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A B S T R A C T

External rotation of the foot associated with mid-foot break is a commonly observed gait abnormality in

diplegic CP patients. Previous studies have shown a correlation between equinus and internal hip

rotation in hemiplegic patients. This study aimed to determine if there was a correlation between the

amount of transverse plane rotation in diplegic CP patients using kinematic data from standardised gait

analysis.

Lower limb data of 134 ambulant children with diplegic CP was analysed retrospectively determining

the maximum change in foot, hip and pelvis rotation during loading response. Highly significant negative

correlations (P = <0.001) were found between foot and hip movements and foot and pelvic movements.

Equinus at initial contact diminished the foot:hip correlation while it enhanced the foot:pelvic

correlation. There was less external rotation of the foot in equinus patients (P = 0.012) and more external

rotation of the pelvis in the equinus group (P = <0.001).

This data reveal a correlation between transverse plane rotation at foot level to that at the hip and

pelvis. The likely biomechanical explanation is relatively excessive transverse external rotation of the

foot due to abnormalities such as mid-foot break. When under load, where the foot is fixed to the floor,

internal rotation of the entire leg occurs. This is due to lever arm disease as a result of the relatively

shortened foot and inefficiency of the plantar-flexion knee-extension couple. Equinus modulates the

effect. When treating such patients, lever arm deformities at all levels must be considered to result in the

best outcome and prevent recurrences.

� 2011 Elsevier B.V. All rights reserved.
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1. Introduction

Diplegic cerebral palsy (CP) gait is often associated with a
plano-valgus deformity of the feet. Anatomically this equates to
the foot rotating externally with respect to the shank when
dorsiflexed during clinical examination. Similarly the plano-valgus
foot is characterised by external rotation of the foot in relation to
the shank in kinematic data from standard gait analysis [1]. Other
characteristic irregular gait patterns in CP are hip internal rotation
and pelvic retraction (external rotation) [2]. Pelvic retraction is
commonly seen as a compensation for the increased internal hip
rotation [3,4]. These proximal deviations at hip level may however
be secondary to distal deformities at foot level or abnormal
muscular activity lower in the limb. Indeed plantar flexion of the
foot in hemiplegic CP due to overactivity of the triceps surae has
shown proximal effects of this increased activity, namely increased
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pelvic retraction and hip internal rotation, even in patients where
there was no proximal muscle involvement (Winters types I and II)
[5].

In diplegic CP the gait pattern is often typically seen as dynamic
changes which are most evident in the first 20% of stance i.e. the
feet move into external rotation and the hips move into internal
rotation during initial contact and loading response [6,7]. The
results of correcting femoral torsion in isolation can lead to early
recurrence and poor results and there is evidence emerging that all
deformities including the pes plano-valgus should be corrected in a
single event multilevel surgery to produce optimal results [8].

Malalignment of the lower extremities in these patients in the
transverse plane consisting of external foot rotation combined
with hip internal rotation will result in lever arm disease. The
dynamic foot instability known as ‘mid-foot break’ is a potential
causative factor in the occurrence of internal rotation of the hip
under load. Mid-foot break is the external rotation of the foot that
occurs when abducted, valgus feet are dorsiflexed under load. The
aim of this study was to determine if there was a correlation
between the changes in foot position and hip and pelvis position in
 rotation of the foot and transverse hip and pelvic kinematics in
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associated with plano-valgus deformity under load. As the foot is
fixed to the floor under load, it is actually the tibia which moves
into internal rotation. The internal rotation of the tibia will result in
an internal rotation of the upper parts of the leg thus producing an
internal rotation of the hip independent of femoral anteversion.
The pelvis also moves internally or protracts as the entire limb
segment is affected, effectively lurching forward. Due to the
relative shortening of the foot due to the rotation, the triceps surae
also looses its lever arm and the plantar-flexion knee-extension
couple becomes inefficient. This causes the knee to move into
excessive flexion as the leg rotates internally and will also cause
additional hip flexion resulting in the characteristic pathological
rotational profile seen in crouch gait. This concept may also
account for failures when femoral osteotomies are carried out
without consideration for distal abnormalities or not as part of a
multilevel procedure [15,16]. These results also suggest the
hypothesis that femoral rotational abnormalities in these patients
are potentially secondary to other rotational abnormalities at a
more distal level.

The strength of the correlation between foot movements and
hip movements was reduced by separating the diplegic patients
who also had an equinus posture of 58 or more at initial contact.
While still statistically significant the equinus at initial contact is
likely to have reduced the strength as it will have maintained knee
extension to a better degree through the plantar-flexion knee-
extension couple, preventing the collapse into crouch and the
ensuing effect on hip kinematics. The correlation between foot and
pelvic movements was increased in patients with equinus. With
regard to this we noted that when looking at the mean values of
change, the equinus patients had a significantly less change into
external rotation at the foot, with a mean approaching zero when
compared to the non-equinus group. The equinus patients also had
a significantly higher change of pelvic rotation with a mean value
of change into external rotation or retraction. It is likely therefore
in the equinus patients that the correlation is explained in the
opposite direction i.e. as the foot moves less into external rotation,
the pelvis will move less in internal rotation and on average will
retract or externally rotate. Combining this finding with those
previously described by us [5], we hypothesise that the degree of
pelvic rotation is modulated by the equinus of the foot with two
mechanisms working against each other: External rotation of the
foot results in pelvic protraction while foot equinus leads to pelvic
retraction. The severity and duration of each deformity will then
result in the current position of the pelvis of that patient.

In this group of patients, the change in movement of the hip and
pelvis showed no correlation. This is in contrast to hemiplegic
patients where it is known that the hip and pelvis shared an inverse
relationship [3,4]. However it should be noted overall that the
pelvic motion during this phase is not of a large scale as the values
are clustered around 58 of change (Fig. 3) and this confirms that
transverse pelvic motion overall in diplegic CP is limited.

In conclusion we have shown that there is a highly significant
correlation between dynamic foot external rotation and internal
hip and pelvis rotation in diplegic CP in the first 20% of the gait
cycle and this effect on the hip is diminished when an equinus
posture at initial contact is present and in the pelvis it is enhanced
by equinus. As this effect probably represents a distal to proximal
phenomenon there are implications for clinical practice. When
treating these patients all segments must be considered and not
Please cite this article in press as: Gaston MS, et al. Transverse plane
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only sagittal but transverse planes of movement also must be
considered and examined with instrumented gait analysis. With
regard to the management of transverse plane deformities the
length of the lever arm of the foot should be restored with
attention to the external rotation deformity. Femoral torsional
deformities should also be dealt with concurrently, rather than in
isolation, if optimal results and the least chance of recurrences are
to be achieved. The results of this study may also explain gait
patterns with internal hip rotation and external rotation at the foot
but without clinically apparent pathological femoral torsion. In
these cases correcting the foot deformity alone may be sufficient
for a satisfactory result.

Acknowledgement

No funding or writing assistance was received for this study.

Conflict of interest statement

There were no conflicts of interest in the preparation of this
paper, in particular no financial or personal relationships with
other people or organisations that could inappropriately influence
(bias) this work.

References

[1] Wren TA, Rethlefsen S, Kay RM. Prevalence of specific gait abnormalities in
children with cerebral palsy: influence of cerebral palsy subtype, age, and
previous surgery. J Pediatr Orthop 2005;25:79–83.

[2] Gage J. The treatment of gait problems in cerebral palsy, section 3. London:
MacKeith; 2004.

[3] de Morais Filho MC, Kawamura CM, Andrade PH, Dos Santos MB, Pickel MR,
Neto RB. Factors associated with pelvic asymmetry in transverse plane during
gait in patients with cerebral palsy. J Pediatr Orthop B 2009;18:320–4.

[4] Saraph V, Zwick EB, Zwick G, Dreier M, Steinwender G, Linhart W. Effect of
derotation osteotomy of the femur on hip and pelvis rotations in hemiplegic
and diplegic children. J Pediatr Orthop B 2002;11:159–66.

[5] Brunner R, Dreher T, Romkes J, Frigo C. Effects of plantar flexion on pelvis and
lower limb kinematics. Gait Posture 2008;28:150–6.

[6] Rodda J, Graham HK. Classification of gait patterns in spastic hemiplegia and
spastic diplegia: a basis for a management algorithm. Eur J Neurol
2001;8(Suppl. 5):98–108.

[7] Carriero A, Zavatsky A, Stebbins J, Theologis T, Shefelbine SJ. Determination of
gait patterns in children with spastic diplegic cerebral palsy using principal
components. Gait Posture 2009;29:71–5.

[8] Rodda JM, Graham HK, Nattrass GR, Galea MP, Baker R, Wolfe R. Correction of
severe crouch gait in patients with spastic diplegia with use of multilevel
orthopaedic surgery. J Bone Joint Surg Am 2006;88:2653–64.

[9] Kadaba MP, Ramakrishnan HK, Wootten ME. Measurement of lower extremity
kinematics during level walking. J Orthop Res 1990;8:383–92.

[10] Gage J. Gait analysis in cerebral palsy. London: MacKeith; 1991.
[11] Carriero A, Zavatsky A, Stebbins J, Theologis T, Shefelbine SJ. Correlation

between lower limb bone morphology and gait characteristics in children
with spastic diplegic cerebral palsy. J Pediatr Orthop 2009;29:73–9.

[12] Aktas S, Aiona MD, Orendurff M. Evaluation of rotational gait abnormality in
the patients cerebral palsy. J Pediatr Orthop 2000;20:217–20.

[13] Dreher T, Wolf S, Braatz F, Patikas D, Doderlein L. Internal rotation gait in
spastic diplegia—critical considerations for the femoral derotation osteotomy.
Gait Posture 2007;26:25–31.

[14] Klejman S, Andrysek J, Dupuis A, Wright V. Test-retest reliability of discrete
gait parameters in children with cerebral palsy. Arch Phys Med Rehabil
2010;91:781–7.

[15] Kim H, Aiona M, Sussman M. Recurrence after femoral derotational osteotomy
in cerebral palsy. J Pediatr Orthop 2005;25:739–43.

[16] Ounpuu S, DeLuca P, Davis R, Romness M. Long-term effects of femoral
derotation osteotomies: an evaluation using three-dimensional gait analysis.
J Pediatr Orthop 2002;22:139–45.
 rotation of the foot and transverse hip and pelvic kinematics in
011.05.001

http://dx.doi.org/10.1016/j.gaitpost.2011.05.001

	Transverse plane rotation of the foot and transverse hip and pelvic kinematics in diplegic cerebral palsy
	1 Introduction
	2 Methods
	2.1 Gait analysis
	2.2 Data evaluation
	2.3 Statistical analysis

	3 Results
	4 Discussion
	Conflict of interest statement

	Acknowledgement



