, four types of decom-

ression surgery were simulated as described below, Fig. 3 . In total 12

odels of decompression surgery cases were created for the evaluations.

0%. Transforaminal full endoscopic lateral recess decompression 

TE-LRD) - 

The ventral side of the facet joint was removed. 50% of superior

rticular process and the half of capsular ligaments were removed on

he procedure side. The procedure side was left, Fig. 3 A. 

00% Transforaminal full endoscopic lateral recess decompression 

TE-LRD) 

The ventral side of the facet joint was removed. 100% of superior

rticular process and the capsular ligaments were removed on the pro-

edure side. The procedure side was left, Fig. 3 B. 

nilateral laminectomy 

The medial parts of the facets and the adjacent lamina and the lig-

mentum flavum were removed on the procedure side. The procedure

ide is left, Fig. 3 C. 
3 
ilateral laminectomy 

The medial parts of the facets and the adjacent lamina and the lig-

mentum flavum were removed on both sides. Supra- and interspinous

igaments and the half of spinous process were removed, Fig. 3 D. 

Model validation studies were undertaken to validate the normal

isc, moderate grade disc degeneration and severe grade disc degen-

ration L4-L5 FSU models. The 10Nm of pure moment was applied to

uperior endplate of L4 vertebra and the inferior endplate of the L5 ver-

ebra was fixed by constraining in all directions. The range of motion

f the L4-L5 normal disc model in flexion/extension, left/right lateral

ending and left/right axial rotation was computed and compared with

he published data in literature by Panjabi et al [15] . The range of mo-

ion of the L4-L5 with moderate and severe grade disc degeneration for

exion/extension, left/right lateral bending and left/right axial rotation

as computed and compared with the published data in literature by

imura et al [19] . 

For each of the four decompression models with varying disc types,

0 Nm of pure moment along with 400 N preload (in flexion/extension,

eft/right lateral bending and left/right axial rotation) was applied to

he superior endplate of the L4 vertebra and the inferior endplate of the

5 vertebra was fixed by constraining all directions. 

ata analyses 

The range of motion (ROM), peak von-mises stresses in the inter-

ertebral disc (annulus) and facets were computed and compared be-

ween decompression techniques with different disc degenerations. The

ercentage change of stresses and range of motion for different decom-

ression models were calculated with respect to the intact model with

o decompression as a reference to study the comparison between the

ecompression techniques. 

To study the overall effect of all the motions, the average of the

otion data was used to compare between all the decompression tech-

iques. To study the effects on overall facet stresses for the left and right

ide stresses were averaged for the comparison between different tech-

iques. 

esults 

inite element model validation for the L4-L5 FSU model 

The normal L4-L5 FSU FE model exhibited a range of motion in flex-

on/extension, lateral bendings and axial rotations that was in the range

f in-vitro data published by Panjabi et al [15] , Fig. 4 . 
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Fig. 4. Degenerated disc L4-L5 model ROM validation data: comparison of finite 

element results with in-vitro data. 

Fig. 5. Degenerated disc L4-L5 model ROM validation data: comparison of finite 

element results with in-vitro data – A: Moderate grade disc degeneration L4-L5 

model, B: Severe grade disc degeneration L4-L5 model. 
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Fig. 6. Average percentage change in ROM for all decompression techniques 

compared to the ROM in intact L4-L5 model. 

Fig. 7. Percentage change in ROM for all decompression techniques compared 

to intact in normal disc L4-L5 model, data normalized. 
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inite element model validation for the degenerated disc models 

The moderate disc degeneration models exhibited a reduced range

f motion in flexion/extension and lateral bendings compared to the

ormal model. The range of motion reduced further when the degree

f disc degeneration went from moderate to severe. For axial rotations,

he range of motion increased for the moderate disc degeneration model

hen compared to the normal disc model. However, the range of motion

ecreased for the axial rotations when the degree of disc degeneration

ent from moderate to severe. 

This trend agreed with the in-vitro data collected by Mimura et al

ho observed that the ROM decreased as the disc degeneration pro-

ressively worsened, Fig. 5 A & 5 B [19] . The only point where the data

id not correlate was for moderate dis degeneration models for lateral

ending ROM. 
4 
OM data 

ormal disc model 

In the normal disc model, 50% transforaminal full endoscopic lateral

ecess decompression (TE-LRD) was the technique that least impaired

he spinal stability, Fig. 6 . The increase in the ROM for 50% TE-LRD was

he smallest at flexion/extension and left/right axial rotations. However,

he increase in the ROM for left/right lateral bending was greater for

0% TE-LRD than in the conventional decompression techniques, Fig.7 .

n this case, the bending ROM on the decompression side was higher

han on the contralateral side. 

In the normal disc model, the average ROM in six directions for 100%

E-LRD increased by 31.1% compared to intact. It was the decompres-

ion technique that impaired the spinal stability most, Fig. 6 . The in-

rease in ROM for 100% TE-LRD was highest in extension, left lateral

ending and right axial rotation, Fig. 7 . 

oderate grade disc degeneration model 

In the moderate grade disc degeneration model, the average ROM

n six directions for the 50% TE-LRD case increased by 1.7% compared

o intact. This decompression technique impaired the spinal stability by

he least value, Fig. 6 . 50% TE-LRD was more stable in flexion/extension

nd the axial rotations compared to other techniques. Like the normal

isc models, 50% TE-LRD showed more instability than the other de-

ompression techniques in lateral bending with a higher ROM on the

ecompression side than on the contralateral side, Fig. 8 . 

In the moderate grade disc degeneration model, the average ROM in

ix directions for the 100% TE-LRD case increased by 4% compared to

ntact. 100% TE-LRD was the decompression technique that impaired
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Fig. 8. Percentage change in ROM for all decompression techniques compared 

to intact in moderate grade disc degeneration L4-L5 model. 

Figure 9. Percentage change in ROM for all decompression techniques com- 

pared to intact in severe grade disc degeneration L4-L5 model 

t  

T  

l

S

 

s  

t  

t  

a  

n  

d  

d

 

b  

n  

l  

w

 

p  

e  

r  

t  

a  

5  

e  

d  

c  

Fig. 10. Average percentage change in annular stresses for all decompression 

techniques compared to intact L4-L5 model. 

Fig. 11. Average percentage change in facet stresses for all decompression tech- 

niques compared to intact L4-L5 model. 
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he spinal stability the most along with bilateral laminectomy, Fig. 6 .

he increase in the ROM for the 100% TE-LRD case was the highest at

eft lateral bending and right axial rotation, Fig. 8 . 

evere grade disc degeneration model 

In the severe grade disc degeneration model, the average ROM in

ix directions for the 50% TE-LRD case increased by 2.8% compared

o intact. This decompression technique impaired the spinal stability by

he least value, Fig. 6 . 50% TE-LRD was more stable in flexion/extension

nd the axial rotations compared to other techniques. Similar to the

ormal disc models, 50% TE-LRD showed more instability than the other

ecompression techniques in lateral bending with a higher ROM on the

ecompression side than on the contralateral side, Fig. 9 . 

The average ROM in six directions for the 100% TE-LRD increased

y 3.9% compared to intact. 100% TE-LRD was the decompression tech-

ique that impaired the spinal stability the most along with bilateral

aminectomy, Fig. 6 . The increase in the ROM for the 100% TE-LRD case

as the highest at left lateral bending and right axial rotation, Fig. 9 . 

The 50% TE-LRD was the decompression technique which least im-

aired the spinal stability in all decompression technique models. Lat-

ral bending on the decompression side, the stability was impaired ir-

espective of the decompression technique. Though 100% TE-LRD was

he decompression technique which impaired spinal stability most in

ll models, the increase in the ROM was not that different from either

0% TE-LRD or unilateral laminectomy and it was smaller than bilat-

ral laminectomy in both the degenerative disc models. In the Normal

isc models, the difference in the increase in ROM between the surgi-

al procedures was large, but as the disc degeneration progressed, the
5 
ifference in the increase in the ROM among the surgical procedures

educed, Fig. 6 . 

ntervertebral disc (Annular) stresses 

50% TE-LRD was the decompression technique which increased the

ntervertebral disc (Annular) stresses by the least amount in all inter-

ertebral disc models. 100% TE-LRD was the decompression technique

hat had the largest increase in the intervertebral disc stress along with

ilateral laminectomy. 

Though 100% TE-LRD was the decompression technique increased

he intervertebral disc stresses, the increase in the disc stresses was not

uch different when compared to 50% TE-LRD or unilateral laminec-

omy for the normal disc models and it was smaller than bilateral

aminectomy in both the degenerative disc models, Fig. 10 . 

acet joint stresses 

The peak von Mises facet stresses for both the left and right facets

ere computed and the average was calculated. 50% TE-LRD increased

acet stresses compared to intact in all intervertebral disc models. 

The increase in the facet stress for 50% TE-LRD models were smaller

han the conventional decompression techniques, Fig. 11 . 

iscussion 

Transforaminal full-endoscopic lateral recess decompression (TE-

RD) is a newly established decompression technique first devised in

017. Initial clinical results have indicated that TE-LRD have similar ef-

ectiveness when compared to contemporary open decompression tech-

iques. 

Shuo et al performed a retrospective clinical analysis on a group of

atients who were treated for lateral recess stenosis using percutaneous

artial decompression surgery and found improvement comparable to
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he conventional decompression techniques in terms of pain improve-

ent scores and health related quality of life (HRQoL) over a period of

2 months post-surgery [20] . Kapetanakis et al also saw very good clini-

al outcomes in terms of pain scores and HRQoL scores in elderly patient

roup who were treated for lateral recent stenosis for a period of up to

4 months after the initial surgery [21 , 22] . Zhang et al observed that

ercutaneous transforaminal surgery for lateral recess stenosis for the

lderly was very effective in terms of clinical effects when the Oswestry

isability index (OD) and visual analogue scale (VAS) scores were ana-

yzed over a period of up to 38 months post-surgery [23] . 

However, since TE-LRD is a recently reported new decompression

echnique, there is no documented research on the biomechanics of this

echnique. 

The biomechanical effects for conventional decompression tech-

iques such as facetectomy and laminectomy that have been used for

umbosacral stenosis are well documented in literature [24–26] . The use

f finite element analyses to study the effect of resections of posterior

ony or ligamentous structures as done in facetectomy and laminectomy

rocedures also have a history in literature [27–29] . The finite element

odel simulations help in providing a theoretical reference for a clini-

al practice [30] . Therefore, finite element analyses tool was utilized to

ssess the biomechanics of the TE-LRD technique. 

The current study showed that 50% TE-LRD was the decompression

echnique which least impaired the spinal stability in all intervertebral

isc models. This can be attributed to complete preservation of the in-

erior articular process and can be considered to be the most reason-

ble operation technique that can selectively decompress bone tissue

nvolved in stenosis. This result holds the possibility of 50% TE-LRD be-

ng able to cope with cases that have been considered to require fixation

ntil now. Even with 50% resection of the superior articular process,

ess instability was observed compared to conventional decompression

echniques. 

Taking into consideration that the difference in the ROM between

he different decompression surgical techniques, 50% TE-LRD can be

ecommended as a more effective technique in normal and degener-

ted disc cases. In addition, 50% TE-LRD was the technique with the

mallest increase in disc stresses across all decompression techniques

nd thus it could be considered to minimize post-surgical disc degener-

tion. Increase in facet stresses for 50% TE-LRD was also smaller than

he conventional decompression techniques. Thus, it could be inferred

hat 50% TE-LRD could delay the postoperative facet joint degeneration

han the conventional decompression techniques. 

Though 100% TE-LRD was the decompression technique which im-

aired spinal stability most in normal disc, it was observed to be as

table as 50% TE-LRD or unilateral laminectomy and more stable than

ilateral laminectomy in degenerative disc models. These results demon-

trate that 100% TE-LRD could be an effective technique for LSS decom-

ression in patients with degenerate discs. 

However, in lateral bending and axial rotation, the stability was lost

n the decompression side with both 50% and 100% TE-LRD when com-

ared with the conventional decompression techniques, which indicated

hat the superior articular process is an important stabilizer in bending

n the decompression side. The literature suggests that the laminectomy

ight cause potential spinal instability and the adequate preservation of

he partial lamina, spinous process, and supraspinous and interspinous

igaments during laminectomy may be critical to alleviate the stress con-

entration of the disc in flexion [27 , 28] . On the other hand, both TE-LRD

urgeries did not appear to destabilize in flexion. This indicates that the

uperior articular process does not function as a stabilizer in flexion. 

It is considered that the inclination of the facet joint of the lumbar

ertebrae is greatly related to the difference in the range of motion [31] .

s the inclination of the facet joint differs in the upper lumbar vertebrae

hen compared to the lower lumbar vertebrae, whether the result of

his study can be translated to other motion segments is yet unknown.

herefore, it can be considered as a limitation of this study and the

esults may be different in the upper lumbar vertebrae with different
6 
nclinations of facet joint. The model used of a single FSU with one

natomy, so it did not take the whole thoracolumbar spine alignment

nto an account. Therefore, the biomechanical effects of multi-level TE-

RD were not analyzed for this comparison. The use of a single FSU finite

lement model also limited us from studying the effects of TE-LRD on

he adjacent segment biomechanics. 

Various studies have shown that using the inter-body fusion have

hown to create a fusion and lead adjacent segment diseases. And the

ecompression techniques like facetectomy and laminectomy tend to al-

eviate the adjacent segment disease pain but may lead to the instability.

his study explains the biomechanics of the novel TE-LRD decompres-

ion technique that will help the surgeons to choose a suitable decom-

ression technique for the patients and to avoid these complications. 

onclusion 

The 50% Transforaminal full endoscopic lateral recess decompres-

ion (TE-LRD) was the decompression surgery that impaired the spinal

tability the least. Even 100% TE-LRD may be effective for cases with

egenerative disc. This makes TE-LRD not only a minimally invasive

peration that can be performed using local anesthesia, but also a pro-

edure with biomechanical advantages. The results of this study provide

seful information to the surgeons that may help determining an opti-

al decompression surgical method based on the patient profile. 
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