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Femoral neck fractures treated with cannulated screws: can
surgeons predict functional outcomes and minimize the risk
of necrosis?
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Abstract. Background and aim: Femoral neck fractures are among the most frequent in mankind. Screw fixa-
tion is considered a suitable approach specially for undisplaced or slightly displaced fractures that occur to
young patients. We conducted our study in order to evaluate both functional outcomes and complication rates
of patients who received this treatment in our institution. A particular focus was given to the aseptic necrosis
of the head, trying to identify if anamnestic, clinical or radiological data could play a significant role as prog-
nostic factors. Methods: For each case who was treated with screw fixation due to a femoral neck fracture, we
recorded data regarding, among the others, BMI and whether they used tobacco products or corticosteroids
on a regular basis. Necrosis of the femoral head and mechanical complications were recorded. Functional out-
come was evaluated using the Harris Hip Score. Results: 74 cases were included in our study. The mean Harris
Hip score was 89.5. Aseptic necrosis of the femoral head occurred in 9 cases (12.2%). Regular use of tobacco
was associated with a higher risk to develop necrosis (p=0.007). The Body Mass Index was significantly higher
in cases who had necrosis compared to the rest of our population (p=0.043) and was inversely proportional
to the post-operative Harris hip score (p=0.001). Conclusions: While considering screw fixation to treat cases
with femoral neck fractures, patient’s weight and use of tobacco should be considered as prognostic factors.
(www.actabiomedica.it)
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after a quite high-energy trauma, even though a re-
duced bone quality can play a complementary role

Hip fractures represent a serious disease affecting sometimes (3).

old and younger people in western countries. Accord-
ing to recent epidemiologic studies, the total number
of femoral neck fractures will increase in the next dec-
ades: from 1.6 million cases counted through the year
2000, it will rise up to 4.5 million in 2050 (1).

In the elderly the traumatic mechanism behind
hip fractures usually consists in low-energy trauma
since increased risks of osteoporosis and accidental falls
are directly related to old age (2). On the other hand,
younger people often develop femoral neck fractures

Surgical treatment changes depending on age,
peculiarity and comorbidity of patients. However, spe-
cific characteristics of fracture represent the primary
factors that define surgical strategy. Garden classified
medial fractures of the femoral neck in four grades:
I and IT include non-displaced fractures whereas grade
IIT and IV consist of partially and totally displaced
fractures respectively. According to AAOS (American
Academy of Orthopaedics Surgeons) evidence-based
guideline, stable and non-displaced fractures deserve
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internal fixation. Instead, hip arthroplasty is defined
as the most appropriate treatment for displaced (grade
II1/1V) fractures (4).

Especially in younger people, surgeons are man-
dated to pay close attention to preservation of the
femoral head, in order to restore functional anatomy as
much as possible. This goal is quite simple to achieve
when the fracture is not displaced, in fact internal
fixation (IF) has obtained global consensus for the
treatment of stages I and II. On the other hand, for
displaced femoral neck fractures an appropriate reduc-
tion with IF is more challenging and there is sufficient
agreement between surgeons that hip arthroplasty
should be the surgery of choice (5, 6).

Internal fixation of femoral neck fractures with
cannulated screws is a minimally invasive procedure
that allows the respect of patients’ anatomy, the pres-
ervation of native hips and an early rehabilitation
(Figure 1). When it is well performed, patients can
avoid hip replacement and all its major complications
such as infections, dislocations and revision surgery.
condition

Nevertheless, many factors can

mid-term and long-term results of this procedure,

first of all the particular vascularization of femoral
head which is a terminal type one: if vascular supply
is disrupted during trauma, avascular femoral necrosis
(AVN) will have more chance to develop (7). Frac-
tures involving the femoral neck also have different
biomechanical patterns: the inclination of the fracture
line defines balance between compression forces and
shear stress at the fracture site itself, according to the
Pauwels classification. This factor can influence the
process of fracture healing.

All these fracture-related elements, combined
with patient-related factors, contribute to success or
failure of the internal fixation and to determinate the
onset of its possible complications like avascular ne-
crosis with femoral head collapse, non-union and loos-
ening. If they occur, the outcome inevitably gets poorer
and chances of a reintervention increase, with conse-
quent lower quality of patients’ life.

In this study we analyze fracture characteristics,
appropriateness of reduction and fixation, comorbid-
ity, complications, and functional outcome for a group
of people younger than 70 years, who have undergone
internal fixation with three screws for femoral neck

Figure 1. A transcervical fracture of the femoral neck (A) treated with closed reduction and fixation using three cannulated screws,
anteroposterior (B) and inguinal view (C).
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fractures. The purpose of the work is to establish if,
with an accurate pre-operative evaluation, surgeons can
predict success or failure of fixation in order to reduce
the eventuality of a complication or a reintervention.

Materials and methods

This single-center retrospective study was per-
formed in accordance with the ethical standards laid
down in the 1964 Declaration of Helsinki and its later
amendments. This retrospective study did not require
ethical approval since it involved only routine clinical
follow-up and radiographic examination. All patients
gave their written consent.

Our study consisted of a review of all the patients
who were treated with screw fixation due to femoral neck
fractures between January 2011 and December 2020.

For each patient we collected data regarding their
age at surgery, gender, weight in kilograms and height
in centimeters. These two latter were used to calculate
each patient’s Body Mass Index (MBI). In order to
investigate the effect of potential prognostic factors
that could affect bone healing and femoral head vas-
cularization, we evaluated whether cases did a regular
use of tobacco (consisting of at least one cigarette per
day on average) or corticosteroids before and after sur-
gery. With the same aim, we reported all those cases
who were diagnosed with diabetes mellitus at the mo-
ment of their hospitalization. X-rays of the affected
hip and of the pelvic region as a whole were used not
only to make diagnosis of medial fracture of the proxi-
mal femur, but also to classify the fracture according
to both Garden and Pauwels classifications and assess
the pre-operative Garden Index of the contralateral
femoral neck.

Time between radiographic diagnosis and sur-
gery, calculated in hours, was recorded for each case.

Surgery was performed placing the patient supine
on a fracture table for closed reduction. Reduction was
achieved by pulling the affected limb in the direction
of its long axis in order to distract the fragments and
regain length. Slight internal rotation was added in
order to achieve a more correct reduction of the frac-
ture and better expose the trochanteric region during
the intervention. Once these maneuvers were carried

out, antero-posterior and lateral view X-ray images
were acquired to confirm a proper reduction had been
achieved. Using a percutaneous approach to the tro-
chanteric region, 3 parallel wires in an inverted triangle
configuration were introduced from the lateral subtro-
chanteric surface towards the apex of the femoral head.
Finally, bone was drilled using the wires as a guide and
screws were introduced over these latter. The whole
procedure is performed under fluoroscopic guidance
and both antero-posterior and lateral view X-ray im-
ages were acquired at the end of the surgical interven-
tion. Post-operative X-rays were used to calculate the
Garden index of the treated femur but also the angle
between the screws’ main axis and the one of the femo-
ral shaft. Gradual and progressive weight bearing was
allowed since the first days after the intervention; total
weight bearing was attained within one month.

In the month that came after surgery, follow-up
consisted of serial office visits, clinical evaluations and
X-ray images. Particular attention was given to the on-
set of symptoms or radiological signs that could be at-
tributable to the outbreak of avascular necrosis of the
femoral head . Cases who developed necrosis were re-
corded and the time between surgery and diagnosis was
calculated. The same approach was applied for mechan-
ical issues or any major complication that could be at-
tributable to the implant of the three cannulated screws.

Functional outcomes were assessed using the
Harris Hip Score. For those who did not suffer from
necrosis, we recorded each patient’s score at their latest
clinical evaluation. For those cases who had necrosis
and therefore underwent further surgery with total hip
replacement, the attributed score was the one they had
in their last office visit before THA.

Statistics

Statistical analysis was performed using Stata SE
13 (StataCorp LLC, College Station, TX). Statistical
significance was set at 0.05 for all endpoints.

The Fisher exact test was used in order to evaluate
whether cases who used to make regular use of tobacco
before the fracture had a significantly higher tendency
to develop avascular necrosis of the femoral head after
surgery. The same test was used to assess if grade 3
fractures according to the Garden classification or type
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3 fractures according to the Pauwels classification had
a significantly higher risk of post-operative AVN. We
also subdivided our population in two groups: those
who developed AVN and those who did not. T-student
tests were performed comparing groups’ BMI, surgical
delay and differential Garden Index before and after
surgery, trying to understand if these three variables
differed from one group to the other.

Pearson correlation tests were used to evaluate if
there was a linear correlation between post-operative
functional outcome, assessed with the Harris Hip
Score, and pre-operative factors such as patients’ BMI

or surgical delay.

Results

74 patients who suffered from femoral neck frac-
ture were treated with screw fixation between January
2011 and December 2020. They were 35 males and 39
females, with a mean age at surgery of 55.7 (22-70)
years. Mean height and weight in our population were
171cm (154-192) and 68kg (44-94) respectively, while
the average BMI was 23.1 (18-33). 19 cases (26%)
were smokers, whereas the remaining 55 (74%) were
not habitual smokers. 4 patients (5%) were affected by
type II diabetes mellitus, while 8 patients (11%) were
under corticosteroid treatment when fracture occurred.

Femoral neck fractures were classified accord-
ing to the Pauwels classification as follows: 16 (22%)
type 1, 42 (56%) type 2 and 16 (22%) type 3 fractures.
According to the Garden classification, fractures were
grade 1in 23 cases, grade 2 in 37 and grade 3 in the re-
maining 14. All those cases who had a grade 3 fracture
at the moment of their hospitalization were success-
fully reduced intra-operatively, reaching a grade 2 con-
formation. The mean Garden index of the contralateral
proximal femur was 168.9 (126-188).

On average, surgery was performed 29.7 (2-96)
hours after the diagnosis of fracture. Screws were placed
with a mean angle of 134.2 (122-152) degrees with the
main axis of the femoral shaft. After surgery, the mean
Garden index of the treated femur was 168.1 (148-180)
degrees. The mean variation between pre-operative and
post-operative Garden index was 5 (0-26) degrees. The
mean follow-up was 58.3 (13-134) months.

Only 1 case (1.3%) showed radiographic signs
of aseptic loosening and, since the fracture had al-
ready reached complete healing, a prompt removal of
the three screws could be carried out without further
complications or negative effects on the patient’s func-
tional results. The rest of our patients did not show
any other major mechanical complication attributable
to the implant of the three cannulated screws. One
other case was found with a non-union of the bone
segments despite the implant of the screws.

Through their post-operative intercourse, 9 of our
74 patients (12%) developed avascular necrosis of the
femoral head. Time from surgery to the diagnosis of ne-
crosis ranged from 3 to 50 months. The necrosis-free
survival in our population was 91.9% after 1 year, 90.5%
after 2 years and 87.8% after 5 years (Fig. 2). At the mo-
ment of diagnosis, necrosis implied hip pain and a re-
marked functional impairment, with a mean Harris Hip
Score of 62.7 (40-92). For those who did not develop
avascular necrosis, the mean Harris Hip score was 93.3
(62-100). The mean post-operative Harris Hip Score in
our whole population was 89.5 (40-100).

Cases who made regular use of tobacco were ex-
posed to a significantly higher risk of post-operative
avascular necrosis of the femoral head (p=0.007). Fur-
thermore, cases who developed necrosis had a signifi-
cantly higher Body Mass Index compared to the rest of
our population (p=0.043). The BMI also had a signifi-
cant direct correlation with the post-operative Har-
ris Hip Score: on average, the higher the index is, the
lower the post-operative functional score came to be
(p=0.001). In light of these results, in our population
BMI played a prognostic role both in terms of avascu-
lar necrosis and post-operative functional results.

We could also verify that cases who suffered from
necrosis had significantly longer surgical delay (expressed
as the time gap between radiographic diagnosis of frac-
ture and surgical intervention) compared to those who
did not develop such a complication (p=0.043). Moreo-
ver, we could unveil an inverse correlation between surgi-
cal delay and post-operative Harris Hip Score (p=0.048).
Early intervention therefore seems to play a positive
prognostic role, reducing the risk of necrosis and maxi-
mizing the post-operative functional outcome.

Our results also suggest that the grade of
intra-operative reduction may represent another
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prognostic factor. In fact, those who developed AVN
had a significantly higher differential between their
pre-operative and post-operative Garden indexes com-
pared to those who did not develop necrosis (p=0.019).

Screw angle did not vary significantly between
those who did and did not develop AVN after our in-
tervention (p=0.181).

Radiographic presentation of fractures and an-
amnestic factors for cases who had and had not avas-
cular necrosis of their femoral head are summarized
in Table 1.

In our population, the difference between
pre-operative and post-operative Garden Index was
significantly higher in those cases who later developed
necrosis of their femoral head (p=0.019).
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Still correlating pre-operative X-rays and clini-
cal outcomes, necrosis rate was higher for patients
who had grade 3 fractures according to the Garden
classification. In fact, necrosis was developed by 27.2%
of this subpopulation, whereas its prevalence in the
rest of our cases was only 10%. However, although this
difference may suggest an increased risk of necrosis
for grade 3 fractures, the size of our population did
not furnish enough statistical significance to firmly
prove this association. Similarly, in our cases Pauwels
type 3 fractures had a higher risk to develop avascular
necrosis of the femoral head (23%) compared to the
other types of fracture (10.3%), even though it was not
possible to demonstrate statistical significance for our

endpoints (Fig. 3).
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Figure 2. Kaplan-Meier curve that describes the necrosis-free survival in our whole population.



Acta Biomed 2023; Vol. 94, N. 1: ¢2023013

Table 1. Our cases, divided on the basis of post-operative di-
agnosis of Avascular Necrosis (AVN), with their radiographic
presentation and anamnestic characteristics.

Cases who
developed Cases who did not
AVN develop AVN
Number 9 65
Garden Class.
Grade 1 3 (33%) 20 (31%)
Grade 2 3 (33%) 34 (52%)
Grade 3 3 (33%) 11 (17%)
Pauwels Class.
Type1l 2 (22%) 14 (22%)
Type 2 4 (44%) 38 (58%)
Type 3 3 (33%) 13 (20%)
Garden Index 9.7 (4-14) 5.0 (0-26)
Differential
Mean Screw Angle 133.8 136.9 (128-148)
(122-152)
Smokers 6 (67%) 13 (20%)
Diabetes 1 (11%) 3 (5%)
Steroid Ther. 2 (22%) 6 (9%)
MEAN BMI 24.3 22.8
Surgical Delay 33.7 29.0

Discussion

Internal fixation of femoral neck fracture with
three screws is a minimally invasive surgical proce-
dure: following an external reduction operation, three
cannulated screws are inserted with a percutaneous
technique. Risks connected to surgery are reduced as
compared to hip arthroplasty, since bleeding is mini-
malized, and the procedure is shorter. The main advan-
tage of internal fixation is the possibility to preserve
the femoral head and avoid arthroplasty with its pos-
sible complications, maintaining the native hip and
therefore, especially for young people, supporting high
functional requests.

However, the outcome of patients treated with
internal fixation with cannulated screws is not always
positive. This surgical option can present some compli-
cations such as avascular necrosis of the femoral head,
non-union at the fracture site and screw loosening.
When they occur, patients usually complain of hip pain
and difhiculty to carry out their everyday activities; in
these circumstances, a reintervention is usually needed.

We selected different factors that, in our opin-
ion, could influence the future outcome of internal
fixation with three cannulated screws (CS). Success

FRACTURE TYPES AND AVASCULAR NECROSIS RATIO
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Figure 3. Graphic distribution of avascular necrosis (AVN) sorted for fracture type according to both Garden and Pauwels

classification.
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or failure could be a result of - among the others -
fracture-related factors like the degree of displacement
expressed by Garden’s classification, and the orienta-
tion of the fracture line according to Pauwels. We also
analyzed the possible association between complica-
tions of IF with CS and patient-related factors such
as diabetes, obesity, addiction to smoking alongside
surgery-related elements like the timing between di-
agnosis of fracture and surgical treatment, and the res-
toration of Garden Index.

The AAOS evidence-based guideline express
a dichotomy of treatment of femoral neck fracture
in the elderly based on the displacement of femoral
head, proposing internal fixation for non-displaced
fracture exclusively (Stage I-II of Garden classifica-
tion), and hemiarthroplasty (HA) or total hip arthro-
plasty (THA) for displaced fracture (Stage III-IV) (4).
However, at the moment literature is not clear about
surgical management of displaced fractures in younger
people and there is no global consensus on preferring
HA or THA for stage III and IV. Tseng et al. in their
meta-analysis found that there isn't any difference in
mortality between osteosynthesis and arthroplasty for
displaced fractures but osteosynthesis has a higher re-
vision rate (8). Heetveld at al.’s review confirms that
revision is less likely to be necessary with primary ar-
throplasty, but internal fixation seems to be associated
with lower morbidity and lower early mortality rates
compared to HA or THA. Failure and revision rate
of osteosynthesis is about 40% at 80 years or more,
but there is no sufficient evidence about preferring one
treatment or the other in younger people. Although
the same authors affirm that internal fixation should
be avoided in patients with osteoarthritis or rheuma-
toid arthritis, it is unquestionable that this approach,
if performed with an acceptable reduction, leads to a
number of advantages also for displaced neck fractures
in those patients that can tolerate the risk and the pos-
sibility of a revision (9).

In our analysis we found a higher rate of avascular
necrosis and revision surgery in patients with displaced
femoral neck fractures. In fact, this complication was
developed by 21,4% of cases with grade III of Garden
fractures, whereas only 10% of non-displaced fractures
progressed in necrosis. However, the assertion was not
statistically significant due to the small size of the pop-
ulation of our study.

Pauwels classification analyzes the angle between
fracture line and the horizontal line identifying three
grades in which the distribution of compression forces
and shear stress changes. The vertical orientation of
fracture line (grade III) was frequently correlated to
the probability of developing non-union because of
the prevalence of shear forces at the fracture site that
can lead to displacement and varus collapse. In 1998,
Parker and Dynan’s study didn't find any difference in
union rate between vertical and transverse fractures
surgically treated with a good reduction and a stable
synthesis [10]. Liporace et al. in 2008 reiterate the
importance to obtain an excellent reduction avoiding
varus displacement and the relevance of proper place-
ment of the screws. In their case series of 76 patients
with Pauwels I1I fracture treated with internal fixation
they found a non-union rate with implant failure that
ranged from 9 to 18%, despite the good quality of re-
duction and fixation and the prevalence of young peo-
ple in the cohort. Therefore, in contrast to Parker and
Dynan, they underlined that Pauwels III fractures can
be challenging because the prevalence of shear forces
can condition final results of treatment (11).

In a review of literature about Pauwels classifica-
tion in 2016, the authors admitted that, for displaced
vertical fractures, the risk of non-union and necrosis
increases. Authors focused on the still unsolved but
important problem of investigating an ideal construct
of fixation in order to maintain an appropriate reduc-
tion when shear forces act to displace the fracture (12).

In our analysis we didn’t find any case of non-union
in Pauwels III fractures, so deducting that good re-
duction and stable fixation have been achieved. Like
displaced fractures (Garden III), also vertical fractures
developed avascular necrosis with double incidence if
compared with horizontal fractures (20% to 10%). But,
also for this parameter, our population was too small
to deduce a significant statistical value from this data.

Vascularization of the femoral head originates
from lateral and medial circumflex arteries, with a mi-
nority contribution by the obturator artery through
the round ligament. In case of a femoral neck fracture,
a partial or total disruption of terminal intracapsular
vessels can occur, predisposing to avascular necrosis of
the femoral head that remains ischemic until reduc-
tion is achieved. The grade of urgency with which
internal fixation of femoral head fractures has to be
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performed is still controversial in literature. The ideal
timing between fracture diagnosis and surgery has not
been defined yet. Some authors sustain the importance
of early treatment, within 6 to 24 hours, which has the
objective of an early restoration of blood flow to the
femoral head reducing the future risk of avascular ne-
crosis (13). This assertion has been denied by other dif-
ferent studies that didn’t find any difference in necrosis
rate between patients treated with early reduction and
patients undergone delayed treatment (11, 14, 15).

In a recent review and meta-analysis, the authors
evaluated non-union rate and avascular necrosis rate
in patients sorted in three groups based on a specific
timing of intervention (within 6, 12 and 24 hours from
diagnosis), thereby comparing early and delayed treat-
ment. The incidence of complications was the same
for both early and delayed surgical intervention, cor-
roborating the idea that no statistically significant cor-
relation exists between surgical timing and the future
onset of femoral head necrosis (16). In our analysis,
although no chi-square test could indicate a proper
end-point for surgical timing, a t-student test testified
that cases who later developed avascular necrosis had
a significantly higher mean diagnostic delay compared
to the rest of our population.

Appropriateness of intraoperative reduction and
fixation of femoral neck fractures can be evaluated
calculating the Garden alignment index, or rather the
angle of the compression trabeculae related to the lon-
gitudinal axis of the femoral shaft. If the angle is be-
tween 155° and 180°, anatomical reduction has been
achieved; otherwise, if the measurement falls outside of
this range the risk of avascular necrosis increases (17).
For each patient we assessed the value of Garden Index
before fracture from the contralateral femur and post-
reduction (18). Through a t-student test we observed
that the mean differential between pre-operative and
post-operative Garden Indexes was significantly higher
in those patients that developed AVN: the more final
reduction is close to the anatomical structure of native
hip, the less future complications are probable. This as-
sessment corroborates the thesis that a more anatomi-
cal reduction decreases risk of AVN therefore surgeons
must always attempt to obtain it.

For each patient of our cohort we investigated
comorbidities, in particular obesity and diabetes, and

whether they made or not regular use of tobacco.
We found that almost all the patients which devel-
oped avascular necrosis presented at least one of the
above-mentioned associated factors, regardless of
Garden and Pauwels grade. Particularly, the regular
use of tobacco in our patients seems to be strictly re-
lated to the onset of post-operative osteonecrosis, also
in non-displaced fractures and in absence of other
comorbidities.

According to the data of our population, a high
Body Mass Index also seems to have a correlation with
avascular necrosis especially if summed up with grade
3 of Pauwels or Garden. Obesity was also associated
with poorer Harris Hip Score in follow-up.

In our opinion, recent literature lacks a large num-
ber of studies verifying the connection between smoke,
obesity and diabetes with failure and complications of
internal fixation of femoral head fractures. However,
studies have been carried out in order to analyze asso-
ciation of tobacco with avascular necrosis and delay in
fractures healing in general. Chassanidis et al. under-
lined the role of tobacco in the expression of BMP-2
and BMP-6, involved in promotion of terminal dif-
ferentiation in osteoblasts. In smokers’ periosteal cells,
the genic expression of BPM decreases; consequently,
they have an increased risk of delayed healing and
non-union of fractures (19). Furthermore, the nega-
tive influence of smoking on bone healing has been
confirmed in a wide review of literature conducted in
2021 (20).

In our records we found the only case of non-union
in a smoker patient with a grade II of Pauwels hip frac-
ture and no other risk factors associated.

Wen et al. in 2017 published a meta-analysis in
which they showed that current smokers and former
smokers have a greater risk to develop avascular ne-
crosis of femoral head than non-smokers (21). In an
animal study Chang et al. demonstrated that inhala-
tion of smoke interferes with expression of VEGF
and angiogenesis in the early phases of bone healing,
leading to delayed fractures union (22). The arrest of
angiogenesis in patients with hip fracture could act
on a disadvantaged substratum because of the prob-
able disruption of blood supply to the femoral head.
Therefore, the action of tobacco intensifies the vascular
damage and impedes the attempts of flow restoration
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and fracture healing, leading to increased probability
of avascular necrosis and non-union, as confirmed by
our records.

The link between obesity and bone metabolism,
for its part, has been widely studied. In obese people
serum level of vitamin D are lower than in normal
weight people. If 25(OH)D decreases, serum level of
PTH increases, leading to a negative result on corti-
cal bone mineralization. Obesity also plays a role in
type-II-diabetes-related bone disease, along with in-
sulin resistance and hyperinsulinemia which can have
adverse effects on femoral neck strength (23). High
body weight increases shear stresses at the fracture
line; especially in case of vertical lines (Pauwels IIT),
the displacement forces of overweight cases are con-
siderable and complications like nonunion and avascu-
lar necrosis are therefore more probable (24).

In conclusion, we are aware that in everyday prac-
tice surgeons use to consider Garden and Pauwels clas-
sification as the more significant parameters to evaluate
for choosing the best treatment in younger people.
Alongside these fundamental considerations, the quality
of reduction and fixation must not be underestimated. In
parallel, during the decisional process, surgeons should
also take into consideration patients-related factors like
weight and in particular the use of tobacco which - as
our study shows - can play an important role in deter-
mining fracture healing, the incidence of complications
and patients’ functional outcome.
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