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INTRODUCTION

About 50% of all fractures around the hip are fractures of the neck of the femur. The incidence 
of hip fractures is between 40–50% for females and 12–22% for males worldwide.[1] Increased 
incidence of osteoporosis, age-related eyesight loss with poor neuromuscular coordination, 

ABSTRACT
Objectives: Controversy exists in the management of neck of femur fractures. Insufficient reduction, unstable 
fixation, and poor–quality osteoporotic bone result in complications. This study was conducted to evaluate the 
functional and radiological outcomes of femoral neck fractures managed by the biplane double-supported screw 
fixation (BDSF) technique in the South Indian population, which is predominantly short profile.

Methods: A prospective study was conducted among subjects aged (18–60  years) with femoral neck fractures 
over 2 years. All participants underwent fixation with the BDSF technique. Patients were followed up regularly 
for 12 months postoperatively. Harris hip score and radiological assessment were assessed. Complications such as 
screw backout, implant failure, and avascular necrosis (AVN) were assessed during the follow-up.

Results: Of the 60 patients, 43 (71.7%) were males and 17 (28.3%) females. The mean age was 44 ± 11.2 years. 
Pair-wise post hoc test was statistically significant (P < 0.001). Harris hip scores decreased with the patient’s age 
increasing. The radiological union was noted in 49 cases. Eleven (18%) cases had non-union. Seven (11%) had 
AVN of the femoral head, four (6%) had screw backout with varus collapse, and 3 had (5%) varus mal-reduction.

Conclusion: The functional outcomes of femoral neck fractures managed by the biplane BDSF technique were 
excellent. This technique was a safe, viable, and cost-effective option for neck of femur fractures in old and 
young populations. Further comparative studies and randomized control trials would be beneficial in providing 
evidence.
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lifestyle changes, sedentary behavior, and greater life 
expectancy have caused an upsurge in the frequency of these 
fractures.[1-3] Most fractures in the neck of the femur are 
due to low-energy mechanisms in elderly or osteoporotic 
individuals. In contrast, these fractures are often associated 
with high-energy mechanisms in the younger population.

The primary aim of treating such fractures is to restore 
function with minimal morbidity. There are various methods 
to treat femoral neck fractures, such as triangle screw 
fixation, inverted triangle screw fixation, dynamic screw 
fixation, hemiarthroplasty, as well as a total hip replacement 
depending upon the age, condition of the bone, the 
displacement of fracture in the subject, time since fracture 
and surgeon’s choice.

While late avascular necrosis (AVN), which can range from 
9% to 32%, depends on a variety of biological and surgical 
variables, fixation failure, which can range from 9% to 30%, 
is mostly caused by inadequate hold of screws in osteoporotic 
bone.[3-7] Fixation failure might be reduced by enhancing the 
internal fixation construct’s main stability. Osteosynthesis 
treatment problems are caused by inadequate reduction, 
unstable fixation, and osteoporotic bone.

The three cancellous screws commonly used today to fix 
the femoral neck in a parallel fashion act along the femoral 
neck axis, which leads to unsatisfactory outcomes in 20–
42% of cases.[1,2,5,8] Conventional screw fastening methods 
have a significant failure rate due to several biomechanical 
problems.[8-10] The structure is not stable under varus stress, 
there is no sliding action, and three parallel screws cannot be 
positioned when the screws’ entrance site is shifted into the 
robust diaphyseal cortex. The three cancellous screws used 
in conventional femoral neck fixation enter at or very close 
to the greater trochanter’s fragile, thin cortex. These screws 
are placed parallel to the axis of the neck of the femur and to 
each other. Even without cortical reinforcement, the screws 
are frequently inserted into the brittle cancellous bone at the 
axis of the femoral neck. The implant behaves like a static 
beam on an elastic basis, as with conventional techniques, 
since there are not two strong supporting points. The soft 
cancellous bone implements the elastic base. The evolving 
concepts and techniques have led to a continuous debate 
on how to handle these fractures.[11-15] The major causes of 
treatment issues include inadequate reduction, unstable 
fixation, and osteoporotic bone stock.[14-16]

BDSF is a recently developed innovative technique that 
offers better cortical screw support and greater fixation 
strength.[8-10] Three cannulated screws may be positioned 
with entry sites significantly farther out inside the thicker 
cortex of the proximal diaphysis according to the idea of 
biplane placement, which enhances their beam function and 
cortical support.

As per Sengodan et al., the anatomical variables of the hip 
joint, such as neck shaft angle, neck width, head diameter, 
acetabular angle, horizontal offset, and vertical offset, in 
the Indian population differ from those of the Western 
population.[17] In their study, they also mentioned differences 
amongst the Indian population based on the different regions 
to which the study population belonged. This diversity makes 
it challenging to reproduce similar results of fractures in the 
neck of femur fixation across various populations.

The study aimed to assess the functional and radiological 
results of fixing a neck femur fracture using the BDSF 
technique. Due to the lack of knowledge about the 
aforementioned approach in the South Indian population 
and the paucity of literature on it, this study was taken up.

MATERIALS AND METHODS

This prospective study was done in a tertiary care center 
between 2020 and 2022. Institutional ethical approval was 
obtained. The following patients were included.

Inclusion criteria and exclusion criteria

Garden type 1 and fractures of the femur neck in those above 
18 years of age and Garden type 3 and 4 with age between 
18 and 60  years of age were included whereas fractures 
presenting late (>1 week), associated fractures of lower limbs, 
neck of femur fracture with established osteoarthritis hip, 
and neck of femur fracture with failure of osteosynthesis 
were excluded.

Patient’s general details were collected from the hospital 
records using a proforma. Patients with neck or femur 
fractures fulfilling the inclusion criteria underwent BDSF 
by a single surgeon. Post-operative follow-up was done at 
1, 3, 6, 9, and 12  months. The functional outcome of each 
participant was evaluated using the Harris hip score (HHS) 
and three crucial indicators for independent living: pain 
relief (good, poor), mobility (good, poor), and the ability to 
put on socks and shoes (easy, difficult), which were assessed 
both physically and verbally. Post-operative radiographs were 
used to assess the quality of reduction, union, screw position, 
screw complications like backout, breakage, osteolysis, and 
signs of non-union or AVN.

Operative technique

All participants underwent fixation with the BDSF technique 
for femoral neck fractures using three 6.5  mm cannulated 
cancellous screws. The anatomical reduction was achieved 
by traction, internal rotation, and slight abduction. It was 
confirmed with Gardens’ alignment index and Lowell’s S lines 
in AP and lateral views under fluoroscopic assistance. Joystick 
manipulation was done to aid reduction whenever needed. 
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A straight lateral incision of 6–10 cm beginning below the level 
of the greater trochanter was made. The 6.5  mm cannulated 
cancellous screws are positioned in the frontal plane at a 
significantly increased angle using the BDSF technique. The 
distal and middle screws are in tangential contact with the 
femoral neck cortex distally. All three screws are positioned 
in two vertical oblique planes (in lateral view). The two planes 
are oblique with respect to the frontal plane and diverge in 
the direction of the femoral head. The dorsal oblique plane is 
where the distal screw is placed. The ventral oblique plane is 
where the middle and proximal screws are put.

Off the three screws, the guide wire for the distal screw is first 
placed with an entry point which is about 5–7 cm distal to 
the base of the greater trochanter and slightly anterior on the 
femoral cortex. The guide wire is placed such that it makes an 
angle of about 150–160° with the femoral shaft. The direction 
of the wire is anteriorly at the distal end and goes posteriorly 
at the proximal end (sharp end of the guide wire). The wire 
will be in the posterior aspect of the femoral head in the 
lateral view.

The second guide wire is the middle one. This guide wire 
entry point is about 2–4 cm proximal to the distal wire and 
posteriorly placed on the femoral shaft. This wire makes an 
angle of about 130–140° and is directed posteriorly at the 
distal end and goes anteriorly at the proximal end (sharp end 
of the guide wire). The wire will be in the anterior one-third 
of the femoral head in the lateral view.

The proximal-most guide wire is placed last. This guide wire 
entry point is about 1–2  cm proximal to the middle guide 
wire and is in the posterior aspect of the femoral shaft. This 
guide wire should be parallel to the middle guide wire in 
both antero-posterior and lateral views. The guide wire will 
be placed anteriorly in the femoral head in the lateral view. 
After satisfactory placement of the guide wires, the proximal 
and middle screws are first placed, followed by the distal and 
inferior most screws [Figure 1a-c].

Data analysis: The data from MS Excel were entered into 
Jamovi for analysis. The Harris hip scores of the patients 
assessed at various intervals of the post-operative period 
were not found to follow normal probability distribution (as 
observed by the Kolmogorov–Smirnov test). However, the 
age distribution of the patients followed normal probability 
distribution. Hence, descriptive statistics were presented as 
mean, standard deviation, median, and interquartile range. 
The Friedman test was used to assess whether repeated 
measures of the HHS differed significantly among the patients 
during various assessment intervals in the post-operative 
period. Post hoc analysis of pair-wise analysis was done using 
the Durbin–Conover test. The Mann–Whitney U-test was 
used to test whether the HHS differed significantly among 
males and females at a particular time interval in the post-
operative period. Karl Pearson’s coefficient of correlation was 
used to find the correlation between the ages of the patients 
and their HHS at various periods of assessment during the 

 Figure  1: (a) Line diagram showing the fractured neck of the femur and the passage of 1st  guide 
wire (inferior and posterior) in both anteroposterior and lateral views. (b) Line diagram showing 
the fractured neck of the femur and the passage of 2nd  and 3rd  guide wire in both anteroposterior 
and lateral views. (c) Line diagram showing the fractured neck of the femur fixed with 3  6.5  mm 
cannulated cancellous screws.

c

ba



Middha, et al.: BDSF for fracture neck femur fixation

Journal of Musculoskeletal Surgery and Research • Article in Press | 4

post-operative period. A P < 0.05 was taken as a statistically 
significant association.

RESULTS

Of the 60 patients in this study, 43 (71.7%) were males and 
17  (28.3%) were females. The mean age of the patients was 
44 ± 11.2 years, ranging from 24 to 64 years.

Functional outcome

In the present study, the mean functional outcomes at 
1  month and 3  months were 43.5 and 58.9, respectively, 
which improved as the follow-up duration increased. At 
6  months, the mean functional outcome was 75.48; at 
9  months, 84.52  and at 12  months, the functional outcome 
was noted to be 91.15, which falls into the excellent category.

The HHSs were found to significantly increase among the 
patients at every time interval of assessment during the 
post-operative period (P < 0.001). Pair-wise post hoc test was 
statistically significant with P < 0.001 [Table 1].

The distribution of the median HHS among the patients 
with intra-capsular fracture neck of the femur during 
various intervals of the post-operative period (n = 60) was 
analyzed. The median HHS was found to increase among 
the patients at every time interval of assessment during 
the post-operative period [Figure  2], which indicated that 
the patient’s functional outcomes were improving at every 
interval of post-operative follow-up.

The HHSs did not significantly vary with the patient’s sex 
during the various assessment intervals in the post-operative 
period [Table 2].

The HHS was found to decrease with the increasing age of the 
patients. This negative correlation between ages and the HHS 
of the patients was significant at the assessment done at the 
end of the 3rd month (r = −0.216, P = 0.022) and at the end 
of the 12th month of the post-operative period (r = −0.259, 
P = 0.046) among the patients [Table 3].

No significant difference was found between results and males 
and females or between people of different age brackets. In the 

study, 93% had good pain relief and 7% had poor pain relief. In 
the study, 90% had good mobility and 10% had poor mobility.

Radiological outcome

The radiological union was noted in 49 (81%) cases. Eleven 
(18%) cases did not go on to unite, which further needed to be 
converted to hemiarthroplasty/total hip arthroplasty. Seven 
patients (11%) had AVN of the femoral head, four patients 
(6%) had screw backout with varus collapse, which did not 
unite, and three patients (5%) had varus mal-reduction but 
went on to unite [Figures 3 and 4].

DISCUSSION

With the increase in the aging population, the incidence 
of femoral fractures is rising worldwide. It is a common 
practice to fix the femoral neck with three cancellous screws 
placed parallel to the femoral neck axis and parallel to one 
another. However, studies have shown that in 20–42% of 
cases, these procedures fail to provide good results and are 
biomechanically weak when loading happens across the 
joint.[18,19] The BDSF technique makes use of the idea of 

Table 1: Distribution of the HHSs among the patients with intra-capsular fracture neck of the femur during various intervals of the 
post-operative period.

Time interval of assessment 
during the post‑operative period

No. of participants HHSs Friedman test value P‑value
Median IQR (Q1, Q3)

1st month 60 42.4 (34.4, 51.9)
3rd month 60 58.7 (48.3, 68.3)
6th month 60 77.9 (68.9, 82.9)
9th month 60 84.0 (79.1, 89.0)
12th month 60 92.5 (87.3, 95.1) 233.5 <0.001
HHS: Harris hip score, IQR: Inter quartile range

Figure  2: Distribution of the median Harris hip score among the 
patients with intra-capsular fracture neck of the femur during 
various intervals of the post-operative period (n=60).
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a biplane arrangement of three screws at an acute angle to 
overcome problems with the conventional method. The 
patient’s bone quality is of least concern since the two firm 
implant supporting sites and their oblique location enable the 
body weight to be safely transferred from the head fragment 
onto the diaphysis. Due to their location, the screws may 
glide under tension with less risk of being displaced. In terms 
of fracture consolidation, the results obtained with the BDSF 
approach are significantly better than those obtained with 
traditional fixation techniques.

The BDSF approach provides accurate fixation, prompt 
recovery, and outstanding long-term results. Being 

biomechanically more stable, they allow early weight 
bearing when compared to conventional screw fixation 
techniques.[20,21] The factors which make BDSF more 
biomechanically stable are as follows:
1. The angle of the screws and the purchase of the screws in 

stronger distal cortical bone.
2. The screws are spaced out widely over the lateral cortex 

of the proximal femur reducing the screw density and 
distributing the stress and load over a larger area. In 
conventional screw technique, three-four screws are 
placed in a smaller area owing to increased stress/load 
at a specific area, which may result in iatrogenic fracture. 

Table 2: Association between sex of the patients with intra-capsular fracture neck of femur and the HHSs during various intervals of the 
post-operative period (n=60).

Time interval of assessment 
during the post‑operative period

Sex No. of participants HHSs Z‑value P‑value
Median IQR (Q1, Q3)

1st month Males 43 40.5 (33, 50)
Females 17 50.7 (40.1, 57.3) 1.838 0.066

3rd month Males 43 58.5 (47.2, 69)
Females 17 59.8 (54.3, 66.2) 0.599 0.549

6th month Males 43 77.5 (66, 83)
Females 17 78.0 (69.5, 82.8) 0.459 0.646

9th month Males 43 82.5 (78.9, 88.5)
Females 17 86.6 (82, 91.6) 1.444 0.149

12th month Males 43 92.5 (86.7, 94.5)
Females 17 92.8 (88.7, 96.5) 1.067 0.286

HHS: Harris hip score, IQR: Inter quartile range

c

a b

d

Figure 3: (a) Radiograph showing left side neck of femur fracture. (b) Immediate postoperative AP 
and lateral radiographs. (c) Six months follow-up radiograph, AP and lateral, showing fracture union. 
(d) One year follow-up radiograph showing good union.
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Figure  4: (a) Radiograph showing right side neck of femur fracture. (b) Immediate postoperative AP and lateral radiographs. (c, d) Six 
months follow-up radiographs, AP and lateral, showing varus collapse of the head and screw back out.

a b

c d

Table 3: Correlation between the age of the patients with 
intra-capsular fracture neck of femur and the HHSs during 
various intervals of the post-operative period (n=60).

Time interval of 
assessment during the 
post‑operative period

Pearson correlation (r) 
between age and HHS 

among the patients

P‑value

1st month −0.216 0.097
3rd month −0.295 0.022
6th month −0.186 0.156
9th month −0.219 0.092
12th month −0.259 0.046
HHS: Harris hip score

Furthermore, in the conventional screw technique, the 
screws are placed more in the metaphyseal cancellous 
region, which is inferior to the distal cortical bone with 
respect to handling stress and load.

3. The position of the BDSF screws permits them to slide 
under loading/stress at minimal risk of displacement.[20,21]

Our results were consistent with the results published by 
other authors [Table  4]. Even though, as per Dhivya and 
Nandhini, the average neck length of the Indian population 
is lesser when compared to the Western population, in a few 
of our cases, the distal screw length measured was more than 
120  mm, which was not readily available in our operation 
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Table 4: Details of various studies on BDSF technique and their outcomes.

Author Total 
Patients

Union Non‑  
union

Average Poor 
HHS

Fair 
HHS

Good 
HHS

Excellent 
HHS

Complications 

Hawam et al[11] 20 18 2 88.6 2 3 6 9 Fixation failure: 2
Filipov,[16] 88 27 61 87.6 10 20 21 37 Screw back out: 1
Sami et al.[23] 27 25 2 94.8 1 1 2 23 AVN: 3

Screw back out: 3
Kalia et al.[24] 25 25 0 81.2 3 4 9 9 Femoral head chondrolysis: 1
Filipov O  
et al.[21]

207 200 7 86.2 24 21 37 125 Pseudoarthrosis: 1
Fixation failure: 5
AVN: 1

Our study 60 43 17 92.5 4 7 20 29 AVN: 7
Screw back out: 4
Varus collapse: 3

BDSF: Biplane double-supported screw fixation, HHS: Harris hip score, AVN: Avascular necrosis

theatre.[22] Due to this issue, a few of our cases had to be 
converted to the conventional technique.

Another challenge we faced was drilling the distal-most guide 
wire tangentially to the distal femoral neck cortex. The strong 
cortical bone tends to deflect the flimsy guide wire, preventing 
its proper placement. Getting the guide wire in the correct 
trajectory is the most crucial step in the BDSF technique. We 
advise the usage of thicker and stronger guide wires to get the 
right trajectory. We overcame this issue using a 2.5 mm thick 
long K-wire instead of a guide wire to get the right trajectory.

Although the BDSF technique provides multiple benefits, 
such as better biomechanical stability and better cortical, it 
also comes with drawbacks, such as difficulty in getting the 
precise arrangement of the guide wires, which at first glance 
may appear challenging but can be learned over time with 
proper attention to the steps of the procedure and planning 
for the surgery. As discussed before, the South Indian 
population’s neck length is smaller compared to the other 
ethnicities, so BDSF can be a good alternative procedure for 
neck of femur fracture fixation. However, in a few patients, 
the availability of screws longer than 120  mm becomes 
challenging, which may result in switching over to the 
conventional fixation technique.

CONCLUSION

The functional outcomes of femoral neck fractures managed 
by the BDSF technique were excellent. The improvement was 
not influenced by age and sex. Most subjects had good union, 
functional scores, and pain-free mobility. BDSF technique 
gives overall satisfactory functional and radiological outcomes.
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