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more responsibility for decreased curve flexibility. This
speculation was in accordance with the degenerative cas-
cade triggering degenerative scoliosis: initial disc wedging
started, followed by wedged disc degeneration, this
triggering disc then became apical disc with most severe
degeneration [20, 21].
It has been reported that osteophyte formation provided

restablization for wedging segments in degenerative scoli-
osis [7]. In addition, a cadaveric study also showed that
osteophyte formation resisted lateral bending movements
[22]. In the present study, osteophyte formation signifi-
cantly correlated with decreased curve flexibility, indicat-
ing that patients with severe osteophyte formation should
receive more powerful osteotomy such as PSO. Nathan et
al. [10] developed a classification for osteophytes, in which
Grade IV osteophyte was defined as fusion of osteophytes
between 2 adjacent vertebra. Grade IV osteophyte, or
more generally all grades of osteophytes on the concav-
ity of the curve, resembled bony bridge in congenital
scoliosis due to unsegementation. In congenital scoliosis,
bony bridge always represented decreased flexibility and
rigid curve. Therefore, osteophytes formation could be
regarded as a possible method allowing degenerative scoli-
osis to stabilize the spine. Interestingly, Jimbo et al. [8]
proposed in a prospective study that unilateral osteophyte
formation, defined as asymmetric osteophyte with 5 mm
difference between convex and concave side, was risk fac-
tor for curve progression in degenerative scoliosis, which

was a sign of instability. Our results did not conflict with
their conclusions. Larger osteophytes always occurred at
the concave side of the curve and thus were more likely to
fuse as bony bridge, an obvious cause to curve progres-
sion, just as the unsegmented vertebra in congenital
scoliosis.
Our data revealed the significant correlation between

OFS and apical degeneration as well as RDS. Osteophyte
formation has been associated with disc degeneration
and endplate sclerosis. Animal models recorded that
scalpel-induced disc degeneration causes osteophytes to
grow in adjacent vertebrae, indicating osteophytes arose
from proliferating annulus tissue [23]. Nathan et al. [24]
suggested that osteophytes could also arise from tissues
including longitudinal ligaments and periosteum. Taken
together, disc degeneration and osteophytes formation
may be the two sides of one coin and contributed to-
gether to deceased curve flexibility.
For degenerative scoliosis patients, different osteotomy

grade [25] is determined by requirement of sagittal ky-
phosis correction to ideal spinopelvic harmony, while the
choice of asymmetrical three column osteotomy mainly
depends on surgeon’s personal experience without any
standardized criteria. The current study demonstrated
significant correlations between curve flexibility and
disc degeneration as well as osteophyte, indicating the
possibility to establish a disc and osteophyte based grading
system to determine the necessity of asymmetrical 3

Fig. 4 59 years old female patient with degenerative scoliosis. Lumbar Cobb angle was 56° on standing whole spine film. On supine lateral bending
film, lumbar Cobb angle decreased to 49°, with a correction rate of only 12.5%. Lumbar MRI showed severe disc degeneration; Grade IV osteophyte
could be found on concave side of the curvature
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column osteotomy. Further prospective-design study is
warranted to establish such grading system.
The curvature severity was not taken into consider-

ation in the current study due to small lumbar curve in
this cohort and the etiology. When considering rigidity,
curve severity plays a more important role in adolescent
idiopathic scoliosis compared to degenerative scoliosis
since degenerative scoliosis is characterized with smaller
coronal curvature, less rotation but more loss of lumbar
lordosis. In addition, previous literature also conformed
the association between lumbar coronal curvature and
disc degeneration severity [3]. The rigidity of facets is
difficult to evaluate with the current technique. The classi-
fication of facets degeneration with CT images is also not
reliable in degenerative scoliosis due to rotation and de-
viation of each vertebra. Regarding rotation, it is not as
obvious in degenerative scoliosis as it is in idiopathic
scoliosis, and thus it can be tolerated without analyzing
rotation. The influence of age is also quite different to
measure since degenerative scoliosis, as well as disc de-
generative and osteophytes formation are the results of
aging.
Limitations of this study included the lack of association

between curve rigidity and surgical correction, the lack
of age-matched normal controls and the lack of consid-
eration of facets degeneration as well as rotation. In
addition, this study was conducted as a cross-sectional
study, lacking of continuous observation of association
between disc degeneration, osteophytes formation and
curve flexibility during the progression of spinal
degeneration.

Conclusions
Both disc degeneration and osteophytes formation corre-
lated with curve flexibility. The pre-operative evaluation
of both features may aid in the surgical decision-making
in degenerative scoliosis patients.

Abbreviations
OFS: Osteophyte formation score; PSO: Pedicle subtraction osteotomy;
RDS: Regional disc degeneration score; ROM: Range of motion; SPO: Smith-
peterson osteotomy
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