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Clinical and Radiographic Outcomes in Primary Total Hip Arthroplasty Utilizing a Porous Acetabular Shell
Developed with Additive Manufacturing
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INTRODUCTION: 
Utilizing novel technology to develop an acetabular implant surface is revolutionizing total hip arthroplasty. Specifically, additive
manufacturing allows optimization of specific design characteristics such as shell wall thickness to allow thicker polyethylene bearings,
surface roughness for initial stability, and porosity for biologic fixation. The purpose of this study was to evaluate outcomes of patients who
underwent primary total hip arthroplasty (THA) using a highly-porous titanium shell produced via additive manufacturing. We assessed
radiographic outcomes and patient-reported outcomes at various time intervals. 
METHODS: In a prospective, non-randomized trial across 9 centers, 352 surgical cases (11 bilateral) received an acetabular shell created
with additive manufacturing during primary THA. An independent surgeon, who was not a study Investigator, reviewed anteroposterior (AP)
pelvis and Lauenstein lateral x-rays preoperatively and postoperatively at 6-weeks, 3-6 months, 1-year, and 2-years. Radiographic analysis of
the acetabular component employed three zones (Zone 1 – Zone 3) in the AP views. Parameters reviewed included radiolucency and
migration, in addition to overall cup stability. Radiolucency in at least 50% of a zone and measuring at least 1 mm in width was defined as
radiolucency present. Clinical outcomes were assessed preoperatively at 6-weeks, 1-year, and 2-years postoperatively and included: all-
cause survivorship, Harris Hip Score (HHS), Lower Extremity Activity Scale (LEAS), Veterans Rand 12 (VR-12), and EuroQol 5D Score (EQ-
5D). The latest follow-up scores were compared to preoperative scores. 
RESULTS: The all-cause survival rate of the acetabular shell was 99.44% at 2-year follow up. One patient suffered a perioperative acetabular
fracture resulting in the lone failure of an implant which was successfully revised eight months postoperatively. Of the reviewed radiographs,
all cups were void of acetabular erosion, stress shielding, or lack of fixation. Of note, there were no reported radiolucencies greater than 2mm
for any zone and no findings in any zone for 97.8% of cases at 1-year follow up, and no reported radiolucencies greater than 2mm for any
zone at 2-year follow up, respectively (Table 1). Statistically and clinically significant improvement in outcomes were observed as the HHS
increased considerably from a mean of 54.2 preoperatively to 86.5 at the latest follow up. The same observation was noted for the latest
mean in the HHS, LEAS, VR-12 Physical Component Score, and EQ-5D (Table 2). 
DISCUSSION AND CONCLUSION: Designs achieved with additive manufacturing support the early encouraging clinical findings that we
observed in this study.  Additionally, the absence of radiolucencies in 97.83% of hips, along with total cup stability at 1-year, is also consistent
with early implant fixation. The patient-reported outcomes that correlate with the radiographic findings give further evidence of early bone-to-
implant fixation. Additive manufacturing has the potential to transform the way all orthopaedic implants are manufactured exhibiting a
correlation with positive patient results, which supports the future of this technology. 
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