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Background: Measuring knee range of motion (ROM) is an important assessment for the out-
comes of total knee arthroplasty. Recent technological advances have led to the development
and use of accelerometer-based smartphone applications to measure knee ROM. The purpose
of this study was to develop, standardize, and validate methods of utilizing smartphone accel-
erometer technology compared to radiographic standards, visual estimation, and goniometric
evaluation.

Methods: Participants used visual estimation, a long-arm goniometer, and a smartphone accel-
erometer to determine range of motion of a cadaveric lower extremity; these results were
compared to radiographs taken at the same angles.

Results: The optimal smartphone position was determined to be on top of the leg at the distal
femur and proximal tibia location. Between methods, it was found that the smartphone and
goniometer were comparably reliable in measuring knee flexion (ICC = 0.94; 95% CI:
0.91–0.96). Visual estimation was found to be the least reliable method of measurement.

Conclusions: The results suggested that the smartphone accelerometer was non-inferior when
compared to the other measurement techniques, demonstrated similar deviations from radio-
graphic standards, and did not appear to be influenced by the person performing the measure-
ments or the girth of the extremity.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

The measurement of postoperative knee range of motion (ROM) after total knee arthroplasty (TKA) is a key piece of informa-
tion that allows surgeons to evaluate patient satisfaction, success of a knee prosthesis, and patient function after surgery. Func-
tional flexion of 90–105° is necessary to perform activities of daily living [1]. Patients that demonstrate flexion below these
values may require an intervention such as specialized braces, manipulation under anesthesia, and even revision surgery. There-
fore, it is important that knee range of motion is accurately evaluated [1].
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Radiographic measurement has been accepted as the most accurate method of evaluating knee flexion [1,2]. However, due to
radiation exposure and the need for repeated examinations, this method is not clinically feasible. As a result, knee ROM has tra-
ditionally been evaluated using visual estimation or long-arm goniometry [1–4]. Recent smartphone technology, however, has led
to the development of accelerometer-based applications that have the potential to be used for measuring ROM [3]. As a clinical
tool for measuring ROM, the accuracy, intraobserver, and interobserver reliability has not been established compared to radio-
graphic assessments. Furthermore, no standard exists for the use or positioning of the smartphone when obtaining measurements.

The purpose of this study was to develop, standardize, and validate a method of utilizing smartphone accelerometer technol-
ogy. Based on the identification of an optimal location at which a smartphone could be placed, the smartphone accelerometer,
accuracy of visual estimation, and long-arm goniometer were compared against radiographic assessment for measuring knee
ROM. Additionally, the impact of leg circumference on the smartphone's ability to accurately measure range of motion and the
experience level of the observer were assessed.

2. Material and methods

This study was approved by the Institutional Biosafety Committee prior to initiation. Two cadaveric specimens of different
sizes disarticulated at the hip were obtained from the institutional Human Gift Registry. A small cadaver leg (upper leg circum-
ference: 40.6 cm and lower leg circumference: 27.9 cm) and large cadaver left leg (52.7 cm upper and 37.5 cm lower) were uti-
lized. Two custom devices were constructed so that each leg could be positioned in reproducible angles allowing for unobstructed
views of the lower extremity (Figure 1a & b). These devices also allowed for rotation of the hip around a fixed axis recreating
various angles of knee flexion.

Figure 1. a) Custom device allowing for articulation of the hip around a fixed axis and positioning of the foot to create various flexion angles. b) This device
allowed for observation of the leg with an unobstructed view. The femur and tibia were divided into thirds (proximal femur — PF, middle femur — MF, distal
femur — DF) and (proximal tibia — PT, middle tibia — MT, distal tibia — DT). The smartphone was either placed on the anterior leg (blue rectangle) or on the
side of the leg (yellow rectangle). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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