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Abstract
Acetabular fractures are often first evaluated in the emergency department, where physicians with little
experience reading pelvic radiographs may be required to make an accurate diagnosis and early management
decisions. In this study, medical students classified radiographs of 20 acetabular fractures and repeated the
exercise three weeks later with the aid of a previously described algorithm; half the students were given a
lesson prior to using the algorithm. The pre-algorithm accuracy was 4/20 and the post-algorithm accuracy
was 8.3/20 (p<0.01). The lesson provided no difference (p=0.5). This algorithm is therefore a useful reference
to help classify and triage acetabular fractures.
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Introduction
Acetabular fractures are serious injuries generally caused by high energy blunt force trauma, although
increasingly there is a subset of lower energy injuries observed in elderly populations [1]. The Judet and
Letournel acetabular classification system was developed to help surgeons properly describe these fractures
and plan their surgical approach [2, 3]. Differentiating acetabular fracture types is also important in the
acute setting, as certain patterns are associated with significant blood loss or may need skeletal traction to
prevent additional joint damage [4].

Experienced surgeons are able to classify fractures based on the Letournel system with high intra- and
interobserver reliability [5]. For less experienced attending surgeons and residents, however, properly
classifying acetabular fractures can be difficult [6]. Efforts to develop teaching strategies aimed at these
practitioners, frequently involving advanced imaging such as CT scan with 2D and 3D reconstructions, have
met with mixed results [6-9].

Some authors have described algorithms that can be used to help less experienced readers properly classify
acetabular fractures. These have been shown to be effective teaching tools primarily for attending surgeons
and senior residents [10]. An algorithm developed by Saterbak et al. [11] and modified by Ly et al. [12] was
shown to improve the ability of all residents, including interns, to accurately use the Judet and Letournel
classification system.

Practically, however, these fractures are often first encountered in the emergency department, where the
burden of diagnosis may be placed on physicians with little to no experience reading radiographs of
acetabular fractures. These include resident radiologists, general trauma surgeons, emergency medicine
doctors and, early in the academic year, new orthopedic interns. A method of quickly teaching these
practitioners to accurately diagnose acetabular fractures and communicate that diagnosis with other health
care providers may help to direct initial care and final patient disposition.

This study aims to assess the effectiveness of a previously developed algorithm for teaching inexperienced
practitioners to accurately classify acetabular fractures using the Judet and Letournel system.

Materials And Methods
Pre-test
This study was approved by our Institutional Review Board. Fourth-year medical students on their
orthopedic surgery rotation were recruited for the study. They were instructed that there would be a series of
tests but were not informed of the topic or that the tests would be on the same topic. They were explicitly
instructed to not discuss nor utilize independent study before, between or after each testing session. Each
student was given a test composed of the radiographs (anteroposterior (AP), obturator oblique, and iliac
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oblique view) of 20 separate acetabular fractures (Figure 1).

FIGURE 1: Obturator oblique, anteroposterior, and iliac oblique
radiographs of an acetabular fracture

These fractures were classified previously by an attending orthopedic trauma surgeon with significant
experience treating acetabular fractures. For each set of radiographs, they were instructed to classify the
fracture based on the Judet and Letournel classification system [3]. They were informed that patterns may be
repeated or excluded altogether.

Post-test
After a 3-week washout period, the students once again took the same test that they had taken previously.
This time, however, they were provided with the algorithm previously described by Ly et al. [12] (Figure 2).

FIGURE 2: Algorithm developed by Ly et al. and provided to medical
students for use during their post-test
Ly et al. [12]

Half of the students were given a short presentation explaining the algorithm and its proper use. Otherwise,
the testing protocol was identical to that of the pre-test. 

Test validation
The test taken by the medical students was validated using resident scores on the same test. Residents
ranging from PGY1 to PGY5 were given the test without any specific preparation. The residents were
provided with the same instructions as the medical students. Their scores were compared to determine if the
test could differentiate residents with varying levels of training.

Statistics
Test scores were collected and reported as means with standard deviations. Student’s t-tests were performed
as appropriate to compare groups. A p-value of <0.05 (two-tailed) was considered statistically significant.
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Analyses were generated using JMP version 9.0.2 (SAS Institutes, Inc., Cary, USA).

Results
Testing
A total of 25 medical students took part in the study. On their pre-test, without the help of the algorithm,
medical students scored an average of 4.04 questions correct out of 20. On their post-test, with the help of
the algorithm, medical students scored an average of 8.32 questions correct (p<0.01). The medical students
significantly improved their scores with respect to both elementary (p<0.01) and associated (p<0.01) fracture
patterns (Table 1).

 Pre-Test (n=25) Post-Test (n=25) P-value

All Fractures 4.04 (3.37) 8.32 (2.98) <0.001

Elementary Fractures 1.84 (1.49) 3.56 (1.15) <0.001

Associated Fractures 2.2 (2.17) 4.76 (2.38) <0.001

TABLE 1: Medical student pre- and post-test scores (with standard deviations)

Twelve students were randomly separated and given a short presentation explaining the algorithm and its
use. This group performed no better than the group of students provided with the algorithm alone
(p=0.5) (Table 2).

 Pre-Test Post-Test  

Lesson and Algorithm (n=12) 4.33 (2.77) 8.75 (2.3)  

Algorithm Only (n=13) 3.76 (3.94) 7.92 (3.54)  

P-Value 0.67 0.5  

TABLE 2: Medical student score with and without the addition of short lesson (with standard
deviations)

Test validation
Thirty-nine residents ranging from PGY1 to PGY5 were given the test without specific preparation. Junior
residents (PGY1-3) performed significantly better than medical students prior to intervention (p<0.01);
senior residents (PGY4-5) performed significantly better than junior residents (p=0.048). The test was,
therefore, able to differentiate subjects with varying levels of training (Table 3). 

 

Comparison Difference P-Value

Medical Student vs Junior Resident 6.03 <0.01

Junior Resident vs Senior Resident 2.09 0.048

TABLE 3: Test validation (pre-intervention scores)

Discussion
Acetabular fractures are complex injuries that can be difficult to appropriately classify and triage [1]. The
most common classification system is that of Judet and Letournel, which separates fractures into the 10
most common patterns, five elementary and five associated patterns [2, 3]. In general, this classification
system has been found to reliably predict approach and fixation strategy for a wide variety of fracture
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patterns, although Letournel accepted that transitional patterns exist [13].

One major advantage of the Letournel classification system is that it relies on plain radiographs alone,
specifically the anteroposterior, iliac oblique, and obturator oblique views. This is useful given the wide
availability of radiographs in most, if not all hospital settings and acuities.

For experienced surgeons, these images allow accurate classification of acetabular fractures with high intra-
and interobserver reliability, likely due to holistic pattern recognition [5, 14]. For less experienced surgeons
and residents, however, classifying acetabular fractures can be a difficult task. For example, Polesello et al.
reported that residents were only able to classify fractures correctly 23% of the time [6]. For this reason,
there have been efforts to develop teaching aids to help these less experienced practitioners [6-9].

At the most basic level, multiple authors have shown that providing residents and attending surgeons with
advanced imaging, including 2D and 3D CT scans, can improve their diagnostic abilities [7, 15]. Techniques
such as secondary image manipulation and 3D printing of CT scan models have also been described to assist
residents [8-9].

In parallel to these efforts, other authors have attempted to improve junior attending and resident
acetabular fracture classification without resorting to advanced imaging techniques, which may or may not
be available in every setting. These authors have tended to rely on algorithms that ask practitioners to
assess imaging in a systematic manner rather than holistically. Based on the specific features observed in
each step of the algorithm, a final diagnosis can be made.

Patel et al. [10], using an algorithm developed by Brandser and Prevezas demonstrated that their algorithms
were effective when given to attending surgeons. Ly et al. [12], using a modified algorithm originally
developed by Saterbak et al. [11], showed that their algorithm was effective when given to residents.

Our study expands on the work of Ly et al. and demonstrates that the algorithm described in their study is
effective even for practitioners with little to no experience reading acetabular fracture films. This is
important because frequently, orthopedic surgeons are not the first physicians tasked with diagnosing and
triaging an acute acetabular fracture. Often, patients with these injuries present to emergency departments,
where their pelvic radiographs are read by general trauma surgeons, emergency medicine doctors or
radiologists with variable musculoskeletal experience. For these practitioners, the algorithm described above
can serve as a valuable reference and can help them correctly classify acetabular fractures, appropriately
triage them and accurately describe their patients’ injuries to other health care providers. Additionally, new
orthopedic interns would likely find this algorithm to be a useful introduction to acetabular fracture
classification; it might therefore serve as a valuable addition to intern onboarding curricula and a
foundation for future learning.

It was interesting to note that the addition of a short lesson explaining the algorithm did not help subjects
with fracture classification. This result may seem unexpected, but it is consistent with the relative simplicity
of the algorithm. The algorithm, with few exceptions, asks readers to identify fracture lines through specific
anatomic structures; it is, therefore, possible that any reader with a basic understanding of pelvic anatomy
could appropriately apply the algorithm without specific coaching. 

This study has a number of weaknesses. For one, there is no guarantee that subjects did not study acetabular
fracture classification between their pre and post-tests, in spite of specific instruction not to. Additionally,
medical students are not perfect surrogates for the practitioners noted earlier in this discussion. Finally,
further studies would be needed to determine if the adoption of the algorithm improves communication
between non-orthopedic practitioners and orthopedic surgeons, and ultimately if that improved
communication leads to better patient outcomes.

Conclusions
Inexperienced practitioners were better able to interpret acetabular fracture radiographs with the help of an
algorithm. This algorithm can therefore serve as a reference for inexperienced practitioners and can help
them correctly classify and triage acetabular fractures.

Additional Information
Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. Northwestern University
Institutional Review Board issued approval STU00206276. This study was approved by our Institutional
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or tissue. Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare
the following: Payment/services info: All authors have declared that no financial support was received
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2022 Butler et al. Cureus 14(1): e21471. DOI 10.7759/cureus.21471 4 of 5



might have an interest in the submitted work. Other relationships: All authors have declared that there are
no other relationships or activities that could appear to have influenced the submitted work.

References
1. Matta JM: Fractures of the acetabulum: accuracy of reduction and clinical results in patients managed

operatively within three weeks after the injury.. J Bone Joint Surg Am. 1996, 78:1632-45. 10.1055/s-0030-
1267077

2. Letournel E: Acetabulum fractures: classification and management. Clin Orthop Relat Res. 1980, 81:106.
10.1055/s-2007-980136

3. Letournel E, Judet R: Fractures of the Acetabulum. Springer-Verlag, New York; 1993.
4. Magnussen RA, Tressler MA, Obremskey WT, Kregor PJ: Predicting blood loss in isolated pelvic and

acetabular high-energy trauma. J Orthop Trauma. 2007, 21:603-7. 10.1097/BOT.0b013e3181599c27
5. Petrisor BA, Bhandari M, Orr RD, Mandel S, Kwok DC, Schemitsch EH: Improving reliability in the

classification of fractures of the acetabulum. Arch Orthop Trauma Surg. 2003, 123:228-33. 10.1007/s00402-
003-0507-y

6. Polesello GC, Nunes MA, Azuaga TL, de Queiroz MC, Honda EK, Ono NK: Comprehension and
reproducibility of the Judet and Letournel classification. Acta Ortop Bras. 2012, 20:70-4. 10.1590/S1413-
78522012000200002

7. Garrett J, Halvorson J, Carroll E, Webb LX: Value of 3-D CT in classifying acetabular fractures during
orthopedic residency training. Orthopedics. 2012, 35:e615-20. 10.3928/01477447-20120426-12

8. Liu ZJ, Jia J, Zhang YG, Tian W, Jin X, Hu YC: Internal fixation of complicated acetabular fractures directed
by preoperative surgery with 3D printing models. Orthop Surg. 2017, 9:257-60. 10.1111/os.12324

9. Manganaro MS, Morag Y, Weadock WJ, Yablon CM, Gaetke-Udager K, Stein EB: Creating three-dimensional
printed models of acetabular fractures for use as educational tools. Radiographics. 2017, 37:871-80.
10.1148/rg.2017160129

10. Patel V, Day A, Dinah F, Kelly M, Bircher M: The value of specific radiological features in the classification
of acetabular fractures. J Bone Joint Surg Br. 2007, 89:72-6. 10.1302/0301-620X.89B1.18069

11. Saterbak AM, Marsh JL, Turbett T, Brandser E: Acetabular fractures classification of Letournel and Judet--a
systematic approach. Iowa Orthop J. 1995, 15:184-96.

12. Ly TV, Stover MD, Sims SH, Reilly MC: The use of an algorithm for classifying acetabular fractures: a role
for resident education?. Clin Orthop Relat Res. 2011, 469:2371-6. 10.1007/s11999-011-1925-8

13. 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. 10.2106/JBJS.17.00600

14. Beaule PE, Dorey FJ, Matta JM: Letournel classification for acetabular fractures. Assessment of interobserver
and intraobserver reliability. J Bone Joint Surg Am. 2003, 85:1704-9.

15. O'Toole RV, Cox G, Shanmuganathan K, Castillo RC, Turen CH, Sciadini MF, Nascone JW: Evaluation of
computed tomography for determining the diagnosis of acetabular fractures. J Orthop Trauma. 2010,
24:284-90. 10.1097/BOT.0b013e3181c83bc0

2022 Butler et al. Cureus 14(1): e21471. DOI 10.7759/cureus.21471 5 of 5

https://dx.doi.org/10.1055/s-0030-1267077
https://dx.doi.org/10.1055/s-0030-1267077
https://dx.doi.org/10.1055/s-2007-980136
https://dx.doi.org/10.1055/s-2007-980136
https://link.springer.com/book/10.1007/978-3-642-75435-7
https://dx.doi.org/10.1097/BOT.0b013e3181599c27
https://dx.doi.org/10.1097/BOT.0b013e3181599c27
https://dx.doi.org/10.1007/s00402-003-0507-y
https://dx.doi.org/10.1007/s00402-003-0507-y
https://dx.doi.org/10.1590/S1413-78522012000200002
https://dx.doi.org/10.1590/S1413-78522012000200002
https://dx.doi.org/10.3928/01477447-20120426-12
https://dx.doi.org/10.3928/01477447-20120426-12
https://dx.doi.org/10.1111/os.12324
https://dx.doi.org/10.1111/os.12324
https://dx.doi.org/10.1148/rg.2017160129
https://dx.doi.org/10.1148/rg.2017160129
https://dx.doi.org/10.1302/0301-620X.89B1.18069
https://dx.doi.org/10.1302/0301-620X.89B1.18069
https://www.ncbi.nlm.nih.gov/labs/pmc/articles/PMC2329054/
https://dx.doi.org/10.1007/s11999-011-1925-8
https://dx.doi.org/10.1007/s11999-011-1925-8
https://dx.doi.org/10.2106/JBJS.17.00600
https://dx.doi.org/10.2106/JBJS.17.00600
https://journals.lww.com/jbjsjournal/Abstract/2003/09000/Letournel_Classification_for_Acetabular_Fractures.8.aspx
https://dx.doi.org/10.1097/BOT.0b013e3181c83bc0
https://dx.doi.org/10.1097/BOT.0b013e3181c83bc0

	Algorithm Improves Acetabular Fracture Radiograph Interpretation Among Inexperienced Practitioners
	Abstract
	Introduction
	Materials And Methods
	Pre-test
	FIGURE 1: Obturator oblique, anteroposterior, and iliac oblique radiographs of an acetabular fracture

	Post-test
	FIGURE 2: Algorithm developed by Ly et al. and provided to medical students for use during their post-test

	Test validation
	Statistics

	Results
	Testing
	TABLE 1: Medical student pre- and post-test scores (with standard deviations)
	TABLE 2: Medical student score with and without the addition of short lesson (with standard deviations)

	Test validation
	TABLE 3: Test validation (pre-intervention scores)


	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


