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Leg Length Inequality

Introduction

Leg length inequality (LLI) exists in 40-70 percent of the population (1). The etiologies
include: unilateral foot pronation, degenerative joint disease of the hip, knee and ankle,
congenital hip dysplasia, avascular necrosis of the hip, fracture and knee and hip
replacements. However, according to Taylor (2), the majority of LLI cases are due to
asymmetric growth rates at the epiphyseal plates of the long bones of the lower

extremities).

Biomechanical Implications

LLI often causes adverse effects on spinal, pelvic/sacrum and lower extremity
biomechanics with pelvic/sacral obliquity most common. It causes a compensatory
convex lumbar scoliosis and laterality of the thorax toward the short leg side (3).

Predispositions: Hip Pain, Sciatica and Fatigue

According to Gofton (7), LLIs as little as 1.2-2.5 cm is associated with osteoarthritis of
the hip on the long leg side. A gait study by Bhave et al (4), demonstrated that the longer
limb bears a greater load and for a longer duration compared to the shorter limb. Also,
the femoral head of the longer limb has less articulation with the acetabulum because of
pelvic obliquity. Decreased surface area with the acetabulum, increased load and longer
duration may contribute to osteoarthritis of the hip on the side of the longer limb.

Friberg found that sciatica occurred 78.5 percent of the time on the long leg side
compared to 21.5 percent on the short leg side, and hip pain occurred 88.9 percent of the
time on the long leg side compared to 11.1 percent on the short leg side (6).

Gurney et al (1), found LLI produces systemic effects of increased oxygen consumption
and perceived exertion with a 2 cm artificial limb length discrepancy and significant
increases in heart rate, ventilation, and quadriceps fatigue on the longer limb with 3 and 4
cm leg length discrepancies.

LLI Causes Low Back Pain

Numerous authors have implicated LLI as a contributing factor for low back pain (3, 8-
13). Giles (3) found that the percentage of chronic low back pain patients with 10 mm or
more LLI was 18.3 percent compared to 8 percent in a control group. Other conditions




include knee dysfunction (14-16), aseptic loosening of hip prosthesis (17) and running
injuries (18).

Numerous studies show LLI affecting gait, mostly, when the difference is greater than
two centimeters (4). Song (5) found children compensating with limps and toe walking
when LLI was 5.5 percent or more (approximately 3.5 cm deficiency in an average 13-
year-old). More work is performed by the longer extremity and resulted in decreased
walking velocity, ‘stance time’ and step length on the shorter side. Supination of the foot
on the short leg side, pronation of the foot on the long leg side, the pelvis dropped
inferiorly and the thorax shifted laterally to the short leg side. There was increased
flexion of the knee (4) on the long leg side.

Measures
For your convenience, | created a list of brief opinions from various authors. Some
authors report as little as 3 mm while others say more than 2 cm is clinically significant.

LLI Comment (Author)

3mm Can cause injury to runners (Subotnick)

5mm Leads to biomechanical compensations in the spine (Friberg)
6 mm Can cause injury to runners (Brody)

7 mm Less than 7 mm rarely causes symptoms (Corrigan)
9mm Causes changes in the angle of lumbar facets (Giles)
10 mm  Contributes to the development of back pain (Cyriax)
15mm Can cause compensatory scoliosis (Gibson)

20 mm  Requires lower extremity compensation (Vogel)

22 mm  Causes significant scoliosis (Papaioannon)

40 mm  Often requires surgical correction (Ingram)

Clinical and Radiographic Observations

For musculoskeletal assessments, LLI evaluation is an important part of chiropractic
neurologists’ regimens. The clinician should suspect LLI when seeing a low ileum,
laterality of the thorax while standing, abnormal gait, or an apparent leg length deficiency
while the patient is prone or supine.

Radiographs are considered to be the “gold standard” of LLI assessment (7 — 11) and
should be performed weight-bearing with the standard A-P lumbosacral view with its
central ray at the level of the superior aspect femoral head, not its usual higher level.
Substantial distortion will occur if the positioning is not correct. If the central ray is
above the level of the top of the femur heads, radiographic distortion of axial rotation of
the pelvis will cause the femur head that is further from the x-ray plate to project lower
than the opposite side. This projection distortion can frequently make LLI greater or
lesser than the actual deficiency and cause actual LLI appear nonexistent
radiographically.

Dr. Saracino’s Therapeutic Goals



| agree with the authors who place more importance on leveling the sacral base (vs. using
orthotics) because the sacrum is the foundation the spine (12) and is critical for the spine
ergonometrically to prevent lateral deviations.

| do not routinely radiograph the low back and prescribe heel lifts if the LLI is less than 7
mm, because the sacroiliac joints can compensate for much of the discrepancy.
Manipulation, strengthening, stretching and appropriate physical therapy modalities
should be employed to prevent the permanent use of assistive devises. Therapeutic goals
include: primary- reduce pain; secondary- obtain sacroiliac mobility which allows for
pelvic compensation; tertiary- (demonstrated in the rehab area of my office)
strengthening and stretching for long-term self-care.

Heel / Sole / Shoe Lift Intervention

There are a number of observations that need to be made before implementing heel lifts
or shoe lifts. Are the sacral obliquity greater than, less than, equal to, or opposite the side
of the short leg? Sacral anomalies can frequently cause the LLI and sacral obliquity to
not be proportional. Is the compensatory lumbar scoliosis convex on the short leg/low
sacrum side? Anomalies of the sacrum and/or lumbar vertebrae (i.e.: wedged vertebrae)
can sometimes result in the convexity toward the long leg/high sacrum side.

The following are suggested guidelines for the implementation of heel lifts and/or shoe
lifts (12):

1. | prefer full-sole leather inserts versus heel lifts. Either should be used if up to
9 mm of height is required. For heel lifts, sorbothane inserts, made of a visco-elastic
polymer found in running shoes, are best. These inserts should be added in increments of
five mm per month so the pelvis had time to accommodate the new load and the onset of
pain is minimized. For patients 16 — 65 years of age and three mm per month is the
maximum.

2. More than 9 mm of height should be added to the outside the shoe with full-
length sole and heel build-ons.

Some patients can report discomfort in the foot, ankle, knee, hip, or lower back within the
first few weeks, so monitor patients closely.

Summary

LLI alters the biomechanics of and creates a number of pathological conditions for the
spine and lower extremities. Chiropractic neurologists have always included LLI
assessment in our physical examinations since our primary focus is on the
neuromusculoskeletal system. Diagnosing LLI and its associated pelvic distortion can be
successfully treated and long-term managed with the conservative measures we employ.

REFERENCES
1. Gurney B. Effects of Limb Length Discrepancy on Gate Economy and Lower Extremity Muscle
Activity in Older Adults. Journal of Bone and Joint Surgery. 2001. 83: 6. 907 — 915.
2. Taylor JR. Leg Length Asymmetry and Growth.
J Anatomy 1978. 126: 634 — 635.
3. Giles. Low Back Pain Associated with Leg Length Inequality. Spine 1981. 6:5: 510 — 521.



10.
11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Bhave A. Improvement in Gate Parameters After Lengthening for the Treatment of Limb Length
Discrepancy. Journal of Bone and Joint Surgery 1999. 81: 4;529 — 534.

Song K. The Effect of Limb Length Discrepancy on Gate. Journal of Bone and Joint Surgery.
1997. 79: 11; 1690 — 98.

Friburg 0. Clinical Symptoms and Biomechanics of Lumbar Spine and Hip Joint in Leg Length
Inequality. Spine 1983. 8:643 —51.

Goften J. Studies in Osteoarthritis of the Hip 1l. Osteoarthritis of the Hip and Leg Length
Disparity. Canadian Medical Association Journal 1971. 104:791 — 799.

Bourdillon J. Spinal Manipulation. London, William Heinemann Medical Books Ltd, 1970.
Giles L. Leg Length Inequalities Associated with Low Back Pain. JCCA 1976.20:25 — 32.
Nichols P. Short Leg Syndrome. British Medical Journal 1960. 1863 — 1865.

Rush W. A Study of Lower Extremity Length Inequality. Am J Roentgen. 1946. 56:616 — 623.
Stoddard A. Manual of Osteopathic Technique. London, Hutchinson Medical Publications 1959.
212.

Yates A. The Lumbar Spine and Back Pain, Treatment of Back Pain. Edited by M. Jayson.
London, Sector Publishing Ltd 1976. 341 — 353.

D’Amico J. Limb Length Discrepancy. An Electrodynographic Analysis. Journal American
Podiatry Medical Association 1985. 75: 639 — 643.

Kujala U. Lower Limb Asymmetry and Patellofemoral Incongruence in the Etiology of Knee
Exertion Injuries and Athletes. International Journal Sports Medicine 1987. 8:

214 - 220.

Morscher E. Etiology and Pathophysiology of Leg Length Discrepancies. Progress in Orthopedic
Surgery, Volume 1. Leg Length Discrepancy: The Injured Knee. p 9-19. Edited by D. S.
Hungerford. New York. Springer 1977.

Visuri T. The role of over length of the leg and aseptic loosening after total hip arthroplasty.
Italian Journal of Orthopedic Traumatology 1993; 19:

107 - 111.

Beattie P. Validity of derived measurements of leg length differences obtained by use of a tape
measure. Physical Therapy 1990 70; 3 150 — 157.

Beattie P. Validity of Derived Measurements of Leg Length Differences Obtained by Use of a
Tape Measure 1990. Physical Therapy. 70: 3; 150 — 157.

Woerman A. Leg Length Discrepancy Assessment: Accuracy and Precision of Five Clinical
Methods of Evaluation. Journal of Orthopedic and Sports Physical Therapy 1984. 5: 5: 230-238.

Clarke GR. Unequal leg length: An accurate method of detection and some clinical results.
Rheumatology and Physical Medicine 1972. 11: 385 — 390.

Fisk JW. Clinical and radiological assessment of leg length. New Zealand Medical Journal 1975.
81: 477 - 80.

Nichols PJR. The accuracy of measuring leg length differences. British Medical Journal 1955.
1247 - 1248.

Troyanovich SJ. Structural Rehabilitation of the Spine and Posture: A Practical Approach.
MPAmedia 2001. .

Mark Saracino, Board Certified Chiropractic Neurologist voice 610 337 3335

Diplomat American Chiropractic Academy of Neurology

www.ACNB.org

(adjacent to the Valley Forge Convention Center and Radisson Hotel) fax 610 337 4858

1150 First Avenue, suite 120

Mark.Saracinol@juno.com

King of Prussia, Pennsylvania 19406 1341 www.DrSaracino.com




