1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Am J Orthod Dentofacial Orthop. Author manuscript; available in PMC 2021 December 01.

-, HHS Public Access
«

Published in final edited form as:
Am J Orthod Dentofacial Orthop. 2020 December ; 158(6): e121-e136. doi:10.1016/j.ajod0.2020.04.019.

The National Dental Practice-Based Research Network Adult
Anterior Openbite Study: Patient satisfaction with treatment

Samuel A. Finkleman, DDS, MSD,
Private Practice Seattle, Washington

Lauren S. Todoki, DDS, MSD,
Private Practice Seattle, Washington

Ellen Funkhouser, BS, MS, DrPH [Associate Professor],
Division of Preventive Medicine, School of Medicine, University of Alabama, Birmingham

Geoffrey M. Greenlee, DDS, MSD, MPH [Clinical Associate Professor],
Department of Orthodontics, University of Washington, Seattle

Kelly W. Choi, DMD, MSD,
Private Practice, San Francisco, California

Hsiu-Ching Ko, DDS, MS [Visiting Scholar],
Department of Orthodontics, University of Washington, Seattle

Hsuan-Fang Wang, DDS, MS [Visiting Scholar],
Department of Orthodontics, University of Washington, Seattle Attending Physician, Division of
Orthodontics, Department of Dentistry, Far Eastern Memorial Hospital, Taipei, Taiwan

Peter A. Shapiro, DDS, MSD [Clinical Professor Emeritus],
Department of Orthodontics, University of Washington, Seattle

Rooz Khosravi, DMD, PhD, MSD [Acting Assistant Professor],
Department of Orthodontics, University of Washington, Seattle

Camille Baltuck, RDH, BS [Regional Coordinator],
Western Region, National Dental Practice-Based Research Network

Veerasathpurush Allareddy, BDS, MBA, MHA, PhD, MMSc,
Department Head, Department of Orthodontics, University of lllinois at Chicago

Calogero Dolce, DDS, PhD [Professor and Chair],
Department of Orthodontics, University of Florida

Chung Hao Kau, BDS, MScD, MBA, PhD, MOrth, FDSEdin, FDSGlas, FFDIre, FAMS, Cert
(Ortho) [Professor and Chair],
Department of Orthodontics, University of Alabama at Birmingham

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered
which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Finkleman et al. Page 2

Kyungsup Shin, BS, MS, PhD, DMD, MS [Assistant Professor],
Department of Orthodontics, University of lowa

Jaime de Jesus-Vinas, DMD, MS,
Private Practice, San Juan, Puerto Rico

Michael Vermette, DMD, MSD,
Private Practice Concord, New Hampshire

Cameron Jolley, DMD, MSD,
Private Practice Trophy Club, TX

Greg J. Huang, DMD, MSD, MPH [Professor and Chair]
Department of Orthodontics University of Washington, Seattle

Abstract

Introduction—This article evaluates and reports on satisfaction of adult patients across the
United States who received orthodontic treatment for anterior openbite malocclusion. The factors
that influence satisfaction are also described.

Methods—~Practitioners were recruited from the National Dental Practice-Based Research
Network. Upon joining the Network, practitioner demographics and information on their practices
were acquired. Practitioners enrolled their adult patients in active treatment for anterior openbite.
Patient demographics, patient dentofacial characteristics, and details regarding previous and
current treatment were collected through questionnaires at enrollment (T1). Pretreatment lateral
cephalograms and intraoral frontal photographs were submitted. Treatment performed and details
related to treatment outcome were recorded through questionnaires at the end of active treatment
(T2). Post-treatment lateral cephalograms and intraoral frontal photographs were submitted.
Patient satisfaction at the end of active treatment (T2) was assessed using a five-point, Likert-like
scale and open-ended responses. Predictive univariate models were developed to evaluate the
factors that influence patient satisfaction. Open-ended responses were reviewed for general trends.

Results—End of active treatment (T2) data were received for 260 patients, and 248 of these
patients completed and returned the patient satisfaction questionnaires. High levels of satisfaction
were found in this sample of adult patients receiving treatment for anterior openbite malocclusion.
Specifically, 96% of the sample reported being very or somewhat satisfied. Only 10 patients (4%)
were not satisfied with the treatment provided or an element of the final result. Successful
openbite closure, treatment modality, and certain patient characteristics may influence patient
satisfaction. However, there was insufficient power to demonstrate statistical significance, due to
the very low number of dissatisfied patients. Open-ended responses directly associated with
patient satisfaction were received from 23 patients (9%). They relayed positive, neutral, and
negative feelings about the treatment received and final results. Additional responses regarding the
orthodontic treatment in general, but not specifically linked to patient satisfaction, were received
from 119 patients (48%). These comments depict an overwhelmingly positive experience.

Conclusions—Adult patients who received orthodontic treatment for anterior openbite
malocclusion were generally satisfied with the treatment provided, as well as the final esthetic and
functional results.
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Introduction

Anterior openbite (AOB) was first described in the dental literature more than 150 years ago.
11t can be defined as a lack of vertical contact and overlap of the anterior teeth in maximum
intercuspation.2~* The prevalence of AOB in the United States ranges from 0.6% to 16.5%,
depending on age and race.® The etiology of AOB is complex and multifactorial. Oral habits,
unfavorable growth patterns, respiratory factors, and neuromuscular imbalance have been
suggested to play a role.6 AOB often results in significant esthetic and functional concerns,
including difficulty incising food and speaking.3.7-8

AOB is widely considered to be one of the most challenging malocclusions to treat.
Although numerous strategies have been proposed to treat AOB cases, there is no consensus
as to which is the preferred treatment modality for a particular case. Current evidence on the
success of AOB treatment is based primarily on retrospective case series.® This literature
only evaluates clinical outcomes. Patient satisfaction associated with treatment of AOB
malocclusion has not been evaluated.

Over the past few decades, the healthcare literature has placed an increased emphasis on
quality of life.10 Improvement in quality of life is a fundamental goal of medicine and
dentistry.11 Orthodontic treatment, specifically, aims to enhance oral health-related quality
of life through the correction of malocclusion,12:13 as well as improvement of dentofacial
esthetics and oral function. Therefore, it is important for the orthodontic literature to
evaluate patient-centered outcomes. Traditional orthodontic outcome measures do not
necessarily reflect patient values and, until recently, patient perspectives have received
limited attention in the orthodontic literature.10.14.15 |n this report, we investigate
satisfaction levels of adult patients after receiving orthodontic treatment for AOB
malocclusion. We also describe the factors that are associated with satisfaction and
dissatisfaction.

In 2015, the National Dental Practice-Based Research Network (PBRN) Adult Anterior
Openbite Study was launched. The purpose of this large observational prospective cohort
study was to explore treatment recommendations, outcomes, stability, and satisfaction of
adult AOB patients. The study was divided into three phases: enrollment (T1), end of active
treatment (T2), and 1-year post-treatment (T3). A prior publication characterizes the
practitioners and patients enrolled in the study.1® Another previous publication details the
factors that influence treatment recommendations.}” This paper describes patient satisfaction
at the end of active treatment (T2). A concomitant publication addresses treatment success at
the end of active treatment (T2).18 A subsequent publication will describe treatment success
and patient satisfaction at 1-year post treatment (T3).

Materials and Methods

Providers were recruited from the National Dental PBRN, comprises six geographic regions:
West, Midwest, Southwest, South Central, South Atlantic, and Northeast. Institutional
Review Board approval for this study was obtained from several institutions, representing
the regions of the Network. These included the University of Alabama at Birmingham
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Institutional Review Board acting as the central Institutional Review Board, the Kaiser
Permanente Northwest Institutional Review Board for the Western region, and the University
of Rochester Research Subjects Review Board for the Northeast region. Additionally,
Institutional Review Board approval was obtained at individual academic settings when
required.

Inclusion criteria for practitioners

. Orthodontist or dentist that routinely performs orthodontic treatment.

. Estimates to recruit three to eight adult patients in active treatment for AOB and
expects to complete treatment within 24 months of enrollment into the study.

. Routinely takes cephalometric radiographs before and after treatment.

. Able to upload de-identified cephalometric radiographs and digital intraoral
frontal photographs to a central data repository.

. Affirms that the practice can devote sufficient time in patient scheduling to allow
recording of the required data.

. Does not anticipate retiring, selling the practice, or moving during the study.
Inclusion criteria for patients
. At least 18 years of age at the time of enrollment.

. Must have AOB, which is defined as one or more incisors that do not have
vertical overlap with teeth in the opposing arch. The remaining incisors may
have minimal incisor overlap, but cannot contact teeth in the opposing arch. This
will be determined by examining the patient’s initial cephalometric radiograph,
intraoral photographs, and/or initial plaster or digital casts.

. Must be in active treatment for AOB and expects to have treatment completed
within 24 months of enroliment in the study.

. Must have an initial cephalometric radiograph (taken prior to the beginning of
treatment). A cephalometric radiograph created from a cone-beam CT scan is
acceptable.

Exclusion criteria for patients
. Clefts, craniofacial conditions or syndromes.

. Significant physical, mental, or medical conditions that would affect treatment
compliance, cooperation, or outcome.

. Expects to move before the completion of the study.
. Initial treatment plans estimated to be more than 36 months.

Recruitment was restricted to patients eighteen years of age or older to minimize, though not
completely eliminate, the influence of facial growth on treatment outcome. To avoid
selection bias, practitioners were requested to enroll all eligible patients. A maximum of 15
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patients per practitioner was established. If a practitioner had more than 15 eligible patients,
patients were selected sequentially based upon their treatment start dates.

Upon joining the Network, practitioner demographics and information on their practices
were acquired. Patient demographics, patient dentofacial characteristics, and details
regarding previous and current treatment were collected through questionnaires at
enrollment (T1). Changes to treatment (i.e., added or removed procedures) and details
related to treatment outcome were recorded through questionnaires at the end of active
treatment (T2). Patient satisfaction was assessed using a five-point, Likert-like scale and
open-ended responses at the end of active treatment (T2). Patients placed completed
satisfaction evaluations in sealed envelopes. Questionnaires were sent to regional centers,
where they were reviewed for completeness and entered into a centralized database. More
details on data collection from practitioners and patients can be found in a previously
published paper.16 Study forms can be accessed at http://nationaldentalpbrn.org/anterior-
openbite-malocclusions-in-adults-recommendations-treatment-and-stability.php. Intraoral
frontal photographs were taken parallel to the occlusal plane. Practitioners were provided
with sample photographs, demonstrating correct and incorrect vertical orientation.

Pre- and post-treatment lateral cephalograms and intraoral frontal photographs were
uploaded to a centralized, Web-based system. De-identified images were forwarded to the
research team at the University of Washington. The radiographs were imported into Dolphin
imaging software (version 11.0; Dolphin Imaging and Management Solutions, Chatsworth,
CA), landmarks were identified by two examiners, and an automated, custom cephalometric
analysis was performed based on the selected landmarks. A depiction of the cephalometric
landmarks can be found in a previously published article.16 Cephalometric landmarks were
first identified by one examiner and then reviewed by the other examiner. Disagreements in
landmark identification were resolved by means of consensus between the examiners.

A standard millimetric ruler in the lateral cephalogram was used to calibrate millimetric
measurements. If a ruler was present in a patient’s pre-treatment lateral cephalogram, but
absent in the post-treatment lateral cephalogram, the sella-nasion distance of the
pretreatment lateral cephalogram, measured using the ruler, was used to calibrate the
posttreatment lateral cephalogram. The same process was followed, in reverse, if a ruler was
present in a patient’s post-treatment lateral cephalogram, but absent in the pre-treatment
lateral cephalogram. If a ruler was absent on both a patient’s pre- and post-treatment lateral
cephalograms, an average nasion-menton distance was used to calibrate the pretreatment
lateral cephalogram.19:20 The post-treatment lateral cephalogram was then calibrated using
the sella-nasion distance of the pre-treatment lateral cephalogram, as described above. This
surrogate calibration method was validated by sensitivity analysis.

An index was developed to score the relative openbite severity using the intraoral frontal
photographs. The Photographic Openbite Severity Index (POSI) has seven categories,
defined by the type and number of teeth that do not have vertical overlap (Figure 1):

1. All four incisors with vertical overlap
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2. One or two maxillary lateral incisors without vertical overlap (both maxillary
central incisors have vertical overlap)

3. One maxillary central incisor without vertical overlap (the other maxillary
central incisor has vertical overlap)

4. Both maxillary central incisors without vertical overlap (at least one maxillary
lateral incisor has vertical overlap)

5. All four maxillary incisors without vertical overlap
6. All anterior teeth, including canines, without vertical overlap
7. All anterior teeth, plus at least one premolar, without vertical overlap

The intraoral frontal photographs were rated, independently, by the same two examiners.
Disagreements in POSI scores were resolved by means of consensus between the examiners.

Both examiners underwent training and calibration prior to landmarking lateral
cephalograms and assessing intraoral frontal photographs. Ten lateral cephalograms and
twenty intraoral frontal photographs were randomly selected to determine inter- and intra-
rater reliability. The lateral cephalograms and intraoral frontal photographs were analyzed
twice, one month apart, by both examiners. Inter- and intra-examiner reliability was assessed
with an intraclass correlation coefficient. All values were greater than 0.90, indicating that
landmark identification and POSI classification were reliable by each examiner over time, as
well as between examiners.

Data Analysis

Patient satisfaction at the end of active treatment (T2) was assessed using a five-point,
Likert-like scale: very satisfied, somewhat satisfied, neither satisfied nor dissatisfied,
somewhat dissatisfied, very dissatisfied. Patients were asked to provide explanations
following answers of somewhat or very dissatisfied. Satisfaction with the orthodontic
treatment provided, satisfaction with esthetics, and satisfaction with function were evaluated
separately. Whether or not treatment would be recommended to a friend with a similar
malocclusion was also evaluated using a five-point, Likert-like scale: definitely recommend,
probably recommend, undecided, probably not recommend, definitely not recommend.
Patients were asked to provide explanations following answers of probably or definitely not
recommend.

Satisfaction rates were calculated by grouping responses: Satisfied (very satisfied and
somewhat satisfied) vs. Not Satisfied (neither satisfied nor dissatisfied, somewhat
dissatisfied, and very dissatisfied). Whether or not treatment would be recommended to a
friend can be consider a proxy for patient satisfaction with the orthodontic treatment
provided. The likelihood of this recommendation was also quantified by grouping responses:
Would Recommend (definitely recommend and probably recommend) vs. Would Not
Recommend (undecided, probably not recommend, and definitely not recommend). Open-
ended responses were reviewed for general trends.
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Treatment Success—Several measures were used to evaluate treatment success. Patient-
Perceived Treatment Success was determined at the end of active treatment (T2) by asking
patients if their ir openbite was successfully closed. Practitioner-Reported Treatment
Success was determined at the end of active treatment (T2) by asking practitioners if the
openbite was successfully closed. Lateral cephalometric radiographs were used to evaluate
treatment success, defined by positive overbite at the end of active treatment (T2).
Specifically, posttreatment lateral cephalograms were analyzed to determine if positive
incisor overlap was achieved. Finally, the POSI was used to evaluate treatment success
(defined as a score of 0 at the end of active treatment [T2]).

Success can be defined by the 4 measures, described above. Patient-perceived and
practitioner-reported treatment successes are subjective in nature. Treatment success defined
by the cephalometric analysis only uses the most anterior maxillary and mandibular central
incisors to calculate overbite, and therefore may not account for the vertical overlap of the
other incisors. Alternately, the POSI scores the vertical overlap of all four incisors in
maximum intercuspation. Preliminary analyses indicated that the POSI is the most
discriminating measure to assess successful openbite closure (Appendix, Table 1).

Treatment Factors

Four treatment modalities were recognized:

1. ALN: aligners without fixed appliances or temporary anchorage devices (TADs)
or orthognathic surgery

2. FA: fixed appliances without TADs or orthognathic surgery
3. TADs: TADs without orthognathic surgery
4. SX: orthognathic surgery

These categories represent an increasing ability to manage more complex malocclusions, as
well as an increasing level of invasiveness. Patients treated with a combination of appliances
were placed in the higher treatment category. For example, a patient treated with aligners
and fixed appliances would be placed in treatment category #2. The effect of extractions on
patient satisfaction was also explored.

Treatment duration was calculated as the time from appliance placement to appliance
removal, based on information from the enrollment (T1) and end of active treatment (T2)
questionnaires, respectively.

Patient Characteristics—Information about the age, gender, race, insurance coverage,
education level, previous orthodontic treatment of the subjects was collected.

Practitioner Characteristics—Information about the age, gender, race, years in practice,
geographic region of practice, and practice type of the practitioners was collected.

Univariate analyses of continuous variables (means, standard deviations [sd], and ranges) are
presented. Bivariate analyses were used to evaluate the influence of the aforementioned
predictors on patient satisfaction. Statistical significance was adjusted for clustering of
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patients within practitioners using generalized estimating equations. Statistics were
processed using PROC GENMOD in SAS with CORR=EXCH option. However, due to the
very small number of dissatisfied patients, most comparisons were not estimable
statistically. Thus, with few exceptions, only descriptive frequencies of the bivariate analyses
related to satisfaction are described.

From October 2015 to June 2016, 91 practitioners were recruited for the study. The
practitioners enrolled 358, patients of whom 347 met the inclusion criteria.

End of active treatment (T2) data were received for 260 patients, treated by 84 different
practitioners. Twenty-four patients withdrew from the study. The remaining 63 patients did
not finish treatment within the study period. End of active treatment (T2) questionnaires
were collected for 254 patients, of which 248 included patient satisfaction data. Post-
treatment intraoral frontal photographs were received for 234 patients. Post-treatment lateral
cephalograms were available for 231 patients. No differences were found between
practitioner demographics at enrollment (T1) and those at end of active treatment (T2).
Patients who completed treatment within the study period were older (p = 0.04) and more
educated (p = 0.04) than those who did not. The pre-treatment openbite severity was similar
for patients who completed treatment within the study period and those who did not.

The patients had a mean age of 31.2 years (SD = 11.9 years; range = 18-71 years). Seventy-
five percent of the patients were female. Just over 40% of the patients had a previous history
of orthodontic treatment. The practitioners had a mean age of 48.8 years (SD = 9.8 years;
range = 31-66 years). Seventy-three percent of the practitioners were male. Of the
practitioners, 82 were orthodontists and 2 were general dentists. Patient and practitioner
demographics are presented in Tables 1 and 2. Detailed demographics, describing the
patients and practitioners at enrollment (T1), can be found in a previously published paper.16

The mean pre-treatment overbite, measured using the lateral cephalograms, was —2.3 mm
(SD = 2.1 mm). All four incisors exhibited no vertical overlap (POSI = 4) in nearly two-
thirds of the sample. Thus, most patients had significant AOBs prior to treatment.

Twenty-nine patients were treated only with clear aligners. One hundred fifty-two patients
were treated with fixed appliances without TADs or orthognathic surgery. Twenty patients
were treated with TADs without orthognathic surgery. Fifty-three patients were treated with
orthognathic surgery. Extractions were performed in 49 patients. Treatment spanned an
average of 24.8 months (SD = 11.3 months; range = 1-72 months). At the end of active
treatment (T2), 84% of patients fell into POSI category 0, indicating that the openbite was
successfully closed. The mean post-treatment overbite was 1.3 mm (SD = 1.1 mm).
Additional details on treatment success can be found in a concomitant publication.18

High satisfaction levels were observed at the end of active treatment (T2). Specifically, two
hundred thirty-eight patients (96%) reported being satisfied with the orthodontic treatment
provided as well as the final esthetic and functional results. Only ten patients (4%) were not
satisfied with treatment or an element of the final result (Table 3). Four of these patients
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were not satisfied with multiple aspects of treatment. Nearly 98% of patients would
recommend treatment to a friend with a similar malocclusion (Table 3). Likert-like scale
responses to satisfaction with the treatment provided, esthetics, and function are detailed,
separately, in the following section (Appendix, Table 2).

Only one patient reported being dissatisfied with the orthodontic treatment provided. Two
patients did not provide a response. Only one patient indicated being dissatisfied with the
final esthetic result. Five patients were neither satisfied nor dissatisfied with their ability to
chew at the end of treatment. Two patients were dissatisfied with their ability to chew. Six
patients were neither satisfied nor dissatisfied with their speech after treatment was
completed. Two patients did not specify a response for each question related to function.

Due to the small number of dissatisfied patients, there was insufficient statistical power to
investigate factors associated with patient satisfaction. Several trends were observed. First,
patients who did not have a successful result were more likely to be dissatisfied (Table 4).
The strength of this relationship varied with the measure of treatment success. Patients
treated with clear aligners only or orthognathic surgery reported higher levels of
dissatisfaction than those treated with other modalities (Table 5). Female patients were more
than twice as likely to be dissatisfied with the orthodontic treatment provided or an element
of the final results (Table 6). Patients with a higher level of education were more likely to be
dissatisfied (Table 6). No trends were observed between patient satisfaction and practitioner
characteristics. Compared to satisfied patients, dissatisfied patients were much less likely to
recommend the treatment that they received to a friend with a similar malocclusion (Table
4). The 80% difference almost reached statistical significance.

Open-ended responses were received from 2sources. Open-ended responses directly
associated with patient satisfaction followed answers of somewhat or very dissatisfied on the
Likert-like scale. Additional open-ended responses regarding the orthodontic treatment in
general, but not specifically linked to patient satisfaction, were solicited separately. All
open-ended responses were classified as positive, neutral, or negative. Neutral comments
either indicate improvement with some minor reservations about the final result or do not
provide any meaningful information.

Open-ended responses directly associated with patient satisfaction were received from
twenty-three patients (9%). Only two of these patients were among the ten who indicated
that they were not satisfied with the orthodontic treatment provided or an element of the
final result. Both these patients also would not recommend the treatment that they received
to a friend with a similar malocclusion. Available records, treatment details, and satisfaction
results for these two patients are presented in Figures 2 and 3. The remaining twenty-one
patients reported high levels of satisfaction. There were nearly equal numbers of positive,
neutral, or negative responses from the twenty-one satisfied patients. The two dissatisfied
patients primarily entered negative comments, but also expressed some positivity. A
representative sample of these open-ended responses is found in Table 7.

Additional open-ended responses regarding the orthodontic treatment in general, but not
specifically linked to patient satisfaction, were received from 119 patients (48%). Five of
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these patients were among the ten who indicated that they were not satisfied with the
orthodontic treatment provided or an element of the final result. The remaining 114 patients
reported high levels of satisfaction. Eighty-seven patients (73%) recorded positive responses.
Of the positive responses, 56 mention the treatment received and 78 describe a positive
doctor-staff-patient relationship. Eighteen (15%) and eleven (9%) patients recorded neutral
and negative responses, respectively. No obvious trends were observed for these comments.
Three patients (3%) expressed some concern about the stability of treatment. A
representative sample of these open-ended responses is found in Table 8.

Discussion

Patient satisfaction with orthodontic treatment has received limited analysis in the
orthodontic literature.1#.15 Instead, most current orthodontic research reports on
morphologic changes that result from treatment.14 Morphologic changes, obtained from
analysis of casts, radiographs, and clinical examination?, are important and necessary for
clinicians to evaluate treatment efficacy. However, these traditional outcome measures do not
typically reflect patient values. As orthodontic treatment aims to improve a patient’s
dentofacial appearance, oral function, and psychosocial state, it is important for orthodontic
literature to evaluate patient-centered outcomes, such as patient satisfaction.10:14

Extraordinarily high levels of patient satisfaction were found in our sample of adults, who
received orthodontic treatment for AOB malocclusion across the United States. Specifically,
96% of the patients reported being satisfied with the treatment provided as well as the final
esthetic and functional results. Only ten patients, out of the two hundred and forty-eight for
whom satisfaction data were available, were not satisfied. The high satisfaction level is
substantiated by the fact that 98% of the patients would recommend the treatment that they
received to a friend with a similar malocclusion. The available literature on patient
satisfaction describes high levels of contentment with orthodontic care.1®

Numerous factors have been suggested to influence satisfaction with orthodontic treatment.
A recent systematic review!> concluded satisfaction after orthodontic treatment was strongly
associated with perceived esthetic outcomes, perceived psychological benefits of treatment,
positive patient psychological traits, and the quality of the doctor-staff-patient relationship.
Dissatisfaction after orthodontic treatment was correlated with increased discomfort or pain,
problems with the usage of retention appliances, and negative patient psychological traits.
Our results indicate that treatment outcome, treatment modality, and some patient
characteristics may influence the satisfaction of adult, AOB patients. Statistical significance
could not be assessed due to the small number of dissatisfied patients. Trends are reported in
the following three paragraphs.

In our study, a direct relationship may exist between openbite closure and patient
satisfaction. The relationship is strongest for patient-perceived treatment success and
weakest when treatment success is defined by POSI = 0. The potential correlation between
success and satisfaction is not surprising for several reasons. Adult patients tend to be more
aware of their initial malocclusion and final treatment outcome.22 This natural awareness
was likely heightened by their enrollment in the National Dental PBRN adult, AOB study.
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Two recent studies corroborate the close relationships between treatment outcome and
patient satisfaction in adults. Reidmann, et al.23 found that 97% of adult patients were
satisfied with their treatment outcome. Lee, et al.24 calculated an overall satisfaction rate of
84.9% and a 92.6% rate specifically related to treatment outcome.

The treatment modality may also affect the satisfaction of adult patients receiving treatment
for AOB malocclusion. Patients treated with clear aligners only or orthognathic surgery
report higher levels of dissatisfaction. Clear aligner therapy is the most esthetic and least
invasive treatment modality. For these reasons, one may expect aligner patients to be
exceedingly satisfied. On the contrary, patients who specifically request this esthetic
treatment option may be more particular about the appearance of their teeth during
treatment, as well as their outcomes. This higher level of discrimination might be associated
with the higher levels of dissatisfaction observed in aligner patients. A recent study
described high levels of patient satisfaction with clear aligner therapy, however satisfaction
was most strongly correlated to the doctor-patient relationship.2> Another study found
similar satisfaction levels between aligner therapy and conventional fixed appliances.26 High
levels of patient satisfaction have traditionally been reported after orthodontic treatment
combined with orthognathic surgery.2

Satisfaction is presumably due to the significant esthetic and functional improvements
produced by surgical correction. Conversely, dissatisfaction is often associated with
functional impairment or dysfunction after surgery. This association was evident in the open-
ended responses, as three of the fifty-three surgical patients (6%) described residual
numbness and/or pain following the procedure. One patient stated, “the jaw surgery was
quite intense”. He or she does not “quite have normal feelings back yet”. Overall, the
possible inverse relationship between orthognathic surgery and satisfaction found in this
study is likely due to the invasiveness of the procedure and the residual side effects
following the procedure.

Trends were observed between satisfaction and two patient characteristics, namely sex and
education level. Previous research has established that patient satisfaction is associated with
sex. Specifically, female patients have higher expectations about dentofacial improvement
and, in turn, are more critical of treatment.1524.28.29 | the present study, female patients
reported higher levels of dissatisfaction with the orthodontic treatment provided and the final
result. Educated patients also tended to be less satisfied. Patients with higher education
levels are more discriminating, which likely predisposes them to be dissatisfied with an
aspect of treatment.30

Open-ended responses provide valuable insight into patient perspectives. Following answers
of somewhat or very dissatisfied on the Likert-like scale, patients were asked to specify the
reason for their dissatisfaction. Interestingly, comments were only entered by two of the ten
patients who were not satisfied with treatment or an element of the final result. Dissatisfied
patients may elect not to provide open-ended responses due to the time it takes to write a
response, therefore preventing us from fully understand their dissatisfaction. For example, a
patient with a seemingly large functional change indicated that he or she was not satisfied
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with his or her ability to chew at the end of treatment (Figure 4). Instead, the vast majority of
the responses were provided by patients who reported high levels of satisfaction.

Positive and negative open-ended responses were received from both satisfied and
dissatisfied patients, regardless of whether their openbite was successfully closed. For
example, a satisfied patient indicated that he or she “would like to have had the tiny gaps
closed up”. The patient had a successful result. His or her comment referred to black
triangles that developed following the alignment of overlapping incisors (Figure 5). This
implies that the significant esthetic and functional improvements produced by AOB closure
likely override minor discontent with treatment. Another patient was satisfied with an
unsuccessful result. He or she reported being “totally happy”, as the openbite “was closed as
much as possible” (Figure 6). In contrast, a different patient was dissatisfied with an
unsuccessful result, stating that the residual openbite makes “it very difficult to eat and bite
down on food” (Figure 2). Despite these functional concerns, the patient “was extremely
satisfied with the office staff”. This distribution of responses suggests two principles. First, if
practitioners set realistic expectations, patients are usually satisfied at the end of treatment.
22,31 gecond, satisfaction may be most closely associated with positive patient personality
traits15:31:32 and a quality doctor-staff-patient relationship.1528:29.33-37 The value of the
doctor-staff-patient relationship was substantiated by additional comments, separate from
those directly associated with patient satisfaction (Table 8). These additional responses were
overwhelmingly positive and clearly demonstrate the value of a positive patient-provider
relationship.

Given the high levels of success!8 and patient satisfaction immediately following treatment,
it will be extremely important to assess these outcomes in retention. Long-term patient
satisfaction with orthodontic treatment has been shown to be high.38 It will be interesting to
determine whether this is true for openbite patients, who have a high tendency for vertical
relapse.? A subsequent publication will describe treatment success and patient satisfaction in
retention.

This study has several limitations. The sample of practitioners was not randomly or
consecutively chosen. Practitioners were recruited from the National Dental PBRN and
some self-selection certainly occurred. These practitioners may have had a particularly high
interest or skill level in treating anterior openbite patients. Patients also were not randomly
chosen, but steps were taken to minimize selection bias. Practitioners were asked to enroll
all eligible patients in their practice, up to a maximum of fifteen. If a practitioner had more
than fifteen eligible patients, patients were selected sequentially based upon their treatment
start dates. Although the analysis was adjusted for clustering, a residual effect could remain
and the quality of the doctor-staff-patient relationship has been shown to positively influence
patient satisfaction.1® Also, 63 of the 347 originally enrolled patients had not completed
treatment at the time that data collection closed. There could be many reasons why these
patients did not complete treatment during the study period, including more challenging
malocclusions, poor cooperation, modifications to treatment plans, and refractory oral
habits. It is possible that these patients may have a lower success rate than those who
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finished treatment during the study period, which might lessen the high satisfaction levels
that we observed.

Although the study is prospective in design, details related to treatment were collected
through questionnaires at enrollment (T1), after treatment had begun. As these data were
acquired retrospectively, there is a risk for recall bias. Patient satisfaction was assessed
immediately following appliance removal. Patients placed completed questionnaires in
sealed envelopes, allowing their responses to remain anonymous. The process was as
confidential as possible given the use of paper forms. However, satisfaction levels may be
inflated if patients were concerned about confidentiality, specifically the influence of a
negative response on their relationship with the doctor and/or staff. As the satisfaction
questionnaire was typically administered on the day of appliance removal, patients may not
have had sufficient time to evaluate their satisfaction, specifically related to function.
Additionally, high levels of satisfaction may be expected on the day of appliance removal.
Finally, due to the high levels of satisfaction, there was insufficient power for inferential
statistics.

Conclusions

Very high levels of satisfaction were observed for adult patients who received orthodontic
treatment for AOB malocclusion. Although there were too few dissatisfied patients to
conduct any meaningful statistical analyses, our results suggested that satisfaction may be
associated with successful openbite closure, as well as treatment modality, gender, and
education level.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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POSI = 4 POSI =5 POSI =6

Figure 1.
Photographic Openbite Severity Index (POSI), developed to score the relative openbite

severity using the intraoral frontal photographs
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Figure 2.
Pre-treatment records for a patient in the study. Neither a post-treatment lateral cephalogram

nor intraoral frontal photograph was received. The patient was treated with clear aligners,
only. No other treatment modalities were recommended. At the end of active treatment (T2),
the patient indicated that he or she was somewhat dissatisfied with the final esthetic result
and very dissatisfied with his or her ability to chew. The patient would not recommend the
treatment that he or she received to a friend with a similar malocclusion. Open-ended
responses describe a residual openbite and difficulty incising food. Despite this result, the
patient was “extremely satisfied with (the) office staff’.
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Figure 3.
Pre- and post-treatment records for a patient in the study. With treatment, the overbite

increased from —2.9mm to 0.1mm. The POSI score decreased from 2 to 1, signifying that the
openbite was not successfully closed. The patient was treated with clear aligners, only. This
was the primary recommendation. The practitioner also recommended full-fixed appliances
and full-fixed appliances with TADs. At the end of active treatment (T2), the patient
indicated that he or she was somewhat dissatisfied with the treatment provided and very
dissatisfied with his or her ability to chew. The patient would not recommend the treatment
that he or she received to a friend with a similar malocclusion. Open-ended responses
describe improved esthetics, but elevated temporomandibular dysfunction symptoms. No
statement was included about the residual openbite.
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Figure 4.
Pre- and post-treatment records for a patient in the study. With treatment, the overbite

increased from —2.5mm to 2.4 mm. The POSI score decreased from 6 to 0, signifying that
the openbite was successfully closed. The patient was treated with full-fixed appliances and
orthognathic surgery. Despite a successful result, the patient indicated that he or she was not
satisfied with his or her ability to chew at the end of treatment.
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Figure 5.
Pre- and post-treatment intraoral frontal photographs for a patient in the study. The openbite

was closed and the patient was satisfied with treatment. However, the patient expressed
minor misgivings about the final esthetics result, specifically the black triangles.

Am J Orthod Dentofacial Orthop. Author manuscript; available in PMC 2021 December 01.



1duosnuey Joyiny 1duosnuepy Joyiny 1duosnuepy Joyiny

1duosnuey Joyiny

Finkleman et al.

Page 21

Figure 6.
Pre- and post-treatment intraoral frontal photographs for a patient in the study. The openbite

was not successfully closed, but the patient was still satisfied with treatment. In his or her
words, the openbite “was closed as much as possible”.
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Patient demographics

N %
Sex (N = 253)
Male 64  25%
Female 189 75%
Age, years (N = 253)
18-20 43 1%
21-30 106  42%
31-40 58 23%
241 46  18%
Race and Ethnicity (N = 253)
White/Caucasian 146  58%
Black/African-American 23 9%
Asian 24 9%
Multirace 8 3%
Hispanic 52  21%
Previous Orthodontic Treatment (N = 253)
Yes 106 42%
No 147 58%
Insurance Coverage
None 54  21%
Yes - does not cover ortho or Og Sx 64  25%
Yes - covers ortho, but not Og Sx 74 29%
Yes - covers Og Sx 62 24%
Education Level (N = 253)
High school graduate or less 45 18%
Some college or associate degree 79  31%
Bachelor degree 84 33%
Graduate degree 45 18%

*
N = 254, unless indicated otherwise
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Practitioner demographics

N %
Status
Orthodontist 82 98%
General practitioner 2 2%
Sex
Male 61 73%
Female 23 21%
Age, years
<45 32 38%
45 - 54 24 29%
55 - 64 23 2%
265 5 6%
Race and Ethnicity (N = 83)
White/Caucasian 52 63%
Asian 19 23%
Multirace 2 2%
Hispanic 10 12%
Network Region
West 34 41%
Midwest 8 10%
Southwest 16 19%
South Central 6 7%
South Atlantic 9 1%
Northeast 11 13%

*
N = 84, unless indicated otherwise
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Recommend treatment and treatment success according to whether NOT satisfied on some aspect of treatment

and/or result

ALL Not satisfied
N=248 Row1 % p2
Recommend Treatment 0.056
Would 240 3%
Would not 6 83%
Patient: OB Closed 0.2
Yes 236 3%
No 11 18%
Dentist: OB Closed 0.4
Yes 228 4%
No 20 10%
OB > 0mm 0.4
Yes 211 3%
No 16 6%
POSI =0 0.4
Yes 190 3%
No 38 5%

1 . . .
Percents are “row” %s, namely, the proportion of the “outcome” treatment (column heading) for that treatment comparison.

P-values are adjusted for clustering of patients within practitioners using generalized estimating equations
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Treatment performed according to whether NOT satisfied on some aspect of treatment and/or result

Table 5.

ALL Not satisfied
N=248 N=10 Rowl % p2'3
Primary Treatment Rendered NE
Aligners only 29 2 7%
Fixed appliances, no TADs or surger 148 4 3%
TADs, no surgery 20 0 0%
Surgery 51 4 8%
Surgery NE
No 197 6 3%
Yes 51 4 8%
Extractions NE
No 202 10 5%
Yes 46 0 0%
Treatment Duration, months NE
<17 56 3 5%
17-22 55 1 2%
23-29 72 2 3%
230 61 4 7%

1 . . .
Percents are “row” %s, namely, the proportion of the “outcome” treatment (column heading) for that treatment comparison.

P-values are adjusted for clustering of patients within practitioners using generalized estimating equations

3NE: Not estimable
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Patient demographic characteristics according to whether NOT satisfied on some aspect of treatment and/or

result

ALL Not satisfied

N=248 N=10 Rowl % p2’3
Sex NE
Male 63 1 2%
Female 184 5%
Adge, years NE
18-20 39 1 3%
21-30 105 5 5%
31-40 57 3 5%
241 46 1 2%
Race and Ethnicity NE
White/Caucasian 143 7 5%
Black/African-American 21 0 0%
Asian 24 1 4%
Multirace 8 1 12%
Hispanic 51 1 2%
Insurance Coverage NE
None 54 2 4%
Yes - does not cover ortho or Og Sx 63 5 8%
Yes - covers ortho, but not Og Sx 72 1 1%
Yes - covers Og Sx 59 2 3%
Education Level NE
High school graduate or less 40 1 2%
Some college or associate degree 79 1 1%
Bachelor degree 84 4 5%
Graduate degree 44 4 9%
Prior Orthodontic Treatment NE
No 144 5 3%
Yes 103 4 4%

1 . . .
Percents are “row” %s, namely, the proportion of the “outcome” treatment (column heading) for that treatment comparison.

P-values are adjusted for clustering of patients within practitioners using generalized estimating equations

3NE: Not estimable
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