Knee Surg Sports Traumatol Arthrosc (2016) 24:2874-2877
DOI 10.1007/s00167-015-3537-4

@ CrossMark

KNEE

Measurement of the knee flexion angle with smartphone
applications: Which technology is better?

Jean-Yves Jenny - Abdullah Bureggah - Yann Diesinger

Received: 20 August 2014 / Accepted: 6 February 2015 / Published online: 15 February 2015
© European Society of Sports Traumatology, Knee Surgery, Arthroscopy (ESSKA) 2015

Abstract

Purpose The range of motion of the knee is a critical ele-
ment of clinical assessment. The tested hypothesis was that
the measurement of the knee flexion angle measured with
two specific smartphone applications using either inclinom-
eter or camera technology was different from the reference
measurement with a navigation system designed for total
knee arthroplasty (TKA).

Methods Ten consecutive patients were selected for naviga-
tion-assisted TKA. Five navigated, five inclinometer and five
camera measurements of knee flexion angle were obtained
for each patient throughout the complete range of motion.
The difference, the correlation and the coherence between all
measurements and all paired sub-groups were analysed.
Results There was a strong correlation and a good coher-
ence between the three techniques of measurements, but
the knee flexion angle reported by the inclinometer differed
substantially from the camera- and navigation-based meas-
urements. The camera-based measurement was clinically
identical to the navigated data, with a mean difference of
<1° and only 1/50 difference >3°.

Conclusion Camera-based smartphone measurement
of the knee range of motion is fit for purpose in a routine
clinical setting. The accuracy may be higher than other con-
ventional measurement techniques, allowing a more precise
rating of the clinical outcomes after TKA.

Level of evidence 1I.
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Introduction

Total knee arthroplasty (TKA) is a successful treatment for
end-stage osteoarthritis. One of the major goals of this pro-
cedure is to restore an adequate range of motion. Therefore,
measurement of range of motion is clinically relevant and
an important element or item of most clinical knee scoring
systems [8, 10].

Smartphone technology may currently be used in many
ways, but its use in the medical field is not yet widespread.
An inclinometer application has been shown to be an accu-
rate and precise tool to measure the knee flexion angle [12],
with virtually no additional cost when compared to more
sophisticated techniques such as gait analysis [6, 17] or
image analysis [3, 9]. Another possible smartphone tech-
nology is based on photographic analysis [7]. No compara-
tive analysis between these two techniques has been pre-
viously performed. The goal of the present study was to
compare these two technologies to the navigated measure-
ment considered as the gold standard, suggesting to use the
more precise one.

The basic hypothesis of this study was that measure-
ments of the knee flexion angle taken with the inclinom-
eter and camera applications on a smartphone would differ
from each other and from the reference measurement with
a navigation system designed for TKA.

Materials and methods

The study was approved by the institutional review com-
mittee of the University Hospital Strasbourg, and respects
the ethical standards in the Helsinki Declaration of 1975,
as revised in 2000. Ten consecutive patients with end-stage
osteoarthritis were selected for navigation-assisted TKA
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and included in the present study after giving their informed
consent. The following pre-operative items were recorded:
age, gender, body mass index (BMI), knee assessment by
the Knee Society Score (KSS) [10], severity of the degen-
erative changes according to Ahlback [1] and mechanical
femoro-tibial angle measured on full leg radiographs with
unipodal support (varus angles were considered as positive
and valgus angles as negative values). The navigation sys-
tem used (OrthoPilot®, Aesculap, Tuttlingen, FRG) and the
technique of navigation has been described elsewhere [11].
The data registration for the present study was performed
after the TKA implantation.

Two free angle measurement applications were down-
loaded to the smartphone from the Apple Application store:
one using inclinometer technology (Goniometer Pro, 5fufs)
and the other using camera technology (Dr. Goniom-
eter, CDM S.r.L.). After navigation-assisted TKA and just
before wound closure, the operated knee was positioned at
full extension, 30 & 2°, 60 & 2°, 90 & 2° and 120 £ 2°
according to the navigated measurement. At each step, the
knee flexion angle was measured with both smartphone
applications:

1. Inclinometer application the precise measurement
technique has been described elsewhere [12]. Briefly,
the device was put on the anterior surface of the thigh
proximal to the skin incision, and on the anterior sur-
face of the distal tibia distal to the skin incision; the
device displayed the angle compared to the horizontal
line in both positions, and knee flexion angle was cal-
culated as the sum of the two measurements.

2. Camera application a picture was taken from the lat-
eral side of the operated knee; markers were virtually
placed at the level of the greater trochanter, the knee
joint and the ankle joint, and the application displayed
the knee flexion angle calculated.

Statistical analysis

For each of the ten patients, five navigated, five inclinom-
eter and five camera measurements were obtained for each
patient, giving three sets of 50 repeat measurements. The
sample size was calculated with the ANOVA test to get a
significance level of 0.05 and a power of 0.8 to detect a
10° difference: a minimal group size of 42 measures was
required, and 50 measures were actually included in each
group. The paired difference between each pair of measure-
ments was calculated. The homogenicity of the variance of
the three sets of measurements was tested with a Levene
test to validate the use of parametric tests. The difference
between the three sets of measurements was analysed with
an ANOVA test for repeat measurements, with post hoc
comparisons with a paired Wilcoxon test. The correlation

between the three sets of measurements was analysed with
a Kendall test, with post hoc comparisons with a Spearman
test. The coherence between each pair of data was analysed
according to Bland—Altman. The influence of all registered
pre-operative items was analysed with the appropriate sta-
tistical test. All tests were performed at a 0.05 level of sig-
nificance, and post hoc comparisons were performed at a
0.01 level of significance.

Results

Ten patients participated in the study. There were five
men and five women, with a mean age of 69 years (SD
10.8 years) and a mean BMI of 30 (SD 5.7). The mean KSS
was 88 points (range 31-148 points). There were six grade
2 and four grade 3 cases according to Ahlback. The mean
mechanical femoro-tibial angle was 2° (range —1-5°).

The mean paired difference between navigated and cam-
era measurements was 0.7° (SD 1.5°), with one difference
>3°. The mean paired difference between navigated and
inclinometer measurements was 7.5° (SD 5.3°), with 16 dif-
ferences >10°. The mean paired difference between incli-
nometer and camera measurements was —6.8° (SD5.2°),
with 7 differences >10°.

The Levene test showed that the variances of the three
sets of measurements were not inhomogeneous (n.s.),
allowing using parametric tests for further analysis. The
ANOVA test for repeat measurements showed a signifi-
cant difference between the three sets of measurements
(p < 0.001). The post hoc paired comparisons with the Wil-
coxon test showed a significant difference between all pairs
of measurements (p < 0.001). The Kendall test showed
no difference in the distribution of the three sets of meas-
urements (n.s.). The post hoc paired correlations with the
Spearman test showed a good coherence between all pairs
of measurements (R> between 0.02 and 0.12). No pre-oper-
ative criteria showed a significant influence on the differ-
ences observed.

Discussion

The most important finding of the present study was that
the measurement of the knee flexion angle measured with
the inclinometer application and the camera applica-
tion were substantially different, and were each different
from the reference measurement with a navigation sys-
tem designed for TKA. The basic hypothesis of the pre-
sent study was therefore confirmed. However, there was a
strong correlation and a good coherence between the three
techniques of measurements, suggesting that the differ-
ences were not random.
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The inclinometer application showed differences of a
size which may be clinically relevant: the mean difference
was 7°, and 16/50 differences were >10° (32 %). A random
fluctuation which was not related to the degree of exten-
sion or flexion measured was observed using this technol-
ogy. The inclinometry application used in the present study
seems to be less accurate than a previously documented
application with the same hardware [12]. Accordingly, this
application should not be used for measurement of the knee
flexion angle.

Measurements taken with the camera application were clin-
ically identical to those obtained using navigation, although
the difference of <1° with 1 of 50 with difference was >3°
(2 %) reached statistical significance. The size of these dif-
ferences is clinically irrelevant. This application seems to be
more accurate than a previously documented application with
another technology [12]. His application seems fit for the pur-
pose measuring the knee flexion angle in a clinical setting,
and the image can be simply retained for further use, how-
ever, while the less accurate inclinometer could be used by the
patient alone, for the camera-based application to be used by
the patient alone, a ‘selfie’ in a mirror would be required. This
possibility has not yet be explored.

The precise and accurate measurement of the knee range
of motion is a critical point during the clinical evaluation
of TKA patients. Flexion angles measured by visual evalu-
ation and/or mechanical goniometers are fast, easy to per-
form and inexpensive, but involve a significant inaccuracy
[13, 14]. Radiographic evaluation is accepted as the refer-
ence technique [5], but the additional exposure prevents its
widespread use. Digital goniometers [4, 17], gait analysis
[6, 9] or digital imaging with computer image analysis are
too expensive or time-consuming to be used on a routine
basis [3, 15, 16].

Navigation systems are accurate and precise measure-
ment tools for the assessment of the three-dimensional
positioning of the knee joint, including the angle of knee
flexion [2]. It is therefore reasonable to use these systems
as a reference technique to test for precision and accuracy
of other measurement tools. However, such systems are
invasive needing to be pinned to the bones, so cannot be
used outside the operating room.

There are some limitations in this study. Although the
total number of measurements is high, only ten patients
have been included, and the results might not be extended
to the general population. Body habitus, knee malalign-
ment or abnormal knee mechanics may affect the accuracy
and reliability of measurement. Results might be signifi-
cantly different for different-sized legs such as a competi-
tive runner versus a large power lifter or even a more com-
mon obsess individual. A larger study with more repetition
would more fully validate this technology. The measure-
ment was taken under passive conditions, and the results
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might be altered in the office environment where patients
may actively bend the knee or even squat down. Specifi-
cally, flexion angle may be thrown off with any measure-
ment technique if there is a component of rotation when a
patient attempts an active knee flexion or squat. However,
the use of navigation is not possible under this office con-
dition, and there is actually no gold standard non-invasive
technique to perform further validation. The accepted refer-
ence for similar works, i.e. radiographic measurement, has
not been performed; however, the bias is probably limited,
as navigation systems may be more precise and accurate
than radiographic measurement. The repeatability stud-
ies have already been published elsewhere, showing that a
similar inclinometer application had a high accuracy with
intraclass correlation coefficient around 0.8 for both intra-
and inter-observer reproducibility [12]. This study involved
only one surgeon, but we see no reason why the results
should not be extended to any orthopaedic surgeon. How-
ever, our results may be specific to the specific applications
used on one specific smartphone. Our findings suggest that
any other hardware and software combinations should be
validated before clinical use.

Despite these limitations, these results offer a simple
and practical way of improving the precision and accuracy
of the clinical examination of a TKAR and of its scoring.
Using this technology to assess the knee range of motion
allows an accurate assessment of this clinically relevant
item. The precision and accuracy we report is be higher
than published conventional measurement techniques, and
especially visual assessment which is most commonly used
in the routine practice. Furthermore, this cheap and widely
available technology may be used to monitor the rehabilita-
tion course by the physiotherapist or even the patient him-
self or herself (with help). Access to information on range
of motion might avoid unnecessary post-operative visits
or validate the necessity for further follow-up. The simple
storage and transmission of images by smartphones are fur-
ther advantages of this method.

Conclusion

The camera smartphone application used in this study
is fit for the purpose of measurement of the knee range
of motion in a routine clinical setting and is substantially
superior to inclinometer-based measurement. Camera-
based measurement allows a precise, accurate rating of
knee range of motion, a key element of clinical scoring sys-
tems. The accuracy may be higher than other conventional
measurement techniques.
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