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Leg-length inequalityfunctionallow back pain

Abstract
Background: Part II of this review examines the functional "short leg" or unloaded leg length
alignment asymmetry, including the relationship between an anatomic and functional leg-length
inequality. Based on the reviewed evidence, an outline for clinical decision making regarding
functional and anatomic leg-length inequality will be provided.
Methods: Online databases: Medline, CINAHL and Mantis. Plus library searches for the time frame
of 1970–2005 were done using the term "leg-length inequality".
Results and Discussion: The evidence suggests that an unloaded leg-length asymmetry is a
different phenomenon than an anatomic leg-length inequality, and may be due to suprapelvic muscle
hypertonicity. Anatomic leg-length inequality and unloaded functional or leg-length alignment
asymmetry may interact in a loaded (standing) posture, but not in an unloaded (prone/supine)
posture.
Conclusion: The unloaded, functional leg-length alignment asymmetry is a likely phenomenon,
although more research regarding reliability of the measurement procedure and validity relative to
spinal dysfunction is needed. Functional leg-length alignment asymmetry should be eliminated
before any necessary treatment of anatomic LLI.

Review
In Part I of this review, the literature regarding the prevalence, magnitude, effects and clinical significance of anatomic leg-length inequality (LLI) was examined. Using
data on leg-length inequality obtained by accurate and
reliable x-ray methods, the prevalence of anatomic inequality was found to be 90%; the mean was 5.2 mm (SD
4.1). The evidence suggested that, for most people, ana-

tomic leg-length inequality is not clinically significant
until the magnitude reaches ~20 mm (~3/4"). The phenomenon of the functional "short leg" will be considered
in Part II of this review. The objective is to define functional "short leg", how it differs from anatomic LLI and
explore any association with neuromuscular dysfunction.
In addition we will review the apparent efficacy of heel
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lifts in some cases of mild anatomic LLI, plus muscular
reactions to, and causes of, pelvic torsion.

The functional short leg, or unloaded leg-length
alignment asymmetry
The functional short leg, or unloaded leg-length alignment asymmetry (hereafter abbreviated as LLAA) is itself
a phenomenon much discussed and little understood.
Essentially, when a subject lies prone or supine, unloading the pelvis, the feet are examined, most often at the welt
(heel-sole interface), for the presence of a "short leg" or
alignment asymmetry. Some hold the opinion that anatomic LLI can be measured in this way [1]. The examination for unloaded leg-length alignment asymmetry as a
sign of "neuromuscular dysfunction" is a clinical test commonly used by chiropractors [2,3]. Given the frequent use
of this test as an indicator of a functional problem, it is
important to know whether the unloaded leg check test is
an indicator of an anatomic short leg, or whether the test
is reliable and valid as an instrument to measure functional "short leg" and whether LLAA findings are contaminated by anatomic LLI.
Anatomic LLI is caused by a natural developmental asymmetry or a variety of other factors, including fracture, disease, and complications of hip replacement surgery.
Given the long-term loading, the lumbopelvic structure
may be expected to adapt via Heuter Volkmanns' law [4]
and soft tissue changes [4,5], establishing the compensated structural changes as "normal". This adaptive
response is seen in the change of lumbosacral facet angles
noted by Giles [6]. A case study followed the effect of anatomic LLI caused by hip replacement surgery on subjective
symptoms, unloaded LLAA checks and pelvic unleveling,
reporting that adaptive changes occurred over a period of
several months [7].
Using a device to measure standing pelvic crest unleveling, Petrone et al found excellent intra and inter-examiner reliability, and validity (ICC, 0.89–0.90) relative to
anatomic leg length inequality determined by x-ray measurement in asymptomatic subjects [8]. However, the correlation between the pelvic level and femoral head heights
was "substantially lower" in a low back pain group. This
indicates that some sort of functional pelvic tilt or torsion
was present in the low back pain population that was
unrelated to their anatomic LLI. While the decreased correlation between pelvic tilt and LLI in the back pain group
was not examined relative to a functional short leg, the
connection between back pain and the biomechanically
unusual pelvic torsion stands out.
Lumbar lateral flexion was studied in a group of subjects
10 years after LLI caused by femoral fracture that occurred
after they were skeletally mature [9]. Despite the compen-
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satory lumbar scoliosis, these subjects had symmetrical
lumbar lateral flexion, prompting the authors to comment that the "...acquired leg-length discrepancy produced little permanent structural abnormality in the
lumbar spine..." [9]. Significant anatomic LLI acquired
after skeletal maturity does not result in adaptive structural changes within a 10-year period.
However, another study from the same orthopedic center
looked at the effects of significant (mean 3 cm) LLI
acquired prior to skeletal maturity [10] in now mature subjects (17–38 years old, mean 28). In this group, there was
considerable asymmetry of lumbar lateral flexion after
placing a lift under the short leg to level the pelvis. This
indicates that the body had permanently compensated to
the structural changes in the spine/pelvis.
This type of permanent compensation to pre skeletal
maturity LLI was also found in subjects with pelvic unleveling. Young et al [11] found that placing a lift under the
foot of a subject with no pelvic unleveling resulted in
greater lumbar lateral flexion towards the now high iliac
crest side. In subjects with pelvic unleveling, when the lift
was put under the foot on the side of the low iliac crest in
order to level the crest, lateral flexion was increased
towards the formerly low crest side. If the body remodels
and adapts to the pelvic unleveling/torsion caused by anatomic LLI, then by putting a lift under the side of the "low"
iliac crest, one is actually raising what the body has
adapted to as level. In other words, the unlevel pelvis of
those with anatomic LLI has been adapted to and is now
"normal", and putting a lift under the low side has the
same effect as putting a lift under the leg of an even pelvis
(Figure 1).
These two studies [10,11] provide evidence that in preskeletal maturity subjects, LLI and pelvic torsion – which
describe the vast majority of LLI – adaptive changes take
place in the muscles, ligaments, joints and bones to compensate for the imposed asymmetry. Because these adaptive compensations to the LLI have become anatomic,
they are not likely to change as the body moves from a
loaded (standing) to an unloaded (supine, prone) position. The nervous system also appears to compensate as
demonstrated in the study by Murrell et al [12] in which
there was no loss of stability in subjects with LLI, prompting them to point to "long-term adaptation by the neuromuscular system".
The persistence of pelvic torsion in subjects with anatomic
LLI is supported by Klein [13] who found that such distortion remained in both standing and sitting positions. That
pelvic torsion persists with the subjects' weight off the
femoral heads indicates such torsion has been incorporated into the joints as the normal position. Rhodes et al
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Figureof1 a lift in level and unlevel compensated pelvis
Effects
Effects of a lift in level and unlevel compensated pelvis.

demonstrated that the side and magnitude of prone and
especially supine "short legs" were not significantly correlated with radiographic anatomic LLI, indicating they are
separate phenomena [14].

The studies noted above provide indirect evidence that the
pelvic torsion associated with childhood-onset anatomic
leg-length inequality is adapted for and incorporated as
normal. It follows then, that when an average person with
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an anatomic LLI and structurally compensatory pelvic torsion moves from a loaded (standing) to an unloaded
(prone/supine) position, the torsion of the pelvis remains
intact and the leg length at the feet/shoes would appear
"even" on a visual check. The pelvis – joints, ligaments
and muscles – have adapted to the anatomic LLI, making
any torsion structural. It is this putative biomechanical
adaptation that makes unloaded leg-length alignment
asymmetry tests – the functional "short leg" tests – unreliable as a measure of anatomic LLI [14].
Unloaded LLAA is suspected to result from hypertonicity
of suprapelvic muscles [15-17]. In a study of subjects with
and without supine LLAA, Knutson & Owens found those
with LLAA had significantly decreased endurance times
for the erector (Biering-Sorensen test) and quadratus lumborum muscles [18]. Further, the side of LLAA significantly correlated with the side of the QL muscle quickest
to fatigue. One of the causes of increased susceptibility of
muscles to fatigue is hypertonicity. These results stand in
contrast to Mincer et al [19] who suspected altered muscle
fatigue profiles with anatomic leg-length inequality, but
did not find such, providing further evidence that LLAA is
a pathological process distinct from LLI.
When standing, the actions of the QL depend on whether
the spine or the pelvis is stabilized. If the pelvis is stabilized, QL contraction laterally flexes and extends the spine
[1,20,21]. With the spine stable, QL contraction pulls
cephalically through its attachment to the posterior aspect
of the hemipelvis [1,21]. This load on the posterior aspect
of the iliac crest could act to rotate the ipsilateral anterior
hemipelvis lower – an AS ilium – causing the pelvis to
torque and having the opposite effect on the contralateral
hemipelvis – a PI ilium. The degree of torsion (if any)
would be dependent on the tension in the QL and the
freedom of movement of the pelvis, and any pre-existing
pelvic torsion due to anatomic LLI. However, if the subject
now adopts an unloaded posture – supine or prone – QL
hypertonicity is freed from the load of the body and able
to lift the ipsilateral hemipelvis, hip and leg in the
cephalic direction, producing leg-length alignment asymmetry at the feet. This model is in agreement with Travell
and Simons who write, "In recumbancy, active TrPs [trigger points] shorten the [quadratus lumborum] muscle
and can thus distort pelvic alignment, elevating the pelvis
on the side of the tense muscle" [1].

Clinical considerations
Now we can return to the dilemma of how lifts may have
a positive effect on back pain and muscle activity given
that most anatomic LLI is not clinically significant. Torsion of the pelvis as an adaptive structural compensation
in anatomic LLI has been shown to be limited. If a person
has pelvic torsion due to anatomic LLI near the limits of
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the body's ability to adapt, and QL hypertonicity with its
ability to cause pelvic torsion is superimposed, muscular
bracing reactions and pain could be the result. Indahl et al
[22] found that stimulation of the sacroiliac joint capsule
(in pigs) caused reflexive muscular responses, depending
on what area of the joint (dorsal/ventral) was stimulated.
They note that, "Irritation of low threshold nerve endings
in the sacroiliac joint tissue may trigger a reflex activation
of the gluteal and paraspinal muscles that become painful
over time". Interestingly, stimulation of the ventral area of
the SI joint produced reflexive contraction of the quadratus lumborum. It may be that a positive feedback loop
could be established where QL hypertonicity leads to lumbar curvature and pelvic torsion which stimulates the SI
joint leading to more QL hypertonicity, more lumbar curvature and pelvic torsion. It will be interesting to see if a
similar muscular reflex to SI stimulation is found in
humans.
Based on their research, Allum et al [23] proposed that
rotation of the trunk excites joint receptors in the lumbar
spine triggering muscular contractions – paraspinal muscles – for balance correction. While these receptors likely
have adapted to any pelvic/lumbar rotation caused by
anatomic LLI, further pelvic torsion caused by QL hypertonicity may stimulate the balance receptors causing
reflexive muscular contraction. A lift would reduce the
pelvic torsion and lower the proprioceptive balance triggers below threshold, eliminating chronic, painful muscular contraction.
In a case of additive effects of anatomic LLI and QL/
suprapelvic hypertonicity on pelvic torsion, a lift used to
level the pelvis would take the strain off the sacroiliac and
associated joints and ligaments and decrease potentially
painful muscular bracing. Thus, lifts can work to decrease
back pain in people with what seem to be clinically insignificant amounts of anatomic leg-length inequality. Of
course, it would be important for the clinician to explore
reasons for any quadratus lumborum and other suprapelvic muscle hypertonicity and eliminate them to provide a
complete correction. On the other hand, pure anatomic
LLI in the range of and above 20 mm – the upward limit
for adaptive compensation – may stimulate sacroiliac
and/or lumbar proprioceptors causing reflexive and ultimately painful muscular contractions that will only be
relieved by a lift to level the pelvis.
Reliable detection of LLI and LLAA is difficult, but not
impossible. Research has shown the examination procedures for putative LLAA both prone [24] and supine [25]
to have intra- and inter-examiner reliability. In a controlled setting, Cooperstein et al investigated the accuracy of
a compressive prone leg check in subjects with proscribed
amounts of artificial LLI [26]. They found the procedure
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to be highly accurate – able to detect a difference in leg
length magnitudes as little as +/- 1.87 mm, and noted
that, "...compressive leg checking would be expected to
identify the short or shortened leg side, irrespective of
magnitude, 95.4% of the time". In this authors opinion,
while it is necessary to be able to detect a functional asymmetry above a baseline amount, the LLAA is more of a go/
no-go test relative to a clinical decision. As such, accuracy
in magnitude is not critically important past that lower
limit amount. In other words, as an example, clinicians
would only have to agree that an asymmetry above 1/8"
exists, and not whether the asymmetry is 1/2" versus 3/
16". Studies designed to examine intra- and inter-examiner reliability should keep this in mind.

Conclusion

In addition to reliability, the leg check procedure outlined
by Cooperstein et al demonstrated concurrent validity as
assessed against artificial LLI [26]. However, as noted by
the authors, the clinical relevance of the procedure is
unknown. Other studies in a clinical environment have
demonstrated validity of the supine procedure by correlating LLAA to increased rated pain (VAS) intensity and
recurrent back pain [27], lower SF-12 general health
scores [28] and altered supra-pelvic muscle function [18].

Competing interests

Anatomic leg-length inequality under 20 mm and leglength alignment asymmetry caused by supra-pelvic muscle hypertonicity may interact in a loaded (standing) posture, but not in an unloaded (prone/supine) posture. Any
leg-length alignment asymmetry due to suprapelvic muscular hypertonicity should be eliminated before any necessary treatment of anatomic leg-length inequality. By
using this information, which is open to change based on
new studies, the clinician may better understand the
diverse and sometimes confusing findings relative to anatomic leg-length inequality and functional or unloaded
leg-length alignment asymmetry, and be better able to
make treatment recommendations.

The author(s) declare that they have no competing
interests.

References
1.

2.
3.

Once any suprapelvic muscle hypertonicity has been
relieved – and the causes may be multiple, including
upper cervical joint dysfunction [18,29-33] – the effect of
anatomic LLI can be investigated. This treatment sequence
– removal of suprapelvic muscle hypertonicity causing
LLAA prior to investigating anatomic LLI – is also recommended by others [1,34]. Patient history (activities that
involve prolonged, repetitive loading) and symptomatic
presentation should arouse suspicion regarding a clinically significant anatomic LLI. The most accurate method
to determine anatomic LLI is the A-P lumbopelvic x-ray
with the central ray at the height of the femoral heads. If
x-ray is undesirable, tape measure from the ASIS to the
medial malleolus, while unreliable for LLI in amounts less
than 10 mm [35], may be accurate enough with larger
asymmetries if the average of two determinations are calculated [36]. Using a succession of blocks of known thickness under the leg ipsilateral to the low iliac crest in order
to level the pelvis also may aid in determining the amount
of lift necessary [37,38]. Both of the non-radiographic
methods are questionable regarding accuracy and reliability; however, anatomic LLI is not likely to become clinically significant at much less than 20 mm (~3/4"), and
this level of asymmetry may be found with greater reliability. If anatomic LLI is determined to be clinically significant, a lift may be indicated. Danbert [39] reviews the
proper application of lifts, should they be necessary.

4.
5.
6.
7.
8.

9.
10.
11.
12.
13.
14.

15.
16.
17.

Travell JG, Simons DG: Chapter 4, Quadratus Lumborum Muscle. In Myofascial Pain and Dysfunction. The Trigger Point Manual. The
Lower Extremities Volume 2. 2nd edition. Williams & Wilkens:
Baltimore; 1999:42,35,35,42,107.
Mannello DM: Leg Length Inequality. J Manipulative Physiol Ther
1992, 15(9):576-590.
Walker BF, Buchbinder R: Most commonly used methods of
detecting subluxation and the preferred term for its description: a survey of chiropractors in Victoria, Australia. J Manipulative Physiol Ther 1997, 20:583-588.
White A, Panjabi M: Clinical Biomechanics of the Spine Philadelphia: J.B.
Lippincott; 1987:96,352.
Gossman MR, Sahrmann SA, Rose SJ: Review of length-associated
changes in muscle. Physical Therapy 1982, 62(12):1799-1807.
Giles LGF, Taylor JR: Lumbar spine structural changes associated with leg length inequality. Spine 1982, 7(2):159-162.
Knutson G: The supine leg check as a determinant of physiological/postural leg length inequality; a case study and
analysis. Chiropr Res J 2000, VII(1):8-13.
Petrone MR, Guinn J, Reddin A, Sutlive TG, Flynn TW, Garber WP:
The accuracy of the palpation meter (PALM) for measuring
pelvic crest height difference and leg length discrepancy. J
Orthop Sports Phys Ther 2003, 33:319-25.
Gibson PH, Papaioannou T, Kenwright J: The influence on the
spine of leg-length discrepancy after femoral fracture. J Bone
Joint Surg (Br) 1983, 65(5):584-7.
Papaioannou T, Stokes I, Kenwright J: Scoliosis associated with
limb-length inequality. J Bone Joint Surg 1982, 64-A(1):59-62.
Young RS, Andrew PD, Cummings GS: Effect of simulating leg
length inequality on pelvic torsion and trunk mobility. Gait
Posture 2000, 11(3):217-23.
Murrell P, Cornwall MW, Doucet SK: Leg-length discrepancy:
effect on the amplitude of postural sway. Arch Phys Med Rehabil
1991, 72(9):646-8.
Klein KK, Redler I, Lowman CL: Asymmetries of growth in the
pelvis and legs of children: A clinical and statistical study
1964–1967. J Am Osteopath Assoc 1968, 68:105-108.
Rhodes DW, Mansfield ER, Bishop PA, Smith JF: Comparison of leg
length inequality measurement methods as estimators of
the femur head height difference in standing x-ray. J Manipulative Physiol Ther 1995, 18(7):448-452.
Cooperstein R, Lisi A: Pelvic torsion: anatomic considerations,
construct validity, and chiropractic examination procedures.
Top Clin Chiro 2000, 7(3):38-49.
Gossman MR, Sahrmann SA, Rose SJ: Review of length-associated
changes in muscle. Physical Therapy 1982, 62(12):1799-1807.
Grostic JD: Dentate ligament – cord distortion hypothesis.
Chiropr Res J 1988, 1(1):47-55.

Page 5 of 6
(page number not for citation purposes)

Chiropractic & Osteopathy 2005, 13:12

18.

19.
20.

21.

22.
23.

24.

25.
26.
27.

28.

29.
30.

31.
32.
33.
34.
35.
36.
37.

38.
39.

Knutson G, Owens E: Erector and quadratus lumborum muscle endurance tests and supine leg-length alignment asymmetry: An observational study. . (accepted for publication, JMPT
12-03).
Mincer AE, Cummings GS, Andrew PD, Rau JL: Effect of leg length
discrepancy on trunk muscle fatigue and unintended trunk
movement. J Phys Ther Sci 1997, 9(1):1-6.
McGill SM, Childs A, Liebenson C: Endurance times for low back
stabilization exercises: clinical targets for testing and training from a normal database. Arch Phys Med Rehabil 1999,
80:941-944.
Andersson EA, Oddsson LI, Grundstrom H, Nilsson J, Thorstensson
A: EMG activities of the quadratus lumborum and erector
spinae muscles during flexion-relaxation and other motor
tasks. Clin Biomech 1996, 11(7):392-400.
Indahl A, Kaigle A, Reikeras O, Holm S: Sacroiliac joint involvement in activation of the porcine spinal and gluteal
musculature. J Spinal Disord 1999, 12(4):325-30.
Allum JHJ, Honnegger F: Interactions between vestibular and
proprioceptive inputs triggering and modulating human balance-correcting responses differ across muscles. Exp Brain Res
1998, 121:478-494.
Nguyen HT, Resnick DN, Caldwell SG, Elston EW, Bishop BB, Steinhouser JB, Gimmillaro TJ, Keating JC: Inter-examiner reliability of
Activator methods relative to leg length evaluation in the
prone, extended position. J Manipulative Physiol Ther 1999,
22:565-9.
Hinson R, Brown SH: Supine leg length differential estimation:
an inter- and intra-examiner reliability study. Chiropr Res J
1998, 5:17-22.
Cooperstein R, Morschhauser E, Lisi A, Nick TG: Validity of compressive leg checking in measuring artificial leg-length
inequality. J Manipulative Physiol Ther 2003, 26(9):557-66.
Knutson G: Incidence of foot rotation, pelvic crest unleveling,
and supine leg length alignment asymmetry, and their relationship to self-reported back pain. J Manipulative Physiol Ther
2002, 24:e1.
Knutson G, Owens E: Leg length Alignment Asymmetry in a
Non-clinical Population and its Correlation to a Decrease in
General Health as Measured by the SF-12: A Pilot Study.
Journal of Vertebral Subluxation Research 2004, 1:1-5.
Pollard H, Ward G: The effect of upper cervical or sacroiliac
manipulation on hip flexion range of motion. J Manipulative
Physiol Ther 1998, 21(9):611-616.
Nansel DD, Waldorf T, Cooperstein R: Effect of cervical spinal
adjustments on lumbar paraspinal muscle tone: Evidence for
facilitation of intersegmental tonic neck reflexes. J Manipulative Physiol Ther 1993, 16(2):91-95.
Seemann DE: Bilateral weight differential and functional short
leg: an analysis of pre and post data after reduction of atlas
subluxation. Chiropr Res J 1993, 2(3):33-8.
Seemann DE: Anatometer measurements: a field study intraand inter-examiner reliability and pre to post changes following an atlas adjustment. Chiropr Res J 1999, VI(1):7-9.
Kondziella W: Clinical and functional diagnosis and treatment
of low-back pain from pelvic malposition. Schmerz 1996,
10(4):204-10. (article in German).
McCaw ST: Leg Length Inequality. Implications for running
injury prevention. Sports Medicine 1992, 14(6):422-429.
Friberg O: Clinical symptoms and biomechanics of lumbar
spine and hip joint in leg length inequality. Spine 1983,
8(6):643-651.
Beattie P, Isaacson K, Riddle DL, Rothstein JM: Validity of derived
measurements of leg-length differences obtained by use of a
tape measure. Phys Ther 1990, 70(3):150-7.
Hanada E, Kirby RL, Mitchell M, Swuste JM: Measuring leg-length
discrepancy by the "iliac crest palpation and book correction" method: Reliability and validity. Arch Phys Med Rehabil
2001, 82(7):938-42.
Aspegren DD, Cox JM, Trier KK: Short leg correction: A clinical
trial of radiographic vs non-radiographic procedures. J Manipulative Physiol Ther 1987, 10(5):232-238.
Danbert RJ: Clinical assessment and treatment of leg length
inequalities. J Manipulative Physiol Ther 1988, 11(4):290-295.

http://www.chiroandosteo.com/content/13/1/12

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 6 of 6
(page number not for citation purposes)

