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Abstract - In this paper, an ankle joint lifting mechanism of ankle joint pushing machine concerning about sense of firmness 

was proposed, and the effect of the mechanism was examined in the system. The stretching of the ankle joint is an important 

medical treatment that physical therapist (PT's) utilize to help their patients recover their ability of walk and to prevent 

contracture. Since the ankle treatment requires a large amount of force (nearly equal to the subject's weight), precise angle and 

power controls, manual treatment by PTs has not been replaced by mechanical treatment systems. Before the ankle joint 

stretching treatment, the knee joint of the subject is necessary to extend straightly for maximizing the therapeutic effect of the 

ankle joint. However, there is few proposal to lift up the lower leg horizontally without pain. To realize the lifting up 

mechanism of the lower leg without pain, the developed system uses two linear actuators to ease the pain during the lift-up 

process. By using two actuators to lift the lower limb to horizontal position, the positional deviation between the ankle joint 

and rotation center of the device was measured ∆𝐲 = 87 mm. On the contrary, in the condition of using a single actuator to lift 

the lower limb, the positional deviation was measured ∆𝐲 =295 mm. There is 295-87= 208 mm distance displacement between 

the ankle joint and the device rotation center if a single actuator would be used to lift the lower limb process. The proposed two 

actuators lower limb lifting mechanism will effectively work to develop ankle joint stretching system. 

 

Keywords - Ankle Joint Pushing Unit Mechanism, Ankle Joint Stretching System With Two Linear Actuators , Change the 

Length System, Leg Lifting Mechanism 

 

I. INTRODUCTION 

 

Ankle is an indispensable body part to carry out daily 

activities such as walking, running, sitting and so on. It 

is ruggedness enough to withstand a heavy load that is 

received in daily life. If the ankle joint could not work 

for a long time due to sickness or injury, it will suffer 

an ankle joint contracting state [1]-[2]-[3]. As a 

general ankle contracture prevention treatment, 

physical therapists(PT) perform the ankle joint 

stretching by manual therapy (Fig. 1(a)). Manual 

therapy has advantages to push the ankle joint by a 

large force safely, easier to deal with the reactions of 

the patient, but it is necessary to apply the force 

equivalent to the body weight in order to stretch the 

ankle joint. In addition, it requires about 20 to 40 

minutes of exercise at one time, it is hard work for PTs 

[1]-[3]. On the other hand, ankle joint pushing 

machines has been tried to develop for a long time, 

however, the difficulty of the precise power and angle 

control without  causing the patient any pain has been 

stopped the mechanization [4]-[5]-[7]-[8]-[9]. 

 
 

Fig.1 One of important medical treatment that PT's of 

stretching of the ankle joint utilize to help their patients recover 

their ability to walk and to prevent contracture, and the 

demand of the mechanization. 

 

As our previous study [6], we could realize a stable 

ankle joint pushing mechanism by using a brace 

structure that is able to manage with the reaction force 

generated during foot sole pushing process to prevent 

deviation of the device rotation axis. However, from 

the viewing of user side, the user must lift up their leg 

to the ankle joint pushing device as shown in Fig. 1(b) 

before the ankle joint pushing treatment. It has been a 

hard work for the subject for a long time. This paper 

focused on the leg lifting mechanism before the ankle 

joint pushing treatment, and the mechanism is realized 

by the two linear actuator equipped under the subject 

sitting chair (Fig.2).The proposed mechanism will 

improve the ease of the ankle joint rehabilitation 

system. 

 

II. PROPOSED ANKLE JOINT STRETCHING 

MECHANISM INCLUDING LEG LIFTING 

MECHANISM 

 

Figure3(a) shows that proposed ankle joint pushing 

treatment system including leg lifting mechanism. The 

device was made of the subject sitting chair, ankle 

joint pushing mechanism and the leg lifting 

mechanism by using two linear actuators. The leg 

lifting mechanism was connected to the chair. The 

actuator 1 (ECO-WORTHY LINEAR ACTUATOR, 

length 400 mm type) was connected to the center of 

the chair leg and the actuator 2, and it could lifts the 

actuator 2 (same with actuator 1, length 250 mm type) 

from 0 to 90 degrees. In addition, the actuator 2 can 

change the length between 390 mm to 640 mm from 
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the terminal of the chair (position was just below the 

knee). Main reason of the using two actuator system is 

to consider a similar effect of the Senuki that have 

been known by PT for a long time (Fig. 3b). This 

Senuki effect has been affected to the bedridden 

subject as the skin tension or thepulling tension, and it 

leads uncomfortable tension and the pain that tears 

weak the skin when the backrest rising of the electrical 

bed. 

 
 

Fig.2 Developed ankle joint stretching mechanism including 

subject leg lifting mechanism. 

 

 

 
Fig.3 (a) Basic concept of the leg lifting mechanism of the ankle 

joint stretching system with two linear actuators.(b) Necessity of 

Senuki. 

 

The Senuki process was, when the raising the electric 

bed, the caregiver holds the patient, removes the 

patient from the bed, removes the tension feeling, and 

then returns the patient to the bed again. It have to be 

done every time when the raising the electric bed. If 

the leg lifting process would be realized by one 

actuator, uncomfortable feelings will occur at the 

subject leg while the leg lifting process. It is generally 

caused by the difference of the position between the 

knee and the rotation center of the leg lifting actuator. 

About the ankle joint pushing, Fig. 4 shows the ankle 

joint pushing mechanism [6]. It is constructed from 

three parts: (a) Foot plate, (b) two DC motors and (c) 

Foot rest. The proposed ankle joint pushing 

mechanism is here: (1) By placing the Achilles tendon 

on the (c) foot rest, it is easy to align the ankle joint 

and the pushing axis of rotation by the Two DC motors 

are attached to the side of the frame, and rotate the 

Footplate dorsiflexion or plantar direction. 

 

 
Fig.4 Ankle joint pushing unit mechanism. 

 

(b) DC motors. So, any pain is occurred in the ankle 

and the heel.  (2) By using the patient weight when 

using the device, it is not necessary to fix the patient's 

leg and the device with the belt, so pains on the 

patient's foot is not applied. By combining above the 

leg lifting and the ankle joint pushing mechanisms, a 

less discomfort ankle joint pushing machine would be 

able to developed. 

 

III. EXPERIMENT 

 

A. Experiment 1: Lifting up subject's leg by the 

proposed mechanism 

In experiment 1, the difference in the leg lifting 

process between using one actuator (condition A) and 

using two actuators (condition B) were confirmed by 

the developed system. Measurement set up of the 

experiment is shown in Fig. 5, total five reflection 

marker points are realtimely measured by a motion 

capture system (Flex 3, 0.3 MP (640times480, 100 

fps), OptiTrack), and one subject (age 21, adult man) 

is participated in the experiment. The subject was 

trained the process of the setup and usage of the 

system. Especially, because the correct ankle joint 

position is hidden behind the ankle joint pushing 

mechanism (DC motors), two of reflection markers 

that are placed every 20 cm are used for estimating the 

correct ankle joint position (A of Fig. 5). Other marker 

positions are the knee joint, the hip joint and the device 

ankle joint rotation center. Experimental procedure 

(condition A) is here; Firstly, the subject sits the chair 

and bends his leg 0 degrees position. Next, the leg 

position is moved from 0 degrees to 90 degrees during 

20s by only using the linear actuator 1 in Fig. 5, and 

the motion captured positional movement of the five 

markers are analyzed after the experiment. Next 

experimental procedure (condition B) is that the 

procedure is same with the condition A, except for the 

leg position is moved from 0 degrees to 90 degrees 

during 20s by using two linear actuators 1 and 2 
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simultaneously. In this case, the speed of the actuator 1 

and 2 are 5.7 mm/s respectively. 

 
Fig.5Experimental setup of the proposed leg lifting 

mechanism. 

 

B.3.2Experiment 2: Relationship between the 

subject lifted leg angle and the ankle joint pushing 

treatment stability 

In the experiment 2, the relationship between the 

subjects lifted leg angle and the ankle joint pushing 

treatment stability is confirmed. The setup of the 

experiment is shown in Fig. 5, and it is same with the 

experiment 1. Experimental procedure is that the 

subject sits the chair and bends his leg 0 degrees 

position firstly. Next, the ankle joint pushing unit is 

actuated, and the ankle joint is bended about 

+20degrees for dorsiflexion side (direction and 

variables are defined at Fig. 4). Third, the ankle joint 

pushing unit is actuated about +20 degrees for 

dorsiflexion side when the leg lifting angle is 45 

degrees by using the actuator 1 and 2 simultaneously 

(the actuator moving condition is same with the 

condition B of Exp.1). Last, the ankle joint pushing 

unit is actuated about + 20 degrees for dorsiflexion 

side when the leg lifting angle is 90 degrees.  

 

IV. RESULT 

 

Figure 6 shows experimental result of the effect of the 

leg lifting mechanism by using one linear actuator 

(condition A) and two linear actuator (condition B). 

Horizontal and vertical axis show the motion captured 

x (mm) and y(mm) axis during 30s leg lifting process. 

Black solid line shows the hip, ankle, knee joint 

movement trajectories when the subject lift his leg by 

himself. In this case, the leg lifting mechanism was not 

worked. The ankle joint was moving upward taking a 

circular trajectory, and the knee joint was moving 

∆y =  -86 mm upward (F of Fig.6) during the leg 

lifting period. It is because that it is necessary to lift 

the knee slightly before lifting the foot and then extend 

the foot. Even if the 86 mm upward movement of the 

knee, the ankle joint trajectory was performed as a 

perfect circle.  

Blue solid lines show the ankle and knee joint 

movement trajectory when using one linear actuator 1 

(condition A). By extending the length of the linear 

actuator 1, Black solid line shows the leg lifting by 

subject himself. 

 
Fig.6 Result of experiment 1. 

 

Blue solid line shows the ankle and knee joint 

movement trajectory when using one linear actuator 1 

(condition A). Red solid line shows the ankle and knee 

joint movement trajectory when using two linear 

actuators 1+2 (condition  

B).the ankle joint pushing bucket was moving upward, 

however, the movement was not taken a kind of 

circular trajectory, and the last ankle joint position was 

shifted D=∆x =- 100 mm comparing with the position 

of the lifting the leg by himself case. In addition, the 

knee joint was also moving upward direction 

(movement distance is ∆y = -295 mm, A of Fig.6). 

The movement of the knee joint was large (∆y =-295 

mm) comparing with the leg lifting him case (∆y = 

-124 mm). At last, the red solid line shows the ankle 

and knee joint movement trajectory using two linear 

actuators 1 and 2 simultaneously. Basically the shape 

of the red trajectory was close to the black trajectory, 

especially comparing with the blue line. The vertical 

axis movement distance was ∆y =-97 mm, and it is 

almost same with the case of the subject lifting his leg 

by himself (Δy = -124 mm). It means that lifting the 

leg using two actuators simultaneously indicates less 

stress on the subject than lifting the leg on its own. As 

basic strategy, by minimizing theΔy, this mechanism 

would work well andΔy would use as one evaluation 

indicator to develop the actuator movement control 

design. Figure 7 shows the result of the ankle joint 

pushing treatment stability in the case 0, 45 and 90 

degrees of the leg lifting mechanism. Horizontal and 

vertical axis show the motion captured x(mm) and 

y(mm) axis during 15 s ankle joint stretching process 

from 0 to 45 degrees by the DC motor ankle joint 

pushing unit. The case of 0 degrees condition (Fig.3a) 

was shown as blue points and the ankle position was 

moved about 120 mm distance by the ankle joint 

pushing process. This means that by pushing the toe by 
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the DC motor, the ankle joint position was moved 

upward direction easily since the knee joint could 

bend.  

 
Fig. 7 Result of experiment 2: Meaning of the knee joint 

bending angle for ankle joint stretching 

 

In this case, the ankle joint was not bended enough, 

and just the ankle joint and knee joint position was 

shifted upward. Almost same effect was measured in 

the case of 45 degrees ankle joint pushing process (red 

points). The ankle joint was slightly bended in this 

case, and the ankle joint position was moved 78 mm 

(less than 0 degrees case). On the other hand, the case 

of 90 degrees condition was shown as black points and 

the ankle joint position was not moved during 0 to 45 

degrees ankle joint pushing process by the DC motor, 

and more importantly, the knee joint was also not 

moved (black points of the knee joint). In this case, the 

ankle joint was bended enough from 0 to 45 degrees. 

This means that to realize the precise ankle joint 

stretching, maintaining to extend the leg straight is 

very important. 

 

V. CONCLUSION 

 

In this paper, an ankle joint lifting mechanism of ankle 

joint pushing machine concerning about sense of 

firmness was proposed, and the effect of the 

mechanism was examined in the system. To realize the 

safety and comfortable mechanism of the ankle joint 

pushing treatment, the developed system have 

introduced the two linear motors actuated leg lifting 

system, and the effect of the leg lifting system was 

confirmed by two experiments. By using two actuators 

to lift the lower limb to horizontal position, the 

positional deviation between the ankle joint and 

rotation center of the device was measured ∆y = 87 

mm. On the contrary, in the condition of using a single 

actuator to lift the lower limb, the positional deviation 

was measured ∆y =295 mm. There is 295-87= 208 

mm distance displacement between the ankle joint and 

the device rotation center if a single actuator would be 

used to lift the lower limb process.In addition, to 

develop the ankle joint stretching mechanism, the 

angle of the knee joint is primary factor for effective 

ankle joint pushing mechanism. The proposed two 

actuators lower limb lifting mechanism will 

effectively work to develop ankle joint stretching 

system. 
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