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Immobilization
Adherence of synovial tissue and articular cartilage
Cartilage
Regional Bone Mineral Densilty
Desorganization of ligamentous microarchitecture
Ligament footprints
Akeson WH, Effect of Immobilisation
on Joints, CORR 1987

Department of Orthopedics

Biomechanics First Ray - Gait
first ray most loaded
structure during stance
phace of gait
FHL and FHB transmit
52% of body weight

Jacob, H.A.C.: Forces acting in the forefoot during normal gait - an estimate. Clin Biomech 2001
Mann, R.A.: Function of toes in walking, jogging and running. Clin Ortho Rel Res 1979
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Department of Orthopedics

researchers to date, however, have been able to deter-

Reliability of the mea
sure sensor are crit
Hughes et al22 sugge
walking trials enhan
measurement, altho
expected because of
ing trial. Several re

www.elsevier.com/locate/gaitpost

Normal pressure values and repeatability of the Emed1
ST4 system
A.B. Putti, G.P. Arnold, L.A. Cochrane, R.J. Abboud *

A.B. Putti et al. / Gait & Posture 27 (2008) 501–505
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Table 1
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Mean, standard deviation (S.D.) and coefficient of repeatability (CR) for the peak pressure (PP), contact area (CA), contact time (CT), pressure–time integral
(PTI), force–time integral (FTI) and instant of peak pressure (IPP) for the 10 regions of the foot (left and right sides combined)
1
Abstract
Emed
masks

CA (cm2)

PP (kPa)

CT (ms)

PTI (kPa s)

FTI (N s)

a

Mean
CR
Mean of the Emed
CR1 ST4 Mean
CRthe range
Mean
CR observed
Mean
system and identify
of pressure values
The aims of this study
were to assess
the repeatability
in the normal foot. Fifty-three
females (32%) and 36 males
(68%), were recruited. Measurements
were performed
(S.D.) healthy subjects, 17(S.D.)
(S.D.)
(S.D.)
(S.D.)
on two occasions approximately 12 days apart. Peak pressure (PP), contact area (CA), contact time (CT), pressure–time integral (PTI),
Heel
313and
(77)
34.5(IPP)
(5.2)
0.8 The
393
(95) of repeatability
2.5
73
(25)
3.416.9%105
force–time integral (FTI)
instant of3.6
peak pressure
were recorded.
coefficient
(CR)
was less than
for (31)
all
122
parameters
considered.
The
highest
areas
of
PP
were
found
under
the
second
and
third
metatarsal
heads,
with
mean
(S.D.)
Mid-foot
113 (37)
4.7
23.8 (9.8)
2.1
438 (98)
2.2
33 (15)
5.9
28 (23)
361 kPa (104)
and(90)
330 kPa (84),
respectively,
followed
by1.6
the great 562
toe 321
kPa (141)1.7
and heel 313
kPa (77). CA7.1
was highest
1equal
MTtob head
277
7.7
13.6
(2.4)
(66)
87
(37)
52 (20)
under the heel at 35 cm2 (5). The percentage CT was in the range 75–85% under the metatarsal heads, and 70% under the hallux. PTI
2 MT head
361 (104)
2.9
10.5 (1.8)
2.0
576 (66)
1.4
107 (35)
3.1
54 (15)
was highest under metatarsal heads one to three and hallux. FTI was highest under the heel. Emed1 ST4 system was found to be
3repeatable.
MT headThe ranges
330
(84)
3.6
11.5
(1.9)
1.5
589
(70)
1.3
104
(30)
3.6
57 (16)
of the parameters documented can be applied in orthopaedic clinics as part of the assessment of pathological
4conditions.
MT head
233 (67)
4.5
9.5 (1.4)
1.7
577 (70)
1.3
80 (30)
4.3
35 (13)
2007head
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(78) reserved.
9.9
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2.7
528(77)
1.7
50 (30)
7.8
14 (7)
Hallux
321 (141)
6.2
10.4 (2.1)
Keywords: Normal; Barefoot; Pressure; Emed1 ST4; Repeatability
Second toe
158 (73)
5.4
3.6 (1.1)
Third to fifth
111 (54)
9.9
7.3 (2.4)
toes
1. aIntroduction

1.5
4.5
4.8

478 (113)
432 (100)
457 (116)

3.5
2.8
4.6

81 (49)
37 (24)
29 (22)

8.4
6.6
12.7

26 (13)
5 (3)
6 (5)

IPP (ms)
CR

Mean
(S.D.)

CR

3.3
7.3
5.4
2.7
4.9
5.9
8.6
7.3
8.7
15.4

99
212
531
563
551
504
413
559
570
575

13.6
10.3
1.9
1.7
1.3
1.9
6.3
1.8
1.6
2.3

(56)
(82)
(71)
(70)
(74)
(90)
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(80)
(71)
(78)

provided a complete assessment of the corrected clubfoot.
Abboud et al. [4] investigated the relationship between inshoe pressure and the coordinated activity of five lower limb
muscles in diabetic patients. They concluded that the foot
structures of the body and can sustain the enormous
reaches foot flat in a less ordered manner causing high
pressures generated by dynamic activities. Abnormal levels
A.B. Putti et al. / Gait & Posture 27 (2008) 501–505
plantar pressures.
of pressure can cause foot pathologies and various
under
the
toes
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of
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parameters).
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PP
under
PTI
was
highest
in
the
second metatarsal head (107 kPa s
As the application
measuring devices are available in orthopaedic clinics to
Table 1of foot pressure measurement systems
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left fifth
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(35))deviation
followed
by
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third and
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widens,
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investigate
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systemsand
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Mean,
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foot
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1toes had the lowest PTI. The highest
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Mean
CREmedMean
Mean
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Mean
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M
to
fifthplantar
toesloading
on characteristics
both sidesof were
11.4%
14.0%,
FTI
was
under
the heel
and the mean
(105 N (S.D.)
s (31)) was (S
(S.D.)
(S.D.)
(S.D.)
operative
hallux valgus
in and
higher
resolution Novel
systems,
nor
have ranges
of values
Heelnormal
(77)
3.6
(5.2) under
0.8
393 (95)
73 (25) head
3.4
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Chevron Akin osteotomy.
Huber
Dutoit [2]
foot under
beenthe
identified
foot313
parameters
during34.5
barefoot
respectively.
FTI had
CRandvalues
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10.1%
left for
approximately
twice
that
the
third 2.5metatarsal

CR: expressed as a percentage of the mean.
b
MT:foot
metatarsal.
The
is one of the most ergonomically efficient

Force time integral
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Pathomechanics
Valgus force
Lateral Sesamoidal luxation
Pronation of hallux
Mann & Coughlin., CORR 1981
Jahss M., CORR 1981
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During normal gait at the end of stance the first
deformity and different systems for plantar pressu
ray, especially the hallux obtains the highest loads of
assessment.
et al.Characteristics
reported that 29%
of the body
We assessed loading parameters in hallux valgu
thePlantar
foot. Jacob
Pressure
in Hallux
Valgus Feet
weight is acting under the first metatarsal head, and
feet and correlated these measurements to the severi
24% is acting under the big toe. Recent studies
of the deformity based on plane radiographs. W
suggested that forefoot kinematics are altered by
hypothesized that a strong relationship exists betwee
morphologic changes associated with hallux valgus
structural and dynamic conditions in hallux valgu
deformity. These changes alter the kinematics of the
feet in terms of a lateral shift of load from the medi
first metatarsophalangeal (MTP) joint, leading to reto the lateral aspect of the foot.
duced force generation capacity of the plantar flexors
and therefore causing decreased weight bearing by the
PATIENTS AND METHODS
great toe and the first ray. Load transfer during stance
phase of gait is increased over the metatarsal heads of
the lesser toes. Several authors reported this phenomenon as the reason for lesser toe metatarsalgia.
Pathologies of the foot alter the plantar pressure
fixed-foot deformities, rheumatic disease, diabetes mellitu
distribution and can be easily measured under
Keywords: hallux valgus; plantar pressure distribution
varus valgus deformity of the leg, or history of trauma we
RESULTSPedobarodynamic conditions by pedobarography.
excluded.
No patient was suffering from other patholog
mean results of the plantar
pressure assessment
graphy expands the static radiological The
diagnostics
that
for peak pressure (kPa), maximum
force (N),
conditions
of contact
the musculoskeletal system that might infl
Hallux
valgus
is a common
pathologic,
gradually
but2),also
characterize
loading
and contact
ankle,
show
only
structural
changes.
Several
used11,12,13
and toforce
time
timeauthors
(%ROP),
area (cm
14gait patterns.
normal
A total of 61 feet of 55 patient
pathologic
feet.15,16
progressive condition of the musculoskeletal system.
patterns
in healthy,
integral (N•s)
for each
regionence
of respectively
interest
are listed
in
plantar pressure assessment to investigate
biomechanical
ofsignificant
which
52
weredifferences
female, were
Table 1. Table
2 indicates
correlations
Hillstrom
et al. all
reported
significant
with included. Mean age was 57
Due to the weakness of the medial collateral ligament
changes
after
procedures
inradiological
the foot
between
data (hallux
valgus
angle,
interrespect
to plantar
pressure
parameters
across
different
and capsule,
the reconstructive
proximal phalanx drifts
into valgus,
years (SD 11.3, range 20–79); there were 30 right and

were collected, and the analysis was performed with the
intersection of the longitudinal axes of the first metatar18
emed/D software.27 The foot was divided into the following
and the proximal phalanx. The intermetatarsal angle
s formed by the
intersection
of
the
longitudinal
axes
of
geometric
regions
of
interest:
total
object,
heel,
medial
and
4
first and the second metatarsal bone. The severity of the
lateral metatarsus, forefoot, great toe, second toe and toe
lux valgus deformity was classified on weight-bearing
three to five, first metatarsal head (MH 1), second metatarsal
soplantar radiographs and divided into mild (hallux
5 head (MH 2), third metatarsal head (MH 3), metatarsal head
gus angle [HVA] 1up to 19˚ and intermetatarsal
angle
four (MH 4), and metatarsal head five (MH 5) (Fig. 2). For
1
Ulrich Koller, Madeleine Willegger, Reinhard Windhager,1 Axel Wanivenhaus,1 Hans-Joerg Trnka,2 Reinhard Schuh1
A] up to 13˚ moderate (HVA of 20˚ to 40˚ and IMA 14˚ to
each region, the peak pressure (kPa), the maximum force (N),
3
1
), and
severe (HVA
> 40˚ and IMA
>20˚.
the University
contact area
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the forceDepartment
of Orthopaedics,
Vienna
General
of Vienna,
Waehringer
Guertel
18-20,
1090, Austria, 2Foot
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the
position
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the
time
integral
(N
s)
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generated
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software.
For
Ankle Center Vienna, Vienna, Austria
dial sesamoid relative
to the bisecting line of the first
each region of interest (called: mask), the time course of
6
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tatarsal
shaft
and was classified
as grade
0 2014
to 3.26 Grade
maximum pressure, force, and loaded area inside this mask
Published
online
in Wiley Online
Library
(wileyonlinelibrary.com).
10.1002/jor.22707
wereDOI
analyzed.
For each parameter, the maximum was
s defined
as no
displacement
of the
sesamoid
relative to
selected and displayed. The
integral was calculated
7 force-time
ABSTRACT: Due to the pathoanatomical changes in hallux valgus feet, the plantar
flexion moment of the first metatarsophalangealHallux Valgus –>Feet 3
as the area underneath the force over time curve. An average
joint is reduced. Therefore, load bearing of the hallux is decreased during push-off. We assessed loading parameters in hallux valgus
of the five datasets was calculated by the software.
feet. Based on dorsal-plantar weight bearing radiographs of 61 feet, the intermetatarsal-, hallux valgus-, distal metatarsal articulationangle, and sesamoid position were evaluated. Plantar pressure assessment was performed with the emed1 system during level
Statistical Analysis
Patients
with
symptomatic
walking. We found negative correlations between hallux valgus angle and peak pressure in
the great toe
(r ¼ "0.301,
p < 0.023), thehallux valgus deformity we
The Kolmogorov–Smirnov test for normal distribution and
maximum force of the hallux (r ¼ "0.481, p < 0.001), and contact time of the great toe (r ¼ "0.448,
p
<
0.001),
and
positive
referred
to the
study correlations
by a fellowship trained foot and ank
Pearson correlation were performed
to investigate
the influfor force time integral (r ¼ 0.348, p < 0.001), contact area (r ¼ 0.307, p < 0.020), maximum force (r ¼ 0.430, p < 0.001), and peak pressure
ence of radiographic parameters of
plantar
pressure
distribusurgeonandbefore
surgical
treatment. Between 01/2006 an
(r ¼ 0.361, p < 0.006) of the fifth metatarsal head. A positive correlation between the sesamoid
the metatarsal
subluxation
tion. Analysis
was performed using SPSS version 11.3 (SPSS
8,9,10
regarding maximum force (r ¼ 0.294, p < 0.034), and a Inc.,
negative
correlation
between
the
contact
area
of
the
hallux
(r
¼
"0.232,
01/2007,
55
patients
were
included, and 20 patients we
Chicago, IL) and Excel for Mac (The Microsoft Corp.,
p < 0.020) was shown. Depending on the severity, hallux
valgus
angle,
and
sesamoid
subluxation,
load
shows
significant
lateral
Redmond, WA). The level of significance
was patients
defined as with concurrent forefoot deformitie
excluded:
transmission in hallux valgus feet. ! 2014 Orthopaedic Research
Society. Published by Wiley Periodicals, Inc. J Orthop Res
alpha <0.05.

angle,
and sesamoid
luxation)
and plantarthe influence
foot
types.
Bryant
et
al.
investigated
and the metatarsal head drifts into varus. metatarsal
With
left
feet.
The mean hallux valgus angle was 34.1˚ (S
N•s).
pressure parameters
(kPa, N,
%ROP, cm2,measurements
between static
radiographic
and planincreasing deviation of the first metatarsal, the medial
7.9; min 20˚, max 56˚), the mean intermetatarsal ang
tar pressure distribution in feet with hallux valgus or
sesamoid shifts under the metatarsal head, and the
Peak Pressure
14.7˚ (SD
2.6;notmin
max 23˚), and the mean sesamo
Correspondence
Schuh
Reinhard
(T: þ00-43-1-40-400-4083;
hallux limitus deformity,
but did
find 11˚,
a relationlateral sesamoidto:
shifts
into the
space between
the first
We found a positive correlation between the17hallux
F: þ00-43-1-40-400-4029;
E-mail:
reinhard.schuh@meduniwien.ac.at)
Afive
recent
of 0.6). There were 35.2% mil
ship between
measurements.
and the second metatarsal head. As a consequence,
the angle
subluxation
(SL)
was review
2.4 (SD
valgus
and theboth
head
of metatarsal
studies
analyzing
plantar
pressure
characteristics
in
tendons
of
the
extensor
hallucis
longus
and
the
flexor
55.6%
moderate,
and
9.3%
severe hallux valgus deform
(r ¼ 0.361,
p < 0.006)
and a negative correlation of the
# 2014 Orthopaedic Research Society. Published by Wiley
Periodicals,
Inc.
urehallucis
1. Radiological
of thelaterally,
hallux valgus
angle
hallux
valgus
feet reported
inconsistent
results, due to
longusassessment
are shifted
becoming
abduchallux
(r
¼
$0.301,
p
<
0.023).
A
positive
correlation
ersection of the longitudinal axes of metatarsal 1 and the1,2,3
the lack between
of appropriate
classification
of the severity of
tors
and thereby
exacerbating
the deformity.
was
also identified
the sesamoid
subluxation
ximal
phalanx),
intermetatarsal
angle (intersection
of the
Figure 2. The region of interest in a plantar pressure image and the corresponding regions on a dorsoplantar radiograph. Regions:
gitudinal
axes ofnormal
the firstgait
and at
second
metatarsal),
and theand
totaltoes
object,three
heel,
lateral
medial different
midfoot, forefoot,systems
hallux, 2 toe,
3–5
and metatarsal
head 1 to 5.
During
the end
of stance
first
deformity
fortoe,plantar
pressure
to midfoot,
five. and
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amoid luxation (position of the medial sesamoid relative to
ray, especially
the
hallux shaft
obtains
the highest
assessment.18
bisecting
line of the first
metatarsal
was graded
from 0 loads of
4
) onthe
a weight
dorsoplantar
radiograph.
Jacob
et al. reported
that 29% of the body
We assessed loading parameters in hallux valgus
foot.bearing
p < 0.020) and
the hallux valgus and metatarweight is acting under the first metatarsal head, Maximum
and Force
feet and correlated these measurements
to between
the severity
Positive correlation was found between the hallux
sal head five (r ¼ 0.289, p < 0.037).
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Department
24%
is acting
underMONTH
the of
big Orthopedics
toe.5 Recent studies
of
the
deformity
based
on
plane
radiographs.
We
valgus angle and the head of metatarsal five (r ¼ 0.430,
Force-Time exists
Integral between
0.001) and
an inverse correlation
the hallux
suggested that forefoot kinematics are altered p <by
hypothesized
that aforstrong
relationship
The correlation between the hallux valgus angle and
(r ¼ "0.481, p < 0.001). Positive correlation was found
morphologic changes associated with hallux valgus
structural
and dynamic
conditions
in hallux
valgus
the hallux
was negative
(r ¼ "0.435, p < 0.001) and
between the
sesamoid subluxation
and metatarsal

and force-time integral. Third, we found a significant

shifted from the medial to the lateral aspect of the foot.

Deformity – Plantar pressure

Table 2. All Significant Correlations Between Plantar Pressure Parameters of Each Region of Interest and Hallux
Valgus-, Intermetatarsal-Angle, and Sesamoid Subluxation are Listed. The Correlations were Calculated by Use of the
Pearson’s Correlation Coefficient (r). The Level of Significance was Set at 0.05. (MH 1 ¼ Metatarsal Head One; MH
5 ¼ Metatarsal Head Five)
Intermetatarsal Angle
Sesamoid subluxation
Hallux valgus angle
Intermetatarsal angle
Severity
Peak pressure total
Peak pressure lateral midfoot
Peak pressure forefoot
Peak pressure hallux
Peak pressure MH 5
Peak pressure toe three to five
Max force lateral midfoot
Max force hallux
Max force MH 1
Max force MH 5
Contact time medial midfoot
Contact time Hallux
Contact time toe three to five
Contact area lateral midfoot
Contact area hallux
Contact area MH 5
Force time integral lateral midfoot
Force time integral hallux
Force time integral MH 5
JOURNAL OF ORTHOPAEDIC RESEARCH MONTH 2014
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r ¼ 0.540, p < 0.001
r ¼ 0.540, p < 0.001
r ¼ 0.909, p < 0.001

Sesamoid Subluxation

Hallux Valgus Angle

r ¼ 0.561, p < 0.001
r ¼ 0.451, p < 0.001

r ¼ 0.484, p < 0.001
r ¼ 0.478, p <0.001
r ¼ 0.285, p < 0.032
r ¼ 0.341, p < 0.009
r ¼ 0.336, p < 0.011
r ¼ #0.301, p < 0.023
r ¼ 0.361, p < 0.006

r ¼ 0.279, p < 0.045
r ¼ 0.294, p < 0.034

r ¼ 0.283, p < 0.042
r ¼ #0.323, p < 0.020
r ¼ 0.289, p < 0.037

r ¼ 0.431, p < 0.001
r ¼ #0.481, p < 0.001
r ¼ 0.430, p < 0.001
r ¼ 0.297, p < 0.025
r ¼ #0.448, p < 0.001
r ¼ 0.303, p < 0.022
r ¼ #0.581, p < 0.001
r ¼ 0.307, p < 0.020
r ¼ 0.431, p < 0.001
r ¼ #0.435, p < 0.001
r ¼ 0.348, p < 0.001

Force time integral

normal
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Hallux valgus

Metatarsalgia
unphysiological plantar pressure patterns
may cause metatarsalgia

Blomgren, M. et al.: Gait analysis in hallux valgus. J Foot Surg 1991
Henry &Waugh: The Use Of Footprints in Assessing The Results Of Operations For Hallux Valgus. JBJS Br.1975
Waldecker, U.: Metatarsalgia in hallux valgus deformity: a pedographic analysis.Foot Ankle Surg. 2002
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„Something that
looks normal
propably works
normal“
	

Sigvard T. Hanson
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Hallux valgus - PPD
presurgically
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6 months
postsurgically

formed to qualify a patient
surgical correction.
goniometric measurements
were forperformed
andFirst
metatarsophalangeal and talocrural joint range of
recorded. Each motion
participant
completed a 10-point ana(ROM) were measured and recorded. All ROM
log pain scale asmeasurements
a measurewere
of perceived
paina during
performed with
hand-held
goniometer
as
described
by
Norkin
and
White.
Three
walking. These same measurements were recorded 12
goniometric measurements were performed and
months after surgery.
recorded. Each participant completed a 10-point anaThree standard
dorsoplantar,
lateral,
and medial
log pain
scale as a measure
of perceived
pain during
walking.
These
same
measurements
were
recorded
oblique weightbearing radiographic views were 12
months after surgery.
obtained preoperatively
and six weeks postoperatively
Three standard dorsoplantar, lateral, and medial
for comparison. oblique
Measurements
wereradiographic
then obtained
weightbearing
views for
were
preoperatively and six weeks postoperatively
HV and 1M angleobtained
(Fig. 1).
20

for comparison. Measurements were then obtained for
HV and 1M angle (Fig. 1).

to commence
The threshold
collection
is
each
foot collection.
was then
divided forinto
seven
g
10 Kpa. The data was then stored on a floppy disk.
regions
(Fig. 2). The digital region was subdiv
Analysis was then performed using the Novel
the
hallux (MT)
and(Version
lesser toes
(LT). The
forefo
Multimask
software
9.8, Novel
GMBH,
Munich,
Germany). The
loading distribution
was
subdivided
intoplantar
the medial
(MFF), ofcentra
each foot was then divided into seven geometric
and
lateral forefoot (LFF) regions with
regions (Fig. 2). The digital region was subdivided into
metatarsal
area
corresponding
to the
the hallux (MT)head
and lesser
toes (LT).
The forefoot region
was
subdivided
into
the
medial
(MFF),
central
(CFF),
region, the second and third metatarsal head a
and lateral forefoot (LFF) regions with the first
responding
to the central region, and the later
metatarsal head area corresponding to the medial
represented
byand
the
and
fifth
region, the second
thirdfourth
metatarsal
head
areametatars
corresponding
the central region,
the was
lateralfurther
region div
area.
The toremainder
of theand
foot
represented by the fourth and fifth metatarsal head
one
midfoot (MF) and one heel region (HL). Th
area. The remainder of the foot was further divided into
ing
were
forTheeach
one variables
midfoot (MF) and
one calculated
heel region (HL).
follow-of th
ing
variables
were
calculated
for
each
of
the
seven
plantar regions of the foot: peak force
in %B
plantar regions of the foot: peak force in %BW, force
time
integral
in %BW-s,
peak pressure
in kPa,
time integral
in %BW-s,
peak pressure
in kPa, pressure
time
integral
in kPa-s,
time
in ms and
time integral
in kPa-s,
contactcontact
time in ms
and contact
area
in
ern",
The
mean
data
from
the
five
walking
trials walk
area in ern", The mean data from the five
were used in the subsequent statistical analysis. These
were
in measures
the subsequent
analysi
plantarused
loading
have beenstatistical
used by other
plantar
loading
measures
been used
researchers
to describe
foot functionhave
during gait.4.6.7.14
researchers to describe foot function during gai
N

Surgical Methodology

All participants underwent a standard soft-tissue

Surgical
dissection Methodology
to gain adequate exposure following a dor-

Fig. 2: Graphical representation of the anatomical dimensions of the regions or masks
used to describe the plantar
loading relative to the foot.
(1) Heel (HL); (2) Midfoot
Fig. 1: This line drawing Fig. 2: Graphical
(MF); (3) Medial
Forefoot
representais a representation of the
(MFF); (4) Central Forefoot
anatomical
dimenradiographic measures oftion of the (CFF);
(5) Lateral
Forefoot
hallux angle (a) and inter(6) Medial
Toe (MT);
sions of the(LFF);
regions
or masks
metatarsal angle (b).
(7) Lateral
Toeplantar
(LT).
used to describe
the
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osteotomy
was was
used.">
Postoperatively,
participants
were placed inlateral
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postoperative par
osteotomy
used.">
Postoperatively,
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were placed in a surgical shoe,months
nonweightbe
surgery with the same pain, physical, and plantar
three
withbeing
gradual
progression to c
loading weeks
examinations
performed.

Plantar pressure
distribution after
Chevron osteotomy

surgical conditlons."
RESULTS

tion coefficients of .7 are considered adequate for clinical research." Perceived pain during gait was reduced
postsurgically from 4.2 to 1.0 (p<0.05).
No difference in contact time was found between
presurgical and postsurgical conditions (p>0.05). The
mean for contact time was 827.9±97.7 ms presurgically
and 801.1±110.1 ms postsurgically. No differences
were found in any of the plantar loading parameters
pre- and postsurgically in the HL, MF, MFF, LFF, and LT

Plantar pressure parameters
Standing dorsoplanar radiographs were measured to
determine HV angle and 1M angle. The mean HV angle
was 31.7± 4.r presurgically and postsurgically was
17.7±4.0°. The average amount of surgical correction
was 14.0°. Presurgical mean 1M angle was 14.5± 1.r

Table 1: Regional plantar loading means and standard deviations pre and 12 months postsurgically for the
Chevron (Austin) osteotomy for the correction of hallux valgus for the forefoot and toe regions.
Contact Area
(ern')

Peak Pressure Pressure Time
Integral
(Kpa)
(KPa-s)
Post
Pre
Post
Pre
360.8 436.2
128.5 149.4
(156.8) (203.1) (55.2) (75.4)

Contact Time
(ms)

Post
25.2
(5.8)

Force Time
Integral
(%BW-s)
Pre Post
8.5
8.6
(5.8) (2.8)

Pre
Post
670.5 631.1
(93.1) (116.2)

Pre
15.0
(2.0)

Post
14.8
(2.1)

Pre
43.2*
(6.1)

Post
47.4*
(7.4)

Pre Post
16.8 17.6
(3.3) (4.7)

Pre
Post
494.9* 619.8*
(186.3) (218.7)

Pre
186.1
(73.3)

Post
168.7
(33.1)

Pre
Post
718.8 676.0
(99.5) (123.7)

Pre
19.3
(2.7)

Post
19.0
(2.8)

Condition
LFF
Region

Pre
14.9
(4.7)

Post
14.9
(4.5)

Pre Post
5.4
5.2
(1.8) (1.7)

Pre
Post
252.2 265.6
(171.5) (178.4)

Pre
87.4
(49.6)

Post
83.9
(39.0)

Pre
Post
695.5 649.1
(104.2) (130.1)

Pre
11.9
(1.6)

Post
12.1
(2.1)

Condition
MT
Region

Pre
12.4
(7.5)

Post
12.4
(6.2)

Pre Post
3.8* 2.5*
(2.1) (1.6)

Pre
Post
439.3* 289.8*
(250.5) (169.4)

Pre
Post
120.9* 58.1*
(73.2) (38.9)

Pre
Post
602.0* 446.9*
(105.8) (138.3)

Pre
9.2
(2.0)

Post
9.5
(1.8)

Condition
LT
Region

Pre
7.6
(5.6)

Post
9.1
(4.4)

Pre Post
2.1
2.1
(1.2) (1.2)

Pre
160.4
(79.7)

Pre
47.0
(25.0)

Pre
Post
589.8 582.8
(113.9) (145.1)

Pre
11.2*
(3.6)

Post
12.8*
(4.2)

Variable

Peak Force
(%BW)

Condition
MFF
Region

Pre
23.5
(6.1 )

Condition
CFF
Region

Post
202.3
(96.3)

Post
58.1
(33.3)

• indicates significant differences (p<O.05).

Department of Orthopedics

Downloaded from fai.sagepub.com at KRAKENHAUSBETEILIGUNGSUND on May 3, 2015

Force time integral

Department of Orthopedics

Plantar pressure
arf
distribution after Sc
osteotomy

Department of Orthopedics

Peak pressure

Department of Orthopedics

Radiological and Clinical Outcomes
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However,
little specific literature
exists on percutaneous techniques for mild HV that also evaluate the
medium- to long-term functional outcome. The combi-

98 healthy age-matched women, who were screened by interview and physical examination to rule out obvious foot or
gait abnormalities during the 12 months previous to the
study. To avoid unnecessary ionizing radiation exposure,
only plantar pressure measurements were made.

Peak pressure

DYNAMIC

Table 2. Plantar Pressures (kPa) in Mild Hallux Valgus: Comparison of Pre- a
Post-Operative Values with Controls
Mean ! SD (n ¼ 79)
Zone
1st MTH
2nd MTH
3rd MTH
4th MTH
5th MTH
Hallux
Lesser toes

Pre-Operative
376
421
381
252
139
328
97

!
!
!
!
!
!
!

207
288
264
196
119
113
69

Post-Operative
360
412
391
322
176
152
102

!
!
!
!
!
!
!

208
200
213
215
133
38
82

p
0.552
0.327
0.727
0.002$
0.001$
0.001$
0.234

SD, standard deviation; MTH, metatarsal head; pre–post, paired t-test; post–controls, inde
$
Significant at p < 0.05.
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Effects of the Lapidus Arthrodesis and Chevron Bunionectomy
on Plantar Forefoot Pressures
Christy M. King, DPM, AACFAS 1, Graham A. Hamilton, DPM, FACFAS 2, Lawrence A. Ford, DPM, FACFAS 3
1

Attending Surgeon, Kaiser San Francisco Bay Area Foot and Ankle Residency, Kaiser Foundation Hospital, Oakland, CA
Attending Surgeon, Kaiser San Francisco Bay Area Foot and Ankle Residency, Kaiser Foundation Hospital, Antioch, CA
3
Program Director, Kaiser San Francisco Bay Area Foot and Ankle Residency, Kaiser Foundation Hospital, Oakland, CA
2

a r t i c l e i n f o

a b s t r a c t

Level of Clinical Evidence: 3

Hallux valgus with or without ﬁrst ray insufﬁciency has been strongly implicated as a contributing factor in
lesser metatarsal overload. The principle goals of a bunionectomy are to relieve the pain, correct the deformity,
and restore ﬁrst metatarsophalangeal joint congruity. Until now, little evidence has been available to assess
the effects of bunionectomy procedures on forefoot pressure. The primary aim of the present prospective
study was to evaluate the preoperative and postoperative plantar pressures after 2 speciﬁc bunionectomies:
the chevron bunionectomy and Lapidus arthrodesis. A total of 68 subjects, 34 in each group, were included for
radiographic and pedographic evaluation. Both procedures demonstrated radiographic improvements in the
mean intermetatarsal and hallux abductus angles. The mean hallux plantar pressure decreased signiﬁcantly in
both procedure groups (p < .001). However, Lapidus group exhibited an increase in the mean ﬁfth metatarsal
head plantar pressure (p ¼ .008) and pressure under the ﬁfth metatarsal as a percentage of the total forefoot
pressure (p ¼ .01). Furthermore, the pressure under the second metatarsal as a percentage of the total forefoot
pressure decreased signiﬁcantly (p ¼ .01). This study suggests that the Lapidus arthrodesis and chevron
bunionectomy both provide correction for hallux valgus deformity, but when comparing forefoot load sharing
pressures, the Lapidus arthrodesis appeared to have greater inﬂuence on the load sharing distribution of
forefoot pressure than did the bunionectomy employing the chevron osteotomy.
! 2014 by the American College of Foot and Ankle Surgeons. All rights reserved.
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Although hallux valgus has been implicated in the development of

Although correction of hallux valgus has historically focused on
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Table 3
Plantar pressures
Location

Postoperative (N/cm2)
18.47
19.30
30.76
25.18
18.71
17.17
7.41
28.50

"
"
"
"
"
"
"
"

9.57
7.02
9.49
6.74
7.03
8.82
3.97
7.19

Chevron
(n ¼
¼ 34
34 feet)
feet)
Lapidus (n

p Value

Hallux
< .001*
First metatarsal head
.93
Second metatarsal .67
head
Third metatarsal head
.32
Fourth metatarsal head
.40
Fifth metatarsal head
.44
Midfoot
.82
Heel
.06
Table 3

Preoperative
Preoperative (N/cm
(N/cm22))

25.20
25.29 "
" 8.32
9.23
19.42
20.98 "
" 8.21
8.19
31.30
31.84 "
" 7.87
8.89
24.26
23.18 "
" 5.84
8.65
17.88
17.69 "
" 5.93
7.12
16.30
14.52 "
" 8.41
6.47
7.58
8.89 "
" 5.23
4.37
26.65
25.65 "
" 5.88
6.02

Postoperative
Postoperative (N/cm
(N/cm22))

Lapidus (n ¼ 34 fee
pp Value
Value

Preoperative (N/cm

18.47
<
25.29 " 9.23
17.34 "
" 9.57
9.94
< .001
.001
19.30
.93
20.98 " 8.19
22.86 "
" 7.02
8.80
.17
30.76
.67
31.84 " 8.89
29.48 "
" 9.49
8.84
.09
25.18
.32
23.18 " 8.65
22.03 "
" 6.74
8.36
.45
18.71
.40
17.69 " 7.12
16.82 "
" 7.03
5.63
.39
C.M. King17.17
et al. "
/ The
Journal of Foot & Ankle .44
Surgery
53 (2014)
415–419
*
14.52
" 6.47
17.72
" 8.82
8.84
.008
7.41
.82
8.89 " 4.37
9.66 "
" 3.97
3.86
.15
28.50
.06
25.65 " 6.02
24.76 "
" 7.19
7.57
.34

Plantar
pressures
Data
presented
as mean " standard deviation.
Preoperative
and
postoperative differences
each
patient assessed using paired Student’s t test.
nt assessed using paired
Student’s t test.
Location
Chevron (n for
¼ 34
feet)
* Statistically signiﬁcant.
Preoperative (N/cm2)
Postoperative (N/cm2)
p Value

**

Lapidus (n ¼ 34 feet)

Preoperative (N/cm2)

Hallux
25.20 " 8.32
18.47 " 9.57
< .001*
25.29 " 9.23
First
metatarsal
head
19.42
"
8.21
19.30
"
7.02
.93
20.98
" 8.19 or if t
aggressive
deformities
a signiﬁcant
increase indeformities
the pressure
ﬁfth metatarsal
head
aggressive
orunder
if thethe
surgeon
believed instability,
lack of
e ﬁfth metatarsal
head
Second metatarsal head
31.30 " 7.87
30.76 " 9.49
.67
31.84 " 8.89
or hypermobility of t
as a percentage
of theortotal
forefoot pressure
(p ¼ray
.01).
stiffness,
hypermobility
of the ﬁrst
was not present. Thestiffness,
radiop ¼ .01).
Third metatarsal head
24.26 " 5.84
25.18 " 6.74
.32
23.18 " 8.65
graphic
in the
present s
Themetatarsal
concomitant
procedures
performed
using
the "chevron
graphic
in the
present
study
revealed
that
the chevron
sing the chevron
bunFourth
head results
17.88
" 5.93
18.71
7.03 bothbun.40and results
17.69
" 7.12
Fifth metatarsal
head
16.30 " 8.41
" 8.82
14.52 " 6.47 are eff
Lapidus procedures
ionectomy
or
modiﬁed
Lapidus
arthrodesis
are
listed
in Table
the
Lapidus procedures
are effective
in17.17
correcting
hallux5.valgusthe
if.44perare listed in Table
5.
Midfoot
7.58
"
5.23
7.41
"
3.97
.82
" 4.37
formed for the8.89
appropriate
in
Arthrodesis formed
of the for
second
toe was the
most common
additional
the appropriate
indications.
These ﬁndings
are consistent
st common additional
Heel
26.65 " 5.88
28.50 " 7.19
.06
25.65 " 6.02

with the ﬁndings of Lagaay et
procedure. with the ﬁndings of Lagaay et al (25), who evaluated the complication
Data presentedrates
as mean
" standard
after various bunion pro
after
variousdeviation.
bunion procedures and found no signiﬁcantrates
differPreoperative and postoperative differences for each patient assessed using paired Student’s t test.
ence in the revision rates or com
ence in the revision rates or complications after chevron bunionectomy,
Discussion
* Statistically signiﬁcant.
Lapidus, or closing base wedge
Lapidus, or closing base wedge osteotomy.
Much
Much
debate
has ensued
the role of
ofhallux
hypermobility
or debate has ensued
Thereof
areOrthopedics
many
factors
to consider
in theregarding
surgical correction
Department
ical correction
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insufﬁciency
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a
insufﬁciency
of pressure
the ﬁrst
as athe
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valgus.
to the
reduction
in ray
the
radiographic
parameters
that metatarsal
aggressive
deformities
or ray
if the
a signiﬁcant
increase
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under
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graphic parameters
thatIn addition
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distribution, wearing characteristics and design criteria:
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Abstract
Background Modern concepts in the postoperative treatment of Wrst metatarsal osteotomies include special shoes
that should decrease stress in the forefoot region. The purpose of this study was to determine plantar pressure distribution, wearing characteristics and stress-reducing
eVectiveness of Wve diVerent types of commonly used postoperative shoes. Additionally, we wanted to modify the
shoe that revealed the most favourable results in a way that
improves forefoot relief as well as provides comfort to the
patients.
Methods Eight persons consented to participate in the
study. Plantar pressure distribution in Wve diVerent types of
postoperative shoes (Rathgeber® normal, Rathgeber® modiWed, 4. Darco® Xat, Darco® VFE, Wocker®) was assessed
using Mediologic® insoles. Also, subjective criteria considering wearing comfort, stability and rolling characteristics
were evaluated.
Based on the postoperative
shoe revealing
Department
of Orthopedics
the most favourable results, further prototypes were developed.
Each new model was targeted to meet the given require-

Results The Rathgeber® modiWed model revealed the
most favourable results concerning plantar pressure distribution as well as subjective wearing characteristics. Therefore, it was chosen for further modiWcations. After adding
an extra layer of high elastic and springy material for shock
absorption at the hallux region, forefoot relief and wearing
characteristics showed improved results.
Conclusion The results of the present study indicate that
damping material in the hallux region of postoperative
shoes minimises stress in this region and improves patient’s
comfort.

Effectiveness and
confort of forefoot
relief shoes

Keywords Plantar pressure distribution · Hallux valgus ·
Postoperative shoes · Forefoot relief

Introduction
Several methods exist for the operative treatment of hallux
valgus deformity, from soft tissue procedures to certain

Methods
8 healthy volunteers (5 male/3 female)
Mean age: 26 (21 – 28)
MediologicTM (T&T medilogic Medizintechnik GmbH, Unterschleissheim,
Germany) insoles have been inserted in the shoes
30 8-bit sensors, maximum pressure of 64 N/cm2.
Data collection: 50 Hz
Data recorded on 15 m walkway
Compared to off-the-shelf nordic walking shoe (Reference shoe)

Department of Orthopedics

Models
5. Wocker ®

(b)

Rathgeber® normal

Rathgeber® modified

Darco® VFE

Darco® flat

Wocker ®

consisted of two main components, namely the Medilogic
in-shoe pressure distribution measurement unit and a video
camera used as a visual backup. The foot was divided into
biomechanical useful sections according to Nyska et al.

Department of Orthopedics

[12]. The foot was divided into seven sections: heel (H);
midfoot (MF); forefoot lateral (FL); forefoot intermedial
(FIM); forefoot medial (FM); lesser toes 2, 3, 4 and 5 (LT);
and big toe (BT) (Fig. 2).

123

Outcome parameters
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1
3

2
4

5

Sections
1. Hallux
2. Digiti 2-5
3. Forefoot medial

6

4. Forefoot intermedial
5. Forefoot lateral

7

6. Midfoot
7. heel

Fig. 2 Biomechanical sections of the foot according to Nyska et al.
[14]

The mean of all steps of the following variables was
used for the statistical analysis: mean force and maximum
force.
Department
Statistical
analysis of Orthopedics

Stability

The type Darco Xat® (DF) as well as the ty
(W) showed very high peak pressure unde
forefoot compared to the others (Table 1).
Though Darco VFE® (DVF) delivered the
pressure in the hallux area, there were high for
the medial forefoot. The Rathgeber® models
most favourable test results concerning forces
forefoot and the hallux region, respectively. Ex
with elastic and springy properties for shock
decrease foot–ground reaction force were att
sole of the Rathgeber modiWed® (RM) model,
it an improved version of the original. Especia
foot showed low pressure parameters compar
other postoperative shoe types.
The Rathgeber models (RM and RN) revea
favourable results for comfort, stability and ro
teristics. DF showed good results for stability;
results concerning rolling characteristics wer
those of the Rathgeber models.

Rolling
characteristics

Wearing comfort
Grading: 1 - 5

sure distribution and subjective
the diVerent postoperaive shoe
able 1; Fig. 3, respectively.

-

tive shoes. ANOVA revealed statistically signiWcant diVerence
(p < 0.001) for comfort, stability and rolling characteristics between
the diVerent types. The error bars indicate the standard deviation

Plantar pressure parameters

Shoe type

Abbreviation

Mean preassure (N/cm2)

Peak preassure (N/cm2)

Hallux

Forefoot

Hallux

Forefoot

Rathgeber normal

RN

5.6 (1.7)*

5.4 (1.2)*

28.7 (6.5)*

27.3 (15.5)*

Rathgeber modiWed

RM

5.0 (1.0)*

4.0 (1.0)*

32.3 (16.6)

17.9 (5.1)*

Darco VFE

DVF

3.7 (2.1)*

6.0 (1.1)*

16.8 (7.8)*

36.3 (14.2)

Darco Xat

DF

7.3 (1.9)

8.1 (1.9)*

49.7 (11.8)

49.2 (12.7)

Wocker

W

6.4 (2.0)*

7.5 (1.4)*

38.8 (16.7)

39.9 (12.1)

Barefoot

WF

10.3 (3.6)*

11.1 (1.7)*

51.7 (12.6)

53.0 (11.9)

Reference shoe

RS

15.0 (2.2)

7.6 (1.3)

45.0 (8.3)

42.1 (9.4)

Negative heel

NH

4.8 (1.0)*

5.1 (1.1)*

30.4 (7.0)*

19.7 (6.9)*

Extra cushioning

SS

5.2 (0.7)*

4.9 (1.0)

31.5 (11.6)

19.2 (6.0)*

Antipronation

AP

5.6 (1.3)

5.5 (1.2)

33.1 (7.9)*

27.85 (6.4)*

Carbon

C

7.6 (2.1)

5.5 (1.8)

39.0 (11.6)

21.6 (6.5)*
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teristics. DF showed good results for stability; however, the
results concerning rolling characteristics were worse than
those of the Rathgeber models.
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with a carbon strengthening to minimise torque and thereby
reduce the overall pressure. Due to the high stiVness of carbon though, the force was enhanced rather than reduced,

Wearing characteristics
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Fig. 4 Results of wearing charactersistics of an already existing postDepartment
of Orthopedics
operative
shoe and four prototypes. ANOVA revealed statistically signiWcant diVerence (p < 0.001) for comfort, stability and rolling
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Grieskirchen, Grieskirchnerstrasse
43, Wels, Austria.
S.B. Adams Jr, MD, is Senior Resident, Division of Orthopaedic Surgery, Duke University Medical
Center, Durham, North Carolina.

Design. This was a prospective descriptive study.
Methods. Thirty patients who underwent Austin (n!20) and scarf (n!10) osteotomy for correction of mild to moderate hallux valgus deformity were included in
this study. Four weeks postoperatively they received a multimodal rehabilitation
program once per week for 4 to 6 weeks. Plantar pressure analysis was performed
preoperatively and 4 weeks, 8 weeks, and 6 months postoperatively. In addition,
range of motion of the first metatarsophalangeal joint was measured, and the American Orthopaedic Foot and Ankle Society (AOFAS) forefoot questionnaire was administered preoperatively and at 6 months after surgery.

Research Report
F. Pichler, PT, is affiliated with Foot
and Ankle Center Vienna.
K.-H. Kristen, MD, is Senior Surgeon, Foot and Ankle Center
Vienna.
H.-J. Trnka, MD, PhD, is Associate
Professor of Orthopaedic Surgery,
Foot and Ankle Center Vienna.

Results. The mean AOFAS score significantly increased from 60.7 points (SD!
11.9) preoperatively to 94.5 points (SD!4.5) 6 months after surgery. First metatarsophalangeal joint range of motion increased at 6 months postoperatively, with a
significant increase in isolated dorsiflexion. In the first metatarsal head region,
maximum force increased from 117.8 N to 126.4 N and the force-time integral
increased from 37.9 N!s to 55.6 N!s between the preoperative and 6-month assessments. In the great toe region, maximum force increased from 66.1 N to 87.2 N and
the force-time integral increased from 18.7 N!s to 24.2 N!s between the preoperative
and 6-month assessments.

Rehabilitation After Hallux Valgus
Surgery: Importance of Physical
Therapy to Restore Weight Bearing of
the First Ray During the Stance Phase

[Schuh R, Hofstaetter SG, Adams
SB Jr, et al. Rehabilitation after hallux valgus surgery: importance of
physical therapy to restore weight
bearing of the first ray during the
stance phase. Phys Ther. 2009;89:
934 –945.]
© 2009 American Physical Therapy
Association

Limitations.
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nature
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study.
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scarf (n!10) oswere included in

Demographics
age
(mean, range)
gender
m:f
Surgical technique
Austin : Scarf
Hallux valgus angle
preopertively
(mean, range)
Intermetatarsal angle
preooeratively
(mean, range)
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58,4 a, 22 - 79
2 : 28
20 : 10
33,5°, 20° - 50°
14,5°, 12° - 20°

Surgical Technique

!
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Postoperative treatment

• correctional tape
• postoperative shoe
• Weight-bearing from the
day of surgery
• change of tape weekly
• duration: 4 weeks

Department of Orthopedics

Rehabilitation Program
Lymphatic
Drainage

Once a week

Activation
muscle pump

30 - 45 min
mean: 4,2; range: 4 - 6

Soft tissue
Massage
Mobilisation
Motor learning

Gait training

Strenthening
exercise
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Manualtherapeutic
Interventions
MTP 1 joint

Cryotherapy

Therapy

http://ptjournal.apta.org/content/suppl/2009/08/25/89.9.934.DC1/Schuh_eappendix.pdf
Department of Orthopedics

Outcome parameters
Rehabilitation After Hallux Valgus Surgery

Plantar pressure assessment
• Presurgically
• 4 weeks postsurgically
• 8 weeks postsurgically
• 6 months postsurgically
Clinical Assessment
• AOFAS score
• ROM

range from .914 to .988 for the parameters that were evaluated in the
present study if 5 steps are recorded.
In order to provide valid and reliable
results, the mid-gait method was
chosen for this study. This method
requires the individual to walk
across a walkway while pressure
data are collected from a single foot
contact over the sensor platform.
This method allows recording of
measurements during free movement and thus ensures that the effect
of acceleration and deceleration at
the start and end of each walk is
minimized.
Putti et al42 investigated the repeatability of measurements of the EMED
system by having patients walk at
normal speed on 2 separate occasions, approximately 12 days apart.
In the present study, the participants
were told to walk at normal speed
and to keep their speed constant.
Data were collected and stored for
analysis. Analysis of the records was
performed with the emed/D software.†,44 An average of the 5 data
sets was calculated by the software,
and the foot was divided into geometric regions of interest according
to the anatomical areas of the great
toe, second toe, first metatarsal head,
and second metatarsal head, as well
as the total foot (Fig. 1). The following variables for each region were
generated by the software: peak
pressure (in kilopascals), maximum
force (in newtons), contact area (in
square centimeters), contact time (in
milliseconds), and force-time integral (in newtons per second).
Measurements of plantar pressure
provide an indication of foot and ankle function during gait. Data obtained from plantar pressure assessment can be used for the evaluation
and treatment of patients with foot
disorders. In the present study, plantar pressure measurements were performed to investigate changes in gait
before and in the postoperative peSeptember 2009
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Figure 1.
Plantar pressure image with regions of interest: total foot, first metatarsal head (MH1),
second metatarsal head (MH2), big toe, and second toe.
Volume 89

Number 9
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Maximum Force
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Maximum force
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8 weeks after surgery (P!.003) and
9.2 cm2 (SD!1.5) 6 months after surgery (P!.017). The difference be-

reached 24.2 N!s (SD!13.7)
(P!.752) 6 months postoperatively.

Range of Motion

Figure 5.

Department
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Range
of motion
(ROM) assessment: changes (in degrees) in plantar flexion, dorsiflexion, and overall ROM of the first metarsophalangeal joint.

AOFAS Score
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Plantar Loading After Chevron Osteotomy Combined with Postoperative
Physical Therapy
Reinhard Schuh, MD; Samuel Adams, Jr., MD; Stefan Hofstaetter, MD; Martin Krismer, MD; Hans-Joerg Trnka, MD•

A

Innsbruck, Austria

Stefan Gerhard Hofstaetter, MD; Martin Krismer, MD, Prof.;
Hans-Joerg Trnka, MD, Assoc Prof

Background: Recent pedobarographic studies have demonstrated decreased loading of the great toe region and the first
metatarsal head at a short- and intermediate-term followup.
The purpose of the present study was to determine if a postoperative rehabilitation program helped to improve weightbearing
of the first ray after chevron osteotomy for correction of hallux
valgus deformity. Materials and Methods: Twenty-nine patients
with a mean age of 58 years with mild to moderate hallux
valgus deformity who underwent a chevron osteotomy were
included. Postoperatively, the patients received a multimodal
rehabilitation program including mobilization, manual therapy,
strengthening exercises and gait training. Preoperative and
one year
postoperative plantar
pressure distribution paramDepartment
of Orthopedics
eters including maximum force, contact area and force-time
integral were evaluated. Additionly the AOFAS score, ROM

The average hallux valgus angle decreased from 31 degrees to
9 degrees and the average first intermetatarsal angle decreased
from 14 degrees to 6 degrees (p < 0.001 for both). Conclusion:
Our results suggest that postoperative physical therapy and gait
training may help to improve weightbearing of the great toe and
siotherapy
first ray. Therefore, there is a restoration
physiological
phy
Effect ooffmore
gait patterns in patients who receive this postoperative
regimen.
utcome
al o

Level of Evidence: IV

on function
my
of Chevron Osteoto

Key Words: Chevron; Plantar Pressure Distribution; Rehabilitation; Physical Therapy
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ABSTRACT

INTRODUCTION

The Chevron osteotomy is a widely accepted method

Demographics
• 29 patients (29 feet) who suffered on mild to moderate
hallux valgus deformity without any degenerative
changes in the first MTP joint
• mean age: 58a (range: 30 – 73)
• gender distribution: m/f = 1/28
• Postsurgical treatment with modified Rathgeber
postoperative shoe for 4 weeks
Department of Orthopedics

Maximum force
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AOFAS Score

Radiographic
parameters
p < 0,0001
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Conclusion
PT and multimodal rehabilitation might
improve plantar pressure distribution after
hallux valgus surgery
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Future perspective

Direct correlation to
clinical parameters
Level 1 studies
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Prospective RCT
50 patients (IMA < 16°)

Austin Osteotomy

Multimodal rehabilitation
programm (4 session within 1
month)
Department of Orthopedics

controls
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