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Abstract
Purpose 3D CT scan is actually the gold standard for preoperative diagnosis of pelvic discontinuity (PD) in hip revision 
surgery. Aim of this study was to compare the accuracy of 3D-modeling with traditional and 3D CT scan.
Materials and methods We retrospectively identified 56 patients who underwent total hip arthroplasty revisions with 
Paprosky Type-3 periacetabular bone defects. Preoperative X-rays, CT scans and 3D-models were blindly reviewed by 
two orthopedic surgeons to detect possible pelvic discontinuities. Results were compared with surgical notes. Independent 
sensitivities, specificities, positive predictive values and negative predictive values were calculated for X-rays, CT scan and 
3D models. Analysis of interobserver reliability was performed.
Results Fifty-six patients met inclusion criteria. In nine patients, surgical notes indicated a pelvic discontinuity. On 3D CT 
scans, PD was identified in 25 cases for observer 1 and in 24 cases for observer 2. Analyzing 3D-models, PD was identified 
in eleven patients by both observers. The nine patients, with PD reported on the surgical report, were all identified with both 
the techniques. The specificity of standard 3D CT was 0.66 for observer 1 and 0.68 for observer 2 and increased to 0.96 for 
both observers with the utilization of 3D-models. The positive predictive value increased from 0.36 (observer 1) and 0.38 
(observer 2) with the CT evaluation to 0.82 in the 3D-models evaluation. The analysis of 3D models was characterized by a 
perfect intraobserver reliability (intraobserver correlation coefficient = 1). The observers showed substantial agreement for 
PD classification; the kappa values were 0.96 and 0.77, respectively, for CT scan and 3D-model evaluation.
Conclusions 3D-modeling showed higher specificity than traditional and 3D CT scans in identification of PD in Paprosky 
Type-3 periacetabular bone defects.
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Introduction

Pelvic discontinuity (PD) is a rare, but devastating complica-
tion of total hip arthroplasty [1].

Paprosky et al. [2] defined pelvic discontinuity as a com-
plete separation between the superior and inferior pelvis 
through the acetabulum. It is usually due to massive bone 
loss secondary to periprosthetic osteolysis, but it may also 
occur secondary to trauma, infections, stress fractures or 
excessive acetabular reaming [2–4].

In the literature, the incidence of PD is reported between 
1 and 8% of all acetabular revisions performed [4]. Inci-
dence is likely to increase due to a rising number of revisions 
and re-revisions hip replacements in older and more active 
patients [5].
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Management of massive bone loss and pelvic disconti-
nuity is one of the most challenging aspects of hip surgery 
and often requires advanced reconstructive techniques [1]. 
Various treatment options, including posterior column 
plating and acetabular reconstruction, massive structural 
allograft, reconstruction cages and rings, custom triflange 
implants and acetabular distraction, have been published, 
but the optimal surgical technique is still debated [4–7].

Identification of patients suffering pelvic discontinu-
ity is essential to develop a correct preoperative surgical 
planning [1]. Sporer et al. [7] developed an algorithmic 
approach to revision of the acetabulum based upon the 
criteria of the Paprosky classification. Pelvic discontinu-
ity is one of the crucial points of the algorithm for the 
selection of treatment. If PD is not present, the options for 
reconstruction include nonbiologic fixation with impaction 
allograft supported with a cage or structural allograft (ace-
tabular allograft or distal femoral allograft) supported with 
a cage or biologic fixation with a modular trabecular metal 
system. If pelvic discontinuity is identified, the authors 
suggested to determine intraoperatively if the discontinuity 
appears acute or chronic. In the first case, they indicated 
the use of compression and plating across the dissociation 
in association with cages and allograft or trabecular metal. 
In the second case, they suggested to distract the discon-
tinuity with acetabular transplant or trabecular metal with 
augments or triflange implants.

Standard radiographs are usually used for the initial 
assessment. Berry [8] described three findings correlated 
with PD: visible fracture involving both columns, asymme-
try of the obturator rings and medial translation of the infe-
rior pelvis. However, none of these findings were visible in 
all the preoperative radiographs analyzed by the author [8]. 
Computer tomography (CT) is effective in identifying bone 
loss and fracture lines, but metal hardware in the hip usually 
causes significant scatter of the images [4].

Three-dimensional (3D)-CT reconstruction is a useful 
tool to identify pelvic pathologies, determine the remaining 
bone stock and evaluate integrity of anterior and posterior 
columns. However, metal hardware decreases images qual-
ity and the possibility to evaluate the acetabulum bone stock 
behind the prosthetic acetabular cup [9].

3D modeling could be useful in the preoperative evalu-
ation of bone stock. 3D modeling is not just a three-dimen-
sional reconstruction, but the development of a model based 
on bones structures and metal hardware segmentation. The 
absence of metal artifacts and the possibility to evaluate the 
acetabulum without the cup may lead to a more accurate 
definition of acetabular bone stock and to the development 
of a more accurate preoperative planning.

Aim of this study was to compare the accuracy of 3D 
modeling with the traditional and 3D CT images in detecting 
pelvic discontinuity.

Materials and methods

Data were obtained from patients who underwent revi-
sion THAs performed in a teaching large orthopedic 
hospital from April 2010 to June 2017. Study’s protocol 
was approved by the local institution’s research ethics 
committee.

We included patients in the study if surgical report 
classified the bone loss as Type 3 according to Paprosky 
defect. Patients were excluded from the study if the sur-
gical report did not mention the presence or the absence 
of PD or preoperative pelvic CT scans were of insuffi-
cient quality (slice thickness more than 1.25 mm) or not 
available.

We also collected patients’ characteristics, includ-
ing age, sex, BMI, side, number of previous revisions, 
time from CT scan to surgery, implant type removed and 
implant type inserted.

Preoperative X-rays and CT scans were numbered with 
a random number generator. Two orthopedic surgeons 
(AA and OM) separately reviewed the preoperative X-rays 
and CT scans to detect pelvic discontinuities. They were 
blinded to the classification noted in the surgical reports. 
The presence of pelvic discontinuity was defined on stand-
ard radiographs by the identification of a visible fracture 
involving both columns, asymmetry of the obturator rings 
or medial translation of the inferior pelvis as described 
by Berry [8]. On the CT scans, pelvic discontinuity was 
instead defined by the identification of an interruption 
of both anterior and posterior columns as defined by 
Paprosky et al. [2].

All CT images and DICOM data were sent to an exter-
nal company (Medics srl) to develop a 3D-model for each 
patient with the HA3D™ reconstruction technology; engi-
neers were blinded to the purpose of this study. In each 
3D-model, they identified, isolated and segmented the 
bones structures (femur and pelvis) and hardware com-
ponents (cups, stems, plates, screws, rings, cement, etc.). 
Segmentation was performed on each slice of the acquired 
CT series. The segmentation process is the partition of 
an image in homogeneous regions assigning a label to 
every pixel in the image such that pixels with the same 
label share the same regions. The methods used for seg-
mentation are selective thresholding, region growing and 
manual editing. The segmentation was conducted with a 
medical-grade CE-Marked Software. The next step was 
the creation of the mathematical model and its interactive 
3D PDF, which allowed a complete navigation of the 3D 
reconstruction, and before printing, virtual removal of the 
acetabular cup/implants has been performed. The fused 
deposition modeling (FDM) technique was used to create 
the 3D model. The process consisted in the extrusion and 
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deposition of plastic material in the molten state. The pro-
cess has been repeated until the model is completed. The 
nozzle was heated in order to melt the material. Beyond a 
certain angle of construction, the model required the reali-
zation of supports. The material used for the cases realiza-
tion was polylactic acid (PLA). Thanks to a combination 
of parameters for the model’s infill, number of perimeters 
and resolution was possible to realize reconstructions that 
allowed the simulation of bone density. In particular, it 
has been noticed that a good print profile for representing 
acetabular bone is the following:

• Perimeter loops: 2 to 3.
• Infill percentage: 20%.
• Infill pattern: Rectilinear with 45° of rotation between 

each on-top layer.
• Support threshold: 48° of overhang.
• Support removal: Soluble support removal with warm 

water.

The two surgeons (AA and OM) separately reviewed the 
3D-models to identify pelvic discontinuity, and again, they 
were blinded to the classification noted in the surgical report 
and to the previous analyses of X-rays and CT scans. Evalu-
ations of X-rays, CT and 3D-model were recorded, and the 
independent sensitivities, specificities, positive predictive 
values and negative predictive values with 95% confidence 
intervals were calculated.

Analysis of intra- and interobserver reliability was per-
formed. To determine the intraobserver reliability, the 
evaluations of X-ray images, CT scans and 3D models were 
repeated in two different sessions and intraobserver correla-
tion coefficients and 95% confidence intervals were calcu-
lated. An analysis of interobserver reliability was performed 
by calculating kappa coefficients with 95% confidence inter-
vals. A kappa value of 1.0 indicates that there is a perfect 
agreement among the reviewers, whereas a value of 0 sug-
gests that the level of agreement is no better than chance 
alone. A value of less than 0 implies that there is disagree-
ment among the reviewers, which is the result of more than 
just chance alone. Intra- and interobserver coefficients were 
classified as minimal (< 0.25), low (0.26–0.5), moderate 
(0.5–0.7), high (0.7–0.9) and excellent (> 0.9) [10].

Results

In total, 249 revisions were identified. Each patient’s medical 
records were retrieved, and 104 revisions were classified as 
Type-3 acetabular defect according to Paprosky classifica-
tion in the surgical report. Five were excluded because the 
surgical report did not mention the presence or the absence 
of PD.

For those patients, preoperative CT scan was searched 
in our database: 35 patients were excluded to the lack of 
preoperative CT scan in our database and 8 were excluded 

Fig. 1  Enrolling process algorithm
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because of the poor quality of the CT scans. The enroll-
ing process of the patients in the study is shown in Fig. 1.

Study cohort was therefore composed of 56 patients 
with Type-3 acetabular bone defects. Baseline data are 
shown in Table 1. In nine patients, the surgical report indi-
cated a PD. Analyzing X-rays images observer 1 identified 
pelvic discontinuity in 27 cases and observer 2 in 21 cases. 
On standard reconstruction CT scans, pelvic discontinuity 
was identified in 25 cases for observer 1 and in 24 cases 
for observer 2. On 3D-models, pelvic discontinuity was 
instead identified in eleven patients by both observers. 
The 9 patients, with pelvic discontinuity reported on the 
surgical report, were all identified with both CT scans and 
3D-models. Results are shown in Table 2. 

3D-models showed a complete matching with the real 
acetabuli in regard to pelvic discontinuity in all but one 
case for each observer. No false negative was detected 
either in the CT scan analysis or in the 3D-model analy-
sis (sensitivity = 1). Analyzing traditional radiographs, 
the specificity was 0.57 (± 0.142) for observer 1 and 
0.66 (± 0.135) for observer 2 and the sensitivity was 0.78 
(± 0.271) for observer 1 and 0.56 (± 0.324) for observer 
2. The specificity of standard CT was 0.66 (± 0.139) for 
observer 1 and 0.68 (± 0.139) for observer 2 and increased, 
respectively, to 0.96 (± 0.058) either for observer 1 either 
for observer 2 with the utilization of 3D-models. The posi-
tive predictive value was 0.26 (± 0.165) for observer 1 and 
0.24 (± 0.183) for observer 2 with the radiographic evalu-
ation; 0.36 (± 0.188) for observer 1 and 0.38 (± 0.194) for 
observer 2 with the CT evaluation and 0.82 (± 0.228) for 
both observers in the 3D-models evaluations. Instead, the 
negative predictive value was 0.93 (± 0.093) for observer 1 
and 0.86 (± 0.115) for observer 2 with the traditional X-ray 
evaluation and 1 with both CT and 3D-models techniques 
and for both observers (Fig. 2).

Intraobserver reliability showed moderate reliability for 
X-rays images (0.51 ± 0.13), low reliability for CT scans 
(0.43 ± 0.03) and a perfect reliability for the evaluation of 
3D-models (1 ± 0). The reviewers showed substantial agree-
ment for PD classification; the kappa values were 0.96 (SE 
0.13) and 0.77 (SE 0.13), respectively, for CT scan and 
3D-model evaluation.

Discussion

In hip arthroplasty revisions, the presence of pelvic dis-
continuity may change the surgical strategy as defined by 
Paprosky in his worldwide known protocol [7, 11]. Con-
sequently, correct diagnosis and preoperative planning are 
essential for a successful treatment.

Anterior–posterior (AP) radiograph is characterized by 
low sensitivity for the diagnosis of pelvic discontinuity. 
Paprosky himself reported that in his series of 147 patients, 
11% were found intraoperatively to have pelvic discontinu-
ity that was not identified in the radiographs preoperatively 
[11]. Berry et al. [3] defined three radiographic findings 
to detect pelvic discontinuity: visible fracture line involv-
ing both columns, asymmetry of the obturator rings and 
a medial translation of the inferior pelvis. However, none 
of these findings were visible in all the preoperative radio-
graphs analyzed by the authors.

Some authors suggested the use of multiple radiographic 
views to improve the diagnostic sensitivity [12, 13]. Martin 
et al. [14] recommended the use of AP radiograph, lateral 
radiograph and Judet view, and Wendt et al. [13] reported 
that in their study, the false profile radiograph was the most 
sensitive test for detecting pelvic discontinuity.

Nowadays, CT is the gold standard in the evaluation of 
periprosthetic osteolysis and bone loss [1, 3, 7]. Modern CT 
scanners with high-resolution acquisition and metal artifact 
suppression provide localization and characterization of 
pelvic discontinuity [4]. However, the oblique orientation 
of the acetabulum and the presence of the acetabular cup 
can decrease CT sensitivity. Fehring et al. [1] suggested the 
use of CT 45 degree oblique reconstruction, looking at the 
acetabulum frontally, to detect pelvic discontinuity. They 
demonstrated the increase in sensitivity from 73% (with 
traditional CT reconstructions) to 91% (with 45 degrees 
reconstruction).

3D-CT reconstruction has recently gaining popularity 
in the evaluation of acetabular bone defects. Metal artifact 
suppression software achieves reliable 3D-CT reconstruc-
tion also with the presence of hip arthroplasties [5, 9]. Ide-
ally, 3D-CT could be used to quantify the volume of bone 
loss and to anticipate whether the remaining bone is suf-
ficient to support a prosthetic revision implant [15]. Moon 
et al. [9] reported a strong and significant relationship 

Table 1  Baseline data

Patients (n) 56
Age (years) Median 69.6

IQR 41–87
Sex Male 18 (32.14%)

Female 38 (67.86%)
Side Left 31 (55.36%)

Right 25 (44.64%)
Surgery Cup revision 35 (62.5%)

Cup re-revision 3 (5.36%)
THA revision 17 (30.36%)
THA re-revision 1 (1.78%)

Time between CT scan and 
surgery (days)

Median 87.52
IQR 1–454
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between osteolytic volume measured on 3D-CT recon-
structions and the bone defects measured intraoperatively.

Until now, several studies have been published about 
hip and pelvis analysis with 3D-CT [5, 9, 15–17], but to 
the best of our knowledge, in the literature, no studies are 
available about the use of 3D-CT and 3D-modeling in the 
identification and diagnosis of pelvic discontinuity.

In our study, we compared the efficacy of traditional CT 
and 3D-models for the identification of pelvic discontinu-
ity. All the patients with clinical confirmation of pelvic 
discontinuity were identified with both the techniques. The 
most relevant difference we encountered was a superior 

specificity of the 3D-model and, as a consequence, a 
greater positive predictive value.

We think 3D-modeling showed higher results for PD 
identification because of the absence of metal hardware arti-
facts and the possibility to evaluate the acetabulum without 
the cup. Therefore, we recommend this technology in com-
plex revisions.

However, currently, the main disadvantages are repre-
sented by the time necessary to develop the 3D-model and 
the economic costs. Each model required an average of 4 
h of segmentation to obtain the virtual model. Time for 
printing varied according to the complexity of the model 

Table 2  Results of the evaluations of X-ray, CT scan and 3D-models for observer 1 and observer 2

OBSERVER 
1 PELVIC DISCONTINUITY

OBSERVER 
2 PELVIC DISCONTINUITY

X-RAY YES NO X-RAY YES NO
+ 7 20 + 5 16
- 2 27 - 4 31

SENSITIVITY 7/7+2=0,78 ±  0271 (IC 95%) SENSITIVITY 5/5+4=0,56
±  0,324 (IC 
95%)

SPECIFICITY 27/20+27=0,57
±  0,142 (IC 
95%) SPECIFICITY 31/31+16=0,66

±  0,135 (IC 
95%)

PPV 7/7+20=0,26 ±  0,165 (IC 
95%) PPV 5/5+16=0,24 ±  0,183 (IC 

95%)

NPV 27/27+2=0,93
±  0,093 (IC 
95%) NPV 31/31+4=0,86

±  0,115 (IC 
95%)

OBSERVER 
1 PELVIC DISCONTINUITY

OBSERVER 
2 PELVIC DISCONTINUITY

CT SCAN YES NO CT SCAN YES NO
+ 9 16 + 9 15
- 0 31 - 0 32

SENSITIVITY 9/9+0= 1 ± 0 (IC 95%) SENSITIVITY 9/9+0= 1 ±  0 (IC 95%)

SPECIFICITY 31/31+16= 
0,659

±  0,139 (IC 
95%) SPECIFICITY 32/32+15=0,68

1
±  0,139 (IC 
95%)

PPV 9/9+16= 0,36 ±  0,188 (IC 
95%) PPV 9/9+15= 0,375 ±  0,194 (IC 

95%)
NPV 31/31+0= 1 ±  0 (IC 95%) NPV 32/32+0= 1 ±  0 (IC 95%)

OBSERVER 
1 PELVIC DISCONTINUITY

OBSERVER 
2 PELVIC DISCONTINUITY

3D-MODELS YES NO 3D-MODELS YES NO
+ 9 2 + 9 2
- 0 45 - 0 45

SENSITIVITY 9/9+0= 1 ±  0 (IC 95%) SENSITIVITY 9/9+0= 1 ±  0 (IC 95%)

SPECIFICITY 45/45+2= 0,957
±  0,058 (IC 
95%) SPECIFICITY 45/45+2= 0,957

±  0,058 (IC 
95%)

PPV 9/9+2= 0,818 ±  0,228 (IC 
95%) PPV 9/9+2= 0,818 ±  0,228 (IC 

95%)
NPV 45/45+0= 1 ±  0 (IC 95%) NPV 45/45+0= 1 ±  0 (IC 95%)
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and the dimensions. On average, the time needed to com-
plete one model was between 10 and 15 h. Regarding the 
costs, the price of each model is a combination of vari-
ous factors, such as engineering work and business costs 
to sustain and maintain certification. In fact, 3D recon-
structed objects used in this study are certified medical 
devices and realized according to specific operative pro-
tocols that are influenced by the local legislation. There-
fore, estimation of costs may vary from one to another 
country; in this case series, the cost was between 800 and 
1200 euros for each 3D model. The 3D printer used in this 
study had a build volume of 25 * 25 * 25 cm, which used a 
PLA filament with a diameter of 1.75 mm. It is preferred, 
but not mandatory, to use a dual-extrusion 3D printer, in 
order to print with two different colors or use two different 
materials, for example a soluble support material for an 
easier support removal. In this study, the soluble support 
material solution has been used.

There are some limitations in this study: The first is the 
small number of clinically confirmed pelvic discontinuity 
in the population of the study. The second weakness is the 
retrospective design of the study. Outcome bias may also be 
present: PD definition stated by Paprosky (the actual gold 

standard) is not precise and showed a moderate interobserver 
variability in this and several other studies [2, 7, 11, 15].

Classification of pelvic discontinuity is infrequently dis-
cussed in the literature. In our opinion, a new definition and 
classification of pelvic discontinuity could be useful. Pelvic 
discontinuity should be defined not only as an interruption 
of anterior and posterior columns, but should be considered 
the bone stock volume of the acetabular columns and the 
consequently capacity of the columns to provide support for 
revision implants. 3D-CT reconstructions and 3D-models 
may be the base for a new definition and classification of 
pelvic discontinuity based on volumetric evaluation of ante-
rior and posterior acetabular columns as some authors have 
already proposed [5].

Conclusion

In THA revisions, the presence or absence of PD is detri-
mental for correct surgical treatment.

Identification of pelvic discontinuity is challenging on 
standard CT scan, but 3D-modeling is effective in the iden-
tification of pelvic discontinuity showing higher specificity.

Fig. 2  G.A., female, 76 years old. Atraumatic endopelvic mobiliza-
tion of total hip arthroplasty two years after first total hip arthroplasty 
implant.  a Antero-posterior X-ray. b CT scan with metal scattering 

artifacts. c 3D-model virtual reconstruction. The last image shows an 
integrity of the posterior column that was not detectable with xrays 
and traditional CT scans
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