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Abstract 

An elderly patient who sustains a hip fracture has increased 
morbidity and mortality. Scandinavia presents the highest incidence 
annually of hip fractures worldwide. 

Femoral neck fracture (FNF) of the hip accounts for 50% of all hip 
fractures in geriatric patients. Intertrochanteric and subtrochanteric 
femoral fracture accounts for the other 50%. Hip fracture patients are 
plagued with a high 1-year mortality rate ranging from 8% to 36%. 
Complications of hip fracture surgery after arthroplasty generally include 
periprosthetic fracture (PPF), periprosthetic joint infection (PJI), and 
dislocation. 

Treatment regarding FNF has improved in the last decade. 
Arthroplasties are currently the standard treatment for displaced FNFs in 
the elderly. The surgical treatment of PPF can be technically demanding, 
with a high frequency of complications due to deep infection, dislocation 
and intraoperative fractures. Some prosthetic designs have been reported. 

PJIs are associated with prolonged antibiotic treatment, multiple 
revision surgeries, prolonged hospital stays, late aseptic loosening and 
poor functional outcome for the patients. A widely accepted treatment of 
choice for acute deep PJIs comprises debridement, antibiotics and 
implant retention (DAIR). 

There are currently several models for predicting mortality with the 
aim of identifying and optimizing patients at risk. The Sernbo score was 
initially developed as a guidance tool for the orthopedic surgeon in 
decision making in hip fracture surgery. 

Study I: This was a prospective cohort study of patients with FNFs 
treated with hemiarthroplasty or total arthroplasty. The aim of this study 
was to compare the risk for PPF between the straight, highly, polished, 
tapered (CPT) stem and the matte anatomic SPII stem. It was found that 
the CPT stem imposed a higher risk of postoperative PPF. 

Study II: This was a retrospective multicenter cohort study of 
patients with FNFs treated with total or hemiarthroplasty. The aim of this 
study was to compare the risk for PPF between the straight, highly 
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polished, tapered Exeter stem and the matte anatomic SPII stem. It was 
found that Exeter stem imposed a higher risk of sustaining a PPF. 

Study III: This was a retrospective cohort study of patients treated 
with a primary hip arthroplasty (hemi- or total hip) for a displaced FNF. 
The primary aim of this study was to identify the frequency of PJI and to 
evaluate the success rate of DAIR. The secondary aim was to analyze the 
risk factors for developing PJI. It was found that DAIR had a high short-
term success rate and that the need for repeated bandage changes 
indicates an increased risk of PJI and should prompt early surgical 
intervention. 

Study IV: This was a retrospective study with the aim of validating 
the Sernbo score for predicting mortality after hip replacement for a 
displaced FNF in elderly patients. The Sernbo score (based on age, 
habitat, walking aids and mental state) can be used to stratify patients 
into groups with different one-year mortality rates. The score can be 
calculated using information obtained during routine orthopedic patient 
assessments. 
The Sernbo score was found to identify patients at high risk of dying in 
the first postoperative year. 

Study V: This was a retrospective registry study. All patients who 
sustained a hip fracture and registered in “Rikshöft” (a Swedish database 
for hip fracture) were included. The aim of this study was to validate the 
Sernbo score for predicting mortality after hip fracture in elderly patients 
on a registry-based level. It was found that the Sernbo score can be used 
to stratify patients into groups with different one-year mortality rates. 

 
 

 
Keywords 
Hip fracture, femoral neck fracture, treatment, total hip arthroplasty, 
hemiarthroplasty, internal fixation, outcome, infection, periprosthetic 
joint infection, mortality. 
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Sammanfattning (summary in Swedish) 

Title: Studier rörande komplikationer och prediktion av dödlighet efter 
kirurgisk behandling av höftfraktur 

 Målet med dessa studier är att optimera det funktionella resultatet 
för patienter som behandlats för en lårbenshalsfraktur. Norra Sverige har 
en av de högsta incidencerna av osteoporosrelaterade frakturer. Varannan 
kvinna och var fjärde man ådrar sig en benskörhetsfraktur under livet. Av 
dessa benbrott är fraktur av lårbenshalsen den frakturtyp med högst 
morbiditet och mortalitet. Antalet höftfrakturer har dubblerats sedan 
1960-talet och förväntas återigen ha dubblerats till år 2030. Den primära 
behandlingen för felställda lårbensfrakturer hos äldre patienter är 
höftledsplastik, halv eller helprotes. De vanligast förekommande 
komplikationer i denna äldre och sköra patientgrupp är protesluxation 
(urledsvridning), djup protesinfektion och protesnära fraktur. Då denna 
patientgrupp är åldrad och skör så är det av yttersta vikt att undvika 
omoperation då riskerna för både komplikationer och dödligheten ökar.  
 I litteraturen finns det dokumenterat att kilformade protesstammar 
kan ha en ökad risk för protesnära fraktur i jämförelse med en så kallad 
anatomisk protesstam. I en population med höftfrakturer kan denna 
skillnad vara mer uttalad. 
 Protesinfektion är en allvarlig komplikation där både 
blodförgiftning kan inträffa och att protesen behöver tas ut vilket leder 
till hög morbiditet och mortalitet. Vid en akut tidig protesinfektion är så 
kallad mjukdelsrevision, det vill säga rengörning av såret, spolning och 
antibiotikabehandling en första behandlingsåtgärd. Effekten av denna 
behandling har varierat i litteraturen och ett fårtal rapporter finns i denna 
patientgrupp.  
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Studie I: Målet med denna delstudie är att jämföra två olika protestyper 
som behandling för felställd lårbenshalsfraktur. Två vanligt 
förekommande typer av protesstammar jämförs i en prospektiv 
kohortstudie (CPT och Lubinus SPII) genom att utvärdera frekvensen av 
protesnära fraktur hos patienter över 80 år som erhållit halv eller 
helprotes.  

Studie II: Målet med denna delstudie är att jämföra de två vanligast 
förekommande protesstammarna i Sverige (Exeter och Lubinus SPII) 
som behandling för en felställd lårbenshalsfraktur.  Frekvensen av 
protesnära fraktur jämförs i en retrospektiv studie med patienter över 65 
år opererade vid Sundsvalls sjukhus och Sunderby sjukhus.  

Studie III: Målet med denna delstudie är att utvärdera andelen djupa 
protesinfektioner i Sundsvall sjukhus och effekten av mjukdelsrevision 
för utläkningen av denna samt vilka riskfaktorer finns för protesinfektion.  

Studie IV: Målet med denna delstudie är en utvärdering av Sernbo score 
som prediktionsmodell för 1 års mortalitet. En retrospektiv kohortstudie 
med 297 patienter som ådragit sig en felställd FNF behandlad med HA 
eller THA var inkluderade.  
 
Studie V: Målet med denna delstudie var att på nationell nivå utvärdera 
Sernbo Score som predktionsmodell för 1 års mortalitet. En registerstudie 
(RIKSHÖFT) med 55,716 patienter, som ådragit sig en höftfraktur (FNF, 
PTFF, Subtrochantär) var inkluderade.  
 
 
Slutsatser 

• Kilformad stam ökar risken för protesnära fraktur hos 
patienter som ådragit sig en höftfraktur och blivit opererade med 
höftprotes. 
• DAIR är en lämplig metod för behandling av 
protesrelaterad infektion efter höftfraktur. 
• Sernbo score kan användas för att uppskatta mortalitetsrisk 
hos patienter med höftfrakturer.   
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Definitions 

Debridement antibiotic and implant retention (DAIR) 
A surgical option in the treatment of periprosthetic joint infection (PJI), 
involving surgical debridement and a radical excision of infected tissue. 
There is an exchange of modular components (articulating surfaces of the 
implant, such as the femoral head and acetabular liner in total hip 
arthroplasty [THA]). The wound is irrigated with > 9 liters of 0.9% 
sodium chloride and then closed. 

 
Hemiarthroplasty 
A surgical procedure for repairing a femoral neck fracture (FNF) by 
replacing the head and neck of the femur with a prosthesis and leaving 
the acetabulum intact. 
 
Hip arthroplasty (HA) dislocation 
Loss of contact between the femoral head and acetabulum 
(hemiarthroplasty) or the acetabular component (THA). 

 
Reoperation 
Any further surgery to the hip. 

 
Total hip arthroplasty (THA) 
A surgical procedure for the repair of an FNF by replacing the head of 
the femur and the acetabulum with an articulating prosthesis. 

 
Periprosthetic joint infection 
A bacterial infection around a prosthesis within a joint, confirmed by 
bacterial culture. 

 
Swedish Hip Arthroplasty Registry (SHAR) 
A national quality register. 
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Introduction 

Background 

Definitions of hip fractures 
Hip fractures include the proximal part of the femur, including the 

femoral neck, trochanteric and subtrochanteric regions. The two most 
common types are trochanteric (intertrochanteric) and femoral neck 
(cervical) fractures (FNFs). Fractures that extend from the trochanteric 
region and distally 5 cm below the lesser trochanter are named 
subtrochanteric fractures. Hip fractures are a common sight in orthopedic 
departments worldwide and cause much misery and mortality in the 
aging population (Bhandari et al. 2003). The term “hip fractures” does 
not include fractures around the acetabulum and pelvic region because 
the operative treatment is different for this group of patients. 

FNF was originally described by Ambroise Paré in the 16th 
century. Until that time, such hip fractures were thought to be 
dislocations (cited by Cordasco, 1938). During the following centuries, 
many attempts at treatment followed, e.g., plaster immobilization and 
traction devices. In 1822, Sir Astley Cooper (1768-1841) distinguished 
that extracapsular fracture of the hip had a favorable prognosis and that 
the intracapsular fractures had a higher degree of failure. He attributed 
this difference to be caused by the blood supply to the femoral head. In 
1858, Von Langenbeck, a German surgeon, attempted an open surgery; 
later, Seen (1889) and then, in 1897, Professor Nicolaysen (1831-1911) 
implemented a surgical treatment at the Riks Hospital in Oslo, Norway. 
Delbet (1919) also attempted open surgery with internal fixation (IF). 
Seen undertook investigations in animals. He argued that for proper 
healing of the intracapsular fracture, it is important to reduce and 
stabilize the FNF. Consequently, Kocher (1896) recommended resection 
of the femoral head. 

In 1925, Withman succeeded at consolidating an FNF after 
reduction and then fixation with a spica cast, which is a cast encasing the 
trunk, pelvis and lower limb. At approximately the same time, successful 



 

 12 
 

results were achieved with treatment for extracapsular fractures by 
Codevilla (1904) and later Steinmann (1919), who employed traction 
devices by transosseous pins either through the distal femur or proximal 
tibia. Because of the prolonged immobilization (6 months), many patients 
died due to intercurrent complications. 

Epidemiology 
In the last half century, the hip fracture incidence has increased, 

with projections suggesting that it will continue to increase (Gullberg et 
al. 1997, Cooper et al. 1992). Worldwide, the number of hip fractures has 
been estimated to be 1.3-1.7 million annually, and since life expectancy 
is increasing, the number of hip fractures is expected to rise to 6.3 million 
by 2050. (Gullberg et al. 1997, Dennison et al. 2006, Rosengren and 
Karlsson 2014). The incidence of hip fractures varies around the world 
among countries and regions (Kanis et al. 2012). According to Kanis 
(2012), Denmark, Sweden, Austria and Norway have reported a high 
incidence of hip fracture in comparison to countries such as Brazil, 
China, Croatia, and India. It is estimated in Sweden that hip fracture rates 
will increase by 1.9-fold by 2050 (Rosengren B, Karlsson M 2014). This 
increase would result in approximately 30 000 hip fractures annually 
(Lindahl et al. 2006) . Hip fractures generally affect elderly individuals 
and women after menopause, but a recent study has also reported an 
increased risk in elderly men (Bergström et al. 2009). In addition, a 
recent publication has reported a decrease in hip fracture incidence, and 
the mean age of sustaining a hip fracture has increased (Nilson et al. 
2013). 
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Classification of hip fracture 
Hip fractures are generally classified into intracapsular and 

extracapsular fractures and are further subclassified. 
 

Femoral Neck Fracture 
There are several different classifications for FNF. One of the first 

employed was invented by Pauwels (1935) and was graded depending on 
the shearing angle of the fracture. The most widely used and known is 
the Garden classification, which is graded according to the degree of 
fracture displacement (Garden 1961). Garden suggested a classification 
system based on anteroposterior displacement. Garden I and II represent 
valgus impacted fractures or fractures without displacement, which are 
generally grouped into the category of undisplaced fractures. Garden III 
and IV represent a displaced fracture that is partially or totally displaced. 
Gardens III and IV represent two-thirds of all FNF fractures. 
 

Extracapsular fracture 
Fractures distal to the hip joint and within 5 cm distal to the lesser 

trochanter are classified as intertrochanteric or subtrochanteric 
(Mokawem et al. 2012) Intertrochanteric fractures are distal to the 
femoral neck and extend to the lesser trochanter, specifically, between 
the greater and lesser trochanter where the major muscle attachments for 
hip flexion and hip abductors are located (Butler et al. 2009). 

 

Trochanteric fractures 
There are currently several known classification systems for 

trochanteric fracture, which are usually based on prognostic information 
on the fracture or an anatomical description of the fracture (Martin and 
Marsh 1997). One of the most widely used is the Jensen-Michaelsen 
classification (Jensen and Michaelsen 1975), which is a further 
development of the Evans classification system (Evans 1949). The 
purpose of the modified Evans classification was to improve the 
predictive value for which fractures could be reduced anatomically and 
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which were unstable and at risk for further displacement postoperatively. 
In the Jensen-Michaelsen classification, undisplaced or displaced 2-part 
fractures are defined as stable. Three- or four-part fractures involving the 
lesser trochanter, the greater trochanter or both trochanters are unstable 
according to this classification (Jensen and Michaelsen 1975). 

A more recently updated classification system of trochanteric 
fracture is the Arbeitsgemeinschaft für Osteosynthesefragen (AO) 
classification system, which was developed to provide prognostic 
information on the fracture and on achieving and maintaining reduction 
of the fracture (Müller et al. 1990). 

Treatment of hip fractures 

Treatment of Femoral neck fractures 
Nonoperative treatment 

In patients who are frail and moribund and for whom the surgical 
risk outweighs the benefit, a nonoperative method could be used. 
However, nonoperative treatment for this group of patients is linked to 
further fracture displacement and medical complications, such as 
increased mortality (Yoon et al. 2013). 

 
Internal fixation 

The standard treatment for undisplaced FNFs is still IF (Gjertsen et 
al. 2017). IF is a relatively short procedure and atraumatic. The method 
involves closed reduction and stabilization with two or more screws. The 
most important step for successful treatment is reduction of the fracture 
in a valgus position, which is more favorable than that in an anatomical 
or varus position (Nieminen et al. 1981). In 2009, Rogmark conducted a 
study on patients with undisplaced FNFs who were treated with IF and 
found that 15% underwent a reoperation, mostly because of failures or 
avascular necrosis. (Rogmark et al. 2009). The most important step for 
successful treatment is still the quality of the reduction of the fracture, 
followed by displacement preoperatively and the position of the hardware 
(Alberts and Jervaeus 1990). A posterior tilt has been investigated as a 
prognostic factor for failure rate, and Lapidus concluded that posterior tilt 
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could not be used as a discriminator for FNF fixation failure (Lapidus et 
al. 2013). A posterior tilt of more than 20° and an anterior tilt of more 
than 10° increases the risk of fixation failure and additional surgery in 
Garden I and II (Sjöholm et al. 2019). 

The generally accepted treatment for displaced FNF in patients 
under 65 years of age is reduction and IF of the fracture. A recent 
publication showed that patients between 55 and 70 years of age with a 
displaced FNF had a significantly increased risk of reoperation if treated 
with IF, and 33% were reoperated on (Bartels et al. 2019). 

Currently, the standard technique used for patients under 65 years 
of age with a displaced FNF is reduction and IF, and no randomized 
controlled trial (RCT) has been published concerning this approach. 

Previously, the standard treatment for displaced FNF in patients 
above 65 years of age was reduction and IF until the late 1990s, despite a 
high failure rate (Rogmark C et al. 2002, Leonardsson O et al. 2010). 

Failure rates have been reported between 35-50%, and the 
treatment for this group of patients has been strongly questioned 
(Rogmark C et al. 2002, Bhandari et al. 2003). Complications of the IF of 
FNFs are frequently avascular necrosis and pseudoarthrosis because of a 
disrupted arterial supply of the femoral head and mechanical failure 
because of inadequate fixation. (Rogmark C et al. 2002, Tidermark et al. 
2003). Primary THA is superior to IF in regard to hip function 
(Leonardsson O et al. 2010, Johansson 2014). The standard treatment for 
a failed IF is a secondary procedure with HA or THA, and this approach 
is shown to result in a worse outcome than that of primary THA or HA 
(Blomfeldt et al. 2006, Leonardsson et al. 2009). 

In summary, IF remains the treatment of choice for patients with 
undisplaced fractures or displaced fractures who are below 65 years of 
age and for patients considered too frail to undergo surgery with hip 
arthroplasty. 

Hip arthroplasty 
In the last century, the impact of Sir John Charnleys cannot be 

sufficiently emphasized with the introduction of low-friction arthroplasty 
in November 1962. There are two ways to fixate the implants, either with 
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or without cement (polymethyl methacrylate). In Sweden, the gold 
standard treatment for displaced FNF is a cemented hip arthroplasty, 
namely, either HA or THA. In some countries, the uncemented method is 
still used, but this has been shown to be increased with the risk for 
periprosthetic femoral fractures (Phillips et al. 2013, Viberg et al. 2013, 
Thien et al. 2014, Yli-Kyyny et al. 2014, Abdel et al. 2016, Veldman et 
al. 2017, Moerman et al. 2018). According to Maceroli et al., FNF treated 
with a THR at a high-volume hospital is associated with a lower 
mortality and complication rate during the first 90 days but does not 
influence the revision rate at the 1 year follow-up (Maceroli et al. 2016). 

 
Hemiarthroplasty 

In patients with a displaced FNF, the most common treatment is a 
hemiarthroplasty (Leonardsson O et al. 2010, Wang and Bhattacharyya 
2017). The HA procedure includes resection of the femoral head and 
neck. The acetabulum is left intact. The main types of HA are 
monoblock, bipolar or unipolar heads. The previously used monoblock 
HA was introduced as one piece without the ability to change the offset 
or length of the neck. The monoblock yielded unfavorable results and a 
need for reoperation, prompting surgeons to look for other alternatives 
(Garellick G, Rogmark C, Herberts P 2010, Leonardsson et al. 2012b, 
2012a). The bipolar head was first invented to decrease acetabular 
erosion and involves a small and a larger head that pivots during 
movement. The unipolar head consists of a solid metal head of the same 
size as the native femoral head. Studies comparing these different types 
of femoral head implants revealed that the component motion decreases 
with time and that the majority of bipolar heads function as a unipolar 
head (Phillips 1987, Bochner et al. 1988). Studies have shown that 
patients operated on with bipolar heads have an increased rate of 
dislocation compared to that in patients receiving unipolar heads 
(Rogmark et al. 2014). In a meta-analysis, the researchers found that 
bipolar HA had a lower dislocation rate than THA and that patients 
surgically treated with THA had a lower acetabular erosion rate. There 
was no other important difference in outcome with regard to infection, 
Harris hip score and 1-year mortality (Wang et al. 2015). 
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In Sweden, two main types of stems are used. The loaded taper is 
characterized by a straight, polished, tapered Exeter implant (Stryker, 
Mahwah, New Jersey) and forms a wedge in the cement mantle. During 
axial loading, the stem is allowed to subside into a stable position. Recent 
reports have described a high incidence of early periprosthetic fracture 
(PPF) that has been associated with two widely used cemented, polished 
tapered stems in elderly patients (Inngul and Enocson. 2014, Brodén et 
al. 2015). The other commonly used implant is the composite-beam 
model built upon rigid stem-cement interface fixation and used mainly as 
an anatomical stem with an anteroposterior curve to match the natural 
bow of the patient’s femur. This type of stem is characterized by the 
matte, anatomically shaped Lubinus SPII (Waldemar Link GmbH, 
Hamburg, Germany). 

 

Total hip arthroplasty (THA) 
When performing a THA, the femoral head and acetabulum are 

replaced by two separate articulating components, a femoral and an 
acetabular component. In the last decade, THA use has increased in 
patients with FNF, and it is estimated that the use of THA will continue 
to increase due to increased lifespans (Rogmark and Leonardsson 2016). 

THA is a good option for FNF treatment to restore hip function and 
to reduce pain and secondary surgery (Baker et al. 2006, Leonardsson O 
et al. 2010). An RCT in the last decade has compared THA and HA for 
displaced FNF (Keating et al. 2005, Baker et al. 2006, Blomfeldt et al. 
2007). 

Treatment with THA or HA has an increased risk of complications 
such as dislocation (0-22%) and infection (0-18%) (Bhandari et al. 2003). 
There is a difference in complication incidence when comparing patients 
surgically treated due to osteoarthritis (OA) or fracture. There is an 
increased risk of reoperation in fracture patients, mainly due to 
dislocation (Hailer et al. 2012). Dislocation of an HA is associated with 
increased mortality and decreased quality of life (Enocson et al. 2009). 

Several surgical approaches and techniques have been previously 
evaluated to decrease the dislocation rate. One of the most important 
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changes is from PL (posteriorlateral) to DL (directlateral) approach and 
the use of larger prosthetic heads (Bourne and Mehin 2004, Mukka and 
Sayed-Noor 2014, Mukka et al. 2017). 
 

Treatment of trochanteric fractures 
Standard treatment of trochanteric and subtrochanteric fractures of 

the femur consists of IF. In the last century, a variety of implants have 
been used with the aim of improving stability and fracture healing. In 
Sweden, most common implants consist of a sliding hip screw or an 
intramedullary nail. In stable trochanteric fractures, several studies have 
yielded good results with booth sliding screw plates and intramedullary 
nails (Shaw and Wilson 1993, Bhandari et al. 2009, Ekström et al. 2009). 
Treatment in patients with an unstable trochanteric fracture results in a 
significantly higher rate of reoperation (Madsen et al. 1998, Watson et al. 
1998, Lunsjö et al. 1999, Babhulkar 2017). Intramedullary fixation tends 
to provide better stable fixation than extramedullary devices in the 
treatment of unstable trochanteric fractures (Babhulkar 2017). 
 

A recently published meta-analysis concluded that the appropriate 
treatment for unstable trochanteric fractures is an intramedullary nail 
(Shu et al. 2018). A study from the Swedish fracture register reported 
that a long intramedullary nail was commonly used for a complex 
fracture pattern (Mattisson et al. 2018). A Cochrane report that compared 
intramedullary nails with a plate and sliding hip screw concluded that the 
sliding hip screw was superior for the treatment of trochanteric fractures 
(Parker and Handoll 1998). 
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Complications of surgery for Femoral neck fractures 
The most commonly occurring complications after hip arthroplasty 

as a treatment for FNF are periprosthetic joint infection (PJI), prosthetic 
dislocation and periprosthetic femur fracture (Haddad et al. 1999, Guren 
et al. 2017, Mukka et al. 2017). 

 

Periprosthetic femur fracture 
One of the complications of hip arthroplasty is a PPF; fortunately, 

this is a rare complication. The prevalence of PPF varies in different 
studies, from 0.07 to 18% after THA operations due to OA (David G. 
Lewallen and Danisl J. Berry 1998, W.N. et al. 2014, Sidler-Maier and 
Waddell 2015). Nowak et al. (2012) found an incidence of 3.7% using an 
anatomic implant and 8.5% when a straight stem was used. (Nowak et al. 
2012). For hip fracture, patients receiving arthroplasty (HA or THA) are 
at higher risk of sustaining a PPF than patients in elective surgery 
(Lindahl et al. 2006, Chatziagorou et al. 2019a). 

The surgical treatment of PPF is demanding due to poor bone 
quality (Abdel et al. 2015). In cases with a stable prosthesis, the PPF can 
be treated with open reduction and internal fixation (ORIF). In cases 
where the implant is unstable, revision of the prosthesis is necessary. 
Given the burden of this selection of patients, the postoperative period is 
challenging due to comorbidities. (Langenhan et al. 2012, B. et al. 2015). 

The incidence of Vancouver C fractures has increased between 
2001 and 2011 and is now four times more common, according to a 
recently published register article (Chatziagorou et al. 2019a). 
Previously, the stem design was poorly investigated with respect to PPF 
incidence rates (Carli et al. 2017, Chatziagorou et al. 2019b). The main 
goal of treatment in a patient with a PPF is to obtain stable fixation of the 
prosthesis and fracture in order to mobilize the patient and thereby avoid 
complications associated with immobilization. 
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The prevalence of PPF varies in different studies, from 0.07 to 18% 
after elective THR (David G. Lewallen and Danisl J. Berry 1998, W.N. et 
al. 2014, Sidler-Maier and Waddell 2015). In hip fracture patients treated 
with arthroplasty (HA or THA), the incidence is reported to be 2.3% 
(Inngul and Enocson 2015) but was found to be 1.7% in a study by 
Philips; however, the researchers also studied uncemented hip 
arthroplasty, involving the Austin Moore prosthesis, with an incidence of 
2.3% (Phillips et al. 2013). This incidence was higher due to osteoporosis 
in this group of patients. 

The risk of sustaining a PPF following THA is 14 times higher in 
uncemented versus cemented hip arthroplasty according to a recent 
publication (Abdel et al. 2016). 

The risk factors for PPF include old age, high body mass index 
(BMI), gender, osteoporosis, and rheumatoid arthritis (Berend et al. 
2006). Factors concerning fixation type have been previously described. 
In a previous publication, several authors have reported loosening of the 
stem as imposing an increased risk for PPF, 

The incidence of intraoperative PPF ranges from 0.1 to 27.8% 
(Sidler-Maier and Waddell 2015). The incidence rate for PPF in 
uncemented primary THA was higher, with a range of 3-18% and, in 
cemented implants, 0.3-1% (Sidler-Maier and Waddell 2015). The cause 
of PPFs in the femur mostly involves falls at home (66%) and outside 
(18%) (Beals and Tower 1996). Low-energy falls accounted for 75% of 
cases, where the patient had been sitting or standing, according to a study 
from the Swedish Hip Arthroplasty Registry (Lindahl et al. 2005). High-
energy trauma accounts for a much smaller percentage. High-energy 
trauma results in a comminuted fracture, and low-energy trauma 
produces simple transverse fractures (Beals and Tower 1996). 

The scientific evidence for a correlation between increased age and 
risk for periprosthetic femur fracture varies widely. With increased age 
comes other problems (such as osteoporosis, comorbidities and falls) that 
put the patient at greater risk for PPF. 

A systematic review reported that cementless single-wedge or 
double-wedge implants imposed a significantly increased risk for PPF 
(Haddad et al. 2017). Previous studies have investigated implant design 
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and risk for PPF after elective THA, and fewer studies have investigated 
the outcomes after hip fracture. Brodén compared PPF in hip fracture and 
OA patients treated with a polished wedge femoral stem (CPT). The PPF 
rate for FNF was 3.8% and for OA was 2.2%. (Brodén et al. 2015). 
Sarvilinna concluded that a polished wedge-type femur implant as a 
treatment for hip fracture is associated with an increased risk for PPF 
(Sarvilinna et al. 2005). 

Classification of Periprosthetic fracture 
Several classification systems have been developed for 

periprosthetic femur fracture. The aim of orthopedic classification 
systems is to guide the orthopedic surgeon to the most appropriate 
treatment algorithm. 

In 1964, Parrish and Jones proposed a classification system related 
to the location of the fracture. In 1974, Whittaker et al. suggested that the 
classification system should be related to the fracture location and the 
stability of the stem. The most commonly used classification system for 
periprosthetic femur fracture is called the Vancouver classification 
system, which was tested for validity and reliability by Brady (Brady et 
al. 2000). This classification system includes the location of the fracture, 
the stability of the stem and the bone quality. The classification system is 
first divided into A, B or C categories depending on the fracture location 
on the femur. 
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Table 1. Vancouver classification for PPF 

 

Treatment of Periprosthetic fracture 
Treatment of PPF depends on the location of the fracture and 

whether the implant is stable. Vancouver AG (greater trochanter) and AL 
(lesser trochanter) fractures are generally rare and are mostly treated 
conservatively; however, occasionally, the trochanter can be reattached 
by tension band wiring (Haidukewych et al. 2013). If the trochanter is 
displaced by less than 2 cm, the nonoperative approach generally has a 
good prognosis (Pritchett 2001). Whether the decision is made for 
operative or nonoperative treatment, it is advisable to avoid full weight 
bearing and active hip abduction in the following six to twelve weeks 
(Pritchett 2001). 

The most common fractures that occur intraoperatively are 
Vancouver type A1 and A2 fractures (Berend et al. 2004), which are 
usually, according to the literature, associated with tapered cementless 
stems (Sidler-Maier and Waddell 2015). There are different 
recommendations for the treatment of these fractures, and some authors 
suggest nonoperative treatment if the stem is stable (Lindahl 2007). If the 
stem is loose, operative intervention is required. 

In Vancouver type B, the fracture is located around the stem and is 
based on the stability of the implant and bone quality. The treatment of 
Vancouver B fractures relies mainly on the stability of the stem. This 

Type and subtype Characteristics 
A-type fracture Trochanter region 
AG Greater trochanter  
AL  Lesser trochanter 
B-type fracture Around the stem 
B1 Well-fixed stem 
B2 Loose stem 
B3 Loose stem and poor bone quality 

   C- type fracture Well below the stem 
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distinction can be difficult to foresee. Preoperatively, the radiographs 
might reveal the fracture pattern and detect migration of the stem. The 
gold standard is, however, surgical exploration of the joint to test the 
stability of the implant. In most cases, surgical treatment is required. In 
the literature, Vancouver type B1 is reported to account for as many as 
one-third of all PPFs (Singh et al. 2013). In the past, Vancouver B1 
fractures were treated conservatively, which usually resulted in 
nonunion, malunion and medical complications associated with bed rest, 
such as pneumonia, embolization and pressure ulcers (Haddad et al. 
1999). The current standard treatment for Vancouver B1 fractures is 
ORIF. 

One of the most important steps is deciding whether the stem is 
stable or not, specifically, whether a Vancouver B1 or B2 fracture is 
involved. Examination of preoperative X-rays is important, and if there is 
any doubt, one should assess this issue intraoperatively (Holley et al. 
2007). In patients with a Vancouver B2 fracture, the stem is loose, but 
the bone quality is adequate. When the stem is loose, a hip revision is 
required (Lindahl et al. 2005b, Choong 2007). In such cases with a B2 
fracture, it is important to restore the implant stability and allow healing 
of the PPF. A porous-coated stem or a titanium-tapered stem is usually 
employed for B2 PPF (Kavanagh 1992, Schmidt and Kyle 2002, 
Sarvilinna et al. 2005, Jakubowitz et al. 2009, Streubel 2013). Another 
option used is cemented stems for B2 PPF (Pap and Neumann 2007). 
However, short oblique and transverse fractures are inherently unstable, 
and a combination of plate and strut grafts or 90-90 double plating might 
be considered (Giannoudis et al. 2007). 

A revision of the stem is advocated in Vancouver B2 fractures 
using longer cemented or uncemented stems. A longer cemented or 
uncemented stem must bypass the most distal fracture line by at least two 
femoral diameters or 5 cm when using uncemented diaphyseal anchorage 
(Tsiridis et al. 2009). Cable wires, lateral plates with or without strut 
grafts might be feasible to ensure bone contact and stability. Vancouver 
B3 fractures are difficult to handle due to poor bone quality. Treatment 
consists of long-stem revision hip arthroplasty with or without bone 
impaction grafting/strut grafting and proximal femoral replacement. The 
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latter should be considered in the fragile hip fracture population to allow 
full weight bearing and mobilization (Klein et al. 2005). The main 
treatment for Vancouver C fractures is ORIF with a long lateral plate that 
allows micromotion at the fracture site (Learmonth 2004, Shin and Han 
2017). 

 

Other complication to hip arthroplasty 

Periprosthetic infection 
The incidence of periprosthetic joint infection (PJI) in THA and 

HA varies after FNF, from 2-17% (Ridgeway et al. 2005, Cumming and 
Parker 2007, Westberg et al. 2013, Barbero et al. 2016, Maceroli et al. 
2016, De Jong et al. 2017, Guren et al. 2017). The incidence of PJI in 
FNF patients could be higher because of the fragile group of patients, 
especially if the waiting period for surgery exceeds 24 h (Westberg et al. 
2013). After elective THA, the incidence is reported to be lower, 0.4 to 
2.0% (Engesæter et al. 2011, Kurtz et al. 2010, Matsen Ko et al. 2016, 
Whitehouse et al. 2016). PJIs are associated with prolonged antibiotic 
treatment, multiple revision surgeries, prolonged hospital stays, late 
aseptic loosening and poor functional outcome for patients (Vessely et al. 
2006, Dale et al. 2012). A widely accepted treatment of choice for acute 
deep PJI is debridement, antibiotics and implant retention (DAIR). 
However, this treatment has not been well studied in patients with 
previous displaced FNFs that have been surgically treated with HA or 
THR and have later developed PJIs. There are few reports in the 
literature for this group of patients with FNF treated with hip 
arthroplasty. 

The generally accepted duration of antibiotic treatment is 
considered to be 2 to 6 weeks of specific intravenous treatment followed 
by 3 months of specific oral antibiotics in THA. (Zimmerli W et al. 2004, 
Gandelman et al. 2011, Osmon et al. 2013, Parvizi et al. 2018). In this 
thesis, PJI is referred to as a complication after either elective THA or 
THA/HA after hip fracture. 
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Table 2. Definition of PJI according to the Musculoskeletal Infection 
Society (Parvizi et al. 2018, Amanatullah et al. 2019). 

 

 
 
Pathogens in Periprosthetic joint infection 

In a recently published article that reported a prospective 
investigation at a single center in Beijing, gram-positive bacteria were the 
most common pathogen that caused PJIs. Staphylococcus epidermidis 
and Staphylococcus aureus accounted for 87%, and gram-negative 
bacterial accounted for 12%, and fungi accounted for 1% (Li et al. 2018). 

Another study reported Staphylococcus aureus in 76.0%, gram-
negative bacteria in 58.9%, Pseudomonas in 52.0%, variant 
PJI organisms in 28.2%, Propionibacterium acnes in 20.0%, and 
Escherichia coli in 8.0% of PJI cases (Kheir et al. 2018). 

 
 
Risk factors for Periprosthetic joint infection  
Risk factors for developing PJI have been previously identified, 
including preoperative CRP levels, high BMI, and prolonged time in the 
operating theater (Zajonz et al. 2019). A recently published article 
estimated that depression, obesity, cardiac arrhythmia and male gender 

Major criteria (at least 1 of the following) Decision 
Two positive cultures of the same organism  

Infected Sinus tract with evidence of communication of the joint or 
visualization of the prosthesis 

 

 
 

Minor Criteria Score Decision 
Serum Elevated CRP or D-Dimer 2  

 
≥6 infected 

 
2-5 Possibly infected 

 
0-1 Not infected 

 
≥6 infected 

 
4-5 Inconclusive 

 
≤3 Not infected 

 Elevated ESR 1 
Synovial Elevated WBC or LE 3 
 Positive Alpha-defensin 3 
 Elevated synovial PMN (%) 2 
 Elevated synovial CRP 1 

   
Inconclusive pre-op score or dry tap Score 
Preoperative score - 
Positive histology 3 
Positive purulence 3 
Single positive culture 2 
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are all independent risk factors for developing PJI (Bozic et al. 2014). 
Other risk factors that have been recently identified for developing PJI 
are rheumatism, obesity, coagulopathy, and preoperative anemia (Bozic 
et al. 2012). High intake of alcohol and smoking has also been associated 
with risk factors for developing PJI (Rezapoor and Parvizi 2015). 

 
 

Treatment of periprosthetic infections 
The main goal for treating a PJI is to obtain a pain-free and 

functional hip joint. The most important step in obtaining a pain-free 
joint is to eradicate the PJI. There are currently several known methods to 
eradicate PJIs, with various results. One method is to eradicate the 
infected tissue by surgery and implant retention and long-term antibiotic 
treatment, so-called DAIR (Zimmerli and Ochsner 2003, Trampuz and 
Zimmerli 2005). DAIR is a generally accepted treatment option in early 
PJI (within 30 days) and if the patient does not have a sinus tract 
(Zimmerli and Ochsner 2003). DAIR had a success rate of 32% in a 
subgroup of patients with rheumatoid arthritis in elective surgery 
(Berbari et al. 2005). DAIR used in FNF patients had a success rate of 
63% (Bergkvist et al. 2016). The other common and accepted treatment 
option is a one- or two-stage exchange of the implant (Zimmerli W et al. 
2004). One-stage revision is performed by excision of all foreign 
material, including all the implants, debridement and insertion of a new 
prosthesis during the same operation (Zimmerli W et al. 2004, Zimmerli 
and Moser 2012). In a two-stage revision, the previous implant is 
removed as in a one-stage revision; however, implantation of the new 
implant is delayed for a period of time, usually approximately three 
months or when the patient is free of the PJI (Zimmerli W et al. 2004). A 
last treatment option is a Girdlestone procedure, applied by permanently 
resecting the implant and by excision of infectious tissue without 
inserting a new implant (Zimmerli W et al. 2004). 
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Prediction of mortality 
Currently, several scoring systems have been developed with the 

aim of identifying patients at high risk before surgery. 
 

Charlson comorbidity index (CCI) 
CCI is a method of categorizing 19 comorbidities of patients based 

on the International classification of Diseases (ICD) developed in 1987 
(Charlson et al. 1987). Each comorbidity has an associated weight (1 to 
6). The sum of all the weights results in a single comorbidity score. As a 
medical risk stratification tool, the CCI has been adapted as a tool for 
surgical stratification. The CCI has been previously validated for its 
ability to predict mortality in several diseases: cancer, renal diseases, 
liver diseases, stroke, and conditions requiring intensive care 
(Hemmelgarn et al. 2003, Goldstein et al. 2004, Lee et al. 2005, Baldwin 
et al. 2006). In a systematic review article by Marufu et al. (2015), the 
CCI reported a moderate area under the curve (AUC) for mortality (0.70-
0.77). 

 
Elixhauser comorbidity measure (ECM) 

The ECM was developed in 1998 and is associated with in-hospital 
mortality, hospital charges, and lengths of hospital stay, as reported for a 
study population in California in 1992, including all inpatients. The ECM 
accounts for the presence or absence of 30 diseases. It is based on ICD 
diagnoses that are found in hospital data. The index is dichotomous 
concerning comorbidities (Elixhauser et al. 1998). 

 
Physiologic and operative severity score for enumeration of mortality 

POSSUM (Physiologic and Operative Severity Score for 
enUmeration of Mortality) was originally developed by Copeland 
(Copeland et al. 1991) to assess outcomes after general surgery. 
POSSUM is a physiologic scoring system that takes into account both 
patient physiology and surgical factors and predicts mortality and 
morbidity. It was mainly developed for use in operative practices and 
evaluates twelve preoperative physiological variables and six operative 
variables using a four-grade system (Copeland et al. 1991). Since the 
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original study in 1991, there have been various modifications to the 
original score, which have provided better prediction in certain groups 
(Gotohda et al. 1998, Prytherch et al. 2001a, 2001b). The original 
POSSUM score has been previously validated for orthopedic surgery. 
(Mohamed et al. 2002). POSSUM has been shown to have a limited role 
in the preoperative assessment in patients who have sustained an FNF 
(Ramanathan et al. 2005). 

O-POSSUM (orthopedic-POSSUM), which is a modification of the 
original POSSUM, uses 14 physiologic and 6 operative variables to 
predict mortality and morbidity. Between 1 and 8 points is given for each 
variable. O-POSSUM takes into account both preoperative and 
intraoperative data; hence, it cannot be used preoperatively to predict 
mortality (Karres et al. 2015). 
 
Nottingham Hip Fracture Score 

The NHFS (Nottingham Hip Fracture Score) developed by 
Maxwell et al. (2008) consists of 7 independent predictors: age (66-85 
and >86 years); sex (male); number of comorbidities (>2); admission 
mini-mental test (MMT) score of <6 out of 10); admission hemoglobin 
(<10 g/dL); residence at an institution; and the presence of a malignant 
disease. Maxwell et al. reported an AUC of 0.72 in a cohort of 4967 
patients for 30-day mortality (Maxwell et al. 2008). 

 
Sernbo score 

The Sernbo score is based on four variables: mobility, cognitive 
function, age above 80 years, and habitat. It was developed as an easy 
decision-making tool in patients with FNFs, and its variables can be 
easily identified in the emergency department. The aim with the score 
was to guide the orthopedic surgeon in decision making for HA or THA 
for patients with FNF (Rogmark C 2002). The Sernbo score is divided 
into high or low risk with respect to the decision to operate with an HA 
or a THA. The score reflects the patients’ age, habitat, walking ability 
and mental status. A previous study investigated the Sernbo score for 
predicting mortality in FNF (Dawe et al. 2013). 
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Table 3. Details of the Sernbo score. 

 

Prosthetic dislocation 
Prosthetic dislocation is defined by the loss of contact between the 

acetabulum and the femoral head component (Seagrave et al. 2017). 
Dislocation is a severe problem, and the rate is considerably higher 

in patients treated due to FNF than in patients operated on due to OA or 
RA (Meek et al. 2006). The rate of hip dislocation after THA for FNF 
varies from 0-22% (Blewitt and Mortimore 1992, Unwin and Thomas 
1994, Bhandari et al. 2003, Varley and Parker 2004, Sierra et al. 2006, 
Enocson et al. 2009, Ninh et al. 2009, Burgers et al. 2012, Madanat et al. 
2012, Noticewala et al. 2018). The rate of dislocation is considerably 
higher in patients treated with THA for FNF than in those treated with 
THA for OA, and attempts should be made to avoid the first dislocation 
in FNF at any cost (Hailer et al. 2012, Wallner et al. 2015). The 
dislocation rate and revision rate decreases when surgeons change from 
the posterior approach to the direct lateral surgical approach in FNF 
patients (Sköldenberg et al. 2010, Mukka et al. 2016a, 2017). 
 

 

  Points 
Age < 80 years 5 
 ≥ 80 years 2 
Habitat Own home  5 
 Sheltered home or frequent home 

assistance 
2 

Walking aids None or one cane 5 
 Two canes or a walker 2 
Mental status Alert 5 
 Slight confusion 2 
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Aims 

 
The general aims of the studies were to improve and guide orthopedic 
surgeons in their choice of optimal treatment and to identify an easy 
mortality prediction score for optimizing the treatment time. 
The specific aims of these investigations were as follows: 
 

I. The aim of this study was to compare the risk for PPF between the 
straight, highly polished, tapered CPT stem and the matte anatomic SPII 
stem in the treatment of FNF. 
 
II. The aim of this study was to compare the risk for PPF between the 
straight, highly polished, tapered Exeter stem and the matte anatomic 
SPII stem in the treatment of FNF. 

 
III. The primary aim of this study was to identify the frequency of PJI 
and to evaluate the success rate of DAIR in patients with early PJI after 
treatment with HA or THR for FNF. The secondary aim was to analyze 
the risk factors for developing PJI. 
 
IV. The aim of this study was to validate the Sernbo score in predicting 
mortality after hip replacement for a displaced FNF in elderly patients. 
The Sernbo score (based on age, habitat, walking aids and mental state) 
can be used to stratify patients into groups with a different one-year 
mortality. 
 
V. The aim of this study was to determine whether the Sernbo score can 
be used to predict 1- and 2-year mortality after a hip fracture in elderly 
individuals on a national register level. 
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Hypotheses of the studies 

 
Study 1 
Elderly patients with FNF treated with a CPT stem have a significantly 
increased risk for PPF than patients treated with the SPII stem. 
 
Study 2 
Elderly patients with FNF treated with an Exeter stem have a 
significantly increased risk for PPF than patients treated with the SPII 
stem. 
 
Study 3 
The success rate of DAIR in early PJIs is acceptable and is a treatment 
option for elderly patients treated with hip arthroplasty for a displaced 
FNF. 
 
Study 4 
The Sernbo score can be used to predict mortality after hip replacement 
for a displaced FNF in elderly patients. 
 
Study 5 
The Sernbo score can be used on a national registry to predict mortality 
in a patient who has sustained a hip fracture, with acceptable sensitivity 
and specificity. 
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End points 

Study I 
The primary end point was the incidence of periprosthetic hip fracture. 
The secondary outcomes were baseline data, age, sex, comorbidity 
registered at the primary surgery by ASA score, cognitive status, type of 
arthroplasty, type of stem, surgical approach and complications and 
reoperations. 
 
Study II 
The primary end point was the incidence of PPF. The secondary outcome 
was the frequency of complications after surgery for a PPF, dislocation, 
revision surgery due to wound infection (deep and superficial) and 
loosening of the components. Baseline data, age, sex, comorbidity 
registered at the primary surgery by ASA score, cognitive status, type of 
arthroplasty, type of stem and length and width of the stem, type of 
prosthetic head (uni- or bipolar in hemiarthroplasty, type of PPF and 
treatment of the fracture, time from initial surgery to PPF, surgical 
approach and complications and reoperations. 
 
Study III 
The primary end point was the incidence of PJI and the success rate of 
debridement, irrigation and implant retention. For the secondary end 
point, the following risk factors for PJI were assessed: number of 
changed wound dressings (during the initial hospitalization), age, sex, 
comorbidity (ASA classification), surgical approach, type of arthroplasty 
and cognitive dysfunction (present, not present, uncertain). 
 
Study IV 
The primary end point was to determine whether the Sernbo score can be 
used to predict mortality after hip replacement for a displaced FNF in 
elderly patients. 
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Study V 
The primary end point was to determine whether the Sernbo score can be 
used to predict mortality after hip fracture in elderly patients on a 
national level. 
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Ethics 

All studies were conducted in conformity with the principles of the 
Helsinki Declaration. Studies I, II, III and IV were approved by the 
Ethics Committee of Umeå University. Study V was approved by the 
Regional Ethical Review Board at the Karolinska Institute. 
 
Study I: 205/289-31 
Study II: 2016-113-31 
Study III: 2016/08-31 Ö 
Study IV: 2011/428-31, 2016/534-32 
Study V: 2017/1088-31 
 
The studies were initiated, designed and performed as academic 
investigations.  
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Materials  

Hip arthroplasty 
In study I, all patients undergoing HA or THA received either a 

cemented CPT stem or the Lubinus SP2. The CPT stem (130 mm) is a 
collarless, polished and tapered femoral stem composed of a chrome 
cobalt alloy (Zimmer Inc., Warsaw, IN). The stem is double-tapered and 
has a rectangular proximal geometry. A modular 32-mm cobalt-chrome 
femoral head was used in all THA patients together with a cemented 
highly cross-linked polyethylene acetabular component (a ZCA cup from 
Zimmer; a Marathon cup from DePuy; or a Lubinus from Waldemar 
Link, Hamburg, Germany). A modular unipolar head (Versys Endo; 
Zimmer) was used for patients surgically treated with a CPT stem. 

 
The Lubinus SP2 (150 mm) is an anatomic cobalt-chromium stem 

(Waldemar Link, Hamburg, Germany). A modular 32-mm cobalt-chrome 
femoral head was used for THA, and either a unipolar head (Unipolar; 
Waldemar Link) or a bipolar head (Vario cup; Waldemar Link) was used 
for hemiarthroplasty. The same bone cement was used for all patients 
(Optipac; Biomet, Sweden). Prophylactic antibiotics (cloxacillin; Meda, 
Solna, Sweden). 

  
In study II, the Exeter stem (150 mm, Stryker Howmedica, 

Kalamazoo, MI, USA) or the Lubinus SPII was used. The Exeter stem 
has a double-tapered shape combined with a highly polished surface and 
collarless design. A modular 28-mm or 32-mm cobalt-chrome femoral 
head was used for THA, and either a unipolar head (Unipolar; Waldemar 
Link) or a bipolar head (Vario cup; Waldemar Link) was used for HA. 

 
In study III, the patients was surgically treated with a cemented 

Lubinus SP II with either a unipolar (Link, unipolar head) or a bipolar 
head (Vario cup, Link). The same bone cement was used for all patients 
(Optipac; Biomet, Sweden). Prophylactic antibiotics (cloxacillin; Meda, 
Solna, Sweden). 
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In study IV, cemented THA or hemiarthroplasty was used in all 

patients (Lubinus SP2; Waldemar Link, Hamburg, Germany) with either 
a modular 32-mm cobalt-chrome femoral head or a uni/bipolar head. 
Prophylactic antibiotics (cloxacillin, 2 g; Meda, Solna, Sweden). The 
same bone cement was used for all patients (Optipac; Biomet, Sweden). 
 
 Study V included all patients above 60 years of age who had 
sustained a hip fracture. Data were collected from “RIKSHÖFT” 
(Swedish Hip Fracture Register [SHFR]). There was a lack of data 
concerning osteosynthesis and hip replacement. 
 
Acetabular components 

A modular 28-mm or 32-mm cobalt-chrome femoral head was used 
in all THA patients together with a cemented highly cross-linked 
polyethylene acetabular component (a ZCA cup from Zimmer; a 
Marathon cup from DePuy; or a Lubinus from Waldemar Link, 
Hamburg, Germany) and a unipolar head (Unipolar; Waldemar Link) or a 
bipolar head (Vario cup; Waldemar Link) was used for HA. 
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Methods 

Study protocol 
Study I was a multicenter prospective cohort study conducted 

between 2009 and 2015. Two Swedish hospitals were included: 
Danderyd Hospital in Stockholm and Sundsvall Hospital in Sundsvall. 
Included were all patients above 80 years of age who were operated on 
between September 2009 and April 2015 with primary hip arthroplasty 
for an acute displaced FNF. The inclusion criteria were nonpathological 
fracture and age above 80 years. At both institutions, the routine is to 
perform hip arthtroplasty for displaced FNF in patients above 65 years of 
age. THA is selected for the more mobile and healthy patients and 
younger (65-79 years of age). Hemiarthroplasty is used for older (<79) 
and less active patients and those with cognitive dysfunction. 

All patients were followed until October 2015 or until death. We 
collected patient data, including sex, age, ASA score, comorbidities, type 
of arthroplasty, and surgical approach. All complications included closed 
reduction of dislocated hips and any subsequent open surgery, including 
revision implants. For patients with a PPF, the radiographs were 
classified according to Vancouver classification by 1 of the authors (a 
senior consultant in orthopedic surgery). We conducted an analysis of 
this cohort and the number of PPF fractures. 

 
Study II was a retrospective cohort study performed between 2006 

and 2014 at 3 Swedish hospitals: the orthopedic department of Sundsvall 
Hospital, the orthopedic department of Sunderby Hospital and the 
orthopedic department of Karolinska University Hospital Huddinge, 
Stockholm. Sundsvall and Sunderby are emergency hospitals affiliated 
with Umeå University, while Karolinska University Hospital Huddinge is 
affiliated with the Karolinska Institutet. The combined catchment area 
consists of approximately 600,000 inhabitants. We included all patients 
who were admitted to the participating hospitals between 2006 and 2014 
and underwent primary hip arthroplasty for an acute displaced FNF with 
either a cemented Exeter stem or a cemented Lubinus SP2 stem. The 
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routine at these 3 hospitals is to perform hip arthtroplasty for displaced 
FNF in patients above 65 years of age. THA is selected for the more 
mobile and healthier patients and is generally younger (65-79 years of 
age). Hemiarthroplasty is used for older (<79) and less active patients 
and those with cognitive dysfunction. We conducted an analysis of this 
cohort and the number of PPF fractures. 

 
Study III We performed a retrospective cohort study utilizing 

medical records at Sundsvall Hospital, Sweden. Sundsvall Hospital is a 
regional hospital affiliated with Umeå University, with a catchment area 
of approximately 150,000 inhabitants. Patients who had been treated with 
hip arthroplasty for a displaced FNF at the hospital between 2006 and 
2015 were included. We used the in-hospital surgery database in the 
orthopedics department to identify all patients treated with hip 
arthroplasty for FNF. All patients were followed until January 2016. 
Inclusion criteria were patients treated with DAIR for early postoperative 
PJI (<6 weeks postoperatively and with symptoms of a PJI less than 3 
weeks) after primary hip arthroplasty surgery. All patients enrolled in this 
study met the definitions given by the International Consensus Group on 
Periprosthetic Joint Infection (Parvizi et al. 2018). Exclusion criteria 
were the presence of a late-presenting PJI (>6 weeks postoperatively) and 
the use of a previous treatment protocol other than DAIR (i.e., direct one-
stage or two-stage revisions). 

 
Study IV was an observational prospective cohort study that was 

performed between 2012 and 2015 in the orthopedic department of 
Sundsvall Hospital, Sweden. Sundsvall Hospital is an emergency hospital 
with a catchment area of approximately 160,000 inhabitants. Inclusion 
criteria were patients above the age of 65 years old with a displaced 
primary FNF who underwent hip arthroplasty between February 2012 
and February 2015. Data were collected prospectively throughout the 
study period by a combination of in-hospital surgical and medical records 
at admission and during the follow-up period of one year minimum or 
until death. Patient data included age, gender, comorbidities (registered at 
primary surgery in terms of the American Society of Anesthesiologists 



 

 39 
 

(ASA) score), date of death, type of arthroplasty (THA/HA), surgical 
approach (direct lateral or posterolateral) and the preoperative Sernbo 
score. 

 
Study V was a retrospective cohort study including all patients 

above the age of 65 years old who were surgically treated due to a hip 
fracture between 2010-01-01 and 2015-12-31 registered in the SHFR. In 
patients who had sustained bilateral hip fractures during the study period, 
only the first fracture was included in the analyses. Patients with missing 
data regarding the modified Sernbo score were excluded. Inclusion 
criteria were age, sex, ASA category (1-2 or 3-4), prefracture walking 
ability, habitat, cognitive status and type of fracture. Patients who did not 
fulfill the inclusion criteria were excluded from the study since they were 
not part of the study population of interest.  
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Statistical methods 

 In all studies, SPSS Statistics 22.0-24.0 (SPSS Inc., Chicago, IL) 
for Mac was used for statistical analyses. 
MedCalc (Medcalc Software, Ostend, Belgium) was used to calculate the 
Youden J index and the receiver operating characteristic (ROC) analysis. 

Statistical analysis 
 To test for differences between the distributions, we used the chi-
square test. In all studies, a p-value ≤0.05 was accepted as significant. 
In study I, the outcome analyses were based on the incidences of PPF in 
the two study groups. We did not use a regression analysis to adjust for 
confounders due to the low number of PPFs in the SP2 group. There was 
a slight difference in follow-up time, and thus, we performed a sensitivity 
analysis, namely, the Poisson regression model, to calculate the incidence 
rate ratio (IRR). 
  

In study II, the cumulative incidence of PPF in the 2 study groups 
was compared using Cox proportional hazards regression, and the results 
are presented as hazard ratios (HRs) with 95% confidence intervals (95% 
CIs). The statistical analysis is based on the assumption that the studied 
observations are independent; therefore, no bilateral fractures were 
included. In patients with two fractures during the study period, only the 
first fracture was included. The effect of a larger Exeter stem size was 
analyzed by logistic regression analysis. 

 
In study III, we used a descriptive statistic to present data and a 

multivariate logistic regression model to analyze the risk of sustaining a 
PJI. The data are presented as odds ratios (ORs) with 95% CIs (95%). 
 

In study IV, categorical variables associated with mortality were 
evaluated using the chi-squared test. Significant variables were then 
included in a multivariate logistic regression analysis to predict mortality, 
and the results are presented as the OR and 95% CI. The Hosmer-
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Lemeshow test was used to assess goodness of fit. A ROC curve was 
used to calculate the predictive ability of the Sernbo score and to 
determine its sensitivity and specificity. The significance level was set at 
0.05. To validate the mortality subgroups, Kaplan-Meier survival curves 
were used with the log rank test. 

 
In study V, descriptive data were presented with means with 

standard deviation (SD), range and percentages. A univariate and 
multivariate logistic regression analysis was performed to predict 
mortality. Associations were quantified using the OR. ROC curves were 
calculated to validate the mortality thresholds given by the Sernbo score 
and determine their sensitivity and specificity. C-statistics (i.e., AUC) 
with 95% CIs were used to assess discrimination of outcomes. Youden’s 
J index was calculated. The Hosmer-Lemeshow test was used to assess 
the calibration of the goodness of fit. Nagelkerke's R² was used to test the 
predictive value. The significance level was set at 0.05, and all tests were 
two-tailed. Kaplan-Meier survival curves were used to compare the 
different groups with the log rank test. 
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Results 

Study I 

Patient flow and baseline data 
Nine hundred seventy-nine patients with an FNF who were admitted to 
the orthopedic department at either Danderyds Hospital, Stockholm, 
Sweden or Sundsvall Hospital, Sweden, were included. The median age 
in the cohort was 86 (80-102) years. 

Primary end point 
The incidence of PPF was higher in the group that was surgically treated 
with the CPT stem (3.8%) than in the group that was operated on with 
SPII (0.2%). 

Hip complications 
In the whole cohort, the most common complication was revision due to 
PJI (3%), followed by dislocation (2%) and periprosthetic femur fracture 
(2%). In the CPT group, PPF was the most common complication (4%), 
followed by dislocation (2%) and PJI (2%). In the SPII group, PJI was 
the most common complication (4%), followed by dislocation (3%) and 
PPF (0.2%). The most common PPF in the CPT group was Vancouver 
B2, and the most common in the SPII group was Vancouver C. 

Mortality 
Mortality was similar in patients who sustained a PPF and those who did 
not (p=0.4, log rank test).  
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Figure 1. Flow diagram for Study I 
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Table 4. Characteristics of patients. Individual patients are presented. 

 
 
  

 CPT 
(n=555) 

    SP 2 
(n=424) 

Gendera   

   Male 158 (28%) 127 (30%) 

   Female  397 (72%) 297 (70%) 

Age-yearsb  86 (80-102) 86 (80-102) 

ASA categorya   

   1-2 129 (23%) 171 (40%) 

   3-4 
 
   Missing 

424 (76%) 
 

2 (0%) 

249 (59%) 
 

4 (1%) 

Hospital   

   Danderyd 555 (100%) 142 (34%) 

   Sundsvall 0 (0%) 282 (66%) 

Type of arthroplastya   

   THA 57 (10%) 23 (5%) 

   HA 498 (90%) 401 (95%) 

Surgical approacha   

   Posterolateral 14 (3%) 157 (37%) 

   Direct lateral 541 (97%) 267 (63%) 
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Table 5. Type of PPF, surgical treatment and surgical outcome. 

 
  

Vancouver classification CPT SPII 
    A 0 0 
    B1 3 0 
    B2 14 0 
    B3 2 0 
    C 2 1 
    Total 21 1 
Surgical treatment   
   Open reduction and internal fixation 6a 1 
   Stem revision 15b  
Surgical outcome   
   Deep infection reoperation 5  
   Dislocation reoperation 1  
   Refracture 1  
   Healing without complication 15  
aAll type C and B1 fractures were treated with ORIF. 
In all cases, a femoral locking plate or cerclage wire 
was used. 

  

b B2 and B3 fractures were treated with stem revision, except for 1 case in 
which cerclage wires were used. In all stem revisions, the newly implanted 
femoral stem was reinforced with a femoral locking plate and/or cerclage 
wires. 
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Study II 

Patient flow and baseline data 
A total of 2537 patients who had sustained FNF and were treated 

with either HA or THA were included. This retrospective cohort study 
was performed between 2006 and 2014 at 3 Swedish hospitals: the 
orthopedic department of Sundsvall Hospital, the orthopedic department 
of Sunderby Hospital and the orthopedic department of Karolinska 
University Hospital Huddinge, Stockholm. Sundsvall and Sunderby are 
emergency hospitals affiliated with Umeå University, while Karolinska 
University Hospital Huddinge is affiliated with the Karolinska Institutet. 
The combined catchment area consists of approximately 600,000 
inhabitants. 

Outcome data 
During the study period, 40 (1.6%) PPFs were identified at a 

median time of 27 months (0-96 months) postoperatively. None of these 
PPFs were intraoperative. The cumulative incidence of PPF was 2.3% in 
the Exeter group and 0.7% in the SP2 group (p<0.01); the HR was 5.5 
(95% CI, 2.4-12.7, p≤0.01) using the SP2 group as the denominator. 
Male sex was also linked to an increased risk (2.4, 1.3-4.4, p<0.01), 
whereas the type of arthroplasty (HA vs THA, 0.8, 0.3-2.1, p=0.6), the 
surgical approach (lateral vs posterolateral, 1.1, 0.5-2.3, p=0.8) and age 
(1.04, 0.9-1.1, p=0.12) were not associated with an increased risk for 
PPF. 

Primary end point 
The incidence of PPF was higher in the group that was operated on 

with an Exeter stem (2.3%) than in the group that was operated with SPII 
(0.7%). 

Mortality 
The mortality rate did not differ between patients who sustained a 

PPF and those who did not (p=0.1, log rank test). The overall 1-year 
mortality rate was 35% (611 of 2528 patients). The 1-year mortality rate 
after PPF was 28% (11 of 40 patients). 
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Hip complications and reoperations 
Two of the treated fractures were Vancouver A (5%), 7 were 

Vancouver B1 (18%), 11 were Vancouver B2 (27%), 7 were Vancouver 
B3 (18%), and 13 were Vancouver C (32%) (Table 2). In the Exeter 
group, two B1 fractures were treated conservatively. In the Lubinus SP2 
group, one B1 and three C fractures were treated conservatively. All 
conservatively treated PPFs healed without further surgery. Six of 34 
(18%) surgically treated PPFs needed revision surgery due to deep 
infection (n=3), failure of osteosynthesis and reosteosynthesis (n=2) and 
revision arthroplasty (n=1). The poorest outcome was displayed by 
patients with B2 (18%, 2 of 11) and B3 (28%, 2 of 7) fractures. Both 
patients with B2 fractures were managed with ORIF and required 
reoperation due to deep infection and mechanical failure with stem 
revision. Both patients with B3 fractures were managed with stem 
revision and underwent a reoperation due to deep infection and stem 
revision. 
 
Table 6. Type of PPF, surgical treatment and surgical outcome. 

 
 

Vancouver classification Exeter       SP2             Sig.  
   Vancouver A 2 (0.2%)           0 (0%) 
   Vancouver B1 6 (0.5%)           1 (0.1%) 
   Vancouver B2 11(0.8%)          0 (0%) 
   Vancouver B3 7 (0.5%)         0 (0%) 
   Vancouver C 5 (0.4%)           8 (0.6) 
Total 
  
Surgical treatment 

31 (2.3%)         9 (0.7%)         p=0.001 

   Open reduction and internal fixation 20 

   Stem revision 
 

14  
  

Surgical outcome   
   Deep infection reoperation 3 
   Failure of osteosynthesis 2 
   Refracture 1 
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Table 7. Characteristics of the patients. Individual patients are presented. 

 
  

 Exeter (n=1325) SP2 (n=1202)    Sig. 

Sexa                                  p=1.0 

   Male 416 (32%) 379 (32%) 

   Female 909 (68%) 823 (68%) 

Age, yearsb 82 (8)                    81 (8)          p≥0.01 

ASA categorya                                   p≥0.01 

   1-2 416 (32%) 456 (43%) 

   3-4 905 (68%) 600 (57%) 

Hospital     

   Huddinge 
  
   Sunderby 

772 (58%) 
 

553 (42%) 

0 (0%) 
 

558 (49%) 

   Sundsvall 0 (0%) 614 (51%) 

Type of arthroplastya                               p=0.5 

   THA 215 (16%) 208 (17%) 

   HA 1110 (84%) 994 (83%) 

Surgical approacha                               p≥0.01 

   Posterolateral 417 (31%) 958 (80%) 

   Direct lateral 908 (69%) 244 (20%) 
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Study III 

Patient flow and baseline data 
Seven hundred thirty-six patients who had been treated with hip 
arthroplasty for a displaced FNF at the Orthopaedic department of, 
Sundsvall Hospital, Sweden, were included. The median age was 81 
years, 490 patients were women, and the study period was between 2006 
and 2015. We identified 33 (4.5%) patients (hips) who had an early PJI at 
a mean follow-up of 33 (range 0-120) months. Twenty-eight of these 
patients were treated according to the DAIR protocol. We identified 33 
(4.5%) patients (hips) who had an early PJI at a mean follow-up of 33 
(range 0-120) months. Twenty-eight of these patients were treated 
according to the DAIR protocol. 

Primary end point 
Successful treatment with DAIR was achieved in 23/28 patients (82%) at 
a mean follow-up time of 24 months (range, 1-118 months). 
 
Hip complications and surgery 
One patient had a repeated debridement, a permanent 
resection was performed in another 2 hips, a successful 2-stage 
revision was performed in 1 patient, and 1 hip was revised due to 
dislocation where infection was considered part of the pathology. 
Twenty-six of 28 patients were treated with DAIR within 7 days after 
primary surgery. 
 
Risk factors for PJI and reoperation 
The logistic regression indicated that increasing the number of wound 
dressing changes and 2 or more dressing changes were associated with 
the development of PJI (OR 4.9; 95% CI, 1.4-16.1, p=0.01). There were 
no other differences between patients who sustained a PJI and those who 
did not with regard to age (81 vs 81 years), sex (female: 76% vs 66%) 
type of arthroplasty (percentage HA: 85% vs 83%) and ASA class 
(percentage ASA 3-4: 54 vs 50%). The direct lateral approach had a 
tendency towards a lower risk for developing PJI. 
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Logistic regression presenting the 
adjusted OR. 

 
  

 
  

 Infection   
Variable Coef. 2.5% to 97.5%    
Bandage change 

None 1.0 ref.   

One 
  Two or more 

0.9 
4.9 

0.2 to 3.5 p=0.95 
1.4 to 16.1 p=0.01 

  

Surgical approach     

  Posterolateral 1.0 ref.   

  Direct lateral 0.1 0.02 to 1.1     p=0.06   

Cognitive dysfunction 
No 
Uncertain 
  Yes 

 
0.9 
1.0 
2.8 

 
0.2 to 3.8       p=0.87 
ref. 
0.8 to 9.4       p=0.09 

  

Age 0.9 0.9 to 1.0       p=0.26   

Sex 

  Male 1.0 ref.   

  Female 1.8 0.5 to 5.8       p=0.34   

ASA 
1-2 
3-4 
Type or arthroplasty 
  Total hip arthroplasty 
  Hemiarthroplasty 

 
1.0 
1.3 
 
1.0  
1.3 

 
ref. 
0.4 to 4.0      p=0.61 
 
ref. 
0.2 to 7.6     p=0.77 

  

Table 8. Periprosthetic infection. 
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Table 9: Study III population characteristics. Continuous variables are presented as the 
mean and standard deviation. 

 
  

 

Table 9: Study III population characteristics. Continuous variables are presented as the mean and standard 
deviation. 

 Cohort 
No. 736   DAIR 

No. 28 
 

Age 81.4 (±7.9)   80.9 (±9.2)  

Sex 

    Male 246 (33%)   6 (21%)  

    Female 490 (67%)   22 (79%)  

Side 

    Right 344 (47%)   15 (54%)  

    Left 392 (53%)   13 (46%)  

Surgical approach 
    Posterolateral                                           494 (67%)                                        21 (75%) 
    Direct lateral                                            242 (33%)                                          7 (25%) 

Cognitive status      

    Lucid                                                       179 (24%)                                           8 (29%) 
    Impairment                                              350 (48%)                                          13 (46%) 
    Indecisive                                                207 (28%)                                            7 (25%)  
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Figure 2. Flowchart of patients included in the study 
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Study IV 
Patient flow and baseline data 
Two hundred ninety-two patients were included in the study. These 
patients had sustained a displaced FNF at the orthopedic department of 
Sundsvall Hospital, Sweden (median age, 83 years; 68% female). The 
study was conducted between February 2012 and February 2015. 
 
Primary end point 
The Sernbo score identified patients who were at high risk of dying in the 
first postoperative year. 

 
Mortality 
The 1-year mortality was 24% in the whole study group. The mortality 
rate according to the previous subclassification of the Sernbo score 
differed in the groups: 41% of patients had a low mortality risk, 31% had 
an intermediate risk, and the remaining 28% formed the high risk group. 
The mortality in each group was 5%, 22%, and 51%, respectively. 
According to the Kaplan-Meier survival analysis, these differences were 
statistically significant (Figure 3). The mortality subgroups intermediate 
risk and high risk, increasing age, and surgery using hemiarthroplasty 
were predictive of 1-year mortality in the univariate statistical analyses 
(Table 10). The multivariate analysis generated a final model (Table 11), 
including the Sernbo intermediate mortality risk group (OR = 4.2, 95% 
CI: 1.5–12) and the Sernbo high mortality risk group (OR = 15, 95% CI: 
5–40). The Hosmer-Lemeshow test for goodness of fit was not 
significant (chi-square = 4.8; p = 0.8, p = 8), and the Nagelkerke R2 was 
0.3. 
 Patients and descriptive data: 297 patients with a displaced FNF 
were treated with either HA (82%) or THA (18%). Their median age was 
82 (65–99) years, and 203 (68%) of them were women. During the study 
period, 7 patients had bilateral surgery for a displaced FNF. Five of these 
patients sustained their contralateral fracture during the first 
postoperative year and were therefore excluded (n = 292). None of the 
patients were lost to follow-up. 
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Table 10. Sernbo score 

 
 

 
 
 

 
 
  

Factor   Points 

Age < 80 years 5 

  ≥ 80 years 2 

Social 
situation 

Own home 5 

  Sheltered home  2 

Walking aids None or one cane 5 

  Two canes or a walker 2 

Mental status Alert 5 

 Slight confusion 2 

Gender Female 5 

 Male 2 
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Table 11. Patient demographics 

 

Table 12. Logistic regression 
model 1-year mortality 

  

 

Table 11. Patient demographics 

Patient demographics  
Age  82 (65-99) 

Sex  
   Male  96  (32%) 

  Female 206 (68%) 

Type of arthroplasty 
  Hemiarthroplasty 247 (82%) 

  Total hip arthroplasty 55  (18%) 

Surgical approach 
  Posterolateral (Moore) 129 (43%) 

  Direct lateral 
(Gammer) 173 (57%) 

Chronic obstructive pulmonary disease 
  Yes 32 (11%) 

  No 270 (89%) 

Diabetes mellitus 
  Yes 55 (18%) 

  No 247 (82%) 

Ischemic heart disease 
  Yes 80 (26%) 

  No 222 (74%) 

Parkinsons disease 
  Yes 10 (3%) 

  No 292 (97%) 

Stroke 
  Yes 54 (18%) 

  No 248 (82%) 

1-year mortality 
  Deceased 74 (25%) 

  Alive 228 (75%) 

ASA  
   1-2  147 (49%)  

   3-4  155 (51%)  

 

Table 12 
Logistic regression model 1-year mortality.  

   
Sernbo score 

  Low risk 
  Intermediate risk 

1.0 
3.8;   

 
1.3 – 11.1; p=0.01   

  High risk 16.0; 5.5 – 46.2;  p<0.01   

Age 1.1; 1.0 – 1.1;    p=0.04   

Sex 
  Men 1.0    
  Women 0.6; 0.3 – 1.3;    p=0.2   

Arthroplasty 

  Total hip arthroplasty 1.0    
  Hemiarthroplasty 1.0; 0.2 – 4.1;    p=0.9   

Surgical approach 

  Posterolateral (Moore) 1,0    
  Direct lateral (Gammer) 1.0; 0.5 – 1.9;    p=0.9   

COPD 
  No 1,0    
  Yes 3.1; 1.1 – 8.6;    p=0.03   
Diabetes mellitus 
  No 1.0    
  Yes 2.0; 0.9 – 4.6;   p=0.09   

Ischemic heart disease 
  No 1.0    
  Yes 0.5; 0.2 – 1.1;    p=0.09   

Stroke 
  No 1,0    
  Yes 1.3; 0.6 – 3.2;    p=0.5   
Parkinsons disease 
  No 1.0    
  Yes 0.8; 0.2 – 3.9;    p=0.7   

ASA-score 

   1-2 1.0    
   3-4 1.0; 0.5 – 1.9;    p=0.9   
S-Creatinine preop. 1.0; 0.9 – 1.0;    p=0.3   
B-Hb preop. 1.0; 1.0 – 1.0;    p=0.2   
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Figure 3. Kaplan-Maier survivorship 

 

Figure 4. ROC curve displaying mortality and depicting the ability of 
different factors to predict 1-year mortality after FNF



Study V 

Patient flow and baseline data 
Fifty-thousand, seven hundred sixteen patients who were older than 65 
years of age, had sustained a hip fracture and were registered in 
RIKSHÖFT between 2010 and 2015 were included. In total, 69% were 
women. 

Primary end point 
The modified Sernbo score identified patients at high risk of death during 
the first year postoperatively, with a slight improvement when adding sex 
to the score and validated at the national level. 
 
Mortality 
The 1-year mortality was 26% in the whole study group, 6% in the low 
risk group, 17% in the intermediate group and 42% in the high risk group 
according to the modified Sernbo score (log rank test p<0.001). A 
multivariable logistic regression analysis was performed, including age 
(OR 1.04; 95% CI 1.04-1.05; p<0.001), sex (male, 1.4; CI 1.3-1.4), ASA 
category (category 3-4, 2.2; 95% CI 2.1-2.3), modified Sernbo score 
(intermediate risk 2.0; 95% CI 1.9-2.2; p<0.001, high risk 4.4; 95% CI 
4.2-4.8; p<0.001). The Hosmer-Lemeshow test for the multivariable 
logistic regression was significant (chi-2=85, p<0.001, 8 degrees of 
freedom), and the Nagelkerke R2 was 0.20. 
 
Missing data 

A total of 31,469 patients were excluded due to missing data. 
Patients who were excluded did not differ from those included in the 
study with regard to sex (p=1.0). We found a small, statistically 
significant but not clinically relevant difference in age; included patients 
were slightly older (81.5 vs 81.2 years, p<0.01). We found a significant 
difference between patients included and those excluded due to missing 
data in 1-year mortality (26% vs 28%) (log rank test p<0.01). 
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Figure 5. Flowchart of patients 

              
Figure 6. Kaplan-Meier survivorship curve displaying mortality. 

 
 
 
 
 
 

Assessed for eligibility 
(n=55,716)

Sernbo score intermediate risk 
n=15,769

Sernbo score lowrisk 
group n=20,877 Sernbo score high risk 

n=19,070

Screened for eligibility 
(n=92,544)

Excluded (n=36828)
Bilateral hip fracture 
(n=5,330)
Missing data Sernbo score 
(n=31,469)
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Figure 7. ROC depicting the ability of the modified Sernbo score (adding 
sex) to predict 1-year mortality after hip fracture, AUC 0.72 (95% CI: 
0.71-0.72). ROC curve depicting the ability of the Sernbo score to 
predict 1-year mortality after hip fracture, AUC 0.70 (95% CI: 0.70-
0.71).
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Table 13. The modified Sernbo score was graded according to the total 
number of points and divided into low risk (25 points), intermediate risk 
(17-24 points) and high risk (<16 points). 

 

  

Factor   Points 

Age < 80 years 5 

  ≥ 80 years 2 

Social situation Own home 5 

  Sheltered home  2 

Walking aids None or one cane 5 

  Two canes or a 
walker 

2 

Mental status Alert 5 

 Slight confusion 2 

Gender Female 5 

 Male 2 

 



 

 61  
 

Table 14. Patient demographics for all patients with hip fractures 
(n=55716). 

 

Table 15. Univariate logistic regression model for 1-year mortality. Low 
risk is marked as the reference value. 

 

Age 84 (65-108) 

Sex  
 Male 17,276 (31%) 

Female 38,440 (69%) 
1-year mortality  

Deceased 14,415 (26%) 

Alive 41,301 (76%) 
ASA  

1-2  23,505 (42%) 
3-4  31,691 (57%)  

Sernbo score     
  High risk 23,013 

(41,3%) 
Intermediate risk 27,158 

(48,7%) 

Low risk 5,545 (10%) 
Cognitive impairment  

Yes 5,779 (64%)  
No 19,937 (36%) 

 

Sernbo score    

  Low risk 1.0   

Intermediate risk* 3.3 2.9-3.7       p<0.01 

  High risk* 11.8 10.5-13.3 p<0.01 

Age 1.1 1.1 – 1.1 p<0.01 

Sex    

  Women 1.0   

  Men 1.7 1.6 – 1.8    p<0.01 

Type of fracture    

Cervical 1.0   

Trochanteric 1.02 0.99 - 1.06  p=0.3 

ASA-score    

1-2 1.0   

3-4 3.0 2.8 – 3.1  p<0.01 
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Table 16. Multiple logistic regression with the endpoint of 1-year 
mortality. Each variable is tested separately. 

 

  

Sernbo score    

Low risk 1.0   

Intermediate risk 2.7 2.4-3.0 p<0.01 

High risk 8.3 7.3-9.4 p<0.01 

Age 1.04 1.04-1.05 p<0.01 

Sex    

Women 1.0   

Men 1.4 1.3-1.4 p<0.01 

Type of fracture    

Cervical 1.0   

Trochanteric 1.02 1.0-1.06 p=0.47 

ASA-score    

1-2 1.0   

3-4 2.2 2.1-2.3 p<0.01 

 



 

 

Discussion 

General discussion 
The overall aim of this thesis was to improve the treatment and decrease 
complications for patients with FNFs treated by arthroplasties. Studies I 
and II focused on PPFs and compared different designs of stems, mainly 
to investigate the incidence and reoperation rate in patients who sustained 
a PPF. Study III focused on PJIs in patients after surgical treatment with 
an arthroplasty due to an FNF. The aim of this study was to investigate 
the clinical outcome of treatment with DAIR. Studies IV and V focused 
on the prediction of mortality in patients sustaining a hip fracture. 
 
PPF in hip fracture patients 
It is estimated that hip fractures will increase from 1.6 million in the year 
2000 to over 6 million in 2050. The main treatment for displaced FNF in 
the elderly is hip arthroplasty (Turesson et al. 2018, Rikshöft 2017). In 
the literature, it has been previously described that a single-wedge 
tapered stem carries an increased risk for PPF in patients treated with OA 
or other elective THAs. We investigated patients with a hip fracture 
treated with arthroplasty and the risk for PPF, and since this group is 
generally more fragile, the risk for PPF could therefore be greater. In 
study I, a cohort of 979 patients who had sustained an FNF (primary 
arthroplasties) at either Danderyds Hospital or Sundsvall Hospital was 
investigated for PPF. Two different implants were investigated for PPF, 
Lubinus SPII (Link) and CPT stem (Zimmer). The overall cumulative 
incidence for PPF was 2.2%. None of the PPFs were intraoperative. In 
addition, there was a higher incidence with a CPT stem (3.8% PPF). The 
cumulative incidence of PPF in patients treated with SPII was 0.2%. Our 
results in study I are comparable to those in the Innguls study, which 
investigated PPF in patients operated on with the Exeter stem and 
reported a cumulative incidence of 2.3% (Inngul and Enocson 2015). The 
CPT stem and the Exeter stem have similar prosthetic designs and 
polished tapered designs. A systematic review published in 2017 with the 
aim of investigating the femoral component in relation to PPF concluded 



 

 

that compared to the Charnely stem, the Exeter stem carried an increased 
risk of PPF (Carli et al. 2017). 

Thien et al. investigated the rate of PPF in the Nordic Arthroplasty 
Register Association database from 1995-2009 (Thien et al. 2014). They 
investigated two cemented stems (Exter stem and Lubinus SPII stem) and 
five uncemented stems (Bi-Metric, Corail, CLS Spotorno, ABG I and 
ABG II). A total of 325,730 cemented femoral stems and 111,899 
uncemented femoral stems were included in their study. The hazard ratio 
(for PPF) for the Exeter stem was approximately five times higher than 
for the Lubinus SPII stem. Raut and Parker performed a study on the 
Exeter Trauma (hemiarthroplasty) stem in patients treated due to 
intracapsular FNF and found that 1% of procedures resulted in a PPF 
postoperatively, which was lower than the incidence in our study and in 
the Innguls study (Raut and Parker 2016). In our studies, the patients 
were older, and the known high incidence of osteoporosis in Sweden 
could increase the risk of PPF. In contrast with Raut and Parker, we also 
included patients surgically treated with THA and not only HA. 
 In study II, we compared the incidence of PPF in hip fracture 
patients who were initially treated with arthroplasty. There was a five-
fold increased risk of PPF in patients operated on with the Exeter stem 
compared with the SPII. 
 In study I, we included patients 80 years and above for an 
investigation of PPF after treatment with arthroplasty. In study II, we 
included all patients who had sustained a hip fracture above the age of 60 
years and were treated with arthroplasty. Our results in both studies were 
comparable to previous findings (Inngul 2015, Carli et al. 2017) 

In the CPT group, Vancouver B2 was overrepresented. Current 
theories hold that straight, tapered stems appear to be more frequently 
malaligned with endosteal contact of the tip and increased the risk of PPF 
(Hank et al. 2010; Macpherson et al. 2010). One could speculate about 
the importance of stem size counteracting the size of the cement mantle. 
The femoral implant size has been previously discussed as a factor for 
PPF. A biomechanical study from 2015 concluded that a larger stem 
body increases the torque to failure and can therefore reduce a late PPF 
(Ginsel et al. 2015). A recent article investigated this issue and showed 



 

 

that a femoral component that is two or more sizes smaller than the 
appropriate size indicated by the preoperative plan poses an increased 
risk of sustaining a PPF in patients surgically treated with the Exeter 
stem (Korsnes et al. 2019). 
In the Exeter group, Vancouver B2 was the most common PPF, which 
correlates with our finding in study I for the CPT stem. In study I, the 
Lubinus SPII group had one PPF classified as Vancouver C. In study II, 
the Lubinus SPII group had one B1 and 8 Vancouver C PPFs. 
 Previously published studies have reported a wide variety of PPFs 
following FNFs. Philips et al. 2013 reported the PPF incidence after 
hemiarthroplasty following FNF. They investigated the Austin Moore 
prosthesis and Exeter stem and reported an PPF incidence of 1.7% in 
total. The outdated uncemented Austin Moore prosthesis had a PPF 
incidence of 2.3%, and the Exeter stem had a PPF incidence of 0.5%. 
 Today, it is widely known that there is a significantly increased risk 
for PPF following uncemented HA (Rogmark et al. 2014). 
 In 2010, Leonardsson et al. published the results of patients treated 
with hemiarthroplasty due to FNF and found an PPF incidence of 3.4% 
(Leonardsson O et al. 2010). Patients treated with hemiarthroplasty are 
generally elderly and less mobile than patients treated with THA, which 
may explain why Leonardsson reported a higher incidence than that in 
our study. In accordance with our findings, a recent publication has 
shown an increased incidence of PPF with polished tapered stems 
(Broden 2015, Inngul 2015). In 2018, a publication from the Norwegian 
Hip Fracture Register reported that polished tapered stems yielded a 
higher incidence of PPF than did the anatomic stem (Kristensen et al. 
2018). 

In hip fracture patients treated with Exeter hip arthroplasty (HA or 
THA), the incidence is reported to be 2.3% (Inngul and Enocson 2015). 

In 2006, Lindahl et al. performed a review of the SHAR to 
investigate PPFs (Lindahl et al. 2006). They found that both age and 
every year of aging after the primary surgery increased the risk of 
incidence of PPF. Sarvilinna did not find an association between 
advanced age and fracture risk in the Finnish arthroplasty registry 
(Sarvilinna et al. 2003). Their review of 16 PPFs showed that age less 



 

 

than 70 years at the time of operation was an increased risk factor 
(Sarvilinna et al. 2005). Lindahl found that younger age at index surgery 
increased the risk of PPF, most likely due to higher activity of these 
patients (Lindahl et al. 2006). It is widely known that females are more 
affected by osteoporosis than men (Kanis et al. 2008, Bonnick MD et al. 
2010). Carli performed a systemic review including twelve publications 
that indicated a gender difference, with an increased risk of PPF in 
females (Carli et al. 2017). This was probably because male patients are 
considered to be more fragile at the onset of hip fracture and to have a 
higher mortality rate (Nemes et al. 2018). 

Interestingly, in studies I and II, there was no difference in 
mortality after sustaining a PPF. A recent study concluded that there was 
no difference in mortality in the first 30 days, with a surgical delay 
(defined as <24 h or >24 h) for PPF (Boddapati et al. 2019). Patients who 
were operated on after 24 h (considered a surgical delay) had higher rates 
of overall complications (urinary tract infection, pneumonia, nonhome 
discharge and blood transfusion) than patients who received early surgery 
(<24 h) (Boddapati et al. 2019). Our finding concerning mortality after 
PPF is in accordance with that of Boddapati. 

In the past, several publications have identified polished tapered 
stems as an increased risk factor for sustaining a PPF after THA (Lindahl 
et al. 2005a, 2006). To some extent, the SHAR does not capture patients 
treated with ORIF without exchange of the implant and has to some 
extent undermined the integrity of the SHAR (Garellick et al. 2014). The 
purpose of our studies was to identify whether patients operated on with 
THA or HA due to FNF had a higher rate of PPF than patients operated 
on due to OA and if the femoral component design conferred an 
increased risk of sustaining a PPF. In recent years, several publications 
have confirmed the answer to this question: A polished tapered stem 
increases the risk of sustaining a PPF postoperatively in hip fracture 
patients (Brodén et al. 2015, Inngul and Enocson 2015, Carli et al. 2017, 
Kristensen et al. 2018, Chatziagorou et al. 2019b, Mohammed et al. 
2019). 
 It has been previously discussed that the surgical approach could 
alter the rate of PPF. With the direct lateral approach, a higher risk for 



 

 

PPF has been proposed due to the higher frequency of anteroposterior 
malalignment (Garellick et al. 1999, Lindahl et al. 2006). Chatziagorou 
recently published a registry-based report and found an increased risk of 
PPF with the posterior approach (Chatziagorou et al. 2019b). The 
differences in implantation of the stems might affect the loading of the 
implant and increase the risk of PPF. The surgical approach and the risk 
of sustaining PPF needs to be further addressed in future research. In 
study I, there was no difference in the surgical approach regarding the 
incidence of PPF. Broden investigated this issue in a larger number of 
patients receiving CPT stems, and there was no statistically 
significant association between the Gammer approach and the risk of 
sustaining a PPF (Brodén et al. 2015). 

Our studies confirm this last year’s finding, and we recommend 
using an anatomically designed stem in the treatment of hip fracture to 
decrease the risk of PPF in this fragile group of patients. 
 
Periprosthetic joint infection 
PJI is a well-known devastating complication of hip arthroplasty (Dale et 
al. 2012, Lindgren et al. 2014), especially after FNF (Bhandari et al. 
2003) since this group of patients is generally more fragile (Hailer et al. 
2016). In study III, we investigated the frequency of PJI after treatment 
of displaced FNFs with hip arthroplasty (HA or THA). Our result with 
DAIR showed a success rate of 82% for retention of the arthroplasty. 
Blomfeldt et al. investigated the incidence of PJI in FNF and elective 
THA, and patients surgically treated with THA or HA due to FNF had a 
significantly worse outcome than patients electively operated on with 
THA (Blomfeldt et al. 2015). Marculescu et al. investigated all PJIs 
between 1995 and 1999 that were treated with DAIR. After two years, 
they had a success rate of 60%, defined as a 2-year survival rate free of 
treatment failure (Marculescu et al. 2006). Similar results were found in 
an article by Puhto et al., who reported a success rate of 88% after DAIR 
in patients who were primarily operated on with THA or TKA (Puhto et 
al. 2012). We investigated all acute PJIs (within 6 weeks of index 
surgery). In the literature, it has been established that for successful 
treatment with DAIR, the time interval from primary operation 



 

 

(implantation) in early postoperative infections and the duration of 
symptoms in a hematogenous PJI are crucial (Zimmerli and Ochsner 
2003, Osmon et al. 2013). A recent publication revealed that DAIR in 
acute hematogenous PJI has a high failure rate (Shohat et al. 2019). 
Study III did not include hematogenous infections, which may explain 
our outcome. The time from primary surgery to DAIR treatment is based 
on the duration of biofilm formation. A recent article investigated the 
difference in treatment failure for PJI in HA or THA and reported a 
higher treatment failure in HA patients (Del Toro et al. 2014). Sendi et al. 
reported a success rate of 91% for DAIR in elective THA with PJI at a 
mean follow-up of 4 years (Sendi et al. 2017). 
 A previous article showed that the success rate of DAIR dropped 
from 83% to 65% and 31% if the duration of infection increased from 
less than one month to two to six months and to more than six months 
(Barberán et al. 2006). We investigated only early PJI (<6 weeks from 
primary operation), and our result is in accordance with the findings of 
Barberán. DAIR performed unexpectedly favorably for FNF in early PJI. 
A similar success rate for DAIR has been reported for PJI in patients who 
underwent an elective operation with THA (Bergkvist et al. 2016). For 
successful DAIR, it is important to identify the PJI early (within 6 weeks) 
and to identify the causative bacteria. 

The use of sonication was not routine in our department during 
study III. Multiplex sonication of PCR fluid may improve the 
microbiological findings and increase the success rate of DAIR 
(Achermann et al. 2010, Rothenberg et al. 2017). A recent meta-analysis 
concluded that sonicate fluid in blood culture bottles has great value in 
the microbiological diagnosis of PJI, particularly in patients with prior 
antibiotic treatment (Li et al. 2019). 
 The need for repeated wound dressing changes indicates an 
increased risk of PJI and should prompt early surgical intervention (Saleh 
et al. 2002). Our result indicates that the dressing change could be a 
factor increasing PJI and surgical site infection because of insufficient 
wound closure. A very recent publication investigated the use of an 
additional continuous subcuticular suture and found that it reduced the 



 

 

risk of prolonged wound leakage and PJI incidence (Roerdink et al. 
2019). 
 In the past, the use of povidone-iodine before wound closure in 
elective THA was believed to decrease the rate of PJI. However, a recent 
publication could not find any significant reduction in the risk of 
developing a PJI (Hart et al. 2019a, 2019b). 
 An alternative to DAIR is a one-stage or two-stage revision 
procedure for PJI. In patients operated on with cementless stems, the 
difference in procedure, comparing DAIR and 1-stage revision in PJI, is 
relatively small, and patients would probably benefit more from a 1-stage 
revision, especially tapered stems. Sprowson investigated the effect of a 
high-dose dual-antibiotic impregnated cement on the incidence of SSI 
(surgical site infection) compared to the effect of a standard low dose 
antibiotic. High-dose dual antibiotics significantly decreased the rate of 
deep SSI (Ensing et al. 2008, Sprowson et al. 2016). 
 A recent meta-analysis of one-stage vs two-stage revision surgery 
concluded that one-stage revision could be as effective as two-stage 
revision (Kunutsor et al. 2018). Kunutsor et al. investigated reinfection 
rates in a meta-analysis and reported 16.8 per 1000 person-years for one-
stage revision and 32.3 per 1000 person-years for two-stage revision, 
with a median follow-up at 3.7 years. The groups were not comparable, 
since the revision strategy only varied between the cohorts. The meta-
analysis could not perform a head-to-head comparison of the two 
revision strategies. An appropriate conclusion could only be made based 
on the differences in reinfection rates between the studies, using either 
one-stage or two-stage revision. A patient with a high comorbidity is 
more likely to receive a one-stage revision. 
  DAIR treatment was evaluated in a 2018 study comparing PJIs in 
patients surgically treated with THA for either elective or hip fracture 
surgery. Prosthetic retention was 23% lower in patients operated on due 
to hip fracture than in patients operated on electively with THA (de Vries 
et al. 2018). A review article by Tsang et al. analyzed a series of DAIR 
treatments in infected THA, and the mean success rate was 72% (Tsang 
et al. 2017). Performing a two-stage revision in a patient with a previous 
hip fracture is a high risk surgery, since this patient group is fragile, with 



 

 

a high burden of comorbidities and a high mortality. Another publication 
compared DAIR with two-stage revision and found that DAIR had a 
similar eradication rate and complication rate as two-stage revision 
(Grammatopoulos et al. 2017). 

In our study with a smaller cohort, we reported a high success rate 
for DAIR (82%) in patients with FNF treated with HA or THA. Our 
study included a homogenous group of patients. Our study had a 
relatively short follow-up time of 31 months, which could be the reason 
for the high success rate. Guren identified patients with a previous hip 
fracture and who developed PJI and found a 1-year mortality rate of 40% 
(Guren et al. 2017). We had a relatively small sample size of patients 
treated with DAIR. The strength was the homogeneous group, with no 
lost to follow-up, and strict inclusion criteria, which could be the reason 
for the high success rate. 

Larger studies including rRCTs comparing DAIR with 1- or 2-
stage revision are worthwhile. 
 
Prediction of mortality 
In medicine, we struggled with finding a suitable mortality score before 
surgery in the previous century with the purpose of identifying patients at 
risk and being able to optimize patients before surgery. Another 
important issue is informed consent; without a good prognostic tool, the 
clinician can only provide their experience-based assessment of surgical 
outcome (Grady and Berkowitz 2011). A recent study investigated the 
impact of warfarin on operative delay and 1-year mortality and 
concluded that patients treated with warfarin had a 42% increased risk of 
death at 1 year (Caruso et al. 2019). A delay in hip fracture surgery does 
not increase 30-day mortality but increases the hospital stay (Kelly 
Pettersson et al. 2017, Mitchell et al. 2018, Sasabuchi et al. 2018). Earlier 
surgery decreased the incidence of pneumonia and pressure ulcers 
(Sasabuchi et al. 2018). The timing of surgery for FNF is associated with 
mortality but is only significant at 24 h (Morrissey et al. 2017). In a 
recent report, patients with comorbidities had an increased risk of 
readmission to the hospital within 6 months and increased mortality 
(Härstedt et al. 2015). Lewis and Waddel suggested that early surgery for 
hip fracture patients (<24 h) decreased early mortality (Lewis and 
Waddell 2016). In those patients who had substantial comorbidities, early 
mortality did not increase up to 5 days if the general condition of the 



 

 

patient could be optimized during that time (Lewis and Waddell 2016). 
These findings show the importance of easily identifying these patients, 
especially those who are at high risk. Most reports agree that early 
surgery decreases adverse events, but there is disagreement regarding the 
survival benefit of earlier surgery (Lee et al. 2014). Currently, there are 
numerous scoring systems, all with varying prediction possibilities. We 
wanted to investigate the Sernbo score because of its simplicity 
compared to many other scoring systems for hip fractures. POSSUM and 
the Nottingham hip fracture score have been previously investigated and 
found moderate calibration and poor discriminative ability and concluded 
that mortality and morbidity in hip fracture patients are largely dependent 
on unknown factors that are not included in these scores (Jonsson et al. 
2018). We investigated a simple prediction score, namely, the Sernbo 
score. This score was invented from the beginning with the aim as a 
decision-making score in the treatment for FNF to be able to decide 
whether the patient should be treated with HA or THA. In study IV, the 
AUC was 0.79 for the prediction of 1-year mortality. An AUC of 0.79 
was defined as a fair degree of accuracy. In study V, an AUC of 0.69 was 
obtained. In study IV, we investigated patients with a displaced FNF as 
compared to study V, in which we investigated all hip fractures in 
patients older than 65 years. In 2015, Karres published a study in 2015 
that investigated a fairly complex model, including age over 85 years, in-
hospital fracture, signs of malnutrition, previous myocardial infarction, 
congestive heart failure, current pneumonia, chronic renal failure, 
malignancy and elevated serum urea. Karres presented an AUC of 0.78. 

 Nordström et al. investigated the length of hospital stay after hip 
fracture and the correlation with mortality. A shorter length of hospital 
stay was associated with an increased 30-day mortality, however, only 
among patients with lengths of stay less than 10 days. Another study by 
Nordström et al. investigated the importance of geriatric rehabilitation 
and discharge location in correlation with an increased risk of death 
(Nordström et al. 2015). The risk of death and readmission were 
significantly lower in patients who received care in a hospital with a 
geriatric ward (Nordström et al. 2016). With an easy-to-use scoring 
system, such as the Sernbo score, one could identify patients at high risk 
and better optimize and treat hip fracture patients in a geriatric ward pre- 
and postoperatively to decrease mortality. 
 



 

 

 Further research for a more accurate and sensitive scoring system 
in combination with parameters that are easy to obtain in the clinical 
setting is of importance. If one would speculate, artificial intelligence in 
the near future could possibly identify several earlier identified variables 
that are well suited to predict mortality and to identify those patients at 
high risk and that consequently should be preferably optimized.   



 

 

General recommendation for patients with an FNF 

The standard treatment for a patient older than 65 years of age with 
a displaced FNF is arthroplasty (THA or HA) (Keating et al. 2006, 
Frihagen et al. 2007, 2013, Thorngren 2015, Lewis et al. 2019). To 
decrease the risk of dislocation in active elderly patients, the direct lateral 
approach or the use of dual-mobility cups in total hip arthroplasty is 
recommended (Cebatorius et al. 2015, Sköldenberg et al. 2019, Enocson 
et al. 2008, 2009, Mukka et al. 2016a, 2017, Jabory et al. 2019).  

The use of a high-dose dual-impregnated antibiotic-laden implant 
might decrease the rate of PJI (Sprowson et al. 2016). 

To decrease the rate of PPF in hip fracture patients, an anatomic 
stem should be used in the hip fracture population (Brodén et al. 2015, 
Inngul and Enocson 2015, Mukka et al. 2016b, Mohammed et al. 2019). 

A bipolar HA seems to result in less acetabular erosion than that 
caused by unipolar heads, but in this group of patients, a THA might be a 
feasible alternative (Inngul et al. 2013, Wang et al. 2015). 



 

 

Future implications  

 
 

- Level 1 studies are needed to confirm the observational data on 
the prosthetic design and correlation of PPFs and other 
complications in hip fracture patients. 
 

- Few studies have investigated the treatment for PJIs in hip 
fracture patients. A registry-based RCT (rRCT) on one-stage 
revision and DAIR treatment in hip fracture patients with an acute 
PJI is worthwhile.  
 

- An rRCT on a high-dose dual-impregnated antibiotic-laden 
cement could further settle the effect on prevention of 
periprosthetic infection. 
 

- The Sernbo score could be used for an intervention, i.e., identify 
patients at high risk and randomize them between home 
rehabilitation, specific nutritional or medical treatment to 
decrease mortality. 
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