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Background: Physicians are more likely to examine children than dentists; thus, they may have a significant role in detecting oral and 
dentofacial problems. This study aimed to determine the rate and comprehensiveness of examinations, the rate and quality of referral 
practices, and the predictors of referral practice of physicians regarding orthodontic problems among children.
Methods: In a multi-center cross-sectional study, a total of 518 physicians in Saudi Arabia were subjected to an e-questionnaire of 
four sections: (1) Physicians’ demographic and work-related characteristics; (2) Physicians’ comprehensiveness of oral and ortho-
dontic examinations; (3) Physicians’ referral practices to orthodontists and reasons considered for referral; and (4) Physicians’ sources 
of orthodontic education. Logistic regression analysis was applied to identify the significant predictors of referral practice. The 
significance was set at p < 0.05.
Results: Most physicians reported partial oral (78.5%) and orthodontic (72.2%) examinations, while the full examination was reported 
by only 12% and 2.5% of physicians, respectively. Referral to orthodontists was practiced by most of the physicians (83.8%), yet for 
the majority of them, the quality of referral was poor (40.3%) or fair (46.1%), with only 13.6% who practiced quality referral. Dental 
development issues (53.3%) and functional issues (51.5%) were reported as the main reasons for referral, followed by family/patient 
request (42.9%), dental alignment (42.5%), oral respiratory issues (32.4%), and finally jaw relation (26.1%). Referral practice was 
predicted by the comprehensive oral (OR = 2.37, p = 0.007) and orthodontic (OR = 4.26, p < 0.001) examinations, number of patients 
seen by the physician (OR = 1.58, p = 0.007), and level of training (OR = 1.88, p = 0.03).
Conclusion: Although most physicians reported high rates of examination and referral practices on orthodontic problems among 
children in Saudi Arabia, only a small portion showed comprehensive examinations and quality referral practice. Including dental 
courses in medical curricula and improving oral and orthodontic examination guidelines for physicians are recommended.
Keywords: dentofacial, dental development, malocclusion, pediatrics, orthodontists, multidisciplinary

Introduction
Oral health is an integral part of a child’s overall health and may have significant effects on the general physical and/or 
mental health status. However, it has been shown that physicians’ awareness on oral and dental health is insufficient, and 
medical curricula have not dedicated the needed attention to oral health education.1 Physicians are usually more likely to 
examine children in early life; thus, they may have a significant role in detecting oral and dentofacial problems.2,3

Orthodontic problems are among the significant oral issues which could result from genetic and/or environmental 
factors. These problems may vary from affecting only the teeth (dental) to more severe conditions involving the face and/ 
or jaws (skeletal). Oral habits such as non-nutritive sucking on a thumb, digit, or pacifier, and tongue thrusting may cause 
malocclusion such as protrusion of the maxillary incisors, increase in overjet, lip incompetence, and anterior open bite. 
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Such maxillary incisors protrusion and overjet increase may increase the risk of dental trauma and thus infection besides 
affecting facial appearance and self-esteem.4 Orthodontic problems may impact the child’s quality of life, mental health, 
and psychosocial well-being.5–7 Such problems may significantly increase bullying among children.8

Orthodontic referral and timely treatment may favorably change a child’s life. Early or interceptive orthodontics may 
eliminate factors that impede the normal development of dental arches and/or jaws.9 In certain cases, management for 
dentofacial and/or orthodontic problems should begin early to reduce the case complexity later in life, increase treatment 
efficiency, and improve function (chewing and speech), esthetics, and psychosocial wellbeing.5,9 Orthodontic treatment 
does not only manage dental alignment but also improves oral function, esthetics, and overall dental health by enhancing 
jaw relations and facial orthopedics.3,10 Pediatric patients make up a significant portion of orthodontic patients. 
Therefore, interdisciplinary collaboration between pediatricians and orthodontists is essential.11

Several studies reported that pediatricians showed inadequate knowledge and referral practice regarding orthodontic 
problems in children.7,12–14 A recent study showed that although family physicians in Turkey had adequate orthodontic 
knowledge, their oral and maxillofacial evaluations were suboptimal during routine examinations.15

There is a scientific gap in the literature in Saudi Arabia regarding the physicians’ examination and referral practices 
on orthodontic problems in children. Thus, the aims of this study were; (1) to determine the rate and comprehensiveness 
of oral and orthodontic examinations, (2) to determine the rate and quality of referral practices, and (3) to identify the 
predictors of referral practice of physicians regarding orthodontic problems among children in Saudi Arabia.

Methods
Study Design
This is a national, multi-center, cross-sectional study.

Study Population and Sampling Technique
This study targeted primary care physicians (general practitioners, family physicians, and internists), pediatricians, and 
Ear, Nose, and Throat (ENT) specialists working in primary, secondary, or tertiary healthcare centers in Saudi Arabia. 
This study used convenience sampling and invited eligible participants through social media to participate in the survey. 
The sample of this study included internists because some healthcare facilities in Saudi Arabia have pediatric patients 
evaluated by internists too. Nonetheless, participants were eligible to participate only if they gave an affirmative answer 
to a screening question, “Do you examine pediatric patients (Age = 6–12 Years)?”. In other words, physicians who 
reported not examining pediatric patients with this specified age range were excluded.

As no previous data exist in Saudi Arabia, a prevalence of 50% of physicians performing oral clinical examination 
and referral practice on their pediatric patients was assumed, and a 95% confidence interval and 5% margin of error, the 
minimum sample size required was 378 participants. A non-probability convenience sampling technique was used. 
However, it was considered that all regions of the Kingdom were represented with all targeted specialties of physicians in 
such regions. Those who responded with valid completed questionnaires were 518 physicians (out of a total of 625 
physicians).

Data Collection
An electronic, self-administered questionnaire was structured with inspiration from the survey developed by Koufatzidou 
et al.12 The questionnaire was composed of four main sections as follows: the first section included questions about 
physicians’ demographic characteristics and clinical experience. The second section was about oral examination protocol 
and the type of orthodontic conditions routinely screened; in this s ection, participants were asked if they examine the 
oral cavity (yes/no) of pediatric patients and if a participant gave an affirmative answer to this question, he/she was asked 
follow-up questions on which elements of the oral cavity (six elements) were examined and which orthodontic conditions 
(eight elements) they screen during their oral clinical examination.

Participants were instructed to choose all answers that apply. The levels of examination were categorized as; none, 
partial, and full examination. A brief description was included for the dental terminologies used and a photograph of the 
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clinical presentation of orthodontic conditions to ensure that physicians did not misclassify conditions that they screened 
for because of their dental terminology. For example, the term crossbite was defined as “narrow upper jaw” and a clinical 
photograph of a crossbite was added. The third section inquired about reasons the physicians had considered for referral 
to an orthodontist. The quality of referral to orthodontics was assessed based on the number of reasons each physician 
considered for referral as follows: poor (1–2 reasons), fair (3–6 reasons), and good quality (7 or more reasons). The 
fourth section was about physicians’ sources of education about orthodontics and the role of orthodontists in treating 
malocclusion in children.

The data was collected between the 6th and 13th of August 2022 after receiving ethical approval from the 
Institutional Review Board (IRB) of the Ministry of National Guard Health Affairs (MNGHA), Riyadh, Saudi Arabia 
(Ref#. RSS22R/021/07). An electronic questionnaire was distributed to the targeted physicians. Participation was 
voluntary with informed written consent. The participants’ information was anonymously treated for their privacy and 
confidentiality, no identifiers were collected, and all data were kept in a secure place within Ministry of National Guard 
Health Affairs (MNGHA) premises. A pilot study was conducted on fifteen subjects to test the reliability and feasibility 
of the questionnaire. The questionnaire was assessed in terms of internal consistency. Cronbach’s alpha was computed, 
and a coefficient alpha of 0.81 was considered adequate. Test–retest reliability was also assessed using Cronbach’s alpha 
and Pearson’s correlation coefficient (r). Construct validity of the checklist was assessed using expert opinion, and the 
final version was approved after making the necessary modifications.

Statistical Analysis
SPSS software Ver. 27 was used for data entry and analysis. Descriptive analysis summarized the categorical variables 
using frequency and percentage distribution. The distribution of demographic and clinical characteristics of participants 
across the clinical specialties was compared, and the elements of the oral cavity and the orthodontic conditions that were 
examined by participants were summarized. To summarize the comprehensive list of reasons for referral to an 
orthodontist, the reasons were categorized into six broad categories based on the reason’s type and/or impact.

Pearson chi-square test and chi-square test for linear trend were used to test the association between referral practice 
and each possible independent variable. Odds ratios and corresponding 95% confidence intervals were calculated to 
assess the association between the practice of referral (yes or no) and each demographic and clinical characteristic of 
physicians. Logistic regression analysis was applied to identify the significant predictors of referral practice, with the 
following independent variables; sex, age in years, level of training (ordinal), specialty, years of experience, work sector 
(public versus others), working hours/week, number of patients/week, comprehensiveness of oral examination (ordinal), 
and comprehensiveness of orthodontic examination (ordinal). Significance was set at p < 0.05.

Results
A total of 518 (out of 625) physicians gave an affirmative answer about seeing pediatric patients, within the age range of 
6 to 12 years, in their practices and thus were considered eligible to be included in the current study. Demographic and 
work-related characteristics are shown in Table 1. More than one-half of the participants (287, 55.4%) were males, and 
most of the sample were; between 26 and 35 years of age (399, 77%), general practitioners (224, 43.2%), working in 
public (governmental) healthcare facilities (435, 83.9%), and working between 26 and 50 hours per week (275, 53.1%).

Table 2 shows the responses of 518 physicians in relation to examination of the oral cavity elements and orthodontic 
conditions in pediatric patients. Regarding examination of oral cavity elements, most physicians (407, 78.5%) reported 
partial comprehensive examination (1–5 oral cavity elements), while only 12% (62) reported full comprehensive 
examination of the six oral cavity elements listed. Physicians more often reported examining the oral hygiene (74.9%) 
and oral soft tissues including the mucosa (68.5%) and tongue (67.0%) compared to teeth (27.6%) and jaws (24.7%) 
positions, which were less frequently examined. Looking at the examination of orthodontic conditions, most physicians 
(374, 72.2%) reported partial comprehensive examination (1–7 orthodontic conditions), while only 13 physicians (2.5%) 
reported full comprehensive examination of the eight orthodontic conditions listed. The two orthodontic conditions 
examined the most were missing teeth and oral habits (40.5% each).
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Table 1 Demographic and Clinical Characteristics of 518 
Physicians

No. (%)

Demographic data
Sex
Male 287 (55.4)
Female 231 (44.6)

Age
26–35 399 (77.0)
36–45 75 (14.5)

>45 44 (8.5)
Medical training and clinical experience
Specialty:
General Practice 224 (43.2)
Family Medicine 92 (17.8)

Internal Medicine 33 (6.4)

Pediatrics 137 (26.4)
ENT 32 (6.2)

Level of training
General Practitioner 247 (47.7)
Resident 131 (25.3)

Specialist or Consultant 140 (27.0)

Years at work
1–5 349 (67.4)

6–15 111 (21.4)

>15 58 (11.2)
Work sector
Public 435 (83.9)

Private 40 (7.7)
Both 43 (8.3)

Clinical hours per week
1–25 152 (29.3)
26–50 275 (53.1)

>50 91 (17.6)

Patients per day
1–10 222 (42.9)

11–20 159 (30.7)

21–30 87 (16.8)
>30 50 (9.7)

Table 2 Responses of 518 Physicians About Examination of the Oral 
Cavity Elements and Orthodontic Conditions in Pediatric Patients

No. (%)

A. Examination of oral cavity elements
Oral hygiene 388 (74.9)
Oral mucosa 355 (68.5)

Tongue 347 (67.0)

Teeth (including caries) 300 (57.9)
Teeth position 143 (27.6)

Jaw position 128 (24.7)

(Continued)
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Physicians’ responses regarding reasons considered for referral to orthodontists showed remarkable variations 
(Table 3 and Figure 1). Dental development issues, which included early tooth loss, delayed teeth eruption or change, 
and missing teeth, were reported by 53.3% of the physicians as the main reason for referral. Similarly, functional issues, 
which included jaw deviation, temporomandibular joint (TMJ) sounds, biting difficulty, and sleep grinding, were 
considered as the second most frequent reason for referral by almost half of the physicians (267, 51.5%). However, 
jaw relation issues which included prognathism, retrognathism, and facial asymmetry were considered for referral by 
only 135 (26%) of the physicians. Mouth breathing, snoring, and obstructive sleep apnea were categorized as respiratory 
issues and were considered by about one-third (32%, 168) of the physicians. Regarding the issues related to dental 
alignment: crowding, spacing, open bite, deep bite, and crossbite, 42.5% (220) of the participants considered it as 

Table 2 (Continued). 

No. (%)

Comprehensiveness of oral examination
None 49 (9.5)
Partial 407 (78.5)

Full 62 (12.0)

B. Examination of orthodontic conditions
Crowding 170 (32.8)

Crossbite 103 (19.9)

Overbite 102 (19.7)
Missing teeth 210 (40.5)

Spaces between teeth 117 (22.6)

Prognathism 116 (22.4)
Retrognathism 122 (23.6)

Oral Habits 210 (40.5)

Comprehensiveness of orthodontic examination
None 131 (25.3)

Partial 374 (72.2)

Full 13 (2.5)

Table 3 Reasons Considered for Orthodontic Referral 
by 518 Physicians

No. (%)

Reasons for referral
A. Dental development issues 276 (53.3)
○ Early tooth loss 121 (23.4)

○ Delayed teeth eruption 170 (32.8)

○ Delayed teeth change 76 (14.7)
○ Missing teeth 114 (22.0)

B. Functional issues 267 (51.5)

○ Difficulty in biting 124 (23.9)
○ Sounds from TMJ* 120 (23.2)

○ Jaw deviation (mouth closing) 146 (28.2)

○ Grinding teeth while sleeping 79 (15.3)
C. Respiratory issues 168 (32.4)

○ Mouth breathing 108 (20.8)

○ Snoring 106 (20.5)
○ Obstructive sleep apnea 100 (19.3)

(Continued)
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a reason for referral to an orthodontist; referral upon patient or family request showed a similar frequency (42.9%, 222). 
Referral to orthodontists was practiced by most of the physicians (83.8%), yet for the majority of them, the quality of 
referral was poor (40.3%) or fair (46.1%), with only 13.6% practicing good quality referral.

Table 4 shows the rate of orthodontic referral practice by physicians according to some demographic and work-related 
characteristics. The bivariate analyses showed a statistically significant association between referral practice and level of 
training, work sector, and number of patients seen per week (P < 0.05 each). More specifically, specialists had 
significantly higher odds of considering referral compared to general practitioners (OR = 2.17, p = 0.015). Moreover, 
physicians working in the private sector besides their work in public institutions were more than four times more likely to 
consider orthodontic referral compared to those working in public institutions only (OR = 4.48, p = 0.026). Also, more 
than a two-fold increase was detected in the odds for considering referral for those who see more than 20 patients per 
week (OR = 2.44, p = 0.025) and more than 30 patients (OR = 2.84, p = 0.048) compared to those who see only 1–10 
patients weekly.

Table 3 (Continued). 

No. (%)

D. Dental alignment issues 220 (42.5)

○ Teeth crowding 144 (27.8)
○ Crossbite 92 (17.8)

○ Overbite 77 (14.9)

○ Spaces between teeth 88 (17.0)
E. Jaw relation issues 135 (26.1)

○ Prognathism 115 (22.2)

○ Retrognathism 112 (21.6)
○ Face/teeth asymmetry 167 (32.2)

F. Family or Patient Request 222 (42.9)

G. No referral 84 (16.2)
Quality of referral
Poor 175 (40.3)

Fair 200 (46.1)
Good 59 (13.6)

Abbreviation: TMJ, temporomandibular joint.

26.1

32.4

42.5

42.9

51.4

53.2

0 10 20 30 40 50 60

Jaw relation

Oral respiratory issues

Dental alignment

Family/patient request

Functional issues

Dental development

%

Figure 1 Reasons to consider for orthodontic referral as reported by the physicians.
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Figure 2 shows the association between the levels of oral and orthodontic examinations and the practice of referral to 
orthodontists by physicians. As the levels of comprehensiveness of oral examination rise, there is a significant rise in the 
rate of referral (Chi-square for linear trend = 26.84, p < 0.001). Likewise, physicians who carry out a more comprehensive 
orthodontic examination showed a significantly higher rate of referral to an orthodontist (Chi-square for linear trend = 
45.27, p < 001). After adjusting for all possible confounders using logistic regression analysis in Table 5, this association 
between the levels of comprehensiveness of oral (OR = 2.37, p = 0.007) and orthodontic (OR = 4.26, p < 0.001) 
examinations remained significant. Other significant predictors of referral practice to orthodontists were the number of 
patients seen by the physician (OR = 1.59, p = 0.006), and the level of training (OR = 1.88, p = 0.030).

Figure 3 shows the main source of orthodontic education reported by 518 physicians. Less than half (47%) of 
physicians reported that the general medical degree was a main source for their orthodontic background.

Table 4 Prevalence of Orthodontic Referral by Physicians According to Some Characteristics

Referral OR (95% CI) p-value
No. (%)

Total 434 (83.8)

Sex
Male 242(84.3) 1@

Female 192 (83.1) 0.99 (0.91–1.06) 0.71

Age (years)
26–35 329 (82.5) 1@

36–45 67 (89.3) 1.78 (0.82–3.88) 0.14

>45 38 (86.4) 1.35 (0.55–3.51) 0.51

Training
GP$ 199 (80.6) 1@

Resident 109 (83.2) 1.20 (0.69–2.08) 0.53

Specialist 126 (90.0) 2.17 (1.15–4.10) 0.015*
Specialty
GP$ 183 (81.7) 1@

Family Medicine 77 (83.7) 1.15 (0.60–2.20) 0.67
Internal Medicine 27 (81.8) 1.01 (0.39–2.60) 0.99

Pediatrics 118 (86.1) 1.39 (0.77–2.51) 0.27

ENT 29 (90.6) 2.17 (0.63–7.45) 0.21
Work Sector
Public 357 (82.1) 1@

Private 36 (90.0) 1.97 (0.68–5.69) 0.20
Both 41(95.3) 4.48 (1.06–18.91) 0.026*

Number of patients/weeks
1–10 178 (80.2) 1@

11–20 131 (82.4) 1.16 (0.68–1.96) 0.59

21–30 79 (90.8) 2.44 (1.15–5.43) 0.025*
>30 46 (92.0) 2.84 (0.97–8.32) 0.048*

Working hours/week
1–25 127 (83.6) 1@

26–50 228 (82.9) 0.96 (0.56–1.63) 0.87

>50 79 (86.8) 1.30 (0.62–2.73) 0.49

Years of experience
1–5 284 (81.4) 1@

6–15 98 (88.3) 1.73 (0.91–3.27) 0.09

>15 52 (89.7) 1.98 (0.82–4.82) 0.12

Notes: $GP, General practitioner; @ reference category; *Statistical significance.
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Discussion
The results of this study indicate that there was a great variability among physicians regarding the examination and referral 
practices on orthodontic problems among children in Saudi Arabia, with an overall lack of comprehensive examinations, and 
low quality of referral practice. Although previous studies reported that pediatricians showed inadequate knowledge and 
referral practice regarding orthodontic problems in children,7,12–14 there is a scientific gap in the literature in the region of 
Saudi Arabia regarding this issue. The results of a significant variability in oral and orthodontic examinations considered by 
physicians are in agreement with previous similar studies.12,14 It was more meaningful to look at the result more critically in 
this study rather than withdrawing generalized conclusions. Therefore, the level of comprehensiveness of examination was 
determined for each: oral cavity elements and orthodontic conditions (none, partial, or full) as shown in Table 2. A significant 
proportion of the physicians reported that they do not perform an examination of the oral cavity or orthodontic conditions on 
a usual basis, 9.5% and 25.3%; respectively. These findings are similar to those reported by Maden and Eker who found that 

0 20 40 60 80 100

None

Partial

Full

59.2

84.8

96.8

64.9

89.8

100

Referral rate (%)

Ex
am

in
at

io
n

Orthodontic exam. (p<0.001) Oral exam. (p<0.001)

Figure 2 Association between the comprehensiveness of oral /orthodontic examinations and the rate of referral.

Table 5 Predictors of Orthodontic Referral by Physicians

Predictors B S.E. Sig. OR 95% C.I.

Lower Upper

Sex (Male# vs female) −0.043 0.27 0.87 0.96 0.565 1.63
Age in years −0.651 0.45 0.15 0.52 0.217 1.26

Training (ordinal) 0.631 0.29 0.03* 1.88 1.06 3.32

Specialty 0.39
○ Family Medicine 0.015 0.74 0.98 1.02 0.24 4.33

○ Internal Medicine −0.87 0.73 0.24 0.42 0.10 1.77

○ Pediatrics −0.29 0.83 0.73 0.75 0.15 3.80
○ ENT −0.20 0.70 0.78 0.82 0.21 3.26

Years of experience 0.26 0.46 0.57 1.30 0.53 3.18

Work sector (Public versus others#) 0.58 0.48 0.23 1.78 0.69 4.58
Working hours/week −0.22 0.22 0.31 0.81 0.53 1.23

Number of patients per week 0.46 0.18 0.007* 1.58 1.13 2.19

Level of oral cavity examination (ordinal) 0.86 0.32 0.007* 2.37 1.26 4.44
Level of orthodontic examination (ordinal) 1.45 0.28 <0.001* 4.26 2.46 7.39

Constant −0.96 0.98 0.33 0.38

Notes: #, reference category; *Statistical significance.
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28.9% of pediatricians in Turkey did not perform an oral examination for malocclusion.7 Also, 17% of pediatricians in 
Gujarat, India, reported that they do not examine the oral cavity in another study.14 Maden and Eker7 reported that although 
a majority of the pediatricians did not have the pertinent knowledge and practice to perform complete oral and orthodontic 
examinations, they were aware that pediatricians have an important role in the prevention of parafunctional oral habits and 
orthodontic problems. This is in accordance with the present finding of the low percentage of physicians who reported full 
examination of oral or orthodontic conditions, 12% and 2.5%, respectively.

Looking at oral cavity element examination, physicians more often reported examining the oral hygiene and oral soft 
tissues including the mucosa and tongue compared to teeth and jaw positions, which were less frequently examined. 
Similar findings were reported in the previous surveys done in India and Greece.12,14 Also, Buyuk et al15 showed that 
family physicians in Turkey reported higher rate of oral cavity evaluation during routine examination (59.25%) compared 
to teeth (36.75%) and jaw (30.75%) positions.

Less than one-half of the physicians in this study (40.5%) reported that they conduct examination for parafunctional 
oral habits on a usual basis such as finger sucking, pen biting, lip trap, tongue thrust, and so on. Similarly, 43.4% of 
pediatricians in Turkey reported they evaluate their patients for oral habits, while 88% of pediatricians in India and 95% 
of pediatricians in Greece reported they actually do.7,12,14 It is worth mentioning that the design of these previous studies 
targeted pediatricians only and had smaller sample sizes compared to the present study.

The interesting finding after analyzing the referral reasons was that the high rate of referral to an orthodontist was 
83.8% considering at least one reason for referral, yet less than 2% of physicians reported referral to an orthodontist for 7 
or more reasons (quality referral) and 16.2% reported no referral at all for any of the listed reasons (poor quality). This 
may enlighten the fact that a significant percentage of physicians underestimates the importance of orthodontics to help 
with obtaining optimal oral and general health in children. The literature presented the significant role of dentists 
especially orthodontists dealing with the consequences of respiratory issues such as mouth breathing, snoring, and 
obstructive sleep apnea;16 however, only 32.4% of physicians reported considering respiratory issues for orthodontic 
referral in the present study and only 24% of pediatricians in Greece reported referral for mouth breathing or snoring.12 

Jaw relation issues which included prognathism, retrognathism, and facial asymmetry as reasons for referral to an 
orthodontist were considered by only 26% of the physicians in the present study; however, it was more frequently 
reported (>50%) in the previous surveys done in India and Greece.12,14

47%

13%

13%

10%

16% 1%

General Medicine Degree Postgraduate education
Continuing education Colleagues
None Family Members

Figure 3 The main source of orthodontic education reported by 518 physicians.
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A remarkable finding was the significant positive association between the level of comprehensiveness of oral and 
orthodontic examinations and the rate of referral practice (Figure 2). As the level of comprehensiveness of examination 
increases, the rate of pediatric patient referral to an orthodontist increases significantly, meaning that, physicians who carry out 
a more comprehensive examination showed significantly higher quality of referral to an orthodontist, which may help with 
more effective interdisciplinary management. Other significant predictors of referral practice to orthodontists were the number 
of patients seen by the physician (OR = 1.58, p = 0.007) and the level of training (OR = 1.88, p = 0.03). These predictors imply 
that higher training and experience may enhance orthodontic referral and interdisciplinary care. Therefore, shedding light on 
the importance of improving physicians’ knowledge and awareness. Buyuk et al15 also reported in a recent study that family 
physicians with an experience of more than five years had an increase in referral rate to orthodontists by 17%.

It was interesting that “family members” was selected as the second main source of physicians’ orthodontic knowl-
edge (16%) following the general medical degree, which was selected by 47% of physicians. This may illuminate the fact 
of lack of adequate education in this area during medical training. Maxey et al17 showed that providing adequate training 
to primary care physicians helped to expand their roles in integrated healthcare delivery models through better 
identification of oral health issues.

Limitations
The results of this study are credible and new for this geographic area, showed relatively reasonable and significant 
results, and provide advances in this field. However, it has some limitations. Since the study relied upon a self-reported 
questionnaire, its results are liable to recall bias, as some of the physicians may have responded more favorably regarding 
their examination and referral practices to appear more comprehensive than their actual practice. Also, the study is 
subjected to non-responder’s bias, as some of the non-responders might have had different answers than those of the 
responders and this might have had an implication for the generalizability of the study findings. The cause-and-effect 
relationship between the predictors of orthodontic referral (as an exposure) and the levels of oral cavity and orthodontic 
conditions (as an outcome), because of its cross-sectional design. Moreover, study results may not truly represent the 
entire population of the study region, and its generalization may suffer from reporting bias. Lastly, since the survey was 
conducted via the internet, it could result in selection bias, especially that the sample was over-representative of well- 
educated people and those who have internet access.

Conclusion
● The results of this study indicate that there was a great variability among physicians regarding the examination and 

referral practices on orthodontic problems among children in Saudi Arabia, with an overall lack of comprehensive 
examinations.

● Although most physicians reported high rates of examination and referral practices on orthodontic problems among 
children in Saudi Arabia, only a small portion showed comprehensive examinations and quality referral practice.

● Physicians with more comprehensive oral and orthodontic examination showed significantly higher quality of 
referral.

● The inclusion of dental courses in medical curricula and an improvement of oral and orthodontic examination 
guidelines for physicians are recommended to establish more effective and holistic management of pediatric patients.
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