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Abstract

Objectives The effect of combined orthodontic-orthognathic treatment was estimated, specifically the impact of pre-surgical
orthodontic treatment, on oral health-related quality of life (OHRQoL).

Materials and methods The research question was formulated using the PICO method. The search was carried out in MED-
LINE via PubMed, CINAHL, psychINFO, Embase, and Cochrane (until February 3, 2020). Inclusion criteria were patients
aged > 17 years who underwent combined orthodontic-surgical treatment, quality of life assessment, and study design of
randomized controlled trial, controlled clinical trial, prospective cohort study, observational study, intervention study, or
cross-sectional study. The ROBINS-1 tool was used to assess the risk of bias within studies. A random effects meta-analysis
was conducted when appropriate. The quality of evidence was assessed using the GRADE approach.

Results Six studies were analyzed. The OHIP-14 and/or OQLQ-22 questionnaires were used to measure the OHRQoL. All
six studies had a serious risk of bias. Two studies (87 participants) were included in a meta-analysis showing improvement
of OHRQoL when comparing before and after treatment were compared (mean 14.85 scale points, 95% confidence interval
10.36;19.35).

Conclusions Studies indicate a decrease in OHRQoL during the pre-surgical orthodontic treatment phase but improvement
after orthodontic-orthognathic treatment. Data substantiating these results are limited, and the quality of evidence is low.
Further research is needed to assess the impact of pre-surgical orthodontic treatment on the OHRQoL in an orthognathic
trajectory.

Clinical relevance Patients should be well informed about the effect facial/esthetic changes may have on their OHRQoL
during sequential phases of orthodontic-orthognathic treatment.

Keywords Orthognathic surgical procedures - Orthodontics - Oral health-related quality of life - OHIP-14 - Orthognathic
quality of life - Quality of life
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Introduction

Malformation of the face and/or dentition can have a nega-
tive influence on the patient’s oral health-related quality
of life (OHRQoL). Conditions such as crowded teeth, dif-
ficulties with food consumption, and temporomandibular
joint problems may impact a person’s daily life through
discomfort, pain, and embarrassment in public. In addi-
tion, problems with facial and/or dental esthetics can result
in low self-esteem and low confidence [1]. These factors
can be a reason for people to seek orthodontic-orthog-
nathic treatment [2]. The patient has expectations about
the result of orthodontic-orthognathic treatment, including
improved function and/or esthetics.

In 2016, oral health was redefined by the FDI World
Dental Federation: “multifaceted and includes the ability
to speak, smile, smell, taste, touch, chew, swallow, and
convey a range of emotions through facial expressions
with confidence and without pain, discomfort, and disease
of the craniofacial complex” [3]. To achieve these goals,
the orthodontist and oral maxillofacial surgeon aim for
the perfect dimensions and function of the face and denti-
tion. The traditional patient perception that the specialist is
always right and knows best is disappearing. The perspec-
tive and wish of patients today should be better understood
and addressed by a team of specialists that also includes
the patient to come to a shared decision. An objective
understanding of the patient’s opinion can be derived from
OHRQoL tools, such as validated questionnaires. A 2019
systematic review [4] based on this approach concluded
that this treatment seems to improve the condition-specific
OHRQoL, especially regarding social well-being, oral
function, and facial esthetics. However, this systematic
review had some methodological drawbacks.

Orthodontic-orthognathic treatment can be divided into
three consecutive phases: (1) a pre-surgical phase, includ-
ing start of (orthodontic) treatment; (2) a surgical phase;
(3) a post-surgical orthodontic phase. In a so-called sur-
gery first approach, a pre-surgical orthodontic phase is not
included, and the post-surgical orthodontic phase may be
extended. During the pre-surgical orthodontic phase, the
orthodontist prepares the patient for surgery. For class II
and class III cases, this sometimes involves extraction of
two premolars, in the lower jaw and upper jaw, respec-
tively. The maxillofacial surgeon sometimes requests an
increased overjet in a Class II patient and a negative over-
jetin a class III patient. This means that, during this phase,
the orthodontist actually increases the malocclusion, wors-
ening patients’ pre-existing complaints [5, 6], which may
result in a lower OHRQoL. The surgical phase is a short
phase during which esthetics greatly change. These sig-
nificant changes can have a mixed influence on the quality
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of life [2]. On one hand, the treatment meets expectations
and may result in a better OHRQoL score. However, on the
other hand, patients may face difficulties recognizing and
accepting their changed appearance and/or may experience
surgical complications and not be completely satisfied.

To assess the OHRQoL during orthodontic-orthognathic
treatment, measuring moments are needed at the start of
each phase and at the end of the treatment. This enables the
measurement of possible fluctuations in OHRQoL during
treatment and provides information that can be used to fur-
ther personalize patient care. To the best of our knowledge,
a systematic review summarizing the evidence regarding
changes in OHRQoL during the pre-surgical orthodontic
phase, surgical phase, and post-surgical orthodontic phase
is lacking. Our research question was to establish the effect
of all phases of the orthodontic-orthognathic treatment on
OHRQoL, and more specifically the orthodontic part of
orthognathic treatment.

Materials and methods
Protocol and registration

The protocol is registered in the International Prospective
Register of Systematic Reviews, PROSPERO (https://www.
crd.york.ac.uk/prospero/) under number CRD42018114539.
The PRISMA checklist was used for reporting in this sys-
tematic review [7].

Eligibility criteria

The research question was formulated by means of the
population, intervention, comparison, and outcome
(PICO) method. The research question was whether
patients > 17 years of age with a dentofacial deformity who
underwent combined orthodontic-surgical treatment have
improved OHRQoL, with special emphasis on the ortho-
dontic part of the treatment. The components “patient” and
“comparison” were not defined in the PICO formulation to
avoid a too restrictive search (intervention: orthognathic
treatment, outcome: OHRQoL).

The characteristics of the participants were age > 17 years
and combined orthodontic-surgical treatment, full treatment
(orthodontic-surgical) from start until end, with evaluation
of quality of life. The types of studies included in the review
were randomized controlled trials (RCTs), controlled clini-
cal trials, prospective cohort studies, observational studies,
intervention studies, and cross-sectional studies.

The exclusion criteria were retrospective studies,
case—control studies and case reports, research protocols,
descriptive or systematic reviews, meta-analyses, studies of
development and psychometric validation of questionnaires,
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congenital syndromes, obstructive sleep apnea syndrome,
and systemic diseases relating to bone metabolism or maxil-
lofacial region, cleft lip, and/or palate.

Information sources and search strategy

The search strategy was developed together with a senior
health science librarian for different electronic databases.
The following electronic databases were used: MEDLINE
via PubMed, CINAHL, psychINFO, Embase, and the
Cochrane Library. Grey literature was not searched. Full-
text publications were obtained from licensed publishers.
All articles published through October 2018 that met the
search criteria, with no restrictions on language or article
status, were included. Eventually, the search was updated
until February 3, 2020.

The search strategy was developed for MEDLINE and
adapted for the other databases. The search in PubMed
was conducted as follows: ((“Self Concept”’[MeSH] OR
“Quality of Life”[MeSH] OR Quality of Life[tiab] OR
HRQOL OR OHRQOL OR wellbeing OR “well-being”

OR Self Concept* OR Self-Perception* OR Self Esteem*
OR Psychosocial*)) AND (“Orthognathic Surgical
Procedures”’[MeSH OR “Orthognathic Surgery”’[MeSH] OR
“Jaw/surgery”’[MeSH] OR “Osteotomy, Le Fort”[MeSH]
OR “Osteotomy/methods”’[MeSH] OR advancement oste-
otom* OR Genioplast* OR Mandibular Osteotom* OR
Mandibular Reconstruction* OR Maxillary Osteotom* OR
orthognathic*).

Study selection

The study assessment was unblinded and performed inde-
pendently by two reviewers (V.B. and A.W.). The search
results from the five electronic databases were collected
in EndNote X9 (2013, Clarivate Analytics, Philadelphia).
Duplicates were removed. The articles were exported to the
website covidence.org (Covidence systematic review soft-
ware, Veritas Health Innovation, Melbourne, Australia). In
the Covidence software, screening was performed in two
phases as shown in Fig. 1. First, studies were excluded based
on title and abstract. The review team had three response

Fig.1 PRISMA flow diagram
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options for excluding records or promoting them to the next
stage: “yes,” “no,” and “maybe.” Secondly, the full-text of
the remaining articles was assessed and the articles excluded
if they did not meet the inclusion criteria. Furthermore, the
references of the selected studies were hand-searched to
identify any additional relevant studies. Disagreements were
resolved by discussion with a third reviewer (E.O.).

Data items and data collection process

A data extraction form was developed and piloted in Covi-
dence. Two reviewers (V.B. and A.W.) extracted the data
from the included studies. Data were needed for orthodon-
tic-orthognathic treatment from the start until the end of
treatment. If disagreement existed, it was resolved through
discussion with the third reviewer (E.O.). If the results were
unclear or incomplete, the authors were contacted via email
to gain complete datasets so that a meta-analysis could be
performed.

Risk of bias in individual studies

The Risk of Bias in Non-randomized Studies — of Interven-
tions (ROBINS-I) tool was used to assess the risk of bias of
non-randomized studies of interventions [8]. Two reviewers
(V.B. and A.W.) independently assessed the quality of the
included articles and conflicts were solved through discus-
sion with a third reviewer (E.O.). The ROBINS-I tool con-
sists of seven domains, and each domain can be judged as
having a low, moderate, serious, or critical risk of bias or
no information. If at least one domain was assessed to be at
serious risk of bias, the concerning study was defined as a
study with a severe risk of bias.

Certainty of the evidence

We used the Grading of Recommendations, Assessment,
Development, and Evaluation (GRADE) to assess the qual-
ity of a body of evidence [9]. The quality of evidence was
rated per outcome as one of four categories: high, moderate,
low, or very low.

Summary measures

Changes in means, standard deviation (SD), and 95% con-
fidence intervals (CIs) for outcomes on validated (OHR)
QoL questionnaires during orthodontic-orthognathic treat-
ment were the primary outcomes. Validated questionnaires,
such as the Oral Health Impact Profile (OHIP-14) and/or
the Orthognathic Quality of Life Questionnaire (OQLQ-22)
were preferred. The OHIP-14 [10] contains seven domains:
functional limitation, physical pain, psychological discom-
fort, physical disability, psychological disability, social
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disability, and handicap. A total of 14 questions are scored
using a 5-point Likert-type scale. Scores are clustered per
domain with a score ranging from 0 to 56, and the mean
score of all domains is considered the ‘total score’. The
OQLQ [11, 12] contains four domains: facial esthetics, oral
function, awareness of dentofacial deformity, and social rela-
tionship. A total of 22 questions are scored using a 5-point
scale. Scores are clustered per domain with a score range of
0 to 88, and the mean score of all domains is considered the
‘total score’. For both questionnaires, a higher score cor-
responds with a lower OHRQoL.

Planned methods of analysis

First, we considered heterogeneity between the studies
based on population, treatment, and age. Then we assessed
heterogeneity between studies, using the /* statistic and
associated p value. As the presence of heterogeneity is not
a simple dichotomy, we used relatively wide margins. An
I*>50% is considered an indication of heterogeneity, as is a
p value <0.05. In either case, random effect models are used
to calculate the overall effects and the source of heterogene-
ity is investigated. In absence of these indicators of heteroge-
neity, the mean difference is based on fixed effects analysis.

Risk of bias across studies

Specific time points are needed to determine changes in
OHRQoL between different treatment phases. These time
points are start of orthodontic-orthognathic treatment, before
surgery; pre-surgical orthodontic phase; surgery; post-sur-
gical orthodontic phase; and end of orthodontic treatment.
When time points were not the same for each of the included
studies, and studies did not report specific time points, there
was a risk of bias of missing outcomes.

Additional analyses

Because of a lack of data from each of the included stud-
ies, further statistical analyses of all (sub)domains of the
OHIP-14 and OQLQ were not performed except for the total
OHIP-14 score between TO and T3 (Fig. 2).

Results
Study selection

The search of the five electronic databases yielded a total
of 2903 articles. An overview of the study selection is
presented in the flowchart in Fig. 1. After removing dupli-
cate records, 2277 articles remained for screening. Dur-
ing the first round of screening, 2161 articles did not meet
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Fig.2 Forest plot of the change
in mean OHRQoL scores
between treatment start (TO)
and end of treatment (T3) based
on OHIP-14. The two trial

arms in the study of Baheri- Random effects model
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the inclusion criteria and were removed. The full-text was
screened in the remaining 116 articles. One article was not
available through the university library or other means and
was excluded. At the end of the study selection process,
six articles [5, 6, 14—17] were included in the systematic
review. The excluded articles did not correspond with the
criteria and were excluded based on wrong setting (n=71),
wrong study design (n=235), wrong outcomes (n=35), or
wrong patient population (n=2) (Supplementary Table 1).
Two included articles were likely based on identical data
[16, 18]. The corresponding author was contacted about the
results of these two articles [16, 18] but did not respond. We
excluded the article by Wang et al. [18] based on possibly
using the same data as Huang et al. [16]. We processed this
as a duplicate article in the identification phase.

Study characteristics

The six articles were longitudinal, prospective studies [5, 6,
14—17], and the details are summarized in Table 1. Antoun
et al. [15] did not mention the study design, but the structure
of the article corresponds to a prospective study. Ni et al. [6]
presented their study results in graphs and accessory numeri-
cal data were lacking. Silvola et al. [17] did not present data
from the orthodontic-orthognathic group and control group,
but presented the total of these two groups.

Four of the six articles used the OHIP-14 questionnaire
[5, 15-17], one used the OQLQ-22 [14], and one used both
questionnaires [6]. The time during treatment when ques-
tionnaires were administered varied greatly. The duration
and follow-up of the included studies differed. The dura-
tion of the observational period varied from a minimum of
12 months to a maximum of 19 months in surgery-first cases
and a minimum of 22.9 months to a maximum of 41 months
in orthodontics-first cases. All articles had a questionnaire
administered both before and after combined orthodontic-
surgical treatment.

The present systematic review included a total of 216
participants in the research group and 91 participants in
control groups. The performed surgery differed among
studies between a Le Fort 1 and/or bilateral sagittal split
osteotomy (BSSO). However, the type of surgery was not
always mentioned.

The primary outcome in six studies was change in the
mean OHRQoL when using the OQLQ-22 and/or OHIP-14
for patients who underwent orthodontic-orthognathic treat-
ment, from the start of preoperative orthodontic treatment
and surgery to the end of postoperative orthodontic treat-
ment. One article differentiated between surgery-first (no
pre-surgical orthodontic phase) and orthodontics-first cases
[16].

Evaluating the changes in OHRQoL and determining
which phase has the greatest impact on the patient during
treatment was difficult. Most studies did not measure this for
each phase of combined orthodontic-orthognathic treatment.
All six studies applied questionnaires at the start of treat-
ment and after the completion of treatment. Only two studies
[5, 14] used time points that enabled measurement of the
mean change in OHRQoL during treatment, i.e., at the start
of treatment, before surgery, after surgery, and end of treat-
ment. However, different questionnaires were used. Alanko
et al. [14] used the OQLQ-22 and Baherimoghaddam et al.
[5] used the OHIP-14. The impact of orthodontic treatment
in the pre-surgical orthodontic phase can be determined by
comparing data from the start of treatment to data from a
time point just before surgery. Three articles mention these
specific time points: Alanko et al. [14], Baherimoghaddam
et al. [5], and Ni et al. [6]. Because Silvola et al. [17] did not
mention numerical data, the authors were contacted. Authors
from other articles were also contacted to obtain missing
data. We received SPSS files from Alanko et al. [14], but no
complete datasets were provided, so no statistics could be
performed for the requested time points in this systematic
review. Ni et al. [6] and Silvola et al. [17] did not respond
to repeated requests.

Risk of bias within studies

The ROBINS-I tool was used to assess individual risks of
bias as summarized in Table 2 [8]. All six articles were rated
as severe risk of bias [5, 6, 14-17]. In each study, partici-
pants were already selected and underwent both orthodon-
tic and surgical treatment. No randomization was applied,
as specific treatments cannot be carried out for research
purposes only, which makes any type of randomization
ethically unacceptable. During the treatment, there were
some missing data because not all patients completed the
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Table 2 Risk of bias in the included studies assessed by the ROBINS-I tool

ROBINS-1 bias Domain 1 Domain2 Domain3 Domain4 Domain5 Domain6 Domain7 Overall risk of bias
Alanko et al. 2017 [13] Low Serious Low Low Serious Serious Low Serious
Antoun et al. 2015 [14] Low Serious Low Low Low Serious Low Serious
Baherimoghaddam et al. 2016 [5] Low Serious Low Low Low Serious Low Serious
Huang et al. 2016 [15] Low Serious Low Low Low Serious Low Serious
Nietal 2019 [6] Low Serious Low Low Low Serious Low Serious
Silvola et al. 2011 [16] Low Serious Low Low Serious Serious Serious Serious

ROBINS-I: Risk of Bias in Non-randomized Studies of Interventions

ROBINS-I tool distinguishes seven domains: domain 1: bias due to confounding; domain 2: bias in selection of participants in the study; domain
3: bias in classification of interventions; domain 4: bias due to deviations from intended interventions; domain 5: bias due to missing data;
domain 6: bias in measurement of outcomes; and domain 7: bias in selection of the reported result

questionnaires at each time point. Reasons for missing data
were not always mentioned [5, 14, 17].

Certainty of the evidence

The GRADE tool was used to assess the certainty of evi-
dence for the outcome OHRQoL (Table 3). Evidence from
observational studies started as low quality of evidence. The
quality of evidence for all stages of the combined orthodon-
tic-surgical treatment was assessed as very low due to limita-
tions in the studies. This means we have low confidence in
the effect estimate; the true effect is likely to be substantially
different from the estimated effect.

Synthesis of results

Our research question was to establish the effect of all phases
of the orthodontic-orthognathic treatment on OHRQoL,
more specifically of the orthodontic part of an orthognathic
treatment. Antoun et al. [15] and Baherimoghaddam et al.
[5] were the only two studies that reported workable data to
perform a meta-analysis. Descriptive statistics were further
used to expound the results per treatment phase in the other
four studies in Table 1.

The results of the articles were divided according to the
four phases of treatment. The first phase (T1-TO) involves
the pre-surgical orthodontic phase from the start of treat-
ment (TO) to shortly before surgery (T1). The second phase
(T2-T1) involves the time period from shortly before sur-
gery (T1) until shortly after surgery (T2). The third phase
(T3-T2) involves the post-surgical orthodontic phase, from
shortly after surgery (T2) until the end of the post-surgical
orthodontic-orthognathic treatment (T3). The fourth phase
involves the complete treatment (T3-T0), from the start of
treatment (TO) to the completion of treatment (T4). For each
phase, only the articles that described the concerning phase
were included in the synthesis of the results.

@ Springer

Pre-surgical orthodontic phase (T0-T1)

Two of the six articles evaluated the pre-surgical orthodontic
phase [5, 6]. Baherimoghaddam et al. [5] used the OHIP-14
for patients with a class II and class III malocclusion. In
the class II group, overall OHIP-14 scores showed signifi-
cant deterioration of OHRQoL from TO to T1 (mean+3.71,
SD 4.32, p=0.002). Significant deterioration was reported
for the following three subdomains: functional limita-
tions (mean+0.78, SD 1.75, p=0.024), physical disability
(mean +0.86, SD 2.21, p=0.044), and psychological dis-
ability (mean+ 1.10, SD 1.87, p=0.010). Class III patients
showed a significant increase in psychological discom-
fort (mean —2.00, SD 1.51, p<0.001), physical disability
(mean+0.77, SD 1.48, p=0.013), psychological disability
(mean—0.70, SD 1.37, p=0.014), and overall OHIP-14
(mean -2.03, SD 4.85, p=0.029). Ni et al. [6] combined the
orthodontic-orthognathic group with the orthodontic group
and found an increase in OHIP-14 scores, i.e., a deterioration
of OHRQoL, but it was not significant. For the OQLQ, they
found a significant decrease in OHRQoL in the first phase in
overall score (p <0.001), oral function (p <0.05), and facial
esthetics (p <0.01). Awareness of dentofacial esthetics and
social aspects of dentofacial deformity decreased, but not
significantly. The results of both studies show a worsened
OHRQoL during the first phase of orthodontic-orthognathic
treatment.

Second phase from shortly before surgery
until shortly after surgery (T1-T2)

None of the studies reported statistical outcomes for shortly
before surgery to shortly after surgery (T1-T2). Two articles
reported OHRQoL results at T1 (before surgery) until after
surgery. Ni et al. [6] specified “after surgery” as 6—8 months
after surgery or the end of treatment. This means that the
exact time point used to determine OHRQoL after surgery
was ambiguous. Baherimoghaddam et al. [5] measured
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Table 3 GRADE assessment: Grading of Recommendations, Assessment, Development, and Evaluation. Certainty assessment of evidence for each outcome and summary of findings

Certainty of

Number of

Impact

Inconsistency Indirectness Imprecision Other

Limitations

No. of Design

stud-
ies

Outcome

the evidence

(GRADE)*

participants
(studies)

considera-

tions

Very low

216 (6 studies)

OHRQoL is improved

Serious

Serious

Very serious Serious Not serious

Observational prospec-

6

Start vs end of treat-

after an orthognathic

treatment
OHRQoL is negatively 79 (2 studies)

tive study

ment

Very low

Very serious Serious

Observational, pro- Very serious Not serious  Not serious

2

Start vs pre-surgical

affected (TO-T1)

spective study

ortho- phase

Presurgical vs. post-

surgical

OHRQoL improved in 58 (1 study) Very low

Serious

Serious

Very serious Not serious  Not serious

Observational prospec-

1

Postsurgical vs end of

Class II cases

tive study

treatment

the OHRQoL before and after surgery but did not register
numerical changes or whether a significant change occurred
in this phase of the treatment. For class II patients, the mean
overall OHIP-14 was 22.84 (SD 3.40) at T1 and 8.64 (SD
3.21) at T2. For class III patients, the mean overall OHIP-14
was 17.63 (SD 3.83) at T1 and 6.71 (SD 2.45) at T2.

Post-surgery orthodontic phase(T2-T3)

One study reported OHRQoL changes in the post-surgery
orthodontic phase [5]. Changes were reported for both
class II and class III groups. “After surgery” was specified
as 6 months after surgery to 12 months after debonding,
resulting in a time period instead of a fixed time point. Class
IT patients presented significant improvement in scores for
physical pain (mean—0.50 SD 1.17, p=0.003) and physi-
cal disability (mean—0.61, SD 1.37, p=0.028). The class
III patients had no significant improvement in any domain.

Complete treatment period (T0-T3)

Five studies presented the changes between the start and
end of treatment [5, 6, 14-16]. Alanko et al. [14] meas-
ured changes using the OQLQ-22 and found significant
improvement in the OHRQoL (total score: mean —22.72,
range — 61.00 to 4.00, p <0.001). According to Antoun et al.
[15], all of the domains of the OHIP-14 improved signifi-
cantly. The largest effect was measured in the domain of psy-
chological discomfort. Baherimoghaddam et al. [5] reported
significant improvement for class II and class III patients
in all individual OHIP-14 domains. According to Ni et al.
[6], OHRQoL improved significantly using the OHIP-14
or OQLQ-22. Furthermore, Silvola et al. [17] reported that
all individual domains in OHIP-14 improved significantly.
Based on all study results, patients’ OHRQoL improved sig-
nificantly in this treatment phase.

Figure 2 shows the results of the meta-analysis of the dif-
ference in OHIP-14 scores between the start and end of treat-
ment. Antoun et al. [15] included 29 participants and Bahe-
rimoghaddam et al. [5] included 28 class II patients and 30
class III patients. We combined the two trial arms from the
study of Baherimoghaddam et al. [5] for the overall analysis.
There was a large effect of treatment on the overall OHRQoL
for patients who underwent orthodontic-orthognathic treat-
ment, and both studies showed similar improvement in the
OHRQoL. The overall results showed a significant increase
in OHRQoL. Antoun et al. [15] showed a higher decrease
(—17.48 scale points) in the overall score compared to the
decrease (— 12.85 scale points) in OHRQoL reported by
Baherimoghaddam et al. [5]. We considered the heteroge-
neity between these two studies. Both investigated OHRQoL
in patients who underwent orthodontic-orthognathic treat-
ment. The patient group of Antoun et al. is younger and
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Baherimoghaddam et al. mentioned type of surgery. This
in itself is already a reason to consider these studies to be
heterogeneous.

Huang et al. [16] reported overall improvement in
OHRQoL in the surgery-first and orthodontics-first groups.
The results show an immediate improvement in OHRQoL
after surgery. The surgery-first group scored consistently
lower.

Improvement in OHRQoL expressed as percentages

In the included studies, the OHIP-14 and/or OQLQ were
used to measure OHRQoL. To compare OHRQoL improve-
ments between the included studies, we calculated improve-
ments in OHRQoL as percentages of the initial OHRQoL
(Table 4). The percentages reflect deterioration or improve-
ment per phase of orthodontic-orthognathic treatment. Each
phase showed improvement except the first phase, as the
pre-surgical orthodontic phase had deteriorated OHRQoL.
Alanko et al. [14] showed minimal improvement compared
to Baherimoghaddam et al. [5]. The greatest improvement
in OHRQoL during phase 3 was found by Alanko et al.
[14]. Baherimoghaddam et al. [5] investigated the OHRQoL
of class II and class III patients who sought orthodontic-
orthognathic treatment. Class II patients had significant
deterioration in OHRQoL during the orthodontic phase
because of the required dental compensation pre-surgically.

Huang et al. [16] investigated surgery-first vs. surgery
with pre-surgical orthodontics. In both types of treatment
approaches, the OHRQoL improved. The average treatment
duration was shorter in surgery-first cases. The mean treat-
ment duration was 16.6 + 2.4 month for surgery-first and
25.3 +2.4 month for orthodontics-first groups. The satisfac-
tion of patients in the surgery-first group was relatively high.

Risk of bias across studies

Due to incomplete data, it was not possible to assess the risk
of bias across studies.

Discussion
Summary of evidence

The overall OHRQoL greatly improved after orthodon-
tic-orthognathic treatment in the included studies [5, 6,
14—17] and an earlier systematic review [4]. This improve-
ment is also shown in Table 4 for phases 2, 3, and 4. How-
ever, this improvement may be substantially different from
the estimated effect, as shown by the very low certainty
of the evidence assessed by the GRADE (Table 3) in the
present review. We included six studies but performed a
meta-analysis of two studies comprising 87 patients [5,
15]. All studies showed a high risk of bias. This improve-
ment in OHRQoL is not linear from the start to the end
of treatment. Multiple studies reported obvious changes
in the patients’ OHRQoL during treatment [4]. The pre-
surgical orthodontic phase had a negative influence on
the OHRQoL (Table 4, phase 1), which is the only phase
that showed deterioration of OHRQoL in the orthodon-
tic-orthognathic trajectory. During this phase, orthodon-
tic treatment was started to prepare the patient for sur-
gery, and this preparation often takes quite some time.
This relatively long treatment phase causes discomfort
because the malformation is enhanced and the patient’s
pre-existing complaints tend to worsen, which has a nega-
tive psychological impact [5, 6]. Cunningham et al. [19]
studied the influence of pre-surgical orthodontic treatment
on OHRQoL. We did not include this study because they
only studied the first phase of an orthodontic-orthognathic
treatment, but the results show an opposing view in the
differences between quality of life at TO and T1. Their
results showed that the impact of this phase is negligible,
which contradicts the results of Huang et al. [16], Baheri-
moghaddam et al. [5], Ni et al. [6], and Alanko et al. [14].
It seems that surgery improves the OHRQoL immediately
within the short period of time of the orthognathic phase.
Only Alanko et al. [14] and Baherimoghaddam et al. [5]

Table 4 Oral health-related quality of life in different phases as a percentage of pre-treatment levels

Phase 1 Phase 2 Phase 3 Overall
TO-T1 T1-T2 T2-T3 TO-T3
Start to before Before surgery to after After surgery to after ~ Start to end treatment
surgery surgery treatment
Alanko et al. 2017 [13] +14.37% —0.45% -59.42% -53.79%
Antoun et al. 2015 [14] - - - —-89.6%
Baherimoghaddam et al. 2016 [5], Class II +19.08% —-62.17% —20.49% —-64.19%
Baherimoghaddam et al. 2016 [5], Class Il —-11.23% —-61.99% -7.01% —68.58%
Huang et al. 2016 [15], surgery first - - - —89.94%
Huang et al. 2016 [15], orthodontics first - - - —78.05%

+increase in overall score: deterioration in OHQoL, — decrease in overall score: improvement in OHRQoL
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presented numerical data for this phase, and Baherimo-
ghaddam et al. [5] showed great improvement directly
after surgery. Patients see immediate positive changes after
surgery; thus, the surgical period is relatively short and
associated with positive changes, whereas the pre-surgi-
cal orthodontic phase takes a long time and is associated
with negative changes in OHRQoL. However, these results
should be interpreted with caution because these studies
still exhibited high heterogeneity, had a small sample size,
did not have the same measurements points throughout
treatment, or lacked complete datasets [6, 14, 17].

Various tools were used to assess OHRQoL in the studies
included in this review, most commonly the OHIP-14 and
OQLQ-22 questionnaires. These two differ in the type and
number of questions and domains. However, the question-
naires have the same outcome because they both measure the
impact of deformities on patients’ OHRQoL. Furthermore,
both questionnaires assess esthetic and functional aspects
[20]. The OQLAQ is a condition-specific questionnaire for
dentofacial deformities, and the OHIP-14 is more gener-
ally oral health-related and more directed to the teeth and
mouth. Depending on the aims of the individual studies,
authors decided on one of these questionnaires to measure
OHRQoL. Since the included studies in this review used
different questionnaires to measure OHRQoL and the results
were presented in different ways, an accurate comparison of
the included studies was not always possible.

Only one study (n=150) compared surgery first versus
pre-surgical orthodontic treatment [16], and this study had
a high risk of bias according to the ROBINS-I tool. There-
fore, the results should be interpreted with caution. The
total treatment time of surgery-first cases is supposed to be
shorter, not only because of the absence of a pre-operative
orthodontic phase, but also because the malocclusion after
surgery facilitates orthodontic tooth movement in the post-
surgical treatment phase [16]. In the surgery-first approach,
there is no pre-operative orthodontic phase to measure and
the post-operative orthodontic phase is similar to that of
the orthodontics-first approach. Patients will see immediate
improvements in their facial esthetics and facial profile in
an early stage of treatment when they are treated according
to the surgery-first approach. This will positively affect the
OHRQoL [16, 21]. This early shift of the patients’ OHRQoL
towards the final improved scores may give precedence
to the surgery-first approach over the orthodontics-first
approach. However, the evidence presented is of low quality;
therefore, more research is needed on OHRQoL in surgery-
first approaches. Furthermore, a surgery-first approach is not
always applicable or possible. The orthodontist and surgeon
should communicate well to assess whether a surgery-first
approach is possible and whether it will result in a shorter
treatment time. The treatment time could affect OHRQoL,
but this variable is not evaluated in this review.

An important impediment to systematic analysis was that
not all studies reported results at all time points. Either a
systematic review design includes studies that report only
on select phases and not on all phases, as in the systematic
review by Yi et al. [4], or only includes studies that report
on all phases, perhaps missing study outcomes of studies
not reporting on all phases. In this study, we chose the latter
approach, and studies were only included if they concerned
the entire combined orthodontic-orthognathic treatment and
the different phases of this treatment were clearly described.
Sometimes, it was unclear if the study was started before the
orthodontic-orthognathic treatment or only before surgery.
These were reasons for exclusion, resulting in fewer articles
in this systematic review than in the review by Yi et al. [4].

Questionnaires were mostly completed at the start and
end of treatment, but not shortly before or after surgery.
This makes it difficult to explain the changes in OHRQoL
and to determine which treatment phase has the greatest
impact on patients’ OHRQoL. Only two studies had com-
plete numerical datasets [5, 14] and studied the three phases
of an orthodontic-orthognathic treatment. It is important
to start with the evaluations before the first appointment.
The patient’s opinion can change after the first appointment
with the orthodontic-surgical team, when they receive fur-
ther information from the professionals. Furthermore, it is
important to longitudinally follow the same patients from
the start to end of treatment instead of comparing OHRQoL
for different groups of patients in different treatment phases.
Longitudinal analysis will reduce the risk of bias in study
results. This is a drawback of an earlier systematic review
[4] that included every study regardless of the longitudinal
follow-up.

It is important to inform the patient about the different
phases of orthodontic-orthognathic treatment and the facial/
esthetic changes that will occur during treatment. The results
show that the pre-surgical orthodontic treatment tends to
negatively impact the patient’s OHRQoL (Table 4) [5, 6, 14].
During the first appointment, patients should get the correct
information about the first phase of the combined orthodontic-
orthognathic treatment. It is difficult to properly inform and
prepare a patient for this stressful treatment phase because it
is difficult to estimate how the patient will react to the facial
changes during this treatment. Despite these difficulties,
informing and explaining will help prepare the patient for the
expected changes in order to regulate the impact on psycho-
logical wellbeing [22, 23]. Professional counseling during the
pre-surgical orthodontic treatment phase may help reduce the
negative impact of this phase on the patient’s OHRQoL. The
literature suggests that pre-treatment information should be
improved [23]. Kettle et al. [22] studied the effects of an online
information resource for patients, and Bergkulla et al. [23]
evaluated the effects of an information clinic for patients on
their preparedness for orthodontic-orthognathic treatment. It is
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easy to provide objective information to patients, but it is hard
to predict how patients will experience specific changes, and
this may also be subject to further investigation by OHRQoL
measures to determine whether the fluctuations in OHRQoL
during combined orthodontic-orthognathic treatment can be
positively influenced by improving the provided information.

Limitations

We were not able to include RCTs because none were pub-
lished on the subject of OHRQoL in orthodontic-orthog-
nathic patients. However, not all clinical questions can be
studied in a RCT design. In surgical trials, it is often unethi-
cal to randomize the patients. The studies we were able to
include had a serious risk of bias in certain domains of the
ROBIN-I tool, mainly due to domain 2, patient selection.
Authors did not always report reasons for loss to follow-
up. Another limitation is in domain 6, the type of measure-
ment outcome, which is subject to patients’ expectations.
Most patients expect that their OHRQoL will improve and,
because of that, will see improvement. Patients could be
influenced by certain expectations because of the impos-
sibility of performing a blind measurement.

Another factor that impeded the comparison of results
from the included studies is that the measured time points
throughout the complete treatment course were not identi-
cal between studies. Only OHRQoL before the start of the
orthodontic treatment phase and the end of treatment were
comparable between studies. However, all intermediate time
points were defined differently between studies and may be
the reason for bias.

Finally, two different questionnaires were used to meas-
ure OHRQoL in the included studies. This complicated the
comparison of outcomes between studies.

Recommendations for future research

The low quality of evidence in this review shows that there
is a need for more research. To understand the fluctuations of
OHRQoL during combined orthodontic-orthognathic treat-
ment, assessment of OHRQoL in a standardized manner is
recommended, with well-defined time points and validated
and relevant questionnaires to combine results from multi-
ple studies. Studies should report numerical data for mean,
standard deviation, and change with standard deviation for
all time points, and each phase should be well-defined.

Conclusions
The results of this systematic review point to a decrease

in OHRQoL during the pre-surgical orthodontic treatment
phase and improvement after orthodontic-orthognathic

@ Springer

treatment, but limited data were available to substantiate
these results and the quality of the evidence is low. More
standardized quality of life research in the orthodontic-
orthognathic treatment field is needed.
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