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a b s t r a c t 

Introduction: Although intraoperative imaging is important for assessing the quality of several steps dur- 

ing fracture fixation, most trainees and surgeons have received little formal education on this topic and 

report they learn "on the job" and "through practice". A planning committee of orthopedic trauma sur- 

geons was established to design a curriculum using "backward planning" to identify patient problems, 

identify gaps in surgeons’ knowledge and skills, and define competencies as a framework for education 

in order to optimize patient care. 

Materials and methods: The committee defined 8 competencies related to intraoperative imaging, with 

detailed learning objectives for each one (e.g. select the imaging modality, set up the operating room). 

An interactive, case-based half-day seminar to deliver these objectives for 2-D and 3-D intraoperative 

imaging during the fixation of common fractures was designed. The seminar was delivered in several 

locations worldwide over a 6-year period and evaluation and assessment data were gathered online. A 

full-day procedures course was added and delivered 6 times to address the skills component of compe- 

tencies. 

Results: 17 seminars and 6 courses were delivered and attended by an average of 26 and 17 participants 

respectively (ranges 13–42 and 13–20). Pre-event gap analysis and assessment question scores confirmed 

needs and motivation to learn in all events. 97% of the 442 seminar participants and 98% of the 100 

course participants would recommend the events to colleagues. An average of 88% and 90% respectively 

learned something new and plan to use it in their practice (range 63%-100%). Commitment to change 

(CTC) statements showed intended practice improvements related to all competencies. 

Discussion: The large percentages of high impact ratings for all events suggest the content met the needs 

of many participants. Post-event reduction in gap scores and an increase in the desired level of ability for 

most competencies suggests the content addressed many gaps. 

Conclusions: Case-based, interactive seminars and courses addressing knowledge, skills, and attitudes to 

optimize the use of intraoperative imaging during the fixation of common fractures help address unmet 

educational needs for trainees and complements existing formal training. 

© 2021 Elsevier Ltd. All rights reserved. 
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Despite the key role of image intensification for intraoperative 

ssessment of fracture reduction and implant positioning during 

nternal fixation procedures for fracture treatment, residents and 

racticing orthopedic surgeons receive little formal education on 
elivery, and evaluation of seminars and hands-on courses world- 
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Fig. 1. Steps in curriculum development and implementation 

The six development phases of the curriculum and the implementation. 

Fig. 2. Patient problems and issues related to intraoperative imaging 

Patient pathologies which can be addressed with intraoperative imaging. 

t

k

a

r

d

n  

t

h

e

a

t

f

f

t

t

p

c

h

t

a

fi  

a

t

q

t

(

a

d

s

t

c

f

c

g

c

f

a

t

i

u

p

c

his topic [1–3] . Surgeons at all levels of training and practice ac- 

nowledge difficulties in obtaining optimal high quality intraoper- 

tive images which are crucial in assessing the quality of fracture 

eduction and implant positioning [ 4 , 5 ]. Image intensifiers have 

eveloped over the past 10 years and 3D intraoperative imaging is 

ow available in an increasing number of hospitals [ 6 , 7 ]. The op-

imal use of this sophisticated technology is not feasible in some 

ospital environments, with a lack of training and a lack of knowl- 

dge about appropriate indications being cited as reasons [7–9] . In 

ddition, recent studies show that radiation exposure and protec- 

ion issues have suboptimal data in orthopedic trauma despite the 

act that intraoperative 3D imaging may reduce radiation exposure 

or operating room staff [10–12] . 

A curriculum planning committee consisting of 4 orthopedic 

rauma surgeons with expertise in intraoperative imaging was es- 

ablished. The group was supported by an educationalist to ap- 

ly a backward planning process to develop a competency-based 

urriculum based on patient problems and performance gaps that 

ave to be addressed through education [13–15] . The objective was 

o design a curriculum and educational events to address the gaps 

nd needs of the target audiences ( Fig. 1 ). The committee identi- 

ed the patient problems and issues ( Fig. 2 ) to address the main
2 
reas of performance gaps, which were translated into 8 compe- 

encies. Each competency was split into one of the three following 

ualities: knowledge, skills and attitudes or behaviors. The aim of 

his procedure was to provide a detailed framework of objectives 

 Fig. 3 ). 

Options for delivering education on this topic were discussed 

nd the committee designed a half-day seminar and a full- 

ay course with imaging procedures performed on anatomical 

pecimens targeted at residents (i.e. trainees in orthopedics and 

rauma). To deliver relevant content a case-based approach was 

hosen. This allowed a highly interactive presentation and direct 

eedback from faculties. For the seminar as well as for the course, 

ommon fractures were selected. The aim was to address patholo- 

ies that are common and of high relevance to all participants. The 

ases were: fractures of the proximal femur and proximal humerus, 

ractures of the femoral shaft, unstable syndesmotic injuries in the 

nkle, and articular fractures of the distal radius. To foster interac- 

ive discussion, each fracture was presented as a clinical case, start- 

ng with standard fractures and progressing to more complex sit- 

ations. Intraoperative images of the respective fixation were dis- 

layed. In small groups, participants and faculty discussed these 

ases, addressing image relevant questions such as image quality, 
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Fig. 3. Knowledge, skills, and attitudes for one example competency 

Competencies which are dealt with throughout the seminar and course. 
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tandard planes, and anatomy. In the discussion, a major point was 

he necessity of additional images and how to obtain these. At the 

eginning of the presentation, additional content such as radiation 

rotection and 3D-related content was demonstrated. In contrast 

o the seminar, where interaction was created in small group dis- 

ussion and open feedback rounds, the courses contained practical 

ontent where participants had to demonstrate how to obtain im- 

ges in clinical situations. To achieve this, anatomical specimens 

ere prepared to simulate fracture fixation procedures. Each sta- 

ion was moderated by an experienced faculty. All groups rotated 

o the next station every 90 min, ensuring that all participants had 

ccess to all cases. 

The committee developed resources to support the events in 

he form of a set of 16 multiple-choice pre-assessment questions, 

osters showing the operating room set up, videos showing the 

se of 2-D and 3-D intraoperative imaging, and labeled images 

howing anatomical markers and quality criteria for correct imag- 

ng. Additionally, they integrated two existing eLearning modules 

n basic principles. 

The aim of the study was to test the following hypotheses: 

1 Participants of all experience levels can benefit from training in 

imaging and recognize individual knowledge gaps 

2 Pre-event knowledge gaps (difference between desired level 

and present level) can be reduced by two different teaching ex- 

periences (seminar and course) 

3 A case-based approach can be used to address clinically rele- 

vant content and is recognized as being very interactive by par- 

ticipants 

aterials and methods 

vent planning: program finalization, communication, and course 

rganization 

Locations were proposed by the planning committee as well as 

urgeons in the respective regions in where to deliver the sem- 

nar and the course. The events were approved and added into 

he regional planning calendar for selected countries. The program 

as advertised in the AO Trauma course listings and registration 

as open for at least 2 months before each event. All events were 

upported by an educational grant; therefore, there was no regis- 

ration fee for participants for the seminars and the fee for each 

ourse was reduced and based on local event costs. 

aculty selection and assignments 

One chairperson from the curriculum committee was appointed 

or each seminar and one local co-chairperson. 4 faculty were ap- 

ointed to deliver the 4 cases or stations and additional faculty 
3 
ere appointed as moderators of the small group discussions and 

o support the lab-based procedures. An online meeting was held 6 

eeks before the seminar to discuss cases and key messages, and 

o answer any questions regarding the content or format. All fac- 

lty met for a half day immediately before each event to prepare 

or the face-to-face delivery. 

articipants 

Each registered participant received an email 30 days before the 

vent inviting them to complete an online self-assessment and 16 

ultiple-choice questions (MCQs, 2 per competency), with 3 re- 

inder emails over the following 20 days [16] . At the end of the 

vent, the participants were asked to rate the usefulness of the 

ontent and the faculty performance. One day later, they received 

n email invitation to complete a 12-question online evaluation. 3 

onths after the event, participants were invited to report the sta- 

us of their intended practice changes. On completion of the online 

uestions, participants received a certificate of attendance. 

eminar/course delivery, including faculty pre-course and debriefing 

eetings 

Each seminar was delivered as a half-day educational event. 

uring the pre-course meeting, the faculty reviewed the cases and 

greed on key messages that needed to be addressed in the sem- 

nar and courses. The pre-assessment data of respective partici- 

ants were analyzed and taken into account regarding the con- 

ent for group discussions. The learning objectives were pointed 

ut and details of each presentation were discussed. Faculty mem- 

ers visited and previewed the event room to check and finalize 

he learning environment (e.g. tables, seating, audiovisual system, 

emonstration equipment). For the course, a more extensive prepa- 

ation was necessary. In addition to the pre-course faculty meeting, 

he faculty members had to prepare the anatomical specimen and 

o install the image intensifiers. The 4 anatomical regions of the 

ourse consisted of proximal humerus, proximal femur, ankle joint, 

nd distal radius. 

ata collection and analysis 

The study was approved by the ethics committee of Rhineland- 

alatine (reference number 2020–15,135). All data were gathered 

sing SurveyMonkey and then stored in a management informa- 

ion system used to generate standardized reports. The data values 

nd averages were calculated using Microsoft Excel. 

esults 

The 17 seminars and 6 courses were delivered in Europe, South 

merica, North America, the Middle East, Asia, and Australia be- 



S.Y. Vetter, M. Kraus, D. Rikli et al. Injury xxx (xxxx) xxx 

ARTICLE IN PRESS 

JID: JINJ [m5G; July 10, 2021;10:28 ] 

Table 1 

Participant profile data for all seminars and courses. 

Year Location AO Region Participants Pre-event 

responses 

Response 

rate 

Delivery In training/ residency 

(up to 5 years since 

graduation) 

Access 

to 3-D 

imaging 

Seminars 

2014 Ludwigshafen 

(pilot event) 

Europe and Southern 

Africa 

18 16 89% Hospital-based 72% 76% 

2015 Warsaw Europe and Southern 

Africa 

33 25 76% After a course 44% 12% 

2016 Basel Europe and Southern 

Africa 

22 19 86% Hospital-based 80% 53% 

2016 Stockholm Europe and Southern 

Africa 

27 21 78% After a course 14% 28% 

2016 San Francisco North America 23 21 74% Hospital-based 95% 82% 

2016 Cleveland North America 25 21 84% Hospital-based 100% 20% 

2017 Baden-Baden Europe and Southern 

Africa 

19 18 95% Within a 

conference 

38% 62% 

2017 Chiang Mai Asia Pacific 39 20 51% After a course 25% 45% 

2018 Dubai Middle East and Northern 

Africa 

31 – – Self-directed 

learning day 

– –

2018 Bogota Latin America 24 21 88% Hospital-based 81% 29% 

2018 Buenos Aires Latin America 25 19 76% Hospital-based 80% 74% 

2019 Baden-Baden Europe and Southern 

Africa 

19 13 68% Within a 

conference 

50% 58% 

2019 Ljubljana Europe and Southern 

Africa 

25 24 96% Hospital-based 38% 56% 

2019 Berlin Europe and Southern 

Africa 

9 7 78% Within a 

conference 

14% 71% 

2019 Mexico Latin America 42 19 45% Hospital-based 90% 37% 

2019 Sao Paulo Latin America 41 21 51% Hospital-based 84% 17% 

2020 Lucerne Europe and Southern 

Africa 

20 20 100% Hospital-based 94% 78% 

Total 17 442 305 

Average 26 19 77% 62% 50% 

Courses 

2019 Basel Europe and Southern 

Africa 

16 13 81% Standalone lab day 45% 45% 

2019 Basel Europe and Southern 

Africa 

20 20 100% Standalone lab day 35% 67% 

2019 San Francisco North America 18 14 78% Standalone lab day 56% 57% 

2020 Melbourne Asia Pacific 19 17 89% Lab day after Basic 

Principles 

95% 33% 

2020 Erlangen Europe and Southern 

Africa 

14 14 100% Standalone lab day 60% 60% 

2020 Erlangen Europe and Southern 

Africa 

13 13 100% Standalone lab day 50% 91% 

Total 6 100 91 

Average 17 15 91% 57% 59% 

Table 2 

Participant evaluation data from seminars and courses. 

Type of event and ratings Participants Responses % Learned something 

new and will use it 

in practice 

Content rating 

(Likert scale 1 to 5) 

Recommend 

to colleagues 

Seminars 

Highest 42 21 95% 100% 4.56 100% 

Lowest 9 6 14% 63% 3.63 83% 

Total 17 442 239 

Average 26 19 59% 81% 4.15 97% 

Courses 

Highest 20 18 90% 100% 4.64 100% 

Lowest 13 5 28% 64% 4.0 91% 

Total 6 100 65 

Average 17 11 66% 86% 4.37 97% 
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ween November 2014 and September 2020. Both the seminars and 

he courses were delivered as standalone hospital-based events 

 n = 10) or as an optional additional event after an AO Trauma

ourse or a society congress ( n = 7). The seminars were attended 

y 442 participants (average = 26, range = 9–42). The courses 

ere attended by 100 surgeons (average = 17, range = 13–20). The 

rofiles of the participants for each event (seminars and courses) 

re shown in Table 1 , and the evaluation data gathered online from 

he participants are shown in Table 2 . 81% of the seminar partici- 
4 
ants and 86% of the course participants reported "I learned some- 

hing new and plan to use it in practice", and 97% of the partici- 

ants would recommend both types of events to their colleagues. 

he degree to which each event met its objectives is shown in 

able 3 . The post-event gap scores (desired minus present levels 

f ability) were lower than the pre-event gap scores for most com- 

etencies ( Fig. 4 ). A total of 1399 intended practice changes were 

eported and these were analyzed by the curriculum committee 

 Table 4 ). 
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Table 3 

How well were the event objectives met (on a Likert scale from 1 = not met at all to 5 = fully met)?. 

Event 

type 

C1 Select 2-D 

and 3-D 

intraoperative 

imaging 

modalities 

C2 Set up 

the 

operating 

room 

C3 Perform 

intraoperative 

2-D imaging 

C4 Assess 

fracture 

reduction 

and implant 

position 

C5 Intraopera- 

tively decide 

on additional 

use of 3-D 

imaging 

C6 Perform 

intraoperative 

3-D imaging 

C7 Process 

and analyze 

3-D images 

C8 Decide on 

postoperative 

CT scans 

Averages 

Seminars 

Highest 4.71 4.29 5.00 5.00 5.00 4.54 4.57 4.71 

Lowest 4.00 3.80 4.00 4.00 3.67 3.67 3.33 3.67 

Average 4.47 4.10 4.57 4.51 4.40 4.00 4.08 4.30 4.31 

Courses 

Highest 5.00 4.59 5.00 4.78 4.89 5.00 4.77 4.78 

Lowest 4.25 3.88 4.67 4.06 3.88 3.75 3.63 3.44 

Average 4.55 4.31 4.84 4.45 4.33 4.51 4.37 4.02 4.42 

Fig. 4. Pre- and post-event self-assessed levels of ability per competency and pre-event MCQs 

Comparison of pre- and post-event levels of ability. 

Table 4 

Intended practice changes (statements of commitment to change assigned per competency). 

Seminars Courses 

C1: Select 2-D and 3-D intraoperative imaging modalities based on indications and limitations 98 9% 28 12% 

C2: Set up the operating room 94 9% 32 14% 

C3: Perform intraoperative 2-D imaging 127 12% 39 17% 

C4: Assess fracture reduction and implant positioning 111 10% 37 16% 

C5: Intraoperatively decide on additional use of 3-D imaging 71 7% 23 10% 

C6: Perform intraoperative 3-D imaging 76 7% 36 15% 

C7: Process and analyze 3-D images 70 7% 23 10% 

C8: Decide on postoperative CT scans 79 7% 18 8% 

Other 333 31% 104 31% 

Total 1059 340 
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iscussion 

High quality intraoperative imaging is crucial in orthopedic and 

rauma surgery to ensure optimal patient care by assessing frac- 

ure reduction and implant placement. Multiple aspects must be 

onsidered to receive good quality intraoperative images and to be 

ble to identify and analyze the visualized anatomy and implant 

osition. It may vary from country to country who performs in- 

raoperative imaging, the OR room personnel or specially trained 

echnicians, but ultimately it is the responsibility of the surgeon to 

pprove the images acquired. The person performing a procedure 

ust have the knowledge of exactly what is required for intraop- 

rative control. In all countries throughout the world we learned 

hat surgeons have not received specialized training to achieve 

his goal. A C-arm is a complex machine and learning how to op- 

rate one requires more than watching someone else using the 

ystem. 
5 
Therefore, to provide an optimal surgical residency education, 

he teaching of intraoperative imaging is pivotal. Despite the im- 

ortance of this issue, intraoperative imaging has not been sub- 

ect to the general residency training programs in any country [17] . 

herefore, a half-day seminar and a full-day procedures course tar- 

eting this topic were developed. 

With this study we wanted to highlight that this identified 

eaching gap in surgical training can be sufficiently filled with a 

eminar as well as a course-based teaching experience, and that 

ur case-based training is perceived as highly interactive by its par- 

icipants. 

The pre- and post-event data suggest that participants in- 

reased their knowledge in the field of intraoperative imaging with 

 half-day seminar. After attending the full-day procedures course, 

he participants had, on average, a larger increase in self-reported 

resent level of ability for processing and analysis of intraoperative 

D-imaging (C6) ( Fig. 4 ). The present levels in intraoperative 2D- 



S.Y. Vetter, M. Kraus, D. Rikli et al. Injury xxx (xxxx) xxx 

ARTICLE IN PRESS 

JID: JINJ [m5G; July 10, 2021;10:28 ] 

i

t

w

a

e

t

i

o

(

a

a

s

t

a

i

a

c

p

t

e

t

d

t

a

p

t

e

g

r

e

l

E

o

a

o

S

1

p

[

e

t

w

t

g

s

c

i

t

s  

a

r

d

t

t

u

t

f

p

p

T

t

i

f

C

t

i

t

f

i

s

i

D

p

a

a

a

D

M

i

t

M

n

a

A

e

g

l

c

w

g

g

n

t

s

R

 

 

 

 

 

 

 

 

 

 

 

maging (C3) and operating room setup (C2) were the highest, and 

he present level for performing and processing 3D-imaging (C6) 

as the lowest. In contrast to the stated present level, the evalu- 

tion of the pre-event MCQs sometimes revealed a lack of knowl- 

dge related to these two competencies. The pre-event gaps be- 

ween the present and the desired level of ability were higher for 

ntraoperative use of additional 3-D imaging (C5), perform intra- 

perative 3-D imaging (C6), and process and analyze 3-D images 

C7). 

Nearly all pre-event gaps were reduced by both the seminars 

nd the courses. There was an increase in the desired level of 

bility for some competencies after some courses, suggesting that 

ome participants perceived the competency to be more important 

han they thought before the event. This shows that the seminars 

nd courses achieved improvements in all competencies and also 

ncreased the awareness of personal gaps in some areas. Gaps that 

re recognized by surgeons can be addressed and will ultimately 

ontribute to improved patient care. Gaps that are recognized by 

erforming surgeons can be addressed and will ultimately con- 

ribute to improve patient care. 

For almost every seminar and course the participant post-event 

valuation data also showed high recommendation rates and con- 

ent ratings. Comparing the courses to the seminars, the post-event 

ata for competencies 2, 3, 6, and 7 show that these were achieved 

o a higher degree through the hands-on activities than the case 

nd discussion-based seminars. This is also highlighted by higher 

ercentages of intended practice changes related to those compe- 

encies ( Table 4 ). There are differences in the pre-event gaps for 

very event and the chairperson and faculty must review these 

aps and the profile of the participants, particularly years of expe- 

ience and access to 3-D, in order to optimize content delivery for 

ach event (selection of cases, focus of the discussions, etc.). Some 

imitations of our data analysis include questions administered in 

nglish even in countries where it was not the working language 

f surgeons, missing data from non-completers of the evaluation, 

nd low response rates from some events. 

There are very few publications reporting the topic of intra- 

perative imaging education. The American Board of Orthopedic 

urgery (ABOS) has organized a residency program that contains 

7 skills modules with simulation training to prepare residents to 

articipate in surgical procedures and to improve surgical skills 

18–20] . Marsh et al. developed the module fluoroscopic knowl- 

dge and skills in which the needs of the residents were iden- 

ified. Goals and objectives of the curriculum were defined along 

ith a description of techniques and procedures. The educational 

raining focused on positioning of the C-arm, radiation safety, and 

eneral fluoroscopic anatomy. In contrast, the events of the pre- 

ented study focused on clinical problems and their solutions in a 

ased-based manner. The accreditation council for graduate med- 

cal education (ACGME) and the ABOS have developed milestones 

o document a resident’s progress, individually analyzing skills in 

everal modules [ 1 , 21 ]. This appears to be a valuable tool to track

nd assess educational development and may be applied in a cur- 

iculum consisting of multiple seminars and courses. Yehyawi et al. 

eveloped a surgical simulation trainer for complex articular frac- 

ures [22] and simulated the operative treatment of a plafond frac- 

ure of the distal tibia. 5 senior and 7 junior orthopedic residents 

sed fluoroscopic guidance to reduce the fracture through an an- 

erior approach. The time to achieve reduction and fixation of the 

racture as well as the number of hand movements of each partici- 

ant were documented. This simulation is a method to acquire and 

ractice orthopedic surgical skills outside of the operating room. 

he simulation of the surgery was a different educational approach 

han demonstrated in our study, in which obtaining and assessing 

ntraoperative images in multiple anatomical regions was the core 

ocus. 
6 
onclusion 

A curriculum for intraoperative imaging is of great value in or- 

hopedic and trauma surgeon education. The contents addressed 

n the seminars and courses we developed included radiation pro- 

ection and the acquisition of standard views for most common 

ractures. This is mandatory to prevent uncontrolled application of 

onizing radiation and to assure the success of osteosynthesis. The 

eminars and courses increased the knowledge levels of the partic- 

pants. Therefore, the set hypotheses of the study can be accepted. 

espite good quality in-hospital training, additional education ap- 

ears to be beneficial in most parts of the world. Further seminars 

nd courses, supported by webinars, posters, and other teaching 

ids, are probably required to help improve patient outcomes by 

pplying better intraoperative imaging. 

eclaration of Competing Interest 

The research group of Jochen Franke, MD and Sven Y Vetter, 

D received and continue to receive grants from Siemens Health- 

neers (Forchheim, Germany). The following authors declared po- 

ential conflicts of interest: Jochen Franke, MD and Paul A Grützner, 

D received payment for speaking activities for Siemens Healthi- 

eers. The funders had no role in the study design, data collection 

nd analysis, decision to publish, or preparation of the manuscript. 

cknowledgements 

The authors thank all the faculty who were involved in deliv- 

ring all the seminars and courses and the AO Trauma course or- 

anizers who planned and organized these events, especially the 

ocal chairpersons and faculty. Financial and logistical support for 

urriculum development and for conducting the educational events 

as provided by the AO Education Institute through an educational 

rant from Siemens Healthineers to the AO Foundation, a medically 

uided non-profit organization. Thanks also to Siemens Healthi- 

eers (especially Alex Grafenberg and Ulf Liebegut), DePuy Syn- 

hes, Hillrom, Synbone, and Raditec Medical AG for their in-kind 

upport in conducting the courses. 

eferences 

[1] Ames SE , Ponce BA , Marsh JL , Hamstra SJ . Orthopaedic Surgery Residency

Milestones: initial Formulation and Future Directions. J Am Acad Orthop Surg 
2020;28:e1–8 . 

[2] Buckley R , Brink P , Kojima K , Taha W , Moore D , Cunningham M , et al. Inter-

national needs analysis in orthopaedic trauma for practising surgeons with a 
3-year review of resulting actions. J Eur CME 2017;6:1398555 . 

[3] de Boer PG , Buckley R , Schmidt P , Fox B . Barriers to orthopaedic practice–why
surgeons do not put into practice what they have learned in educational 

events. Injury 2012;43:290–4 . 
[4] Privalov M , Mohr M , Swartman B , Beisemann N , Keil H , Franke J , et al. Evalu-

ation of Software-Based Metal Artifact Reduction in Intraoperative 3D Imaging 

of the Spine Using a Mobile Cone Beam CT. J Digit Imaging 2020;33:1136–43 . 
[5] Rikli D , Goldhahn S , Blauth M , Mehta S , Cunningham M , Joeris A , et al. Op-

timizing intraoperative imaging during proximal femoral fracture fixation - a 
performance improvement program for surgeons. Injury 2018;49:339–44 . 

[6] Franke J , Vetter SY , Beisemann N , Swartman B , Grutzner PA , Schnetzke M . [3D
safety in osteosynthesis adjacent to joints]. Unfallchirurg 2016;119:803–10 . 

[7] Keil H , Beisemann N , Swartman B , Vetter SY , Grutzner PA , Franke J . Intra-op-

erative imaging in trauma surgery. EFORT Open Rev 2018;3:541–9 . 
[8] Vetter SY , Euler J , Beisemann N , Swartman B , Keil H , Grutzner PA , et al. Val-

idation of radiological reduction criteria with intraoperative cone beam CT in 
unstable syndesmotic injuries. Eur J Trauma Emerg Surg 2020 . 

[9] Yarboro SR , Richter PH , Kahler DM . [The evolution of 3D imaging in orthopedic
trauma care. German version]. Unfallchirurg 2016;119:811–16 . 

[10] Kraus M , Fischer E , Gebhard F , Richter PH . Image quality and effective dose
of a robotic flat panel 3D C-arm vs computed tomography. Int J Med Robot 

2016;12:743–50 . 

[11] Neubauer J , Benndorf M , Reidelbach C , Krauss T , Lampert F , Zajonc H ,
et al. Comparison of Diagnostic Accuracy of Radiation Dose-Equivalent 

Radiography, Multidetector Computed Tomography and Cone Beam Com- 
puted Tomography for Fractures of Adult Cadaveric Wrists. PLoS ONE 

2016;11:e0164859 . 

http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0001
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0001
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0001
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0001
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0001
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0002
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0002
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0002
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0002
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0002
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0002
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0002
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0002
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0003
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0003
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0003
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0003
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0003
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0004
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0004
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0004
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0004
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0004
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0004
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0004
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0004
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0005
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0005
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0005
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0005
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0005
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0005
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0005
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0005
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0006
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0006
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0006
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0006
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0006
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0006
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0006
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0007
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0007
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0007
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0007
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0007
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0007
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0007
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0008
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0008
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0008
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0008
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0008
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0008
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0008
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0008
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0009
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0009
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0009
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0009
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0010
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0010
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0010
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0010
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0010
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0011
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0011
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0011
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0011
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0011
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0011
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0011
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0011


S.Y. Vetter, M. Kraus, D. Rikli et al. Injury xxx (xxxx) xxx 

ARTICLE IN PRESS 

JID: JINJ [m5G; July 10, 2021;10:28 ] 

[  

 

 

 

[  

[  

[  
12] Schuetze K , Kraus M , Eickhoff A , Gebhard F , Richter PH . Radiation expo-
sure for intraoperative 3D scans in a hybrid operating room: how to reduce 

radiation exposure for the surgical team. Int J Comput Assist Radiol Surg 
2018;13:1291–300 . 

[13] Van Heest AE , Dougherty PJ . CORR (R) curriculum–orthopaedic education: op- 
erative assessment and the ACGME milestones: time for change. Clin Orthop 

Relat Res 2015;473:775–8 . 
[14] Holmboe ES . Realizing the promise of competency-based medical education. 

Acad Med 2015;90:411–13 . 

[15] Taha WS . A guide to developing a competency based curriculum for a resi-
dency training program – Orthopaedic prospective. Journal of Taibah Univer- 

sity Medical Sciences 2015;10(1):109–15 . 
[16] M. Ghidinelli M, Cunningham M, Uhlmann M, Alain R, Rüetschi UAO Education 

Platform. Designing and Implementing a Harmonized Evaluation and Assess- 
ment System for Educational Events Worldwide. J Orthop Trauma 2021;35:S5–

S10. Published https://journals.lww.com/jorthotrauma/Documents/Learning% 

20in%20the%20AO _ Looking%20Back%20and%20Moving%20Forward.pdf . 
7 
[17] Wareing A , Buissink C , Harper D , Gellert Olesen M , Soto M , Braico S , et al. Con-
tinuing professional development (CPD) in radiography: a collaborative Euro- 

pean meta-ethnography literature review. Radiography (Lond) 2017;23(Suppl 
1):S58–63 . 

[18] Marsh JL . Should time spent in residency define the end of training? J Bone
Joint Surg Am 2013;95:1905 . 

[19] Marsh JL , Black KP . Editorial Comment: new Directions in Orthopaedic Educa- 
tion. Clin Orthop Relat Res 2016;474:899–900 . 

20] Matityahu A , Duffy RK , Goldhahn S , Joeris A , Richter PH , Gebhard F . The Great

Unknown-A systematic literature review about risk associated with intraoper- 
ative imaging during orthopaedic surgeries. Injury 2017;48:1727–34 . 

21] James HK , Chapman AW , Pattison GTR , Fisher JD , Griffin DR . Analysis of Tools
Used in Assessing Technical Skills and Operative Competence in Trauma and 

Orthopaedic Surgical Training: a Systematic Review. JBJS Rev 2020;8:e1900167 . 
22] Yehyawi TM , Thomas TP , Ohrt GT , Marsh JL , Karam MD , Brown TD , et al. A

simulation trainer for complex articular fracture surgery. J Bone Joint Surg Am 

2013;95:e92 . 

http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0012
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0012
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0012
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0012
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0012
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0012
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0013
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0013
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0013
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0014
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0014
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0015
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0015
https://journals.lww.com/jorthotrauma/Documents/Learning%20in%20the%20AO_Looking%20Back%20and%20Moving%20Forward.pdf
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0017
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0017
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0017
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0017
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0017
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0017
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0017
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0017
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0018
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0018
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0019
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0019
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0019
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0020
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0020
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0020
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0020
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0020
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0020
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0020
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0021
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0021
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0021
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0021
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0021
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0021
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0022
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0022
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0022
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0022
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0022
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0022
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0022
http://refhub.elsevier.com/S0020-1383(21)00594-5/sbref0022

	Design, delivery, and evaluation of seminars and hands-on courses worldwide on intraoperative imaging in orthopedic trauma
	Introduction
	Materials and methods
	Event planning: program finalization, communication, and course organization
	Faculty selection and assignments

	Participants
	Seminar/course delivery, including faculty pre-course and debriefing meetings
	Data collection and analysis

	Results
	Discussion
	Conclusion
	Declaration of Competing Interest
	Acknowledgements
	References


