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ABSTRACT 

The cadaver spine motion segment behavior under torsional load was evaluated 
with the disc intact, with partial anterior discectomy and with spacer insertion. The 
results of this study explain how anterior lumbar discectomy and interbody fusion 
(ALIF) affects the torsional stability of the motion segment. 

The pseudarthrosis rate of the anterior lumbar discectomy and interbody 
fusion (ALIF) is known to vary with leveL Therefore fifteen fresh human 
cadaveric degenerated discs at L3-4, L4-5, and L5-S1 levels were loaded in 

torsion: intact; after anterior discectomy; and, after spacer interposition and 
removaL 

Torsional rigidity of intactL5-S 1 was greater than L3-4 (41 %) orL4-5 (53%). 
A nterior discectomy significantly decreased the torsional rigidity compared to 
intact: L3-4 (73%); L4-5 (48%); and L5-S1 (55%). Interpositioning of spacer 
partially restored the torsional stability compared to discectomy: L3-4 (22%); L4-
5 (18%); and L5-S1 (38%). 

In conclusion, L5-S 1 degenerated discs are rotationally more stable than L3-
4 or L4-5. A nterior discectomy significantly increases torsional flexibility. Spacer 
interposition partially restores the disc's torsional stability which is most prominent 
at the L5-S 1 leveL Increased rotational flexibility seems related to pseudarthrosis 
rate. 
Keywords: Lumbar spine, Biomechanics, Rotational instability, Arthrodesis. 
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INTRODUCTION 

Anterior lumbar discectomy and interbody fusion 
(AUF) has been employed to treat a number of disorders 

Correspondence: 
Keikhosrow Firoozbakhsh, Ph.D., Department of Orthopaedics 
and Rehabilitation, University of New Mexico School of Medicine, 
Albuquerque, NM 87131-5296, U.S.A. 

including degeneration,2.4,6,7,10,13,19,21 herniation,11,22,24 and 
instability either with or without posterior arthrodesis. 
ALIF involves removal of the anterior portion of the 
annulus fibrosis (AF), the cartilage end plates (EP) and the 
entire nucleus pulposis (NP). A bone plug is then'inserted 
to facilitate arthrodesis. During the postoperative course a 
decrease of the intervertebral space, iliac graft 
fragmentation and resorption and nonunions have been 
observed. Loguidice et al.14 observed that the pseudarthrosis 
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Table I. Details of specimens. 

s.pecimen Age Bone mineral density 
No. (Yr) Sex L4(g/cm2) Cause of death 

91-93 70 M 0.92 respiratory arrest 

92-121 70 M 0.98 Congestive heart failure 

906 60 F 0.99 cardiac arrest 

92-176 67 F 0.85 cardiac arrest 

91-39 57 M 1.20 cardiac arrest 

The bone mineral density of L4 is a representative of the subjects' overall vertebral bone density. 

rate varied with fusion level; 31 % at L3-4; 21 % at LA-5; 
and 16% at L5-S 1. This suggests that the stability 
characteristics of the lower lumbar motion segments may 
vary with level. Previous studies have indicated that the 
AF and facets resist torsion.I.5.17.18 Haher et aU found the 
disc to be the most important structure for resisting torsion. 
Farfin et al.5 reported that 40 to 50% of the torque strength 
of a motion segment was provided by the disc. Others 15.16.18,23 

found an alteration in motion behavior with disc injury. 
Based on these studies, we propose that large shear 

strain at the site of attempted arthrodesis may disrupt 
osteogenesis and promote nonunion. Understanding the 
physiology and biomechanics of AUF may result in more 
effective methods of treatment and may improve clinical 
results. 

The purpose of this study is to compare the torsional 
rigidity of the lower three lumbar discs in situations 
simulating AUF. 

MATERIALS AND METHODS 

This stud y employed 15 fresh human cadaveric motion 
segments at levels ofL3-LA, LA-L5, andL5-S 1. Specimens 
were age 57 or older so that discs would likely be 
degenerated, inasmuch as AUF is typically performed on 

degenerated discs. Saline discography demonstrated grade 
III degeneration2o in each disc. Posterior elements were 
removed in order to isolate testing to the disc. Vertebral 
body mineral density was determined by dual-photon 
absorptiometry with a Lunar DP4 Scanner. 

The motion segments were stored at -27°C in normal 
saline soaked towels in sealed plastic bags. When thawed 
for testing they were bathed in normal saline at 22°C. The 
discs were localized radiographically using 25 gauge 
needles inserted into each EP. Four screws were inserted 
at 90° intervals into both vertebral bodies which were 
potted with acrylic in metal cups. Radiographs confmned 
disc location and orientation. 

The specimens were loaded in torsion using an Instron 
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Table II. Percent change in rotational rigidity of L3-L4 
motion segment. 

Specimen Spacer 
No. Discectomy With Spacer Removal 

91-93 -55 -32 -61 

92-121 -85 -69 -88 

906 -80 -43 -83 

92-176 -86 -60 -88 

91-39 -59 -50 -65 

Mean±SD -73±14.8 -50.8±14.4 -77±13.0 

P Value 0.0004 0.001 0.0009 

. .  

PosItIve and negative signs, respectively, mdlcate mcrease and 
decrease from the initial intact state. 

Tahle III. Percent change in rotational rigidity or IA-LS motion segment. 

pedmen 
No. Dl<Ict('lomy Witb Spacer Spacer Removal 

91-93 -66 -43 -79 
92-121 -62 -54 -71 

906 -27 +4 -35 
92-176 -60 -43 -75 
91-39 -26 -16 -41 

Mean±SD -48.2±19.9 -30.4±23.7 -60.2±20.5 
P Value 0.006 0.046 0.003 

Positive and negative signs. respectively. indicate increase and decrease from the 

initial intact stale. 

electrohydraulic testing machine ata rate of 0.6 N-m/deg.8 

In order to exclude the possibility of flexion or extension 
of the motion segment (due to lack of muscle stability),9.12.18 

no compressive loading was used in testing. This seemed 
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Discectomy With Spacer 

Fig. 1. Rotational flexibilities of the motion segments at three 

levels for the in tact disc, after discectom y, and after interposition 

of the spacer. 

appropriate in this study where the posterior elements of 
the motion segments were removed. Each specimen was 
subjected to four 10° rotational cycles of loading and 
unloading: fIrst, intact; second, after discectomy; third, 
after interposition of a metal spacer; and fourth, after 
spacer removal. The rate of loading and the rotational 
angle was selected to simulate a physiological loading but 
to remain nondestructive.8 The discectomy was produced 
by removing a 2.S cm segment of anterior AF with 

superior and inferior EP's and the entire NP, simulating 
the surgical procedure. The specimens were distracted 
under 100 Newton force so that an aluminum spacer 

block, whose thickness was determined by the distance 
between indi vidual vertebral surfaces, could be inserted 
tightly. Distraction was released during subsequent testing. 
Throughout the testing, tissues were moistened with normal 
saline. 

A torque-rotation curve was determined for each of the 
60 tests and was plotted with a rate of 50 readings per 
second. Torsional rigidity (the average slope of the torque­
rotation curve) was determined. The data for the discectom y 
and spacer tests were normalized to their respective intact 
specimens. Significance was determined using paired 
Stadent's t-tests at the p<0.05 level. 

RESULTS 

The age, sex, cause of death, and bone mineral density 
of the subjects are given in Table I. The average torsional 
rigidity of the intact L5-S 1 discs was signifIcantly higher 
than L3-4 (41 %) and L4-S (S3%). The rotational rigidity 
data in term of percent loss compared to the intact specimens 
are given in Tables II, III and IV. The average decrease in 
the stability after discectomy in L3-4 was 73%, in L4-5 
was 48% and in LS-S1 was 55%. Interpositioning of 

spacer partially restored the torsional stability compared 
todiscectomy: L3-4 (22%); L4-5 (18%); andL5-S1 (38%). 

Upon removal of the spacer, the torsional rigidity was not 
signifIcantl y different than that after discectomy, impl ying 
that testing was nondestructive. 

DISCUSSION 

The fIndings confIrm that the intact LS-S1 disc is 

inherently more stable than the L3-4 or L4-5 discs. There 
is a marked increase in flexibility at all levels when an 

anterior discectomy is performed. This increase is most 
prominent atL3 -4. The increased flexi bili ty is only partially 
restored when a spacer is inserted. 

Figure 1 compares the rotational flexibility of the three 

Table IV. Percent change in rotational rigidity of LS-Sl motion segment. 

Spec.imeo 
No. Discectomy With Spacer Spacer Removal 

91-93 -70 -40 -78 

92-121 -37 -30 -37 

906 -44 -14 -48 

92-176 -50 -5 -73 

91-39 -75 +5 -80 

Mean±SD -55.2±16.5 -16.8±18.3 -63.3±19.4 

P Value 0.002 0.101 0.002 

Positive and negative signs, respectively, indicate increase and decrease from the 
initial intact state. 
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levels before and after discectomy and after spacer 
insertion. This suggests that there may be a relationship 
between rotational flexibility and the nonunion rate 
reported by Loguidice et al.14 After anterior discectomy 
and spacer interpositioning, the torsional rigidity of the 
motion segment is decreased compared to the intact disc: 
L3-4(S2%); L4-S (31 %); and LS-S I (16%). We note that 
posterior instrumentation increases the torsional stability 
postoperatively. This study implies that by further 

increasing rotational rigidity, the nonunion rate may be 
l�ssened. Anterior implants used to promote arthrodesis 
should be designed to maximize rotational stability. 
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