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Abstract: Osteoarthritis (OA) is a common painful and chronic condition that affects a large proportion of the older
population. Patients with knee OA often present with decreased stair climbing performance, measured as time
needed to ascend and descend a given number of stairs, and stair climbing performance is frequently used as a
measure of function in this patient group. The aim of this study was to evaluate the effect of a new shoe on
improving knee OA in ascending and descending the stairs in terms of pain and fatigue. Ninety-nine patients were
divided into two group by gender and age adjustment. Group one consisted of forty nine patients, 44 (89.8%) female
and 5 (10.2) male, mean age was 58.71£6.98 in this group. Group two was consisted of 50 patients 43 (86%) female
and 7 (14%) male, mean age was 58.3848.84 in this group. Visual analog scale (VAS) and fatigue score and
duration of ascending and descending of stairs was studied in the patients with and without wearing the new shoe.
VAS and fatigue score were lower in patients during wearing the designed shoe, although there was no significant
difference in ascending and descending duration of stairs with or without shoe. Our experiment showed that a new
designed shoe can improve OA patients in ascending or descending the stairs and improve their fatigue score, so it
may be useful to improve their life quality through decreasing their pain in ascending and descending the stairs.
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1. Introduction Although the pathogenesis of knee OA is not well
Osteoarthritis (OA) is a disease in which the understood, biomechanical stresses that affect the
joint cartilage breaks down, leading to joint changes articular cartilage and subchondral bone have been
(1) and chronic pain. Knee OA is a common painful implicated as important inciting factors [6,7]. Radin
and chronic condition that affects a large proportion et al [8] postulated that the repetitive impulsive
of the older population [1]. Osteoarticular diseases loading may first induce trabecular micro fractures in
reduce the rheological properties of synovial fluid in the subchondral bone. According to this theory,
the various joints that increase the susceptibility of subsequent remodeling increases the stiffness and
the articular cartilage to damage [2]. thickness of the subchondral bone in an attempt to
Estimated population prevalence varies from dampen impact forces. As a consequence, the over
4 - 30% depending on the age, sex and disease lying cartilage may become overloaded an break
definition. Knee OA is a multifactorial disease [3]. down resulting in cartilage degeneration and loss [8].
The cause of OA remains unknown, thought there is The incidence of knee OA is estimated to increase
clear evidence for major risk factors, such as age, because the proportion of elderly population
obesity, joint trauma, and heavy work load [3] The continues to raise [9]. Knee OA has a substantial
risk factors can be divided into systemic (for example impact on activities of daily living treatment
age, gender, genetics and over weight) and local strategies for knee OA, so foot orthoses, knee braces
biomechanical factors, such as joint injury and mal and footwear, have been proposed to minimize the
alignment, over weight and muscle weakness[4]. knee adduction moment, and consequently reduce the
Abnormal mechanical loading in various sport loading on the knee OA [9-10].0ne of the common
activities or during heavy work may activate the complaints of an individual suffering from OA of the
biochemical cascade that leads to joint degeneration knee joint is pain while climbing stairs. Tibiofemoral
and pain, but also even in normal mechanical loading joint weight loading is six times greater during stair
if the cartilage is impaired.Of all the risk factors descending comparing to level walking and thus
known, obesity is most strongly associated with frequently causes pain in patients with knee OA[11].

development and progression of knee OA [5].
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Patients with knee OA often present with
decreased stair climbing performance, measured as
time needed to ascend and descend a given number of
stairs, and stair climbing performance is frequently
used as a measure of function in this patient
group[12,13]. The ability to ascend stairs is directly
related to the function of the quadriceps femoris. It
has been suggested that these patients lean their trunk
forward to compensate for weakness in their
quadriceps muscles [14]. Thus, as the severity of
knee OA increases, it is likely that patients may also
adopt compensatory strategies associated with a
forward trunk lean [15].

In this study we used a kind of shoe to see if
using this kind of shoe can help OA patients in
ascending or descending the steps.

The aim of this study was to evaluate the effect
of a new shoe on improving knee OA in ascending
and descending the stairs in terms of pain and fatigue.
In brief by considering mathematical calculations, its
clear that by decreasing stair height to half of its
height, the torque force on knee joint decreases about
20% in ascending and descending the stairs, and this
result in reduction of pain and accelerating of stair
ascending and descending by patients. We did this by
designing a shoe with half height of the stairs height.
By this design during ascending the stairs, in each
step, because of height of the shoe the patients have
passed half height of the stairs before elevating
his/her foot, and this result in torque force. This shoes
are designed to use single step system of ascending
and descending (in ascending, first foot without the
shoe ascends and then foot wearing the shoe with put
next to the other foot, in descending the action is
reverse).

2. Material and Methods
Patients:

Ninety-nine patients were divided into two
groups by gender and age adjustment. Group one
consisted of forty nine patients, 44 (89.8%) female
and 5 (10.2) male, mean age was 58.71+6.98 in this
group. Group two was consisted of 50 patients 43
(86%) female and 7 (14%) male, mean age was
58.38+8.84 in this group.

Inclusion criteria:

(1): Fulfilling the diagnostic criteria of
American college of rheumatology in cluding: age
over 50 years of old, joint stiffness below thirty
minutes and finally criptation by osteophyte. (2):The
radiologic confirmation of knee OA. (3): Having
bilateral knee OA having pain and disability in
ascending or descending the stairs.

Exclusion criteria:

(1):Age under 50 years of old. (2):Underlying
systemic diseases like congestive heart failure, COPD
and etc.(3): Any disease causing imbalance and
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ataxia.4.Knee OA secondary to trauma, surgery, and
etc.
Shoe:

The shoes were pair of shoes in which the right
pair was 85 mm higher than the left pair (this height
was the half height of each stair (170mm) that
patients would ascend or descend on them). The
shoes had strips to fasten the shoe and fit them to the
foot (figure 1).

Figure 1. The shoes

Procedure:

After educating the patients about experiment
procedure, visual analog scale (VAS) was explained
to them and they were asked to score the scale before
ascending the stairs (Pain intensity was assessed by a
100-mm visual analog scale (VAS)). Then they
climbed a stairs consisted of nine steps by 170mm
height in rehabilitation center of Imam Reza hospital,
Tabriz, Iran. After climbing the steps they asked to
score the VAS again. The score system includes 4
scores for both VAS and fatigue. 1: before ascending,
2:after ascending, 3:before descending, 4:after
descending. There was a rest time of 20 minutes
between the stages.

Ethics:

In this research patients considering inclusion
and exclusion criteria were included in the research
after informing them and explaining the experiment
procedure. All participants provided written informed
consent and were free to withdraw from the study at
any time. The protocol was approved by local ethics
committees.

Statistical Analysis

Differences in VAS and fatigue score between
patients by shoe and control subjects were detected
using analysis of variance (ANOVA; P<0.05). Tukey
test applied for posthoc comparison between
groups.The difference in ascending and descending
duration between groups was analiaed by Student T
test and (P<0.05) considered as significant level.

3. Results
3.1.VAS score:
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The VAS score was significantly lower before
ascending without shoe comparing to after ascending
without shoe(P<0.0001). The VAS score was
significantly higher after ascending without shoe,
comparing to before ascending without shoe
(P<0.0001), before ascending with shoe (P<0.0001)
and after ascending with shoe (P=0.022) [Table 1,
Figure2].

Figure (3).Fatigue score in before and after ascending and descending with
and without shoe.
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The VAS score was significantly lower before
ascending with shoe comparing to after ascending
without shoe (P<0.0001), and after ascending with
shoe (P<0.0001). There was no significant difference
in VAS score between before ascending without shoe
and before ascending with shoe [Table 1, Figure 2].

The VAS score is presented in all the groups,
and wearing shoe improved vas score comparing to
not wearing the shoe significantly.

The VAS score was significantly higher
between after ascending with shoe and before
ascending without shoe (P<0.0001) and before
ascending with shoe (P<0.0001) but it was lower
than, after ascending without shoe (P=0.022) [Table
1, Figure2]

Table (1).VAS score in before and after ascending and descending with and without shoe.

VAS (1" : without shoe, 2™ :by shoe) (1" :by shoe, 2™ :without shoe)
Before ascending without shoe 0.57+0.73 0.56+0.74
Before ascending by shoe 0.75+0.96 0.45+ 0.68
After ascending without shoe 2.28+1.30 2.91+1.45
After ascending by shoe 2.15+1.28 2.31£1.55
Before descending without shoe 0.65+0.90 0.64+0.93
Before descending by shoe 0.87+1.12 0.52+0.79
After descending without shoe 2.67+1.50 3.27£1.72
After descending by shoe 2.53+1.69 2.85+1.68

Figure (2).VAS score in before and after ascending and descending with and
without shoe.

3004

200

100+

Estimated Marginal Means of Pain (VAS score)

0004

The VAS score was significantly lower between
before descending without shoe comparing to after
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descending without shoe (P<0.0001) and after
descending with shoe (P<0.0001), but there was no
significant difference in VAS score between before
descending without shoe and before descending with
shoe [Table 1,Figure2].

The VAS score was significantly higher
between After descending without shoe and Before
descending without shoe (P<0.0001), Before
descending with shoe (P<0.0001) but there was no
significant difference in VAS score between After
descending without shoe and After descending with
shoe(P=0. 376) [Table 1,Figure2].

The VAS score was significantly lower between
before descending with shoe comparing to after
descending without shoe (P<0.0001) and after
descending with shoe (P<0.0001), but there was no
significant difference in VAS score between before
descending with shoe and before descending without
shoe [Table 1, Figure2].

The VAS score was significantly higher
between after descending with shoe and before
descending without shoe (P<0.0001), before

lifesciencej@gmail.com




Life Science Journal 2012;9(4)

http://www.lifesciencesite.com

descending with shoe (P<0.0001), but there was no
significant difference in VAS score between after
descending with shoe and after descending without
shoe(P=0. 376) [Table 1, Figure2].
3.2. Fatigue score

The fatigue score was significantly lower
between before ascending without shoe than after

ascending without shoe(P<0.0001) and after
ascending with shoe (P<0.0001), but there was no
significant difference in fatigue score between before
ascending without shoe and before ascending with
shoe [Table 2, Figure3].

Table (2). Fatigue score in before and after ascending and descending with and without shoe

fatigue (1" : without shoe, 2™ :by shoe) (1" :by shoe, 2™ :without shoe)
Before ascending without shoe 0.12+0.33 0.13+0.34
Before ascending by shoe 0.20+0.53 0.04+0.20
After ascending without shoe 0.61+0.99 0.75€1.19
After ascending by shoe 1.06+1.40 0.60+1.07
Before descending without shoe 0.18+0.44 0.24+0.48
Before descending by shoe 0.28+0.61 0.06+0.25
After descending without shoe 0.91+1.09 1.20+1.42
After descending by shoe 1.30+1.44 0.64+0.98

The fatigue score is presented in all the
groups, and wearing shoe improved vas score
comparing to not wearing the shoe significantly.

Figure (3).Fatigue score in before and after ascending and descending with
and without shoe.
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The fatigue score was significantly higher in
after ascending without shoe than before ascending
without shoe (P<0.0001), before ascending with shoe
(P<0.0001) but there was no significant relation
between after ascending without shoe and after
ascending with shoe [Table 2, Figure3].

The fatigue score was significantly lower
between before ascending with shoe and after
ascending without shoe (P<0.0001), after ascending
with shoe (P<0.0001). There was no significant
difference in fatigue score between before ascending
without shoe and before ascending with shoe [Table
2, Figure3].

The fatigue score was significantly higher
between after ascending with shoe and before
ascending without shoe (P<0.0001) and before
ascending with shoe (P<0.0001) but it was significant
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difference comparing to after ascending without shoe
[Table 2, Figure3].

The fatigue score was significantly lower
between before descending without shoe comparing
to After descending without shoe (P<0.0001) and
after descending with shoe (P<0.0001), but there was
no significant difference in fatigue score between
before descending without shoe and before
descending with shoe [Table 2, Figure3].

The fatigue score was significantly higher
between after descending without shoe and before
descending without shoe (P<0.0001), before
descending with shoe (P<0.0001) but there was no
significant difference in fatigue score between after
descending without shoe and after descending with
shoe [Table 2, Figure3].

The fatigue score was significantly lower
between before descending with shoe comparing to
after descending without shoe (P<0.0001) and After
descending with shoe (P<0.0001), but there was no
significant difference in fatigue score between before
descending with shoe and before descending without
shoe [Table 2, Figure3].

The fatigue score was significantly higher
between after descending with shoe and before
descending without shoe (P<0.0001), before
descending with shoe (P<0.0001) but there was no
significant difference in fatigue score between after
descending with shoe and after descending without
shoe [Table 2, Figure3].

3.3. Ascending and descending duration:

The difference in time duration in (1%
-without shoe, 2™ :by shoe) group for ascending by
shoe and without shoe was not significant (P=0.62)
[Table 3].
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Table 3. Ascending and descending duration time.

Ascending time (Seconds) Descending time (Seconds)
Group (1™ :without shoe, 2™ :by shoe) 39.73+13.04 40.89+13.16
Group (1™ :without shoe, 2™ :by shoe) 22.24+27.75 22.44+12.52
Group (1™ :by shoe, 2™ :without shoe) 38.72+13.02 37.24+13.66
Group (1% :by shoe, 2" :without shoe) 21.1649.80 23.56+12.63

There was no significant difference in time
duration for ascending and descending the steps with
or without shoe

The difference in time duration in(1% :without
shoe, 2™ :by shoe) group for descending by shoe and
without shoe was not significant (P=0.78) [Table 3].

The difference in time duration in (1* :shoe, 2™
:without shoe) group for ascending by shoe and
without shoe was not significant (P=0.35) [Table 3].

Table 4. Demographic data of the patients

The difference in time duration in (1% :shoe, 2™
:without shoe) group for descending by shoe and
without shoe was not significant (P=0.41) [Table 3].
3.4. Data:

There was no significant difference in height,
weight, hip flexion, hip extension, knee flexion and
knee extension between two groups, Table 4.

Group (1™ :by shoe, 2™ :without shoe) Group (1™ :without shoe, 2™ :by shoe)
Height 156.87+13.87 157.48+9.93
Weight 79.42+18.90 76.61+9.87
Hip flexion 118.57+£9.24 121.00+8.45
Hip extension 25.06+26.75 20.06+3.28
Knee flexion 121.36+£19.89 125.00+10.10
Knee extension 174.75+£3.19 175.40+3.05

There was no difference in height, weight, hip
flexion, hip extension, knee flexion and knee
extension between two groups
4. Discussion:

Disability refers to persons impaired
performance for socially defined life tasks that are
expected in a typical sociocultural and physical
environment of individual. Disability is a complex
phenomon influenced by pain, obesity, co morbidity,
low level of physical activity, social and
psychological factors as well as local impairments in
lower extremities [18]. These will interfere with
object performance tests and physical function.
However, in knee OA, the limitations in physical
function or activities of daily living play a crucial
role in the development of disability. Pain is
obviously a centera factor in the physical function
impairments via its direct effects on the function [18],
but physiological [19] and social [20] factors
contribute to the development of pain. The can be
considered as mediators of pain and functional
limitations.

The majority of patients with symptomatic knee
OA do not attain satisfactory long-term relief, even
with recent advances in pain relievers. Analgesic
treatment may relieve the pain but does not improve
biomechanics and may even aggravate OA. Although
OA is complex and not completely understood,
disease onset and progression are at least partly
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related to responses by bone and cartilage to
biomechanical loading. Devices that promote
pressure reduction from the medial knee may provide
pain relief while simultaneously protecting the joint
from further degeneration; one such device is a
lateral wedge orthotic shoe insert. When worn during
weight-bearing activity, these inserts have been
shown to reduce loading of the medial compartment
and may provide pain relief. There is controversial
evidence regarding whether foot orthoses or knee
braces improve pain and function in selected patients
with OA. We asked whether a new shoe would
reduce pain, enhance functional scores. Patients with
knee OA frequently demonstrate difficulties in stair
climbing [21] evaluated by the time required to
ascend or descend a given number of stairs. Stair
ambulation performance is often used as measure of
function in OA patients [22].

Our data showed that also there was no
significant difference in ascending and descending
duration with or without shoe, but VAS score and
fatigue score was better in using our shoe comparing
to not using the shoe. Unfortunately, there are rather
few papers available about stair ambulation during
the gait analysis among patients with knee OA.
Recently, Asay et al [23] investigated patients with
moderate or severe knee OA and compared the
results with healthy controls during stair climbing
task. Patients with more severe OA (KL>3)
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demonstrated a greater peak trunk flexion angle,
lower peak flexion moment and higher peak flexion
moment than the controls. There was no difference in
the knee flexion angle at the initial contact. Patients
with one knee more severely affected than the other
exhibited a decreased peak flexion moment on their
more affected side compared to the contra lateral
side. The authors concluded that the patients
withsevere knee OA tried to reduce uaderatus femoris
demanded by leaning their trunk forward during stair
climbing [23].

Kaufman et al [24] found no differences in the
maximum knee flexion during stair ascent and
descent between the control subjects and patients
with knee OA. The patients demonstrated lower
maximum knee internal extension moments both
during stair ascent and descent. Female OA subjects
exhibited a greater peak knee extension moment as
wel as more knee flexion Kaufman et al [24], again
emphasizing the influence of gender. These results
should be interpreted with caution, as the patients
with knee OA were on average 27 years older walked
at significantly slower speed and possessed different
anthropometries compared to the controls. Hinman et
al [25] reported that the patients with knee OA did
not exhibit delayed temporal onset of VM muscle
relatively to VL, in contrast to healthy controls,
during stair climbing. Bennell et al [26] observed that
the joint-position sense and QFM onset associated
with the knee flexion angle at initial contact during
stair descent, and further more, the Qfm strength
correlated with the peak knee flexion angle occurring
during the loading response. The authors concluded
that the impaired sensorimotor function was not
strongly associated with the altered joint kinematics
in the knee OA patients during locomotion [26].

Kirkley et al. [27] described improvement on
the Western Ontario and McMaster Universities
(WOMAC) pain scale of 9% in 41 patients treated
with an unloader valgus brace, which was better than
a nonbraced control group. Brouwer et al. [28] noted
a better knee function score (an improvement of 4
units of 100) after valgus bracing compared with
nonbracing in a group of 95 patients with medial
knee OA. A recent crossover RCT concluded wedged
shoe insoles were not efficacious in patients with
medial knee OA [29]. They compared laterally
wedged insoles with neutral insoles, which may act
as shock absorbers and relieve symptoms [30].

Hughes et al [31] reported that during both stair
ascent and descent, the female subjects had a 6 to 8
degree greater peak knee flexion angle than males.
The females also had a significantly greater peak
knee flexion angle during level walking than men.
The difference in peak knee flexion is most likely due
to a significant difference in height between the
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female and male subjects. The female subjects had a
mean height of 162 cm (+6) while the male subjects
averaged 177 cm (£8).Similarly, the female subjects
generated a greater maximum internal knee extension
moment than men for all conditions, with only stair
ascent demonstrating a significant difference.
5. Conclusion:

Society must prepare itself for an aging world,
OA is the most common cause of reported
disabilities. Hence, disability and participation
restriction is becoming an important component to
assess in defining public health strategies. Current
treatment is aimed at minimizing pain, maintaining or
improving joint mobility, and decreasing functional
impairment. Our experiment showed that a new
designed shoe can improve OA patients in ascending
or descending the stairs and improve their fatigue
score, so it may be useful to improve their life quality
through decreasing their pain in ascending and
descending the stairs.
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