IC

(gr’rhopced
urgery

171

© 2013 CHINESE ORTHOPAEDIC ASSOCIATION AND WILEY PUBLISHING AsiA Pty LTp

CLINICAL ARTICLE

[s Pelvic Obliquity Related to Degenerative Scoliosis?

Kristen E Radcliff, MD, Fabio Orozco, MD, Nicholas Molby, MD, Eric Chen, MD, Gursukhman S Sidhu, MBBS,
Alexander R Vaccaro, MD, PhD, Alvin Ong, MD

Department of Orthopaedic Surgery, Rothman Institute, Thomas Jefferson University Hospital, Philadelphia, Pennsylvania, USA

Objective: The hypothesis of this study is that pelvic obliquity (PO) is associated with specific patterns of degen-
erative scoliosis.

Methods: This study was a retrospective case series of consecutive patients undergoing fusion for lumbar conditions
(degenerative scoliosis or spondylolisthesis). The discrepancy in the iliac crest height, coronal L;-S; endplate angles,
distance from L; coronal bisector to the sacral center, number of degenerative scoliosis curves, and individual curve
angulations were measured.

Results: Limb length discrepancy was present in 87% of patients with a degenerative scoliosis. There were 116
patients with a single curve > 5° and PO > 2 cm. Of the patients with a single curve, the apex of scoliosis was opposite
the high iliac crest side in 79% patients. There were 338 patients with a double curve. The apex of scoliosis was
opposite the high iliac crest side in 48% of patients.

Conclusion: There were distinct patterns of limb length discrepancy corresponding to degenerative scoliotic curve
morphology. In patients with single degenerative scoliotic curves, PO most commonly appeared to counteract the
scoliotic curve and result in an overall decrease in trunk shift. This occurred because the high iliac crest was observed
most commonly on the convex side of the scoliotic curve. This effect was not observed in double lumbar degenerative

scoliotic curves.
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Introduction
Degenerative scoliosis is a common condition in elderly
patients. According to one study, the incidence of degen-
erative scoliosis among the elderly is 35.5%". The degenerative
deformity may occur due to disk space obliquity, bony defor-
mity, and/or lateral listhesis. Several authors have proposed
rotary subluxation as the inciting event in the induction of
de-novo scoliosis>’. However, it is unknown why some patients
develop isolated spondylosis without deformity and other
patients develop degenerative scoliosis.
Leg length discrepancy is a frequent condition, present in
3%—-15% of the population, and in most cases, its cause is

unknown®. In a study done on children aged 5-17 years, it was
shown that even a slight primary leg length discrepancy (LLD)
can cause functional scoliosis during growth, and may require
equalization treatment to prevent postural deterioration®. In
the adult population, elderly patients often develop secondary
limb length discrepancy during the course of development of
hip osteoarthritis. In most cases, limb length discrepancies less
than 2.5 mm are considered to be asymptomatic.

The hypothesis of this study was that degenerative
scoliosis is a compensatory deformity secondary to pelvic
obliquity (PO). Specifically, we sought to identify: (i) the inci-
dence of PO in patients undergoing lumbar fusion; (ii) the
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Fig. 1 (a) Single degenerative scoliotic curve. This demonstrates a left apex of curvature, high right iliac crest, high right acetabulum, and
horizontal line at superior surface of manubrium to further illustrate upper torso side bending due to scoliotic curve. Lines drawn perpendicular

to the ground up to the acetabulum represent the whole leg to foot appendage, each line was made as a duplicate so as to prevent differences
in length when drawing each leg to foot appendage (left image). (b) Double degenerative scoliotic curve. This demonstrates a right lower apex
lumbar curve and a left upper apex lumbar curve, high left iliac crest, high left acetabulum.

relationship of PO to overall coronal spine alignment; and (iii)
whether PO corresponds to scoliosis in a defined relationship
(e.g. PO complements deformity in single curves but not
double lumbar degenerative curves). To determine whether PO
counteracted or exacerbated coronal imbalance from degen-
erative scoliosis, patients with degenerative scoliosis were
grouped into single and two degenerative scoliotic curve cat-
egories (Fig. 1). Curve patterns were further described as to
whether the high iliac crest side was on the concave or convex
sides of the degenerative scoliotic curve (Fig.2). In double
lumbar curves, the patients were classified according to
whether the high side was on the concave or convex side of the
lower curve (Fig. 3).

Materials and Methods
he eligible population was a retrospective series of 2562
consecutive patients with lumbar deformity. Inclusion cri-
teria were patients who underwent lumbar fusion from
January 1, 2010 to December 31, 2010 for degenerative scolio-
sis or degenerative spondylolisthesis. Patients were selected
using ICD-9 coding from billing records of an orthopedic-
spine practice. Ultimately, there were 741 eligible patients.
Patients with prior lumbar surgery or lower extremity surgery
[hip replacement, hip open reduction (with) internal fixation
(ORIF), femur ORIF] or incomplete data (such as incomplete
radiographs) were excluded (85 patients). Ultimately, there
were 656 patients who constituted the study population.
Lumbar deformity was measured on all patients (Fig. 4).
The L;-S; Cobb endplate angles, distance from L, coronal

bisector to center sacral vertical line, number of degenerative
scoliotic curves, and, if more than one curve was present, indi-
vidual curve Cobb angle of each curve (such as Ls-S;) were
measured. The trunk alignment was measured using the dis-
tance from the L, coronal bisector to the center sacral vertical
line.

The PO was measured in all patients. Since full-length
lower extremity scanograms were not available, PO was mea-
sured as the difference in the heights of the iliac crests. The
difference in iliac crest heights was measured using tangent
lines to the left and right iliac crests (Fig. 4).

Statistics were calculated using SPSS 18.0. Pearson’s cor-
relation coefficient was used to determine the relationship
between radiographic parameters. The association between
high side and curve morphology (concave or convex side) in
different curve patterns (single versus double curves) was com-
pared using Fisher exact test.

Results
here were 656 patients in the study population (mean age,
58.77 years; 205 single curve and 451 double curve). Of
these, there were 524 patients with degenerative scoliosis >5°
(127 single scoliotic curve and 397 double scoliotic curve). The
mean age of subjects meeting the exclusion criteria was 60.73
years old (85 patients). The population consistent was 43.5%
male and 56.5% female.
The prevalence of PO in patients with a single degenera-
tive scoliotic curve was 91% (116/127). Mean curvature was
10° (SD, 5°). The single curve population was 55% male and
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Fig. 2 (a) Uncompensated single curve. Here the pelvic obliquity exacerbates trunk shift created by the degenerative scoliotic curve. Single
curve with high left pelvic side ipsilateral to the single left apex lumbar curve, horizontal line demonstrating distance from center sacral line to
L, coronal bisector. (b) Compensated single curve. The pelvic obliquity counteracts the effect of trunk shift that would be created by the
degenerative scoliotic curve. Single curve with high right pelvic side contralateral to the single left apex lumbar curve, horizontal line
demonstrating distance from center sacral line to Ly coronal bisector.

Fig. 3 (a) Uncompensated double curve. Here the pelvic obliquity exacerbates trunk shift created by the degenerative scoliotic curve. Double
curve with high left pelvic side ipsilateral to the lower left apex lumbar curve and contralateral to the upper right apex lumbar curve. (b)
Compensated double curve. The pelvic obliquity counteracts the effect of trunk shift that would be created by the degenerative scoliotic curve.
Double curve with high left pelvic side contralateral to the lower right apex lumbar curve and ipsilateral to the upper left apex lumbar curve.
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Fig. 4 Demonstration of measurement parameters (measurements made upon X-rays for respective subject) A: L, coronal bisector, drawn from
T42 spinous process perpendicular to the floor (left image); B: Difference in iliac crest height, measured by using horizontal line as baseline for
measurement of height differences; C: Center sacral vertical line, drawn perpendicular to the S; end-plate through the S; spinous process to
the coccygeal tip; D: Distance between coronal bisector and “posterior” S, spinous process, measured by drawing horizontal line perpendicular
to L; coronal bisector (A) to the center sacral vertical line intersection with the S; spinous process (C).

45% female (Table 1). Mean age was 58.2 years. The high iliac
crest side was on the concave curve side in 79% (92/116) of
patients. The coronal bisector was on the concave curve side in
68% (79/116) of patients and on the low hemipelvis side in
49% (57/116) of patients. There was a weak correlation
between Cobb angle and iliac crest height difference (r=-0.53,
P < 0.05), Cobb and coronal bisector displacement (r = —0.32,
P <0.05), but not coronal bisector displacement and iliac crest
height difference (r = —0.009, P > 0.05).

The prevalence of PO in patients with double scoliotic
curves was 85% (338/397). The double curve population was
46% male and 54% female (Table 2). Mean age was 61 years.
Mean curvature was 14° (SD, 9°). The high side was on the
concave side of the lower degenerative scoliotic curve in 48%
(161/338) of patients. The coronal bisector was on the concave
side of the lower curve in 72% (244/338) of patients and on the
low hemipelvis side in 71% (240/338) of patients. There was no
significant correlation between iliac crest height difference and
Cobb angle of lower curve (r =—0.007, P > 0.05). There was a
significant correlation between the coronal bisector displace-
ment and Cobb angle of lower curve (r = 0.29, P > 0.05) and
between coronal bisector displacement and iliac crest height
difference (r =0.14, P > 0.05).

There were statistically significant differences in the
location of the curve apex versus PO in patients with single and
double lumbar degenerative scoliotic curves. The high iliac
crest side was significantly more likely to occur on the concave
scoliotic curve side in patients with single curves (79%) versus
double curves (48%, P=0.001, Fisher exact test). Patients with
double curves (72%) were significantly (P = 0.0001, Fisher
exact test) more likely than patients with single curves (49%)
to have the low iliac crest on the same side as the coronal
bisector. There were no statistically significant differences in
relationship of coronal bisector displacement and location on
the concave side of curve between patients with single (68%)
and double (71%) curves (P = 0.64, Fisher exact test).

Discussion

hese results suggest that PO is a common compensatory

phenomenon for degenerative scoliosis in some cases. The
prevalence of PO in patients with degenerative scoliosis was
87% (454/524). There were distinct patterns of limb length
discrepancy corresponding to degenerative scoliotic curve
morphology. Patients with single curves were more likely
(79%) to have compensatory PO opposite the apex of the
curvature (Fig.3b) that tended to reduce overall coronal

TABLE 1 Single curve data of 205 cases (mean * s.d.)

Acetabulum Total
Sex Age (years) Hip height (mm) height (mm) curvature (°)
Male 57.25 + 12.93 8.86 = 5.81 7.42 + 5.38 7.85 + 5.64
(114 cases)
Female 57.50 = 13.58 7.67 £5.78 7.50 £ 5.40 7.59 £ 5.37
(91 cases)
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TABLE 2 Double curve data of 451 cases (mean * s.d.)

Sex Age (years) Hip height (mm) Acetabulum height (mm) L1-4 curvature (°) L4-S1 curvature (°)
Male 57.78 = 13.30 8.51 = 5.60 7.42 £ 4.95 5.15 = 4.63 9.20 = 3.82
(236 cases)

Female 61.22 = 13.64 7.07 £ 4.80 6.44 = 4.84 7.41 £ 7.72 6.00 = 4.89
(215 cases)

imbalance compared to patients with double curves (48%). In
patients with single curves, the curve Cobb angle corresponded
to the degree of pelvic obliquity and the degree of trunk shift
(coronal bisector displacement). In patients with double
curves there was no clear pattern of PO and curve morphology.
However, the coronal bisector was more likely to be on the low
side in patients with double curves (Fig. 3a) suggesting that PO
exacerbated coronal imbalance. These findings suggest that
double curves are less likely to have a compensatory function
and that PO has a significant role in trunk shift in these
patients.

Given these findings, we speculate that single degenera-
tive scoliotic curves are more rare and in fact may develop
as compensatory mechanisms for PO (Fig. 5). Double curves
may develop due to primary lumbar degenerative pathology
independent of PO (Fig. 6). Previous studies have shown cor-
relations between limb length discrepancy and spinal abnor-
malities. Specht and De Boer observed that either scoliosis or
hypo-hyper lordosis occurs in over half of patients who have

4.1 mm

Fig. 5 Compensated single curve example. The patient has a

4.1 mm iliac crest height discrepancy (right side higher) that
counteracts the effects of the 12.4° apex left degenerative scoliotic
single curve.

leg length discrepancy (LLD) greater than 6 mm?’. Correction
of LLD through the use of under-foot wedges has also been
found to show significant postural improvements when used
to treat patients with concurrent scoliosis®. The LLD observed
in this study (2 mm) was significantly less than that considered
to be clinically significant in previous investigations”®.
However, as full length scanograms were not available in this
study, we were only able to evaluate difference in iliac crest
heights. This radiographic difference does not take into
account hip or knee flexion contractures that may mimic limb
length discrepancy®™°. However, whether or not such minimal
discrepancies contribute to the development or perpetuation
of spinal abnormalities has yet to be elucidated.

Hip-spine syndrome is a common, poorly understood
clinical phenomenon in which reconstruction of the hip or
lumbar spine leads to the rapid development of symptomatic
degeneration in the other organ. These findings, that suggest a
relationship between degenerative lumbar pathology and
pelvic parameters, may provide an explanation of the under-
lying mechanism of hip spine syndrome. Correction of PO
(from a total hip replacement) or degenerative scoliosis (with a
fusion) may upset the compensatory relationship between
pelvic parameters and lumbar deformity. Based on these
results, we recommend future studies to determine whether

Fig. 6 Uncompensated double curve. The patient has an 8.3 mm
iliac crest height discrepancy (left side higher) that exacerbates the
lower 9.4° apex left scoliotic curvature.
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fixed PO is a risk factor for adjacent segment breakdown or
development of sacroiliac joint pathology following lumbar
fusion.

These results are consistent with previous studies on
this topic that confirm an association between limb length
discrepancy and scoliosis magnitude'’. Previous studies on this
topic have mostly evaluated PO in adolescent idiopathic
curves. However, PO was not a significant factor correspond-
ing to coronal balance (L; coronal bisector to center sacral
vertical line distance) in either single or double lumbar degen-
erative curves.

Limitations of this study include the retrospective nature
of the analysis. Furthermore, there is a possibility of selection
bias as indications for lumbar fusion at our institution include
coronal or sagittal deformity. Additionally, there is a possibility
that patients may have false limb length discrepancy due to PO
from hip or knee flexion contractures and not a true bony limb
length discrepancy. Patients with degenerative scoliosis may
develop compensatory hip flexion contractures, creating false
PO to maintain coronal balance'. For the purposes of this

PeLVIC OBLIQUITY AND DEGENERATIVE SCOLIOSIS

study, however, we would argue that it is important that sur-
geons consider either structural or compensatory PO (due to a
flexion contracture) prior to hip or spine reconstruction. As
this was a retrospective analysis of patients selected to undergo
lumbar fusion, it was not possible to evaluate full-length lower
extremity length with scanograms to distinguish true LLD
from extremity flexion contracture. However, the lumbar spine
radiographic technique includes evaluating patients in full
extension of the hips and knees to remove the compensatory
effect of PO.

In conclusion, there was a high incidence of PO in
patients with degenerative scoliosis. Based on these results,
we recommend that surgeons carefully consider the effect
of PO and possible LLD prior to lumbar reconstruction
since lumbar degenerative curves may serve a compensatory
function due to PO. Additionally, future prospective studies
should evaluate whether small limb length discrepancies
previously considered to be clinically insignificant may actu-
ally contribute to the pathogenesis of degenerative lumbar
scoliosis.
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