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Abstract.  

The "Hanger Reflex" is a phenomenon in which a participant involuntarily rotates 

their head when a wire hanger is attached it, and has also been observed on the 

wrist and the ankle. Moreover, the force caused by the Hanger Reflex on the wrist 

is enhanced by adding a vibration stimulus. These phenomena might be poten-

tially useful for the rehabilitation of movement disorders characterized by abnor-

mal posture. In this paper, we generalize this “vibration effect” on the Hanger 

Reflex by applying vibration to the head and ankle. We developed devices to 

generate both skin deformation and vibration, and conducted a user study. We 

observed that all participants perceived the enhancement of the force, and slightly 

rotated the stimulated parts of the body. 
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1 Introduction 

In the field of virtual reality and mediated sports training, force feedback plays an 

important role in improving the immersion of the system and in increasing training 

efficiency. Force feedback is also effective in medical fields such as rehabilitation, be-

cause it can teach correct posture or motion to patients.  

However, the widespread use of conventional force feedback devices remains lim-

ited, because of issues of size, price, and energy consumption. Conventional devices 

present a physical force to the user using actuators such as motors. Therefore, whether 

a device can present a posture to the user or not depends on the performance of the 

actuator, and high-cost actuators are required to achieve a high-quality experience.  

To address these issues, many methods that manipulate the perception of force (i.e. 

perceptual illusions) have been proposed in recent years [1–5]. These methods induce 

a perceived force using haptic or visual stimuli, and can be realized by devices with 

lower sizes, prices, and energy consumption. However, the strength of the force that 

can be induced by such methods is limited, and it is difficult to use them to present a 

large motion. 

One phenomenon that can induce a large motion is called the Hanger Reflex. In this 

phenomenon, a participant rotates their head involuntarily when they wear a wire 



hanger on their head [6][7]. During this sensory illusion, the participant feels as if their 

head is being rotated by someone else. Sato et al. [8][9] confirmed that the deformation 

of the skin caused by pushing specific points on the head contributes to this phenome-

non. The Hanger Reflex on the head has been applied to the treatment of the movement 

disorder called “cervical dystonia” involving involuntary abnormal head posture [13], 

and has additionally been observed on the wrist, waist, and ankle [10] [11]. 

Recently, we reported that a perceptual force caused by the Hanger Reflex on the 

wrist is enhanced by adding vibration stimulus [12]. Because these phenomena are as-

sociated with a specific change in posture with small latency, they are promising avenue 

for application to the field of virtual reality and sports. 

This paper is the generalization of this finding, by adding the vibration stimulus to 

already known Hanger Reflex sites, particularly the head and ankle. We developed de-

vices to present both skin stretch and vibration, and conducted a user study to confirm 

the phenomenon. 

2 Devices 

2.1 Device for the head 

In the Hanger Reflex on the head, the "sweet spots"[8], which efficiently induce the 

Hanger Reflex, are located on the front side of temporal region and the back side of the 

other temporal region. We prepared an elliptical shape device that is made of 

CFRP(Carbon Fiber Reinforced Plastics) and deforms elastically [13][14](Fig. 1). 

When the device is worn and rotated slightly, it deforms and presses the head to induce 

the Hanger Reflex (Fig. 2). To present the vibration stimulus, we placed two vibrators 

(Vibro-Transducer Vp2, Acouve Laboratory Inc.) on the device, which are driven by 

the signal generated by a PC and amplified by an audio amplifier (RSDA202, 

RASTEME SYSTEMS Inc., Niigata, Japan) (Fig. 3). 

 

Fig. 1 The developed device for the head: the device is made of FRP, so it deforms elastically 

when the user wears it. 



 

Fig. 2 Procedure for inducing the Hanger Reflex on the head using the device 

 

Fig. 3 The system for the hanger device: the laptop PC generates 50Hz sinewave audio signal 

and the amplified signal is outputted by the vibrator 

2.2 Device for the ankle 

We also prepared a device to produce skin deformation on the ankle and trigger the 

Hanger Reflex. The device is U-shaped and made of ABS resin (Fig. 4). The wave-

shaped part enables the device to bend elastically, and the open part of the device is 

fastened by Velcro to induce the Hanger Reflex more strongly (Fig. 5). We also placed 

two vibrators on the sides of the device, like for the head mounted device. 

  

Fig. 4 The developed device for the ankle: the device deforms elastically because of the wave-

shaped part 



  

Fig. 5 Procedure to induce the Hanger Reflex on the ankle using the device 

3 User study 

To confirm that the enhancement of the Hanger Reflex by adding vibration occurs 

in naïve users, we conducted a user study. We recruited four laboratory members (four 

males, aged 21-23) who were naïve to this phenomenon. The participants were asked 

to wear the device and confirm whether the Hanger Reflex occurred, and then the ex-

perimenter presented the vibration after the confirmation. The presented vibration was 

a 50 Hz sinusoidal wave, which has previously been found to be the most effective in 

the Hanger Reflex on the wrist. We conducted this confirmation because we have pre-

viously noticed that the vibration can enhance the Hanger Reflex, but cannot generate 

it alone. After applying the device, they were interviewed about the changes in per-

ceived force before and after the vibration stimulus was presented. 

In case of the head-mounted device, all participants perceived the rotational force 

caused by the Hanger Reflex. The Hanger Reflex induced by the developed device gen-

erated a strong enough force to rotate their head involuntarily. When we additionally 

presented the vibration stimulus, all participants reported that they perceived an en-

hancement of the force. The result was shown not only in their comments, but also in 

the additional involuntary rotation of the head. We obtained one comment from the 

participants, which was: "I could oppose the force from the Hanger Reflex alone, but it 

was difficult to oppose the force from both the Hanger Reflex and the vibration, so I 

allowed this force to move me." We observed that some participants rotated their head 

to near the limit of the range of motion. Also, one participant commented on how the 

enhancement felt: "By presenting the vibration, I felt as if the Hanger Reflex occurred 

repeatedly." 

In case of the ankle device, all four participants perceived the rotational force caused 

by the Hanger Reflex. When we additionally presented the vibration stimulus, all par-

ticipants reported that they perceived the enhancement of the force. We applied the 

device to the participants in two postures: sitting, and standing on one foot, the one that 

was not wearing the device. The participants felt the force more clearly when they were 

standing on one foot. This result may imply that friction between the leg and the chair 

occurred and impeded the perception of force from the phenomenon. 

Based on the results of the study, we can advance a hypothesis as to why this phe-

nomenon occurs. In the case of the wrist, we propose two candidate reasons. First, the 

direction of the skin deformation was asymmetric, because we presented a symmetric 



vibration (sinewave) to the deformed skin, which was generated by the device in ad-

vance. Second, the presented vibration was propagated to the muscle spindle and ten-

don that rotates the wrist, causing hyperextension kinesthesia [15]. Hyperextension kin-

esthesia is a phenomenon that is caused by presenting a vibration stimulus to the tendon, 

and induces the feeling of a bending joint without the actual movement of the joint. In 

this study, the muscles that move the head and ankle are not located around the stimu-

lated area, and it is difficult to conclude that the second candidate relates this phenom-

enon. Therefore, the first candidate seems more likely: we suggested that skin defor-

mation or skin sensation may relate to why this phenomenon occurs. 

4 Conclusion 

In this paper, we reported that the force caused by the Hanger Reflex on the head 

and the ankle is enhanced by adding vibration. We developed devices to induce the 

Hanger Reflex on the head and the ankle, and placed the vibrators on the devices to 

present the vibration stimulus. The results confirmed that naïve participants perceive 

an enhanced force when adding the vibration stimulus to the areas where the Hanger 

Reflex was induced. It is suggested that the cause of this phenomenon relates to skin 

deformation or skin sensation, because the muscles that move the head and ankle are 

not located around the stimulated area. 

Acknowledgement 

This work was supported by JSPS KAKENHI Grant Number JP16J09326 

References 

1. Minamizawa, K., Prattichizzo, D., Tachi, S.: Simplified design of haptic display by extending 

one-point kinesthetic feedback to multipoint tactile feedback. In: Proc. of IEEE Haptics Sym-

posium 2010, pp.257-260 (2010) 

2. Amemiya, T., Gomi, H.: Distinct Pseudo-Attraction Force Sensation by Thumb-Sized Vibra-

tor that Oscillates Asymmetrically. In: Proc. of EuroHaptics 2014, pp.88-95 (2014) 

3. Rekimoto, J.: Traxion: a tactile interaction device with virtual force sensation. In: Proc. of 

26th ACM Symposium User Interface Software and Tech. (UIST2013), (2013) 

4. Kuschel, M., Luca, M.D., Buss, M., Klatzky R.L.: Combination and integration in the percep-

tion of visual-haptic compliance information. IEEE Trans. on Haptics, 3, pp.234-244 (2010) 

5. Lécuyer, A.: Simulating haptic feedback using vision: A survey of research and applications 

of pseudo-haptic feedback. Presence: Teleop. Vir., 18, pp.39-53 (2009) 

6. Matsue, R., Sato, M., Hashimoto, Y., Kajimoto, H.: Hanger reflex: a reflex motion of a head 

by temporal pressure for wearable interface. In Proc. of SICE Ann. Conf. 2008, pp.1463–1467 

(2008) 

7. Asahi, T., Sato, M., Kajimoto, H., Koh, M., Kashiwazaki, D., Kuroda, S.: Rate of Hanger 

Reflex Occurrence: Unexpected Head Rotation on Fronto-temporal Head Compression. Neu-

rol. Med. Chir., 55, pp.587-591(2015) 



8. Sato, M., Matsue, R., Hashimoto, Y., Kajimoto, H.: Development of a head rotation interface 

by using hanger reflex. In: Proc. of 18th IEEE Int. Symp. Robot Human Interact. Comm. (RO-

MAN), pp.534-538 (2009) 

9. Sato, M., Nakamura, T., Kajimoto, H.: Movement and Pseudo-Haptics Induced by Skin Lat-

eral Deformation in Hanger Reflex. In: Proc. of SIG TeleXistence 5th Workshop, (2014) (in 

Japanese) 

10. Nakamura, T., Nishimura, N., Sato, M., Kajimoto, H.: Application of hanger reflex to wrist 

and waist. In: Proc. of IEEE Virtual Reality (VR) 2014, pp.181–182 (2014) 

11. Kon, Y., Nakamura, T., Sato, M., Kajimoto, H.: Effect of Hanger Reflex on Walking. In: Proc 

of IEEE Haptics Symposium 2016, pp.313-318 (2016) 

12. Nakamura, T., Nishimura, N., Hachisu, T., Sato, M., Yem, V., Kajimoto, H.: Perceptual Force 

on the Wrist Unger the Hanger Reflex and Vibration. In: Proc. of EuroHaptics 2016, pp.462-

471 (2016) 

13. Asahi, T., Sato, M., Nakamura, T., Kajimoto, H., Oyama, G., Fujii, M., Hayashi, A., Taira, 

T., Kuroda, S.: Hanger Reflex has Potential to Treat Cervical Dystonia- a Multicenter Clinical 

Trial with Portable Device Inducing the Hanger Reflex. In: Proc. MDS 18th International Con-

gress of Parkinson’s Disease and Movement Disorders. (2014) 

14. Japan Patent Kokai 2014-5552844 (2014.07.16) 

15. Goodwin, G. M., Mccloske,y D. I., Matthews, P. B. C.: The contribution of muscle afferents 

to kinesthesia shown by vibration induced illusions of movement and by the effects of para-

lyzing joint afferents. Brain, 95, pp.705-748 (1972) 


