
Can We Throw Away the Goniometer? Clinical Testing of an Automated System to Measure Digital Range of Motion

INTRODUCTION

• There is increasing recognition of the need for value based payment of services and need to define value in hand surgery1

• Accurate documentation of clinical outcomes is a prerequisite for demonstration of value added
• Digital range of motion is an objective outcome often recorded for purposes of documenting function and for research

purposes
• Current methods of assessment of digital range of motion are time consuming and cumbersome.

METHODS

• Hand therapy patients were approached for enrollment.
• 20 patients (38 hands) agreed to participate in the study
• Subjects were asked to make a composite fist, and the flexion of the MCP and PIP joints of digits 2-5 was measured with a 

goniometer by a certified hand therapist 
• Measurements were then repeated with the automated system up to 3 times.

Automated System:
• An Intel RealSense SR300 camera was mounted on a custom built gantry, which was mechanized to rotate 160 degrees 

around a fixed platform upon which each hand was rested (Figure 1)
• Depth video obtained by the camera was then converted to depth images that were then processed using a novel algorithm2

to normalize and segment each digit, allowing calculation of joint angles. (Figure 2 a,b)

RESULTS

CONCLUSION

• 688 manual and 688 automated joint measurements were compared. 
• Avg. data acquisition time: 7 seconds per hand. 
• The average flexion at each joint for both automatic and manual (goniometer) measurements is listed in Table 1, along with 

the correlation coefficient between all of the manual and automated measurements for each group.  
• Correlation coefficients ranged from 0.63 -0.84 for MCP joints; 0.52 -0.58 for PIP joints 2-4, small finger PIP joint, r=0.13.  

• Automatic and manual measurements of joint range of motion correlate positively with minimal differences.  
• The difference between automated and manual measurement of average flexion at each joint was less than 10 degrees in all 

joints, and less than 6 degrees in 6 of 8 joints. 
• Correlation between automatic and manual measurement was significant at 7 of 8 joints, with the poorest correlation found at 

the PIP joint of the small finger. We anticipate further refinement of our algorithm may improve this.

Table 1 – Average flexion angle and correlation coefficients
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OBJECTIVES

• Develop an automated method to allow reliable assessment of digital range of motion that is non-invasive and reproducible.

• Test the accuracy and reliability of the system compared to manual measurements in a clinical setting.
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Figure 2: 
a) Sample data acquired to build the 3D model b) 3D model of patient hand.
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Figure 1: 
3D Camera mounted on custom built gantry

Joint Goniometer 
Mean

Automated 
Mean

Correlation 
Coefficient (r)

P value for 
correlation

MCP 2 78.9 69.2 0.63 <0.0001

MCP 3 79.7 71.5 0.84 <0.0001

MCP 4 74.7 69.6 0.83 <0.0001

MCP 5 75.7 71.4 0.80 <0.0001

PIP 2 96.7 97.8 0.54 <0.0001

PIP 3 97.1 97.3 0.52 <0.0001

PIP 4 95.4 96.5 0.58 <0.0001

PIP 5 93.4 90.8 0.13 0.22
Figure 3: Sample correlation between automatic and manual 
measurement with goniometer. 
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