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Purpose: This study examined the effects of flexible flatfeet on the accuracy of knee joint motions in closed and open kinetic chain tasks.
Methods: Twenty-four healthy participants were recruited for this study. The subjects were divided into two groups using a navicular
drop (ND) test: flexible flatfoot group (n=12, male: 6, aged 22.00+2.22 years) and age-matched control group (n= 12, males: 6, aged
22.17 + 1.53 years). The accuracy of knee motion was measured quantitatively by tracing through the flexion and extension motion of
the knee joints in the closed kinetic chain and the open kinetic chain.

Results: There was a significant difference in the accuracy index between the groups in closed kinetic chain task, but there was no sig-
nificant difference in the open kinetic chain task. In addition, there was a significant difference in the accuracy index between the closed
kinetic chain and the open kinetic chain task in the flexible flatfoot group. In addition, a significant negative correlation was observed
between the ND and accuracy index in the closed kinematic chain task, but there was no significant relationship between the ND and

accuracy index in the open kinematic chain task.

Conclusion: Flexible flatfeet can affect the accuracy of the adjacent joints, such as the knee joint in the closed kinematic chain.
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INTRODUCTION

The feet provide stability for impact absorption and balance while
contacting the ground, and provide sensory information about the
ground." On the other hand, various foot deformities, such as flat
feet, claw feet, and hallux valgus, cause pain and functional limita-
tions, which in turn, affect the quality of life.” Flatfeet is one of the
most common foot deformities, in which eversion of the rear foot
and abduction of the forefoot induces a weight shift to the medial
part of the foot that shortens the medial longitudinal arch.** In par-
ticular, flexible flatfeet are a collapsed medial longitudinal arch
when supporting the body weight but the foot arch forms again
when there is no weight load.* As a clinical test, the navicular drop
(ND) test is commonly used to confirm flexible flat feet and quanti-
ty the amount of pronation.”

Flatfeet show excessive mobility of the middle part of the feet due

to lowering of the foot arch and pronated feet. In addition, weaken-
ing of the ligaments and plantar fascia causes excessive compensat-
ing action of the extrinsic muscle due to the lack of ability to dis-
perse the shock absorption to the weight load. This can easily lead to
fatigue, pain, and overuse syndrome.** In addition, flatfeet affect
the sole contact surface and mobility, causing changes in the so-
matosensory functions and affecting the muscle functioning to
maintain the stability of the feet.*” It is well known that the instabil-
ity of the feet and soles can indirectly cause alignment deformity
and mechanical changes of the knee joint, hip joint, and back.!”*
However, there is little research for the effect on performance of ad-
jacent joints.

On the other hand, a kinetic chain is divided into an open kinetic
chain and closed kinetic chain. Open kinetic chain exercises use
single-joint movements and are performed on the free distal joints

under non-weight conditions. Certain segments can be separated
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for enhancement and evaluation purposes. Closed kinetic chain ex-
ercises use multiple joint movements, and the distal segment is fixed
and performed in a weighted posture. Therefore, each joint consid-
ers the motion of the other interconnected segments and affects the

other parts.”*?

In particular, closed kinetic chain exercises of the
lower limb, such as the squatting, causes a contraction of the adja-
cent muscles for flexion and an extension of the ankle joint, knee
joint, and hip joint and requires stability of the distal segments of
the feet and ankles."> On the other hand, little is known regarding
whether the open or closed kinetic chain task of the knee is influ-
enced by flexible flatfeet.

This study examined effects of flexible flatfeet on the accuracy of
knee joint motion in closed and open kinetic chain tasks. In addi-
tion, this study identified whether there was a correlation between
the degree of navicular drop and the accuracy of the knee joint mo-

tions in each chain kinetic task.

METHODS

1. Subjects

Twenty-four healthy participants with no history of neurological,
orthopedic injury, surgery, or pain in the lower extremities were re-
cruited for this study. The subjects were divided into two groups us-
inga ND test: flexible flatfoot group (n=12, male: 6 female: 6, aged
22.00+2.22 years) and age-matched control group (n=12, male: 6
female: 6, aged 22.17+ 1.53 years). The ND test was conducted to
identify subjects with flexible flatfeet. First, the navicular tuberosity
was marked in the sitting position with the feet fixed but non-
weight bearing, and the vertical height from the floor was then re-
corded. Second, the navicular tuberosity height was measured in
the standing position and compared with the height difference in

the sitting position When the difference was more than 10 mm, it

Table 1. Summary of participant characteristics
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was classified as flexible flatfeet. The intra-rater test-retest reliability
of the ND test was high with ICC=0.930.1" Table 1 lists the demo-
graphic data. All subjects understood the purpose of the study and
provided written, informed consent prior to participation. The
study protocol was conducted according to the principles of the
Declaration of Helsinki and approved by the Institutional Review
Board DHUMC-D-17017-FIN-02 of Daegu Oriental Hospital of
Daegu Haany University.

2.Experimental methods

1) Measurement

The accuracy of knee joint motion was measured quantitatively by
a tracking task through the movement of the knee joint. Two bars
were fixed to the lateral thigh and shin of the subject with a cuff.
The knee joint flexion and extension were measured using a sensor
attached to the lateral area of the knee joint. A plastic frame with an
embedded potentiometer (BOURNS 6639S) was used to measure
the accuracy of movement and proprioceptive sense in the knee
joints. The potentiometer detected flexion/extension motion of the
knee joint, and transferred the analog signal to a computer with an-
alog-to digital data acquisition software that sampled the signal at a
frequency of 200 Hz. The data were transmitted to a computer us-
ing NI USB-6008 (the national Instruments™, USA), the error val-
ues were calculated using the LabVIEW Ver. 7.0 program (the na-
tional Instruments™, USA). The reliability of the potentiometer and

electrogoniometer was proven in a ROM test in prior studies.”®*’

2) Procedure

For the tracking task, the subjects were instructed to follow the red
target baseline proceeding to the sine wave displayed on the com-
puter screen as accurately as possible using the knee flexion and ex-

tension motion. The angle of knee joint that was moved during

Variable FFG Control group p
Gender (male /female) 6/6 6/6

Age (yr) 22.00+2.22 2217153 0.55
Height (cm) 167.67+5.61 168.25+6.40 0.98
Weight (kg) 67.08+£15.49 64.00+£9.38 0.71
ND (mm) 11.16+£1.23 5.68+0.71 <0.00*

Mean £ standard deviation.
FFG: flexible flatfoot group, ND: navicular drop.
*p<0.05.
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tracking was between 0° and 90°. Each tracking task was performed
for 15 seconds and the accuracy of knee joint motion was measured
as the average of 3 repeated measurements. The knee joint tracking
task was performed in both the open and closed kinetic chains. The
open kinetic chain task was carried out sitting in a high chair to
maintain non-weight bearing with a free foot. In the closed kinetic
chain task, the subjects performed knee flexion and extension re-

peatedly in weight bearing with a fixed foot (Figure 1).

3. Dataanalysis

The accuracy of the knee joint motions was normalized to each
subject’s own range of motion and the differences in the tracking
target deviation in the subjects could be measured.”** The accuracy
was quantified using the accuracy index (Al) according to the fol-
100(P — E)

lowing formula: AT = 5

The p-value was measured as the root mean square (RMYS) value
between the vertical lines at the upper and lower apexes of the sine
wave, and the E value was calculated as the RMS error between the
sine wave line and the subject’s movement. The size of P was based
on the scale of the vertical axis, which is the range of knee motion of
each subject. A high Al score means that performance of knee joint

isaccurate.

Figure 1. Tracking task of knee joint: (A) open kinetic chain, and (B)
closed kinetic chain.

Table 2. Differences of Al between flexible flatfeet and control group during open and closed kinetic chain task

JKPT

4. Statistical analysis

Statistical analysis was conducted using the SPSS 23.0 for Windows
program. A Kolmogorov-Smirnov test was used as the normality
test. A Mann-Whitney test was applied to examine the differences
in AT between the groups, and the Wilcoxon signed rank test was
used to compare the Al between the open-chain and closed-chain
kinetics tasks in each group. The Spearman rank test was used to
examine the correlation between the ND degree and Al in each

chain position. A p-value < 0.05 was considered significant.

RESULTS

1. Comparison of AT between the flexible flat feet group and
control group

In the closed kinetic chain task, there was a significant difference
between the flexible flat foot group and control group. On the other
hand, in the open kinetic chain task, there was no significant differ-
ence between the flexible flat foot group and control group
(p<0.05). In addition, there was a significant difference in the open
kinematic chain and closed kinematic chain task in the flexible flat-
feet group (p <0.05) but there was no significant difference in the
control group (Table 2).

2. Correlation between ND and AT

A significant negative correlation was observed between the ND
and Al in the closed kinematic chain task (p < 0.05) but there was no
significant relationship between the ND and Al in the open kine-

Table 3. Relationship between navicular drop and Al in each kinetic

chain task (n=24)
Correlation coefficient p

Open kinetic chain 0.01 0.96

Closed kinetic chain -0.46 0.02*

Al: accuracy index.
*p<0.05.

(unit: score)

FFG (n=12) Control group (n=12) p
Open kinetic chain 10.68+1.13 10.79+£0.59 0.59
Closed kinetic chain 9.61+157 10.96£0.72 0.02*
p 0.00* 042

Mean £ standard deviation.
Al: accuracy index, FFG: flexible flatfoot group.
*p<0.05.
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matic chain task (p>0.05)(Table 3).

DISCUSSION

The present study compared the accuracy of knee joint motion ac-
cording to the kinematic chain tasks in subjects with flexible flat-
feet. In the closed kinematic chain task, a significant difference in
the accuracy of knee joint motion was observed between the flexible
flatfoot and control groups. In contrast, there was no significant dif-
ference in the open kinematic chain task. In addition, there was a
significant difference in the accuracy of knee joint motion between
the closed and kinematic chain task in the flexible flatfeet group.
On the other hand, there was no significant difference in the control
group. The ND and accuracy of knee joint motion showed a nega-
tive correlation in the closed kinematic chain task but there was no
correlation in the open kinematic chain task. In the closed kinemat-
ic chain, the movement at one joint requires motion of the neigh-
boring joints and segments, and the distal segment is usually fixed
to a supporting surface."” Therefore, stability is required from the
supporting surface as body movements occur on the distal seg-
ments.” The stability of the distal segment in the closed kinetic
chain exercise could reduce the sheer force of the body joint and
provide stable movement."” Therefore, the stability of the foot, which
is in direct contact with the ground, is very important for a closed
kinematic chain using the lower limb.

On the other hand, flexible flatfeet may induce increased prona-
tion of the subtarlar joint, resulting in instability of the foot and an-
kle. Furthermore, instability of the base of the support may cause
impaired function.* Tahmasebi et al.”® reported that the stability
and center of the pressure velocity were greater in flat feet than in
normal feet when standing on both feet. Recently, Sung et al” mea-
sured the sway of the head, lumbar, lower thorax, and upper thorax
in the 3-D axis when standing on one leg for 20 seconds on a flat
foot and a normal foot, the subjects with flatfeet showed larger sway
than those with normal feet. In addition, Hertel et al.*® reported that
pronation of the foot due to weight bearing of the flexible flatfeet
decreased the muscle activity of the gluteus medius, vastus lateralis,
and vastus medialis during squatting, and the closed kinematic
chain task of the knee joints could reduce the muscle coordination.
Similarly, the results of the present study showed that the knee joint

movement function of the subjects with flexible flatfeet was reduced
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in the closed chain task. These results may not have provided suffi-
cient stability in the support surface of flexible flatfeet during the
closed kinematic chain tasks.

This study examined the accuracy of knee joint motion during
closed and open kinematic chain tasks in subjects with flexible flat-
feet. The flexible flatfoot group showed different accuracy of knee
joint motion in the closed kinematic chain task than the control
group. In particular, the accuracy decreased with increasing ND.
Therefore, flexible flatfeet may affect the function of the adjacent
joints, such as the knee joint in the closed kinematic chain. Further-
more, these characteristics will lead to a decrease in functional
movement. This is an important clinical finding regarding the dys-
function of subjects with flexible flatfeet. In particular, clinicians
should attend to our finding when subjects with flexible flatfeet
perform exercises of closed chain in rehabilitation. In other words, a
correction of the flat feet will be required before the closed chain ex-
ercise. On the other hand, this study had some limitations. A radio-
graphic diagnosis was not used in the measurement of the navicular
drop, and a diversity of age groups was lacking. Further studies will
be needed to examine the effects of intervention for functional im-

provement in subjects with flatfeet.
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