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ABSTRACT 
 

Objectives: The purpose of this review protocol is to assess the role of sensor based insole in 
improving walking in patients with lower limb arthroplasty and to rule out the demand and 
advantage of sensor based insole in utilizing such types of problems at clinical setup. 
Methodology: A systematic review will be conducted by two independent reviewers who will 
search articles using electronic search for publications in seven databases: Google Scholar, Index 
Copernicus, JSTOR, PubMed/Medline, Science Direct, Scopus and Web of Science. After applying 
the selection criteria, study papers published between the years 2001 to 2019 will be selected. 
Studies of human participants of 45-75 years of age having history of lower limb arthroplasty will be 

Systematic Review Article 
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eligible. All the study papers will be analyzed using Modified Downs and Black scale and scores will 
be awarded for the items selected on a 27 point scale. 
Findings: The findings of this review will be disseminated through presentations and peer-
reviewed publication. The systematic review will direct the attention of the physiotherapists to 
assess and evaluate the patient’s walking pattern, as alterations in the biomechanics of joints of 
lower limb can produce far-reaching effects in the ideal or normal gait. The results of this review will 
provide evidence regarding changes in gait parameters in patients with lower limb arthroplasty and 
this information will be useful in planning for rehabilitation in improving walking of patients after 
lower limb arthroplasty.  
Novelty: Many studies have been carried on sensor insole technology for monitoring gait. 
However, there is scarcity of literature based on the systematic reviews on the use of smart sensor 
insole in improving walking among patients with lower limb arthroplasty. 
 

 

Keywords: Arthroplasty; sensor insole; gait; rehabilitation. 
 

1. INTRODUCTION 
  
Arthroplasty is a more common surgical 
procedure performed on weight bearing joints 
such as knee and hip joints aimed to reduce 
symptoms and minimize disability and optimize 
the physical function [1]. Arthroplasty is often 
recommended for various musculoskeletal or 
bone related disorders and joint disorders [2]. It 
is estimated that over 1,20,000 total knee 
replacements(TKRs) are performed in India 
annually [3].  Post-surgery, recuperating the 
normal walking pattern is the most significant 
factor in recovery [4]. Phases such as, toe off or 
heel strike are the proven and validated methods 
for assessing the temporal parameters of gait 
and are precursors for measuring other temporal 
variables such as swing time, stride time and 
step time [5]. Evaluating temporal variables is 
very critical, because they play a major role in 
determining the risk of falling in the elderly 
population [6]. For the assessment of gait 
biomechanics, a well-equipped, expensive and 
complex biomechanical laboratory is mostly 
needed. To date, the gold standard assessment 
of ground reaction forces is by detecting initial 
contact and toe using force plate [7]. 
 

From last few years, there has been a high 
demand for wearable sensors integrated with 
smartphone-based devices  used for gait 
analysis outside the laboratory setting [8].  
Sensor based insoles helps in monitoring the gait 
impairments and thus helps in changing the 
walking patterns [9].  In the absence of regular 
motion capture based camera, Inertial 
Measurement Units (IMUs) can be used [10]. 
IMUs are portable and battery-powered sensors 
consisting of a gyroscope, an accelerometer and 
a magnetometer, and they are also small and 
powerful [11]. Previous work has shown that IMU 

is a true and accurate instrument for determining 
gait parameters. The accelerometer is primarily 
used to test the gait parameter but now the 
researchers are showing interest in the 
gyroscope as well [12]. The validity and reliability 
of gyroscope-based approaches to detect 
anomalies in the gait parameters becomes an 
important criteria [13]. 
 

Diverse work has been carried out on the 
creation and use of wearable devices to examine 
the human gait. Tao Liu et al. proposed a 3-axis 
accelerometer and gyroscope mobile gait 
analysis system [14]. Xu et al. developed an 
algorithm based on compressed sensing with 
one accelerometer for accurate detection of 
human behavior [15]. Usage of insoles affects 
the gait parameters in patients with various 
neuromuscular disorders and has effect on 
preventing gait related abnormalities [16]. 
However, no research has been carried out on 
the use of smart sensor insole in improving 
walking among patients with lower limb 
arthroplasty. The systematic review will focus on 
the role of a smart sensor based insole as a 
rehabilitation tool in patients with arthroplasty in 
the lower limbs in order to improve the walking. 
 

2. OBJECTIVES 
 

Sensor-based insole in lower limb arthroplasty-
there might not be enough literature which is 
already published on this topic. 
 

Key review question: 
 

1. What is the effect of sensor-based insole on 
improving gait parameters in patients with 
arthroplasty in lower limbs? 

 

P= adult patients having 45-75 years of age 
with arthroplasty of lower limbs. 
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I= any sensor-based insole provided to 
patients with lower limb arthroplasty as part 
of a walking enhancement rehabilitation 
programme. 
C= any comparator such as gait labs, 
wearable sensors   
O= outcome measure relevant to the 
evaluation of the gait parameters such as 
temporal and spatial parameters of gait e.g. 
step length, step time, cadence, stride 
length and stride time 
S= any form of setting in any region / 
country 

 

Secondary review questions: 
 

1. When assessing gait parameters in patients 
with lower limb arthroplasty, what 
precautions and contraindications should be 
taken into account? 
 

To answer the secondary review        
question the papers selected from the 
search results for the main review          
question will be further reviewed. Selected 
papers will be reviewed for further 
information. 
 

2. What challenges will the researcher face 
when testing the gait parameters of patients 
with a lower limb arthroplasty? 

 

3. MATERIALS AND METHODS 
 
3.1 Participants 
 
Studies may include only human participants 
between 45-75 years of age undergone 
arthroplasty in the lower limbs. Lower limb 
involvement will not be limited unilaterally or 
bilaterally. It will include both the genders, i.e. 
males and females. Excluded from the study are 
experiments involving animals as participants. 
Studies involving patients suffering from other 
serious acute / chronic illness will be excluded 
from the study. The study would also restrict 

research concerning mentally challenged or 
psychosocially deficient patients. 
 

3.2 Included Study Designs  
 

Any form of study design that takes into 
consideration the role of sensor-based insole in 
arthroplasty of the lower limbs. 
 

3.3 Interventions and Comparators 
 

Devices or tools that provide any form of 
exposure to sensor based insoles and shoes will 
be included. Interventional and evaluation based 
study will be considered if validated outcome 
measures were measured at least two visits 
including baseline, follow-up and on completion 
of intervention. We'll include any comparator in 
terms of comparison with the other standard 
validated sensor based device to measure the 
outcomes. 
 

3.4 Outcomes 
  
Outcomes Measures for assessing gait variables 
such as spatiotemporal variables (e.g. step 
length, step time, cadence, stride length and 
stride time). 
 

3.5 Language 
 

We will only consider full text articles published in 
English. 
 

3.6 Search Strategy 
 

The library of Lovely Professional University 
(LPU) and the library of Swami Vivekanand 
Subharti University (SVSU), Meerut, will conduct 
a thorough search during the span of 6-9 
months. All bibliographic databases of readily 
accessible published research papers will be 
assessed. All required databases will be checked 
from the year 2001 to 2019. The electronic 
database includes Google Scholar, Copernicus 
Index, JSTOR, PubMed / Medline, Science 
Direct, Scopus and the Web of Science. 

 

Table 1. Search terminologies used in this review protocol 
 

Keywords  Alternative words 
Knee Arthroplasty Knee joint replacement, total knee joint replacement (TKR), total hip 

joint replacement (THR)  
Physiotherapy  Physical therapy, rehabilitation, physical medicine 
Biomechanics of Knee  Kinetics of knee joint, kinematics of knee joint Arthrokinematics of 

knee joint, dynamics of lower limb 
Walking  Gait, normal gait, locomotion, gait cycle, gait phases 
Gait parameters Gait variables, spatial-temporal parameters of gait 
Sensor based insole Sensor based shoe, smart insole, wearable sensor insole 
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3.7 Study Records 
 
All the searched results will be combined using 
'Mendeley' information management software. 
The results of online searches will also be saved 
to the PUBMED account of the researcher. A 
shared folder on 'Google drive' will be developed 
by the principal investigator / researcher to 
promote and facilitate collaboration among 
reviewers and make it accessible by all 
researchers. The physical backup will be 
preserved by keeping all the screened papers in 
printed copies of the summaries. 
 

3.8 Selection and Data Collection of 
Studies 

  
Two reviewers 'SR' and 'AS', both 
physiotherapists, will separately search the 
databases and screen for eligibility titles and 
abstracts. The checked titles and abstracts will 
be carefully reviewed and the irrelevant papers 
will be deleted. The full text of selected 
potentially relevant articles will be obtained; to 
minimize duplication, multiple articles from the 
same study will be linked on different database. 
Both reviewers must extensively analyze full text 
articles to verify their conformity according to the 
requirements for inclusion and exclusion. The 
correspondence will be conducted among the 
author and co-authors to explain whether there is 
any misunderstanding. The judgment of the third 
reviewer 'SM' will be considered final in the event 
of difference between the researchers. Reviewer 
'SR’ will do the data analysis / synthesis of the 
articles meeting the eligibility criteria.                       
The reviewer will also manually search the 
articles for references to be included in data 
extraction. 
 

3.9 Assessment of (Risk Bias and 
Quality) Individual Studies 

 
Cochrane communication method would be used 
to determine the possibility of bias. Modified 
Downs and Black 27 point scale will be used to 
determine the content of the literature. The cut-
off to select or reject a particular manuscript is 
19; the manuscripts below this range will be 
rejected. As per the interpretation of Modified 
Downs and Black 27-point scale:  excellent (26-
28); good (20-25); fair (15-19); and poor (less 
than=14). This scale determines the quality of 
the content of literature on the basis of its 
parameters such as reporting, internal validity, 
external validity and power. 

3.10 Best Evidence Synthesis 
 
Due to the possible heterogeneity of the outcome 
measures a narrative synthesis of the selected 
studies from the search results will be given. 
Population and outcome measures for patients 
will be described in a summary narrative. 
Information on protocol adherence, resources 
used, compliance monitoring and expenditure 
will, where available, be extracted from the 
selected studies. The meta-analysis will be 
performed using ‘Revman’ software. The model 
employed to aggregate and analyse the data into 
a meta-analysis will be the ‘random effects’ 
model. 
 

4. RESULTS AND DISCUSSION 
 

Literature evidences suggest that very few 
studies are available which provide experimental 
evidence relevant to evaluating the role of sensor 
based insole in patients with lower limb 
arthroplasty, as far as we are aware. This study 
will provide an answer to the question about the 
impact of sensor based insole in improving gait 
parameters in patients with the lower limbs 
arthroplasty. This will provide information on the 
safety precautions taken during the procedure to 
avoid adverse events. Subsequent review of the 
evaluation information published in the included 
literature should include previously inaccessible 
information on evaluation elements as to whether 
such elements are related to evidence of 
substantial benefits and whether best practices 
can be determined for the use of sensor insole to 
assess gait parameters and track patients' 
walking with lower limb arthroplasty.  
 
Relevant details on safety measures considered 
to address the risk of adverse effects during the 
evaluation of gait parameters using the sensor 
insole for patients with lower limb arthroplasty will 
be highlighted. Where information on this 
evaluation is available that is relevant in low-
income countries for patients with lower limb 
arthroplasty, the authors will compile evidence-
informed guidance for the safe use of sensor-
based insole in these settings.  
 

5. CONCLUSION 
 

This is a systematic review protocol to conduct a 
systematic review and meta-analysis for 
assessing the role of sensor based insole in 
improving gait parameters in patients with lower 
limb arthroplasty. All the articles will be selected 
on the basis of inclusion and exclusion criteria 
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and the random effects model will be employed 
to aggregate and analyze the data into the meta-
analysis. For assessing the quality and risk of 
bias, Modified Downs and Black 27 point scale 
will be used. The systematic review will direct the 
attention of the physiotherapists to assess and 
evaluate the patient’s walking pattern, as 
alterations in the biomechanics of joints of lower 
limb can produce far-reaching effects in the ideal 
or normal gait. This review will provide evidence 
regarding changes in gait parameters in patients 
with lower limb arthroplasty and this information 
will be useful in planning for rehabilitation in 
improving walking of patients after lower limb 
arthroplasty. 
 

CONSENT  
 

It is not applicable. 
 

ETHICAL APPROVAL 
 

It is not applicable. 
 

ACKNOWLEDGEMENT 
 

This review protocol is the part of the PhD work 
of principal researchers at Lovely Professional 
University, Punjab, India. However, there was no 
external support for this procedure; much 
gratitude goes to the library of Lovely 
Professional University, Punjab and library of 
Swami Vivekanand Subharti University, Meerut. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. NCT02636751. Effects of Tele- or In-

person Prehabilitation in Candidates 
Awaiting Total Hip or Knee Arthroplasty. 
Available:https://clinicaltrials.gov/show/NC
T02636751 

2. Nam D, Abdel MP, Cross MB, et al. The 
management of extensor mechanism 
complications in total knee arthroplasty: 
AAOS exhibit selection. Journal of Bone 
and Joint Surgery - Series A. Epub ahead 
of Print; 2014. 
DOI: 10.2106/JBJS.M.00949 

3. Hawker GA, Badley EM, Borkhoff CM, et 
al. Which patients are most likely to benefit 
from total joint arthroplasty? Arthritis 
Rheum. Epub AHEAD of Print; 2013. 
DOI: 10.1002/art.37901 

4. Teasell R, Hussein N. Section 4A: Motor 
Rehabilitation (Lower Extremity). Stroke 
Rehabil Clin Handb. 

5. Olivares A, Boetzel LMU Großhadern K, 
Allendoerfer J, et al. P57. Validation of gait 
analysis with inertial sensors-A P58. 
Primary hyperparathyroidism mimicking 
multiple sclerosis? A case report. Clin 
Neurophysiol. Epub Ahead of Print; 2015. 
DOI: 10.1016/j.clinph.2015.04.190 

6. Deleens R, Pickering G, Hadjiat Y. Pain in 
the elderly and cognition: State of play. 
Gériatrie Psychol Neuropsychiatr du 
Viellissement. Epub Ahead of Print; 2019. 
DOI: 10.1684/pnv.2017.0702 

7. Pillet H, Bonnet X, Lavaste F, et al. 
Evaluation of force plate-less estimation of 
the trajectory of the centre of pressure 
during gait. Comparison of two 
anthropometric models. Gait Posture. 
Epub ahead of print; 2010. 
DOI: 10.1016/j.gaitpost.2009.09.014 

8. Bennett TR, Wu J, Kehtarnavaz N, et al. 
Inertial measurement unit-based wearable 
computers for assisted living applications: 
A signal processing perspective. IEEE 
Signal Process Mag. Epub ahead of print; 
2016. 
DOI: 10.1109/MSP.2015.2499314 

9. Nagano H, Begg RK. Shoe-insole 
technology for injury prevention in walking. 
Sensors (Switzerland); 18. Epub Ahead of 
Print; 2018. 
DOI: 10.3390/s18051468 

10. Al-Amri M, Nicholas K, Button K, et al. 
Inertial measurement units for clinical 
movement analysis: Reliability and 
concurrent validity. Sensors (Switzerland). 
Epub Ahead of Print; 2018. 
DOI: 10.3390/s18030719 

11. Mao A, Ma X, He Y, et al. Highly portable, 
sensor-based system for human fall 
monitoring. Sensors (Switzerland). Epub 
Ahead of Print; 2017. 
DOI: 10.3390/s17092096 

12. N.A. S, J.M. H, I. T, et al. Relationship of 
gait complexity to subsequent knee 
buckling and falls: the most study. 
Osteoarthr Cartil. Epub ahead of print 
2020. 
DOI:10.1016/j.joca.2020.02.666LKhttps://b
vspiemonte2oviddscom.bvsp.idm.oclc.org/r
esolver/full?sid=EMBASE&sid=EMBASE&i
ssn=15229653&id=doi:10.1016%2Fj.joca.2
020.02.666&atitle=Relationship+of+gait+co
mplexity+to+subsequent+knee+buckling+a
nd+falls%3A+the+most+study&stitle=Oste



 
 
 
 

Raghav et al.; AJMAH, 18(9): 22-27, 2020; Article no.AJMAH.60203 
 
 

 
27 

 

oarthritis+Cartilage&title=Osteoarthritis+an
d+Cartilage&volume=28&issue=&spage=S
429&epage=S430&aulast=Segal&aufirst=
N.A.&auinit=N.A.&aufull=Segal+N.A.&code
n=&isbn=&pages=S429S430&date=2020&
auinit1=N&auinitm=A. 

13. Teufl W, Taetz B, Miezal M, et al. Towards 
an inertial sensor-based wearable 
feedback system for patients after total hip 
arthroplasty: Validity and applicability for 
gait classification with gait kinematics-
based features. Sensors (Switzerland). 
Epub Ahead of Print; 2019.  
DOI: 10.3390/s19225006. 

14. Liu T, Inoue Y, Shibata K. A simplified 
magnetometer calibration method to 

improve the accuracy of three-dimensional 
orientation measurement. ICIC Express 
Lett. 2012;6:523–528. 

15. Li C, Wang Z, Xu L. Remote sensing 
image classification method based on 
support vector machines and fuzzy 
membership function. In: MIPPR 2005: 
SAR and Multispectral Image Processing. 
2005. Epub Ahead of Print; 2005. 
DOI: 10.1117/12.654981 

16. Güner S, Haghari S, Alsancak S, et al. 
Effect of insoles with arch support on gait 
pattern in patients with multiple sclerosis. 
Turkish J Phys Med Rehabil. Epub Ahead 
of Print; 2018. 
DOI: 10.5606/tftrd.2018.2246 

_________________________________________________________________________________ 
© 2020 Raghav et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 

 

 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/60203 


