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Analysis in the Change of Paraspinal Muscle Activities and Adjacent
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The incidence of adjacent segment degeneration (ASD) after lumbar spinal fusion have not been precisely verified. In the
presence of mild degeneration in the proximal segment adjacent to the fused segment, selection of additional fusion is not
agreed upon. Muscle activity change and ASD after fusion was analyzed with a developed three-dimensional finite element
model of musculoskeletal system. The paraspinal muscle activities were calculated based on a hypothesis, the
intervertebral disc was assumed to have a transducer function and the muscle is activated according to a sensor driven
control mechanism to maintain the stability of the lumbar spine. Simulation was conducted for erect standing and 60°
isometric forward flexed posture. Total muscle force produced in each deep muscle group was similar however activity of
some muscle fascicles which inter-connected to the vertebrae above the fused segment showed increased value. In the
presence of mild degeneration in the proximal adjacent segment, muscle activity across the degenerated segment was
reduced. Despite changes in muscle activity, nucleus pressure at adjacent segment was increased in both cases. This
change would eventually lead to the ASD.
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Fig. 1 Representation of (a) the musculoskeletal model used in the
analysis. The lumbar spinal column was modelled with
detailed finite element model, and a trunk and pelvis were
modelled with rigid body. (b) Detailed multifidus fascicles.
ML: Multifidus in deep layer, MS: Multifidus in intermediate
layer, MT: Multifidus in superficial layer

Dummy beam element
— Local coordinate

Fig. 2 Simplified thoracolumbar fascia tensioning with which
abdominal muscle activity and abdominal pressure on the
stability of the spine can be incorporated
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intact or mild

degenerated disc

Fig. 3 Fused segment of lumbar spine model. The paraspinal
muscles and thoracolumbar fascia were removed for a clear

view
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Subject to

LB<F,<UB

|U,| £2 mm (erect standing posture)
|6] <0.01 rad (flexed posture)

where

S,;: Average pressure of the annulus ground matrix at the
outermost layer in i-th disc

S,.ave: Average pressure of the annulus ground matrix at the
outermost layer in all discs

n: Number of intact disc

F: i-th muscle force

LB: Lower bound of muscle force

UB: Upper bound of muscle force

U,: Anterior-Posterior translation tolerance of the trunk mass
center

6: Trunk angle tolerance from desired posture
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Table 1 Calculated muscle activities. The muscle activities were
normalized with respect to the maximum voluntary
contraction (MVC). IT: Iliocostalis lumborum pars thoracis,
LT: Longissimus thoracis pars thoracis, IL: Iliocostalis
lumborum pars lumborum, LL: Longissimus thoracis pars
lumborum, MF: Multifidus, PM: Psoas major, QL:
Quadratus lumborum, RA: Rectus abdominis, EO: External
oblique, I1O: Internal oblique, DF: Fusion at L4-L5 segment,
DD: Fusion at L4-L5 segment and additional disc
degeneration of proximal adjacent segment (L3-L4)

Model Erect standing posture (% of MVC)
MVC
Muscle Intact DF DD
IT 328.2 15.2 18.4 18.5
LT 2214 18.0 20.1 20.3
IL 379.8 7.5 7.4 7.5
LL 2994 12.1 12.1 12.1
MF 693.4 15.1 15.1 15.1
PM 901.4 42 42 42
QL 178.0 5.7 5.7 5.7
RA 340.2 10.1 10.0 10.0
EO 402.6 6.0 6.0 6.0
10 381.0 2.0 2.0 2.0
Model 60° Flexed posture (% of MVC)
MVC
Muscle Intact DF DD
IT 328.2 29.5 36.2 342
LT 2214 30.7 34.5 29.6
IL 379.8 40.3 343 41.0
LL 299.4 33.8 30.8 325
MF 693.4 429 43.6 422
PM 901.4 11.9 132 10.3
QL 178.0 8.5 10.0 8.8
RA 340.2 6.0 6.0 6.0
EO 402.6 4.0 4.0 4.0
10 381.0 2.0 2.0 2.0

85 B0 453 A o 4] Hgks 49k mdo
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QAT F7baol| A o] BARS: 248} = WBFEO 2 Table 13}
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S0 oigk 243} e B 2 28 HES HojFa
et 719 A9} 60° w3 ARAOIA B F2AH(Longissimus

Thoracis Pars Thoracis, IT)2} QAS+(Iliocostalis Lumborum

T
60 I 1.4-L5 fusion
1 L4-L5 fusion & L3-L4 degeneration

40

20

o

MLO MLI ML2 ML3 ML4 ML5|MS0 MSI MS2 ‘MS4 MS5\MT0 MTI MT2 MT3 MT4 MT5

-20

Relative muscle activity changes (%)

Fascicle of multifidus

Fig. 4 Relative muscle activity changes of multifidus fascicles in
the fused model with respect to intact model. ML: Multifidus
in deep layer, MS: Multifidus in intermediate layer, MT:
Multifidus in superficial layer
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Table 2 Nucleus pressure in each disc (kPa). DF: Fusion at L4-L5
segment, DD: Fusion at L4-L5 segment and additional disc
degeneration of proximal adjacent segment(L3-L4)

Model Erect standing posture 60°flexed posture

Disc level Intact DF DD  Intact DF DD

L1-L2 839.7 834.6 8322 1566 1584 1572

L2-L3 697.7 6797 675.6 1453 1464 1462

L3-L4 646.6 6557 6575 1395 1434 1441

L4-L5 609.9 - - 1343 - -

L5-S1 6854 6593 6599 1380 1437 1392

Table 3 Intersegmental rotation at the 60° flexed posture from the
erect standing posture(degree). DF: Fusion at L4-L5
segment, DD: Fusion at L4-L5 segment and additional disc
degeneration of proximal adjacent segment(L3-L4)

Model
Intact DF DD
Disc level

L1-L2 7.1 8.8 8.4
L2-L3 9.9 10.7 10.6
L3-L4 7.9 7.9 9.2
L4-L5 4.4 1.2 1.2
L5-S1 43 6.0 54
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