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Search strategies 
Systematic search strategies were developed in PubMed for scoping the topic, and for determining the 

best approach to searching. The systematic scoping searches were conducted between July 2018 and 

June 2019 inclusive, whilst pragmatic searching began in Jan 2018 and continued until May 2022, 

iterating with analysis. 

Pragmatic searching 
The approach to searching was iterative, so that where a set of terms in a particular resource (e.g. 

Google, JSTOR, etc.) provided particularly promising results, further searches were conducted in those 
resources using similar or different terms or following citations or links to similar articles, and citations 

or links from those to still others, essentially following a thread of connections. In this way multiple 

searches were conducted. However, systematic recording of these searches was difficult as they didn’t 

follow the typical systematic search approach, recording of these searches (though attempted) was, 

therefore, abandoned. Table 1 provides an example of the searching approach adopted for pragmatic 

searching using Google. 
Table 1: Pragmatic searching example 

Search Resource: Google via Firefox browser. 

Search term Number of hits 
(About*) 

Academic paper(s) 
identified – Author, 
year 
(Reference) 

Link or other 
relevant link 
identified 

Perspective 

Medical device 

lifecycle 

5,490,000*  Lifecycle of a 

Medical Device / IVD 

- TGA 

Regulator 

Product lifecycle 97,900,000* Theodore Levitt, 

1965 

(1) 

Exploit the Product 

Life Cycle - Harvard 

Business Review 

Business 

Industry lifecycle 142,000,000* Klepper, 1997 

(2) 

 Economics 

Innovation lifecycle 53,600,000*  FDA 

TPLC - Total 

Product Life Cycle - 

FDA 

Regulator 

Technology lifecycle 39,400,000* Duretec & Becker, 

2017 

(3) 

 

Technology 

Lifecycle 

Management - 

UNICOM 

Government 

Government 

https://orcid.org/0000-0003-3260-9059
https://orcid.org/0000-0003-0857-9267
https://orcid.org/0000-0001-9306-0114
https://www.tga.gov.au/sites/default/files/presentation-lifecycle-medical-device-ivd-171011.pdf
https://www.tga.gov.au/sites/default/files/presentation-lifecycle-medical-device-ivd-171011.pdf
https://www.tga.gov.au/sites/default/files/presentation-lifecycle-medical-device-ivd-171011.pdf
https://hbr.org/1965/11/exploit-the-product-life-cycle
https://hbr.org/1965/11/exploit-the-product-life-cycle
https://hbr.org/1965/11/exploit-the-product-life-cycle
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfTPLC/tplc.cfm
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfTPLC/tplc.cfm
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfTPLC/tplc.cfm
https://www.unicomgov.com/files/4914/9994/9798/UGI_TLM_WhitePaper.pdf
https://www.unicomgov.com/files/4914/9994/9798/UGI_TLM_WhitePaper.pdf
https://www.unicomgov.com/files/4914/9994/9798/UGI_TLM_WhitePaper.pdf
https://www.unicomgov.com/files/4914/9994/9798/UGI_TLM_WhitePaper.pdf
https://www.unicomgov.com/files/4914/9994/9798/UGI_TLM_WhitePaper.pdf
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Diffusion of 

innovations 

1,330,000* Rogers,  

(4) 

Greenhalgh, 2004 

(5) 

 Policymaking 

 
Search results were screened to identify potentially relevant texts at the time of searching. 

Only the first few (up to ten) pages of hits on Google were searched as Google sorts them 

according to their relevance (advertisements and promoted websites were ignored). 

Screening was done in a phased manner, first assessing if the article or webpage potentially 

contained a lifecycle approach or model, with potentially relevant texts being downloaded into 

a document archive for further screening against the inclusion criteria. 

Systematic scoping searches 
The following searches document some of the development of a set of systematic search 

strategies in the biomedical literature. Ultimately, the number of articles to screen across 

multiple disciplinary databases made a systematic searching approach infeasible. 

Consequently, it was decided to adopt a pragmatic approach to searching and to conduct a 

configurative review rather than an aggregative review in order to understand the essence of 

phenomenon rather than to quantify it. 

Initial searches 
Although there are many other proposed frameworks for constructing search strategies (e.g. 

SPIDER, SPICE, PerSPE(C)TiF, etc.),(6–9) the PICO framework was used to guide the 

conceptual development of the search strategy since it is considered a flexible framework for 

structuring focussed research questions.(10)  

PICO Search Strategy 1 
Table 2: PICO Search PubMed 27 July 2018 
PICO 20180727 PICO 

(((((((Device[Title/Abstract] OR devices)[Title/Abstract] OR (Technology[Title/Abstract] 

OR technologies)[Title/Abstract] OR (Intervention[Title/Abstract] OR 

interventions[Title/Abstract] OR interventional)[Title/Abstract] OR 

(Innovation[Title/Abstract] OR innovations[Title/Abstract] OR 

innovative)))[Title/Abstract])))  

AND  

((((life OR "life span" OR lifecycle)))  

AND 

((framework or model or conceptual))) 

73,431 hits in PubMed on 27th July 2018 
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PICO Search Strategy 2 
This second PICO search strategy drew on the systematic search strategy developed by a 

group of researchers from the Australian Safety and Efficacy Register of New Interventional 

Procedures – Surgical (ASERNIP-S) for a systematic review of the literature, commissioned 

by the WHO, on the needs of the elderly for medical devices.(11, p.11) 
Table 3: PICO search in PubMed 26 Oct 2018 
PubMed 20181029 PICO 

(((((((((((((((((((((((((equipment and supplies[MeSH Terms]))) OR assistive 

devices[MeSH Terms]) OR surgical instruments[MeSH Terms]) OR device*) OR aid*) 

OR equipment) OR armamentarium) OR appliance*) OR instrument*) OR apparatus) 

OR good*) OR implement*) OR material*) OR machine*) OR prosthe*) OR implant*) 

OR technolog*) OR intervention*))  

AND  

((((((((((((((((diagnosis[MeSH Terms]) OR rehabilitation[MeSH Terms]) OR secondary 

prevention[MeSH Terms]) OR after treatment[MeSH Terms]) OR therapeutics[MeSH 

Terms]) OR diagnos*) OR therap*) OR treatment) OR prevention) OR monitoring) OR 

screening) OR rehabilitat*) OR alleviat*) OR procedure*) OR surgery) OR surgical))) 

OR ((((prostheses and implants[MeSH Terms]))) OR "medical device*")))  

AND 

(((((((cycle, life[MeSH Terms]) OR lifespan) OR lifecycle*) OR life-cycle*) OR “life 

cycle”))  

NOT 

((animal[MeSH Terms]) NOT humans[MeSH Terms])) 

8,759 hits in PubMed 26th Oct 2018 (using WHO approach to searching for 

meddevs)(REF) 

 
Table 4: PICO Search in Cochrane Library 26 Oct 2018 
Cochrane Search strategy 20181026 

Search Name: Lifecycle AND Generic MedDev Search Terms 

Date Run: 26/10/2018 21:48:19 

Comment: Lifecycle terms and MedDev terms based on a modification of the WHO 

search strategy for the systematic review of needs of the ageing population 

ID Search 

#1 MeSH descriptor: [Equipment and Supplies] explode all trees 

#2 MeSH descriptor: [Self-Help Devices] explode all trees 

#3 MeSH descriptor: [Surgical Instruments] explode all trees 

#4 device* 



 4 

#5 aid* 

#6 equipment 

#7 armamentarium 

#8 appliance* 

#9 instrument* 

#10 apparatus 

#11 good* 

#12 implement* 

#13 material* 

#14 machine* 

#15 prosthe* 

#16 implant* 

#17 technolog* 

#18 intervention* 

#19 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 

OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 

#20 MeSH descriptor: [Diagnosis] explode all trees 

#21 MeSH descriptor: [Rehabilitation] explode all trees 

#22 MeSH descriptor: [Secondary Prevention] explode all trees 

#23 MeSH descriptor: [Aftercare] explode all trees 

#24 MeSH descriptor: [Therapeutics] explode all trees 

#25 diagnos* 

#26 therap* 

#27 treatment 

#28 prevention 

#29 monitoring 

#30 screening 

#31 rehabilitat* 

#32 alleviat* 

#33 procedur* 

#34 surgery 

#35 surgical 

#36 #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28 OR 

#29 OR #30 OR #31 OR #32 OR #33 OR #34 OR #35 

#37 #19 AND #36 

#38 MeSH descriptor: [Prostheses and Implants] explode all trees 
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#39 "medical device*" 

#40 #38 OR #39 

#41 #37 OR #40 

#42 MeSH descriptor: [Life Cycle Stages] explode all trees 

#43 lifespan 

#44 lifecycle* 

#45 life-cycle* 

#46 “life cycle” 

#47 #42 OR #43 OR #44 OR #45 OR #46 

#48 #41 AND #47 

702 hits in Cochrane 26th Oct 2018 

 
Table 5: PICO Search in EMBASE 26 Oct 2018 
EMBASE Search strategy 20181026, based on the above search strategies, which 

were developed initially in PubMed (based on Lifecycle terms and MedDev terms 

based on a modification of the WHO search strategy for the systematic review of needs 

of the ageing population). 

#71 #55 AND #70 

#70 #64 NOT #69 

#69 'animal'/de NOT 'human'/de 

#68 'animal'/de 

#67 'human'/de 

#66 'human'/exp 

#65 #55 AND #64 

#64 #57 OR #58 OR #59 OR #60 

#63 #57 OR #58 OR #59 OR #60 OR #61 OR #62 

#62 'life cycle stage'/exp 

#61 'life cycle stage' 

#60 'life cycle' 

#59 lifecycle* 

#58 lifespan 

#57 'life cycle'/exp 

#55 #51 OR #54 

#54 #52 OR #53 

#53 'implant'/exp 

#52 'prosthesis'/exp 

#51 #49 AND #50 
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#50 #13 OR #29 

#49  #30 OR #31 OR #32 OR #33 OR #34 OR #35 OR #36 OR #37 OR #38 OR 

#39 OR #40 OR #41 OR #42 OR #43 OR #44 OR #45 OR #46 OR #47 OR 

#48 

#48 medical 

#47 surgical 

#46 surgery 

#45 procedure* 

#44 alleviat* 

#43 rehabilitat* 

#42 screening 

#41 monitoring 

#40 prevention 

#39 treatment 

#38 therap* 

#37 diagnos* 

#36 'therapy'/exp 

#35 'aftercare'/exp 

#34 'secondary prevention'/exp 

#33 'diagnostic procedure'/exp 

#32 'diagnostic procedure'/exp 

#31 'rehabilitation'/exp 

#30 'procedures'/exp 

#29  #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR 

#23 OR #24 OR #25 OR #26 OR #27 OR #28  

#28 intervention* 

#27 technolog* 

#26 implant* 

#25 prosthe* 

#24 machine* 

#23 material* 

#22 implement* 

#21 good* 

#20 apparatus 

#19 instrument* 

#18 appliance* 
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#17 armamentarium 

#16 equipment 

#15 aid* 

#14 device* 

#13  #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11       

OR #12   

#12 surgical NEXT/2 device* 

#11 surgical NEXT/2 material* 

#10 surgical NEXT/2 good* 

#9 surgical NEXT/2 apparatus 

#8 surgical NEXT/2 implement* 

#7 surgical NEXT/2 armamentarium 

#6 surgical NEXT/2 instrument* 

#5 surgical NEXT/2 equipment 

#4 surgical NEXT/2 applianc* 

#3 surgical NEXT/2 aid* 

#2 device* 

#1 'medical device'/exp OR 'medical device' 

34,962 hits in EMBASE 26th Oct 2018 

BeHEMoTh Search strategy 
Since the PICO framework was yielding far too many hits with poor specificity, an alternative 

approach was tried. We used the BeHEMoTh approach, which was developed specifically as 

a systematic approach to searching for theory, to attempt to increase both the sensitivity and 

specificity of the search results.(12) The research question is built up around three concepts 

-  the ‘Behaviour of interest’, the Health context, and Models or Theories. The E in BeHEMoTh 

refers to Exclusion of non-theoretical models (e.g. models of care). We conceptualised these 

as illustrated in the table below. 

BeHEMoTh element Conceptualised as: Search terms 
Behaviour of interest’ Medical devices ((((((((((((((((((((((((((((((((((((equipment and 

supplies[MeSH Terms]))) OR assistive 

devices[MeSH Terms]) OR surgical 

instruments[MeSH Terms]) OR device*) OR 

aid*) OR equipment) OR armamentarium) OR 

appliance*) OR instrument*) OR apparatus) 

OR good*) OR implement*) OR material*) OR 

machine*) OR prosthe*) OR implant*) OR 

technolog*) OR intervention*)))))  

AND  
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((((((((((((((((((diagnosis[MeSH Terms]) OR 

rehabilitation[MeSH Terms]) OR secondary 

prevention[MeSH Terms]) OR after 

treatment[MeSH Terms]) OR 

therapeutics[MeSH Terms]) OR diagnos*) OR 

therap*) OR treatment) OR prevention) OR 

monitoring) OR screening) OR rehabilitat*) OR 

alleviat*) OR procedure*) OR surgery) OR 

surgical))))))  

OR (("medical device*") OR ((prostheses and 

implants[MeSH Terms]))))) 

AND 

Health context Lifecycle ((((((cycle, life[MeSH Terms]) OR lifespan) OR 

lifecycle*) OR life-cycle*) OR "life cycle")))) 
NOT 

Exclusions Other types of model ((((("Models, Statistical"[Mesh]) OR "Models, 

Animal"[Mesh])) OR "Fractals"[Mesh]) OR 

"Models, Nursing"[Mesh]))) 
AND 

Models or Theories Conceptual models ((((theor*) OR framework*) OR model*) OR 

concept*) 
 

The results of these searches are provided below. However, this approach was developed for 

use within a single disciplinary paradigm, and we found it less useful across multiple 

disciplines and research traditions since the number of results this yielded from the biomedical 

databases alone was still too large to be a feasible approach for searching within all the 

relevant bibliographic databases for the multiple other disciplines involved across the life of a 

medical device. Therefore, the pragmatic approach to searching described above was 

adopted. 
Table 6: BeHEMoTH Search in PubMed 30 Jan 2019 
PubMed Search strategy 20190130 BeHEMoTh 

((((((((((((((((((((((((((((((((((((equipment and supplies[MeSH Terms]))) OR assistive 

devices[MeSH Terms]) OR surgical instruments[MeSH Terms]) OR device*) OR aid*) 

OR equipment) OR armamentarium) OR appliance*) OR instrument*) OR apparatus) 

OR good*) OR implement*) OR material*) OR machine*) OR prosthe*) OR implant*) 

OR technolog*) OR intervention*)))))  

AND  

((((((((((((((((((diagnosis[MeSH Terms]) OR rehabilitation[MeSH Terms]) OR 

secondary prevention[MeSH Terms]) OR after treatment[MeSH Terms]) OR 

therapeutics[MeSH Terms]) OR diagnos*) OR therap*) OR treatment) OR prevention) 
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OR monitoring) OR screening) OR rehabilitat*) OR alleviat*) OR procedure*) OR 

surgery) OR surgical))))))  

OR (("medical device*") OR ((prostheses and implants[MeSH Terms])))))  

 

AND ((((((cycle, life[MeSH Terms]) OR lifespan) OR lifecycle*) OR life-cycle*) OR "life 

cycle"))))  

NOT ((((("Models, Statistical"[Mesh]) OR "Models, Animal"[Mesh])) OR 

"Fractals"[Mesh]) OR "Models, Nursing"[Mesh])))  

AND ((((theor*) OR framework*) OR model*) OR concept*)  

3,825 hits in PubMed 30th January 2019 

 
Table 7: BeHEMoTH Search in Cochrane Library 30 Jan 2019 
Cochrane Search Strategy 

Search Name: Meddev lifecycles BeHEMoTh 20190130 

Date Run: 30/01/2019 20:09:13 

Comment: Lifecycle terms and MedDev terms based on a modification of the WHO 

search strategy for the systematic review of needs of the ageing population NOT E 

(other models) AND theory/model terms 

ID Search Hits 

#1 MeSH descriptor: [Equipment and Supplies] explode all trees  

#2 MeSH descriptor: [Self-Help Devices] explode all trees  

#3 MeSH descriptor: [Surgical Instruments] explode all trees 

#4 device* 

#5 aid* 

#6 equipment 

#7 armamentarium 

#8 appliance* 

#9 instrument* 

#10 apparatus 

#11 good* 

#12 implement* 

#13 material* 

#14 machine* 

#15 prosthe* 

#16 implant* 

#17 technolog* 

#18 intervention* 
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#19 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 

OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 

#20 MeSH descriptor: [Diagnosis] explode all trees 

#21 MeSH descriptor: [Rehabilitation] explode all trees 

#22 MeSH descriptor: [Secondary Prevention] explode all trees 

#23 MeSH descriptor: [Aftercare] explode all trees 

#24 MeSH descriptor: [Therapeutics] explode all trees 

#25 diagnos* 

#26 therap*  

#27 treatment 

#28 prevention 

#29 monitoring 

#30 screening 

#31 rehabilitat* 

#32 alleviat* 

#33 procedur* 

#34 surgery 

#35 surgical 

#36 #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28 OR 

#29 OR #30 OR #31 OR #32 OR #33 OR #34 OR #35 

#37 #19 AND #36 

#38 MeSH descriptor: [Prostheses and Implants] explode all trees 

#39 "medical device*" 

#40 #38 OR #39 

#41 #37 OR #40 

#42 MeSH descriptor: [Life Cycle Stages] explode all trees 

#43 lifespan 

#44 lifecycle* 

#45 life-cycle* 

#46 ‘life cycle’ 

#47 #42 OR #43 OR #44 OR #45 OR #46 

#48 #41 AND #47 

#49 MeSH descriptor: [Models, Statistical] explode all trees 

#50 MeSH descriptor: [Models, Animal] explode all trees 

#51 MeSH descriptor: [Models, Nursing] explode all trees 

#52 MeSH descriptor: [Fractals] explode all trees 
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#53 #49 OR #50 OR # 52 OR #52 

#54 #48 NOT #53 

#55 theor* 

#56 framework* 

#57 concept* 

#58 model* 

#59 #55 OR #56 OR #57 OR #58 

#60 #54 AND #59 

194 hits in Cochrane 30th January 2019 

 
Table 8: BeHEMoTH Search in EMBASE 30 Jan 2019 
EMBASE Search strategy 20190130 BeHEMoTh 

#1 (('devices'/exp OR device* OR aid* OR equipment OR armamentarium OR 

appliance* OR instrument* OR apparatus OR good* OR implement* OR 

material* OR machine* OR prosthe* OR implant* OR technolog* OR 

intervention*) AND ('procedures'/exp OR 'health care delivery'/exp OR 

diagnos* OR therap* OR treatment OR prevention OR monitoring OR 

screening OR rehabilitat* OR alleviat* OR procedure* OR surgery OR 

surgical) OR 'medical device'/exp OR (medical AND device*)) AND 

('theoretical model'/exp OR 'conceptual framework'/exp OR framework* OR 

model* OR theor* OR concept*) AND ('life cycle'/exp OR 'life cycle 

assessment'/exp OR lifespan OR lifecycle* OR 'life cycle*') 

#2 disease model'/exp OR 'nursing theory'/exp OR 'statistical model'/exp OR 

'animal model'/exp 

#1 NOT #2 ((('devices'/exp OR device* OR aid* OR equipment OR armamentarium OR 

appliance* OR instrument* OR apparatus OR good* OR implement* OR 

material* OR machine* OR prosthe* OR implant* OR technolog* OR 

intervention*) AND ('procedures'/exp OR 'health care delivery'/exp OR 

diagnos* OR therap* OR treatment OR prevention OR monitoring OR 

screening OR rehabilitat* OR alleviat* OR procedure* OR surgery OR 

surgical) OR 'medical device'/exp OR (medical AND device*)) AND 

('theoretical model'/exp OR 'conceptual framework'/exp OR framework* OR 

model* OR theor* OR concept*) AND ('life cycle'/exp OR 'life cycle 

assessment'/exp OR lifespan OR lifecycle* OR 'life cycle*')) NOT ('disease 

model'/exp OR 'nursing theory'/exp OR 'statistical model'/exp OR 'animal 

model'/exp)  
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10,966 hits in EMBASE 30th January 2019 

Summary of systematic searches 
Table 9: Summary of search results 
 PICO Search 

Strategy 1 
PICO Search 
strategy 2 

BeHEMoTh Search strategy 

Database #Hits 

27/07/2018 

#Hits 

26/10/2018 

#Hits 

30/01/2019 

#Hits 

30/06/2019 

PubMed 73,431 8,759 3,825 3914 

EMBASE - 34,962 10,966 11,458 

Cochrane 
Library 

- 702 194 225 

Total # hits 73,431 44,423 14,985 15,597 
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