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Goals 

In order to have a better understanding of the surgical ergonomics and propose some strategies 

for injury mitigation, our goal of this project is to evaluate various sensing modalities for 

accurate measurement of neck flexion angle during thyroid and ear surgery using two IMUs. 

 

Background 

There is more and more evidence nowadays suggesting that specific posture of surgeon while 

operating can contribute to cervical musculoskeletal strain, discomfort, and chronic pain. The 

persistent neck flexion, long periods of static posture and the long time use of microscopes and 

magnifiers lead the microsurgeons in a particularly high risk to the pain mentioned above. 

 

           
Figure 1. Traditional ear surgery1     Figure 2. Traditional thyroid surgery2       Figure 3. Endoscopic3 

 

In this project, we are focusing on the surgeon posture during two surgery: Thyroid and Ear 

surgery. As for both ear surgery and thyroid surgery, there are two kinds of cases: traditional 

case and endoscopic case. When the surgeons do ear surgery in a traditional way, as shown in 

Figure 1, they have to look through microscopes. For thyroid surgery in a traditional way, as 

shown in Figure 2, surgeons have to stand over the patient. It's obvious that the surgeons have 

to band their necks, sometimes they even need to band over their bodies in order to finish 

specific operations. However, as for endoscopic cases, as shown in Figure 3, surgeons can 

make full use of the monitors, it’s easier for them to keep their head and body in a line for most 

of the time. 

 

Significance 

Poor surgical ergonomics may lead to surgeon disability. A recent survey of plastic surgeons 

in the United States, Canada, and Norway showed that nearly two-third of respondents reported 

neck discomfort related to their occupation4. Among surveyed laparoscopic, ophthalmic, and 

general surgeons, the reported prevalence of musculoskeletal symptoms in the neck and 

 
1 Figure 1 from https://oklahoman.com/gallery/articleid/3808606/ 
2 Figure 2 from http://amandeepmedicity.org/specialities/bariatric-metabolic-surgery 
3 Figure 3 from http://www.tristonekidneyhospital.com/index.html 
4 Khansa I, Khansa L, Westvik TS, Ahmad J, Lista F, Janis JE. Work‐related musculoskeletal injuries in plastic 

surgeons in the United States, Canada, and Norway. Plast Reconstr Surg. 2018;141(1):165e‐175e. 



shoulders is as high as 87%5. So, it’s crucial and meaningful for us to investigate the region of 

the neck flexion angle which the surgeon feels good while operating. The angle data can also 

be used to correct the new surgeons’ posture, preventing them from chronic injury again. 

What’s more, the data may help showing the advantages of endoscopic surgery. 

 

Technical Approach 

We will use two IMUs (Inertial measurement unit) to do neck flexion angle measurements. 

One will be banded in front of surgeon’s head, and the other will be stabilized in front of 

surgeon’s chest. The pitch angle we measured is the 𝜃 shown in Figure 4.  

 

Figure 4. Measurement method 

 

The whole project will be done following the workflow shown below (Figure 5). 

Step 1: Set up EM tracker and IMUs software in Linux and ROS system. 

Step 2: Calibrate every IMU’s angle in one direction by the ground truth derived from EM 

trackers.   

Step 3: Derive the mathematical model of pitch angle from 6 sensors data (including two 3-

axis gyroscopes, two 3-axis accelerometers, and two 3-axis magnetometers). 

Step 4: Collect data from once mock surgery and analyze it to ensure Step 2, Step 3, and data 

collection process are correct. 

Step 5: Collect clinical data from 20 different surgeries for 8 different scenarios. 

Step 6: Analyze all clinical data to find interesting things, like the largest neck flexion angle, 

the angle last for a long time, difference between traditional case and endoscopic case, and 

difference between young residents and surgeons with expertise. 

Step 7: Write a clinical paper. 

 
Figure 5. Project workflow 

 
5 Capone AC, Parikh PM, Gatti ME, Davidson BJ, Davison SP. Occupational injury in plastic surgeons. Plast 

Reconstr Surg. 2010;125(5):1555‐1561. 



The calibration data of both IMUs and EM trackers are planned to be collected with timestamp 

using the rosbag package in ROS. The mock surgery data and clinical data will be collected by 

using LPMS-control interface in Windows. All the calibration data, mock surgery data, and 

clinical data are planned to be analyzed by using MATLAB. 

 

Deliverables 

• Minimum:        Expected before Mar. 6, 2020 

• Calibration result of two IMUs separately against EM tracker (excel file) 

• Validation result of the pitch angle (excel file)  

• Documentation of software setting and calibration steps (doc file)  

• Expected:        Expected before Mar. 12, 2020 

• Data analysis report of phantom study  

• Maximum:        Expected before May. 5, 2020 

• Data analysis report of real surgical scenarios  

• Clinical paper 

 

Time Schedules 

 
Table 1. Time schedules  

 

Milestones 

Feb. 21  Linux and ROS environment configuration finished 

Feb. 26  Project proposal finished 

Feb. 26  Human Subjects Research Training finished 

Mar. 6  Calibration of IMUs and mathematical model derivation finished 

Mar. 6  Documentation of environment configuration and calibration method finished 

Mar. 11 IRB approval 

Mar. 11  First measure in Mock OR and analysis of the data finished 



Apr. 17  20 measurements in real surgery and analysis of the data finished 

Apr. 24  Analysis of the difference between various surgery scenarios finished 

Apr. 24 Documentation of data collection and data analysis finished 

May, 4  Clinical paper finished 

 

Dependencies 

 

Table 2. Dependencies 

 

Management & Contribution 

• Attend the group meeting with Dr. Taylor weekly  

• Make appointments ahead of time and discuss with Deepa weekly  

• Weekly meeting between Hanqing and Zhen every Monday evening  

• Make appointments with Anton if needed 

Hanqing and Zhen will do preparation work and the first data analysis together for the phantom 

study in Mock OR. When the real study in OR starts, we will do data analysis individually 
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