TECHNOLOGICAL ADVANCES

Use of Mobile Phones in Measurement of Knee Range
of Motion — An Innovative and Practical Approach.
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Introduction: Measurement of knee range of motion is
important to assess the severity of the knee lesion and is also
of prognostic significance to assess the effectiveness of
intervention."? Especially in cases of joint replacement where
accurate measurement of knee range directly affects various
clinical and functional scores like knee society score.? There
are three methods used by most of the clinicians to judge the
range of motion, visual estimation, manual goniometer and
electronic goniometer. Visual estimation is an estimate
recorded by the clinician by roughly judging the angle. On an
average this is the most commonly used technique by all the
clinicians, as it is simple, fast and is easy to use in the
outpatient department. Few studies have found it comparable
with the goniometer measurements.* However it does depend
on the experience of the examiner. Others have reported
inaccuracy to be in mean range of 25% with high intra and
inter observer variability.’ Few have commented on the
extreme variability of these methods and commented on them
as valueless for scientific studies.® Manual goniometers are
the most commonly used device and are portable and
economical.® Major disadvantage of goniometer is that while
measuring both hand have to be used to hold the goniometer
hence the body part cannot be stabilized.” Also these are
difficult to use in obese patients and are known to over-
estimate the measurements.® The interobserver and
intraobserver variability is also reported to be quite high with
use of these devices and repeated measurements need to be
taken to improve the accuracy of the device.”!?
Electrogoniometers are found to be more precise and are
independent of the drawback of inter and intraobserver
variations. They are however quite expensive, cumbersome
to use, not very portable. The accuracy of these devices is also
questioned with increased error at the extremes of motion.!"!2

Thus all these methods have their advantages and
disadvantages and a need for a portable but accurate
instrument was felt in our practice. Two of the authors (QD
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and RJ) came out with an innovative idea of measurement
using the mobile phone application. They developed the
software which is based on the modern smartphone
accelerometer technology and developed the Digital
Goniometer Software (DGS). This software enables us to use
the mobile phone as a goniometer and measure the angle
flexion extension.

MEASUREMENT TECHNIQUE.

The measuring surface of the phone is placed on the anterior
surface of the thigh and the initial reading is taken (fig 1a).
The screenshot shows the virtual goniometer, one arm of it
then freezes with respect to the anterior surface of the thigh
(Figure 1b). The phone is then placed on the anterior surface
of the shin of the tibia and the final angle measurement is
calculated by the phone (figlc). The screenshot now shows
the other arm of the goniometer that measures the inclination
of this surface with respect to the previously freezed first arm
(Figure 1d). Thus the phone measures the angle of the joint
flexion in a two dimensional space making it more accurate.
The definition of exact site to place the phones to accurately
measure the angles is under investigation currently, however
we presume that the placement points similar of standard
goniometer will be useful for routine use.

Fig 4: TW2 weighted coronal cut showing involvement extending to
lesser and greater trochanter.

The most important advantage is the availability and ease of
measurement. Everyone in today’s world carries a mobile
smartphone and it is readily available when needed. The
technique of measurement is very simple to use and does not
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require any technical knowledge. Also if the points of placing
the phone are same, the inter-observer and intra-observer
variability will also be negated. The only disadvantage is that
the starting point of measurements is to be assessed visually.
This may add some interobserver error; however the ease and
availability of this technology will definitely make it a
success.

A detailed study on measurement of validity, reliability,
accuracy and precision of this device has been undertaken at
multiple centers across India and soon the results will be
published. Use of this technology in measurement of complex
motions such as supination pronation and inversion eversion
is still investigational and we should shortly be able to
improve the applicability and accuracy of the device further.
However we feel in current form it is very useful in
measurements of single plane range of motion especially at
joints like knee, ankle, elbow wrist, shoulder and spine.

The software currently works on the Apple iPhone and is
available on the ITunes store. The authors are also in the final
stages of developing software which will enable surgeons to
maintain their patient records and data using the cell phone.
This will again be a revolutionary event in area of data
collection, management and retrieval in particular and
improved clinical research in general.

Note: this software has been patented and copyrighted by Dr
Qaedjohar Dhariwal and Mr Roby John and is available on
ITunes.
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