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Abstract
Purpose Sufficient anchoring of intramedullary osteosynthesis in the femoral head in a femoral neck fracture is a challenge 
with increasing age of the patients and decreasing bone quality. For older patients with inferior bone quality, it has not been 
investigated whether the application of an intramedullary force carrier, as a minimally invasive and rapid intervention, can 
provide a considerable benefit and reduce the postoperative complication and lethality rate. This retrospective study aimed 
to investigate the stability and functionality after the acute treatment of a femoral neck fracture in osteoporotic bone using 
an intramedullary force carrier even with higher grade fracture types.
Material and Methods The retrospective analysis was based on a collective of 82 patients over 60 years of age with a femoral 
neck fracture treated with a gliding nail in our centre between 1999 and 2006.
Results The average time to follow-up was 69.05 months (median 71.0; minimum 27.0–maximum 108.0). Female patients 
made up more than two-thirds of the patient collective at 63 of the 82 patients (76.83%). The average age of the patients was 
77.76 years (median 78.00; range 60.00–93.00).
In 66 patients (80.49%), the implantation showed good results and no complications or further treatments. 24/82 patients of 
our collective had died in our re-evaluation. In no case, a pseudarthrosis or severe impaction with neck shortening occurred 
(loss of offset).
11/82 patients had femoral head necrosis which led to total hip replacement in 8 cases, a hemiarthroplasty in 2 cases and in 
1 case a remaining Girdlestone situation because of a deep infection. Another five patients also had to undergo a total hip 
replacement because of a central perforation of the blade in one case, breakout of the blade after another fall in another two 
cases and a lateral dislocation of the blade in two cases.
Conclusion The use of an intramedullary force carrier in the osteoporotic bone can mean distinct advantages for the selected 
patient as a minimally invasive and rapid surgical method compared to extensive surgery, even in the case of severe injuries. 
However, the advantages and disadvantages for the patient should be considered critically.

Keywords Gliding nail ·  Intramedullary nail ·  Femur nail · Osteoporisis · Femoral neck fracture · Femoral neck nail

Introduction

Femoral neck fracture is one of the most common fractures 
in older people, with an incidence of around 100,000 per 
year in Germany, and approximately 30% of all the women 
are affected [1, 2]. Due to an increase in the elderly popula-
tion, there is an associated increase in osteoporosis and sub-
sequent loss of stability in the proximal femur, hence, this 
injury will increase in importance in the coming years [3–5].

To the best of our knowledge, femoral neck fracture has 
always been one of the most problematic fractures; therefore, 
research is continuously focused on its adequate therapy. 
The goal of such therapy is a fast, load-bearing, anatomical 
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restoration of hip joint functionality, as well as early mobi-
lisation to avoid immobility and the consecutively increas-
ing risk of further illness. Even though there are modern 
treatment methods, postoperative complications are still 
prevalent, and there still remains an applicable rate of 
postoperative mortality which increases with any delay in 
the operative treatment [6–11]. For this reason, within the 
quality management criteria in Germany there is a recom-
mendation that a patient who is to receive treatment with 
osteosynthesis should be operated on within the first 24 h.

It was already demonstrated in the past century that the 
correct surgical therapy is superior to non-operative therapy 
for proximal complex fractures of the femur [12–15]. There 
is a consensus that less displaced fractures and femoral 
neck fractures with less displacement in younger patients 
and patients with a high activity level should receive treat-
ment with osteosynthesis, while preserving the head. In 
recent decades, various implants have been developed and 
continuously improved upon for this purpose Noteworthy 
implants in recent years are dynamic hip screws (DHSs) and 
intramedullary implants with neck screws [16–20] and these 
have been established as effective and safe implants for the 
treatment of femoral neck fractures. However, complications 
are also known regarding these implants; e.g. femoral head 
necrosis, non-unions, and displacements, as well as implant-
specific and biomechanical complications.

Alternatively, as early as 1992, the gliding nail (GN) with 
the unique feature of an impacting blade was introduced as 
an intramedullary top weighting arm with increased surface 
area and rotational stability using a double-T cutting edge. 
The advantages of a higher load capacity, combined with 
higher rotational stability and a lower cut-out rate than the 
gamma nail, should lead to the optimal treatment of patients 
and a lower postoperative rate of complications and mortal-
ity [21]. This advantage of the gliding nail has already been 
demonstrated in per- and subtrochanteric fractures and in 
experimental settings [21, 22].

For this reason, the following questions arise: (1) can the 
indication for the use of an implant, with such high rota-
tional stability and impact, also be extended to the femoral 
neck fracture in older patients and osteoporotic bone after 
individual consideration; (2) what outcome can be expected?

Patients and Methods

82 patients over 60 years of age with a femoral neck frac-
ture were treated with a gliding nail in our centre between 
1999 and 2006 and they were eligible for inclusion in this 
retrospective study. The re-examination was in 2008. The 
average time of follow-up was 69.05 months (median 71.0; 
minimum 27.0–maximum 108.0). Out of 82 patients, 63 
were female thus constituting the majority portion of the 

patient collective (76.83%). The average age of the patients 
was 77.76 years (median 78.00; range 60.00–93.00). Of the 
total data, parts were previously published in 2005 during 
an earlier study [23].

Criteria for Inclusion

Criteria for inclusion in the study were the following: all 
patients over 60 years of age who were treated with an 
intramedullary nail with Garden I and II fractures; as well 
as Garden III and IV fractures [24, 25]. Patients with cervi-
cal base fractures, lateral femoral neck fractures, and femo-
ral neck non-unions were also included. Patients who had 
contraindications against a therapy to preserve the femoral 
head via treatment with osteosynthesis were not included. 
All patients were asked for their permission regarding the 
evaluation of their data, and they all gave their approval. All 
data were archived anonymously.

Indication

In our trauma centre, patients over 65 years of age, or elderly 
patients having an assessment of their biological age, receive 
surgical treatment for a femoral neck fracture according to 
their individual injury, their individual state of health, and 
their activity level. Usually, active elderly patients with a 
non- or slightly displaced fracture were treated with osteo-
synthesis. Elderly patients with a displaced fracture were 
usually treated with a hemi- or total endoprosthesis. If the 
patient is at the age limit or biologically younger (i.e. very 
good general condition, few previous illnesses, and good 
mobility), in some cases we also use the intramedullary nail 
for impacted and non-displaced medial femoral neck frac-
tures (Garden I and II). In the case of a non-active patient in 
combination with a displaced medial femoral neck fracture 
(Garden III and IV), we use the intramedullary nail only as 
a stabilising operation if a major operation, such as implan-
tation of a prosthesis, would be detrimental to a patient’s 
health or the surgical risk is too high; so that stability in the 
bone is achieved and the patient can be properly positioned 
and provided with healthcare.

Data Evaluation and Ethical Approval

Data evaluation in 2008 was performed based on collected 
patient data, such as medical history, imaging results, 
anaesthesia protocols, surgery reports, nurse reports, physi-
otherapy protocols, and the corresponding admission notes. 
Patients were also contacted after treatment and asked to 
participate in a standardised questionnaire which included 
questions about their daily life activities, pain, mobility, 
other operations, or medication.
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Due to the international usage of these systems, fractures 
were classified according to Garden [24, 25] and Pauwels 
[26]. Displacement in the frontal and sagittal plane was 
evaluated using deep pelvis radiography and axial hip radi-
ography. A supplementary CT scan was only necessary in 
a few cases.

This study was approved by the Ethics Committee of the 
Medical Faculty at the University of Heidelberg, Germany. 
Hence, the study was approved by the review board and con-
ducted according to the review board guidelines and within 
the bounds of good clinical practice, according to the ethical 
principles that have their origin in the Declaration of Hel-
sinki in its current form. As aforementioned, all patients 
were asked for permission for evaluation of their data, and 
they all gave their approval. All data were archived anony-
mously. Data analyses were performed using IBM  SPSS® 
Statistics 25.

Implants Used

The gliding nail (GN) is an implant that combines: (1) the 
advantages of the locking nail system and the flap gliding 
principle, and (2) the dynamisation in the thighward direc-
tion as well as in the direction of the femoral shaft, with 
(3) the advantages of the double-T profile of the femoral 
neck load bearer (Figs. 1a, b, 2). The double-T profile of the 
blade has the highest moment of resistance for a given cross-
sectional area (Fig. 2). Further, the rotation of the head-neck 
fragment with a screw breakout from the cranial fragment 
is effectively prevented by the double-T profile of the blade 
design; in that, a rotation of the proximal fragment around 
the blade is not possible. A further decisive advantage is 
that the blade, in a similar manner to a nail, is driven into 

the bone. This results in additional bone impaction and thus 
there is no loss of bone substance in a similar manner to 
local spongiosaplasty.

Postoperative Rehabilitation Protocol

On the first day after the surgery, physiotherapy under full 
load was started for all patients with a Garden I or II frac-
ture. According to the current therapy recommendation of a 
relief in displaced femoral neck fracture in younger patients, 
we also recommend a temporary partial load of 20 kg in the 
first 6 weeks for patients with Garden III and IV fractures. 
Complete healthcare and bedding were permitted for those 
patients requiring comprehensive nursing care.

Results

Fracture and Age Distribution

In our collective of 82 patients, the mean age of patients was 
77.76 years (median 78.00, range 60.00–93.00); as aforemen-
tioned, female patients made up the majority of the collective 
with 63 out of a total of 82 patients. We divided our collec-
tive into three groups based on their injuries: group A cor-
responds to Garden I and II (Pauwels 1/2) fractures, group B 
corresponds to Garden III and IV (Pauwels 2/3), and group C 
corresponds to base cervical/lateral femoral neck fractures. 
Distribution of patients in the groups was as follows: group 
A included 69 patients with an average age of 77.64 years 
(median 78.00, range 62.00–93.00), of whom 14 were male 
and 55 were female. Group B consisted of eight patients 
with an average age of 75.38 years (median 76.50, range 
60.00–92.00) and gender distribution of three men and five 
women. Group C consisted of five patients with an average age 
of 83.20 years (median 83.00, range 77.00–90.00) and gender Fig. 1  a, b The gliding nail. Reference: Intercus GmbH, Bad Blank-

enberg, Germany

Fig. 2  Double-T profile of the blade. Reference: own
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distribution of two men and three women. The characteristics 
of the collective are provided in Tables 1 and 2.

Complications

In 66 patients (80.49%), the implantation showed good results 
and no complications or further treatments. In none of the 
cases, a pseudarthrosis or severe impaction with neck shorten-
ing had been detected (i.e. loss of offset). 24/82 patients of our 
collective had died, according to our re-evaluation in 2008.

11/82 patients had femoral head necrosis which led to total 
hip replacement in 8 cases, a hemiarthroplasty in 2 cases, and 
in 1 case a remaining Girdlestone situation because of a deep 
infection.

Another five patients also had to undergo a total hip replace-
ment because of a central perforation of the blade in one case, 
breakout of the blade after another fall in another two cases, 
and a lateral displacement of the blade in twocases.

Regarding the three individual groups, the following distri-
bution was observed:

In group A, 21/69 patients (30.4%) had died; 9/69 patients 
developed femoral head necrosis, which led to a total hip 
replacement in 8 cases and a hemiarthroplasty in 1 case; 3 
further patients also had to undergo total hip replacement, 1 
patient because of a breakout after a new fall and 2 patients 
because of a lateral blade displacement.

In group B, 1/8 patients (12.5%) had died; 2/8 patients 
developed a femoral head necrosis, which led to a hemiar-
throplasty in one case and one further patient was left with 
a Girdlestone situation because of a deep infection after an 
arthroplasty was attempted; one patient received a total hip 
replacement because of a breakout of the blade after another 
fall.

In group C, 2/5 (40%) patients had died at the time of fol-
low-up; one patient required a total hip replacement due to a 
central blade perforation.

Detailed characteristics are given in Table 3 and Fig. 3.

Discussion

Medial femoral neck fractures have always been problematic. 
The general medical consensus is to conserve the femoral 
head, in the case of [1] impacted and non-displaced medial 
femoral neck fractures (Garden I and II) as well as [2] dis-
placed medial femoral neck fractures in younger patients. Non-
displaced fractures of the elderly can be treated in individual 
cases with head-preserving therapy whereas an intramedullary 

treatment for older patients with displaced fractures is not rec-
ommended by some authors [27–29]. It is recommended by 
some authors that an endoprosthetic restoration should, not 
only be sought at some stage for fractures of the femoral neck 
of a higher degree, but that this should actually occur right 
from the start.

As early as 2002, McKinley et al. were able to show that 
patients with primary endoprosthetic treatment had a better 
outcome than patients who had undergone joint conserving 
surgery and subsequently received endoprosthetic replace-
ment [30]. Osteosynthesis is not recommended and espe-
cially if the patient is already suffering from severe osteoar-
thritis. After an endoprosthetic restoration, the patient can 
be fully loaded again after a brief time and can also be fully 
mobilised. This makes it easier to prevent subsequent com-
plications such as pneumonia or a similar condition.

However, there are also borderline cases in which a com-
prehensive intervention with prolonged anaesthetic guidance 
and increased blood loss must be critically evaluated. This 
raises the question of whether the use of an intramedullary 
force carrier such as the gliding nail (GN) can create a bet-
ter perioperative outcome for the patient. The gliding nail 
(GN) is an implant that can be inserted quickly and with 
minimum invasion. The operation has a significantly lower 
blood loss than an endoprosthetic replacement operation and 
even after this the patient can again fully load. It must also 
be taken into account that there are frail patients who have 
already undergone nursing case before their injury or who 

Table 1  Fractures and age distribution

Patients Age Female Male Died

82 77.76 (78; 60–93) 63 19 24

Table 2  Group distribution

Group A Group B Group C

Type Garden I and II Garden III and IV Cervical base and 
lateral femoral 
neck fractures

Patients 69 8 5
Age 77.64 (78; 62–93) 75.38 (77; 60–92) 83.20 (83; 77–90)
Female 55 5 3
Male 14 3 2
Died 21 1 2

Table 3  Complications

Group A Group B Group C

Neck necrosis in general 9 2 –
Total hip arthroplasty 11 1 1
Hemi hip arthroplasty 1 1 –
Lateral dislocation of the blade 2 – –
Central perforation of the blade – – 1
Breakout after fall 1 1 –
Girdlestone – 1 –
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have only been able to lie in bed. For these patients, it may 
be favourable to have a smaller and rapid intervention for the 
perioperative outcome, rather than an extensive endopros-
thetic treatment, hence the patients can be safely positioned 
and cared for again.

Generally, the use of an intramedullary implant, firm 
fracture impaction, tilting of the femoral head, and implant 
breakouts have led to a high rate of implant failure rates 
of up to 30% [31]. Furthermore, 10–15% of cases develop 
femoral head necrosis or non-union, caused by the initial 
damage to the vascularisation, perhaps also because the 
instability of the osteosynthesis [32, 33]. Those cases can 
be recognised by the often very strong impaction with pro-
truding screw heads and corresponding high bone resorption 
in the fracture zone.

Our results show that the majority of fractures that are 
treated with a GN, heal without complications (see Figs. 4a, 
b, 5a–d). None of the cases has a pseudarthrosis or severe 
impaction with neck shortening occurred (i.e. loss of offset). 
The overall rate of the secondary prosthesis was 15/82 in 
total (18.29%). But, prosthesis implantations after another 
fall were also counted (2 patients), but this should not be 
considered as implant failure.

Dividing information into the three collectives has 
shown that 12/69 of patients in group A, 2/8 of patients in 
group B, and 1/5 patients (20.0%) in group C required hip 
replacements.

However, if we take a closer look at the corresponding 
prosthetic indications, it can be seen that there is a signifi-
cantly lower number of femoral head necrosis cases in our 
collective than in the comparative literature [31–34]. The 

main indication for hip replacement in group A was femo-
ral head necrosis in nine cases. Three further patients also 
had to undergo total hip replacement, one patient because 
of a breakout after a new fall and two patients because of a 
lateral blade displacement. Our results show an overall rate 
of femoral head necrosis of 9/69 in group A (13.04%) and 
1/8 in group B (12.5%). Lu-Yao et al. describe a non-union 
rate of 33% and a rate of femoral head necrosis of 16% in 
the results of their meta-analysis of displaced femoral neck 
fractures [34].

In group C, 1/5 patients required a total hip replace-
ment due to a central blade perforation. Similarly, the other 
authors also note 10–20% of avascular femoral head necrosis 
cases after displaced femoral neck fractures [32, 33]. Some 
authors even note < 30% of femoral head necrosis cases [31]. 

Fig. 3  Patients overview and 
complications

Fig. 4  a X-ray femoral neck fracture—a.p. b X-ray femoral neck after 
implantation—a.p. Case 1 (femoral neck fracture and gliding nail 
treatment)
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Regarding our collective, we also recorded avascular necro-
sis—the incidence is lower than the risk described by the 
other authors; but the small collective of group B must be 
taken into account. This also reflects the consensus to treat 
higher grade femoral neck fractures with a prosthetic device.

To prevent femoral head necrosis, a fast operation within 
the “6-h window”, as an emergency operation in younger 
patients with a displaced fracture, is recommended; if it is 
not possible to treat a patient within 6 h or at least within 
24 h, an endoprosthetic treatment is also recommended [6–8, 
35–37].

An operative treatment and an urgent operation according 
to the above criteria will not only improve the local outcome 
of the fracture but will also lower the in-hospital mortality 
of the patients and the postoperative mortality, in general, 
as the other authors have shown in their respective studies 
[15, 38].

Our collective showed a total complication rate of 12/69 
(17.4%) for fracture healing and fracture stabilisation 
in group A. Group B showed a total complication rate of 
3/8 (37.5%). The size of the collective, especially regard-
ing group B, is also a limiting factor here. Eschler et al. 
reported a “Cut-Out” (i.e. femoro-acetabular penetration) 
in 8 patients (32%) treated with a DHS and 4 patients (15%) 
treated with a  Targon®-FN in a study of 52 patients [39]. In 
our collective, none of the patients showed signs of a typical 
“Cut-Out.”

Using a very stable implant, such as the GN, which allows 
an impaction of the fracture while eliminating rotational 
movements, which minimises the risk of breakout, results 
in a lower rate of complication in the femoral head, thus 
conserving treatment of medial femoral neck fractures. The 
danger of femoral head necrosis is not only dependent on 
the age of the patient and the resulting remaining vascular-
ity and bone quality, but also is also especially dependent 
on trauma-induced damage. In our collective, group A had 

an incidence of femoral head necrosis of 9/69, compared to 
1/8 in group B. Sometimes it is stated that medial femoral 
neck fractures are nothing but a sign of physical deteriora-
tion. Since our data show that patients over 60 years of age 
also develop femoral head necrosis in cases of a simple, non-
displaced fracture, there must be various influencing factors. 
The solid, rotation-free fracture retention of the GN enables 
a revitalisation of the femoral head, and even in patients with 
vascularisation damage caused by the fracture.

Generally, a low rate of complication and early fully 
load-bearing treatment should be the goal. Moreover, 
older patients often have a significant number of additional 
risk factors, often due to pre-existing comorbidities, all of 
which affect outcome and postoperative mortality [40]. 
Medial femoral neck fractures should only be treated with 
an osteosynthesis in the case of fracture impaction, non-
displacement, and younger patients. In older patients with 
a higher grade of displacement, in general, treatment with 
osteosynthesis is not recommended; the other authors agree 
[27]. However, the advantages and disadvantages for the 
patient should be critically considered. Thus, the life situa-
tion before the fracture event, as well as the individual state 
of health and the associated surgical risk, must be taken into 
account. Therefore, every decision should take into account 
not only the risk of the operation but also the risk of post-
operative complications and, as aforementioned, the risk of 
the care of these.

Strengths and Limitations

One strength of this study is the detailed clinical documen-
tation and data collection as well as the large size of the 
patient collective. However, a small number of patients in 
the individual groups can be considered a weakness. Other 
weaknesses of the study are a missing prospective collective 

Fig. 5  a X-ray femoral neck fracture—a.p. b X-ray femoral neck fracture lateral. c X-ray femoral neck with GN implantation postoperative a.p. d 
X-ray femoral neck with GN implantation postoperative lateral. Case 2 (femoral neck fracture and Gliding Nail treatment)
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for comparison, the single-centre study, and the retrospec-
tive design.

Conclusion

The treatment of displaced medial femoral neck fractures 
in older patients is generally the domain of treatment with 
endoprosthesis. However, there are also borderline indica-
tions where rapid, minimally invasive surgery is required to 
stabilise the fracture.

The use of a very stable implant, such as the GN, which 
enables impaction of the fracture with the elimination of 
rotational movements and minimises the risk of an outbreak, 
leads to a lower complication rate in the femoral head and 
thus to gentle treatment of medial femoral neck fractures. 
The GN is a safe, easy-to-use implant with a low periopera-
tive lethality that provides a major benefit to patients in the 
treatment of femoral neck fractures. However, its application 
must be critically considered and the individual risk and 
benefit of each patient must be taken into account.
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