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Abstract: Results following fusion for chronic low back pain (CLBP) are unpredictable and generally not very satisfying.
The major reason is the absence of a detailed description of the symptoms of patients with pain, if present, in a motion
segment of the spine. Various radiological findings have been attributed to discogenic pain, but if these radiological signs
were really true signs of such pain, fusion would have been very successful. If discogenic pain exists, it should be possible
to select these patients from all others within the CLBP population. Even if this selection were 100% perfect, however,
identification of the painful segment would remain, and at present there is no reliable test for doing so. Regardless of
whether an anterior or posterior type of fusion is performed, or even if artificial discs are used, solving the puzzle of pain
associated with the presumed segmental disorder must be the primary goal.
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INTRODUCTION
In cases of pronounced chronic low back pain with or
without nonspecific leg pain (CLBP) where the patient does
not respond to conservative treatment, a discussion about
spinal fusion may ultimately take place. The results
following this surgery are varying, controversial and not
very satisfying [1-3]. Since the specific indication for fusion
in these cases is not yet determined, the question is whether
spinal fusion should really be performed [2, 4-6].
A number of different conditions may present with
symptoms of low back pain. Homogeneous groups of
patients, each with a specific reason for their pain, are mixed
with other groups of patients whose pain is also of
homogeneous origin. Nevertheless, we do not know exactly
what these different reasons are for the pain. This could be
likened to a situation in which patients are collected under
the diagnosis of abdominal pain, but specific disorders such
as gall bladder disease, gastric ulcer and appendicitis are not
distinguishable. Clearly, a spinal fusion would be of no help
in cases of muscular or inflammatory pain or if the pain
originates in the sacroiliac joints. Spinal fusion might,
however, be of value in facet joint pain, discogenic pain and
“instability”, provided these patients could be selected with
certainty from the whole population of patients with CLBP.
SELECTION OF PATIENTS, SYMPTOMS
In most reports back pain is never specified, and is
referred to simply as chronic low back pain. This is also true
in recent randomised studies [7-10]. Analogous with the
example of abdominal pain and with the intention of finding
a specific pain pattern, back pain ought to be more
thoroughly analysed according to localization (lateral or
*Address correspondence to this author at the Clinic of Spinal Surgery, Löt,
64594 Strängnäs, Sweden; Tel: +46 152 26300; Fax: +46 152 26370;
E-mail: bo.nystrom@ryggkirurgiska.se
1874-3250/12

midline), character (diffuse or restricted, continuous or
intermittent, dull, burning, stabbing, etc.), and situations that
aggravate or alleviate the pain. Similarly, leg pain should be
analysed as to whether it is diffuse, radicular,
pseudoradicular, dull, burning, continuous or intermittent,
and whether it is coupled with numbness or paresthesia.
Specific questions about any bladder disturbance such as
urinary retention, urgency, hesitancy, or terminal dribbling
should also be posed. We have to complete the puzzle
regarding pain associated with the condition to be treated
using spinal fusion. The ideal condition for this treatment
would be pain in one motion segment of the spine, i.e. pain
in the motion between two vertebrae, or segmental pain. If
such a condition exists, its clinical pain presentation would
be the segmental pain syndrome.
RADIOLOGY HAS FAILED
In efforts to select patients suitable for treatment with
fusion surgery, radiological findings have not provided a
solution. Osteoarthritis of the facet joints is seen as early as
at 20 years of age and in almost every person by the age of
50 [11, 12], and concentric as well as radiating tears appear
even in young discs [13]. Over the years these and other
radiological findings such as marked disc degeneration,
spondylotic spurs, internal disc disruption and annular tears
seen on MRI or discography, high intensity zones and Modic
signs have been attributed to low back pain and also more
specifically to discogenic pain [14-17]. However, this
opinion has been contradicted by others [18-20]. If these
radiological signs were actually true signs of discogenic pain
spinal fusion would have been extremely successful in cases
of CLBP because all these signs are easily recognized on
plain X-rays, MRI and discography. Since this is not the
case, the search for pathoanatomic changes that serve as
landmarks of low back pain has so far been unsuccessful. If
in some cases the origin of unspecific low back pain is
discogenic, which is supported to some extent by the
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findings of low back pain provocation by direct palpation
and pressure on the discs of awake individuals undergoing
surgery under local anaesthesia [21, 22], the question may be
posed as to whether there has to be any specific radiological
disc abnormality at all.
REPORTED INDICATIONS FOR FUSION
In textbooks and reviews concerning indications for
fusion in cases of CLBP the following can be found:
translational
instability,
segmental
instability,
postlaminectomy syndrome, internal disc disruption, painful
disc degeneration, isolated disc resorbtion, persistent low
back pain after lumbar discectomy, discogenic back pain,
annular tear, failed back syndrome, primary large central
disc herniation and recurrent disc herniation [23, 24]. The
results following spinal fusion surgery with regard to these
indications have been reported by Turner et al. [1] who
concluded, ”For several low back disorders no advantage has
been demonstrated for fusion over surgery without fusion”.
Further, Chou et al. [6] stated recently that “For nonradicular
pain with common degenerative changes, fusion is no more
effective than intensive rehabilitation.” Only one out of four
rather recent randomised studies reported that the results
following fusion surgery were better than in the control
group [7-10].
We therefore face a situation in which the decision to
perform a spinal fusion operation in cases of CLBP is based in
most cases only on the presence of chronic low back pain and
some very unspecific radiological signs. In every other kind of
surgery there is an effort to rely on specific and relevant
symptoms for each surgical intervention, e.g. symptoms of
appendicitis for appendectomy, of gall bladder disease for
cholecystectomy and so on. Abdominal surgery is not generally
performed on the indication of diffuse abdominal pain. It is
therefore an absolute necessity to search for the clinical
symptoms and the pain description indicating a condition that is
treatable by spinal fusion, and not to look for various
radiological signs.
PINPOINTING THE PAINFUL SEGMENT, IF PRESENT
Logically, provocative discography would be the most
suitable test for pinpointing a painful disc, and several reports
defend this opinion [16, 25-27] while others do not [26, 28, 29].
A positive discographic test is usually based on concordant pain
reaction of significant magnitude in one disc that is not found in
an adjacent disc [27, 30]. The test has been questioned on the
basis that pain may also be provoked during disc injection in
normal subjects [31] and in subjects without low back pain but
with ongoing chronic pain of non-lumbar origin [32]. However,
by definition these persons should be unable to report about
concordance. Similarly, it is difficult to understand how patients
with iliac crest pain following bone harvesting can report
concordant pain during discography [33]. Early reports on pain
provocation at lumbar discography invariably noted that the
pain was located in the lumbar spine, but also, in declining
frequency, in the buttock, thigh or lower leg [34]. A recent
report strongly supports the view that a positive provocation test
in discography is of little or no value in detecting the pain
generator, e.g. the presumed painful disc, if performed in a nonspecific group of patients suffering from CLBP [35]. Whether
the disc provocation test would be of value in selecting the paingenerating disc in a homogeneous population of patients
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actually suffering from discogenic pain is an open question,
since no such patient selection has yet been possible on clinical
or other grounds. Some other testing techniques have also been
developed and used as possible methods for finding the painful
segment, if present, including the bony vibration test [36], but
they are apparently not specific enough [20]. The open
mechanical provocation test that has been described [37] is
likewise not validated. In summary, as recently stated by
Hancock et al. [20], “The usefulness of all these tests in clinical
practice, particularly for guiding treatment selection, remains
unclear.”
SEGMENTAL PAIN AND PAIN DISTRIBUTION
If we assume that segmental pain really exists and can
express itself clinically in a specific segmental pain syndrome, it
would be possible to select these patients from all others within
the population suffering from CLBP. Even if this selection of
patients were to be 100 % perfect, we would still have to
identify the segment producing the pain. Pain might have its
origin in one single segment, L3-L4, L4-L5 or L5-S1, but
possibly also in two or even three of these segments. Without
any reliable test to pinpoint a painful segment [20] the
probability of fusing the appropriate painful segment or
segments would depend on the distribution of segmental pain at
different levels. Let us assume that patients in a given
population have segmental discogenic pain localized to only one
segment and with an equivalent distribution among the three
lower lumbar segments, i.e. one third of the selected patients
have their segmental pain at L3-L4, one third have it at L4-L5
and one third at L5-S1 (column A in Fig. 1). In this situation a
segmental fusion at a single level would have a 33% probability
of curing the patient from his/her low back pain. If we assume
another distribution of segmental pain, e.g. 10% with their
discogenic pain at L3-L4, 40% at L4-L5 and 50% at L5-S1
(column B in Fig. 1), which probably would be more relevant, a
mono-segmental fusion at L5-S1 would have a 50% probability
of success, the remaining half of the patient population would
have their pain at higher levels. If we add to this discussion the
possibility that segmental pain might exist at two levels
simultaneously, e.g. in both the L4-L5 and L5-S1 segments, and
assume this to be the case in say 20% of the patients, the
probability of curing the patient with a mono-segmental fusion
declines to 40% in the L5-S1 example just mentioned, since one
fifth of these patients would still have pain from the L4-L5
segment. It must be remembered that the prerequisite for these
figures is the assumption that it is possible to select all these
patients with exclusively segmental pain. If only half of the
patients selected truly suffer from discogenic pain, the figures
just discussed would decrease by half to around a 20-25%
probability of curing the L5-S1 patient discussed above with a
mono-segmental fusion, a figure actually found in a welldesigned study by Carragee et al. [35].
One may argue that a two-level fusion in the example
just given, where 40% of the patients had segmental pain at
L4-L5 and 50% at L5-S1, would have a 90% chance of
success. Two-level fusions, however, are often performed
using a postero-lateral technique. Even after successful bony
healing this type of fusion may permit some movement in
the disc region [38, 39]. Therefore, if discogenic pain were
of a mechanical nature, pain might still exist despite a healed
postero-lateral fusion due to the lever arm anterior to the
disc, making slight axial movement still possible and thereby
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the possibility of persisting pain. If discogenic pain really
exists, the appropriate fusion would therefore be an
interbody fusion [40-42].
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Fig. (1). Examples of different percent distributions, A and B, of
segmental pain in the lower lumbar levels in a conceived patient
population.

PSEUDARTHROSIS
It has been argued that good results following spinal
fusion can also be seen in cases of pseudarthrosis in both
interbody and postero-lateral fusions [2, 43]. If discogenic
pain exists and is of a mechanical nature, it is, however,
reasonable to assume that the sensitivity for pain in the discs
might differ considerably in different patients. There might
be very sensitive discs that react to the slightest movement or
compression in the disc region, whereas in other patients the
disc might only react after considerably more disc movement
or compression. This might be one explanation for why some
patients present with very good clinical results despite
pseudarthrosis. Another possible explanation is that the pain
was not discogenic. The real but unknown reason for the
pain might have subsided, leading to apparent success of the
fusion without any connection whatsoever to the operation
and bony healing.
THE PROBLEM
The problem we must deal with involves, first of all, the
selection of those patients who really suffer from segmental
pain; secondly we have to find the painful segment(s); and
thirdly we have to perform a fusion that best alleviates the
pain, with all probability an interbody fusion that does not
permit any axial movement [39, 40].
Spine surgeons of all kinds have tried to contribute
knowledge to this issue but most published studies do not
specify the symptomatology of the patients included in the
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study; it is generally described simply as chronic low back
pain with or without nonspecific leg pain. This tells us
nothing about whether the pain originates in the sacro-iliac
joints, if it is of muscular origin or if it represents segmental
pain. The development and use of various internal fixation
devices might add some knowledge about how to improve
fusion rates [3, 44, 45], but this is only one factor among
several. Prospective randomised multicenter studies also
encounter the same problem regarding patient selection,
perhaps even more so since in these studies a large number
of surgeons are responsible for the selection of patients. Of
four such studies published recently, three describe the
symptoms of the patients included in the study simply as
“chronic low back pain” [8-10] and in the fourth study they
are described as “back pain more pronounced than leg pain
and no signs of nerve root compression” [7]. In all four
studies the selection of the segment or segments to be fused
was based on clinical and radiographic grounds, which we
know to be of doubtful value.
ARTIFICIAL DISCS
Some surgeons and clinics advocate the use of artificial
discs with the intention of preserving motion of the segment
in question [46]. When the artificial disc is placed in the disc
space, the outer layers of the annulus are with all probability
left in place. These layers contain the nerve endings of the
disc innervation [47, 48]. Therefore, if segmental pain is
related to movement in the disc space, pain will probably
remain following a movement-preserving operation with an
artificial disc. The same argument holds true for so-called
semi-rigid fixation [49].
CONCLUSION
In summary, therefore, it is absolutely necessary to find
and describe the symptomatology of those patients who
might suffer from segmental pain in order to be able to select
just those patients for the surgical procedure. Following this
selection a number of problems remain: selecting the proper
segment for fusion without being able to recognize it
visually, choosing a fusion procedure that best alleviates the
pain (probably not the postero-lateral procedure), obtaining
solid bony healing, and clearly understanding that after
having made the right choice in each of these steps we still
have a patient in great need of support and rehabilitation
after, in most cases, having suffered from severe pain for
many years.
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