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Abstract
Lower back pain (LBP) is a widespread, painful medical condition that has been
plaguing society for many years. Present conservative rehabilitation focus is on
lumbo-pelvic hip stability exercises in individual planes. However, a functional
integrative rehabilitative approach addressing lumbo-pelvic misalignment in
the sagittal (anteriorly tilted pelvis) and frontal (Trendelenburg gait) planes has
not been presented. The aforementioned patho-biomechanical conditions and
their management are often discussed estranged from each other rather than
functionally integrated. This paper serves as a short communication which
discusses the lumbo-pelvic anatomy, identifies the anatomical and biomechanical associations between the anteriorly tilted pelvic and Trendelenburg
gait. Through an analysis of relevant literature, recommendations were made
on the improvement of flexibility of the hip flexors, taut iliofemoral and pubofemoral ligaments to resolve the primary abnormal force-couple, with improved flexibility of the erector spinae and quadratus lumborum to resolve
the secondary abnormal force-couple. In addition, improved flexibility of the
hip flexors should coincide with closed-kinetic chain concentric strengthening of the ipsi-lateral hip abductors and contralateral external obliques. Patient education is also needed for self-re-alignment of the lower extremity to a
neutral position and neutral foot stance. Biokineticists/exercise therapists
should also review the patient’s gait biomechanics to determine whether sartorius synergistic dominance is in play. In conclusion, the association between an anteriorly tilted pelvis and Trendelenburg gait, is in regard to taut
anterior acetabulofemoral ligaments and femoral retroversion torsion angle
that is both preceded and followed by the biomechanical influence of various
anatomical structures. These anatomical and biomechanical factors must be
evaluated by the biokineticists/exercise therapists before prescribing a rehabilitative programme to ensure successful rehabilitation of lumbo-pelvic hip
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complex.
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1. Introduction
Lower back pain (LBP) is a common, painful and costly medical condition adversely impacting society, which can be traced backed to Imhotep (2800 BC) [1]
[2]. LBP is also known as lumbo-pelvic pain [3] [4]. Lumbo-pelvic pain has been
associated with intervertebral disc compression, misaligned innominate bones,
sprain or taut ligaments and muscle asymmetry [5] [6]. Anteriorly tilted pelvic
and Trendelenburg gait have been frequently identified as stressors of lumbo-pelvic pain [4] [7] [8]. In yesteryear, lumbo-pelvic pain was treated with bed
rest, analgesics and surgery, however recently the rehabilitative focus has shifted
to lumbo-pelvic stability exercise programmes, psychotherapy and refinement of
ergonomic variables [2]. However, a functional interactive rehabilitative approach concerning the latter triad of maladies (misaligned innominate bones,
sprain and taut ligaments as well as muscle symmetry) has not been adequately
addressed, due to absence of an association between anteriorly tilted pelvis and
Trendelenburg gait.
Exercise therapy students often ask the question: what is the association between an anteriorly tilted pelvis and Trendelenburg gait? Most prescribed literature used in the teaching of exercise therapy discusses the aforementioned conditions separately, creating the mind-set that these lumbo-pelvic hip conditions
are estranged from each other [9] [10] [11] [12] [13]. However, these text books
do discuss functional integrative rehabilitation as the ultimate goal of a functional exercise therapist, but none interactively identifies the commonalty of the
aforementioned conditions and subsequently prescribes a functional interactive
rehabilitation programme.
Subsequently comprehension and management of anteriorly tilted pelvis and
Trendelenburg gait becomes a challenge to both the student and novice exercise
therapist. The objective of this paper is to review the anatomical and biomechanical association between the anteriorly tilted pelvis and Trendelenburg gait
in the sagittal plane and frontal plane respectively. The evidence of this clinical
commentary will enhance the understanding of the LBP and its multi-planar
contributors. Derived from this aforementioned knowledge, exercise therapists
will be empowered to formulate a rehabilitative strategy to stabilize the lumbo-pelvic hip complex in a functional multi-planar dimension.

2. Methods and Results
The typical practices for systematic reviews, PRIMSA and its PICOS checklist for
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participants, interventions, comparisons, outcomes, and study designs were charted.
The participants were records describing the relationship between Trendelenburg gait and anterior pelvic tilt; the intervention was not necessarily a therapeutic intervention but is interpreted as an exposure. The outcomes of interest
were the relationship between Trendelenburg gait and anterior pelvic tilt. The
exclusion criteria were 1) recording pertaining individually to Trendelenburg
gait, 2) studies pertaining individually to anterior pelvic tilt.
A literature search was conducted utilizing peer-reviewed and professional
journal publications, using the CROSSREF meta-database. CROSSREF includes
the following databases: Pubmed, Medline, Science Direct, Ebscohost, Biomed,
CINAHL, and Sabinet. The key search words were: relationship between Trendelenburg gait and anterior pelvic tilt. The screening eligibility of papers was
performed in the following three steps: 1) title screen, 2) abstract screen, and 3)
full-text screen. However, there were no results found describing the relationship between Trendelenburg gait and anterior pelvic tilt. Therefore, this short
commentary theoretically describes the anatomical and kinesiological relationship between Trendelenburg gait and anterior pelvic tilt.

3. Discussion
3.1. The Anatomy of the Lumbo-Pelvic Hip Complex
The lumbo-pelvic hip complex is a coupling unit that transfers, absorbs, dissipates and amplifies force from the upper kinetic chain to the lower extremities
and vice versa [10]. The lumbo-pelvic hip complex comprises of the acetabulofemoral joint, sacro-iliac joint (SIJ), pubic symphysis and the lumbosacral junction (Figure 1) [14]. The lumbosacral junction is an area where the entire weight
of the trunk and upper extremities are transferred to the lumbo-pelvic complex
[14]. The acetabulofemoral joint is a diarthrosis union of the femoral head and
the acetabulum of the ilium, ischium and pubis [14]. The primary functions of

Figure 1. The lumbo-pelvic hip complex skeletal anatomy (http://www.medical-dictionary.com).
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this ball and socket joint are to provide a wide base of support for the lower extremities, abundant multi-planar range of motion and the kinetic link between
the upper and lower extremities [13].
The muscles of interest in the sagittal plane include hip flexors and hip extensors. Hip flexors include iliopsoas (iliacus and psoas major), rectus femoris, sartorius and tensor fascia latae (TFL) (assisting hip flexion), while the antagonistic
hip extensors are the gluteus maximus, biceps femoris (long head), semimembranosus, semitendinosus and adductor magnus (long head) (Figure 2) [13].
The abdominal muscles (rectus abdominus, external and internal obliques and
transverse abdominus) provide lumbo-pelvic force closure in the sagittal, frontal
and transverse planes acting as an abdominal brace [14]. Other lumbo-pelvic hip
musculatures in the frontal and transverse planes include the abductors, external
and internal obliques and transverse abdominus. Smaller transverse plane stabilizers include the external rotators (gluteus maximus, sartorius, piriformis, gemellus superior, gemellus inferior, obturator interior and exterior and quadrates

Figure 2. The lumbo-pelvic hip complex musculature (http://www.boneandspine.com/hip-joint-anatomy.com).
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467

Open Journal of Orthopedics

Y. Paul et al.

femoris) and internal rotators (gluteus medius (anterior fibres) and minimus
and TFL) [14]. The anatomical and biomechanical significance of the functional
interaction of these muscles in the various planes between an anteriorly tilted
pelvis and Trendelenburg gait will be discussed later.

3.2. Biomechanical Considerations of Short-Arc Pelvis-on-Femur
Flexion (Anteriorly Tilted Pelvis)
An anteriorly tilted pelvis is caused by hip flexor contractures, which by definition is a limitation to passive hip extension triggered by a lack of extensibility of
the anterior acetabulofemoral ligaments and muscles [13] [15]. Individuals predisposed to an anteriorly tilted pelvis range from the elderly [16], administrators
who sit for prolonged periods of time [17], individuals with abdominal ptosis
[18], paraplegics’ who are wheel-chair bound [19] to healthy strong athletes who
asymmetrically strengthen their hip flexors more in relation to their hip extensors [20]. An anteriorly tilted pelvis (also biomechanically known as a short-arc
pelvis-on-femur flexion), effects LBP [4], lumbar lordosis, limits rudimentary
daily activities as well as sport performance [21]. Kendall et al. reported that the
primary abnormal force-couple of a short arc pelvis-on-femur flexion is the
iliopsoas and rectus femoris contractures that facilitates lengthening and weakening of the gluteus maximus and hamstrings [12]. Habitual short-arc pelvis-on-femur flexion precipitates taut iliofemoral and pubofemoral ligaments
[15]. These ligaments are resistance to hip extension, but only the iliofemoral
opposes external rotation and pubofemoral ligaments to abduction [13] [15].
The aforementioned patho-biomechanical implication indicates that short-arc
pelvis-on-femur flexion contributes to the short-arc pelvis-on-femur adduction
(Trendelenburg gait). Tautness of the pubofemoral ligament of the ipsi-lateral
leg in the stance phase, resist hip abduction that will contribute to Trendelenburg gait (Figure 1).
The secondary abnormal force-couple of the short-arc pelvis-on-femur flexion
is the lengthening and weakening of the rectus abdominus, internal and external
obliques due to the contracture of the erector spinae (spinalis, longissimus and
iliocostalis lumborum muscles and quadratus lumborum), as a consequence of
the subsequent lumbar lordosis (Figure 3) [12]. The intra-vertebral musculature

Figure 3. Short-arc pelvis-on-femur flexion [23].
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and ligaments will not be discussed.
These abnormal force-couples of the short-arc pelvis-on-femur flexion in the
sagittal plane radically influence the force closure of the lumbo-pelvic hip complex specifically due to the counter-nutation of the SIJ, which leads to muscular
asymmetries in the frontal plane [21] [22]. It is important to remember that
during short-arc pelvis-on-femur flexion, the ilium rotates anteriorly in the opposite direction of rotation of the sacral vertebrae [14]. Counter-nutation is the
posterior rotation of the sacrum in relation to the anteriorly rotated ilium [14].
Thus counter-nutation affects the sacrospinous, sacrotuberous and iliolumbar
ligaments to undergo a tensile force that weakens their static restraint, adversely
reducing the joint congruency and stability in the sagittal plane (Figure 1). The
weak and lengthened iliolumbar ligaments fail to assist the ipsi-lateral leg in
stance phase to hold the contra-lateral hip horizontal that is in swing phase in
the frontal plane, resulting in another biomechanical association of short-arc
pelvis-on-femur flexion and short-arc pelvis-on-femur adduction.

3.3. Recommendations
It is recommended that exercise therapists should stretch the hip flexors and taut iliofemoral and pubofemoral ligaments to resolve the primary abnormal force-couple.
This would reverse the anterior tilt of the ilium and the counter-nutated position
of the SIJ. In addition, the erector spinae and quadratus lumborum should also
be stretched to address the secondary abnormal force couple.

3.4. Biomechanical Considerations of Short-Arc Pelvis-on-Femur
Adduction (Trendelenburg Gait)
Trendelenburg gait is characterized by hip abductor weakness that is unable to
play a key role in the swing phase of walking and running [24]. During the
stance phase of the ipsi-lateral leg, the contra-lateral hip (which is in the swing
phase) is maintained at the horizontal height by the contraction of the ipsi-lateral hip abductors that is in a closed-kinetic chain movement (Figure 4). In
closed-kinetic chain movements the proximal insertion (gluteus medius: between anterior and posterior gluteal lines of the posterior ilium and gluteus minimus: between the anterior and inferior gluteal lines) of the hip abductors move
towards their distal attachments (greater trochanter of the femur) [25]. Therefore, drop in the contra-lateral hip height identifies weakness of the ipsi-lateral
hip abductors of the stance leg [24].
Kendall et al. reports that muscles have dynamic interrelationships that expand across different planes of motion whose functional role change from primary agonists to synergists [12]. With that being said, the abdominal muscles
(internal and external obliques and transverse abdominus) stabilize the lumbo-pelvic hip complex in the transverse plane by compression, acting as a corset,
while they serve as synergists to the hip abductors in the frontal plane [12] [21].
During the swing phase of the gait cycle, the contra-lateral hip and its respective
DOI: 10.4236/ojo.2018.812048
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Figure 4. Short-arc pelvis-on-femur adduction (http://www.neuros.org).

lower extremity is in an open-kinetic chain movement, which necessitates the
synergistic concentric contraction of the contra-lateral external oblique muscle
to move its distal attachment towards it proximal site, in order to keep the entire
hip in equilibrium [12] [21]. Failure to accomplish this, can result in a drop in
the aforementioned contra-lateral hip [12] [21]. Paul et al. reports lengthening
and subsequent weakness of the external obliques occurs because of anteriorly
rotated pelvic in the sagittal plane, which affects its frontal plane synergistic
functions [21].
Another biomechanical intrinsic factor that comes into play is the synergy of
the TFL and sartorius to act as hip abductors, which creates the issue of synergistic dominance [14]. In an attempt to compensate for this weakened hip abductor torque deficit, the lumbo-pelvic compensates by increasing the contractility demand on the synergists TFL and sartorius to assist with hip abduction.
TFL synergistic dominance affects the force-couple relationship of the tibiofemoral adductors and abductors leading to iliotibial band friction syndrome [26].
However, chronic synergistic dominance of the sartorius as a hip abductor in the
frontal plane produces hypertrophy and hypertonicity that affects the functional
capacity of the sartorius in all the planes. The stronger sartorius is also a hip
flexor in the sagittal plane that increases the contracture of the hip flexors in the
sagittal producing anteriorly tilted pelvis. This is another biomechanical association of short-arc pelvis-on-femur adduction in the frontal plane and short-arc
pelvis-on-femur flexion in the sagittal plane.

3.5. Recommendations
It would be valuable to stretch the hip flexors and concentrically strengthen the
ipsi-lateral hip abductors and contralateral external obliques with closed-kinetic
chain exercises, further adjusting the hip’s retroversion torsional angle by teaching the patient to re-align their lower extremity to a neutral position and neutral
foot stance. Biokineticists/exercise therapists should also review the patient’s gait
biomechanics to determine whether sartorius synergistic dominance is in play.
DOI: 10.4236/ojo.2018.812048
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3.6. Rehabilitative Exercise Program
The following rehabilitative exercises are mere recommendations to increase
stability of the lumbo-pelvic hip complex in all three planes (frontal, sagittal and
transverse). It is advised that patient should first consult with a medical practitioner to confirm hip pathology and then consult a physiotherapist for myofascial release, before the biokineticist/exercise therapist begins a rehabilitative
programme. The rehabilitative programme (Table 1) is an interactive functional
programme attempting to rehabilitate both aforementioned lumbo-pelvic misaligned conditions in the frontal and sagittal planes. All stretches are static in
Table 1. Proposed rehabilitative exercise program.
Stretching Exercises
Muscles

Traditional exercise

Hip flexors (rectus
femoris and iliopsoas)

Recommendations

New exercise

The modified stretch needs to
increase the ROM of the hip flexors.
One can also add external rotation
to stretch taut iliofemoral and
pubofemoral ligaments.

This stretch increases the ROM of rectus
femoris and iliopsoas. Reverse the
counter-nutation of the SIJ, re-adjusting
the force and form closure. This stretch
counteracts an anteriorly tilted pelvis.

Only rectus femoris is being
stretched.

Hip adductors, internal
rotators and taut
iliofemoral and
pubofemoral ligaments

The modified stretch needs to
increase the ROM of the hip flexors.
One can also add external rotation
to stretch taut ligaments.

This stretch increases elastic ROM of the
iliofemoral and pubofemoral ligaments.
If the hip is extended will also stretch the
hip flexors. This stretch counters a
Trendelenburg gait and an anteriorly
tilted pelvis.

This stretches the hip
adductors and pubofemoral
ligament.

Lower back stretch
(lumbar erector spinae
and quadratus
lumborum)

The modified stretch needs to
increase ROM in the sagittal and
transverse planes.

This stretch only increases
gluteal ROM.

DOI: 10.4236/ojo.2018.812048
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Strengthening Exercises
Muscles
Mostly rectus
abdominus, external
obliques internal
obliques transverse
abdominus

Traditional uni-planar exercises

No transverse and frontal
plane stabilization &
lumbo-pelvic force closure.

Recommendations

Multi-planar exercises

There is only movement in the
sagittal plane. These muscles are
multi-planar movers. Therefore, use
a Swiss ball crunch that stabilizes the
lumbo-pelvis in all planes.

Patient has to enforce transverse and
frontal plane stabilization that increases
lumbo-pelvic force closure. This exercise
counters an anteriorly tilted pelvis.
Contra-lateral external
obliques and ipsi-lateral
obliques

No frontal and transverse
plane stabilization and no
lumbo-pelvic force closure.

There is movement in the transverse
plane in an open-kinetic chain
movement. There is no frontal plane
movement. Therefore, use a Swiss
ball crunch that stabilizes the
lumbo-pelvis in all planes.

Patient has to enforce frontal and sagittal
plane stabilization that increases
lumbo-pelvic force closure. This exercise
counters an anteriorly tilted pelvic.
Hip abductors (gluteus
medius and minimus)
Frontal plane movement in an
open-kinetic chain movement.
However, hip abductors need
to be strengthened in a
closed-kinetic chain
movement.

This exercise needs to strengthen
hip abductors in a closed-kinetic
chain movement to directly
rehabilitate Trendelenburg gait.

This exercise activates the muscles in a
closed-kinetic chain movement,
countering Trendelenburg gait.
Hip abductors (gluteus
medius and minimus)

This exercise needs to strengthen
hip abductors in a closed-kinetic
chain movement to directly
rehabilitate Trendelenburg gait.

Frontal plane movement in an
open-kinetic chain movement.
However, hip abductors need
to be strengthened in a
closed-kinetic chain
movement.

DOI: 10.4236/ojo.2018.812048
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Hip extensors (Gluteus
maximus)

This exercise needs to strengthen
hip abductors in a closed-kinetic
chain movement to directly
rehabilitate Trendelenburg gait.
Only transverse plane muscle
activation. No lumbo-pelvic
force closure.

Modified plank

This exercise is a uni-planar
exercise, movement in the
sagittal plane. It has
lumbo-pelvic stabilization.
Multi-directional
3D-lunge

This lunge is a uni-planar
movement.

Patient has enforced transverse and
frontal planes stabilization, thereby
increasing lumbo-pelvic force closure
and stability.
Bi-planar movements, in the sagittal
and transverse planes are needed.
The exercise only enforces frontal
plane stabilization. The multi-planar
movement activates lumbo-pelvic
force closure and stability. It
counters both an anteriorly tilted
pelvis and a Trendelenburg gait.

Bi-planar movements, in the sagittal
and transverse planes are needed.
The exercise only enforces frontal
plane stabilization. The multi-planar
movement activates lumbo-pelvic
force closure and stability. It
counters both an anteriorly tilted
pelvis and a Trendelenburg gait.

nature that should be maintained for 15 seconds, three repetitions each. All
strengthening exercises focus on local muscle activation and should be completed as 20 repetitions of three sets. This rehabilitative programme should be
completed every alternate day for three weeks. Thereafter, patients should be
re-evaluated by a biokineticists/exercise therapist to determine quantitative
progress.

4. Conclusion
The association between an anteriorly tilted pelvis and Trendelenburg gait, is in
regard to taut anterior acetabulofemoral ligaments and femoral retroversion torsion angle. Slackened iliolumbar ligaments fail to synergistically support the ipsi-lateral hip abductors to hold the contra-lateral hip in equilibrium in the frontal plane, resulting in Trendelenburg gait. The iliolumbar ligaments became
slackened due to the anteriorly tilted pelvic in the sagittal plane. Weakened,
DOI: 10.4236/ojo.2018.812048
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lengthened contra-lateral external obliques dynamically fail to synergistically
support the ipsi-lateral hip abductors to hold the contra-lateral hip in equilibrium, producing Trendelenburg gait. These contra-lateral external obliques
have become weakened and lengthened due to an anteriorly tilted pelvis. These
anatomical and biomechanical factors must be evaluated by the biokineticists/exercise therapists before prescribing a rehabilitative programme to ensure
successful rehabilitation of lumbo-pelvic hip complex.
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