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Abstract
BACKGROUND
[bookmark: _Hlk54004097]Acetabular fractures pose diagnostic and surgical challenges. They are classified using the Judet-Letournel system, which is based solely on X-ray. However, computed tomography (CT) imaging is now more widely utilized in diagnosing these injuries. The emergence of 3-dimensional (3-D) printing technology in varying orthopedic fields has provided surgeons a solid model that improves their spatial understanding of complex fractures and ability to plan pre-operatively.

AIM
To evaluate the reliability of the Judet-Letournel classification system of acetabular fractures, when using either CT imaging or 3-D printed models.

METHODS
Seven patients with acetabular fractures underwent pelvic CT imaging, which was then used to create solid, 3-D printed models. Eighteen orthopaedic trauma surgeons responded to questionnaires regarding fracture classification and preferred surgical approach. The same questionnaire was completed using only CT imaging, and two weeks later, using only 3-D printed models. The inter- and intra-observer agreement rates were then analyzed.

RESULTS
Inter-observer agreement rates based on CT imaging or 3-D printed models were moderate for fracture classification: κ = 0.44, κ = 0.55, respectively (P < 0.001) and fair for preferred surgical approach: κ = 0.34, κ = 0.29, respectively (P < 0.005). Intra-observer agreement rates for fracture classification and preferred surgical approach comparing CT imaging or 3-D printed models were moderate: κ = 0.48, κ = 0.41, respectively. No significant difference in intra-observer agreement was detected when comparing orthopedic pelvic specialists to general orthopedic traumatologists.

CONCLUSION
The Judet-Letournel classification demonstrated only moderate rates of agreement. The use of 3-D printed models increased the inter-observer agreement rates with respect to fracture classification, but decreased it with respect to the preferred surgical approach. This study highlights the role of 3-D printed models in acetabular fractures by improving spatial understanding of these complex injuries, thus providing more reliable fracture diagnoses and alternative viewpoints for pre-operative planning.
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Core Tip: Three-dimensional (3-D) imaging and printing is an emerging technique in the field of orthopedic surgery. This study highlights the utility of 3-D printing in the treatment of complex acetabular fractures, as it relates to the traditionally used Judet-Letournel classification and the accustomed surgical approaches.

INTRODUCTION
Acetabular fractures pose a great diagnostic challenge due to the complexity and variability of each fracture pattern. Treatment, whether conservative or surgical, is influenced by the initial diagnosis of the fracture pattern and classification. Therefore, it is essential that these fractures are accurately characterized before decision making[1-4]. The Judet-Letournel classification system for acetabular fractures is the current gold standard for describing these injuries. The system is based on the theory of anterior and posterior walls and columns within the acetabulum[5,6]. Based on this anatomical description, they described five elementary fracture patterns and five associated fracture patterns.
The Judet-Letournel classification system was described using specific pelvic radiographs, termed Judet views, which include iliac oblique and obturator oblique views[5]. However today, most trauma centers perform computed tomography (CT) for high-energy or polytrauma patients. Using these CT scans, three-dimensional (3-D) reconstructions are created, and have become standard diagnostic tools in many trauma centers (Figure 1). Studies have shown that using two-dimensional (2-D) and 3-D CT reconstructions enable improved understanding of fracture patterns and anatomy, in particular with complex pelvic and acetabular fractures[7,8]. Some novel CT-based classification systems have been proposed as well[9], challenging traditional methods.
3-D printing technology can utilize 3-D CT reconstructions to manufacture a tangible model out of a variety of materials, ranging from plastics to metals. This technology is becoming more widespread in various industries, thus making it more affordable and accessible[10,11]. 3-D printing first entered the field of medicine in the early 2000s, when dental implants and tailored prostheses were produced. The use of this technology had increased substantially in several areas of medicine, creating anatomic models, prostheses, implants, and other accessories[12,13].
In orthopedic surgery, 3-D printing has been used both for surgical planning as well as patient specific instrumentation (PSI). PSI utilizes 3-D printing to manufacture instrumentation that is unique to a patient’s anatomy. Its use has been reported on in varying fields of orthopedics including arthroplasty, orthopedic oncology, trauma, and spine surgery. Several studies have demonstrated that the use of 3-D printed models and implants decreased operative time and improved patient outcomes[14-18].
The reliability of the Judet-Letournel classification has been investigated in several trauma centers. Previous studies evaluating inter-observer agreement of acetabular fractures based on CT scans demonstrated high variability between studies and their reported rates of agreement, with a range of κ = 0.6-0.7[7,19-21].
To our knowledge, the use of 3-D printed models to test the reliability of the Judet-Letournel classification system has not yet been reported on in the literature. Therefore, we raised the hypothesis that the use of 3-D printed models of acetabular fractures may improve the interobserver and intraobserver agreement of fracture classification, and influence surgeons’ preferred surgical approach.

MATERIALS AND METHODS
Seven patients with varying acetabular fractures that were surgically treated at our institution were included. No initial attempt was made to characterize them according to Letournel’s system. Each patient underwent non-contrast CT imaging of the pelvis with 3-D reconstructions. The CT images of each patient were de-identified and assigned a coded number (Figure 2). Each case was stored onto several portable drives and distributed to the reviewing physicians. 
3-D printed models of the fractured acetabuli were produced, using a UP Plus 2 3-D printer (PP3DP, United States), using Acrylonitrile Butadiene Styrene (ABS), a chemical compound (C8H8)x·(C4H6)y·(C3H3N)z. Technical limitations mandated a 0.6-0.8/1 ratio of model to real size. The models were engraved with serial numbers (Figure 3). An encoding table was created, with the legend available only to the statistician following data collection. This was a blinded study in that reviewing surgeons were unable to identify which CT scan corresponded to each 3-D printed model.
Eighteen orthopedic trauma surgeons from various hospitals in Israel were selected. Nine of those surgeons specialize in pelvic and acetabular injuries and routinely operate on these injuries. The other nine orthopedic trauma surgeons do not routinely operate on pelvic and acetabular injuries. Each participating surgeon completed the same questionnaire twice. Initial responses were based only off of CT images. They then completed the same questionnaire two weeks later using only the 3-D printed models. They were asked to answer the following two questions: (1) What is the fracture type according to Judet-Letournel classification system? and (2) What is the preferred surgical approach for each case?

Statistical analysis
In order to comply with previous literature, the (Cohen's) Kappa coefficient was used to evaluate Interobserver Agreement between all participants with respect to fracture classification and corresponding preferred surgical approach using either CT images or 3-D printed models. Intraobserver Agreement was also tested for each individual surgeon with respect to fracture classification and corresponding preferred surgical approach using either CT images or 3-D printed models. For each of these parameters a correlation test was performed between the two abovementioned groups of surgeons.
In order to calculate the inter-observer agreement between the various examiners with respect to fracture classification using either CT images or 3-D printed models, we compared each individual’s responses to the remaining examiners' responses. This was done for each test that was performed. The number of matches was then correlated to the number of comparisons made (removing duplicate matches), and the results from each imaging method were compared using a Wilcoxon signed-rank test. Statistical analyses were performed using SPSS program (version 20, IBM), with a P value below 0.05 considered significant.

RESULTS
Seven cases of acetabular fractures were selected with differing levels of complexity, at the discretion of the authors. The eighteen participating surgeons examined all CT scans two weeks before the 3-D printed models were examined. The results from all questionnaires are shown in Tables 1-4 and Figures 4 and 5.
The inter-observer agreement regarding fracture classification based on CT and 3-D models was moderate: κ = 0.44 (SE range: 0.0-0.24) and κ = 0.55 (SE range: 0.0-0.22) respectively, with a statistically significant difference between the two modalities (P < 0.001). The inter-observer agreement regarding the preferred surgical approach based on CT and 3-D models was fair: κ = 0.34 and κ = 0.29 (SE range: 0.0-0.39), with a statistically significant difference between the two modalities (P < 0.005) (Tables 1 and 2, Figure 4).
The intra-observer agreement regarding fracture classification among all 18 surgeons when comparing the two imaging modalities was moderate: κ = 0.48. The surgeons specializing in pelvic and acetabular injuries demonstrated a slightly lower rate of agreement (κ = 0.45) when compared to the general orthopedic trauma specialists (κ = 0.50), though this difference was not statistically significant (P = 0.592). The intra-observer agreement regarding the preferred surgical approach among all the surgeons when comparing the two imaging modalities was moderate: κ = 0.41. The surgeons specializing in pelvic and acetabular injuries demonstrated a lower rate of agreement (κ = 0.37) when compared to the general orthopedic trauma specialists (κ = 0.50), though this difference was also not statistically significant (P = 0.33) (Tables 3 and 4, Figure 5).
After examining the 3-D printed models, surgeons changed their initial responses regarding fracture classification and preferred surgical approach 56 out of 126 times (44%), and 44 out of 126 times (35%), respectively (Table 4). There were no significant differences between the two groups of specialists in this respect (Table 3).
A large variability in responses amongst the cases was evident. For case 2, only three (17%) reviewers changed their decision regarding fracture classification, and only one (6%) reviewer with respect to preferred surgical approach. In contrast, for case 5, fourteen (78%) reviewers changed their response regarding fracture classification, and 9 (50%) reviewers with respect to preferred surgical approach (Table 4).
A total of 70 out of 126 (55.5%) responses regarding fracture classification using CT imaging alone were not changed after examination of the 3-D models. However, in 22.8% of these cases the examiners changed their responses regarding the preferred surgical approach. Of the remaining 56 out of 126 (44.5%) responses that were changed regarding fracture classification, 50% of these surgeons changed their response regarding the preferred surgical approach (Table 4 and Figure 5).

DISCUSSION
The primary outcome of this study demonstrated that 3-D printed models of 7 different acetabular fractures significantly increased inter-observer agreement with respect to fracture classification, while decreasing inter-observer agreement with respect to preferred surgical approach. The use of 3-D printed models did not demonstrate significant difference in intra-observer agreement for both fracture classification and preferred surgical approach. No significant difference in intra-observer agreement for fracture classification and preferred surgical approach was detected when analyzing responses from pelvic and acetabular specialists and general orthopedic traumatologists, separately.
The Judet-Letournel classification system for acetabular fractures is widely used and establishes an algorithm for surgical treatment. This classification system is based on X-ray imaging using Judet views[5]. However, with the prevalent use of CT imaging, most patients with pelvic or actebular injuries are not treated without review of this advanced imaging modality.
Numerous studies have evaluated the reliability and effectiveness of the Judet-Letournel classification system[7,8,19-21], using plain radiographs, 2-D and 3-D CT imaging. We've raised the hypothesis that 3-D printed solid models could contribute to the spatial understanding of these highly complex and variable fractures. The use of 3-D printed models affords surgeons a more comprehensive spatial understanding of these injuries, thus improving their ability to plan pre-operatively. Advancement in 3-D printing technology has allowed a relatively simple way to create a real-size detailed model of a fractured acetabulum.
In contrast to previous studies involving a single medical center, this study recruited eighteen surgeons from numerous level 1 trauma centers in the nation, many of who regularly perform complex operations of the acetabulum. Our intention was to provide an accurate and generalizable picture regarding the reliability of the Judet-Letournel classification system. When we asked the surgeons to classify these fractures and provide their preferred surgical approach, our premise was that there is no “correct” answer, and that the agreement rate would be the sole reference.
Tables 1 and 2 demonstrates a moderate rate of agreement regarding the fracture classification based on CT imaging. This rate is lower than reported on previous literature[7,8,10]. One explanation might be that the fractures selected for this study were more complex and difficult to assess. Another explanation is the fact that the participating surgeons work at different medical centers. There's an element of habit and common practice at each medical center, or unified training under the same pelvic specialist, which may create a bias.
The degree of inter-observer agreement for the fracture classification based on the 3-D printed models was found to be only slightly higher, though still moderate. Although both imaging modalities were within moderate agreement, the difference between them was statistically significant (P < 0.001). The higher rate of agreement using the 3-D printed models is likely a result of the improved spatial visualization and understanding of each fracture and the possibility to examine each one from different viewpoints.
The inter-observer agreement rate among all the surgeons regarding the preferred surgical approach according to CT imaging (Tables 1 and 2) was found to be fair. This is in contrast to a slightly lower, yet still fair, rate of agreement when using the 3-D models, which was statistical significant (P = 0.005). This can be explained by the fact that different surgeons may decide to approach the same fracture using different methods. Varying personal preferences among each surgeon can explain the lower rate of agreement when compared to that of fracture classifications. The higher agreement rate for the surgical approach when using CT vs 3-D models may be due to various options revealed to a surgeon when holding a model in his hand. We believe that, in this respect, use of the 3-D printed models raises a more innovative way of thinking and undermines previous decision making patterns. Simply put, one might say that more information may only contribute to a problem's complexity.
The intra-observer agreement regarding the fracture classification and the preferred surgical approach based on CT imaging vs 3-D printed models was moderate (Table 3), with no significant difference between pelvic and trauma specialists in both parameters. Table 4 demonstrates the variance between the cases chosen for the study. It can be assumed that in some cases, the complex fractures posed a greater diagnostic challenge for the reviewers and raised more questions regarding surgical approaches. Another explanation for this can be attributed to technical reasons. Some non-displaced fracture lines, which can be identified through CT imaging, might have been “obliterated” in the printing process and are difficult to identify in the solid models. A higher resolution printer, larger scales, or possibly other modalities (e.g., 3-D holograms) may serve to reduce this effect.
Figure 5 illustrates the surgeons’ decision-making process regarding the appropriate surgical approach for each classified fracture, once the 3-D printed models were examined. Although 56% maintained the same fracture classification, 13% of those surgeons decided to change their preferred surgical approach. In our view, this represents a significant insight into how a fracture is evaluated, and moreover, how it would be addressed surgically. Our findings demonstrate that the Judet-Letournel classification system does not comprise all the information surgeons need for their decision-making. It is likely that the 3-D printed models provide additional information that affects a surgeon’s preferred surgical approach.
The collected data did not demonstrate significant differences between the pelvic specialists and general orthopedic traumatologists in all parameters. Presumably, as part of their work, trauma specialists who do not regularly operate on acetabular fractures are still thoroughly familiar with the theoretical material.

CONCLUSION
The results of this study indicate that the currently accepted Judet-Letournel classification system for acetabular fractures demonstrates only moderate rates of agreement by CT imaging alone. Use of 3-D printed models increased the interobserver agreement rates with respect to fracture classification, however decreased the interobserver agreement rates with respect to the preferred surgical approach. Due to the inherent anatomical complexity of acetabular fractures, these models allow for improved visuospatial understanding of these fractures and enable more accurate classification. Additionally, the 3-D printed models allow surgeons to examine a fracture from infinite perspectives and consider the best surgical approach before operating. The ability of a surgeon to hold a 3-D model in his hands as part of the preoperative planning process can improve their decision-making. This surgical aid may stimulate renewed thinking of fracture diagnosis and preferred surgical approaches for acetabular fractures, and may contribute to improved surgical outcome.

ARTICLE HIGHLIGHTS
Research background
[bookmark: _Hlk58839418]There are numerous studies examining the reliability of the Judet-Letounel classification system for acetabular fractures using traditional radiographs and computed tomography (CT). However, 3-dimensional (3-D) printing is an emerging technology that hasn't been thoroughly investigated in the field of orthopedics in terms of imaging and pre-operative planning.

Research motivation
We evaluated the intra and inter-observer reliability of the Judet-Letournel classification system, with respect to fracture classification and preferred surgical approach. We compared the use of 3-D printed models of acetabular fractures to the current standard use of CT scans.

Research objectives
The study aims to illustrate the added value of 3-D printed models as a reliable method to more accurately characterize a patient’s acetabular fracture, and aid in the decision regarding the preferred surgical approach.

Research methods
Seven patients with acetabular fractures underwent a CT scan with 3-D reconstructions. We then created 3-D printed models of the fractured acetabula. Eighteen trauma surgeons were surveyed to classify each fracture and identify their preferred surgical approach, on two separate occasions, using one of each imaging modality alone.

Research results
The inter-observer agreement regarding fracture classification based on CT and 3-D printed models was moderate for both: κ = 0.44 (SE range: 0.0-0.24), and κ = 0.55 (SE range: 0.0-0.22), respectively; this difference was statistically significant (P < 0.001). The inter-observer agreement regarding the preferred surgical approach based on CT and 3-D printed models was fair for both: κ = 0.34, and κ = 0.29 (SE range: 0.0-0.39), respectively; this difference was statistically significant (P < 0.005). The intra-observer agreement regarding fracture classification among all 18 surgeons when comparing the two imaging modalities was moderate: κ = 0.48, as for the preferred surgical approach: κ = 0.41. 

Research conclusions
3-D printed models improve the inter-observer reliability of the Judet-Letournel classification system, when compared to the use of standard CT scans. However, the inter-observer agreement regarding the surgical approach was decreased, likely due to the added perspective and visualization of the fractures.

Research perspectives
3-D printed models improve visuospatial understanding of complex fractures. Its utility and contribution for better patient outcomes should be investigated in future prospective randomized controlled trials.

ACKNOWLEDGEMENTS
The authors wish to express their gratitude to Professor Sosna J (Chairman, Department of Radiology, Hadassah Medical Center, Jerusalem, Israel) for his contribution in the process of realizing the 3-D printed models.

REFERENCES
[bookmark: OLE_LINK2527][bookmark: OLE_LINK2528]1 Vallier HA, Cureton BA, Ekstein C, Oldenburg FP, Wilber JH. Early definitive stabilization of unstable pelvis and acetabulum fractures reduces morbidity. J Trauma 2010; 69: 677-684 [PMID: 20838139 DOI: 10.1097/TA.0b013e3181e50914]
2 Osgood GM, Manson TT, O'Toole RV, Turen CH. Combined pelvic ring disruption and acetabular fracture: associated injury patterns in 40 patients. J Orthop Trauma 2013; 27: 243-247 [PMID: 22874118 DOI: 10.1097/BOT.0b013e31826c2751]
3 Eastridge BJ, Starr A, Minei JP, O'Keefe GE, Scalea TM. The importance of fracture pattern in guiding therapeutic decision-making in patients with hemorrhagic shock and pelvic ring disruptions. J Trauma 2002; 53: 446-50; discussion 450-1 [PMID: 12352479 DOI: 10.1097/00005373-200209000-00009]
4 Rommens PM, Hessmann MH. Staged reconstruction of pelvic ring disruption: differences in morbidity, mortality, radiologic results, and functional outcomes between B1, B2/B3, and C-type lesions. J Orthop Trauma 2002; 16: 92-98 [PMID: 11818803 DOI: 10.1097/00005131-200202000-00004]
5 JUDET R, Judet J, Letournel E. Fractures Of The Acetabulum: Classification And Surgical Approaches For Open Reduction. PRELIMINARY REPORT. J Bone Joint Surg Am 1964; 46: 1615-1646 [PMID: 14239854]
6 Durkee NJ, Jacobson J, Jamadar D, Karunakar MA, Morag Y, Hayes C. Classification of common acetabular fractures: radiographic and CT appearances. AJR Am J Roentgenol 2006; 187: 915-925 [PMID: 16985135 DOI: 10.2214/AJR.05.1269]
7 Ohashi K, El-Khoury GY, Abu-Zahra KW, Berbaum KS. Interobserver agreement for Letournel acetabular fracture classification with multidetector CT: are standard Judet radiographs necessary? Radiology 2006; 241: 386-391 [PMID: 17005769 DOI: 10.1148/radiol.2412050960]
8 Garrett J, Halvorson J, Carroll E, Webb LX. Value of 3-D CT in classifying acetabular fractures during orthopedic residency training. Orthopedics 2012; 35: e615-e620 [PMID: 22588400 DOI: 10.3928/01477447-20120426-12]
9 Herman A, Tenenbaum S, Ougortsin V, Shazar N. There Is No Column: A New Classification for Acetabular Fractures. J Bone Joint Surg Am 2018; 100: e8 [PMID: 29342067 DOI: 10.2106/JBJS.17.00600]
10 Reddix RN Jr, Webb LX. Computer-assisted preoperative planning in the surgical treatment of acetabular fractures. J Surg Orthop Adv 2007; 16: 138-143 [PMID: 17963657]
11 Webb PA. A review of rapid prototyping (RP) techniques in the medical and biomedical sector. J Med Eng Technol 2000; 24: 149-153 [PMID: 11105287 DOI: 10.1080/03091900050163427]
12 Esses SJ, Berman P, Bloom AI, Sosna J. Clinical applications of physical 3D models derived from MDCT data and created by rapid prototyping. AJR Am J Roentgenol 2011; 196: W683-W688 [PMID: 21606254 DOI: 10.2214/AJR.10.5681]
13 Gerstle TL, Ibrahim AM, Kim PS, Lee BT, Lin SJ. A plastic surgery application in evolution: three-dimensional printing. Plast Reconstr Surg 2014; 133: 446-451 [PMID: 24469175 DOI: 10.1097/01.prs.0000436844.92623.d3]
14 Pfitzner T, Abdel MP, von Roth P, Perka C, Hommel H. Small improvements in mechanical axis alignment achieved with MRI vs CT-based patient-specific instruments in TKA: a randomized clinical trial. Clin Orthop Relat Res 2014; 472: 2913-2922 [PMID: 25024031 DOI: 10.1007/s11999-014-3784-6]
15 Ng VY, DeClaire JH, Berend KR, Gulick BC, Lombardi AV Jr. Improved accuracy of alignment with patient-specific positioning guides compared with manual instrumentation in TKA. Clin Orthop Relat Res 2012; 470: 99-107 [PMID: 21809150 DOI: 10.1007/s11999-011-1996-6]
16 Fedorovich NE, Alblas J, Hennink WE, Oner FC, Dhert WJ. Organ printing: the future of bone regeneration? Trends Biotechnol 2011; 29: 601-606 [PMID: 21831463 DOI: 10.1016/j.tibtech.2011.07.001]
17 Gouin F, Paul L, Odri GA, Cartiaux O. Computer-Assisted Planning and Patient-Specific Instruments for Bone Tumor Resection within the Pelvis: A Series of 11 Patients. Sarcoma 2014; 2014: 842709 [PMID: 25100921 DOI: 10.1155/2014/842709]
18 Nierenberg G, Abu Elasal A, Keltz E, Norman D. Knee arthroplasty with hardware removal: complication cascade. Is it preventable? BMJ Case Rep 2020; 13 [PMID: 32843420 DOI: 10.1136/bcr-2019-233700]
19 Beaulé PE, Dorey FJ, Matta JM. Letournel classification for acetabular fractures. Assessment of interobserver and intraobserver reliability. J Bone Joint Surg Am 2003; 85: 1704-1709 [PMID: 12954828]
20 Martinez CR, Di Pasquale TG, Helfet DL, Graham AW, Sanders RW, Ray LD. Evaluation of acetabular fractures with two- and three-dimensional CT. Radiographics 1992; 12: 227-242 [PMID: 1561413 DOI: 10.1148/radiographics.12.2.1561413]
21 Borrelli J Jr, Goldfarb C, Catalano L, Evanoff BA. Assessment of articular fragment displacement in acetabular fractures: a comparison of computerized tomography and plain radiographs. J Orthop Trauma 2002; 16: 449-56; discussion 456-7 [PMID: 12172273 DOI: 10.1097/00005131-200208000-00001]

Footnotes
Institutional review board statement: The study was reviewed and approved by the Rambam Health Care Campus Institutional Review Board (Approval No. 0560-14-RMB).

Informed consent statement: All study participants, or their legal guardian, provided informed written consent prior to study enrollment.

Conflict-of-interest statement: All authors declare that they did not receive any funding in any form for this study and related topics. There is no conflict of interest what so ever.

Data sharing statement: Technical appendix, statistical code, and dataset available from the corresponding author at erankeltz@gmail.com. Participants consent for data sharing was not obtained but the presented data are anonymized and risk of identification is low.

STROBE statement: The authors have read the STROBE Statement-checklist of items, and the manuscript was prepared and revised according to the STROBE Statement-checklist of items.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the original work is properly cited and the use is non-commercial. See: http://creativecommons.org/Licenses/by-nc/4.0/

Manuscript source: Unsolicited manuscript
Corresponding Author's Membership in Professional Societies: Israel Orthopedic Association; Arbeitsgemeinschaft fur Osteosynthesefragen Trauma.

Peer-review started: August 6, 2020
First decision: December 3, 2020
Article in press: 

Specialty type: Orthopedics
Country/Territory of origin: Israel
Peer-review report’s scientific quality classification
Grade A (Excellent): 0
Grade B (Very good): B
Grade C (Good): C, C
Grade D (Fair): 0
Grade E (Poor): 0

P-Reviewer: Liu P, Stogov MV S-Editor: Gao CC L-Editor:  P-Editor: 
Figure Legends
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Figure 1 Computed tomography 3-dimensional reconstruction of an acetabular fracture.
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Figure 2 Computed tomography image: an axial cross-section illustrating a right acetabular fracture. Circled in red is the anonymously assigned coding of the case. All identifying details have been omitted from the test.
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Figure 3 Three-dimensional printed models of acetabular fractures.
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Figure 4 Mean Kappa rate describing agreement between reviewers regarding the fracture classification and preferred surgical approach using computed tomography and 3-dimensional printed models (mean kappa in circle). A: The fracture classification; B:   The preferred surgical approach. CT: Computed tomography; 3-D: Three-dimensional; Fx: Fracture.
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Figure 5 Decision change regarding the surgical approach. A: The effect of reviewing the 3-dimensional model; B:  Division of the subgroups demonstrates a change in surgical approach in double rates when the classification is also changed.

Table 1 Inter-observer agreement on classification, based on computed tomography or 3-dimensional printed models
	Fx classification

	
	CT
	3-D model

	#Surgeon
	Match pairs
	Mean kappa
	SE min
	SE max
	Mean kappa
	SE min
	SE max

	Mean
	153
	0.44
	0.00
	0.24
	0.55
	0.00
	0.22

	1
	17
	0.06
	0.06
	0.20
	0.54
	0.17
	0.21

	10
	17
	0.22
	0.04
	0.23
	0.41
	0.15
	0.20

	7
	17
	0.24
	0.04
	0.20
	0.65
	0.15
	0.22

	4
	17
	0.35
	0.06
	0.21
	0.58
	0.15
	0.20

	12
	17
	0.36
	0.17
	0.22
	0.26
	0.14
	0.22

	16
	17
	0.40
	0.13
	0.22
	0.61
	0.15
	0.20

	17
	17
	0.41
	0.11
	0.22
	0.68
	0.15
	0.21

	14
	17
	0.42
	0.11
	0.24
	0.60
	0.14
	0.21

	8
	17
	0.45
	0.14
	0.22
	0.56
	0.16
	0.20

	9
	17
	0.48
	0.10
	0.24
	0.69
	0.00
	0.21

	6
	17
	0.50
	0.11
	0.24
	0.54
	0.17
	0.21

	15
	17
	0.52
	0.14
	0.22
	0.51
	0.16
	0.21

	3
	17
	0.56
	0.11
	0.24
	0.55
	0.15
	0.21

	11
	17
	0.57
	0.00
	0.22
	0.69
	0.00
	0.21

	18
	17
	0.57
	0.00
	0.22
	0.40
	0.16
	0.21

	2
	17
	0.60
	0.00
	0.24
	0.69
	0.00
	0.21

	5
	17
	0.60
	0.00
	0.24
	0.44
	0.14
	0.21

	13
	17
	0.66
	0.00
	0.24
	0.58
	0.15
	0.20


CT: Computed tomography; 3-D: Three-dimensional; Fx: Fracture.

Table 2 Inter-observer agreement on surgical approach, based on computed tomography or 3-dimensional printed models
	Surgical approach

	
	CT
	3-D Model

	#Surgeon
	Match pairs
	Mean kappa
	SE min
	SE max
	Mean kappa
	SE min
	SE max

	Mean
	153
	0.35
	0.00
	0.39
	0.30
	0.00
	0.39

	17
	17
	0.18
	0.17
	0.32
	0.43
	0.00
	0.39

	12
	17
	0.18
	0.16
	0.31
	0.09
	0.11
	0.24

	9
	17
	0.25
	0.19
	0.31
	0.34
	0.16
	0.36

	14
	17
	0.28
	0.16
	0.39
	0.29
	0.15
	0.36

	15
	17
	0.31
	0.18
	0.27
	0.25
	0.13
	0.23

	16
	17
	0.31
	0.00
	0.36
	0.43
	0.15
	0.35

	18
	17
	0.31
	0.00
	0.36
	0.20
	0.17
	0.29

	10
	17
	0.32
	0.19
	0.28
	0.19
	0.16
	0.29

	8
	17
	0.33
	0.21
	0.30
	0.33
	0.18
	0.24

	3
	17
	0.36
	0.18
	0.36
	0.29
	0.17
	0.26

	2
	17
	0.36
	0.20
	0.28
	0.35
	0.15
	0.30

	11
	17
	0.39
	0.20
	0.27
	0.26
	0.16
	0.28

	6
	17
	0.41
	0.18
	0.32
	0.21
	0.19
	0.32

	1
	17
	0.41
	0.00
	0.30
	0.43
	0.00
	0.39

	4
	17
	0.41
	0.00
	0.30
	0.35
	0.11
	0.26

	7
	17
	0.44
	0.20
	0.32
	0.37
	0.19
	0.30

	5
	17
	0.50
	0.00
	0.39
	0.24
	0.14
	0.36

	13
	17
	0.50
	0.00
	0.39
	0.30
	0.13
	0.39


CT: Computed tomography; 3-D: Three-dimensional.

Table 3 Intra-observer agreement on classification and surgical approach, between computed tomography and 3-dimensional printed models
	#Surgeon
	
	Fx classification
	Surgical approach

	1
	1
	-0.02
	0.70

	2
	1
	0.50
	0.18

	3
	1
	0.50
	0.32

	4
	1
	0.50
	0.55

	5
	1
	0.83
	0.36

	6
	1
	0.48
	0.28

	7
	1
	0.32
	0.77

	8
	1
	0.66
	0.34

	9
	1
	0.67
	0.22

	10
	1
	0.22
	0.40

	11
	1
	0.50
	0.58

	12
	1
	0.49
	0.25

	13
	1
	0.66
	1.00

	14
	1
	0.50
	0.70

	15
	1
	0.64
	0.15

	16
	1
	0.48
	0.19

	17
	1
	0.32
	0.16

	18
	1
	0.35
	0.19

	
	
	Mean
	Median
	Min
	Max
	P value
	Mean
	Median
	Min
	Max
	P value

	Total
	18
	0.48
	0.50
	-0.02
	0.83
	0.592
	0.41
	0.33
	0.15
	1.00
	0.331

	Pelvis
	9
	0.45
	0.50
	-0.02
	0.83
	
	0.37
	0.25
	0.15
	1.00
	

	Trauma
	9
	0.50
	0.50
	0.22
	0.67
	
	0.45
	0.36
	0.18
	0.77
	




Table 4 Reviewers' change of decision (computed tomography vs 3-dimensional model)
	#Surgeon
	Total decisions
	Fracture classification
	Surgical approach

	
	
	Number of decisions changed
	% of decisions changed
	Number of decisions changed
	% of decisions changed

	1
	7
	6
	86
	1
	14

	2
	7
	3
	43
	4
	57

	3
	7
	3
	43
	3
	43

	4
	7
	3
	43
	2
	29

	5
	7
	1
	14
	2
	29

	6
	7
	3
	43
	3
	43

	7
	7
	4
	57
	1
	14

	8
	7
	2
	29
	3
	43

	9
	7
	2
	29
	3
	43

	10
	7
	5
	71
	3
	43

	11
	7
	3
	43
	2
	29

	12
	7
	3
	43
	3
	43

	13
	7
	2
	29
	0
	0

	14
	7
	3
	43
	1
	14

	15
	7
	2
	29
	4
	57

	16
	7
	3
	43
	3
	43

	17
	7
	4
	57
	3
	43

	18
	7
	4
	57
	3
	43

	Total
	126
	56
	44
	44
	35

	Pelvis
	63
	29
	46
	20
	32

	Trauma
	63
	27
	43
	24
	38
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