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Adjacent segment hypermobility after lumbar spine 
fusion
No association with progressive degeneration of the segment 5 years 
after surgery
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Background and purpose   Increased intradiscal pres-
sure and relative segmental hypermobility are in vitro 
observations supporting the idea of increased postop-
erative load being a reason for progressive degeneration 
of the free mobile segment adjacent to a lumbar fusion. 
These mechanisms have been difficult to confirm in 
clinical studies, and an alternative theory claims instead 
that the adjacent segment degeneration follows a natu-
ral degenerative course in patients who are predisposed. 
We examined 9 patients 5 years after lumbar fusion, to 
assess whether relative hypermobility of the segment 
adjacent to fusion could be correlated to progressive 
degeneration of the same segment. 

Patients and methods   The 9 patients, all of whom 
had been treated with a lumbar fusion after a preopera-
tive intervertebral mobility assessment by spinal RSA, 
were re-examined 5 years after surgery. The interverte-
bral translations of the vertebra proximal to the fusion 
were determined by RSA and compared to the mobil-
ity of the same lumbar segment before fusion. The disc 
height and any progressive reduction at the two levels 
proximal to the one fused were measured on conven-
tional radiographs. 

Results   Adjacent segment mobility 5 years after 
fusion—expressed as mean transverse, vertical, and 
sagittal translation of the vertebra proximal to fusion—
was not significantly changed compared to the mobil-
ity measured before surgery. Increased mobility of the 
segment seen in 5 individual patients was not associated 
with progressive degeneration of the same segment or to 
a poor clinical outcome. 

Interpretation   Hypermobility of the segment adja-
cent to fusion is not a general finding. Increased mobility 
that can be seen in certain individuals does not impair 
the 5-year result. The significance of mechanical altera-
tions in adjacent segment degeneration is uncertain, and 
it is possibly overestimated. 

■

Progressive degeneration of the free mobile seg-
ment next to a spinal fusion is referred to as adjacent 
segment disease and includes disc degeneration, 
facet joint hypertrophy, spinal stenosis, and even 
aquired spondylolysis (Unander-Scharin 1951, Lee 
1988). For mechanical reasons, this development is 
often considered a late complication (or sequelae) 
of the spinal fusion. In vitro investigations have 
suggested that fusion increases the intradiscal 
pressure of the adjacent segment (Weinhoffer et al. 
1995) and also that a situation of relative hypermo-
bility is induced (Lee and Langrana 1984). Both 
observations would mean increased load on the 
segment. The same observations are often referred 
to by spinal surgeons when discussing the relative 
merits of disc arthroplasty and fusion when treating 
patients with degenerative low back pain (Anders-
son and Rouleau 2004, Freeman and Davenport 
2006). Maintaining mobility of the segment to treat 
would theoretically unload the adjacent parts of the 
spine, if the in vitro observations are applicable to 
the in vivo situation. The biomechanical arguments 
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have, however, been difficult to confirm in clinical 
studies, and there is another theory that claims that 
degeneration of the adjacent segment rather reflects 
the natural degenerative course for the individual 
patient (Penta et al. 1995, Wai et al. 2006).

Radiostereometric analysis (RSA) (Selvik 1989) 
has previously been used to study intervertebral 
mobility over time in the early postoperative period 
after lumbosacral fusion (Axelsson et al. 1997). A 
transformation of mobility from the level fused to 
the adjacent L4-L5 level was verified in 2 patients, 
but this was not a general finding in the 6 patients 
examined. The aim of the current radiostereomet-
ric study was to assess the degree of hypermobil-
ity of the adjacent level at long-term follow-up 
and whether progressive disc degeneration or poor 
clinical outcome can be correlated to such kine-
matics. 

Patients and methods

Patients

9 patients, all of whom had been treated with a 
lumbar fusion after a preoperative spinal RSA, were 
identified for radiostereometric, radiographic, and 
clinical reassessment 5 years after surgery. In order 
to study the effect(s) of fusion on the adjacent seg-
ment, only patients who were considered to have a 
solid lumbar fusion from radiographs taken 1 year 
after surgery were included. The group included 6 

women and 3 men with a mean age of 45 (35–59) 
years at surgery. The diagnosis was painful degen-
erative disc disease at level L4-L5 and/or L5-S1. 
Before fusion, all patients had had lumbar pain 
without sciatica with a mean duration of 4 (1–15) 
years. No patients had undergone spinal surgery 
before the fusion procedure, but all had tried non-
operative treatment without success. 

Surgery

A preoperative external pedicular fixation test lead-
ing to pain relief, supporting treatment by fusion, 
had been performed in all patients (Magerl 1984, 
Olerud et al. 1986, Elmans et al. 2005). Fusion was 
achieved by 3 techniques (Table). 3 patients had a 
posterolateral fusion without instrumentation. The 
same surgical procedure but with a supplementary 
stabilization using posterior instrumentation was 
performed in 3 patients. The remaining 3 patients 
had an anterior lumbar interbody fusion with 2 
threaded, cylindrical cages as a stand-alone proce-
dure via a retroperitoneal approach. 

Radiostereometry

A spinal RSA (Axelsson et al. 2006) was performed 
in all patients 2 months after finishing the external 
fixation test, but prior to the definitive fusion pro-
cedure. Tantalum indicators used for the RSA had 
been implanted by percutaneous technique in con-
nection with the application of the pedicle screws 
for test fixation. The 0.8-mm indicators were 
placed into the bases of the tranverse processes and 

Intervertebral mobility (in mm) and grade of degeneration at the segment adjacent to fusion both before and 5 years 
after surgery

Case Level Fusion  Adjacent  Preoperative Preoperative Postoperative Postoperative Increased
 fused technique a segment  mobility for degeneration mobility for degeneration mobility of  
   proximal to adjacent  adjacent  adjacent
    fusion  segment  segment  segment?
  X Y Z X Y Z 
            
1 L4–S1 U L3–L4 0.4 1.8 2.4 II 0.7 1.4 2.2 II No
2 L5–S1 U L4–L5 0.3 0.6 0.9 I 0.7 0.6 2.4 I Yes
3 L4–S1 U L3–L4 0.2 0.8 0.8 I 0.1 0.1 0.6 I No
4 L4–L5 I L3–L4 0.3 4.5 3.5 I 0.5 0.4 1.3 I No
5 L4–S1 I L3–L4 0.4 1.9 2.6 I 1.9 3.0 4.0 I Yes
6 L4–L5 I L3–L4 0.1 0.2 0.1 II 0.1 0.4 0.9 II Yes
7 L5–S1 A L4–L5 0.1 0.6 0.8 I 0.1 1.5 2.3 I Yes
8 L5–S1 A L4–L5 1.4 3.9 4.5 I 1.2 4.7 6.2 I Yes
9 L5–S1 A L4–L5 0.1 0.9 0.8 I 0.6 0.4 0.4 I No

a U – Uninstrumented; I – Instrumented; A – Anterior
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into the tip of the spinous process of the 3 most 
distal lumbar vertebrae. The lateral masses and the 
central crest were used in the sacrum. The implan-
tation of tantalum indicators has been approved by 
the ethics committee of the Medical Faculty, Lund 
University. 

The RSA procedures before fusion and at the 
5-year follow-up were identical. Two 40-degree 
angulated roentgen tubes were used to provide 
exposures on 2 separate films. The lumbosacral 
spine and a combined reference plate and cali-
bration device with tantalum indicators at known 
positions in front of the film plane were exposed 
simultaneously (Axelsson et al. 2006). Using 
the Kinema program for computed data process-
ing according to Selvik (1989), the intervertebral 
translations along the transverse (x-), vertical (y-) 
and sagittal (z-) axes were calculated. Each patient 
was examined in 2 standardized positions, supine 
and sitting, in order to avoid active movements of 
the spine—thus reducing the confounding effects 
caused by varying pain level and muscular spasm 
(Axelsson and Karlsson 2005). The sitting position 
in this context means semiflexed hips to allow X-
rays to pass above the femoral shafts to the lumbo-
sacral spine. The translatory movements induced 
by the patient changing from supine to this stan-
dardized sitting position were calculated for each 
vertebra relative to the adjacent, distal vertebra as a 
measure of the intervertebral mobility. 

According to previous studies with double 
examinations of healed fusions (Johnsson et al. 
2002), the minimum significant measurement with 
this RSA set-up is 0.5, 0.5, and 0.7 mm for the 3 
axes: transverse, vertical, and sagittal. Translation 
values below these accuracy levels were consid-
ered insignificant.

Radiography

All patients were examined by conventional 
radiography (anteroposterior and lateral views) 
before surgery. The 5-year follow-up included 
an identical radiographic examination. Disc 
status preoperatively and 5 years after surgery 
was assessed for the 2 spinal levels adjacent and 
proximal to the fusion, using a classification in 4 
groups with the following characteristics: normal 
disc height (I), disc height decreased by less than 
50% (II), disc height decreased by at least 50% 

(III), and disc height obliterated (IV) (Saraste et 
al. 1985).

Clinical evaluation

At the 5-year follow-up, the overall clinical out-
come was assessed by the patients and graded into 
one of three categories: good (minor or no residual 
pain), fair (some pain relief but residual pain), or 
poor (unchanged or worse compared to the situa-
tion preoperatively). 

Statistics

For the statistical analysis, the Wilcoxon signed-
rank test was used to compare the intervertebral 
translations before fusion and at 5-year follow-up. 
The Chi-squared test was used to study the mobility 
effects on adjacent segment postoperatively, related 
to the clinical outcome (expressed as improvement 
or no improvement). 

Results

Fusion healing with stabilization at the levels 
intended was confirmed in all patients by the disap-
pearance of the intervertebral translations at radio-
stereometry 5 years after surgery. 

The mean transverse, vertical, and sagittal trans-
lation 5 years after surgery at the proximal seg-
ment, adjacent to fusion, was 0.6 mm, 1.4 mm, and 
2.3 mm. The corresponding values for the same 
segment before surgery were 0.4 mm, 1.7 mm, 
and 1.8 mm. There was no significant difference 
between pre- and postoperative translation along 
any of the 3 axes (Wilcoxon signed-rank test). Rel-
ative hypermobility was seen in individual cases at 
the segment adjacent to fusion, with no correlation 
to the type of surgical procedure used (Table). 

Preoperatively, 7 patients had no reduction of 
disc height at the level proximal and adjacent to the 
level to be fused (Table). 2 patients were classified 
as category II, with the disc height being reduced 
by less than 50%. 5 years after fusion, their disc 
status was unchanged with no sign of progressive 
degeneration according to plain radiography. 

For the disc level adjacent to the adjacent seg-
ment, no reduction of disc height was seen in pre-
operative radiographs. 5 years after fusion, pro-
gressive disc degeneration was verified in 1 patient 
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(case 1; see Table) with the disc height almost 
obliterated (Figure). For the remaining 8 patients, 
the disc status at this level remained unchanged.

Clinical outcome was good in 5 patients, fair in 
3 patients, and poor in 1 patient. Increased post-
operative translations of the adjacent segment seen 
in 5 patients (Table) could not be correlated to the 
clinical outcome (expressed as improvement or no 
improvement) (Chi-squared test).

Discussion

Adjacent segment disease is considered to be a 
potential long-term complication of spinal fusion. 
The condition includes disc degeneration, facet 
joint hypertrophy, and spinal stenosis with or with-
out olisthetic deformity for the free mobile seg-
ment adjacent to fusion (Unander-Scharin 1951, 
Lee 1988). The reported incidence of symptomatic 
adjacent segment disease has ranged from 5 to 20% 
in studies with varying follow-up time and with 
different techniques to achieve fusion (Park et al. 
2004). Surgical treatment includes decompression 
and extended fusion, but the results are modest and 

the treatment must be given with correspondingly 
moderate patient expectations (Whitecloud et al. 
1994, Phillips et al. 2000, Chen et al. 2001).

The etiology of the degeneration adjacent to 
fusion has not been clarified. Two major mecha-
nisms are ascribed varying importance (Park et al. 
2004). One theory favors a mechanical explana-
tion, which has been supported by the results of 
in vitro studies indicating that there is increased 
stress to the adjacent segment after fusion. The 
intradiscal pressure increases (Weinhoffer et al. 
1995) and a situation of relative hypermobility is 
induced by shifting the center of rotation in flex-
ion to a more proximal level (Lee and Langrana 
1984). These arguments are often used to justify 
disc replacement instead of fusion, with the inten-
tion of preserving mobility of the segment to treat 
in order to unload the adjacent part of the spine. 
The second theory, on the other hand, claims that 
the findings for the adjacent segment instead reflect 
the natural progressive degenerative course of the 
ageing disc—with no correlation to the mechanics 
(Penta et al. 1995, Wai et al. 2006).

Radiostereometry allows a more refined pos-
sibility to measure spinal kinematics in vivo. The 

Case 1, 3 years after fusion of the L4–S1 level. 
The patient had relapsing symptoms, but at that 
time no degeneration of the L2–L3 segment 
proximal to the segment adjacent to the fusion. 
Tantalum indicators can be seen placed in L3 
and distally. 

The same patient 5 years after fusion, with pro-
gressive degeneration of the L2–L3 level, where 
the disc is almost obliterated.

A
ct

a 
O

rt
ho

p 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
95

.2
4.

77
.9

0 
on

 1
0/

03
/1

0
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



838 Acta Orthopaedica 2007; 78 (6): 834–839

method has been used to study the adjacent segment 
during the early postoperative course after fusion at 
the L5-S1 level (Axelsson et al. 1997). The result 
from cadaveric studies, with relative hypermobility 
of the adjacent segment, has thus been confirmed 
with the transfer of lumbosacral mobility to the L4-
L5 level. This result was, however, found in only 2 
of 6 patients examined. According to the current 
study, this conclusion seems to be relevant even 5 
years postoperatively. Thus, the mean mobility of 
the adjacent segments did not change significantly 
over time and hypermobility seems to be a pos-
sible but infrequent postoperative mobility pattern. 
5 individuals had some increase in mobility of the 
adjacent segment (Table), but the relative hyper-
mobility did not lead to progressive degeneration 
or to a poor clinical outcome.

It is notable that, in our patients, progres-
sive degeneration was seen in only 1 patient and 
affected the level adjacent to the adjacent seg-
ment (Figure). This patient (case 1; see Table) 
described an initial pain-free postoperative interval 
of 3 years before having relapsing symptoms, and 
had a poor outcome at the 5-year follow-up. Other 
authors have reported this type of finding to be as 
frequent as degeneration immediately next to the 
fusion (Schlegel et al. 1996). Unfortunately, our 
radiostereometric assessment did not include this 
level proximally, but for the adjacent level that was 
measured there was no sign of altered mobility that 
explained the progressive degenerative course in 
this patient.

In conclusion, hypermobility of the segment 
adjacent to fusion is not a general finding and 
cannot be demonstrated as an increased mean 
mobility 5 years after surgery. Increased mobility 
seen in some of our patients did not cause progres-
sive degeneration. Although the number of patients 
available for this type of radiostereometric follow-
up was limited, our findings imply that mechanical 
alterations have been overestimated as a long-term 
problem after fusion of the lumbar spine. The pro-
gressive degeneration seen at the segment adjacent 
to fusion is probably an expression of constitu-
tional factors in the individual patient with ageing 
discs rather than being a consequence of altered 
kinematics or hypermobility.
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