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Abstract

Objective: To describe the development of a wheelchair repair registry from large datasets to attain an understanding of wheelchair failures and

service repairs.

Design: Guidelines for registry development were applied and anchored around Labor-Tracker, a web-based information management system for

wheelchair suppliers to manage and track wheelchair repairs. The registry was designed using online analytical processing, allowing for rapid

data queries from multiple dimensions that enable complex data analysis and discovery.

Setting: The Wheelchair Repair Registry (WRR) was developed through an industry and academic collaboration whereby repair data were

collected in the field, entered into the Labor-Tracker system, deidentified, and then transferred to the registry and made available for analyses.

Participants: Wheelchair supplier service technicians reported data from repair services provided to individuals who use power wheelchairs,

manual wheelchairs, and scooters.

Interventions: Not applicable.

Main Outcome Measures:Wheelchair failure and repair data, including variables related to scheduling, equipment information (eg, manufacturer,

model, serial number, purchase date), labor, parts, and reasons for repairs.

Results: The WRR was developed to analyze wheelchair repairs and failures from the Labor-Tracker system. Currently, the registry has more

than 60,000 repairs conducted on more than 5000 wheelchair devices from 25 manufacturers. The devices include 60% power wheelchairs, 35%

manual wheelchairs, and 5% scooters.

Conclusions: The WWR creates opportunities to apply large-data analytical methodologies that will serve to inform quality standards, practice,

equipment selection, preventative maintenance routines, product design, and policy.
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The World Report on Disability indicates that 10% of the global

population has a mobility impairment and 1% requires wheeled

mobility and seating (WMS) interventions.1 WMS devices include

manual wheelchairs and powered mobility devices such as power

wheelchairs and scooters. Appropriately fitted, safe WMS devices

can enhance quality of life and promote community participation,

including education and social participation.2,3

Research has found that more than 50% of wheelchairs break

down within 6 months of use, and one-third of the breakdowns

result in consequences including injuries, loss of access to work/

school, and missing medical appointments.3,4 This may be owing
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to multiple factors including, but not limited to, poor WMS device

quality, lack of maintenance and training, inappropriate WMS

device use, and improper user-WMS device fitting.5

To assess quality and safety of WMS devices, the International

Organization for Standardization has published wheelchair standards.

All wheelchairs are not required to be tested according to Interna-

tional Organization for Standardization standards, and studies have

shown that wheelchairs on the market fail frequently in the real

world.6 Further insight on wheelchair component breakdowns and

frequency of breakdowns and repairs can serve to inform stakehold-

ers and potentially encourage manufacturers to improve quality.

The largest purchaser of WMS devices in the United States is

the Centers for Medicaid and Medicare Services. The Centers for

Medicaid and Medicare Services repair and reimbursement proto-

cols often serve as a model for other insurance providers, and the cur-

rent “fee for service” policy is to reimburse wheelchair vendors at a

fixed rate, after breakdowns, depending on a generic Healthcare
ion Medicine. Published by Elsevier Inc. All rights reserved.
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Common Procedure Coding System code. Repairs are addressed after

problems occur when the service technician makes a house call, diag-

noses the problem, submits the claim to insurance, obtains an authori-

zation, orders parts, and finally conducts the repair. This process may

take up to 2 months, during which there is a high risk for pressure

injuries, physical hardships, and rehospitalization.7

Actions to address the issues related to the consequences of

WMS device failures, inconsistencies between laboratory test

results and real-world performance, and inadequate preventative

maintenance policy and consumer training should be driven by

community evidence on WMS failures and reliability.

The purpose of this project was to develop a Wheelchair Repair

Registry (WRR) that would collect real-world performance data

related to WMS device failures and repairs. These variables can

be used to identify WMS product quality, durability, and reliabil-

ity, as well as deficiencies with product testing standards.
Methods

The registry was developed based on recommendations for the

design of registries8 and followed the design of a similar Wheel-

chair Outcomes Registry.9 This repair registry was constructed

based on wheelchair repair claims data obtained from the Labor-

Tracker systema managed by the Van G. Miller Group (VGM) and

its subsidiary U.S. Rehab, a member service organization for

home medical equipment and complex rehab technology suppli-

ers. Labor-Tracker is a program for managing repairs and labor

that was designed to automate and streamline the workflow pro-

cess for WMS device repairs.

Labor-Tracker has been used in a paper format for many years;

however, an electronic portal version was only implemented in 2015.

Therefore, no repairs performed prior to 2015 were available for

inclusion in the registry. U.S. Rehab reports that 12 (3%) of their

members (early adopters) have initiated use of the portal at the time

of sharing the initial batch of data. More suppliers are expected to

transition from paper to the electronic format to increase the sample.

U.S. Rehab reports that all member personnel who subscribe to the

Labor-Tracker system are required to have training on proper utiliza-

tion that includes data entry on the electronic version.

Investigators at the University of Pittsburgh, under a data-

sharing agreement with VGM/U.S. Rehab, have been receiving

deidentified Labor-Tracker data quarterly to populate the WRR.

The study was determined to be exempt for review by the institu-

tional review board as not involving human subjects because

investigators are not able to reidentify specific individuals from

the registry. There is no language in the data sharing agreement

that prohibits or restricts researchers from reporting any findings.

The investigators have no financial interest in analytics per-

formed on data in the registry. Key variables were defined to

build the registry (table 1).
List of abbreviations:

OLAP online analytical processing

VGM Van G. Miller Group

WMS wheeled mobility and seating

WRR Wheelchair Repair Registry
Structure of the registry

The registry was designed using online analytical processing

(OLAP), an approach typically used in common data warehouse

systems to support reporting and analytics.10,11 With OLAP, large

volumes of data are preaggregated into a multidimensional dataset

(cube), allowing for complex analysis, ad hoc retrieval, and rapid

processing of data.12 The main components of a cube are dimen-

sions and measures (fig 1). The “measures” represent a statistical

number related to repairs such as the number of repairs for a cer-

tain type of device (eg, manual wheelchair). The “dimensions”

(see table 1) are independent variables that allow the measures to

be subdivided in different ways. For example, the number of

repairs can be grouped by type of repair and/or type of device.
Results

The WRR was developed to analyze repairs and failures from the

Labor-Tracker system. Data were entered from suppliers into the

electronic portal between 2015 and 2019. To ensure a functional

registry, a preliminary descriptive analysis was conducted to

reveal more than 60,000 repairs conducted on more than 5000

wheelchair devices. Devices in the WRR include 60% power

wheelchairs, 35% manual wheelchairs, and 5% scooters.
Discussion

This brief report describes the development of the WRR tool for

recording and analyzing WMS device failures and repairs to direct

and support further research on WMS testing standards, preventative

maintenance, and the development of maintenance and training tools

and design guidelines. At present, the University of Pittsburgh’s

Rehabilitation Engineering Research Center on Improving health and

function through use of performance standards in wheelchair selec-

tion is using the WRR to support the development of WMS product

standards. This ongoing work will be disseminated through subse-

quent publications with a focus on wheelchair parts such as caster

systems and wheels that undergo frequent failures in the community.

The WRR data analysis is expected to also assist VGM/U.S. Rehab,

who are interested in the WRR analytics for quality assurance

purposes and to inform their members.

The intent of the WRR development and related publications is

to inform the industry, researchers, clinicians, consumers, and pol-

icy makers. Stakeholders will have access to WRR analyses find-

ings through an array of dissemination channels, including

scientific publications, factsheets, industry reports, newsletters, and

consumer-oriented publications. It is anticipated that these publica-

tions and future research and development initiatives supported by

the WRR real-world evidence can drive WMS product quality

improvements, policy implementation to include better coverage

for maintenance repairs, and the development of WMS selection

guidelines to reduce or even eliminate WMS user consequences.

Study limitations

The primary limitation of the registry is that data are entered into

the Labor-Tracker system by the supplier service technician and

are prone to reporting error. The frequency and degree of reporting

error has not been assessed or reported at this point; future studies

should investigate the accuracy of data entry.
www.archives-pmr.org
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Fig 1 WRR dimensional model.

Table 1 Registry variables that comprise the WRR dimension tables

Variable Data Type

Type of device Power wheelchair, manual wheelchair, scooter

Equipment Manufacturer, model, serial number, HCPCS code, and manufacture date

Client variable First 3 digits of user zip code

Type of repair Power wheelchair Problem diagnostics, batteries, cables, motors, electronics and related, battery charges, frames,

cowling, wheels/tires, armrests, legrests, footrests, backs, seats, seating systems,

miscellaneous and general services, and noncoded repairs

Manual wheelchair Problem diagnostics, frames and related, wheels/tires/forks, armrests, legrests, footrests, backs,

seats, seating systems, trays, miscellaneous and general services, and noncoded repairs

Scooter Problem diagnostics, batteries, cables, motors, electronics and related, battery chargers, frames,

cowling, wheels/tires, armrests, footrests, seats and backs, miscellaneous and general services,

and noncoded repairs

Location of part Front-left, front-right, rear-left, rear-right

Reasons for repair Cracked/broken, damaged, bearing seizure, batteries not holding charge, electronic failure

Repair specific information Time required (in min) to complete repair job, part locations (a combination of left/right or

front/rear)

Scheduling of repair Date/time repair requested, date/time repair completed

Abbreviation: HCPCS, Healthcare Common Procedure Coding System.
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Moreover, this data set only includes wheelchairs that have failed,

so failure statistics are limited to only that population. Another poten-

tial limitation is that it is uncertain as to whether suppliers over- or

under-report the need for repairs. The WRR only contains repairs

reported by U.S. Rehab members who have adopted the electronic

version of Labor-Tracker at this time and, therefore, may be different

from members who still use the paper version.

Conclusion

A novel WRR has been systematically developed through an aca-

demic and industry collaboration. The registry contains more

than 60,000 repairs recorded from more than 5000 devices. As

the registry continues to be populated, subsequent research study

analyses will be conducted and disseminated.
www.archives-pmr.org
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