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1. Introduction and methodology

Mobility measurement is an important part in terms
of diagnostics as well as therapeutics in many
musculoskeletal conditions. In former days, clini-
cal examination and radiographic measurement
of the joints were sufficient. New technologies
and improved treatment created an urge for more
precise mobility measurement. This development
may be exemplified by determining the move-
ment between bone, cement and prosthesis in joint
arthroplasty (Mjoberg et al. 1984, Snorrason and
Kérrholm 1990), growth disturbances in childhood
(Kérrholm et al. 1982, Bylander et al. 1983) and,
subsequently, healing determination after spinal
fusion (Olsson et al. 1976a, Johnsson et al. 1990).
Roentgen stereophotogrammetric analysis (RSA),
or radiostereometry which will be the nomenclature
used onwards, was primarily introduced by Goéran
Selvik (1976) and proved to be a new technique
for studying the musculoskeletal system with an
increased precision. It is a refinement and comple-
tion of previous attempts to study the kinematics
of rigid bodies applied on skeletal segments and
proved to be such a landmark in the study of skel-
etal kinematics that it was repeatedly published in
1989 (Selvik 1989). It has been applied to normal
and abnormal growth in childhood (Bylander et al.
1983, Hiégglund et al. 1986), maxillofacial prob-
lems (Rune et al. 1980, 1986), hip arthroplasty
(Baldursson et al. 1980, Mjoberg et al. 1985), knee
arthroplasty (Albrektsson et al. 1990, Nilsson et al.
1990, Ryd et al. 1995), osteotomy in gonarthrosis
(Tjornstrand et al. 1981, Magyar et al. 1999), and
in a multitude of other parts of the skeleton such
as the sacroiliac joint and the symphysis (Egund
et al. 1978, Walheim and Selvik 1984, Sturesson
et al. 2000).

In our laboratory we started applying radiostere-
ometry to the lower lumbar spine in the mid 1980s,
inspired by the early work by Olsson et al. (1976a,
b, 1977). Through more than 15 years it has been
our aim to study lumbosacral kinematics in various
lumbar spine disorders, and in relation to surgical
procedures and external fixation. This presentation
is an overview of the technique and applications,

and a summary of results when applying radioste-
reometry to the lumbosacral spine.

Lumbar spine mobility

Spinal mobility occurs over the disc and the
two facet joints on a segmental level and can be
recorded exteriorly as mobility over single or mul-
tiple segmental levels. The vast majority of painful
disorders in the lumbar spine are related to move-
ment and loading, which makes it highly interest-
ing to measure spinal mobility in health and in
pathological conditions. Thus, it is very logical
that many attempts to determine spinal movements
exteriorly have been made during the last century
(Schober 1937, Ohlén et al. 1989). Flexion exten-
sion is the most studied plane of movement but also
movement around the other two axes is of interest.
Steinmann pins inserted into the spinous processes
have been used to refine the external measurings
(Lumsden et al. 1968, Pope et al. 1977). Results
reported have been in part contradictory and the
interest has instead focused on radiographic tech-
niques. Multiple studies have shown the accuracy
of measuring lumbar spine mobility from flexion
extension radiographs to be imprecise with mea-
surement errors from 2-8 mm (Danielsson et al.
1988). Biplanar radiographic techniques seem to
be able to improve measurement precision but have
hitherto mostly been applied for research purposes
and not for clinical routine use (Pearcy 1985).
Intervertebral discs gradually lose their hydra-
tion with ageing and facet joints also degenerate
to a high extent. Thus, normal values of mobility
should be expected to decrease over the years. The
degenerative process has been described in a theo-
retical model by Kirkaldy-Willis and Farfan (1982)
who postulated three stages of degeneration where
the middle phase in the degenerative cascade is
characterized by instability and the last phase by
spontaneous stabilization. This model, however, is
mainly theoretically constructed and has not been
possible to reproduce in humans. Many patients
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with degenerative changes of the lumbar spine
experience instability-like symptoms which seem
to support the theory. Instability has been a clinical
description, the radiographic correlation however
being hard to verify. In one study (Friberg 1987),
loading of the spine is claimed to induce abnormal
mobility correlating with pain in patients with isth-
mic spondylolisthesis but generally the character-
istics of instability are based on a clinical picture
with pain on movement, instability catch, giving
away and locking phenomena.

Surgical treatment for low back pain based
on disc degeneration traditionally means spinal
fusion. A fusion procedure would be expected
to alter the kinematics of the lumbar spine with
increasing strain on adjacent segments, a theory
which has evidence and counter-evidence in the lit-
erature (Hunter et al. 1980, Dekutoski et al. 1994,
Schlegel et al. 1996, Hambly et al. 1998). Today
much focus is given to disc prostheses and one of
the rationales for this technique would be the less
strain put on the adjacent segment by a mobile disc
implant compared to fusion.

Another focus for lumbar spine kinematic stud-
ies is to identify unintended residual mobility
after fusion procedures. Fusion healing is difficult
to determine with conventional methods such as
plain radiography, flexion extension radiography
and computed tomography. This is to a great extent
depending on the lack of accuracy of the measure-
ment. Spinal fusion is not a uniformly successful
procedure. Whether transpedicular implants, used
increasingly in lumbar spine fusion, improve the
outcome of fusion is debated (Zdeblick 1993,
Thomsen et al. 1997, Moller and Hedlund 2000,
Fritzell et al. 2002, Ekman et al. 2005). The vary-
ing outcomes reported may reflect our inability to
adequately establish whether movement over the
fused segments is abolished (in addition to the
well-recognized difficulty in selecting the right
patient).

These are only some examples of the need for
precise mobility measurements of the lumbar spine
in addition to the need for increased knowledge of
normal and pathological motion patterns.

Mobility measurements

External measurements of spinal mobility mainly
have focused on sagittal mobility, i.e. flexion and
extension as these are the motions most accessible
for measurement. Schober (1937) introduced the
method of measuring skin distraction over the spine
on forward flexion. This and the fingertip to floor
method of measuring spinal flexion have been the
most frequently used previously. The kyphometer
introduced by Debrunner (1972) and further elabo-
rated by Ohlén (1989) seems to give a reproducible
measure of spinal flexion in a simple way. These
techniques however only study mobility in one plane
whereas the segmental mobility is three-dimen-
sional. Also, movements of the lumbar spine are to
a great extent coupled (Lund et al. 2002). Flexion
extension radiography (Knutsson 1944, Hanley et
al. 1976) is a more precise way to determine move-
ments of the lumbar spine in the sagittal plane. For
clinical purpose, mobility in this plane seems to be
the most interesting one but measurement errors are
considerable. Assessing the degree of spondylolis-
thesis on lateral radiographs, these measurement
errors are shown to be as high as 20% of the sagittal
length of the vertebra (= 8 mm) (Danielsson et al.
1988). Friberg (1987), using axial compression and
traction, claimed that sagittal translations exceed-
ing 5 mm in isthmic spondylolisthesis correlate to
low back pain whereas correlation between pain
and increased mobility otherwise has been difficult
or impossible to demonstrate.

A precise method of measuring lumbar spine
mobility was introduced by Pearcy (1985) using
biplanar radiography and in models achieving
measurement errors along the three axes between
0.20 and 0.31 mm. The technique has been further
developed by Frobin et al. (1996, 1997) and Leivs-
eth et al. (1998). This might enable future measure-
ments of spinal mobility with improved precision
without invasive marker insertion.

However, today, precise mobility measurements
of the lumbar spine in relation to clinical disorders
and surgical treatments have been mainly produced
by means of radiostereometry. Introduced by Selvik
(1976), it was applied to the lumbar spine for the
study of fusion healing by Olsson et al. (1977).
Spinal movements can be studied in three planes
measuring translatory movements along the x-, y-
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and z-axes or angular movements around the same
axes. The technique can determine in vivo skeletal
kinematics with high accuracy and was introduced
in our department for the study of fusion healing
in the late 1980s (Johnsson et al. 1990). In contrast
to most previous measurement techniques, the aim
is to study standardized movements to avoid the
influence of the degree of patient collaboration and
the degree of pain.

Aim of radiostereometry

The aim of this presentation is to describe the
techniques of performing radiostereometry from
marker insertion to evaluation and to present its
clinical applications in studies performed at our
institution. It also includes a description of a stan-
dardized provocation technique. Applications pre-
sented are studies of mobility in normal and degen-
erative lumbar segments, and in spinal segments
with mobility restriction by orthosis or by an exter-
nal fixator. Further, the postoperative course after
fusion procedures using instrumented and non-
instrumented, posterior and anterior techniques as
well as BMP enhancement has been delineated.
Conclusions regarding clinical implications of
results are presented.

Radiostereometry method
Marker insertion

A prerequisite for radiostereometry is the insertion
of skeletal tantalum markers. Specially designed
insertion instruments exist (Figure 1:1) and inser-
tion can be performed under local anesthesia but
this is cumbersome and mainly our investigations
have been performed on patients where the mark-
ers have been inserted during a surgical procedure.
In order to achieve the highest degree of measure-
ment accuracy, the tantalum markers should be
spread three-dimensionally throughout the ver-
tebra. When inserted in posterior procedures, the
markers are placed in the transverse processes
bilaterally and in the spinous process (Figure 1:2).
In anterior procedures the markers are placed at
predefined locations in the vertebral body (Figure
1:3). Two markers are placed on each location.

Figure 1:1. Specially designed insertion instrument for
application of tantalum markers.

Figure 1:2. Posterior placing of tantalum indicators in the
two transverse processes and in the spinous process to
create a three-dimensional rigid body for radiostereom-
etry.

Figure 1:3. Additional tantalum indicators applied in the
ventral parts of the vertebra during anterior fusion in order
to enlarge the rigid body for radiostereometry.

Ethics committee approval has been achieved for
RSA and no complications from marker insertion
have been reported in the literature or experienced
in our studies.

Radiographic investigation

A standard radiographic laboratory can be utilized
but some modifications are required. The basic
principle is that two simultaneous radiographs
with angulation between the radiographic tubes
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Figure 1:4A. RSA in supine, baseline position. (Repro-
duced with permission from Spine).

have to be obtained. This requires a set-up with
double radiographic tubes (Figure 1:4). Further,
a calibration cage has to be developed and placed
between the patient and the radiographic films. For
the simultaneous radiographs, double films have
to be used in every investigation. The calibration
cage has to be suited to the organ to be investigated
and the cage serves both reference and calibration
purpose. At each investigation great care must be
taken to confirm that all implanted radiographic
tantalum markers can be visualized on the radio-
graphic films. The radiographic investigations are
performed at predetermined follow-up times after
surgery in the investigations where fusion heal-
ing was determined. The patient positioning in the
investigations are described in the chapter on stan-
dardization of provocation below.

Digitization

The individual tantalum markers in the skeleton
are identified on both radiographs. This was per-
formed on analogue radiographic pictures for
most parts of the study but, after the digitization

Figure 1:4B. RSA in normal standing position in a stabiliz-
ing frame with no weightsharing on the arms. (Reproduced
with permission from Spine).

of the radiographic department, it was performed
on monitors. Information on the individual tanta-
lum markers, identified by numbers, are fed into a
computer using the Kinema software (RSA Bio-
medical Innovations AB, Umea Sweden) where
the two dimensional distances between the images
of the metallic markers formed the input data for
conversion to a three-dimensional co-ordinate
system.

Evaluation

A built-in system for identification of stability/
instability of the markers has been developed (Kir-
rholm 1989) by means of determining rigid body
deformation. This excluded, the Kinema program
can determine mobility for lumbar spine segments
along transverse (x), longitudinal (y) and sagittal (z)
axes or rotations around x-, y- and z-axes. Depend-
ing on type of study, either movements between
skeletal parts or skeletal parts and implants can be
determined, or changes between tantalum markers
recorded over time.
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Figure 1:4C. RSA in sitting position on a chair with stan-
dardized lowering of the knees allowing free passage of
the x-rays above the femoral shafts to the lumbosacral
spine. (Reproduced with permission from Spine).

Standardization of provocation

Mobility of the lumbar spine, especially active
flexion/extension, is to a high extent dependent on
pain level of the patient, cooperation of the patient
and understanding of the procedure. This means
that a patient can show very different mobility
patterns from one day to another. Therefore, for
RSA investigations it has been judged mandatory
to standardize the mobility provocations. In early
studies, we restricted mobility provocation to com-
paring mobility from supine to standing position.
In some situations, for example in the early post-
operative phase, this might be the only provoca-
tion biomechanically acceptable. However, more
powerful provocation seems desirable. The mobil-
ity response provided when the patient changed
from supine (Figure 1:4A) to three different stan-
dardized positions, i.e. standing position (Figure
1:4B), sitting with semiflexed hips (Figure 1:4C)
and standing with axial load applied on the shoul-
ders (Figure 1:4D), were compared (Axelsson and
Karlsson 2005). This investigation showed clearly
that axial loading did not give additional informa-
tion as compared to normal standing whereas the
sitting position increased the mobility significantly
(Figure 1:5A, B). Due to these facts, we prefer-

Figure 1:4D. RSA in standing position with sandbags weighing in total 20 kilograms
equally distributed on both shoulders. (Reproduced with permission from Spine).
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Figure 1:5A. Mean mobility along the sagittal axis over the
lower 3 lumbar segments in 12 patients, investigated in 3
standardized positions of provocation.

ably provide standardized provocation of lumbar
mobility by the positional change from supine to
the sitting position if such provocation is not con-
tradicted by postoperative restrictions.

Accuracy measurements

Accuracy of the average stereometry applied to the
lumbar spine was initially determined by double
examinations of 8 patients with good osseous
fusion radiographically in an early patient series
(Johnsson et al. 1990). Standard deviations for the
error of measurement in this study were found to

Vertical translation (mm)
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Figure 1:5B. Mean mobility along the vertical axis over the
lower 3 lumbar segments in 12 patients, investigated in 3
standardized positions of provocation.

be 0.08, 0.17 and 0.22 mm for the transverse (x),
vertical (y) and sagittal (z) axes, respectively. The
corresponding minimally significant (p < 0.01)
translations are 0.22, 0.49 and 0.64 mm, respec-
tively. Translations lower than these values are
considered insignificant. In a later study, including
the sitting position (Johnsson et al. 2002), signifi-
cant mobilities along the respective axes using 99
% confidence intervals were 0.41, 0.42 and 0.60
mm and the corresponding rotations were 1.89°,
0.43° and 0.78°.
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2. Lumbar segmental mobility - normal and pathologic

Normal lumbar segments

To define normal spinal intervertebral mobility
would have a certain value as a baseline and a com-
parison for the radiostereometric studies of patho-
logical conditions. Since the method includes the
invasive implantation of skeletal markers, it had
not been applicable to the asymptomatic individual
without pathologic disc morphology required for
assessment of normal mobility.

With the original aim to analyze intervertebral
mobility in defined stages of disc degeneration
(Axelsson and Karlsson 2004), we applied radio-
stereometry (Selvik 1989) in 18 patients. Apart
from the degenerated level, a normal disc was
identified at the L.3-L.4 level in 14 of these patients,
at L4-L5 in 5 patients and at L5-S1 in 6 patients.
The mobility response over these non degenerated
discs induced by the patient changing from supine,
as the baseline position, to a standardized sitting
position (Axelsson and Karlsson 2005) are given
in Table 2:1.

For the lumbosacral level, the most pronounced
sagittal mobility was 5.9 mm seen in patient
number 2. The least mobility with the same provo-
cation was 1.4 mm seen in patient number 17. The
corresponding maximum and minimum values for
vertical translation were 4.2 mm (patient number
7) and 0.1 mm (patient number 11).

At the L4-L5 level, maximum sagittal mobility
response was 4.5 mm measured in patient number
14. The minimum value provided along the same
axis was 0.8 mm seen in patient number 18. Verti-
cally the extreme values were 3.9 mm and 0.8 mm
in patient number 14 and 15, respectively.

For the L3-L4 level, maximum and minimum
sagittal translations were 3.5 mm in patient number
7 and 0.1 mm in patient number 18. The vertical
mobility was most pronounced in patient number
2 measuring 5.1 mm and the lowest vertical value
was 0.1 mm for patient number 5.

The fact that several normal segments in these
studies had adjacent segments being degenerated
brings certain limitation when making conclusions

Table 2:1. Intervertebral translations (mm) over 25
normal discs

Patient Level Mobility
number X Y VA
2 L3-L4 0.6 5.1 2.1
3 L3-L4 0.6 1.8 1.6
4 L3-L4 0.1 0.9 0.9
5 L3-L4 1.6 0.1 1.3
7 L3-L4 0.3 4.5 3.5
9 L3-L4 0.4 1.9 2.6
10 L3-L4 0.4 0.6 0.4
12 L3-L4 0.2 0.8 0.8
13 L3-L4 0.4 24 21
14 L3-L4 0.4 1.4 0.8
15 L3-L4 0.9 0.6 0.6
16 L3-L4 0.8 1.3 0.7
17 L3-L4 0.1 1.1 1.1
18 L3-L4 0.1 1.5 0.1
3 L4-L5 0.4 1.8 2.3
13 L4-L5 0.4 2.9 3.8
14 L4-L5 1.4 3.9 4.5
15 L4-L5 0.2 0.8 1.3
18 L4-L5 0.1 0.9 0.8
2 L5-S1 0.3 3.5 5.9
3 L5-S1 0.2 3.0 4.8
7 L5-S1 0.4 4.2 5.3
11 L5-S1 0.4 0.1 1.5
15 L5-S1 0.3 0.9 1.5
17 L5-S1 0.3 0.5 1.4

Minimum significant measurement is 0.5 mm (x), 0.5 mm
(y) and 0.7 mm (z).

about normal lumbar intervertebral mobility based
on the current information. Anyhow, it is an inter-
esting fact that the sagittal and vertical translation
for one vertebra relative to the adjacent distal ver-
tebra can differ from no translation at all up to 6
mm at the extreme for individuals with the same
normal disc status and when the provocation is
standardized without active movements in flexion-
extension. These pronounced interindividual dif-
ferences implies that the RSA study bringing the
strongest evidence compares the same individual
over time for example through a postoperative
course or when changing external factors such as
with and without orthosis or locking/unlocking an
external fixator.
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Degenerated lumbar segments

The progressive course of the degenerative pro-
cess was described by Kirkaldy-Willis and Farfan
(1982) who claimed three separate stages defined
by differing characteristics of segmental mobility
and stability. An early stage of temporary dys-
function is subsequently transformed into a stage
of segmental instability which is evidenced by a
resulting deformity. With the deformity, the third
and last stage of definitive stabilization is reached
caused by osteoligamentary repair mechanisms.
Such a three stage course would have certain clini-
cal implications. According to Kirkaldy-Willis and
Farfan (1982), a stenotic segment with a degen-
erative slip that has reached the fixed stage of
stabilization could be treated with decompression
only, while a patient in the unstable second stage
rather needs a supplementary fusion. The three
stage theory also claims that the stability char-
acteristics of a segment can be deduced from the
current degenerative radiographic findings which
would bring a possibility to select the individual
patient for the appropriate treatment. Radiostere-
ometry can not be used in routine clinical practice
for this purpose but has the adequate measurement
accuracy to test the hypothesis concerning insta-
bility and whether certain radiographic degenera-
tive findings are connected to a specific mobility
status.

Eighteen patients were considered for a lumbar
fusion due to long standing low back pain on disc
degenerative basis (Axelsson and Karlsson 2004).
The status of the L4-L5 and L5-S1 discs were
assessed semiquantitatively by conventional radi-
ography and a T1, T2 weighted MRI. Five cate-
gories were defined based on a modification from
Saraste et al. (1985); normal disc height without
dehydration (I A), normal disc height with dehy-
dration (I B), disc height decreased by less than 50
percent (II), disc height decreased by at least 50
percent (III) and disc height obliterated (IV).

An external pedicular fixation test (Magerl 1984)
was included for each patient to prognostify the
result of a definitive stabilization by fusion (Olerud
et al. 1986). The insertion of the pedicular Schanz
screws required general anesthesia and the tanta-
lum indicators for RSA were implanted percuta-
neously during the same procedure. Two months

Table 2:2. Intervertebral translations (mm) over 36 discs
ordered according to the grade of degeneration

Disc Level Patient Translation
degene- number Transverse Vertical Sagittal
ration X Y z
1A L5-S1 2 0.3 815 5.9
1A L5-S1 3 0.2 3.0 4.8
1A L5-S1 7 0.4 4.2 5.8
1A L5-S1 11 0.4 0.1 1.5
1A L5-S1 15 0.3 0.9 1.5
1A L5-S1 17 0.3 0.5 1.4
1A L4-L5 3 0.4 1.8 2.3
1A L4-L5 13 0.4 2.9 3.8
1A L4-L5 14 1.4 3.9 45
1A L4-L5 15 0.2 0.8 1.3
1A L4-L5 18 0.1 0.9 0.8
1B L5-S1 8 0.6 1.1 6.4
1B L5-S1 16 0.4 1.9 2.6
1B L5-S1 18 0.1 1.8 2.0
1B L4-L5 5 0.3 0.6 0.9
1B L4-L5 6 0.1 0.6 0.8
1B L4-L5 9 0.4 71 6.0
1B L4-L5 12 0.6 2.3 2.9
1l L5-S1 4 0.1 3.9 5.6
Il L5-S1 5 0.2 0.4 0.8
1l L5-S1 9 0.3 1.7 3.8
Il L5-S1 12 0.4 1.6 2.9
1l L4-L5 2 0.8 5.9 3.6
Il L4-L5 4 0.1 3.7 4.4
1l L4-L5 7 0.3 5.6 47
Il L4-L5 8 0.8 0.8 6.4
1l L4-L5 10 0.2 1.2 1.3
Il L4-L5 17 0.1 1.5 2.2
1 L5-S1 1 0.1 0.6 0.6
1 L5-S1 6 0.4 0.5 3.1
1 L5-S1 10 0.1 0.9 1.4
1 L5-S1 13 0.1 1.0 1.9
1 L5-S1 14 0.4 1.2 2.8
1 L4-L5 1 0.1 1.6 2.6
1 L4-L5 11 0.1 0.1 0.2
1 L4-L5 16 0.7 0.2 0.6

after extraction of the temporary Schanz screws,
the influence of the external fixation was consid-
ered minimal with the soft tissues fully healed and
the usual lumbar mobility restored. RSA was per-
formed under these conditions with the patients in
supine and sitting positions (Axelsson and Karls-
son 2005). The intervertebral mobility provided
when the patient changed position from supine to
sitting was calculated for L4 relative to L5 and for
L5 relative to the sacrum.

Eleven discs were unaffected by degeneration,
category IA (Table 2:2). Dehydration without disc
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Mean vertical mobility (mm)
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Figure 2:1. Mean vertical intervertebral mobility with confi-
dence intervals given for 36 discs categorized according to
the grade of degeneration. (Reproduced with permission
from Eur Spine J).

height reduction, category IB, was seen in 7 discs.
Category II with the disc height decreased less
than 50 percent and category III with a disc height
reduction of at least 50 percent included 10 and 8
discs, respectively. No discs were obliterated, clas-
sified as category IV.

Mean intervertebral mobility was compared for
the four disc categories found. Changing position
from supine to sitting induced a mean vertical
translation of 2.0 mm over the 11 discs categorized
as IA (Figure 2:1). A small increase in mobility
with progressive loss of disc height through the
degenerative stages IB (7 discs) and II (10 discs)
to 2.2 mm and 2.6 mm was not significant accord-
ing to the confidence intervals given in Figure 2:1.
Further degeneration to grade III seen for 8 discs
meant a significant mean vertical mobility reduc-
tion to 0.8 mm (p=0.01, Student t test). The cor-
responding values for sagittal translations were 3.0
mm, 3.1 mm, 3.6 mm and 1.7 mm for the four disc
categories found (Figure 2:2). These alterations
were not statistically significant.

Our result brings support for a late stage of stabi-
lization within the degenerative course as proposed
by Kirkaldy-Willis and Farfan (1982). This stage
begins when the disc height is reduced by at least
50 percent. For the clinical situation, the stability
can however not be deduced from the radiographic
degenerative findings since the interindividual dif-
ferences in mobility were considerable for discs

Mean sagittal mobility (mm)
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Figure 2:2. Mean sagittal intervertebral mobility with confi-
dence intervals given for 36 discs categorized according to
the grade of degeneration. (Reproduced with permission
from Eur Spine J).

with the same stage of degeneration (Table 2:2).
For the same reason, a fully stable situation can
not be taken for granted even when the disc height
is reduced by 50 percent. An unstable phase pre-
ceding the stage of stabilization, also claimed by
Kirkaldy-Willis and Farfan (1982) in their three
stage theory for the degenerative course, is in clini-
cal practice supported by the resulting deformity
but could not be verified as hypermobility in the
limited patient cohort examined here.

Spondylolytic lumbar segments

In the growing adolescent spine, a spondylolytic
defect in pars interarticularis can cause instability
as evidenced by the resulting forward slip of the
affected vertebra. In the adult spine, the question
about instability is more controversial since a pro-
gressive deformity with increased slip is seldom
seen. In this category, the course rather has degen-
erative characteristics with low back pain appear-
ing first in the middle age. We applied RSA to
compare the mobility of a spondylolytic vertebra
in the adult with the mobility of a vertebra without
spondylolysis (Axelsson et al. 2000)

Eight patients with low back pain, spondylolysis
of L5 and a spondylolisthesis grade 1-2 (Figure
2:3A, B) had an external fixation test (Magerl
1984)) as part of the prognostication for a sub-
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Figure 2:3. A. Spondylolysis and grade | olisthesis in a 46-
year-old man having low back pain for one year. B. MRI
reveals degenerative findings of the disc under the slipped
vertebra with disc height reduction, dehydration and end-
plate reaction.

sequent fusion (Olerud et al. 1986). Pedicular
screws for fixation and tantalum indicators for
RSA were inserted with percutaneous technique
in the same procedure using general anesthesia.
Two months after terminating the external fixation
test by extracting the pedicular screws, the soft tis-
sues were healed and RSA was, in this study, done
with the patient in supine and standing positions
(Johnsson et al. 1990). The intervertebral mobil-
ity of the spondylolytic vertebra relative to the
sacrum, induced by this change in position, was

Spondylolysis
Degeneration

1A 1A 1B Il Il Il ] n

Figure 2:4. Lumbosacral sagittal mobility in eight patients
with spondylolysis and low back pain compared in matched
pairs with the mobility of patients without spondylolysis
having low back pain on degenerative basis. The grade of
disc degeneration is categorized and given on the x-axis
for each pair. (Reproduced with permission from Spine).

calculated. For comparison, eight patients with-
out spondylolysis/olisthesis but with lumbar pain
presumably on degenerative basis were examined
in exactly the same manner. The patients from
the two groups were matched in pairs according
to sex, affected lumbar segment and grade of disc
degeneration.

The mean vertical intervertebral translation was
0.7 (0 to 1.6) mm in the spondylolytic group and
0.8 (0.1 to 2.5) mm in the degenerative group. The
corresponding figures for the sagittal translations
were 1.8 (1.1 to 3.1) mm and 1.8 (0.3 to 4.2) mm,
respectively. A Wilcoxon signed-rank test compar-
ing intervertebral mobility for matched pairs in
the two groups revealed no significant differences
neither along the vertical axis (p=1) nor the sagit-
tal axis (p=0.8). The mobility response along the
sagittal axis is given in Figure 2:4 with the patients
paired according to sex and disc status. The mobil-
ity of the degenerative group tended to vary irre-
spective of the grade of disc degeneration while
the mobility for the spondylolytic group was more
homogenous through the degenerative stages.

According to this study, the spondylolytic defect
in pars interarticularis does not induce a situation
of permanent instability that can be detected in the
adult patient with low back pain and low-grade
spondylolisthesis. The prevalence of progressive
disc degeneration is increased below a spondylo-
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Iytic vertebra (Szypryt et al. 1989) and, in clini-
cal practice, the patient with a low-grade olisthesis
often presents a low back problem in the middle
age after a long asymptomatic youth. Consider-

ing these three facts, the low back pain in the adult
patient with a lytic low-grade spondylolisthesis
seems rather to have degenerative reasons than
being a manifestation of instability.
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3. External pedicular fixation

The pain relief induced by spinal fusion is ascribed
the abolishment of painful intervertebral mobility.
If we accept this as a rationale for treating low back
pain (Frymoyer and Selby 1985), then a method
providing the locking effect temporarily during test
conditions would have a certain value for prognos-
tifying the outcome of the definitive fusion. Exter-
nal pedicular fixation (Figure 3:1) was originally
introduced for treating vertebral fractures (Magerl
1984) but later applied to the problem of patient
selection in lumbar fusion (Olerud et al. 1986). We
have used radiostereometry (Selvik 1989) to study
the mechanical properties of the external frame
used for fixation. The aim was to assess the grade of
stabilization when the frame is in the locked posi-
tion but also whether unlocking means restitution
of intervertebral mobility in spite of the pedicular
Schanz screws passing through the soft tissues and
in close relation to the facet joints. Such dynam-
ics would be a prerequisite to provide the adequate
mechanical basis for the prognostic test fixation.
Ten patients with spondylolysis-olisthesis grade
1-2 and no prior spinal surgery had an external fix-
ation of the olisthetic lumbosacral segment (Axels-
son et al. 1996). Both Schanz screws for the external

Figure 3:1. The Magerl frame for external spinal fixation.

fixator and tantalum skeletal markers for RSA were
inserted during general anaesthesia and by percu-
taneous technique at standardized anatomical land-
marks (Figure 3:2). The external frame was fixed
with the grade of lordosis chosen by the patient
to be the most comfortable and active distraction/
compression was not intended. The time for test
fixation was seven days during which the patients
were encouraged to perform the activities that usu-

B

Figure 3:2. Tantalum indicators for radiostereometry
implanted into the bases of the two transverse processes
of the spondylolytic fifth vertebra and in the lateral masses
and the central portion of the sacrum. Two pedicular screws
are placed on each level. A. Anteroposterior view. B. Lat-
eral vew. (Reproduced with permission from Spine).
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ally provoked lumbar pain in order to facilitate the
evaluation of any possible pain relieving effect.

In three patients the external frame covered too
many of the tantalum indicators to permit RSA
and the number of patients evaluated was there-
fore reduced to seven. Each patient had three sepa-
rate examinations. On the seventh day after screw
application the screw related pain was considered
minimal and RSA performed both with the external
frame fixed and with the frame loosened. The third
examination was done six weeks after fulfilling the
test fixation with the Schanz screws removed, the
soft tissues fully healed and the usual lumbar mobil-
ity regained. Each RSA included examination in
standardized supine and erect positions (Johnsson
et al. 1990). The translatory movements of the olis-
thetic fifth vertebra in relation to the sacrum induced
by this positional change were calculated along the
three axes; transverse, vertical and sagittal.

In the seven patients included, the mean sagit-
tal translation was significantly reduced with the
external frame fixed (p=0.01, Student t test). The
mean sagittal translation of L5 was 1.9 mm with-
out the external frame, 2.1 mm with the frame loos-
ened and 0.7 mm with the frame fixed. By fixing
the frame, the sagittal mobility was significantly
reduced in six patients compared to the mobility
without frame or with the frame loosened (Table
3:1). In three of these, cases 2, 3 and 5 (Table
3:1), the fixation reduced the translation to a level
beneath the measurement accuracy (Figure 3:3).
In the seventh patient, case number 4, the sagittal
translations were small in all three situations and a
clear stabilizing effect was not verified.

mm

Frame loosened Frame fixed

Figure 3:3. Sagittal intervertebral translations for seven
patients measured both with the external frame loosened
and with the frame fixed. The dotted line indicates the
accuracy for sagittal translation, 0.7 mm. (Reproduced with
permission from Spine).

For the mean vertical translations, the immobi-
lizing effect induced by the fixed frame was not as
consistent (p=0.15, Student t test) as in the sagittal
plane. The mean vertical translation was 1.0 mm
without frame, 0.7 mm with the frame loosened
and 0.4 mm with the frame fixed. The most pro-
nounced mobility vertically seen in cases 1, 3 and 7
were however all fully stabilized when the external
frame was fixed. The transverse translations were
mostly negligible in all three situations.

Loosening of the frame yielded regained mobil-
ity in all except one patient, case number 1, who
regained mobility first when the frame and the
screws were fully extracted (Table 3:1).

Table 3:1. Clinical data and RSA intervertebral translations in 7 patients without
fixator (left columns), with external fixator fixed (middle columns) and loosened

(right columns)

Case Sex Age at Mobility without

Mobility with external fixator

surgery external fixator frame fixed frame loosened

X Y Zz X Y Z X Y Z

1 B 32 04 21 46 0.1 0.1 1.2 02 06 0.9
2 M 24 01 02 1.2 0.2 0.2 0.6 0.3 03 20
3 M 32 02 17 13 0.8 0.0 0.4 11 05 27
4 M 32 0.3 09 1.1 0.9 0.8 0.9 0.7 06 13
5 M 46 0.4 0.0 4 0.8 0.4 0.1 02 08 1.9
6 F 32 0.1 06 1.5 04 13 1.1 01 1.0 26
7 M 39 00 13 22 0.5 0.3 0.8 0.1 1.0 33
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Several studies claim a prognostic value of the
external fixation test in selecting patients for a
subsequent fusion (Esses et al. 1989, Soini et al.
1993, Jeanneret et al. 1994, Bednar and Raducan
1996, Axelsson et al. 2003). Divergent results from
in vitro studies (Schlédpfer et al. 1982, Lund et al.
1999) have however questioned the mechanical
capacity for achieving the requisite stabilization by
using the external fixator. Studied here in vivo and
by radiostereometry, the fixator does reduce and in

most cases fully abolish the intervertebral mobil-
ity of a single spinal segment. Loosening the frame
can reproduce the pain by the immediate restitution
of the mobility over the segment even though the
pedicular screws run through the soft tissues and
in close relation to the facet joints. We conclude
that the external fixator designed by Magerl has the
stabilizing properties and dynamics to provide the
adequate mechanical basis for the external fixation
test as prognostic instrument in lumbar fusion.
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4. Posterolateral uninstrumented fusion, stabilization

schedule

“The posterolateral uninstrumented fusion (Figure
4:1) includes decortication of transverse processes,
lateral aspects of the articular processes and, when
the sacrum is involved, the lateral masses of the
sacrum. Bone grafting is performed from the poste-
rior iliac crest (Figure 4:2). This procedure is carried
out since the 1940s but its use has decreased during
later decades partly because of a nonunion rate of
15-35%, and partly because of a belief that the disc
is the most common pain generator in disc degen-
erative disease and should be removed. The pos-
terolateral fusion has been supplemented with trans-
pedicular fixation and alternative interbody fusion
techniques such as ALIF, PLIF and TLIF have been
developed. Recent large multicenter prospective
studies on lumbar spinal fusion do however not
demonstrate a beneficial effect in terms of patient
outcome using these methods while both costs and
complication rates are increased. Therefore, the
uninstrumented, posterolateral technique still seems
a valid alternative in lumbar spine fusion.

For these reasons and due to the need for plan-
ning the after-treatment after surgery, the stabili-
zation schedule after uninstrumented fusion is of
great interest. In 11 patients, aged 33 (21-59) years
with either spondylolysis/olisthesis grade 1-2
or disc degenerative disease in the lower lumbar
spine, tantalum marker insertion was performed at

the time of uninstrumented fusion which in 4 cases
was performed between L5 and S1 and 7 between
L4 and S1 (Johnsson et al. 1990). The surgical pro-
cedure was strictly standardized using autogenic
bone graft from one or both iliac crests and decor-
tication of the transverse processes and the lateral
masses of the sacrum. The postoperative treatment
included a soft orthosis for 5 months.

Figure 4:2. Schematic drawing of posterolateral uninstru-
mented fusion after decortication but before bone harvest-
ing with a reamer.

Figure 4:1. Uninstrumented fusion with solid bony bridging
between the transverse processes of the L4 and L5 verte-

bra. A. Anteroposterior view. B. Lateral view.

B
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Figure 4:3. Mean sagittal translation determined by radio-
stereometry in 8 solidly healing uninstrumented fusions.
The dotted line indicates the accuracy for sagittal transla-
tion, 0.7 mm.

Monthly radiostereometric investigations com-
paring the supine to the standing positions were
performed up to 6 months after surgery and with
a final investigation after 12 months. Minimum
significant translations (accuracies) in this setting
were determined to be 0.3, 0.6 and 0.7 mm along
the transverse, vertical and sagittal axes.

Eight of the 11 fusions healed radiographically.
The sagittal and vertical translations over time for
these patients are demonstrated in Figure 4:3, 4:4
and in Table 4:1 showing a decrease in translation
gradually over time. The majority of patients were
fully stable first 12 months after surgery. For the
group of patients obtaining fusion, mean vertical
translation was 0.5 mm at 6 months and 0.3 mm at
12 months, as compared to the nonfusing patients
displaying mean 0.9 mm at 6 months and 1.2 mm
at 12 months. Corresponding figures along the sag-
ittal axis were for the fusing patients mean 1.1 mm
at 6 months and 0.7 mm at 12 months while the
non-unions showed mean 6.1 mm at 6 months and
5.9 mm at 12 months. Clinically, one of the fused
patients had persisting bilateral sciatic pain and
two of three non-unions were painless.

This investigation was designed to determine
the timetable for intervertebral stabilization after

Mean vertical translation (mm)
1.4

1.2
1.0
0.8
0.6

0.4 \

0.2

0 T T T T T )
0 2 4 6 8 10 12

Months after fusion

Figure 4:4. Mean vertical translation determined by radio-
stereometry in 8 solidly healing uninstrumented fusions.
The dotted line indicates the accuracy for vertical transla-
tion, 0.6 mm.

Table 4:1. Mobility schedule over time for 11 patients
with uninstrumented fusion

Case no.  Vertical translation Sagittal translation
6 months 12 months 6 months 12 months
postop. postop. postop.  postop.

Fusion patients

1 0.3 0.2 1.0 0.9
2 0.2 0.1 1.0 0.1
3 1.0 0.4 0.6 0.6
4 0.3 0.8 0.1 0.4
5 0.7 0.3 1.2 1.0
6 1.0 0.7 4.4 1.7
7 0.7 0.5 0.9 0.6
8 0.3 0.3 0.1 0.4
Mean 0.5 0.3 1.1 0.7
Nonunion patients
9 1.6 1.3 12.0 10.0
10 0.2 0.4 1.6 2.7
11 1.0 2.0 6.9 5.2
Mean 0.9 1.2 6.1 5.9

uninstrumented posterolateral fusion in the lower
lumbar spine. In conclusion, stabilization schedule
is slow and remaining mobility is a frequent finding
even 6 months postoperatively in patients ending
up with a stable fusion one year after surgery.
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5. Instrumented fusion, stabilization schedule

Posterior transpedicular fixation of lumbar spinal
fusions (Figure 5:1) has become increasingly
popular, although some debate over the need for
supplementary fixation exists, and the complica-
tion rate has been shown to be higher when instru-
mentation is used (Thomsen et al. 1997, Fritzell
et al. 2003). The following investigation was car-
ried out in analogy to the study of the stabiliza-
tion schedule for posterolateral uninstrumented
fusion (Johnsson et al. 1990), with the main aim
to see whether transpedicular instrumentation gave
immediate and persistent stability to the segments
aimed for fusion.

The schedule for stabilization according to RSA,
thus, was evaluated after instrumented posterolat-
eral fusion in 12 patients (Johnsson et al. 1999b).
Patient age was 39 (20-56) years. The indications
for surgery were spondylolysis/olisthesis in three
cases (slips grade 1, 2 and 3), instability after fac-
etectomy in two cases and disc degenerative back
pain in the remainder. All patients wore a soft brace
during daytime for 4 months postoperatively. RSA
investigations, supine to standing provocation,
were performed at one, 6 and 12 months after sur-
gery.

Two patients with pronounced olisthesis at the
L5 had a wide decompression at that level and fixa-
tion between the L4 and S1 vertebrae only. These
patients showed a postoperative course differing
significantly from the remaining 10. Both patients
had persisting mobility along the sagittal axes at
one year postoperatively. In one of the patients
there was a sacral screw loosening but extended
follow-up until two years postoperatively showed
healing of the fusion ultimately.

For the remaining 10 patients with one-level
fusions in 8 cases and two-level fusions in two
cases, the latter with screw fixation in all three ver-
tebrae, the postoperative RSA course was unevent-
ful. In the two two-level fusions and in one one-
level fusion, sagittal translations less than 1.3 mm
but exceeding the accuracy of the method persisted

at 6 months but had disappeared at the 12 months
follow-up.

The conclusion of this study is that posterior
transpedicular fixation of the inherently stable
lumbar spine, even in the case of previous facetec-
tomy, gives immediate and persistent stability. In
the cases with wide decompression and lack of
fixation of the intermediate vertebrae, prolonged
immobilization, or, preferably anterior supple-
menting fusion must be considered.

B

Figure 5:1.Instrumented fusion L4-L5 with bridging tra-
becular bone between transverse processes lateral to VSP
implants. A. Anteroposterior view. B. Lateral vew.
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6. Posterior transpedicular stabilization techniques

Biomechanical testing of spinal implants of trans-
pedicular type has been most abundant but the step
from the test situation to real life is not always
obvious. Radiostereometry yields the possibility
to complement the biomechanical testings with
studies of the in vivo kinematics of transpedicu-
lar implants. More or less all fusions enhanced by
transpedicular systems include autogenic or allo-
genic bone transplantation as the implants would
be expected to sustain fatigue fractures in the long
run. However, as demonstrated in the chapter on
posterolateral uninstrumented fusion above, stabi-
lization occurs slowly (Johnsson et al. 1990). At
4 weeks after an instrumented fusion, the auto- or
allogenic bone cannot be assumed to contribute
to stability of the segment which, thus, is more
or less totally dependent on the transpedicular
implant. This time point is therefore very well
suited for studying the stabilizing effect of inserted
implants.

The aim of this study (Gunnarsson et al. 2000)
was to determine the radiostereometric mobility at
4 weeks after instrumented posterolateral lumbar
fusion using two types of implant, the VSP plate
and screw system (Figure 5:1) and the Diapa-
son rod and screw system (Figure 6:1). In all, 14
patients with age 45 (33-56) years, were operated

using one of the two systems and matched regard-
ing gender and number of levels fused. One of the
patients had spondylolysis with low grade slip-
ping, the remaining patients either had degenera-
tive disc disease (n = 8) or pain after previous disc
or decompressive surgery (n = 5). In three of the
cases concomitant nerve root decompression was
performed with facet joint preserving technique.
Standard surgical technique with posterolateral
decortication and autogenic bone + instrumenta-
tion with either system was performed using an
image intensifier.

At 4 weeks after surgery, when soft tissues were
judged to have healed and postoperative pain sub-
sided but no stabilizing effect of bone transplant
had occurred, radiostereometry was performed in
supine and standing position.

The results (Table 6:1) show that no mobility
along any axes were seen for any of the patients
except R4, a patient with rods and screws from L5
to S1, with a sagittal mobility exceeding the accu-
racy of the method. At later follow-up, this mobility
disappeared and the fusion healed uneventfully.

The significance of this study is in our opinion
that posterior stabilization with transpedicular
techniques in the inherently stable spine gives a
very good immediate stability, and, also, that the

Figure 6:1. Instrumented fusion L4-L5 with bridging tra-
becular bone between transverse processes lateral to Dia- B
pason implants. A. Anteroposterior view. B. Lateral vew.
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Table 6.1. Intervertebral translations (mm) 4 weeks after Study Set_up described may be used for compar-
fusion for all operated segments ing implants of different locations and types in the

future. An unpublished series of patients operated

Case no. Transverse Vertical — Sagittal on with the CCD technique and another with the
axis axis axis Ultium plates and screws, both also posterior trans-
Plates pedicular implants, have given similar outcome.
Bl 0.1 0.1 0.5
P2 0.1 0.1 0.4
R3 0.1 0.1 0.1
P4 0.2 0.1 0.1
B5 0.1 0.1 0.1
P6 0.1 0.1 0.2
P7 0.1 0.1 0.1
Rods
R1 0.2 0.2 0.6
R2 0.1 0.1 0.2
R3 0.2 0.2 0.4
R4 0.1 0.2 102
R5 0.1 0.3 0.5
R6 0.2 0.4 0.3
R7 0.1 0.5 0.3
Accuracy 0.3 0.6 0.7

2 Translation exceeding the accuracy
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7. Transarticular fixation of facet joints with biode-

gradable rods

Biodegradable rods (Biofix, Bioscience, Tampere)
consist of self-reinforced polyglycolic acid compos-
ite material (Vainionpdd et al. 1987). They degrade
postoperatively, losing the major part of their
mechanical strength within a month and disintegrat-
ing entirely within 6-12 months. Theoretically, bio-
degradable rod fixation of facet joints would yield
increased immediate stability after uninstrumented
fusions but avoid the risk for implant related com-
plications and the sometimes occurring need for
implant removal after fusion healing.

On this subject, a fusion series was performed
(Johnsson et al. 1997) with conventional postero-
lateral technique supplemented by filling the facet
joints with autogenous bone. Further, perpendicu-
lar to the joint line of each facet joint, a canal was
drilled with a width of either 2 or 3.2 mm depend-
ing on the size of the facet joint. These canals were
filled with biodegradable rods which by absorbing
fluid in the body expanded rapidly and became
fixed in the canal within a few minutes from inser-
tion. The rod length used in our study was 3 cm and
the diameter 2 or 3.2 mm. These rods have been
demonstrated to have an initial shear strength of
180-200 MPa and a bending strength of 300-350
MPa, thus, values at least 20 times higher than the
strength of cancellous bone.

In total, 11 consecutive patients with mean age
46 (39-59) years were enrolled. All patients had
longstanding segmental type of back pain refrac-
tory to non-surgical treatment and emanating from
disc/facet joint degeneration. Decompression was
in no case part of the procedure and no patient

had previous spinal surgery. Seven patients had
L5-S1 fusions and the remaining four had L4-S1
fusions.

The follow-up schedule was similar to the one
presented for the posterolateral instrumented
fusions above (Johnsson et al. 1999b), i.e. monthly
investigations up to 6 months and a final investiga-
tion at 12 months, including RSA, clinical investi-
gation and plain radiography. For the RSA, supine
to standing provocation was used.

All 7 patients with L5-S1 fusions healed radio-
graphically and became rigid according to radio-
stereometry. Three of the fusions were stable at the
first postoperative investigation and remained so,
one from the 3 month investigation onwards, two
from the 5 month investigation onwards and the
final patient not until 12 months after surgery. Con-
trarily, none of the 4 patients with L4-S1 fusions
healed. One of the patients had to be excluded
because of inadequate placement of the tantalum
markers. In the three remaining cases 1-3 mm sagit-
tal translations persisted at 12 months after surgery
and plain radiography only showed partial osseous
fusion. No implant-related complications, such as
nerve root pain or radiographic signs of osteolysis
around the biodegradable rods occurred.

In conclusion, biodegradable rods inserted into
the facet joints as part of the fusion procedure do
not provide a full immediate stabilization to be
relied on during the postoperative period of fusion
consolidation. A clear positive effect on fusion
healing was not verified for the current patient
series.
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8. Anterior stabilization

The stabilizing effect of interbody cages in lumbar
spine fusion is questioned. Supplementary ante-
rior/posterior instrumentation is a frequent surgi-
cal recommendation based on in vitro results of
human cadaveric studies. The mobility reduction
in flexion is around 40 percent both for the anterior
(ALIF) and posterior (PLIF) approach when test-
ing the three-dimensional mobility response put-
ting standardized well-defined load on a specimen
with interbody cage implants (Oxland and Lund
2000). No stabilizing effect is seen in extension.
Some but inadequate reduction is also registered
for the axial rotation and lateral bending both by
the ALIF and PLIF with some advantage for the
anterior technique. Other authors report incon-
sistent mechanical effects with even increased
segmental mobility over the disc space with cage
implants, which could be a consequence of the
resection of the anterior longitudinal ligament
included in the ALIF and of the medial facetec-
tomy required for the PLIF (Vishteh et al. 2005).
Such surgical destabilization, if confirmed in vivo,
would be a certain reason to limit the use of the
interbody cage fusion technique instead favouring
alternative procedures to provide immediate post-
operative stability.

In a previous RSA based study, intervertebral
mobility before surgical intervention was mea-
sured in 18 patients with degenerative disc disease
(Axelsson and Karlsson 2004). Tantalum indicators
for this RSA assessment were implanted percutane-
ously from behind in connection with the applica-
tion of pedicle screws for an external fixation test
(Magerl 1984, Olerud et al. 1986). The spinal RSA
was performed two months after finishing the test
fixation in order to avoid any influence on lumbar
range of motion caused by the test procedure. The
mobility response induced by the patient chang-
ing from supine to a standardized sitting position
(Axelsson and Karlsson 2005) was thereby mea-
sured for the L4-L5 and L5-S1 levels.

Among these patients having defined ranges
of preoperative intervertebral mobility, 4 patients
were recommended to undergo a subsequent

anterior lumbar interbody fusion (Johnsson et al.
1999a). This recommendation was based on a posi-
tive outcome at temporary fixation. Two threaded,
cylindrical cages were used as a stand alone pro-
cedure via a retroperitoneal approach (Figure 8:1).
One patient was operated on two lumbar levels,
L4-L5 and L5-S1. The other 3 patients all had an
isolated lumbosacral fusion. At surgery, additional
tantalum indicators were applied in the ventral
aspects of the vertebrae to be fused (Figure 1:3),
in order to improve the basis for the postoperative
radiostereometric evaluation.

In addition to the preoperative RSA described
above, each patient had 3 separate postoperative
examinations 1 month, 6 months and one year
after surgery. The RSA set-up was identical at all 4
occasions with the patients examined in standard-
ized positions (Axelsson and Karlsson 2005). The
translatory movements of the vertebra proximal to
the cage relative to the vertebra distal to the cage
were calculated for this positional change from
supine to sitting.

The intervertebral mobility along the x-, y- and
z-axis from preoperatively throughout the postop-
erative course is given in Table 8:1. An immedi-
ate stabilization was seen for all five segments as
a mobility reduction 1 month after surgery. Minor
remaining translations along the z-axis were dem-
onstrated on the L5-S1 level for patient number 2
and 3. One year after surgery, 4 fused levels were
fully stable and the only significant mobility reg-
istered was a minor sagittal translation, again for
patient number 3.

This study does not verify a risk of initial
destabilization by the anterior interbody fusion
as previously described from cadaveric in vitro
data. Even though the patient number was small
and the loading provocation at RSA was limited,
instead favouring standardization, we conclude
that the biomechanical effects by the anterior
interbody cage stabilization are adequate and a
general recommendation to use a supplementary
anterior/posterior instrumentation is not relevant.
Reported high pseudarthrosis rates (Nilsson et al.
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B
Figure 8:1. Patient number 1. Conventional radiography showing no reaction around the implant at

one year follow-up. Tantalum indicators both in the ventral and dorsal parts of the vertebrae fused.
A. Anteroposterior view. B. Lateral view.

Table 8:1. Intervertebral mobility (mm) before and through the postoperative course after anterior

fusion
Patient Spinal Preoperative 1 month 6 months 12 months
number level mobility after surgery after surgery after surgery
X Y Zz X Y Z X Y Z X Y V4
1 L5-S1 04 05 3 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
2 L5-S1 01 09 14 01 01 038 01 01 1.1 01 01 04
2 L4-L5 02 12 13 02 04 03 0.1 0.1 0.2 0.1 0.1 0.1
3 L5-S1 04 12 28 01 02 09 01 04 16 01 01 08
4 L5-S1 0.1 1.8 2.0 0.1 01 04 01 02 0.2 0.1 0.1 0.1

2001) and specific complications as postopera- be further clarified in order to evaluate the ante-
tive sexual dysfunction for the anterior procedure  rior cage stabilization as instrument in lumbar
(Hdgg et al. 2003) are clinical aspects that must  fusion.
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9. BMP in lumbar fusion, a comparative randomized

study

As stated previously, some advantages with unin-
strumented posterolateral fusion can be identified
such as lower costs and risks due to the absence
of transpedicular implants. Quite a few literature
studies demonstrate likeworthy results with instru-
mented fusions as with uninstrumented (Thomsen
et al. 1997, Fritzell et al. 2002). Drawbacks are a
nonunion rate of 10-30% (Seitsalo 1990, Frenne-
red et al. 1991, Axelsson et al. 1994) and as with
all bone grafting, the variably occurring problem
of donor site pain (Summers and Eisenstein 1989,
Stromgqvist 1993). Recently, the characterization
and production of osteoinductive proteins has
attained significant interest. Animal studies in the
1990s applied to the spine showed very promising
results (Cook et al. 1994, Boden et al. 1995) and
some bone morphogenic proteins, such as BMP-1
and BMP-7 were used in pilot studies.

A human RCT comparing the effects of BMP-7
(OP-1, Stryker Biotech, Hopkinton, MA), and con-
ventional autograft was initiated as an efficacy trial
for lumbosacral uninstrumented fusion (Johnsson
et al. 2002). The outcome was evaluated by radio-
stereometry. The study hypothesis was that the OP-
1 implant would give faster and better formation of
bridging bone than autograft.

In order to standardize the patient material, only
patients with symptomatic isthmic spondylolis-
thesis of the L5, grade 1 and 2, in patients aged
more than 20 years were included. The study was
approved by the ethics committee and 20 patients
were operated on by two experienced spine sur-
geons. The procedures were identical up to the
stage where decortication was performed. At this
stage, according to randomization, patients either
had conventional autograft harvested through the
same incision from the posterior iliac crest or
BMP-7. The latter preparation included 3.5 mg of
rhOP-1 reconstituted with a carrier consisting of
1 g of type 1 bone collagen and this powder was

mixed with 2.5 ml of saline. Two such prepara-
tions were made, one for the right and one for the
left side, and placed into the same location where
the autograft was placed in the control patients.
Conventional application of tantalum markers and
postoperative treatment with a soft lumbosacral
brace for 5 months was instituted. RSA was per-
formed monthly during the first half year and 12
months after surgery. Repeat RSA was performed
5 years later in order to determine the consis-
tency of the fusion. Conventional radiography and
clinical assessment also was performed. Accuracy
measurement determined similar values as previ-
ously.

The velocity of fusion healing did not differ
between the two groups according to RSA. At one
year after surgery the number of cases showing L5
stabilization relative to the sacrum was similar in
the two groups according to the translations along
the sagittal axis and for the rotations around the
transverse axis. The number of cases with stabili-
zation of the L5 translations along the vertical axis
was higher in the autograft group (p = 0.03, Fish-
er’s exact test). Two re-operations were performed
in the OP-1 group and one in the autograft group.
In total 15 of the 20 patients experienced minor or
no back pain at one-year follow-up.

At a 5-year RSA follow-up, it was demonstrated
that stabilization achieved at one year postopera-
tively was retained over time.

This study demonstrates that using BMP-7 in the
form described above as a substitute for autograft
in posterolateral fusion can yield fusion healing
(Figure 9:1) but not to a higher extent than auto-
graft. The preparation has been improved today
and is delivered as a putty where improved results
have been shown (Vaccaro et al. 2005a, b). Mixing
of BMP-7 with autograft as well as using bisphos-
phonates might be ways to improve fusion rates in
the future.
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A

Figure 9:1. Posterolateral fusion after decortication and
deposition of BMP-7. No bone grafting performed. A.
Anteroposterior view. B. Lateral view.

B
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10. Orthoses in lumbar fusion

The need for postoperative spinal immobilization
to achieve bony consolidation of a lumbar fusion
is questioned (Connolly et al. 1998). On one hand,
support can be found in the literature for the use
of a rigid plaster body cast (Stauffer and Coventry
1972). On the other hand, bony fusion healing is
shown in a high rate even with free postoperative
mobilization after posterolateral fusion without
internal fixation (Jackson et al. 1985).

To determine the influence of spinal immobiliza-
tion on the consolidation of a lumbar fusion, we
compared two consecutive patient series includ-
ing 11 patients each (Johnsson et al. 1992). The
diagnosis was spondylolysis with low grade olis-
thesis in 19 patients and degenerative disc or facet
joint disorder in 3 patients. All patients suffered
from long-standing low back and/or radiating pain.
Posterolateral fusion without internal fixation was
performed on the L5-S1 level in 11 cases and on
the L4-S1 level in the other 11. This procedure
included implantation of tantalum indicators for
radiostereometry (RSA) (Selvik 1989). The two
patient series differed by the postoperative regimen.

Patients in Series 1 were treated with a molded,
rigid thoracolumbosacral orthosis of TLSO type
(Nachemson 1987) (Figure 10:1) for 5 months
and were instructed to keep the trunk straight
and to avoid all active spinal motions during the
same period. Patients in Series 2 used the same
orthosis and had the same instructions regarding
spinal immobilization but instead for a period of 3
months after surgery. RSA was performed monthly
2-6 months postoperatively and then one year
after surgery. The patients were examined without
orthosis in a standardized way in supine and erect
positions (Johnsson et al. 1990). The translatory
movements of the most proximal vertebra in the
fusion in relation to the sacrum were calculated
for this positional change. Fusion consolidation
was also assessed by conventional radiography 6
months and one year after surgery.

In Series 1, eight patients had osseous fusion
healing according to radiography and the stabiliz-
ing effect was confirmed by RSA showing decreas-
ing intervertebral translations less than 1 mm 1
year after surgery. For Series 2, a corresponding

Figure 10:1. Molded, rigid lumbar orthosis made of light weight material. A. Anteroposterior
view. B. Lateral view. (Reproduced with permission from J Spinal Disord).



28

Acta Orthopaedica (Suppl 323) 2006; 77

outcome consistent with a healed fusion was seen
only in 2 patients. Definitive pseudarthrosis based
on both radiography and RSA was assessed for 3
patients in Series 1 and seven patients in Series 2.
In two patients in the latter series, the radiographic
and radiostereometric findings were inconclusive
and the fusions were classified as doubtful. With
these two patients excluded, the healing rate was
significantly higher (p<0.05, Fisher exact test) in
Series 1 (8 of 11 cases) than in Series 2 (2 of 9
cases).

It seems, for the non-instrumented lumbar fusion,
that a postoperative period of 5 months with lumbar
immobilization using orthosis is superior in terms
of a higher fusion rate compared to the same regi-
men used only for 3 months. The role of the ortho-
sis in this context is unclear. The orthotic mobility
restriction could have two possible effects; restric-
tion of gross body motions reducing the moment
load caused by trunk flexion, extension and side
bending (Lantz and Schultz 1986) and/or restric-
tion of intervertebral segmental mobility. Any such
orthotic effect on the segmental mobility, provided
by small intervertebral translations, has prior been
difficult to assess requiring a measuring method
with a very high accuracy. Attempts include the use
of Kirschner wires as measuring marks inserted
into the spinous processes (Norton and Brown

1957, Lumsden and Morris 1968). The results indi-
cated very small effects on intersegmental move-
ments using orthosis and a paradoxical increase in
lumbosacral mobility was described in some cases
(Lumsden and Morris 1968). The results were
however questioned due to the potential confound-
ing effect of the Kirschner wires passing through
the soft tissues, potentially reducing the muscular
range of motion.

We applied RSA to determine whether different
types of lumbar orthoses affect the intervertebral
mobility in the lower spine (Axelsson et al. 1992).
Seven patients operated on with a non-instrumented
lumbar fusion for isthmic spondylolisthesis grade
I-II had tantalum markers inserted at the time of
fusion. Four fusions were performed between L5
and S1 and three between L4 and S1. One month
after surgery, radiostereometry was performed when
soft tissue healing was judged to be completed, pain
by surgery abolished but stabilization by fusion still
not provided. Each patient was examined in three
separate situations: 1) without external lumbar sup-
port; 2) with a molded, rigid orthosis of TLSO type
(Nachemson 1987) made of a light weight thermo-
plastic material (Figure 10:1); and 3) with a canvas
corset splinted with thin metal ribbons and with
a molded posterior plastic reinforcement (Figure
10:2). The RSA set-up was identical with the first

Figure 10:2.Lumbar canvas corset with molded plastic posterior support. A. Anteroposterior
view. B. Lateral vew. (Reproduced with permission from J Spinal Disord).
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Table 10:1. Clinical data and RSA intervertebral translations of 7 patients with different lumbar support

Case Sex Ageat Levelof Grade of Fusion Transverse translation? Vertical translation? Sagittal translation@

surgery lysis  olisthesis level NLS RO CC NLS RO CC NLS RO CC
1 B 47 L5 2 L4-S1 04 01 0.0 50 6.6 6.1 55 71 6.2
2 F 26 L5 2 L5-S1 04 09 04 08 1.0 1.2 24 26 29
3 M 39 L5 1 L5-S1 06 14 09 06 15 15 1.8 29 27
4 M 49 L4 2 L4-S1 07 13 21 27 29 832 43 65 83
5 M 23 L5 1 L5-S1 07 01 02 08 09 13 30 31 39
6 F 41 L5 2 L4-S1 0.8 04 00 43 48 538 73 82 95
7 M 29 L5 1 L5-S1 05 02 0.0 1.7 12 0.1 21 24 138

2NLS — No lumbar support, RO — Rigid orthosis, CC — Canvas corset

study on orthoses referred above (Johnsson et al.
1992). Thus, each RSA was performed with the
patient in supine and erect positions avoiding active
spinal movements. The intervertebral translations
provided by this positional change were calculated
for the most proximal vertebra in the intended
fusion relative to sacrum.

In the seven patients examined neither of the two
types of lumbar support had any stabilizing effect
on the sagittal or vertical intervertebral translations
(Table 10:1). Instead the orthoses, both rigid and
soft, tended to increase the translations in six of
the patients examined. The mean sagittal transla-
tion was 3.8 mm without support, 4.7 mm with the

molded rigid orthosis and 5.1 mm with the canvas
corset. The corresponding values for vertical trans-
lations were 2.3 mm, 2.7 mm and 2.7 mm, respec-
tively. The transverse translations were negligible
in all three situations.

This paradoxical tendency towards an increase
in mobility with orthosis has been previously
described (Lumsden and Morris 1968) and is
assumed to be an unfavourable effect of inadequate
pelvic fixation. In a following radiostereometric
study (Axelsson et al. 1993), a similar compari-
son as with rigid and soft orthoses was performed
but instead in patients wearing an orthosis with a
unilateral hip immobilization (Figure 10:3). Ten

Figure 10:3. Molded, rigid lumbar orthosis made of light weight material extended to one
thigh immobilizing one hip. A. Anteroposterior view. B. Lateral vew. (Reproduced with per-

mission from Spine).
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Table 10:2. Clinical data and RSA intervertebral translations of 9 patients with and without orthosis with unilateral

hip immobilization

Case Sex Ageat Levelof Grade of Fusion Transverse translation? Vertical translation? Sagittal translation?

surgery lysis  olisthesis level NLS OHI NLS OHI NLS OHI
1 = 44 L5 2 L4-S1 0.5 0.3 1.7 1.7 6.5 5.4
2 M 42 L5 1 L5-S1 0.1 0.1 0.4 0.4 0.6 0.5
3 M 28 L5 1 L5-S1 0.2 0.4 0.3 0.4 0.4 0.8
4 F 16 L5 1 L5-S1 0.1 0.2 0.9 0.4 0.1 0.4
5 = 37 L5 1 L4-S1 3.9 0.5 3.1 2.6 5.7 2.3
6 F 34 L5 1 L5-S1 0.2 0.6 1.7 2.8 8.2 7.3
7 = 22 L5 2 L5-S1 0.1 0.5 2.5 2.5 2.1 1.4
8 M 53 L5 1 L5-S1 0.2 0.4 0.9 1.0 3.1 2.6
9 = 29 L5 1 L5-S1 0.2 0.3 1.8 1.7 4.5 3.6

aNLS — No lumbar support, OHI — Orthosis with hip immobilization

patients with the same diagnosis, spondylolysis/
spondylolisthesis grade 1-2, were included but
the placement of the tantalum indicators was sub-
optimal in one case. Thus, nine patients could be
assessed by radiostereometry with and without an
orthosis with an extension to one thigh.

No significant immobilizing effect was reg-
istered for the sagittal or vertical intervertebral
translations using the orthosis with unilateral hip
immobilization (Table 10:2). The tendency towards
increased mobility seen for the conventional two
orthoses did however disappear. The mean sagittal
translation was 2.7 mm with orthosis and 3.5 mm
without. The mean vertical translation was 1.5 mm
with and without support. Again, the transverse
translations were minor and insignificant in both
situations measured.

According to the radiostereometric results, the
small intervertebral translations between segments

cannot be eliminated or significantly reduced by
an external orthosis (Axelsson et al. 1992). Hip
flexion does provide a great mobility provocation
in the lower lumbar spine (Axelsson and Karlsson
2005) but an attempt to reduce pelvic motions by
extending the orthosis to one thigh did not reduce
the translations to an extent justifying the use of
such unilateral hip immobilization (Axelsson et
al. 1993). The positive influence of spinal immo-
bilization on the consolidation of lumbar fusion
(Johnsson et al. 1992) is thus rather a consequence
of reduced gross body motions. We have put that
into practice during the postoperative period after
uninstrumented fusion and all patients are recom-
mended to avoid active movements of the spine
keeping the trunk straight and also avoiding the sit-
ting position with the hips in flexion. A soft ortho-
sis is used as a reminder of this regimen but is not
ascribed any stabilizing capacity.
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11. Lumbar segmental mobility adjacent to fusion

Progressive disc degeneration, facet joint hyper-
trophy, spinal stenosis and even acquired spondy-
lolysis are radiographic long term findings (Figure
11:1) implying an increased load on the spinal
segment adjacent to a lumbar fusion (Harris and
Wiley 1963, Lee 1988). The characteristic clinical
picture includes a long asymptomatic period after
fusion before presenting with recurrent pain (Lee
1988, Schlegel et al. 1996). It is not fully clarified
how often such an unfavourable course is seen for
the juxta-fused segment. Treatment by extended
fusion is proposed but controversial due to poor
clinical outcome and complications (Whitecloud
etal. 1994).

These clinical observations have initiated sev-
eral biomechanical studies reporting on the load-
ing effects and altered kinematics induced on the
juxta-fused segment. In vitro, the intradiscal pres-
sure above a segment fixed by instrumentation
is increased in flexion (Weinhoffer et al. 1995).
Considering kinematics, the center of rotation in
flexion was shifted cranially in a study of human
cadavers with one lumbar segment stabilized (Lee
and Langrana 1984).

Radiostereometry (RSA) (Selvik 1989) has
brought the possibility to study the mobility effects
on the segment adjacent to fusion in vivo and over
time from preoperatively through the course of
fusion consolidation (Axelsson et al. 1997). Six
patients with spondylolysis of L5, a low grade
spondylolisthesis and intractable low back pain
with a mean duration of two years had an external
test fixation of the lumbosacral segment (Magerl
1984, Olerud et al. 1986). The diagnosis was based
on conventional radiography and no sign of degen-
eration was seen for the disc above the olisthetic
level on preoperative radiographs. The pedicular
Schanz screws used for the external fixator and the
tantalum skeletal indicators required for radiostere-
ometry were applied with percutaneous technique
and under general anesthesia. The tantalum indica-
tors were placed in the spondylolytic L5 vertebra,
in the adjacent proximal L4 vertebra and distally
in the sacrum using standardized anatomical land-
marks (Johnsson et al. 1990).

Due to a positive outcome regarding pain relief
during temporary fixation, all six patients were
scheduled for a fusion of the olisthetic segment. At

Figure 11:1. A. Computerized tomography in a patient with relapsing leg pain 12 years after
decompression and fusion L4-S1. B. MRI of the same patient reveals a significant spinal
stenosis of the segment proximal, adjacent to fusion with a small anterior slip of L3.
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Table 11:1. RSA intervertebral translations in the adjacent L4-L5 segment for six patients before and after postero-

lateral lumbosacral fusion

Case Preoperative mobility Mobility 3 months after ~ Mobility 6 months after ~ Mobility 12 months after
fusion procedure fusion procedure fusion procedure
X Y z X Y Z X Y z X Y z
1 05 02 141 00 00 O1 03 0.1 07 00 02 0.6
2 01 11 04 04 21 4.6 05 16 33 01 16 55
3 01 15 0.9 0.1 06 0.2 00 0.1 04 06 07 03
4 00 25 1.2 02 1.0 06 0.1 10 08 02 09 02
5 08 1.0 07 00 03 07 0.1 04 1.6 05 05 17
6 02 08 04 0.0 0.7 o041 0.1 03 03 02 04 02
Mean 02 12 08 0.1 08 1.1 02 05 12 02 07 1.4
surgery, the posterolateral parts of L5 and S1 were mm
exposed, decorticated and covered with a cancel- 6
lous autogenic bone graft from the iliac crest. No
internal fixation and no laminectomy was per- 511561
formed. After surgery, all patients were instructed
to keep the trunk straight avoiding all movements 4
of the lumbar spine for a period of 5 months. A
canvas corset was used for the same period to 3
remind the patient about this regimen.
Each patient had four separate radiostereometric 2]
examinations. The first was performed before
the fusion but 2 months after completion of the 14
external fixation test. The soft tissues were fully
healed at that time and the patients were assumed L4-L5
. . - 0
to have regained their usual lumbar mobility. The Preop. 3 6 12

three remaining examinations were carried out
during the period of fusion consolidation 3, 6 and
12 months after surgery. To be consistent with the
postoperative advice to avoid active and passive
lumbar movements, the patients were examined
in supine and erect positions without active mobil-
ity provocation. The translatory movements of the
L4 in relation to L5 and L5 in relation to sacrum
induced by this positional change, supine to erect,
were calculated.

The mean intervertebral translations for the
juxta-fused L4-L5 level did not alter throughout
the period of fusion consolidation (Table 11:1).
However, studying individual mobility in the six
patients included, three separate patterns were
identified. Transformation of preoperative lumbo-
sacral mobility to the L4-L5 segment during fusion
consolidation was verified in two patients (cases 2
and 5) (Table 11:1). This pattern is illustrated by
the sagittal translations plotted over time for case

months postoperatively

Figure 11:2. Mobility of the L4—-L5 and L5-S1 segments
for one patient (case 2) representing the pattern with
increased mobility of the adjacent segment after fusion.
(Reproduced with permission from Spine).

2 in Figure 11:2. In two patients (cases 3 and 4),
the mobility of the segment adjacent to fusion
decreased and had almost disappeared up to one
year after surgery. This second pattern is exempli-
fied by the sagittal translations of case 4 in Figure
11:3. For the remaining two patients (cases 1 and
6), the translations of the L4-L5 level were small
preoperatively and were not significantly affected
by the fusion procedure.

These radiostereometric results confirm the
clinical impression that stabilizing one lumbar
segment can, although this is not a general phe-
nomenon, increase the load on the adjacent seg-
ment by altering the kinematics redistributing the
mobility towards a situation of relative hypermo-
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L5-S1

1.5+
L4-L5

0.5

Preop. 3 6 12
months postoperatively

Figure 11:3. Mobility of the L4—-L5 and L5-S1 segments
for one patient (case 4) representing the pattern with
decreased mobility of the adjacent segment after fusion.
(Reproduced with permission from Spine).

bility for the juxta-fused segment. On the other
hand, decreased mobility of the segment adjacent
to fusion was also identified as a mobility pattern
during the postoperative course. This stabilizing
effect might be explained by the fact that the fusion
procedure with decortication of the superior artic-
ular process is performed in close relation to the
L4-L5 facet joint. The clinical consequence of this
second mobility pattern might instead be an over-
load for the segment adjacent to the juxta-fused
segment. It is an interesting fact that degenera-
tion is seen equally often for these two segments
in clinical practice (Schlegel et al. 1996). With a
protracted radiostereometric follow-up in extended
patient series we hope to clarify whether the differ-
ent mobility patterns identified here affect the long
term complications described for the segments
adjacent to fusion.
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12. Discussion

Disregarding tumors, fractures and infections, the
incidence of lumbar spine disorders has probably
not increased over the years whereas disability due
to these disorders is much more prevalent. These
disorders, generally described as degenerative, are
the focus of immense research activities today and
our knowledge on etiology, for example inflam-
matory aspects (disc herniation, arthritic condi-
tions) and genetic aspects (congenital stenosis,
disc degeneration) are significant. Further, psycho-
logical and psychosocial aspects as well as coping
strategies affect the disability resulting from lumbar
spine disorders to a high extent. Still, lumbar spine
symptoms relate to lumbar spine kinematics and
significant efforts have been put into the study of
spinal mobility in normal and pathological condi-
tions described in the introduction. The complexity
of demands on the spine combining flexibility and
stability, and the very high loads noted in different
positions of off-center mobility, are most likely the
explanations for pain emanating from the spine.
This is even more evident in the limited number of
lumbar spine disorders treated surgically.
Radiostereometry (RSA) as described by Selvik
(1976, 1989) is a technique of studying skeletal
kinematics in different body positions or over time
with a high accuracy. Among many applications for
the method, the studies of prosthetic fixation in the
hip and knee have provided significant contribu-
tions to orthopedics. In the lumbar spine, mobility
measurement with external devices or using radiog-
raphy have been demonstrated to be very imprecise.
Therefore the potential of RSA is obvious and was
explored for the first time by Olsson et al. (1976a,
b). This work inspired us to use the technique in
the multiple clinical situations described in this
supplementum. The main fields of study have con-
cerned the mobility of normal and abnormal lumbar
segments, the effects of temporary spine fixation
(orthosis and external pedicular fixation), the kine-
matics of different types of spinal fusion and the
effect of fusion on the adjacent segment.
Kinematics in normal and degenerative lumbar
segments as well as spondylolisthetic segments

have been studied after acceptance of the individual
patients and the ethical committee of our university.
The mobility pattern related to the degree of disc
degeneration showed that a stage of stabilization
with decreased mobility is seen for spinal segments
with disc height reduced by at least 50 % (Axels-
son and Karlsson 2004). An intermediate stage
of instability/hyper mobility such as proposed by
Kirkaldy-Willis and Farfan (1982) could not be ver-
ified. The same was true for segments with isthmic
spondylolisthesis, i.e. no hypermobility could be
demonstrated in adult symptomatic patients with a
low-grade slip (Axelsson et al. 2000). Instead, very
pronounced interindividual differences were seen
regarding mobility of normal as well as degener-
ated segments. According to our findings, patients
who experience symptoms mimicking instability
such as the instability catch, sudden stabbing pain
or giving away on weight bearing do not suffer
segmental instability. Instead these patients prob-
ably express painful mobility as part of the degen-
erative process and why this occurs in some cases,
whereas the majority of humans undergoing disc
degeneration over life are asymptomatic, remains
unclear.

Fusion of the lumbar spine accounts for a rather
small fraction of the total number of surgical pro-
cedures for degenerative disorders (Stromqvist et
al. 2005) but the debate over indications and type
of fusion to be performed is intense especially
in degenerative disc disease, DDD. Non-instru-
mented lumbar fusion has been performed since
the beginning of the last century but with gradu-
ally improved technique. The appearance of trans-
pedicular implant systems gave a more immedi-
ate stability to the segment but at the cost of an
increased complication rate and also an economical
cost. Interbody fusions with and without implants,
stand alone or combined with posterior instrumen-
tation, are used today and no consensus exists on
which method is the best. In some recent studies on
fusion for DDD (Fischgrund et al. 1997, Thomsen
et al. 1997, Fritzell et al. 2002), benefits of adding
instrumentation to the fusion procedure have not
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been possible to demonstrate. The debate goes on
and the recent introduction of disc arthroplasty as
a treatment modality for this patient group further
alters the situation. Possibly, individual, patient
related factors should be taken into consideration
when choosing type of surgery.

Posterolateral uninstrumented fusion for isthmic
spondylolisthesis or DDD is, according to radioste-
reometry, a very slowly stabilizing process with the
majority of patients going on to fusion still having
some degree of mobility persisting even 6 months
after surgery. This has to be considered when select-
ing the adequate aftertreatment. Instrumented pos-
terolateral fusion seems to give immediate stabili-
zation of the spinal segment in the inherently stable
spine. The healing time for an instrumented fusion
in a more unstable situation is long and additional
anterior stabilization can be justified in such cases.
The possibility of the disc as a pain generator in a
solid fusion has been proposed but this indication
for concomitant interbody fusion so far remains to
be proven and must be questioned.

Interbody fusions can be performed as bone
graft procedures only, or supplemented with cages
or ramps. The surgical approach can be retroperi-
toneal and anterior (ALIF) or from the posterior
route (PLIF or TLIF). These procedures normally
give immediate stability at the cost of an increased
complication rate. Whether this is reflected in a
higher fusion rate or not is debated. ALIF with and
without titanium cages has been demonstrated to
be afflicted with a risk for non-union and also for
some subsidence during the healing procedure. Our
material of ALIF, supplemented with BAK-cages,
confirms immediate stability in most cases and the
technique seems to be a valid treatment alternative
in patients with good bone quality, especially in
females.

Fusion promoters have been described in an
increasing number during the last 10 years and
hopefully will increase our ability to achieve a
high fusion rate. In the RSA study presented, a
fusion rate of uninstrumented fusion could be
obtained with BMP-7 only that was fully compa-
rable to conventional uninstrumented fusion with
bone graft from the iliac crest. A long-term follow-
up of this patient group shows that the stability
achieved does not deteriorate over time. However,
non-unions are seen in the patient material. In the

event of forming stable bridging bone in a bone
transplant, different bone morphogenetic proteins
are active in different time periods in a cascade
reaction and perhaps other preparations (Barnes et
al. 2005, Vaccaro et al. 2005a, b) and other bone
formation promoters (Boden et al. 2002) can bring
further improvement.

Whether or not the use of an orthosis after fusion
surgery is beneficial is not obvious (Jackson et al.
1985, Connolly et al. 1998) and clinical practice
concerning the use, type and timing of orthosis
wearing is most variable over the world. The stabi-
lizing ability of an orthosis, whether soft, rigid or
supplemented with hip immobilization, is minor or
even absent when assessed as intervertebral mobil-
ity reduction. In non-instrumented lumbosacral
fusion, however, postoperative corset wearing for 5
months yielded a lower non-union rate than ortho-
sis wearing for 3 months. In spite of the inability
of the orthosis to immobilize lumbar segments,
uninstrumented fusions probably should be treated
with bracing for 5 months instead of 3. This effect
is then rather induced by restricting gross body
motions and making the patient aware of keep-
ing the spine straight during the healing process.
Whether a postoperative orthosis is beneficial in
instrumented fusion has not been studied.

The indication for fusion of disc degenerative
disease, DDD, is questioned. Degenerated discs
on plain radiographs or MRI are present in most
people after 40 years of age and are frequent in
asymptomatics also during the preceding decades.
However, there seems to be a clear clinical pic-
ture of segmental pain from degenerated discs and
recent studies on inflammatory reactions seem to
corroborate this hypothesis (Schwarzer et al. 1995,
Peng et al. 2006). Therefore, the identification
of painful segments in patients with long-lasting
low back pain expected to improve by segmental
fusion, is focus of broad clinical research. Recent
RCTs have shown conflicting results. In a Swed-
ish multicenter study, the 2-year outcome of fused
patients was significantly better than in patients
treated with nonspecific physiotherapy (Fritzell
et al. 2001) with a patient satisfaction rate at two
years of 63% and 29%, respectively. Similar stud-
ies comparing fusion to cognitive therapy show
more questionable results (Brox et al. 2003, Fair-
bank et al. 2005). The basic idea, to identify the
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symptomatic segment and to prognosticate the out-
come of fusion, has been pursued by clinical exam-
ination, facet joint blocks, disc blocks and also by
the external test fixation as described by Magerl
(1984). The external fixator theoretically mimics
the fusion procedure giving the patient a possibil-
ity to anticipate what the outcome of a fusion will
be. The method requires the insertion of pedicular
screws which is an invasive procedure and compli-
cations are reported. Therefore it is important to
assess whether the mechanical basis is adequate in
the form of stabilization to the segment with the
external frame placed outside the body. The RSA
study showed good reduction of segmental motion
and on removal of the frame, retaining the screws
in place, mobility was regained. The dynamics of
the external fixator thereby provides an adequate
mechanical basis for the prognostication of a defin-
itive bony fusion. In a subsequent uncontrolled
clinical study (Axelsson et al. 2003), the satisfac-
tion rate after fusion was 75% in patients all having
a positive outcome at preoperative test fixation.
The ideal study, to perform the external test fixa-
tion and then, irrespective of test result, continue
with fusion relating the outcome of fusion to the
outcome of test fixation, cannot for ethical reasons
be justified.

Potential negative effects of a lumbar fusion on
the adjacent spinal segment has been a focus of

many studies, taking into consideration the altera-
tion of kinematics induced for the juxta-fused seg-
ment. Recurrent symptoms after a painfree period
are often ascribed to progressive degeneration of
the juxta-fused segment but whether this finding is
elicited by the fusion as such or if the patient is
predisposed to degeneration generally, which is a
reasonable presumption, is not clear. In two of the
patients in the RSA study, an obvious increase in
mobility of the L4-L5 segment was verified seen
at three months postoperatively and persisting after
fusion healing. This corroborates with the cadaver
study of Lee and Langrana (1984) demonstrating
that the center of rotation in flexion shifts crani-
ally with the stabilization of one lumbar segment.
It is plausible to postulate that this is more likely to
occur in the subgroup of patients with pronounced
lumbar segmental mobility such as demonstrated in
the first study of normal segments. Whether juxta-
fused hypermobility, verified by RSA, predisposes
for late adjacent segment degeneration will be one
of many future issues in which radiostereometry
can contribute in spinal research.

Other radiostereometric applications in the
lumbar (Halldin et al. 2005) and cervical (Zoega
et al. 2003) spine have been explored and, in the
probably upcoming era of disc arthroplasty, RSA
will be a useful means to demonstrate in vivo kine-
matics.
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13. Conclusions

» Radiostereometry can demonstrate lumbar spine
kinematics with a high accuracy, 0.2-0.7 mm,
along the three axes of movement or 0.5-2,0°
along the axes of rotation.

* Radiostereometry is invasive, time consuming
and expensive and suitable for focused studies.

* The range of intervertebral mobility over normal,
non-degenerated discs differs widely between
individuals.

* In the progressive degenerative process, a stage
of stabilization begins when the disc height is
reduced by at least 50 % but, in the clinical situ-
ation, stability cannot be taken for granted even
with such disc height reduction.

* The spondylolytic segment is not hypermobile/
unstable in the adult, symptomatic patient with
a low-grade olisthesis. The back pain is rather a
manifestation of degeneration of the disc below
the slipped vertebra.

e The external pedicular fixator can immobilize
a lumbar spine segment more or less totally
and mobility is regained immediately when the
frame is unlocked with the pedicular Schanz
screws retained.

* The uninstrumented lumbar fusion stabilizes the
segment very slowly and some mobility often
remains after 6 months in fusions stable at 12
months.

* By adding posterior instrumentation to a postero-

lateral fusion in DDD or spondylolysis/olisthe-
sis, immediate stabilization is provided except
when the surgery includes broad decompression
with facet joint resection.

Transarticular fixation of facet joints with biode-
gradable rods is not a valid method in terms of
stabilization and has no consistent influence on
the consolidation of a posterolateral fusion.
Anterior interbody fusion with cages as a stand-
alone procedure may provide an immediate seg-
mental stabilization and a general recommenda-
tion to use a supplementary instrumentation is
not motivated.

BMP-7 can give as high a fusion rate as auto-
genic iliac crest graft.

Neither a soft, stiff or hip joint immobilizing
orthosis provides lumbar spine stabilization
assessed as reduction of intervertebral segmental
mobility.

A postoperative period of 5 months in ortho-
sis after non-instrumented fusion is superior in
terms of a higher fusion rate compared to the
same regimen for 3 months, which most likely
is an effect of the restricted gross body motions
during the period.

Fusion of one lumbar segment may, although this
is not a general phenomenon, alter the kinemat-
ics of the juxta-fused segment into a situation of
relative hypermobility.
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