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Abstract

Background: For several years mobile X-ray equipment has been routinely used for imaging in patients too unwell
within the hospital, when transportation to the radiology department was inadvisable. Now, mobile X-ray
examinations are also used outside the hospital. The literature describes that fragile patients may benefit from
mobile X-ray, but we need to provide insights into the breadth, depth and gaps in a body of literature.

Methods: The scoping review was performed by searching PubMed, Cinahl, Embase, EconlLit and Health
Technology Assessment.

English-, Danish-, Norwegian-, German-, Italian-, French- and Swedish-language studies, published 1.1.2009-1.5.2020
about mobile X-ray outside the hospital were included.

Participants were patients examined using mobile X-ray as the intervention.

PRISMA was used when eligible to build up the review. To extract data from the selected articles, we used a
structured summary table.

Results: We included 12 studies in this scoping review. The results were divided into four topics:1. Target
population 2. Population health 3. Experience of care and 4. Cost effectiveness.

The main findings are that target population could be larger for instance including hospice patients for palliative
care, group dwelling for people with intellectual disabilities, or psychiatric patients, population health may be
improved, image quality seems to be good and mobile X-ray may be cost effective.

Limitations of language, databases and grey literature may have resulted in studies being missed.

Conclusions: Mobile X-ray may be used outside hospital. There seems to be potential benefits to both patients
and health care staff. Based on the published studies it is not possible to draw a final conclusion if mobile X-ray
examination is a relevant diagnostic offer and for whom. Further studies are needed to assess the feasibility of use
in fragile patients, also regarding staff, relatives and societal consequences and therefore the topic mobile X-ray
needs more research.
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Synopsis
Questions:
Using mobile X-ray.

What are the target patient populations?

What are the improvements of population health?
What are the experiences of care?

Is mobile X-ray a cost-effective intervention com-
pared to X-ray at hospital?

B =

Findings: In this scoping review we found that the tar-
get populations in the studies were frail elderly, home-
less, drug users, asylum seekers, patients with multiple
co-morbidities, residents in care facilities outside a hos-
pital setting, target screening for hard to reach popula-
tions and nursing home residents. The literature points
at many potential outcomes, but without clear conclu-
sions about the effect on population health, experiences
of care, quality and cost effectiveness.

Meaning: In general, all studies fulfilled their aims, but
claimed that further studies are needed to document the
effect of mobile X-ray outside hospital.

Background

Rationale

For several years mobile X-ray has been used routinely
for imaging patients too unwell to be transported to the
radiology department for examination within the hos-
pital for making diagnostic decisions [1]. Still it is used,
when patients are too fragile to be transported to the
radiology department [2—4]. Also mobile examinations
have shown to be cost effective in the hard to reach pop-
ulations for instance when screening for tuberculosis or
in low or middle income countries [5-7].

In fragile patients e.g. nursing home residents, the envir-
onmental change from home to hospital for examination
may result in cognitive difficulties [4, 8]. The patients ex-
perience disease deterioration, a need for increased care
and medication for several days after the admission to the
hospital [4, 8, 9]. In fragile patients, examination at the
hospital can be a challenge due to transport to the hos-
pital, long waiting times, and a need to be accompanied
[10]. These patients also require extra care before, during
and after the examination [10]. Image quality is a central
aspect in X-ray imagining for correct diagnose of patients.
A review published in 2017 [11] indicated that mobile X-
ray for nursing home residents in high income countries
is of comparable image quality to X-ray examinations at
the hospital and have potential benefits, as mobile X-ray
reduced transfers to and from hospital, increased the
number of examinations carried out, and facilitated timely
diagnosis and access to treatments. But they concluded
that further research was needed to evaluate potential
improvements in care quality and cost-effectiveness.
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Furthermore, the study population only included nursing
home residents [11].

Objectives
For reasons described above, mobile X-ray examinations
are already used outside the hospital [12-14]. Our aim
of this scoping review was to disclose published know-
ledge about the use of mobile X-ray and to provide in-
sights into the breadth, depth and gaps in a body of
literature.

For that reason, we asked four study questions:

Using mobile X-ray.

1. What is the target patient population?

2. What are the improvements of population health?

3. What are the experiences of care?

4. Is mobile X-ray a cost-effective intervention com-
pared to X-ray at hospital?

Methods
Protocol and registrations:

We used PICO (patient, intervention, comparison and
outcome) and part of the PRISMA model to report the
literature in this review studies [15]. This is because, this
is a scoping reviews with the aim of disclosing published
literature about the use of mobile X-ray and not a
metaanalysis or effectiveness review. A protocol of the
present study is available upon request.

Inclusion criteria

Study design: Randomized controlled trials (RCT), non-
randomized trials, cohort studies, case-control studies,
cross — sectional studies, qualitative studies, case reports
and series.

Countries: Australia, USA, Canada and Europe. We
only considered these countries as comparable concern-
ing X-ray equipment, patient facilities, transporting,
environment, nursing staff and the purpose of using
mobile X-ray.

Time period: 1.1.2009-1.5. 2020.

Language: Abstracts and/or articles published in the
English, Danish, Norwegian, French, German, Italian
and Swedish languages.

Exclusion criteria

Study design: Ideas, editorials, personal opinions, letters,

study plans, newspaper articles, protocols, posters, ani-

mal research studies, reviews and metaanalysis.
Intervention: Mobile X-ray used outside a hospital

setting.

Information sources
The following databases were searched: PubMed, Cinahl,
Embase, EconLit and Health Technology Assessment.
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We chose these databases, because we considered that
those databases would cover our study questions.

The search strategy and selection of databases were
developed in cooperation with a librarian, expert in
health-related literature search. The search strategy was
developed in PubMed and was adapted to the other da-
tabases. In Table 1 the completed search strategy used is
shown.

The search was carried out in December 2018, April
2019 and May 2020. If any new literature in the same
search was published, the author received an e-mail.
Supplementary search for image quality and cost effect-
iveness was carried out in May 2020.

In a search for image quality in December 2018, we
identified 246 records, of which we ended up with 4 full
text articles already found in the first literature search.
The search strategy is shown in Table 2.

In a supplementary search in May 2020 in EconLit
about mobile X-ray and cost effectiveness, we identified
12 records, of which no one could be included, because
the literature did not fulfil our inclusion criteria. The
search strategy is shown in Table 3. We also searched

Table 1 Search strategy in PubMed, Cinahl and Embase for
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Table 2 Search strategy in PubMed for image quality

Search

number

1 "diagnostic” AND (“radiography” OR x ray* OR
radiotherapy*)

2 mobile AND (“radiography” OR x ray* OR radiotherapy®)

w

transportable AND (“radiography” OR x ray* OR
radiotherapy*)

portable AND (‘radiography” OR x ray* OR radiotherapy®)
“Radiography” [Mesh] OR (#1) OR “x-rays” [Mesh]
Portable OR transportable OR mobile

#6 AND "Radiography” [Mesh] OR #1 OR “X-rays” [Mesh]
#1 OR #3 OR #4 AND #7

O 0 N O U1 b~

“diagnostic quality”
10 #quality”

11 “image quality”

12 #10 AND #8

13 "mammaography” OR “ultrasound” OR “computered
tomography” OR “Magnetic resonance” OR “Positron
Emissions Tomography”

14 #12 NOT #13
15 #14 filters from publication date 2009/01/01
16 #15 filters English; Danish; Norwegian; Swedish

mobile X-ray

# Search number PubMed

1 “Radiography” [Mesh]

2 “diagnostic” AND (x radiography* OR x ray* OR
radiotherap*)* *

3 mobile AND (‘radiography” OR x ray* OR
radiotherapy*)**

4 transportable AND (“radiography” OR x ray OR
radiotherapy*) **

5 Portable AND (“radiography” OR x ray* OR

radiotherapy*)**
“X-rays" [Mesh]

“Homes for the Aged” [Mesh]
“nursing” AND (“home” OR “homes” OR facilit*)**

10 “home for the aged” OR “home for the elderly” OR
"homes for the aged” OR "homes for the elderly”

6
7 “Nursing Homes" [Mesh]
8
9

1M ((intermediate or “long-term”) AND care facility*) **
12 “hospital at home” **

13 “Mobile Health Units"[Mesh]

14 70OR80OR9OR1T00OR 11 OR120R 13

15 “Diagnostic Imaging” [Mesh:NoExp]

16 150R1TOR20OR30OR40R50R6

17 16 AND 14

18 17 NOT “mammography”

19 18 Filters: English; Danish, Norwegian; Swedish;

German; Italian; French;

* meaning that the database searched for all words with different grammars
** non-MeSH

* meaning that the database searched for all words with different grammars

Health Technology Assessment using the same method
as in Table 3, but we did not find any reports studying
mobile X-ray.

Search

Study selection

The records were archived and assessed using the com-
puter program ‘Covidence’. In Covidence when screen-
ing the literature, in the selection you choose between
‘ves’, ‘no’ and ‘maybe’. All literature selected was double-
checked by Co-author CPN. Reference lists in the in-
cluded studies were screened and included if eligible and
published within the time period.

Table 3 Search strategy in EconlLit for mobile X-ray and cost
effectiveness

Search number
1 “diagnostic” AND (“radiography” OR x ray* OR

radiotherapy*)

2 mobile AND (“radiography” OR x ray* OR radiotherapy*)

3 transportable AND (“radiography” OR x ray* OR
radiotherapy*)

4 portable AND (“radiography” OR x ray* OR
radiotherapy®)

5 #1 OR# 2 OR #3 OR #4 AND cost effectiveness

* meaning that the database searched for all words with different grammars
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Summary measures

To extract data from the selected articles, we were in-
spired by Peters to use a structured summary table for
scoping reviews [16]. We included the following infor-
mation for summarizing the data in the articles: Author
and year, source origin, aim/purpose, study population,
design/concept, intervention type, setting, organization,
duration of the intervention, how outcomes are mea-
sured, key findings and limitations (see Table 3).

Results

Study selection

In the literature search we identified 1.615 items. After
removing duplicates, we had 1.480 records to appraise.
Of these, 233 were selected for abstract screening after
screening of titles. After reading the 233 abstracts, 27
full text articles were left to assess. In Fig. 1 an overview
of the included and excluded studies and reasons for
exclusion is presented from the searched in PubMed,
Cinahl and Embase.

In Table 4 the data extraction of the 12 included stud-
ies is shown. One of the included studies was random-
ized [17], one study was cluster randomized [18] and
one study was a randomized pilot study [19], while the
rest is non-randomized or not ranging high in the evi-
dence hierarchy. There was a variance in study design,
power calculations and the number of patients (1 = 69—
1.192), but mobile X-ray was compared to hospital X-ray
in all studies. The interventions were mobile X-ray and
mobile X-ray combined with hospital X-ray [17-24, 26—
29]. The most common X-ray examinations were of
chest [17, 20-22, 26-29], hip and pelvis spine [17, 20—
22, 26-29] and abdomen [17, 20-22, 26—29]. Some stud-
ies only included chest X-rays [19, 21].

What is the target patient population?

As shown in Table 4 the study populations in the included
literature were frail elderly [19, 22], dementia patients [19],
homeless [18, 23], drug users [23], asylum seekers [23], and
nursing home residents [17, 20-22, 26-29].

What are the improvements of population health?

Improvements of population health are measured by
several different outcomes that by proxy may indicate if
health status is improved. The outcomes of the 12 studies
were delirium measured by confusion assessment method
[19], sensitivity and specificity of mobile X-ray to find
tuberculosis [18], patient and health care satisfaction mea-
sured by qualitative interviews [24, 28] and questionnaires
[19-21, 27], image quality and costs [18-28].

In one study the authors suggest that mobile X-ray
seems to increase the certainty of presumed diagnoses,
so that treatment could be avoided in many cases [27].
Examination using mobile X-ray could also prevent
patients from being treated at the hospital [22]. Fewer
patients may need transportation to the hospital, and
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probably fewer patients would become delirious [19, 21,
22, 27]. The literature also describes places to use mo-
bile X-ray outside the hospital for instance in nursing
homes [17, 20—22] and shelters [18, 23].

For nursing home residents mobile X-ray was consid-
ered a reasonable alternative to hospital X-ray examin-
ation, because they could be treated at home [21].
Treating patients at home reduced the incidence of delir-
ium [19]. Less transfer to the hospital was a positive out-
come, since transportation of patients from their homes
to the hospital may worsen the condition of demented or
disorientated patients [19, 21, 22, 27]. Examination in the
familiar surroundings may calm the patients, as insecurity
during transportation to hospital is experienced as pain or
confusion [19, 22, 23, 25, 27, 28].

What are the experiences of care?

The five included studies explored the quality, useful-
ness, knowledge, barriers, success criteria’s and expecta-
tions of mobile X-ray offered to nursing home residents
[17, 21, 24, 27, 28]. In 5 studies patients, healthcare staff,
nurses and referring doctors were asked using both
qualitative [24, 28] and quantitative methods [17, 21,
27]. The literature found that the main part of patients
and health care staff was satisfied with mobile X-ray
examination and the benefits that mobile X-ray had for
both patients and staff [19, 21, 24—28]. Results showed
high patient acceptance of mobile X-ray as the patients
were happy not having to go away for several hours, felt
safe and that it was much better than going to the hos-
pital for examination [21, 24, 28]. In none of the studies
the patients had a negative opinion of the procedure.
Nursing home staffs pointed out beneficial factors such as
the security and comfort for the patients, who could re-
main in their usual environment, no need for transporta-
tion, and no need for staff to be absent from the nursing
homes while accompanying the patient to the hospital [19,
21, 27]. Barriers to implement mobile X-ray were identi-
fied as organizational changes, financial barriers and struc-
tural changes for the staff [28]. Thus implementing mobile
X-ray needs good relations between the nursing home and
the organization providing mobile X-ray [28].

Several studies point out that the diagnostic quality of
the images may be a challenge, since the health care staff
may have to choose between good enough image quality
with no transportation of patients and optimal image
quality with transport [19, 21, 22, 24, 25]. Prech et al.
studied image quality of chest, hip and pelvis images
using Visual Grading Analysis and found that there were
no significant differences in image quality between mo-
bile X-ray and X-ray at the hospital [17]. Kjelle et al.
studied the utilization of diagnostic imaging among
nursing home residents and if there were differences be-
tween hospitals with and without mobile service. The
authors found a lower use of more advanced radiology
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Fig. 1 Flowchart of the selection process for literature search

by nursing home residents compared to the general
population and indicated that mobile X-ray resulted in
fewer CT and ultrasound examinations at hospital [25].

Is mobile X-ray a cost effective intervention compared
to X-ray at the hospital?

We found one prospective study comparing costs be-
tween mobile X-ray and X-ray at the hospital [29]. The
authors found significant differences in costs between
mobile X-ray and X-ray at the hospital from a societal
perspective. The societal benefit to the elderly patient at

nursing homes was high, reducing the anxiety and pos-
sible risks associated with transfer from the nursing
home to hospital for radiography [20].

Kjelle et al. described in their interview study that it
was important to get support from the top management
in all organizations, which was a challenge [28]. The
support was necessary in order to get money allocated
to the project. Financial barriers would result in man-
agers at the hospitals not being willing to invest in mo-
bile equipment, staff and vehicle. Even though mobile X-



Page 6 of 12

767

(2020) 20

Toppenberg et al. BVIC Health Services Research

siuaned |e
10U 0s AleIUn|oA
sem uonedidiled -
‘sdnotb
Apnis om1 ay3
woyy syuedpiued
Jo Jaquinu
Ul adueleqUIl UY -
51502
palejas aied

Jamo| uediubis
os|e alam
S150D paieal
aled yieay

Ul sadUURYIQ -
‘Aydeiboipes
paseq |eyudsoy
Yum pased
-Wod uoleul
-wiexa Jad s1sod

(1£=u) |eudsoy
oY1 1e Ael-x

(ele

=U) Ael-x 3|IGON
* sawoy buisinu

‘90195 ydeisbolpes

"dARRIAUBND -

Cle=u)
seale UIAYIP

paseq [endsoy
yum paseduwod
aAndadsiad
[e131005 ©

WIOJ) SAINIBYS 150D
alam Aydeiboipel
9|lqow

YIM Sa01|1Dey 218D
Apsple ul siusned
JO suoneulwexs

Yieay painseaw Jamo| JuedyIubIs 3yl 01 paINqLIsIp ‘7107 Aoy |endsoy ayy “Apnis OM] Ul SJUSpIS3) yym
Ajuo Apnis ay) - sey Aei-xX 3|IQOI - SaJleuuonsanD 0} 7107 "NON yum uoneiodio)  sswoy buisinn 0L ‘Kel-x oy aAndadsoid v - SUIWIIBP O "USPaMs [02] 910 1970Q
papnpul
S| Xeloyy Jo uone
-ujuexa Ael-x 01
SENIETEVIENReIIY
swuaned AuQ -
‘PIpPN|IX oM
awoy 1e d|qe
-1INS 10U uole ‘Aijenb abewi
-ujuexa Ael-x ue U] S3DUISYIP ON -
Buipasu syusied NeEITNMENEIEIN
pue (Y 4z uiyim) Ker-x ajigow
uoneulwexa YIM paulwexs
wabin syuaned JO %6 -
ue papasu ‘dnoib Aes-x
OYM S1udlled - QoW 2yl Ul 9%0
‘S2INseawl 'sa dnosb |eyd
UOIDRJSIEeS 3Y1 SOy 3yl Ul Sjusi
Jo uondudsap oN - -ed ay1 Jo 9%/ | Ul
‘uone[nded pPaN>20 JusW ‘Ajenb abew| (69 =u) “Aes-x 3jigow
azis adwes -1eal} buuinbal ~uonoeysies - "9AneIUBND - 9DIAIG SWOH 18 Buisn sawodIno
OU SeM 2J3Y] -  21e)S [UOISNJUOD (21005) poyIany ‘leydsoy Apnis |eudsoH Puipuane [e21u> pue
Apnis 1oy1d 91Nde Ue uofeul JUSWISSISSY ‘6007 dunr  leudsoy ayi yum SOy UMO 2y} 1e Kel-x j0/1d € JO Apealje syusized  buibew jo Aijenb
e SIApnis oyl - -Wiexa Aek-y JaYy - uolsnjuo) - 01 8007 aunf uonelodiod uf | syuaned ayl 1y SA Aet-X 9|IGOWN yed e se [DY - Auaplo |1ei4 2y} alojdxa o] “Aley [61] L 10T epnedry
e1dn %01
uepaW Yum 051’
= U UONUAIRI|
ayerdn
%St Ueipaw TWET
yum 3|qibis =u Kel-x 3|iqow
‘[9A3] uosiad Z6L'L=U|0huod 3yl Aq SIsondiagn)
1e 10U Ing ul Jsgquinu Aieuownd "IN
pauLiopad sem sopnjpul Jaded - A1 I0) PAUSIDS Kel-x a|iqouw Buiuaaids gJ
uoneIND[ed MO - ‘pazIWopuel aNURA 91504 Sy pay Jeal] “uopuon "9AneIUBND - (z61'L  3llqow oy ABarens
eep 2Jam 9gf ‘s|91s0y e e syl 3(q! ‘€loc pue pul4, ‘@1AI9S ul ssajauwoy ‘paziwopuel =U) S[2150Yy 65 Ul Juswabebus
[eNpIAIpUI JO 3BT - 991119 65 JO - JoUdqWINU Yl 1O 01 7107 ‘994 YledH [euoneN v 9y} 10} S[91S0H ‘Kel-x 9)IqoN J215nD - 9jdoad ssappuwloH aledwod o] ‘puelbu3  [81] ZLOZ bpUPY
‘S1eak
“WR1SAS I YL +0/ swusned wouy
‘pPapullq Joy Ayenb sbew (35) wswdinbs
2Jom sabew! J3yb1y pamoys Aleuonels pue
3yl ybnoyy uana woueyd (Jw) Ael-x 3jiqow ‘sawoy buisinu
suoleulwexs Aydeibolpey (VON Jo Bumss yoea ul wawdinba
JN wouj sabeull |le19g-1senuod sisKjeuy buipesn woJj paureiqo Kel-x 9|lgow ay1
31 JO 2WOS SY) 3IyMm W1sAs  [ensiA 01 Buipiodde Allenbs (zg =u) 1e uye) sabewll
9ziubodas pjnod 35 Joj Aujenb paJ0ds pue sinfd pue (79 = u) sinfd pue diy
siaydeiboipes sbew Jaybiy Aja1eedas pamaln ‘leudsoy pue diy ‘(0z = u) 159> 15940 Jo Allenb
Buiiodas ay) - PaMoYs YOA YL - 2uam sabewl ay] - 810Z Aenuer ‘leudson sawoy buisiny| ‘Kel-x 3|Iqo 104 Jo suoneulwexy  abew asedwiod o] spiewiusg [£1] 6107 3y221d
painseawl uonuaAlaluUl
suoneyw sbuipuly A3y aJe SSWODINO MOH 3y} JO uoneing uoneziuebiQ Bumas  adA uonuanisul  1daduod ubissg  uoneindod Apnig asodind/wly  uibuo 321nos 1eak pue Joyiny

21N1LI21| PAPNPUL 3Y3 JO SHNSI 3Y) MOYS ¥ 3jqeL



Page 7 of 12

767

(2020) 20

Toppenberg et al. BVIC Health Services Research

pouad awi ay] -
‘9|qissod
10U Sem s3|qelieA
Buipunojuod
1ey) buiuesw
‘e1ep bunsixa uo

paseq si sisAjeuy -
‘dnoib

usiied |lews -

FSEIEIIERIIEN
343 Ul PIAJOAUL
2I9M sJoyine

9U1 JO WS -
EERIINES
12410 Ul se
JuswAed juaned

ou sem vy -
SXW
4O 35N JI2Y3 Uo
paseq sioyine
343 Wolj Uasoyd
sem uonendod

Apnis ay] -
‘pazIWopuel

10U S| Apnis 3y -
‘leudsoy 9|buls
© U0 2DIM3S

3|buIs e uo paseg -
SXW JO
uoneuawa|dul
Buunp
pa1oNpuod

sem Apnis ay] -

‘uone|ndod
Apnis |jews v/
‘paINseaw
Buiag Apdaup
jou s Ayjenb
obewl ay] -
‘paysiignd Jou
sl aJleuuonsanb
QYL -
‘uonoeysies
1uaned noge
aJleuuonsanb
ay
Jamsue 01 a|ge
alam 79 syuaned
€71 4010 -
‘JJels aued
-Yijesy ay1 woly
awli} Uo sa1ew
-8 U0 paseq
ale Ael-X 3|lgow
910499 eleq -

91eJ asuodsal ou-
‘2Jleuuonsanb
3y} uo payjdal

SAIsod-1eauws
9q 01 AjI| 53]
2Jam Bulusais

ybnoiyy
paynuap! sased -

%66 J0 AjDads

e pue %18 Jo
AARISUSS e pey
uonusAIRIUl 3y -

‘palayo
sem Ael-x 3|Iqow
1aym Jeak ayl
uonejuasaldal
1uswedsq
Aousbisw3 Ul
uononpal 95’1 |
ue alam Y] -
ueinquie
0] 3dUB)SISSe
papaau
oym asoyl Aq
pPamo||o} punog
JIVSIEETY
10 paq 249M
sjuaned 1SON -
S4OvY
1USIS4IP 601
01 saduepuIe

[4331

dwoy buisinu ayy

wioly Juasqe 3q 0}

JJe1S 10J PaSU ON-

‘uoepodsuesy

10§ p93U ON-
‘syuaiied ayy

woly dueidaddy -
“UOJUI0D

pue Aundas -

pa1e|nofed
sem Apypads
pue ANARISUSS
‘papn|oul a1am
S[enpIAIPUL ||

EBVE
0€ 9y} Woly suap
1S91 U0 paidnpuod
J1o/pue Ag paisanb
-2l skel-x ureid ||y

"9INIDS
Kel-x 3|Iqow ayy
yum aduaLadxe
Je1s pue

syuaned Bupnsesw
S3JleUUONSIND

010T Yrey
03 5007 Hdy

€107 aunf
0€ 0} ZL0Z AINf L

600¢ a3
03 8007 "daS

"22IM3S [eYdsoH
2y} Jo Ued

‘leudsoy ayr
woly paziuebin

ERIIVEY
[eudsoy ayy Jo ued

"uopuo’

ur suosud pue
S9DIAIS JUSWIRIL
Brup ‘simuad Aep
‘S|91501 SSI[OUIOH

‘'Sjuapisal awoy
Buisinu 01 suinog
-[SW Jo suoibai
UI2)SaM pue Ud
-ULIoU U1 Ul pais)
-JO Sem 2DIAISS
Aei-x S)IGOW @Y1

sawoy buisinN 01

Buisn bujusaIds

‘leudsoy
3y} 1e Kel-x
“SA Kel-X 3|IqOW

‘SJUSpISal SWOY
Buisinu 1oy saIA
-195 Ael-X |IqOW

DANRMIUBND - (ZGE = U) SIS
“Apnis wnjAse pue sisn
|eUONBAISSTQ - Bnip ‘ssajauioH

"9AIRIIUBND) -
‘yoeoidde
1J0yod
19)e pue
210Jaq sosn
1241 ‘Apms
aAnduosaq -

(616= ) aunog
-2\l Ul 1A8S Al
-X 3|IqoW JO siasn

40wy o€ doi ayL.

‘aAeIIueNy -
‘saileuuonsanb
pasamsue
(€Tl =u) yeis
pue (€1 =u)
swuaiied aym
Apnis Aljiqisea -

‘syusned
sawoy buisiny

SPPO 8y} pacnpal
SARY S35
panyiuap! AjpAnoe
1ey) sissyrodAy
a1 1581 01 pue
YXD [eubip 3jiqow
Jo Apypads

pue AIAnISUSS

oY1 ysljgeiss o]

"SDINIDS ARI-Y
ureid ainbas oym
(HDVY) senijiey
2Jed pabe [enusp
-1S31 3y} JO S1Usp
-1S31 JO S)UdPISAI
Aq seouepusne
1uswedap Aousb
-I18Wd 3y} U0 3dIA
-135 Ael-X 3|Iqow
a1 Jo 1edull

31 2INSeaw 01 ‘7
‘pauliopad

sAel-x uieid jo
2dA1 pue Jaquinu
sy pue suad
-31 S) '(SXIA) @DIA
-195 Ael-x 9|Iqow
o431 Jo AAnoe
QY1 2quIsap 0] ‘|

‘saAndadsiad

Jeis pue jusned
9yl Woj sswoy
Buisinu ul syuaned
JO JUBWISSasse
|ea1bojolpel

10§
Aydeibolpes
9|lqow

e JO Ssau|nyasn
oY1 91e61S3AUl O]

‘suoneulwexs
Kbojoipes

‘pue|bu]

‘ellelysny

‘Uapams

[e2l zLoz A1oXs

[¢2] 510z oyeuop

[Le] z1oz punpig

suoneyw

sbuipuyy A3y

painseawl
9Je S3W0dIN0 MOH

UONUDAIIUI
243 Jo uoneing

uoneziuebiQ

Bbumas

2dAy uonuaARIv|

1daduon ubisag uonejndod Apnis

asodind/wiy

u1blo 324nos

1eak pue Joyiny

(PanuIU0D) 21N1RIM| PAPNPPUL Y3 JO SINS3I Yl MOYS { djqel



Page 8 of 12

767

(2020) 20

Toppenberg et al. BVIC Health Services Research

“DINIBS Ael-X
3[IgOW INOYUM
sjeydsoy 01 1A
-195 Ael-x 3Igow
yum sjeudsoy
pasedwod

ng ‘elep
uonejuawadwii
Joye pue ai0jaq
aJedwod Jou
pip Apis ay |

Ynsal ayx
Jo duaNyul ybiy
aAey Jou op
uoneyodsuely
2due|NgWe pue
1U3WI1L31 JO 150 -
‘9peul 3am
suondwnsse
‘punoy
37 10U p|NOd
R1ED [B3) USYA -
51500 AJuo pale
-N[eAS JOU 2JaMm
0IMBS ARI-X
oW JO S12347 -

MIIA
Jouiod Jpy) 196
10U Op aM 1ey}
SuBaW UdIYym
REIIESEIREN
pue siopop
apnppul 10U

pIp M3IAISIUI BY] -
RERIENE N
uo jJou
pue suoneadxs
uo paseq

sl Apnis ay] -

Nsal aYd
1oedwi Aew pue
Kiea pa123)|0d
Sem eiep usaym

‘uonejndod

|essusb ayy Ul

31el Jasn ay) 0}

19S0D [9A9] By}

9SealdUul SadIAI9S

Aydeibolpes
9IqON -

OF6'L HN3
|endsoy pue Aey
X @Igou yum
uolneulquod
Ul pue 06/°¢ Yn3
sem [eudsoy ayy
1e UoeuIwexa
Jad 150D -

“PROPHIOM
paseann
-ul ue agAew
pue uonesiunw
-wod 1ea1b ‘gers
2Uedyl[eay Uaaml
-3¢ uonelodiod
10216 puewap
Kel-x s|Igow jJo

uoneuswadu -
‘leudsoy
ay1 01 suon
-eyodsuen ou 01
snp sjusied sy
1o} abejueApe
1216 e 9q pjnom
Kel-x 3|iqow
1241 1ybnoys

SUOAIDAT -

'S958D PaynUIpPI

‘s|endsoy 1usiagip
71 JO ‘swiasAs
uolewIoul
Abojoipes

3y} Wolj pa123||0d
2I9M e1eQ

‘0in3
34} 0} PaUIAUOD
Jauouy uelbamioN
910C a4}

U0 paseq s150D

“SM3IAIIUL
Buipiodal
pue uonduosuel|

Jeak Ul syuspl
awoy buisinu
1o} saunpadoud

auibew
onsoubelp |1y

SloT
Ul pa1d9]|0d
sem e1eQ

"UOIUIAISIUI
'syiuow g

‘|lendsoH

‘lendsoy

ay1 1e Abojoipey
4O uswedsg
oY} Wolj paiayo

‘lendsoy pue
sawoy buisinN

‘ssuwoy @C_m._jc 0l

sem Ael-x 3|iqoly  pasedwiod [eudsoH

‘lendsoy

123foid 1011d €

Sy} woyj paziueb  ul pspn|pul Apealje

-10 S| Aes-X 3|IGOW

awoy buisinN

"DAlRIIURND-
‘sjendsoy
L1 JO Swashs
uoleuwoul
|ed1bojolpel
‘Kel-y 9|IqoN wioyy ereq -
‘Aydeiboipel
3|lqow pue
paseq-jendsoy
JO uoleUIqUIOD
e pue IS
paseq-jendsoy
e buipnpul ‘aAlRIIUBND
‘paledwiod alam -Apnis

SoAlleula}je OM | |[0JIUOD 3sed VY -

“9AIRYEND
-sydeiboipe
pue yeis

aled yijeay
‘sasinp :sdnoib
22141 3Yd

ul syuedippued
JO Jequinu
umouyun ue
UYUM M3IAIIUL

‘Kes-x 9)Iqo dnoub sndo -

ERIINEY
Kel-x 3|iqow
INOLIIM IO YIIM
sjeudsoy ussmisq
Sedualayip
EIEIRCIETNM

JI pue syuspisal
awoy buisinu

‘SUSpISAI buowe buibew
awoy buisinu onsoubelp
JO suoneulwEexS Jo uonez|inn

990'LL 9yl SujwiLIRp O
*SIUBPISI dUIOY
Buisinu Jo Jusw
-1eal} pue uone
“(000'L -ulwexa Aei-x Jo

= U) sjuspisal
awoy buisinu
JO uonejnwis

aAndadsiad |epos
2 UM JO 150D
a3 azAjeue o

‘sawoy buisinu
1e Aes-x 9jigow
Bunusws|duwi
BuIuISdU0D
suojuido

pue sbujueaw
‘suonedadxa
noge abpsjmou
alojdxa o]

'SJUaPISal

‘suone|ndod
auwies ay)

W0l SIDIAISS 318D
Yieay o1 Aanissed
bunuasaid

asoy) ‘s Aianisod
Jesws wninds Jo

KemioN

‘AemioN

‘“AemIoN

[92] 610T 3|2h4

[52) 810T 3|l=M

[2] 0L0T saubuyl

suoneyw

sbuipuyy A3y

painseawl
9Je S3W0dIN0 MOH

UONUDAIIUI
243 Jo uoneing

uoneziuebiQ

Bbumas

adAy uonuansziy)  1daduod ubisag

uonejndod Apnis asodind/wiy

u1blo 324nos

1eak pue Joyiny

(PanuIU0D) 21N1RIM| PAPNPPUL Y3 JO SINS3I Yl MOYS { djqel



Page 9 of 12

767

(2020) 20

Toppenberg et al. BVIC Health Services Research

Juswisbebus
pue poddns pue

‘sisbeuew
ledpiunw
pue eudsoy ay3
JO M3IA Jo Julod
31 WoJ) IS

“MaIAJRIUL DY) Ul Buipuny jeusaixe Aydeiboipes
way) wwasaldal 2IaM LRI ajiqow
01 I33)UN|OA SS920NS UIR - ‘pa1uswa(dwl Bunuswsdwi
e buipuy ‘sialleq us3q ‘sanfedpiunw Xis Jo ssaooud
suoneziuebio |einpadcoud pey Ael-x a|iqow pue sjendsoy sl ay1 Ul sialieq
39Ul Uo paseq pue |ein1nis 9107 alaym Ajedidiunu "DAIRUeND - woly siabeuew pue eua1D
SeM JUSWINIDRY - ‘|leIdURUL - SMIIAIRW|  AeW — 9107 9o ‘leudson pue [e1dsoH ‘Kel-X QO APNIS MIIAIIU| - WO UONBWIOJU|  $5320NS 310[dxa O] KemioN [82] 810Z 21y
‘uonezijeydsoy
puiulad
-U0D adueIsuUl
10} Ael-x 3jiqow
Bunusws|dwi ‘PauUIWEXD
13 pue Us3( =ABY 10U
210Joq e1ep ON - pinom syuaned ‘(001 = u) si0)
‘painseaw syuiod 9yl 9507 Ul - ->0p dn-mojjoy pue
pua ou aJe 1Ry - ‘3|qe|ieAe (00€ = ) s10120p
‘MO] S| 1€l usaq pey adIAIes buisyal Aq
asuodsas ay| - Ael-x 3|iqow Iy} pajyn} syuaned
'$10300p JI uswiedsp a1 JO Jleyeq ‘sawioy bul
10} Auo ase Kbojoipes ERINEN ‘AemIoN Ul Uo saJleuuonsany  -sinu e bujuibew
salleuuonsanb |eudsoy ay1 o1 'S10100p Kes-x |Iqow sapijedpiunu "aAleIIueND - “SJuspIsal S3|qeu? 1ey) adIA
9yl - JU3S UI3Q ARy dn-mojjo4 pue 941 JoJ 3|qisuodsal 0l Ul sawoy “Apnis 101d awoy buisinu - -1as Ael-x a|iqow e
“128(0ud 1011d pjnom syuaned si0100p BuLiaal 510T sem [e)dsoH BuiAl| paisisse e Uo paseq sl uonejndod  Jo 1j2uUSq pue asn
e joyedes| - 9yl 95/ Ul - 01 SaJleuuonsanD ‘dag 01 ydueyy AUSISAIUN 0[SO pue -BUISINN 7% YUM UOIIDRJSHES Apnis Uoyo)d - Apnis ay 3y} dulwexa o ‘KemioN (/2] /107 pueRbIA
painseawl uonuaAlaluUl
SUOneNWI sbuipuly A3y aJe SSWODINO MOH 3y} JO uoneing uoneziuebiQ Bumas  adA uonuanisul  1daduod ubissg  uoneindod Apnig asodind/wly  uibuo 321nos 1eak pue Joyiny

(PanuIU0D) 21N1RIM| PAPNPPUL Y3 JO SINS3I Yl MOYS { djqel



Toppenberg et al. BMC Health Services Research (2020) 20:767

ray may save money, because of fewer hospitalizations
and less transporting the savings are not always visible
in the department budget at the hospital [25].

Overall the literature suggests that mobile X-ray is
cost effective compared to X-ray at the hospital, but this
is not supported by evidence from a RCT. The studies
investigate costs such as cost per patient, salary, capital
costs of equipment and operating costs [21, 24, 25].
Many patients would not be examined, had mobile X-
ray service not existed [27].

Discussion

Summary of evidence

The purpose of this scoping review was to identify pub-
lished knowledge about mobile X-ray examination out-
side the hospital compared to examination at the
hospital in high income countries from 2009 till now.
Other reviews included a specific target population or
outcome measure in their studies, but by including all
type of patients and outcomes, we hoped to find results
that could show which study design and outcome mea-
sures should be used to document the effect of mobile
X-ray. By including all literature several different qualita-
tive and quantitative methods were described to measure
outcomes such as population health, experience of care,
quality and costs. Also the quality of the studies differed
a lot and there was no agreement about the appropriate
outcome measures. It was surprising that only 12 studies
could be included in the review, but when reading the
studies, we found that mobile X-ray is a difficult topic
with many aspects to consider, when defining target
population and measuring effects such as population
health, experience of care and costs.

Target population

We found that the target population was frail elderly,
demented patients, homeless, drug users, asylum seekers
and nursing home residents [18—24, 26-29].

Other patient groups may also be included or at least
studied as possible target populations, e.g. hospice pa-
tients for palliative care, group dwelling for people with
intellectual disabilities, or psychiatric patients. In defin-
ing the target population country, environment and spe-
cific factors may also influence the definition of the
relevant target population. The problem is also, that the
target population might differ in each country and there-
fore it may not be possible to define a specific target
population for mobile X-ray in general.

To define specific outcomes of mobile X-ray, a specific
target population and location is needed. Mobile X-ray
could be used in other locations than described in the
literature, e.g. at the local general practitioner (GP), in a
healthcare centre in order to meet the ambulant pa-
tient’s needs, but also the needs of the health care staffs,
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crowded hospitals and general practitioners. We do not
know if the locations described are the adequate loca-
tions, since it may differ in each country [18-25, 27].

Improvements of population health

We found that improvements of population health were:
increasing the certainty of presumed diagnoses, so treat-
ment could be avoided in many cases [22], prevent patients
from being treated at the hospital [20], fewer patients may
need transportation to the hospital [21, 24, 27], and prob-
ably fewer patients would become delirious [19].

The measurements for improved population health are
not clear, for instance consequences of transportation,
environmental changes or waiting time for the patient.
Another problem is measuring the effect of mobile X-
ray all studies conclude that further studies are needed
to measure the effect, but at the same time they found
that mobile X-ray probably is beneficial to the patient in
different ways. The problem is that one outcome meas-
ure may be relevant for one patient group but not for all
patient groups. For demented patients delirium may be a
relevant outcome measure, for a homeless, sensitivity
and specificity of detecting tuberculosis may be more
relevant. The outcomes of the studies describing im-
proved population health give a mixed and unclear indi-
cation of what to be used as outcome measures and
study design [18-24, 26—29].

Experiences of care

Experience of care was mostly measured as satisfaction
and we found that the included patient and healthcare
staff seemed to be satisfied with mobile X-ray [19, 21,
24]. Also the image quality is good [17, 19]. But the
question is, if satisfaction is directly comparable to ex-
perience of care.

In all studies we only found positive results. But experi-
ence of care and satisfaction may not be comparable be-
tween different patient populations and different health
care staffs. When asking a demented nursing home resi-
dent, relatives or health care staff about their satisfaction
with mobile X-ray, no transportation or preventing the
possible effects of delirium could be related to high satis-
faction [19, 21, 24]. Asking homeless residents or asylum
seekers about satisfaction, these outcome measures prob-
ably would not even be relevant. Therefore studying ex-
perience of care it is necessary to be very specific of study
group and aim. It could be relevant to ask the patients
about their experiences being examined with mobile X-
ray, but it may be difficult with certain patient groups, e.g.
patients with severe dementia.

The literature shows that mobile X-ray may facilitate
high quality of treatment and care [17, 19-21, 24, 27].
The question is, if the quality of the studies permits
making conclusions concerning experience of care, since
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we did not find two studies measuring experience of
care, using the same outcome in an identical population.
We find, that the target population for measuring ex-
perience of care could also be other groups than the pa-
tients and health care staff in the studies. For instance
GP, heads of departments, relatives or other persons in-
volved in mobile X-ray, who could express their satisfac-
tion. When asking the referring doctors if the mobile X-
ray examination had given important information to pa-
tients and their families, they replied positively [19, 21,
25, 27]. In the qualitative study by Kjelle, the authors
found that the general quality of care in nursing homes
was considered to be improved, because healthcare staff
did not have to arrange for volunteers or family to ac-
company patients to the hospital or the staff had to ac-
company the patients [28].

The literature shows that measuring experience of care
is difficult [19, 21, 27, 29] and it may be the reason why,
no one has documented a gold standard for doing that.
This is probably because the patients are hard to reach
and therefore, they might have difficulties sharing their
experiences of mobile X-ray [20]. Information from re-
ferring doctors, healthcare staff, and relatives may be
biased and not representing patients’ views. The image
quality is good and reduces the use of other imaging ex-
aminations in nursing home residents [17]. The image
quality seems to be good and while conducting this
scoping review new studies concerning image quality
have been published, so the quality is in focus [17].

Cost-effectiveness

Mobile X-ray seemed in one study to be cost effective,
but using costs as an outcome measure, all relevant costs
of mobile X-ray must be considered and compared to X-
ray at the hospital to conclude if mobile X-ray is cost ef-
ficient [20, 29]. It is suggested that probably the costs
are lower using mobile X-ray seen in a social perspective
not including derived costs for instance costs for rela-
tives accompanying the patient [29].

Limitations

There are several limitations of our scoping review. Lim-
iting the review by language, years and locations may
have resulted in key studies being missed. However, we
wanted to look at literature describing mobile X-ray in a
western context within the last years. On the other hand
mobile X-ray is being used in India, so it could be rele-
vant to include a broad literature in a systematic review.
Choosing only to search few economic specific databases
could also have limited the findings, but we find that all
literature about mobile X-ray would be published in
healthcare journals, since we did not find any reports in
the economic databases.
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Conclusions

In conclusion, this scoping review indicates that mobile
X-ray in high income countries may be used outside the
hospital in nursing homes, homes for the elderly and in
shelters. Patients and health care staff seem to be satis-
fied with mobile X-ray. The image quality is good and
mobile X-ray may be cost effective. In general, the in-
cluded literature may lack the evidence for documenting
the effect of mobile X-ray, maybe because the effect is
difficult to measure in a broad population. There are
challenges documenting the effect of mobile X-ray yet,
mobile X-ray has come to stay even if we still need a
clear answer on how to develop the mobile X-ray, to
whom it should be offered and therefore the topic needs
more research.

Future research

Mobile X-ray is a relatively unexplored and new field
and therefore much research needs to be conducted. Fu-
ture research could for instance be RCT measuring the
effect, finding target populations, patient satisfaction
and/or cost effectiveness.
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