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Introduction
Torticollis, commonly known as “twisted neck,” is a condition 
distinguished by anomalous head tilting due to the contraction of 
cervical musculature. This condition may emerge in congenital or 
acquired forms (Cunha et al., 2023). Congenital torticollis typically 
arises due to genetic factors, muscle injury during childbirth, or 
abnormal fetal positioning, thus manifesting shortly postpartum. 
With an incidence of one in 250 newborns and a gender prevalence 
ratio of three females to two males, torticollis is among the more 
prevalent congenital orthopedic conditions (Gundrathi et al., 2024). 
Acquired torticollis may originate from infections, trauma, and 
skeletal abnormalities (Gundrathi et al., 2024). It is estimated that 
90% of individuals will experience at least one episode of acquired 
torticollis during their lifetime due to the abovementioned reasons 
(Cunha et al., 2023).

Current treatments, such as physical therapy and neck braces, 
have limitations due to the frequency of sessions and the dis-
comfort of wearing visible braces, which can affect self-esteem 
(Gundrathi et al.). These challenges highlight the need for a more 
practical, discreet solution.

This research aims to develop an innovative head tilt alerting 
device to address these issues. The device will include an MPU6050 
gyroscope and accelerometer, a vibrator motor, and a mobile app 
for iOS and Android built with Flutter. The final prototype aims to 
reduce head tilting in torticollis patients while improving comfort 
and confidence.

Methods
The final hardware was designed using Arduino technologies, while 
the iOS and Android mobile application was built using the Flutter 
Framework. The MPU6050 sensor within the hardware device 

calculates the user’s head tilt, and the vibration motor delivers alerts 
(Figure 1). Flutter’s cross-platform framework allows a single 
codebase that minimizes platform issues, while Dart is utilized for 
both UI and backend (Figure 2). Firebase Authentication and Cloud 
Firestore handle user authentication and data management. Fire-
base Authentication oversees account creation and security, im-
plementing email and password methods for sign-in and incorpo-
rating security measures such as email verification and password 
complexity requirements. Cloud Firestore managed storage and 
retrieval of device-related data.

Fig. 1. (Prototype two) 
Hardware device

Fig. 2. iOS and Android mobile app 
screens
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of times the alarm was triggered daily. Analysis of the wearable technology revealed the application’s efficacy in progressively 
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the mobile application, and the Firebase Database to store and authenticate user data. The Bluetooth communication protocol 
was pivotal in connecting and functionalizing the hardware device and the app.
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Prototype One
The research design progressed through two iterative prototypes, 

each refining the preliminary concept. The initial prototype utilized 
dual hardware devices: an earpiece that measured the patient’s 
head tilt and transmitted data to a wearable bracelet via Bluetooth 
protocol. The earpiece diagram illustrates the ESP32 microcontroller, 
capable of Bluetooth communications, connected to a button for 
calibrating head tilt and the MPU6050 sensor, which precisely 
measures the patient’s head tilt (Figure 3). Using a vibration motor 
and LED, the wearable bracelet provides vibratory alerts to indicate 
the patient’s irregular head tilts (Figure 4).

The mobile application associated with the primary prototype 
was designed to authenticate user accounts, log data, and configure 
device parameters such as tilt thresholds and alert frequency. With 
this prototype design, the earpiece and mobile application func-
tioned as central and peripheral devices, while the wearable 
bracelet operated exclusively as a peripheral device (Figure 5).

Prototype Two
Prototype two addressed Bluetooth communication limitations 

found in prototype one. In prototype one, the initial performance 
of the Espressif ESP-Now protocol for the hardware devices proved 

incompatible with mobile applications, prompting a transition to 
the Bluetooth Low Energy (BLE) protocol. Additionally, the inability 
of the ESP32 hardware device to behave simultaneously as a pe-
ripheral and central device resulted in the redesign. In prototype 
two, the earpiece was configured as the central device, while the 
mobile application operated as the peripheral (Figure 6).

The revised product design allowed the earpiece to measure 
head tilts and deliver vibratory alerts while the mobile application 
facilitated user authentication and displayed weekly alert data. The 
ESP32 connects to the MPU6050 sensor to measure head tilt. A 
button calibrates the tilt threshold; if the threshold is exceeded, the 
vibration motor alerts the user (Figure 7). The shift to prototype two 
effectively reduced the number of hardware components involved 
and decreased the components’ price from $58.91 to $36.59.

Results
The final product will be shaped as an earpiece, though the proto-
type was tested by fastening it securely over the experimenter’s 
head, a torticollis patient. Performance was monitored for one hour 
daily, with testing each evening to keep daily routines constant 
and minimize impact on results. The study tracked alarm triggers 
directly correlating with abnormal head tilt (Figure 8).

Fig. 3. Hardware sche-
matic of the earpiece 
device, consisting of an 
ESP32 microcontroller 
wired to a button and 
MPU6050.

Fig. 4. Hardware sche-
matic of the wearable 
bracelet consisting of an 
ESP32 microcontroller 
wired to the LED and 
vibration motor.

Fig. 5. Bluetooth diagram depicting information exchange 
from peripheral and central devices.

Fig. 6. (Prototype two) Bluetooth diagram depicting informa-
tion exchange from earpiece to mobile app.

Fig. 7. (Prototype two) Hardware schematic representation 
of an earpiece device consisting of an ESP32 microcon-
troller wired to a button, vibration motor, and MPU6050.

Fig. 8. Graphical depiction of testing conducted and number of 
times alarm triggered each day.
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Statistical analysis shows an average daily alarm count of 19.9, 
with a median of 20. The best-fit line equation y=−0.927x+24.1y = 
-0.927x + 24.1y=−0.927x+24.1 describes a decrease of about one 
alarm per day. The R² value of 0.717, between 0.5 and 1.0, proves 
statistical significance. The interquartile range (IQR) is 5, with 
Q1 at 17 and Q3 at 22, calculated using Tukey’s Hinges method. 
Outlier analysis, based on (Q1 - 1.5*IQR) and (Q3 + 1.5*IQR), set the 
boundaries at 9.5 and 29.5, with no outliers detected.

Discussion
Despite fluctuations, the data trend supports the device’s efficacy 
in detecting abnormal head tilts. An initial alarm spike suggests 
the experimenter’s device awareness, prompting cautious behav-
ior. Accuracy improved as the experimenter returned to typical 
habits. While results confirm the device’s functionality, long-term 
improvement requires extended wear.

Previous research on the efficacy of bracing proves that collars 
such as the TOT Collar positively affected infants when worn for 
seven weeks to six months (Zahid & Asif, 2022). This discovery 
is again supported by prior studies stating that if progress is 
observed following seven weeks of neck brace use, the brace may 
be prescribed for only nightly use (Kaur, 2020). As the torticollis 
device created functions similarly to bracing by preventing irregular 
head tilting, similar results on effectiveness would be found with 
extensive wear.

Conclusion
Built using Arduino and Flutter technologies, the device utilizes the 
MPU6050 and the vibration motor to alert patients if their head is 
tilted beyond a threshold. With an R² value of 0.717 suggesting a 
strong correlation between the device functionality and reducing 
the head tilt, the device has proven beneficial in lessening the 
impact of torticollis.

Some limitations in the design include the lack of two-way 

Bluetooth communications between the app and the device, which, 
if implemented, allows for more personal settings. Thus, future 
considerations include incorporating tilt angle and alert frequency 
settings within the app and daily in-app notifications about physical 
therapy reminders to further support the patient’s progress. This 
enhancement is reinforced by prior research, which found that 
2018 CPG physical therapy methods increased neck range of 
motion for congenital muscular torticollis (Castilla et al., 2023). 
Lastly, the product will undergo extensive testing from medical 
experts and patient trials to receive feedback and effectiveness 
for widespread use.
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Day Alarm Count Values

1 21

2 26

3 23

4 21

5 19

6 22

7 18

8 17

9 17

10 15

Table 1. Tabular representation of testing 
conducted and number of times alarm 
triggered each day.


