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Background and purpose — Total hip replacement (THR) is the 
preferred method for the active and lucid elderly patient with a 
displaced femoral neck fracture (FNF). Controversy still exists 
regarding the use of cemented or uncemented stems in these 
patients. We compared the effectiveness and safety between a 
modern cemented, and a modern uncemented hydroxyapatite-
coated femoral stem in patients 65–79 years of age who were 
treated with THR for displaced FNF.

Patients and methods — In a single-center, single-blinded ran-
domized controlled trial, we included 69 patients, mean age 75 
(65–79) and with a displaced FNF (Garden III–IV). 35 patients 
were randomized to a cemented THR and 34 to a reverse-hybrid 
THR with an uncemented stem. Primary endpoints were: preva-
lence of all hip-related complications and health-related quality of 
life, evaluated with EuroQol-5D (EQ-5D) index up to 2 years after 
surgery. Secondary outcomes included: overall mortality, general 
medical complications, and hip function. The patients were fol-
lowed up at 3, 12, and 24 months.

Results — According to the calculation of sample size, 140 
patients would be required for the primary endpoints, but the 
study was stopped when only half of the sample size was included 
(n = 69). An interim analysis at that time showed that the total 
number of early hip-related complications was substantially 
higher in the uncemented group, 9 (among them, 3 dislocations 
and 4 periprosthetic fractures) as compared to 1 in the cemented 
group. The mortality and functional outcome scores were similar 
in the 2 groups.

Interpretation — We do not recommend uncemented femoral 
stems for the treatment of elderly patients with displaced FNFs.

■

Total hip replacement (THR) is the preferred method for 

the active and lucid elderly patient with a displaced femoral 
neck fracture (FNF) (Chammout et al. 2012). Comparisons 
between cemented and uncemented stems in hip arthro-
plasty for patients with a FNF have almost consistently 
favored cemented fi xation, mainly because of superior out-
come in pain relief, walking ability, use of walking aids, and 
activities of daily living (Parker et al. 2010)—and because 
of a higher incidence of complications such as periprosthetic 
fracture (Khan et al. 2002) for uncemented implants. Despite 
this, recent reports on modern uncemented, hydroxyapatite-
coated femoral stems used for this patient group have shown 
promising early results (Figved et al. 2009, Sköldenberg 
et al. 2011, Kim and Oh 2012). In addition, bone cement 
implantation syndrome is more prevalent in cemented stems 
than in uncemented stems (Parvizi et al. 1999), and in 
patients with a femoral neck fracture. Severe bone cement 
implantation syndrome has a substantial impact on early and 
late mortality (Olsen et al. 2014). Thus, the use of unce-
mented hydroxyapatite stems for this patient group may still 
be justifi ed. 

We hypothesized that an uncemented, proximally porous 
and hydroxyapatite-coated femoral stem used in THR for a 
displaced FNF would not be associated with more adverse 
perioperative and postoperative events compared to a THR 
using a cemented stem, and that the health-related quality of 
life of the patients would be equivalent at 2 years.

Patients and methods
Trial design, settings, and location
This single-center, single-blinded, randomized controlled 
trial (CHANCE trial) followed the guidelines of good clinical 
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practice (ICH-GCP) and the CONSORT statement, and was 
performed between 2009 and 2016 (inclusion period: Septem-
ber 2009 through March 2014) at the orthopedic department 
of Danderyd Hospital, Stockholm, Sweden.

Study subjects and eligibility criteria
All patients with a displaced FNF who were admitted to Dan-
deryd Hospital during the inclusion period were screened for 
participation in the study. Patients who agreed to participate 
gave their oral and written informed consent before inclusion. 
The inclusion criteria were: displaced FNF (Garden III–IV), 
surgery within 48 h, age 65–79 years, no concurrent joint 
disease or previous fracture in the lower extremities, intact 
cognitive function (no diagnosis of dementia and at least 7 
correct answers on a 10-item Short Portable Mental Status 
questionnaire), and ability to ambulate independently with or 
without walking aids. We excluded patients with pathological 
fractures and those with rheumatoid arthritis or symptomatic 
osteoarthritis. We also excluded those who, because of severe 
comorbidities, were deemed unsuitable for a THR by the anes-
thesiologist, and those who were unsuitable for participation 
in the study for any other reason. 

Data collection and follow-up
The primary assessment established that the patient fulfi lled 
the inclusion/exclusion criteria and identifi ed any comorbid-
ity. The patients were interviewed by a research nurse regard-
ing living conditions, mobility, activities of daily living (ADL) 
status, and health-related quality of life according to the 
EQ-5D during the last week before the fracture as a baseline. 
The patients were followed up at 3,12, and 24 months. Patients 
who were unable or unwilling to attend follow-up visits were 
interviewed by telephone, or they sent in their completed ques-
tionnaires. We used the Swedish unique personal ID number to 
identify all hip-related complications during the study period. 
We searched digital medical charts at Danderyd Hospital, the 
Swedish Hip Arthroplasty Register, and the Swedish Patient 
Registry. All hip-related complications in the study were man-
aged and registered at our department, and no other reopera-
tions or complications were found to have occurred at other 
hospitals in Sweden.

Surgery
22 surgeons (at consultant or specialist level) who were expe-
rienced in both procedures performed the operations. 1 sur-
geon operated 16 patients, another operated 8 patients, and 
the others operated between 1 and 4 patients each. A direct 
lateral approach with the patient in the lateral decubitus posi-
tion was used. Preoperative surgical planning was performed 
using digital software (MDesk; RSA Biomedical AB, Umeå, 
Sweden). The modular CPT (Zimmer, Warsaw, IN) was used 
in the cemented group. The Bi-Metric stem (Biomet, Warsaw, 
IN) was used in the uncemented group. A 32-mm cobalt-chro-
mium head was used in all patients.

The acetabular component used in the patients was a 
cemented cup, except in 3 patients who received an unce-
mented cup according to the surgeon’s preference.

In the cemented group, the proximal femur was reamed with 
1 or 2 reams and was then prepared with broaches of increasing 
size. The cement bed was cleaned with repeated high-pressure 
pulsatile lavage. A distal restrictor was used when cementing 
the femoral component. In the uncemented group, the femur 
was reamed until cortical bone contact was obtained. Then the 
proximal femur was prepared with broaches of increasing size 
until rotational stability was achieved.

All patients were given low-molecular-weight heparin post-
operatively for at least 10 days. Antibiotic prophylaxis with 
cloxacillin (2 g) was given preoperatively, followed by 3 addi-
tional doses during the fi rst 24 h. The patients were mobilized 
without any restrictions.

Primary endpoints
The primary endpoints were (1) the prevalence of all hip-
related complications and reoperations, and (2) change in 
health-related quality of life assessed with EQ-5D index 
(EuroQol). Hip-related complications were defi ned as intra-
operative and postoperative periprosthetic fracture, disloca-
tions, wound infection (both superfi cial and deep), early and 
late loosening, and reoperation of the hip for any reason. The 
endpoints were measured at 24 months after surgery.

Secondary endpoints 
The secondary endpoints included overall mortality and hip 
function at 3, 12, and 24 months evaluated with Harris hip 
score (HHS). Other endpoints included pain in the involved 
hip (measured with a visual analog scale (VAS)), and abil-
ity to carry out ADL. Other data collected included intraop-
erative bleeding, duration of surgery, and intraoperative vital 
signs (blood pressure, pulse oximetry prior to and during stem 
insertion) to estimate any decrease in value during cementing 
as signs of bone cement implantation syndrome (Donaldson 
et al. 2009). In addition, we measured serological markers 
of infl ammation (C-reactive protein (CRP)) and thrombosis 
(D-dimer) preoperatively, on postoperative day (POD) 1, on 
POD 4, and at 3 months.

We recorded all general medical complications including 
cardiovascular events,  acute heart infarct, cerebral vascular 
lesions, pulmonary embolism, and deep-vein thrombosis. 

Radiology
An anteroposterior (AP) view of the pelvis and AP and lat-
eral views of the hip were taken pre- and postoperatively, and 
also at 24 months, and these were reviewed by an independent 
radiologist (EL). All femurs were classifi ed preoperatively as 
type A, B, or C according to the Dorr classifi cation (Dorr et 
al. (1993). Postoperative heterotopic ossifi cation at 24 months 
was graded as described by Brooker et al. (1973).
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Sample size and power analysis
To show non-inferiority with 80% power of the 
primary endpoint, all hip-related complications 
between the 2 groups, assuming a total compli-
cation rate of 20%, would require 60 patients 
in each group with a non-inferiority limit of 
15%. Showing non-inferiority with 80% power 
of the primary variable health-related quality of 
life (HRQoL)—measured with EQ-5D—would 
require 40 patients in each group, assuming a 
value of 0.73 (SD 0.18) and a non-inferiority 
limit of 0.1. Both calculations were done with p 
< 0.025 instead of p < 0.05 to handle multiplic-
ity. Since this patient group has a 1-year mortal-
ity of 10%, 70 patients in each group (140 total) 
would be suffi cient for the study.

Interim analyses and stopping guidelines
We were aware of the risk of periprosthetic frac-
ture using uncemented stems in elderly patients 
with FNF, so before the start of the study—and 
as a safety briefi ng—we planned to perform an 
interim analysis of the primary endpoints when 
we had included half of the sample size. If we 
found a disproportionate number of hip-related 
complications or other complications in the 
uncemented group, we would stop the study. 

Randomization and blinding 
The patients were block-randomized in groups 
of 10 in a 1:1 ratio, to receive either a cemented 
or an uncemented stem. We used sealed enve-
lopes and randomization was stratifi ed by sex 
to ensure that the sex distribution would be the 

p-values ≤ 0.05 were considered signifi cant. We used SPSS 
version 22 for all analyses.

Ethics and registration
The study was conducted in accordance with the Helsinki 
Declaration and was approved by the ethics committee of 
Karolinska Institute (2009/97-31/2). The study was also regis-
tered at Clinicaltrials.gov (identifi er: NCT02247791) and the 
study protocol has been published (Chammout et al. 2016).

Results 
Patient fl ow and baseline data
Between September 2009 and March 2014, 258 patients with 
displaced FNF were admitted to the orthopedic department 
of Danderyd Hospital. Of these, 69 patients met the inclu-
sion criteria and were recruited to participate in the study 
(Figure 1). The mean age was 73 years and 47 patients were 
female. There were twice as many patients with ASA 3–4 in 

Figure 1. CONSORT 2010 fl ow diagram.

Assessed for eligibility 
(n= 258)

Excluded (n = 189):
• Meeting exclusion criteria (n = 114):
 – severe comorbidities, 35
 – substance abuse/psychiatric disease, 34
 – late surgery or not ambulatory before 
    fracture, 20
 – pathological fractures, 10
 – not suited for other reason, 15
• Declined to participate (n = 34)
• Lost in the screening process (n = 41)

 

3-months follow-up (n = 34)
– lost to follow-up, 0
– dead, 1

12-months follow-up (n = 34)
– lost to follow-up, 0

24-months follow-up (n = 33)
– lost to follow-up, 0
– dead, 1

 

  

 

 

  

   

Allocated to cemented THR (n = 35):
– received allocated intervention, 34
– did not receive allocated intervention, 1
   (received a cemented hemiarthroplasty) 

 
   

  
Allocated to reverse hybrid THR (n = 34):
– received allocated intervention (n = 34)

 

Analyzed (n = 34)Analyzed (n = 35)  

Allocation

Analysis

Follow-up

Randomized
(n = 69)

 

Enrollment

3-months follow-up (n = 31)
– lost to follow-up, 3
   withdrew their  consent

12-months follow-up (n = 29)
– lost to follow-up, 0
– dead, 2

24-months follow-up (n = 29)
– lost to follow-up, 0

same in both groups. The participants, who were the primary 
outcome assessors, were blinded as to the choice of treatment. 
To verify that the blinding was maintained during the study, 
the patients were asked if they knew their assigned treat-
ment at the 1-year follow-up. The surgeons and staff were not 
blinded during the study.                          

Statistics
Analyses of outcome were based on the intention-to-treat 
principle and all the patients remained in their randomized 
group regardless of any further surgical intervention. Descrip-
tive statistics (means and standard deviations) were used to 
describe the patient characteristics and outcome variables at 
the measurement points. Fisher’s exact test was used to test 
the fi rst primary endpoint. We used Student’s t-test and Lev-
ene’s test for comparison of the second primary endpoint and 
also other functional outcomes, and 95%  confi dence intervals 
were calculated. For the 3 subjects in the uncemented group 
who withdrew from the study before completion, the data 
from the last observation was carried forward (imputed). Any 
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the uncemented group (Table 1). All subjects received their 
allocated treatment except 1 patient in the cemented group, 
who received a cemented hemiarthroplasty (HA) instead of a 
THR. Regarding hip complications and reoperations, we could 
follow up all patients including the 3 patients who refused to 
come for clinical follow-up visits.  The principal investigator 
(OS) stopped the inclusion when only half of the sample size 
had been reached (n = 69). The interim analysis at that time 
showed that the incidence of hip complications was statisti-
cally signifi cantly higher in the uncemented group.

Operative data 
The mean surgery time was 13 min shorter in the uncemented 
group. The decrease in blood pressure during stem insertion 
did not (for any individual patient) reach the level that occurs 
in bone cement implantation syndrome grade 1 (Donaldson et 
al. 2009). Pulse oximetry decreased below 94% in 1 patient 
in each group, reaching the level in bone cement implanta-
tion syndrome grade 1. No deaths or cardiovascular collapse 
occurred during the cementing procedure. The operative data 
are presented in Table 2. 

Primary endpoints
Up to 2 years after surgery, 8 patients suffered at least 1 hip-
related complication, 1 in the cemented group and 7 in the 
uncemented group (relative risk = 7, 95% CI: 1–55; p = 0.03, 
Fisher’s exact test) (Table 3). 4 patients in the uncemented 
group underwent a major reoperation, as compared to 0 in the 
cemented group. The health-related quality of life EQ-5D was 
similar and there was no statistically signifi cant or clinically 
signifi cant difference between the groups during the study 
period (Table 4, see Supplementary data). The only complica-
tion that occurred in the cemented group was a dislocation of 
the prosthesis, which was treated with closed reduction. In the 
uncemented group, 3 intraoperative periprosthetic fractures 
occurred; 2 fractures were treated with cerclage wires and the 
third was treated with a plate and screws. All fractures healed, 
but 1 stem had excessive migration and the patient continued 

to have pain. The stem was later revised to a cemented stem. 1 
additional periprosthetic fracture (18 months postoperatively) 
was fi xed with cerclage wires and the stem was revised to a 
long uncemented stem. In the uncemented group 3 patients 
sustained dislocations of the prosthesis. 1 dislocation occurred 
after a fall, and the second was found to be dislocated on the 
fi rst postoperative radiograph in a patient with an intraop-
erative periprosthetic fracture fi xed with a plate and screws. 
This dislocation was treated with a change of the liner to an 
elevated rim. The third dislocation was due to an undersized 
stem, which subsided and dislocated. This stem was revised to 
a cemented stem. 1 patient had a superfi cial infection, which 
was treated with antibiotics. 

Secondary endpoints 
Mortality – 4 patients died during the study, 2 in each group. 
No deaths occurred during the operation or within the fi rst 
month postoperatively. There was no statistically or clinically 
relevant difference between the groups regarding HHS and 
ADL throughout the study period. The mean pain numeri-
cal rating scale (PNRS) was higher in the uncemented group 
during the fi rst 3 months, while at 12 and 24 months it was 
higher in the cemented group. None of the differences were 
statistically signifi cant (Table 4, see Supplementary data).

General complications – 4 thrombotic events occurred in the 
cemented group during the study period: 2 patients suffered 
pulmonary embolisms during the primary hospital admission 

Table 1. Baseline data for all patients included in the study (n=69)

 Cemented Uncemented
 (n = 35)  (n = 34)

Sex, n  
 Female 22 25
 Male 12 10
Age, mean (SD) 72 (4) 73 (5)
ASA score, n
 1–2 26 17
 3–4    9 17
BMI 23 (17–38 ) 24 (20–34 )
Type of femur preoperatively, n  
 Dorr Typ A 12   5
 Dorr Typ B 19 27
 Dorr Typ C   4   2

Table 2. Operative data. Values are mean (SD)

Outcome   Mean
measure Cemented Uncemented difference 

Surgery time, min 111 (24) 98 (20) 13 (2–24)
 n 35 34 
Perioperative bleeding, mL 453 (241) 485 (287) 32 (−169 to 104)
 n 29 32 
Change in systolic BP during 
 stem insertion, mmHg −4 (8) −3 (5) −1 (−5 to 3)
 n 25 24 
Change in pulse oximetry, %  0 (2) 0 (2) 0 (−1 to 1)
 n 25 24 

Table 3. Complications

 Cemented Uncemented
Complications (n = 35) (n = 34)

Dislocation 1 3
Periprosthetic fracture intraoperatively 0 3
Late periprosthetic fracture  0 1
Superfi cial infection 0 1
Unstable stem 0 1
Total number of hip complications 1 9
No. of patients with any hip complication 1  7 
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and 1 patient had pulmonary embolism between the 12-month 
and 24-month follow-ups. All pulmonary embolisms were 
temporary and were treated with warfarin for 6 months. All 3 
patients attended the 2-year follow-up visit. We found 1 deep-
vein thrombosis at the 3-month follow-up. No thrombotic 
events were found in the uncemented group (mean difference 
= 0.15, 95% CI: −0.004 to 0.31; p = 0.06). At the 3-month 
follow-up, 2 patients in each group had suffered heart failure. 
1 patient in each group had a cerebral vascular lesion prior to 
the 24-month follow- up. 1 patient in the uncemented group 
suffered an acute myocardial infarction before the 24-month 
follow-up. CRP and D-dimer results were similar in both 
groups (Table 5, see Supplementary data). Most patients in 
the study had some degree of heterotopic ossifi cation. Table 6 
(see Supplementary data) shows radiological outcome.

Discussion

In this randomized clinical trial on healthy elderly patients 
with a displaced femoral neck fracture treated with THR, we 
found a higher rate of hip-related complications in the unce-
mented group than in the cemented group. In addition, no 
advantage in using uncemented stems was found for the other 
endpoints. 

The strengths of this study were its blind, randomized 
controlled design. Unlike previous trials, which compared 
cemented and uncemented hemiarthroplasty (Figved et al. 
2009, Moroni et al. 2009, Deangelis et al. 2012, Taylor et al. 
2012, Talsnes et al. 2013), our study compared cemented THR 
with reverse-hybrid THR for displaced FNF using modern 
cemented and uncemented hydroxyapatite-coated stems. 
Other strengths were the use of intention-to-treat analysis and 
the randomization process being stratifi ed by sex to ensure 
equal sex distribution. 

The main limitation was the small number of patients 
because the study was stopped prematurely due to the high 
rate of complications in the uncemented group, so only half 
of the intended sample size could be included. We did not 
stratify according to ASA classifi cation and the type of femur 
according to Dorr et al. (1993), which were also limitations 
of the study. This introduced bias, leading to more patients 
with ASA 3–4 and with femur Dorr type B in the uncemented 
group. These differences may also have affected the results. 
Our trial did not have the statistical power to address the possi-
ble adverse effects of cement, and we did not fi nd any indica-
tions of differences between the groups related to cementing, 
regarding mortality. All the thrombotic events occurred in the 
cemented group. However, the incidence of serious cement-
related complications has been reported to be low (Parvizi et 
al. 1999, Olsen et al. 2014) and a trial examining this would 
require several thousand patients. Despite this, there have 
been reports that perioperative cardiovascular disturbances 
are more frequent in elderly patients with hip fracture when 

cemented stems are used rather than uncemented (Yli-Kyyny 
et al. 2013).

Previous comparisons in the treatment of femoral neck 
fractures have almost consistently favored cemented fi xation, 
mainly because of better mobility, lower rates of periprosthetic 
fractures and revision, and less thigh pain, without increas-
ing postoperative complications (Khan et al. 2002, Parker et 
al. 2010). Such results are based on studies comparing non-
modular old-generation prostheses, such as Austin Moore 
and Thompson hip implants. The use of uncemented stems 
for THR is popular. Good or even better results in younger 
patients with osteoarthritis have been achieved.(Eskelinen 
et al. 2005, Sköldenberg et al. 2006). However, the concept 
of inserting an uncemented femoral component in elderly 
patients also is attractive to many surgeons (Keisu et al. 2001), 
since the cementing process can induce cardiac arrhythmia 
and cardiorespiratory collapse, and may be associated with 
increased mortality compared to arthroplasty using an unce-
mented implant (Parvizi et al. 1999, 2004). 

The rationale for using uncemented stems for displaced 
fractures of the femoral neck in osteoporotic elderly patients, 
often with a stove-pipe femur, is mainly theoretical. The 
potential advantage of using an uncemented femoral compo-
nent is also related to the shorter duration of surgery, thereby 
reducing intraoperative bleeding and the risk of infection. 
However, an uncemented implant may be associated with 
design-specifi c complications such as stress shielding of the 
proximal femur, thigh pain, and a higher risk of peripros-
thetic fracture. In Sweden, cemented stems have primarily 
been used for patients with an FNF. With the introduction of 
modern hydroxyapatite-coated implants, uncemented fi xation 
has increased in popularity.

The results of a previous pilot study at our clinic—on a 
modern hydroxyapatite-coated uncemented stem—indicated 
that the stem could be used for elderly patients with osteopo-
rotic fractures of the femoral neck without increasing com-
plications (Sköldenberg et al. 2011). We therefore found it 
justifi ed to continue with this study. In addition to our pilot 
study, there was only a 12-month result from a randomized 
trial by Figved et al. (2009) comparing hemiarthroplasty 
using a modern modular cemented implant with an unce-
mented hydroxyapatite-coated implant for treatment of FNF. 
The authors found no difference between the groups in HHS 
or EQ-5D index at 4 and 12 months. This result is similar to 
our fi ndings. However, they did not fi nd any difference in the 
rate of hip-related complications and in the reoperation rate. 
Results similar to ours regarding intraoperative periprosthetic 
fractures were reported in an RCT with a 2-year follow-up 
by Taylor et al. (2012). Their results were consistent with our 
fi ndings, and highlight the risk associated with introducing a 
press-fi t stem into osteoporotic bone. In contrast to our results, 
in a 12-month follow-up of an RCT of 130 patients with dis-
placed FNF who were treated with an HA, DeAngelis et al. 
(2012) reported no difference in stem-specifi c complications. 
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A systematic review of relevant RCTs by Azegami et al. 
(2011) concluded that cemented implants were superior 
regarding mobility scores and pain relief. However, this review 
included only 1 study that involved a modern hydroxyapatite-
coated stem (Figved et al. 2009).

A meta-analysis conducted by Ning et al. (2014) found 
similar rates of hip-related complications and residual pain 
between those treated with cemented or uncemented HA. 
Their analysis included 12 studies, but only 4 (Figved et al. 
2009, Moroni et al. 2009, Deangelis et al. 2012, Talsnes et al. 
2013) compared modern hydroxyapatite-coated uncemented 
HA with cemented HA. Similar results to ours regarding 
hip-related complications and functional outcome with the 
Bi-Metric stem were reported by Inngul et al. (2015). For the 
late periprosthetic fractures, there is evidence from Swedish 
Hip Arthroplasty Register (Leonardsson et al. 2012, Rogmark 
et al. 2014), from a 5-year follow-up of an RCT (Langslet et 
al. 2014), and from a pilot study (Sköldenberg et al. 2014) 
that uncemented stems constitute a risk factor for such com-
plications in the long term. The differences in the results of 
these diverse studies regarding intraoperative and early post-
operative hip complications may be dependant on implant-
specifi c designs and the type of surgical approach. The use of 
a fully hydroxyapatite-coated stem in combination with the 
posterior approach appears to give good early results (Figved 
et al. 2009, Sköldenberg et al. 2011, Deangelis et al. 2012) 
regarding periprosthetic fracture. Deangelis et al. used both 
direct anterior and posterior approaches. The studies that have 
shown high intraoperative and early postoperative complica-
tions have used a direct anterior approach in combination with 
proximally hydroxyapatite-coated stems (Inngul et al. 2015) 
or grit-blasted stems (Taylor et al. 2012). 

We hypothesize that the direct anterior approach, in com-
bination with a proximally thick stem may increase the risk 
of intraoperative fracture. One explanation may be that it is 
diffi cult to reach the posterior calcar with the rasp when using 
a direct anterior approach, and during impaction, this leads to 
loading of the anterior calcar with the anterior aspect of the 
rasp. The top of the rasp loads (simultaneously) the posterior 
cortex of the femur diaphysis, and because the posterior cortex 
of the femoral diaphysis is stronger than the calcar, the frac-
ture occurs in the calcar.

In summary, in this single-blinded, randomized controlled 
trial on elderly patients with displaced femoral neck fractures 
we found a higher risk of periprosthetic fractures and reop-
erations with use of a reverse-hybrid THR than with use of a 
cemented THR. Based on our results and those of others, we 
do not recommend the use of uncemented stems for the treat-
ment of displaced femoral neck fractures in elderly patients. 

Supplementary data
Tables 4–6 are available as supplementary data in the online 
version of this article http://dx.doi.org/10.1080/17453674.20
16.1262687.
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