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ABSTRACT

Aim To establish presence of segmental instability in patients 
operated with standard discectomy comparing measurement of 
translation and rotation on postoperative functional radiographs of 
lumbosacral spine with reference values,and to explore difference 
between patients operated on one or two levels.

Methods The study included 71 patients, who were operated due 
to herniated lumbar disc. They were divided into two groups ope-
rated on one level (group A) or two adjacent levels (group B). All 
patients had been imaged in a standing position with functional 
lateral radiography. Radiographic images were digitized and then 
computerized measurement of translation and rotation was made. 
Measurement data were compared between the groups and with 
reference values obtained in healthy adults. 

Results Standard lumbar discectomy leads to an increase in 
translation, however, it reached statistical significance only for L4/
L5 level and a decrease of rotation, which showed statistical signi-
ficance for all samples, relative to the reference values. There was 
no statistically significant difference in the values of translation 
and rotation between the groups for corresponding levels, except 
for the value of the rotation for L4/L5 level as adjacent, unope-
rated level. Comparison of translation and rotation between the 
operated and adjacent levels did not show a statistically significant 
difference. When it comes to comparing the measured and predic-
ted translation, there was a statistically significant difference only 
at the L5/S1 as an unoperated level.  

Conclusion Standard discectomy does not lead to radiologically 
significant segmental instability, and two-level surgery has not 
caused more pronounced signs of instability comparing to one-
level surgery.

Key words: instability, spine, discectomy, flexion-extension radi-
ographs
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INTRODUCTION

Clinical instability is defined as an abnormal res-
ponse to applied loads on the spine and is often 
characterized by excessive mobility of the spinal 
segment. In many cases the instability is identified 
only by functional radiography, but this technique 
has limited reproducibility(1). Many surgeons use 
flexion-extension lateral views to disclose abnor-
mal vertebral motion before deciding on surgical 
fusion (2). However, this method is challenging 
and debatable for the following three reasons: (a)
its diagnostic value cannot be determined because 
of the lack of a non-traumatic and routinely appli-
cable reference standard to define intervertebral in-
stability; (b)its reproducibility is difficult, a slight 
variation in patient positioning or in the direction 
of the x-ray beam may result in a 10–15% varia-
tion in the range of vertebral displacement; (c)the 
appropriate way to obtain flexion-extension radio-
graphs and the method to measure displacements 
is still not standardized (3). There is no single mo-
dality that discriminates with sufficient certainty 
“normal” and “abnormal” movement, questioning 
the value of imaging methods for the diagnosis 
of instability (1). A significant barrier for certain 
diagnosis is non-specific nature of back pain and 
uncertain relationship between instability and pain 
(1). Clinical instability of the spine is defined as 
a loss of spine’s ability to maintain its patterns of 
displacement under physiologic loads so there is 
no initial or additional neurologic deficit, no major 
deformity and no incapacitating pain (4).
Standard discectomy is a surgical procedure that 
involves lesion of several anatomical structures 
important for the stability of the spine and can 
lead to compromising segmental stability, especi-
ally if it is made at two adjacent levels. There is no 
agreement between surgeons whether to do two-
level discectomy or not, because of the fear of 
consecutive instability. In our material we had a 
considerable number of patients operated on two 
levels, but we did not notice a clinical difference 
in the outcome. Since there is an agreement that 
discectomy can lead to radiological instability we 
decided to investigate and compare radiological 
data of post discectomy spine with reference data 
from healthy adults and to compare data between 
patients operated on one or two levels. This study 
can help neurosurgeons and other spine surgeons 
to decide whether they should do immediate po-

stoperative stabilization after two-level surgery 
or wait for signs of clinical instability.
There has been a constant debate on the nece-
ssity of spinal fusion after discectomy because of 
the difficulties in intervertebral instability asse-
ssments as a result of anatomical position of disc 
herniation and loss of the intervertebral disc(5). 
In modern spinal surgery solutions for this pro-
blem can be either stabilization and fixation or 
lumbar arthroplasty. 
In available literature we did not find a study 
comparing either radiological or clinical data 
between patients with discectomy done on one 
or two levels. 

PATIENTS AND METHODS

Patients

This prospective study involved 71 patients of 
both sexes aged 18-65 years, operated at the De-
partment of Neurosurgeryof Cantonal Hospital 
Zenica, Bosnia and Herzegovina, in the period 
2001-2007. All patients had lumbar disc hernia-
tion diagnosed by CT (computed tomography)
imaging or MRI (magnetic resonance imaging). 
The patients were divided into two groups:group 
A (35 patients) operated on one level, and group 
B (36 patients) operated on two adjacent levels. 

Methods

All patients 3-9 years postoperatively underwent 
functional lateral radiography in flexion and 
extension in a standing position. Radiographs 
were digitized and computerized measurement 
of translation and rotation was done, using abso-
lute numbers by a modified method described 
previously by Brinckman et al. (6) and Frobin et 
al. (7). As a basis for measuring the four points 
on the body of vertebra were used, which can 
be always identified on radiographs. Raw data 
cannot be compared directly because the moti-
vation, pain or muscle spasms, the extent of ro-
tation and translation will vary from normal.The 
predicted value of translation was based on the 
following formula: Translation (predicted) = Ro-
tation (measured) x TPR (translation per degree 
of rotation).A comparison of the measured values   
of individual translation with set points enables 
quantification of mobility to normal, hyper-or 
hypo mobility (7).
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The degree of translation and rotation on posto-
perative functional radiographic images of lum-
bosacral spine was determined in patients opera-
ted with standard discectomy and compared with 
reference values   established by measurements in 
healthy adults:rotation (in degrees) L2/L3 13.9; 
L3/L4 14.2; L4/L5 16.4; L5/S1 13.2; translation 
L2/L3 -0.0444; L3/L4 -0.0498; L4/L5 -0.0511; 
L5/S1 0.0017; TPR (translation per degree of ro-
tation) L2/L3 -0.00325; L3/L4 -0.00371; L4/L5 
– 0.00313; L5/S1 -0.00012(6),It was compared-
between patients operated on one level and the 
patients operated on two levels.

Statistical analysis 

To test the statistical significance of the difference 
between the measured parameters in comparison 
with the reference values, as well as between the 
group A and B, ANOVA test, t-test for dependent 
and independent samples and post hoc experiment 
(LSD) were used.The threshold for statistical si-
gnificance was taken at p<0.05.T-test was applied 
for independent samples and compared the obtai-
ned values   of rotation and translation after surgery 
in the total sample (both groups together), both 
operated and adjacent unoperated levels, with re-
ference values and also for both groups separately. 
ANOVA test was used for comparing values of 
translation and rotation between the groups A and 
B for corresponding levels.

RESULTS

In the patients operated on one level (group A), 
16 patients were operated on L4/L5 and 19 pati-
ents on the L5/S1 level. 
In the patients operated on two levels (group B), 
one patient was operated on L2/L3/L4 levels, 
eight on L3/L4/L5 levels, 25 on L4/L5/S1, and 
two patients operated on L5/S1/S2 levels.
After measurements postoperative values   of 
translation and rotation for the whole sample 
were established (Table 1), and separately for 
group A and group B (Tables 2 and 3).
Statistically significant difference (p<0.05) for 
all levels (L2/L3; L3/L4; L4/L5 and L5/S1)was 
found for rotation(decreased).Translation for all 
levels operated and adjacent (L2/L3; L3/L4; L4/
L5 and L5/S1)was increased, except for L5/S1as 
an operated level,where it was decreased. Increa-
se in translation reached a statistically significant 

Level No of 
patients

Rotation 
(degrees)

(SD)

Translation (abso-
lute numbers) 

(SD)

Predicted 
translation 

(SD)

L2/L3 1 10.51

L3/L4 9 2.87
(5.54)

-0.03
(0.06)

-0.011
(0.021)

L4/L5 49 4.23
(6.05)

-0.02
(0.065)

-0.014
(0.021)

L5/S1 45 4.17
(6.24)

-0,007
(0.057)

-0.001
(0.006)

S1/S2 2 -0.31
(3.15)

0.021
(0,081)

0.00004
(0.0004)

L2/L3 adjacent 8 4.46
(4.94)

-0.038
(0.0598)

-0.01398
(0.01658)

L3/L4 adjacent 41 4.60
(3.90)

-0.038
(0.0649)

-0.02011
(0.0259)

L4/L5 adjacent 22 5.15
(6.18)

-0.031
(0.042)

-0.0225
(0.0249)

L5/S1 adjacent 24 0.97
(6.83)

0.0254
(0.0466)

-0.0003
(0.0011)

Table 1. Cumulative measurement results for translation, 
rotation and predicted translation on postoperative functional 
images for 71 patients operated on one/two adjacent levels

SD, standard deviation

Level No of 
patients

Rotation 
(degrees)

(SD)

Translation 
(absolute num-

bers)  (SD)

Predicted 
translation 

(SD)

L4/L5 16 3.066
(6.196)

-0.0187
(0.06799)

-0.012
(0.0238)

L5/S1 19 2.43
(5.54)

-0.0073
(0.0543)

-0.0007
(0.0012)

L3/L4 adjacent 16 4.66
(4.099)

-0.0203
(0.05796)

-0.0161
(0.0153)

L4/L5 adjacent 19 3.99
(5.696)

-0.0295
(0.0384)

-0.0192
(0.0249)

L5/S1 adjacent 16 -0.285
(7.81)

0.0188
(0.0496)

-0.0002
(0.00137)

Table 2. Measurement results for translation and rotation on 
postoperative functional images for 35 patients operated on 
one level

SD, standard deviation

Level No of 
patients

Rotation 
(degrees) 

(SD)

Translation 
(absolute num-

bers)  (SD)

Predicted 
translation 

(SD)

L3/L4 9 2.87
(5.54)

-0.03
(0.06)

-0.011
(0.021)

L4/L5 33 4.79
(5.99)

-0.02
(0.063)

-0.014
(0.0204)

L5/S1 27 5.44
(6.52)

-0.007
(0.061)

-0.0019
(0.008)

S1/S2 2 -0.32
(3.15)

0.021
(0.081)

0.00004
(0.00038)

L2/L3 adjacent 8 4.46
(4.94)

-0.038
(0.0598)

-0.01398
(0.0166)

L3/L4  adjacent 25 4.56
(3.85)

-0.049
(0.0678)

-0.0226
(0.03088)

L4/L5 adjacent 3 12.51
(3.84)

-0.04
(0.07158)

-0.0435
(0.0120)

L5/S1 adjacent 8 3.01
(4.57)

0.036
(0.04202)

-0.00036
(0.00055)

Table 3. Measurement results for translation, rotation and 
predicted translation on postoperative functional images for 
36 patients operated on two adjacent levels

SD, standard deviation
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difference (p<0.05) only for the L4/L5 level, ope-
rated and unoperated.
In the group A, statistically significant decrease 
(p<0.01) was found for all levels for the rotation, 
operated and adjacent, while for the translation 
statistically significant increase (p<0.05) was fo-
und for adjacent level L3/L4 and for L4/L5 level 
as the adjacent and operated. In group B, the ro-
tation was significantly different (p <0.01) for all 
operated and adjacent levels, and it was decreased. 
A statistically significant increase in translation 
(p<0.05) was found for treated L4/L5 level and for 
L5/S1, as an adjacent level (Figure 1).

Post hoc experiment showed that the difference 
originated between the levels L4/L5 and L5/S1 
(p=0.007).
The comparison of the total value of translation 
and rotation on the whole sample between the 
operated and adjacent, unoperated levels, showed 
no statistically significant difference, as well as 
the comparison between operated and adjacent 
levels within the groups. 
A statistically significant increase (p<0.05) for 
measured and predicted translation was found 
in the whole sample at the level L5/S1, when it 
was not a treated level. When values   were com-
pared within the groups, a statistically significant 
increase (p<0.05) was also found for unoperated, 
adjacent L5/S1 level, in group B.

DISCUSSION

This study investigated radiological data (segmen-
tal translation and rotation) of post discectomy spi-
ne and compared them with reference data from 
healthy adults, as well as between patients opera-
ted on one or two levels. Direct comparison of the 
results of our study with other studies is not po-
ssible because of methodological  differences and 
non-existence of similar studies in the literature 
comparing patients with discectomy done on one 
or two levels. In our earlier work we tried to iden-
tify signs of segmental instability on postoperative 
standard lateral radiographic images of the lumbo-
sacral spine after discectomy on one or two levels 
measuring height of disc space (HD), the angle 
between adjacent vertebrae (A) and translation 
(T). Comparison of preoperative with postope-
rative values   showed that in patients operated on 
one level there was a statistically significant diffe-
rence in HD, while in the other two parameters, 
there were no statistically significant differences. 
In patients operated on two levels, we revealed a 
significant difference in preoperative and posto-
perative values   for HD and A, while for T there 
was no statistically significant difference(8).White 
and Panjabi defined the criteria for the diagnosis 
of instability from flexion/extension images as a 
translation greater than 4.5 mm or more than 15% 
of width of the vertebral body, or rotation greater 
than 15% at L1/L2, L2/L3 and L3/L4, greater than 
20% at L4/L5 and greater than 25% at L5/S1 (4).
Sagittal translation has a greater effect than se-
gmental angulation on lumbar symptoms and the 

Figure 1. Relationship between translation on operated level  
L4/L5 and reference values by groups

A statistically significant difference between the 
groups (p<0.05) was found only for the rotation 
at the L4/L5 level in the case of neighboring, 
unoperated level, and it was significantly higher 
in group B (p=0.022). Comparing the aggregate 
value of translation and rotation between the gro-
ups, the statistically significant difference in the 
rotation was found, and it was higher in group 
B(p<0.05), but not for translation.
Comparison of translation and rotation between 
different levels, for the total sample, showed a 
statistically significant difference in translation 
(p<0.05), but not for rotation. Post hoc experi-
ment (LSD) differentiated statistically signifi-
cant difference between the levels for transla-
tion for L5/S1 compared to levels L3/L4 and 
L4/L5.
An analysis within the groups showed a stati-
stically significant difference between the le-
vels for translation within group B (p=0.024). 



Medicinski Glasnik, Volume 13, Number 2, August 2016

146

presence of two radiological factors may be in-
dicators of the presence of symptoms (9).There 
can be different types of instability: rear opening, 
anterior translation in flexion, rear sliding in 
extension, or combinations of those(10).Segmen-
tal stability was radiographically investigated in 
50 patients after standard discectomy using the 
Sato’s method of instability classification and it 
was found that in 30 cases the images showed 
instability,but there were only 9 symptomatic pa-
tients (11).
Different studies using different methods gained 
often contradictory results. A study comparing se-
gmental motion in the early postoperative phase 
after lumbar discectomy and outcome after five 
years suggests that the increased initial displa-
cement of the vertebra in the early postoperative 
phase was associated with poor clinical outcome 
(12). Others showed that the intervertebral angle 
in flexion and a range of motion were the most 
important prognostic parameters for lumbar dis-
traction instability and medial facetectomy with 
removal of the rear ligament complex decreases 
stiffness by 15% (13). Resection of bone or liga-
mentous posterior elements has a minor effect on 
the bio-mechanical characteristics of the adjacent 
levels (14). The study using radiographic analysis 
before and three months after surgery showed a 
significant increase in the range of motion in pa-
tients with fenestration and limited discectomy 
(15). Hou et al. showed that partial discectomy 
significantly affected the stability of the lumbar 
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Radiološka evaluacija segmentne nestabilnosti lumbosakralne 
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SAŽETAK

Cilj Ustanoviti prisustvo segmentne nestabilnosti kod pacijenata operisanih standardnom diskektomi-
jom, upoređujući mjerenja translacije i rotacije na postoperativnim funkcionalnim rtg-snimcima lum-
bosakralne kičme s referentnim vrijednostima i ispitati postojanje razlike između pacijenata operisanih 
na jednom ili dva nivoa.

Metode U studiju je uključen 71 pacijent, operisan zbog hernije lumbalnog diska. Pacijenti su bili podi-
jeljeni u dvije grupe: operisani na jednom nivou (grupa A) ili na dva nivoa (grupa B). Svim pacijentima 
su napravljeni funkcionalni lateralni rtg-snimci lumbosakralne kičme ustojećem položaju. Radiografski 
snimci su digitalizirani, a potom su načinjena kompjuterska mjerenja translacije i rotacije. Dobijena 
mjerenja su komparirana između grupa, kao i s referentnim vrijednostima dobijenim kod zdravih odra-
slih osoba.

Rezultati Standardna lumbarna diskektomija dovela je do povećanja translacije koje je statistički zna-
čajno samo za nivo L4/L5 i smanjenja rotacije koje je statistički značajno za cijeli uzorak, upoređujući 
s referentnim vrijednostima. Nije ustanovljena statistički značajna razlika u vrijednostima translacije 
i rotacije između grupa, za odgovarajuće nivoe, osim za vrijednosti rotacije na L4/L5 nivou, kao su-
sjednom, neoperisanom nivou. Poređenje translacije i rotacije između operisanih i susjednih neoperisa-
nih nivoa nije pokazalo statistički značajnu razliku. Kod usporedbe vrijednosti izmjerene i predviđene 
translacije, ustanovljena je statistički značajna razlika samo za nivo L5/S1(neoperisani nivo).

Zaključak Standardna diskektomija ne dovodi do radiološki značajne segmentne nestabilnosti, a ope-
racija na dva susjedna nivoa ne uzrokuje izraženije znake segmentne nestabilnosti, u poređenju s dis-
kektomijom na jednom nivou.

Ključne riječi: nestabilnost, kičma, diskektomija, funkcionalna radiografija
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