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Abstract
Purpose Our study aims at the evaluation of the recently introduced Lima Promade custom-made acetabular device for the
treatment of complex acetabular Paprosky 3B defects.
Methods Between 2016 and 2018, eight patients with major acetabular osteolysis and multiple revisions history were treated
with a custom-made implant in a single centre and by a single surgeon. We assessed patients’ demographics, peri-operative data,
and complications and a specific questionnaire was submitted to the surgeon after each procedure.
Results All the devices were correctly positioned. In two over eight cases, a post-operative dislocation occurred, where extensive
soft tissue impairment was present. The questionnaire showed a good pre-operative and intra-operative experience of the surgeon.
Conclusions The Promade custom-made acetabular system showed encouraging results for complex defects and the entire
procedure was positively rated. Further analysis with a higher number of cases and a longer follow-up should be performed
for a complete clinical and cost-effective evaluation.
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Introduction

The number of primary total hip arthroplasty (THA) over the
last decades increased constantly; therefore, the number of
revisions will grow considerably in the very next years [1,
2]. The necessity for revision comes from the failure of the
primary implant, which can lead to multiple factors: Aseptic
loosening (55.2%), recurrent dislocations (11.8%), septic
loosening (7.5%), and periprostethic fractures (6%) are the
most common causes [2]. Revisions are often a demanding
procedure and they become more challenging when further
subsequent revisions are required. The issue in hip revision
is usually the bone loss management. The first hit to the bone
stock is invariably produced to implant the first cup, and then
several mechanical and biological factors act to reduce either
the volume or the quality of the periprosthetic bone. A revi-
sion procedure is thus often associated with a condition of

mild or advanced bone loss, and re-revisions may enhance
this concern to the critical line (Figs. 1, 2, 3, and 4).

Surgical issues come often from the acetabular side and
two specific aspects are responsible for it. On the one hand,
there is the difficulty of osteolysis assessment on standard
radiographs that often lead to underestimation or failure to
recognise periacetabular defects; on the other hand, the
weight bearing load on a small surface is a mechanical and
biological issue for stability [3].

The correct identification, classification, and comprehen-
sion of the bone loss are currently essential to achieve the best
results in revision surgery [4]. Paprosky classification is the
most known and gives the surgeon the bases for implant
choice in revisons. Paprosky 3B lesions consist of a severe
osteolysis of the medial wall, a complete disruption of the
anterior column, a severe involvement of the posterior col-
umn, and a proximalization and medialization of the hip cen-
tre. The remaining bone bed is extremely limited, and pelvic
discontinuity could be either observed or not. The ultimate
aim of the revision surgery is to provide a stable fixation of
the prosthetic component while trying to restore an appropri-
ate centre of rotation of the hip, which in this case should be
distalized and lateralized [5]. Several solutions have been pro-
posed ranging from impaction grafts, metal meshes, cages,
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rings, structural bone grafts, augments, and patient-specific
implants [6–8]. Literature shows that every solution has its
own pros and cons and a definitive fulfilling option has yet
to come [9–12]. In the last 20 years, a different approach to
massive acetabular defects has been introduced and it is rep-
resented by custom-made implants. The rationale of patient-
specific devices is the chance of modeling the prosthetic com-
ponent on the altered anatomy of a multiple revised hip, in-
stead of adapting standard elements. Some encouraging re-
sults of the concept have been shown, but a considerable var-
iability in methodology, implants design, and indications sug-
gests that further examinations are necessary [13, 14].

Our aim is to show the early results of a sample population
with a story of multiple revisions and complex acetabular
defects treated with custom-made implants designed and
manufactured by LimaCorporate, through their Promade pro-
gram. These cups have the distinctive characteristic of being
designed starting from a central core, usually the selected cen-
tre of rotation, from which an osteointegrative trabecular tita-
nium structure grows, in order to fill the defects and to provide

a good fitting for structural stability. Furthermore, screws po-
sitioning could be completely personalized.

Material and methods

Between June 2016 and August 2018, our patients with a
Paprosky 3B acetabular defect were presented as candidates
for a Promade custom-made acetabular component.

The diagnostic protocol followed by every patient was
standardized and consisted of a CT scan (with metal suppres-
sion algori thm applied), fol lowed by vir tual 3D

Fig. 3 Both the design and screws position are customizable

Fig. 4 Post-operative control of the same case, a good stability was
achieved and the defect filled

Fig. 1 A multiple revision case with massive periacetabular resorption
and poor bone stock

Fig. 2 The custom-made implant is designed in close collaboration with
the engineers. Both the design and screws position are discussed together

118 International Orthopaedics (SICOT) (2019) 43:117–122



reconstructions and 3D model printing. Cases were then de-
fined eligible for custom-made implants on the basis of the
complexity of the bone defect, particularly if the bone gap
appeared to be insufficiently filled by standard or advanced
devices (e.g., augments or grafts) either for dimension or ge-
ometry. Patients with pelvic discontinuity were excluded.

Once selected, each case was included into the manufac-
turer’s own workflow: the patient-specific implant proposal
was discussed between surgeons and engineers for biome-
chanical and clinical implications in a multi-stage dialog that
led to the definitive design of the device. The custom-made
implant was then 3D printed and prepared for surgery.
Demographic and clinical data were collected from patients’
medical records. A specific questionnaire was submitted to the
chief surgeon for testing the usefulness of the 3D-printed
model for the initial assessment, the planning accordance with
the clinical findings, the design process, the ease of bone
preparation and implant, the final position and stability of
the components, and the overall experience of the case.
Every item was rated from 0 to 5. All the procedures were
performed in a single centre and by a single expert surgeon.

Results

Over the 26 months of observation, a total of eight patients
were treated with a Promade acetabular implant. Seven pa-
tients were diagnosed for aseptic loosening of a multiple re-
vised THA, one patient presented a post-traumatic massive
bone resorption in an inveterate acetabular fracture with
chronic femoral head dislocation. Although technically the
latter was a first implant, the severe osteolysis and the lack
of bone stock could have been compared to a Paprosky 3B
lesion.

Patients’ demographics and data from previous surgeries
are shown in Table 1.

In each case, some modifications to the initial design pro-
posed by the engineers were realized.

A mean surgical time of 173 minutes was found with a
wide range of 90–278 minutes. In one case, a procedure of
femoral osteotomy and adductor tenotomy was associated. In
two over eight cases (25%), a peri-operative blood transfusion
was required.

All the devices were implanted in a satisfying final position
with correct orientation of the cup. Full weight bearing was
allowed at a mean time of 46.5 days post-operatively (range
40–60).

Complications are summarized in Table 2. Both cases of
early post-operative dislocations were secondary to a serious
gluteal insufficiency reported during the procedure. One pa-
tient did not require any further action after closed reduction,
while the other underwent a substitution of the liner with a
constrained one. The single reported infection consisted of an
early supra-fascial hematoma infected with methicillin-
susceptible Staphylococcus aureus, treated with surgical
drainage and antibiotics. The questionnaire results are sum-
marized in Fig. 5.

Discussion

Massive acetabular osteolysis in revision THA is one of the
major issues of contemporary orthopaedic surgery. Paprosky
3B defects represent a challenge for the restoration of proper
hip biomechanics with durable results over time. Among the
variety of solutions proposed, some are still a valid option,
although the surgeon must know the advantages and limits
of each one. For smaller defects, good results could be
achieved with standard implants or jumbo cups that give good
stability and osteointegration but require a significant bone
contact. In case of osteolysis of both the anterior and posterior
column, this is hard to obtain and the primary stability often
results impaired; moreover, a suboptimal positioning of the
cup rise the risk for an early loosening [6, 7, 15–18]. Cages
and rings have the peculiarity of bridging the defect respec-
tively with or without osteointegrative qualities and can be
positioned independently from the final cup, which is usually
cemented into the device after stability is achieved. Impaction
bone grafting can be associated and the bone stock may be
improvedwith that. However, good stability for screw fixation
has to be available, as the impaction graft gives insufficient

Table 1 Patients demographics

Number of patients (n = 8)

Mean age in years 62 (SD 10.4, range 32)

Males (%) 3 (37.5%)

Females (%) 5 (62.5%)

Mean BMI 27 (SD 5, range 12.3)

Mean follow-up in months 13.5 (SD 9.3, range 25)

Number of patients (n = 7)

Mean time from first THA, years 17.3 (SD 6.7, range 22)

Mean time from last revision, years 2.4 (SD1.2, range 3)

Mean number of previous revisions 3.3 (SD 0.7, range 2)

Table 2 Major complications

Patients (n = 8)

Dislocations (%) 2 (25%)

Infections (%) 1 (12.5%)

Loosening (%) 0

Hyatrogenic fractures (%) 0

Vascular or nervous injuries (%) 0
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support and the shape of the implant can rarely fill the gap [16,
19–22]. Structural bone allografts could be associated to revi-
sion implants for the improvement of primary stability of the
components, however concerns on the integration of the graft
still exist [21, 23, 24]. Moreover, encouraging results are often
obtained with metal augments, which are frequently offered in
modular sets with different shapes and dimensions to best fill
the gaps. The aid of tantalum or trabecular titanium stimulates
osteointegration and stability over time, but for that to happen,
a perfect primary stability has to be achieved. Conversely, the
risk for early mobilization and failure of the augment is high.
The main difficulties to reach a good fit for the augmented
cups are to find a favorable matching between the osteolysis
area and the implant, and the forced screws direction due to
the thickness of the device [25, 26].

The new approach to large acetabular defects by custom-
made implants has become a valid solution over the last years
[27]. Encouraging results have been shown by previous studies,
although no large case-series still exist [8, 14, 28]. Furthermore,
every manufacturer follows its own constructive philosophy and
a direct comparison between implants is difficult to produce. Our
preliminary study shows an overall favourable performance of
the Promade if compared to other systems.

The mean age of the recruited patients appeared to be rather
low for a multiple revision history, mainly because we consid-
er higher functional requirements a good criterium for custom-
ization. Our workflow also considers the chance of a custom-
made implant only after an accurate assessment on the pre-
operative 3D-printed model, and only after a complete evalu-
ation of the available conventional solutions has been made.
The design of the devices was entrusted to the manufacturer’s

engineers, which used to propose an initial layout successively
discussed and modified in accordance with the surgeons. The
main variations to the first proposals were made for the reso-
lution of undesired encumbrances. Furthermore, the screw
fixation on the pubic ramus was frequently discussed and
erased from the final implant for surgical safety reasons, as
well as the poor fixation strength offered.

Among the positive findings, the surgeries were all
favourably completed and the operative time never exceeded
the expected for a complex revision procedure. Every compo-
nent also reached its final position with a good orientation of
the cup, both for coverage and anteversion. It has to be con-
sidered that the complicated spatial geometry of the devices
often allows a unique positioning, so if an accurate preparation
is produced, the final location of the implant will be correct.

A satisfactory stability of the component was reached with
primary fit and screws fixation at the end of every procedure,
and after a precautionary period of about six to eight weeks
full weight bearing was allowed. This protection was thought
to maximize the osteointegrative process and reduce the
chance of micro movements at the bone-metal interface.

Our rate of complications is comparable with other similar
studies [8, 28]. In particular the risk of dislocations persists, as
it is known for being a major concern of revision surgery. As
we found intra operatively, the hazard for instability of the
prosthesis is much higher if a deficiency of the abductor ap-
paratus is observed. In those cases, further actions for mechan-
ical stability should be taken, as in our case a constrained liner
had been positioned. In selected cases, an MRI assessment of
the periprosthetic soft tissues could be performed prior to
surgery.

Fig. 5 Questionnaire results
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The personal experience of the surgeon showed a general
satisfaction for the procedures. The 3D-printed model helped
in the decision-making process for getting to the custom-made
cup. From two years on our protocol for complex hip revisions
comprehend a physical print of the case and a successive
collegial assessment. In some cases, a surgical simulation with
real implants is carried on the model.

The acetabular preparation for the custom-made compo-
nent sometimes was found to be quite tricky, mainly because
of the convoluted geometry of the implant that had to be
perfectly fitted into the bone. However, we experienced a
significant learning curve for the optimization of both the
design of the device and the intra-operative maneuvers to
make it more accessible.

We consider the customization of the acetabular compo-
nent a valid choice for exceptionally complex defects.
However, some aspects should still be examined for a com-
plete evaluation of the technique. A substantial issue regard-
ing the costs of the implants is currently of major interest, as
the entire process of designing and producing the component
is still certainly more expensive than the standard available
solutions. Along with the considerations on the economics,
the real effectiveness of the procedure has yet to be demon-
strated. Although the first preliminary studies carried on the
custom-made implants are showing encouraging results, real
long-term findings are still missing. Also the significant dif-
ferences in the implants design and constructive concepts
could affect the homogeneity of the results. Once a long-
term analysis of custom-made devices survival rate will be
available, a real cost-effective study could be produced. A
conclusive evaluation should provide an effective assessment
of clinical and economical data between standard and custom-
made implants, having the latter the aim of reducing further
revision surgery. Our preliminary study has the purpose to lay
the basis for a wider analysis of the real effectiveness of this
specific procedure. If a significant benefit will be demonstrat-
ed, specific codifications and new reimbursements protocols
should be proposed.

Current limits of this study are the small number of cases
and the short follow-up. Despite that, we are experiencing a
slight increase in the indications as we are getting used to the
technique.

Our experience suggests an improvement of preparation
tools for the acetabular cavity, which is frequently demanding.
Modular trials and specific milling machines could be com-
bined for recreating the irregular surface of the implant and
facilitate the fitting. Furthermore, specific radiologic protocols
for the post-operative assessment of the implant stability
should be developed, as the amount of metal combined with
the complex geometry often conceals the bone-implant inter-
face and radiolucencies are challenging to interpret.

The new custom-made cup approach proposed by Promade
is showing promising results, although the small population

and the short follow-up suggest that further analysis should be
produced for better comprehend the emerging apparent
advantages.
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