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ABSTRACT  

The most common type of femoral fracture that requires surgery is the 
proximal femoral fracture. As a result, their importance to the healthcare 
system is enormous. After a successful surgical intervention for a proximal 
femoral fracture, the patient may be able to return to their previous level 
of physical activity. However, because patients with hip fractures are often 
frail, proximal femoral fractures and their treatment can result in severe 
disability or even death. They can be treated surgically in a variety of ways. 
Methods can be divided into various prosthetic replacements for the hip 
joint and various options for osteosynthesis of the fracture. 

The primary goal of this doctoral dissertation was to investigate the 
effects of various treatment options on the outcome of hip fractures (I-IV). 
The goals were to investigate the effect of hip hemiendoprosthesis fixation 
(cemented or uncemented) on the outcome and postoperative 
complications (II and III), as well as the outcomes and postoperative 
complications after surgery for intertrochanteric proximal femoral 
fractures (I) and the occurrence of complications after surgery for proximal 
femoral fractures (IV). Three of the studies (I,III and IV) used data from the 
national registry data (PERFECT database). 

Uncemented hip hemiendoprosthesis fixation was found to not affect 
mortality after hip fracture surgery when compared to cemented fixation. 
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At one week, cemented hemiarthroplasty (HA) had a mortality rate of 3.9 
percent, while uncemented HA had a mortality rate of 3.4 percent (P=0.09). 
One-year mortality was also comparable to cemented HA (26%) and 
uncemented HA (27%) (P=0.1). Hemiarthroplasty without cement was 
linked to more complications (I and III). When it comes to the treatment of 
pertrochanteric fractures, newer and more expensive intramedullary (IM) 
implants are no better than extramedullary (EM) implants. IM implants had 
a higher one-year mortality rate than EM implants (26.6 percent vs. 24.9 
percent; P=0.011). In the first year after IM implants, new hip or thigh 
operations were also more common (11.1 percent vs 8.9 percent; 
P=0.0001) (II). Several comorbidities, such as Parkinson's disease, 
alcoholism, pre-existing osteoarthritis, or rheumatoid disease, have been 
linked to an increased risk of complications. Increased re-admission risk 
was also associated with operative delay to surgery and the use of total hip 
arthroplasty (THA) for surgical treatment (IV).  

In conclusion, this thesis showed that surgical methods for hip fractures 
have different outcomes. For femoral neck fractures, cemented 
hemiarthroplasty (HA) seems to be a more reliable alternative than 
osteosynthesis, uncemented HA, or THA when trying to avoid 
complications and achieve a favorable outcome for the patient. For 
pertrochanteric fractures, EM implants seem to yield comparable, or even 
better, results than more expensive IM implants. It was found that certain 
comorbidities and treatment decisions are associated with more 
complications after hip fracture surgery. To conclude, there are 
possibilities to improve outcomes after hip fracture surgery and these 
include choosing the correct surgical method for the patients and 
recognizing patients’ comorbidities that may affect the outcome. 

 
Keywords: Hip fracture, outcome, register study, hip arthroplasty, 
complications 
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TIIVISTELMÄ 

Lonkkamurtumat ovat yleisimpiä leikkaushoitoa vaativia murtumia. Tästä 
johtuen niiden merkitys on suuri myös terveydenhuollon 
palvelujärjestelmälle. Onnistunut leikkaushoito ja kuntoutus voivat 
palauttaa potilaan toimintakyvyn murtumaa edeltäneelle tasolle. Toisaalta 
hoidon komplisoituminen voi johtaa merkittävään toiminnanvajaukseen tai 
jopa kuolemaan. Lonkkamurtumia voidaan hoitaa lukuisille 
leikkausmenetelmillä. Nämä voidaan jakaa kahtia erilaisiin 
tekonivelratkaisuihin ja murtuman luutumiseen tähtääviin menetelmiin. 

Tämän väitöskirjatyön päätavoitteena oli tutkia erilaisten 
hoitomenetelmien vaikutusta lonkkamurtuman hoitotulokseen (osatyöt I-
IV). Kahdessa osatyössä (II ja III) tutkittiin puolitekonivelen 
kiinnitysmenetelmän (sementillinen tai sementitön) vaikutusta 
hoitotulokseen tai komplikaatioiden esiintyvyyteen. Yhdessä osatyössä (I) 
selvitettiin pertrokanteeristen lonkkamurtumien hoitotuloksia ja yhdessä 
osatyössä (IV) lonkkamurtumien kirurgiseen liittyviä komplikaatioita. Kolme 
osatöistä (I, III ja IV) perustuivat kansalliseen PERFECT-rekisteriaineistoon. 

Väitöskirjatyössä selvisi että sementitön puolitekonivel ei johda 
alhaisempaan kuolleisuuteen lonkkamurtumakirurgian jälkeen. Kuolleisuus 
yhden viikon kohdalla oli 3.9% sementillistä tekoniveltä käytettäessä ja 
3.4% sementitöntä tekoniveltä käytettäessä. Ero ei ollut tilastollisesti 
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merkitsevä (p=0.09). Myös yhden vuoden kuolleisuus oli sama sementillistä 
tekoniveltä käytettäessä (26%) ja sementitöntä tekoniveltä käytettäessä 
(27%; p=0.1). Osatöissä I ja III selvisi että sementittömän tekonivelen 
käyttöön liittyy enemmän sairaalahoitoa vaativia komplikaatioita. 
Osatyössä II selvisi että uudemmat ja kalliimmat intramedullaariset 
implantit eivät paranna pertrokanteeristen lonkkamurtumien hoitotuloksia 
extramedullaarisiin implantteihin verrattuna. Yhden vuoden kuolleisuus oli 
intramedullaarisia implantteja käytettäessä korkeampi (26.6% vrt 24.9%; 
p=0.011). Uusintaleikkauksia jouduttiin suorittamaan enemmän 
intramedullaarisia implantteja käytettäessä (11.1% vrt 8.9%; p<0.0001). 
Osatyössä IV selvisi että liitännäissairaudet kuten Parkinsonin tauti, 
alkoholiriippuvuus, aiempi nivelrikko tai reumasairaudet lisäävät 
lonkkamurtumapotilaan riskiä sairaalahoitoa vaativille komplikaatioille. 
Kyseiset komplikaatiot olivat myös tavallisempia jos lonkkamurtuman hoito 
viivästyi tai jos hoitomenetelmänä käytettiin kokotekoniveltä.  

Tämä väitöskirja osoitti että erilaisilla kirurgisilla hoitomenetelmillä on 
vaikutus lonkkamurtuman hoitotuloksiin. Reisiluun kaulan murtumia 
hoidettaessa sementillinen puolitekonivel vaikuttaa luotettavimmalta 
vaihtoehdolta, erityisesti jos tavoitteena on välttää hoitoon liittyviä 
komplikaatioita. Pertrokanteerisia murtumia hoidettaessa 
extramedullaarisilla implanteilla saavutetaan vähintään yhtä hyviä tuloksia 
kuin kalliimmilla intramedullaarisilla implanteilla. Yhteenvetona voidaan 
todeta että lonkkamurtumien hoitotuloksien optimointi ja 
komplikaatioiden välttäminen on mahdollista erityisesti oikealla 
hoitomenetelmän valinnalla ja potilaiden liitännäissairauksia 
tunnistamalla. 

 
Avainsanat: Lonkkamurtuma, rekisteritutkimus, leikkaushoito, 
tekonivelleikkaus, komplikaatio 
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1 INTRODUCTION  

Hip fractures are an important public health issue. They are associated 
with significant individual morbidity for the affected, as well as a burden on 
the healthcare system (Veronese and Maggi, 2018). The incidence of hip 
fractures is strongly correlated with age (Beerekamp et al., 2017). Thus, 
with the aging of the population, the number of hip fractures can be 
expected to increase, even though age-adjusted incidence seems to decline 
(Sögaard et al., 2016). Even though most fractures occur in women, the 
incidence in males is increasing (Pekonen et al., 2021). Patients with hip 
fractures are often elderly and have several co-morbidities, putting them at 
a higher risk of medical and surgical complications (Buecking et al., 2013; 
Carpintero et al., 2014).  

Hip fractures consume a significant amount of healthcare resources due 
to their high occurrence and requirement for surgical treatment. One hip 
fracture is estimated to cost between 10,000 and 40,000 euros over a year 
(Haentjens et al., 2005; Häkkinen and Sund, 2021; Sund et al., 2011). 
Surgical complications increase the cost of treatment by more than 
doubling it and result in poorer patient outcomes (Edwards et al., 2008; 
Thakar et al., 2010; Tsang et al., 2014). As a result, to reduce the risk of 
complications, hip fracture treatment methods should be as safe as 
possible.  

In the previous 30 years, we have seen several changes in the use of 
various surgical methods in hip fracture treatment. Osteosynthesis of 
intracapsular femoral neck fractures has largely been abandoned, even in 
the case of undisplaced fractures (Ma et al., 2019). In the case of 
subtrochanteric and unstable trochanteric fractures, intramedullary 
devices have been introduced and widely accepted as reliable implants (Xie 
et al., 2019). In some hip fracture types, evidence supports traditional 
treatment methods over newer ones. For example, total hip replacement 
(THR) seems to bring only a marginal functional advantage over 
hemiarthroplasty while being associated with more complications than 
THR (Hansson et al., 2020; Rogmark, 2020). In the treatment of 
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pertrochanteric fractures, evidence supports the use of extramedullary 
implants rather than intramedullary implants introduced more recently 
(Aros et al., 2008; Egol et al., 2014; Swart et al., 2014). 

It can thus be postulated that in hip fracture surgery, methods 
associated with low risk of complications and predictable outcomes should 
be chosen. It's also worth remembering that treating hip fractures entails 
more than just surgery, and a multidisciplinary approach involving 
geriatricians, general practitioners, physiotherapists, nurses, and others is 
probably the best way to improve patient outcomes (Häkkinen and Sund, 
2021; Rogmark, 2020).   

This thesis includes four studies considering the outcomes of hip 
fracture surgery. Questions such as how surgical methods for hip fractures 
perform in “real life” and whether complications can be reduced by 
selecting the appropriate treatment methods for patients received special 
attention. One goal was to see if it was possible to identify patients who 
were more prone to complications and, as a result, could be subjected to 
interventions to prevent those complications.  
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2 REVIEW OF THE LITERATURE 

2.1 PROXIMAL FEMORAL FRACTURES 

2.1.1 Hip anatomy and classification of proximal femoral fractures 

The hip joint is a ball and socket synovial joint. It connects the proximal 
femur and lower extremity to the pelvic girdle. The hip joint capsule is 
attached to the acetabular edge proximally. Distally, the capsule is 
attached to the intertrochanteric line anteriorly and the femoral neck 
posteriorly. In the proximal femur, the capsule is attached to the 
intertrochanteric line anteriorly and the femoral neck posteriorly. The 
majority of the proximal femur's vascular supply comes from the medial 
circumflex artery, which penetrates the bone at the same level as the joint 
capsule. The small artery to the head of the femur that runs through the 
ligament of the head of the femur supplies only a small portion of the 
vascular supply. This is why dislocated intracapsular fractures can severely 
compromise the femoral head's vascular supply, resulting in avascular 
necrosis.  

Proximal femoral fractures can be divided anatomically into 
intracapsular and extracapsular fractures. Intracapsular fractures are often 
referred to as fractures of the neck of the femur. The extracapsular 
fractures can subsequently be divided into trochanteric (or 
pertrochanteric) and subtrochanteric fractures (Figure 1). 
 



26 

 
 

Figure 1. Anatomy of proximal femur and different subtypes of hip 
fractures. Adapted from Kyriacou and Khan 2020. 
 
 

The AO OTA classification (Figure 2), which includes both intracapsular 
and extracapsular fractures and was revised in 2018, is primarily used for 
scientific purposes, as it is quite complicated for clinical practice (Newey et 
al., 1993). The Garden classification of femur neck fractures divides 
fractures according to their dislocation on an AP radiograph (Garden, 1961) 
(Figure 3).  
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Figure 2A. The 2018 AO/OTA classification of trochanteric femur fractures. 
Downloaded from https://aotrauma.aofoundation.org/about/news/news-
2018/news_classification_compendium_12072018 
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Figure 2B. The 2018 AO/OTA classification femoral neck fractures. 
Downloaded from https://aotrauma.aofoundation.org/about/news/news-
2018/news_classification_compendium_12072018 
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Figure 3. The Garden classification of femoral neck fractures. Shown are 
drawings and AP radiographs for types I (A), II (B), III (C), and IV (D). Adapted 
from Kazley et al. 2018. 

 
 
Garden types 1 and 2 are often referred to as non-displaced and Garden 

types 3 and 4 as displaced fractures. This simplified classification has been 
employed for clinical use, as non-displaced fractures have been thought to 
be more suitable for osteosynthesis than displaced ones. Garden 
classification has been criticized for suboptimal interobserver agreement. 
The interobserver agreement becomes more acceptable when types 1-2 
are grouped as non-displaced types and types 3-4 as displaced types 
(Thomsen et al., 1996; van Embden et al., 2012). It has also been detected 
that many Garden type I fractures should be classified as types II or III. 
(Kazley et al., 2018). 

Pauwels (1935) introduced the first biomechanical classification of femur 
neck fractures, which included three fracture types. The classification is 
based on the angle between the fracture line in the distal fragment and the 
horizontal line. It can be described as follows: 
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• Type I: The angle is less than 30 degrees and compressive forces 
dominate  

• Type II: The angle is 30-50 degrees, some shearing forces occurring 
making the fracture less stable 

• Type III: With angles more than 50 degrees, significant shearing 
forces make fracture healing unpredictable. 

More recently, the reliability and usefulness of the Pauwels classification in 
clinical practice have been questioned (van Embden et al., 2011). 

The Evans classification, as modified by Jensen (1980), divides 
trochanteric fractures into five types based on displacement and number 
of fragments. Both AO/OTA and Jensen classifications, however, are 
unreliable (van Embden et al., 2010). Despite this, when it comes to 
trochanteric fractures, AO/OTA classification is still most widely used in the 
literature.  
 
2.1.2 Incidence of proximal femoral fractures 

Incidence of proximal femoral fractures is strongly linked to age, with rates 
beginning to rise sharply after 75 years in both men and women 
(Beerekamp et al., 2017; Hartholt et al., 2011). The risk of a hip fracture is 
two times higher in women than in men, according to age-adjusted hip 
fracture incidence (Hartholt et al., 2011; Kanis et al., 2012).   

Worldwide, there are marked geographical and ethnic variations in age-
adjusted hip fracture incidence (Cauley et al., 2014). Age-adjusted incidence 
is highest in Denmark, Norway, Sweden, and Austria for both women and 
men, and lowest in Nigeria, South Africa, Tunisia, and Ecuador (Kanis et al., 
2012). Hip fracture incidence is considered high in Finnish men and 
moderate in Finnish women when compared to other countries (Kanis et 
al., 2012).  

In recent years, the age-adjusted incidence of hip fractures has 
decreased in both genders, and the relative change has been more 
pronounced in women (Forsen et al., 2020; Kannus et al., 2018). Both the 
crude and age-adjusted incidence of hip fractures in Finland increased until 
the new millennium, after which they began to decline (Korhonen et al., 
2013). Other European countries have seen a similar decline in age-
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adjusted incidence (Kanis et al., 2012; Rosengren et al., 2012; Stöen et al., 
2012; Briot et al., 2015; Sögaard et al., 2016). However, incidence trends 
seem to differ between countries (Lucas et al., 2017). There appears to be 
no single factor that can account for the observed decline in age-adjusted 
incidence. Reduced smoking, lifestyle factors, higher BMI in the elderly 
population, better vitamin D status, and better health status have all been 
proposed as explanations for this shift.  

The widespread use of antiosteoporotic medications, particularly 
bisphosphonates, has also been suggested as a factor in the decrease in 
the age-adjusted hip fracture rates. However, this has not been 
documented at the population level (Bourrion et al., 2021). 

In western countries, the elderly population is steadily growing. Thus, 
the number of hip fracture patients is estimated to grow in the future 
despite the decline in the age-adjusted incidence of hip fracture patients. 
Another trend observed in epidemiological studies is that the average age 
of hip fracture patients is increasing (Korhonen, 2013). 
 
2.1.3 Risk factors for proximal femoral fractures 

Risk factors for hip fractures can be divided into those affecting the 
resistance of the proximal femur to trauma and those leading to an 
increased risk of falls (Veronese, 2018). Osteoporosis and low bone mineral 
density (BMD) are usually identified as major risk factors for hip fractures, 
but there are several other independent risk factors. These include 
increasing age, use of benzodiazepines, maternal history of hip fracture, 
and inability to get out of a chair (Cummings et al., 1995). Many of the risk 
factors independent of low BMD can be explained by their effect on 
increased susceptibility to falls. 

Hip fracture risk factors can also be divided into non-modifiable and 
modifiable ones (LeBlanc et al., 2014). Non-modifiable risk factors include 
age over 65 years, family history of hip fracture, female sex, low 
socioeconomic status, and prior hip fracture. Modifiable risk factors 
include osteoporosis (low bone mineral density), falls, reduced levels of 
activity, vitamin D deficiency, and certain chronic medications 
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(levothyroxine, loop diuretics, proton pump inhibitors, and selective 
serotonin reuptake inhibitors and sedatives). 

Although most hip fractures occur in patients over 60 years of age, 
younger patients can also suffer from them. In particular, the younger hip 
fracture patients very often have comorbidities or abuse alcohol, and their 
biological age exceeds chronological age (Rogmark et al., 2018). 
 
2.1.4 Existing hip fracture registries and databases 

In orthopedics, there is a growing interest in disease- or implant-specific 
registries yielding information about the performance of treatment 
modalities in clinical practice. Arthroplasty registries have led to this 
development, the Swedish knee arthroplasty register being the first 
national arthroplasty register (Malchau et al., 2018). There is quite a strong 
consensus that registries have produced a remarkable amount of 
information about arthroplasty surgery that otherwise might not have 
been produced. 

Concerning hip fractures, there are several national hip fracture 
registries and at least one registry of a large service provider (Kaiser 
Permanente in the USA). Table 1 lists the current hip fracture registries in 
use.  
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Table 1. The existing and established hip fracture registries. 

 
 
 

The history of national hip fracture registries dates back to 1988 when 
RIKSHÖFT in Sweden was established. Largely based on experiences from 
this register, the SAHFE (Standardization Audit of Hip Fracture in Europe) 
was launched in 1995, and funded by European Union (Parker et al., 1998). 
This project has had a major influence on the structure of subsequently 
launched national registries.  

Most of the registries tend to publish their results as annual reports on 
their web pages. In addition to annual reports, the registries have 
generated scientific publications about their results (Gjertsen et al., 2017; 
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Sund et al., 2011; Sjöstrand et al., 2013). When common variables are 
compared between registries, a relatively consistent picture of a typical hip 
fracture patient can be seen. However, there is a great variation in the 
types of fractures and treatment modalities, and length of stay in the 
hospital following the fracture (Johansen et al., 2017). 

Most of the registries include data reported by hospitals, except for the 
Norwegian Hip Fracture Register, which also sends quality of life 
questionnaires to patients (Gjertsen et al., 2016). Other common features 
include register-based treatment guidelines and audits, which have been 
implemented at least in the United Kingdom and Ireland. 

According to research, putting in place a national registry and 
monitoring system leads to improved care in the form of shorter waiting 
times and a lesser amount of certain complications, such as pressure 
ulcers (Saez-Lopez et al., 2017). It has even been shown that hip fracture 
audits may lower mortality among hip fracture patients (Neuburger et al., 
2015). Regarding cost-effectiveness, some doubts have been cast over the 
national hip fracture registries (Parker, 2008). 
 

2.2 SURGICAL TREATMENT FOR PER- AND SUBTROCHANTERIC P
ROXIMAL FEMORAL FRACTURES 

2.2.1 Osteosynthesis 

Jewett implant was the first implant to gain popularity in the treatment of 
trochanteric proximal femoral fractures. It consisted of a rigid hip nail and 
side plate (Jewett, 1941). However, the lack of compression between 
fracture fragments often led to non-union. This led to the development of 
a sliding hip screw (SHS) that allowed compression in a controlled fashion 
(Schumpelick, 1955). Comparisons between rigid, Jewett kind of implants, 
and sliding hip screws have shown the superiority of the latter (Esser et al., 
1986). 

Osteosynthesis with SHS can be considered the gold standard of 
operative treatment for pertrochanteric femoral fractures (Stern, 2007). An 
acceptable alternative to SHS is the cephalomedullary hip nail. These 
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methods have been shown to produce equivalent results in 
pertrochanteric fractures (Parker & Handoll, 2010). Cephallomedullary nails 
have been postulated to be biomechanically advantageous over SHS in 
some subtypes of pertrochanteric fractures (Boopalan et al., 2012). The 
choice of implant for pertrochanteric fracture fixation has also been 
studied from the cost-efficiency perspective. It seems that in the treatment 
of typical pertrochanteric fractures, the SHS produces comparable results 
with less cost (Aros et al., 2008; Egol et al., 2014; Swart et al., 2014). 

After the year 2000, the use of intramedullary devices increased 
substantially at the expense of extramedullary implants. In 2005, the use of 
intramedullary devices exceeded extramedullary devices in the USA among 
young orthopedic surgeons (Anglen & Weinstein, 2008). An increase in the 
use of intramedullary devices has also been noted in a Swedish register 
study, even though the change was not similarly drastic (Rogmark et al., 
2010).  

An antegrade, trochanteric-entry intramedullary nail is the first-hand 
option for subtrochanteric femoral fractures in most centers when 
considering subtrochanteric fracture types (Borens et al., 2004; Sims, 
2002). SHS is not recommended for subtrochanteric fractures, as the 
implant does not provide the stability required for uneventful healing 
(Haidukewych et al., 2001). 

As an alternative to a 95-degree condylar screw or blade plate, a 
proximal femoral plate with locking screws has also been introduced. This 
implant has been associated with an unacceptably high risk of mechanic 
failure and can not, therefore, be recommended over an intramedullary 
nail for most subtrochanteric fractures (Glassner and Tejwani, 2011; 
Streubel et al., 2013). 

 
2.2.2 Arthroplasty 

Pertrochanteric and subtrochanteric fractures may also be treated with 
arthroplasty. Arthroplasty for extracapsular hip fractures is a demanding 
procedure and should therefore be used with caution. Most obvious 
indications for arthroplasty include patients who have osteoarthritis in the 
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fractured hip, neglected fractures with delayed presentation, or particularly 
unstable fracture patterns with osteoporosis (Hoffman et al., 2014; 
Mäkinen et al., 2015). In selected cases, arthroplasty may produce similar 
or superior results to osteosynthesis (Fichman et al., 2016; Stappaerts et 
al., 1995). Concerns about higher mortality associated with arthroplasty 
must be taken into account, especially when treating elderly patients (Kim 
et al., 2005). 
 

2.3 SURGICAL TREATMENT FOR FEMORAL NECK FRACTURES 

2.3.1 Osteosynthesis 

Osteosynthesis, usually with cannulated screws, has been used for both 
displaced and non-displaced femoral neck fractures (FNF). It has been 
thought that retaining patients’ femoral heads yields the best possible 
functional outcomes. The risk of non-union and avascular necrosis of the 
femoral head is well known in displaced fractures after osteosynthesis 
(Florschutz et al., 2015). The reoperation rate after osteosynthesis for FNF 
is relatively high (17-35%) (Bhandari et al., 2003; Gjertsen et al., 2011; 
Rogmark & Johnell, 2006). It has also been shown that arthroplasty yields 
better functional outcomes than osteosynthesis when displaced femoral 
neck fractures are concerned (Frihagen et al., 2007). Consequently, clinical 
guidelines such as NICE (National Institute for Health and Care Excellence) 
generally recommend hip replacement over osteosynthesis for patients 
with a displaced FNF.  

In the last 10-15 years, the use of osteosynthesis for undisplaced FNF 
has been questioned. Reoperations after undisplaced fractures seem to be 
less frequent (8-19%) than after displaced fractures (Clement et al., 2013; 
Gjertsen et al., 2011; Onativia et al., 2018; Rogmark et al., 2009). In a meta-
analysis combining data from three comparative trials, it was found that 
compared to a hemiarthroplasty, osteosynthesis of undisplaced FNF was 
associated with similar functional results and more reoperations than 
arthroplasty (Ma et al., 2019). Reoperations after surgical treatment of 
undisplaced femoral neck fractures are more common after 
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osteosynthesis than after arthroplasty, according to two retrospective 
studies (Griffin et al., 2016; Hui et al., 1994). 

At least one large-scale randomized trial is currently underway to 
determine whether undisplaced femoral neck fractures should be treated 
with arthroplasty instead of osteosynthesis (Wolf et al., 2020). 

As previously stated, the use of osteosynthesis for the treatment of 
femoral neck fractures seems to have diminished in recent years (Gjertsen 
et al., 2017; Rogmark et al., 2010).  
 
2.3.2 Hemiarthroplasty 

Replacement of the fractured femoral neck and head with a femoral 
component of a hip prosthesis is considered an appropriate treatment 
method for displaced femoral neck fractures in elderly patients. 

There are different types of hemiarthroplasties. The implants can be 
divided into monopolar and bipolar ones, the latter having a possible 
advantage in the form of two gliding surfaces compared to monopolar 
implants (Figure 4). The former can be subdivided into modular and non-
modular monopolar designs. Traditional non-modular monopolar stems 
have largely been abandoned in the treatment of proximal femoral 
fractures, at least in industrialized countries (Rogmark et al., 2011). It has to 
be noted, though, that evidence supporting the use of modular implants is 
relatively scarce (Parker, 2012b). Modular implants are regarded as easier 
and more controllable to insert into the femur at the right angle. For 
younger patients, bipolar arthroplasty has been recommended because it 
causes less acetabular erosion than monopolar implants. Bipolar 
arthroplasty has been linked to a slightly lower survival rate than unipolar 
hemiarthroplasty in previous studies (Leonardsson et al., 2012). However, 
more recent data from the Australian Joint Replacement Register suggests 
that the revision rate for bipolar implants would be lower than for 
monopolar implants (Farey et al., 2021). 
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Figure 4. Monopolar hip hemiarthroplasty implant in the left and bipolar 
implant in the right hip. Adapted from Kibble et al. 2020. 
 
 

The fixation of hemiarthroplasty with bone cement or without bone 
cement has also been studied. A systematic review published by Ahn et al. 
(2008) did not find any statistically significant differences between 
cemented and uncemented hemiarthroplasty in terms of mortality, pain, 
and complications. In their analysis, the revision rate was lower among 
patients treated with cemented hemiarthroplasty. According to the most 
recent update of the Cochrane Database Review on the use of arthroplasty 
for hip fractures, bone cement is associated with better mobility and less 
postoperative pain (Parker et al., 2010b). This review is based on studies 
comparing outdated non-modular femoral stems. Parker et al. (2010a) 
conducted a study comparing uncemented Austin-Moore hemiarthroplasty 
to cemented Thompson hemiarthroplasty. In a recent randomized study 
comparing contemporary prosthetic designs, cemented hemiarthroplasty 
was associated with better postoperative mobility than uncemented 
hemiarthroplasty (Parker & Cawley, 2020). They also observed a trend 
toward less mortality and periprosthetic fractures among patients 
receiving cemented implants. In an analysis of the Dutch Arthroplasty 
Register, no difference in mortality was noted between patients treated 
with cemented and uncemented hemiarthroplasty. However, there was a 
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significantly higher nine-year revision rate (5.1% vs 3.1%) among patients 
treated with uncemented hemiarthroplasty (Duijnisveld et al., 2020). 

Hemiarthroplasty is most often performed through anterolateral 
(modified Hardinge’s approach) or posterior approach. The posterior 
approach is associated with a higher risk for dislocations (Pajarinen et al., 
2003). It has also been suggested that a direct anterior approach could be 
used for the application of hemiarthroplasty (Kunkel et al., 2018; Langlois 
et al., 2015). This has not become a popular alternative. The anterolateral 
approach is advocated for its lower risk of dislocation, whereas the 
posterior approach has been promoted for its theoretically more 
atraumatic nature resulting in better functional outcome. In a recent meta-
analysis about the optimal approach in hemiarthroplasty, it was concluded 
that the posterior approach does not have any advantage over the 
anterolateral approach, and the former is associated with a higher risk of 
dislocations (Sijp et al., 2018). 
 
2.3.3 Total hip arthroplasty 

Total hip replacement (THR) has been suggested to produce improved 
functional results, fewer reoperations, and less pain than hemiarthroplasty 
(HA) in lucid and more active patients (Burgers et al., 2012; Leonardsson et 
al., 2013). Functional improvements associated with THR are compromised 
by more dislocations and initial treatment costs (Burgers et al., 2012; 
Bhandari et al., 2019; Jameson et al., 2013).  

Treatment algorithms have been published suggesting that total hip 
arthroplasty should be considered when treating more active patients 
benefiting from better function and being at lower risk for dislocations 
(National Institute for Health and Care Excellence [NICE], 2017). However, it 
also has been noticed that these guidelines are not always implemented as 
intended (Perry et al., 2016). Irrespective of guidelines, the use of total hip 
arthroplasty for hip fractures has increased substantially after the 
publishment of studies, suggesting better functional results after total hip 
arthroplasty (Stronach et al., 2020). 
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2.4 SURGICAL COMPLICATIONS RELATED TO HIP FRACTURE SUR
GERY 

2.4.1 General surgical complications 

General surgical complications, such as surgical site infections (SSI) and 
deep venous thrombosis, can make hip fracture surgery more difficult. The 
incidence of early (<30 days) deep SSI after hip fracture surgery was 
estimated to be 2.2% in a Norwegian Register Study (Pollman et al., 2020). 
In the same study, it was also found that deep SSI was associated with 1.8 
times higher one-year mortality compared to patients without deep SSI. 
Identified risk factors for deep SSI after hip fracture surgery include 
cognitive impairment of patient, intraoperative complication, unusually 
long or short operative time, surgeon’s lack of experience, reoperation, and 
development of postoperative hematoma (de Jong et al., 2017). Hip 
fracture surgery is also associated with a significant risk for DVT and 
subsequently, the use of antithrombotic agents is recommended (Balk et 
al., 2017). 
 
2.4.2 Complications related to osteosynthesis 

Malunion, non-union, and hardware failure are complications specific to 
osteosynthesis for hip fractures. In patients less than 60 years old, it has 
been estimated that malunion occurs in 7.1% of patients, nonunion in 9.3% 
of patients, and hardware failure in 9.7% of patients (Slobogean et al., 
2015). In trochanteric fractures, non-union is less frequent than in FNF. In 
early reports of trochanteric fracture surgery with less stable implants, the 
non-union rate was reported to be over 10% (Hunter, 1975). However, with 
the use of more stable implants, such as SHS or CMN, non-union has been 
estimated to be much less frequent and is usually associated with an 
operative error, such as malreduction or unstable osteosynthesis (Iwakura 
et al., 2013). This suggests that stable osteosynthesis is a key factor leading 
to the union of trochanteric fractures. In general, the literature 
concentrating specifically on complications after osteosynthesis of hip 
fractures is relatively scarce. 
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2.4.3 Complications related to arthroplasty 

Periprosthetic fractures, prosthesis dislocation, and "bone cement  
implantation syndrome" (BCIS), which occurs with cemented arthroplasty, 
are all complications specific to arthroplasty after a hip fracture.  

Regarding all hip arthroplasty, uncemented hip arthroplasty is thought 
to carry a higher risk for periprosthetic fractures than cemented 
arthroplasty. Periprosthetic fractures have been found to occur in 15% of 
cases when uncemented components are used, compared to 0-3 percent 
when cemented arthroplasty is used (Moerman et al., 2017; Phillips et al., 
2013). It is known that intraoperative calcar fractures increase the risk of 
subsequent revision arthroplasty (Miettinen et al., 2016).  

Because of the higher risk for periprosthetic fractures, both AAOS and 
NICE guidelines recommend cemented over uncemented hemiarthroplasty 
for the treatment of femoral neck fractures. This is also supported by the 
available evidence (Parker et al., 2010). 

The use of bone cement for fixation of hip arthroplasty may lead to 
bone cement implantation syndrome (BCIS) (Donaldson et al., 2009). The 
risk of BCIS can be lowered with some modifications to the surgical 
technique. The medullary lavage before cementing may decrease the risk 
of BCIS (Christie et al., 1995). The BCIS is thought to be caused by fat 
emboli escaping from the intramedullary canal as a result of bone cement 
pressurization. It has been suggested that BCIS could be avoided if no 
pressurization was used during surgery. In an elective setting, the risk for 
higher mortality resulting from BCIS can be reduced by using rigorous 
techniques (Sierra et al., 2009). 
 

2.5 MORTALITY AFTER HIP FRACTURE SURGERY 

Hip fractures most often occur in old, frail people and are associated with 
over 20% mortality in one year (Haleem et al., 2008; Mundi et al., 2014). 
The unadjusted mortality rate has remained at the same level, although 
the average age of hip fracture patients has increased over the past 
decades (Haleem et al., 2008; Mundi et al., 2014). When compared to the 
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general population, hip fracture patients have a threefold higher mortality 
rate in the first four years after the fracture (Panula et al., 2011). When age 
and other major risk factors are taken into account, the risk of dying young 
after a hip fracture has decreased in recent years (Gjertsen et al., 2017). 
When fracture types are compared, intertrochanteric fractures appear to 
have a slightly higher early mortality rate than femoral neck fractures 
(Frisch et al., 2018a). 

Several patient-related factors have been associated with mortality 
rates. It is known that co-morbidities and possibly male sex increase the 
mortality risk after hip fracture surgery (Bokshan et al., 2018; Guzon-
Illescas et al., 2019). In a large, population-based sample, including eight 
different cohorts from Europe and USA, the same finding was detected 
(Katsoulis et al., 2017). Short-term, confounder-adjusted (1 year after the 
fracture) HR for mortality was 2.78 (95% CI 2.12-3.64), and mortality 
remained higher even after eight years (HR 1.79, 95% CI 1.57-2.05). It was 
also found that coexisting chronic disease and the hip fracture had a 
superadditive effect on mortality after the fracture. 

Chronic kidney disease (CKD) has often been cited to increase the risk of 
death after hip fracture. Regarding this, it seems that only advanced CKD is 
associated with increased mortality after hip fracture (Frisch et al., 2018b; 
Robertson et al., 2018). Interestingly, in a Swedish prospective study, it was 
found that obese patients (Body Mass Index > 26) had better one-year 
survival than leaner patients (Flodin et al., 2016). Acute respiratory 
infections, such as COVID-19, increase the risk of death after hip fracture 
(Alcock et al., 2021). 

Other patient-related factors, aside from co-morbidities, may have an 
impact on mortality after a hip fracture. Patient frailty and low handgrip 
strength were linked to a higher risk of death after a hip fracture in a 
recent systematic review (Xu et al., 2019). 

The type of anesthesia or surgical technique used in the treatment of 
hip fractures can be assumed to have an impact on mortality. Spinal 
anesthesia and general anesthesia are the two most common types of 
anesthesia used in hip fracture treatment (Sciard et al., 2011). Traditionally, 
these methods have provided equal results when perioperative mortality is 
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considered (Brox et al., 2016; Fields et al., 2015). Similarly, in most recent 
studies, the choice of anesthetic modality has not affected perioperative 
mortality (Xu, 2019). 

THA has been widely used in the treatment of femoral neck fractures in 
more active patients. As a slightly longer operation than hemiarthroplasty, 
it can affect mortality. The available evidence shows, though, that mortality 
after THA is similar to mortality after hemiarthroplasty (Bhandari et al., 
2019; Lewis et al., 2019). 

Regarding different types of hemiarthroplasty, the cement fixation of 
the femoral stem has been associated with a risk of bone cement 
implantation syndrome (BCIS) which can cause severe hemodynamic 
disturbance (Donaldson et al., 2009). It has been suggested that cement 
fixation of the femoral stem would lead to increased peri- and 
postoperative mortality compared to the use of uncemented implants. 
However, in prospective studies comparing these two types of implants, 
similar mortality has been detected in several studies (Chammout et al., 
2017; Inngul et al., 2015; Talsnes et al., 2013). In meta-analyses, the 
difference in mortality is either non-existent or rather small, while the 
functional outcome is better and complications less frequent when 
cemented arthroplasty is used (Kumar et al., 2019; Lin et al., 2019). There 
are even studies showing higher mortality when uncemented arthroplasty 
is used (Parker & Cawley, 2020; Richardson et al., 2020). In a recent 
register-based Danish study, it was shown that beyond the first 
postoperative day, cemented hemiarthroplasty was not associated with 
higher mortality than uncemented HA (Viberg et al., 2022). 

The majority of trochanteric fractures are treated with osteosynthesis, 
but there are other options such as extramedullary or intramedullary 
implants. While there are differences in the occurrence of complications, 
the mortality seems to be the same after trochanteric fracture, irrespective 
of the surgical method used (Parker & Handoll, 2010). 

Taken together, the choice of surgical method does not seem to affect 
mortality after femoral neck fracture (Rogmark & Johnell 2006; Rogmark, 
2020). 
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3 AIMS OF THE STUDY 

The aims of this study were:  
 
I 
To study the trends in the choice of the implant for hip fracture surgery in 
Finland. 
 
II 
To find out whether treatment results, the occurrence of complications, or 
costs of treatment would differ between intra- and extramedullary 
implants for the treatment of pertrochanteric proximal femoral fractures. 
 
III 
To study if there are differences between cemented and uncemented 
hemiarthroplasty in terms of perioperative complications, mortality, and 
outcomes. 
 
IV 
To find out the occurrence of surgical complications after hip fractures 
leading to a re-admission and study which co-morbidities or treatment 
decisions influence the risk for a re-admission. 
 
 
 
 
 
 
 
 
 

  



46 

  



75 

6 CEMENTED OR UNCEMENTED 
HEMIARTHROPLASTY FOR THE TREATMENT OF 
FEMORAL NECK FRACTURES – RESULTS FROM A 
FINNISH DATABASE STUDY OF 25,174 PATIENTS 

6.1 ABSTRACT 

Background and purpose 
 
Cemented hemiarthroplasty is preferred in treating displaced fractures of 
the femoral neck in the elderly. The cementing process may cause a fat 
embolism leading to serious complications or death. In this study we 
wanted to determine whether use of uncemented hemiarthroplasty (HA) 
would lead to reduced mortality and whether there are differences in the 
complications associated with these different types of arthroplasty.  
 
Patients and methods 
 
We identified 25,174 patients, treated with hemiarthroplasty for a femoral 
neck fracture in years 1999-2009 from the PERFECT database combining 
information from various treatment registries. The primary outcome was 
mortality. Secondary outcomes were reoperations, complications, 
readmissions and treatment times. 
 
Results 
 
Mortality was lower in the first postoperative days when uncemented HA 
was used. At 1 week there was no difference in mortality (3.9% for 
cemented HA and 3.4% for uncemented HA; p=0.09). Neither at one year 
was there a statistically significant difference in mortality (26% for 
cemented HA and 27% for uncemented HA; p=0.1). Among patients treated 
with uncemented HA there were more mechanical complications (3.7% vs. 
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2.8%; p<0.001), hip rearthroplasties (1.7% vs. 0.95; p<0.001) and femoral 
fracture operations (1.2% vs. 0.52%; p<0.001) during the first 90 days after 
hip fracture surgery. 
 
Interpretation 
 
In light of register data, mortality is similar between cemented and 
uncemented HA. However, uncemented HA is associated with more 
frequent mechanical complications and reoperations. 
 

6.2 INTRODUCTION 

Displaced fractures of the femoral neck are increasingly treated with 
arthroplasty instead of osteosynthesis (Rogmark 2010). Hemiarthroplasty 
(HA) is used in most patients (Bhandari et al. 2005). The operation can be 
performed using either cemented or uncemented femoral components. 
Cemented components have been preferred since they have been 
associated in meta-analyses with less postoperative pain and better 
mobility after surgery (Parker et al. 2010). However, these studies have 
mostly compared relatively outdated non-modular types of 
hemiarthroplasty. 

After the introduction of modular hemiarthroplasty to hip fracture 
surgery in recent years, a number of prospective trials comparing 
cemented to uncemented hemiarthroplasty with equal results have been 
published (Figved et al. 2009, DeAngelis et al. 2012, Taylor et al. 2012). 
However, in a recent registry study comparing (mostly modular) cemented 
and uncemented hemiarthroplasty, more reoperations were detected 
among patients treated with uncemented hemiarthroplasty (Leonardsson 
et al. 2012). One explanation for this discrepancy may the relatively small 
sample size and incomplete follow-up associated with prospective studies 
(Talsnes 2013). 

We studied mortality and results after hemiarthroplasty using Finnish 
register-based data. 
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6.3 PATIENTS AND METHODS 

Patients with a first femoral neck fracture operated with hemiarthroplasty 
of the hip in Finland and admitted to surgical ward between 1.1.1999 - 
31.12.2009 were identified from Finnish Hospital Discharge Register (FHDR) 
using the 10th revision of the International Classification of Diseases (ICD-
10) diagnosis code S72.0 and the Finnish version of NOMESCO 
Classifications’ Procedural Codes NFB10 (uncemented hemiarthroplasty) or 
NFB20 (cemented hemiarthroplasty). 

Data on comorbidities, on the use of residential care and deaths for this 
population were extracted from the Finnish Health Care Register, 
reimbursement register (prescription database) of the Social Insurance 
Institution, using the unique personal identification number for each 
patient. Records in these registers include data such as: patient and 
provider ID-numbers, age, sex, area codes, and diagnosis and operation 
codes, as well as dates of admission, operation, and discharge (or death). 
The information from these registers has been gathered to the PERFECT 
(PERFormance, Efficiency, and Costs of Treatment Episodes) database. The 
Finnish register-data from PERFECT database concerning hip fracture 
patients has been compared to prospective audit data (Sund et al. 2007). 
The completeness of the register data was good; the positive agreement 
between audit and register data was 94.9%. Also the accuracy of easily 
measurable variables in the register data was at least 95%.  

The validity of the individual registers mentioned above has been 
studied as well. The Finnish Hospital Discharge Register data has been 
compared to external audit data in 32 studies (Sund 2012). The coverage 
and positive predictive values for injury diagnoses has been over 90% in 
those studies. The prescription database data has been found to be in high 
concordance with self-reported medication (Haukka et al. 2007). 

Reasons for death were extracted from the national Causes of Death 
Statistics. In Finland, injury-related deaths lead to a forensic autopsy in 
over 85% of cases, which is a higher rate than in most other countries 
(Lunetta et al. 2007). The validity of the of Finnish mortality statistics has 
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also been studied and has been found reliable (Lahti and Penttilä 2003; 
Pajunen et al. 2005). 

The primary outcome used in this study was total mortality. Secondary 
outcomes included new hip operations (procedure codes NFB*, NFC*, 
NFH*, NFJ*, NFS*, NFU*, NFW*, NFX*, and other NF*) and complications 
related to surgery or implant: diagnostic codes T84.0+T84.1 (mechanical 
complications), T81.4+T84.5 (infectious complications), T93.1 (late effects), 
S73.0 (hip luxations), S72.1-S72.4 (femoral fractures distal to femoral neck) 
as well as medical complications: I21 (acute myocardial infarction), I25 
(ischemic heart disease), I26 (pulmonary embolism), I50 (heart failure), I63 
(stroke) within ninety days since the index procedure. The procedural 
codes used in this study are shown in Table 7. 
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Table 7. Procedural codes (NOMESCO classification) used in study III. 
 

 
 

6.3.1 Study population 

During the study period, 25,174 patients were treated with 
hemiarthroplasty for a femoral neck fracture in Finland. The use of 
cemented hemiarthroplasty remained constant in Finland during the study 
period. Use of uncemented hemiarthroplasty has increased in recent 
years, leading to a slightly increased total use of hemiarthroplasty in 
Finland (Figure 8). Background information about the study patients is 
given in Table 8. 
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Figure 8. Annual numbers of cemented and uncemented 
hemiarthroplasties in Finland during the study period. 
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Table 8. Background information on the patients in study III, including duration of 
treatment, mortality and cost of treatment. 
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The exact type of hemiarthroplasty (implant manufacturer and model) is 
not registered in the PERFECT database. We therefore sent an e-mail 
survey (May - October 2012) to Finnish hospitals performing 
hemiarthroplasties. Of the 14 hospitals contacted, accounting for over 70% 
of hemiarthroplasties in Finland, none had used non-modular uncemented 
stems in the 2000's. Cemented non-modular hemiarthroplasty had been 
used up until 2005 in 4 of the hospitals contacted. On the basis of this 
survey we were able to determine that use of non-modular uncemented 
hemiarthroplasty has been infrequent in Finland during the study period. 
 
6.3.2 Statistics 

Mortality between the cemented and uncemented groups was examined 
using logistic regression analysis. The analysis was repeated for 365 
outcomes that each described the status of patient (alive/dead) at certain 
day after the operation. In order to reduce the effects of confounding in 
this observational study, differences in distributions of observed covariates 
between the groups were adjusted using propensity score weighting 
(Austin 2011). Propensity scores, i.e. the probabilities of treatment 
assignment conditional on observed baseline characteristics, were 
calculated using generalized boosted regression model (McCaffrey et al. 
2013). In the model, treatment assignment (cemented/uncemented) was 
dependent variable and all observed background variables listed in Table 8 
as independent variables as the aim was to balance all observed covariates 
between the groups. Secondary outcomes were analysed using Cox's 
regression model, also adjusted via propensity score weighting. We 
assumed non-informative censoring and follow-up was until outcome 
event or censoring due to death or last day of the observation period, 
whichever occurred first. Proportional hazards assumption was tested 
using weighted Schoenfeld residuals. We also performed sensitivity 
analyses using proportional hazards model for competing risks proposed 
by Fine and Gray for secondary outcomes as death can be considered as a 
competing risk for those events. As results were almost identical we report 
only results from Cox regressions. Data preprocessing and analyses were 
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performed with R 2.15.3 and extension packages muste 0.5.39, twang 1.3-
11 and cmprsk 2.2-6. 

 
6.3.3 Ethics 

The ethical committee of the National Institute for Health and Welfare 
(THL) approved the study (THL TuET §138/2010). 

 

6.4 RESULTS 

The initial mortality after surgery with cemented HA was higher compared 
to uncemented HA (Figure 9). At day 1 postoperatively, the mortality for 
cemented HA was 1.49% and for uncemented HA 0.73% (OR=2.12; 
p<0.001). The difference in mortality at day 4 was still statistically 
significant (2.90% for cemented and 2.36% for uncemented HA; OR=1.27; 
p=0.03). At 5 days, the difference was no longer statistically significant and 
at 1 week the mortality for cemented HA was 3.94% and for uncemented 
HA 3.41 % (OR=1.16; p=0.1). During the follow-up, there was a trend 
towards lower mortality among patients receiving cemented HA, but it did 
not reach statistical significance at one year (25.6% vs. 26.7 %; p=0.2).  
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Figure 9. The relative and cumulative risk of death in patients receiving a 
cemented hemiarthroplasty compared to patients receiving an 
uncemented hemiarthroplasty. Mortality was higher in the cemented 
group until day 4. From day 5 onward, no statistically significant difference 
in mortality was found. 
 

We were also interested whether the fat embolism would be cited more 
often as one of the causes of death in patients receiving cemented HA. In 
the cemented group, a fat embolism was cited as one of the causes 
(primary or contributory) of death in 14% of cases and in the uncemented 
group it was present in 9.0% of cases. 

We also studied mortality in hospitals that had performed more than 
100 cemented and 100 uncemented HA during the study period. The 
mortalities at 1 week were 4.4% for cemented HA and 3.5% for 
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uncemented HA (p=0.06). In all, their mortality rates did not differ 
statistically significantly from the mortality of the study group as whole. 

Patients treated with cemented HA tended to have less morbidity, and 
were eventually discharged home more often than patients treated with 
uncemented HA. The cost of treatment was higher among patients treated 
with cemented HA (Table 8). 

Complications of hip fracture treatment with HA were studied by 
comparing the occurrence of certain diagnostic codes and procedural 
codes on operated patients during the first 90 days after hip fracture 
surgery (Table 9). There were more mechanical complications and new 
surgical procedures among patients treated with uncemented HA. 

The number of new treatment periods for various medical 
complications (ischemic heart attacks, cerebrovascular disturbances) 
during the first 90 days was similar between the groups (Table 9). 
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Table 9. The occurrence of certain diagnostic codes and new operations on 
the hip joint among the patients in study III within 90 days of the index 
procedure. 
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6.5 DISCUSSION 

The use of hemiarthroplasty for treatment of femoral neck fractures has 
remained stable in Finland during the years 1999–2009. Uncemented 
hemiarthroplasty has gained more popularity during the most recent 
years, possibly related to the introduction of newer prosthetic implant 
models to hip fracture surgery. The use of osteosynthesis with screws for 
femoral neck fractures has been relatively infrequent in Finland. This was 
reflected in our study, as we did not observe the increase in 
hemiarthroplasties noted in Sweden (Rogmark et al. 2011), where 
osteosynthesis has traditionally been a more popular choice for femoral 
neck fractures. 

Cemented hemiarthroplasty has been preferred over uncemented 
hemiarthroplasty because of less postoperative pain and better mobility 
(Parker et al. 2010). Most studies comparing cemented and uncemented 
hemiarthroplasty have compared relatively outdated non-modular stems. 
It seems that use of monoblock prostheses is diminishing, making these 
studies potentially outdated (Rogmark et al. 2012). There have been a few 
prospective, randomized studies comparing modular, contemporary 
hemiarthroplasty with and without bone cement. In those studies, 
uncemented, modular hemiarthroplasty has produced equivalent results 
to cemented hemiarthroplasty in terms of functional outcomes, 
complications and mortality (Figved et al. 2009, DeAngelis et al. 2012, 
Taylor et al. 2012, Talsnes et al. 2013).  

In a Swedish registry study uncemented hemiarthroplasty was 
associated with more reoperations when compared to cemented 
hemiarthroplasty (Leonardsson et al. 2012). We detected the same in our 
study. We found more hip rearthroplasties, fracture surgeries on the 
femur, implant removals, mechanical complications and reoperations on 
the hip among patients treated with an uncemented hemiarthroplasty. Our 
and Leonardsson's findings are of interest since they are in contrast to the 
results of prospective trials (Figved et al. 2009, DeAngelis et al. 2012, Taylor 
et al. 2012).  We think that this may reflect the difficulties faced when the 
results of prospective trials are applied to clinical practice. Prospective, 
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randomized trials usually have high internal validity, but consequently a 
portion of the population of interest is excluded from the study. This may 
lead to a situation where clinical results are different from the results of 
randomized trials. 

Early postoperative mortality after cemented hemiarthroplasty was 
higher in our study. This could be a consequence of ‘bone cement 
implantation syndrome’ (Donaldson 2009), where fat and bone marrow 
cause emboli in pulmonary arteries, as fat embolism was more often 
detected in deceased patients who had received cemented 
hemiarthroplasty. However, the difference in mortality was reversed in 
follow-up and a trend towards lower mortality was seen in patients treated 
with cemented hemiarthroplasty. In this respect, our results reflect the 
trends seen in Australian registry data (Costain et al. 2011). In contrast to 
their results though, we did not see a statistically significant increase in 1-
year mortality associated with uncemented hemiarthroplasty. It has to be 
noted also, that in a recent British database study, no increase in peri-
operative mortality was detected with the use of cement (Costa et al. 2011). 
In light of these slightly contrasting results, it seems that the fixation 
method itself has little effect on mortality, at least beyond first 
postoperative week. 

Treatment times and treatment costs were higher among patients 
treated with cemented hemiarthroplasty. It has to be noted, however, that 
these results were obtained without adjustment with propensity score 
weighting. Consequently, these results may be caused by other differences 
between the study groups.  

The limitations of our study include the general drawbacks of register 
studies, i.e. their retrospective nature and reliance on diagnostic codes 
used during normal clinical practice. The validity of the Finnish PERFECT 
database, though, has been shown to be good (Sund 2011). Another 
limitation is the lack of information about the type of implant used for 
surgery. We conducted an e-mail survey and contacted hospitals 
accounting for over 70% hemiarthroplasties in Finland. It seems that use of 
uncemented, non-modular hemiarthroplasty has been scarce in Finland 
during our study period, similar to the situation in Sweden (Rogmark et al. 
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2012). Despite these limitations, we believe that registry-based studies 
have their role in hip fracture research and should be encouraged. We 
think that an optimal hip fracture registry would include operative details 
including implant type and information about possible reoperations. 
However, the data gathered should also include information about 
postoperative treatment, rehabilitation and medical complications. In this 
regard we think that a modern arthroplasty registry combined with 
information similar to the PERFECT data would be close to an ideal hip 
fracture registry. 

In conclusion, we found no differences in postoperative mortality after 1 
week between hip fracture patients treated with cemented or uncemented 
hemiarthroplasty. Uncemented hemiarthroplasty was associated with 
more hip reoperations and mechanical complications during the first 90 
days after hip fracture surgery. 
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7 RISK FACTORS FOR EARLY READMISSION DUE TO 
SURGICAL COMPLICATIONS AFTER TREATMENT 
OF PROXIMAL FEMORAL FRACTURES – A FINNISH 
NATIONAL DATABASE STUDY OF 68,800 
PATIENTS 

7.1 ABSTRACT 

Introduction 
 
Hip fracture surgery is associated with a considerable amount medical and 
surgical complications, which adversely impacts the patient’s outcome 
and/or increases costs. We evaluated what risk factors were associated 
with the occurrence of early readmission due to surgical complications 
after hip fracture surgery.  
 
Material and methods 
 
A nationwide database with 68,800 hip fracture patients treated between 
1999 and 2011 was studied to uncover the association of readmissions 
with co-morbidities, fracture types, different hospital types and treatment 
methods using the Cox proportional hazards model. 
 
Results 
 
Early readmission within three months due to hip fracture surgery 
complications occurred at a rate of 4.6%. Increased occurrence of 
readmission was found among patients with: heavy alcoholism (HR 1.38; 
95% CI: 1.23–1.53); Parkinson’s disease (PD; HR 1.22; 95% CI: 1.05–1.42); 
pre-existing osteoarthritis (HR 2.02; 95% CI: 1.83–2.23); rheumatic disease 
(HR 1.44; 95% CI: 1.27–1.65); as well as those with a fracture of the femur 
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neck, depression, presence of a psychotic disorder, an operative delay of at 
least three days, or previous treatment with total hip arthroplasty.  
 
Conclusion 
 
Our results indicate that there are several factors associated with an 
increased risk of early readmission. We suggest that in the presence of 
these factors, the surgical treatment method and postoperative protocol 
should be carefully planned and performed. 
 
7.2 INTRODUCTION 

Hip fractures constitute a large portion of services rendered at a typical 
hospital (Parker and Johanson 2006). According to the Finnish Hospital 
Discharge Register (FHDR), the annual occurrence of new hip fractures is 
approximately 7,000 per year in a population of 5.4 million (Hongisto et al. 
2014). Worldwide, the annual average hip fracture incidence varies 
between 150–250 fractures per 100,000 population (Kanis et al. 2012). 
Although age-standardized incidence of hip fractures seems to decline in 
industrialized countries, an aging population will ensure increasing 
numbers of these fractures in the coming years (Kannus et al. 2006; Briot 
et al. 2015).  

Hip fracture patients often suffer from medical and surgical 
complications (Buecking et al. 2013; Carpintero et al. 2014; Matsuo et al. 
2018). Although medical complications are more frequent, surgical 
complications like deep wound infections, fixation failures or dislocations 
of hip arthroplasty often lead to further surgical interventions which more 
than doubles the cost of treatment. Along with increased costs, the 
occurrence of a surgical complication adversely affects the outcome for a 
hip fracture patient (Edwards et al. 2008; Thakar et al. 2010; Tsang et al. 
2014). It is therefore important to find ways to avoid these complications in 
order to lessen the burden on the healthcare system and our patients. 
There is some data from single-center prospective studies reporting the 
incidence of complications after hip fracture surgery (Parker and Handoll 
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2010; Parker et al. 2010b; Gjertsen et al. 2012; Hansson et al. 2015; 
Härstedt et al. 2015). In addition, reoperations after hip hemiarthroplasties 
have been reported from the Norwegian and Swedish arthroplasty 
registries (Leonardsson et al. 2012; Rogmark et al. 2014). There are also 
reports concerning the overall re-admission rate not focusing on the 
surgical complications (Lee et al. 2017).   

The primary aim in this study was to quantify, from a national database, 
the occurrence of early surgical complications leading to readmission and 
to report the co-morbidities they would be associated with. The secondary 
aim was to find whether differences in the occurrence of complications 
between different treatment methods or fracture types existed. 
 
7.3 PATIENTS AND METHODS 

The data were extracted from the PERFormance, Effectiveness and Cost of 
Treatment episodes (PERFECT) hip fracture database (Häkkinen 2011; 
Peltola et al. 2011; Sund et al. 2011; Häkkinen 2017). For the purposes of 
this study, 68,800 over 50-year-old patients admitted in Finland for their 
first proximal femoral fracture from 1.1.1999 to 31.12.2011 were identified 
using the 10th revision of the WHO International Classification of Diseases 
(ICD-10) diagnostic codes S72.0, S72.1, S72.2 and the Finnish version of the 
Nordic Medico-Statistical Committee Classifications’ Procedural Codes, 
NFB10-50, NFJ50, NFJ52 or NFJ54. 

Data on co-morbidities, use of residential care and deaths for this 
population were extracted from the Finnish Health and Social Welfare Care 
Register, reimbursement registries of the Social Insurance Institution and 
from the National Causes of Death Statistics, using the unique personal 
identification number for each patient21. Records in these registries include 
data such as: patient and provider ID-numbers, age, sex, area codes, 
diagnosis and operation codes, as well as dates of admission, operation, 
and discharge (or death). The validity of the Finnish registry-data for hip 
fractures has been found to be very good (Sund et al. 2007). 

For the purposes of this study, we defined an early readmission for 
surgical complication as one occurring within three months from index hip 
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fracture operation, that was associated with a ICD-10 diagnostic code of: 
M96.6 (Fracture of bone following insertion of orthopedic implant, joint 
prosthesis, or bone plate); T81.0 (Hemorrhage and hematoma complicating 
a procedure); T81.4 (Infection following a procedure); or T84 
(Complications of internal orthopedic prosthetic devices, implants and 
grafts). 

In order to target the secondary aim of this study, fractures of neck of 
femur (S72.0), pertrochanteric fractures (S72.1) and subtrochanteric 
fractures (S72.2) were studied separately. Various treatment methods were 
divided into partial prosthetic replacement of hip joint (NFB10-20), total 
prosthetic replacement of hip joint (NFB30-50), screw fixation of neck of 
femur (NFJ50), fixation of proximal femur with plate and screws (NFJ52) and 
intramedullary nailing (NFJ54). To control for differences in the occurrence 
of complications between hospital types, hospitals were divided into four 
categories: university hospitals; central hospitals treating more than 200 
hip fractures per year; central hospitals treating less than 200 hip fractures 
per year; and other hospitals (usually small regional hospitals). 

 
7.3.1 Statistical analysis 

The occurrence of complications was modelled using the Cox proportional 
hazards model. Follow-up time was three months from the operation day, 
until complication, or death, whichever occurred first. Observations 
terminating in death or the end of follow-up time were considered 
censored. Factors adjusted in the analyses included age, sex, co-
morbidities, residential status at baseline and an operation wait time of 
more than two days in-hospital. Clustering of hospitals was also taken into 
account. In addition, the year of operation and hospital type was adjusted 
for using stratification, allowing the use of a different baseline hazard 
within the model. Data pre-processing and analyses were performed with 
R-3.2.2 and extension packages Survo R 0.6.20 and survival 2.38-3. A p-
value of less than 0.05 was considered statistically significant. 
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7.3.2 Ethics 

Ethics approval was obtained from the National Institute for Health and 
Welfare for this study (THL TuET §138/2010). 
 
7.4 RESULTS 

Using the inclusion criteria, we identified 42,541 femoral neck fractures, 
24,983 pertrochanteric fractures and 5,276 subtrochanteric fractures 
treated surgically in Finland. The total annual occurrence of first hip 
fractures increased from 5,131 to 5462 from 1999–2011; however, there 
was no change in relative amounts of fracture types during that time 
(Figure 10). The characteristics of the study population are presented in 
Table 10. 
 

 
 

Figure 10. The annual occurrence of hip fracture types in Finland during 
study period in over 50-years old patients (first hip fractures). 
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Table 10. Background information on the patients in study IV, including 
occurrence of comorbidities and fracture types. 
 

 
 
Various surgical methods were utilized in the treatment of proximal 

femoral fractures (Figure 11). The use of an intramedullary nail increased 
during the study period while use of plate and screws decreased. The use 
of arthroplasty (both hemi- and total arthroplasty) also became more 
popular at the expense of screw fixation. 
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Figure 11. The annual use of different surgical methods in the treatment of 
hip fractures in Finland 1999-2011 (first hip fractures in over 50-year-old 
patients). 

 
 
The relative risks for early readmission due to surgical complication 

were studied in different hospital types. Risk was found to be 0.80 (0.73–
0.88, p<0.0001) in central hospitals treating more than 200 hip fracture 
patients a year and 0.96 (0.87–1.06, p=0.445) in central hospitals treating 
200 or less hip fracture patients a year when compared to university 
hospitals. Therefore, we adjusted for hospital type for the following 
comparisons. 

Specific occurrence of readmissions for surgical complications over the 
study period according to fracture type is illustrated in Figure 12. 
Occurrence of surgical complications remained less frequent among 
pertrochanteric fractures (3.1%) than subtrochanteric fractures (4.9%) or 
fractures of the neck of the femur (5.4%). The occurrence for infections was 
1.4%, 2.1%, and 1.7%, respectively.  
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Figure 12. Occurrence of early re-admissions due to surgical complications 
according to fracture-types over study period. — = S72.0 (Fracture of neck 
of femur); — = S72.1 (Pertrochanteric fracture) ; — = S72.2 (Subtrochanteric 
fracture).  

 
 
Differences in the occurrence of early surgical complications according 

to surgical method in the initial hip fracture operation were noted as well 
(Figure 13). The arthroplasties – in particular total hip replacement (THR) – 
were associated with more surgical complications in the early 
postoperative period after hip fracture surgery.  
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Figure 13. The occurrence of early re-admissions due to surgical 
complications according to surgical method used in fracture surgery. 
 

 
In the patients treated with cannulated screws, re-fracture around the 
implant was relatively more common complication than in the patients 
treated with other methods (Table 11). Also, postoperative hemorrhage 
comprised a larger proportion of complications in patients treated with 
osteosynthetic methods than patients treated with arthroplasty. 
 

Table 11. The distribution of complication types according to type of 
operative procedure used. 
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Association of early surgical complications with various co-morbidities in 
hip fracture patients was noted as well. Alcoholism and Parkinson’s disease 
(PD) were associated with increased risk of complications (Figure 14). 
Similarly, depression, psychotic disorders, rheumatoid diseases, pre-
existing osteoarthritis and an operative delay of at least three days were 
linked to increased complication risk. The operative delay was also 
associated with an increased risk for surgical complications (Table 12). 
 

 
 
Figure 14. Relative risks for an early readmission due to a surgical 
complication in patients with above-mentioned, pre-existing comorbidities. 
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Table 12. The occurrence of readmission due to surgical complication 
within first three months after a hip fracture operation. *HR, hazard ratio; 
HRLCI, hazard ratio lower confidence interval; HRUCI, hazard ratio upper 
confidence interval. 

 

 
 
7.5 DISCUSSION 

To our knowledge, this study is the first nationwide register-based hip 
fracture survey with a focus on early surgical complications after a hip 
fracture and its’ treatment. Our estimate of the occurrence of early 
readmissions for surgical complications is in line with published results 
from single-center studies (Carpintero et al. 2014; Edwards et al. 2008; 
Thakar et al. 2010; Tsang et al. 2014). 

Early readmission within 90 days for surgical complications after hip 
fracture was chosen as the primary outcome, as surgical complications 
have a major impact on the results of hip fracture care due to associated 
increases in cost and mortality (Thakar et al. 2010).  The outcome was 
deemed reliable, since readmission is a well-defined event. In addition, the 
timeframe limits the chance of the event being due to a contralateral 
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fracture. We are aware that our outcome measure does not include less 
serious complications (i.e. superficial wound problems) not leading to a 
readmission.   

Co-morbidities are linked to higher mortality after a hip fracture (Franzo 
et al. 2005; Smith et al. 2014; Bokshan et al. 2018). Less is known whether 
co-morbidities could increase the risk for surgical complications after a hip 
fracture. We were able to detect a higher risk for an early readmission for 
surgical complication among patients with alcohol abuse, Parkinson’s 
disease (PD), rheumatoid disorders and existing osteoarthritis, but not all 
co-morbidities carried such a risk. One such co-morbidity is diabetes, which 
was not associated in our study with a higher occurrence of readmission 
for surgical complications. This finding has been made also earlier in one 
study (Golinvaux et al. 2014). 

We were able to show an association between alcohol abuse and 
readmission for surgical complications after hip fracture. This result is 
supported by the study of Faroug et al., where heavy alcohol abuse was 
linked to hip fracture complications (Faroug et al. 2014). The relationship of 
excessive preoperative alcohol consumption with surgical complications in 
general is known (Eliasen et al. 2013). Concerning hip fracture patients, it 
has been detected earlier that mortality is elevated in alcoholic patients 
(Yuan et al. 2001). It also seems that use of THR for hip fracture in alcoholic 
patients carries a high risk for revision surgery (Kosola et al. 2017). 

We found that patients with PD have more complications after hip 
fracture treatment. This is a novel finding. It has been found that patients 
with PD recover more slowly from a hip fracture, but in previous studies 
heightened risk for surgical complications has not been noted (Idjadi et al. 
2005; Walker et al. 2013; Yuasa et al. 2013; Bliemel et al. 2015). However, 
these single-center studies included relatively low numbers of PD patients. 
It is thus possible that they were underpowered and unable to detect the 
differences in surgical complications among these patients. In the setting 
of an elective THR, it is known that PD patients are at risk for dislocation 
(Jämsen et al. 2014). 

We observed an increased risk for early readmission for surgical 
complications when THR was used for treatment of hip fractures. THR has 
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been studied and found to be a reliable treatment method for femoral 
neck fractures in randomised prospective trials (Blomfeldt et al. 2007). It 
has also been suggested that THR would be more cost-effective method 
when compared to hemiarthroplasty for the treatment of femoral neck 
fractures (Carroll et al. 2011). Neither of these studies report any significant 
increase in early complications after THR. The difference between these 
findings and our results may be due to study design. Prospective trials 
usually have a certain amount of exclusion criteria in order to obtain a high 
internal validity. However, when their results are extrapolated to clinical 
practice, the treated population tends to be more heterogenous. Similarly, 
in clinical trials surgeons performing the operations are often dedicated to 
a specific field and procedure. It may be that THR, as a more challenging 
procedure than hemiarthroplasty, is more prone to complications when it 
is applied by less experienced surgeons on a more heterogeneous patient 
population.  

We found that readmissions were less frequent among patients treated 
in non-university central hospitals when compared to university hospitals 
which treat the highest volume of hip fractures. When we studied non-
university hospitals with more precision, we found that hospitals treating 
more than 200 hip fracture patients performed better than the units with 
lower volume. Laarhoven et al. have detected that level II trauma centers 
with high volume of hip fractures may be superior in performing hip 
fracture surgery (Laarhoven et al. 2015). This is in concordance with our 
results since most non-university hospitals treating hip fracture patients in 
Finland can be classified as level II trauma centers. Our data does not 
support the centralization of hip fracture patients to level I trauma centers.  

The strength of our study is the inclusion of all over 50-year old patients 
treated for their first proximal femoral fracture in Finland during 1999–
2011. Consequently, our results give a picture of how the health-care 
system performs in everyday practice. The PERFECT database used in this 
study is based on routinely collected data from Finnish healthcare registers 
(Häkkinen 2011; Peltola et al. 2011; Sund et al. 2011). The validity of the 
data from these registers such as FHDR, Health Care Register and the 
Causes of Death Register have been compared to  prospectively collected 
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hip fracture audit data (Sund et al. 2007). The validity of the FHDR alone 
has been assessed in over 30 additional studies where positive predictive 
values and completeness have been found to be over 90% (Sund 2012). 
The prescription database data, which forms a part of our assessment on 
co-morbidities, has been found to be in high concordance with self-
reported medication (Haukka et al. 2007). Based on the above, it seems 
that the Finnish register data is valid enough for a performance 
assessment of hip fracture treatment, yielding data that supplements the 
prospective trials. Another strength in our register-data is that all patients 
are followed through the patient pathway, and are not limited to the 
primary treating hospital. 

The limitations of this study are inherent to register studies, such as 
reliance on the accurate use of diagnostic and procedural codes used 
during normal clinical practice. We do not consider the retrospective 
design as a major limitation because all patients who had surgery for hip 
fracture were followed, and selection as a source of bias is not probable. 
The primary outcome, an early readmission for a surgical complication, is 
not equivalent for all surgical complications. The PERFECT data does not 
identify early reoperations occurring during the primary treatment period 
in the hospital. This period, however, is usually relatively short in Finland 
and patients are often transferred to a rehabilitation unit or health center 
ward on the  second or third postoperative day. Thus, we believe that most 
often surgical complications are treated during a second readmission in 
our healthcare system. Additionally, we find early readmissions to be an 
important outcome since they represent an unexpected occurrence in the 
patient pathway and should be a target for appropriate measures. While 
our estimate of early complications may not be an absolute number of all 
surgical complications, it is a suitable outcome for comparisons and 
identification of risk factors for complications. 

 
7.6 CONCLUSIONS 

In conclusion, we detected an overall rate of 4.6% for early readmissions 
for surgical complications after hip fracture surgery. Based on our results, 
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extra precaution and awareness should be used when treating patients 
with alcohol abuse, PD, rheumatoid disorders or pre-existing osteoarthritis, 
as these patients may be more prone in acquiring surgical complications 
after hip fracture surgery. The use of THR for hip fractures warrants further 
surveillance in registries as it may be associated with increased early 
complications compared to what has been suggested in prospective trials. 
Finally, we find our results support a creation of a hip fracture database at 
the national level in most countries. 
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8 GENERAL DISCUSSION 

Hip fractures are the most common fractures treated operatively. Hip 
fractures and their surgical treatment are associated with complications 
and consume a considerable amount of healthcare resources. The 
optimization of hip fracture care would consequently lead to better 
treatment results and better use of healthcare resources. In this thesis, the 
performance of different surgical methods for hip fractures was studied in 
a real-life setting and a register study was chosen as the primary method. It 
was found that certain surgical methods (extramedullary osteosynthesis 
for trochanteric fractures and cemented hemiarthroplasty) seem to 
produce reliable outcomes with fewer complications than others. It was 
also found that comorbidities affected the occurrence of surgical 
complications after hip fracture surgery. 
 

8.1 OUTCOMES AFTER TROCHANTERIC HIP FRACTURE SURGERY 

Trochanteric hip fractures are generally treated with osteosynthesis. The 
extramedullary implants have been recommended as the primary choice 
for most common types of trochanteric fractures (Barton et al., 2010; Jones 
et al., 2006; Parker & Handoll, 2010; Queally et al., 2014). According to 
evidence from randomized trials, even the most unstable A3 trochanteric 
fractures could be treated with extramedullary implants yielding 
comparable results to intramedullary implants (Parker et al., 2018).  

The intramedullary implants were introduced in the 1990s. The first 
implants were associated with a considerable amount of mechanical 
complications (Mavrogenis et al., 2016, Hesse & Gächter, 2004). So-called 
new generation (or third-generation) trochanteric nails were introduced in 
Finland in 2005 and 2006. In this thesis, an increase in the use of 
intramedullary implants occurred after this, and the same trend has also 
been noted in other countries (Forte et al., 2008; Rajaratnam, 2009). A 
possible explanation for the increase could be the marketing efforts 
associated with the introduction of new implants. Although final decisions 
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about treatment methods should be based on scientific data, active 
marketing efforts also have effects on this (Gelberman et al., 2010; Hasan 
et al., 2000). 

This thesis shows an increase in the number of intramedullary implant-
related mechanical complications in 2006. An explanation for this could be 
a learning curve effect, occurring at a time when nails were introduced to 
surgeons formerly accustomed to extramedullary implants. The amount of 
surgical procedures needed to adopt a new technology varies depending 
on how drastic the change is compared to the prevailing technique 
(Sarpong et al., 2020). In the field of orthopedics, it has been estimated that 
at least 20-25 operations are needed for the adoption of new techniques 
(Jain et al., 2007). More specifically, a learning curve effect has also been 
demonstrated in the use of intramedullary implants for trochanteric 
fractures (Audige et al., 2003). In this thesis, it was found that postoperative 
infections after trochanteric fracture surgery was increased at the same 
time as the use of intramedullary implants was on the rise. It cannot be 
ruled out that at least some of those infections might be related to more 
unfamiliar operative techniques and longer operative time associated with 
the use of new implants. 

In a longer perspective, the use of intramedullary implants for 
trochanteric fractures has been associated with more prevalent iatrogenic 
femoral shaft fractures than the use of extramedullary implants (Handoll & 
Parker, 2010, Utrilla et al., 2005; Mavrogenis et al., 2016; Queally et al., 
2014). It has been suggested that new-generation nails would have fewer 
complications than older-generation nails (Bhandari et al., 2009; Bonnaire 
et al., 2020; Norris et al., 2011; Parker et al., 2012; Zou et al., 2009). In this 
thesis, it was noticed that peak incidence of mechanical complications 
attenuated after the initiation phase of new generation nail use. However, 
under previous studies (Aros et al., 2008; Rogmark et al., 2010), all 
complications requiring re-admission or reoperation in this thesis study 
remained on a higher level in patients receiving an intramedullary implant 
for trochanteric fracture. 

It is known that trochanteric fractures are associated with worse 
functional outcomes than cervical fractures (Turesson et al., 2018). 
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Regarding the surgical method or implant chosen, no difference in 
functional outcomes has been noted between methods (Parker & Handoll, 
2010; Queally et al., 2014). An exception to this might be the most unstable 
A3 type of trochanteric fracture. Treatment of this fracture type with 
traditional extramedullary may lead to medialization of the femoral shaft. 
Some data is suggesting that medialization of femoral diaphysis may 
subsequently lead to suboptimal functional outcomes (Bretherton & 
Parker, 2016). It has also been speculated that functional outcomes would 
be better with newer generations of intramedullary implants (Rocca et al., 
2007). However, no superiority of new generation intramedullary nails has 
been demonstrated over extramedullary implants in comparative trials 
(Queally et al., 2014). This includes even the A3 type of fractures mentioned 
above (Parker et al., 2018). 

The risk of death after a trochanteric hip fracture is thought to be 
independent of the choice of implant used for osteosynthesis (Mattisson et 
al., 2018, Radcliff et al., 2012). In this thesis, higher mortality was detected 
among patients receiving an intramedullary implant compared to patients 
treated with an extramedullary implant. This difference persisted even 
after regression analysis and adjustment for known risk factors for death. 
The conclusive reason for this finding remains open. Possible explanations 
could be more prevalent postoperative complications after the use of 
intramedullary implants and the possibility that patients receiving an 
intramedullary had different (possibly more unstable) fractures. It is of 
interest, however, that in two other registered studies, a similar heightened 
risk of death has been noted among patients treated with intramedullary 
implants (Whitehouse et al., 2019; Wolf et al., 2021). 

Intramedullary implants are more expensive than traditional 
extramedullary implants. This price difference was reflected in this thesis. 
A similar difference in the cost of treatment was noted by Rogmark et al. 
(2010) in their report on Swedish register data concerning the treatment of 
proximal femoral fractures. 
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8.2 OUTCOMES AFTER FEMORAL NECK FRACTURE SURGERY 

Optimal treatment for FNF has been a subject of debate for years. The 
popularity of arthroplasty has grown over osteosynthesis (Florschutz et al., 
2015; Rogmark et al., 2010). Similarly, in this thesis, the use of 
osteosynthesis was a less frequent treatment for FNF than arthroplasty in 
Finland between 1999 and 2009. It is known that osteosynthesis of FNF is 
associated with a high rate of non-union and reoperations (Florschutz et 
al., 2015; Ma et al., 2019). Focusing on the early complications, it was found 
that re-fractures around the cannulated screws did occur in 10% of cases, 
considerably more often than with arthroplasty. As the thesis was not 
designed to study the later complications, non-union or malunion could 
not be estimated reliably. 

The optimal type of arthroplasty for FNF has been the subject of debate. 
Options include total arthroplasty, hemiarthroplasty, and hemiarthroplasty 
with the bipolar femoral head. All of these can be implanted with or 
without bone cement. Various kinds of implants have differences in terms 
of complications and functional outcomes (Jameson et al., 2013; 
Leonardsson et al., 2013; Parker et al., 2010b). In general, it is thought that 
total hip arthroplasty yields better functional outcomes but possibly more 
complications, such as dislocations, than HA (Guyen, 2019; Lewis et al., 
2020). It has also been suggested that the differences between various 
arthroplasties are so small that we should pay attention to other factors 
than the choice of the prosthetic implant (Rogmark, 2020). 

Cemented hemiarthroplasty is preferred over uncemented 
hemiarthroplasty because of less postoperative pain and better 
postoperative mobility (Parker et al., 2010). Most studies comparing 
cemented and uncemented hemiarthroplasty have compared older non-
modular stems (Parker et al., 2010a, 2010b). It seems that the use of non-
modular stems is diminishing, making these studies potentially outdated 
(Rogmark et al., 2012).  

There have been a few prospective, randomized studies comparing 
modular, contemporary hemiarthroplasty with and without bone cement. 
The published results considering modern HA are somewhat conflicting. In 
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some studies, the uncemented modular HA has produced equivalent 
results to the cemented HA (DeAngelis et al., 2012; Figved et al., 2009; 
Taylor et al., 2012; Talsnes et al., 2013). In a Swedish registry study, 
uncemented hemiarthroplasty was then again associated with more 
reoperations when compared to cemented hemiarthroplasty (Leonardsson 
et al., 2012). However, when taken together, it seems that uncemented HA 
with current femoral stems is associated with more complications without 
any advantages over cemented stems (Veldman et al., 2017). 

This thesis showed that patients treated with uncemented 
hemiarthroplasty experienced more hip arthroplasties, fracture surgeries 
on the femur, implant removals, mechanical complications, and 
reoperations on the hip than patients treated with cemented 
hemiarthroplasty. This is in line with combined results from prospective 
trials (Veldman et al., 2017) and registry study results from Sweden 
(Leonardsson et al., 2012). It seems prudent to state that to avoid 
complications, cemented HA should be preferred over uncemented HA. 

Early postoperative mortality after cemented hemiarthroplasty was 
higher in this thesis. This could be a consequence of “bone cement 
implantation syndrome” (Donaldson, 2009; Hines, 2018), where fat and 
bone marrow cause emboli in pulmonary arteries. The mortality was 
reversed in follow-up, and a trend toward lower mortality was seen in 
patients treated with cemented hemiarthroplasty. The results of this thesis 
study reflect the trends seen in Australian registry data (Costain et al., 
2011) where one-year mortality was higher among patients treated with 
uncemented hemiarthroplasty. In contrast to the Australian results, a 
statistically significant increase in one-year mortality associated with 
uncemented hemiarthroplasty was not seen. Also, in a British database 
study, no increase in peri-operative mortality was detected with the use of 
cement (Costa et al., 2011). Similarly, the combined results from 
prospective trials do not support the hypothesis that the use of bone 
cement for HA would increase mortality after FNF (Veldman et al., 2017). 
Interestingly, the results of this thesis are very similar to the ones in a 
recent Danish register study, where cemented HA was associated with 
higher mortality on the first postoperative day but not beyond (Viberg et 
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al., 2022). Based on the above, it seems that the cementing of the hip 
hemiarthroplasty has little effect on overall mortality. As uncemented 
hemiarthroplasty carries a higher risk of complications, it seems that 
cemented hemiarthroplasty should be the primary choice for FNF. 

THA has been suggested to be superior to hemiarthroplasty when 
treating FNF. This suggestion is based on prospective trials (Blomfeldt et 
al., 2007; Carroll et al., 2011). These trials did not detect more 
complications than hemiarthroplasty. In this thesis, a contrary observation 
was found. The registry analysis consistently showed that total hip 
arthroplasty was associated with more early postoperative complications 
than other surgical methods for FNF. The different results from this thesis 
and the above-mentioned prospective studies could be explained by the 
difference between prospective trials and registry studies. Patients are 
generally operated on by a research group, which includes dedicated 
professionals in former, whereas register analysis provides a perspective 
on what happens in "real life." In the question of total hip arthroplasty for 
FNF, it can mean that when less experienced, even junior surgeons do the 
operation, more complications can occur. Also, in prospective studies, the 
study population is usually more homogeneous than in clinical practice. It 
could be that in practice, total hip arthroplasty has also been used for 
patients more prone to complications (Bhandari et al., 2019). 

Taken together, this thesis suggests that cemented hemiarthroplasty is 
still the treatment of choice for most patients with FNF. The uncemented 
hemiarthroplasty does not seem to offer any significant benefit over 
cemented hemiarthroplasty. Total hip arthroplasty should be offered with 
caution and probably carried out by experienced arthroplasty surgeons. 

 
8.3 COMPLICATIONS AND MORTALITY RELATED TO HIP 

FRACTURE SURGERY 

In this thesis, early readmissions within 90 days for surgical complications 
occurred in 4.6% of hip fracture patients in Finland. This is comparable to 
results published in single-center studies (Carpintero et al., 2014; Edwards 
et al., 2008; Thakar et al., 2010; Tsang et al., 2014). 
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It was found that the readmission risk was higher for patients with 
alcohol abuse (HR 1.38; 95% CI: 1.23-1.53), Parkinson’s disease (PD) (HR 
1.22; 95% CI: 1.05-1.42), rheumatoid disorders (HR 1.44; 95% CI: 1.27-1.65) 
and pre-existing osteoarthritis (HR 2.02; 95% CI: 1.83-2.23). The association 
between alcohol use and the risk of hip fracture complications has 
previously been reported (Faroug et al., 2014). Concerning PD, a similar 
finding between complications after the hip fracture has not been 
reported. It is known that recovery after hip fracture is slower in PD 
patients (Bliemel et al., 2015; Idjadi et al., 2005; Walker et al., 2013; Yuasa et 
al., 2013), and that the risk for dislocation after an elective hip THA is 
higher (Jämsen et al., 2014). Interestingly, diabetes was not associated with 
an increased risk for surgical complications after a hip fracture. This is 
consistent with another earlier study (Golinvaux et al., 2014). 

The concentration of certain surgical procedures in bigger units is a 
theme being discussed. Concerning hip fractures, there is one earlier study 
(Laarhoven et al., 2015) showing that high-volume level II trauma centers 
performed better than level I trauma centers in hip fracture care. In 
agreement with this, we found that hospitals with more than 200 hip 
fracture operations performed better than ones with lower volumes (RR 
for readmission for complications was 0.80, 95% CI 0.73-0.88). However, 
patients treated at university hospitals had similar amounts of 
readmissions for complications in non-university hospitals. As the non-
university hospitals in Finland are in practice level II trauma centers, the 
results of this thesis do not support the centralization of hip fracture 
patients to level I trauma centers. In an earlier study, no relationship 
between hip fracture care effectiveness and hospital volume was found 
(Sund, 2010). Instead of concentrating on acute care of hip fractures, 
patient pathway micro-level interventions and focus on rehabilitation seem 
to improve the efficiency of hip fracture care (Häkkinen & Sund, 2021). 
 

8.4 PERSPECTIVES FOR FUTURE RESEARCH 

A considerable achievement has been achieved during the past 30 years 
regarding the surgical treatment of hip fractures. A consensus has been 
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reached that most FNF should be treated with arthroplasty rather than 
with osteosynthesis. We also know that when treating FNF, a cemented 
arthroplasty is more reliable than uncemented. Concerning trochanteric 
fractures, we know that osteosynthesis with extramedullary implants is a 
safe and cost-effective method, although comparable results can be 
obtained with intramedullary implants. However, when more detailed 
comparisons between different surgical methods are made, the 
advantages of one method over another are starting to be subtle. For 
example, different trochanteric nail implants seem to produce equal 
results (Shin et al., 2017). Newer and more expensive implants do not 
always lead to better results and may even be associated with more 
complications than more simple methods. Also, this thesis showed that 
total hip arthroplasty may lead to more complications than 
hemiarthroplasty and that trochanteric nails do not offer any advantage 
over extramedullary implants when treating trochanteric fractures. The 
above-mentioned means that it is often difficult to achieve good results 
towards perfectness. In this light, reliable implants, such as cemented 
hemiarthroplasty and extramedullary hip nails, represent good methods, 
and total hip arthroplasty or trochanteric nails methods are trying to reach 
perfection. 

It has been suggested that other factors than the choice of the surgical 
method are more important to obtain optimal outcomes for hip fracture 
patients (Rogmark, 2020). These factors include the identification of 
patients at high risk for medical and surgical complications, optimal 
medical treatment of patients, and effective rehabilitation. At the moment, 
a considerable amount of resources is used to make various comparisons 
between different surgical methods or implants. It is possible, though, that 
these resources could be re-allocated more efficiently to find out what are 
optimal rehabilitation and treatment processes for hip fracture patients. 

Prospective, randomized clinical trials (RCTs) are invaluable when the 
effects of well-defined surgical methods need to be found. In orthopedics, 
ground-breaking results have been obtained in elective surgery with the 
help of RCTs (Sihvonen et al., 2013; Beard et al., 2018). These, and other 
famous RCTs, share the common theme that elective surgery is studied 



115 

and patient groups are rather homogeneous. When it comes to hip 
fracture treatment, the situation is different. Hip fracture surgery is urgent 
care. As mentioned above, we do not precisely know what are the major 
factors affecting treatment results. It, therefore, seems plausible that 
register studies could have a major role in perfecting hip fracture care. 
There are some successful hip fracture registries. This is where we should 
be more proactive, as orthopedic surgeons and other professionals are 
responsible for hip fracture care. Another feature that might lead to better 
results would be the publicity of treatment results of hospitals and other 
institutions taking care of hip fracture patients. A healthy competition for 
better outcomes would be beneficial for hip fracture patients. 

  



116 

  



117 

9 CONCLUSIONS 

I   During the study period use of intramedullary implants for 
pertrochanteric fractures exceeded the use extramedullary implants in 
2008 and thereafter. Femoral neck fractures were mostly treated with 
arthroplasty. The use of total hip arthroplasty increased after 2005 but 
hemiarthroplasty remained more popular type of arthroplasty. 
 
II   Concerning pertrochanteric fractures, the use of intramedullary 
implants was associated with higher mortality, more postoperative 
subtrochanteric and diaphyseal femoral fractures and more new 
operations on hip and thigh. The initial treatment costs were higher among 
patients treated with intramedullary implants compared to treatment with 
extramedullary implants. These results support the use of extramedullary 
implants in the treatment of most pertrochanteric fractures. 
 
III   The mortality at one week and one year was similar among patients 
receiving cemented and  uncemented hemiarthroplasty for femoral neck 
fracture. Mechanical complications leading to readmission were less 
prevalent among patients receiving cemented HA. Patients treated with 
cemented hemiarthroplasty had less comorbidities and were more often 
discharged home than patients treated with uncemented 
hemiarthroplasty. These results support the use of cemented HA over 
uncemented HA for femoral neck fractures. 
 
IV   Among all patients treated for hip fracture, the rate for early (three 
months postoperatively) readmission for surgical complication was 4.6%. 
Comorbidities increasing risk for complications were heavy alcoholism, 
Parkinson’s disease, pre-existing osteoarthritis and rheumatic disease. The 
other variables increasing risk for complications were fracture located in 
the neck of femur, an operative delay over three days and choice of total 
hip arthroplasty as the surgical method. These results should be 
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acknowledged when trying to optimize the treatment of hip fracture 
patients. 
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