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Abstract
Objective: Femoral neck fracture is one of the most common bone types. The effect of reduction quality
on hip joint function and complications after screw internal �xation is not fully understood. To investigate
the clinical e�cacy and mechanical mechanism of positive buttress, anatomical reduction and negative
buttress in the treatment of femoral neck fracture after cannulated screw �xation.

Methods: Retrospective analysis of patients with femoral neck fracture treated with three cannulated
screws internal �xation in our hospital from January 2013 to December 2018.According to the quality of
fracture reduction, the patients were divided into positive buttress group, anatomical reduction group and
negative buttress group. Basic information such as injury mechanism, time from injury to surgery, Garden
classi�cation and Pauwels classi�cation was collected, Harris scores were performed at 3 months, 6
months and 12 months after surgery, and postoperative complications (femoral head necrosis, femoral
neck shortening and femoral neck nonunion) were collected. At the same time, three groups of �nite
element models with different reduction quality were established for stress analysis, their stress clouds
were observed and the average displacement and stress of the three groups of models were compared. P
< 0.05 was used to represent a statistically signi�cant difference.

Results: A total of 225 cases of unilateral femoral neck fractures were included and followed up for an
average of 4.12 ± 0.69 years. There was no signi�cant difference in age, gender, side, injury mechanism,
time from injury to surgery, BMI, Garden classi�cation, Pauwels classi�cation and follow-up time among
the three groups (P > 0.05).However, there was signi�cant difference in harris score at 6 and 12 months
after operation among the three groups (P < 0.05), which was higher in the positive buttress group and
anatomical reduction group than in the negative buttress group. In addition, the incidence of
osteonecrosis of the femoral head in the negative buttress group (32.2%) was greater than that in the
anatomical reduction group (13.4%) and the positive buttress group (5.4%) (P < 0.05). In addition, the
incidence of femoral neck nonunion and femoral neck shortening in the negative buttress group was also
higher than that in the anatomical reduction positive buttress group (P < 0.05). The �nite element results
showed that the stress and fracture end displacement in the negative buttress group were greater than
those in the positive buttress group (P < 0.05).

Conclusion: Both positive buttress and anatomical reduction in the treatment of femoral neck fracture
with cannulated screw internal �xation can obtain better clinical effect and lower postoperative
complications. Positive brace support and anatomic reduction can limit the restoration of femoral stress
conduction. Therefore, it is not necessary to pursue anatomical reduction too deliberately during surgery,
while negative buttress reduction should be avoided.

Introduction
Femoral neck fracture is one of the most common fracture types, accounting for approximately 54% of
fractures of the entire hip [1].With the increasing aging of the population, the incidence of femoral neck
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fractures is increasing year by year [2, 3].Moreover, due to the rapid development of social economy, high-
energy injuries caused by car accidents and falls from height are increasing, and the incidence of femoral
neck fractures in young and middle-aged people is increasing year by year[4]. Young and middle-aged
patients require joint function activities, so it is necessary to maintain the shape and function of the
original joint through reduction as much as possible [5, 6].One study showed that the incidence of
postoperative femoral head necrosis was 16% [7]. At present, there is still a lack of effective methods to
prevent complications such as femoral head necrosis after femoral neck fracture surgery.

It remains a challenge for the treatment of femoral neck fractures in young adults, especially Pauwels
type III subcapital fractures[8]. The principle of treatment for such injuries is early anatomical reduction
and internal �xation with adequate preservation of the blood supply to the femoral head [9]. Many studies
have repeatedly emphasized that anatomical reduction is the key to smooth fracture healing[10, 11].
However, in practice, complete anatomical reduction is di�cult to achieve, especially with closed
reduction methods. In addition, anatomical reduction has the potential to increase operative time and
surgical trauma, thus affecting later fracture healing[12].In 2013, gotfried [13] proposed a new reduction
method to introduce the concepts of "positive buttress" and "negative buttress." It was preliminarily found
that positive buttress could reduce the incidence of postoperative complications, and this method was
easy to operate and economical and practical. At present, a article has conducted statistical studies on
the differences in the clinical e�cacy of "positive buttress" and "negative buttress", but the number of
included cases is small, and none of them has further analyzed the biomechanical mechanism behind it
[14].Therefore, we speculated that the positive buttress reduction method after femoral neck fracture
surgery can effectively promote fracture healing and reduce complications. This study is divided into two
parts: "positive buttress" clinical e�cacy analysis and �nite element mechanical analysis. The purpose of
this study is to investigate the effect of "anatomical reduction", "positive buttress" and "negative buttress"
reduction on the incidence rate of complications and clinical e�cacy of femoral neck fracture. The
mechanical stability of the three reduction results was also explored by �nite element analysis in order to
provide a reference for clinical treatment of femoral neck fracture surgical reduction.

Materials And Methods
General information

A retrospective analysis of patients with femoral neck fractures treated with internal �xation with three
cannulated screws at LinyiPeople's Hospital from January 2013 to December 2018 was performed.
Inclusion criteria: 1.Aged > 18 to < 60 years old,2.Clinical and imaging diagnosis of unilateral femoral
neck fracture[15], 3. The �rst three cannulated screw internal �xation treatment,4.The patient's medical
records and imaging data are complete, agree to cooperate with the follow-up. Exclusion
criteria:1.Pathological fractures, old fractures and fractures at other sites,2.Receiving non-three
cannulated screw internal �xation,3.Suffering from severe cardiovascular, respiratory and other diseases
can not participate in the operation, 4.Patients with incomplete clinical and imaging data. All patients and
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their families gave informed consent to the treatment protocol, which was approved by the hospital ethics
committee No: Y[2019]108.

Surgical method

All patients were completed by the same surgical team. After the anesthesia (general anesthesia) was
signi�cantly effective, routine disinfection and draping were performed; traction bed was used for
traction, closed reduction was performed under C-arm machine �uoroscopy, a guide wire was implanted
in an inverted triangle parallel calcar about 2 cm distal to the greater trochanter, the skin was incised at
the bottom of the guide wire, the tissue was separated until the periosteum, and then three hollow screws
arranged in an inverted triangle were inserted after turning the hole and measuring the depth.
Postoperative routine antibiotics to prevent infection, get up on the second day after surgery for non-
weight-bearing muscle exercise; bed rest for 2-3 months, followed by crutches partial weight-bearing
walking for 3 months, postoperative regular review of X and MRI to assess fracture healing and
complications.

Grouping

They were grouped according to the quality of postoperative X-ray fracture reduction. Anatomic reduction
group: the alignment between the inner and lower edges of the proximal fracture end and the inner and
upper edges of the distal fracture end was neat without displacement; positive buttress group: the inner
and lower edges of the distal fracture end protruded medially to the inner and upper edges of the
proximal femoral neck fracture end; negative buttress group: the inner and lower edges of the proximal
fracture end protruded medially to the inner and lower edges of the distal femoral neck fracture end[13].

Finite Element Analysis

A 30-year-old healthy male (height: 170 cm, weight: 65 kg) was selected. The CT data of femoral neck
was obtained. The slice thickness was 0.5 mm, the slice distance was 5 mm, the resolution of each slice
was 1024 × 1024 pixels. The generated images were saved in DICOM format. Mimics software and
Geomagic-Studio11 software were used for femoral modeling. A femoral neck fracture with a Pauwels
angle of 50 ° was constructed by Solidworks software, and screw internal �xation was constructed. The
reduction was divided into three groups: anatomical reduction group and negative buttress positive
buttress group. Mechanical analysis was then performed by Abaqus 6.14, and material properties were
assigned: cortical elastic modulus 15100 MPa, Poisson's ratio 0.3; cancellous elastic modulus 44457
MPa, Poisson's ratio 0.22; and screw elastic modulus 20600 MPa, Poisson's ratio 0.3[16].The distal femur
was �xed and three times the body weight was given above the femoral head. Ten points at the top of the
fracture in the three groups of models were taken to measure their displacement; and 10 corresponding
stress points were taken from the distance from the femur to record their stress values(Figure 1).

Primary Outcome Measures
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The postoperative follow-up femoral neck shortening (using the exposed screw measurement method [17],
that is, the neck shortening length = the measured value of the exposed length of the screw rod × the
actual thickness of the cannulated screw cap/the measured value of the thickness of the screw cap) was
compared among the three groups, and the mild, moderate, and severe degrees (mild: 0-5 mm, moderate:
5 -10 mm, and severe: greater than 10 mm), the incidence of nonunion, the incidence of avascular
necrosis of the femoral head, the postoperative hip harris score, and the average displacement and stress
of the femoral neck model were classi�ed according to the degree of shortening.

Statistical analysis

Expressed as x̅±s, the differences between the groups were compared by one-way analysis of variance,
and the SNK method was used for pairwise comparison. Postoperative complications were expressed in%
and chi-square tests were performed. Statistical analysis was performed using SPSS 21.0 software, and
P < 0.05 was considered statistically signi�cant.

Results
General information

A total of 225 unilateral femoral neck fractures were included, and 3 patients were lost to follow-up, with
a mean follow-up of 4.12 ± 0.69 years. There was no signi�cant difference in age, gender, side,
mechanism of injury, time from injury to surgery, BMI, Garden classi�cation, Pauwels classi�cation and
follow-up time among the three groups (P > 0.05), and the studies were comparable (Table 1).
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Table 1
Clinical characteristics of patients in the three groups

Items Groups P-
value

Anatomical reduction
group(n = 82)

Negative buttress
group(n = 62)

Positive buttress
group(n = 78)

Age (years) 42.6 ± 4.33 42.1 ± 4.47 42.3 ± 4.17 0.784

Gender (%)        

Male 48(58.5) 36(58.1) 48(61.5) 0.896

Female 34(41.5) 26(41.9) 30(38.5)

Mechanism of
injury (%)

       

High-energy
trauma

50(61.0) 39(62.9) 49(62.8) 0.962

Low-energy
trauma

32(39.0) 23(37.1) 29(37.2)

Side of fracture        

Left 42(51.2) 30(48.4) 38(48.7) 0.929

Right 40(48.8) 32(51.6) 40(51.3)

Time to surgery
(days)

1.80 ± 0.49 1.79 ± 0.50 1.84 ± 0.48 0.849

BMI 23.9 ± 2.23 23.6 ± 2.45 23.7 ± 2.53 0.779

Garden
classi�cation

       

I 4(4.9) 2(3.2) 3(3.8) 0.980

II 13(15.9) 11(17.7) 14(17.9)

III 35(42.7) 30(48.3) 33(42.3)

IV 30(36.5) 19(25.8) 28(36.0)

Pauwels
classi�cation

       

I 36(43.9) 29(46.8) 34(43.6) 0.618

II 24(29.3) 22(35.5) 22(28.2)

III 22(26.8) 11(17.7) 21(26.9)

Follow-up
duration (years)

4.12 ± 0.69 4.11 ± 0.65 4.13 ± 0.58 0.999
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Comparison of postoperative Harris scores among three groups

Harris scores were measured at 3 months, 6 months and 12 months after screw internal �xation, which
increased gradually in the anatomical reduction positive buttress group, and the difference had statistical
signi�cance (P < 0.05, Fig. 2).There was no signi�cant difference in harris score 3 months after operation
among the three groups (P > 0.05). However, the difference in the harris score 6 months after operation
among the three groups had statistical signi�cance (P < 0.05).The average harris score of the negative
buttress group was 80.6 ± 3.66 points, which was signi�cantly lower than that of the anatomical
reduction group (82.7 ± 3.55) and the positive buttress group (83.1 ± 3.40).There was no statistical
difference between the anatomical reduction positive buttress group and the other groups (P > 0.05).The
harris score at 12 months after operation in the three groups was the lowest in the negative buttress
group, and the difference had statistical signi�cance (P < 0.05, Table 2, Fig. 2).

Table 2
Comparison of postoperative Harris scores among three groups

Groups 3 months 6 months 12 months

Anatomical reduction group(n = 82) 71.3 ± 5.80 82.7 ± 3.55* 85.9 ± 4.14*#

Negative buttress group(n = 62) 72.1 ± 5.59 80.6 ± 3.66* 81.9 ± 2.56*

Positive buttress group(n = 78) 72.0 ± 5.24 83.1 ± 3.40* 85.4 ± 3.74*#

P-value 0.601 0.041 <0.001

* Compared with the harris score of the same group at 3 months after surgery, the difference was
statistically signi�cant (P<0.05). #: Compared with the harris score of the same group at 6 months after
surgery, the difference was statistically signi�cant .

Comparison of the incidence of femoral head necrosis, femoral neck nonunion and shortening among
three groups

There was signi�cant difference in the incidence rate of osteonecrosis of the femoral head among the
three groups (P < 0.05), in which the incidence rate of osteonecrosis of the femoral head in the negative
buttress group (32.2%) was greater than that in the anatomical reduction group (13.4%) and positive
buttress group (5.4%).In addition, the incidence rate of femoral neck nonunion in the negative buttress
group (12.9%) was also higher than that in the anatomical reduction group (3.7%) and positive buttress
group (2.6%), and the difference had statistical signi�cance (P < 0.05).Femoral neck shortening was most
likely to occur in the negative buttress group (27.4%), and was lower than 10% in the other two groups,
and the difference was statistically signi�cant (P < 0.05, Table 3).
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Table 3
Comparison of the incidence of femoral head necrosis, femoral neck nonunion and shortening among the

three groups
Groups Femoral head

necrosis(%)
Femoral neck
nonunion(%)

Femoral neck
shortening(%)

Yes No Yes No Mild Moderate severe

Anatomical reduction
group(n = 82)

11

(13.4)

71

(86.6)

3

(3.7)

79

(96.3)

3 2 1

Negative buttress
group(n = 62)

20

(32.2)

42

(67.7)

8

(12.9)

54

(87.1)

8 6 3

Positive buttress
group(n = 78)

12

(5.4)

66

(84.6)

2

(2.6)

76

(97.4)

2 2 2

P-value 0.006 0.02 <0.001

 

Comparison of stress and displacement among three groups of models

The �nite element stress map showed that the mechanical conduction of the femur could be effectively
restored after internal �xation, with the greatest screw stress, followed by the femoral neck site.There was
signi�cant difference in the average displacement of fracture end among the three groups (P < 0.05).In
addition, the mean stress of the calcar also showed corresponding results, which was greater in the
negative buttress group and the positive buttress group (P < 0.05, Fig. 3).

Typical case

Typical case 1 :anatomical reduction: A 43-year-old male presented with right hip pain with limited
mobility due to a crash. The patient received three cannulated screws surgery. The fracture was
anatomically reduced. Satisfactory results after 3 years of follow-up(Fig. 4).

Typical case 2 :negative buttress: A 51-year-old male presented with left hip pain with limited mobility due
to a crash. A diagnosis of left femoral neck fracture was made, and after excluding surgical
contraindications, closed reduction and cannulated screw internal �xation of the left femoral neck
fracture was performed. The �rst postoperative reexamination showed negative buttress, and the patient
was followed up for 4 years after operation, with femoral head necrosis(Fig. 5).

Typical case 3 :Positive buttress: A 42-year-old man with pain in the right hip joint and limited mobility
due to a crash was diagnosed with a right femoral neck fracture and underwent closed reduction and
internal �xation with cannulated screws for a right femoral neck fracture after surgical contraindications
were excluded. The �rst postoperative �lm reexamination showed positive buttress, and the fracture
healed well and no complications were observed during the 2-year postoperative follow-up(Fig. 6).
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Discussion
The treatment of femoral neck fractures in young and middle-aged adults has been highly controversial.
The quality of fracture reduction is essential for fracture healing and avoiding postoperative
complications. In this study, through clinical retrospective analysis and �nite element analysis, it was
found that both anatomical reduction and positive buttress could achieve better clinical results, and
postoperative complications such as femoral head necrosis, femoral neck nonunion and femoral neck
shortening were better than the negative buttress group.

Fracture reduction can affect the femoral head, any adverse reduction (femoral head rotation, varus and
valgus or poor reduction of the fracture end, etc.) may increase the incidence of avascular necrosis of the
femoral head or femoral head collapse[18, 19].Anatomic reduction can better protect the femoral head, but
if anatomical reduction is excessively pursued, especially in the treatment of irreducible femoral neck
fracture, it is easy to cause repeated traction and rotation, which will destroy the blood supply of the
femoral bone and increase the risk of avascular necrosis of the femoral head and nonunion[20, 21].Yechiel
Gotfried found through clinical experience that negative buttress was associated with a high failure rate
of the procedure and advocated valgus and positive buttress reduction. The positive buttress reduction
can be performed by the Yechiel Gotfried reduction method it summarizes. By using the YechielGotfried
reduction method, he treated 18 cases of subcapital femoral neck fractures, of which 5 cases were
followed up for at least 1 year without complications such as fracture redisplacement, nonunion, or
femoral head necrosis[13].Although the Yechiel Gotfried reduction theory is very promising, the theory
needs to be con�rmed by a large number of clinical case analyses and follow-up. The clinical statistics of
this study found that the Harris scores of the three groups increased in turn at 3 months, 6 months and
12 months after operation. At 6 months and 12 months after operation, the negative buttress component
had the lowest value, the hip joint function was worse than the other two groups, and there was no
signi�cant difference in the hip joint function during postoperative follow-up in the positive buttress
group and anatomical reduction group. Femoral neck fracture internal �xation mostly uses sliding
design[22].Under the action of the patient's own weight, the femoral head can slide to the base of femoral
neck along the long axis of internal �xation, thus playing a role in compression �xation and promoting
fracture healing[23].However, the ability of the design to resist shear force is weak. If it moves too early, it
is easy to cause internal �xation breakage and bone block cutting, prolong the time of bed rest, but it is
not conducive to fracture healing[24].As the medial femoral neck cortex is signi�cantly thickened and the
calcar is strengthened medially and posteriorly, a bridge arch is formed on the medial side of the femoral
neck[25].When positive buttress reduction is achieved, due to the sliding compression of the femoral head
to form impaction, the medial cortex distal to the fracture straddles on the medial femoral neck support
bridge, and the special stress transfer effect of the arch structure can effectively resist the longitudinal
shear force between the fracture blocks and stabilize the fracture[26].This may be the reason why the hip
joint function was good in patients with positive buttress.
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In addition to hip function, postoperative complications are also an important concern for screw internal
�xation in the treatment of femoral neck fractures[27].Common postoperative complications of femoral
neck fracture include osteonecrosis of the femoral head, delayed fracture healing, and femoral neck
shortening. It has been reported in the literature that the incidence of postoperative complications after
screw internal �xation for femoral neck fracture is inconsistent and related to many factors, such as
orthopedic surgeons' surgical experience, quality of reduction, time to initial weight bearing, patient bone
metabolism and rehabilitation exercises[28, 29].In this study, the incidence of postoperative complications
of femoral neck fracture was observed by clinical observation of different reduction conditions. In terms
of postoperative femoral head necrosis, femoral neck shortening and fracture nonunion, the negative
buttress group was more likely to have it. The incidence of osteonecrosis was as high as 32.2%.And
27.4% of patients had femoral neck shortening. The complication rate of positive buttress and
anatomical reduction was comparable and lower than that of negative buttress group. The incidence of
femoral neck shortening was lower in the positive buttress group possibly due to the support of the
medial cortical buttress bridge of the femoral neck below the fracture fragment. Therefore, for patients
with positive buttress reduction and fracture dislocation within the acceptable range, anatomical
reduction is no longer required.

From a biomechanical point of view, the maximum displacement value of the fractured end under the
applied load can directly re�ect the stability of the model, and the smaller the displacement value, the
stronger the �xation[30].This study showed that the fracture end displacement of the positive buttress
group was smaller than that of the negative buttress group under the same load, that is, the stability was
better. In addition, the object will produce a certain deformation under the action of external force, and the
degree of deformation is called strain[31].The mean stress of the calcar was greater in the negative group
than in the positive group. Showed that positive reduction or anatomical reduction can well restore
normal stress conduction in the hip joint. Despite the above �ndings, the present study has the following
limitations. First, the clinical part of this study is a retrospective analysis study, with a limited number of
cases, which may have selection bias; second, the �nite element part of this study simulates the model to
simplify cartilage, muscle attachment, etc. Furthermore, in this study, only Pauwels type III femoral neck
fractures were analyzed by �nite element analysis. We look forward to prospective studies with large
sample sizes to further con�rm the advantages of positive buttress.

Conclusion
Both positive buttress and anatomical reduction in the treatment of femoral neck fracture with
cannulated screw internal �xation can obtain better clinical effect and lower postoperative complications.
Positive brace support and anatomic reduction can limit the restoration of femoral stress conduction.
Therefore, it is not necessary to pursue anatomical reduction too deliberately during surgery, while
negative buttress reduction should be avoided.

Abbreviations
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CT: Computed tomography, MRI: Magnetic resonance imaging, DICOM: Digital imaging and
communications in medicine.
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Figures

Figure 1

Finite element model: A: anatomical reduction group, B: negative buttress group, C: positive buttress
group

Figure 2
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Comparison of postoperative Harris scores among three groups (* P 0.05 *** P 0.001)

Figure 3

Comparison of stress and displacement among three groups, A: stress cloud; B: displacement; C stress (*:
represents P < 0.05)

Figure 4

Typical cases of anatomical reduction: A: Fracture of right femoral neck. B: Screw internal �xation. C: 1
year after surgery. D: 3 years after surgery.
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Figure 5

Typical cases of negative buttress: A: Fracture of left femoral neck. B: Screw internal �xation. C: 2 year
after surgery. D: 4 years after surgery.

Figure 6

Typical cases of positive buttress: A: Fracture of right femoral neck. B: Screw internal �xation. C: Half a
year after surgery. D: 2 years after surgery.


