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Abstract
   There are many research reports showing that the effect of plantar 
plate on medial knee OA is effective in the short term, but there are 
few reports that it is effective for a long period of 6 months or longer. 
Also although there are many studies on plantar plate in the varus 
type of the subtalar joint, there are few studies in the valgus type of 
the subtalar joint. In this study, we investigated the long-term effect 
of wearing a plantar plate that guides the subtalar joint to a neutral 
position in patients with the subtalar joint valgus type. The case is 
an elderly female diagnosed with bilateral knee osteoarthritis. The 
case is an elderly female diagnosed with bilateral knee osteoarthritis. 
X-ray evaluation was right III, left III in KL grade.
   The plantar plate was evaluated by comparing the 10 m maximum 
effort walking time and pain evaluation VAS, the total consumption 
and the number of steps in one week without and immediately after 
wearing the plantar plate. In order to examine the long-term effects, 
functional evaluation was performed 3 months, 6 months, and 12 
months after the installation of the plantar plate.
   As a result, 10m walking time and walking pain improved, 
suggesting improvement in long-term walking ability after 3 months, 
6 months, and 12 months. In addition, SF36.v2, a health-related QOL 
evaluation scale, total consumption, and number of steps improved, 
and a weight loss effect was obtained. Based on the above, it is 
suggested that the manufactured plantar plate is effective for a long 
period of time. I thought For cases in which the subtalar joint is 
valgus, a plantar plate that induces varus to the subtalar joint is more 
suitable than a lateral wedge-shaped plantar plate that induces valgus 
to the subtalar joint.
Key words: Knee osteoarthritis, Subtalar joint, Neutral, Plantar 
plate, Long term effect
Background and purpose
   There are few reports on the long-term effects of lateral wedge-

shaped plantar plate that induce valgus of the subtalar joint [1-6]. 
There is a previous study showing that plantar plate do not have long-
term effects on knee osteoarthritis(OA) [7]. According to Shimizu et 
al, the reported found that setting the valgus induction for the subtalar 
joint varus type and conversely setting the varus induction for the 
subtalar joint valgus type was short-term but effective [8].
   Long-term effects of lateral wedge-shaped plantar plate that 
induce valgus of the subtalar joint have been observed, but there are 
currently no reports of long-term effects of plantar plate that induce 
varus of the subtalar joint. Therefore, we investigated the long-term 
effect of subtalar joint varus induction for subtalar joint valgus type 
in one case and report it.
Case introduction
   The case is a 78-year-old woman who complained of pain in both 
knees three years ago, visited a hospital, and was diagnosed with 
bilateral knee OA medial type. Her physique had a height of 156 
cm, a weight of 65 kg, and a Body Mass Index (BMI) of 26.3 kg/
m2. X-ray evaluation showed that the Kellgren-Lawrence (KL) 
grade was III on the right and III on the left, and narrowing of the 
joint space was observed. In addition, the femoro-tibial angle (FTA) 
showed marked varus deformation of 188° to the right and 187° to 
the left (Fig. 1).
Case Foot Evaluation
   The first lateral angle was 30 degrees to the right and 26 degrees to 
the left, and both hallux valgus deformities were observed [9].
   The broad rate was 47.9% on the right and 46.8% on the left, 
and both transverse arches were lowered. The broad ratio (%) was 
obtained by dividing the foot width (cm) by the actual foot length 
(cm) of the line connecting the heel and the second toe. According to 
Shimizu et al, the broad rate (%) of the broad foot is 40.9% or more 
as a standard [10] (Fig.2).   
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   The medial longitudinal arch height rate was 11.3% on the right and 
10.4% on the left, confirming low left and right arches. The height of 
the longitudinal arch (%) was calculated by dividing the height of the 
navicular bone (cm) from the floor by the actual foot length (cm) and 
multiplying the value by 100. According to Shimizu et al, defined flat 
foot as having a longitudinal arch efficiency value of 16.4% or less 
for men and 14.6% or less for women [11].
   The calcaneal varus/valgus evaluation was 8 degrees valgus right 
and 10 degrees valgus left [12,13] (Fig.3). Result left and right foot 
was confirmed valgus flatfoot and hallux valgus.
How to production the planter plate
   The plantar plate was manufactured using a DSIS pad (manufactured 
by Sanshin Kosan Co., Ltd.) and an EMSOLD pad (manufactured by 
EMSOLD Co., Ltd.).

   DSIS Biaxial Arch Pad®, DSIS LTW Pad®, and DSIS Heel Wedge 
Pad® were attached so as to cover the talus on the posterior calcaneus 
of the medial arch, and were manufactured to guide the subtalar 
joint to varus [14.15]. Using DSISLTW Pad®, DSIS Plainsheet®, 
and EMSOLD Metatarsal Pad®, while stacking the pads so that the 
calcaneus is within 2 degrees of 8 degrees of right pronation and 2 
degrees of 10 degrees of left pronation. Fine adjustments were made 
(Fig.4, Fig.5).
   In addition, the counter is equipped with a soft material, EMSOLD 
Pad®, to hold the lateral longitudinal arch, and a DSIS forefoot 
wedge pad® is attached to the anterolateral side to guide kicking to 
the big toe [15](Fig.6). The final finish was completed by pasting No 
Stack Aim glue (thickness about 0.1 mm) on the surface as a finishing 
material made by Nintoku Trading Company.

 

 

 

 

Right knee(FTA:188°) Left knee(FTA:187°)
Fig.1. X-ray image of the case

Fig.2. footprint evaluation
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Left foot Right foot
Fig.3. Right and left calcaneal valgus type case
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Fig.4. Calcanal varus guide adjustment pad
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Fig.5. Setting within 2 degrees of calcaneal varus of the left foot
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Fig.6. Subtalar joint varus-guided plantar plate for subtalar joint valgus type

How to judge the effect  
   The plantar plate were evaluated by comparing the 10m maximum 
effort walking time and pain evaluation Visual Analog Scale (VAS), 
the total consumption and the number of steps in one week without 
wearing the plantar plate and immediately after wearing the plantar 
plate.
   In order to see the long-term effect, functional evaluation was 
performed 3 months, 6 months, and 12 months after wearing the 
plantar plate. Evaluation items are 10m walking time, VAS after 10m

walking, hallux valgus angle (first toe side angle), number of 
steps with a lifestyle recorder (lifestyle recorder Lifecorder GS 
manufactured by Suzuken), and total consumption. Evaluation of 
10m walking was performed 3 times for each measurement and 
compared from the average value.
   For the hallux valgus angle, the lateral angle of the first toe in the 
footprint was measured using the method of Uchida et al. For quality 
of life(QOL) evaluation, the health-related QOL rating scale (SF36.
v2) was used to confirm the long-term effects of plantar plate. He 
standards to measure health-related QOL (HRQOL: Health Related
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Quality of Life) are classified in a comprehensive standard and a 
disease-specific standard roughly, but SF-36® is placed as the former. 
The shoes used in this study had to have unworn plantar plate and fit 
in size and width.
Result
   Immediate effects and long -term effects were obtained after 
wearing the plantar plate. The effect of QOL was obtained after 
wearing the plantar plate.   
Immediate effect of the plantar plate
   The average of 3 evaluations of 10m walking was 9.9 seconds for

10m walking without plantar plate, and the VAS score was 72 points 
for the right knee and 70 points for the left knee.
   After wearing the plantar plate the 10m walking time was 8.5 
seconds, and the VAS improved to 50 points for the right knee and 40 
points for the left knee (Table.1).
   An increase in the total amount consumed and the number of steps 
taken during one week of wearing the plantar plate was observed 
(Table.1).

Before wearing After wearing
10m walking time (sec) 9.9 8.5

Right VAS (points) 72 50
Left VAS (points) 70 40

Total weekly consumption 
(kcal)

1143 1521

Number of steps per week 
(steps)

1954 2559

Table.1. Immediate effect of wearing a sole plate set within 2° of 
calcaneal valgus

Long -term effect of the plantar plate
   After 3 months, 6 months, and 12 months after wearing the 
plantar plate, the VAS improved to 0 points in both knees and the 
10m walking time improved to 6.7 seconds. The lateral angle of the 
first toe was 30 degrees to the right and 26 degrees to the left, but 
improved to 20 degrees to the right and 21 degrees to the left after 12 
months (Table. 2). The Lifecorder GS measurement results showed 
an average of 1954 steps and a total consumption of 1143 kcal during 
the first week without wearing plantar plate.

   After 12 months of wearing plantar plate, the average number 
of steps was 3730 steps and the total consumption was 2012 kcal, 
indicating an increase in energy consumption (Table. 2). Without 
plantar plate weight was 64 kg, BMI was 26.3 kg/m2, waist (W) was 
109.5 cm, hip (H) was 100 cm, and body fat percentage was 34.8%. 
Twelve months after wearing the plantar plate, the weight decreased 
to 60 kg, BMI to 24.7 kg/m2, W to 93.0 cm, H to 95.0 cm, and body 
fat percentage to 31.2% (Table. 2).

Before wearing 3month later 6month later 12months later
10m walking time (sec) 9.9 7.7 7.5 6.7
Right VAS (points) 72 10 10 0
Left VAS(points) 70 0 0 0
Right 1st toe lateral angle(deg) 30 29 26 20
Left 1st toe lateral angle(deg) 26 24 23 21
Total monthly consumption 
average(kcal)

1143 1646 1720 2012

Monthly average number of steps 
(step)

1954 2845 3014 3730

Weight (kg) 64 63 62 60
BMI(kg/m2) 26.3 25.9 25.5 24.7
Waist(cm) 109.5 104.0 98.5 93.0
Hip(cm) 100.0 99.0 97.0 95.0
body fat percentage (%) 34.8 32.7 32.0 31.2

Table.2. Progress of functional evaluation by wearing plantar plate

QOL effect of the plantar plate
   SF36.v2 score without plantar plate was 15 points for physical 
functioning (PF), 0 points for physical role (RP), 32 points for body 
pain (BP), general well-being, 47 points for general health (GH), 
31.3 points for vitality (VT), 25 points for social functioning (SF), 
33.3 points for role emotional (RE), 40 points mental health (MH). 
After 12 months of wearing plantar plate, QOL improved with 65 
points for PF, 87.5 points for RP, 74 points for BP, 67 points for GH, 
68.8 points for VT, 75 points for SF, 83.3 points for RE, and 85 points 
for MH (Table.3).

Discussion
   The manufactured plantar plate has been suggested to be effective 
in the long term, and the inversion guidance of the calcaneus valgus 
to within 2 degrees by the plantar plate reduces pain during walking. 
The thought it was possible resulting in comfortable walking. For 
cases in which the subtalar joint is valgus, the varus guide that guides 
the calcaneus to within 2 degrees of valgus is used instead of the lateral 
wedge-type plantar plate that induces valgus of the subtalar joint [1-5]. 
The results supported the effectiveness of the varus guide plantar plate.
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Before wearing 3months later 6months later 12months later
PF (points): physical 
functioning

15 55 55 65

RP(points): physical 
role

0 69 75 88

BP(points): body pain 32 41 52 74
GH(points): general 
health

47 57 57 67

VT (points): vitality 31 63 63 69
SF(points): social 
functioning

25 63 63 75

RE(points): role 
emotional

33 67 67 83

MH(points): mental 
health

40 70 70 85

Table.3. Progress of QOL evaluation by wearing a plantar plate

We believe that the use of plantar plate reduced pain during walking 
and temporarily corrected knee movements, resulting in short-term 
effects. It is inferred that the longer the wearing period plantar plate, 
the more the knee movement was improved, and the longer the 
effect was obtained. The improvement of hallux valgus deformity 
was considered to be the effect of wearing a plantar plate, and it was 
thought that the improvement of hallux valgus deformity was related 
to the improvement of posture during walking, and that walking 
ability [16], QOL.
   Relief of pain during walking by wearing a plantar plate makes 
going out and walking more enjoyable, and is expected to have the 
effect of extending healthy life expectancy.
Conclusion
   We investigated the long-term effect of wearing a plantar plate 
on an elderly female diagnosed with bilateral knee osteoarthritis. 
The case had bilateral flatfoot, bilateral hallux valgus, and bilateral 
subtalar joint valgus. The plantar plate of the subtalar joint valgus 
type was manufactured to guide the subtalar joint to neutral (subtalar 
joint varus guidance). As a result of wearing this plantar plate 
pain was reduced as an immediate effect, and walking ability was 
improved. Walking ability, hallux valgus angle, energy consumption, 
and QOL were evaluated 3 months, 6 months, and 12 months after 
plantar plate. As a result, improvements were obtained in all items 
compared to before wearing the plantar plate. A plantar plate that 
guides the subtalar joint to neutral has a long-term effect on bilateral 
knee osteoarthritis.
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