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Literature Review and Statement of Purpose Results
Classification systems for orthopedic injuries have been developed to assist physicians in planning their % Perfect Agreement
management and predicting outcomes [1]. It is important that commonly used classification systems are both reliable X-Rays 3D Prints
and valid. There 1s a growing concern that fracture classification systems should be formally validated before they are All observers (N = 34) 64.7% (44/68) 77.9% (53/68)
recommended for use in practice. Attending physicians (N = 5) 90.0% (9/10) 90.0% (9/10)
Ankle 1njuries are one of the leading causes of musculoskeletal emergency department visits in the U.S. [2]. Residents (N = 17) 52.9% (18/34) 82.4% (28/34)
Roughly 95% of all ankle fractures can be grouped according to category and stage under the Lauge-Hansen (LH) Students (N = 12) 70.8% (17/24) 66.7% (16/24)

classification system [3], which was developed by Danish radiologist Niels Lauge-Hansen in 1942 based on findings
from experimentally produced fractures on cadaveric models [4]. The LH classification system 1s thought of by many
foot and ankle surgeons as an important tool for the understanding and treatment of ankle fractures. However, many
1ssues have been raised concerning its reliability and reproducibility over the years [3, 5-8]. At this point in time, the

Table 3. When observers classified identical (repeat) ankle
fractures, the result was an increased intraobserver perfect
agreement with the 3D prints compared to the x-ray
films. This effect was most marked among resident

flexibility for correction to the existing LH classification system is limited. Attempts have been made, however, t0  Figure 1. Examples of 3-dimensional prints of ankle fractures. physicians, however was not seen across all groups.
study external effects on the validity and rehability of the LH system. Rasmussen et al. observed the benefits of  A) PER injury with midshaft fibular fracture and medial malleolar avulsion
instruction on increasing agreement using the LH system in classifying ankle fracture radiographs [9]. Rodriguez et ~ fracture. B) SER injury with spiral oblique fibular fracture and Tillaux Al observers ~ Attendings ~ Residents  Students

fracture of the anterior lateral margin of the distal tibia. C) SER injury with

al., however, reported a low level of accuracy in the use of the LH system when radiographs were matched to posterior malleolar fracture. D) SER injury with spiral oblique fracture of the (N=34  (N=5  (N=17) (N=12)
corresponding video clips of the actual injury [10]. Hasenstein et al. demonstrated high levels of satisfaction with the  fibula and widening of the medial clear space with fleck avulsion fracture of  Totalfractures dassfied 238(100%) ~ 35(100%) 119 (100%) 84 (100%)
incorporation of 3D printed models of ankle fractures into podiatric medical education [1 1]. Misselyn et al. has th‘e medial malleolus E) PER injury ‘with posterior malleolar .fracture and Print and film assigned different category 46 (19.3%)  8(229%) 24(20.2%) 14(16.7%)
recently reported improved interobserver reliability of the Sanders classification with the addition of 3D printed E;gfilﬁ fibular fracture. ) PAB injury with transverse medial malleolar  Wiiipieoplaeiny 192(80.7%) 27 (71.1%) 95(798%) 70(833%)
models of calcaneal fractures [12]. It 1s with this evidence that the current project was conceived. Agreement to Reference Standard Pt an fmassiged sam caegory 92 (100%) 27 (100% 95 (100%) 70 (100%
The purpose of this study was to evaluate the etfect on interobserver and intraobserver X-Rays 3D Prints and same stage 122 (635%) 18 (66.7%) 63(66.3%) 41 (58.6%)
reliability in the LH classification system with the addition of 3D printed models. The  Alobserers(N=34) 70.2% 61.7% and diferent stage 70(365%)  9(333%) 32(33.7%) 29 (41.4%)
primary objective of the study was to compare the interobserver and intraobserver reliability gtte,"d'"g physicians (N = 5) 65.7% 60.0% | | ,
) i ] esidents (N = 17) 74.8% 65.5% Print and film assigned same category and different stage 70 (100%)  9(100%) 32 (100%) 29 (100%)
of the LH classification system for x-ray films and 3D printed models. The secondary  sigents(N=12) 70.2% 59.5% Print higher stage than fim 11(157%) 1(11.1%) 4(125%) 6 (20.7%)
objectives were to compare the strength of the eftfect of 3D printed models on reliability  Table 1. With the x-ray images, the percent agreement with the _ Printlower stage than fim 59 (84.3%)  8(88.9%) 28(87.5%) 23 (79.3%)

between attending physicians. resident physicians and podiatrv students, and to identify  reference standard was higher than that with the 3D prints across . -
8 pny ’ phy P Yy ’ y all groups, with the most significant difference seen in students Table 4. Across all participant groups, the same category was assigned

patterns of over- or under-staging of 3D prints compared to x-ray films. followed by residents. for both the 3D print and x-ray film of the same fracture 80.7% of the
time (192/238), while the same category and stage were assigned for
Interobserver agreement both the 3D print and x-ray film of the same fracture 51.3% of the time
Meth()d()l() gy X-Rays 3D Prints (122/238). Of those fractures assigned the same category but
All observers (N = 34) different stage, a lower stage was assigned for the 3D print 84.3%
The 3D printed models were utilized from a previous IRB approved protocol evaluating their use as an educational instrument ';‘f’fee':e"t 057 0 037 53'::/30 “ 043 55‘30;%0 " of the time overall. This strength of this effect correlated with level of
[11]. Models were approximately 20cm high and could be durably handled. A total of thirty-four participants were recruited to take AttezldS;ga;):;i(cian: (N)= 5) 37(031:043) 43 (0.38-0.49) experience and expertise.
part in the study: five ABFAS certified foot and ankle surgeons, seventeen resident physicians, and twelve fourth year podiatric  pgreement 51.4% 57.1%
medical students. All participants reported feeling comfortable classifying ankle fractures using the LH system. Participants were Fleiss kappa (95% Cl) 0.30 (0.10-0.49) 0.43 (0.26-0.60) All observers (N = 34) temf_fem® femt femD Temt femt temo
given the opportunity to review the classification system prior to their evaluations as referenced from Tartaglione et al. [8].  Residents (N=17) Agreement:orX—ray 0583 0777 0679 0237 0681 0681  0.159
A . . . . . . . eqe . . Agreement for 3D print 0.781 0.453 0.597 0.884 0.681 0.376 0.148
Participants were also given the opportunity to examine a 3D printed model of a pilon fracture to aid their familiarity with 3D Agfeeme"t 54.0% 58.7% Attegnding phy;dansp(N —5) — —
printed models. Participants evaluated a series of 18 items alternating between 3D printed models and x-ray films of 7 unique ankle Fleiss kappa (95% CI 0.35(0.26-045) 046 (0.38-054) Agreement for X-ray 0600 0.600 0600 ~ 0.200 0600  1.000 ~0.000
. . i Students (N = 12) Agreement for 3D print 1.000 0400 0200 1.000 1.000 0.400  0.000
fractures classifiable by the LH system. Of the 7 ankle fractures, 4 were classified as SER IV (Items A-D), 2 were classified as PER Agreement 53.7% 54.6% Residents (N = 17)
IV (Items E-F), and 1 classified as PAB 1 (Item G) by the first author (C.B.). Multiple x-ray views were provided for each fracture Fleiss kappa (95% Cl) 0.39 (0.29-0.48) 0.42 (0.32-0.51) 23::2:2: o ’;gagrint ﬁ cro-S G s L
to allow determination of the full extent of the injury. Two 3D printed models and x-ray films were presented twice in order to . , Students (N = 12)
Table 2. When participants were asked to categorize the ankle fractures  Agreement for X-ray 0439  0.833 0682 0121 0833 0682  0.167

assess intrarater reliability. The order of presentation was randomized, but the same for each participant. Participants were asked to . : : : ] . :
M p ’ P p p according to LH classification with class and stage using the 3D printed —A29reement for 3D print 0561 0364 0682 0833 0561 0545 0273

assign a LH F:atggory and stage for ea.ch fracture by marking the corresponding box on an answer sheet. No time limit was imposed. models, there was an increased interobserver agreement compared Table 5. Agreement was found to be superior for 3D print over

The distribution of LH classification scores were then compared between the x-ray films and 3D prints. Two quantifications of  .p the x-ray images. The Fleiss kappa value was also increased. X-ray film across all groups for certain fractures (Items A &
agreement are reported. First, we recorded the percentage agreement, which measured the rate as which participants gave the same  The improvement in interobserver agreement and Fleiss kappa with the D), while agreement was superior for x-ray film over 3D print
score. Second, we recorded Fleiss’s fixed-marginal multirater kappa, which is a measure of the degree of interrater agreement 3D prints over x-ray films was seen across all groups and was most for other fractures (Items B & F). Overall, agreement for
beyond the level of chance. The Landis and Koch benchmark scale was used to interpret the strength of agreement for Fleiss kappa  marked among attending physicians. All Fleiss kappa values for classification of SER fractures (Items A-D) was superior for 3D
values, according to the following: 0 = poor agreement; 0 to 0.2 — slight agreement; 0.21 to 0.4 — fair agreement; 0.41 to 0.6 — interobserver agreement for x-rays fell between 0.21 to 0.4, prints compared to x-ray films (0.679 versus 0.569) while
moderate agreement; 0.61 to 0.8 — substantial agreement; 0.81 to 1.0 — almost perfect agreement [13]. The analyses were performed interpreted as fair agreement. While all Fleiss kappa values for agreement for classification of PER fractures (Items E & F) was
using a free Online Kappa Calculator available at http:/justus.randolph.name/kappa. [14]. Representative examples of different interobserver agreement for 3D prints fell between 0.41 to 0.6, gsyperior for x-ray films compared to 3D prints (0.507 versus
ankle fractures as 3D prints are provided in Figure 1. interpreted as moderate agreement. 0.402).

Discussion

The objective of this investigation was to evaluate the effect of 3D printed models on the
reliability of the Lauge-Hansen classification system.

Interobserver reliability was found to fall within the range of “moderate agreement” for 3D prints,
which is improved compared to “fair agreement” for x-ray films. We find this to be an important
finding with respect to preoperative planning of high stage ankle fractures, which often require open
reduction and internal fixation (ORIF). The best results for ORIF require good preoperative assessment of
the fracture. High stage ankle fractures are usually complex with comminution, displacement and/or
rotational abnormalities. The primary aim in treating ankle fractures 1s to restore the morphology and
integrity of the ankle mortise. To achieve this, good reduction and fixation of ankle fractures are essential,
but sometimes difficult to perform. X-ray along with 3D CT imaging are the current gold standards for
preoperative planning of high stage ankle fractures. However, the advent of 3D printing potentially
opens the door for even better preoperative assessment of these fractures. Holding fracture models in
their hands would allow surgeons to get a clear determination of the personality of the fracture without
having to 1magine the pathology in their minds based on 1images seen on a computer screen. Studies have
shown that 3D printed models can improve understanding of fracture pathology, leading to reduced
operative times, increased surgical efficiency, and reduced 1atrogenic complications [15-17]. Furthermore,
Sha et al. demonstrated the use of 3D templates to improve outcomes for lateral ankle ligament
reconstruction surgery [18]. Chung et al. described the use of 3D templates for selection of plates and
screws, as well as for guiding reduction and screw trajectories for distal tibial fractures [19].

A limitation of relying on 3D printed models for preoperative assessment 1s the resolution and
accuracy of the printed model itself. Qur study did not, however, reveal decreased accuracy in
classifying the 3D prints when compared to 2D x-ray, demonstrated in Table 3 by increased percent
perfect agreement with 3D prints. Another limitation of the 3D printed models 1s simply lack of
familiarity and experience with handling them. This may explain why participants’ responses were more
likely to agree with the reference standard for x-ray versus 3D print (Table 1). It may also explain why 3D
prints were assigned a lower stage 84.3% of the time when compared with classification assigned for
an x-ray of the same fracture (Table 4). This lack of experience with 3D printed models may have caused

some participants to, for example, neglect an injury to the posterior inferior tibiofibular ligament, thus
classifying a PER IV injury as a PER III.

In conclusion, the results of this investigation provide new evidence on the utility of 3D
printed models of ankle fractures for improved reliability of the Lauge-Hansen classification
system. Studies such as ours may continue to open the door for further study on 3D printed
models as preoperative tools to improve ankle fracture assessment and classification.
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