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Abstract 19 

Background: Provisional fixed partial dentures (PFPDs) are widely used during fixed 20 

prosthodontic treatment; however, the effect of fabrication method and connector cross-21 

sectional area on their fracture resistance remain unclear. 22 

Methods: Three fabrication methods were investigated: additive manufacturing (three-23 

dimensional [3D]), subtractive manufacturing (milled [Mi]), and the conventional method 24 

(CM). Connector cross-sectional areas of 9.0, 12.0, and 15.0 mm² were designed, and five 25 

specimens were fabricated for each condition (n = 5). Each PFPDs was temporarily 26 

cemented onto a test model and subjected to fracture testing using a universal testing 27 

machine. The fracture mode was visually examined. The fracture load data obtained from 28 

the universal testing machine were analyzed using two-way analysis of variance 29 

(ANOVA) followed by Bonferroni post hoc tests (α = 0.05). 30 

Results: The mean fracture loads (N) at connector cross-sectional areas of 9.0, 12.0, and 31 

15.0 mm² were 295 ± 33, 425 ± 37, and 590 ± 42 for the 3D group; 218 ± 24, 265 ± 41, 32 

and 400 ± 52 for the Mi group; and 177 ± 37, 211 ± 31, and 255 ± 18 for the CM group, 33 

respectively. Two-way ANOVA revealed significant main effects of both fabrication 34 

method and connector cross-sectional area, along with a significant interaction between 35 

the two factors (p < 0.05). 36 

Conclusions: In maxillary anterior three-unit PFPDs fabricated using each 37 

manufacturing method, the fracture load increased with increasing connector cross-38 

sectional area.39 

 40 

Keywords: Provisional fixed partial denture, CAD/CAM, Connector design, Fracture 41 
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strength. 42 

 43 

1. Background 44 

In fixed prosthodontic treatment involving crowns and fixed partial dentures, 45 

provisional restorations protect prepared abutment teeth and maintain the occlusal 46 

relationship [1-3]. In the anterior region, provisional restorations reproduce crown 47 

morphology to ensure esthetics and serve as diagnostic tools for the definitive prosthesis. 48 

These restorations enable evaluation of parameters such as anterior guidance (inclination 49 

angle, and range of movement) and the configuration and distribution of connectors [2, 50 

4, 5]. Polymethyl methacrylate (PMMA)-based and resin composite-based materials are 51 

the primary used for provisional restorations [6]. PMMA remains widely used because it 52 

is relatively inexpensive and easy to manipulate [7]. In recent years, bis-acrylic composite 53 

resins and urethane dimethacrylate resins have also gained popularity for provisional 54 

restorations [8]. 55 

Provisional restorations can be fabricated using three general techniques: the direct 56 

technique, in which chemically polymerizing resin is manipulated directly in the oral 57 

cavity; the direct–indirect technique, in which a conventional impression is taken, and the 58 

resin is pressed into the impression; and the indirect technique, in which the restoration 59 

is fabricated extraorally. The direct and direct–indirect techniques offer advantages in 60 

terms of immediacy and simplicity, although their fit and durability are often inferior [9]. 61 

In contrast, the indirect technique offers higher accuracy, esthetics, and strength but 62 

requires more time and cost [1]. Clinical decision-making should involve selecting an 63 

appropriate fabrication method according to each case and treatment plan. For provisional 64 
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fixed partial dentures (PFPDs) that connect multiple units, the indirect technique has been 65 

recommended because intraoral fabrication procedures often become complex and may 66 

lead to poor marginal adaptation or misfit [10]. 67 

Computer-aided design/computer-aided manufacturing (CAD/CAM) enables precise 68 

control of connector configuration and cross-sectional area during the design process, 69 

allowing accurate reproduction of the morphology of provisional restorations in the 70 

definitive prosthesis. CAD/CAM fabrication includes subtractive manufacturing  and 71 

additive manufacturing  [11, 12]. In the milling method, provisional restorations are 72 

fabricated from pre-polymerized resin blocks or discs by milling [13]. The materials used 73 

for this method  demonstrate superior color stability, fracture resistance, and surface 74 

hardness compared to conventional chemically polymerized resins [14, 15]. Furthermore, 75 

their mechanical properties remain unaffected by fabrication conditions, although the 76 

method is limited in reproducing complex geometries due to the nature of subtractive 77 

milling [16, 17]. In contract The additive manufacturing method, provisional restorations 78 

are constructed by sequentially stacking and polymerizing resin layers [5]. PMMA-based 79 

resins for additive manufacturing exhibit higher fracture strength, flexural strength, and 80 

wear resistance than conventional chemically polymerized resins, although they present 81 

lower color stability and greater water sorption [18, 19]. While additive manufacturing 82 

offers excellent reproducibility of complex shapes, its mechanical properties may vary 83 

depending on the build angle and post-curing parameters [20, 21]. 84 

Although several studies have investigated the influence of fabrication methods on the 85 

mechanical properties of provisional restorations, some have reported lower fracture 86 

strength in additive-manufactured resins compared to milled resin [20, 22]. Conversely, 87 

other studies have demonstrated that PMMA-based resins for additive manufacturing 88 



5 

 

exhibit higher fracture strength than those used in milling and conventional fabrication 89 

methods [23, 24]. Therefore, further research is needed to clarify these discrepancies. 90 

Furthermore, when evaluating the clinical success of these materials, structural design 91 

factors—such as the dimensions of multi-unit restorations—must be considered alongside 92 

inherent material properties [25]In the anterior region, where esthetics hold particular 93 

importance, the morphology of the provisional restoration and the cross-sectional form of 94 

its connectors must harmonize with the gingiva. Although studies have examined the 95 

connector design and cross-sectional area of frameworks for anterior zirconia fixed partial 96 

dentures [26], limited information exists regarding the influence of connector cross-97 

sectional area on the strength of provisional restorations. Therefore, this study aimed to 98 

evaluate the effects of fabrication method and connector cross-sectional area on the 99 

fracture load of maxillary anterior three-unit PFPDsfabricated by additive manufacturing 100 

(three-dimensional [3D]), subtractive manufacturing (milled [Mi]), and the conventional 101 

method (CM). The null hypothesis stated that neither the fabrication method nor the 102 

connector cross-sectional area would affect the fracture load. 103 

 104 

2. Methods 105 

2.1. Materials 106 

This study used three different methods to fabricate the PFPDs: 3D, Mi, and CM. The 107 

material selection for this study was based on flexural strength testing of simple 108 

rectangular specimens (2 × 2 × 25 mm), in conjunction with the flexural strength values 109 

specified by the manufacturers. The materials and equipment used in this study are 110 

summarized in Table 1. The 3D group used a PMMA-based 3D printing resin (Dima Print 111 

Denture Teeth, Kulzer GmbH, Hanau, Germany), the Mi group used a PMMA-based resin 112 
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disc (M-PM Disc, Merz Dental GmbH, Lütjenburg, Germany), and the CM group used a 113 

chemically polymerized PMMA resin (Unifast II, GC Corp., Tokyo, Japan). 114 

2.2. Specimen fabrication 115 

2.2.1. Abutment model 116 

A stainless-steel abutment model was used to simulate a case of a missing maxillary 117 

left central incisor, with the maxillary right central incisor and left lateral incisor serving 118 

as abutment teeth (Figure 1). The abutment teeth morphologies were designed according 119 

to anatomical dimensions [26]: the diameters of the central and lateral incisors were 6.0 120 

mm and 5.2 mm, respectively, and their axial crown heights were 6.8 mm and 5.3 mm. 121 

The distance between the centers of the abutment teeth measured 16.1 mm. Each 122 

abutment preparation simulated an all-ceramic crown with a 5° axial taper and a 1.0-mm 123 

deep chamfer margin. The abutment model was used in this experiment because its 124 

dimensions conformed to anatomical standards. 125 

2.2.2. PFPD design 126 

The abutment model was scanned using a laboratory scanner (S-WAVE Scanner D2000, 127 

3Shape, Copenhagen, Denmark), and the PFPDs were designed with CAD software 128 

(Dental Manager 2020, 3Shape). The abutment restorations were simplified without 129 

anatomical contouring, with a uniform axial wall thickness of 1.5 mm and an occlusal 130 

thickness of 2.5 mm (Figure 2) [26]. A cement space of 120 μm was set [27]. The 131 

connector width in the mesiodistal direction was set at 1.0 mm, and only the pontic form 132 

was designed with an anatomical shape. Each connector cross-section was designed as an 133 

isosceles triangle with rounded corners, with cross-sectional areas of 9.0, 12.0, and 15.0 134 

mm² in geometrically similar proportions (Figure 3) [26, 28]. 135 

2.2.3. PFPD fabrication  136 
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For the 3D group, the designed PFPDs were converted into stereolithography (STL) 137 

format and imported into the CAM software (Cara Print CAM 2.0, Kulzer). The build 138 

orientation was set at 45°, and the layer thickness at 50 μm. Support structures were 139 

designed to avoid the connector area. The PFPDs were fabricated using the 3D printer 140 

(Cara Print 4.0 pro, Kulzer) after stirring the resin for 5 min. Post-processing included 141 

washing with isopropanol in a cleaning unit (Cara Print clean, Kulzer) and light 142 

polymerization for 15 min using a post-curing unit (HiLite power 3D, Kulzer) with a 143 

wavelength of 390–540 nm. 144 

For the Mi group, the STL data were imported into the CAM software (GO2dental 145 

version 6.09, Shofu Inc., Kyoto, Japan) and milled using a 5-axis milling machine (DWX-146 

53D, Roland DG, Shizuoka, Japan) equipped with three milling burs (BE-0.6-4-DLC, 147 

BE-1.0-4-DLC, and BE-2.0-4-DLC, Shofu Inc.). 148 

For the CM group, silicone impression material (EXAFINE, GC Corp) was used to 149 

take an index using the 3D group as a reference PFPD, and the restorations were 150 

fabricated using the pour-type technique with the manufacturer’s recommended powder-151 

to-liquid ratio. 152 

Five specimens were fabricated for each connector cross-sectional area in each group 153 

(n=5). The sample size was determined a priori using statistical power analysis software 154 

(GPower; Heinrich Heine University Düsseldorf, Düsseldorf, Germany), assuming a 155 

significance level of 0.05, a power of 0.8, and an effect size of 0.8. A post hoc power 156 

analysis was subsequently performed using GPower to evaluate the achieved statistical 157 

power based on the effect sizes calculated from the experimental results. 158 

2.3. Test mold 159 

The test mold is shown in Figure 4. The apical portions of abutments were rounded, 160 
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and a 0.4-mm thick layer of silicone impression material (FUSION II, GC Corp) was 161 

interposed between each abutment and the holder to simulate the periodontal ligament. 162 

Each abutment was embedded 12.0 mm into the holder. 163 

2.4. Temporary cementation of PFPDs 164 

Each PFPD was temporarily cemented to the test mold using a temporary luting 165 

carboxylate cement (Hy-Bond Carbo Cement, Shofu Inc.) and stored in distilled water 166 

for 24 h before testing. 167 

2.5. Fracture test 168 

The fracture load was measured using a universal testing machine (AG-1 20 kN, 169 

Shimadzu Corp., Kyoto, Japan). A hemispherical steel indenter (2.0 mm in diameter) 170 

applied the load at an angle of 135° to the long axis of the abutment teeth [26, 29]. The 171 

load was applied 3.0 mm from the incisal edge at the midpoint of the pontic in the 172 

mesiodistal direction (Figure 5). The crosshead speed was 1.0 mm/min, and the fracture 173 

load (N) was recorded at the point of failure. 174 

2.6. Observation of fracture mode 175 

Observations of fracture patterns were performed as supplementary information to aid 176 

clinical interpretation of fracture strength results. Fractured specimens were visually 177 

examined, and the fracture sites and number of fragments were recorded. Subsequently, 178 

the specimens were ultrasonically cleaned in distilled water for 10 min and sputter-coated 179 

with palladium-gold. Fracture surfaces were observed using a scanning electron 180 

microscope (SEM; SU6600, HITACHI, Tokyo, Japan) at an accelerating voltage of 1.5 181 

kV and a magnification of ×25. 182 

2.7. Statistical analysis 183 

Statistical analysis was performed using SPSS software (Version 29, IBM Corp., 184 
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Armonk, NY, USA). Two-way analysis of variance (ANOVA) was conducted with 185 

fabrication method and connector cross-sectional area as factors, followed by Bonferroni 186 

multiple comparison tests. The significance level was set at 5%. 187 

 188 

3. Results 189 

The results of the two-way ANOVA are summarized in Table 2. Significant main effects 190 

were identified for both fabrication method and connector cross-sectional area, and the 191 

interaction between these two factors was also significant (p < 0.05). 192 

Figure 6 illustrates the fracture load values of PFPDs for each material. For connector 193 

cross-sectional areas of 9.0, 12.0, and 15.0 mm², the mean fracture loads were 177 ± 37 194 

N, 211 ± 31 N, and 255 ± 18 N for the CM group; 218 ± 24 N, 265 ± 41 N, and 400 ± 52 195 

N for the Mi group; and 295 ± 33 N, 425 ± 37 N, and 590 ± 42 N for the 3D group, 196 

respectively. The 3D group demonstrated significant differences among all connector 197 

cross-sectional areas. The Mi group showed a significant difference only at the 15.0 mm² 198 

condition, whereas the CM group displayed no significant differences among connector 199 

sizes. 200 

Figure 7 Shows the fracture load values for each connector cross-sectional area across 201 

different materials. For connector areas of 9.0 mm² and 12.0 mm², the 3D group exhibited 202 

significantly higher fracture loads than the other materials. For 15.0 mm², significant 203 

differences were observed among all materials. 204 

Representative fractured PFPDs are shown in Figure 8. Table 3 shows that in the Mi 205 

and CM group, two-piece fractures were frequently observed in the mesial connector 206 

region, whereas in the 3D group, multi-fragment fractures were frequently observed in 207 

both the mesial connector region and the pontic region. 208 
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SEM observations are presented in Figure 9. In all PFPDs, an area surrounded by 209 

radially propagating crack lines was observed on the labial-gingival side. The 3D group 210 

exhibited smooth fracture surfaces with delaminated layers and fine, evenly distributed 211 

arrest lines on the palatal side. The Mi group showed slightly rough but dense fracture 212 

surfaces with coarse and evenly spaced arrest lines on the palatal side. The CM group 213 

demonstrated rough fracture surfaces with numerous voids and irregularly distributed 214 

arrest lines on the palatal side. 215 

 216 

4. Discussion 217 

This study tested the null hypothesis that neither fabrication method nor connector 218 

cross-sectional area would affect the fracture load of PFPDs. The results showed no 219 

significant differences in fracture load among connector cross-sectional areas in the CM 220 

group. In contrast, the connector cross-sectional area significantly influenced fracture 221 

load in the other fabrication methods, leading to partial rejection of the null hypothesis. 222 

4.1. Test specimens 223 

PFPDs were fabricated using three methods: 3D, Mi, and CM. Although all materials 224 

used in this study were primarily composed of PMMA, differences in polymerization 225 

mechanisms, polymerization conditions, and internal material structures among the 226 

fabrication methods may have resulted in distinct mechanical properties. 227 

In the CM group, provisional restorations were fabricated by mixing and pouring 228 

chemically polymerized resin, a process that depends heavily on operator skill. Variations 229 

in the powder-to-liquid ratio and manipulation during mixing and pouring may lead to 230 

inconsistencies in connector geometry, and incorporation of air bubbles has been reported 231 

to reduce fracture strength [30, 31]. Furthermore, this fabrication method is associated 232 
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with a decreased degree of polymerization and increased residual monomer content. 233 

In contrast, the PMMA materials used in the Mi and 3D groups are manufactured under 234 

industrially controlled conditions [32], which are expected to provide a higher degree of 235 

polymerization and a more homogeneous internal structure. Milled PMMA blocks are 236 

polymerized under high temperature and pressure, resulting in increased molecular 237 

weight and enhanced intermolecular bonding, which may contribute to improved 238 

mechanical properties. 239 

Additively manufactured PMMA-based materials are light-polymerized resins 240 

fabricated in a layer-by-layer manner, which inherently results in a laminated structure. 241 

This structural characteristic may introduce anisotropy, and the interlayer bonding 242 

strength may influence fracture behavior depending on the loading direction [33]. 243 

Nevertheless, the ability to reproduce highly accurate and standardized connector designs 244 

may represent a distinct advantage over the conventional method. Furthermore, when 245 

printing parameters such as build orientation, layer thickness, and post-curing conditions 246 

are appropriately optimized, additively manufactured PMMA-based restorations may 247 

achieve fracture strength comparable to that of milled PMMA restorations. 248 

CAD/CAM fabrication techniques enable consistent and standardized reproduction of 249 

restoration morphology [19, 34]. Therefore, besides improved shape reproducibility, the 250 

intrinsic homogeneity of CAD/CAM PMMA materials may have contributed to the 251 

stability of fracture strength observed in the Mi and 3D groups. 252 

Stainless-steel abutments were selected to maintain consistent abutment geometry. 253 

However, stainless steel possesses a higher elastic modulus than natural teeth, resulting 254 

in higher fracture load values compared to intraoral conditions [30]. To simulate the 255 

biomechanical behavior of the periodontal ligament and achieve stress distribution similar 256 
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to that of the oral environment, a thin layer of silicone impression material was interposed 257 

between the abutments and holder, serving as an artificial periodontal ligament. Finite 258 

element analyses have demonstrated that such models produce stress distributions 259 

comparable to those occurring in vivo [35]. Therefore, incorporating the artificial 260 

periodontal ligament was considered effective in creating a testing environment that 261 

closely approximates clinical conditions. 262 

4.2. Test conditions 263 

From a mechanical perspective, connector design must provide sufficient strength to 264 

withstand bite forces. Previous studies have reported that an isosceles triangular 265 

connector with the cervical side as the base demonstrates the greatest mechanical strength 266 

[26]. However, in the anterior region, esthetics, cleansability, and harmony with the 267 

gingiva must also be considered, and the largest connector area does not necessarily offer 268 

the best outcome [36]. Excessive connector cross-sectional area can reduce the interdental 269 

space and create over-contoured gingival emergence profiles, resulting in poor esthetics 270 

and unfavorable periodontal response [37]. For these reasons, connector cross-sectional 271 

areas of 9.0, 12.0, and 15.0 mm² were selected to evaluate the balance between strength 272 

and esthetics. Although a static fracture test was employed, this approach is considered 273 

appropriate for simulating sudden overload conditions in clinical scenarios [38]. Oblique 274 

loading typically decreases fracture strength [39]. However, in this study, the load was 275 

applied at a 135° angle relative to the long axis of the abutment teeth to simulate the 276 

clinical occlusal contact between the maxillary and mandibular anterior teeth. 277 

4.3. Test results 278 

This study found that the 3D group and Mi group exhibited higher fracture load values 279 

than the CM group. This is attributed to the homogeneous internal structure obtained via 280 
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CAD/CAM and the precise, standardized manufacturing process, which suppresses 281 

heterogeneity caused by operator manipulation and air bubbles [24, 40]. The 3D group 282 

exhibited higher fracture load values than the Mi group, suggesting that the printing angle 283 

during additive manufacturing may be a contributing factor. Reports indicate that the 284 

fracture load values of 3D-printed materials vary depending on the manufacturing angle, 285 

with higher load values observed at a 45° building orientation [18, 41]. In this study, the 286 

3D group specimens were fabricated at 45°, supporting the influence of build angle on 287 

fracture strength. Regardless of the manufacturing method, an increase in fracture load 288 

values was observed with increasing connector cross-sectional area. Reports indicate that 289 

increasing the connector cross-sectional area of the final prosthesis also results in higher 290 

fracture load values [42]. These results suggest that the manufacturing method and the 291 

connector cross-sectional area significantly influence the fracture strength. 292 

The maximum bite force in the anterior region has been reported to range from 250–293 

300 N [43, 44]. Comparison of fracture load values showed that the 3D group exhibited 294 

the highest values, ranging from 295 N to 590 N across all connector cross-sectional areas. 295 

The Mi group showed fracture loads ranging from 218 N to 400 N, suggesting that 296 

maintaining a connector cross-sectional area of 12.0 mm² or larger may provide sufficient 297 

resistance to bite force. In contrast, the CM group showed lower values ranging from 177 298 

N to 255 N, implying that a connector cross-sectional area of at least 15.0 mm² would be 299 

required to withstand occlusal forces. 300 

Fracture patterns revealed multiple fractures in the mesial connector and pontic regions 301 

of the 3D group, whereas the Mi and CM groups showed two-piece fractures localized to 302 

the mesial connector. This difference may reflect the interlayer structure and stress 303 

distribution specific to additive manufacturing [45, 46]. In the 3D group, fracture 304 
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propagated along the layer structure from the mesial connector to the pontic, resulting in 305 

multiple fracture sites, whereas stress concentration in the Mi and CM groups led to 306 

localized fracture. Two-piece fractures allow easier repair and immediate esthetic 307 

restoration, whereas multiple fractures require remanufacturing and may temporarily 308 

compromise appearance. Therefore, the 3D group, despite higher fracture loads, may 309 

present challenges in repair, whereas the Mi and CM groups may offer advantages in 310 

repairability. Optimization of build angles to minimize interlayer delamination and 311 

multiple fractures represents an additional important consideration [18]. 312 

SEM observations revealed that fracture origins were located on the labial-gingival 313 

side in all groups, with radial crack propagation. Previous studies have reported that 314 

regions surrounded by radially propagating crack lines may represent fracture initiation 315 

sites [42]. This observation is consistent with the findings of the present study. The 3D 316 

group exhibited interlayer delamination, whereas the Mi group showed dense fracture 317 

surfaces, and the CM group displayed multiple voids along with dense surrounding 318 

fracture surfaces. Previous studies have similarly reported smooth surfaces and interlayer 319 

delamination in the 3D group and rough fracture surfaces in the Mi group [22]. Despite 320 

consistent fracture origins and radial crack propagation across all groups, the observed 321 

differences in fracture surface morphology suggest that these variations may be attributed 322 

to the fabrication method. 323 

4.4. Clinical implications 324 

Based on the results of this study, the 3D group demonstrated sufficient mechanical 325 

strength, indicating a viable option for provisional restorations in the anterior region. The 326 

Mi group may also be clinically applicable if the connector cross-sectional area is 327 

adequate; specifically, maintaining an area of 12.0 mm² or greater is considered sufficient 328 
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to withstand occlusal loading. In contrast, the CM group could be used clinically with a 329 

connector area of at least 15.0 mm²; however, this design presents limitations in terms of 330 

esthetics and gingival harmony. 331 

Furthermore, differences in fracture patterns suggest that repairability may be more 332 

favorable in the Mi and CM groups [47]. Therefore, clinical selection should consider 333 

both fracture strength and ease of repair and remanufacturing. In the 3D group, 334 

optimization of printing parameters could improve fracture patterns and expand the 335 

clinical applicability of digitally fabricated PFPDs. 336 

4.5. Study limitations 337 

This study employed static fracture testing using stainless-steel abutments, which did 338 

not fully replicate natural teeth or intraoral conditions. Long-term factors such as fatigue 339 

loading, thermal cycling, and the salivary environment were not considered. Future 340 

studies should include natural teeth, dynamic fatigue testing, and long-term clinical 341 

simulations. Additionally, the simplification and standardization of abutment morphology 342 

and connector cross-sectional area limited the ability to fully reproduce clinical occlusal 343 

relationships, representing an inherent clinical limitation of this study. 344 

 345 

5. Conclusions 346 

In the three fabrication methods used in this study, fracture load increased with 347 

increasing connector cross-sectional area. 348 

Fracture loads sufficient to withstand clinical occlusal forces were achieved at 349 

connector cross-sectional areas ≥9.0 mm² for the 3D group, ≥12.0 mm² for the Mi group, 350 

and ≥15.0 mm² for the CM group. 351 
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Table 1. Materials and equipment used in this study. 

Materials Product name Manufacturer Lot No. 

Polymethyl methacrylate 

(PMMA)–based 3D printing resin 

dima Print Denture 

Teeth 

Kulzer GmbH, Hanau, 

Germany 

AD22F13A3 

Polymethyl methacrylate 

(PMMA)–based resin disc 

M-PM Disc MERZ Dental GmbH, 

Lütjenburg, Germany 

20322 

Polymethyl methacrylate 

(PMMA) 

Unifast II GC Corp., Tokyo, Japan 2110191 

 562 

This table lists the polymethyl methacrylate (PMMA) used in the manufacture of 

provisional fixed partial denture. Product name, manufacturing method, equipment used, 

and lot number are included. 

 563 

Table 2. Results of two-way analysis of variance for fracture load values. 

Source of variation Type III Sum of 

Squares 

df Mean 

Square 

F-value P-value 

Fabrication method 408,480.69 2 204,240.35 128.090 < 0.01 

Connector cross-sectional area 245,835.31 2 122,917.66 77.088 < 0.01 

Interaction 72,308.87 4 18,077.22 11.337 < 0.01 

Statistically significant differences are indicated by P < 0.01. 564 

 565 

Table 3. Results of fracture location in destructive testing. 

CM group       

  9.0 12.0 15.0 

Mesial Connecter 5 5 4 

DistalConnecter 0 0 1 
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Both Connecter  0 0 0 
    

Mi group       

  9.0 12.0 15.0 

Mesial Connecter 5 3 3 

Distal Connecter 0 2 2 

Both Connecter  0 0 0 
    

3D group       

  9.0 12.0 15.0 

Mesial Connecter＆Pontic 3 5 2 

Distal Connecter＆Pontic 1 0 1 

Both Connecter ＆Pontic 1 0 2 

Results of classification of fracture locations in destructive testing according to 

manufacturing method and connector cross-sectional area. 

 566 

Figure legends 567 

Figure1. Dimensions of the abutment mold. 568 

Abutment tooth morphologies were designed according to anatomical dimensions. 569 

 570 

Figure2. Dimensions of provisional fixed partial denture. 571 

The abutment structure for a provisional fixed partial denture was simplified rather than 572 

anatomically shaped, whereas the pontic structure was designed with an anatomical form. 573 

 574 
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Figure3. Schematic of the connector cross-section. 575 

The cross-sectional area of the joint was designed to be similar for each of the three 576 

conditions: 9.0, 12.0, and 15.0 mm². 577 

 578 

Figure4. Dimensions of the test mold. 579 

The mold was made of stainless steel, with the apex of the abutment tooth designed in a 580 

rounded shape. A simulated periodontal ligament 0.4 mm thick was interposed between 581 

the abutment tooth and the holder. 582 

 583 

Figure5. Schematic diagram of the destructive test setup. 584 

Left: lateral view of the fracture test setup. Right: loading point on the pontic. 585 

 586 

Figure6. Comparison of connector cross-sectional area by manufacturing methods. 587 

Differences in letters indicate significant differences (p < 0.05). 588 

 589 

Figure7. Comparison of manufacturing methods for connector cross-sectional area. 590 

Differences in letters indicate significant differences (p < 0.05). 591 

 592 
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Figure8. Visual inspection of provisional fixed partial denture fracture patterns. 593 

Representative fractured specimens from each fabrication group are shown. All 594 

specimens are oriented with the lingual surface facing the frontal direction, corresponding 595 

to the loading point, to standardize observation of fracture location and morphology. 596 

 597 

Figure9. Scanning electron microscopy (SEM) images of the fracture surface after 598 

destructive testing. 599 

A schematic diagram of the connector area observed by SEM is shown. Arrowheads 600 

indicate regions enclosed by radially propagating crack propagation lines, suggesting the 601 

fracture origin. 602 



 

 



 

 



 

 



 

 



 

 



 

 

 

 

 

 



 

 

 

 

 



 

 



 

 

 

 


