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Abstract

Background: To compare three-dimensional (3D) printed models with 3D computed tomography (CT) images in terms of the reliability 
of the classification of tibial plateau fractures using the Hohl and Moore and the Schatzker classification systems, and whether there 
was any influence on surgical management. 

Method: The sample comprised the 20 CT scans of patients with tibial plateau fractures available in the radiology archive of Dr George 
Mukhari Academic Hospital (Ga-Rankuwa). Standardised illustrated guides to the Schatzker and the Hohl and Moore classification 
systems were used by six observers of varying orthopaedic experience. They completed questionnaires individually in three different 
sessions. In session one the observers had access to the 3D CT images only. On average two to five days later, in session two the 
observers assessed only the 3D models. In the third session, another two-to-five days later, the observers assessed the 3D CT images 
while handling and inspecting the corresponding 3D model.

Results: The inter-observer reliability of the Schatzker system (moderate reliability) was superior to the Hohl and Moore system (fair 
reliability) when comparing the assessment using the images and models separately. When all observations were combined, there was 
no difference between the systems. For the six possible surgical management options given to the observers, there was an overall 
difference in agreement based on assessing only the CT images compared with assessing only the models, of 19% (23 of the possible 
120 procedures). Of these 23 differing procedures, 15 were more invasive. The 3D models were considered superior to 3D CT imaging 
in terms of spatial awareness and the observers’ ability to assess intra-articular fracture patterns. The models were assessed as being 
superior to the imaging when considering the ability to estimate the quantity of bone graft required.

Conclusion: Although the inter-rater reliability of classification was not significantly improved, there were several advantages to using 
the 3D-printed models both separately from the CT images and together with the images. The effect of 3D models on patient outcome 
remains untested. The clinical impact of the use of 3D models (including cost, manufacturing time and radiation exposure) should be 
weighed against the potential benefits.

Level of evidence: Level 4
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Introduction

One of the objectives of orthopaedic surgery is to assess and 
classify fractures as a standardised methodical approach, specific 
to each fracture site, that directs patient treatment and warns 
against certain complications. Computed tomography (CT) and 
subsequent three-dimensional (3D) rendering has improved the 
surgeon’s ability to visualise and classify intra-articular fractures, 
thereby influencing the decision to operate. Three-dimensional 
printing is a rapidly expanding technology and if applied as an 
adjuvant to CT, could add a tangible element to fracture assessment 
and classification.

The reliability of current classification systems of tibial plateau 
fractures has been assessed in a variety of publications. Taşkesen 
et al.1 assessed the intra- and inter-observer reliability of the 
Arbeitsgemeinschaft für Osteosynthesefragen-Orthopaedic Trauma 
Association (AO-OTA), Schatzker, Hohl and Moore, Luo and revised 
Duparc systems using plain (2D) radiography as well as CT. The 
inter-observer reliability of the Schatzker system was substantial 
when CT was used and moderate for plain radiographs. The  
AO-OTA classification, the Hohl and Moore, and the Luo 
classifications were all moderate for both CT and standard 
radiographs. The Duparc classification system was the least 
reliable. Mellema et al.2 compared the inter-observer reliability 
of the Schatzker system with the Luo classification system using 
either 2D CT images or 2D as well as 3D CT images. Both systems 
showed only fair reliability, with the Schatzker classification being 
significantly better. However, the added use of 3D CT did not 
improve the reliability.

Maripuri et al.3 compared the interobserver reliability of the 
AO-OTA, Schatzker, and Hohl and Moore systems. Although the 
Schatzker system was better, none was ideal as the reliability ranged 
from poor to moderate. Millar et al.4 carried out a systematic review 
of tibial plateau fracture classification systems. They identified 38 
systems, of which five were sub-classifications of existing systems, 
and only 11 systems associated fracture classification with clinical 
outcome. The review concluded that 2D and 3D CT improved inter-
observer reliability estimates, but that more detailed assessment 
was required to help predict outcomes and to guide clinical 
decisions.

A Medline search using the PubMed search engine using the 
search terms ‘three dimensional/3D printing assisted tibial plateau 
fracture’ revealed five studies, one of which was in Chinese, and 
none of which assessed the inter-observer reliability of tibial plateau 
fracture classification. Huang et al.5 showed that a 3D-printed 
template improved the accuracy of plating and screwing for 
complicated tibial plateau fractures. Yang et al.6 assessed 3D 
model use in seven lateral tibial plateau malunions and concluded 
improved outcome. Lou et al.7 compared conventional tibial plateau 
surgery with surgery assisted by 3D-printing technology in 72 
patients. The authors reported a decrease in intra-operative blood 
loss, operative time and fluoroscopy use in the 3D printing-assisted 
group. A systematic review8 of 3D printing in tibial plateau fracture 
management found shorter operative time, less intra-operative 
blood loss and faster union times when 3D model-assisted 
open reduction internal fixation (ORIF) was used compared with 
conventional ORIF. However, there was no significant difference in 
follow-up outcomes or complications.

In light of the fact that it is accepted that 3D CT is known to assist 
in surgical preparation and planning, it is not known whether these 
technologies can assist in reliably classifying tibial plateau fractures. 
The aim of this retrospective study was therefore to compare 3D 
models with 3D CT in terms of the reliability of classification of tibial 
plateau fractures using the Hohl and Moore and the Schatzker 
classification systems, and to establish whether 3D model use 
might influence surgical management in the future. 

Materials and method

The sample comprised the 20 CT scans of patients with tibial 
plateau fractures available in the radiology archive of Dr George 
Mukhari Academic Hospital, Ga-Rankuwa. Of the 27 knee CT scans 
available on the patient archive system, only 20 scans identified 
tibial plateau fractures. Thus, all the available data was used. 
This study did not involve patient contact and did not consider 
the injuries commonly associated with tibial plateau fractures 
(fracture dislocation, meniscal and multi-ligamentous injuries). 
No assumptions were made regarding patient demographics, 
mechanism of injury, or open or closed injuries. For the purpose of 
the study, soft tissue injuries were not considered, and all patients 
were presented as adults (fit for surgical management).

The CT data was processed digitally (Phillips IntelliSpace Portal 
system, Phillips, Netherlands) to produce 3D images to be assessed 
on a computer screen (Figure 1) and which could be rotated in 
all planes at the observer’s discretion. Patient identifiers were 
replaced with research numbers. The volumetric data from the CT 
scans was converted to Standard Tessellation Language files used 
to print corresponding 3D models at a 1:1 scale by additive printing 
(Ultimaker II 3D printer, Ultimaker BV, Netherlands). The models 
used (both 3D CT and 3D-printed models) consisted of a distal 
femur and proximal tibia. The patella was removed as it has no 
bearing on classification. Polylactic acid was used as the medium 
because it is a rigid, bio-friendly plastic and is manufactured 
in a matt white colour resembling cortical bone (Figure 2). All 
models were printed using a 20 µm definition setting in the same 
printer using the same batch of material. The cost of 3D model 

Figure 1. A screenshot of a digital 3D CT scan used
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manufacturing at the time of publication was estimated at R1 500 
per model. Manufacturing time was estimated at roughly 24 hours, 
depending on the model size and complexity.

Standardised descriptive illustrated classification guides were 
used by all observers: these were of the Schatzker system types 
I–VI as described by Zeltser and Leopold1 and the Hohl and 
Moore classification system types I–V.3 Six observers practising 
in the field of orthopaedic surgery volunteered to complete a 
series of questionnaires. The observers comprised two senior 
surgeons with more than ten years of experience (as a registered 
orthopaedic surgeon), two junior surgeons with less than ten 
years of experience (as a registered orthopaedic surgeon), and 
two registrars. All the observers were employed as full-time staff 
in an orthopaedic department. They completed the questionnaires 
individually in three different sessions. The 3D images were viewed 
on a computer screen and the 3D models were assessed by means 
of tactile examination and direct inspection. 

In session one the observers had access to the 3D CT images 
only. In session two, several days later, depending on availability 
(estimated at a two-to-five day delay), the observers assessed only 
the 3D models. In the third session (estimated two-to-five day delay 
from session 2), the observers assessed the 3D CT images while 
handling and inspecting the corresponding 3D model, in order to 
assess aspects that would more directly influence treatment and 
management. As the aim of the study was to compare 3D models 
to 3D CT, the observers did not have access to plain radiographs 
nor to 2D CT data.

The first and second session questionnaires required the 
observers to:
•	 Classify the specific tibial plateau fracture using the two 

classification systems if applicable according to the observer

•	 Choose between surgical and conservative management for 
each case, assuming the patient was healthy and fit for surgery

•	 If the management was to be surgical, specify the approach:

	▫ Non-operative management

	▫ Percutaneous screw fixation

	▫ Circular external fixation

	▫ Intramedullary nail

	▫ Single plate and screw construct

	▫ Multiple plate and screw constructs

•	 Assess whether it was possible to estimate how much bone graft 
would be required, as ‘yes/no/maybe/not applicable’

For the third questionnaire the observers were asked their opinion 
on whether the 3D model was inferior, equal or superior to the 
3D CT image with regard to the following characteristics: fracture 
description; fracture classification; decision-making; spatial 
awareness; and assessment of the intra-articular fracture pattern.

In addition, they were asked if they would consider printing a 
3D model for future intra-articular fracture classification/decision- 
making, on a scale of yes/no/maybe.

The Kappa coefficient system was used to evaluate inter- and 
intra-observer reliability. Cohen’s kappa was used for two raters 
and the Fleiss kappa (an adaptation of Cohen’s kappa) for three 
or more raters. All statistical procedures were performed on IBM 
SPSS statistics 22 running on Microsoft Windows. The kappa 
interpretation is given in Table I.

Results

The inter-observer reliability kappa values for classifying the 
fractures are shown in Table II. There was fair agreement in the 
Hohl and Moore classifications and moderate agreement in the 
Schatzker classification system.

When assessing the classification systems by comparing the 3D 
CT image with the 3D model for each observer, an average value 
for all comparisons for all observers was obtained for each of the 
classification systems, and this revealed a moderate agreement 
and no difference between the classification systems (Table III).

When the observers assessed cases in terms of surgical vs 
conservative treatment using only the 3D CT images, only three out 
of 120 responses (six observers × 20 cases) precluded conservative 
treatment, with all other responses being surgical. When assessing 
cases using the 3D models only, only one response precluded 
conservative management.

For the six possible surgical management options given to the 
observers, there was an overall difference in agreement between 
the decisions based on assessing only the 3D CT images compared 
with assessing only the 3D models, of 19% (23 of the possible  

Figure 2. A picture of a 3D printed model used

Table I: Kappa scale interpretation 
Kappa value Interpretation

<0 Poor agreement

0.01–0.20 Slight agreement

0.21–0.40 Fair agreement

0.41–0.60 Moderate agreement

0.61–0.80 Substantial agreement

0.81–1.00 Almost perfect agreement
 

Table II: Kappa inter-observer values for all six observers

System 3D CT image reliability kappa value 3D-printed model reliability kappa value Kappa interpretation

Hohl and Moore 0.319 0.318 Fair agreement

Schatzker 0.57 0.48 Moderate agreement
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120 procedures). In order to investigate whether the assessment of 
the models would result in a less, equal, or more invasive procedure, 
the procedures were scored on a scale of 1 to 6, representing 
the six options given, with 1 being least, and 6 the most invasive 
procedure. Of the 23 differing procedures, 15 were more invasive 
(65% of differing proposed procedure cases or 12.5% of the total), 
and eight were less invasive (35% of differing proposes procedure 
cases or 6.7% of the total) (Figure 3).

The ability to assess the quantity of bone graft required was 
assessed on a yes/no/maybe/not applicable scale. The ‘yes’ 
category was scored more frequently when assessing the 3D 
models (75% vs 64%) (Table IV).

The observers’ opinions on whether the 3D model was of inferior, 
equal or superior value in assessing the various characteristics are 
shown in Table V.

Finally, the observers were asked if they would consider printing 
a 3D model in the future and their responses were positive, based 
on case-specific needs. Those mentioned were comminuted intra-
articular fractures; severely displaced fractures; bony defects; and 
Schatzker types IV–VI.

Discussion

Three-dimensional models have been described as useful in pre-
operative planning9 and the effect of model use on patient outcome 
has been investigated;7 however, no publications were found on 
the influence of 3D models on patient management or on the inter-
observer reliability in tibial plateau fracture classification regardless 
of the classification system used.

Of the 38 classification systems used to classify tibial plateau 
fractures, none appears to be ideal.3 For example the Schatzker 
classification system was found to be more reliable when 3D CT 
was used to assess tibial plateau fractures compared with plain 
radiography in one study1 but not in another.2 In this study, the 
Schatzker system (moderate reliability) was superior to the Hohl 
and Moore system (fair reliability) which was in agreement with 
Taşkesen et al.1 

When used for acetabular fracture classification, the use of 3D 
models has been reported to have improved inter-observer reliability 

compared with 3D CT.10 In this study, however, comparison of these 
3D tools (CT and models) showed no statistically significant benefit 
in inter-observer reliability with 3D model use irrespective of the 
classification system used. This should imply that a more reliable 
approach to tibial plateau fracture classification remains elusive and 
the addition of 3D models did not replicate the success reported in 
acetabular fractures.10

The application of 3D models in the medical field has expanded 
dramatically in the last five years. The benefit of their use in 
orthopaedic pre-operative planning is frequently reported but 
poorly defined.9 The influence of 3D models on decision-making 
remains broadly untested in terms of surgical or conservative 
management. In this study, the observer responses indicated 
that 1% more cases would have received surgical management 
when the assessment was based on the 3D model. In addition, the 
theoretical proposed procedure based on 3D model assessment 
differed from the proposed procedure based on 3D CT assessment 
in 19% of cases, implying that the use of 3D models should be 
seen as an adjunct to planning and should not be used alone. This 
could alter management in nearly one out of every five tibial plateau 
patients managed surgically. The use of 3D models alone would 
have resulted in a theoretically more invasive procedure in 12.5% 
of patients and a theoretically less invasive procedure in 6.5% 
of patients. Although 3D models changed the specific proposed 
procedure in 19% of cases, the change was in a relatively neutral 
direction, meaning (based on a scoring system) it was neither 
more nor less invasive. A recent literature review11 on the use of 
3D models in the medical field reported several advantages but no 
definitive conclusions on the influence on surgical outcomes. It did, 
though, point out the need for a formal cost-effectiveness analysis.

Various publications7,8,12 have reported decreased intra-operative 
blood loss and shorter operative time associated with 3D model 
use, but lack explanations as to the root of the benefit and there 
is no evidence to support improvements in outcome. This study 
found 3D models to be superior to 3D CT imaging in terms of spatial 
awareness and specifically the observer’s ability to assess intra-
articular fracture patterns. Although these are promising features, 
the effect on patient outcomes needs more study. It should also 

Table III: Average kappa values across all six observers when 
comparing each observer’s scores for CT image classification 
compared with their score for CT model classification

System Kappa value Kappa interpretation

Hohl and Moore 0.56 Moderate agreement

Schatzker 0.52 Moderate agreement

 

8 15

97

More invasive procedure

Same procedure proposed

Less invasive procedure

23 differing proposed procedures

 Figure 3. Effect on surgical management due to 3D model

Table IV: Observers’ opinions on whether it was possible to assess the 
quantity of bone graft required

Opinion
3D CT image 3D model

No. % No. %

Yes 64 53 75 63

No 32 27 23 19

Maybe 17 14 19 16

Not applicable 7 6 3 3

 

Table V: Observers’ opinions on whether the 3D model was of inferior, 
equal or superior value

Feature
Inferior Equal Superior

No. % No. % No. %

Fracture description 19 16 61 51 40 33

Fracture classification 8 7 90 75 22 18

Decision-making 9 18 65 54 46 38

Spatial awareness 9 8 20 17 91 76

Intra-articular fracture 
pattern assessment

7 6 33 28 80 67
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be noted that publications7 reporting on decreased operative 
time using 3D models also reported increased time spent on pre-
operative planning. 

Although the observers in this study assessed 3D models as 
being superior to 3D CT when considering the ability to estimate 
the quantity of bone graft required, this could not be confirmed 
intra-operatively.

If the use of 3D models is considered a valuable adjunct to 
treatment, the cost must also be considered. Cost assessment 
should include the CT scan, model manufacturing consumables, 
printing time, as well as time spent on pre-operative surgical 
simulation. A broader consideration of the true cost of 3D models 
may have a negative impact on their use.

The limitations of this study include a fairly small population 
group. As the patient archive system was manually stored off site 
only a limited number of CT scans were available. The use of a 
basic fundamental imaging modality (radiographs) was excluded 
in order to compare novel strategies. The observers did not have 
access to 2D CT images. Due to the various observers’ obligations 
to patient care, the timing of questionnaire sessions was not strictly 
standardised. The study considers only tibial plateau fractures and 
does not consider associated soft tissue injuries. The study involves 
retrospective analysis of patient data and therefore no conclusion 
can be drawn relating to patient outcome.

Conclusions

Inter-observer reliability was not significantly different when 
assessing the Schatzker or Hohl and Moore classification systems 
using either the 3D models or the 3D CT images. The assessment 
of the 3D models did not favour surgical or conservative treatment 
significantly but did alter the observers’ proposed surgical 
procedures in 19% of cases Observers reported 3D models 
equal to 3D CT imaging in terms of fracture description, fracture 
classification and decision-making. Model use was superior to 
3D CT in terms of spatial awareness and intra-articular fracture 
description.

The use of 3D models in tibial plateau fracture pre-operative 
planning needs further study. The clinical impact of 3D model use 
(including cost, manufacturing time and radiation exposure) should 
be weighed against the potential benefits.
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