The 20th International Scientific Conference Faculty of Physical Therapy Cairo, 6-7 April, 2019.

Validity of smartphone use in measuring joint position sense in patients
with knee osteoarthritis:A cross-section study.
Basma Osama ALSaadawy1, Nadia Abdo1, Eman Embaby2,Aliaa Rehan
Youssef 1
1

Department of Physical Therapy for Musculoskeletal Disorders and

Surgery/ Faculty of Physical Therapy/ Cairo University.
2

Department of Basic Science / Faculty of Physical Therapy/ Cairo

University.
Abstract:
Background: Proprioception deficit is a risk factor for knee osteoarthritis(OA)
progression. Thus, proper assessment and treatment of this deficit are important in the
management of patients with OA. Recently, smartphone has been used in the assessment
of musculoskeletal system. There are a few valid applications to measure proprioception
of various joints, suggesting the promising use of smartphone as an alternative economic
method to assess proprioception acuity in clinical settings. However, validation of
proprioception assessment still needs further confirmation. Therefore, this study aimed
atinvestigatingthe concurrent validity of using smartphone in assessing proprioception
acuityin patients with knee OA.
Methods: Thirty-two knees from 16 participants were assessed; 8 asymptomatic
volunteers and 8 patients with bilateral OA. Proprioception acuity was measured in terms
of passive joint position (JPS) simultaneously bythe smartphone Goniometer pro
application andthe Biodex System 3 Pro Isokinetic Dynamometer. Each participant had
the angle of repositioning error measured during passive motion three times and the
average was calculated and used for further statistical analyses.
Results: There was a strong positive correlation between smartphone and isokinetic
dynamometer measurements of repositioning error angle for participantsin the two study
groups.For the non-dominant knee, the correlation was perfect in the OA and
asymptomatic groups(r =1) (p< 0.05). For the dominant knee, the correlation was
significant, positive and high for the asymptomatic (r=0.70) and OA (r=0.90)groups
(p<0.05).
Conclusion: Smartphone application is a validalternative for the Isokinetic
dynamometer in assessing passive JPS in patients with knee OA and asymptomatic
controls.
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Introduction:
Osteoarthritis(OA) is the most common degenerative joint disease
affecting all the structures of synovial joints.1It is associated with pain,muscle
weakness and impaired proprioception acuity.2,3 OA imposes physical,
psychological and socioeconomic burden on patients, their families and the whole
community.1
Proprioception deficit has been proposed as a risk factor for the
development and progression of OA.3,4Proprioception is the resultant of
kinesthesia and joint position sense (JPS); where kinesthesia is the awareness of
movement and JPS is the awareness of limb position in space.5,6JPS can be
assessed by several instruments such asthe digital inclinometer, electrogoniometer
and isokinetic dynamometer.All these instruments are valid, reliable and safe, yet,
they are expensive and not available in regular clinical settings and office-based
clinics7,8, especially in economically challenged countries. With the emerging use
of smartphone as a tool with built-in accelerometer, magnetometer and gyroscope
sensors, it can be used as a clinical assessment tool of joint excursion.
Smartphonehas been proven valid to assess range of motion (ROM) and JPS of
different body regionssuch as the shoulder, knee and ankle.9-11However,
smartphones have never been validated for the assessment of knee proprioception,
particularly JPS, in patients with OA. Thus, this study investigated the
concurrentvalidity of using smartphone in assessing JPS in patient with knee OA.



Material and method:

Study design
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This is a cross-sectional one-testing session study that was conducted at the
Biodex isokinetic laboratory, Faculty of Physical Therapy, Cairo University, Egypt,
between November 2018 and January 2019. The study was approved by the local
institutional ethics committee (P.T. REC/012/002013).
Participants:
Sixteen participants, 8 asymptomatic volunteers and 8 patients with bilateral OA
were enrolled in this study.Asymptomatic subjects aged between 40-60 years old and had
no signs or symptoms of lower quadrant dysfunction. Patients with bilateral OA were
recruited according to the clinical American College of Rheumatology criteria12 as
follows:age above 40, morning stiffnessfor less than30 minutes, crepitus on active knee
movement, bony enlargement either palpable or visible in radiographs and bony
tenderness at joint margins. Participants were excluded if they had steroid injectionwithin
two months before enrollment,any lower extremity neurological dysfunction, or trauma
within the past year or if they reported a history of instability.13


Testing procedures
After screening against study inclusion and exclusion criteria,eligible participants

were informed verbally about the aim of the study and all testing procedures. Then, they
were invited to participate in the study, if they agreed, an informed consent was signed
and all relevant demographic information and medical history were collected. Further,the
peakcurrent pain severity,as determined by the Visual Analogue Scale (VAS), was
recorded.
Each participant had the two knees assessed at a random order generated by excel
software random function.During testing, the two devices were simultaneously used for
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JPS assessment. Participant’s preparation and isokinetic testing were done by the same
trained assessor(BA) while a second blind assessor (NA)recorded smartphone data
throughout the testing.
Testing set-up:
Each participant sat in the isokinetic dynamometer chair with the trunk positioned
at 85ᵒ . The seat position was adjusted so that the distance between the edge of the chair
and the popliteal fossawas one finger breadth.The dynamometer axis was aligned with
the lateral epicondyle of the knee.The transducer cuff of the dynamometer’s moving arm
was placedthree fingers above the lateral malleolus.14A standard smartphone (iPhone
6),with the Goniometer Pro application installed, was secured above the transducer cuff
of the dynamometer using an armband.
Initially, knee zero flexion (complete extension) was determined by a standard
universal plastic 360° goniometer and fed into the dynamometer software.Then, passive
JPS was tested within 5ᵒ -25ᵒ knee flexion for three times. During the testing, the
assessor provided clear instructions on the testing procedures, handed the participant the
isokinetic stop-button,and gave standardized commends.Testing started bythe isokinetic
dynamometer moving the tested leg passively at 5°/s.5The target position was held for 7
sec so thatparticipant could memorizeit, before the machine returned the knee to the
initial startingposition. The isokinetic dynamometer then moved the knee again atthe
same speed and the participant was asked to press the stop button when he/she felt the
predetermined target angle was reached.5
Data analysis
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The main outcome for this study was the concurrent validity of smartphone
measurement of repositioning error angle compared to that obtained by the Isokinetic
dynamometer. This angle was calculated as the absolute difference between the targeted
and actually reached angles. Three trials were collected for each knee, and the average
was calculated and used for statistical analyses.
First, data were screened for normality assumption using Kolmogorov-Smirnov
and Shapiro-Wilks normality tests. As data were notnormally distributed, the nonparametric Mann-whitney test wasemployed to compare participants’ baseline
characteristics. Further, the Spearman rank correlation coefficient (ρ) was used to
assessconcurrent validity by studyingthe association between the isokinetic dynamometer
and smartphone data of both knees in each tested group. The level of significance was set
at p<0.05. Correlation results were interpreted as negligible (r < 0.30), low (r = 0.30 to
0.50), moderate (r = 0.50 to 0.70), high (r = 0.70 to 0.90), or very high (r > 0.90). 15,16All
statistical analyses were done using the SPSS version 18 (IBM Inc., Chicago, IL, USA).
Results:
Sixteen participants were enrolled in this study.The OA group had eight
participants with bilateral symptomatic knee; 30% were females and 70% males. The
control group consisted of eight asymptomatic participants; 25% were females and 75%
were males. For OA group, the mean agewas51.87±6.12 years,and mean BMI was
30.54±7.47 kg/m2. For the control group, the mean agewas 48±5.63 years, and mean BMI
was 30.30±8.64kg/m2.There were no significant differences in age and BMI between the
two groups (p>0.05). For peak current perceived pain in the OA group, the mean
VASwas 5.9±1.7.
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For the non-dominant knee, a perfect positive correlation was found between the
angle of repositioning error measured by the isokinetic dynamometer and smartphone
application in the two study groups(r=1, P < 0.05). The dominant limb showed a
significantly high positive correlation in the asymptomatic (r = 0.70) and OA groups
(r=0.90) (P < 0.05) (Table 2).
Table (2): Spearman (ρ) correlation coefficients between the angles of repositioning error
measured by isokinetic dynamometer and smartphone in the two study groups
Group

Dominant limb

Non-dominant limb

OA

0.88* (p=0.004)

1* (p<.0001)

Control

0.717* (p=.045)

1* (p<.0001)

OA: Osteoarthritis; ∗Correlation is significant at the 0.05 level (2-tailed).



Discussion:
This study aimed at establishing the concurrentvalidity of using Goniometer pro

smartphone application in measuring passive JPS in patients with OA and asymptomatic
control. Results showed significant positive correlation between the angle of
repositioning error measured using the isokinetic dynamometer (gold standard) and the
smartphone application in the two knees of patients and asymptomatic controls, implying
that both methods can be used alternatively.
Smartphones have the advantage of being small in size, portable, easy to use,
interactive and economic inprice compared to sophisticated laboratory instruments.
Also,theyareequipped withaccelerometer, magnetometer and gyroscope sensors, which
detect linear and angular motions of the phone. These built-in sensors with an appropriate
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application turn the phone into a goniometric tool that can be used to assess jointROM
and JPS.17,18,19
JPSreflects knee proprioception. In this study, we assessed passive JPS as it
isindependentof muscle spindle input and motor command20, so muscle and central
nervous system status will not affect the results. JPS may be assessed by image capturing
techniques, electrogoniometer and isokinetic dynamometers, the latter is considered the
gold standard instrument for this measurement.The Isokinetic dynamometer was chosenin
this study as a comparator due to its high validity, reliability and being the only method
to assess passive JPS.
The results of the current study contradictwiththe findings of Ercan et al. (2017)
who reported a significant difference between smartphone(iPhone 6 with Goniometer pro
application) and the isokinetic dynamometer in measuring active knee JPS. However,
Ercan and colleagues methodology differs from the current study as they measured only
active JPS in healthy adult volunteers. Further, JPS was measured at a different range
(30ᵒ , 45ᵒ and75ᵒ ). Moreover, the measurement of smartphone and isokinetic were
done at two separate occasions.6
On the other hand, Jones and colleagues (2014) tested the validity and reliability
of “Simple Goniometer” application using iPhone and compared it to universal
goniometer in assessing knee ROM in middle aged adults.The results showed positive
correlation between the two devices (r = 0.96–0.98).9 It should be emphasized that this
study assessedROMand not JPS, and the comparator of this study which is universal
goniometer which have an estimated measuring error of 5ᵒ to 10ᵒ .21
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There are a few other studies that validated smartphone use to assess of
proprioception acuity in other joints, For example, Lee and Han (2017) reported
significantly high correlation (r = 0.6) between the“Sensor Kinetics Pro” application
installed on Galaxy S4 smartphoneand the electrogoniometer in measuring ankle
activeJPS in 20 healthy young adults.10 Also, Edwards and colleagues(2016) validated
the use of IPod in assessing shoulder flexion active JPS in nine healthy adults against
amagnetic tracking device. The results showed no significant differences between the two
devices(p>0.05).11
To authors’ knowledge, this is the first study to investigate theconcurrentvalidity
of smartphone in assessing passive JPS in patients with knee OA. The results of this
study implies that smartphone can be used in clinical settings as a feasible, economic and
portable tool toevaluate proprioception acuity and, hence, improve clinical decision
making for patients' management and follow up.
However, this study is limited by testing only passive knee JPS in a single
range.Also, this study tested only patients with primary OA, who never received surgical
intervention.Future studies are recommended to measure passive and active JPS in
different age groups, joint angles and OA severity.Also, to test inter-rater and intra-rater
reliability.
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صالحية الهاتف الذكي لقياس االحساس بوضع المفصل في مزضى التهاب الزكبة العظمي
المفصلي :دراسة مسحية
الخلفيةٝ:عرثز عجش اىَسرقثالخ اىذس ٔٞأدذ ع٘اٍو ذذٕ٘ر اىرٖاب اىزمثح اىعظَ ٜاىَفصي , ٜىذىل
فإُ اىرقٗ ٌٞٞاىعالج اىَْاسة ىٖذا اىعجش ٌٍٖ ىيرذنٌ ف ٜداىح ٍزض ٚاىرٖاب اىزمثح اىعظَٜ
اىَفصي.ٜدذٝثاً أصثذاىٖاذف اىذمٞٞسرخذً ىرق ٌٞٞاىجٖاس اىعضي ٜاىذزمْٕ .ٜاك اىقيٞو ٍِ اىرطثٞقاخ
اىصاىذح ىقٞاص اىَسرقثالخ اىذسٞح ىيَفاصو اىَخريفح ٗاىر ٜذي٘ح تاسرخذاً ٗاعذ ىيٖ٘اذف اىذمٞح
مثذٝو اقرصاد ٛىرق ٌٞٞدقح اىَسرقثالخ اىذس ٔٞف ٜاىعٞاداخ ٗ ,ىنِ صالدٞح ذق ٌٞٞاىَسرقثالخ اىذسٔٞ
ٍاساىد تذاجح ىَشٝذ ٍِ اىذراسح  ,ىذىل فإُ ٕذٓ اىذراسح ذٖذف الخرثار صالدٞح اسرخذاً اىٖاذف
اىذم ٜف ٜذق ٌٞٞدقح اىَسرقثالخ اىذس ٔٞفٍ ٜزض ٚاىرٖاب اىزمثح اىعظَ ٜاىَفصي. ٜ
الطزيقة:اثْاُ ٗثالثُ٘ رمثح ىسرح عشز ٍشارمرٌ ذق ,ٌَٖٞٞثَاّٞح ٍشارم ِٞالٝعاُّ٘ ٍِ أ ٛشن٘ٙ
ٍزضٞح ف ٜاىزمثٔ ٗثَاّٞح ٍزضٍ ٚصات ِٞف ٜميرا اىزمثر ِٞتاىرٖاب اىزمثح اىعظَ ٜاىَفصي. ٜذٌ
قٞاص دقح اىَسرقثالخ اىذس ٔٞعِ طزٝق اإلدساص اىذاخي ٜاىسيث ٜتاى٘ضع ىَفصو اىزمثح ترطثٞق
اىٖاذف اىذم ٜجٍّ٘٘ٞرز تزٗ ٗجٖاس اىث٘ٞدمساٝشٗمْٞٞرنذْٝاٍٍ٘رز ٍعاً.ذٌ قٞاص ٍقذار اىخطأ فٜ
إعادج ذَثٞو اىشاٗٝح ثالز ٍزاخ ىنو ٍشارك خاله اىذزمح اىسيثٞح ٗذٌ دساب ٍر٘سط ٕذٓ اىقٞاساخ
ٗاسرخذاٍٖا ف ٜاىرذيٞو اإلدصائ. ٜ
النتائجْٕ:اىل عالقح ٍرزاتطح إٝجاتٞح ق٘ٝح ت ِٞقٞاساذاىٖاذف اىذمٗ ٜجٖاس االٝشٗمْٞرٞل دْٝاٍٍ٘رز
ف ٜقٞاص ٍقذار اىخطأ ف ٜإعادج ذَثٞو اىشاٗٝح ىيَشارم ِٞف ٜميراٍجَ٘عرا اىذراسح  .تاىْسثح ىيزمثح
غٞز اىسائذج اىعالقح اىرزاتطٞح ماّد ٍثاىٞح فٍ ٜجَ٘عرا اىذراسح ,أٍا ف ٜاىزمثح اىسائذج فناّد اىعالقح
اىرزاتطٞح ٍَٖح إدصائًٞا  ,إٝجاتٞح ٗعاىٞح ىنيرا ٍجَ٘عرا اىذراسح.
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الخالصة:ذطثٞق اىٖاذف اىذم ٜاىَسرخذً صاىخ مثذٝو ىجٖاس االٝشٗمْٞٞرل دْٝاٍٍ٘رز ىرقٌٞٞ
االدساص اىذاخي ٜاىسيث ٜى٘ضع اىَفصو فٍ ٜزض ٚاىرٖاب اىزمثح اىعظَ ٜاىَفصيٍْٗ ٜاظز. ٌٖٝ
الكلمات الذالة :اإلدساص اىذاخي ٜتاى٘ضع ىيَفصو,اىرٖاب اىزمثح اىعظَ ٜاىَفصي, ٜاىٖاذف اىذم. ٜ
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