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The different strategies in treating displaced femoral 
neck fractures: mid-term surgical outcome in a register-
based cohort of 1,283 patients aged 60–69 years

Johan LAGERGREN 1, Sebastian STRØM RÖNNQUIST 2, Olof WOLF 3,4, Sebastian MUKKA 5, 
Michael MÖLLER 4,6,7, Jonatan NÅTMAN 4,8, and Cecilia ROGMARK 8,9  

1 Western Hospital Group, Alingsås; Faculty of Medicine, Lund University, Lund, Sweden; 2 Department of Clinical Sciences, 
Faculty of Medicine, Lund University, Sweden and Department of Orthopaedics and Traumatology, Rigshospitalet, 
Copenhagen University Hospital, Denmark; 3 Department of Surgical Sciences, Orthopaedics, Uppsala University, 
Uppsala, Sweden; 4 Swedish Fracture Register, Gothenburg, Sweden; 5 Department of Surgical and Perioperative Sciences 
(Orthopedics), Umeå University, Umeå, Sweden; 6 Department of Orthopaedics, Sahlgrenska University Hospital Gothenburg/
Mölndal, Sweden; 7 Institute of Clinical Sciences, Sahlgrenska Academy, University of Gothenburg, Gothenburg, Sweden; 
8 Swedish Arthroplasty Register, Gothenburg, Sweden; 9 Department of Orthopaedics, Lund University, Skåne University 
Hospital, Malmö, Sweden
Correspondence: johan.lagergren@med.lu.se
Submitted 2023-04-12. Accepted 2023-09-21.

© 2023 The Author(s). Published by Medical Journals Sweden, on behalf of the Nordic Orthopedic Federation. This is an Open Access article distributed 
under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (https://creativecommons.org/licenses/by-nc/4.0/), allowing 
third parties to copy and redistribute the material in any medium or format and to remix, transform, and build upon the material for non-commercial purposes, 
provided proper attribution to the original work.
DOI 10.2340/17453674.2023.20284

Background and purpose — In patients around retire-
ment age controversy exists as to whether to treat displaced 
femoral neck fracture (dFNF) with internal fixation (IF) or 
arthroplasty. An arthroplasty in this age group may need revi-
sion due to a long expected remaining lifetime. IF carries a 
higher risk of early failure but a maintained native hip if heal-
ing occurs. We aimed to determine the cumulative 5-year rate 
of conversion to arthroplasty after IF and implant revision 
after primary total hip arthroplasty (THA), respectively.

Patients and methods — In this longitudinal cohort 
study, patients aged 60–69 years registered with a dFNF in 
the Swedish Fracture Register (SFR) 2012–2018 were cross-
referenced with available data from the Swedish Arthro-
plasty Register (SAR) until December 31, 2019. Conversion 
to arthroplasty or revision were analyzed utilizing competing 
risk, with death as competing event.

Results — At 5 years, the cumulative rate of conversion 
to arthroplasty after IF was 31% (95% confidence interval 
[CI] 26–37). For primary THA, the 5-year rate of revision 
was 4.0% (CI 2.8–5.8). The 5-year mortality did not differ, 
being 20% (CI 16–27) and 23% (CI 20–28) after IF and 
THA, respectively. Regression analyses did not identify any 
risk factors for conversion arthroplasty based on the vari-
ables in the register.

Conclusion — A follow-up of 5 years catches most reop-
erations after IF, resulting in a 31% conversion rate. The 4% 
revision rate at 5 years after primary THA should be seen as 
an intermediate result, as late complications may occur.

Hip arthroplasty is regarded as the gold standard for treat-
ment of displaced femoral neck fractures (dFNF) in the 
elderly, whilst internal fixation (IF) is the preferred method 
for younger patients [1]. Traditionally, the Scandinavian coun-
tries have been more prone to treat with IF primarily and to 
perform secondary arthroplasty in case of failed fixation. 
Over the last decades, the age limit for arthroplasty as primary 
treatment for dFNF has gradually decreased in Scandinavia 
from around 70 to 60 years [2-4]. In Sweden, primary total hip 
arthroplasty (THA) is now the most common treatment choice 
in the current age group [5].

The potential benefits from preserving the femoral head 
after a fixed, healed fracture are weighted against the known 
high risk of reoperation due to healing disturbances [6], which 
might lead to pain and prolonged inactivity before the deci-
sion to reoperate is taken. In addition, a conversion arthro-
plasty may be associated with poorer results than THA as pri-
mary treatment [7]. Arthroplasty as primary treatment leads 
to significantly fewer major reoperations than IF, but poorer 
outcome than elective THA for osteoarthritis [8,9]. In younger 
age groups, an arthroplasty may need revision due to a long 
expected remaining lifetime [10]. In a previous study, we 
could not detect any differences between IF and THA as pri-
mary treatment in patients aged 60–69 years regarding crude 
mortality or patient satisfaction [11]. 

Arthroplasty as primary treatment for geriatric patients with 
dFNF is supported by several randomized controlled stud-
ies (RCTs) [12-14], but controversy still exists for patients 
around retirement age. IF can be defended, as more healthy 
and active individuals can better tolerate secondary surgery 
in the case of fixation failure. Successful fracture healing may 
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give the patient the benefit from a maintained native hip joint, 
thus avoiding implant-related complications associated with 
arthroplasty.

We aimed to describe the cumulative rate of conversion/
revision arthroplasty and mortality within 5 years after IF and 
primary THA, respectively but not to compare treatments as 
such. Secondarily, we analyzed risk factors for reoperations. 

Patients and methods
Study design
This register-based cohort study was based on prospectively 
collected data from the Swedish Fracture Register (SFR) and 
the Swedish Arthroplasty Register (SAR). The STROBE guide-
lines were followed for reporting of the present study [15].

Setting 
The SFR was initiated in 2011 [16], and over 810,000 fractures 
have been registered at the time of writing. The coverage has 
gradually improved due to a stepwise introduction and since 
2021 all orthopedic departments in Sweden participate in the 
register, i.e., 100% coverage. During the study period 2012–
2018, the completeness of hip fracture registrations in the 
SFR increased from 18% to 55% compared with the National 
Patient Register [17], due to the stepwise activation of more 
hospitals. The SFR has decided to continue with the 2007 AO/
OTA classification, to maintain longitudinally homogeneous 
data. Thus, FNFs are classified accordingly as undisplaced or 
minimally displaced subcapital (31-B1), basicervical (31-B2), 
and displaced subcapital (31-B3) [18]. Each treating physician 
registers data on patient level for the injury, fracture classifica-
tion, and treatment through a secure web-based portal. SAR is 
the national quality register for arthroplasty of the hip and knee 
in Sweden. The coverage of SAR is 100% of all departments 
performing hip arthroplasties, both public and private. For the 
study period, the completeness was 98% for THA and 92% 
regarding revisions of THA [19]. The registers are updated 
concerning date of death by regular co-processing every 24 
hours with the population register (the Swedish Tax Agency). 

Patients
Data for all patients aged 60–69 years at injury and registered 
with an FNF (defined by the ICD code S72.00) in SFR from 
2012 to 2018 were extracted and cross-referenced with avail-
able data from SAR for each individual from the date of the 
index fracture until December 31, 2019. To provide trustable 
co-processing between registers regarding subsequent surger-
ies and/or death, the unique personal identity number given to 
each Swedish citizen was used. The dFNFs (AO/OTA 31-B3, 
Garden 3–4) were further examined for eligibility and other 
fracture types were excluded. Only the first registered hip 
fracture for each individual was included in the study; contra-
lateral and subsequent ipsilateral fractures and duplicate reg-

istrations were excluded. Pathological, stress, and spontane-
ous fractures were identified by their ICD-10 diagnosis codes 
(M84.4, M84.8, M84.3) in the injury mechanism registration 
and excluded. Patients with treatment other than IF or primary 
THA, e.g., intramedullary nail, excision arthroplasty (Girdle-
stone procedure), and hemiarthroplasty, were also excluded 
from analysis. Based on the registered primary treatment, 
fractures treated with either IF (parallel pins/screws, sliding 
hip screw) or THA were identified and analyzed (Figure 1).

For patients treated with IF, the studied reoperations were 
limited to conversion arthroplasty. Screw extraction, which 
is a common (minor) reoperation after IF [12], was omitted 
here as such procedures also may be undertaken in cases of 
uneventful healing, due to local irritation. For arthroplasty, 
only revisions, i.e., exchange or extraction of any implant, 
were included.

Study variables
Basic demographic variables (age, sex, and trauma mecha-
nism), data on the primary fracture treatment (surgeon experi-
ence defined as performed by either a resident or consultant 
orthopedic surgeon), and any date of death were extracted 
from the SFR. The SAR was sought for the occurrence of any 
conversion to arthroplasty after IF or primary THA revision. 
Length of follow-up was defined as time from injury date to 
date of death or end of study period on December 31, 2019. 

Study outcomes
The main outcomes were either conversion to arthroplasty 
after IF or revision of a primary THA, both at 5 years. For 
primary THA, we used treatment codes indicating revision 
(NFU09, NFU19, NFCxx) in the SAR to identify major revi-
sions. We also assessed mortality within a competing risk 
regression model.

Crude mortality
within 5 years

n = 134

Displaced femoral neck fractures registered in SFR
2012–2018
n = 15,878

Excluded (n = 345):
– pathological fracture, 26
– stress fracture, 7
– spontaneous fracture, 19
– Girdlestone procedure, 10
– intramedullary nailing, 1
– hemiarthroplasty, 257
– erroneous code, 12
– contra- or ipsilateral fracture, 13

Excluded
Age more than 69 years

n = 14,295 

Study cohort
n = 1,238

Internal fixation
n = 359

Total hip arthroplasty 
n = 879

Conversion arthroplasty
within 5 years

n = 100

Crude mortality
within 5 years

n = 51

Revision
within 5 years

n = 30

Figure 1. Flowchart of study cohort.
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Statistics
Patient characteristics were described using frequencies with 
proportions and interquartile range (IQR). We analyzed the 
time from IF to death, to conversion arthroplasty, or until end 
of study, whichever came first, and time from THA to death, 
to revision, or until end of study period, whichever came first. 
Patients who either died or who were still alive without any 
conversion arthroplasty/revision at the end of the study were 
censored. 

Cox regression was utilized to explore associations 
between secondary surgery (conversion/revision) and risk 
factors available in the register data: sex (categorical), age 
(continuous), and treating surgeon (factorial—resident vs. 
consultant). Schoenfeld’s test for proportionality assumption 
was utilized.

Competing risk analysis was used to estimate conversion 
arthroplasty after IF, revision surgery after THA, and mor-
tality in the two treatment groups respectively. Cumulative 
incidence functions (CIF) are presented with 95% confidence 
intervals (CI). Competing risk analysis was done utilizing the 
“cmprsk” package in R version 4.0.2 (R Foundation for Statis-
tical Computing, Vienna, Austria). 

Ethics, data sharing, funding, and disclosures
Ethical approval was granted from the Central Ethical Review 
Board in Gothenburg (ref. 830-17) and from the Swedish 
Ethical Review Authority (diary number 2019-05024, 2022-
00972-02). To ensure confidentiality for patients included 
in this study, the dataset is not publicly available. This is a 
requirement for ethical approval and is also regulated by the 
law on public access and secrecy; Chapter 21, §7, Chapter 25, 
§1 (https://www.riksdagen.se/sv/dokument-lagar/dokument/svensk-

forfattningssamling/offentlighets-och-sekretesslag-2009400_
sfs-2009-400). Requests to access this data should go through 
the senior author and/or Lund University to ensure proper 
measures are taken in conjunction with the legislation as well 
as the ethical approval. Any sharing of data beyond what is 
presented in this paper will involve approval from the Swed-
ish Ethical Review Authority.

Funding was received from the independent trusts Axel 
Linder Foundation and Greta & Johan Kock Foundation, and 
the Swedish Research Council funding for clinical research in 
medicine (ALF). Completed disclosure forms for this article 
following the ICMJE template are available on the article 
page, doi: 10.2340/17453674.2023.20284

Results
Patients 
15,878 dFNFs were found in the SFR. After exclusion, 1,238 
patients treated with either IF (n = 359) or THA (n = 879) 
were analyzed (Figure 1). Median age was slightly higher in 
patients treated with THA and this treatment was also more 
common in women. The fracture was caused by low-energy 
trauma in more than 9 out of 10 cases (Table 1).

Conversion to arthroplasty after IF
The rate of conversion to arthroplasty after IF was 18% (CI 
14–22) at 1 year (Figure 2, Table 2). The crude rate was 63 of 
359 patients. At 5 years the cumulative rate increased to 31% 
(CI 26–37) with a crude rate of 100 of 359 patients.

Revision of primary THA
In the group treated with primary THA, the cumulative rate 
of revision was 2% (CI 1–3) at 1 year. The crude rate was 16 
of 879 patients. At 5 years it increased to 4% (CI 3–6) with a 
crude rate of 30 of 879 patients (Figure 3, Table 3).

Table 1. Characteristics of patients included in the study. 
Values are count (%) unless otherwise specified

	 Internal	 Total hip
	 fixation	 arthroplasty 
Characteristics	 (n = 359)	 (n = 879)

Median age (IQR)	 64 (62–67)	 67 (64–68)
Women	 180 (50)	 563 (64)
Trauma type		   
 High-energy trauma	 14 (4.0)	 20 (2.0)
 Low-energy trauma	 319 (89)	 813 (92)
 Missing data/unknown	 26 (7.0)	 46 (5.0)
Primary treatment		   
 Parallel hook pins (2 pins)	 176 (49)	 –
 Parallel hook pins (> 2 pins)	 16 (4.5)	 –
 Wires or cerclage	 6 (1.7)	 –
 Parallel screws (2 screws)	 130 (36)	 –
 Parallel screws (> 2 screws)	 7 (1.9)	 –
 Sliding hip screw	 24 (6.7)	 –
 Uncemented THA	 –	 33 (3.8)
 Hybrid THA	 –	 60 (6.8)
 Cemented THA	 –	 786 (89)

IQR = interquartile range.		

0 1 2 3 4 5
Years from primary treatment

Probability of an event (%) — IF

0

10

20

30

40
Conversion
Death

0 1 2 3 4 5
Years from primary treatment

Probability of an event (%) — THA

0

10

20

30

40
Revision
Death

Figure 2. Competing risk analysis of 
conversion to arthroplasty after IF as 
primary treatment.

Figure 3. Competing risk analysis of 
revision after THA as primary treat-
ment.
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Mortality
The 1- and 5-year mortality was 6% (CI 4–9) and 20% (CI 
16–27) in the IF group and 3% (CI 2–5) and 23% (CI 20–28) 
in the THA group, respectively (Tables 2 and 3).

Risk factors for reoperation
Neither sex, age, nor surgeon experience interfered with the risk 
of secondary surgery in a Cox regression analysis (Table 4).

Discussion

We aimed to describe the cumulative rate of conversion/revi-
sion arthroplasty and mortality within 5 years after IF and pri-
mary THA. We found that, within 5 years, nearly one-third of 
the patients treated with IF underwent conversion to arthro-
plasty, whereas only 4% of those treated with primary THA 

underwent revision. Due to the different nature of the methods, 
the aim was not to compare them. IF may be a joint-preserving 
option with conversion arthroplasty as an established salvage 
procedure. However, from a patient’s point of view, the period 
leading up to any reoperation will be painful and disabling. 
THA as acute primary treatment will on the other hand sac-
rifice the joint, including in those whose fracture would have 
healed if treated with IF [12]. Within 5 years, most complica-
tions after IF are identified [12]. After THA, late complica-
tions such as aseptic loosening and late-presenting peripros-
thetic fractures, and dislocations due to wear may occur, and 
a follow-up of up to 20 years is warranted to establish a true 
revision rate [12]. 

When comparing literature on IF with our results, we found 
comparable conversion rates. Bartels et al. [3] reported con-
version rates of 27% for patients treated with IF for dFNF 
within 5 years, also utilizing a competing risk analysis. A 
Danish register study reported a 19% reoperation rate after 
IF within 1 year [4]. In contrast, RCTs show higher 2-year 
reoperation rates of 37–51% [20,21]. The difference may rep-
resent a selection of patients or fractures more suitable for 
IF or THA in clinical practice reflected in the observational 
register studies. 

Our results on THA as acute treatment align well with a 
Norwegian register study reporting 2.8% revisions within 5 
years [3]. A systematic review found a pooled revision rate 
of 1.18 per 100 component years for THA in the hip fracture 
population [22]. Applied to our data this would predict close 
to 6% revisions within 5 years for patients treated with THA 
assuming linearity. In RCTs, the reoperation rate is reported as 
4–9% at 2 years, with a somewhat wider definition of “major 
reoperations” [20,21]. 

The disadvantages of a conversion arthroplasty in terms 
of poorer surgical results than primary arthroplasty [7,23] is 
questioned by some studies [24-26]. Regardless, the main con-
cern must be the loss of health-related quality-of-life during 
the period leading up to conversion arthroplasty [7]. 

From a clinical perspective, the fact that 2 out of 3 patients 
in this age group kept their native hip joint after 5 years could 
be interpreted as promising. We cannot assess their function 
or perceived pain based on our data, but in a previous study 
on the same age group we found no differences in patient-
reported outcome between IF and primary THA [11].

So how should the risk of reoperation be weighed when ini-
tial treatment is chosen? Clinical variables such as comorbid-
ity, activity, and the patient’s preferences play a role in deter-
mining whether he or she is a candidate for IF or not. The 
gradually lower age threshold for primary THA [5] may seem 
contradictory to longer life span and healthier older years. 
One can expect more retirees to perform sports and maintain a 
physically active lifestyle. Also, the focus on patient-centered 
care puts more emphasis on the surgeon being able to inform 
and share the treatment decision with the patient to best meet 
his or her expectations. 

Table 2. Conversion to arthroplasty and mortality after internal fixa-
tion (IF) as primary treatment

	 Conversion to
	 arthroplasty after IF	  	  Mortality	
	 At	 Cumula- 	 CIF (CI)	 Cumula-	 CIF (CI)
Years	 risk	 tive events	 (%)	 tive events	 (%)

 1	 274	 63	 18 (14–22)	 22	 6.1 (4.1–9.2)
 2	 189	 88	 25 (21–31)	 30	 8.6 (6.1–12)
 3	 143	 95	 28 (24–33)	 36	 11   (7.9–15)
 4	 91	 98	 30 (25–35)	 44	 15   (11–20)
 5	 46	 100	 31 (26–37)	 51	 21   (16–27)

CIF = cumulative incidence function.

Table 3. Major revisions and mortality after total hip arthroplasty 
(THA) as primary treatment

	 Revision after THA	  	  Mortality	
	 At	 Cumula- 	 CIF (CI)	 Cumula-	 CIF (CI)
Years	 risk	 tive events	 (%)	 tive events	 (%)

 1	 834	 16	 1.8 (1.1–3,0)	 28	 3.2 (2.2–4.6)
 2	 640	 25	 2.9 (2.0–4.3)	 63	 7.5 (5.9–9.6)
 3	 435	 27	 3.2 (2.2–4.7)	 97	 13   (11–16)
 4	 279	 29	 3.7 (2.6–5.4)	 120	 18   (16–22)
 5	 162	 30	 4.0 (2.8–5.8)	 134	 23   (20–28)

CIF = cumulative incidence functions.

Table 4. Cox regression with hazard ratios (HR) for conversion after 
internal fixation (IF) and revision after total hip arthroplasty (THA) 

   	 IF	  THA	  
 	 HR (CI)	  HR (CI)

Age	 0.99 (0.98–1.1)	 1.0   (0.87–1.1)
Male sex	 0.71 (0.48–1.1)	 0.92 (0.43–2.0)
Specialist surgeon	 1.2   (0.81–1.9)	  0.64 (0.28–1.4)
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The age threshold for IF versus arthroplasty varies interna-
tionally. When designing this study, we conducted an infor-
mal survey sent to orthopedic trauma centers reporting to the 
SFR on how they allocate to the different treatments. Most 
of the 23 centers that answered used a mean age cut-off of 
65 years for IF, whereby older patients would be treated with 
arthroplasty. 

Regardless of surgical procedure, surgical skills are essen-
tial. As poor reduction quality is reported in recent studies 
[4,20], one can speculate in whether reduction and IF of a 
dFNF has become so rare a procedure that surgeons have lost 
their skills to handle it.

Strength and limitations
A strength of the study is that the surgical outcome is derived 
from a national register with high completeness and the excel-
lent reliability of death dates.

A limitation is that the 5-year follow-up does not address 
the concerns of a poorer long-term prognosis for those treated 
with a primary THA [12]. Ideally, a comorbidity index and 
data on pre-fracture activity would have shed more light on 
how the 2 treatment methods were chosen, but such data is 
not available in the SFR. The initially low completeness of 
the SFR might lead to some bias, as not all Swedish trauma 
centers contributed during the first years. Nevertheless, the 
outcome was retrieved from the SAR, a register with a stable 
and high completeness and coverage.

As with all register-based data, the risk for residual con-
founding is apparent and when comparing implants and any 
differences in mortality should be interpreted more as a sign 
of residual confounding than an effect of the implant per se 
[27]. If the surgeon based the implant choice on patient factors 
like vitality or level of physical activity, this selection bias will 
overshadow inherent implant characteristics, interfering with 
the risk. Predictors available in our data such as sex, age, and 
surgeon experience have previously been associated with risk 
for reoperation and mortality. Also, there is a risk of selection 
and indication bias for who gets a conversion to arthroplasty, 
where frailer patients might be considered for minor reop-
erations or nonoperative treatment. However, in the current 
group, the young old, we believe this to be less of an issue than 
in older cohorts.

Conclusion
IF for dFNF carries a significant risk of complications even in 
the young old, around retirement age. In our study, one-third 
of patients needed conversion arthroplasty within 5 years. 
When patients received THA as primary treatment, 1 in 25 
needed revision surgery in the same time span. Due to differ-
ent surgical magnitude, the methods are not directly compa-
rable, but the risk of secondary surgery should be considered 
when discussing treatment options with patients in this age 
group.
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