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Sammendrag på norsk 

Det forekommer ca. 9000 hoftebrudd hos eldre i Norge årlig. Dette er den hyppigste 

årsaken til akutt innleggelse i kirurgiske avdelinger i norske sykehus. Det er 

sannsynligvis den mest alvorlige bruddtypen som ortopeder behandler. Hoftebrudd 

pasienter blir innlagt hele døgnet, blir operert av både ferske og erfarne leger og 

representerer en høyrisiko pasient-gruppe med mange tilleggs sykdommer og 

gjennomsnitts alder rundt 80 år. En av fire pasienter dør innen ett år, og flesteparten 

oppnår ikke funksjonsnivået som de hadde før bruddet. Det er også et stort behov for 

rehabilitering og hjemmesykepleie etter behandling og derav høye kostnader for 

samfunnet. Pasienter som får komplikasjoner etter kirurgi har enda dårligere 

prognose og høyere dødelighet.  

Hoftebrudd involverer flere typer hoftenære brudd. Denne avhandlingen konsentrerer 

seg om lårhalsbrudd, og spesielt de 3500 pasientene som hvert år blir operert med en 

delprotese etter lårhalsbrudd.  

I Norge registrerer kirurgen hver hoftebruddoperasjon på et skjema som sendes til 

Nasjonalt Hoftebruddregister (NHBR). Dersom pasienten får en komplikasjon og må 

gjennomgå ny operasjon blir denne registrert på et tilsvarende skjema og koblet til 

den første operasjonen ved hjelp av pasientens personnummer. Hoftebruddpasientene 

får også tilsendt spørreskjema etter operasjonen for å svare på hvordan de har det. 

Dødsfall registrert i Norge kan også kobles til hofteoperasjonen.     

En delprotese operasjon involverer å erstatte lårhals og lårhode med en protese. Det 

er i dag ikke enighet om hvilken operasjonstilgang som er best når man opererer 

halvproteser. Det er heller ikke enighet om man skal bruke en protese som festes med 

bensement eller en protese som gror fast i benet. Hvis man velger å feste protesen 

med bensement finnes det forskjellige design på de protesene som er på markedet i 

dag. Man vet ikke hvilke protesedesign som gir best resultat hos pasientene.  

I denne doktoravhandlingen har vi brukt NHBR til å gi svar på problemstillingene 

over. Den består av tre publiserte artikler.  
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I første artikkel viser vi at de som er operert med en bakre kirurgisk tilgang til hoften 

(og svart på spørreskjema etter operasjon) har tendens til mindre smerte, mer 

tilfredshet, bedre livskvalitet og mindre rapporterte gangproblemer enn en kirurgisk 

tilgang rett fra siden. Når man skal velge kirurgisk tilgang ved halvprotese må våre 

resultater sees i sammenheng med andre studier som viser at den bakre tilgangen har 

større risiko for en fryktet komplikasjon hvor protesen går ut av ledd.   

I andre artikkel finner vi at halvproteser som er festet med bensement har mindre 

risiko for en ny operasjon enn halvproteser som skal gro fast. Vi finner ikke forskjell i 

risiko for dødsfall det første året mellom metodene. Vi finner heller ikke forskjell i 

smerte eller livskvalitet mellom metodene for de som har svart på spørreskjema. Vi 

anbefaler bruk av bensement når man skal feste halvprotese etter lårhalsbrudd for å 

redusere fare for ny operasjon. 

I tredje artikkel ser vi på forskjellig design ved de halvprotesene som er festet med 

bensement. Dersom man bruker en protese som er rett eller formet som lårbenet, 

finner vi en tendens til mindre risiko for ny operasjon sammenlignet med en glatt 

kileformet protese. Den glatte kileformede protesen er nesten den eneste som er 

registrert med ny påfølgende operasjon som følge av brudd rundt protesen. Vi 

anbefaler å bruke en rett eller lårbensformet sementert protese ved lårhalsbrudd for å 

redusere fare for ny operasjon.  

Denne avhandlingen har, ved hjelp av informasjon fra pasienter operert i hele Norge, 

funnet ny og viktig informasjon som kan bidra til bedre operasjonsresultater ved 

lårhalsbrudd kirurgi i fremtiden.  
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Abstract 

Every year, more than 9000 patients undergo hip fracture surgery in Norway, and 

about 3500 of these receive a hemiarthroplasty (HA) for a femoral neck fracture 

(FNF). Despite the high number of patients and extensive research, there is still no 

consensus on which surgical approach, fixation method, and cemented stem design to 

use. Several national and international guidelines on treatment options exist, but 

recommendations are not consistently followed. A FNF patient in Norway has an 

average age of 80 years and one-year mortality is reported to be 25%. Efforts should 

be made to optimize treatment for this high-risk patient group. Based on data from the 

Norwegian Hip Fracture Register (NHFR), we have investigated whether surgical 

approach, method of stem fixation or type of femoral stem influenced the risk of 

reoperation, mortality, and patient-reported outcome measures (PROMs) in patients 

treated with HA.  

In Paper I, we included patients aged 60 years and older with FNF treated from 2005 

to 2014. In all, 18,918 HA procedures were reported with direct lateral approach 

(DLA) and 1,990 with posterior approach (PA). There were statistically significant 

differences in PROMs with less pain, better satisfaction, better quality of life and 

fewer patients having walking problems after surgery with PA than with DLA. 

However, using a Cox regression model adjusted for confounding variables, we found 

no difference in risk of reoperation between DLA and PA (HRR 1.2; 95% CI 0.9-1.4; 

p = 0.2) with DLA as reference. 

In Paper II, a total of 7,539 uncemented HAs and 22,639 cemented HAs for FNF in 

patients 70 years or older treated in 2005-2017 were compared for risk of reoperation, 

mortality rate, and PROMs. Uncemented HAs had a higher overall risk of reoperation 

for any reason (HRR 1.5; 95% CI 1.4-1.7; p < 0.001). Although higher early mortality 

was found for those receiving cemented implants, no differences were found in the 

overall one-year mortality rate (HRR 1.0; 95% CI 0.9-1.0; p = 0.12). HA fixation type 

was not associated with differences in patients’ pain (19 versus 20 for uncemented and 
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cemented HAs respectively, p = 0.052) or quality of life (EQ-VAS score 64 versus 64, 

p = 0.43, EQ-5D index score 0.64 versus 0.63, p = 0.061), one year after surgery.  

In Paper III, the different types of cemented stems were studied. A total of 20,529 

primary cemented hemiarthroplasties for FNF in patients aged 70 years or older treated 

in 2005-2016 were included. Polished tapered stems (n=12,064) (the Exeter and CPT 

prostheses), straight stems (n=5,543) (the Charnley, Charnley Modular, and Spectron 

EF prostheses), and anatomic stems (n=2,922) (the Lubinus SP2 prosthesis) were 

compared. When dividing the stems according to design, better survival for the stems 

with a straight design (HRR 0.66; 95% CI 0.55 to 0.79; p < 0.001) and with an 

anatomic design (HRR 0.74; 95% CI 0.59 to 0.93; p = 0.010) was found compared to 

the polished tapered stem design. Reoperation due to periprosthetic fracture (PPF) 

occurred almost exclusively after surgery with polished tapered stems. 

In conclusion, patients operated for FNF with HA performed with a PA reported less 

pain, better patient satisfaction, better quality of life and fewer walking problems 

compared to DLA. No differences in risk of reoperation between the surgical 

approaches were found. Uncemented HAs had a greater reoperation risk than 

cemented. The fixation method did not influence pain, quality of life, or the one-year 

mortality rate after HA. In cemented HAs, differences in reoperation rates seemed to 

favour anatomic and straight stems over polished tapered stems, which had a higher 

risk of PPF. 
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1. Introduction  

1.1. Importance of topic and epidemiology 

Hip fractures in elderly patients are probably the most common serious fracture that 

orthopaedic surgeons treat (1). Hip fracture patients arrive at all hours and surgery is 

performed by both residents and consultant surgeons (2), involving a high-risk 

population that benefits from urgent surgical care (3, 4). In a general perspective, when 

comparing with other diseases, a woman’s risk of sustaining a hip fracture is equal to 

her combined risk of developing breast, uterine, and ovarian cancer (1). About one out 

of four patients with hip fracture will not survive the first year after surgery (5-8), most 

patients do not regain their pre-fracture level of physical functioning, and many need 

to receive increased home care or be admitted to a nursing home (9, 10). These 

patients cost society great expense (11). Patients who fail primary surgery and need 

reoperation have even worse outcome and mortality rates (12-17). 

 In 2000, around 1.6 million hip fractures occurred worldwide, and this number has 

been estimated to rise to 6.3 million in 2050 (18).   

In Norway, with 5.3 million inhabitants, approximately 9,000 hip fractures occur 

annually, which is one of the highest incidences in the world (19). Low energy hip 

fractures occur among older persons (Fig 1), the average age of hip fracture patients is 

80 years and 70% are women (20).  

 

Fig. 1: Age and gender at primary operation (in 2007, 2011 and 2015). Figure from the annual report 

of the Norwegian Hip Fracture Register, June 2016. 
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Hip fractures are divided into femoral neck fractures (60%), trochanteric fractures 

(35%) and sub-trochanteric fractures (5%). While trochanteric and sub-trochanteric 

fractures have treatment options such as a sliding hip screw and intertrochanteric nails, 

this thesis focuses on the treatment of femoral neck fractures (FNFs) and especially the 

3500 patients receiving a hemiarthroplasty for their FNF in Norway annually (8). 

1.2. Pathophysiology and classification 

Bone mineral density (BMD) decreases with increasing age in both genders, with an 

accelerated loss in women after menopause (21). Low BMD increases the risk of 

fracture (22). High age, female gender, increased disability, use of walking aids, and 

polypharmacy are factors associated with increased risk of falling (23). In the 

population above 65 years, every third person experiences at least one fall yearly (24). 

Hip fractures most commonly occur due to a simple fall from a standing position as a 

result of the hip and the greater trochanter hitting the floor (25-27). A fracture occurs 

where the greatest forces appear in the weakest part of the bone (Fig 2.). This is 

typically in the femoral neck (about 60% of all hip fractures).  

 

A fracture of the femoral neck may reduce the blood supply to the femoral head, which 

is mainly provided by an anastomosis of vessels around the femoral neck (28). This 

complicates the healing process and increases the risk of complications such as 

avascular necrosis of the femoral head, non-union of the fracture, and shortening of the 

femoral neck with loss of offset. High risk of reoperation, ranging from 10 to 49%, is 

Fig. 2: Illustration of 

trauma mechanism for a 

hip fracture 
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the reason why, especially for displaced femoral neck fractures, replacing the femoral 

neck with a prosthesis has become the most common treatment (29-33). 

The FNF is most often defined as a fracture through the intracapsular part of the 

femoral neck. The most commonly used classification system is still the Garden 

classification (34), which divides fractures into undisplaced (Garden 1 and 2) and 

displaced (Garden 3 and 4) (34, 35). Problems with inter-observer reliability of the 

Garden classification (36, 37) have led to a simplification of the classification in daily 

practice, dividing the fractures only into undisplaced or displaced (38-40). A weakness 

of the Garden classification is that it is based solely on anterior-posterior radiographs. 

Palm et al. (41) suggested a new measurement for posterior tilt in 2009 as reliable and 

able to predict reoperations after undisplaced (Garden 1-2) fractures. Dolatowski et al. 

reproduced these results in 2016 and found that preoperative posterior tilt of ≥ 20º in 

Garden 1 and 2 fractures increased the risk of fixation failure (42). For this reason, 

measuring posterior tilt could be valuable in clinical practice.   

The Pauwels (43) and AO classifications (44) are also described in current literature, 

but Pauwels classification has been found unreliable (45) and the AO classification is 

too complicated and has poor intra- and inter-observer accuracy (46). These 

classifications are not frequently used.  

1.3. Treatment of femoral neck fractures 

In general, all intracapsular fractures of the proximal femur in older persons should be 

treated surgically. In a single-centre retrospective study, patients with hip fracture who 

were treated non-operatively had a fourfold risk of death at one year, compared to 

patients who underwent surgery (33, 47). Fractures left untreated will either have an 

increased risk of secondary displacement, or if primarily displaced, will cause 

unacceptable pain, and appropriate nursing or mobilization of the patient will be 

difficult or impossible (48, 49). Some exceptions could be considered where patients 

might not survive surgery (50).  
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1.3.1. Undisplaced femoral neck fractures 

Undisplaced FNFs can be treated with internal fixation with percutaneous screws with 

good results (51-54). However, a recent multicentre randomized controlled trial (RCT) 

suggests that patients with these fractures could achieve improved mobility and 

reduced risk of reoperation if treated with HA instead of screw fixation (55).  

1.3.2. Displaced femoral neck fractures 

Young patients with a displaced FNF may be treated with reduction and screw 

fixation, because of their good bone quality (54). The age at which patients cease to be 

“young” is usually suggested to be 60-70 years, but is still debated. One study from the 

Norwegian Hip Fracture Register (NHFR) reported a high failure rate of 27% after 

internal fixation for displaced FNFs in patients aged 55-70 (56), and one recent study 

from Taiwan reported 84.1% complications in displaced FNFs in patients aged 50-60 

years (57), suggesting that more patients should receive an arthroplasty. 

The past decade has seen a change in the treatment of FNFs from internal fixation 

towards more use of HA in many countries (38, 39, 58-61). HA surgery has shown 

superior results compared to closed reduction and screw fixation in several trials (29, 

62, 63). Treatment with HA involves replacement of the femoral neck and head with a 

prosthesis, while keeping the acetabulum intact. The HA can be bipolar or unipolar 

(Fig. 3). In a unipolar HA, the head is attached to the stem by a taper locking 

mechanism, permitting movement only in the hip joint or in a monoblock construct. In 

a bipolar HA, the bipolar head is attached to a smaller prosthesis head, permitting 

movements in both the hip joint and between the bipolar and prosthesis heads. In 

Norway there has been a tradition of using bipolar HA (20).  
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An increasing number of patients with FNF receive a total hip arthroplasty (THA) (64-

66). A THA consists of replacing both the acetabulum and the femoral neck and head. 

This trend is supported by the literature suggesting that THA is less painful and 

provides better mobility and function than HA in patients who were reasonably 

independent and functional prior to the injury (58, 67-71). A recent propensity score-

matched population-based study imply lower revision rates and lower health costs 

after THA than HA (72). A large, randomized trial comparing THA with HA in 1,500 

patients with displaced FNF is currently ongoing, and may provide more evidence of 

this (73). Patients with cognitive impairment and those with reduced walking ability 

prior to injury are generally not included in randomized trials. This fact, combined 

with studies indicating higher risk of dislocation after THA (68, 71), suggests that the 

faster and less invasive HA is still a good option for many patients (1).   

1.4. History of the hemiarthroplasty 

Charles Scott Venable (1877-1963), a medical doctor specializing in surgery and 

gynaecology, was the first researcher who showed that electrolysis and corrosion 

were the principal causes of failure of metal appliances in bone. While conducting 

experiments, he found only one alloy among all those tested that was completely 

Fig. 3: Illustration of the 

concepts of bipolar and 

unipolar HA. Reprinted from 

Musculoskeletal Trauma in the 

Elderly (50) with permission 

from the author. 
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passive (electrically inert) in the presence of body fluids, that caused no pathological 

changes in bone, and that was not itself corroded. This alloy, vitallium, composed of 

cobalt, chromium, and molybdenum, seemed so inert that he recommended its use in 

orthopaedic surgery (74). The most important progress for the introduction of HA in 

orthopaedic surgery was obtained when Austin Moore conceived a mega metal 

prosthesis with Bohlmann in 1940 for a patient with an FNF after a bone tumour. This 

prosthesis had a vitallium head. Although the patient had a fracture after the surgery, 

he finally recovered and after nine months was able to walk without support. The 

patient died two years later of heart failure and the autopsy showed a hip joint with a 

capsule and lining of almost normal appearance, no evidence of recurrence of the 

tumour, and the vitallium head appeared unaffected with no sign of corrosion. They 

reported the use of this HA in 1943 (74). They then refined their implant, which led to 

the first uncemented hip arthroplasty that was widely used (75, 76). Later, in 1950, 

Fredrick Röeck Thompson developed a cemented vitallium prosthesis (77). The 

cemented Thompson HA and the uncemented Austin Moore HA began to gain 

popularity in the treatment of various hip conditions, including fractures. However, 

the number of poor results with the Thompson and Austin Moore arthroplasties 

ranged from 30 to 48% (78).  

The first step towards the modern bipolar HA was made by Tor Christiansen in the 

late 1960s (79), with a built-in trunnion bearing that allowed some movement 

between the stem and the head of the prosthesis. The Christiansen prosthesis was the 

most frequently used prosthesis in Scandinavia in the 1970s. However, acetabular 

protrusion (80) and poor results occurred with the Christiansen stem compared with 

the Charnley stem in THAs (81). The first bipolar HA was the Bateman prosthesis, 

introduced in 1974 (82). In a five- to ten-year follow-up study, the Bateman 

prosthesis for FNF reported promising results with 10% late revision, less pain and 

decreased protrusion compared with the Austin Moore and Thomson prostheses (83). 

Most implant manufacturers nowadays produce HAs with different designs and 

fixation methods to offer surgeons and patients around the world.  
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1.5. Contemporary hemiarthroplasty surgery 

 

1.5.1 Surgical approaches 

When treating patients with HA, the type of surgical approach is important. An ideal 

approach should prevent unnecessary devascularization and be safe and simple. It 

should provide satisfactory exposure to the joint and not result in unnecessary bone 

and soft-tissue damage in order to restore function and contribute to operative success 

(84). The direct lateral approach (DLA) and the posterior approach (PA) have 

dominated in HA surgery (85, 86). Anterior and anterolateral approaches are less 

frequently used, but have gained some popularity lately (20). In the transgluteal DLA, 

as described by Hardinge in 1982 (87), a skin incision is made directly laterally over 

the greater trochanter, further splitting the fascia latae, and then the anterior portion of 

the gluteus medius and gluteus minimus muscles is divided to give exposure to the 

lateral hip capsule (Fig. 4). The PA, as described by Moore in 1957 (76), after splitting 

the fascia latae, involves splitting the gluteus maximus in line with its fibres, followed 

by division of the piriformis tendon, obturator internus muscle, and gemelli tendons to 

give exposure to the posterior part of the joint capsule (Fig. 4). In Norway, the DLA 

has been the most common surgical approach (77% in 2018) when treating older 

patients with femoral neck fractures (20).  

 

 

Fig. 4: Illustration of 

surgical approaches to 

the hip 
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One study by Parker (2015) found no difference in pain or functional outcomes among 

216 patients randomized to DLA or PA (88). Rogmark and Leonardsson published a 

review of RCTs and register studies reporting an increased risk of dislocation with PA, 

and given the seriousness of dislocations they suggest that DLA is preferable (89). A 

recent review article by Fulham (2019) on DLA versus PA described observational 

studies (85, 90-92) recommending the DLA based on higher risk of posterior 

dislocation, but concluded that the evidence is limited and that the topic needs further 

investigation (93). On the other hand, Sayed-Noor reported more cases of 

Trendelenburg sign and limping with DLA (94), and Hongisto reported 22% of 

patients using crutches one year after surgery with DLA versus 12 % after PA (95), 

implying better walking function after PA. Further, a study by Amlie et al. on THAs 

reported worse PROMs after DLA than after PA (96). 

Anterior approaches (AAs) in arthroplasty surgery most often refer to muscle sparing 

approaches like the Smith-Petersen approach (97) between the sartorius and tensor 

fasciae latae muscles and the Watson-Jones approach (98) between the tensor fasciae 

latae and gluteus medius muscles. Several articles (99, 100) and reviews (101, 102) of 

the AAs to the hip suggest that these are safe procedures with comparable outcome 

and superior early functional mobility, when compared to the DLA and PA in HA 

surgery. The AAs could potentially have the advantage of sparing the gluteus medius 

muscle, important for postoperative mobilization and walking ability, and avoiding the 

greater risk of dislocation of the PA. However, in studies of THA surgery, an 

increased risk of intraoperative fracture and femoral cutaneous nerve neuropraxia has 

been reported (103-105). High-quality comparative studies are needed. The AAs is 

probably less used due to its learning curve and surgeons’ choice (106). 
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1.5.2. Fixation of the femoral stem 

Uncemented stems have developed since Austin-Moore introduced his prosthesis and 

are today widely used in THA patients. Most FNF patients represent an old, 

osteoporotic, and fragile population. Several recently published studies have shown 

that stem fixation with cement has a lower risk of reoperation, especially due to fewer 

PPFs, compared to uncemented stems (85, 107-109). This is supported by a recently 

published biomechanical study on ten femurs from cadaveric specimens, showing 

that implanting a cemented version of the stem increases the load-to-failure force by 

25% compared to implanting an uncemented stem (110). National guidelines (111-

113) and a Cochrane review (114) recommend the use of cemented fixation when 

performing arthroplasties for hip fractures in old patients. These recommendations 

are not consistently followed (65, 115). Reasons could be the surgeons’ or hospitals’ 

preferred choice, shorter surgical duration with uncemented fixation or awareness of 

avoiding the risk of bone cement implementation syndrome (BCIS) and early death. 

BCIS will be further discussed in Chapter 6.6.4.  

1.5.3. Cementation principles and stem design 

Shen, an engineer, suggested in the late 90s (116) that cemented femoral stems could 

be divided into two different cementation principles. Polished stems with a wedge 

design using the taper-slip (TS) principle have been designed to subside inside the 

cement mantle to achieve an even load bearing. Anatomic and straight stems with a 

matt finish have been designed to become fixed in the cement mantle using the 

composite-beam (CB) principle (Fig. 5 and Fig. 6) (116).  
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Small observational studies including both HAs and THAs (117-119) and one large 

register study on THAs (120) have reported a higher risk of PPF with a polished TS 

stem than with an anatomic CB stem. A large review study by Carli et al. published in 

2017 (121) investigated 596 studies on PPF in THAs. The authors defined the TS 

fixation as loaded taper design compared to composite beam design. They found four 

studies reporting higher incidence of PPF with the Exeter stem in THAs, and 

concluded that there is a need for register studies. 

 

                      

Fig. 6: Left, the matt finish, straight Charnley stem with CB principle. Middle, the matt finish, 

anatomic Lubinus SPII stem with CB principle. Right, the polished wedge Exeter stem with TS 

principle. Photo: T. Kristensen 

 

Fig. 5: Illustration of the taper-slip 

(TS) (left) and the composite-beam 

(CB) principle (right). Figure 

reprinted with kind permission from 

musculoskeletalkey.com. 
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Patients treated with HA for FNF represent an older and more comorbid population 

with more osteoporotic bone structure than THA patients (10), and the risk of PPF 

could therefore potentially be higher than for THA patients.  

1.6. Complications after hemiarthroplasty surgery 

The goals of HA surgery are to provide pain relief and early mobilization, and to 

reduce morbidity and mortality, in an old, frail population. Complications for these 

patients are potentially devastating and should be avoided. However, one recently 

performed study reported a 12% complication rate after HA surgery (122). The main 

reasons for reoperation are listed below:  

1.6.1. Periprosthetic joint infection 

Periprosthetic joint infection (PJI) after HA ranges from 1.7-7.3% (123). A PJI 

usually requires secondary surgery, which affects patients’ pain and quality of life. 

One prospective study found 30-day mortality after PJI to be as high as 19%. This 

was significantly higher than in patients without infection (124). Guren et al. 

investigated 37 patients with a PJI after HA for FNF. They described very poor 

results for these patients with the need for new surgery. Only 15 patients became free 

of infection and the one-year mortality rate was 41% (125). In this high-risk patient 

group, low grade PJIs may also be treated only with antibiotic suppression without 

reoperation. However, even if the prosthesis is retained, pain and dissatisfaction could 

still be present. 

1.6.2. Dislocation 

Dislocation after HA is often serious. Blewitt et al. reported mortality after 

dislocation to be 65% after six months (17). Many factors can influence stability and 

dislocation risk after surgery. Component malposition and decreased femoral offset 

can result in impingement and muscular imbalance, negating the stabilizing effect of 

the periarticular muscles (126, 127). PA has been considered as a risk factor for 

posterior dislocation (85, 90-92). Medical conditions like Parkinson’s disease or 

stroke, resulting in muscular imbalance in the hip, have been found to predispose to 
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instability (128). Patients unable to follow any postoperative restrictions, such as 

those with cognitive impairment, are also at increased risk of dislocation (126). 

Enocson et al. found a persistent deterioration of quality of life in patients with 

recurrent dislocation of their hip arthroplasty for FNF (129). 

1.6.3. Periprosthetic fracture (PPF) 

A PPF is a feared complication and is commonly characterized by the Vancouver 

classification (130). Type A fractures occur around the greater or lesser trochanter 

and can in most cases be treated with cerclage, a grip plate or non-operatively. Type 

B fractures occur around the stem and the goal of treatment is revision of loose 

components, accurate fracture reduction, and stable fixation with a plate, or revision 

arthroplasty with or without allograft. Type C fractures occur below the femoral stem 

and are usually treated with plate fixation  (130). A higher risk of fractures with 

uncemented stem fixation has been described in the literature (107, 131). A recent 

large register study on THAs from the Swedish Hip Arthroplasty Register found 10 

times higher risk of Vancouver B fractures but no statistical difference for Vancouver 

C fractures between an anatomic stem (Lubinus SP2) and a polished taper stem 

(Exeter) (132).  The literature on how patients are affected following PPFs is sparse. 

One observational retrospective study from Spain (16) stated that only five of 

seventeen patients recovered to preoperative functional level following a PPF. 

Mortality after PPF is probably high because of extensive surgery, blood loss and 

immobilization. 

1.6.4. Bone cement implantation syndrome (BCIS) 

Bone cement implantation syndrome (BCIS), a complication during and after 

cementation of the femoral stem, has been thoroughly described in the literature (133, 

134). The aetiology and pathophysiology are not completely understood. The main 

substance of bone cement is methyl methacrylate (MMA). Earlier studies have 

demonstrated that circulating MMA monomers cause vasodilation (135-137). 

However, animal studies have shown that the plasma MMA concentration after 

cemented hip arthroplasties is much lower than the concentration needed to cause 
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pulmonary or cardiovascular effects (133, 138). Other research has focused on the 

embolic model in BCIS. This describes both a mechanical effect and mediator release 

including fat, marrow, cement, air, bone particles, and aggregates of platelets and 

fibrin, which provokes increased pulmonary vascular tone (133). Three degrees of 

severity (grades 1, 2 and 3) have been described by Donaldson et al. (133); these 

depend on the degree of hypoxia, hypotension and the occurrence of loss of 

consciousness and, in severe cases, cardiac arrest. In one retrospective study of 1,016 

patients, the incidence of grade 1 BCIS was found to be 21%, grade 2, 5.1% and 

grade 3, 1.7% (134). One recent randomized trial on cemented vs. uncemented THAs 

found that cemented components were associated with pulmonary hypertension with 

right heart negative effects, and the need for more circulatory support (139). Studies 

have indicated increased perioperative and early postoperative mortality after 

cemented fixation (140-142), which may be due to BCIS. In a large register study 

from the NHFR, there was one fatality due to cementation for every 116 patients 

treated with a cemented prosthesis, while in the most comorbid group (ASA 4 and 5) 

the figure was one in 33 (143). In THAs, intra-operative death is quite rare and has 

been reported to occur in 0.11% of patients (133). In a study including patients with 

and without hip fractures, it was shown that intraoperative mortality for cemented 

hemiarthroplasty in patients with hip fractures was 0.2-4.3%, depending on the type 

of fracture (141). 

1.6.5. Acetabular erosion 

In HA surgery, the acetabulum is not replaced, and there is accordingly a risk of 

acetabular erosion, especially in younger, active patients (144-146). The bipolar 

prosthesis design was made to prevent this complication. However, the preventive 

effect of a bipolar prosthesis has not been sufficiently proven in the literature (147, 

148). One recent randomized controlled radiostereometric study of 19 fit older 

patients showed higher cartilage wear and lower EQ-5D VAS score in patients treated 

with a unipolar prosthesis than in those treated with a bipolar prosthesis (149).  
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1.6.6. Aseptic loosening 

Aseptic loosening of the femoral stem may present with localized thigh pain and is 

often described as start-up pain, occurring in the first several steps of walking (150). 

In large studies of THAs, aseptic loosening often correlates with the release of micro 

particles which can lead to osteolysis and present itself after many years (151). Hip 

fracture patients are older and five-year mortality has been reported to be 63% (152). 

Accordingly, aseptic loosening is probably not such a problem for most hip fracture 

patients, with short life expectancy.   
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2. Aims of the study 

The overall objective of this thesis was to identify surgical factors and implants 

associated with an unsatisfactory result in patients with femoral neck fracture 

receiving hemiarthroplasty in Norway by using data from the Norwegian Hip 

Fracture Register.  

The specific aims of the three studies included in the thesis were:  

Paper I: To compare patient reported outcome measures, walking ability, and 

reoperations after direct lateral approach and posterior approach in hemiarthroplasty 

for femoral neck fracture. 

Paper II: To compare reoperations, mortality, and patient reported outcome 

measures for uncemented and cemented hemiarthroplasty for femoral neck fracture. 

Paper III: To investigate whether different femoral stem designs influence risk for 

reoperation after cemented hemiarthroplasty for femoral neck fracture.  
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3. Methods 

3.1. The Norwegian Hip Fracture Register (NHFR) 

At the general meeting of the Norwegian Orthopaedic Association in October 2004, it 

was decided to establish the Norwegian Hip Fracture Register (NHFR) (8). The 

register is owned by the Norwegian Orthopaedic Association. Nationwide registration 

of hip fractures started in January 2005, where the intention was to collect 

epidemiological data to evaluate the results of different treatment methods for 

different types of hip fractures in the Norwegian population and to enable 

identification of implant failure after a short time. The register provides data on 

incidences of fracture types, treatment methods, and trends over time. The 

information is obtained from a paper form (Appendix I) filled in by the surgeon 

immediately after surgery. The form contains detailed patient information, such as the 

unique 11-digit Norwegian personal identification number, age, gender, comorbidity 

according to the classification of the American Society of Anesthesiologists (ASA), 

presence of cognitive impairment, time of fracture, and type of fracture. Information 

on time of start of surgery, type of surgery, fixation of HA, duration of surgery, 

surgical approach, and type of implant (identified by catalogue numbers) is also 

recorded.  

Data collection is approved by the Norwegian Data Protection Authority based on 

written consent from the patients. The NHFR has high registration completeness 

(93%) when compared to the compulsory Norwegian Patient Registry (NPR) and the 

coverage of hospitals in the NHFR is 100% (153).   

The NHFR presents interactive results on the following website: 

(https://www.kvalitetsregistre.no/registers/525/resultater). On this website, each 

hospital can compare its results with other hospitals on quality indicators. The NHFR 

also publishes an annual report on the website of the Norwegian Advisory Unit on 

Arthroplasty and Hip Fractures (http://nrlweb.ihelse.net/eng/). A detailed yearly 

report presenting individual hospital results is sent to all reporting hospitals.  

https://www.kvalitetsregistre.no/registers/525/resultater
http://nrlweb.ihelse.net/eng/


 31 

3.2. Reoperation as endpoint 

A reoperation in the included studies was defined as any secondary procedure 

performed after the primary HA operation. All reoperations are reported to the NHFR 

in the same way as primary operations, including closed reduction for dislocation, 

osteosynthesis for PPF or soft tissue debridement for infection. Reoperations are 

linked to the primary operation using the Norwegian personal identification number 

and side of operation regardless of which hospital performed the primary operation. 

3.3. Patient reported outcome measures (PROMs) 

PROMs paper questionnaires are sent to patients 4, 12, and 36 months 

postoperatively to assess pain from the operated hip using the VAS 0-100 scale (0 

means no pain, 100 means unbearable pain), along with VAS satisfaction 0-100 (0 

means very satisfied, 100 means very dissatisfied), EQ-VAS 0-100 (0 means poor 

subjective quality of life, 100 means best subjective quality of life), and EQ-5D-3L 

(Appendix II). The EQ-5D questionnaires comprise five dimensions (walking ability, 

ability of self-care, ability to perform usual activities, pain/discomfort, and 

anxiety/depression). An EQ-5D index score is calculated based on the 5 dimensions, 

and 1 indicates the best possible health state, and a score of 0 indicates a health state 

similar to death (154). Preoperative EQ-5D was collected retrospectively in the 

questionnaire sent to the patients four months postoperatively.  

In Paper I, we evaluated particularly self-reported walking ability according to the 

first dimension of the EQ-5D questionnaire. We examined the percentages of patients 

in each surgical approach group who responded “I have no walking problems”.  

3.4. Mortality 

Data on death and emigration were provided by the Norwegian National Registry 

(155) with approval from the Norwegian Data Protection Authority. Pedersen et al. 

found the information on deaths in Norway to be near 100% (156). 

 



 32 

3.5. Statistics 

The Pearson chi-square test was used for comparison of categorical variables and the 

independent t-test (Student’s test) was used to compare mean values in continuous 

variables in independent groups in all articles. In Paper I, when measuring PROMs 

data, p-values were calculated with general linear models (GLM) adjusted for 

comorbidity (ASA class), cognitive function, and fixation of prosthesis. To evaluate 

the patients’ walking ability, the first dimension of EQ-5D-3L, describing mobility 

problems, was explored. Adjustments for differences in fixation technique between 

the two approaches could not be performed, as walking ability was a categorical 

variable. Therefore, separate analyses were performed for uncemented and cemented 

prostheses. 

In Papers I and III, prosthesis survival and mortality were calculated with the 

Kaplan-Meier method. In all papers, the Cox regression model was used to calculate 

hazard risk ratios (HRRs) for reoperation and mortality with adjustments for age, 

gender, comorbidity (ASA class), cognitive function, surgical approach, and duration 

of surgery. Patients without reoperations were censored at time of death, time of 

emigration, or at end of inclusion. As death was a potential competing risk that may 

have influenced the accumulated probability for reoperation, regression analyses for 

competing risk were performed in all papers. The Fine and Gray regression model for 

the sub-hazard was applied (157). These results were compared with the results of the 

Cox proportional hazards regression model, and no important differences between the 

analyses were identified. Accordingly, we present results from the Cox model in our 

studies. Data were presented using a Cox model in line with a recently published 

recommendation on estimating relative revision risk from arthroplasty register data 

(158). 

Additional analyses for patients operated bilaterally were not performed, due to a 

previous study that showed that adjusting for bilateral surgery would only have a 

negligible influence on the results (159).  
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The significance level was set to 0.05. The statistical analyses were performed in the 

statistical package IBM SPSS Statistics Version 21 in Paper I and 24 in Papers II 

and III (IBM Corp., Armonk, NY, USA) and the statistical package R 

(http://CRAN.R-project.org). 

 

  

http://cran.r-project.org/


 34 

4. Summary of Papers I-III 

4.1. Paper I: 

Posterior approach compared to direct lateral approach resulted in better 

patient-reported outcome after hemiarthroplasty for femoral neck fracture  

Kristensen TB, Vinje T, Havelin LI, Engesaeter LB, Gjertsen JE. Acta Orthop 2017; 

88 (1): 29-34. 

Background The direct lateral approach (DLA) and the posterior approach (PA) are 

the most commonly used surgical approaches in Norway. Based on data from the 

Norwegian Hip Fracture Register (NHFR), we compared the results in terms of 

patient reported outcome measures (PROMs) and reoperation rate after 

hemiarthroplasty (HA) with DLA and PA.  

Patients and methods HAs due to femoral neck fracture (FNF) in patients aged 60 

years and older from the NHFR (2005-2014) were included. A total of 18,918 

procedures were reported with DLA and 1,990 with PA. PROMs data (patient 

satisfaction, pain, quality of life (EQ-VAS and EQ-5D with walking ability)) were 

reported 4, 12, and 36 months postoperatively. The Cox regression model was used to 

calculate the hazard risk ratio (HRR) of reoperation. 

Results There were statistically significant differences in PROMs data with less pain, 

better satisfaction, and better quality of life after surgery with PA than after surgery 

with DLA (Table 1). There was no difference in risk of reoperation between DLA 

and PA (HRR 1.2; 95% CI 0.9-1.4; P = 0.2). 

Conclusion Patients operated with HA for hip fracture using a PA reported less pain, 

better patient satisfaction, better quality of life and fewer walking problems than 

patients undergoing surgery with a DLA. No difference in the risk of reoperation 

between the approaches was found.   
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Table 1: Patient reported outcome measures. Results are presented as mean values and as mean 

differences between direct lateral approach (DLA) and posterior approach (PA) at the different 

follow-ups. Table from the original article in Acta Orthopaedica. 
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4.2. Paper II:   

Cemented or uncemented hemiarthroplasty for femoral neck fracture? Data 

from the Norwegian hip fracture register 

Kristensen TB, Dybvik E, Kristoffersen M, Dale H, Furnes O, Engesaeter LB, 

Gjertsen JE. Clin Orthop and Relat Res (2019) June 06, 2019 - Volume Published 

Ahead of Print - Issue - p doi: 10.1097/CORR.0000000000000826 

Background Previous literature and national guidelines have recommended 

cemented fixation in arthroplasty for hip fracture in older patients, but these 

guidelines are inconsistently followed. 

The purpose of this study was to compare the results of cemented and uncemented 

hemiarthroplasties (HAs) using the data in the Norwegian Hip Fracture Register 

(NHFR) regarding the risk of reoperation, the mortality rate, and patient reported 

outcome measures (PROMs). 

Patients and methods Data from the NHFR with high completeness (93%) and near 

100% information on deaths were used. From 2005 to 2017, 104,993 hip fractures 

were reported to the register. Fractures other than intracapsular femoral neck fractures 

and operative methods other than bipolar HA, such as osteosynthesis or total hip 

arthroplasty, were excluded. A total of 7,539 uncemented HAs (70% women, mean 

age 84 years [SD 6 years]) and 22,639 cemented HAs (72% women, mean age 84 

years [SD 6 years]) were eligible for analysis. Hazard risk ratios (HRRs) on 

reoperation and mortality were calculated in a Cox regression model adjusted for age, 

sex, comorbidities (ASA class), cognitive function, surgical approach, and duration of 

surgery. At 12 months postoperatively, 65% of patients answered questionnaires 

regarding pain and quality of life, the results of which were compared between the 

fixation groups. 

Results A higher overall risk of reoperation for any reason was found after 

uncemented HA (HRR 1.5; 95% CI 1.4-1.7; p < 0.001) compared to cemented HA 

(Fig. 7). When assessing reoperations for specific causes, higher risks of reoperation 

because of PPF (HRR 5.1; 95% CI 3.5-7.5; p < 0.001) and infection (HRR 1.2; 95% 
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CI 1.0-1.5; p = 0.037) were found for uncemented HA than cemented HA. No 

differences were found in the overall mortality rate after one year (HRR 1.0; 95% CI 

0.9-1.0; p = 0.12). The type of fixation was not associated with differences in 

patients’ pain (19 versus 20 for uncemented and cemented HAs respectively, p = 

0.052) or quality of life (EQ-VAS score 64 versus 64, p = 0.43, EQ5D index score 

0.64 versus 0.63, p = 0.061) one year after surgery.  

Conclusion Our study found a higher overall risk of reoperation for uncemented than 

cemented HA, but no differences in pain, quality of life, or one-year mortality rate. 

Uncemented HAs are not recommended in the treatment of elderly patients with hip 

fractures because of the increased risk of reoperation. 

 

 

Fig. 7: Cox regression curve for prosthesis survival after uncemented and cemented HAs, with 

adjustments for age, sex, comorbidities (ASA class), cognitive function, surgical approach, and 

duration of surgery. 
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4.3. Paper III:  

More reoperations for periprosthetic fracture after cemented hemiarthroplasty 

with polished taper-slip stems than after anatomical and straight stems in the 

treatment of hip fractures  

Kristensen TB, Dybvik E, Furnes O, Engesaeter LB, Gjertsen JE. Bone Joint J. 2018 

Dec;100-B(12):1565-1571.  

Background Different designs of implant are used in cemented hemiarthroplasty 

(HA) operations. Polished taper-slip (TS) wedge-shaped implants have been designed 

to subside inside the cement mantle to achieve an even load bearing while anatomical 

and straight stems with matt finish have been designed to be fixed in the cement 

mantle based on the composite-beam (CB) principle. The aim of this large register-

based observational study was to compare mid-term survival rates of cemented 

femoral stems of different designs used in HAs for femoral neck fracture (FNF) in 

older patients. 

Patients and methods From the Norwegian Hip Fracture Register (NHFR) 20,529 

primary cemented HAs for FNF in patients aged 70 years or older treated in 2005-

2016 were included in this prospective observational study. Polished TS stems 

(n=12,064) (the Exeter and CPT prostheses), straight CB stems (n=5,543) (the 

Charnley, Charnley Modular, and Spectron EF prostheses), and anatomic CB stems 

(n=2,922) (the Lubinus SP2 prosthesis) were included. Prosthesis survival was 

calculated using the Kaplan-Meier (KM) method and hazard risk ratios (HRRs) for 

reoperation risk were calculated with Cox regression analysis.  

Results Better survival for the straight CB stems (HRR 0.7; 95% CI 0.6-0.8; p < 

0.001) and anatomic CB stems (HRR 0.7; 95% CI 0.6-0.9; p = 0.010) than for the 

polished TS stems was found (Fig. 8). When analysing stem brands, HRR for 

reoperation after one year was statistically significantly lower for the Lubinus SPII 

(HRR 0.8; 95% CI 0.6-1.0), Charnley (HRR 0.6; 95% CI 0.5-0.9), and Spectron EF 

stems (HRR 0.4; 95% CI 0.3-0.7) than for the Exeter stem. Reoperation due to 
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periprosthetic fracture (PPF) occurred almost exclusively after surgery with polished 

TS stems. 

Conclusion Prosthesis survival after cemented HAs for hip fractures is high. 

Differences in reoperation rates seem to favour anatomic and straight CB stems over 

polished TS stems, which had a higher risk of PPF. 

 

 

 

Fig. 8: Cox regression curves by design of stem. TS: taper-slip, CB: composite-beam, with 

adjustments for age, sex, comorbidities (ASA class), cognitive function, surgical approach, and 

duration of surgery. 
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4.4. Combination of Papers II and III  

The results from Paper II and Paper III can be combined to better illustrate which 

prosthesis stem yields less risk of reoperation. Figure 9 shows a curve with the 

uncemented stems from Paper II, combined with cemented stems from Paper III. 

The Cox regression curve is adjusted for the same factors as in Paper III. In the 

figure, the cemented straight and anatomic stems performed best, the cemented 

polished tapered stem had a medium performance, while the uncemented stems 

performed worst. The curves clearly show the superior results of all cemented stems, 

irrespective of design, compared to uncemented stems.  

 

 

Fig. 9: Cox regression curves for reoperations for uncemented stems and different cemented stem 

designs, with adjustments for age, sex, comorbidities (ASA class), cognitive function, surgical 

approach, and duration of surgery. 
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5. Discussion  

 

5.1. Methodological considerations in register studies 

Register research in the form of prospective observational studies is valuable in 

orthopaedic surgery (160). Observational studies are crucial when rare outcomes are 

evaluated and can be used to supplement the literature when performing an RCT is 

unethical or unfeasible. Understanding the strengths and limitations of register studies 

is, however, important.  

5.1.1. Strengths of register studies 

Register-based research has several strengths. First, register-based studies often have 

a large sample size and, accordingly, high statistical power. This enables studies of 

rare exposure and several outcomes. A large sample size also facilitates finding 

significant results earlier than in an RCT (161).  

Second, in register-based studies data already exist, which makes data collection 

faster and less expensive to conduct (162, 163).  

Third, registers are typically complete as far as the persons in the target population 

are concerned (162, 163) which ensures representativeness and studies of associations 

in the real world. As an example, a national register study reflects a broad sample of 

practice across an entire country, which gives the study high generalizability (external 

validity). The results are also likely to generalize well to practice in other countries. 

Since HA surgery is performed in 54 hospitals in Norway, a national register reflects 

the results from an average surgeon at an average hospital.  

Fourth, the completeness of a register minimizes the effect of selection bias due to 

non-response and loss to follow up, as the oldest and frailest hip fracture patients 

would be at risk of not volunteering for a randomized study.  

Fifth, it is a strength that the data have been collected independently of a study. As 

the use of an HA implant is usually regulated by tender processes in Norway, in each 
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hospital or ward, and not by the individual surgeon, this reduces the risk of selection 

bias. The fact that the information is collected prospectively, often before the project, 

reduces recall bias and influence of the diagnostic process determined by the study. 

Sixth, in a prospective cohort, valuable time has passed; some complications after 

surgery manifest themselves many years after exposure and registers are especially 

valuable when studying complications with a long latency period.  

A seventh strength in registers is the possibility to adjust for some possible 

confounders available in the register in risk analysis, such as age, gender, 

comorbidity, surgical approach and presence of cognitive impairment (162, 163). 

5.1.2. Limitations of register studies 

Register-based research has several important limitations that have to be taken into 

account when results are interpreted. First, data selection and quality in a register 

study are defined by the register and not controlled by the researcher, which could 

lead to a risk of selection bias and unrecognized confounders (164). Potential 

confounders not registered in the NHFR, such as smoking, drug abuse, medications, 

BMI, social and economic status, rehabilitation, surgeon’s preferred choice of 

treatment and hospital routines could possibly affect bone quality, surgical method, 

implant choice, and complications after surgery. The possibility to adjust for these 

confounders is limited by the data available in the database. Not adjusting for 

important confounders could affect the results. This limitation, together with the fact 

that register-based studies often have great statistical power to detect small effect 

sizes, makes register-based studies prone to confounding and results must be 

interpreted with caution (165). When significant relationships are identified in 

observational studies, these are sometimes assumed to indicate causality. Because of 

the potential risk of confounders in observational studies, they cannot prove that an 

association reflects cause and effect (166). Results in observational studies are 

usually described as associations between the aim and the outcome. Advanced 

analytical techniques such as propensity score methods, introduced by Rosenbaum 

and Rubin (167) are one suggested way to control for treatment selection and 
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confounding in observational studies and have recently gained popularity in 

orthopaedic research (168). However, these methods do not control for unobserved 

variables, and accordingly, unmeasured confounding may still be present and cannot 

be equated with the quality of an RCT (169, 170).  

Second, outcome measures in register studies are limited to the endpoints available in 

the database. One typical endpoint in HA studies is reoperation linked to primary 

surgery, using the patient’s identification number. However, as an example, low-

grade infections in old and frail patients may be treated with antibiotic suppression 

only, without reoperation, and still have an unsatisfactory pain outcome.  

Third, collecting PROMs could require many reminders for patients to maintain a 

good response rate in trials. In a register, due to many patients and lack of resources, 

it may be difficult to get as high a response rate as in many randomized trials. An 

earlier study from the Norwegian register found that non-responders were older, more 

cognitively impaired, and had a higher degree of comorbidity (31).  

Fourth, evaluation and validation of data quality is often difficult and a gold standard 

is difficult to establish (162). Data in the NHFR have been validated against the NPR 

(153). High registration completeness of 94% was found for primary 

hemiarthroplasties in 2015-2016. However, one Norwegian study has reported that 

re-hospitalizations due to sequelae after hip fractures might be registered in the NPR 

as acute hip fractures (171). In that study, an overestimation of 14% was found when 

comparing with electronic patient records from three hospitals. A study from the 

Public Health Common Dataset in the UK found a similar overestimation for hip 

fractures (172). Registration completeness for reoperations after HA surgery, 

validated against the NPR, has been found to be 66%, which is worse than for 

primary surgery. Imprecise coding and coding errors are more challenging in 

reoperations reported to the NPR and might explain this. However, there is no reason 

to believe there is selected underreporting of reoperations following one type of 

prosthesis or one surgical approach. Validation studies on reoperations reported to the 

NHFR against medical records are ongoing.  
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Fifth, the large number of available data may lead to dredging and a misleading post 

hoc analysis (163). This can be avoided with good planning.  

Finally, in register studies with a high number of patients, even small differences may 

become statistically significant, without necessarily being clinically significant. This 

is important to be aware of when interpreting results regarding reoperations, mortality 

and PROMs from register-based studies.   

The use of standard reporting guidelines for observational studies, such as the 

statements of “STrengthening the Reporting of OBservational studies in 

Epidemiology (STROBE)” (173) and the “REporting of studies Conducted using 

Observational Routinely-collected health Data (RECORD)” (174) have been 

proposed to provide researchers with the minimum reporting requirements needed to 

adequately convey the methods and results of their research. Our studies were 

performed in accordance with the STROBE statement. 

5.1.3. Register-based studies compared with RCTs 

Randomized controlled trials (RCTs) are the gold standard and represent the strongest 

level of evidence when evaluating clinical research (175). In hip fracture surgery, the 

differences between treatment modalities may be considerable and RCTs may 

provide significant results favouring one surgical approach or implant. This is 

especially because the randomization process in these studies allows for reducing the 

chances of bias and confounding. As an example, Frihagen et al. published a  

randomized controlled study in 2007 (38) on 222 patients with FNF treated with 

either internal fixation or bipolar HA which changed practice, especially in Norway, 

to more use of HAs instead of internal fixation for FNF. However, it has been shown 

that observational studies can give results similar to those of RCTs if potential 

selection bias and confounding factors are adjusted for (175, 176).   

RCTs have also some limitations. They are time-consuming, require extensive work 

by the researchers, and are expensive to conduct. In the field of hip fracture surgery 

there is a high number of implants and treatment methods available. Since an RCT 

can only address one or two primary outcomes, a very large number of studies would 
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be necessary. Randomized studies may also fail to detect even large (and clinically 

important) between-group differences owing to limited power, especially those 

pertaining to less common but still important complications. Since hip fracture 

patients are usually old and frail, there is a risk that only the healthiest patients would 

volunteer for a randomized study, and they would not be generalizable to the typical 

hip fracture population.  

In our view, large register studies should not compete with, but supplement, the 

literature in addition to RCTs when evidence is sought to give hip fracture patients 

optimal treatment. 

5.1.4. Patient reported outcome measures (PROMs) in registers 

Measuring patient-reported outcomes has provided important information about 

outcomes that matter to patients. One example is the change from DLA to PA in 

THAs in Norway. DLA was until recently the most frequently used surgical approach 

in Norway (20). One explanation for this was the fear of dislocation when using PA. 

Then, an article by Amlie et al. (2014) showed better PROMs after PA in THAs than 

after DLA (96). These results, combined with the development and introduction of 

highly cross-linked polyethylene, which enables an increase in the head size of the 

prostheses and thereby a decrease in dislocation rates, have led to a change of 

practice in Norway. The annual report from the NAR describes more use of PA at the 

expense of DLA in recent years. The use of PROMs is therefore an important 

supplement to the more common endpoint of reoperation. 

The International Society of Arthroplasty Registries (ISAR) Patient-Reported 

Outcome Measures (PROMs) Working Group was established to convene, evaluate, 

and advise on best practice when using PROMs (177). They published their first 

report in 2016 (177). This report had not been published when Paper I was written, 

but was used as a guideline in Paper II. When evaluating PROMs, the issues of 

minimal clinically important difference (MCID) and patient acceptable symptomatic 

state (PASS) should be taken into consideration to give PROMs a more clinically 

relevant meaning. MCID is defined as the smallest change in a treatment outcome 

that a patient would identify as important (178). PASS is defined as the highest level 
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of symptom beyond which patients consider themselves well (179). Thus, there is no 

standard MCID or PASS because these issues are specific to different PROMs, 

conditions, and populations (177). As far as we know, MCID or PASS criteria for 

patients operated for hip fractures have not been established for the PROMs we used. 

In Paper 2, instead of using an unknown PASS value, we compared the proportion of 

patients in each group reaching the preoperative EQ-5D score one year 

postoperatively as a threshold for a good surgical outcome. 

 

5.2. Discussion of results 

 

5.2.1. Paper I 

In Paper I, patients operated with PA had better patient-reported outcomes after HA 

for FNF, when compared to DLA.  

The results of PROMs data in Paper I are in line with two earlier register-based 

studies (96, 180) and a recent RCT (181) on THAs showing inferior PROMs with 

DLA (181) than with PA. In contrast, Mukka et al. found no difference in Harris hip 

score (HHS) or pain between DLA and PA in an observational study on 185 HAs for 

FNF (91). In a letter to the editor of Acta Orthopaedica, Rogmark (182) (Appendix 

III) questioned our conclusions on patient-reported outcomes based on the fact that 

the response rate of 50% in our study was rather low. At the time of this study, no 

guidelines on how to present PROMs from registers existed. Our results may 

represent the replies from a relatively healthy and cognitively fit group of patients. 

These patients probably also have higher functional demands and, accordingly, they 

will profit most from a PA. The estimated healthy and cognitively fit group of 

patients that were able to respond to the questionnaires at postoperative follow-up 

examinations may also not be the ones at risk of dislocation. When interpreting 

PROMs, it is also important to take MCID and PASS into consideration. Dr 

Söderlund wrote a letter to Acta Orthopaedica with comments on these issues (183)  

(Appendix IV). The MCID or PASS criteria in PROMs for patients operated for hip 
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fracture have, to our knowledge, not yet been established. This could be an important 

research task for the future.   

Our data showed no statistically significant difference in risk of reoperation between 

the DLA and the PA. However, it is important to have possible underreporting of 

reoperations in mind when interpreting our results. The two groups compared were 

different with respect to the number of patients (1:10). This increases the risk of type 

II error (i.e. failure to reject a false null hypothesis). The skewed distribution in 

surgical approaches and fixation techniques is difficult to correct for because there 

was no randomization of the patients to one of the two approaches. Accordingly, if 

the posterior group had been larger there might have been a greater risk of dislocation 

and an increased reoperation rate in that group, as reported in several other studies 

(90, 92, 184). The phrase “seems like a safe procedure” in our conclusion could 

probably have been toned down.  

To conclude, the decision on which surgical approach to use is not straightforward. 

Our data represent the average nationwide results for both reoperations and functional 

outcome and must of course also be balanced with other available studies to 

determine the true risk of reoperation and dislocation after different surgical 

approaches.  

On the other hand, evidence today supports the use of THA in femoral neck fractures 

to reduce pain, and to give better function and mobility in patients who were 

reasonably independent and functional prior to surgery (67-69, 71, 185). One recent 

study using the PA shows better HHS and less dislocation after one and three years 

for older patients operated for FNF treated with THA with dual mobility cups 

compared with HA (185). Our study could lend support to the decision to use THA in 

patients with good function prior to injury, through a PA, and by using a dual-

mobility cup to reduce the risk of dislocation (67, 185).    
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5.2.2. Paper II 

In Paper II, after controlling for relevant confounding variables, our large register-

based study showed a higher risk of reoperation, no differences in overall one-year 

mortality and similar PROMs for uncemented HA compared to cemented HA. 

Our results for reoperations are supported by previous literature. Two meta-analyses 

of RCTs comparing cemented and uncemented HAs (186, 187) and several 

observational studies (107, 140, 188, 189) have reported more reoperations due to 

mechanical issues such as PPF and dislocation after uncemented HAs. However, in 

our study we found a total HRR of 1.5 for reoperations with uncemented HAs, which 

is lower than in an earlier study from the NHFR which showed an HRR of 2.1 (107). 

In Paper III, we compared different stem designs and found more reoperations after 

HAs with polished tapered stems than with matt straight and anatomic stems. The 

increased proportion of polished tapered stems used in later years in our material 

could explain why HRR was lower in Paper II. We also found a higher risk of 

infection after uncemented HA than after cemented HA. One possible explanation for 

more infections in the uncemented group could be that antibiotic-loaded bone cement, 

which protects against postoperative infection, is used in nearly all cemented HAs in 

Norway (20). 

Even though overall mortality after one year is similar, our results concur with other 

studies, suggesting increased perioperative and early postoperative mortality after 

cemented fixation (107, 140-142). The BCIS could be a possible explanation (133, 

134). A paper by Pripp et al. concluded that about half of deaths within the first day 

of surgery could be associated with the use of bone cement (190). Although the 

overall one-year mortality was not associated with any difference in mortality, we 

believe that increased mortality within one day of surgery should be addressed. HA 

surgery is performed on a large scale, by both residents and consultant surgeons, at all 

hours (2), in a very high number of hospitals around the world. Since uncemented 

stems clearly have increased reoperation rates, and the existing literature describes 

one-year mortality of up to 50% for the most important reasons for reoperation (16, 

17, 125), an uncemented stem is probably not the solution. Also, if inexperienced 
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surgeons should perform HAs with uncemented stems on the patients with the highest 

risks, and probably the most osteoporotic bone structure, this would probably lead to 

even higher rates of intraoperative and postoperative PPFs. Cementing techniques to 

decrease the rate of fat embolism have been described, such as cleaning the femoral 

canal with high-pressure lavage before cementation (191), using a suction catheter, 

and retrograde cementation (141). The recently published safety guidelines of the 

Association of Anaesthetists of Great Britain and Ireland (192) should be followed 

when using cemented HA for hip fracture. If a high-risk patient is frail during 

anaesthesia, with a chance that he or she will not survive cementation, other treatment 

options could be possible. In these settings, good clinical judgement should be used, 

and there could be a place for an uncemented fixation or osteosynthesis, in a life-

saving setting, for some very few patients.  

In our large group of patients, similar results in PROMs could be found when 

comparing uncemented and cemented HAs, suggesting that the type of fixation does 

not affect patients’ quality of life when contemporary HAs are used. One systematic 

review and one Cochrane review have reported less pain and better function after 

cemented HA than uncemented HA (193, 194). Most uncemented implants in these 

reviews are, however, no longer in use, and the results may not be valid for the 

prostheses in use today. One RCT study from 2014 with five-year follow-up 

comparing cemented and uncemented HAs found better Harris hip score after 

uncemented HA (195), but no difference in the EQ-5D index score.  

Our study, with large numbers, strong methods, and high generalizability, adds 

important information to existing knowledge (107, 108, 140, 186-188) and national 

guidelines (66, 111-113), and might be used in decision- making processes to 

convince more surgeons to choose cemented stems. 

5.2.3. Paper III 

In Paper III, the results showed that design of the stem significantly influenced the 

surgical outcome. The polished tapered stems with the TS principle had a higher risk 

of reoperation than straight and anatomic stems with the CB principle. The most 
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common reason for reoperation was infection followed by luxation and PPF. PPF 

occurred almost exclusively after HA with polished TS stems.  

A large review study by Carli et al. published in 2017 (121) investigated 596 studies 

on PPF after THAs. They found four studies reporting higher incidence of PPF with 

the Exeter stem and concluded that there was a need for register studies to enhance 

knowledge. 

In that context, our register study on HAs supported these findings with an almost 

tenfold increased risk of PPF with the polished TS stems than with the straight and 

anatomic CB stems. Yet in our material PPFs occurred after only 0.2% of the 

operations. Is this rather rare complication of clinical interest? It probably is. HA 

surgery is performed on a large scale around the world. Other studies have reported 

the incidence of PPF to be 0-4%. Clinical observational studies (117, 196, 197) have 

a tendency to report higher incidence of rare complications than register studies (85, 

118, 198). An underreporting of reoperations due to PPFs may be present in this 

register-based study, maybe especially in those cases where the prosthesis is retained 

and the fracture is treated with osteosynthesis, as are most of the Vancouver C 

fractures. A recent large register study from the Swedish Hip Arthroplasty Register 

on THAs found a ten times higher risk of Vancouver B fractures but no statistical 

difference for Vancouver C fractures between the anatomic Lubinus SP2 and 

polished tapered Exeter stem (132). This study supports the notion that 

underreporting of Vancouver C fractures would probably not affect the results in 

Paper III. If there is underreporting, a selected underreporting of reoperations after 

only one prosthesis type is unlikely, and the problem of PPF may be even greater in 

real life. The PPF incidence in the NHFR should be validated by evaluating medical 

records at representative hospitals.  

Even though our paper focused on the rare PPFs, the most common reason for 

reoperation was infection followed by luxation. We have no good explanation as to 

why polished TS stems had a higher incidence of infection. Each stem was used in 

several hospitals, which decreases the risk that local procedures or environmental 
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factors influenced the results significantly. Some stems were, however, used in few 

hospitals and small differences in the rate of infection could be attributed to the 

environment of these units. Further investigation on this area is needed.  

In Norway, each hospital decides which implant to use during a tender process. 

Consequently, many hospitals started to use the CPT implant with TS design in the 

last year of the study period of Paper III. This implant seems to perform alarmingly 

worse than the others. When introducing a new implant there will always be a 

learning curve, which could explain a higher reoperation rate at first. However, we 

believe that the poor results call for a discussion of the role of the tender process in 

forcing hospitals to use an implant that is indicated to be inferior in Paper III.    
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6. Conclusions 

 

Paper I: 

- A posterior approach in HA patients was associated with better patient reported 

outcome measures, including less pain, higher satisfaction and better quality of life, 

when compared with a direct lateral approach.  

- A greater proportion of patients reported “no walking problems” after surgery with 

a posterior approach than with a direct lateral approach.  

- No difference in reoperation rate was found between direct lateral and posterior 

approaches to the hip.  

Paper II: 

- A higher risk of reoperation was found after uncemented hemiarthroplasty 

compared with cemented hemiarthroplasty for femoral neck fracture.  

- No difference was found in overall one-year mortality between uncemented and 

cemented fixation, but a higher risk of early mortality on the day of surgery and the 

day after surgery was found with cemented fixation. 

- No difference in patient reported outcome measures between uncemented and 

cemented hemiarthroplasties was found.  

Paper III:  

- A polished taper-slip stem was associated with a higher risk of reoperation than a 

straight or anatomic composite-beam stem in cemented hemiarthroplasty for femoral 

neck fracture.  

- Periprosthetic fracture occurred almost exclusively after polished taper-slip stems.  

  



 53 

7. Future research 

 

7.1. Anterior versus direct lateral versus posterior approach  

Several articles suggest that the anterior approaches (AAs) to the hip are a safe 

procedure with comparable outcome and superior early functional mobility compared 

to the direct lateral approach (DLA) and posterior approach (PA) (99-101, 199). A 

future study from the NHFR could compare the DLA and PA with the AAs. This 

study would include more patients than Paper I, and add more power to the results. 

Probably there would also be a skewed distribution of patients with most in the DLA 

group. To counteract the skewness, the anterior and anterolateral approaches could be 

combined in one muscle-sparing group, and a propensity score matching of patients 

could be performed before comparing PROMs results.    

 

7.2. Reduce risk of bone cement implantation syndrome (BCIS) 

In 1984, Engesæter et al. (200) found reduced intramedullary pressure when drilling a 

distal venting hole in the femur prior to cementation. A German article from 1995 has 

also described this procedure (201). These studies have, to our knowledge, not been 

reproduced and could encourage further investigations on preventing the BCIS. 

Our hip fracture register does not yet include information on suggested procedures to 

decrease the pressure when cementing, such as cleaning the femoral canal with high 

pressure lavage, reducing the size of the final implant to that of the last reamer, good 

communication with anaesthetists, and retrograde cementation. If this happens, it 

would provide an opportunity to assess whether these procedures prevent this rare 

complication.  

7.3. Mechanical studies comparing the taper-slip and composite-beam 

principles 

Few studies have investigated biomechanical failure modes. No studies, to our 

knowledge, have compared the TS and CB principles. One study by Ginsel et al. 
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compared TS-designed Exeter stems with identical length and offset, but with 

different cross-section size (202), and found large stems to be more resistant to torque 

forces for fracture. The wedge polished TS design facilitates a thicker cement mantle 

around the tip of the stem than the straight and anatomic CB-designed stems. 

Osteoporotic bone structure is generally accepted as a risk factor for PFF (203-205). 

A thick cement mantle and more osteoporotic bone structure in hip fracture patients 

could be an unfortunate combination. The CB principle with anatomic and straight 

stems may be more resistant to torque forces. This could be one explanation for fewer 

PPFs in Paper III. A biomechanical fracture model study comparing TS and CB 

principles could be interesting and might provide new knowledge.  

The NHFR does not allow for the examination of x-rays. Investigating x-rays of TS 

stems reoperated for fracture, to look for factors like malposition or thick/thin cement 

mantle, could also be valuable and encourage further biomechanical studies.  

7.4. Hemiarthroplasty versus total hip arthroplasty 

Several articles suggest the use of THA instead of HA in displaced FNF patients, to 

reduce pain and enhance function and mobility (67-69, 71, 185). If dislocation can be 

prevented by using a dual-mobility cup (67, 185), why should not more hip fracture 

patients receive a THA? Observational or register studies on this research question 

would probably involve selection bias, where the healthiest, most active patients 

received a THA and the frailest patients received an HA, which would lead to the 

results being questioned. In an RCT, there is a risk that the healthiest patients would 

volunteer for the study, and they would not be generalizable to the typical hip fracture 

population.  

To provide a solution to this, the best method could be to perform a register-based 

RCT (206). By using randomization in the framework of an existing clinical register 

to allocate treatment, it would be possible to follow the included patients within the 

collected register endpoints. This would result in low-cost and pragmatic prospective 

randomized trials that could prove causality with strong external validity. 



 55 

8. References 

 

1. Cornell CN. Guest Editorial: An Appeal for Evidenced-based Care and Adoption of Best Practices in 
the Management of Displaced Femoral Neck Fractures. Clinical Orthopaedics and Related Research 
2019;477(5):913-6. 

2. Authen AL, Dybvik E, Furnes O, Gjertsen JE. Surgeon's experience level and risk of reoperation after 
hip fracture surgery: an observational study on 30,945 patients in the Norwegian Hip Fracture 
Register 2011-2015. Acta Orthopaedica. 2018;89(5):496-502. 

3. Pincus D, Ravi B, Wasserstein D, Huang A, Paterson JM, Nathens AB, et al. Association Between Wait 
Time and 30-Day Mortality in Adults Undergoing Hip Fracture Surgery. JAMA. 2017;318(20):1994-
2003. 

4. Nyholm AM, Gromov K, Palm H, Brix M, Kallemose T, Troelsen A. Time to Surgery Is Associated with 
Thirty-Day and Ninety-Day Mortality After Proximal Femoral Fracture: A Retrospective Observational 
Study on Prospectively Collected Data from the Danish Fracture Database Collaborators. J Bone Joint 
Surg Am. 2015;97(16):1333-9. 

5. Dunn RH, Ahn J, Bernstein J. End-of-life Care Planning and Fragility Fractures of the Hip: Are We 
Missing a Valuable Opportunity? Clinical orthopaedics and related research. 2016;474(7):1736-9. 

6. Bentler SE, Liu L, Obrizan M, Cook EA, Wright KB, Geweke JF, et al. The aftermath of hip fracture: 
discharge placement, functional status change, and mortality. American journal of epidemiology. 
2009;170(10):1290-9. 

7. van den Bekerom MPJ, Sierevelt IN, Bonke H, Raaymakers ELFB. The natural history of the 
hemiarthroplasty for displaced intracapsular femoral neck fractures. Acta orthopaedica. 
2013;84(6):555-60. 

8. Gjertsen JE, Engesaeter LB, Furnes O, Havelin LI, Steindal K, Vinje T, et al. The Norwegian Hip Fracture 
Register: experiences after the first 2 years and 15,576 reported operations. Acta orthopaedica. 
2008;79(5):583-93. 

9. Bertram M, Norman R, Kemp L, Vos T. Review of the long-term disability associated with hip 
fractures. Injury prevention : journal of the International Society for Child and Adolescent Injury 
Prevention. 2011;17(6):365-70. 

10. Prestmo A, Hagen G, Sletvold O, Helbostad JL, Thingstad P, Taraldsen K, et al. Comprehensive 
geriatric care for patients with hip fractures: a prospective, randomised, controlled trial. Lancet 
(London, England). 2015;385(9978):1623-33. 

11. Hektoen. Kostnader ved hoftebrudd hos eldre. 2014; [Available from: 
https://skriftserien.hioa.no/index.php/skriftserien/article/view/18. 

12. Gill JR, Kiliyanpilakkill B, Parker MJ. Management and outcome of the dislocated hip 
hemiarthroplasty. The bone & joint journal. 2018;100-b(12):1618-25. 

13. Sierra RJ, Cabanela ME. Conversion of failed hip hemiarthroplasties after femoral neck fractures. 
Clinical orthopaedics and related research. 2002(399):129-39. 

14. Figved W, Dybvik E, Frihagen F, Furnes O, Madsen JE, Havelin LI, et al. Conversion from failed 
hemiarthroplasty to total hip arthroplasty: a Norwegian Arthroplasty Register analysis of 595 hips 
with previous femoral neck fractures. Acta orthopaedica. 2007;78(6):711-8. 

15. Odumala AO, Iqbal MR, Middleton RG. Failure of closed reduction after dislocation of Austin Moore 
hemiarthroplasty: an analysis of risk factors a 6-year follow-up study. The Journal of arthroplasty. 
2010;25(5):781-4. 

16. Suarez-Huerta M, Roces-Fernandez A, Mencia-Barrio R, Alonso-Barrio JA, Ramos-Pascua LR. 
Periprosthetic femoral fractures after hemiarthroplasty. An analysis of 17 cases. Revista espanola de 
cirugia ortopedica y traumatologia. 2015;59(5):333-42. 

17. Blewitt N, Mortimore S. Outcome of dislocation after hemiarthroplasty for fractured neck of the 
femur. Injury. 1992;23(5):320-2. 

18. Cooper C, Cole ZA, Holroyd CR, Earl SC, Harvey NC, Dennison EM, et al. Secular trends in the 
incidence of hip and other osteoporotic fractures. Osteoporosis international : a journal established 
as result of cooperation between the European Foundation for Osteoporosis and the National 
Osteoporosis Foundation of the USA. 2011;22(5):1277-88. 

https://skriftserien.hioa.no/index.php/skriftserien/article/view/18


 56 

19. Kanis JA, Odén A, McCloskey EV, Johansson H, Wahl DA, Cooper C, et al. A systematic review of hip 
fracture incidence and probability of fracture worldwide. Osteoporosis International. 
2012;23(9):2239-56. 

20. Norwegian National Advisory Unit on Arthroplasty and Hip Fractures. The Norwegian Arthroplasty 
Register. Report, June 2018. [Available from: 
http://nrlweb.ihelse.net/eng/Rapporter/Report2018_english.pdf. 

21. Kanis JA, McCloskey EV, Johansson H, Oden A, Melton LJ, 3rd, Khaltaev N. A reference standard for 
the description of osteoporosis. Bone. 2008;42(3):467-75. 

22. Bagger YZ, Tanko LB, Alexandersen P, Hansen HB, Qin G, Christiansen C. The long-term predictive 
value of bone mineral density measurements for fracture risk is independent of the site of 
measurement and the age at diagnosis: results from the Prospective Epidemiological Risk Factors 
study. Osteoporosis international : a journal established as result of cooperation between the 
European Foundation for Osteoporosis and the National Osteoporosis Foundation of the USA. 
2006;17(3):471-7. 

23. Ziere G, Dieleman JP, Hofman A, Pols HA, van der Cammen TJ, Stricker BH. Polypharmacy and falls in 
the middle age and elderly population. British journal of clinical pharmacology. 2006;61(2):218-23. 

24. Tinetti ME, Kumar C. The patient who falls: "It's always a trade-off". Jama. 2010;303(3):258-66. 
25. Simpson AH, Lamb S, Roberts PJ, Gardner TN, Evans JG. Does the type of flooring affect the risk of hip 

fracture? Age and ageing. 2004;33(3):242-6. 
26. Dias JJ. An analysis of the nature of injury in fractures of the neck of the femur. Age and ageing. 

1987;16(6):373-7. 
27. Grisso JA, Kelsey JL, Strom BL, Chiu GY, Maislin G, O'Brien LA, et al. Risk factors for falls as a cause of 

hip fracture in women. The Northeast Hip Fracture Study Group. The New England journal of 
medicine. 1991;324(19):1326-31. 

28. Byrne D, J. Mulhall K, Baker J. Anatomy & Biomechanics of the Hip. The Open Sports Medicine Journal 

2010. 
29. Parker MJ, Gurusamy K. Internal fixation versus arthroplasty for intracapsular proximal femoral 

fractures in adults. The Cochrane database of systematic reviews. 2006(4):Cd001708. 
30. Rogmark C, Johnell O. Primary arthroplasty is better than internal fixation of displaced femoral neck 

fractures: a meta-analysis of 14 randomized studies with 2,289 patients. Acta orthopaedica. 
2006;77(3):359-67. 

31. Gjertsen JE, Vinje T, Lie SA, Engesaeter LB, Havelin LI, Furnes O, et al. Patient satisfaction, pain, and 
quality of life 4 months after displaced femoral neck fractures: a comparison of 663 fractures treated 
with internal fixation and 906 with bipolar hemiarthroplasty reported to the Norwegian Hip Fracture 
Register. Acta orthopaedica. 2008;79(5):594-601. 

32. Bhandari M, Devereaux PJ, Swiontkowski MF, Tornetta P, 3rd, Obremskey W, Koval KJ, et al. Internal 
fixation compared with arthroplasty for displaced fractures of the femoral neck. A meta-analysis. The 
Journal of bone and joint surgery American volume. 2003;85(9):1673-81. 

33. Bhandari M, Swiontkowski M. Management of Acute Hip Fracture. The New England journal of 
medicine. 2017;377(21):2053-62. 

34. Kazley JM, Banerjee S, Abousayed MM, Rosenbaum AJ. Classifications in Brief: Garden Classification 
of Femoral Neck Fractures. Clinical orthopaedics and related research. 2018;476(2):441-5. 

35. Garden R.S. LOW-ANGLE FIXATION IN FRACTURES OF THE FEMORAL NECK. The Journal of bone and 
joint surgery British volume.1961;43-B(4):647-63. 

36. Bjorgul K, Reikeras O. Low interobserver reliability of radiographic signs predicting healing 
disturbance in displaced intracapsular fracture of the femoral neck. Acta orthopaedica Scandinavica. 
2002;73(3):307-10. 

37. Thomsen NO, Jensen CM, Skovgaard N, Pedersen MS, Pallesen P, Soe-Nielsen NH, et al. Observer 
variation in the radiographic classification of fractures of the neck of the femur using Garden's 
system. International orthopaedics. 1996;20(5):326-9. 

38. Frihagen F, Nordsletten L, Madsen JE. Hemiarthroplasty or internal fixation for intracapsular 
displaced femoral neck fractures: randomised controlled trial. BMJ (Clinical research ed). 
2007;335(7632):1251-4. 

39. Parker MJ, Khan RJ, Crawford J, Pryor GA. Hemiarthroplasty versus internal fixation for displaced 
intracapsular hip fractures in the elderly. A randomised trial of 455 patients. The Journal of bone and 
joint surgery British volume. 2002;84(8):1150-5. 

http://nrlweb.ihelse.net/eng/Rapporter/Report2018_english.pdf


 57 

40. Rogmark C, Carlsson A, Johnell O, Sernbo I. A prospective randomised trial of internal fixation versus 
arthroplasty for displaced fractures of the neck of the femur. Functional outcome for 450 patients at 
two years. The Journal of bone and joint surgery British volume. 2002;84(2):183-8. 

41. Palm H, Gosvig K, Krasheninnikoff M, Jacobsen S, Gebuhr P. A new measurement for posterior tilt 
predicts reoperation in undisplaced femoral neck fractures: 113 consecutive patients treated by 
internal fixation and followed for 1 year. Acta orthopaedica. 2009;80(3):303-7. 

42. Dolatowski FC, Adampour M, Frihagen F, Stavem K, Erik Utvag S, Hoelsbrekken SE. Preoperative 
posterior tilt of at least 20 degrees increased the risk of fixation failure in Garden-I and -II femoral 
neck fractures. Acta orthopaedica. 2016;87(3):252-6. 

43. Pauwels F. Der schenkelhalsbruch: Ein mechanisches Problem. Royal 8vo. Pp. 157, with 186 
illustrations. 1935. Stuttgart: Ferdinand Enke. Paper covers, RM. 13.60; bound, RM. 15.00. 
1936;23(92):874-. 

44. Marsh JL, Slongo TF, Agel J, Broderick JS, Creevey W, DeCoster TA, et al. Fracture and dislocation 
classification compendium - 2007: Orthopaedic Trauma Association classification, database and 
outcomes committee. Journal of orthopaedic trauma. 2007;21(10 Suppl):S1-133. 

45. van Embden D, Roukema GR, Rhemrev SJ, Genelin F, Meylaerts SA. The Pauwels classification for 
intracapsular hip fractures: is it reliable? Injury. 2011;42(11):1238-40. 

46. Blundell CM, Parker MJ, Pryor GA, Hopkinson-Woolley J, Bhonsle SS. Assessment of the AO 
classification of intracapsular fractures of the proximal femur. The Journal of bone and joint surgery 
British volume. 1998;80(4):679-83. 

47. Tay E. Hip fractures in the elderly: operative versus nonoperative management. Singapore medical 
journal. 2016;57(4):178-81. 

48. Raaymakers EL. The non-operative treatment of impacted femoral neck fractures. Injury. 2002;33 
Suppl 3:C8-14. 

49. Shuqiang M, Kunzheng W, Zhichao T, Mingyu Z, Wei W. Outcome of non-operative management in 
Garden I femoral neck fractures. Injury. 2006;37(10):974-8. 

50. Court-Brown CM, McQueen MM, Swiontkowski MF, Ring DC, Friedman SM, Duckworth AD. 
Muskuloskeletal Trauma in the Elderly. CRC Press/Taylor and Francis group 2016. 

51. Handoll HH, Parker MJ. Conservative versus operative treatment for hip fractures in adults. The 
Cochrane database of systematic reviews. 2008(3):Cd000337. 

52. Cserhati P, Kazar G, Manninger J, Fekete K, Frenyo S. Non-operative or operative treatment for 
undisplaced femoral neck fractures: a comparative study of 122 non-operative and 125 operatively 
treated cases. Injury. 1996;27(8):583-8. 

53. Conn KS, Parker MJ. Undisplaced intracapsular hip fractures: results of internal fixation in 375 
patients. Clinical orthopaedics and related research. 2004(421):249-54. 

54. Parker M, Johansen A. Hip fracture. BMJ (Clinical research ed). 2006;333(7557):27-30. 
55. Dolatowski FC, Frihagen F, Bartels S, Opland V, Saltyte Benth J, Talsnes O, et al. Screw Fixation Versus 

Hemiarthroplasty for Nondisplaced Femoral Neck Fractures in Elderly Patients: A Multicenter 
Randomized Controlled Trial. The Journal of bone and joint surgery American volume. 
2019;101(2):136-44. 

56. Bartels S, Gjertsen J-E, Frihagen F, Rogmark C, Utvåg SE. High failure rate after internal fixation and 
beneficial outcome after arthroplasty in treatment of displaced femoral neck fractures in patients 
between 55 and 70 years. Acta orthopaedica. 2018;89(1):53-8. 

57. Wang C-T, Chen J-W, Wu K, Chen C-S, Chen W-C, Pao J-L, et al. Suboptimal outcomes after closed 
reduction and internal fixation of displaced femoral neck fractures in middle-aged patients: Is 
internal fixation adequate in this age group? BMC Musculoskelet Disord. 2018;19. 

58. Keating JF, Grant A, Masson M, Scott NW, Forbes JF. Randomized comparison of reduction and 
fixation, bipolar hemiarthroplasty, and total hip arthroplasty. Treatment of displaced intracapsular 
hip fractures in healthy older patients. The Journal of bone and joint surgery American volume. 
2006;88(2):249-60. 

59. Gjertsen JE, Vinje T, Engesaeter LB, Lie SA, Havelin LI, Furnes O, et al. Internal screw fixation 
compared with bipolar hemiarthroplasty for treatment of displaced femoral neck fractures in elderly 
patients. The Journal of bone and joint surgery American volume. 2010;92(3):619-28. 

60. Stoen RO, Lofthus CM, Nordsletten L, Madsen JE, Frihagen F. Randomized trial of hemiarthroplasty 
versus internal fixation for femoral neck fractures: no differences at 6 years. Clinical orthopaedics 
and related research. 2014;472(1):360-7. 



 58 

61. Bhandari M, Devereaux PJ, Tornetta P, 3rd, Swiontkowski MF, Berry DJ, Haidukewych G, et al. 
Operative management of displaced femoral neck fractures in elderly patients. An international 
survey. The Journal of bone and joint surgery American volume. 2005;87(9):2122-30. 

62. Bhandari M, Devereaux PJ, Swiontkowski MF, Tornetta P, 3rd, Obremskey W, Koval KJ, et al. Internal 
fixation compared with arthroplasty for displaced fractures of the femoral neck. A meta-analysis. The 
Journal of bone and joint surgery American volume. 2003;85-a(9):1673-81. 

63. Tseng F-J, Chia W-T, Pan R-Y, Lin L-C, Shen H-C, Wang C-H, et al. Comparison of arthroplasty vs. 
osteosynthesis for displaced femoral neck fractures: a meta-analysis. J Orthop Surg Res. 
2017;12(1):131-. 

64. Stronach BM, Bergin PF, Perez JL, Watson S, Jones LC, McGwin G, et al. The rising use of total hip 
arthroplasty for femoral neck fractures in the United States. Hip international : the journal of clinical 
and experimental research on hip pathology and therapy. 2019:1120700019832989. 

65. Australian & New Zealand Hip Fracture Registry. Annual Report 2018.  [Available from: 
https://anzhfr.org/wp-content/uploads/2018/11/2018-ANZHFR-Annual-Report-FULL-FINAL.pdf. 

66. National Hip Fracture Database for England, Wales and Northern Ireland. Annual Report 2018. 
[Available from: https://www.nhfd.co.uk/files/2018ReportFiles/NHFD-2018-Annual-Report-v101.pdf. 

67. Bensen AS, Jakobsen T, Krarup N. Dual mobility cup reduces dislocation and re-operation when used 
to treat displaced femoral neck fractures. International orthopaedics. 2014;38(6):1241-5. 

68. Burgers PT, Van Geene AR, Van den Bekerom MP, Van Lieshout EM, Blom B, Aleem IS, et al. Total hip 
arthroplasty versus hemiarthroplasty for displaced femoral neck fractures in the healthy elderly: a 
meta-analysis and systematic review of randomized trials. International orthopaedics. 
2012;36(8):1549-60. 

69. Yu L, Wang Y, Chen J. Total hip arthroplasty versus hemiarthroplasty for displaced femoral neck 
fractures: meta-analysis of randomized trials. Clinical orthopaedics and related research. 
2012;470(8):2235-43. 

70. Blomfeldt R, Tornkvist H, Eriksson K, Soderqvist A, Ponzer S, Tidermark J. A randomised controlled 
trial comparing bipolar hemiarthroplasty with total hip replacement for displaced intracapsular 
fractures of the femoral neck in elderly patients. The Journal of bone and joint surgery British 
volume. 2007;89(2):160-5. 

71. Hopley C, Stengel D, Ekkernkamp A, Wich M. Primary total hip arthroplasty versus hemiarthroplasty 
for displaced intracapsular hip fractures in older patients: systematic review. BMJ (Clinical research 
ed). 2010;340:c2332. 

72. Ravi B, Pincus D, Khan H, Wasserstein D, Jenkinson R, Kreder HJ. Comparing Complications and Costs 
of Total Hip Arthroplasty and Hemiarthroplasty for Femoral Neck Fractures: A Propensity Score-
Matched, Population-Based Study. The Journal of bone and joint surgery American volume. 
2019;101(7):572-9. 

73. Bhandari M, Devereaux PJ, Einhorn TA, Thabane L, Schemitsch EH, Koval KJ, et al. Hip fracture 
evaluation with alternatives of total hip arthroplasty versus hemiarthroplasty (HEALTH): protocol for 
a multicentre randomised trial. BMJ open. 2015;5(2):e006263. 

74. Hernigou P, Quiennec S, Guissou IJIO. Hip hemiarthroplasty: from Venable and Bohlman to Moore 
and Thompson. International Orthopaedics. 2014;38(3):655-61. 

75. Moore AT. Metal hip joint; a new self-locking vitallium prosthesis. Southern medical journal. 
1952;45(11):1015-19. 

76. Moore AT. The self-locking metal hip prosthesis. The Journal of bone and joint surgery American 
volume. 1957;39-a(4):811-27. 

77. Thompson FR. Two and a half years' experience with a vitallium intramedullary hip prosthesis. The 
Journal of bone and joint surgery American volume. 1954;36-a(3):489-502. 

78. Lestrange NR. Bipolar arthroplasty for 496 hip fractures. Clinical orthopaedics and related research. 
1990(251):7-19. 

79. Christiansen T. A new hip prosthesis with trunnion-bearing. Acta chirurgica Scandinavica. 
1969;135(1):43-6. 

80. Soreide O, Molster A, Raugstad TS. Replacement with the Christiansen endoprosthesis in acute 
femoral neck fractures. A 5 year follow-up study. Acta orthopaedica Scandinavica. 1980;51(1):137-44. 

81. Sudmann E, Havelin LI, Lunde OD, Rait M. The Charnley versus the Christiansen total hip arthroplasty. 
A comparative clinical study. Acta orthopaedica Scandinavica. 1983;54(4):545-52. 

82. Bateman JE. The classic: single-assembly total hip prosthesis-preliminary report. 1974. Clinical 
orthopaedics and related research. 2005;441:16-8. 

https://anzhfr.org/wp-content/uploads/2018/11/2018-ANZHFR-Annual-Report-FULL-FINAL.pdf
https://www.nhfd.co.uk/files/2018ReportFiles/NHFD-2018-Annual-Report-v101.pdf


 59 

83. LaBelle LW, Colwill JC, Swanson AB. Bateman bipolar hip arthroplasty for femoral neck fractures. A 
five- to ten-year follow-up study. Clinical orthopaedics and related research. 1990(251):20-5. 

84. Masterson EL, Masri BA, Duncan CP. Surgical approaches in revision hip replacement. The Journal of 
the American Academy of Orthopaedic Surgeons. 1998;6(2):84-92. 

85. Rogmark C, Fenstad AM, Leonardsson O, Engesaeter LB, Karrholm J, Furnes O, et al. Posterior 
approach and uncemented stems increases the risk of reoperation after hemiarthroplasties in elderly 
hip fracture patients. Acta orthopaedica. 2014;85(1):18-25. 

86. Miyamoto RG, Kaplan KM, Levine BR, Egol KA, Zuckerman JD. Surgical management of hip fractures: 
an evidence-based review of the literature. I: femoral neck fractures. The Journal of the American 
Academy of Orthopaedic Surgeons. 2008;16(10):596-607. 

87. Hardinge K. The direct lateral approach to the hip. The Journal of bone and joint surgery British 
volume. 1982;64(1):17-9. 

88. Parker MJ. Lateral versus posterior approach for insertion of hemiarthroplasties for hip fractures: A 
randomised trial of 216 patients. Injury. 2015;46(6):1023-7. 

89. Rogmark C, Leonardsson O. Hip arthroplasty for the treatment of displaced fractures of the femoral 
neck in elderly patients. The bone & joint journal. 2016;98-B(3):291-7. 

90. Svenoy S, Westberg M, Figved W, Valland H, Brun OC, Wangen H, et al. Posterior versus lateral 
approach for hemiarthroplasty after femoral neck fracture: Early complications in a prospective 
cohort of 583 patients. Injury. 2017;48(7):1565-9. 

91. Mukka S, Mahmood S, Kadum B, Skoldenberg O, Sayed-Noor A. Direct lateral vs posterolateral 
approach to hemiarthroplasty for femoral neck fractures. Orthopaedics & traumatology, surgery & 
research : OTSR. 2016;102(8):1049-54. 

92. Enocson A, Tidermark J, Törnkvist H, Lapidus LJ. Dislocation of hemiarthroplasty after femoral neck 
fracture: Better outcome after the anterolateral approach in a prospective cohort study on 739 
consecutive hips. Acta orthopaedica. 2008;79(2):211-7. 

93. Fullam J, Theodosi PG, Charity J, Goodwin VA. A scoping review comparing two common surgical 
approaches to the hip for hemiarthroplasty. BMC surgery. 2019;19(1):32-. 

94. Sayed-Noor AS, Hanas A, Skoldenberg OG, Mukka SS. Abductor Muscle Function and Trochanteric 
Tenderness After Hemiarthroplasty for Femoral Neck Fracture. Journal of orthopaedic trauma. 
2016;30(6):e194-200. 

95. Hongisto MT, Nuotio MS, Luukkaala T, Vaisto O, Pihlajamaki HK. Lateral and Posterior Approaches in 
Hemiarthroplasty. Scandinavian journal of surgery : SJS : official organ for the Finnish Surgical Society 
and the Scandinavian Surgical Society. 2018;107(3):260-8. 

96. Amlie E, Havelin LI, Furnes O, Baste V, Nordsletten L, Hovik O, et al. Worse patient-reported outcome 
after lateral approach than after anterior and posterolateral approach in primary hip arthroplasty. A 
cross-sectional questionnaire study of 1,476 patients 1-3 years after surgery. Acta orthopaedica. 
2014;85(5):463-9. 

97. Smith-Petersen MN. Approach to and exposure of the hip joint for mold arthroplasty. The Journal of 
bone and joint surgery American volume. 1949;31a(1):40-6. 

98. Watson-Jones R. Fractures of the neck of the femur. The British Journal of Surgery. 1936;23(92):787-
808. 

99. Auffarth A, Resch H, Lederer S, Karpik S, Hitzl W, Bogner R, et al. Does the choice of approach for hip 
hemiarthroplasty in geriatric patients significantly influence early postoperative outcomes? A 
randomized-controlled trial comparing the modified Smith-Petersen and Hardinge approaches. The 
Journal of trauma. 2011;70(5):1257-62. 

100. Langlois J, Delambre J, Klouche S, Faivre B, Hardy P. Direct anterior Hueter approach is a safe and 
effective approach to perform a bipolar hemiarthroplasty for femoral neck fracture: outcome in 82 
patients. Acta orthopaedica. 2015;86(3):358-62. 

101. van der Sijp MPL, van Delft D, Krijnen P, Niggebrugge AHP, Schipper IB. Surgical Approaches and 
Hemiarthroplasty Outcomes for Femoral Neck Fractures: A Meta-Analysis. The Journal of 
arthroplasty. 2018;33(5):1617-27.e9. 

102. Kunkel ST, Sabatino MJ, Kang R, Jevsevar DS, Moschetti WE. A systematic review and meta-analysis of 
the direct anterior approach for hemiarthroplasty for femoral neck fracture. European journal of 
orthopaedic surgery & traumatology : orthopedie traumatologie. 2018;28(2):217-32. 

103. Lee GC, Marconi D. Complications Following Direct Anterior Hip Procedures: Costs to Both Patients 
and Surgeons. The Journal of arthroplasty. 2015;30(9 Suppl):98-101. 



 60 

104. Goulding K, Beaule PE, Kim PR, Fazekas A. Incidence of lateral femoral cutaneous nerve neuropraxia 
after anterior approach hip arthroplasty. Clinical orthopaedics and related research. 
2010;468(9):2397-404. 

105. Goytia RN, Jones LC, Hungerford MW. Learning curve for the anterior approach total hip arthroplasty. 
Journal of surgical orthopaedic advances. 2012;21(2):78-83. 

106. de Steiger RN, Lorimer M, Solomon M. What is the learning curve for the anterior approach for total 
hip arthroplasty? Clinical orthopaedics and related research. 2015;473(12):3860-6. 

107. Gjertsen JE, Lie SA, Vinje T, Engesaeter LB, Hallan G, Matre K, et al. More re-operations after 
uncemented than cemented hemiarthroplasty used in the treatment of displaced fractures of the 
femoral neck: an observational study of 11,116 hemiarthroplasties from a national register. The 
Journal of bone and joint surgery British volume. 2012;94(8):1113-9. 

108. Moerman S, Mathijssen NMC, Niesten DD, Riedijk R, Rijnberg WJ, Koeter S, et al. Erratum to: more 
complications in uncemented compared to cemented hemiarthroplasty for displaced femoral neck 
fractures: a randomized controlled trial of 201 patients, with one year follow-up. BMC Musculoskelet 
Disord. 2017;18(1):300. 

109. Yli-Kyyny T, Ojanpera J, Venesmaa P, Kettunen J, Miettinen H, Salo J, et al. Perioperative 
complications after cemented or uncemented hemiarthroplasty in hip fracture patients. Scandinavian 
journal of surgery : SJS : official organ for the Finnish Surgical Society and the Scandinavian Surgical 
Society. 2013;102(2):124-8. 

110. Klasan A, Bäumlein M, Bliemel C, Putnis SE, Neri T, Schofer MD, et al. Cementing of the hip 
arthroplasty stem increases load-to-failure force: a cadaveric study. Acta Orthopaedica. 2019:1-8. 

111. National Institute for Health and Clinical Excellence: Guidance.  The Management of Hip Fracture in 
Adults. London: Royal College of Physicians (UK) National Clinical Guideline Centre.; 2011. 

112. Brox WT, Roberts KC, Taksali S, Wright DG, Wixted JJ, Tubb CC, et al. The American Academy of 
Orthopaedic Surgeons Evidence-Based Guideline on Management of Hip Fractures in the Elderly. J 
Bone Joint Surg Am. 2015;97(14):1196-9. 

113. Norwegian guidelines for managing hip fractures in elderly. [Available from: 
http://nrlweb.ihelse.net/Anbefalinger/Norske%20retningslinjer%20for%20tverrfaglig%20behandling
%20av%20hoftebrudd.pdf. 

114. Parker MJ, Gurusamy KS, Azegami S. Arthroplasties (with and without bone cement) for proximal 
femoral fractures in adults. Cochrane Database of Systematic Reviews. 2010(6). 

115. American Joint Replacement Registry. Annual Report 2018 [Available from: 
http://ajrr.net/images/annual_reports/AAOS-AJRR-2018-Annual-Report-
final.pdf?hsCtaTracking=c794b145-8b50-405a-af5c-666a0841a730%7C6996bb53-5b74-4d65-bb51-
b24f37c55c9d. 

116. Shen G. Femoral stem fixation. An engineering interpretation of the long-term outcome of Charnley 
and Exeter stems. The Journal of bone and joint surgery British volume. 1998;80(5):754-6. 

117. Mukka S, Mellner C, Knutsson B, Sayed-Noor A, Skoldenberg O. Substantially higher prevalence of 
postoperative peri-prosthetic fractures in octogenarians with hip fractures operated with a 
cemented, polished tapered stem rather than an anatomic stem. Acta orthopaedica. 2016;87(3):257-
61. 

118. Inngul C, Enocson A. Postoperative periprosthetic fractures in patients with an Exeter stem due to a 
femoral neck fracture: cumulative incidence and surgical outcome. International orthopaedics. 
2015;39(9):1683-8. 

119. Broden C, Mukka S, Muren O, Eisler T, Boden H, Stark A, et al. High risk of early periprosthetic 
fractures after primary hip arthroplasty in elderly patients using a cemented, tapered, polished stem. 
Acta orthopaedica. 2015;86(2):169-74. 

120. Thien TM, Chatziagorou G, Garellick G, Furnes O, Havelin LI, Makela K, et al. Periprosthetic femoral 
fracture within two years after total hip replacement: analysis of 437,629 operations in the nordic 
arthroplasty register association database. The Journal of bone and joint surgery American volume. 
2014;96(19):e167. 

121. Carli AV, Negus JJ, Haddad FS. Periprosthetic femoral fractures and trying to avoid them: what is the 
contribution of femoral component design to the increased risk of periprosthetic femoral fracture? 
The bone & joint journal. 2017;99-b(1 Supple A):50-9. 

122. Chaplin VK, Matharu GS, Knebel RW. Complications following hemiarthroplasty for displaced 
intracapsular femoral neck fractures in the absence of routine follow-up. Annals of the Royal College 
of Surgeons of England. 2013;95(4):271-4. 

http://nrlweb.ihelse.net/Anbefalinger/Norske%20retningslinjer%20for%20tverrfaglig%20behandling%20av%20hoftebrudd.pdf
http://nrlweb.ihelse.net/Anbefalinger/Norske%20retningslinjer%20for%20tverrfaglig%20behandling%20av%20hoftebrudd.pdf
http://ajrr.net/images/annual_reports/AAOS-AJRR-2018-Annual-Report-final.pdf?hsCtaTracking=c794b145-8b50-405a-af5c-666a0841a730%7C6996bb53-5b74-4d65-bb51-b24f37c55c9d
http://ajrr.net/images/annual_reports/AAOS-AJRR-2018-Annual-Report-final.pdf?hsCtaTracking=c794b145-8b50-405a-af5c-666a0841a730%7C6996bb53-5b74-4d65-bb51-b24f37c55c9d
http://ajrr.net/images/annual_reports/AAOS-AJRR-2018-Annual-Report-final.pdf?hsCtaTracking=c794b145-8b50-405a-af5c-666a0841a730%7C6996bb53-5b74-4d65-bb51-b24f37c55c9d


 61 

123. Noailles T, Brulefert K, Chalopin A, Longis PM, Gouin F. What are the risk factors for post-operative 
infection after hip hemiarthroplasty? Systematic review of literature. International orthopaedics. 
2016;40(9):1843-8. 

124. Duckworth AD, Phillips SA, Stone O, Moran M, Breusch SJ, Biant LC. Deep infection after hip fracture 
surgery: predictors of early mortality. Injury. 2012;43(7):1182-6. 

125. Guren E, Figved W, Frihagen F, Watne LO, Westberg M. Prosthetic joint infection-a devastating 
complication of hemiarthroplasty for hip fracture. Acta orthopaedica. 2017;88(4):383-9. 

126. Ninh CC, Sethi A, Hatahet M, Les C, Morandi M, Vaidya R. Hip dislocation after modular unipolar 
hemiarthroplasty. The Journal of arthroplasty. 2009;24(5):768-74. 

127. Mukka S, Lindqvist J, Peyda S, Broden C, Mahmood S, Hassany H, et al. Dislocation of bipolar hip 
hemiarthroplasty through a postero-lateral approach for femoral neck fractures: A cohort study. 
International orthopaedics. 2015;39(7):1277-82. 

128. Champion LM, McNally SA. Dislocation after revision of hemiarthroplasty to total hip replacement. 
Injury. 2004;35(2):161-4. 

129. Enocson A, Pettersson H, Ponzer S, Tornkvist H, Dalen N, Tidermark J. Quality of life after dislocation 
of hip arthroplasty: a prospective cohort study on 319 patients with femoral neck fractures with a 
one-year follow-up. Quality of life research : an international journal of quality of life aspects of 
treatment, care and rehabilitation. 2009;18(9):1177-84. 

130. Yasen AT, Haddad FS. Periprosthetic fractures: bespoke solutions. The bone & joint journal. 2014;96-
b(11 Supple A):48-55. 

131. Lin FF, Chen YF, Chen B, Lin CH, Zheng K. Cemented versus uncemented hemiarthroplasty for 
displaced femoral neck fractures: A meta-analysis of randomized controlled trails. Medicine. 
2019;98(8):e14634. 

132. Chatziagorou G, Lindahl H, Karrholm J. The design of the cemented stem influences the risk of 
Vancouver type B fractures, but not of type C: an analysis of 82,837 Lubinus SPII and Exeter Polished 
stems. Acta orthopaedica. 2019;90(2):135-42. 

133. Donaldson AJ, Thomson HE, Harper NJ, Kenny NW. Bone cement implantation syndrome. British 
journal of anaesthesia. 2009;102(1):12-22. 

134. Olsen F, Kotyra M, Houltz E, Ricksten SE. Bone cement implantation syndrome in cemented 
hemiarthroplasty for femoral neck fracture: incidence, risk factors, and effect on outcome. British 
journal of anaesthesia. 2014;113(5):800-6. 

135. Pripp AH, Talsnes O, Reikeras O, Engesaeter LB, Dahl OE. The proportion of perioperative mortalities 
attributed to cemented implantation in hip fracture patients treated by hemiarthroplasty. Hip Int. 
2014;24(4):363-8. 

136. Dahl OE, Johnsen H, Kierulf P, Molnar I, Rø JS, Vinje A, et al. Intrapulmonary thrombin generation and 
its relation to monomethylmethacrylate plasma levels during hip arthroplasty. 1992;36(4):331-5. 

137. Dahl OE. Cardiorespiratory and vascular dysfunction related to major reconstructive orthopedic 
surgery. Acta Orthopaedica Scandinavica. 1997;68(6):607-14. 

138. Orsini EC, Byrick RJ, Mullen JB, Kay JC, Waddell JP. Cardiopulmonary function and pulmonary 
microemboli during arthroplasty using cemented or non-cemented components. The role of 
intramedullary pressure. The Journal of bone and joint surgery American volume. 1987;69(6):822-32. 

139. Segerstad MHA, Olsen F, Patel A, Houltz E, Nellgard B, Ricksten SE. Pulmonary haemodynamics and 
right ventricular function in cemented vs uncemented total hip arthroplasty-A randomized trial. Acta 
anaesthesiologica Scandinavica. 2019;63(3):298-305. 

140. Costain DJ, Whitehouse SL, Pratt NL, Graves SE, Ryan P, Crawford RW. Perioperative mortality after 
hemiarthroplasty related to fixation method. Acta Orthop. 2011;82(3):275-81. 

141. Parvizi J, Holiday AD, Ereth MH, Lewallen DG. The Frank Stinchfield Award. Sudden death during 
primary hip arthroplasty. Clinical orthopaedics and related research. 1999(369):39-48. 

142. Talsnes O, Vinje T, Gjertsen JE, Dahl OE, Engesaeter LB, Baste V, et al. Perioperative mortality in hip 
fracture patients treated with cemented and uncemented hemiprosthesis: a register study of 11,210 
patients. Int Orthop. 2013;37(6):1135-40. 

143. Talsnes O, Vinje T, Gjertsen JE, Dahl OE, Engesæter LB, Baste V, et al. Perioperative mortality in hip 
fracture patients treated with cemented and uncemented hemiprosthesis: a register study of 11,210 
patients. International Orthopaedics. 2013;37(6):1135-40. 

144. Soreide O, Skjaerven R, Alho A. The risk of acetabular protrusion following prosthetic replacement of 
the femoral head. Acta orthopaedica Scandinavica. 1982;53(5):791-4. 



 62 

145. Soreide O, Lillestol J, Alho A, Hvidsten K. Acetabular protrusion following endoprosthetic hip surgery: 
a multifactorial study. Acta orthopaedica Scandinavica. 1980;51(6):943-8. 

146. Baker RP, Squires B, Gargan MF, Bannister GC. Total hip arthroplasty and hemiarthroplasty in mobile, 
independent patients with a displaced intracapsular fracture of the femoral neck. A randomized, 
controlled trial. The Journal of bone and joint surgery American volume. 2006;88(12):2583-9. 

147. Inngul C, Hedbeck C-J, Blomfeldt R, Lapidus G, Ponzer S, Enocson AJIO. Unipolar hemiarthroplasty 
versus bipolar hemiarthroplasty in patients with displaced femoral neck fractures. A four-year follow-

up of a randomised controlled trial. International Orthopaedics. 2013;37(12):2457-64. 
148. Leonardsson O, Kärrholm J, Åkesson K, Garellick G, Rogmark C. Higher risk of reoperation for bipolar 

and uncemented hemiarthroplasty. Acta orthopaedica. 2012;83(5):459-66. 
149. Figved W, Svenoy S, Rohrl SM, Dahl J, Nordsletten L, Frihagen F. Higher cartilage wear in unipolar 

than bipolar hemiarthroplasties of the hip at 2 years: A randomized controlled radiostereometric 
study in 19 fit elderly patients with femoral neck fractures. Acta orthopaedica. 2018;89(5):503-8. 

150. Sheth NP, Dattilo JR, Schwarzkopf R. Evaluation and Management of Failed Hemiarthroplasty. The 
Journal of the American Academy of Orthopaedic Surgeons. 2018;26(20):717-26. 

151. Espehaug B, Furnes O, Engesaeter LB, Havelin LI. 18 years of results with cemented primary hip 
prostheses in the Norwegian Arthroplasty Register: concerns about some newer implants. Acta 
Orthopaedica. 2009;80(4):402-12. 

152. van den Bekerom MP, Sierevelt IN, Bonke H, Raaymakers EL. The natural history of the 
hemiarthroplasty for displaced intracapsular femoral neck fractures. Acta orthopaedica. 
2013;84(6):555-60. 

153. Analysis of completeness for the Norwegian Hip Fracture Register 2008-2012. September 2014. (in 
Norwegian) [Available from: 
https://helsedirektoratet.no/Lists/Publikasjoner/Attachments/675/Dekningsgradsanalyse-for-
najonalt-hoftebruddregister-2008-2012-IS-2210.pdf  

154. EuroQol--a new facility for the measurement of health-related quality of life. Health policy 
(Amsterdam, Netherlands). 1990;16(3):199-208. 

155. The Norwegian Tax Administration: Registering a death.  [Available from: 
https://www.skatteetaten.no/en/person/national-registry/registering-a-death/. 

156. Pedersen AG, Ellingsen CL. Data quality in the Causes of Death Registry. Tidsskr Nor Laegeforen. 
2015;135(8):768-70. 

157. Fine JP, Gray RJ. A Proportional Hazards Model for the Subdistribution of a Competing Risk. Journal of 
the American Statistical Association, Vol 94, No 446 (Jun, 1999), pp496-509. 1999. 

158. Ranstam J, Robertsson O. The Cox model is better than the Fine and Gray model when estimating 
relative revision risks from arthroplasty register data. Acta Orthopaedica. 2017;88(6):578-80. 

159. Lie SA, Engesaeter LB, Havelin LI, Gjessing HK, Vollset SE. Dependency issues in survival analyses of 
55,782 primary hip replacements from 47,355 patients. Stat Med. 2004;23(20):3227-40. 

160. Inacio MC, Paxton EW, Dillon MT. Understanding Orthopaedic Registry Studies: A Comparison with 
Clinical Studies. The Journal of bone and joint surgery American volume. 2016;98(1):e3. 

161. Olsen J, Bronnum-Hansen H, Gissler M, Hakama M, Hjern A, Kamper-Jorgensen F, et al. High-
throughput epidemiology: combining existing data from the Nordic countries in health-related 
collaborative research. Scandinavian journal of public health. 2010;38(7):777-9. 

162. Sorensen HT, Sabroe S, Olsen J. A framework for evaluation of secondary data sources for 
epidemiological research. International journal of epidemiology. 1996;25(2):435-42. 

163. Thygesen LC, Ersboll AK. When the entire population is the sample: strengths and limitations in 
register-based epidemiology. European journal of epidemiology. 2014;29(8):551-8. 

164. Moses LE. Measuring effects without randomized trials? Options, problems, challenges. Medical care. 
1995;33(4 Suppl):As8-14. 

165. Ray WA. Improving automated database studies. Epidemiology (Cambridge, Mass). 2011;22(3):302-4. 
166. Andrade C. Cause versus association in observational studies in psychopharmacology. The Journal of 

clinical psychiatry. 2014;75(8):e781-4. 
167. Rubin DB, Thomas N. Combining Propensity Score Matching with Additional Adjustments for 

Prognostic Covariates. Journal of the American Statistical Association. 2000;95(450):573-85. 
168. Inacio MC, Chen Y, Paxton EW, Namba RS, Kurtz SM, Cafri G. Statistics in Brief: An Introduction to the 

Use of Propensity Scores. Clinical orthopaedics and related research. 2015;473(8):2722-6. 
169. Barnieh L, James M, Zhang J, Hemmelgarn B. Propensity score methods and their application in 

nephrology research. Journal of nephrology. 2011; 256-62 p. 

https://helsedirektoratet.no/Lists/Publikasjoner/Attachments/675/Dekningsgradsanalyse-for-najonalt-hoftebruddregister-2008-2012-IS-2210.pdf
https://helsedirektoratet.no/Lists/Publikasjoner/Attachments/675/Dekningsgradsanalyse-for-najonalt-hoftebruddregister-2008-2012-IS-2210.pdf
https://www.skatteetaten.no/en/person/national-registry/registering-a-death/


 63 

170. Freemantle N, Marston L, Walters K, Wood J, Reynolds MR, Petersen I. Making inferences on 
treatment effects from real world data: propensity scores, confounding by indication, and other 
perils for the unwary in observational research. BMJ (Clinical research ed). 2013;347:f6409. 

171. Lofthus CM, Cappelen I, Osnes EK, Falch JA, Kristiansen IS, Medhus AW, et al. Local and national 
electronic databases in Norway demonstrate a varying degree of validity. Journal of clinical 
epidemiology. 2005;58(3):280-5. 

172. McColl A, Roderick P, Cooper C. Hip fracture incidence and mortality in an English Region: a study 
using routine National Health Service data. Journal of public health medicine. 1998;20(2):196-205. 

173. von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP, et al. Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines for reporting 
observational studies. Bmj. 2007;335(7624):806-8. 

174. Benchimol EI, Smeeth L, Guttmann A, Harron K, Moher D, Petersen I, et al. The REporting of studies 
Conducted using Observational Routinely-collected health Data (RECORD) statement. PLoS medicine. 
2015;12(10):e1001885. 

175. Concato J, Shah N, Horwitz RI. Randomized, controlled trials, observational studies, and the hierarchy 
of research designs. The New England journal of medicine. 2000;342(25):1887-92. 

176. Benson K, Hartz AJ. A comparison of observational studies and randomized, controlled trials. The 
New England journal of medicine. 2000;342(25):1878-86. 

177. Rolfson O, Bohm E, Franklin P, Lyman S, Denissen G, Dawson J, et al. Patient-reported outcome 
measures in arthroplasty registries. Acta orthopaedica. 2016;87(sup1):9-23. 

178. Jaeschke R, Singer J, Guyatt GH. Measurement of health status. Ascertaining the minimal clinically 
important difference. Control Clin Trials. 1989;10(4):407-15. 

179. Maksymowych WP, Richardson R, Mallon C, van der Heijde D, Boonen A. Evaluation and validation of 
the patient acceptable symptom state (PASS) in patients with ankylosing spondylitis. Arthritis and 
rheumatism. 2007;57(1):133-9. 

180. Lindgren JV, Wretenberg P, Karrholm J, Garellick G, Rolfson O. Patient-reported outcome is 
influenced by surgical approach in total hip replacement: a study of the Swedish Hip Arthroplasty 
Register including 42,233 patients. The bone & joint journal. 2014;96-B(5):590-6. 

181. Winther SB, Foss OA, Husby OS, Wik TS, Klaksvik J, Husby VS. Muscular strength and function after 
total hip arthroplasty performed with three different surgical approaches: one-year follow-up study. 
Hip international : the journal of clinical and experimental research on hip pathology and therapy. 
2019;29(4):405-11. 

182. Rogmark C, Posterior approach compared to direct lateral approach resulted in better patient-
reported outcome after hemiarthroplasty for femoral neck fracture. Acta orthopaedica. 
2017;88(2):234-5. 

183. Söderlund, T. Correspondence. Acta orthopaedica. 2017;88(3):361-2. 
184. Abram SGF, Murray JB. Outcomes of 807 Thompson hip hemiarthroplasty procedures and the effect 

of surgical approach on dislocation rates. Injury. 2015;46(6):1013-7. 
185. Ukaj S, Zhuri O, Ukaj F, Podvorica V, Grezda K, Caton J, et al. Dual Mobility Acetabular Cup Versus 

Hemiarthroplasty in Treatment of Displaced Femoral Neck Fractures in Elderly Patients: Comparative 
Study and Results at Minimum 3-Year Follow-up. Geriatric orthopaedic surgery & rehabilitation. 
2019;10:2151459319848610. 

186. Veldman HD, Heyligers IC, Grimm B, Boymans TA. Cemented versus cementless hemiarthroplasty for 
a displaced fracture of the femoral neck: a systematic review and meta-analysis of current generation 
hip stems. Bone Joint J. 2017;99-b(4):421-31. 

187. Luo X, He S, Li Z, Huang D. Systematic review of cemented versus uncemented hemiarthroplasty for 
displaced femoral neck fractures in older patients. Arch Orthop Trauma Surg. 2012;132(4):455-63. 

188. Yli-Kyyny T, Sund R, Heinanen M, Venesmaa P, Kroger H. Cemented or uncemented hemiarthroplasty 
for the treatment of femoral neck fractures? Acta Orthopaedica. 2014;85(1):49-53. 

189. Moerman S, Mathijssen NMC, Tuinebreijer WE, Vochteloo AJH, Nelissen R. Hemiarthroplasty and 
total hip arthroplasty in 30,830 patients with hip fractures: data from the Dutch Arthroplasty Register 
on revision and risk factors for revision. Acta orthopaedica. 2018;89(5):509-14. 

190. Pripp AH, Dahl OE. The population attributable risk of nutrition and lifestyle on hip fractures. Hip Int. 
2015;25(3):277-81. 

191. Breusch SJ, Reitzel T, Schneider U, Volkmann M, Ewerbeck V, Lukoschek M. [Cemented hip prosthesis 
implantation--decreasing the rate of fat embolism with pulsed pressure lavage]. Orthopade. 
2000;29(6):578-86. 



 64 

192. Griffiths R, White SM, Moppett IK, Parker MJ, Chesser TJ, Costa ML, et al. Safety guideline: reducing 
the risk from cemented hemiarthroplasty for hip fracture 2015: Association of Anaesthetists of Great 
Britain and Ireland British Orthopaedic Association British Geriatric Society. Anaesthesia. 
2015;70(5):623-6. 

193. Khan RJ, MacDowell A, Crossman P, Keene GS. Cemented or uncemented hemiarthroplasty for 
displaced intracapsular fractures of the hip--a systematic review. Injury. 2002;33(1):13-7. 

194. Arthroplasties (with and without bone cement) for proximal femoral fractures in adults [Internet]. 
John Wiley & Sons, Ltd. 2010. Available from: 
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD001706.pub4/full. 

195. Langslet E, Frihagen F, Opland V, Madsen JE, Nordsletten L, Figved W. Cemented versus uncemented 
hemiarthroplasty for displaced femoral neck fractures: 5-year followup of a randomized trial. Clin 
Orthop Relat Res. 2014;472(4):1291-9. 

196. Phillips JR, Moran CG, Manktelow AR. Periprosthetic fractures around hip hemiarthroplasty 
performed for hip fracture. Injury. 2013;44(6):757-62. 

197. Raut S, Parker MJ. Medium to long term follow up of a consecutive series of 604 Exeter Trauma Stem 
Hemiarthroplasties (ETS) for the treatment of displaced intracapsular femoral neck fractures. Injury. 
2016;47(3):721-4. 

198. Palan J, Smith MC, Gregg P, Mellon S, Kulkarni A, Tucker K, et al. The influence of cemented femoral 
stem choice on the incidence of revision for periprosthetic fracture after primary total hip 
arthroplasty: an analysis of national joint registry data. Bone Joint J. 2016;98-b(10):1347-54. 

199. Kunkel ST, Sabatino MJ, Kang R, Jevsevar DS, Moschetti WEJEJoOS, Traumatology. A systematic 
review and meta-analysis of the direct anterior approach for hemiarthroplasty for femoral neck 
fracture. European Journal of Orthopaedic Surgery Traumatology 2018;28(2):217-32. 

200. Engesaeter LB, Strand T, Raugstad TS, Husebo S, Langeland N. Effects of a distal venting hole in the 
femur during total hip replacement. Arch Orthop Trauma Surg. 1984;103(5):328-31. 

201. Ulrich C. [Value of venting drilling for reduction of bone marrow spilling in cemented hip 
endoprosthesis]. Der Orthopade. 1995;24(2):138-43. 

202. Ginsel BL, Morishima T, Wilson LJ, Whitehouse SL, Crawford RW. Can larger-bodied cemented 
femoral components reduce periprosthetic fractures? A biomechanical study. Archives of 
orthopaedic and trauma surgery. 2015;135(4):517-22. 

203. Franklin J, Malchau H. Risk factors for periprosthetic femoral fracture. Injury. 2007;38(6):655-60. 
204. Haddad FS, Masri BA, Garbuz DS, Duncan CP. The prevention of periprosthetic fractures in total hip 

and knee arthroplasty. The Orthopedic clinics of North America. 1999;30(2):191-207. 
205. Lindahl H. Epidemiology of periprosthetic femur fracture around a total hip arthroplasty. Injury. 

2007;38(6):651-4. 
206. Mathes T, Buehn S, Prengel P, Pieper D. Registry-based randomized controlled trials merged the 

strength of randomized controlled trails and observational studies and give rise to more pragmatic 
trials. Journal of clinical epidemiology. 2018;93:120-7. 

 

 

https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD001706.pub4/full


 65 

9.  Appendices 

 

Appendix I: Operation form from the Norwegian Hip Fracture Register (in 

Norwegian) 

Appendix II: PROMS questionnaire (in Norwegian) 

Appendix III: Correspondence in Acta Orthopaedica: Letter from Dr. Rogmark 

regarding Paper I 

Appendix IV: Correspondence in Acta Orthopaedica: Letter from Dr. Söderlund 

regarding Paper I 

 



 
 NASJONALT HOFTEBRUDDREGISTER 
 Nasjonalt Register for Leddproteser 
 Helse Bergen HF, Ortopedisk klinikk 
 Haukeland universitetssjukehus 
 Møllendalsbakken 11 
 5021 BERGEN 
 Tlf: 55976452  
 

HOFTEBRUDD 
 

PRIMÆRE OPERASJONER PÅ BRUDD I PROKSIMALE FEMURENDE og ALLE REOPERASJONER, inkludert 
lukket reponering av hemiproteser.   Ved primæroperasjon med totalprotese og ved reoperasjon til totalprotese brukes kun 

hofteproteseskjema.  Alle produktklistrelapper settes i merket felt på baksiden av skjemaet.  
 

 

F.nr. (11 sifre)..................................................................... 

Navn:.................................................................................. 

 

(Skriv tydelig ev. pasientklistrelapp – spesifiser sykehus.) 

Sykehus:............................................................................ 

 

 

 

 
AKTUELLE OPERASJON 
1 Primæroperasjon  2 Reoperasjon 
 

SIDE (ett kryss)  (Bilateral opr.= 2 skjema) 
1 Høyre 2 Venstre 
  
OPR TIDSPUNKT   (dd.mm.åå)  |__|__| |__|__| |__|__|  kl |__|__| 
 
BRUDD TIDSPUNKT    (dd.mm.åå) |__|__| |__|__| |__|__|  kl |__|__|   
Dersom det er usikkerhet om bruddtidspunkt, fyll ut neste punkt. 
 

 TID FRA BRUDD TIL OPERASJON I TIMER  
 1 0-6     2 >6-12     3 >12-24     4 >24-48    5 >48 
 

KOGNITIV SVIKT  
0 Nei  1 Ja (Se test på baksiden) 2 Usikker 
 

ASA-KLASSE  (se bakside av skjema for definisjon) 
1 Frisk  
2 Asymptomatisk tilstand som gir økt risiko 
3 Symptomatisk sykdom 
4 Livstruende sykdom 
5 Moribund 
 
 

TYPE PRIMÆRBRUDD (ÅRSAK TIL PRIMÆROPERASJON) (Kun ett kryss) 
Se baksiden for klassifikasjon 
1 Lårhalsbrudd udislokert  (Garden 1 og 2) 
2 Lårhalsbrudd dislokert   (Garden 3 og 4) 
3 Lateralt lårhalsbrudd  
4 Pertrokantært tofragment   (AO klassifikasjon A1)  
5 Pertrokantært flerfragment  (AO klassifikasjon A2) 
9 Intertrokantært (AO klassifikasjon A3) 
6 Subtrokantært 
7 Annet, spesifiser….……………………………………………………………… 
 

TYPE PRIMÆROPERASJON (Kun ett kryss)  
(Fylles ut bare ved primæroperasjon - eget skjema for totalproteser)  
(Fest produktklistrelapp på baksiden eller spesifiser nøyaktig produkt) 
1 To skruer eller pinner  
2 Tre skruer eller pinner 
3 Bipolar hemiprotese 
4 Unipolar hemiprotese 
5 Glideskrue og plate 
6 Glideskrue og plate med trokantær støtteplate 
7 Vinkelplate 
8 Kort margnagle uten distal sperre 
9 Kort margnagle med distal sperre 
10 Lang margnagle uten distal sperre 
11 Lang margnagle med distal sperre 
12 Annet, spesifiser……….………………………………….….……….………... 
 
Navn / størrelse og katalognummer……………..……………………………… 
 
ÅRSAK TIL REOPERASJON (Flere enn ett kryss kan brukes) 
1 Osteosyntesesvikt/havari 
2 Ikke tilhelet brudd (non-union/pseudartrose) 
3 Caputnekrose (segmentalt kollaps) 
4 Lokal smerte pga prominerende osteosyntesemateriale 
5 Brudd tilhelet med feilstilling 
6 Sårinfeksjon – overfladisk 
7 Sårinfeksjon – dyp 
8 Hematom 
9 Luksasjon av hemiprotese 
10 Osteosyntesematerialet skåret gjennom caput 
11 Nytt brudd rundt implantat 
12 Løsning av hemiprotese  
13 Annet, spesifiser.………………………………………..………………………. 

 

TYPE REOPERASJON (Flere enn ett kryss kan brukes) 
(Fest produktklistrelapp på baksiden eller spesifiser nøyaktig produkt) 
1 Fjerning av implantat (Brukes når dette er eneste prosedyre) 
2 Girdlestone (= fjerning av implantat og caput) 
3 Bipolar hemiprotese 
4 Unipolar hemiprotese 
5 Re-osteosyntese  
6 Debridement for infeksjon 
7 Lukket reposisjon av luksert hemiprotese 
8 Åpen reposisjon av luksert hemiprotese 
9 Annet, spesifiser…………………….………….……………………………………… 
  

Navn / størrelse og katalognummer……………………………………………….…. 
 

FIKSASJON AV HEMIPROTESE 
(For totalprotese sendes eget skjema til hofteproteseregisteret)  
1 Usementert     1  med HA 2 uten HA 
2 Sement med antibiotika  Navn………………………………………………….…. 
3 Sement uten antibiotika  Navn…………………………………………………….. 
 

PATOLOGISK BRUDD (Annen patologi enn osteoporose) 
0 Nei   1 Ja, type.……….…………………….……………………………………... 
 

TILGANG TIL HOFTELEDDET VED HEMIPROTESE (Kun ett kryss) 
1 Fremre (mellom sartorius og tensor) 
2 Anterolateral (mellom gluteus medius og tensor) 
3 Direkte lateral (transgluteal) 
4 Bakre (bak gluteus medius) 
5 Annet, spesifiser……………………………………..…....………………………..... 
 
ANESTESITYPE 
1 Narkose  2 Spinal  3 Annet, spesifiser………….……………………………... 
 

PEROPERATIVE KOMPLIKASJONER  
0 Nei  1 Ja, hvilke(n)...............................................................................……….. 
     

OPERASJONSTID (hud til hud).......................minutter. 
 

ANTIBIOTIKAPROFYLAKSE     0 Nei      1 Ja  
 

            Navn          Dosering                     Varighet i timer  

Medikament 1..............................................................................         …..……...timer  

Medikament 2..............................................................................         .…….…...timer  

    

Medikament 3..............................................................................         .………....timer  

 
TROMBOSEPROFYLAKSE   
0 Nei  1 Ja:  Første dose        1 Preoperativt  2 Postoperativt   
     

Medikament 1 ........................ Dosering opr.dag………………………………….. 
  

 Dosering videre ………………  Varighet …… døgn 

  

Medikament 2 ........................ Dosering ..........…………….…  Varighet …… døgn 
 

FAST TROMBOSEPROFYLAKSE 
0 Nei  1 Ja, type: ........................................................................................................   
 

FIBRINOLYSEHEMMER 
0 Nei  1 Ja, medikament : .......................................... Dosering …………………….. 
 

OPERATØRERFARING 
Har en av operatørene mer enn 3 års erfaring i hoftebruddkirurgi? ·0 Nei  1 Ja 

 

 

 
Lege....................................................................................................  
Legen som har fylt ut skjemaet (navnet registreres ikke i databasen).  



NASJONALT HOFTEBRUDDREGISTER 
Nasjonalt Register for Leddproteser 
Helse Bergen HF, Ortopedisk klinikk 
Haukeland Universitetssykehus 
Møllendalsbakken 11 

  5021 BERGEN 

PASIENTSPØRRESKJEMA NASJONALT HOFTEBRUDDREGISTER 

1.   Dato for utfylling av skjema:  

2. Spørreskjemaet er besvart av: 

� 1 Meg selv 

    eller ved hjelp av….(kryss av i ruten som gjelder) 

� 2 Slektning (ektefelle, barn) 
� 3 God venn eller annen nærstående 
� 4 Annen privat person 
� 5 Hjemmesykepleier/hjemmehjelp 
� 6 Annen person, angi hvem:___________________________ 



NASJONALT HOFTEBRUDDREGISTER 
Nasjonalt Register for Leddproteser 
Helse Bergen HF, Ortopedisk klinikk 
Haukeland Universitetssykehus 
Møllendalsbakken 11 

  5021 BERGEN 

I de neste 5 spørsmålene ønsker vi å vite hvordan livssituasjonen din var 
FØR du fikk hofte/lårhalsbruddet som du ble operert for. 

3. Hvordan opplevde du gangevnen din?      
� 1 Jeg hadde ingen problemer med å gå omkring 
� 2 Jeg hadde litt problemer med å gå omkring 
� 3 Jeg var sengeliggende 

4. Hvordan klarte du personlig stell? 
� 1 Jeg hadde ingen problemer med personlig stell 
� 2 Jeg hadde litt problemer med å vaske meg eller kle meg 
� 3 Jeg klarte ikke å vaske meg eller kle meg 

5. Hvordan klarte du dine vanlige gjøremål (f.eks. arbeid, studier,  
      husarbeid, familie- og fritidsaktiviteter)? 

� 1 Jeg hadde ingen problemer med å utføre mine vanlige gjøremål 
� 2 Jeg hadde litt problemer med å utføre mine vanlige gjøremål 
� 3 Jeg var ute av stand til å utføre mine vanlige gjøremål 

6. Smerter eller ubehag? 
� 1 Jeg hadde verken smerte eller ubehag 
� 2 Jeg hadde moderat smerte eller ubehag 
� 3 Jeg hadde sterk smerte eller ubehag 

7. Angst eller depresjon? 
� 1 Jeg var verken engstelig eller deprimert 
� 2 Jeg var noe engstelig eller deprimert 
� 3 Jeg var svært engstelig eller deprimert 



NASJONALT HOFTEBRUDDREGISTER 
Nasjonalt Register for Leddproteser 
Helse Bergen HF, Ortopedisk klinikk 
Haukeland Universitetssykehus 
Møllendalsbakken 11 

  5021 BERGEN 

I de 5 neste spørsmålene ønsker vi å vite hvordan livssituasjonen din er NÅ: 

8. Hvordan opplever du gangevnen din?     
� 1 Jeg har ingen problemer med å gå omkring 
� 2 Jeg har litt problemer med å gå omkring 
� 3 Jeg er sengeliggende 

9. Hvordan klarer du personlig stell? 
� 1 Jeg har ingen problemer med personlig stell 
� 2 Jeg har litt problemer med å vaske meg eller kle meg 
� 3 Jeg klarer ikke å vaske meg eller kle meg 

10. Hvordan klarer du dine vanlige gjøremål (f.eks. arbeid, studier,  
      husarbeid, familie- og fritidsaktiviteter)? 

� 1 Jeg har ingen problemer med å utføre mine vanlige gjøremål 
� 2 Jeg har litt problemer med å utføre mine vanlige gjøremål 
� 3 Jeg er ute av stand til å utføre mine vanlige gjøremål 

11. Smerter eller ubehag? 
� 1 Jeg har verken smerte eller ubehag 
� 2 Jeg har moderat smerte eller ubehag 
� 3 Jeg har sterk smerte eller ubehag 

12. Angst eller depresjon? 
� 1 Jeg er verken engstelig eller deprimert 
� 2 Jeg er noe engstelig eller deprimert 
� 3 Jeg er svært engstelig eller deprimert 
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13. Din helsetilstand i dag.  

For å hjelpe folk til å si hvor god eller dårlig en 
helsetilstand er, har vi laget en skala (omtrent som et 
termometer) hvor den beste tilstanden du kan tenke deg 
er merket 100 og den verste tilstanden du kan tenke 
deg er merket 0. 

Vi vil gjerne at du viser på denne skalaen hvor god 
eller dårlig helsetilstanden din er i dag, etter din 
oppfatning. Vær vennlig å gjøre dette ved å trekke en 
linje fra boksen nedenfor til det punktet på skalaen som 
viser hvor god eller dårlig din helsetilstand er i dag. 

Din egen 
helsetilstand 

i dag

9 0 

8 0 

7 0 

6 0 

5 0 

4 0 

3 0 

2 0 

1 0 

100 

Verst tenkelige 
helsetilstand 

0 

Best  tenkelige 
helsetilstand 
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

14. Sett ett kryss på den streken som du synes tilsvarer din gjennomsnittlige 
smerteopplevelse fra den opererte hoften den siste måneden: 

Ingen smerte                                 Maksimal smerte 


                   lett                        moderat                   middels                   sterk                       uutholdelig 


15. Sett ett kryss på den streken som du synes tilsvarer hvor fornøyd du er 
med operasjonsresultatet: 

Fornøyd           Misfornøyd 


svært fornøyd          fornøyd        middels fornøyd  misfornøyd          svært misfornøyd 

SMERTE

TILFREDSHET
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16. Har du besvær fra den andre hoften? 
  

� 1 Ja   � 2 Nei 

17. Er det andre årsaker til at du har problemer med å gå? 
 (For eksempel smerter fra andre ledd, ryggsmerter, hjerte-karsykdom 
  eller andre sykdommer som påvirker gangevnen din)

� 1 Ja   � 2 Nei 

18. Har du hatt nye operasjoner i den samme hoften som ble operert  
      for hoftebrudd? 

� 1 Ja   � 2 Nei 

Takk for at du tok deg tid til å svare på spørsmålene. Dine svar er svært 
nyttige for oss. Vennligst send spørreskjemaet i retur til oss i den ferdig 
frankerte svarkonvolutten. 
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Sir,—The efforts of the Norwegian Hip Fracture Register 
(NHFR) to track hip fractures and gain patient-reported out-
come data from a national cohort is praiseworthy. The current 
study (Kristensen et al. 2016) adds new and interesting knowl-
edge on patient-reported outcome related to surgical approach 
in hemiarthroplasty cases. 

Nevertheless, two aspects may be discussed: That the reop-
eration risk is said to be similar with both approaches and that 
the conclusions on patient reported outcome is drawn from 
half of the patients answering.

Dislocation is more frequent after posterior approach in 
fracture cases compared to after direct lateral approach (Enoc-
son et al. 2008, Abram and Murray 2015), which the authors 
avoid to elaborate on. These clinical studies have read hospital 
records to note the true incidence of dislocations. It is not clear 
how the study by Kristensen et al. defi nes “reoperation”. They 
use the terms reoperation, revision, and implant survival inter-
changeable. According to the Annual Report of the NHFR 
(http://nrlweb.ihelse.net/Rapporter/Rapport2016.pdf), 356 
reoperations due to dislocation were reported after approxi-
mately 31,000 primary fracture arthroplasties, i.e. a disloca-
tion rate of 1.1%. Of these 129 were closed reductions. The 
completeness of reoperation reporting must be questioned. 
Hence, Kristensen et al. underestimate the dislocation risk. 
In addition they found “more reoperations after the posterior 
approach than after the direct lateral approach”, but conclude 
that posterior approach is a “safe procedure”. 

Dislocation is painful and stressful for an elderly individ-
ual. Furthermore, only half of the hemiarthroplasty patients 
remains stable after the fi rst dislocation (Enocson et al. 2008, 
Abram and Murray 2015) and recurrent dislocations lead to 
a permanent loss of health-related quality of life (Enocson 
et al. 2009). It is, together with infection, the most common 
complication in fracture-arthroplasty cases and should be 
prevented.

Better function and less pain favor the posterior approach. 
However, this is true only for the 50% of the patients in the 
study that managed to answer the PROM questionnaires. An 
analysis of non-responders in the current study is lacking, but 
referring to an earlier study these are said to be older, with 
more cognitive impairment and comorbidity. Hence, the result 
of the Kristensen et al. study is assumingly applicable to the 
healthier segment of fracture patients but cannot guide us 
regarding the functionally not so demanding, “old old” and 

frail individuals. For them, the increased risk of dislocation 
may outweigh any subtle patient-reported benefi ts.

To summarize, the article does not tell the whole story about 
outcome related to surgical approach in hip fracture patients, 
and should therefore be interpreted with much caution.

Cecilia Rogmark

Dept. of Orthopaedics, Skane University Hospital, Malmö, 
Sweden
The Swedish Hip Arthroplasty Register, Gothenburg, Sweden
Email: cecilia.rogmark@skane.se

Sir,—We thank dr Rogmark for her response to our article 
(Kristensen et al. 2016). Dr Rogmark questions two important 
aspects of our conclusions which we aim to address below.

Firstly, regarding risk for reoperation, we were not able to 
fi nd any statistically signifi cant difference in risk for reop-
eration between the direct lateral and the posterior approach 
in our data. All reoperations, also closed reduction of dis-
located hemiarthroplasties and soft tissue debridement for 
infections, should be reported to the Norwegian Hip Fracture 
Register (NHFR). We are aware that reoperations are prob-
ably underreported to the NHFR, but we have no indications 
that differences in the reporting of reoperations between the 
two treatment groups exist. Accordingly, the relative differ-
ence should be the same. It is of course important to have the 
possible underreporting of reoperations in mind when inter-
preting our results. We do agree that the “reoperation” term 
could have been defi ned more exact in our article and that the 
terms “prosthesis survival” and “hemiarthroplasty survival” 
are somewhat misleading and should have been replaced by 
“percent not reoperated”.

The increased risk of dislocation after the posterior approach 
found in other studies was discussed in our study by referring 
to the study by Rogmark et al. (2014) reporting a doubled risk 
of dislocations after posterior approach compared to direct 
lateral approach. Other studies have also reported more dislo-
cations after posterior approach (Enocson et al. 2008, Abram 
and Murray 2015). These results are alarming, as dislocation 
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of a hemiarthroplasty clearly is a feared and devastating com-
plication. Our conclusion that the posterior approach seems to 
be a safe procedure was based on our data. However, our data 
must of course also be balanced with other available studies 
to determine the true risk for reoperation and dislocation after 
different surgical approaches. 

Secondly, regarding patient reported outcome, taking the 
patients’ age and comorbidity into account our completion 
rate of 50% is as expected. We agree with dr Rogmark that 
our results may represent the answers from a relative healthy 
and cognitive fi t group of patients. These patients probably 
also have higher functional demands and, accordingly, they 
will profi t most on a posterior approach. Patients that are able 
to respond to the questionnaires at postoperative follow-up 
examinations may also be able to follow restrictions after sur-
gery. This may reduce their risk of prosthesis dislocation. For 
these patients a posterior approach could be an option. 

To conclude, the decision on which surgical approach that 
should be used is not straight forward. Our data represent the 
average nationwide results regarding both reoperations and 
functional outcome. For the individual patient both risk for 
complications and the expected functional outcome must be 
taken into consideration. Our results may contribute in this 
demanding decision-making process.

Torbjørn Kristensen, Tarjei Vinje, Leif I Havelin, 
Lars B. Engesæter, Jan-Erik Gjertsen

Department of Orthopaedic Surgery, Haukeland University 
Hospital, Bergen, Norway
Email: torbjorn.berge.kristensen@helse-bergen.no

Abram S G, Murray J B. Outcomes of 807 Thompson hip hemiarthroplasty 
procedures and the effect of surgical approach on dislocation rates. Injury 
2015; 46(6): 1013-7. 
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Sir,—With interest I read the article ”Posterior approach 
compared to direct lateral approachresulted in better patient-
reported outcome after hemiarthoplasty for femoral neck frac-
ture” by Kristensen et al. (Acta Orthop 2017; 88(1): 29-34). 
As I use direct lateral approach in hemiarthroplasty I was 
interested whether it is time to begin using posterior approach 
instead. The title and abstract suggest a major difference 
between the two approaches. However, the data shown does 
not support the conclusions. 

The reported differences in the article between the 
approaches in the pain (VAS, 100 mm-scale) at any time are 
between 2.2 and 3.1 mm. This difference reached statistical 
signifi cance even after adjustment for ASA, cognitive impair-
ment and fi xation of protheses. The reported minimal clini-
cally important difference (MCID) for VAS is estimated to be  
14 mm (Tashjian et al. 2009), thus the difference is clinically 
insignifi cant. Patient acceptable symptomatic state (PASS) 
score for VAS (100 mm-scale) is 30 mm (Paulsen et al. 2014). 
The patients having VAS below 30 mm consider themselves 
well. Thus, there was no clinically signifi cant difference 
between the two approaches.

The MCID and PASS values are 0.31 and 0.92 for EQ-5D 
and 23 and 85 for EQ-VAS (Paulsen et al. 2014). The EQ-5D 
scores in both groups were (at any postoperative time point) 
below 0.92 and the adjusted difference between the groups 
was less than 0.31. For EQ-VAS the values were below 85 
mm and the difference between groups less than 3 mm. Thus, 
the difference between two approaches was clinically insig-
nifi cant. 

When analysing large dataset, such as in the study by Kris-
tensen et al., even small differences reach statistical signifi -
cance. It is therefore important to estimate whether the dif-
ference is also clinically signifi cant. In light of the above, I 
feel that the title as well as the conclusions of the study are 
incorrect and misleading. 

Tim Söderlund

Consultant in Orthopaedics and Traumatology
Helsinki, Finland
Email: Tim.Soderlund@hus.fi 

Another Correspondence regarding this article was published 
in Acta’s April issue: Rogmark C. Acta Orthop 2017; 88 (2): 
234-5

Correspondence

Posterior approach compared to direct lateral approach resulted in better 
patient-reported outcome after hemiarthroplasty for femoral neck fracture

Sir,—We thank dr Söderlund for his response to our article 
(Kristensen et al. 2017). Dr Söderlund comments on the issues 
of minimal clinically important difference (MCID) and patient 
acceptable symptomatic state (PASS). In light of his com-
ments we want to clarify some important aspects of MCID 
and PASS. 

Firstly, MCID has, in orthopedic literature, most commonly 
been used to determine the clinical importance of treatment 
for conditions with chronic pain (rheumatic disease, osteoar-
thritis, shoulder- or back pain) by analyzing changes in patient 
reported outcome measures (PROMs) based on pre- and post-
operative collected data (Dworkin et al. 2008, Tashjian et al. 
2009, Paulsen et al.  2014, Katz et al. 2015). Our study is not 
evaluating changes in PROMs over time as a result of the hip 
fracture, but compares the outcome after surgery for hip frac-
ture patients treated with two different surgical approaches. 

Secondly, when analyzing differences in PROMs between 
groups, like in our study, the MCID for individuals cannot 
be directly applied to the evaluation of clinically important 
group differences (Dworkin et al. 2008, Glassman et al. 2008, 
Katz et al. 2015). “It should not be inferred that the difference 
between the 2 groups must be larger than the MCID before 
the treatment benefi t in one group can be considered clini-
cally important. Even if the difference between the 2 groups is 
smaller than the MCID, there could be a sizable percentage of 
patients in one of the groups who reports a clinically impor-
tant better outcome” (Dworkin et al. 2008).

One recommended way to determine treatment effective-
ness  to compare the effectiveness of two treatments in clinical 
trials by using MCID is to calculate the proportion of patients 
in each treatment group that meet the MCID, defi ned as indi-
vidual patients for whom the difference between pre- versus 
post-treatment pain score is equal to or greater to the MCID 
threshold. Then, the treatment groups can be compared for the 
proportion of patients who meet the MCID using a standard 
statistical method (Katz et al. 2015). In our material we unfor-
tunately don’t have pre-treatment PROM score to do these 
calculations for all outcomes. One alternative way could be 
to calculate the proportion of patients in each group who has 
reached a PASS (Fekete et al. 2016). However, as hip fracture 
patients are old and frail, very few patients will report PROMs 
higher than the PASS values mentioned by Dr Söderlund. 
These values were calculated after elective total hip arthro-
plasty surgery (Paulsen et al. 2014). Hip fracture patients, rep-
resenting an older and frailer patient group, may be inclined to 
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accept a lower functional state than these PASS values. Katz 
et al. (2015) do clearly recommend to use benchmarks for 
clinical improvement derived from the same patient group as 
they are applied on.  As long as we know, PASS- criterion for 
patients operated for hip fractures are not determined.

We are aware of the small differences in our study between 
the surgical approaches.  Still, all PROMs after 4, 12, and 36 
months including walking ability, were consistently better for 
the posterior approach, and is reason for the abstract and title. 
The walking ability is a dichotomous variable and can accord-
ingly not be evaluated by MCID and PASS. 

The aim of our article was not to give an absolute recom-
mendation on which surgical approach to use, but our results 
may contribute in the decision making process.  

Torbjørn Kristensen, Tarjei Vinje, Leif I Havelin, 
Lars B. Engesæter, Jan-Erik Gjertsen

Department of Orthopaedic Surgery, Haukeland University 
Hospital, Bergen, Norway
Email: torbjorn.berge.kristensen@helse-bergen.no
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Background and purpose — Hemiarthroplasty (HA) is the most 
common treatment for displaced femoral neck fractures in many 
countries. In Norway, there has been a tradition of using the direct 
lateral surgical approach, but worldwide a posterior approach is 
more often used. Based on data from the Norwegian Hip Frac-
ture Register, we compared the results of HA operated through 
the posterior and direct lateral approaches regarding patient-
reported outcome measures (PROMs) and reoperation rate. 

Patients and methods — HAs due to femoral neck fracture in 
patients aged 60 years and older were included from the Norwe-
gian Hip Fracture Register (2005–2014). 18,918 procedures were 
reported with direct lateral approach and 1,990 with posterior 
approach. PROM data (satisfaction, pain, quality of life (EQ-5D), 
and walking ability) were reported 4, 12, and 36 months postop-
eratively. The Cox regression model was used to calculate relative 
risk (RR) of reoperation.

Results — There were statistically significant differences in 
PROM data with less pain, better satisfaction, and better qual-
ity of life after surgery using the posterior approach than using 
the direct lateral approach. The risk of reoperation was similar 
between the approaches.

Interpretation — Hemiarthroplasty for hip fracture per-
formed through a posterior approach rather than a direct lateral 
approach results in less pain, with better patient satisfaction and 
better quality of life. The risk of reoperation was similar with 
both approaches. 



During the past decade, there has been a change in the treat-
ment of femoral neck fractures from internal fixation to more 
use of hemiarthroplasty (HA) in many countries (Parker et al. 
2002, Keating et al. 2006, Frihagen et al. 2007, Gjertsen et al. 

2010, Stoen et al. 2014). One important issue when treating 
patients with HA is the type of surgical approach. Two differ-
ent surgical approaches have predominated. In the transgluteal 
direct lateral approach, as described by Hardinge (1982), the 
anterior portion of the gluteus medius and minimus muscles 
is divided. The posterior approach, as described by Moore 
(1957), involves division of the piriformis, obturator internus 
muscle, and gemelli tendons. In Norway, the direct lateral 
approach has been the most common surgical approach when 
treating elderly patients with femoral neck fractures (Havelin 
et al. 2016). 

For total hip arthroplasty (THA) in osteoarthritis patients, 
one recent study by Amlie et al. (2014) found worse patient-
reported outcome with lower quality of life, more pain, and 
more limping after the direct lateral approach compared to the 
posterior approach. To our knowledge, patient-reported out-
come measures (PROMs) for the different surgical approaches 
when treating hip fracture patients with hemiarthroplasty has 
not been thoroughly investigated. However, in a recently pub-
lished study by Parker (2015), no significant difference in pain 
or functional outcomes could be found in 216 patients who 
were randomized to the lateral or posterior approach.

With this background, we compared the results of the poste-
rior surgical approach and the direct lateral approach regard-
ing patient-reported outcome and reoperation rate in a national 
setting using data from the Norwegian Hip Fracture Register 
(NHFR).

Patients and methods
Study design  
The NHFR has registered hip fractures on a national basis 
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since 2005. After each primary operation or reoperation, the 
surgeon fills out a paper form that is sent to the registry. The 
completeness for primary hemiarthroplasty operations in the 
NHFR was found to be 91% (Havelin et al. 2016). Comor-
bidity was classified according to the ASA classification. 
Cognitive impairment was classified as present, not present, 
or uncertain status. Follow-up questionnaires used for assess-
ing VAS pain from the operated hip (0–100 with 0 meaning 
no pain and 100 meaning unbearable pain), VAS satisfaction 
(0–100 with 0 meaning very satisfied and 100 meaning very 
dissatisfied), EQ-VAS, and EQ-5D-3L were distributed to the 
patients 4, 12, and 36 months after surgery. The EQ-5D ques-
tionnaire has 5 dimensions (walking ability, ability regarding 
self-care, ability to perform usual activities, pain/discomfort, 
and anxiety/depression). Preoperative EQ-5D scores were col-
lected retrospectively 4 months postoperatively. We evaluated 
self-reported walking ability according to the first dimension 
of the EQ-5D questionnaire in particular. To calculate the 
EQ-5D index score, a European VAS-based value set was used 
(Greiner et al. 2003). 

Patients
On December 31, 2014, a total of 25,541 hemiarthroplasties 
performed for a hip fracture had been registered in the NHFR.  
All patients who had undergone hemiarthroplasty surgery 
through a direct lateral or posterior surgical approach were 
selected. To have a homogenous group, patients with unipolar 
prostheses, with cemented prostheses fixed with non-antibi-
otic-loaded cement, with pathological fractures, with extra-
capsular fractures, operated with surgical approaches other 
than posterior or direct lateral, and patients who were < 60 
years old were excluded (Figure 1). After exclusion, 20,908 
patients remained for analysis. The direct lateral approach 

ences in fixation technique between the 2 approaches were 
not possible to perform, as walking ability was a categori-
cal variable. Separate analyses were therefore performed for 
uncemented and cemented prostheses.The Pearson chi-square 
test was used for comparison of categorical variables and Stu-
dent’s t-test was used for continuous variables in independent 
groups. Patients were followed until time of death, time of 
emigration, or until the end of the study. 

Prostheses survival was calculated using the Kaplan-Meier 
method. The Cox regression model was used to calculate rela-
tive risk (RR) of reoperation with adjustment for age, sex, 
comorbidity (ASA class), cognitive function, fixation of the 
prosthesis, and operation time in the 2 treatment groups. Fur-
thermore, the Cox model was used to construct adjusted sur-
vival curves. Also, for risk of reoperation, subanalyses were 
performed for cemented and uncemented prostheses sepa-
rately. The proportional hazards assumption was fulfilled when 
investigated visually using a log-minus-log plot. However, the 
survival curves crossed each other for prosthesis survival after 
8.5 years. The Cox survival analysis was therefore terminated 
at 8 years of follow-up. A competing risks analysis was also 
performed using the Fine and Gray (1999) model. The mortal-
ity in the study period was set as the competing risk for revi-
sion of the prosthesis, and adjustments were done for possible 
influence of age, sex, cognitive function, ASA class, opera-
tion time, and type of fixation. Adjustment for patients who 
were operated bilaterally was not performed—in line with the 
results of a previously study that showed that this would not 
alter the conclusions (Lie et al. 2004). The significance level 
was set to 0.05. The statistical analyses were performed with 
the statistical package IBM SPSS Statistics version 21 and the 
statistical package R (Gray RJ (2010) Cmprsk: Subdistribu-
tion Analysis of Competing Risks. https://cran.r-project.org). 

Hemiarthroplasties registered in
the Norwegian Hip Fracture Register

n = 25,541 

Direct lateral approach
n = 20,884 

Direct lateral approach
n = 18,918

Posterior approach
n = 2,203 

Posterior approach
n = 1,990 

Excluded (n = 1,966):
– unipolar HA, 282
– cement without antibiotics, 95
– unknown fixation, 452
– pathological fracture, 434
– extracapsular fracture, 323
– age < 60 years, 223
– missing data on ASA score, 157

Excluded (n = 213):
– unipolar HA, 26
– cement without antibiotics, 9
– unknown fixation, 58
– pathological fracture, 41
– extracapsular fracture, 32
– age < 60 years, 20
– missing data on ASA score, 27

Excluded (n = 2,454):
– other approaches, 2,010
– unknown approach, 444

Included

Eligible

group had 18,918 patients and the 
posterior approach group had 1,990 
patients. The patients included had 
been operated in 52 different hospitals. 
36 of these hospitals used one specific 
approach (direct lateral or posterior) in 
more than 90% of the operations. 

Statistics 
PROM data (satisfaction, pain, and 
quality of life (EQ-5D)) were analyzed 
and compared between the 2 groups 
4, 12, and 36 months postoperatively. 
The p-values were calculated with gen-
eral linear models (GLMs) adjusted 
for cormobidity (ASA class), cognitive 
function, and fixation of prosthesis.  

To evaluate the patients’ walking 
ability, the first dimension of EQ-
5D-3L, describing mobility problems, 
was explored. Adjustments for differ-

Figure 1. Flow chart of study.
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Results

Table 1 shows the baseline characteristics of the patients. 
There were more uncemented prostheses (57% vs. 25%) and 
there was shorter duration of surgery (67 min vs. 76 min) in 
the posterior group than in the lateral group. These differences 
were statistically significant. 

Table 2 shows the implants used in the 2 groups. Table 3 
presents the response rates to the patients’ questionnaires. The 
overall response rate varied from 54% to 58%. Only com-
pleted forms were included in the final analysis.  

PROM data
Table 4 shows that patients reported more pain from and 
less satisfaction with the operated hip after the direct lateral 
approach than after the posterior approach. The results were 
statistically significantly different after 4, 12, and 36 months. 
Better quality of life (EQ-VAS and EQ-5D index score) was 
found with the posterior approach, but with statistically sig-
nificant differences only after 12 months. The patients’ walk-
ing ability was similar between the groups preoperatively. 
At all postoperative follow-ups, patients reported having sta-
tistically significantly more walking problems in the direct 
lateral group than in the posterior group (Figure 2A). Sub-
analyses for cemented and uncemented prostheses separately 
showed statistically significantly better walking ability for 
patients who were operated with the posterior approach in 
the uncemented group, after 4 and 12 months. Patients oper-
ated with an uncemented prosthesis through the posterior 
approach also reported better walking ability preoperatively 
(Figure 2B and C).

Reoperations
There were more reoperations after the posterior approach 
than after the direct lateral approach. 1-year prostheses sur-
vival was 96% for the direct lateral approach and 95% for the 

posterior approach. After 8 years, the prostheses survival was 
96% after the direct lateral approach and 93% after the pos-
terior approach. Figure 3 is a plot of implant survival, with 
adjustment for age, sex, cognitive function, ASA class, fixa-
tion of the prosthesis, and operation time. The risk of reop-
eration was similar in the first 8 years irrespective of which 
approach was originally used (RR = 1.2, 95% CI: 0.92–1.4; 
p = 0.2). Additional analyses with adjustment also for stem 
fixation gave similar results (RR = 1.2, 95% CI: 0.99–1.5; p 
= 0.07). The analyses using the Fine and Gray competing risk 
model gave a subhazard rate ratio (subHRR) of 1.16 (95% CI: 
0.94–1.4; p = 0.2). Hence, the competing risk approach did 
not alter the results that had already been obtained using the 
Cox regression model. Subanalyses showed similar results for 
the approaches when cemented prostheses (RR = 1.0, 95% 
CI: 0.8–1.5) and uncemented prostheses (RR = 1.2, 95% CI: 
0.9–1.6) were analyzed separately. 

Table 1. Baseline characteristics of patients

 
	 Lateral	 Posterior	
	 n = 18,918	 n = 1,990	 p-value
 	
Mean age (SD) at fracture	 83 (7)	 83 (8)	 0.6
Women, n (%)	 13,770 (73)	 1,424 (72)	 0.2 a

ASA class, n (%)			   < 0.001 a

 1	 510 (2.7)	 90 (4.5)
 2	 6,438 (34)	 658 (33)
 3	 10,747 (57)	 1,130 (57)
 4	 1,213 (6.4)	 110 (5.5)
 5	 10 (0.1)	 2 (0.1)
Uncemented prostheses, n (%)	 4,635 (25)	 1,139 (57)	 < 0.001 a

Cognitive impairment, n (%)	 4,809 (25)	 582 (29)	 < 0.001 a

Mean duration of 
   surgery (SD), min	 76 (25)	 67 (21)	 < 0.001 b

a Pearson’s chi-squared test. b Student’s t-test.

Table 2. Types of implants
 

Name a	 n        (%)	
	

Lateral approach	 18,918	 (100)
 Exeter/V40 (Stryker)	 6,994	 (37)
 Corail (DePuy Synthes)	 3,936	 (21)
 Charnley (DePuy Synthes)	 2,277	 (12)
 Lubinus SP II (LINK)	 1,706	 (9.0)
 Charnley Modular (DePuy Synthes)	 1,361	 (7.2)
 Spectron (Smith and Nephew)	 881	 (4.7)
 Titan (DePuy Synthes)	 784     	 (4.1)
 Other	 979     	 (5.2)
Posterior approach	 1,990	 (100)
 Corail (DePuy Synthes)	 854	 (43)
 Exeter/V40 (Stryker)	 477	 (24)
 Spectron (Smith and Nephew)	 199	 (10)
 Polar (Smith and Nephew)	 137	 (6.9)
 Filler (Biotechni)	 109	 (5.5)
 Charnley Modular (DePuy Synthes)	 58	 (2.9)
 Charnley (DePuy Synthes)	 49	 (2.5)
 Other	 107	 (5.4)

a DePuy Synthes located in Leeds, UK; Stryker, in Kalamazoo, MI; 
Biotechni, in La Ciotat, France; Smith and Nephew, in Memphis, TN;  
and LINK, in Hamburg, Germany.

Table 3. Response rates for patient questionnaires. The number of 
posted and returned questionnaires at each follow-up 

	 Posted	 Returned (%)	 Completed (%) a

Lateral approach
 4 months	 11,233	 6,369  (57)	 5,459  (49)
 1 year	 9,100	 5,140  (57)	 4,350  (48)
 3 years	 4,577	 2,475  (54)	 2,475  (46)
Posterior approach
 4 months	 1,254	 731  (58)	 624  (50)
 1 year	 1,010	 584  (58)	 506  (50)
 3 years	 547	 299  (55)	 247  (45)

a Completed questionnaires included in the PROM data analyses.
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Discussion 

Patients operated with hemiarthroplasty using the posterior 
approach had less pain, were more satisfied, and had a better 
quality of life than those operated with direct lateral approach. 
In addition, a larger group of those operated with the posterior 
approach had fewer walking problems postoperatively. 

A study performed by Amlie et al. (2014) found more pain, 
less satisfaction, poorer life quality, and twice the risk of limp-
ing after primary total hip arthroplasty (THA) performed with 
the direct lateral approach rather than the posterior approach 
(Amlie et al. 2014). These findings are supported by another 
registry-based study that found less residual pain and greater 
satisfaction after elective THAs performed with the posterior 
approach than after elective THAs performed with direct lat-

eral approach (Lindgren et al. 2014). The results of the present 
study on hemiarthroplasty support the findings of these 2 stud-
ies regarding pain, satisfaction, and walking ability. 

In an observational study with a 1-year follow-up, Leonards-
son et al. (2016) reported better patient-reported outcome after 
the posterior approach than after the direct lateral approach. 
After adjusting for age, sex, cognitive impairment, and ASA 
grade, however, no statistically significant results were found. 
The lower number of patients in that study compared to our 
study may explain the lack of statistically significant differ-
ences. 

Parker et al. performed meta-analyses to find a preferred 
approach for hemiarthroplasties since the 1990s, with-
out being able to come to any firm conclusions (Keene and 
Parker 1993, Parker and Pervez 2002). In a recently pub-

Figure 3. Prosthesis survival curves with 95% 
confidence interval for surgical approach 
adjusted for age, sex, cognitive function, ASA 
class, fixation of the prosthesis, and operation 
time (ASA-5 patients were excluded to make 
confidence interval curves smaller).

Figure 2. Walking ability. The bars show the percentage of patients in each treatment group who reported no problems 
with walking in the first dimension of EQ-5D at different follow-ups.

Table 4. Patient-reported outcome measures. Results are presented as mean values and 
as mean differences between direct lateral approach (DLA) and posterior approach (PA) at 
the different follow-ups

	 Unadj. mean	 Adj. mean		  Direct lateral vs. Posterior
	 values	 values a	 Adj. mean	
 Scores	 DLA	 PA	 DLA	 PA	 difference a	 95% CI	 p-value a

4 months							     
    Pain	 22	 20	 25	 23	 2.2	 0.53 to 3.8	 0.01
    Satisfaction	 25	 20	 31	 28	 2.1	 0.39 to 3.7	 0.02
    EQ-5D index score	 0.55	 0.57	 0.45	 0.47	 −0.014 	 −0.034 to 0.008	 0.2
    EQ-VAS	 60	 61	 52	 53	 −0.29 	 −2.1 to 1.5	 0.8
12 months							     
    Pain	 20	 17	 21	 18	 3.1	 1.3 to 4.9	 0.001
    Satisfaction	 25	 21	 27	 22	 4.7	 2.7 to 6.7	 < 0.001
    EQ-5D index score	 0.61	 0.64	 0.55	 0.58	 −0.030	 −0.055 to −0.006	 0.01
    EQ-VAS	 62	 64	 59	 61	 −2.1	 −4.2 to −0.0	 0.05
36 months							     
    Pain	 20	 16	 20	 17	 3.1	 0.41 to 5.9	 0.02
    Satisfaction	 26	 22	 27	 24	 3.7	 0.57 to 6.8	 0.02
    EQ-5D index score	 0.61	 0.66	 0.56	 0.60	 −0.033	 −0.070 to 0.004	 0.08
    EQ-VAS	 61	 65	 60	 63	 −2.4	 −5.6 to 0.80	 0.1

DLA: direct lateral approach; PA: posterior approach.
a GLM (adjusted for differences in ASA, class, cognitive impairment, and fixation of prosthesis).
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lished randomized, controlled trial involving 216 patients 
with hip fractures treated with HA, performed either with a 
lateral or a posterior approach, no differences could be found 
regarding residual pain or regain of walking ability (Parker 
2015). Biber et al. (2012) conducted a retrospective study on 
704 patients in 2012 and concluded that there was no dif-
ference between the posterior approach and the direct lateral 
approach regarding early surgical complications. However, 
the posterior approach predisposed to dislocation whereas the 
direct lateral approach predisposed to hematoma. Rogmark et 
al. (2014) found that the posterior approach clearly increased 
the risk of reoperation due to dislocation. Rogmark’s study 
included patients from both the Norwegian and the Swedish 
national registries. Although there was a similar tendency, no 
statistically significant difference was found in the present 
study involving only patients from the Norwegian Register, 
probably due to the lower number of patients in the posterior 
approach group.

Other studies have found a greater risk of reoperation with 
uncemented prostheses (Langslet et al. 2014, Rogmark et al. 
2014). Langslet et al. showed better 5-year results for unce-
mented prostheses regarding Harris hip score. In the present 
study, there was more use of uncemented implants in the pos-
terior group than in the direct lateral group (57% vs. 25%). 
There is a possibility that patients treated with uncemented 
stems are a selected extra-fit group. To minimize the risk of 
confounding, we adjusted the p-values for PROM data for 
differences in stem fixation. Subanalyses on walking ability, 
performed for uncemented and cemented prostheses, showed 
a greater difference in favor of the posterior approach with 
uncemented stems. Furthermore, a similar risk of reopera-
tion was found for the 2 approaches with cemented and unce-
mented stems. 

In Norway, most hospitals have one standard procedure for 
hemiarthroplasty, including only 1 approach and 1 fixation 
technique. 36 out of 52 hospitals had more than 90% of the 
operations performed with only one of the surgical approaches. 
This finding supports the assumption that 1 standard approach 
was used for HAs in most hospitals. Accordingly, the risk of 
surgical selection bias was low. 

The strength of our study was the high number of patients 
included, and the fact that there was a nationwide result show-
ing the outcome that could be expected in an average orthope-
dic department.

A registry study compares the actual number of patients 
operated. The 2 groups that we compared were different 
regarding the numbers of patients (1:10). This increases the 
risk of type-II error (i.e. failure to reject a false null hypoth-
esis). The skewed distribution in surgical approaches and fixa-
tion techniques is difficult to correct for, because this was no 
randomized study where the patients could be randomized to 1 
of the 2 approaches. Our study shows the actual distribution of 
approaches used for hemiarthroplasty in our country, and one 
should have this in mind when discussing the results. 

It was a weakness that the preoperative PROM (EQ-5D) 
data were collected retrospectively 4 months postoperatively, 
but there is no reason to believe that recall bias should be dif-
ferent for the 2 groups. 1 study comparing recalled data and 
prospective data found only moderate agreement concern-
ing preoperative status of the patients (Lingard et al. 2001). 
In contrast, Howell et al. (2008) found that the correlation 
between recalled data and prospective data was good. The 
response rates to the patient questionnaires were low, prob-
ably due to high age, considerable comorbidity, and cognitive 
dysfunction. An earlier study from the registry found that the 
non-responders were older, were more cognitively impaired, 
and had a higher degree of comorbidity. The type of opera-
tion did not, however, influence the response rate, so there is 
no reason to suspect a systematic underreporting in 1 of the 2 
treatment groups (Gjertsen et al. 2008). 

In summary, hemiarthroplasty for hip fracture performed 
through a posterior approach appears to be a safe procedure 
with less pain, better patient satisfaction, and better quality of 
life than with the direct lateral approach.

No competing interests declared.
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Abstract
Background A displaced femoral neck fracture in patients
older than 70 years is a serious injury that influences the
patient’s quality of life and can cause serious complications
or death. Previous national guidelines and a Cochrane re-
view have recommended cemented fixation for arthroplasty
to treat hip fractures in older patients, but data suggest that
these guidelines are inconsistently followed inmany parts of
the world; the effects of that must be better characterized.

Questions/purposes The purpose of this study was to
evaluate a large group of patients in the Norwegian Hip
Fracture Register to investigate whether the fixation
method in hemiarthroplasty is associated with (1) the risk
of reoperation; (2) the mortality rate; and (3) patient-
reported outcome measures (PROMs).
Methods Longitudinally maintained registry data from the
Norwegian Hip Fracture Register with high completeness
(93%) and near 100% followup of deaths were used for this
report. From 2005 to 2017, 104,993 hip fractures were
registered in the Norwegian Hip Fracture Register. Frac-
tures other than intracapsular femoral neck fractures and
operative methods other than bipolar hemiarthroplasty,
such as osteosynthesis or THA, were excluded. The se-
lection bias risk on using cemented or uncemented hemi-
arthroplasty is small in Norway because the decision is
usually regulated by tender processes at each hospital and
not by surgeon. A total of 7539 uncemented hemi-
arthroplasties (70% women, mean age, 84 years [SD 6]
years) and 22,639 cemented hemiarthroplasties (72%
women, mean age, 84 years [SD 6] years) were eligible for
analysis. Hazard risk ratio (HRR) on reoperation and
mortality was calculated in a Cox regression model ad-
justed for age, sex, comorbidities (according to the
American Society of Anesthesiologists classification),
cognitive function, surgical approach, and duration of
surgery. At 12 months postoperatively, 65% of patients
answered questionnaires regarding pain and quality of life,
the results of which were compared between the fixation
groups.
Results A higher overall risk of reoperation for any reason
was found after uncemented hemiarthroplasty (HRR, 1.5;
95% CI, 1.4–1.7; p < 0.001) than after cemented hemi-
arthroplasty. When assessing reoperations for specific
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causes, higher risks of reoperation because of periprosthetic
fracture (HRR, 5.1; 95% CI, 3.5–7.5; p < 0.001) and in-
fection (HRR, 1.2; 95% CI, 1.0–1.5; p = 0.037) were found
for uncemented hemiarthroplasty than for cemented proce-
dures. No differences were found in the overall mortality rate
after 1 year (HRR, 1.0; 95% CI, 0.9–1.0; p = 0.12). Hemi-
arthroplasty fixation type was not associatedwith differences
in patients’ pain (19 versus 20 for uncemented and cemented
hemiarthroplasties respectively, p = 0.052) or quality of life
(EuroQol [EQ]-VAS score 64 versus 64, p = 0.43, EQ5D
index score 0.64 versus 0.63, p = 0.061) 1 year after surgery.
Conclusions Our study found that the fixationmethod was
not associated with differences in pain, quality of life, or the
1-year mortality rate after hemiarthroplasty. Uncemented
hemiarthroplasties should not be used when treating el-
derly patients with hip fractures because there is an in-
creased reoperation risk.
Level of Evidence Level III, therapeutic study.

Introduction

Displaced femoral neck fractures in elderly patients are
serious injuries that influence quality of life [14] and are
associated with morbidity and an increased risk of death
[38]. In Western countries, hemiarthroplasty is now the
most common treatment for displaced femoral neck
fractures [5]. Several recently published studies have
shown that stem fixation with cement is associated
with a lower reoperation risk than fixation with unce-
mented stems [16, 28, 39]. In addition, a review study
and a Cochrane review have described less pain and
better function after cemented hemiarthroplasty than
after uncemented hemiarthroplasty [21, 34]. An earlier
randomized controlled trial with 5 years of followup
indicated better long-term Harris Hip scores in patients
with uncemented hemiarthroplasty than in those with
cemented hemiarthroplasty [23]. However, bone-
cement implantation syndrome has been described
previously [9, 33], and the risk of serious harm associ-
ated with cementing in older patients who may have
cardiovascular comorbidities remains a concern.

The National Institute for Health and Care Excel-
lence guidelines in the UK [29] and the American
Academy of Orthopaedic Surgeons recommendations
[6], as well as a Cochrane review [34], support the use of
cemented fixation when performing arthroplasties for
hip fractures in elderly patients. But data suggest that
these guidelines are inconsistently followed in many
parts of the world [1, 3, 30], and the effects of that need
to be better characterized. Minimizing the risk of
reoperation and death and determining which approach
is most likely to provide the patient with pain relief and a
good quality of life are important goals when choosing

the hemiarthroplasty fixation method for femoral neck
fractures. Investigating uncommon endpoints (in par-
ticular fracture and death) in a randomized study is
difficult, and to our knowledge, no large register study
has been done that evaluated those endpoints. Our na-
tional (Norway) register has the benefit of providing all
these endpoints in the same population with more than
12 years of followup.

Therefore, we thought to use the Norwegian Hip Frac-
ture Register to determine whether the hemiarthroplasty
fixation method is associated with (1) the risk of reopera-
tion; (2) the mortality rate; and (3) PROMs.

Patients and Methods

This nationwide (Norway) observational study was based
on longitudinally maintained data in the Norwegian Hip
Fracture Register from 2005 to 2017 [15]. The Norwegian
Hip Fracture Register has high registration completeness
(93%), and 100% of hospitals are covered by it [2]. Data on
death and emigration were provided by the National Reg-
istry in Norway [42]. The Norwegian Hip Fracture Register
has approval from the Norwegian Data Inspectorate to
process health data. The followup rate of deaths is nearly
100% [36]. After each primary operation and reoperation
for femoral neck fracture, surgeons complete a paper form
that is sent to the register. This form includes detailed pa-
tient information such as the unique 11-digit Norwegian
personal identification number, age, sex, comorbidities
(according to the American Society of Anesthesiologists
[ASA] classification), time of fracture, time of the start of
surgery, type of fracture, type of surgery, fixation of
hemiarthroplasty, duration of surgery, surgical approach,
and type of implant (identified by catalog numbers). In
Norway, the choice of implant and fixation is mainly reg-
ulated by a tender process that occurs every fourth year in
the hospital or health region. Factors influencing this de-
cision are clinical documentation, implant costs, and ser-
vice from manufacturer. Based on our annual hospital
reports, most hospitals have used either an uncemented or a
cemented stem for all patients in a given time period. The
fact that a hospital has used only one fixation technique
for a time period mitigates this selection bias. Therefore,
we performed a subanalysis on these patients including
only these hospitals to compare with our main findings.
From the register’s inception in January 2005 to the end of
2017, 104,993 primary operations for hip fractures were
reported to the Norwegian Hip Fracture Register. We ex-
cluded patients with pathologic fractures (n = 1356),
fractures other than intracapsular femoral neck fractures
(n = 46,764), operation methods other than bipolar hemi-
arthroplasty such as THAs and osteosyntheses (n = 22,948
(unipolar hemiarthroplasties are used in fewer than 1% [n =
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317] of patients with hip fractures in Norway), patients
younger than 70 years (n = 2147), patients with unce-
mented stems that had been fixed with cement (n = 661),
patients with ASA Grade 5 physical status (n = 20), and
patients with incomplete information in the Norwegian Hip
Fracture Register dataset regarding the ASA grade or fix-
ation method (n = 919) (Fig. 1). A total of 30,178 bipolar
hemiarthroplasties (7539 uncemented and 22,639 cemen-
ted) were eligible for the final analyses regarding reoper-
ations and mortality. All patients were observed for
reoperation for any reason until death, emigration, or until
December 31, 2017.

The mean age was 84 years (range, 70-104 years), and
71% of the patients were women. The median followup du-
ration was 2 years (interquartile range, 0.5–4.2 years). The
duration of surgery was shorter for uncemented fixation than
for cemented fixation (61 versus 80 minutes). There were
more women in the uncemented group than in the cemented
group (72% versus 70%). The posterior approach was used
more frequently in uncemented hemiarthroplasties (17%)

than in cemented hemiarthroplasties (8%) (Table 1). Other
than the differences identified above, the groups were not
different in terms of any parameters apart from the in-
tervention in question.

PROM questionnaires were distributed to patients from
2005 to 2016. Patients receiving questionnaires in 2017 (n =
2366) were excluded because their 1-year results were not
ready for analysis at the time we prepared this manuscript.
Because of a lack of resources from 2007 to 2009, only a
randomly selected group of patients were asked to answer the
questionnaires, and most patients (n = 4520) did not receive
questionnaires in this period. We excluded patients with
cognitive impairment (mainly dementia; n = 3147) to improve
the quality of information;we believe this did not likely have a
differential between-group effect. In addition, we excluded
those who died within the first year postoperatively (n =
7459). There were no differences between the uncemented
and cemented groups in terms of the proportion of patients
who returned PROMs questionnaires (66% (n = 2299 of
3499) versus 65% (n = 5930 of 9087); p = 0.64) (Fig. 2).

Fig. 1 A flowchart of the inclusion and exclusion process is shown.
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PROM paper questionnaires were sent to patients at 4,
12, and 36 months after primary surgery to collect VAS
scores for pain in the operated hip (range, 0-100; 0 means
no pain, 100 means unbearable pain), EuroQol (EQ)-VAS
scores, and EQ-5D-3L scores. The EQ-5D-3L question-
naire comprises five dimensions (walking ability, ability
for self-care, ability to perform usual activities, pain or
discomfort, and anxiety or depression) [12]. Preoperative
EQ-5D-3L questionnaires were collected retrospectively
along with the questionnaire sent to the patients 4 months
postoperatively, and these questionnaires were sent to
patients who underwent reoperation, as well. In this report,
we chose to present the PROM data 12 months after sur-
gery, in line with published recommendations for PROM
data in registries [40].

Patients who returned the PROMs questionnaires were
younger than the overall group of patients at baseline (median
age, 83 versus 84 years) and healthier (according to ASA
classification) (Table 1). Among the PROM questionnaire
responders, the cemented hemiarthroplasty group had more
women, longer surgical times, and the posterior approachwas
used less often compared with the uncemented group.

The surgical approach, stem fixation, and other details
when performing hemiarthroplasty were selected accord-
ing to each hospital’s routine protocol; more than 99% of
cemented hemiarthroplasties in Norway are implanted with
antibiotic-loaded cement [32]. In Norway, the decision
about which implant type should be used in hospitals is
driven by a tender process at the regional level. The hem-
iarthroplasties included in the analyses were performed at
54 hospitals, of which one only used uncemented hemi-
arthroplasties, 14 only used cemented hemiarthroplasties,
and 39 used both types of hemiarthroplasties. Mainly
contemporary implants were used (Table 2). Bipolar heads
were usually (about 85% of the time) from the same
manufacturer as the stem. Accordingly, we did not consider
the brand of the bipolar head when analyzing the results.

A reoperation was defined as any secondary procedure
performed after primary hemiarthroplasty. The surgeons
report reoperations, including closed reduction for dislo-
cation, osteosynthesis for periprosthetic fracture, or soft-
tissue débridement for infection. Reoperations were linked
to the primary operation using the unique 11-digit Nor-
wegian personal identification number and side that was

Table 1. Baseline

Patient-related
factors

Baseline reoperations and mortality Baseline PROMs

Uncemented
hemiarthroplasties

Cemented
hemiarthroplasties p value

Uncemented
hemiarthroplasties

Cemented
hemiarthroplasties p value

Total number, n 7539 22,639 3499 9087

Age (years, SD) 84 (6) 84 (6) 0.55† 83 (6) 83 (6) 0.77†

Women 70% 72% 0.007* 73% 75% 0.005*

Duration of
surgery (min)

61 80 < 0.001† 61 81 < 0.001†

ASA class < 0.001* < 0.001*

ASA 1, n (%) 150 (2) 517 (2) 97 (3) 269 (3)

ASA 2, n (%) 2581 (34) 7237 (32) 1542 (44) 3670 (40)

ASA 3, n (%) 4236 (56) 13,358 (59) 1707 (49) 4819 (53)

ASA 4, n (%) 572 (8) 1527 (7) 153 (4) 329 (4)

Cognitive impairment,
n (%)

2123 (28) 6001 (27) < 0.001*

Approach < 0.001* < 0.001*

Anterior, n (%) 516 (7) 1748 (8) 291 (8) 707 (8)

Lateral, n (%) 5663 (75) 18,741 (83) 2642 (76) 7485 (82)

Posterior, n (%) 1280 (17) 1805 (8) 525 (15) 720 (8)

Missing approach, n
(%)

80 (1) 345 (2) 41 (1) 175 (2)

Frequency of
response (PROMs), n
(%)

2299 (66) 5930 (65) 0.64*

*Chi-square.
†Student’s t-test.
PROMs = patient-reported outcome measures; ASA = American Society of Anesthesiologists.
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operated on, regardless of the hospital at which the primary
operation was performed.

Statistical Analysis

We used the Pearson chi-square test to compare categorical
variables, and we used an independent t-test for continuous
variables in independent groups. Data is presented in a Cox
model in line with a recent published recommendation
when estimating relative revision risk from arthroplasty
register data [37]. The Cox regression model was used to
calculate hazard rate ratios (HRRs) for any reoperation,
reoperations for specific causes and mortality, with
adjustments for age, sex, comorbidities (ASA class), cog-
nitive function, surgical approach, and duration of surgery.

Patients without reoperations were censored at the time of
death or emigration, or on December 31, 2017. Because
death is a potential competing risk that may influence the
accumulated probability of reoperation, regression analy-
ses for competing risk were performed. We applied the
Fine and Gray regression model for subhazards [13]. These
results were compared with the results of the Cox pro-
portional hazards regression model, and no important dif-
ferences between the analyses were identified, so we
present herein results from our Cox model. Additional
analyses of patients who underwent bilateral operations
were not performed; a previous study showed that adjust-
ing for bilateralism would have a negligible influence
on the results [25]. The significance level was set at 0.05.
The statistical analyses were performed using the
statistical package IBM SPSS Statistics, version 24 (IBM

Fig. 2 This figure shows a flowchart of patients with patient-reported outcomemeasures 1
year after surgery. *From 2007 to 2009, because of a lack of resources, only a randomly
selected group of patients were asked to answer the questionnaires
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Corp, Armonk, NY, USA) and the statistical package R
(http://CRAN.R-project.org). This study was performed in
accordance with the Reporting of Studies Conducted using
Observational Routinely-collected Data (RECORD) state-
ment and Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines [4].

Results

After controlling for relevant confounding variables like
age, sex, comorbidities, cognitive function, surgical ap-
proach, and duration of surgery, there was a higher overall
risk of reoperation for any reoperation in patients with
uncemented hemiarthroplasties (HRR, 1.5; 95% CI,
1.4–1.7; p < 0.001) than for those with cemented hemi-
arthroplasties (Fig. 3). When assessing reoperations for
specific causes, we found there were higher risks of reop-
eration because of periprosthetic fracture (HRR, 5.1; 95%
CI, 3.5–7.5; p < 0.001), infection (HRR, 1.2;CI, 1.0–1.5; p =
0.037), aseptic loosening (HRR, 3.9; 95% CI, 1.4–10.9; p =
0.008), and reoperation for other reasons (HRR, 1.9; 95%
CI, 1.3–2.6; p < 0.001) for uncemented hemiarthroplasties
than for cemented hemiarthroplasties (Table 3).

After controlling for relevant confounding variables like
age, sex, comorbidities, cognitive function, surgical ap-
proach, and duration of surgery, there was no difference in
the 1-year mortality rate between the fixation groups (HRR,
1.0; 95% CI, 0.9–1.0; p = 0.12). Patients with uncemented
hemiarthroplasty, however, had lower mortality at days
0 and 1 than patients with cemented hemiarthroplasty
(HRR, 0.4; CI, 0.3–0.5; p < 0.001) (Table 4). For the

remainder of the patients’ lifetimes, as well as in aggregate,
there were no differences in mortality (Fig 4).

No differences between uncemented and cemented hemi-
arthroplasties were found regarding pain (19 versus 20, p =
0.052) in the operated hip, and quality of life (EQ-VAS score
64versus 64, p= 0.43, EQ5D index score 0.64versus 0.63, p=
0.061) 1 year after surgery (Table 5). Additionally, no differ-
ences were found between the groups when measuring the

Table 2. Type of implants

Uncemented hemiarthroplasty Cemented hemiarthroplasty

Name Number (%) Name Number (%)

Total number 7539 (100) Total number 22,639 (100)

Corail® (DePuy Synthes) 5979 (79) Exeter™ (Stryker) 11,604 (51)

Filler® (Biotechni) 854 (11) Lubinus® SP II® (Link) 3003 (13)

Polarstem™ (Smith and Nephew) 252 (3) Charnley® (DePuy Synthes) 2445 (11)

SL-PLUS™ (Smith and Nephew) 164 (2) Charnley Modular® (DePuy Synthes) 1896 (8)

HACTIV® (Evolutis) 111 (2) Spectron™ (Smith and Nephew) 1385 (6)

Furlong® (JRI Orthopaedics) 109 (1) CPT® (Zimmer Biomet) 841 (4)

Other 70 (0.9) Titan™ (DePuy Synthes) 817 (4)

C-Stem® (DePuy Synthes) 356 (2)

MS-30® (Zimmer Biomet) 223 (1)

Other 69 (0.3)

DePuy Synthes is located in Leeds, UK; Stryker is located in Kalamazoo, MI, USA; Biotechni is located in La Ciotat, France; Smith &
Nephew is located in Memphis, TN, USA; LINK is located in Hamburg, Germany; JRI Orthopaedics is located in Sheffield, UK; Evolutis,
in Briennon, France; Zimmer Biomet is located in Warsaw, IN, USA.

Fig. 3 In this figure, a Cox regression curve for reoperations
after uncemented and cemented Hemiarthroplasties is shown,
with adjustments for age, sex, comorbidities (American Society
of Anesthesiologists [ASA] class), cognitive function, surgical
approach, and duration of surgery.
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change in the index EQ-5D-3L score from preoperatively to 1
year postoperatively (-12.9 versus -12.7 ; p = 0.75), or when
comparing the proportion of patients in each groupwhose EQ-
5D-3L score at 1 year postoperatively reached the preoperative
EQ-5D-3L score (37% versus 36%; p = 0.81).

Subanalyses on reoperations and mortality, adjusted for
same variables as the main results, were performed on patients
from hospitals that used either an uncemented (n = 3286 of
7539) or a cemented stem (n = 12,644 of 22,639) for all
patients in a given time period. A higher overall risk of
reoperation for any reoperation was found with uncemented
hemiarthroplasties (HRR, 1.7; 95% CI, 1.4–2.1; p < 0.001)
than for those with cemented hemiarthroplasties. Patients with
uncemented hemiarthroplasties, however, had lower mortality
at days 0 and 1 (HRR, 0.4; CI, 0.2–0.7; p = 0.001) and from
day2 to 7 (HRR, 0.7;CI, 0.5–0.9; p = 0.003) thanpatientswith
cemented hemiarthroplasty. For the remainder of the patients’
lifetimes there were no differences in mortality.

Discussion

Reoperation is a devastating complication for an elderly
and frail patient with a hip fracture. Therefore, efforts

should be made to improve treatment to minimize the
likelihood of this event. Many recommendations suggest
cement, though these suggestions are inconsistently fol-
lowed. Based on data reported in the Norwegian Hip
Fracture Register, with its high completeness and gener-
alizability, we have studied the rate of reoperations, mor-
tality, and PROMs. We found a lower risk of reoperation
after cemented hemiarthroplasty than after uncemented
hemiarthroplasty, mainly because of fewer periprosthetic
fractures and infections. One year postoperatively, the type
of hemiarthroplasty fixation was not associated with dif-
ferences in mortality, pain scores, or quality of life.

This study had some limitations. First, in a register
study, the patients, methods, and surgeons are not ran-
domized, leading to a risk of confounding factors and
possible selection bias. From our annual hospital reports,
we have seen that most hospitals have used either an
uncemented or a cemented stem for all patients in a given
time period. Therefore, we performed subanalyses that we
compared with our main findings to mitigate selection bias.
We adjusted for possible registered confounders such as
age, sex, comorbidities (ASA class), cognitive function,
surgical approach, and duration of surgery. Because this
study reflects a broad sample of practice across an entire

Table 3. Reoperations

Reasons for
reoperations

Uncemented hemiarthroplasty Cemented hemiarthroplasty
HRR* 95% CI p value

Number Percent Number Percent

Total 433 6 834 4 1.5 1.4-1.7 < 0.001

Infection 179 2 425 2 1.2 1.0-1.5 0.037

Fracture 88 1 53 0.2 5.1 3.5-7.5 < 0.001

Dislocation 95 1 237 1 1.1 0.8-1.4 0.55

Aseptic loosening 9 0.1 8 0.04 3.9 1.4-10.9 0.008

Other 62 0.8 111 0.5 1.9 1.3-2.6 < 0.001

*Cox regression analysis adjustments for age, gender, comorbidity (ASA class), cognitive function, surgical approach, and duration
of surgery; ASA = American Society of Anesthesiologists.

Table 4. Mortality

Time from surgery
to death

Uncemented hemiarthroplasty Cemented hemiarthroplasty
HRR* 95% CI p value

Nunber of deaths % Number of deaths %

Total 4830 64 13,903 61 1.0 1.0-1.0 0.64

0-1 days 38 0.5 272 1 0.4 0.3-0.5 < 0.001

2-7 days 195 3 571 3 0.9 0.8-1.1 0.21

8-30 days 384 5 1142 5 1.0 0.9-1.1 0.51

31-365 days 1281 19 3587 17 1.0 0.9-1.1 0.75

> 1 year 2932 55 8331 56 1.0 1.0-1.1 0.61

*Cox regression analysis adjustments for age, gender, comorbidity (ASA class), cognitive function, surgical approach, and duration
of surgery; ASA = American Society of Anesthesiologists.
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country, we believe that the study has high generalizability
(external validity), and that the results also likely would
generalize well to practice in other countries. Second, a
large study like this may identify statistical differences that
are not necessarily clinically important (such as the small
difference in the risk of death identified in the first few days
after surgery, which was not observed at subsequent time
points when we observed no between-group differences).
Readers must use good judgment when interpreting find-
ings with very small effect sizes in large, observational
trials; we believe this is a shortcoming worth tolerating,
since randomized studies—which almost inevitably are
much smaller—may fail to detect even larger (and clini-
cally important) between-group differences owing to lim-
ited power, especially those pertaining to less common but
still important complications. Additionally, since patients

who undergo hemiarthroplasty sometimes are frailer, there
would be a risk that only the healthiest patients would
volunteer for a randomized study, and they would not be
generalizable to the typical population.

Third, the difference in volume between the cemen-
ted hemiarthroplasty and uncemented might represent a
confounding variable; Norwegian surgeons may have
greater expertise with the cemented stem. We do not
believe this affected results to any great degree because
hospitals using uncemented hemiarthroplasties also use
uncemented stems for planned THAs and have done this
for many years, and thus have more-than-sufficient ex-
perience with this procedure.

There were additional limitations, as well. For example,
low-grade infection is often difficult to diagnose and may
present only as prolonged wound drainage or later aseptic
loosening, and may, therefore, have been misreported in the
register on the day of reoperation. In addition, such low-
grade infections in elderly and frail patients may be treated
onlywith antibiotic suppressionwithout reoperation. Hence,
the infection burden may be even higher than reported.
There is, however, no reason why the treatment strategywas
different for cemented and uncemented hemiarthroplasties.
Moreover, different bipolar heads used in combination with
different stems might affect the rate of reoperation, espe-
cially in procedures performed for dislocation. The different
stems were usually used with a bipolar head from the same
manufacturer, and we could not adjust for bipolar heads in
the Cox regression analyses. The stem and bipolar headmust
be seen as one unit. In addition, comparisons ofmany brands
of cemented and uncemented hemiarthroplasties should be
interpreted with caution. Differences in reoperations after
cemented hemiarthroplasties with an increased risk of peri-
prosthetic fracture for polished taper-slip stems have been
reported [22]. One study [18] found inferior survivorship
with the Titan™ (DePuy Synthes, Leeds, UK) stem. When
survivorship is lower with one particular device, it reduces
the aggregate survivorship for the group in which it is
reported. Still, most of the stems in our study had well-

Fig. 4 A Cox regression curve for mortality after uncemented
and cemented Hemiarthroplasties is shown, with adjustments
for age, sex, comorbidities (American Society of Anesthesiol-
ogists [ASA] class), cognitive function, surgical approach, and
duration of surgery.

Table 5. Comparison of patient-reported outcome 1 year after surgery

Patient-reported outcome measures Uncemented Cemented
Mean Mean Mean difference (95% CI) p value*

Pain 19 20 -0.9 (-1.9-0.01) 0.052

EQ-VAS 64 64 0.5 (-0.7-1.6) 0.43

EQ-5D index 0.64 0.63 0.01 (-0.005-0.03) 0.061

DEQ-5D -12.9 -12.7 -0.2 (-1.6-1.1) 0.75

Percent reached preop EQ-5D 37% 36% 0.81†

*Students t-test.
†Chi-square test.
EQ = EuroQol.
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documented excellent long-term results in register studies
on THAs [11, 19]. The way the data were collected may
have influenced results; for example, the preoperative
EQ-5D-3L data were retrospectively collected 4 months
after surgery, but there is no reason to believe that recall
bias would be different between the two groups. One
study comparing recalled data and prospective data found
only moderate agreement concerning the patients’ pre-
operative status [26]. In contrast, Howell et al. [20] found
that the correlation between recalled data and prospective
data was good. Finally, the patient response rate to the
questionnaires was rather low (64%), probably because of
old age and its associated comorbidities. Still, a response
rate higher than 60% was considered acceptable by recent
published recommendations for PROM data in regis-
tries [40].

After controlling for relevant confounding variables
like age, sex, comorbidities, cognitive function, surgical
approach and duration of surgery, our large register-
based study showed that the risk of reoperation was
much higher for the uncemented hemiarthroplasties.
These findings were strengthened by our subanalyses on
patients from hospitals that only operated uncemented or
cemented hemiarthroplasties for a time period, which
mitigated selection bias. Our study with large numbers,
strong methods, and high generalizability adds impor-
tant information to existing evidence [8, 16, 27, 28, 43,
44] and national guidelines [6, 29-31] in the decision-
making process. Our results are similar to previous
studies and support those findings. Still, in our study, we
found a total HRR of 1.5 for reoperations with unce-
mented hemiarthroplasties, which is lower than the HRR
reported in an earlier study using data from the Norwe-
gian Hip Fracture Register (2.1) [16]. One study [22]
compared different stem designs and found more reop-
erations after hemiarthroplasties with polished taper-slip
stems than with matte straight and anatomic composite
beam stems. The increased proportion of taper-slip
stems, used in the later years in our study, could explain
why the HRR was lower in the present study than that in
previous research.We also found a higher infection risk after
uncemented hemiarthroplasty than after cemented hemi-
arthroplasty. Yli-Kyyny et al. [44] found a nonimportant
tendency towards more infection after uncemented hemi-
arthroplasty than after cemented hemiarthroplasty in their
large observational study in Finland. An earlier study, based
on patients with data in theNorwegianHip Fracture Register
[16], found more reoperations for superficial infections after
uncemented hemiarthroplasty than after cemented hemi-
arthroplasty. One possible explanation for more infections in
uncemented hemiarthroplasty could be that antibiotic-
loaded bone cement, which protects against postoperative
infection, is used in nearly all cemented hemiarthroplasties
in Norway [32].

After controlling for relevant confounding variables like
age, sex, comorbidities, cognitive function, surgical ap-
proach and duration of surgery our large register study
found no differences in overall mortality after 1 year. This
is in line with a recent review [43] and earlier observational
studies [8, 16]. This is, however, in contrast to a study from
the National Hip Fracture Database in the UK, which
reported a lower mortality rate for cemented hemi-
arthroplasty than for uncemented hemiarthroplasty [7].
Even if the overall mortality after 1 year is no different, our
results are in concordance with other studies suggesting
increased peri- and early postoperative mortality after
cemented fixation [8, 16, 35, 41]. Bone-cement implanta-
tion syndrome could be an explanation for this [9, 33]. We
recommend following the recently published safety
guidelines from the Association of Anaesthetists of Great
Britain and Ireland [17] to reduce the mortality risk when
using cemented hemiarthroplasty for hip fracture.
Engesæter et al. [10] found reduced intramedullary pres-
sure when drilling a distal venting hole in the femur before
cementation; this study, to our knowledge, has not been
reproduced and could stimulate further investigations in
this area.

In our large group of patients, we found similar PROMs
between patients undergoing uncemented hemi-
arthroplasty and those undergoing cemented hemi-
arthroplasty, suggesting that fixation type does not affect
the patients’ quality of life when contemporary hemi-
arthroplasties are used. Themean values for EQ-5D-3L and
pain scores in our study were comparable with those in a
Swedish register-based study [24]. A systematic review
and a Cochrane review have reported less pain and better
function after cemented hemiarthroplasty than after unce-
mented hemiarthroplasty [21, 34]. However, most unce-
mented implants in these reviews are no longer in use. A
randomized controlled trial comparing cemented and
uncemented hemiarthroplasties with 5 years of followup
found better Harris hip scores after uncemented hemi-
arthroplasty than after cemented hemiarthroplasty [23], but
there was no difference in the index EQ-5D-3L score.

In summary, our study supports the use of cemented
hemiarthroplasty to decrease the risk of reoperation, a
potentially devastating complication for elderly and frail
patients. The fixation method was not associated with
differences in pain, quality of life, or the overall mortality
rate 1 year after surgery. Uncemented hemiarthroplasty
should not be used when treating elderly patients with hip
fractures.
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Abstract 

Aims 

The aim of this large register-based observational study was to compare mid-term survival-

rates of cemented femoral stems of different designs used in hemiarthroplasties for femoral 

neck fracture in elderly patients. 

Patients and Methods 

From the Norwegian Hip Fracture Register (NHFR) 20529 primary cemented bipolar 

hemiarthroplasties for femoral neck fracture in patients aged 70 years or older treated in 2005-

2016 were included in this prospective observational study. Polished tapered stems (n=12064) 

(the Exeter and CPT prostheses), straight stems (n=5543) (the Charnley, Charnley Modular 

and Spectron EF prostheses), and anatomic stems (n=2922) (the Lubinus SP2 prosthesis) were 

included. Prosthesis survival was calculated using the Kaplan-Meier (KM) method and 

Hazard rate ratios (HRRs) for reoperation risk were calculated with Cox regression analysis.  

Results 

1-and 5 year KM prosthesis survival was 96.0% (CI: 95.6-96.4) and 95.0% (CI: 94.6-95.4) for 

the Exeter stem, 97.0% (CI: 96.4-97.6) and 96.3%(CI: 95.5-97.1) for the Lubinus SP2 stem, 

97.6% (CI: 97.0-98.2) and 97.0% (CI: 96.2-97.8) for the Charnley stem, 98.1% (CI: 97.3-

98.9) and 98.0% (CI: 97.2-98.8) for the Spectron EF stem, 96.4% (CI: 95.6-97.2) and 95.9 

(CI: 0.67-1.15) for the Charnley Modular stem. The CPT stem had only been used in the 

NHFR the last year and follow-up was too short to calculate KM survival. HRR for 

reoperation after 1 year was statistically significant lower for the Lubinus SPII (HRR 0.77 



(95% CI 0.60 - 0.97)), Charnley (HRR 0.64 (95%CI 0.48 - 0.86)) and Spectron EF stems 

(HRR 0.44 (95%CI 0.29 -0.67)) compared to the Exeter stem. Reoperation due to 

periprosthetic fracture occurred almost exclusively after operation with polished tapered 

stems. 

Conclusion 

This study shows that prosthesis survival after cemented hemiarthroplasties for hip fractures 

is high. Differences in reoperation rates seem to favor anatomic and straight designed stems 

compared to polished tapered stems, which had higher risk of periprosthetic fracture. 

Bullet points; “Hemiarthroplasty, Reoperation, Periprosthetic fracture” 

 

 

 

 

 

 

 

 

 

 

 



 

 

Introduction 

Hemiarthroplasty has become the most common treatment for displaced femoral neck 

fractures in elderly patients in western countries.  It is well known that stem fixation with 

cement has superior outcome regarding reoperations compared to uncemented fixation in 

these patients (1-4).  Different prosthesis designs and two different cementation principles are 

used in hemiarthroplasty operations. The polished wedge designed stems with the taper-slip 

(TS) principle has been designed to subside inside the cement mantle to achieve an even load 

bearing while the anatomic and straight designed stems with matt finish has been designed to 

become fixed in the cement mantle after the composite-beam (CB) principle (5). Small 

observational studies including both hemiarthroplasties and total hip arthroplasties (6-8) and 

one large register study on total hip arthroplasties (9) has reported higher risk of periprosthetic 

fracture (PPF) with a polished taper-slip (TS) stem compared to an anatomic stem. Patients 

treated with hemiarthroplasty for femoral neck fracture represent an older and more comorbid 

population than the total hip arthroplasty patients (10). No large register study has so far 

investigated stem survival for cemented hemiarthroplasties. On this background we have 

studied a large group of patients with femoral neck fractures in The Norwegian Hip Fracture 

Register (NHFR). We wanted to investigate whether the stem design and brand influences the 

risk of reoperation and in particular whether the risk of periprosthetic fracture is higher with 

wedge polished TS stems compared to other stem designs. 

Patients and Methods 

Data sources 



The NHFR has prospectively registered hip fractures in Norway since 2005 (11). After 

each primary operation and reoperation the surgeons fill in a paper form that is sent to 

the register. This form includes detailed patient information like age, gender and 

comorbidity according to the American Society of Anesthesiologists (ASA) 

classification, time from fracture until surgery, surgical approach, and type of implants 

using catalogue numbers. For periprosthetic fractures both reoperations that involve 

removal/exchange of the stem and reoperations with open reduction and internal 

fixation (ORIF) should be reported.  Reoperations are linked to the primary operation 

using the unique 11-digit Norwegian personal identification number. The coverage of 

hospitals in the NHFR is 100% and the completeness of reporting of primary 

hemiarthroplasties in the NHFR has been found to be 93 % compared to the compulsory 

administrative database of the Norwegian Patient Registry (10,12). Patients were 

included from the NHFR from 2005 to 2016. As of December 31, 2016 there were 

104980 primary operations for hip fractures registered. Pathological fractures (n=1356), 

other fractures than intracapsular femoral neck fractures (n=42990), other operation 

methods than bipolar hemiarthroplasty such as osteosyntheses (n=26363), uncemented 

stems (n=8226), uncemented stems that were cemented (n=725), patients <70 years 

(n=1557), operations with stems used in <500 cases in the whole study period (n=622), 

ASA 5 patients (n=13) and patients with incomplete necessary information in the NHFR 

dataset  were excluded (n=1758) (Fig 1). Further, operations with the Titan stem 

(n=835) were excluded because this stem was not in use during the last years of the 

studied period (10), and because this stem has shown inferior outcome in an earlier 

study (13). 20529 cemented bipolar hemiarthroplasties remained for analyses:  The 

Exeter V40 stem (n=11244) (Stryker, Mahwah, New Jersey) and the CPT stem (n=820) 

(Zimmer, Warsaw, Indiana) has a wedge, polished TS stem design. The Charnley 



(n=2389) and Charnley Modular stems(n=1842) (DePuy Synthes, Leeds, United 

Kingdom.) and Spectron EF stem(n=1312)  (Smith & Nephew, Memphis, TN) have 

matt finish straight design with composite beam stems (CB). The Lubinus SP2 stem 

(n=2922) (Link, Hamburg, Germany) was the only matt finish anatomic designed CB 

stem. The stems were mainly used with one particular bipolar head from the same 

manufacturer as the stem. Accordingly, we did not take the bipolar head brand into 

account when analyzing the results of the different stems.  

 

Statistical analyses 

The Pearson chi-square test was used for comparison of categorical variables and the 

independent t-test (Student’s test) was used for continuous variables in independent 

groups. 1- and 5-year prosthesis survival was calculated with the Kaplan-Meier method. 

The Cox regression model was used to calculate hazard rate ratio (HRR) after 1 and 5 

years for reoperation with adjustments for age, gender, comorbidity (ASA-class), 

cognitive function and surgical approach between the groups. Patients without 

reoperations were censored at time of death, time of emigration, or at December 31. 

2016. Data on death and emigration was provided by the Statistics Norway.  Further, the 

Cox model was used to construct adjusted survival curves and to compare risk of 

reoperation due to all causes and due to periprosthetic fracture between the different 

stems. The proportional hazards assumption was not fulfilled when investigated visually 

by use of log-minus-log plots. The curves crossed each other at 40 days for prostheses 

survival. We therefore performed separate Cox regression analyses with the follow-up 

divided into two periods; first period from surgery to 40 days postoperative and second 

period from 40 days postoperative and until December 31. 2016.  The proportional 

hazard assumption was fulfilled within these two time-periods. Since curves only 



crossed each other short time after surgery we chose to present HRR after 1 and 5 years.  

Death is a competing risk and may influence the accumulated probability for revision. 

Therefore regression analyses for competing risk were performed. The Fine and Gray 

(1979) regression model for the sub-hazard was applied. These results were compared 

with the results from the Cox proportional hazards regression model.  Additional 

analyses excluding patients who were operated bilaterally (N=904) were performed. 

These analyses gave similar results. This is in line with the results of a previous study 

that showed that adjusting for bilaterally will not alter the conclusions (14). The 

significance level was set to 0.05. The statistical analyses were performed in the 

statistical package IBM SPSS statistics version 22 (IBM Corp., Armonk, NY, USA) and 

the cmprsk Library in the statistical package R (http://CRAN.R-

project.org/Package=cmprsk<http://cran.r-project.org/Package=cmprsk>). This study is 

done using the RECORD and STROBE statement (15). 

 

 

 

Results  

Overall, 72% of patients were women, and the mean age was 83 years. The median 

follow-up was 2.1 years, but varied from 0.4 years (CPT stem) to 3.2 years (Charnley 

stem) when calculated by the reverse Kaplan-Meier method of Schemper and Smith 

(16). Fewer women were operated with the CPT stem. Patients operated with the 

Charnley Modular stem had higher comorbidity. There were more patients with 

cognitive impairment in the Spectron EF group. Further, there were variations between 

all stems regarding surgical approach (Table I).  

 



When dividing the stems after design, better survival for the straight (HRR 0.66 (CI 0.55 to 

0.79), p<0.001) and anatomic designed stems (HRR 0.74 (CI 0.59 to 0.93), p=0.010) were 

found compared to the wedge designed stems (Fig 2). When analyzing stem brands, the 

anatomic designed Lubinus SP2 stem and the straight designed Charnley, Charnley modular 

and Spectron stems with CB cement fixation showed better implant survival compared to the 

wedge designed Exeter and CPT stems with TS cement fixation (Fig 3). 1-and 5-year KM 

prosthesis survival was 96.0% (CI 95.6 to 96.4) and 95.0% (CI 94.6 to 95.4) for the Exeter 

stem, 97.0% (CI 96.4 to 97.6) and 96.3% (CI 95.5 to 97.1) for the Lubinus SP2 stem, 97.6% 

(CI 97.0 to 98.2) and 97.0% (CI 96.2 to 97.8) for the Charnley stem, 96.4% (CI 95.6 to 97.2) 

and 95.9 (CI 94.9 to 96.9) for the Charnley Modular stem, and 98.1% (CI 97.3 to 98.9) and 

98.0% (CI 97.2 to 98.8) for the Spectron EF stem (Table II). The CPT stem had only been 

used in the NHFR the last year and follow-up was too short to calculate KM survival. HRR 

for reoperation after 1 year was statistically significant lower for the Lubinus SPII (HRR 0.77 

(CI 0.60 to 0.97)), Charnley (HRR 0.64 (CI 0.48 to 0.86)) and Spectron EF stems (HRR 0.44 

(CI 0.29 to 0.67)) compared to the Exeter stem. HRR for reoperation after 5 years was 0.75 

(CI 0.60 to 0.95) for the Lubinus SP2 stem, 0.64 (CI 0.49 to 0.84) for the Charnley stem and 

0.41 (CI 0.27 to 0.62) for the Spectron EF stem compared to the Exeter stem (Table II). When 

performing competing risk analyses similar results were found as in the Cox regression 

analyses. The three most common reasons for reoperation were infection, dislocation and 

periprosthetic fracture where infection was the most decisive (Table III).  Overall, fracture 

rates were rare, still they were dominating in the wedge designed TS principle stems (n=44). 

Only 4 periprosthetic fractures were reported as reason for reoperation with the anatomic 

(n=1) and the straight (n=3) designed stems. For the Exeter stem the periprosthetic fractures 

(n=40) were evenly distributed between the different stem sizes.  



Table IV shows the types of reoperations performed for each stem type. For all stem types, 

the majority of reoperations occurred during the first months. Few reoperations occurred later 

than 12 months postoperatively (Table IV).  

Using the Exeter stem as reference the risk of reoperation due to periprosthetic fracture was 

lower for Lubinus SP2 (HRR 0.10 (CI 0.01 to 0.74)), Charnley (HRR 0.09 (CI 0.01 to 0.67))  

and Charnley Modular stems (HRR 0.14 (CI 0.02 to 0.99)) (Table V). The CPT stem had 

higher risk of periprosthetic fracture (HRR 3.19 (CI 1.06 to 9.56)) compared to the Exeter 

stem. Table VI shows the types of reoperations due to periprosthetic fracture performed for 

each stem type. More than 50% of these reoperations with the wedge designed TS principle 

stems occurred during the first 12 months postoperatively. On the contrary, all reoperations 

for fracture occurred later than 12 months postoperatively for the straight and anatomic 

designed CB principle stems (Table VI). 

As a comparator we also counted reoperations for stems used less than 500 times (see Table 

III). The 3 periprosthetic fractures reported had all polished wedge design with TS principle 

(2 MS30 (Zimmer, Warsaw, Indiana) and 1 C-Stem (Depuy International)). 

Complications during surgery are also registered in the NHFR and the intra-operative 

fractures for different stems varied from 0.3 to 1.3%. (Exeter stem; 1.0%, Lubinus sp2; 0.5%, 

Charnley; 0.3%, Charnley Modular; 0.5%, Spectron EF; 1.3% and CPT; 1.3%). 

 

Discussion 

Our results showed that stem design significantly influenced the outcome.  The wedge 

designed stems with TS principle indicates higher risk for reoperation when compared to 

straight and anatomic stems with composite-beam principle. The most common reason for 



reoperation was infection followed by luxation and periprosthetic fracture. Periprosthetic 

fractures occurred almost exclusively with wedged polished stems.  

The Exeter and CPT stems with wedge polished TS design had inferior outcome with higher 

risk of reoperation compared to the other stems. In our study the Spectron EF stem with 

straight design had a high implant survival. A RSA study by Kadar et al 2011(17) also 

showed great 2-year results with the Spectron EF stem with more stability than the Charnley 

flanged 40 stem in total hip arthroplasties (THAs).  These findings are in contrast to an earlier 

study by Espehaug et al. 2009(18) from the Norwegian Arthroplasty Register on THAs for 

osteoarthritis, showing better results with the Exeter stem compared to the Spectron EF stem 

with endpoint aseptic loosening. In Espehaugs study, the Cox regression analyses showed that 

the inferior results of the Spectron EF stem was due to more reoperations after 7-10 years of 

follow up especially in the combination with the Reflection non-crosslinked All-Poly cup. 

Patients operated with a THA are usually more active with healthier bone than the average hip 

fracture patient. More activity over time will release more micro particles which can lead to 

osteolysis and aseptic loosening using a proximally rough stem as the Spectron EF. The mean 

age in Espehaugs study was 73 year. Hip fracture patients are older and frailer than THA 

patients. Van den Bekerom has reported that hemiarthroplasty patients have 5 years mortality 

at 63% (19).  This could be one explanation why the Spectron EF stem had better outcome in 

our study including an older population with higher mortality and without the combination 

with the Reflection non-crosslinked All-Poly cup. 

In Norway each hospital decides which implant to use during a tender process. As a 

consequence of this many hospitals have started using the CPT stem the last year in the study 

period. When introducing a new implant there will always be a learning curve with a higher 

reoperation rate at first. This could be one explanation for the higher reoperation rate found 

for the CPT stem.  



Periprosthetic fractures (PPFs) occurred rarely in our study. The Exeter and CPT stems were 

almost the only stems reoperated due to PPF. In accordance with our study, other studies have 

also shown an association between wedged polished TS-designed stems and PPFs. In our 

study, PPFs occurred after 0.2% of the operations. Other studies have reported the incidence 

of PPF to be 0-4 %. Clinical observational studies (6, 20, 21) have a tendency of reporting 

higher incidence of this rare complication compared to register studies. Our incidence of PPF 

is, however, in line with other register studies (2,7,22).  An observational study by Mukka et 

al from 2016 (6), comparing the CPT and Lubinus SP2 stems used in both hemiarthroplasties 

and total hip arthroplasties for femoral neck fracture, described increased risk of PPF when 

operating with the TS designed CPT stem and presented several possible mechanisms for this 

rear complication. Our larger register study supports these findings.  

A large register study by Palan from the National Joint Registry in England (22) investigated 

revisions from periprosthetic fractures after 257 202 primary total hip arthroplasties. They 

found statistically significant higher risk of revision with the CPT stem and lower risk with 

the Charnley stem compared to the Exeter stem. They reported that reoperations due to PPF 

occurred earlier for wedge designed stems (C-Stem, CPT and Exeter) than for the straight 

Charnley stem. This is in good accordance with our results. 

A large review study by Carli et al. published in 2017(23), investigated 596 studies regarding 

periprosthetic fractures in THAs. In that review they defined the TS fixation as loaded taper 

design compared to composite beam design. They found 4 studies reporting higher incidence 

of periprosthetic fractures with the Exeter stem and concluded with the need for registry 

studies. 

Few studies have investigated biomechanical failure modes. None were comparing TS and 

CB principles. One study by Ginsel et al compared TS-designed, Exeter stem with identical 



length and offset with different cross-section size (24) finding large stems were more 

resistance to torque forces for fracture. The wedge TS design facilitates a thicker cement 

mantle around the tip of the stem than the straight and anatomic CB designed stems. 

Osteoporotic bone structure is generally accepted as a risk factor for PFF (25-27). Thick 

cement mantle and more osteoporotic bone structure on hip fracture patients could be an 

unfortunate combination. The composite beam principle with anatomic and straight design 

stems may be more resistant to torque forces. This could be one explanation for fewer 

periprosthetic fractures.  Future biomechanical investigations comparing TS and CB 

principles are needed.  

There were some limitations of our study. Firstly, our primary endpoint was reoperations. 

Pain and discomfort could be present without reoperation and the result of the operation may 

accordingly not be good. Further, low grade infections are difficult to detect and could be 

present as aseptic loosening.  Different bipolar heads used in combination with the stems 

might affect the reoperation rate, especially reoperation for dislocation. The different stems 

were nearly exclusively used with a bipolar head from the same manufacturer, accordingly we 

could not adjust for the bipolar head in the Cox regression analyses. The stem with the bipolar 

head must thus be seen as one unit.  

There is a risk of underreporting of reoperations to the NHFR. An underreporting of 

reoperations due to periprosthetic fractures is possible, maybe in particular in cases where the 

prosthesis is retained and the fracture is treated with osteosynthesis. However, all 

reoperations, including osteosyntheses, are registered in the NHFR. If underreporting exists, a 

selected underreporting of reoperations after only one prosthesis type is unlikely. The burden 

of periprosthetic fractures may be even larger in real life and make the findings in this study 

even more clinicaly important. 



In a register study no randomization is present for patients or surgeons leading to a risk of 

possible confounders.  Adjustments were done for possible registered confounders such as 

ASA classification, age, gender, comorbidity, cognitive function, surgical approach, and 

duration. The results in this study represent the average result that can be achieved on a 

national level.  Each stem was used at multiple hospitals, which decrease the risk that local 

routines or environmental factors could have influenced the results significantly. Still, some 

stems were used in fewer units than other stems and small differences in infection rate could 

be attributed to unit environment. 

 The strength of the present study is the high number of patients and high external validity. In 

observational studies, with high number of patients, even small differences may become 

statistically significant, but they are not necessary of clinical importance. However, in 

Norway, with approximately 3000 hemiarthroplasties for hip fractures performed annually a 

small 1.0% difference in risk for reoperation will lead to 30 extra reoperations, or even a 0.2% 

difference for reoperation due to periprosthetic fracture will lead to 6 extra reoperations in this 

old and frail group of patients. We therefore believe that the differences found in our study 

also are of clinical importance. On the contrary, randomized studies may fail to detect small 

differences due to limited number of patients. 

In conclusion, prosthesis survival after femoral neck fracture is relative high. Differences in 

the results for distinct stem designs are however important, because reoperation of old, fragile 

patients could result in a devastating outcome for these patients, leading to increased 

morbidity and mortality. Our results seem to favour matt finished straight and anatomic 

hemiarthroplasty stems with composite-beam fixation, compared to polished tapered stems 

which had higher risk for periprosthetic fracture. 
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Table I. Baseline demographics 

 Exeter Lubinus 

SP2 

Charnley Charnley 

Modular 

Spectron EF CPT P-Value 

Total N 11 244 2922 2389 1842 1312  820   

Age 83.8 83.9 83.6 84.1 84.0  84.1  0.03* 

Women  71.9% 71.3% 74.5% 71.2% 74.4%  64.3%  <0.005† 

Follow-up, 

median (years) 

2.1 1.9 3.3 2.9 3.0  0.4   

ASA class              <0.005† 

        ASA 1 1.7% 2.4% 4.7% 1.6% 4.6%  1.2%   

        ASA 2 33.0% 32.3% 34.7% 23.0% 35.4%  29.5%   

        ASA 3 59.1% 58.4% 54.7% 64.3% 53.4%  62.7%   

        ASA 4 6.1% 6.8% 5.8% 11.2% 6.7%  6.6%   

Cognitive 

impairment 

26.7% 28.1% 24.7% 27.6% 32.2%  28.3%  <0.005† 

Approach              <0.005† 

        Anterior 5.0% 11.6% 8.0% 9.5% 20.4%  1.5%   

        Lateral         86.4% 81.5% 90.1% 81.9% 64.7%  81.1%   

        Posterior 8.6% 6.9% 1.8% 8.6% 14.9%  17.4%   

Hospitals N  30 10 22 6 15  15   

Stem design Wedge  Anatomic Straight Straight Straight  Wedge   

Stem finish Polished Matt Matt Matt Matt, 

proximally 

rough 

 Polished   

Classification Taper-Slip Composite-

Beam 

Composite-

Beam 

Composite-

Beam 

Composite-

Beam 

 Taper-

Slip 

  

* Students’ t-test      †Chi square test 

 



 

Table II. Survival analysis by Kaplan-Meier and Cox regression for reoperation after 

hemiarthroplasty  

Stem 

 

Total 

(n) 

Reoperation 

(n) 

1-Year survival 

(95% CI) 

5-Year survival 

(95% CI) 

HRR 1 Year 

(95% CI) * P-value 

HRR 5 Year 

(95% CI) * P-value 

Left at risk  after 

5 years (N) 

Exeter 11 244 461 

96.0  

(95.6 to 96.4) 

95.0  

(94.6 to 95.4) 

1  

(reference) 

 

1  

(reference) 

 

1784 

Lubinus 

SP2 2922 89 

97.0  

(96.4 to 97.6) 

96.3  

(95.5 to 97.1) 

0.77  

(0.60 to 0.97) 0.029 

0.75  

(0.60 to 0.95) 0.014 476 

Charnley 2389 62 

97.6  

(97.0 to 98.2) 

97.0  

(96.2 to 97.8) 

0.64  

(0.48 to 0.86) <0.005 

0.64  

(0.49 to 0.84) 0.001 809 

Charnley 

Modular 1843 70 

96.4  

(95.6 to 97.2) 

95.9 

(94.9 to 96.9) 

0.88  

(0.67 to 1.15) 0.35 

0.86 

(0.67 to 1.11) 0.253 410 

Spectron 

EF 1312 25 

98.1  

(97.3 to 98.9) 

98.0  

(97.2 to 98.8) 

0.44  

(0.29 to 0.67) <0.005 

0.41 

(0.27 to 0.62) <0.005 404 

CPT† 820 36 - - 

1.21 

(0.86 to 1.70) 0.28 - - 0 

 

*Cox regression model adjusted for age, gender, comorbidity (ASA-class), cognitive function, 

surgical approach, and operating time 

† Too few patients were left for 1 and 5 year calculation 

 

 



 

Table III. Number and causes of reoperations for the different femoral stems 

  

Total 

(n) 

Reoperations 

n (%) 

Infection 

n (%) 

Luxation 

n (%) 

Fracture 

n (%) 

Aseptic 

loosening 

n (%) 

Other 

reasons 

n (%) 

Totalt 20 532 743 (3.6) 373 (1.8) 217 (1.1) 48 (0.2) 7 (0.03) 98 (0.5) 

Exeter 11 244 461  (4.1) 230 (2.0) 123 (1.1) 40 (0.4) 4 (0.04) 64 (0.6) 

Lubinus SP2 2922 89 (3.0) 42(1.4) 36 (1.2) 1(0.03) 0 (0) 10 (0.3) 

Charnley 2389 62 (2.6) 34 (1.4) 15 (0.6) 1 (0.04) 2 (0.08) 10 (0.4) 

Charnley 

Modular 1843 70 (3.8) 44 (2.4) 17 (0.9) 1 (0.05) 0 (0) 8 (0.4) 

Spectron EF 1312 25 (1.9) 9 (0.7) 10 (0.8) 1 (0.08) 1 (0.08) 4 (0.3) 

CPT 820 36 (4.4) 14 (1.7) 16 (2.0) 4 (0.5) 0 (0) 2 (0.2) 

<500*  622 28 (4.5) 16 (2.5) 6 (1.0) 3 (0.5) 0 (0) 3 (0.5) 

* Cemented stems excluded from other analyses because of limited use (used less than 500 

times during the study period). 

 

 

 

 



 

Table IV. Type and timing of reoperation, all causes  

  Exeter Lubinus 

SP2 

Charnley Charnley 

Modular 

Spectron 

EF 

CPT 

 Tot N 461 89 62 70 25 36 

Type of 

reoperation 

New THA 105 27 7 20 7 11 

New HA 36 3 3 - 2 6 

ORIF 20 - 1 1 - 4 

ORIF+ HA/THA 6 - - - - - 

Debridement 

for infection 

193 38 28 35 8 10 

Reduction of 

dislocated 

prosthesis 

50 17 13 9 5 2 

Girdlestone 32 2 8 4 2 3 

Other 19 2 2 1 1 - 

Timing of 

reoperation 

0-1 month 263  

(57%) 

49  

(55%) 

37 

(60%) 

44 

(63%) 

14 

(56%) 

26 

(72%) 

1-12 months 148  

(32%) 

32 

(36%) 

16 

(26%) 

17 

(14%) 

8 

(32%) 

10 

(28%) 

>12 months 50  

(11%) 

8 

(9%) 

9 

(15%) 

9 

(13%) 

3 

(12%) 

- 

HA, hemiarthroplasty, THA, total hip arthroplasty, ORIF, open reduction and internal fixation 



Table V. Risk for reoperation due to periprosthetic fracture. Cox regression analysis with 

adjustments for gender, age group, ASA class, cognitive impairment, and surgical approach. 

Stem Number Reoperation HRR (95% CI) P-value 

Exeter 11244 40 1 (reference) 

 

Lubinus SP2 2922 1 0.10(0.01-0.74) 0.024 

Charnley 2486 1 0.09 (0.01-0.67) 0.019 

Charnley 

Modular 1890 1 0.14 (0.02-0.99) 0.049 

Spectron EF 1399 1 0.17 (0.02-1.25) 0.082 

CPT 820 4 3.19 (1.06-9.56) 0.039 

HRR, hazard risk ratio 

 

 

 

 



Table VI. Type and timing of reoperation for periprosthetic fracture 

  Exeter Lubinus 

SP2 

Charnley Charnley 

Modular 

Spectron 

EF 

CPT 

 Tot N 40 1 1 1 1 4 

Type of 

reoperation 

New HA 12 1 - - 1 - 

ORIF 19 - 1 1 - 4 

ORIF+ 

HA/THA 

6 - - - - - 

Other 3 - - - - - 

Timing of 

reoperation 

0-1 month 3 - - - - 1 

1-12 

months 

18 - - - - 3 

>12 

months 

19 1 1 1 1 - 

HA, hemiarthroplasty, THA, total hip arthroplasty, ORIF, open reduction and internal fixation 

 



 

 

 

 

 

 

 

 

Fig. 1. Flowchart 
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Fig. 2. Kaplan–Meier survival curve by design of stem. TS, taper-slip; CB, composite-beam. 

 

 

Fig 3. Kaplan–Meier survival curve by brand of stem. 
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