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Abstract

Background Knowledge about patient safety in orthodontics is scarce. Lack of standardisation and a common
terminology hinders research and limits our understanding of the discipline. This study aims to 1) summarise cur-
rent knowledge about patient safety incidents (PSI) in orthodontic care by conducting a systematic literature search,
2) propose a new standardisation of PSI terminology and 3) propose a future research agenda on patient safety

in the field of orthodontics.

Methods A systematic literature search was performed in the main online sources of PubMed, Web of Science,
Scopus and OpenGrey from their inception to 1 July 2023. Inclusion criteria were based on the World Health
Organization’s (WHO) research cycle on patient safety. Studies providing information about the cycle’s steps related
to orthodontics were included. Study selection and data extraction were performed by two of the authors.

Results A total of 3,923 articles were retrieved. After review of titles and abstracts, 41 articles were selected for full-
text review and 25 articles were eligible for inclusion. Seven provided information on the WHO's research cycle step 1
("measuring harm”), twenty-one on “understanding causes” (step 2) and twelve on “identifying solutions” (step 3). No
study provided information on Steps 4 and 5 (“evaluating impact” or “translating evidence into safer care”).

Conclusion Current evidence on patient safety in orthodontics is scarce due to a lack of standardised reporting

and probably also under-reporting of PSls. Current literature on orthodontic patient safety deals primarily with “meas-
uring harms”and “understanding causes of patient safety’, whereas less attention has been devoted to initiatives
“identifying solutions’, “evaluating impact”and “translating evidence into safer care” The present project holds a pro-
posal for a new categorisation, terminology and future research agenda that may serve as a framework to support

future research and clinical initiatives to improve patient safety in orthodontic care.
Registration PROSPERO (CRD42022371982).
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die from medical errors that occur in hospitals [1]. The
definition of patient safety by the World Health Organi-
zation (WHO) from 2009 is: “the freedom for a patient
from unnecessary harm or potential harm related to
healthcare” [2]. Similarly, in their report, Kohn et al. rec-
ognised safety as “freedom from accidental injury” [1].
In this context, a patient safety incident (PSI) is an event
or circumstance that could have resulted or did result in
unnecessary harm to a patient [2].

Patient safety is a crucial aspect of healthcare that seeks
to minimise preventable harm, accidents, complications
and adverse events (AEs). AEs are defined as injuries
resulting from poor management practices that could
have been prevented but are not attributed to an under-
lying disease process [2, 3]. The WHO classifies certain
AEs as "never events', which are serious incidents that
should not occur given the presence of strong systemic
safety measures [4]. Never events can have a profound
impact on patients, and their prevention is a key objec-
tive of healthcare organisations. In this context, patient
safety aims to limit the impact of AEs adverse events and
promote the avoidance of preventable harm.

Patient safety is a priority from the patient’s perspec-
tive, and for care providers it falls in line with the Hip-
pocratic Oath ("primum non nocere"), which is an
important element of modern healthcare. Patient safety
initiatives analyse characteristics and features of health-
care systems that may lead to the occurrence of AEs.
These features are latent risks that may be of any nature
from a soft tissue laceration or a loose wire to inhala-
tion of an orthodontic appliance [5]. Throughout most
healthcare treatment courses, multiple latent risks exist
and this makes patient safety multifactorial and complex.
When an AE occurs, patient safety does not aim to pun-
ish but rather to investigate how and why the protective
barriers failed [6, 7].

Improving the quality of care is a road that passes
through patient safety. Additionally, patient safety has
additional psychosocial and financial benefits. Dealing
with the consequences of an adverse event has an eco-
nomic cost to the practitioner, the patient and society.
By improving patient safety, dental practitioners increase
their quality of care, which is associated with safer and
better treatment outcomes [8—10]. In addition, it affords
increased legal security by minimising the risk of legal
claims [6].

Knowledge about patient safety in dental care and
orthodontics in particular is scarce. The absence of
patient safety guidelines in orthodontics is a major con-
cern. This issue is further complicated by the absence of
standardized terminology in the field, challenging the
development of consistent safety protocols. Additionally,
there is a noticeable lack of research and publications in
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this area, which hinders progress in developing effec-
tive, evidence-based strategies to ensure patient safety
in orthodontic care [11]. Therefore, an urgent need
exists for studies in the field of orthodontics in particu-
lar [2, 3, 12]. Among others, the lack of a common lan-
guage among orthodontic caregivers ultimately hinders
research and limits our understanding of the discipline
[13, 14]. The aims of this study were to 1) summarise cur-
rent knowledge about PSIs in orthodontic care by per-
forming a systematic literature search; 2) propose a new
standardisation of PSI terminology; 3) propose a research
agenda on patient safety in the field of orthodontics that
may serve to further develop and provide direction for
future research on the subject.

Materials and methods

Protocol and registration

Prior to the initiation of the project, the study pro-
tocol was registered with PROSPERO (reg. no.
CRD42022371982). No ethical approval was deemed
necessary.

Search strategy

A systematic literature search was performed in the main
online sources of MEDLINE (through PubMed), Web of
Science, Scopus as well as the System for Information on
Grey Literature in Europe (Open-Grey) from their incep-
tion to 1 July 2023. No language limitation was set in
the search, and all types of eligible human studies were
included.

The inclusion criteria for articles were based on the
WHO research cycle on patient safety [15, 16]. The vari-
ous steps of the cycle aim to measure harm and identify
causes while identifying solutions to improve patient
safety. The ultimate goal is to translate evidence into safer
care (Fig. 1). Only studies that provided relevant informa-
tion in at least one of the following categories were eligi-
ble for inclusion in this systematic review:

1. Measuring harm: Studies characterising and/or
reporting on the occurrence of AEs or orthodontic-
related patient harm.

2. Understanding causes: Reports focusing on under-
standing causes leading to patient harm and AEs
from orthodontic care.

3. Identifying solutions: Studies identifying solutions
that are effective in reducing the occurrence of AEs
and patient harm.

4. Evaluating impact: Studies evaluating the effective-
ness of solutions in terms of impact, affordability and
acceptability.
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5. Translating
Evidence into

Safer Care 1. Measuring

Harm

2. Understanding

4. Evaluating Impact
Causes

3. Identifying
Solutions
Fig. 1 The World Health Organization’s research cycle on patient
safety consisting of five steps with the main goal of measuring
harm and its causes while identifying solutions and their impact.
Ultimately, this evidence should lead to safer care with a set of actions
and preventable measures

Only full-text articles were included. In addition, stud-
ies dealing with patient safety from a general dental-care
perspective were included only if they were directly rel-
evant to orthodontic care and the WHO research cycle.
For example, although studies on oral surgery were
excluded, wrong-tooth-extraction studies or articles
investigating the light-curing safety on patients were
included owing to their relevance to orthodontics.

The following MESH terms were used for the system-
atic search:

(((orthodontic*) OR (dental)) AND (patient safety))
AND ((((((((harm) OR (risk*)) OR (malprac-
tice)) OR (adverse event*)) OR (adverse effect*)) OR (never
event*)) OR (iatrogenic)) OR (damage)) OR (incident*))
OR (accident*)) OR (delay* diagnos*)) OR (misdiagnosis))
OR (complication*)) OR (allerg*)) OR (infection)) OR (fail-
ure)) OR (error*)) OR (white spot lesion*)) OR (root resorp-
tion)) OR (relapse)) OR (decalcification)) OR (caries)) OR
(periodontal disease)) OR (nerve damage)) OR (injury))
OR (temporomandibular joint dysfunction)).

Data extraction

After removal of duplicates, all results returned from
the systematic literature search were initially screened
by their title to establish their relevance. The second fil-
tering decided relevance for inclusion based on the con-
tent of the abstract. Finally, the third filtering level was
applied to the main text, and the remaining studies were
then included in the review. All screening was performed
independently by one of the authors (NF) and was later
re-checked by another author (PS). Any disputes in study
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selection were addressed and resolved through discus-
sion between the reviewing authors. On all included
studies the main outcome/result was recorded. This was
studies investigating prevalence (“measuring harm”-
step 1) or assessing contributing factors (“understand-
ing causes”-step 2). For all studies providing information
on the cycle’s step 3 (“identifying solutions”), all recom-
mended solutions to prevent harm were also noted. Due
to the nature of the data in the included studies, no risk
of bias assessment was possible. For the same reason, no
quantitative synthesis and meta-analysis was performed.
Based on these findings, the intention to conduct a sys-
tematic review was revised to a scoping literature review
instead [17].

Results

Study selection

A total of 3,923 studies were identified from the system-
atic search and imported into Excel (Microsoft®, USA)
(PubMed n=2,049, Web of Science n=663, Scopus
n=1203 and OpenGrey n=_38). Among the 3,923 articles,
237 were deemed relevant according to the inclusion cri-
teria after screening their titles. Filtering by abstracts, left
41 articles for inclusion after removal of the duplicates. In
one case, the full-text of an article was unavailable and it
was therefore excluded [18]. Three relevant articles found
in the reference lists were also added [4, 14, 19]. Finally,
25 studies were included as they were found to provide
information within any of the categories of the WHO’s
research cycle on patient safety related to the orthodontic
field (flowchart presented in Fig. 2).

Study characteristics

Study characteristics are shown in Table 1. Nine of the
included papers were retrospective studies of AEs study-
ing: eye wear protection and ocular trauma in ortho-
dontic practice [19], clinical evaluation of a locking
orthodontic facebow [20], adverse reactions to dental
materials [3], case reports of latex allergy [21], wrong
tooth extraction claims [4], dental and orthodontic PSIs
in a UK register [7] and a Finnish register [8], adverse
reactions to dental devices reported at the US Food and
Drug Administration [9] and investigation of monomer
release from orthodontic adhesives [22].

The remaining sixteen studies reported risk assess-
ments of orthodontic procedures or materials. These
included safety assessment of dental radiography [23],
bonding of brackets under general anaesthesia [24],
orthodontic facebows [10], mini-implants [12, 25, 26],
soft-tissue lasers in orthodontics [13], effect of ortho-
dontic treatment on patients’ diet [14], eye safety of cur-
ing lights [27], safety of metal fixed appliance during
magnetic resonance imaging (MRI) [28], pulp safety of
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Fig. 2 PRISMA flowchart diagram of the systematic literature search and inclusion procedure

various types of curing lights [29], wrong tooth extrac-
tion in orthodontics [30-32], orthodontic treatment by
identifying orthodontic never events [33] and complica-
tions after orthognathic surgery [34]. These studies iden-
tified risks in orthodontic procedures or materials and
proposed solutions to manage and minimise these risks.

Study results

Measuring harm

Seven of the studies included provided information in
the first category of the WHO's research cycle on patient
safety, which is “measuring harm” [4, 7-9, 19, 22, 34].
Sims et al. conducted a postal survey on eye protection
in the UK and found that ocular injuries were reported
in 37.7% of all respondents involving orthodontists, assis-
tants and patients [19]. Peleg et al. conducted a root-
cause analysis of wrong-tooth extraction in 54 insurance
claims in Israel and reported that in two thirds of all
claims an identification error was the cause of the incor-
rect tooth extraction [4]. Also, a cross-sectional study on
PSIs in the UK found that orthodontic PSIs accounted
for 8.9% of all reported dental PSIs in the country [7].
Hebballi et al. investigated the frequency and types of
AEs associated with dental devices as reported to the

Food and Drug Administration and User Facility Device
Experience (MAUDE) in the US [9]. They reported that
orthodontic appliances and accessories accounted for 1%
of all AEs involving dental devices. In a similar investi-
gation in hospital and private settings in Finland, Hiivala
et al. reported that orthodontic PSIs accounted for 3.6%
of all dental PSIs [8]. Finally, a multi-centre retrospective
review of orthognathic surgeries assessing complications
and risk factors studied a population of 674 patients [34].
They reported that adverse events were rare (4.3%) with
superficial incisional infection being the most common.
They also concluded that the setting, the type of surgery
as well as the patients’ ethnicity were identified as risk
factors for some types of complications.

Understanding causes of harm & identifying solutions

Twenty-one of the included studies identified the under-
lying causes of AEs that caused patient harm (WHO’s
Category 2 “Understanding the causes”) [3, 4, 7, 10,
12-14, 19-21, 23-31, 33, 34]. In addition, twelve stud-
ies identified possible solutions that may be effective in
reducing the occurrence of AEs (WHO’s Cycle Category
3 “Identifying solutions”) [4, 10, 12, 13, 19-21, 23-25,
31, 32]. These solutions included: health and safety



Page 5 of 13

702

(2024) 24

Ferlias et al. BMC Oral Health

Bupiealy |je 01 es)d st uejd Juswieas)
2Insua ‘sdasioy buiAidde Jayje pue a1042q
uonisod Y1001 WIYUOoD ‘Y1001 AJLISA pue
Juaiied ay) Yum WIyuod ‘paidelixe 3 o1
41001 JO uondudsap Jalg apnppul o)
Allenpeib saueir ayy 01 syusned

21613]|e 950dX3 A[2)eS 01 POYILaW UONeZIIS
-U353p 31 JOPISUOD OS|e PINOD A3y | "X1e|
J12gQgnJ [eanieu BululeIuOD sjelalew Aue Jo
asn ay) pIoAe pjnoys sjeuoissajoid [eruaq

siuaned uon

-JBJ} [RJO BJIXD ||B 4O} 910U JO WID1SAS 91
30 P|NOYS MOGae.} dIUOPOYLIO Hul

20| B SE ||9M SE WS1SAS UOND.I] [BIO BIIXD
BuISes|2.-}|95 B 1By} PIPUSWIUIODI SI 3|
SJUSW

-nJisul A1e3ol buisn susuisn(pe dijAioe 1o
puogap bulnp ‘Ajje1pads3 ‘7607 spiepueis
ysiig 3yl yum Aiduwod pjnoys yoiym sa|b
-606 uo9101d 943 Jeam 01 Pasu SueISISSE
JI9Y) puUB SUBDIUIPD SE [[9M S SJudlled

(€ 18D SOHM) suonnjos

l

€'l

€

€Tl
91942 S,OHM

Eslil=lle]

Ajlep Ul pasn SaAISaYpe dIIUOPOYLIO Ul
P212919P 2J9M SISWOUOW J9YI0 pUe

(VW3H) 21ejA10ey19W-|AY19AX0IpAY pue
(VINQDIL) 21e[-A10ey1awip [09A]6 auajAy1aL
'(Vdg) v [ouaydsiq Jo sannuenb juedyiubis

SISd [exusp
|18 JO 959 10} IUNODIL S|Sd DUOPOYLO

s3IV
SODIASP [eIUIP |[€ JO 94 Ul STV JOJ JUNODDE
$911055902€ pue saouelidde dnuopoyLQ

SISd [e3uap
|| JO 966°8 40} JUNODIE S|Sd DUOPOYLQO

K1ajes

9sea10Ul 1By} SUOIIN|OS 3|qissod SapIAOId Uol
-2eJ1X2 41003 Buoim 01 Buipes) Jous uonedy
-IUSPI UB SeM 21243 SWIEPD [ 4O SPIIY} OM] U]

pajusnaid o ued

320ys dn2ejAydeur pue siIewIsp 12e1U0d
syusned d1b13||e-xa1€| JO JuswiIeal) buunp
uayel ale sainseaw alendoidde usyp
(I9PIN s!

%/'6 YDIUM JO) [E1SUI 0} SUONDESI ISI9ADE
1uaned |[e JO 99 JOJ JUNOIIE S|e1aW 35eg

1ybIu bulnp uswydeIp
961 UYL S$9| Ul pa1|nsal pue syuaned |je Aq
1eam pue 1Y 01 ASea Sem MOCade) Buid0| ay |

syuaned pue syueisisse
‘SISRUOPOYLIO BUIA|OAUI SYURPUOSa) JO
96/ /€ Ul pa1iodal a19m saunful Jeind>Q

SWO2INQ/SINSAY

9dUel4 9 OSe4 PUBUNG “A119W09ds
ssew pue Aydeiborewolyd aseyd seb
buisn

S9AISAYPE DIUOPOULIO UIOJ) 353]24
J3UWOUOW JO UOIIBBIISIAUL OJIIA U|

pue|ul4 ‘sbuias

a1eAld pue [eudsoy ul (5|Sd) Siuspiul
K1aes Juaned [ejusp Jo 9duspidU|
VSN ‘sseqerep (3anvIA)

9dualadx3 221A8Q A1ljIDe4 1SN pue
uolessIuiWpy Bnig pue poo4 ayi 0}
pa1i0dal S9DIASP [EIUSP YlIM pale
-1D0sse s3y Jo sadAy pue Aouanbaiy
N '(15d) siuspioul A1ajes

1uai1ed JO MaIA [eUOIID3S-SS0ID (YSAN)
aseqe1e A12eS Jualied [euolieN

|9BIS| ‘SWIR|D 92URINSUL G Ul UONDRIIXD
1001 HuoIM JO SIsA[eur asNED 100Y

|1seig ‘syusned duieipaed ul

ABJ3||e X21€| JO S1I0da) 958D OM |

3N ‘wio4 Bunioday uonoeay 3sIaApY
[_IUS SY1 BUISN S[elIRIBW [EIUSP O}
SUOI1DPRJ 3SIDAPE JO ASAINS [eUOIIEN

PUBLISZIMS PUE N ‘MOG3E) DIIUOP
-0y1Io Bupydo| e JO UOIeN|eAD [eDIUlD

SN ‘92112eid DI3UOPOYLIO Ul
eUINe) JBJN20 JO 92USPIdUL pUe 35N
U01123101d-943 UO A3AINS [BISOJ

(A11Uuno> ‘'adAy) uonewou| Apnis

910¢ '[e 19 ouoneg

910¢ 212 eleAlH

G10Z ‘e 12 1][eqQgeH

10z e 19 nsny |

110 (e 12 Bajad

0102 '[e 12 o1bbey

007 12 18 11035

0007'[8 1 S|anwies

€661 212 sWIS
Apnig

SIV JO M3IASI 9AI1D3AS0III

K194€s Juaiied

U0 3242 Y21e3531 S,OHAM 241 U0 paseq papircid UOIBWIOUI PUB S3LIOINO Ulew {(A13unod ‘Ubisap) sofsiia1drIeyD APNis pue UOIIRWLONUL UIBW YIIM S2IPNIS pSpnjdu| L ajqel



Page 6 of 13

702

(2024) 24

Ferlias et al. BMC Oral Health

S|9A3] MOJ Alley 1e anbioy

uorasUl ay1 dasy pue Alwixoid 1001 ploAe
‘SM31DS Y1BUS| W 9-G JIDAO0 3SN pjNoys
SUBIDIUID ‘sain|iey Jue|dul-IulU PIOAe O]

1usi1ed ay3 01 UsAID

90 PINOYSs suoidnisul sAnelsdo-1sod pue
PO $I JUSSUOD PULIOJUI ‘IURISISSE
/UBDIUID 3y3 pue uanied syl Ag uiom aq
pINOYS Jeam 943 Jadoid Jnis JIsy1 ulel) pue
UO11eDY11J3D UlRP1GO 01 PaaU SUeDIUID
|erowal bulnp

suonedl|dwod pue swajgoid anssil 1Jos
‘Bulpeo| DIUOPOYLIO pue UoIasul Jue|dwil
-lUjW BUPNP SYSI 9WO0DIA0 01 SUOISabbng

syusned ay) 01 uaAIb aq pjnoys
S9DUBIBWS pue [eAOWRI ‘@sn Jadold 1oy
SUOIDNIISUL USNILIM Je3|D "paledipul s| dens
peay buises|al-j[as yum mogadey bupdo| v
VO Japun

Ua1p|Iyd pa|gesip ul s1axoelq Jo buipuog
3|qel|2J pUB 9JeS 31E1||IDR) UBD )l SB PapUSW
-wodas A|ybiy sI wep Jaqgni Jo asn ay |
3|dpuld Yy 1Y Yl yum

2oueldwod pue anbiuyoal oydesbolpel
pOo0b ‘ssaUDIYY [[em 1u1dLYNS Yiim A1obins
paubisap-|lom e ul Juswdinba ulapoly

€7

sain|iej ul

10108} Jofew a1e WONOL Ueyl Jaybly
anbio} uoiIBsU| pue A)SUIP SUOq UBY}
Jayres Aluixold 100y “3|qIpUBW SY3 4O}
WU 9 PUE e||IXew 9y Joj W G S| yibua|
wnwiuiw pa1sabbns syuejdui-uny

abeyuaniad 11y Apoq 10 xapul ssew Apog
‘931Ul JULINU-0I2BW 10 ABI2US 109 Ajjued
-ylubis 10U Ss0p Juswiean sdueljdde paxi4

siase|
ONSSI-HOS JO SYSH U3 JO MIIAIDAO [eDIUlD

suonn|os bulAyuapl sjiym syuejduwil
-uW BUISN UayM Sysid [eajuld s3ybiybIH

K1ojes
MOGRe4 3A0IdW] O SUOIIEPUSWIUIODSY

VO Japun syusped ul
Bulpuoq 19%2eIq 9)8S UO SUOIIBPUIILIOIRY

Aydeiboipes ey
-Uap Ul A124es an0idu| 01 SUOIBPUSWILIODDY

ueder

‘sain|ie} 01 buipes| sasned ayy bunedb
-1S9AUI syuedWI-IUIU 98| JO M3IAY
SN ‘sjodd

-uod yum bunedwod 131p siusied uo
JusWieal) ddueldde paxy Jo 1099
Bunebnsaaur Apnis 1Joyod aA1adsold

VSN 'son
-UOPOYLIQ Ul SI958| 3NSSI1-1OS JO SHSIY

vsn
‘Sue|dWI-IUIUW D13UOPOYLIO JO SHSIY

|9BIS| 13 YN TuSWwabeuew pue
S9NSSI A194BS :SMOCIR4 DIUOPOYLIQ

|9RIS| ‘(YD) eISaYISaRUR
[eJauab Japun syusiied ul buipuog
1932R1g DNUOPOYLIO 3JeS JO MBIASY

eljensny ‘uoidaloid
uoljelpes pue Ssysi 'sanssiy uewny uo
103J3 S11 ‘UOIIRIPEI [PIUSP JO MIIASY

€10¢ e 3o Hnzng

€102 ‘e 33 [eyor

8007 0IOUSNY| pue Z}IARIY|

/00T OIOUSNY| pUe ZJIABIY

200 YeIUzalg pue sjpnwes

0007 213 nsney>

0007 1oqqy

9l

Sl

vl

€l

cl

ol

s|eraiew 1o mm\:J_OQUO\_Q
DIIUOPOYUIO JO JUSUUSSSSSE XSIY

(panunuod) | sjqer



Page 7 of 13

702

(2024) 24

Ferlias et al. BMC Oral Health

UO[IBDIUNWIWIOD BulS|pIepuUels pue uol}
-JRIIX3 4100} BuoIM JuaA.d 01 Saunsesw
Bundope Aqg A1ajes 1usied sroidwi 01
|enualod ay3 sey aJed AJewd Ul UONBIIXS
1001 10§ 151|329 A134es pastaIndwod v

UodRIIXS Y100}

Buoim o1 asodsipaid 1eyl si01oe) ayi Jo
SS9UIRME PaseaIdU| 'spoylaw buiieyd ju
-I34Ip OM1 JO 95N 341 YLIM UOIIDRIIXS Y1001
pa1sanbal 8y} 81e21UNWWIOD O} SPaau os[e
oYM uepIul Bulalel 8y) Woij 1ea)d pue
9|geuoseal 3q pjnoys uejd Juswieal|

€7

4

4

4

4

suonedljdwod aAnesadolsod pue
-91d 01 pes| ued 1yl SI0108) XSl SayNuUSP|

S1SIIUOPOYHIO |2 1SBUOW 9466 < JUSW
-93168 )M PaYIIUSP! SIUSAS JSASU SA[IM |

S39aM U3} o) Apybiuiio) uoly

-9]dWwo2 15112342 pue S310U [eD1UlD Bullipne
-1 Ag uonoeixe aus buoim bunusaaid ul
SISIP2aYD Jo duepodwl aya saybiybiH

S 91 SILIUIL 0} SUOIIUAIIUI 3|qIS
-50d $2ynUSP! PUE UONDRIIXS L100) Buoim Jo
¥SU 93 950Ul 1ey) SI0128) SIYBIYbIH

s3y JuaAald pue piepuels aroidwi 0}
P2PUSUIUIOI3) S)IPNE-3) W) BuoT 's1a113|
UOI3DRIIXS WOPUERI 08 JO PN SIY} Ul uol}
-JBJ1X2 41001 9}S BUOIM JO 95U1INDI0 ON

sainiesadwal Jagueyd

dind Jaybiy 01 pes| [puweus Uiyl pue sswi
2insodxa Jabuo| ‘92uelsp Ja1Ioys

SJIM U} SAOWI 0}

9JeS 97 P|NOM 11 J2ASMOY ‘[g|\ Ue BulNp ajes
90 01 W9ss S1aydelg “sabues a|geidadde ul
9q 01 PaJepIsUOd sebueyd ainiessdws]
uondallp pue Hulpeo| ‘anbio) uonJasul ‘suols
-UsWIP Maids ‘Aliuixoid 1001 ‘ALISUSp auoq
'SSaUXDIY1 3UOQ [BD[1I0D ‘ANSSI) PazIuNely
-uou ‘a1s Juejdull ‘DualbAy [elo ‘Buryows
‘96 :payliuapl sain|iej 03 Bulpes| s1010e4

pakojdwa aie suonnedaud
K1ajes 243 J1 Aejnonded ‘syybi buund g37 4o
uab0ojey ‘eudse|d Woup SYSH WIS} LIOYS MO

Auewiian g
VSN 's10108) 51 A19bins d1yreuboylo

S1SIIUOPOYLIO 01 1USS Sa4leuUOl)
-sanb jo wioj ur jodox0id 1ydjeg auyi Jo
95N 2y Ag 21e2 DIIUOPOYLIO Ul

SIUDAD JaA3U BulAjnuapl Apnis

MN S{Sl 8yl 9onpai o)
151139942 [ed16INS B JO UOIIeaI) "UoN
-De11X3 Y1001 Buoim Bupuanald

MN SSH 8y asiwiuiw 03
SUOIIN|OS 3|qIssod pue UoIIdeIXD
41001 BUOIM JO 3SII BUISeRIDU] S1010B4

SN ‘S19119] UOIIDIIXD JO JPNE SO}
-UOPOYLIO Ul UONDRIIXD LY100] BUOI
KeMION "SSOUXDIYL [SWRUS pue
2DUBISIP ‘S9N 2ANSOdXD JUSIayIp pue
syun bulnd 3740 sadAl snouea yim
ainjesadwal Jagquieyd dind ‘oiiA Ul

AN '[YW buunp
2oueldde paxy [e1awW Jo A134es ‘OIlA U]

ueder ‘syuejdwi-luiw Jo

SUONREDIIdWOD PUE SYSI JO MIIASY

MM ‘sdue)
Bunnd 1ybi| Jo A194es 943 ‘0aIA U

€207 ‘|2 12 Japaouy

0T PIpNy-jjoueq pue pjowsy

1202 '[e 12 Godef

£102 "[e 39 weybulnd

/107 BuleAA pue semuy

/10C 1eYnow

102 "2 39 NN6IoS

107 eYeue| pue epoiny|

€107 1212 134sNDDW

SC

124

€C

44

0¢

6l

8l

Ll

(panunuod) | ajqel



Ferlias et al. BMC Oral Health (2024) 24:702

instructions for eye-protection goggles to prevent ocular
trauma [19], use of non-latex materials [21], clear instruc-
tions with a brief description of the tooth to be extracted
addressed to the clinician using two different identifica-
tion methods to prevent wrong-site extraction and use
of a computerised checklist [4, 31, 32], use of facebows
with a locking mechanism and self-releasing head strap
to prevent injuries from headgear [10, 20], suggestions to
improve safety in dental radiography [23], use of rubber
dam during bonding of brackets under general anaes-
thesia [24], recommendations to overcome failures and
risks during placement, loading and removal of mini-
implants [12, 25] and, finally, instructions for safe use of
soft-tissue lasers in orthodontics recommending that the
clinician obtained appropriate training and certification,
use of proper eye wear by all involved parties, obtaining
informed consent and providing proper post-operative
instructions [13].

None of the included studies provided information on
how to evaluate the impact of such solutions or on how
to translate evidence into safer care in terms of afforda-
bility and acceptability. Data synthesis and meta-analysis
was not possible due to the heterogeneity of the different
studies and the nature of the data.

Discussion

Patient safety incidents in orthodontics

To our knowledge, this is the first systematic investiga-
tion of patient safety in orthodontics. The lack of evi-
dence in the field manifests in our results. Twenty-five
studies were included in this review and these studies
were only peripherally related to orthodontics while pro-
viding some information based on the WHO’s research
cycle. This cycle describes a process to identify solutions
for enhancing patient safety and reducing patient harm.
It consists of five steps representing the natural process
for patient-safety initiatives. It seems that dentistry in
general and orthodontics in particular have yet to take
even the initial steps of the cycle (steps 1 and 2), which
are to measure the harm and understand the causes of
harm [16]. This is evident from the results as the included
studies were either reviews of risks associated with spe-
cific orthodontic procedures (like mini-implant inser-
tion, soft-tissue laser, facebow use, etc.) or retrospective
reviews of AEs peripherally related to orthodontics (inci-
dence of ocular trauma, adverse reactions to materials,
etc.).

The results of this review document that current evi-
dence relating to orthodontics is scarce. Without a basic
understanding of PSIs and harms we cannot begin to
understand the causes and identify solutions that will
subsequently translate into safer care for our patients
[16]. A major limitation to this is a trend towards
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potential under-reporting of PSIs in our field. In fact, a
review of the National Patient Safety Agency (NPSA)
database in the UK revealed that orthodontics is among
the lowest reporting specialties along with dental sur-
gery and paediatric dentistry [35]. A contributing factor
in this may be the lesser severity of some PSIs in ortho-
dontics, which may be smaller injuries like soft-tissue lac-
eration from loose wires [16]. One way to overcome the
underreporting issues may be effective keeping of patient
records and clinical notes, which may prove an essential
tool in clinical audits and will also underpin the report-
ing of more AEs [36]. Also, the lack of standardisation in
terminology and reporting process of AEs makes it chal-
lenging if not impossible to summarise and categorise all
PSIs in orthodontics, let alone analyse the data in depth.

Additionally, we hypothesise that an underreport-
ing bias may exist between dental specialities. Dental
implants are more expensive and dentists and/or patients
may therefore report them more often when asking for
replacements [9]. This leads, e.g., to many more reported
PSIs for implants than for burs. Finally, another contrib-
uting factor in the lack of evidence on patient safety is the
overlap found in some areas within dentistry. This makes
it more challenging to precisely measure AEs in only one
field. A clear example of this is the AE of wrong-tooth
extraction for orthodontic reasons, which may fall in
both the orthodontic and surgical category.

Standardisation and terminology
The lack of a standardised terminology and reporting of
PSIs in orthodontics seems to hinder any effort to sum-
marise and categorise PSIs, which could be a reasonable
first research step to enhance our knowledge in this field.
For future work in this field, we therefore suggest that
PSIs related to orthodontics may be summarised into two
main categories; local and systemic. Categorisation with
subcategories and examples are shown in Table 2. Termi-
nology according to the WHO is proposed in Table 3.

Local PSIs refer to any harm on dental tissues (root
resorption, white spot lesions, pulp necrosis, caries) and
soft tissues. This may be damage to both periodontal and
surrounding soft tissues that could have been avoided
(gingival recessions, soft tissue lacerations, local aller-
gic reaction/contact dermatitis). In addition, local PSIs
include treatment injuries with a negative effect on oro-
facial function. This may be development of lip catch as a
result of orthodontic treatment. Finally, any harm related
to any unwanted tooth movement is also included in this
category. This may be unwanted tooth movement due to
an active retainer.

Systemic PSIs refer to harm at a systemic level. This
may be excessive pain and discomfort as a result of the
orthodontic treatment due to a defective appliance or
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Table 2 Orthodontic patient safety incidents summarised as the two main categories of local and systemic, with examples.
Local patient safety issues (PSs) are related to harm in the dental (or surrounding) tissues, orofacial function and unwanted tooth
movement. Systemic PSls refer to pain and discomfort, emotional harm or other as part of an orthodontic treatment. Harms related to

orthodontic care may fall into more than one of the categories

Soft tissue laceration from loose wire

Local allergic reaction/contact dermatitis

"Active" retainer with excessive incisor root torque movement out of the bone

A.LOCAL Types of patient safety incidents (PSls) Examples
1. Dental tissues Root resorption
Pulp necrosis
Caries
2. Soft tissues Gingival recessions
3. Orofacial function Development of lip catch
4. Unwanted tooth movement
B.SYSTEMIC 1. Pain and discomfort

Hypersensitivity due to excessive interproximal reduction

Pain from a defective orthodontic appliance

2. Emotional harm

Development of general discomfort/odontophobia associated with orthodontic treatment

Development of mistrust towards clinician/health system in the context of orthodontic

treatment

Deterioration of one’s own perception of oral health (oral health-related quality of life)

Bullying as a result of delayed initiation of treatment due to delayed/inadequate diagnosis

3. Other adverse effects

Inhalation of foreign object (orthodontic parts)

Wrong-tooth extraction

Cross-infection

even hypersensitivity due to excessive interproximal
reduction. In addition, systemic PSIs include potential
emotional damage to patients. This may be development
of general discomfort/odontophobia/mistrust towards
the clinician or the healthcare system or deterioration
of the oral health-related quality of life (OHRQoL). Sys-
temic PSIs may be a result of delayed treatment initia-
tion due to delayed/inadequate diagnosis. Finally, harm
caused by poor cross-infection control, inhalation of
orthodontic parts and extraction of a wrong tooth are
also considered systemic PSIs.

Future research agenda

A proposal for a future research agenda in orthodontic
patient safety is shown in Table 4. The agenda is intended
as inspiration to promote future research and develop-
ment in patient safety in orthodontics. It should not be
considered absolute as topics other than those listed may
be of interest for future patient safety initiatives. Two
main categories of studies are presented in Table 4: Ret-
rospective or prospective studies dealing with patient
safety (26).

Retrospective studies are reactive in nature and focus
on the incidence, characteristics and severity of PSIs
using an acknowledged methodology such as journal file
audit and root cause analysis (RCA) (26,27). They investi-
gate PSIs that have already occurred with the intention of
generating knowledge to promote learning and guidance

for future patient safety initiatives. RCA allows us to
focus on individual PSIs and investigate, through a com-
prehensive analysis, all the contributing factors that lead
to the occurrence of an AE.

Conversely, prospective studies assess potential risks
associated with a treatment, appliance or material. The
methodology in these studies is failure mode and effects
analysis (FMEA) (27,28). This approach is the analysis
of a method, treatment, material or procedure by first
creating a risk map and then implementing measures to
reduce the likelihood or impact of a PSI (27-30).

Both intrinsic and extrinsic motivation are key factors
in the establishment of safer future orthodontic care.
Intrinsic motivation is shaped by professional ethics,
norms and patient-reported outcomes and expectations
[1, 37, 38]. The articles included in our review, however,
mainly focused on the extrinsic motivation, which refers
to the environment, policies and strategies that we may
develop with the ultimate goal of improving patient safety
in orthodontics.

In orthodontic patient safety research, a need exists to
increase our focus on this aspect and on clinical routines
and administrative, organisational and legal contexts.
One strategy that may help us move in this direction is
to establish excellent records and clinical notes through
periodical audits [30]. This will help clinicians and/or
patients report more AEs in future. Honest exchange
of such information between health professionals is a
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Table 3 Terminology proposed in orthodontic patient safety future research inspired by the WHO's Conceptual Framework for the
International Classification for Patient Safety Final Technical Report

Term

Definition

Adverse event
Cause

Clinical audit
Clinical incident
Complaint

Critical incident

Harm

Hazard
latrogenic

Medical error
Neglect

Patient safety

Patient safety incident

Prevention
Quality of care
Risk

Safe care
Safety culture

Underlying cause

An injury that was caused by medical management or complication instead of the underlying disease and that resulted
in prolonged hospitalisation or disability at the time of discharge from medical care, or both. An event or omission arising dur-
ing clinical care and causing physical or psychological injury to a patient

The act by which an effect is produced. An antecedent factor that contributes to an event, effect, result or outcome

Organised review of clinical procedures/cycle of activities involving the measurement of care, comparison with a standard
of some kind (whether process or outcome) and ideally interventions to improve quality where necessary

Incidents in a health care setting caused by clinical procedures that resulted, or could have resulted, in unexpected harm
to the patient

An expression of dissatisfaction on the part of a patient that represents a particular perception of events. A complaint may
or may not reveal that a mistake or an error has occurred

An incident resulting in serious harm to the patient when an evident need for immediate investigation and response exists

Temporary or permanent impairment of the physical, emotional or psychological function or structure of the body and/or pain
resulting from the need for an intervention

A situation or event that introduces or increases the probability of an adverse event. Potential source of harm

Injury or illness resulting from a diagnostic procedure, therapy, other element of healthcare or originating from or caused
by a clinician including unintended or unnecessary harm

An adverse event or near miss that is preventable with the current state of medical knowledge

The absence of minimal services or resources to meet basic needs. Neglect may also include placing the individual in unsafe
or unsupervised conditions

Freedom from accidental injury. The avoidance, prevention and amelioration of adverse outcomes or injuries stemming
from the processes of healthcare. These events include “errors’, “deviations” and “accidents”. Safety emerges from the interaction
of the components of the system; it does not reside in a person, device or department

An event or circumstance, which could have resulted, or did result in unnecessary harm to a patient

Modification of the system to decrease the probability of the dreaded event arising and to return to an acceptable risk level;
any measure aiming at reducing the frequency and the severity of the risk

Degree to which health services for individuals and populations increase the likelihood of desired health outcomes and are
consistent with current professional knowledge

The likelihood, high or low, that somebody or something will be harmed by a hazard, multiplied by the severity of the potential

harm

Safe care involves making evidence-based clinical decisions to maximise the health outcomes of an individual and to minimise

the potential for harm

An integrated pattern of individual and organisational behaviour, based upon shared beliefs and values, that continuously seeks
to minimise patient harm that may result from the processes of care delivery

The systems or process cause that allow for the proximate cause of an event to occur. Underlying causes may involve special-
cause variation, common-cause variation, or both

necessary first step and a founding rock for safer care and
further research. To achieve this, it is important to estab-
lish a non-blame culture with psychological safety and a
feeling of partnership, enthusiasm and commitment to
improving patient safety in orthodontics [36].

Research on patient safety is more advanced in other
parts of healthcare than orthodontics. Even other fields of
dentistry have taken steps in this direction with the crea-
tion of checklists, i.e. in endodontics, orofacial function
and oral surgery [39-43]. Checklists seem to have a posi-
tive effect on patient safety [44—46]. Most of the checklists
are adaptations of the WHO’s surgical checklist that is
now used in a wide range of surgical specialties in medi-
cine [47]. Adjusting this to fit our orthodontic needs and
implementing it in daily practice may be an important step
towards improving safety in orthodontics [48]. In the past

decade, the WHO has published several guidelines and
educational curricula to enhance the level of patient safety
in healthcare in general [49, 50]. These publications may
provide a starting point for the spreading of local patient
safety initiatives and the introduction of educational and
organisational measures to further patient safety.

Some orthodontic societies seem to have taken steps
towards patient safety, however all societies in different
countries need to follow and implement policies for safer
care. In its core patient safety is the purpose of audit and
clinical governance. Amongst other, research is a vital
element in this process. Nevertheless, a limitation in this
could be that clinical governance might differ from one
country to another.

Traditionally, patient safety was focused on rare types
of incidents with a significant degree of harm referred to
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Table 4 Aspects and examples of future initiatives and research. Orthodontic patient safety research agenda should follow the WHO's
research cycle. The table does not represent all relevant aspects for future research. Rather, it highlights important aspects to elucidate

among many other relevant aspects

The WHO's research cycle

Future research

1. Measuring harm

Retrospective reviews of all orthodontic PSls from local or national agencies

Prospective evaluation in selected clinics or with certain treatment modalities

2. Understanding causes

Root-cause analysis of PSI related to orthodontics using acknowledged tools

Understanding patient harm from the patient’s perspective

3. Identifying solutions

Local and general recommendations to prevent care

Understanding the barriers that block harm prevention

Learn and apply solutions from other part of the health care systems

4. Evaluating impact

National surveys

Patient-centred studies

Plan-Do-Act cycles

5. Translating evidence into safer care

Implement PS in the curriculum of dental schools/post-graduate orthodontic programs

Apply evidence from other medical fields on how to promote safe patient care

Encourage national and international orthodontic societies to play a vital role
in the promotion of orthodontic care

as “never events” in the literature [51]. However, in recent
years, more efforts have been devoted to understanding
the frequency and causes of PSIs that we assume occur
more frequently than is reported today [51]. The per-
ceived threshold determining what is considered a PSI
may often be vague; and the border is not absolute, par-
ticularly as we come to understand patient safety better.
It is important to emphasize that common side effects
(e.g., root resorption) are not considered PSIs as these
side effects may also occur when a patient has undergone
an optimally performed course of treatment, unless, of
course, these side effects were avoidable and appropriate
measures had been adopted [52]. The extent of such side
effects, however, can vary and probably depends on a wide
range of factors (force magnitude, treatment duration)
[53]. Excessive root resorption, however, may be consid-
ered a PSI if the risk factors were not assessed before ini-
tiating treatment and if precautionary measures were not
taken in advance. A step towards safer orthodontics may
be to incorporate such “risk maps” routinely in systematic
reviews. For example, when a systematic review compares
A to B, reporting just which of the two is more efficient
or faster may be insufficient. The burden and the risk of
harm to the patient should also be reported. This report-
ing may include anything that may be considered a PSI,
from excessive root resorption to increased exposure to
radiation, cytotoxicity, effect on patients’ OHRQoL, late
diagnosis, overtreatment, gingival recessions or bone
dehiscence, etc. A cultural change in the way we approach
these “side effects” and further patient-centred research
will improve patient safety in our field. In addition, in
today’s rapidly evolving technological landscape, where

new advancements outpace research capabilities, empha-
sizing the safety of orthodontic materials is crucial while
treatment decisions need to be patient-centred, based on
their perspective [54].

Strengths and limitations

The strengths of this systematic review include an exten-
sive literature search, a predefined protocol, a priori reg-
istration with PROSPERO and the adoption of a strict
methodology at all study stages [55]. Also, the fact that
there was no date or language limitation in the search,
provided us with data that likely reflect the current
understanding and knowledge about PSI in orthodontics.
In addition, the proposed categorisation of PSIs in ortho-
dontics and the future-agenda proposals may spark inter-
est and lead to further research in the field of orthodontic
patient safety.

Certain limitations need further consideration: mainly
the inability to assess precise prevalence of orthodontic
PSIs and categorise them accordingly. This inability is due
to the poor current evidence and lack of standardisation
and terminology and the fact that many PSIs are probably
underreported. It can also be due to the fact that patient
safety is a topic of increasing complexity, especially with
the new risks arising directly from the use of new tech-
nologies [51]. Also, there is inherent risk of bias due to
the nature of the studies included which were mostly
retrospective [56]. Furthermore, in this study, the final
selection of the included studies was consensus-based
instead of individually assessing the suitability of the arti-
cles during the review process. Finally, despite thorough
searching, there could be studies overlooked during the



Ferlias et al. BMC Oral Health (2024) 24:702

process, possibly originating from databases not encom-
passed in the search.

Conclusion

Current evidence on patient safety in orthodontics
is scarce due to a lack of standardisation and poten-
tial under-reporting of PSIs. The current literature on
orthodontic patient safety deals mostly with “measur-
ing harms” and “understanding causes of patient safety’,
whereas less attention has been devoted to initiatives
“identifying solutions’, “evaluating impact” and “translat-
ing evidence into safer care”. The present project presents
proposals for a new categorisation, terminology and a
future research agenda that may serve as a framework to
support future research and clinical initiatives to improve
patient safety in orthodontic care.
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