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Abstract
Background
Understanding the anatomical relationship between the maxillary sinus floor (MSF) and the posterior maxillary teeth (PMT) is important when planning the orthodontic intrusion of the posterior teeth. This study aimed to determine the vertical relationship between posterior maxillary teeth and maxillary sinus floor in different skeletal classes in the Chinese adult population.

Methods
This is a retrospective cross-sectional study involved cone beam computed tomography images of 298 adult patients (145 males and 153 females) between 20 and 45 years old. The sample was categorized according to A point, Nasion, B point (ANB) angle into 102 Class I, 102 Class II, and 94 Class III malocclusion. Non-parametric Wilcoxon Mann–Whitney U and Kruskal–Wallis tests were used to compare the studied groups. The Intra-class Correlation Coefficient (ICC) was used to assess the intra- and inter-observer reliability analysis.

Results
Overall, there was a statistically significant difference in the mean distance between both genders (P < 0.001). The measured distance increased with age in all posterior tooth roots (P < 0.001). The root apex in the sagittal view appeared to be closer to the maxillary sinus than in the coronal view; 2.2 ± 4.3 and 3.1 ± 5.5 mm, respectively. The most frequent root scores were Type 1 and Type 2P. In both sagittal and coronal views, Class I demonstrated a higher Type 2P prevalence, whereas Class III showed a lower prevalence. The second molars’ mesiobuccal root had the largest number of penetration in the three examined skeletal classes.

Conclusions
Maxillary molars of Class I malocclusion with the majority of Type 2P root-sinus relationship have the highest possible risk of root resorption during molar intrusion due to cortical bone encroachment, while Class III malocclusion showed the least possible risk.
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The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s13005-022-00316-3.
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Background
The maxillary sinus (MS) is the largest bilateral pyramid-shaped air sinus located in the body of the maxilla. It varies in shape, size, and position on different sides with intra- and inter-individual variations [1]. The maxillary sinus (MS) is the crucial anatomic structure related to the root apices of the posterior maxillary teeth (PMT) and the nasal cavity. The maxillary alveolar process forms the sinus floor, which is located 5 mm below the nasal floor when an individual is about 20 years old [2]. Malocclusions are considered a three-dimensional (3D) problem that requires evaluation in the three planes: (1) anteroposterior, (2) vertical, and (3) transverse planes [3, 4]. Skeletal open bite malocclusion is considered the most challenging malocclusion with respect to its treatment as well as stability [5]. One of the most common protocols to correct this malocclusion is by intruding posterior maxillary teeth [6]. Two main limiting factors for such treatment that might result in apical root resorption of the intruded teeth exist: (1) concentrated orthodontic force over a small apical surface area and, (2) proximity of the teeth to the maxillary sinus with its cortical bone lining.
The maxillary sinus is considered to be an anatomical obstacle for orthodontic tooth movement in both the anteroposterior and vertical directions. Previous research has shown that MS volume pneumatization is not a persistent condition but rather a metabolic process that increases by the age of 12 years and reaches its lowest point around the age of 20 with the complete eruption of the maxillary third molars [7]. The maxillary sinus floor may extend between the posterior maxillary root apices, or sometimes the apices may penetrate into the sinus cavity [8]. However, on histological sections, a thin cortical layer surrounds most of the roots that extend into the sinus, and true perforation rates range from 14–28% [9]. When the posterior teeth intrusion is planned, understanding the anatomical correlation among the posterior maxillary teeth and the maxillary sinus floor (MSF) is important because the close proximity of the two may result in root resorption or delay movement of the tooth during orthodontic intrusion mechanics [10, 11]. The risk of root resorption depends on several factors which including but not limited to the genetic predisposition, the level of the applied force, the surrounding bone anatomy, and the exact distance between the root apex and the cortical bone lining the maxillary sinus.
The distance between the posterior maxillary teeth and the maxillary sinus floor (sinus–apex distance [SAD]) has been evaluated in some studies. Jung et al [12] found that in a sample of Koreans, the maxillary second molars’ mesiobuccal roots were considered the nearest to the sinus floor; however, they did not study age and gender correlations. Von Arx et al. [13] measured the distances between the maxillary sinus and the maxillary premolars’ roots in a Swiss sample and reported that the presence or absence of premolars, gender, age, and side had no significant effects on the mean distances between the sinus floor and premolars roots. The relationship between SADs in the Turkish population was assessed by Kilic et al. [14] and OK et al. [15], both researchers concluded that no significant differences in the right and left sides, but differences in male-female relationships could be found. In contrast, Kilic et al. [14] reported no significant differences between female and male patients, whereas OK et al. [15] found several differences between females and males. Moreover, OK et al. [15] found that depending on the age interval, the relationship between the posterior maxillary teeth root and maxillary sinus floor was different.
For investigating the anatomical correlation between the molars’ roots apices and the floor of the sinus, conventional radiographic examinations, such as periapical and panoramic radiographs, are frequently used [16, 17]. Nevertheless, limits to these two-dimensional (2D) images can be found, which might prevent the proper evaluation of the correlation between the sinus floor and periapical region [16, 18]. Cone beam computed tomography (CBCT) is a 3D imaging technique used in the craniofacial area. Additionally, this method also overcomes the limitations of 2D imaging including magnification, superimposition, distortion and provides multi-planed views [19, 20].
To date, no study has investigated/compared the vertical correlation between the MSF and PMT in different skeletal classes in the adult Chinese population. Therefore, this study aimed to establish this correlation in the three skeletal malocclusions of Chinese adults with possible differences related to age, gender, tooth side, and type of view (sagittal and coronal), based on results from the 3D imaging technique (CBCT).
Methods
Subjects
This retrospective and cross-sectional study was approved by the Institutional Ethical Committee (NO LZUKQ-2021-021) at Hospital of Stomatology, Lanzhou University, China. All basic data and CBCT images from February 2016 to March 2021 were evaluated, and patients who fulfilled the inclusion and exclusion criteria were included.
The sample size was calculated with an alpha value of 0.05 and a power of 95% based on a study conducted by Ahn and Park [21] in which the mean distance in the distobuccal root of maxillary first molars in males and females was − 1.80 ± 2.35 and − 0.67 ± 2.42 mm, respectively. The resulting sample size was 117 roots. The minimum number of roots evaluated in any of the sub-groups, including age, gender, skeletal classes, or side, was 256 roots.
The inclusion criteria included: (1) adult patients aged 20–45 years, and 2) presence of upper premolars, and first and second molars with complete root formation. Exclusion criteria were: (1) endodontically treated teeth; (2) history of orthodontic treatment and/or orthognathic surgery; (3) patients with prosthetic crown/s on premolars and/or molars; (4) maxillary sinus lesion and/or periapical lesion of root apices ; (5) defects in the maxillofacial area, such as cleft lip and palate; (6) tempo-mandibular joint (TMJ) disorders, and (7) distorted CBCT images.
Data from 716 patients were screened. After applying the selection criteria, 298 (145 males and 153 females) were selected. The sample was categorized according to the ANB angle into 102 Class I, 102 Class II, and 94 Class III malocclusions as presented in (Fig. 1).
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Fig. 1Patient selection flow chart


Radiographic acquisition
All CBCT scans were acquired using an i-CAT® imaging device (Imaging Sciences International, Hatfield, PA) with a field of view (FOV) of 16.0 × 13 cm. Scanning parameters were 18.54 mA and 120 kV for a total scan time of 8.9 s with a voxel size of 0.3 mm. The data were stored in Digital Imaging and Communications in Medicine (DICOM) format.
Three-dimensional measurements
A point, Nasion, B point (ANB) measurements were used to determine the anteroposterior skeletal relationship. The cephalometric radiograph measurements were performed with the InVivo 6.0.3 software program (Anatomage, San Jose, CA). On lateral cephalometric radiographs, several anatomic landmarks were used to classify the skeletal malocclusion: (1) Sella, (2) Nasion, (3) Orbitale, (4) Porion, (5) Point A, (6) Point B, and (7) Pognion. The ANB angle is defined at the intersection of the NA (Nasion-A point) and NB (Nasion-B point) lines. Patients were categorized based on their ANB angles of 0 to 4°, ≥ 4°, and ≤ 0° into skeletal classes Class I, II, and III malocclusions, respectively [21]. Every premolar and molar root was classified into the sagittal and coronal planes based on methods used in previous study [22].
The vertical relationship between the MSF and the PMT was analyzed. When premolars had two roots, the closest root to the MSF was evaluated [22]. For each patient, the maxillary right and left first and second premolars and right and left first and second molars in both the sagittal and coronal views were analyzed. The vertical relationship between the MSF and each root was classified as favorable, indicating no contact (Type 1), or unfavorable, indicating roots in contact (Type 2) for the posterior teeth intrusion (Fig. 2). The relationship in the unfavorable group was sub-divided into three subgroups (T2C, T2LC, and T2P). T2C was considered when direct contact with the MSF occurred, T2LC when the root came into contact with the MSF laterally, and T2P when the root penetrated the MSF [12]. For Type 1, the shortest distance between the roots and the MSF was presented as a positive value; for T2P, it was negative, and T2C, as well as T2LC, were zero (Fig. 3).
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Fig. 2CBCT images demonstrate the three vertical relationships between the maxillary sinus floor (MSF) and the posterior maxillary teeth (PMT). In Axial (A, D, G, and J), sagittal (B, E, H, and K) and coronal planes (C, F, I, and L). Type 1: (A,B and C); Type 2 C (D,E and F). Type 2LC (G, H and I) and Type 2P (J, K, and L)
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Fig. 3The root apex and the maxillary sinus floor distances


Statistical analysis
All statistical data analyses were performed using the IBM SPSS Version 22.0 (IBM Corp., Armonk, NY). The normality test was performed with the Shapiro–Wilk test. To compare between the studied groups, the non-parametric Wilcoxon Mann–Whitney U and Kruskal–Wallis tests were used. The chi-square test was used to determine distribution differences. To ensure the measurement’s reliability, a random selection of 20% of the selected sample (60 CBCTs) were re-measured by the same observer (Orthodontist; E.A.A) within a 2-week interval in addition to another well trained examiner (Orthodontist; M.S.A) under the supervision and guidance of oral and maxillofacial radiologist with more than 10 years of experience (A.A.A). The intraclass correlation coefficient (ICC) was used to measure intra- and inter-observer agreement. A P value < 0.05 was set to indicate statistical significance.
Results
CBCT radiographs of 298 subjects (Class I = 102 patients [Males = 51; Females = 51], Class II = 102 patients [Males = 51; Females = 51], and Class III = 94 patients [Males = 43; Females = 51]) were evaluated in this study. The mean ages for Class I, II, and III were 28.1 ± 6, 28.4 ± 5.6, and 26.6 ± 5.4 years, respectively. There were 153 (51.3%) females and 145 (48.7%) males with a mean age of 27.3 ± 5.1 and 28.2 ± 6.2 years, respectively. A total of 4768 roots of maxillary posterior teeth (1192 premolars and 3576 molars) were analyzed on the sagittal and coronal views. According to ANB angles,1632 roots were classified as skeletal Class I, 1632 roots as skeletal Class II, and 1504 roots as skeletal Class III malocclusion (Table 1).
Table 1Characteristics of study sample, N (%)


	 	Total
	Class I
	Class II
	Class III

	N=4768
	N=1632
	N=1632
	N=1504

	Age group

	 20-30
	3600(75.5)
	1168(71.6)
	1184(72.5)
	1248(83.0)

	 >30
	1168(24.5)
	464(28.4)
	448(27.5)
	256(17.0)

	Gender

	 Male
	2320(48.7)
	816(50.0)
	816(50.0)
	688(45.7)

	 Female
	2448(51.3)
	816(50.0)
	816(50.0)
	816(54.3)

	Type

	 Sagital
	4768(50.0)
	1632(50.0)
	1632(50.0)
	1504(50.0)

	 Coronal
	4768(50.0)
	1632(50.0)
	1632(50.0)
	1504(50.0)

	Tooth side

	 Right
	2384(50.0)
	816(50.0)
	816(50.0)
	752(50.0)

	 Left
	2384(50.0)
	816(50.0)
	816(50.0)
	752(50.0)

	Root type

	 U4
	596(12.5)
	204(12.5)
	204(12.5)
	188(12.5)

	 U5
	596(12.5)
	204(12.5)
	204(12.5)
	188(12.5)

	 U6MB
	596(12.5)
	204(12.5)
	204(12.5)
	188(12.5)

	 U6DB
	596(12.5)
	204(12.5)
	204(12.5)
	188(12.5)

	 U6P
	596(12.5)
	204(12.5)
	204(12.5)
	188(12.5)

	 U7MB
	596(12.5)
	204(12.5)
	204(12.5)
	188(12.5)

	 U7DB
	596(12.5)
	204(12.5)
	204(12.5)
	188(12.5)

	 U7P
	596(12.5)
	204(12.5)
	204(12.5)
	188(12.5)




The results of the ICC revealed an excellent consistency ranging from 0.984 to 0.990 and 0.948 and 0.976 for intra- and inter-examiner reliability analysis, respectively.
According to the type of view, the mean distance between sagittal and coronal views was significantly different, indicating that the root apex in the sagittal view appeared to be closer to maxillary sinus than in the coronal view (P < 0.001; Table 2).
Table 2Differences in the vertical distances related to the multi-planar view and gender


	 	 	Mean±SD
	Diff. (95% CI)
	P-value*

	View
	Sagittal
	2.2±4.3
	-0.9(-1.1,-0.7)
	<0.001

	Coronal
	3.1±5.5

	Gender
	Male
	2.6±5.4
	-0.1(-0.3,0.1)
	<0.001

	Female
	2.7±4.6


* Mann-Whitney U test was used.
P-value is considered significant at < 0.05.
CI Confidence Interval.



Generally, on both sagittal and coronal views, the distances in males were significantly shorter than those in females (P < 0.001; Table 2).
With regards to age, the distances among the maxillary root apices and the maxillary sinus floor in both sagittal and coronal views increased significantly with age in all posterior tooth roots (P < 0.001; Tables 3 and 4).
Table 3The vertical distance between the posterior maxillary roots apices and the maxillary sinus floor related to age, gender, sides, and scores in the sagittal view


	 	 	U4
	U5
	U6
	U7
	P-valueª

	U6MB
	U6DB
	U6P
	U7MB
	U7DB
	U7P

	Age
	20-30
	5.4±4.7
	2.4±3.9
	1.1±3.3
	1.3±3.2
	1.4±4.3
	0.4±3.2
	0.9±3.4
	1.8±3.9
	<0.001

	>30
	8.0±5.1
	4.2±4.6
	2.8±4.0
	2.7±3.7
	2.9±4.7
	1.3±3.7
	2.1±4.2
	3.1±4.5
	<0.001

	P-value*
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	0.007
	0.002
	0.002
	 
	Gender
	Male
	6.0±5.1
	2.7±4.5
	1.6±4.0
	1.7±3.9
	1.5±4.9
	0.4±3.8
	1.0±4.2
	1.8±4.4
	<0.001

	Female
	6.1±4.7
	2.9±3.8
	1.5±3.1
	1.6±2.9
	2.1±3.9
	0.8±2.8
	1.4±3.0
	2.5±3.8
	<0.001

	P-value*
	0.339
	0.027
	0.117
	0.036
	0.003
	<0.001
	<0.001
	0.003
	 
	Side
	Right
	6.0±5.0
	2.9±4.2
	1.5±3.6
	1.6±3.4
	1.8±4.5
	0.7±3.4
	1.2±3.7
	2.3±4.2
	<0.001

	Left
	6.1±4.9
	2.8±4.0
	1.5±3.5
	1.6±3.4
	1.8±4.4
	0.6±3.3
	1.2±3.7
	1.9±4.0
	<0.001

	P-value*
	0.621
	0.782
	0.907
	0.824
	0.843
	0.69
	0.735
	0.437
	 
	Score
	Type 1
	6.8±4.7
	5.4±3.8
	4.2±3.3
	4.0±3.4
	5.3±3.8
	3.7±3.0
	4.1±3.4
	4.6±3.7
	<0.001

	Type 2C
	0.01±0.01
	0.01±0.01
	0.01±0.01
	0.01±0.01
	0.01±0.01
	0.01±0.01
	0.01±0.01
	0.01±0.01
	0.765

	Type 2LC
	0.01±0.00
	0.02±0.03
	0.01±0.00
	0.01±0.00
	0.01±0.01
	0.01±0.01
	0.02±0.01
	0.01±0.00
	0.143

	Type 2P
	-1.0±0.5
	-1.3±0.8
	-1.6±1.2
	-1.3±1.0
	-2.1±1.4
	-2.0±1.3
	-1.8±1.2
	-2.0±1.4
	<0.001

	P-valueª
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	 

ª Kruskal-Wallis Test; * Mann-Whitney Test


Table 4The vertical distance between the posterior maxillary roots apices and the maxillary sinus floor related to age, gender, sides, and scores in the coronal view


	 	 	U4
	U5
	U6
	U7
	P-valueª

	U6MB
	U6DB
	U6P
	U7MB
	U7DB
	U7P

	Age
	20-30
	9.2±8.0
	3.2±5.1
	1.5±3.6
	1.3±3.1
	1.6±3.7
	0.6±2.9
	1.3±3.1
	2.4±3.5
	<0.001

	>30
	13.6±9.3
	5.8±6.6
	3.5±5.0
	2.8±3.9
	3.0±4.1
	1.6±3.2
	2.3±5.2
	3.4±4.1
	<0.001

	P-value*
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	0.001
	<0.001
	<0.001
	 
	Gender
	Male
	10.6±8.9
	3.9±6.2
	2.4±4.7
	1.8±3.9
	1.9±4.3
	0.9±3.4
	1.4±3.7
	2.4±4.0
	<0.001

	Female
	10.0±8.1
	3.8±5.0
	1.7±3.3
	1.6±2.8
	2.0±3.7
	0.8±2.5
	1.7±3.8
	2.8±3.4
	<0.001

	P-value*
	0.741
	0.083
	0.956
	0.166
	0.041
	0.11
	0.001
	<0.001
	 
	Side
	Right
	10.2±8.5
	4.0±5.6
	2.1±4.2
	1.7±3.3
	2.0±3.8
	0.8±3.0
	1.7±3.4
	2.8±3.7
	<0.001

	Left
	10.4±8.5
	3.7±5.6
	1.9±4.0
	1.6±3.4
	1.9±3.9
	0.8±2.9
	1.4±4.1
	2.5±3.7
	<0.001

	P-value*
	0.648
	0.293
	0.545
	0.446
	0.891
	0.532
	0.51
	0.3
	 
	Score
	Type 1
	12.0±8.0
	7.1±5.5
	4.9±4.1
	3.9±3.4
	4.8±3.6
	3.5±2.9
	4.0±3.4
	4.5±3.5
	<0.001

	Type 2C
	0.01±0.01
	0.01±0.01
	0.01±0.01
	0.01±0.01
	0.01±0.01
	0.01±0.01
	0.01±0.01
	0.01±0.01
	0.148

	Type 2LC
	0.15±0.35
	0.01±0.01
	0.01±0.01
	0.03±0.11
	0.01±0.01
	0.01±0.01
	0.01±0.01
	0.04±0.13
	0.89

	Type 2P
	-1.2±0.5
	-1.2±0.8
	-1.5±1.2
	-1.4±1.0
	-1.5±1.0
	-1.6±1.3
	-1.5±3.2
	-1.1±1.0
	<0.001

	P-valueª
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	 

ª Kruskal-Wallis Test; * Mann-Whitney Test



Significant differences in Type 1 and Type 2P between the roots in both views could be observed (P < 0.001; Tables 3 and 4). According to the skeletal relationship as presented in Table 5, on the sagittal view of Class I, Class II, and Class III first and second premolars, and second molar palatal roots, the Type 1 relationship was more common than Type 2. Second molars’ mesiobuccal and distobuccal roots in all classes showed Type 2 relationships more than Type 1, as well as was positioned in an unfavorable position for orthodontic intrusion. However, only the mesiobuccal and palatal roots of the upper first molar and all upper second molars’ roots showed statistically significant differences (P < 0.01).
Table 5Distributions of Type 1 and Type 2 in skeletal Class I, II and III malocclusions


	Root type
	Score
	Sagittal view
	P-value
	Coronal view
	P-value

	Class I
	Class II
	Class III
	Class I
	Class II
	Class III

	U4
	Type 1
	182(34.4)
	178(33.6)
	169(31.9)
	0.635
	173(33.7)
	173(33.7)
	167(32.6)
	0.113

	Type 2C
	17(34.0)
	18(36.0)
	15(30.0)
	20(32.3)
	26(41.9)
	16(25.8)

	Type 2LC
	1(11.1)
	5(55.6)
	3(33.3)
	1(16.7)
	2(33.3)
	3(50.0)

	Type 2P
	4(50.0)
	3(37.5)
	1(12.5)
	10(66.7)
	3(20.0)
	2(13.3)

	U5
	Type 1
	120(35.1)
	109(31.9)
	113(33.0)
	0.375
	121(35.6)
	107(31.5)
	112(32.9)
	0.006

	Type 2C
	30(28.6)
	40(38.1)
	35(33.3)
	38(27.3)
	56(40.3)
	45(32.4)

	Type 2LC
	11(26.8)
	16(39.0)
	14(34.1)
	2(12.5)
	4(25.0)
	10(62.5)

	Type 2P
	43(39.8)
	39(36.1)
	26(24.1)
	43(42.6)
	37(36.6)
	21(20.8)

	U6MB
	Type 1
	107(37.8)
	91(32.2)
	85(30.0)
	0.007
	107(37.2)
	86(29.9)
	95(33.0)
	<0.001

	Type 2C
	30(24.0)
	39(31.2)
	56(44.8)
	31(31.0)
	38(38.0)
	31(31.0)

	Type 2LC
	2(28.6)
	4(57.1)
	1(14.3)
	6(9.4)
	32(50.0)
	26(40.6)

	Type 2P
	65(35.9)
	70(38.7)
	46(25.4)
	60(41.7)
	48(33.3)
	36(25.0)

	U6DB
	Type 1
	102(35.1)
	90(30.9)
	99(34.0)
	0.214
	111(37.2)
	94(31.5)
	93(31.2)
	0.004

	Type 2C
	42(29.8)
	58(41.1)
	41(29.1)
	30(25.6)
	56(47.9)
	31(26.5)

	Type 2LC
	0(0.0)
	3(60.0)
	2(40.0)
	12(22.2)
	18(33.3)
	24(44.4)

	Type 2P
	60(37.7)
	53(33.3)
	46(28.9)
	51(40.2)
	36(28.3)
	40(31.5)

	U6P
	Type 1
	93(32.7)
	89(31.3)
	102(35.9)
	0.004
	103(34.6)
	92(30.9)
	103(34.6)
	0.01

	Type 2C
	24(28.9)
	27(32.5)
	32(38.6)
	19(34.5)
	22(40.0)
	14(25.5)

	Type 2LC
	1(6.3)
	9(56.3)
	6(37.5)
	11(16.4)
	29(43.3)
	27(40.3)

	Type 2P
	86(40.4)
	79(37.1)
	48(22.5)
	71(40.3)
	61(34.7)
	44(25.0)

	U7MB
	Type 1
	78(32.9)
	78(32.9)
	81(34.2)
	0.001
	79(34.2)
	80(34.6)
	72(31.2)
	0.001

	Type 2C
	21(24.7)
	30(35.3)
	34(40.0)
	34(25.8)
	50(37.9)
	48(36.4)

	Type 2LC
	3(11.5)
	17(65.4)
	6(23.1)
	1(4.0)
	10(40.0)
	14(56.0)

	Type 2P
	102(41.1)
	79(31.9)
	67(27.0)
	90(43.3)
	64(30.8)
	54(26.0)

	U7DB
	Type 1
	88(32.0)
	95(34.5)
	92(33.5)
	0.007
	100(34.7)
	93(32.3)
	95(33.0)
	0.007

	Type 2C
	17(21.8)
	28(35.9)
	33(42.3)
	33(25.6)
	56(43.4)
	40(31.0)

	Type 2LC
	0(0.0)
	0(0.0)
	2(100.0)
	3(13.0)
	9(39.1)
	11(47.8)

	Type 2P
	99(41.1)
	81(33.6)
	61(25.3)
	68(43.6)
	46(29.5)
	42(26.9)

	U7P
	Type 1
	110(32.2)
	115(33.6)
	117(34.2)
	0.004
	129(34.6)
	125(33.5)
	119(31.9)
	0.82

	Type 2C
	23(30.7)
	28(37.3)
	24(32.0)
	29(28.4)
	39(38.2)
	34(33.3)

	Type 2LC
	3(11.1)
	10(37.0)
	14(51.9)
	10(34.5)
	11(37.9)
	8(27.6)

	Type 2P
	68(44.7)
	51(33.6)
	33(21.7)
	36(39.1)
	29(31.5)
	27(29.3)


Chi-square test



On the coronal view, most posterior teeth in Class I and Class III were in a favorable position for orthodontic intrusion, which showed Type 1 relationship more than Type 2, except in the second molars’ mesiobuccal root, which was in unfavorable position for orthodontic intrusion while most of the posterior teeth in Class II were in an unfavorable position for intrusion. However, all roots showed statistically significant differences (P < 0.01) except for the upper first premolars’ and upper second molars’ palatal roots.
In both sagittal and coronal views, Class I exhibited more Type 2P patterns, whereas Class III exhibited fewer Type 2P patterns compared to other groups. The second molars’ mesiobuccal root had the largest number of penetration in the three examined classes (Table 5).
As shown in Table 6, in both sagittal and coronal views, the upper first premolar was the most root furthest away from maxillary sinus in Class I, Class III, and Class II malocclusion, respectively, while the mesiobuccal root of the second molars considered the most root nearest to the maxillary sinus in the three skeletal classes. Moreover, The most frequent root scores were Type 1 and Type 2P (Table 7).
Table 6Distance differences between the posterior maxillary teeth and the maxillary sinus floor in skeletal Class I, II and III malocclusions 


	Root type
	Sagittal view
	P-value
	Coronal view
	P-value

	Class I
	Class II
	Class III
	Class I
	Class II
	Class III

	U4
	5.3±4.3
	6.8±5.6
	6.1±4.7
	0.07
	9.6±8.3
	10.7±8.9
	10.6±8.3
	0.37

	U5
	2.3±3.5
	3.2±4.7
	3.1±4.0
	0.176
	3.1±4.6
	3.9±5.8
	4.6±6.3
	0.056

	U6MB
	1.1±3.0
	1.7±4.1
	1.8±3.5
	0.358
	1.5±3.5
	2.1±4.5
	2.4±4.2
	0.111

	U6DB
	1.3±3.0
	1.7±3.8
	1.8±3.4
	0.484
	1.3±3.3
	1.8±3.4
	1.9±3.4
	0.488

	U6P
	1.2±4.0
	1.9±4.8
	2.4±4.3
	0.007
	1.3±3.4
	2.1±4.1
	2.5±3.9
	0.009

	U7MB
	0.4±3.1
	0.6±3.4
	0.9±3.5
	0.135
	0.5±3.0
	0.9±2.8
	1.0±3.1
	0.076

	U7DB
	0.8±3.5
	1.3±3.9
	1.5±3.6
	0.05
	1.1±4.4
	1.8±3.5
	1.7±3.2
	0.133

	U7P
	1.7±3.8
	2.2±4.4
	2.5±3.9
	0.048
	2.2±3.5
	2.9±3.9
	2.8±3.7
	0.185


Kruskal-Wallis Test


Table 7Frequencies of root position scores(number and percentage) in the sagittal and coronal views in skeletal Class I, II and III malocclusions


	Score
	Sagittal view
	Coronal view

	Total
	Class I
	Class II
	Class III
	Total
	Class I
	Class II
	Class III

	Type 1
	2583(54.2)
	880(53.9)
	845(51.8)
	858(57.0)
	2629(55.1)
	923(56.6)
	850(52.1)
	856(56.9)

	Type 2C
	742(15.6)
	204(12.5)
	268(16.4)
	270(18.0)
	836(17.5)
	234(14.3)
	343(21.0)
	259(17.2)

	Type 2LC
	133(2.8)
	21(1.3)
	64(3.9)
	48(3.2)
	284(6.0)
	46(2.8)
	115(7.0)
	123(8.2)

	Type 2P
	1310(27.5)
	527(32.3)
	455(27.9)
	328(21.8)
	1019(21.4)
	429(26.3)
	324(19.9)
	266(17.7)




Discussion
Various complications during orthodontic treatment may occur due to the close anatomic distance between the maxillary sinus floor and posterior maxillary root apices. Hence, understanding the vertical relationship between the MSF and PMT is important when planning the intrusion of the posterior teeth. In this study, the vertical correlation between the MSF and the PMT in the Chinese population in respect to sagittal classification/jaw relationship was evaluated.
In orthodontics, treatment outcome has generally been assessed using 2D analyses, which are performed based on anteroposterior and lateral cephalometric radiographs. It is not easy to estimate 3D root resorption using a two-dimensional (2D) analysis after orthodontic treatment [11, 23]. In multiplanar images, CBCT overcomes the limitations of 2D radiography. Several studies used CBCT to demonstrate the relationship among the maxillary roots and the maxillary sinus floor [12, 21, 23–25]. Nevertheless, most prior reports that assessed these relationships were limited by single-dimensional analysis and small sample size [12, 21, 23–25].
Age results in this study were in agreement with those results from previous studies [26–28], indicating that the distance between the molars apex and maxillary sinus floor increases with age. Tian et al. [29] concluded that mean distances between the sinus floor and the posterior maxillary teeth as well as Type 2P frequency decreased in the Chinese population with increasing ages. Moreover, Gu et al. [28] found that with increasing ages, the distances between the posterior teeth and the sinus floor increased. In contrast, Von Arx et al. [13] reported that age did not affect the distance between the sinus floor and the maxillary premolars, and no significant differences were found between the studied age groups.
Xiaoli HuIn et al. [30] used CBCT scans and found that in males, the posterior maxillary teeth root apices were closer to the MSF than in females; this finding was similar to our findings. On the contrary, other reports in western Chinese [26] and Japanese populations [31] showed that the distance in females was shorter than in males.
The results of the current study showed no significant differences between the distance of maxillary sinus and maxillary posterior root apices on the right and left sides, which was in line with the results of Gu et al. [28], and Zhang et al. [32]. However, our results indicated that the distance at the left side was shorter than that of the right side except for the maxillary first premolars, a finding that was in accordance with the result reported by Pei et al. [26].
The sinus–apex distance on the sagittal view appeared to be shorter than on the coronal view. This finding is consistent with that of Jun Pei et al. [26]. On the other hand, our finding was not in agreement with that of Shuji Oishi et al. [31], this disagreement might be due to differences in the sample size and ethnic group.
Our results showed that the most frequent root scores in terms of skeletal relationships were Type 1. This finding was similar to the previous Chinese publications reported by Jun Pei et al. [26], Gu et al. [28], and Zhang et al. [32]. Furthermore, in all skeletal classes, the intrusion was favorable for the first and second premolars; this finding is in agreement with the studies reported by Ok et al. [15], Eberhardt et al. [33], and Georgescu et al. [34]; in addition, second molar palatal roots were found to be favorable for intrusion, which is in line with reports of Jung et al. [12], and Ok et al. [15] Moreover, the intrusion is mostly unfavorable for the upper second molars' mesiobuccal root.
In the current study, the upper first premolars exhibited the greatest distance, which was similar to the previous findings in Turkish [14], Brazilian [25], Korean [24, 27], and Chinese [28] populations. While the second molars mesiobuccal root of the maxilla exhibited the shortest distance, these findings were agreed with those of previous studies in Brazilian [25], Chinese [26, 29, 32], Korean [27], and American [33] populations. On the other hand, Kilic et al. [14] and Kwak et al. [24] proved that the distobuccal root of the maxillary second molar was the nearest to the sinus floor, which is different from the finding of the current study. However, the study in the Indian population by Kaushik et al. [35] concluded that the palatal roots of the maxillary first molar were the nearest to the maxillary sinus floor. The inconsistencies may be due to differences in the sample size, software used, selected technique, and ethnicity related to molar characteristics.
The three main clinical take home messages of our findings are: (1) during planning for posterior teeth intrusion in adults, evaluation of proximity of root apices and the sinus floor is to be done on both sagittal and coronal views to select the required amount of intrusion with minimum risk, (2) closer eye should be kept when performing posterior maxillary teeth intrusion in adullts, especially in skeletal class I malocclusion male patients to avoid deleterious possible effect, and (3) our findings are applied only for the studied ethnicity and is to be considered with cautions for others.
Study limitations include assessing the differences of distances only in anterioposterior skeletal relationship, the unequal distribution of subjects in the three studied groups (less in class III male patients group). Further studies evaluating these distances in patients with unilateral and/or bilateral skeletal cross bite in addition to increasing the sample size of some groups is recommended.
Conclusions
Maxillary molars of Class I malocclusion with the majority of Type 2P root-sinus relation showed the highest possible risk of root resorption during molars intrusion due to cortical bone encroachment as the majority of Type 2P root-sinus relation, while Class III malocclusion showed the least possible risk. The highest penetration incidence in the three classes is the maxillary second molars’ mesiobuccal root.
Acknowledgements
Not applicable.

Authors’ contributions
Conceptualization, Ehab A. Abdulghani ,Abeer A. Al-Sosowa, and Maged Sultan Alhammadi and BaoCheng Cao.; Data curation, Abeer A. Al-Sosowa, Abeer A. Almashraqi, Hanan Al-fakeh, Waseem Saleh Al-Gumaei, and. Hasan M. Sharhan ; Formal analysis, Ehab A. Abdulghani; Investigation, Ehab A. Abdulghani; Methodology, Ehab A. Abdulghani and Abeer A. Almashraqi; Project administration, Ehab A. Abdulghani and BaoCheng Cao.; Resources, Ehab A. Abdulghani ,and Abeer A. Al-Sosowa.; Software, Ehab A. Abdulghani; Supervision, BaoCheng Cao; Validation, Ehab A. Abdulghani and Maged Sultan Alhammadi; Visualization, Ehab A. Abdulghani; Writing – original draft, Abeer A. Al-Sosowa, Abeer A. Almashraqi, Hanan Al-fakeh, Waseem Saleh Al-Gumaei and Hasan M. Sharhan; Writing – review & editing, Ehab A. Abdulghani, Maged Sultan Alhammadi. and BaoCheng Cao. All authors have read and agreed to the published version of the manuscript. The author(s) read and approved the final manuscript.

Funding
The author(s) disclosed receipt of the following financial support for the research, authorship, and/or publication of this article: This study is supported by The Natural Foundation of Gansu Province,China (1208RJZA236),The Key Technology Plane Program of Gansu Province, China (20YF8FA071), The Key Technology Support Program of Gansu Province, China (1604FKCA089).

Availability of data and materials
The datasets used and/or analysed during the current study are available from the corresponding author on reasonable request.

Declarations
Ethics approval and consent to participate
This is a retrospective cross-sectional study approved by the Institutional Ethical Committee (NO LZUKQ-2021-021) at the Hospital of Stomatology in Lanzhou University, China.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.


References
	1.
Souza AD, Rajagopal K, Ankolekar VH, Souza ASD. Kotian SRJresearch.Anatomy of maxillary sinus and its ostium: A radiological study using computed tomography. CHRISMED J Health Res. 2016;3:37–40.Crossref

	2.
Sharan AMadjar. DJ.Maxillary sinus pneumatization following extractions: A radiographic study. Int J Oral Maxillofac Implants. 2008;23:48–56.

	3.
Alhammadi M-. SJJoc.Dentoalveolar compensation in different anterioposterior and vertical skeletal malocclusions. J clin exp dent. 2019;11:e745-e53.

	4.
Alhammadi MS, Almashraqi AA, Halboub E, Almahdi S, Jali T, Atafi A, et al.Pharyngeal airway spaces in different skeletal malocclusions: A cbct 3d assessment. CRANIO®. 2019;39:97–106.

	5.
Akbaydogan LC. Akin MJAJoOOrthopedics D.Cephalometric evaluation of intrusion of maxillary posterior teeth by miniscrews in the treatment of open bite. Am J Orthod Dentofacial Orthop 2021.

	6.
Akl HE, El-Beialy AR, El-Ghafour MA. Abouelezz AMEl Sharaby FAJTAO.Root resorption associated with maxillary buccal segment intrusion using variable force magnitudes: A randomized clinical trial. Angle Orthod. 2021;91:733–42.Crossref

	7.
Asaumi R, Sato I, Miwa Y, Imura K, Sunohara M, Kawai T, et al. Understanding the formation of maxillary sinus in japanese human foetuses using cone beam ct. Surg Radiol Anat. 2010;32:745–51.Crossref

	8.
Hauman C. Chandler NTong DJ.Endodontic implications of the maxillary sinus: A review. Int Endod J. 2002;35:127–41.Crossref

	9.
Wehrbein HDiedrich. PJ.The initial morphological state in the basally pneumatized maxillary sinus–a radiological-histological study in man. Fortschr Kieferorthop. 1992;53:254–62.Crossref

	10.
Maeda Y, Kuroda S, Ganzorig K, Wazen R, Nanci A, Tanaka EJ, et al. Histomorphometric analysis of overloading on palatal tooth movement into the maxillary sinus. Am J Orthod Dentofacial Orthop. 2015;148:423–30.Crossref

	11.
Wehrbein H. Fuhrmann RADiedrich PRJ.Human histologic tissue response after long-term orthodontic tooth movement. Am J Orthod Dentofacial Orthop. 1995;107:360–71.Crossref

	12.
Jung Y-HCho. B-HJ.Assessment of the relationship between the maxillary molars and adjacent structures using cone beam computed tomography. Imaging Sci Dent. 2012;42:219–24.Crossref

	13.
Von Arx T, Fodich IBornstein. MMJ.Proximity of premolar roots to maxillary sinus: A radiographic survey using cone-beam computed tomography. J Endod. 2014;40:1541–48.Crossref

	14.
Kilic C, Kamburoglu K. Yuksel SPOzen TJ.An assessment of the relationship between the maxillary sinus floor and the maxillary posterior teeth root tips using dental cone-beam computerized tomography. Eur J Dent. 2010;4:462–7.Crossref

	15.
Ok E, Güngör E, Çolak M, Altunsoy M, Nur BGAğlarci. OSJS.Evaluation of the relationship between the maxillary posterior teeth and the sinus floor using cone-beam computed tomography. Surg Radiol Anat. 2014;36:907–14.Crossref

	16.
Lopes LJ, Gamba TO. Bertinato JVFreitas DQJ.Comparison of panoramic radiography and cbct to identify maxillary posterior roots invading the maxillary sinus. Dentomaxillofac Radiol. 2016;45:20160043.Crossref

	17.
Barngkgei I, Halboub E, Almashraqi AA. Khattab RAl Haffar IJIsid.Idios: An innovative index for evaluating dental imaging-based osteoporosis screening indices. Imaging Sci Dent. 2016;46:185–202.Crossref

	18.
Hassan BAJ. Reliability of periapical radiographs and orthopantomograms in detection of tooth root protrusion in the maxillary sinus: Correlation results with cone beam computed tomography. J Oral Maxillofac Res. 2010;1:e6.PubMedPubMedCentral

	19.
Weiss RRead-Fuller AJ. Cone beam computed tomography in oral and maxillofacial surgery: An evidence-based review. Dent J. 2019;7:52.Crossref

	20.
Horner K, O’Malley L. Taylor KGlenny A-MJDR.Guidelines for clinical use of cbct. Rev Dentomaxillofac Radiol. 2015;44:20140225.Crossref

	21.
Ahn N-LPark. H-SJ.Differences in distances between maxillary posterior root apices and the sinus floor according to skeletal pattern. Am J Orthod Dentofacial Orthop. 2017;152:811–19.Crossref

	22.
Son WS, Kim YI, Kim SS. Park SBKim SHJ.Anatomical relationship between the maxillary posterior teeth and the sinus floor according to an anterior overbite. Orthod Craniofac Res. 2020;23:160–65.Crossref

	23.
Sharan AMadjar. DJ.Correlation between maxillary sinus floor topography and related root position of posterior teeth using panoramic and cross-sectional computed tomography imaging. Int J Oral Maxillofac Implants. 2006;102:375–81.

	24.
Kwak H, Park H, Yoon H, Kang M. Koh KKim HJJ.Topographic anatomy of the inferior wall of the maxillary sinus in koreans. Int J Oral Maxillofac Surg. 2004;33:382–88.Crossref

	25.
Estrela C, Nunes CA, Guedes OA, Alencar AHG, Estrela CR, Silva RG, et al. Study of anatomical relationship between posterior teeth and maxillary sinus floor in a subpopulation of the brazilian central region using cone-beam computed tomography-part 2. Braz Dent J. 2016;27:9–15.Crossref

	26.
Pei J, Liu J, Chen Y, Liu Y, Liao XPan. JJ.Relationship between maxillary posterior molar roots and the maxillary sinus floor: Cone-beam computed tomography analysis of a western chinese population. Int J Med Res. 2020;48:0300060520926896.

	27.
Jang J, Kwak S, Ha JKim. HJ.Anatomical relationship of maxillary posterior teeth with the sinus floor and buccal cortex. J Oral Rehabil. 2017;44:617–25.Crossref

	28.
Gu Y, Sun C, Wu D, Zhu Q, Leng DZhou. YJ.Evaluation of the relationship between maxillary posterior teeth and the maxillary sinus floor using cone-beam computed tomography. BMC Oral Health. 2018;18:1–7.Crossref

	29.
Tian X-m, Qian L, Xin X-z. Wei BGong YJ.An analysis of the proximity of maxillary posterior teeth to the maxillary sinus using cone-beam computed tomography. J Endod. 2016;42:371–77.Crossref

	30.
Hu X, Lei L, Cui M, Huang ZZhang. XJ.Anatomical analysis of periapical bone of maxillary posterior teeth: A cone beam computed tomography study. Int J Med Res. 2019;47:4701–10.Crossref

	31.
Oishi S, Ishida Y, Matsumura T, Kita S, Sakaguchi-Kuma T, Imamura T, et al. A cone-beam computed tomographic assessment of the proximity of the maxillary canine and posterior teeth to the maxillary sinus floor: Lessons from 4778 roots. Am J Orthod Dentofacial Orthop. 2020;157:792–802.Crossref

	32.
Zhang X, Li Y, Zhang Y, Hu F, Xu B, Shi X, et al. Investigating the anatomical relationship between the maxillary molars and the sinus floor in a chinese population using cone-beam computed tomography. BMC Oral Health. 2019;19:1–8.Crossref

	33.
Eberhardt JA, Torabinejad MChristiansen. ELJ.A computed tomographic study of the distances between the maxillary sinus floor and the apices of the maxillary posterior teeth. Oral Surg Oral Med Oral Pathol Oral Radiol. 1992;73:345–47.Crossref

	34.
Georgescu CE, Rusu MC, Sandulescu M. Enache AMDidilescu ACJ.Quantitative and qualitative bone analysis in the maxillary lateral region. Surg Radiol Anat. 2012;34:551–58.Crossref

	35.
Kaushik M, Kaushik P, Mehra N, Sharma R. Soujanya EKumar UJ.Anatomical relationship between roots of maxillary posterior teeth and maxillary sinus using cone-beam computed tomography. Endodontology. 2020;32:124–29.Crossref



Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/images/13005_2022_316_Fig1_HTML.png
Patients’ CBCT scans (n = 716)

Excluded (n=360)

-Age <20 (n=200)

-Missing tooth (n=35)

» -Endodontically treated teeth (n=15)

- Maxillary sinus lesions (n= 60)
- Maxillofacial defects (n=30)
-TMJ disorders (n= 20)

(n=356)

Excluded (n=58) Poor quality

A 4

> CBCT Scans

Patients included in this study

(n=298)
‘ A 4 *
Class I Class II CLass III
(n=102) (n=102) (n=94)
I I
v v v v v }
Male Female Male Female Male Female
(n=51) (n=51) (n=51) (n=51) (n=43) (n=51)






OEBPS/navigation.xhtml

    
      Contents


      
        		Three-dimensional assessment of the favorability of maxillary posterior teeth intrusion in different skeletal classes limited by the vertical relationship with the maxillary sinus floor


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/13005_2022_316_Fig3_HTML.png
NZE

T2LC

T2C

TYPE2





OEBPS/images/13005_2022_316_Fig2_HTML.png





OEBPS/css/sidebar.gif





