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Introduction

Total hip arthroplasty (THA) has proven to be a highly suc-
cessful procedure in terms of improving quality of life and 
cost-effectiveness in older patients (Ethgen et al. 2004, 
Räsänen et al. 2007). With this success, an extension of indi-
cations for total hip arthroplasty was noted and the number of 
primary hip arthroplasties in Europe has risen to more than 
600,000 annually (Labek et al. 2009). Many different types of 
hip prostheses are currently available. Historically, hip pros-
theses are categorised according to their method of fixation: 
with or without bone cement. 

The development of the modern cemented hip prosthesis 
(Figure 1) started in the 1960s with the low friction arthroplasty 
designed by Sir John Charnley (Charnley 1961). The design 
was eventually based on the use of a metal stem with a fixed 
22 mm head, which articulates with a polyethylene cup. 

 This concept was a breakthrough in the development of the 
modern total hip prosthesis. Sir John Charnley introduced the 
use of polymethylmethacrylate bone cement to fill the gaps 
between the implant and bone, hence creating a stable situa-
tion for the metal stem and the polyethylene cup. He had excel-
lent results and even today, the long-term data of the survival 
of the original Charnley prostheses with the polyethylene cup 
are part of the gold standard of THA. However, the long-term 
outcomes in younger patients were initially less favourable. 
Subsequently, technical improvements like a better cement-
ing technique and improvements in implant materials were 
introduced in an effort to overcome loosening and improve 
long-term survival. Unfortunately, implant loosening was still 

seen, especially in younger patients. Loss of implant fixation 
is mainly caused by aseptic loosening, a multi-factorial pro-
cess. During hip movement, friction of the metal head against 
the polyethylene cup results in small particles that accumulate 
in the joint space. These particles trigger the immune system 
by means of phagocytosis and activate cell types such as mac-
rophages, fibroblasts, osteoblasts and osteoclasts (Ingham et 
al. 2000, Vermes et al. 2001).  The inability to degrade these 
particles leads to a rise in the release of numerous cytokines 
and mediators that stimulate osteoclast formation and activity, 
leading to periprosthetic osteolysis (Childs et al. 2001). 

This immune response that results in bone resorption around 
the components causes loosening, which has been described 
as “particle disease” and related osteolysis by Harris (1994).

Since initially these wear-related problems were considered 
to be related to the use of cement, the concept of cementless 
total hip designs gained popularity (Figure 2). These designs 
were developed specially for younger patients suffering from 
hip osteoarthritis. Initial fixation is achieved by press-fit place-
ment of components. Depending on the design of the implant, 
additional screws, pegs or fins at the rim of the acetabular 
component can help to maintain implant position before bone 
ingrowth and long-term fixation are achieved. In contrast to 
cemented implants, many of these uncemented implants are 
made of titanium with a roughened surface or a coating of 
hydroxyapatite to enhance bony ingrowth and improve fixa-
tion. Unfortunately, osteolysis was also observed around these 
cementless components. It was then realized that this phe-

Figure 1a. Example of a cemented total hip arthroplasty with polyethyl-
ene cup and polished stem. 1b. Radiographic appearance.

Figure 2a. Cementless total hip arthroplasty with screw cup and tita-
nium stem. 2b. Radiographic appearance.
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nomenon was not related to the bone cement itself, but to the 
generation of wear particles, mainly made from polyethylene. 

To decrease wear-related problems caused by these poly-
ethylene particles, stronger types of polyethylene were devel-
oped. Highly cross-linked polyethylene (HXPE) and Vitamin 
E addition were introduced, but if these new materials will 
solve the problem remains uncertain, as a long follow-up is 
needed to determine survival. 

A different strategy for solving the wear problem was the 
development of new bearings, like ceramic on ceramic and 
metal on metal. Surgeons and producers realized that these 
new hard bearings could be very attractive for young patients 
because of lower wear rates and less dislocations by using larger 
diameter articulations. Based on these technical innovations, 
the resurfacing hip was introduced in young patients, based 
on a large metal head and a cup with a large inner diameter 
(Figure 3). The resurfacing hip prosthesis was a concept that 
had previously been used but had been abandoned at the end 
of the 1970s due to high failure rates. However, with the grow-
ing demands of young patients and facilitated by the potential 
advantage of low wear and new materials, the resurfacing hip 
prosthesis was introduced again. Part of the new introduction 
strategy was that the new resurfacing hip designs were con-
sidered to better preserve bone on the femoral side than tradi-
tional hip designs and it was suggested that these implants are 
relatively easy to revise in case of loosening. These potential 
advantages were used in the promotion of these implants in 
the orthopaedic practice and initially, younger patients were 
stimulated to take part in high level sports. This advice was 
adapted when it became known that survival of hip resurfacing 
had been compromised by high level of sports (LeDuff et al. 
2012). Further research showed that the range of motion of a 
resurfaced and a conventional total hip were not significantly 
different (Penny et al. 2013), but larger-diameter heads were 
indeed associated with a lower risk of dislocation (Howie et al. 
2012, Stroh et al. 2013). 

Figure 3a. “Resurfacing” hip prosthesis with large diameter head. 3b. 
Radiographic appearance.

Recent literature shows high failure rates of resurfacing 
prostheses (Langton et al. 2011) and national registries have 
confirmed these higher revision rates (National Joint Regis-
try England and Wales). This led in 2010 to withdrawal of 
1 type of resurfacing hip prosthesis. However, the high mid-
term failure rates were not limited exclusively to this implant 
and a high number of serious side effects were seen in several 
designs. The local metal ion debris, which is generated by these 
implants can cause severe local problems with a high incidence 
of so-called pseudotumors (Pandit et al. 2008, Van der Weegen 
et al. 2013). In addition to local effects, these metal ions have 
shown to disseminate to other parts of the body by spreading 
to the lymph nodes, spleen, liver, and kidneys before being 
excreted in urine (Case et al. 1994). General side effects have 
been described in relation to high levels of chromium and/or 
cobalt; for example, cardiomyopathy (Oldenburg et al. 2009), 
risk of chromosomal aberrations (Ladon et al. 2004) and risk 
of carcinogenesis (Lidgren 2008) as well as neurological  and 
endocrinological symptoms (Oldenburg et al. 2009, Ikeda et 
al. 2010). The Medicines and Healthcare Products Regulatory 
Agency (MHRA), responsible for regulating all medicines 
and medical devices in the United Kingdom, released a Medi-
cal Device Alert stating that patients with metal on metal hip 
implants should be reviewed and monitored on a regular base 
(www.mhra.gov.uk). The Dutch Orthopaedic Association has 
endorsed this warning by the MRHA and has formulated a 
guideline on this subject (www.orthopeden.org). The latest 
alert states that large diameter head (36 mm or more) metal on 
metal prostheses should not be implanted until further long-
term results guarantee their safety.

Survival of THA in young patients has shown to be worse 
compared to survival in older patients (Kobayashi et al. 1997, 
Schmalzried et al. 2004). An explanation might be that young 
patients put higher demands on their prosthesis (Schmalzried 
et al. 2004). Younger age by itself should be interpreted cau-
tiously because activity levels may differ between patients 
(Dorey 2004). Pre-existing bone loss may also affect the 
outcome, as many younger patients already had bone stock 
problems at surgery. In normal hips, primary osteoarthritis is 
mostly seen in patients over 60 years. 

Both cemented and uncemented stems have performed well 
in young patients showing survival rates of more than 90% at 
10 years (Aldinger et al. 2003, Eskelinen et al. 2006, Biemond 
et al. 2011). A study on THA in patients younger than 55 years 
of age in Finland suggested that uncemented stems show a 
higher survival rate than cemented stems (Eskelinen et al. 
2006) although this conclusion has been questioned (Schreurs 
et al. 2012). In general, we can conclude that survival of the 
femoral component is acceptable and that failure of the stem 
is not the main reason for revision of THA in young patients.

Most problems with fixation are seen at the acetabular side 
and high failure rates have been reported in several series of 
young patients (Kobayashi et al. 1997, McAuley et al. 2004, 
Eskelinen et al. 2006). Clearly, the shift towards the use of 
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uncemented cups in young patients has not solved the prob-
lem. Polyethylene wear and osteolysis compromise the suc-
cess rate of uncemented cups (Eskelinen et al. 2006, Utting 
et al. 2008, Della Valle et al. 2009, Kim et al. 2011, Kim et 
al. 2012). Eskelinen et al. (2006) concluded from a nation-
wide study on THA in patients younger than 55 years that 
survival rates of uncemented cups are unsatisfactorily low 
when liner exchanges are taken into account. Evaluating 
modern hip designs, only the Harris Galante II cup showed 
a 10-year survival rate of more than 80%, with revision of 
the cup for any reason as endpoint. A recent report from the 
Swedish Hip Register showed that after stratification into age 
groups, the long-term component survival with revision for 
any reason was lower after uncemented THA in all but the 
oldest age group (Hailer et al. 2010). A separate analysis of the 
cup revealed that uncemented cups had a significantly higher 
risk of cup revision due to aseptic loosening than cemented 
cups. This difference persisted even after exclusion of those 
revisions in which only liner exchange had been performed. 
Remarkably, the 2010 report of the Swedish Hip Registry 
stated that a reduced risk of cup revision was found for unce-
mented cups in patients up to 69 years (www.shpr.se, Annual 
Report 2010). This clearly demonstrates that the most durable 
option for acetabular fixation in young patients is still a topic 
of debate. 

The term “young patient” needs to be clarified as this term is 
used by numerous authors in different ways. The term “young 
patient” can mean active patients under 65 years (Meftah et 
al. 2013) but it was also used for a series of patients with a 
mean age of 25 years (Kumar et al. 1998). In the first age 
group, most patients will suffer from primary osteoarthritis 
since in the latter, practically all patients will suffer from an 
underlying disease. This also applies to the series of patients 
presented in this thesis and therefore, we would like to empha-
size that these are different groups of patients and that results 
should be compared cautiously.    

Several factors influence the outcome of THA in young 
patients. Young patients often suffer from an underlying dis-
ease like rheumatoid arthritis, Perthes disease, osteonecro-
sis or developmental dysplasia of the hip (DDH) that cause 
degenerative hip disease or secondary osteoarthritis. Because 
of these underlying diseases, hip anatomy may be altered and 
the accompanying bone stock deficiencies could make it dif-
ficult to achieve stability with a standard implant. Patients 
with DDH often show a deficient acetabular superolateral rim, 
whereas protrusio acetabuli is more often seen in rheuma-
toid patients. These variations in anatomy require a patient-
matched solution which might compromise the survival of the 
reconstruction. 

Depending on the type of acetabular defect, several tech-
niques and implants can be used for reconstruction. A useful 
classification for acetabular defects has been made by the 
American Academy of Orthopaedic Surgeons (AAOS), com-
mittee on the hip (D’Antonio et al. 1989) (Table 1). 

Table 1. Classification of acetabular deficiencies (AAOS)

Type I	 Segmental deficiencies	 - Peripheral
 		  - Central (medial wall absent)
Type II	 Cavitary deficiencies	 - Peripheral
 		  - Central (medial wall intact)
Type III	 Combined segmental/
 	 cavitary defects	
Type IV	 Pelvic discontinuity	
Type V	 Arthrodesis	

A segmental defect (Type I) is a loss of cortical bone in 
the supporting hemisphere or a segmental defect of the medial 
wall. However, there should be no volumetric bone stock loss. 
In most cases with this type of defect, a superior rim defect is 
seen as in patients with DDH (Figure 4A).

Several authors advocate the restoration of the centre of 
hip rotation (Linde et al. 1988, Yoder et al. 1988, Pagnano et 
al. 1996, Stans et al. 1998). If reconstruction with a standard 
cup is considered in a dysplastic hip, reconstruction of  the 
superolateral rim is mandatory. A frequently reported option 
is the use of solid grafts with a cemented cup as described by 
Wolfgang (1990) and modified by Lida et al. (2000). Using 
this technique, the centre of rotation is restored and a standard 
acetabular implant can be used (Figure 4). 

Comparison of grafting (32 cases) versus nongrafting (48 
cases) of severe acetabular defects in a series of 64 patients 

Figure 4. Technique of acetabular solid grafting: (A) Graft is fixated 
with two cancellous lag screws with its sclerotic convex side toward 
the defect as an inlay graft. (B) Reaming of the graft to prepare for a 
cemented socket. (C) Final situation before cementation and insertion 
of the acetabular component.

  A

  B   C
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showed higher survival rates for the grafted cases (García-
Cimbrelo et al. 1993). 

Impaction bone grafting (Figure 5) with reconstruction of 
the rim using a mesh is a technique which was introduced and 
described by Slooff et al. (1984). 

Survival of 84% at 15 years was reported in a series of 28 
acetabular reconstructions in patients with DDH (Somford et 
al. 2008). Other surgeons prefer to use a reinforcement ring to 
achieve stability and good results have been reported (Gill et 
al. 1998, Pitto et al. 2004, Siebenrock et al. 2005, Sadri et al. 
2008). Based on the reported radiographic signs of loosening, 
long-term survival might be a problem in the future (Pitto et 
al. 2004, Sadri et al. 2008). 

Medial wall defects are rarely seen in isolation but protru-
sion acetabuli can result in this isolated defect. It can be dealt 
with in several ways and probably the easiest way is to use an 
uncemented cup, especially those designs that are based on the 
principle of side-ingrowth. A disadvantage is that the deficient 
bone stock is not restored, which can make future revisions 
complicated. Bone grafting is a more biological approach; 
both structural grafting (McCollum et al. 1980) and impac-
tion grafting techniques (Slooff et al. 1984) have proven to 
be successful, including in patients with acetabular protrusion 
because of rheumatoid arthritis (Rosenberg et al. 2000). Res-
toration of the original hip centre of rotation is also advocated 
in patients with acetabular protrusion (Baghdadi et al. 2013, 
Ecker et al. 2013).  

A cavitary defect (Type II) consists of a volumetric bone 
loss of the acetabular cavity while the rim and medial wall 
remain intact. This is a frequently encountered condition, both 
in primary and revision hip surgery. 

Figure 5. Technique of acetabular impaction bone grafting: (a) after localisation of the 
defect a mesh is situated and fixated using screws; (b) the contained defect is now filled 
with bone graft; (c) the grafts are impacted with a hammer and (d) a cemented cup is 
inserted. 

Filling the acetabular cavitary defect with bone cement 
should be reserved for elderly patients, as high failure rates 
have been reported for using only cement (Salvati et al. 1975, 
Ranawat et al. 1980) and the use of additional bone grafts has 
been recommended.

Techniques using bone grafts to reinforce the medial wall 
have been described (McCollum et al. 1980, Heywood 1980, 
Hirst et al. 1987) with good results after a mean follow-up of 
4 (range 3–9) years for cemented as well as uncemented cups 
(Ebert et al. 1992). Unfortunately, reports of this technique 
with longer follow-up are lacking. Impaction bone grafting as 
described above offers another durable solution (Slooff et al. 
1984).

Most acetabular defects are combined segmental/cavitary 
defects (Type III). Treatment is based on 1 of the techniques 
described above or a combination of them.

In case of pelvic discontinuity (type IV), a rare condition, 
there is total separation of the superior and inferior part of 
the acetabulum. As described in a review on the treatment of 
pelvic discontinuity (Villanueva et al. 2008), the main issues 
are healing the discontinuity and restoration of bone stock. 
Depending on the potential for healing, treatment should con-
sist of plating the posterior column in combination with struc-
tural grafts or trabecular metal/cages. Custom-made implants 
can also be used, with or without additional allografts. Clear 
guidelines on the best type of implant or allograft are lacking 
because large series of patients treated for this condition are 
not available.

Treatment of patients with hip osteoarthritis and the related 
costs are a financial burden for society (Räsänen et al. 2007, 
Jenkins et al. 2013) and if possible, length of hospital stay and 



Acta Orthopaedica (Suppl 360) 2015; 86 7

costs should be minimised (Ibrahim et al. 2013). In addition 
to the fact that long-term survival is of great importance for 
the individual patient, the financial impact for society could 
be limited if only implants with a known long-term survival 
are used. A recent study on data of the National Joint Reg-
istry shows that a possible cost saving to the NHS of more 
than £18 million per year can be made if cemented instead of 
cementless hip designs were to be used in England and Wales 
(Griffiths et al. 2012). As revision surgery of the hip is expen-
sive compared to primary THA (Vanhegan et al. 2012), we 
should choose our primary implants based on the available 
evidence. Currently, choices of implants are mainly based on 
the preferences of the surgeon or the tradition of an institute. 
Better insight in associated costs of implants and revision sur-
gery will result in better use of financial resources. 

Questions addressed in this thesis are:
1.	H ow many hip arthroplasties are performed in young 

patients in the Netherlands and which types of hip prosthe-
sis are most commonly used?

2.	 What is the outcome of cemented THA in patients under 30 
years?

3.	 What are the radiographic and clinical results of acetabular 
impaction bone grafting in patients younger than 50 years 
at long-term follow-up?

4.	 What is the outcome of acetabular solid grafting in DDH-
patients?

5.	 What are the radiographic and clinical results of unce-
mented THA in patients younger than 50 years? 

6.	 Are the hip implant-choices for young patients in the Neth-
erlands evidence-based?

7.	 What is the most cost-effective treatment of a young patient 
in need for a THA on the long-term? 
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Methods and findings

Question 1. How many hip arthroplasties are per-
formed in young patients in the Netherlands and 
which types of hip prosthesis are most commonly 
used ?
We have used data of the Dutch Arthroplasty Register to pres-
ent the details of hip designs currently used in the Nether-
lands. The Dutch Arthroplasty Register started in 2007 and 
contains the registration of all primary and revision hip and 
knee replacements performed in the Netherlands. The number 
of THAs performed in 1980 was 6,750. This number has risen 
to 16,000 in 1994 and to more than 24,000 in 2012. 

The distribution of the different types of hip designs for 
patients of all ages used in the Netherlands in 2012 is shown 
in Figure 6. Uncemented implants account for more than 62% 
of all registered primary THAs in patients of all ages.

Figure 7 shows the method of fixation distributed per age 
group. In patients older than 85 at the time of their surgery, 
38% were uncemented THAs. In patients younger than 50 
years, uncemented implants were used in more than 78% of 
cases.  

A standard definition of a “young patient” is lacking in lit-
erature and the term has been used for different age groups of 
patients, as explained in the Introduction. This is illustrated by 
observing the indications for THA in the different age groups. 
Table 2 shows the primary diagnosis of patients receiving a 
THA in 2012. In patients of all ages, more than 87% received 
a THA because of primary osteoarthritis. A diagnosis as dys-
plasia for example counted only for 1.9%. 

Figure 6. Fixation method of total registered number of 24,595 primary 
THAs in patients of all ages in the Netherlands in 2012. 
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Figure 7. Method of fixation per age group in the Netherlands in 2012. 
Redrawn from source data LROI - graphics LROI-Dashboard in ProM-
ISe accessed December 2013.

Table 2. Primary diagnosis of patients receiving a THA in 2012. 
Source data LROI accessed December 2013. Values are percentages

	 All	 < 50 years	 < 30 years
	 n = 24,595	 n = 1,043	 n = 78

Osteoarthritis 87.2	 62.2	 27
Fracture, acute 3.3	 1.7	 0
Osteonecrosis 2.5	 10.2	 27
Dysplasia 1.9	 12.9	 18
Rheumatoid arthritis 0.9	 2.6	 10
Late posttraumatic 0.2	 4.7	 3
Post-Perthes 0.1	 2.5	 6
Tumor 0	 0.7	 0
Various 3.4	 2.0	 6
Unspecified 0.5	 0.5	 3

In patients younger than 50 years at the time of surgery, 
primary osteoarthritis counted for 62.2% of cases. Dysplasia 
counted for 12.9% of cases.

In patients younger than 30 years at the time of their 
THA, only 27% had primary osteoarthritis as the diagnosis; 
almost 18% had dysplasia of the hip. Secondary osteoarthritis 
accounted for 73.1% of 78 registered THAs.
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 Question 2. What is the outcome of cemented THA 
in patients under 30 years?
This study (paper 1) shows the outcome of 48 patients (69 
THAs) younger than 30 years who had a primary cemented 
THA performed between 1988 and 2004. The indications were 
mainly osteonecrosis of the femoral head (21 cases) and juve-
nile rheumatoid arthritis (18 cases). All patients suffered from an 
underlying disease, except for 3 patients, whose diagnosis was 
unknown. 19 hips had previous surgeries at the hip. The study 
group consisted of 32 females (46 hips) and 16 males (23 hips) 
with a mean age at operation of 24.6 (16–29) years. No patient 
was lost to follow-up but 3 patients with 4 THAs had died. 

A posterolateral approach was used in all hips without a 
trochanteric osteotomy. Acetabular defects were classified as 
a Type I defect in 5 hips, a Type II defect in 16 hips and a 
Type III defect in 8 hips. A metal mesh was used in 14 hips to 
reconstruct a segmental defect. The remaining cavitary defect 
was reconstructed with bone impaction grafting in 29 cases. 
Cemented THA was performed using second-generation 
cementing technique in all cases (Figure 8).

The mean Harris Hip Score (HHS) of the 57 surviving 
THAs in 37 living patients was 89 (55–100) and the mean 
Oxford Hip Questionnaire Score (OHQS) was 19 (12–42) 
after a mean follow-up of 8.4 (2–18) years. 8 hips were revised 
after a mean follow-up of 8.4 (2–18) years: 3 for infection 
and 5 for aseptic loosening. 1 additional cup was considered a 
radiographic failure. 

Survival was 83% with revision for any reason and 90% 
with revision for aseptic loosening as the end point after 10 
years of follow-up.

Question 3. What are the radiographic and clini-
cal results of acetabular impaction bone grafting in 
patients younger than 50 years?
Acetabular defects are often seen in young patients with sec-
ondary osteoarthritis of the hip and several treatment options 
exist. In papers 2 and 3, we have investigated whether impac-
tion bone grafting in combination with a cemented cup to 
reconstruct acetabular defects is a durable long-term solu-
tion. We studied 42 consecutive acetabular reconstructions in 
37 patients younger than 50 years old (average 37.2 years) at 
the time of operation. 23 primary and 19 revision operations 
had been performed. The mean follow-up was 23 (20–28) 
years and at final review one patient was lost to follow-up 
and 8 patients (10 hips) had died. 16 cups had been revised, 
2 because of septic loosening and 8 because of aseptic loos-
ening. Another 4 cups had been revised because of wear and 
osteolysis and 2 cups during a stem revision but these were 
found to be well-fixed. Of the 19 hips in 17 patients with the 
implant still in situ (Figure 9), 12 cups appeared to be well-
fixed with uniform radiodensity of the graft and the host bone 
and without progressive radiolucent lines. 3 cups were consid-
ered loose radiographically.

Figure 8. A. A preoperative radiograph of a 29-year-old woman with 
bilateral secondary osteoarthritis due to Bechterew’s disease. B. The 
hips after bilateral cemented THA with acetabular impaction bone 
grafting of a cavitary defect. C. At 17 and 18 years after the reconstruc-
tion there was incorporation of the bone graft and no signs of loosening 
except for an acetabular radiolucent line at the right hip in zone III. 

Survival of the acetabular reconstructions, with end point 
revision for any reason, was 73% after 20 years and 52% after 
25 years. With revision for aseptic loosening as the end point, 
survival was 85% after 20 years and 77% after 25; for signs of 
loosening on radiographs, survival was 71% at 20 years and 
62% at 25 years. 
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Question 4. What is the outcome of solid grafting of 
the acetabulum in DDH-patients?
Socket fixation in patients with acetabular dysplasia can be 
technically demanding. Most surgeons try to restore the centre 
of hip rotation and in most cases this is possible with a standard 
cup. In the more severe cases however, bone stock may not be 
sufficient to support a standard cup, which makes reconstruc-
tion of the acetabulum necessary. Structural or solid grafts 
can help to reconstruct the original centre of hip rotation and 
restore normal hip biomechanics. In this study (paper 4) we 
have described the results of 62 patients with DDH who had 
74 cemented THAs with solid acetabular roof grafts accord-
ing to the technique described in the introduction. Mean age 
at surgery was 45 (19–71) years and the mean follow-up was 
10.4 (5–16) years. Patients with grafting had higher Oxford 
scores compared with the control group (p=0.04) but other 
scores were equal. 

2 hips were revised for aseptic acetabular loosening and one 
hip for polyethylene wear. All grafts were incorporated and 
no additional radiographic loose cups were seen (Figure 10). 
The survival rate at 10 years of follow-up for revision for any 
reason was 98% (95% CI: 92.5–100.0). 

 
 

Question 5. What are the radiographic and clinical 
results of uncemented THA in patients younger than 
50 years? 
Currently, uncemented THA seems to be the most popular 
solution for young patients with degenerative hip disease. 
Good mid-term results using the Zweymüller Alloclassic total 
hip arthroplasty have been reported (Delaunay et al. 2001, 
Garcia-Cimbrelo et al. 2003, Pospischill et al. 2005, Grübl 
et al. 2006, Suckel et al. 2009), but long-term outcomes in 
young patients are scarce (Reigstad et al. 2008). The aim of 
this study (paper 5) was to evaluate the clinical and radiologi-
cal results of the Alloclassic Zweymüller stem in combina-
tion with the conical self-tapping cement-free (CSF) titanium 
threaded cup in patients younger than 50 years of age, with a 
follow-up of at least 15 years. In 5 different hospitals in the 

Figure 10. (A) Preoperative radiograph of a 55-year-old woman with 
bilateral DDH, classified as a Crowe III, Hartofilakidis C, and Edinburgh 
system A2 F3. (B) Postoperative radiograph showing bilateral recon-
struction using roof grafts and a cemented Exeter THA after femoral 
shortening osteotomy. (C) Radiograph 15 years after the reconstruc-
tion showing incorporation of the roof grafts without evidence of loos-
ening or resorption of the graft but signs of wear.

Figure 9. Radiographs of acetabular reconstruction using impaction 
bone grafting with a mesh covering the graft; at the right the incorpora-
tion of the graft can be seen at 16 years of follow-up
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Netherlands we have identified 73 consecutive Zweymüller 
total hip arthroplasties in 67 patients with a mean age of 43 
(23–49) years and a mean follow-up of 17.5 (15–21) years. 3 
patients (3 hips) had died and an additional 7 patients (8 hips) 
without any reoperation had no radiographic follow-up. 3 hips 
had been revised for septic loosening, one for a periprosthetic 
fracture and 3 cups for aseptic loosening. The mean HHS was 
90 (52–100) and the mean Oxford Score was 22 (14–43). Of 
the 66 unrevised hips, follow-up radiographs were complete 
for 55 hips at final review (Figure 11). 3 cups of the unrevised 
hips were considered loose. Osteolysis was seen at acetabular 
zone 2 and 3 in 3 cases.

 Survival with an end-point of revision for any reason was 
89% (95% CI: 85–93) and of revision for aseptic loosening 
was 94% (95% CI: 95–99) at 17 years. In a worst-case sce-
nario for the cup where radiological failures were included 
and patients without a recent radiograph were considered fail-
ures, the survival rate was 84% (95% CI: 81–87) at 17 years. 

Question 6. Are the implant-choices for young 
patients in The Netherlands evidence-based?
As many types of THAs exist to treat young patients with 
degenerative hip disease, we have reviewed the available lit-
erature on this topic to determine the optimal treatment (paper 
6). We examined all reported outcomes of uncemented and 
cemented total hip arthroplasty in patients younger than 50 
years of age listed in Medline between 1966 and 2009 as well 
as those mentioned in PubMed. In addition we scrutinised the 

Figure 11. Radiograph of a Zweymüller stem (type Hochgezogen) with 
the CSF cup in a 69-year old man more than 21 years after the index 
operation with no evidence of loosening but showing polyethylene 
wear.

reference lists of relevant papers and evaluated relevant data 
of the Swedish Hip Arthroplasty Register. Inclusion criteria 
were as follows: primary total hip arthroplasty, age at index 
surgery younger than 50 years and a minimal mean follow-
up of 10 years. We have identified 109 relevant articles of 
which  37 had a mean follow-up longer than 10 years. At the 
time of this study only 1 report, based on uncemented custom 
made implants, fulfilled the criteria of survival by 90% at the 
10-year follow-up, as recommended by the National Institute 
for Clinical Excellence (NICE). Cemented implants have been 
in use for a longer period with many studies meeting the sur-
vival criteria. 

At the time of this study, data of the Swedish Hip Arthroplasty 
Register in 2007 show that survivorship of both cemented and 
uncemented implants is under 90% at 10 years. At 16 years, 
implant survival of cemented THAs in males was 75% and 
73% in females. Implant survival of uncemented THAs was 
57% in males and 54% in females. The highest survival rates 
of THA in young patients were related to cemented implants.

A scatter plot of all studies with a follow-up longer than 10 
years with any survival rate was created (Figure 12). 23 stud-
ies covering 3759 patients with cemented THA and 7 studies 
of uncemented THA covering 372 patients were included. A 
weighted regression analysis showed significantly better sur-
vival of cemented THA compared to uncemented THA: 88% 
versus 75% (p< 0.001). 

 

Question 7. What is the most cost-effective treatment 
of a young patient in need for a THA on the long-term?
We have chosen to give an extended summary of this study 
with the main methods and findings, because this is an unpub-
lished paper. In case the reader would like to obtain more 
details, additional information can be obtained on request. 

Total hip arthroplasty has proven to be a very cost-effective 
procedure in older patients (Ethgen et al. 2004, Räsänen et 
al. 2007) but young patients often outlive their implant. Par-

Figure 12. Scatter plot of the studies with a follow-up of more than 10 
years.
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ticularly in these young patients, we need techniques and hip 
prostheses with a favourable long-term outcome as they are at 
great risk for revision. The outcome of both primary and revi-
sion surgery plays an important role in the cost-effectiveness 
of treatment of these patients. Clearly, the cup is the weakest 
link of THA (Norwegian Arthroplasty register 2010, De Kam 
et al. 2011). Young patients with hip osteoarthritis often have 
acetabular bone stock defects at their primary surgery due to 
underlying diseases, which may hamper the longevity of the 
cup even more. Uncemented hip designs have gained world-
wide popularity and are the first choice of treatment in young 
patients at the moment, also in case of acetabular defects. 
Impaction bone grafting in combination with a cemented cup 
is another treatment option for these young patients (Slooff 
et al. 1984) in which the deficient acetabular bone stock is 
restored. Excellent long-term survival data of this technique 
are reported (Schreurs et al. 2001, Garcia-Cimbrelo et al. 
2010, Busch et al. 2011, de Kam et al. 2011) including long-
term data of revision cases (Comba et al. 2009, Schreurs et 
al. 2009, van Egmond et al. 2011). However, this technique 
is time-consuming and is technically more demanding. In this 
study (paper 7) we determined the cost-effectiveness of ace-
tabular impaction bone grafting and a cemented cup compared 
to the use of uncemented cup designs without grafting. 

We have designed a decision model (Figure 13) to determine 
the cost-effectiveness of acetabular impaction bone grafting. 
The model has 2 modalities for the young patient in need for a 
THA with an acetabular defect: a cemented cup with acetabu-
lar impaction bone grafting versus an uncemented cup. The 
branching points thereafter represent transition to a different 
health state (survival, post revision THA, post revision THA 
II, post revision THA III and death). The model has cycles of 
1 year to estimate QALYs and costs accumulating over a time 
period of 15 years. We have expressed our findings in terms 
of costs, quality-adjusted life years (QALYs) and incremental 
costs per QALY gained. 

Overall, through our model we considered a hypothetical 
population aged 37 years or older in need for a hip replace-
ment. As we were interested in long-term results of both tech-
niques, we have incorporated survival of 3 revision surgeries 
with accompanying costs. Our model took into account the 
uncertainty around several input parameter point estimates. 
Survival data of cemented cups with impaction bone grafting 
were based on paper 3 (Busch et al. 2011).

Survival at 15 years was 84% with failure for all reasons as 
the endpoint. For the first revision in our model, we have used 
survival data of 62 acetabular revisions in 58 patients with a 
mean age of 59 (23–82) years (Schreurs et al. 2009). Survival 
at 15 years was 84% with failure for all reasons as end point. 

For the uncemented option in the model, data were obtained 
from the Norwegian Arthroplasty Register. Unpublished data 
of 1289 patients younger than 50 years with primary hip 
osteoarthritis, who had received an uncemented cup, were ana-
lyzed and survival rates were determined. The most commonly 

Figure 13. Markov model with cycles of 1 year to estimate QALYs and 
costs accumulating over a time period of 15 years.
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used cups were Trilogy (Zimmer), Tropic (Landos), Duraloc 
(DePuy) and Reflection uncemented (Smith&Nephew). The 
probability of survival of primary uncemented cups was 61% 
at 15 years. Survival of the first uncemented cup revision was 
based on 76 patients and was 52% at 15 years. As survival rates 
of the cup solely were not available for the second revision, we 
used the same data for both cemented and uncemented revi-
sions as presented by Lie et al. (2004), with a survival rate of 
60% at 10 years. 

The costs of an intervention consisted of material costs, 
costs of operation theatre and costs of hospital admission. 
Material costs are based on costs of a total cemented or total 
uncemented hip arthroplasty. For calculation of costs of the 
cemented option with acetabular impaction bone grafting, we 
used data of 79 most recently operated patients younger than 
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50 years in the period 2007–2010 at the Radboud UMC in 
the Netherlands. Costs of the uncemented option were cal-
culated as if they were performed at the Radboud UMC. We 
have averaged the registered prices of 3 very commonly used 
uncemented total hip designs in the Netherlands. The mean 
operation time of cemented hip arthroplasty using impaction 
bone grafting was 123 minutes and we assumed that an unce-
mented hip arthroplasty at our hospital would take 40 minutes 
less (20 minutes for the impaction bone grafting procedure, 
two times 10 minutes for cementation). This assumption was 
made for both primary and revision operations. The costs of 
all revisions were assumed to be equal. The mean duration 
of hospital admission for a cemented hip arthroplasty using 
impaction bone grafting at Radboud UMC was 7.2 days. We 
assumed that the length of stay in hospital of patients with 
an uncemented hip arthroplasty was 5 days. Hospital admis-
sion time was set at ten days for all revision cases. Multiple 
sensitivity analysis was used to assess the contribution of the 
variables included in the model’s outcome. 

We found that a cemented cup with impaction bone grafting 
is more cost-effective compared to the uncemented option, in 
terms of costs per QALY (Figure 14).  

A second scenario suggesting equal primary survival rates 
of both cemented and cementless cups continues to show 
an effect gain for the cemented cup but at a higher cost. So, 
patients still have a rise in QALY’s on the long term but at 
higher costs compared to an uncemented cup.

Figure 14. Incremental cost-effectiveness plane showing 2 scenario’s. 
In the baseline scenario (black dots), almost 90% of the simulated 
ICERs lay in the southeast quadrant meaning that cemented with graft-
ing is more cost-effective than the uncemented option. The second 
scenario with equal survival rates for both options (red dots) still shows 
an effect gain (higher QALY) for cemented with grafting but at higher 
costs.
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General discussion

The aim of this thesis is to determine the clinical outcome 
of THA in young patients and how to deal with acetabular 
defects. In this General discussion we will discuss our find-
ings.    

Question 1. How many hip arthroplasties are per-
formed in young patients in the Netherlands and 
which types of hip prosthesis are most commonly 
used?
The data of the Dutch Arthroplasty Register show us that 
around 5% of all patients receiving a THA were younger than 
50 years at the time of operation and more than 75% of all 
hip replacements in these young patients were uncemented 
designs. 

This trend is not restricted to the Netherlands. Also in other 
countries, the use of uncemented hip implants has increased 
over the years. The National Joint Registry of England and 
Wales reported that of all procedures in 2005, 22% were 
uncemented designs whereas in 2011 this figure had grown 
to 41% in patients of all ages (National Joint Registry Eng-
land and Wales, Annual Report of 2012, page 65, Figure 2.3). 
In patients younger than 50 years, uncemented hip replace-
ments accounted for approximately 64% of females and 60% 
of males. These rates were approximately 16% in females 
and 12% in males for cemented hip designs. The remaining 
20% of females and 28% of males in this age group received a 
hybrid construction of resurfacing hip prosthesis. 

The Swedish Hip Arthroplasty Register has also shown 
a slight increase in the use of uncemented implants, but 
cemented implants are still used for more than 80% of cases, 
regardless of the patient’s age (Swedish Hip Arthroplasty 
Register, Report of 2011). Between 1992 and 2011, a shift  
towards the use of uncemented implants and hybrid construc-
tions can be seen in the younger age group. 

In Norway, reversed hybrid constructions with a cemented 
acetabulum and an uncemented stem have been performed 
more frequently in the age group under 60 years (The Norwe-
gian Arthroplasty Register, Report of 2010).

In general, we can conclude that it is an international trend 
to use uncemented hip designs and components in young 
patients. In later studies we will discuss whether this trend is 
in agreement with clinical evidence.

Question 2. What is the outcome of cemented THA in 
patients under 30 years?
Degenerative cartilage disease of the hip in very young patients 
is often secondary to an underlying disease as confirmed by 
data of the Dutch Arthroplasty Register. The purpose of this 

study was to determine the clinical and radiological results of 
cemented hip designs in patients younger than 30 years and 
evaluate the current state of patients who underwent a revi-
sion operation. Survival was 83% with revision for any reason 
and 90% with revision for aseptic loosening as the end point 
after 10 years of follow-up. Especially in young patients, we 
need techniques and implants with a proven long-term sur-
vival (McAuley et al. 2004) and apart from series of patients 
with exclusively juvenile chronic arthritis (Maric and Haynes 
1993, Chmell et al. 1997, Kumar et al. 1998, Odent et al. 2005, 
Kitsoulis et al. 2006), there is limited literature regarding the 
survivorship and complications of THA surgery in patients 
younger than 30 years (Halley and Charnley 1975, Chandler 
et al.1981, Severt et al. 1991, Cage et al. 1992, Torchia et 
al. 1996, Sochart and Porter 1998, Dudkiewicz et al. 2003). 
For the acetabular side, Torchia et al. (1996) reported a revi-
sion rate for the cemented acetabular component of 43% at 
an average followup of 12.6 years. Sochart and Porter (1998) 
reported an acetabular rate of revision for cemented cups 
of 30% at a mean followup of 20 years. Maric and Haynes 
(1993) described a group of 17 hips, including four unce-
mented hips, and reported that 6% of the acetabular compo-
nents were revised after an average followup of 9.3 years. We 
found a rate of revision of 11.6% for the acetabular component 
at a mean followup of 8.4 years. We included in our data all 
patients that underwent revision and found reasonable func-
tional scores except in one case. This study had a relatively 
large group (26%) of patients with juvenile rheumatoid arthri-
tis. These patients are probably less active compared to the 
other patients with a localized osteoarthritis of the hip in our 
series (Chandler et al.1981, Severt et al. 1991). In the litera-
ture, not all studies have the same conclusion regarding the 
outcome of THA in patients with rheumatoid arthritis. Some 
studies reported even worse outcome of this subgroup relative 
to other plain osteoarthritic cases (Chmell et al. 1997, Sechri-
est et al. 2007). In this series of patients younger than 30 years 
of age, cemented THA shows a 10-year survival rate of 83% 
with revision for any reason as the end point.

 
Question 3. What are the radiographic and clini-
cal results of acetabular impaction bone grafting in 
patients younger than 50 years?
In paper 2 and 3, we have presented the results of acetabu-
lar reconstructions using impaction bone grafting in patients 
younger than 50 years. With end point revision for any reason, 
survival was 73% after 20 years and 52% after 25 years. 
Impaction bone grafting is a well-known technique described 
by Slooff et al. (1984). The original technique was described in 
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combination with cemented THA. Acetabular grafting in com-
bination with uncemented cups is more common nowadays 
but long-term reports on uncemented cups with bone grafting 
in young patients are lacking in the literature. However, good 
mid-term results have been presented in older patients. Rudelli 
et al. (2009) showed a survival rate of 88% of uncemented 
cups, with an end point revision for any reason, after a mean 
follow-up of 14 years in a group of 42 patients (43 THAs) with 
a mean age at surgery of 56 years. Palm et al. (2011) reported 
a 9-year survival rate of the cup of 90.5% in a group of 79 
patients in whom the median age was 67 years. Lachiewicz and 
Poon (1998) have reported the results of 34 patients in whom 
morselized bone grafts had been used in combination with a 
Harris-Galante porous-coated cup, and no revision because of 
loosening had taken place after a mean follow-up of 7 years. 
Although these are good and promising mid-term results, 
longer follow-up is needed to demonstrate the true clinical 
value of these uncemented techniques in young patients. 

Pelvic osteolysis, which is seen at a higher frequency 
around uncemented components, is still an unsolved problem 
in young patients. In a series by Della Valle et al.(2009), very 
acceptable results were achieved with use of a porous-coated 
acetabular component, but osteolysis was observed in more 
than 30% of patients who were younger than 50 years. 

The technique of acetabular reconstruction using impaction 
bone grafting has basically remained the same over the years, 
with only minor changes. In the first years, a metal mesh was 
placed on top of the impacted bone grafts just before cementa-
tion. After one decade, it was realized that this mesh was not 
very functional, so a metal mesh is now used only to recon-
struct segmental defects. In addition, the rehabilitation program 
has been changed. Depending on the size of reconstruction, 
patients are now mobilized earlier with earlier weight-bearing. 

Over time, the results of cemented cups with acetabular 
impaction bone grafting have deteriorated. However, this 
study is one of the few worldwide available describing results 
of THA in young patients with a mean follow-up of 23 years. 
Impaction bone grafting with a cemented cup is a useful tech-
nique to restore bone stock in young patients whose acetabular 
defects require primary or revision total hip arthroplasty.

Question 4. What is the outcome of solid grafting of 
the acetabulum in DDH-patients?
In paper 4  we have presented the results of acetabular solid 
grafting with a cemented cup in a series of patients with DDH. 
The survival rate at 10 years of follow-up for revision for any 
reason was 98% (95% CI: 92.5–100). All grafts were incor-
porated and no additional radiographic loose cups were seen. 
Using solid grafts is a common technique to reconstruct an 
acetabular defect but reported survival rates differ consider-
ably in literature (Table 3). 

The outcome of the present study is comparable to those 
studies that present high survival rates of this technique. We 
did not observe extensive acetabular osteolysis with cemented 
socket fixation, which is a well-reported observation around 
cementless cups (Bruzzone et al. 2009, Della Valle et al. 
2009). The use of an all-polyethylene cup enables the use of 
thicker polyethylene in these patients who all have small ace-
tabula; this may further reduce the incidence of polyethylene 
wear. Wear-induced osteolysis increases the risk of failure and 
compromises bone stock for future revision surgery. 

The treatment protocol at the Royal Infirmary in Edinburgh 
for dysplastic hips consists of reconstruction of a deficient 
acetabular roof of more than 20% using a solid graft from the 
femoral head with a cemented THA. Our data suggest this is 
a biologically reasonable approach, resulting in restoration of 

Table 3. Overview of literature a of acetabular bulk grafts in patients with DDH with a mean follow-up of 10 years or longer

Author 	 Number 	 Number 	 Mean age in 	 Type of 	 Mean followup 	 Survivorship (%), endpoint revision 
	 of hips 	 of patients 	 years (range) 	fi xation 	 in years (range) 	 for aseptic/radiographic loosening 

Akiyama et al. 	 147 	 119 	 56 (38–76) 	 Cemented 	 12 (6–15) 	   96/91   at 15 years 
Bobak et al. 	 45 	 41 	 46 (25–73) 	 Cemented 	 11 (10–15) 	 100/88   at 11 years 
Hendrich and Mehling 	 56 	 47 	 50 	 Cementless 	 10 	   92/89   at 11 years 
Iida et al.	 133 	 112 	 53 (33–72) 	 Cemented 	 12 (8–24) 	   96/83   at 15 years 
Inao and Matsuno 	 20 	 18 	 48 (20–66) 	 Cemented 	 13 (10–18) 	 100/85   at 13 years 
De Jong et al. 	 116 	 102 	 64 (35–84) 	 Cemented 	 18 (11–26) 	   85/82   at 15 years b 
Lee et al.c 	 102 	 95 	 51 (21–78) 	 Cemented 	 10 (4–18) 	   65/62   at 12 years 
Kim and Kadowaki 	 83 	 70 	 57 (33–72) 	 Cementless 	 11 (9–14) 	   94/97   at 10 years b 
Kobayashi et al. 	 37 	 30 	 57 (48–73) 	 Cemented 	 19 (10–26) 	 100/100 at 19 years 
Mulroy and Harris 	 46 	 37 	 47 (14–69) 	 Cemented 	 12 (10–16) 	   80/54   at 12 years 
Rodriguez et al. 	 29 	 23 	 49 (20–78) 	 Cemented 	 11 (7–17) 	   80/60   at 15 years 
Shetty et al. 	 15 	 15 	 59 (20–85) 	 Cementless 	 10 (8–11) 	 100/100 at 10 years 
Shinar and Harris	 81 	 73 	 45 (16–69) 	 Cemented 	 17 (14–21) 	   65/40   at 17 years b 
Stringa et al.	 21 	 19 	 51 (22–68) 	 Cemented 	 10 (5–14) 	 100/85   at 10 years 
Current study 	 74 	 48 	 45 (19–71) 	 Cemented 	 10 (5–16) 	   98/98   at 10 years 

a Literature reported until September 2011;
b Survivorship with revision for any reason as the end point; 
c series of patients with different diagnosis; 57% had developmental dysplasia of the hip (DDH); survival shown for primary THA in patients with DDH
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bone stock in these relatively young patients. Although some 
authors recommend avoiding structural bone graft if possible 
(Ito et al. 2003), bulk grafts for reconstruction of acetabular 
defects provide additional value for future revisions (Bal et al. 
1999). The technique was originally described by Wolfgang 
(1990), has been further described by Iida et al. (2000), and 
has been performed in the same way throughout this study. A 
wedge of the femoral head is taken and fixed with 2 cancellous 
screws with its sclerotic convex side towards the defect as an 
inlay graft (Figure 4 in the Introduction). In the early years, 
3 cancellous screws were used for fixation but we believe 2 
screws are sufficient. 

Question 5. What are the radiographic and clinical 
results of uncemented THA in patients younger than 
50 years? 
Paper 5 describes the results of 73 uncemented Zweymüller 
total hip arthroplasties in 67 patients younger than 50 years. 
Survival with an end-point of revision for any reason was 89% 
(95% CI 85–93) after 17 years of follow-up. A worst-case 
scenario was simulated in which radiological failures and 
missing patients were considered failures, the survival rate 
was 84% (95% CI: 81–87) at 17 years. This compares favour-
ably to other reported survival rates of uncemented cups in 
young patients. Aldinger et al. (2009) showed high survival 
rates of a grit blasted femoral component, but low survival 
rates (38% and 68% at 17 years) of 2 types of smooth-surface 
threaded cups which are now no longer in use. It seems that 
porous-coating of a threaded cup to promote bony in-growth 
is essential to achieve stability and higher survival rates at 
longer follow-up. A study of 83 cementless Zweymüller 
Alloclassic stems with a 28 mm metal-on-metal bearing in 
73 young, active patients showed excellent results (Delau-
nay et al. 2008). Only patients with high activity levels were 
selected for review; patients with severe dysplasia and rheu-
matoid arthritis were excluded. 3 different acetabular com-
ponents had been used of which 24 were titanium threaded. 
This series of patients showed a 10-year survival rate of 100% 
(CI: 89.6–100).

Eskelinen et al. (2006) concluded in a nationwide study 
on THA in patients younger than 55 years that survival rates 
of uncemented cups are unsatisfactorily low when liner 
exchanges are taken into account. We acknowledge the fact 
that many types of uncemented hip designs are available 
which makes comparison between groups of implants diffi-
cult. In our series of patients younger than 50 years at the time 
of operation, high survival rates were achieved at 17 years of 
follow-up.  

Question 6. Are the implant-choices for young 
patients in The Netherlands evidence-based?
As we have shown before, uncemented hip designs are cur-
rently the most popular option to treat young patients with 
degenerative hip disease. In paper 6, we showed the results 

of a literature review on this topic to determine whether this 
choice is based on evidence. At the time of this study, only 
one report on uncemented hip designs fulfilled the criteria of 
survival by 90% at 10 year follow-up, as recommended by the 
National Institute for Clinical Excellence (NICE). Cemented 
implants have been in use for a longer period with many stud-
ies meeting the survival criteria. A confusing factor in assess-
ing studies of uncemented hips is that revision of a failed insert 
of an uncemented acetabular metal shell has not always been 
reported as a revision. Not all studies report this exchange as a 
revision, which can make it difficult to compare survival rates 
of different studies. Cup survival with an endpoint of revi-
sion of the metal shell at 14 years is 70%, but including liner 
exchange it is 54% (Capello et al. 2003). 

A critical note concerning the survival rates as reported by 
national registries could be that many different types of unce-
mented hip designs have been gathered and the poorer out-
come of those implants with an inferior survival may obscure 
the outcome of those designs with a better performance. This 
study concluded that the highest survival rates were related to 
cemented implants; thus the current trend to use uncemented 
implants has not yet been supported by the available literature. 
This conclusion is supported by other reports (Morshed et al. 
2007).

If we observe survival rates of acetabular and femoral com-
ponents separately in literature, there seems to be evidence 
that uncemented stems perform at least as well as cemented 
stems (Eskelinen et al. 2006). As we have stated before, the 
weakest link of the reconstruction is the cup (Norwegian 
Arthroplasty register). 

A more recent study (Pederson et al. 2014) based on large 
numbers of implants in patients younger than 55 years of age 
seems to show that uncemented implants perform better in 
relation to long-term risk of aseptic loosening. However, more 
short-term revisions were necessary because of problems due 
to dislocation, periprosthetic fracture and infections. 

Question 7. What is the most cost-effective treatment 
of a young patient in need for a THA on the long-
term?
As we were interested in the cost-effectiveness of acetabular 
impaction grafting to treat the bone deficient osteoarthritic 
hip in a young patient, we have designed a model comparing 
2 modalities: a cemented cup with grafting versus an unce-
mented cup (paper 7). It shows that on the longer term, impac-
tion bone grafting with a cemented cup is more cost-effective 
than the use of an uncemented cup. As described above, the 
current trend to use uncemented cups in young patients seems 
not to be supported in literature. Regarding costs, a recent 
study on data of the National Joint Registry shows that a pos-
sible cost saving to the NHS of more than 18 million pounds 
per year can be made if cemented instead of uncemented 
hip designs were used in England and Wales (Griffiths et al. 
2012). Another recent study on cost-effectiveness of different 
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types of total hip replacements in older patients concludes that 
uncemented prostheses do not improve health outcomes suf-
ficiently to justify their higher costs (Pennington et al. 2013).  
These studies confirm our findings in the way that uncemented 
hip designs are less cost-effective compared to cemented total 
hip prostheses. 

A strength of our study is that in our model we acknowledge 
the fact that the technique of impaction bone grafting takes 
additional time and materials and we have included these costs 
in our model. We also have incorporated three revisions with 
accompanying costs in our model and we have used advanced 
statistical software (TreeAge pro Suite 2009) to construct 
our model. A point of criticism on our study could be that 
the survival rates of primary uncemented cups are worse than 
the rates of cemented cups. However, these numbers were 
derived from the reliable Norwegian Arthroplasty Register 
and constitute a consecutive series of young patients treated 
with uncemented cups. We are aware of the fact that our study 
is based on hip designs used several years ago and that nowa-
days articulations with highly cross-linked polyethylene are 
more commonly used than conventional polyethylene. How-
ever, long term results of uncemented cups with highly cross-
linked polyethylene are not available. To overcome criticism 
on these limitations in our model, we have explored a second 
scenario in which the survival rates of primary uncemented 
cups are made equal to primary cemented cups with impaction 
bone grafting. In this scenario, an effect gain for a cemented 
cup with impaction bone grafting was still seen, but at higher 
costs. So, even with equal survival rates for both acetabular 
options, reconstruction of an acetabular defect with impaction 
bone grafting and a cemented cup seems to be beneficial on 
the long term. 

Another limitation of our study might be that costs of treat-
ments and materials may differ between hospitals and that 
some hospitals may have arranged lower prices. We realise 
this could be a limitation in applying the conclusions of this 
study to other hospitals. Nevertheless, costs were calculated 
as if all prostheses were placed in our hospital without any 
discounts, to have a baseline comparator of the 2 techniques. 
The advantage of this model is that the input can be updated 
with new information in the future.  

We have optimized the parameters of the uncemented option 
by not taking into account any additional material costs for 
dealing with bone defects or periprosthetic fractures, which 
are more common using uncemented designs or at unce-
mented revision operations. Also the estimation of length of 
stay is in favour of uncemented hip arthroplasty. Besides this, 
we have compared survival data of cemented cups in diffi-
cult cases with acetabular defects to data of uncemented cups 
without the need for acetabular reconstruction, which might 
be of positive influence on the outcome of the uncemented 
treatment. Even using these data, cemented hip arthroplasty 
with impaction bone grafting is still more cost-effective than 
the uncemented option in young patients. 

Cost effectiveness analysis of orthopaedic treatments may 
be a helpful tool in clinical decision-making for hospitals and 
health policy makers. In the present study, cemented cups with 
acetabular impaction bone grafting were more cost-effective 
than uncemented cups in terms of costs per QALY for the 
young patient in need for a hip replacement with an acetabular 
defect.    

Conclusion

Several options are available for treatment of the young 
patient with degenerative hip disease, but what the most dura-
ble solution is remains controversial. This thesis shows that 
good long-term results can be reached with both cemented 
and uncemented hip designs. However, to date the majority 
of papers with high survival rates are based on cemented hip 
designs. Although the initial outcome of our uncemented study 
is impressive, there is no information about the outcome of 
revisions. The debate whether cemented or uncemented THA 
would be the most durable solution for young patients is also 
blurred by the fact that results for many different hip designs 
have been gathered and evaluated as a group. Because we had 
to base our conclusion on the available literature we had to 
conclude that, in general, the cemented THA in young patients 
seems to be the most durable solution for young patients. Per-
haps time is the only factor to show us otherwise.

Many different types of hip prostheses are currently used for 
young patients in the Netherlands. Recently, the Dutch Ortho-
paedic Association published a list of approved hip designs, 
classified according to their survival rates known from inter-
national registries (e.g. the Swedish Hip Arthroplasty Regis-
ter) and available literature. We would like to plea for further 
standardization in the use of only well-performing hip designs 
in Dutch hospitals, especially in younger patients. In addition, 
concentration of  treatment of “complex hips” by specialised 
surgeons enables them to build expertise in this field and this 
might optimize Dutch orthopaedic care for young patients 
with degenerative hip disease. 

With regard to acetabular defects in young patients, we can 
conclude that it appears that a biological reconstruction is the 
most durable option as these patients probably face a second 
or third operation. Reconstruction using grafts, whether solid 
or morselized, is the preferred method, in combination with 
a cemented cup. From an economical point of view, recon-
struction using impaction bone grafting and a cemented cup is 
more cost-effective compared to a primary uncemented cup. 
We hope that the outcome of this thesis will play a role in 
decision making by hospitals and orthopaedic surgeons when 
choosing the most durable hip prosthesis for the osteoarthritic 
hip in young patients.
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