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Introduction

 Alignment correction by the sole plate causes a kinetic chain from 
the foot, moving the knee joint, hip joint, pelvis, trunk, and neck in the 
correct direction, and stabilizing the joints to prevent injuries [1,2].

 Stabilizing the foot can affect not only the lower extremities, but 
also the upper extremities. Previous studies on the upper extremities 
have reported the ripple effects of foot alignment correction on scap-
ular function [3,4].

 In addition, Luis et al. reported that athletes with a history of sur-
gery on the shoulder and elbow joints on the pitching side of both the 
pivot and step feet had a higher frequency of flat foot and concave feet 
than athletes with no history of surgery [5].

 Therefore, flat foot may have some effect on the upper limbs. However, 
the effects of flat foot on upper extremity muscle strength and the effect 
of plantar plates are currently unknown and no reports have been found. 
Therefore, we aimed to confirm whether the strength of the upper 
extremity muscles can be improved by correcting the alignment of the 
foot using a plantar plate in patients with flat foot valgus.

Subjects and Methods

 Subjects were 18 patients who were diagnosed with bilateral flat 
foot valgus, had no other history of injury or disability in the lower 
extremities, and had no trauma, disability, or complaints in the trunk 
or upper extremities.

 The 18 subjects were male, with an average age of 14.7 ± 2.5 years 
(mean ± standard deviation), an average height of 162.0 ± 11.4 cm 
(mean ± standard deviation), and an average weight of 58.5 ± 17.3 kg 
(mean ± standard deviation).

 The purpose of the study was fully explained to the subjects, and 
their informed consent was obtained both verbally and in writing. 
This clinical study was consulted with the ethics committee and ap-
proved (approval number: A-78).

Methods

 Both feet were assessed for medial longitudinal arch and subta-
lar joint valgus. For the evaluation of the medial longitudinal arch, 
we used the longitudinal arch height value calculated by dividing the 
distance from the floor surface to the navicular bone by the actual 
foot length when standing still and multiplying the value by 100 [6] 
(Figure 1).

 In our previous research, the standard value for flat foot was 15.7% 
or less for men [7]. The varus/valgus evaluation of the subtalar joint 
was performed using the two-dimensional analysis software kinovea 
on the images of the bilateral standing position. The angle of inclina-
tion (heel angle) was measured [8,9] (Figure 2).The plantar plate was 
manufactured so that the same examiner could guide the subtalar joint 
to the neutral position (Figure 3).
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Abstract
 It is said that the plantar plate causes a kinetic chain from the foot 
to the knee joint, hip joint, pelvis, and trunk by correcting the align-
ment of the foot. In a previous study, a spillover effect of foot align-
ment correction on scapular function was reported. However, there 
are no reports on the effect on upper extremity muscle strength. The 
purpose of this study was to confirm whether the correction of foot 
alignment with plantar plates can increase upper extremity muscle 
strength in patients with external flat foot. The subjects were 18 male 
patients diagnosed with bilateral flat foot. Foot alignment and upper 
extremity muscle strength (elbow joint flexor, shoulder joint abduc-
tion, external rotation, and internal rotation) were measured without 
and with plantar plates. Foot alignment was significantly corrected 
and upper extremity muscle strength was increased in all of upper 
extremity muscle when wearing the foot inserts compared to when 
not wearing the plantar plates. In the case of the external flat foot, it 
was assumed that the foot alignment was corrected by wearing the 
plantar plates, and the foot became stable and easier to obtain floor 
reaction force. Secondarily, the alignment of the lower limb, pelvis, 
spine, thorax, and scapula changed, and posture was corrected, 
making it easier to perform the upper limb functions.
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 The method of evaluating the subtalar joint is to visually check the 
position where the concave curve lines above and below the lateral 
malleolus are uniform from the front [10], then palpate the talona-
vicular joint to confirm the neutrality of the subtalar joint. and fine 
adjustments was pasted from the back of the plantar plate (Figure 4).

 After measuring the foot alignment without and with the plantar 
plate, upper limb muscle strength was measured with and without the 
plantar plate.

 As upper extremity muscle strength were measured elbow joint 
flexion, shoulder joint abduction, external rotation, and internal ro-
tation on the dominant hand side. Measurement limb positions are  

standing, elbow joint flexed at 90 degrees and forearm in supination 
position, shoulder joint abduction at 90 degrees on the scapular plane, 
shoulder joint external and internal rotation in upper limb hanging 
position and the elbow joint was flexed at 90 degrees and internal and 
external rotation was intermediate (Figure 5).

 Muscle strength measurements were performed using a handheld 
dynamometer μTas F-1 manufactured by Anima Co., Ltd. (Figure 5).

 The distance between both feet was 10 cm, and the direction of the 
feet was such that the second toe was parallel to the center of the heel 
of feet.

 Using the same shoe, measurements were taken three 
times each with and without the plantar plate (Figure 3). 
Measurements were performed randomly by two physical therapists 
with more than 5 years of clinical experience.

 Foot alignment and upper limb muscle strength were compared 
with and without plantar plates. For the statistical processing, Wil-
coxon’s rank sum test was used in IBM SPSS Statistics 26, and the 
significance level was set at 5%.

Results
 Regarding foot alignment, before installing the plantar plate, the 
vertical arch height ratio (average ± SD %) was 11.6 ± 2.2% on the  
 

Figure 1: medial longitudinal arch height ratio.

Figure 2: Left heel valgus angle.

Figure 3: Manufactured plantar plate.

Figure 4: Fine adjustment of the subtalar joint to neutral.

Figure 5: Measurement of upper limb muscle strength.
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right, 11.8 ± 2.3% on the left, and the heel angle (average ± SD de-
grees) was 7.3± 2.2 degrees on the right, 7.2±1.9 degrees on the left.

 However, after installing the plantar plate, the vertical arch height 
ratio was 16.3 ± 1.0% on the right and 16.3 ± 1.1% on the left, and the 
heel angle was 1.0 ± 2.0 degrees on the right and 1.1 ± 2.0 degrees on 
the left. It changed significantly to the foot alignment was induced to 
the correct position (Table 1).

 The upper limb muscle strength measurements (mean ± standard de-
viation N) were as follows before installing the plantar plate, elbow flex-
ion was 173.7 ± 48.4N, scapular abduction was 120.4 ± 42.1N, external 
rotation in descending position was 78.9 ± 33.1N and internal rotation in  
descending position was 80.8 ± 29.6.

 However, after installing the plantar plate, the elbow flexion was 
191.4 ± 55.6N, scapular abduction was 139.8 ± 48.5N, descending 
external rotation was 90.1 ± 30.5N, and descending position was in-
ternal rotation 93.3 ± 36.9N. Upper limb muscle strength significantly 
increased when wearing the plantar plate compared to when not wear-
ing it (Table 2).

Consideration
 This time, as a result of comparing the muscle strength of el-
bow joint flexion, shoulder joint scapular plane abduction, de-
scending external rotation, and descending internal rotation 
when plantar plates were not attached and when plantar plates 
were attached, all muscles were improved when plantar plates. 
 The reason for this is that this time, we are targeting valgus flat foot 
in which the subtalar joint is valgus, so first, the foot alignment is cor-
rected by installing a plantar plates, and the transverse tarsal joint due 
to valgus subtalar joint The soft foot caused by the parallelization of 
the (calcaneocuboid and talonavicular) joint axes was corrected and 
became stiff, making it easier to obtain ground reaction force.

 Second, the subtalar joint is induced to invert and become neutral, 
which changes the alignment of the lower limbs, pelvis, spine, thorax, 
and scapulae, and corrects posture, making it easier to exert muscle 
strength in the upper limbs. It was thought.

 However, since this study does not evaluate the posture qual-
itatively or quantitatively, it is only speculation. The fact that 
upper limb muscle strength was improved by installing a plan-
tar plates that guided the subtalar joint into neutrality for flat 
foot may be used to prevent diseases of the upper limb muscles. 
In particular, prevention of re-tear after shoulder joint rotator cuff 
surgery and It can be expected to be effective in preventing upper 
extremity muscle damage. A limitation of this research is that posture 
was not evaluated, and we would like to continue this research as a 
future issue.

Conclusion
 We investigated the effects on upper limb muscle strength 
of 18 patients diagnosed with bilateral valgus flat foot by plan-
tar plates that guided the subtalar joint in a neutral direction. 
As a result, the muscle strength of elbow joint flexion, shoulder joint 
scapular abduction, descending external rotation, descending inter-
nal rotation was significantly increased after the plantar plate was in-
stalled compared to before the plantar plate was installed.
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 Before installation After installation

Right longitudinal arch height 
value (%)

11.6±2.2 16.3±1.0*

Left longitudinal arch height 
value (%)

11.8±2.3 16.3±1.1*

Right heel valgus angle (deg) 7.3±2.2 1.0±2.0*

Left heel valgus angle (deg) 7.2±1.9 1.1±2.0*

Table 1: Foot alignment (mean ± standard deviation).

*:p<0.05

 Before installation After installation

Forearm supination elbow flexion (N) 173.7±48.4 191.4±55.6*

Scapular plane abduction (N) 120.4±42.1 139.8±48.5*

Descending external rotation (N) 78.9±33.1 90.1±30.5*

Descending internal rotation (N) 80.8±29.6 93.3±36.9*

Table 2: Upper limb muscle strength (mean ± standard deviation.
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