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Abstract

Introduction: Femoral neck fractures in the elderly are a major event and are rising in incidence over the last decade.
Advancing age and numerous comorbidities largely account for high mortality rate and require geriatric expertise.
Treatment options are total hip arthroplasty (THA), hemiarthroplasty (HA) or osteosynthesis. Literature suggests THA
or HA for better outcomes, although no clear guidelines exist. Material and methods: A retrospective chart review
was performed of 63 patients (80 ± 11 years; 32 women, 31 men) with Garden one femoral neck fractures treated
between June 2018 and June 2020 with either HA or internal fixation with the Femoral Neck System (FNS). Primary
outcomemeasures were surgical and non-surgical complication rates and best achievable mobilization during the hospital
stay. Results: Thirty four patients were treated with HA, and 29 with the FNS. Mobilization was measured using the
Charité Mobility Index (CHARMI). No difference between age, ASA, CCI or preoperative CHARMI was found. The
CHARMI was significantly lower in the HA group. No difference in surgical complications was found. The HA cohort
showed more non-surgical complications, a longer ICU stay and more blood transfusions. Hospitalization was significant
longer in the HA than the FNS cohort (15.1 ± 5.1 vs 9.8 ± 3.8 days). Radiographic controls were performed after 6 and
12 weeks. The FNS group showed a mean shortening of 3.3 mm. 4 of 21 patient had shortening >5 mm. 20 of 21 patients
showed radiographic signs of bone healing after 3 months.Conclusion: Early results with the FNS show faster recovery
than patient with hemiarthroplasty. Internal fixation with the FNS may be an option in non-displaced femoral neck
fractures. Further studies should be performed to better evaluate the FNS compared to traditional internal fixation
methods and arthroplasty.
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Introduction

Demographic changes show a rising number of the elderly
population. With this trend, the fragility fractures in ge-
riatric patients increase. Hip fractures in particular are
predicted to increase substantially over the next decades.1

Additionally, these patients often are treated for chronic
comorbidities which increase the perioperative risk for
severe complications.2-5 Especially in elderly patients, hip
fractures are reported having a high mortality rate between
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6 and 11% within the first 30 days after trauma.6-8 The
decision for the best possible treatment of hip fractures in
elderly patients remains a challenge for the attending
othopedic surgeon. Studies reported a higher mortality rate
and lower functional outcome in patients with chronic
comorbidities.5,9,10 The treatment options for hip fractures
include total hip arthroplasty (THA), hemiarthroplasty
(HA), closed reduction and internal fixation (CRIF) and
non-operative treatment. The decision for the type of
treatment is made by the attending surgeon and is based on
several factors like biological age, comorbidities, fracture
pattern and pre-existing arthrosis. Non-operative treatment
was reported to have an increased 30-day and 1-year
mortality as well as higher complication rate compared
to operative treatment. In the last years, the gold standard
for hip fractures in elderly patients with comorbodities was
hemiarthroplasty.10,11 Several studies reported a better
clinical outcome for elderly patients especially with dis-
placed femoral neck fractures treated with hemi-
arthroplasty compared to CRIF.12-15 A recent study
however showed poor clinical outcome of elderly patients
with hip fractures and comorbidities treated with hemi-
arthroplasty.2 Since June 2018, we use the Femoral Neck
System (FNS, DePuy-Synthes, Zuchwil, Switzerland) for
minimal invasive hip fractures classified Garden I. The
FNS provides the possibility of minimal-invasive, joint
preserving internal fixation (IF) and showed a valid al-
ternative treatment for other osteosynthesis techniques like
sliding hip screw or cannulated screws.16-18 In this study,
we wanted to compare the outcome of elderly patients with
multiple comorbidities with undisplaced femoral neck
fractures treated with a hemiarthroplasty or the new
Femoral Neck System.

Methods

The study was a retrospective exploratory review at a
Department of Trauma Surgery, Hand Surgery, Plastic
Surgery and Reconstructive Surgery at a Level One
Trauma Center. Between June 2018 and June 2020, pa-
tients with femoral neck fractures classified Garden I were
identified using the ICD-Code (International Statistical
Classification of Diseases and Related Health Problems) as
well as the OPS Code, which is the German equivalent to
the International Classification of Procedures in Medicine
(ICPM). For the HA group, we included every patient
admitted to our hospital with a femoral neck fracture
classified Garden I with the ASA score 3 and higher
which was treated with a HA. For the FNS group, we
included every patient admitted to our hospital with a
femoral neck fracture classified Garden I with the ASA
score 3 and higher treated with the FNS system. Patients
with ASA scores lower than 3 and patients not treated
either with HA or the Femoral Neck System were

excluded. In the HA cohort, every patient received the
same combination of implants with Corail AMT stem and
a self-centring bipolar head (DePuy-Synthes). The de-
cision to use a cemented stem was made individually by
the attending surgeon for each case. The FNS cohort
received the new FNS with a one-hole plate. Postoper-
ative care was standardized with early mobilization using
special sitting, standing and walking aids under super-
vision of a physiotherapist.

In this study, clinical records including patient charts,
anaesthesia protocols, surgery reports and pre- and post-
operative X-rays were reviewed. The patient charts were
reviewed for diagnosed comorbidities and ASA classifi-
cation, time-to-surgery as well as pre- and postoperative
mobility (Table 1). The comorbidities were then classified
and ranked with the Charlson comorbidity index (CCI).
The mobility was classified with the Charité Mobility
Index (CHARMI, Table 2) measured and recorded by the
physiotherapists every day. The best CHARMI achieved
during hospitalization was used in this study. Additionally,
the postoperative complications were reviewed and put in
groups of surgical complications (dislocation, peri-
prosthetic fractures, cut-out of the FNS, local infection and
haematoma) and non-surgical complications (urinary tract
infection, pneumonia, acute kidney failure, heart attack
and anaemia). The length of stay on the intensive care unit
(ICU), the total length of stay in the hospital and the
continuitiy of care after discharge were also reviewed.

Data analysis was performed with IBM SPSS Statistics
(V12.0) and Microsoft Excel (V15.2). Demographic
characteristics are described as mean and standard devi-
ation. For the primary outcome measures, logistic re-
gression was performed considering all variables related to
the postoperative mobility. For the secondary outcome
measures, logistic regression was also performed con-
sidering all variables related to surgical and non-surgical
complications and hospital mortality.

The study was approved by the institutional ethical
committee.

Results

Hospital Stay

All patients were treated in an orthopaedic trauma ward
with orthogeriatric care. Time to surgery in HA cohort was
an average of 23.2 vs 14.3 h in the FNS group. The cohorts
showed a significant difference (P < .001) in postoperative
intensive care treatment. The HA cohort spent an average
of 2.1 ± 3.7 days on the ICU. The FNS group showed an
average length of stay of .2 ± 1.1 days. The overall length
of stay in the hospital also showed a significant difference
(P < .001) with an average of 15.1 ± 5.1 days in the HA
group vs 9.8 ± 3.8 days in FNS group.
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Postoperative Mobility

To measure the mobility, the difference of the CHARMI
score pre- and postoperative was used. In the HA group,
the average preoperative CHARMI score was 7.1 ± 1.3
with no bedridden patient. In the FNS group the average
preoperative score was 7.9 ± 2.2 with two patients where
only a transfer in bed was possible. The postoperative
deterioration of the CHARMI score showed a significant
difference between the two cohorts. In the HA group a
deterioration of the score was an average of �2.9 ± 1.7
whereas the FNS group showed a deterioration of�1.0 ± .9.

Complications

Eight out of 63 (12.7%) patients suffered from surgical
complications in total.

In the HA cohort, three patients showed a postoperative
seroma from which two needed revision surgery. One
patient suffered from multiple dislocations of the bipolar
head prosthesis and needed convertion into total hip ar-
throplasty after 3 months.

The FNS group showed no postoperative surgical
complications during stay. A cut-out of the Femoral Neck
System has occured in four patients. (13.8%) Three pa-
tients needed a conversion into a HA after an average of
26 days (14–58 days). One patient with a minor cut-out
was bedridden and only an implant removal was performed
for pain management after 18 months. No significant
difference in surgical complications was found between
the two cohorts.

A significant difference in non-surgical complications
between the two cohorts was found (P < .05). 23 out of 34
(64.7%) patients suffered from one or more non-surgical
complication in the HA cohort such as urinary tract in-
fection (20.6%), anaemia (14.7%), pneumonia (8.8%) or
cardial decompensation (5.9%). Three patients suffered
from a heart attack of which two needed cardiopulmonary
resuscitation. All three patients in the cohort died during
hospitalization. (8.8%) Further non-surgical complications
found were first degree decubitus, hyponatremia and acute
pancreatitis with one occurence each (2.9%). The mortality
rate after 3 months was 14.7%.

Table 1. Patients’ Demographics.

Variable Total HA FNS P-Value

Patients 63 34 29
Mean age (years) 80 (63–99) 80.35 79.57 .767*
Male (%) 31 17 (54.8%) 14 (45.2%)
Female (%) 32 17 (53.2%) 15 (46.8%)
Mean ASA score 3.4 ± 0.5 3.5 ± 0.5 3.4 ± 0.5 .466†

Mean CCI (SD) 6.9 ± 1.9 7.2 ± 1.9 6.7 ± 1.8 .252‡

Dementia (%) 32 (50.8%) 18 (52.9%) 14 (48.3%) .547*
Haemodiluting drugs1 (%) 45 (71.4%) 26 (76.5%) 19 (65.5%) .518*

*t-test, †Chi-square test, ‡Mann–Whitney test.
1Including all DOAC and Warfarin.

Table 2. CHARMI Short Manual. (1. Count the Best Mobility Item That can be Performed Without Assistance. 2. Aids May be Used.
3. Count the Wheelchair Mobility Seperately (e.g. 4+W)).19

Score Mobility

0 Complete immobility
1 Transfer in bed Turning from back to side
2 Sitting on edge of bed Sit ≥30 s, transfer may need assistance
3 Transfer to edge of bed Transfer into sitting position
4 Transfer from bed to chair
5 Standing up With standing for ≥30 s
6 Walking up to 10m e.g. within a room
7 Walking 10–50 m e.g. within a ward or inside the home
8 Walking over 50 m e.g. outside a ward or the home
9 Climbing stairs ≥1 flight of stairs
10 Full mobility ≥1 km
+W Wheelchair mobility

Cintean et al. 3



In the FNS cohort, a total of 11 non-surgical compli-
cations (37.9%) were found. Four patients suffered from
uricany tract infection (20.7%) and two from arrhythmias
(6.9%). Further complications like hyponatraemia, hypo-
kalaemia, urolithiasis and anaemia were found once each
(3.5%). Two patients of the FNS cohort died during
hospitalization due to cardiopulmonary complications
(6.9%).

A significant difference (P < .001) in necessity of
postoperative blood transfusions could be found. The HA
cohort needed an average of 2.1 packed red blood cells
(PRBC) vs an average of .2 PRBC in the FNS cohort
(Table 3).

Follow-Up

Mean follow-up HA cohort was 12.5 (0–22) months, in the
FNS group 3.9 (0–18) months.

In the HA cohort, 31 patients got radiographic controls
after 6 weeks and 26 after 3 and 12 months. Three patients
(8.8%) showed periprosthetic fractures after HA after 4, 7
and 11 months unrelated to the initial treatment and needed
surgery. No further case of surgical-related complication
was found.

On 21 of the 29 patients with the FNS, we performed
radiographs after 6 weeks and 3 months. Three patients
needed conversion into HA due to cut-out, two died during
hospital stay and three were lost during follow-up. All 21
patients showed shortening of the femoral neck. Mean
shortening was 3.3 ± 4.5 mm (2–9 mm). Four of these
patients (19%) showed shortening of > 5 mm in the ra-
diographic control after 3 months. In the limited time of
follow-up, no case of avascular necrosis of the femoral
head was found. Except one patient with minor cut-out, 20
(95.2%) patients showed radiographic signs of bone
healing after 3 months.

Discussion

In this study, internal fixation with the Femoral Neck
System showed promising early results in non-displaced
femoral neck fractures in geriatric patients with severe
comorbidities compared to HA. The FNS cohort showed a
shorter time-to-surgery, stay on the ICU and shorter overall
hospitalization. There was a significant better outcome in
postoperative mobilization and less non-surgical compli-
cations. No difference between FNS and HA in surgical
complications was found; however, surgical complications
in the FNS group often resulted in major conversion
surgeries.

The literature suggests use of THA or HA for femoral
neck fractures in non-displaced fractures due to early mo-
bilization and less postoperative complications.10-15,20,21 In
a recent study, Lu et al.22 found less postoperative com-
plications and lower reoperation rate as well as better
functional recovery in patients treated with HA compared to
IF in non- or minimal displaced femoral neck fractures.
Although this study includes old patients with comorbid-
ities, patients with a highly impaired general condition and
poor mobility were excluded. Dolatowski et al.23 found
similar results in a RCT of 219 patients with non-displaced
femoral neck fractures. Despite finding HA not to be su-
perior to screw fixation in reestablishing hip function, in
their study HA showed better mobility and fewer major
reoperations. Again, patients with ASA score of 4 and
immobile patients were excluded. The question of the right
treatment for patients with impaired general condition and
poor mobility remains unanswered.

Gjertsen et al.15 found in their study of 16,468 patients a
better clinical outcome for patients operated with HA in
displaced femoral neck fractures compared to IF in dis-
placed or undisplaced femoral neck fractures with an
overall 9.8% rate of reoperations and 8.4% conversion rate

Table 3. Characteristics of Patients After Femoral Neck Fracture Treatment.

Variable Total HA FNS P-Value

Mean time-to-surgery (hours) 19.1 ± 22.8 23.2 ± 19.1 14.3 ± 26.1 .086‡

Mean hospital stay (days, SD) 12.7 ± 5.2 15.1 ± 5.1 9.8 ± 3.8 <.001‡

ICU† 1.2 ± 2.9 2.1 ± 3.7 .2 ± 1.1 <.001‡

Mean CHARMI (SD)
Preoperative 7.5 ± 1.8 7.1 ± 1.3 7.9 ± 2.2
Postoperative 5.3 ± 2.3 4.0 ± 1.5 6.8 ± 2.0
Deterioration �2.2 ± 1.4 �2.9 ± 1.7 �1.0 ± 0.9 <.001‡

Complications (%) 42 (66.7%) 27 (79.4%) 15 (51.7%) .237§

Surgical 8 (12.7%) 4 (11.8%) 4 (13.8%) .692§

Non-surgical 34 (53.9%) 23 (64.7%) 11 (37.9%) <.05§

Mortality 5 (7.9%) 3 (8.8%) 2 (6.9%) .663§

Mean PRBC transfusions (SD) 1.2 ± 1.8 2.1 ± 2.1 .2 ± 0.6 <.001‡

§Fisher test, ‡Mann–Whitney test. †ICU: Intensive Care Unit.
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into HA or THA. Dolatowski et al.23 described high
numbers of surgical complications in IF with 24 vs 8% in
the HA group. The main issue was failure of fixation or
nonunion. Conversion rate into HA or THA was 18%.
Chammout et al.21 reported similar numbers with higher
surgical complications in the IF group and 35% of con-
version surgeries. The present study showed equal surgical
complication rates in both groups. Nevertheless, we found
a conversion rate of 10.3% in the FNS group. It is believed
that poor preoperative mobility led to less IF loosening
after surgery.

In a big randomized controlled study comparing can-
cellous screws (CCS) with a sliding hip screw (SHS)
comparable conversion rates were found. The authors
reported an overall 10% implant exchange to THA and 5%
to HA.24 When it comes to fracture healing, Hu et al.18

showed good results of bone healing of femoral neck
fractures treated with the FNS. Their patients showed a
bone healing after an average of 3.5 months with no cut-
outs and only 10% showing shortening of the femoral neck
with a mean patient age of 50 years in the FNS group. The
FAITH trial showed a fracture shortening of more than
5 mm after treatment with SHS or CCS in 27% of all
patients.32 In the present study, all patients with a 3 month
follow-up showed shortening of the femoral neck with
19% having shortening more than 5 mm with a mean
shortening of 3.3 mm. Hu et al.18 found comparable results
with 2.4 mm. We believe that poor bone quality in the
multimorbid patient cohort led to higher shortening rates.
Despite that, ober 95% of the patients showed bone healing
after 3 months. Nibe et al.17 reported 100% healing rate
using FNS in elderly patients in a small cohort of 25
patients.

We found a lower deterioration in the CHARMI of the
FNS cohort with patients already being highly impaired in
mobility. To achieve this, we used a rather holistic ap-
proach in treatment of femoral neck fractures in those
patients. The aim of treatment extends from focussing on
mobility and hip function to keeping a low non-surgical
complication rate. 54% of our patients suffered from a non-
surgical complication as UTI being the most common one.
König-Leischnig et al.25 with 50% and Muhm et al.26 with
51.7% found comparable non-surgical complication rates.
Both described postoperative anaemias as the most
common complication. In our study, the HA cohort needed
an average of 2.1 vs .2 PRBC after surgery due to anaemia.
The higher necessity of transfusion was affiliated to the
intake of haemodiluting drugs combined with the more
invasive surgery. Chammout et al. as well as Dolatowski
et al. showed similar results. In both studies, the HA/THA
group had significant higher blood loss.22,24 Smektala
et al.27 proclaimed in their study of 129.075 patients that an
early surgical treatment leads to reduced non-surgical
complication and lower mortality rate. This is in line

with other literature.21,26,28 In our study, similar results
were found. As less preoperative preperations due to
minimal invasive approach is necessary, the FNS cohort
showed a time-to-surgery of 14.3 h with a consecutive
lower non-surgical complication rate vs 23.2 h in the HA
group. Literature suggests an intensive preparation for
operation and interdisciplinary peri- and postoperative care
in collaboration with geriatrics shows profit in general
outcome of the elderly patients.2,8,29–31,35

The study shows several limitations. The retrospective
aspect of the study comes with its inherent problems. Our
system allows relatively long hospitalization and more
liberal use of ICU beds. Only non-displaced femoral neck
fractures classified Garden I were included. For displaced
femoral neck fractures, HA and THA are still recom-
mended. No long-term follow-up with assessments of
mobility and radiographic controls after 3 months was
performed, so late surgical complications are not included.
No functional data after hospitalization was collected. Due
to inclusion criteria, only 63 patients were included in this
study. More patients would provide better statistical
significance.

Conclusion

Elderly patients with numerous comorbidities and im-
paired mobility with femoral neck fractures need a inter-
disciplinary treatment focussing on fast recovery and short
hospitalization to avoid potential live threatening non-
surgical complications. To achieve this, internal fixation
with the Femoral Neck System may be an option as a
treatment option for non-displaced fractures with low non-
surgical complications, shorter hospital stay and lower
mortality rate. Further studies with long-term clinical and
radiographic follow-ups are still necessary. Specialized
geriatric assessment and rehabilitation is recommended in
all geriatric patients.
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