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Abstract
Background  Previous studies have reported that positive buttress is as effective as anatomical reduction in treating 
young femoral neck fractures, but whether this effect is related to the Pauwels classification remains unclear. The 
purpose of this study was to retrospectively analyze the clinical prognosis of positive buttress in young femoral neck 
fractures with different Pauwels classifications, as well as to assess its biomechanical properties.

Methods  A total of 170 young patients with femoral neck fractures who were treated with three cannulated screws 
were included in this study. Patients were divided into three groups based on their preoperative Pauwels classification. 
Each group was divided into three subgroups based on the reduction quality: positive buttress, negative buttress and 
anatomical reduction. The femoral neck shortening, the incidence of necrosis of the femoral head (AVN) and the Harris 
hip scores at the last follow-up were compared across the three reduction quality within each Pauwels classification. 
Subsequently, a volunteer was recruited, CT data of the hip was obtained, and finite element models representing 
different reduction quality under varying Pauwels classifications were established. The biomechanical properties of 
each model were then evaluated following the application of strains.

Results  In Pauwels type I, there were no significant differences in postoperative femoral neck shortening, incidence 
of AVN, or Harris score among the three types of reduction quality (P > 0.05). However, positive buttress provided 
superior biomechanical stability compared to negative buttress and anatomical reduction. In Pauwels type II, 
the incidence of AVN was similar between the positive buttress and the anatomical reduction groups, and both 
were significantly lower than that in the negative buttress (P < 0.05). The Harris score of the positive buttress was 
higher than that of the negative buttress, and there was no significant difference in the occurrence of femoral neck 
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Introduction
Femoral neck fracture is one of the most common frac-
ture types, accounting for approximately 50% of all hip 
fractures [1]. Although femoral neck fractures are not 
very common in young people under the age of 65 [2, 3], 
due to the rapid development of society and the economy, 
high-energy injuries caused by car accidents and falls 
from heights are increasing, and the incidence of femo-
ral neck fractures in young people is gradually increasing 
[4]. The incidence rates of postoperative AVN and non-
union can be as high as 11-86% and 16-59%, respectively, 
despite the incidence rate being lower in young patients 
compared to elderly sufferers [5, 6].

Younger patients have higher demands for joint func-
tional activities due to the need to manage more daily 
work and recreational activities. Therefore, it is essen-
tial to preserve the original joint structure and function 
through reduction as much as feasible [7]. Anatomical 
reduction was once regarded as the gold standard for the 
treatment of femoral neck fractures in order to lower the 
risk of postoperative problems [5]. Many academics have 
suggested numerous closed reduction techniques, such 
as the Whitman, Leadbetter, and Deyerler approaches, 
to achieve precise anatomical reduction during surgery. 
However, there are still a few significantly displaced fem-
oral neck fractures that cannot be reduced anatomically 
[8].

After the initial fracture internal fixation, roughly 20% 
of cases require a second operation due to the inability 
to achieve optimal reduction. The most common reasons 
of the second procedure include AVN and nonunion [9]. 
Studies have demonstrated that the occurrence of post-
operative complications is closely related to the type of 
fracture, the precision of reduction, position of internal 
fixation, and degree of medial cortical bone damage [10, 
11]. As a result, it is crucial to choose the proper reduc-
tion and internal fixation techniques in accordance 

with the specific clinical classification of femoral neck 
fractures.

In 2013, Gotfried proposed a new reduction method, 
introducing the concepts of “positive buttress” and 
“negative buttress”. The research predicted that posi-
tive buttress could reduce the incidence of postoperative 
complications, and further noted that this method is sim-
ple to operate, economical and practical [12]. Negative 
buttress can easily result in displacement of the reduced 
femoral head, subsequently leading to coxa varus, and 
a high internal fixation failure rate. Many scholars also 
concur with this viewpoint, and have confirmed in the 
research that the clinical efficacy of positive buttress 
and anatomical reduction is equivalent, indicating that 
there is no need to pursue anatomical reduction [13, 14]. 
However, as the Pauwels angle increases, the shear force 
also increases, thereby reducing the stability of the frac-
ture end [8]. To the best of our knowledge, there are no 
studies demonstrating whether the clinical efficacy and 
biomechanical stability of positive buttress are related 
to the Pauwels angle. Therefore, we hypothesize that the 
preponderance of positive buttress is associated with 
Pauwels classification. This study was divided into clini-
cal research and biomechanical research components. 
Patients were categorized using the Pauwels classifica-
tion, and finite element analysis was conducted alongside 
an evaluation of the clinical effectiveness of positive but-
tress in each classification.

Method
Clinical study design
Clinical data from patients who underwent cannulated 
screw fixation for femoral neck fractures at the First 
Affiliated Hospital of the Guangzhou University of Tra-
ditional Chinese Medicine between January 2015 to 
December 2020 were retrospectively analyzed. Inclu-
sion criteria: (1) Age ≤ 65 years. (2) Clinical and imaging 
diagnosis confirmed femoral neck fracture. (3) Three 

shortening between the three groups (P > 0.05). Finite element analysis showed that the biomechanical stability of 
positive buttress was equivalent to anatomical reduction, and both were better than negative buttress. In Pauwels 
type III, the incidence of AVN in the anatomical reduction group was lower than that in both the positive buttress and 
negative buttress (P < 0.05). There was no significant difference in the occurrence of AVN or femoral neck shortening 
between positive buttress and negative buttress (P > 0.05). There was also no difference in postoperative Harris scores 
between the three reduction qualities (P > 0.05). Both positive buttress and negative buttress exhibited identical 
biomechanical qualities and were inferior to anatomical reduction.

Conclusions  The biomechanical and clinical dominance of positive buttress correlates with Pauwels type. 
Specifically, Positive buttress is biomechanically stable in Pauwels types I and II. In Pauwels type III, positive buttress is 
not advantageous. As the Pauwels angle increases, the biomechanical benefit of the positive buttress is lost. Therefore, 
regardless of the Pauwels classification, negative buttress should be avoided after reduction of femoral neck fractures 
in young patients.

Keywords  Femoral neck fracture, Positive buttress, Cannulated screw, Biomechanics
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parallel cannulated screw were used for pressure fixation. 
(4) There was no serious hip disease before the fracture 
and the hip mobility was basically normal. exclusion cri-
teria: (1) Pathological femoral neck fracture. (2) Com-
bined fractures elsewhere. (3) Patients with cognitive 
dysfunction and mental disorders. (4) Follow-up time 
was less than 1 year. (5) The presence of comorbidities 
such as hemiplegia that affect the evaluation of efficacy. 
(6) Postoperative X-ray films indicated that the Garden 
alignment index was grade III or grade IV. All included 
patients provided informed consent to participate in this 
study. This study was approved by the Hospital Ethics 
Committee (NO.JY2020259).

Subgroup
Based on the Pauwels angle measured before operation, 
the patients were categorized into three groups: Group 
A (Pauwels angle < 30°), Group B (Pauwels angle > 30° 
and < 50°), and Group C (Pauwels angle > 50°). Further-
more, each of these groups was subdivided into three 
categories based on the reduction quality: anatomical 
reduction group, positive buttress group, and negative 
buttress group. Anatomic reduction group: There was 
no displacement between the inner and upper margins 
of the distal fracture end and the inner and lower edges 
of the proximal fracture end. positive buttress group: 
the inner and lower edges of the distal fracture end pro-
truded medially to the inner and upper edges of the prox-
imal femoral neck fracture end. negative buttress group: 

the distal femoral neck fracture end protruded medially 
toward the inner and lower borders of the proximal frac-
ture end. As seen in Fig.  1, groups A1, B1, and C1 are 
anatomical reduction. Groups A2, B2, and C2 are positive 
buttress. Groups A3, B3, and C3 are negative buttress.

Surgical methods
All surgeries were performed by the same senior physi-
cian. After successful anesthesia, routine disinfection 
and draping, the patients were positioned and held in a 
supine position on the orthopedic traction bed. Initially, 
the hip of the affected limb was flexed at 90°. Subse-
quently, axial traction was applied while simultaneously 
internally rotating and adducting the hip to achieve 
closed reduction.

If the closed reduction was satisfactory, a skin incision 
of about 2 cm could be made at 3–4 cm below the greater 
trochanter, followed by incision of the fascia. Under 
the fluoroscopy of the C-arm X-ray, one guide pin was 
inserted initially, and then the other two guide pins were 
inserted through the parallel guide. The three guide pins 
were distributed in an inverted triangle shape and should 
be dispersed as much as possible to avoid concentra-
tion. Then three cannulated screws (Diameter: 6.5  mm, 
Thread lengths of the screw: 16 mm) were inserted along 
the guide pin for fixation. The specific length of each 
cannulated screw was determined by intraoperative 
measurement.

Fig. 1  Grouping method
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Postoperative management
Patients should not bear weight within 3 months after 
surgery, and X-ray and MRI should be regularly reviewed 
to evaluate fracture healing and complications. Partial 
weight-bearing was recommended after fracture heal-
ing, and full weight-bearing activities were allowed after 
6 months. Outpatient follow-up should be conducted 
in the first month after surgery and every three months 
thereafter. Hip X-rays and MR examinations were taken 
at each follow-up until AVN occurs or until 3 years after 
surgery.

Finite element analysis
A 29-year-old male health volunteer (Height is 171  cm, 
weight is 68 kg)was included. CT data of the volunteer’s 
hip were obtained using Multi-slice spiral CT without 
contrast agent, the slice thickness was set to 0.5 mm, the 
slice distance to 5  mm, and the resolution of each slice 
was 1024 × 1024 pixels. The image was saved in DICOM 
format.

We extracted the initial femur model using mimics 
and Geomagic-Studio software. The cancellous bone and 
cortical bone of femur were isolated for modeling. Using 
the segmentation tool in SolidWorks software, Pauwels I, 
Pauwels II, and Pauwels III femoral neck fracture models 
were created. Then, through the translation command, 
the proximal end of the fracture was translated upward 

by 2 mm along the fracture line to obtain a positive but-
tress model, and translated downward 2 mm to obtain a 
negative buttress model. The anatomical reduction model 
did not move the fracture end. We built cannulated screw 
according to real clinical implant geometric data. Finally, 
The fracture model with three cannulated screws were 
assembled to form the final analytical model.

Biomechanical analysis was performed using ANSYS 
software, and the elastic modulus and Poisson’s ratio of 
each material in the model were set according to Table 1. 
The number of nodes, elements and mesh size of the 
models were list in Table  2. Cancellous bone and corti-
cal bone, cannulated screw and femur were set as bind-
ing contact. The fracture ends were brought to frictional 
contact with a 0.2 coefficient of friction. The degrees of 
freedom of the distal femur on the X-axis, Y-axis, and 
Z-axis were set to 0 and a simplified model of single-
legged standing was adopted. A vertical downward stress 
of 700  N was applied to the weight-bearing area of the 
femoral head (Fig. 2).

Assessment variables
A retrospective study was conducted to compare the 
femoral neck shortening amount at the final postopera-
tive follow-up among subgroups A, B, and C below (using 
the exposed screw measurement method: neck short-
ening length = measured value of the exposed length of 
the screw rod × The actual thickness of the cannulated 
screw cap/the measured value of the screw cap thick-
ness. The cannulated screw with the longest exposed part 
was selected for measurement. Mild: 0–5 mm, moderate: 

Table 1  Properties of the materials used in the present study
Materials Elastic Modulus(MPa) Poisson’s ratio
Cortical bone 15,100 0.3
Cancellous bone 445 0.22
Cannulated screws 110,000 0.3

Table 2  Details of the three assembly units and the total 
number of nodes
Case group Pauwels angle of 30° Pauwels 

angle of 50°
Pau-
wels 
angle 
of 70°

Anatomic reduction group
  Node 394,846 385,594 375,642
  Unit 268,445 252,526 246,763
  Mesh size Maximum: 2 mm; mini-

mum: 1.5 mm
Positive buttress group
  Node 371,864 385,874 355,468
  Unit 249.625 252,646 226,963
  Mesh size Maximum: 2 mm; mini-

mum: 1.5 mm
Negative buttress group
  Node 401,294 387,643 367,783
  Unit 272,873 252,784 239,582
  Mesh size Maximum: 2 mm; mini-

mum: 1.5 mm

Fig. 2  Loading (Arrow:700 N) and boundary conditions of femoral mode
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5–10  mm, severe: more than 10  mm). Additionally, the 
incidence of hip varus, nonunion, re-fracture, AVN, and 
the Harris hip score at the last follow-up after surgery 
were also compared among the subgroups.

Finite element analysis was used to compared the max-
imum displacement of the model (MDM), the maximum 
stress of the screw (MSS), the maximum displacement of 
the fracture (MDF), and the average stress of the cortex 
at the fracture (ASCF). The ASCF was obtained by cal-
culating the average stress of the stress values of 5 points 
at roughly the same position in the inner and lower bone 
cortex of the fracture site in different models.

Statistical analysis
SPSS 29.0 was utilized to analyze and process the 
research data. Count data and ordinal data were repre-
sented by frequency. The χ2 test or Fisher’s exact test was 
used for the comparison of enumeration data between 
groups, and the Kruskal-Wallis test was used for the com-
parison of multi-group grade data. Measurement data 
were expressed as x̄± s . If the data conformed to nor-
mal distribution and homogeneity of variance, one-way 
ANOVA test was used for multiple group comparisons, 
and LSD method was employed for multiple comparisons 
between groups. If the data did not meet the assumptions 
of normal distribution or homogeneity of variances, the 
rank sum test was utilized. P<0.05 means the difference is 
statistically significant.

Results
Among the subgroups A1, A2, A3 within group A, B1, 
B2, B3 within group B, and C1, C2, C3 within group C, 
there were no significant difference in baseline charac-
teristics such as sex, age, injured side, follow-up time, 
Garden classification, smoking status, alcohol status, 
and Time from injury to surgery. None of the included 
patients experienced postoperative nonunion, refracture, 
or hip varus (Tables 3, 5 and 7).

Clinical prognosis and biomechanical comparison of three 
reduction qualities in Pauwels I
Compared with groups A1, A2, and A3, there were no 
statistical significance in the incidence of postoperative 
AVN(p > 0.05), femoral neck shortening (p > 0.05), and 
postoperative Harris score (p > 0.05) (Table 3).

In the analysis of the MDM, the anatomical reduction 
was 0.47 mm, the positive buttress was the smallest of the 
three, 0.39 mm, and the negative buttress was 0.49 mm. 
The overall maximum displacement of the three mod-
els was located at the top of the femoral head. The MSS 
with positive buttress (33.26 MPa) was also the smallest 
among the three, 44.78 MPa for the anatomical reduction 
model, and 47.6 MPa for the negative buttress model, all 
of which occur at the fracture line of the upper anterior 

screw. The MDF of the models was arranged from small 
to large in order of positive buttress (0.24 mm), negative 
buttress (0.29 mm), and anatomical reduction (0.30 mm). 
In the comparison of ASCF, positive buttress was the 
smallest (6.26  MPa), followed by anatomical reduction 
was 8.71  MPa, and negative buttress was the largest 
(10.55 MPa) (Table 4; Fig. 3).

Table 3  Baseline and prognosis comparison of patients with 
three kinds of reduction quality in Pauwels I
Variables Group A1 Group A2 Group A3 P value
Case, n 12 14 15
Sex, n 0.500
  Male 8 9 7
  Female 4 5 8
Age, years 40.6 ± 3.9 44.9 ± 5.9 48.5 ± 7.3 0.165
Side, n 0.479
  Left 4 8 7
  Right 8 6 8
Garden, n 0.971
  I 2 2 3
  II 4 4 3
  III 3 5 5
  IV 3 3 4
Smoking 0.515
  Yes 6 7 7
  No 6 7 8
Alcohol 0.264
  Yes 5 7 9
  No 7 7 6
Time to surgery, hours 24 ± 3.4 24 ± 4.9 24 ± 3.2 0.819
Follow up time, months 27 ± 11.3 32.±9.1 26 ± 11.1 0.355
  AVN, n 3 3 6 0.508
Shortening 0.247
  Mild 3 5 4
  Moderate 3 1 5
  Severe 1 1 2
  Harris score 86.9 ± 4.9 86.5 ± 3.4 84.7 ± 5.9 0.546
Abbreviations AVN, necrosis of the femoral head; Group A1, anatomical reduction 
group; Group A2, positive buttress group; Group A3, negative buttress group

Table 4  Biomechanical comparison of three kinds of reduction 
quality in Pauwels I
Group Group A1 Group A2 Group A3
MDM (mm) 0.47 0.39 0.49
MSS (Mpa) 44.78 33.26 47.6
MDF (mm) 0.3 0.24 0.29
ASCF (Mpa) 8.71 6.26 10.55
Abbreviations MDM, the maximum displacement of the model; MSS, the 
maximum stress of the screw; MDF, the maximum displacement of the fracture; 
ASCF, the average stress of the cortex at the fracture; Group A1, anatomical 
reduction group; Group A2, positive buttress group; Group A3, negative 
buttress group



Page 6 of 12Xiong et al. BMC Musculoskeletal Disorders          (2024) 25:686 

Clinical prognosis and biomechanical comparison of three 
reduction qualities in Pauwels II
There was a statistical difference in the incidence of post-
operative AVN between groups B1, B2, and B3 (p< 0.05). 
However, the difference between group B1 and group B2 
was not statistically significant (p = 0.467, > 0.05). The 
AVN rate of group B1 was lower than that of group B3 
(p = 0.008, < 0.05). The AVN rate of group B2 was lower 
than that of group B3 (p = 0.038, < 0.05). Additionally, the 
Harris score at the last follow-up showed statistical sig-
nificance across the three groups (p < 0.05). Both group 
B1 and group B3 did not differ significantly from one 
another (p = 0.059, > 0.05) or between group B1 and group 

B2 (p = 0.429, > 0.05). Group B2 performed superior than 
group B3 (p = 0.008, < 0.05). Incidences of femoral neck 
shortening were similar in all three groups (p > 0.05), with 
no discernible difference (Table 5).

The MDM of anatomical reduction, positive but-
tress, and negative buttress were 0.46 mm, 0.39 mm, and 
0.53 mm respectively, all located at the top of the femo-
ral head. The MSS with positive buttress was equivalent 
to that of anatomical reduction, which were 41.27  MPa 
and 42.76  MPa respectively. The stress of the negative 
buttress was the largest (53.26 MPa), which was signifi-
cantly greater than the other two. The MSF for anatomi-
cal reduction, positive buttress, and negative buttress 

Fig. 3  Cloud images of finite element analysis of three kinds of reduction quality in Pauwels I
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were 0.29  mm, 0.24  mm, and 0.32  mm respectively. In 
the comparison of the ASCF, Positive buttress (6.46 MPa) 
was equivalent to anatomical reduction (6.69 MPa). The 
negative buttress was the largest among the three at 
10.07Mpa (Table 6; Fig. 4).

Clinical prognosis and biomechanical comparison of three 
reduction qualities in Pauwels III
Compared with groups C1, C2 and C3, the incidence of 
postoperative AVN was statistically different (p < 0.05). 

The AVN rate of group C1 was lower than that of group 
C2 (p = 0.036, < 0.05); the AVN rate of group C1 was 
lower than that of group C3 (p = 0.039, < 0.05). There 
was no significant difference between C2 group and C3 
group (p = 0.567, > 0.05). The incidence of femoral neck 
shortening among the three reduction qualities was also 
statistically different (p < 0.05). There was a difference 
between the C1 group and the C3 group, with the inci-
dence of femoral neck shortening in the C1 group being 
Lower than C3 group (p = 0.029, < 0.05), but there was no 
significant difference between the C1 group and the C2 
group (p = 0.09, > 0.05), C2 group and C3 group, either 
(p = 0.252, p > 0.05). However, there was no significant 
statistical significance in the last follow-up Harris score 
among the three groups (p > 0.05) (Table 7).

The MDM of anatomical reduction, positive but-
tress, and negative buttress were 0.47  mm, 0.55  mm, 
and 0.56 mm respectively. Positive buttress was compa-
rable to negative buttress, both higher than anatomical 
reduction. The MSS with positive buttress was equiva-
lent to that of negative buttress, which were 53.66 MPa 
and 51.59  MPa respectively, and the anatomical reduc-
tion was 47.85 MPa, which was the smallest among the 
three. The MDF in anatomical reduction, positive but-
tress, and negative buttress were 0.3 mm, 0.36 mm, and 
0.35  mm respectively. The anatomical reduction was 
lower than the other two. In the comparison of the ASCF, 
the anatomical reduction stress (5.83 MPa) was the low-
est among the three. The positive buttress was 7.29 MPa, 
and the negative buttress was 6.24Mpa (Table 8; Fig. 5).

Discussion
This study first conducted a retrospective cohort study 
and found that anatomical reduction, positive buttress, 
and negative buttress had equivalent clinical effects 
in Pauwels type I. The positive buttress and anatomi-
cal reduction in Pauwels type II had the same clinical 
efficacy, which could reduce the incidence of postop-
erative AVN and improve postoperative hip function. 
Conversely, negative buttress were less effective. In Pau-
wels type III, there was no obvious advantage for positive 
buttress. Subsequently, finite element analysis was con-
ducted on different models, which further proved that 
in Pauwels I, the biomechanical stability of the positive 
buttress was significantly better than that of anatomical 
reduction and negative buttress, with the negative but-
tress having the worst stability. In Pauwels II, the stabil-
ity of positive buttress and anatomical reduction was 
equivalent, but both were better than negative buttress. 
In Pauwels III, anatomical reduction was superior to both 
positive and negative buttress. But positive and negative 
buttress were equivalent. Therefore, it could be specu-
lated that the biomechanical benefit of positive buttress 

Table 5  Baseline and prognosis comparison of patients with 
three kinds of reduction quality in Pauwels II
Variables Group B1 Group B2 Group B3 P value
Case, n 36 24 22
Sex, n 0.107
  Male 24 20 12
  Female 12 4 10
Age, years 40.0 ± 12.1 41.4 ± 12.0 46.0 ± 10.1 0.118
Side, n 0.476
  Left 19 11 14
  Right 17 13 8
Garden, n 0.597
  I 6 2 3
  II 9 7 7
  III 19 10 10
  IV 4 5 2
Smoking 0.112
  Yes 18 14 9
  No 18 10 13
Alcohol 0.151
  Yes 17 12 12
  No 19 12 10
Time to surgery, hours 25.3 ± 3.7 24.9 ± 2.5 25.1 ± 4.8 0.376
Follow up time, months 26.8 ± 13.9 29.7 ± 16.1 34.6 ± 21.7 0.475
  AVN, n 6 5 11 0.015
Shortening 0.240
  Mild 8 3 4
  Moderate 5 3 3
  Severe 2 2 5
  Harris score 88.6 ± 4.8 89.7 ± 4.1 86.2 ± 5.0 0.030
Abbreviations AVN, necrosis of the femoral head; Group B1, anatomical reduction 
group; Group B2, positive buttress group; Group B3, negative buttress group

Table 6  Biomechanical comparison of three kinds of reduction 
quality in Pauwels II
Group Group B1 Group B2 Group B3
MDM (mm) 0.46 0.39 0.53
MSS (Map) 42.76 41.27 53.26
MDF (mm) 0.29 0.24 0.33
ASCF (Mpa) 6.69 6.46 10.07
Abbreviations MDM, the maximum displacement of the model; MSS, the 
maximum stress of the screw; MDF, the maximum displacement of the fracture; 
ASCF, the average stress of the cortex at the fracture; Group B1, anatomical 
reduction group; Group B2, positive buttress group; Group B3, negative 
buttress group
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is related to the Pauwels type, and is gradually lost with 
the increase of the Pauwels angle.

For patients with unstable or displaced femoral neck 
fractures under the age of 65, previous studies have 
suggested that “anatomical reduction” is a key factor to 
promote fracture healing and avoid postoperative com-
plications [15–17]. But Gotfried suggested that “positive 
buttress” may also achieve the same clinical effect. In his 
study, 18 patients achieved positive buttress after closed 
reduction, and 5 of them were followed up for more 
than 1 year. None of the patients had complications such 
as internal fixation failure, nonunion, or femoral head 
necrosis [12]. The conclusion is not sufficiently reliable 
due to the limited sample size and inconsistent internal 

fixation. However, subsequent studies have validated this 
theory [18–20].

Zhao et al. [13] retrospectively analyzed the data of 225 
young patients with femoral neck fractures, all patients 
were fixed with three parallel cannulated screws, and 78 
patients achieved positive buttress. The study found that 
the postoperative Harris scores of the positive buttress 
group and anatomical reduction group were higher than 
that of the negative buttress group, and the incidence of 
AVN was higher in the negative buttress group. The finite 
element study also indicated that the fracture displace-
ment of the negative buttress group was greater than that 
of the positive buttress group. One shortcoming of their 
study is that patients were not analyzed separately based 

Fig. 4  Cloud images of finite element analysis of three kinds of reduction quality in Pauwels II
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on their Pauwels classification. Their findings are consis-
tent with some of the results of our study. In the Pauwels 
type I and II, the positive buttress is better than the nega-
tive buttress in terms of biomechanical stability. How-
ever, in Pauwels type III, our study found no significant 
differences in postoperative hip function, femoral neck 
shortening and incidence of AVN between the positive 
and negative buttress group. Fan et al. [21] conducted a 
finite element analysis and constructed positive buttress 
models with Pauwels angles of 30° and 50° respectively. 

The study concluded that at a Pauwels angle of 30°, the 
positive buttress is more stable than the negative buttress 
and this advantage weakens when the Pauwels angle is 
50°. This conclusion is consistent with our research, but 
they lacked further verification of clinical research, and 
did not analyze the case of Pauwels angle of 70°.

There may be several reasons why positive buttress is 
more stable than negative buttress. Under the applied 
force, the proximal fragment has a propensity to deform 
in varus. In the positive buttress group, the distal medial 
cortex can support the proximal end to resist deforma-
tion. In contrast, negative buttress lacks support from the 
medial cortex, resulting in poorer stability [22]. In addi-
tion, due to the obvious thickening of the medial cortex 
of the femoral neck, an arch bridge structure is formed. 
When a positive buttress is obtained, the arch bridge sup-
port function of the distal medial cortex can effectively 
resist the longitudinal shear force between the fracture 
fragments, thereby making the fracture end more stable 
[23, 24]. In our study, we discovered that the MDM and 
the MDF in Pauwels type I and type II in the positive but-
tress group were lower than those in the negative buttress 
group, demonstrating the more stable biomechanical 
properties of the positive buttress. However, in Pauwels 
type III, the performance of the positive buttress group 
was equivalent to that of the negative buttress group. 
This may be related to the increased shear force at the 
fracture end as the increase of the Pauwels angle. These 
findings were consistent with the results of some clini-
cal studies. An interesting fact is that in Pauwels type I, 
we found that the clinical efficacy of the three reduction 
qualities was equivalent. This may be due to insufficient 
shear force. Our research conclusions are also consistent 
with a previous finite element study, which suggests that 
damage to load-bearing structures at different implant 
placements does not affect the overall final fixation sta-
bility. Therefore, there is no need to reintroduce implants 
at ideal locations, as this can reduce the radiation dose 
to the patient during the surgery. However, that study did 
not consider the potential impact of Pauwels classifica-
tion on the results [25]. Therefore, we recommend that 
it is not necessary to pursue anatomical reduction when 
dealing with Pauwels type I and Pauwels type II femoral 
neck fractures in young adults, but striving for anatomi-
cal reduction is still the preferred standard for Pauwels 
type III.

Currently, questions remain regarding whether the 
amount of displacement of the distal medial cortex of 
the positive strut relative to the proximal medial cortex 
is related to its mechanical properties. Wang et al. [26] 
studied the effect of moving the distal end of the posi-
tively supported fracture upward by 2  mm, 3  mm, and 
4  mm along the fracture direction, to evaluate whether 
its biomechanical advantages were related to the degree 

Table 7  Baseline and prognosis comparison of patients with 
three kinds of reduction quality in Pauwels III
Variables Group C1 Group C2 Group C3 P value
Case, n 24 14 9
Sex, n 0.691
  Male 17 8 6
  Female 7 6 3
Age, years 42.0 ± 12.3 39.6 ± 10.5 39.3 ± 10.0 0.744
Side, n 0.762
  Left 13 6 4
  Right 11 8 5
Garden, n 0.876
  I 2 2 1
  II 4 2 2
  III 11 6 4
IV 7 4 2
Smoking 0.548
  Yes 14 7 5
  No 10 7 4
Alcohol 0.661
  Yes 15 6 4
  No 9 8 5
Time to surgery, hours 25.6 ± 3.4 25.3 ± 4.7 25.5 ± 3.5 0.512
Follow up time, months 26.±12.7 22.8 ± 9.9 26.±16.0 0.723
  AVN, n 4 7 5 0.036
Shortening 0.047
  Mild 3 8 3
  Moderate 4 2 2
  Severe 3 3 3
  Harris score 87.1 ± 5.4 84.3 ± 10.0 83.6 ± 4.2 0.204
Abbreviations AVN, necrosis of the femoral head; Group C1, anatomical reduction 
group; Group C2, positive buttress group; Group C3, negative buttress group

Table 8  Biomechanical comparison of three kinds of reduction 
quality in Pauwels III
Group Group C1 Group C2 Group C3
MDM (mm) 0.47 0.55 0.56
MSS (Mpa) 47.85 53.66 51.19
MDF (mm) 0.3 0.36 0.35
ASCF (Mpa) 5.83 7.29 6.24
Abbreviations MDM, the maximum displacement of the model; MSS, the 
maximum stress of the screw; MDF, the maximum displacement of the fracture; 
ASCF, the average stress of the cortex at the fracture; Group C1, anatomical 
reduction group; Group C2, positive buttress group; Group C3, negative 
buttress group
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of displacement. Finally, it was found that in the positive 
buttress model with a displacement of 3 mm, the relative 
displacement between the fracture fragments was the 
smallest when a load was applied. Therefore, it is believed 
that the upward displacement of the proximal end of the 
positive buttress fracture should be controlled within 
3 mm in order to better exert the biomechanical advan-
tages. However, it has not yet been confirmed by clinical 
studies. In this study, the finite element model of positive 
buttress and negative buttress obtained by translating the 
distal end of the fracture along the fracture line by 2 mm 
is within the ideal range. Based on the current limited 
knowledge, we recommend that the displacement should 
be controlled to 3 mm to maximize the performance of 
the positive buttress.

This study has some shortcomings. Firstly, although 
the Pauwels classification is the first biomechanical-
based classification method for femoral neck fractures, 
it is still widely used clinically [27]. However, its disad-
vantage is that the image may be affected by the shoot-
ing angle [6]. Our study did not conduct unified quality 
control on the photographing angle, which may lead to 
inaccurate classification judgments. In addition, when 
performing finite element analysis, the influence of sur-
rounding muscle strength on the results was not consid-
ered in order to simplify calculations. This may be slightly 
different from the physiological state of the human body. 
Since only one finite element model was created, it may 
not be representative of 170 patients with femoral neck 
fractures. Additionally, the loads applied to the model are 

Fig. 5  Cloud images of finite element analysis of three kinds of reduction quality in Pauwels III
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not physiological. Last but not least, this study was retro-
spective, had a limited sample size, and neglected to take 
into account the effects of variables that can influence the 
prognosis of femoral neck fractures, such as the interval 
between injury and surgery and the time required to bear 
weight on the ground. In the future, studies with larger 
samples can be carried out to address these issues.

Conclusion
In conclusion, The results of our study suggest that there 
is no need to pursue anatomical reduction during closed 
reduction of Pauwels type I and Pauwels type II femoral 
neck fractures in young people. Positive buttress may also 
achieve a good prognosis. Since the advantage of posi-
tive buttress is gradually lost with the increase of Pau-
wels angle, anatomical reduction in Pauwels type III is 
the optimal treatment choice. But in any case, we should 
avoid negative buttress.
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