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Leg-length Inequality has Poor Correlation with Lumbar Scoliosis
A Radiological Study of 100 Patients with Chronic Low-back Pain
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Summary. Leg-length inequality and its hypothetical
consequences, pelvic tilt and lumbar scoliosis, were
measured in 100 young or middle-aged adults suffering from chronic low-back pain. Leg-length inequality had a good correlation with the pelvic tilt assessed
from the iliac crests, a m o d e r a t e correlation with the
sacral tilt, but a p o o r correlation with the lumbar
scoliosis. The sacral tilt correlated well with the lumbar scoliosis when the tilt was m o r e than 3 ~ but poorly when it was smaller. Thus, there is a gradually decreasing correlation between the posture p a r a m e t e r s
when moving from the hips up to the lumbar spine.
We conclude that before a radiologically observed
leg-length inequality be considered as the cause of
low-back pain, an erect-posture radiograph of the
whole pelvis and lumbar spine is essential, in order to
assess an existing pelvic tilt and scoliosis.

An association between leg-length inequality (LLI)
and low-back pain has been known for decades. It is
even likely that the amount of disability is proportional to the degree of L L I [1, 3]. According to a logical sequence of events, L L I might cause pelvic tilt,
followed by a compensatory scoliosis of the spine toward the shorter leg [2, 3, 14]. Consequent abnormal
loading of the lumbar spine has been suggested to be
the cause of low-back pain [6, 9]. This suggestion has
not been confirmed, however.
The p u r p o s e of the present study was to analyze
the correlations between L L I , pelvic tilt, and lumbar
scoliosis to find out if L L I is followed by pelvic tilt
and compensatory scoliosis of the spine in patients
with chronic low-back pain of unknown origin.
Offprint requests to: V. Hoikka

Patients and Methods
One hundred patients, 53 men and 47 women with a mean age
of 40 years (SD 7 years), who were admitted to the Orthopedic
Hospital of the Invalid Foundation, Helsinki, Finland, for a
thorough investigation of chronic low-back pain were included
in the study. They had all undergone previous conservative
treatment as outpatients. Patients with primary scoliosis of the
spine, spondylolysis, spondylolisthesis, or other structural
pathologies of the spine with the exception of moderate degenerative changes were excluded from the study. No one had
osteoarthrotic changes in the hip joints.
Erect posture radiographs were taken according to the
principles described by Gofton and Trueman [10]. The patient
stood with straight knees with a block 15 cm wide between the
feet. A plumb line was used as a reference line for the measurements. LLI was defined as the height difference between
vertices of the lower extremities (Fig. 1). Iliac crest tilt and
sacral tilt were expressed as the angle between their upper surfaces and the horizontal line (Fig. 1). Lumbar scoliosis was
measured according to the method of Cobb [4]. Student's t-test
was used in the statistical analyses.

Results
The m e a n L L I ( + SD) was 5 m m (_+ 3). In 56 cases
the right leg was shorter (on the average 5 m m ) than
the left one, and in 36 cases the left one was shorter
(on the average 5 m m ) (Fig. 2).
The convexity of the lumbar scoliosis was to the
left in 36 cases and to the right in 46 cases. In 13 cases
the scoliotic curve was 10 ~ or m o r e (Fig. 2). The L L I
correlated well with the iliac crest tilt, moderately
with the sacral tilt, and poorly with the lumbar scoliosis (Fig. 1). The iliac crest tilt correlated well with the
sacral tilt and moderately with the lumbar scoliosis
(Fig. 1). The sacral tilt correlated moderately with
the lumbar scoliosis when all the cases were considered, poorly in cases where the sacral tilt was less
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than 3 ~ (n = 65, r - - 0.285, P < 0.01), and well in the
cases where the sacral tilt was 3 ~ or m o r e (n = 35,
r = 0.711, P < 0.001).

Discussion

Fig.1. Correlations between the leg-length inequality (LLI),
iliac crest tilt (ICT), sacral tilt (ST), and lumbar scoliosis (S)
measured using a plumb-line (PL) as the reference line in 100
patients with chronic low-back pain. 1, LLI - ICT: r = 0.843,
P<0.001; 2, LLI - ST: r=0.639, P<0.001; 3, LLI - S:
r = 0.338, P < 0.001; 4, ICT - ST: r = 0.747, P<0.001; 5, ST
- S: r = 0.561, P < 0.001; 6, ICT - S: r = 0.530, P < 0.001
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Fig. 2. Distribution of the leg-length inequality and lumbar
scoliosis in 100 patients with chronic low-back pain

In their study of 1000 patients with low-back pain,
Rush and Steiner [14] reported that a compensatory
scoliosis existed whenever there was a difference in
the leg lengths, and that the degree of scoliosis was
proportionate to the degree of pelvic tilt. However,
no data confirming this view were presented. On the
contrary, there is evidence that L L I of m o r e than
l c m m a y exist without any symptoms [5-8, 12-14].
Moreover, pelvic tilt and the convexity of the lumbar
scoliosis m a y occur on the side of the longer leg [11].
In the present study the right leg was shorter m o r e
frequently than the left one, which is in accord with
previous reports [6, 11]. The L L I had a declining correlation with its hypothetical consequences - pelvic
tilt and lumbar scoliosis - the further these possible
consequences were followed. The critical point was
the lumbosacral junction, as the L L I , iliac crest tilt,
and sacral tilt correlated well with each other, but the
L L I correlated poorly and the iliac crest tilt and the
sacral tilt only moderately with the lumbar scoliosis.
Most of our patients had only minor LLI. There were
ten patients with an L L I of m o r e than 1 0 m m , but
even in these cases the L L I had a p o o r correlation
with the lumbar scoliosis. In four of these ten cases
the convexity of the lumbar scoliosis was on the side
of the longer leg. Papaioannou et al. [13] observed a
good correlation between sacral tilt and lumbar
scoliosis, but the scoliosis was minor in the patients
with an L L I of less than 22 m m . Those of our patients
who had a sacral tilt of 3 ~ or more showed a good correlation between the sacral tilt and lumbar scoliosis
but a p o o r correlation between the L L I and sacral
tilt. Hence, it is probable that minor L L I is not a significant factor in sacral tilt and lumbar scoliosis, and
that anatomic variations of the pelvis, lumbosacral
junction, and lumbar spine determine the degree and
direction of the scoliotic curve. Only when the sacral
tilt is great enough does it cause a compensatory lumbar scoliosis proportional to the magnitude of the
pelvic tilt.
We suggest that, although L L I m a y be associated
with low-back pain, even a high correlation between
L L I and low-back pain does not necessarily indicate
causation. If the reason for chronic low-back pain is
obscure and L L I is suspected, functional erect-posture radiographs are mandatory to reveal whether
the L L I is really great enough to cause a sacral tilt
and a scoliotic convex curve of the lumbar spine on
the side of the shorter leg.

V. Hoikka et al.: LLI and Lumbar Scoliosis

References
1. Amstutz HC, Sakai DN (1978) Equalization of leg length.
Editorial comment. Clin Orthop 136 : 2-6
2. Cailliet R (1975) Scoliosis. Diagnosis and management.
Davis, Philadelphia, p 44
3. Clarke GR (1972) Unequal leg length: an accurate method
of definition and some clinical results. Rheum Phys Med
11 : 385-390
4. DeSmet A (1985) Radiology of the spinal curvature.
Mosby, St. Louis, pp 40-42
5. Fisk JW, Baigent ML (1975) Clinical and radiological assessment of leg length. NZ J Med 81 : 477-480
6. Friberg O (1983) Clinical symptoms and biomechanics of
lumbar spine and hip joint in leg length inequality. Spine
8 : 643-653
7. Gibson PH, Papaioannou T, Kenwright J (1983) The influence of leg-length discrepancy after femoral fracture. J
Bone Joint Surg [Br] 65 : 584-587
8. Giles LGF, Taylor JR (1981) Low-back pain associated
with leg length inequality. Spine 6: 510-521

175
9. Giles LGF, Taylor JR (1984) The effect of postural
scoliosis on lumbar apophyseal joints. Scand J Rheumatol
13: 209-220
10. Gofton JP, Trueman GE (1971) Studies in osteoarthritis of
the hip. II. Osteoarthritis of the hip and leg-length disparity. Can Med Assoc J 104 : 791-799
11. Ingelmark BE, Lindstr6m J (1963) Asymmetries of the
lower extremities and pelvis and their relations to lumbar
scoliosis. Acta Morphol Neerl Scand 5 : 221-234
12. Nichols PJR (1960) Short-leg syndrome. Br Med J 1 : 18631865
13. Papaioannou T, Stokes I, Kenwright J (1982) Scoliosis associated with limb-length inequality. J Bone Joint Surg
[Am] 64 : 59-62
14. Rush WA, Steiner HA (1946) A study of lower-extremity
length inequality. Am J Roentgenol 56:616-623

Received November 17, 1988

