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Wearable sensor technology in spine care

As in all fields of medicine, outcomes in spine surgery are important by reflecting a patient’s clinical status, with continuous 
data monitoring delivering significant potential benefit to both patient and health care provider. In spine surgery, outcomes 
are measured in terms of pain, functional disability (focussing on impairments to activities of daily living), radiological 
features, and physical performance. These outcomes may be quantified by various outcome measures – instruments which 
measure outcomes. This allows for the measurement of disease severity, the assessment of intervention effectiveness 
(measuring outcomes before and after an intervention), and the tracking of rehabilitation processes (comparing changes in 
outcomes over time). 

Patient-reported outcome measures (PROMs) are commonly used in spine surgery for the assessment of clinical outcomes. 
These include the Visual Analogue Scale, and the Oswestry Disability Index, which are validated questionnaires that allow 
patients to communicate their perspective of their disease (1). However, by being inherently subjective, these measurement 
tools are highly variable depending on patient psychology at the timepoint of measurement (2), potential secondary gain, and 
reporter bias if the information is being collected by a third party. Furthermore, these tools are used at discrete timepoints 
(for example, after surgery, patients may be typically assessed at the 2-week, 6-week, and 3-month timepoints depending on 
the preferences of the clinical team, providing no information about the changes in health status that occur between these 
timepoints). Hence, although PROMs are useful in the evaluation of the spine patient, they have significant disadvantages. 

To overcome the drawbacks of subjective outcome measures in spine surgery, clinicians may also use objective outcome 
measures. Objective outcome measures in spine surgery include, but are not limited to, radiological and physical assessments. 
However, the radiological assessment of spinal pathologies may poorly correlate with clinical symptoms, affecting their 
relevance as a marker of clinical health status (3). Physical assessment traditionally involves clinician-observed single time-
point tests such as the six-minute walk test (4). However, these tests are susceptible to the “white-coat effect” of greater 
conscious control of walking when observed (5). Fortunately, with technological advancements, wearable technologies 
(including smartphones, smartwatches, and activity trackers, which many patients already use) have emerged as a more 
sophisticated method of physical assessment using gait and walking analysis. Commercial devices such as smartwatches can 
measure basic metrics (step count and walking speed), however questions regarding accuracy remain, and these devices may 
not yet be suitable for medical grade monitoring.

Wearable devices are small, lightweight, and unobtrusive in daily life. Therefore, they can collect objective data as people 
participate in day-to-day activities. This paints a detailed continuous portrait of a person’s health status, as opposed to the 
“snapshot” assessment that PROMs provide. In spinal patients, wearable devices can be used to measure gait and walking 
metrics relating to physical activity (typically daily step count), spatiotemporal gait metrics (such as walking speed, step 
length, and step time), and derived asymmetry and variability metrics. These metrics are relevant in the assessment of spine 
patients. Daily step count is representative of general health, with higher daily step count values being significantly associated 
with lower all-cause mortality (6). Meanwhile, spatiotemporal metrics and their derived asymmetry and variability metrics 
are particularly relevant in gait-altering pathologies, such as lumbar spine pathologies (including lumbar spinal stenosis, 
lumbar disc herniation, and mechanical low back pain) (5,7-9), cervical myelopathy, and in the identification of complications 
following spinal surgery (10). Objective gait and walking metrics have future possibilities of being combined with artificial 
intelligence to form predictive algorithms and assist in the diagnosis of disease (5).

Another benefit of such devices within the spinal arena is to compare technique, intervention and medical device 
performance from a patient outcomes perspective. For lumbar spine fusion, there are many reported approaches to achieve 
spinal arthrodesis (11), however there remains conjecture as to the ‘best’ or most efficacious technique depending on a 
particular pathology. These devices may add insights to recovery kinetics so that the clinician can use objective data to assist in 
decision making. Ultimately, a combination of PROMs and objective metrics may provide a more comprehensive evaluation 
of the spine patient. The authors encourage the use of wearable devices amongst spine care providers. On that note, the 
authors are proud to present this special edition to highlight and contribute to the rapidly expanding literature base on the 
use of wearable devices for the spine patient.
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