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Introduction

Lumbar spinal stenosis (LSS) is a common disease and has a 
prevalence between 11% and 39% in the general population 
based on clinical diagnoses (1). LSS is often a degenerative 
disease caused by a narrowing of the spaces within the 
intraspinal lumbar canal, typically due to the intrusion of 
adjacent structures such as a hypertrophied ligamentum 
flavum or the protrusion of a degenerating intervertebral 
disc (2). These processes may cause irritation or ischaemia 
of the entrapped nerve roots, resulting in neurogenic 
claudication—a clinical syndrome of back or leg pain, 
weakness, and paraesthesia that is exacerbated by walking 
and relieved by lumbar flexion (3). As the stenosis worsens it 

affects the patient’s capacity to walk long distances and may 
result in changes to walking patterns where patients adjust 
the position of their pelvis, torso, and legs to alleviate pain, 
or compensate for weakness. These changes often come 
at the cost of deteriorating walking patterns, and patients 
may need increasing levels of walking assistance (such as a 
walking stick) as the disease progresses (2,3). 

It is well established that LSS causes a deterioration 
of objective and quantifiable gait and walking metrics (4). 
Studies have reported that, compared to healthy controls, 
LSS patients have decreased walking speed, cadence, and 
step length, and increased step time, double support time, 
stance phase time, swing phase time, and gait variability  
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(5-8). Alongside this, gait patterns can provide insight into 
LSS disease severity, although routine evaluation of gait 
metrics is not a standardized measure of care. LSS patients 
with higher levels of pain and functional disability (as 
measured using patient-reported outcome measures) have 
worse spatiotemporal gait metrics and patients with higher 
radiological grades of stenosis demonstrate greater pelvic 
rigidity (9,10). 

In this case report, we demonstrate objective evidence 
of gait deterioration in an elderly patient with LSS. We 
hypothesize that routine remote observation of gait 
measures can have significant clinical utility in not just 
detection of symptom progression but also as an adjunct for 
clinical decision-making. We present the following case in 
accordance with the CARE reporting checklist (available 
at https://jss.amegroups.com/article/view/10.21037/jss-21-
101/rc).

Case presentation

An 85-year-old woman presented to the NeuroSpine Clinic 
(Randwick, Australia) with neurogenic claudication over 
a period of two years. Despite being elderly, her medical 
background did not report any other comorbidities and she 

was otherwise from home with an independent baseline. 
Qualitative gait observations revealed a slouching posture 
with symptoms worsening when standing upright for several 
minutes. Upper motor neuron signs were not reported. Her 
magnetic resonance imaging (MRI) revealed severe stenosis 
equating to grade D compression, confirming her diagnosis 
of LSS (Figure 1). 

The patient first presented during October 2019. 
For the subsequent two years, her daily step count was 
recorded using her smartphone (iPhone) which she kept 
on her person at nearly all times. Using a stopwatch and 
surveyor’s wheel, walking speed and step length were 
also independently assessed across three timepoints  
(October 2019, March 2021, July 2021) with the patient 
walking a self-selected distance (maximum 120 m) at a self-
selected pace. This data is summarized in Table 1. She did 
not develop any other medical comorbidities during this 
time and her walking deterioration was likely secondary to 
her worsening lumbar stenosis.

As shown in Figure 2, her initial walking metrics (walking 
speed =1.03 m/s, step length =0.49 m, and daily step count 
=3,136) were all above age- and sex-matched normative 
values (walking speed =0.94 m/s, step length =0.55 m, and 
approximate daily step count =1,500), suggestive of only 

A B

Figure 1 T2-weighted MRI showing the severity of our patient’s LSS in August 2021. (A) It is a sagittal section showing stenosis at the L3/4 
and L4/5 levels. (B) It is an axial section at the L3/4 level showing effacement of the CSF signal around the cauda equina. This represents 
grade D compression (extreme stenosis). MRI, magnetic resonance imaging; LSS, lumbar spinal stenosis; CSF, cerebrospinal fluid. 
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mild functional disability (11-13). After neurosurgical 
evaluation, conservative therapies including physiotherapy, 
analgesics, and steroid injections were recommended. No 
walking aid was required.

When assessed again in March 2021, the patient’s 
walking metrics had significantly deteriorated (walking 
speed =0.97 m/s, step length =0.41 m, and daily step count 
=854) and she required a walking stick for all mobility. 
This pattern continued and in July 2021, her metrics were 
all below normative values (walking speed =0.49 m/s, step 
length =0.37 m, and daily step count =334). At this time, she 
required a four-wheel walker and could only mobilize for a 
few metres before she needed to rest. Physical examination 
confirmed bilateral lower limb weakness and paraesthesia 

upon exertion. As her clinical symptoms had deteriorated 
and were now significantly affecting her quality of life, 
surgical management was recommended after neurosurgical 
evaluation and a shared decision-making process with the 
patient and her family. 

All procedures performed in this study were in 
accordance with the ethical standards of the institutional 
and/or national research committee(s) and with the 
Helsinki Declaration (as revised in 2013). This study was 
approved by the South-Eastern Local Health District 
Human Research Ethics Committee, with the reference 
number 17/184. Written informed consent was obtained 
from the patient for publication of this manuscript and any 
accompanying images. A copy of the written consent is 

Table 1 Walking metrics of our patient throughout the duration of data capture

Date Steps per day Gait velocity (m/s) Stride length (m)

October 2019 3,136 1.03 0.49

November 2019 3,093 − −

December 2019 2,929 − −

January 2020 3,097 − −

February 2020 2,838 − −

March 2020 2,610 − −

April 2020 2,772 − −

May 2020 2,139 − −

June 2020 2,444 − −

July 2020 2,272 − −

August 2020 1,991 − −

September 2020 1,932 − −

October 2020 1,878 − −

November 2020 1,529 − −

December 2020 1,493 − −

January 2021 1,265 − −

February 2021 1,277 − −

March 2021 854 0.97 0.41

April 2021 858 − −

May 2021 639 − −

June 2021 612 − −

July 2021 334 0.49 0.37

August 2021 301 − −
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available for review by the editorial office of this journal.

Discussion

LSS is a common degenerative disease of the lumbar spine 
which can affect a person’s walking patterns. Objectively 
monitoring walking metrics in these people may provide 
insight into fluctuations in their health status (4,14). To our 
knowledge, this is the first recorded case actively tracking 
the decline of a patient with LSS by objectively measuring 
their walking patterns for such a prolonged duration. 
By doing so, we have demonstrated correlation between 
deteriorating walking metrics and an increased need for 
walking assistance.

Wearable devices (such as smartphones, goniometers, 
activity trackers, etc.) can be used to objectively measure a 
person’s walking metrics. These devices are already widely 
used on a consumer basis—smartphones, for instance, have 
an estimated 5 billion users worldwide as of 2019 (15).  
This represents significant public trust, and clinicians 
across different specialties (but particularly those involved 
with gait-altering diseases) may use smartphone-captured 

walking metrics (typically daily step counts) to gauge their 
patient’s walking ability amongst other functional measures. 
Although not demonstrated in this report (wherein we used 
a stopwatch and surveyor’s wheel for further additional 
measurements at discrete timepoints as part of our routine 
clinic assessment), current wearable devices can also capture 
core spatiotemporal gait metrics such as walking speed and 
step time, with some being able to measure their respective 
derivations of asymmetry and variability (16). A systematic 
review by Stienen et al. (17) in 2019 revealed that other 
forms of objective outcome measurement primarily include 
clinician-observed tests such as the timed up and go test, 
the motorized treadmill test, and the self-paced walking 
test. These appeared in 9.8–31.7% of papers incorporating 
the objective outcome analysis of spine patients. However, 
the frequency of these assessments is limited to in-person 
presentations and cannot match the day-to-day monitoring 
of walking patterns made possible using wearable devices.

Additional benefits of wearable devices include their 
potential for the remote monitoring of patients while in 
their everyday environments, and the continuous collection 
of data for as long as the device is worn (18). Other forms 
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of walking analysis include three-dimensional motion 
capture systems which may be combined with force plates 
that measure ground-reaction forces. Although the gold-
standard in gait analysis, these methods are expensive, time-
consuming and require expert operation and equipment at 
discrete time points, thereby having inferior clinical utility 
to wearable devices (18).

To facilitate ambulation and prevent falls-related 
accidents, walking assistance (such as a walking stick, or 
four-wheel walker) is needed when a person’s walking 
patterns deteriorate. Currently, requirements for walking 
assistance are based on a process of clinical evaluation, 
often supplemented by allied health assessments that 
may be difficult to arrange or time-consuming. Our 
patient’s walking assistance requirements aligned with her 
deteriorating walking metrics, which dipped far below their 
original values at first presentation (original: walking speed 
=1.03 m/s, step length =0.49 m, daily step count =3,136; 
latest: walking speed =0.49 m/s, step length =0.37 m,  
and daily step count =334) as shown in Figure 2. In 
conjunction with clinical examination, this was reflective of 
the progressive LSS disease process, whereby conservative 
management strategies were not adequate in recovery or 
prevention of further deterioration. It is also important to 
recognise that across this period the patient did not have 
any falls or other confounders for deterioration. 

In this case we have demonstrated the potential for 
walking metrics to stratify impairment based on severity 
and based on these findings make recommendations for 
the degree of walking aids required. However, the present 
report is limited by sample size, and future studies are 
required to consolidate these findings before they can be 
tangibly translated into clinical contexts. Nonetheless, 
our previous case series in patients undergoing spine 
surgery also demonstrated utility in basic walking metrics 
as outcome measures with subjects demonstrating a 
statistically significant improvement in daily step count at 
3-month follow-up (58.2% increase, P=0.008) (19).

In this report, we have been able to demonstrate a 
trajectory pathway of deterioration in a subject with 
LSS. With more advanced measures being employed in 
even affordable commercial devices, the understanding 
of gait patterns in pathology remains an evolving field, 
and recognising pathology based on gait pattern has been 
widely established across clinical examination. Naturally, 
this represents a potential target for novel devices, and we 
speculate that with time and the shift during the pandemic 
into methods of telehealth and remote assessment, such 

devices will become integrated and form an irreplaceable 
component of clinical assessment. 

Conclusions

LSS disease progression can be remotely visualised using 
simple phone derived walking metrics. The extent of 
walking deterioration may be used to inform clinical 
decision-making regarding appropriate walking assistance 
and assessment of treatment effectiveness. This objective 
concept, with the advent of evolving device capabilities may 
bring about more refined decision making and personalised 
remote healthcare soon in both LSS and other conditions 
impacting gait and general health overall. 
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