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ABSTRACT

Objectives: To compare the sagittal position of the lower incisors and facial profi le esthetics among sagittal 
and vertical pattern. 

Materials and Methods: This comparative study on 229 participants at deparment of Orthodontics, Armed 
Forcers Institute of Dentistry, Combined Military Hospital, Rawalpind. Patients aged 20–30 years with no 
history of orthodontic treatment and a complete dentition up to the second permanent molars were included, 
while those with dental anomalies, craniofacial deformities, or a history of head and neck trauma or surgery 
were excluded. Pretreatment lateral cephalograms were obtained, and age and gender were recorded from 
patient fi les. Facial growth patterns were assessed using the SN-MP angle, facial profi le convexity using 
Merrifi eld’s Z-angle, and lower incisor inclination using the IMPA. Student t-test and ANOVA were used to 
compare lower incisor inclination and facial profi le among vertical and sagittal patterns.

Results: Males were 95 (41.5%).  IMPA was signifi cantly higher in the high-angle (100± 9.9) than in the 
low-angle group (94.8±15.320) (p = 0.004), while the Z angle was signifi cantly lower in the high-angle 
(66.02±7.880) than in the low-angle group (72.07 ± 11.35) (p < 0.001). Signifi cant diff erences in IMPA and 
Z angle across skeletal classes (p < 0.001), with Class II showing the highest IMPA (108.68 ± 5.54) and 
lowest Z angle (64.59 ± 7.510), while Class III had the lowest IMPA (66.88 ± 6.630) and highest Z angle 
(90.12 ± 5.970).

Conclusion: High-angle participants had more proclined lower incisors and a retrusive profi le, while Class 
II showed the most proclined incisors and fl attest profi le.
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Orginal Article

INTRODUCTION

Facial profi le convexity, an important aspect of 
craniofacial aesthetics, indicates the sagittal relation 
between jaws, commonly evaluated through the 
Z-angle; lower values signify a higher degree of 

convexity, characteristic of skeletal Class II malre-
lation1. Skeletal Class III malocclusions are linked to 
more pronounced Z-angles and a protruded mandible 
position2. Vertical growth patterns aff ect craniofacial 
structures, with hypo divergent growth leading to 
decreased mandibular plane angles, a lower facial 
height, and increased prominence of the mandible, 
frequently enhancing the profi le's concavity in skele-
tal Class III malocclusions3. Growth patterns that are 
hyper divergent, noted for greater mandibular plane 
angles and extended lower facial heights, contribute 
to facial convexity and are frequently associated with 
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Non-probability consecutive sampling was used. The 
sample size was determined using OpenEpi software, 
with 5% margin of erros, a design eff ect  equal to 1, a 
population size of 1000, and an anticipated frequency 
of 75.6%.11  

The inclusion criteria were patients having age 
from 20 to 30 years with no previous history of 
orthodontic care and a complete set of teeth up to 
the second permanent molars. The exclusion criteria 
included patients with a history of previous ortho-
dontic treatment, dental anomalies related to form, 
structure, number, or development, craniofacial 
deformities, facial asymmetry exceeding 2 mm of 
Menton point deviation from the mid-sagittal plane, 
cleft lip and/or cleft palate, genetic syndromes, his-
tory of trauma, or surgical history in the orofacial 
region. These data were recorded from patient fi les.

The study procedure involved obtaining pre-
treatment lateral cephalograms of patients from the 
department. Age and gender were recorded from 
patient fi les. To ensure accuracy, two operators traced 
the cephalograms on paper  mad up of acetate with 
a lead pencil. Facial growth patterns were assessed 
by measuring the sella-nasion to mandibular plane 
(SN-MP) angle, formed by the intersection of the 
sella-nasion line and the mandibular plane. Based on 
this measurement, participants were categorized into 
three groups: normal divergent (28° ± 5°), hypodiver-
gent (<25°), and hyperdivergent (>33°).12 The facial 
profi le convexity was assessed using Merrifi eld’s 
Z-angle, which is formed by the intersection of the 
Frankfort horizontal (FH) plane and a line connecting 
the soft tissue pogonion to the most prominent point 
of the lips (Labrale Superior or Labrale Inferior). Its 
normal range is 70–80°.¹² The position of mandibular 
incisors was evaluated using the incisors-mandibu-
lar-plane angle (IMPA), defi ned as the angle between 
the long axis of the mandibular central incisor and 
the mandibular plane, with a normal range of 90° ± 
5°.12 (Fig 1)  Inter-observer reliability was assessed 
on 10 cases using a paired t-test, and results were 
reliable(p = 0.91).

The data was analyzed using SPSS 26. Quanti-
tative variables are presented as Mean ± SD, while 
qualitative variables are represented as frequencies 
and percentages. Independent samples t-tests and 
ANOVA were conducted to assess the relationship 
and compare lower incisor inclination and facial pro-

skeletal Class II discrepancy4. 

The sagittal alignment of the lower incisors 
is crucial in developing orthodontic treatment                   
plans5. The positioning of lower incisors in the sag-
ittal plane infl uences facial aesthetics, with protruded 
incisors in hyperdivergent Class II cases serving as 
compensation for skeletal mismatches, while retro-
inclined incisors in hypo divergent Class III cases 
exacerbate concave facial profi les6. Cephalometric 
parameters such as FMIA, IMPA, and Z-angle eval-
uate the positioning of incisors, with optimal values 
of FMIA (65°) and Z-angle (80°) associated with 
aesthetically pleasing facial proportions in Class I or 
slight Class II malocclusions7,8. Tweed highlighted 
that for instances of class I, II malocclusion, and 
bimaxillary protrusion, a value of 90◦ ± 5◦ for the 
IMPA angle is suggested to attain harmonious facial 
aesthetics9. Margolis was the pioneer in examining 
the connection between the mandibular incisor's long 
axis and the mandible's base, a relationship referred 
to as incisor-mandibular plane angle10.

Skeletal and dental characteristics exhibit signif-
icant variation across diff erent ethnic groups, which 
can profoundly infl uence orthodontic diagnosis and 
treatment planning. Despite this, there is a lack of 
region-specifi c research examining the interplay be-
tween the inclination of lower incisors, facial profi le 
esthetics, and underlying skeletal patterns in our 
local population. Understanding these relationships 
is crucial for developing accurate and individualized 
treatment strategies. This study aims to fi ll this gap by 
providing localized data on the sagittal position of the 
lower incisors and its correlation with facial profi le 
esthetics across various sagittal and vertical skeletal 
patterns. The fi ndings are expected to enhance evi-
dence-based clinical decision-making tailored to the 
unique characteristics of our population.

The present study aimed to compare the sagittal 
position of the lower incisors and facial profi le es-
thetics among sagittal and vertical pattern.

MATERIALS AND METHODS

This comparative cross-sectional investigation 
was conducted on 229 participants in the Orthodon-
tics Department, Armed Forces Institute of Dentistry 
,Combined Military Hospital Rawalpindi, from 
January to June 2023, following approval from the 
Institutional Ethical Review Board (918/Trg/23). 
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fi le among vertical and sagittal patterns, respectively. 
A p-value of <0.05 was considered the signifi cance 
threshold.

RESULT

Of total 229 participants, 95 (41.5%) were 
males and 134 (58.5%) were females. In the 20–25 
age group, 122 (53.3%) participants were in the 
low-angle group, compared to 75 (32.8%) in the 
high-angle group (p = 0.201), while the 26–30 group 
had an equal distribution of 16 (7.0%) in both cat-
egories. Among males, 60 (26.2%) were low-angle 
and 35 (15.3%) were high-angle, while for females, 
78 (34.1%) were low-angle and 56 (24.5%) were 
high-angle (p = 0.451). No signifi cant diff erences 
were observed. Skeletal classifi cation showed no 
signifi cant association with gender (p = 0.46) or age 
(p = 0.30). Among males, 46 (20.1%) were Class I, 
36 (15.7%) Class II, and 13 (5.7%) Class III. Among 
females, 64 (27.9%) were Class I, 58 (25.3%) Class 
II, and 12 (5.2%) Class III. In the 20–25 age group, 
94 (41.0%) were Class I, 79 (34.5%) Class II, and 
24 (10.5%) Class III, while the 26–30 group had 16 
(7.0%) in Class I, 15 (6.6%) in Class II, and 1 (0.4%) 
in Class III. (Table I)

Independent samples t-test was used to compare 
lower incisor inclination and facial profi le between 
high- and low-angle groups. The mean IMPA was 
signifi cantly higher in the high-angle group (100.00 

Table 1: Distribution of age and gender across both vertical patterns and skeletal classes

Parameter Variable
Vertical Pattern

p-value
Skeletal Class

p-value
Low (n, %) High (n, %) Class I (n, %) Class II (n, %) Class III (n, %)

Gender
Male 60 (26.2%) 35(15.3%)

0.451
46 (20.1%) 36 (15.7%) 13 (5.7%)

0.460
Female 78 (34.1%) 56(24.5%) 64(27.9%) 58 (25.3%) 12 (5.2%)

Age Group
20–25 years 122 (53.3%) 75(32.8%)

0.201
94 (41.0%) 79(34.5%) 24(10.5%)

0.300
26–30 years 16 (7.0%) 16 (7.0%) 16 (7.0%) 15 (6.6%) 1(0.4%)

± 9.91) than in the low-angle group (94.80 ± 15.32) 
(p = 0.004, 95% CI: -8.81 to -1.66). Similarly, the 
Z angle was signifi cantly lower in the high-angle 
group (66.02 ± 7.88) compared to the low-angle 
group (72.07 ± 11.35) (p < 0.001, 95% CI: 3.35 to 
8.74). (Table II)

ANOVA revealed signifi cant diff erences in lower 
incisor inclination and facial profi le across skeletal 

Table 2: Comparison of lower incisor position inclination and facial profi le among high and low angle  (N=227)

Variables Low angle (N = 138) Mean (SD) High  (N = 91) Mean (SD) p-value 95% CI for Mean Diff erence

IMPA 94.80 (15.32) 100.00 (9.91) 0.004 -8.81, -1.66

Z angle 72.07 (11.35) 66.02 (7.88) <0.001 3.35, 8.74

Table 3: Comparison of lower incisor position inclination and facial profi le among skeletal class malocclusion (N=229)

Variables Class I (N=110) Class II(N=94) Class III(N=25) p

IMPA (degree) 93.62 (4.13) 108.68(5.54) 66.88(6.63) <0.001

Facial profi le - Z angle (degree) 69.35(7.62) 64.59(7.51) 90.12(5.97) <0.001

Fig 1: Diagram showing  1: SN-MP, 2: IMPA, and  3: Z 
angle



67

Relationship between sagittal position of lower incisors and facial prof.....

J Khyber Coll Dent, Jun 2025, Vol. 15, No. 2

classes (p < 0.001). The mean IMPA was highest 
in Class II (108.68° ± 5.54), followed by Class I 
(93.62° ± 4.13) and lowest in Class III (66.88° ± 
6.63). Similarly, the Z angle was lowest in Class II 
(64.59° ± 7.51), followed by Class I (69.35° ± 7.62), 
and highest in Class III (90.12° ± 5.97), indicating a 
signifi cant variation in facial profi le across skeletal 
classifi cations. (Table III)

Tukey’s HSD test showed signifi cant diff erences 
in lower incisor inclination and facial profi le among 
skeletal classes (p < 0.001). IMPA was signifi cantly 
higher in Class II than in Class I and lowest in Class 
III. Similarly, the Z angle was lower in Class II than 
in Class I and highest in Class III. These fi ndings 
highlight notable skeletal class variations in incisor 
inclination and facial profi le. (Table IV)

In the adjusted analysis, skeletal malocclusion 
was signifi cantly associated with both IMPA and Z 
angle. Compared to Class I, Class II malocclusion 
showed increased IMPA (β = 15.06, p < 0.001) and 
decreased Z angle (β = -4.76, p = 0.006), indicating 
more proclined incisors and a convex profi le. Class 
III showed reduced IMPA (β = -26.74, p < 0.001) and 
increased Z angle (β = 20.77, p < 0.001), refl ecting 
retroclined incisors and a concave profi le. Gender 
and age group were not signifi cantly associated with 
either outcome. (Table VI)

DISCUSSION

The growth patterns play a crucial role in deter-
mining the positioning of the lower incisors and the 
appearance of the facial profi le, with hyperdiver-
gent cases exhibiting proclined incisors and greater 
convexity. In contrast, hypo-divergent cases show 
reclined incisors and more linear profi les1. Zhang 
et al. (2022) showed that in hyperdivergent cases, 
the proclination of the lower incisors off sets skel-
etal discrepancies, aiding in developing a convex 
profi le13. These results are consistent with those of 
Grippaudo et al. (2013), who demonstrated that ver-
tical growth trends aff ect the placement of incisors 
and the skeletal framework, which directly aff ects 
facial aesthetics14.

Skeletal classifi cation has a notable impact on 
growth patterns and facial characteristics, with Class 
III being related to retroclination of the incisors and 
projection of the mandible. At the same time, Class 
II is connected to proclined incisors, retrusion of 
the mandible, and convex facial profi les15,16. Guo et 
al. highlighted the supportive function of the lower 
incisors in addressing skeletal discrepancies through-
out diff erent vertical growth patterns and skeletal 
classifi cations17,18. Rongo et al. emphasized the in-
teractive relationship between skeletal classifi cations 
and dental compensations, stressing the necessity of 
assessing both elements to attain aesthetic balance8. 
Demographic variables like age and gender did not 

Table 5: Multiple Linear Regression Analysis for IMPA and Z angle

Variable IMPA Z angle

coeffi  cient (β) SE p-value coeffi  cient (β) SE p-value

Intercept 93.62 1.23 <0.001 69.35 1.12 <0.001

Gender (ref: Female ) 2.10 1.75 0.230 1.85 1.42 0.195

Age group (ref: 26–30 ) 1.75 1.90 0.360 -0.92 1.55 0.560

Skeletal Class II (ref: class I) 15.06 1.85 <0.001 -4.76 .73 0.006

Skeletal Class III ref: class I) -26.74 2.97 <0.001 20.77 2.60 <0.001

Table 4: Multiple comparisons of lower incisor position inclination and facial profi le among skeletal class malocclusion 
(N=227)

Variable Groups Mean diff erences 95% CI for Mean diff erences

IMPA (degree)

class I class II -15.05** -16.72,-13.37

class I class III 26.74** 24.10, 29.39

class II class III 41.80** 39.11, 44.48

Z angle (degree)

class I class II 4.75** 2.30, 7.21

class I class III -20.76** -24.63,-16.89

class II class III -25.52** -29.45,-21.59
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demonstrate a considerable eff ect on growth trends, 
emphasizing the importance of skeletal and dental 
indicators, such as Skeletal Class, IMPA, and Z-an-
gle, in infl uencing craniofacial characteristics and 
informing orthodontic assessment and treatment 
strategies19.

The positioning of lower incisors in the sagittal 
plane infl uences facial aesthetics, with protruded 
incisors in hyperdivergent Class II cases serving as 
compensation for skeletal mismatches, while retro-
inclined incisors in hypo divergent Class III cases 
exacerbate concave facial profi les9,10.

These fi ndings emphasize the importance of 
considering both skeletal classifi cation and growth 
patterns in orthodontic treatment planning. Under-
standing how lower incisor position, vertical growth, 
and facial profi le interact can help orthodontists 
design more personalized treatments that improve 
both function and aesthetics.

LIMITATIONS

This study has two key limitations. First, its 
retrospective design limits the ability to establish a 
direct cause-and-eff ect relationship between lower 
incisor positioning and facial aesthetics—longitu-
dinal studies are needed for deeper insights. Sec-
ond, while 2D cephalometric analysis is reliable, it 
does not fully capture soft tissue dynamics. Future 
research using 3D imaging could provide a more 
comprehensive understanding of dental and facial 
aesthetics.

CONCLUSION 

Our fi ndings show that both vertical and skeletal 
classifi cations signifi cantly aff ect lower incisor posi-
tion and facial profi le. Participants with a high-angle 
growth pattern had more forward-tilted lower inci-
sors and a more retrusive facial profi le than those 
with a low-angle pattern. Similarly, individuals with 
Class II skeletal patterns had the most proclined in-
cisors and the fl attest facial profi le, while those with 
Class III had the opposite pattern. These diff erences 
highlight the importance of considering both vertical 
and skeletal relationships when planning orthodontic 
treatment.

REFERENCES

1. Derwich M, Minch L, Mitus-Kenig M, Zoltowska A, 
Pawlowska E. Personalized orthodontics: From the 

sagittal position of lower incisors to the facial profi le 
esthetics. J Pers Med. 2021;11(8):692. doi:10.3390/
jpm11080692. 

2. Nicolay O, Almaidhan A. Orthodontics for esthetic 
dental treatment: Symbiotic eff orts for optimal results. 
In: Raigrodski AJ, ed. Esthetic Oral Rehabilitation with 
Veneers. 1st ed. Cham, Switzerland: Springer; 2020:27-
66. doi:10.1007/978-3-030-41091-9_2.

3. Reyneke JP, Ferretti C. Diagnosis and treatment plan-
ning for orthognathic surgery. Oral Maxillofac Surg. 
2025 Sep 4:927-64. doi: 10.1002/9781119842958.ch7.1.

4. Liaw JJL, Park JH. Orthodontic considerations in hy-
podivergent craniofacial patterns. J World Fed Orthod. 
2024;13(1):18-24. doi:10.1016/j.ejwf.2023.12.007

5. Plaza SP, Reimpell A, Silva J, Montoya D. Relationship 
between skeletal Class II and Class III malocclusions 
with vertical skeletal pattern. Dental Press J Orthod. 
2019;24(4):63-72. doi:10.1590/2177-6709.24.4.063-
072.oar.

6. Nazir DS, Mushtaq DM. Incisor Mandibular plane 
Angle (IMPA), Frankfort Mandibular Plane Angle 
(FMA) and Lower Incisor to A-pog distance, and their 
relation in Diff erent Skeletal Classes. Int J Appl Res. 
2020;6(12):309-14. doi: 10.22271/allresearch.2020.
v6.i12e.8112.

7. Alhammadi MS, Halboub E, Fayed MS, Labib A, 
El-Saaidi C. Facial profi le evaluation and prediction of 
skeletal Class II patients using photographic analysis. 
Head Face Med. 2023;19(1):10. doi:10.1186/s13005-
023-00397-8,

8. Rongo R, Importuna MME, Pango Madariaga AC, 
Bucci R, D’Antò V, Valletta R. Evaluation of incisor 
position in a sample of orthodontic patients. Diagnostics. 
2024;14(18):2062. doi:10.3390/diagnostics14182062,,

9. Hashim HA, Hashim MH, Narasirmhan S. Ethnic dif-
ferences in tweed’s facial triangle: a comparative study 
between sudanese and the major racial classes. Oral 
Health Dent Sci. 2024;8(6):1-6. doi:NA

10. Margolis HI. The axial inclination of the mandibular 
incisors. Am J Orthod Oral Surg. 1943;29(10):571-594. 
doi: 10.1016/S0096-6347(43)90266-2

11. Ariq R, Khan MT, Afaq A, Tariq S, Tariq Y, Khan 
SS. Malocclusion: Prevalence and Determinants 
among Adolescents of Karachi, Pakistan. Eur J Dent. 
2024;18(1):143–153. doi:10.1055/s-0043-1761461.

12. Jacobson A, Jacobson RL. Radiographic cephalome-
try: From basics to 3-D imaging. Am J Orthod Den-
tofacial Orthop. 2006;130(2):256-259. doi:10.1016/j.
ajodo.2007.02.038

13. Zhang X, Zheng J, Deng J. Three-dimensional evalua-
tion of soft tissues in hyper divergent skeletal Class II 
females in Guangdong. BMC Med Imaging.2022;22:56. 



69

Relationship between sagittal position of lower incisors and facial prof.....

J Khyber Coll Dent, Jun 2025, Vol. 15, No. 2

AUTHORS’ CONTRIBUTION

The following authors have made substantial contributions to the manuscript as under: 

Conception or Design:  MH, US, JA, BA, FYA, EA

Acquisition, Analysis or Interpretation of Data: MH, US, JA, BA, FYA, EA

Manuscript Writing & Approval:  MH, US, JA, BA, FYA, EA

All the authors agree to be accountable for all aspects of the work in ensuring that questions related to 
the accuracy or integrity of any part of the work are appropriately investigated and resolved.

CONFLICT OF INTEREST
Authors declare no confl ict of interest.

GRANT SUPPORT AND FINANCIAL DISCLOSURE
None declared.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCom-

mercial 4.0 International License, which permits unrestricted use, distribution & reproduction in any medium 

provided that original work is cited properly.

doi: 10.1186/s12880-022-00782-w.

14. Grippaudo C, Oliva B, Greco AL, Sferra S, Deli R. Rela-
tionship between vertical facial patterns and dental arch 
form in class II malocclusion. Prog Orthod. 2013;14:43. 
doi:10.1186/2196-1042-14-43.

15. Merrifield LL. The profile line is used to aid in 
critically evaluating facial esthetics. Am J Orth-
od. 1966;52(11):804-822. doi:10.1016/0002-
9416(66)90250-8

16. Kang HK, Pangrazio-Kulbersh V, Kaczynski R, Munoz 
A. Treatment change comparisons between skeletal 
Class I and II white adolescents with three diff erent 
vertical divergencies-Part 2: Holdaway diff erence. Am 
J Orthod Dentofacial Orthop. 2024;165(3):357-364. 
doi:10.1016/j.ajodo.2023.10.012.

17. Yan X, Ouyang Y, Tong H. Treatment of a severe skel-
etal Class II malocclusion through growth modifi cation 
and fi xed appliances: A case report. Australas Orthod J. 
2023;39(2):83-95. doi:10.2478/aoj-2023-0027,

18. Guo YN, Cui SJ, Liu Y. Quantitative evaluation of 
vertical control in orthodontic camoufl age treatment 
for skeletal class II with hyper divergent facial type. 
Head Face Med. 2024;20(1):31. doi:10.1186/s13005-
024-00432-2.

19. Godt A, Müller A, Kalwitzki M, Göz G. Angles of facial 
convexity in diff erent skeletal Classes. Eur J Orthod. 
2007;29(6):648-653. doi:10.1093/ejo/cjm073. 


