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Fracture classification and coronal plane
position of bolt may affect the prognosis after
femoral neck system (FNS) surgery for femoral
neck fractures
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Guofeng Huang'"*’

Abstract

Purpose This study aims to investigate the risk factors for postoperative complications following Femoral Neck
System (FNS) fixation in young patients with femoral neck fractures (FNFs).

Methods We retrospective analyzed 133 patients with FNFs who underwent FNS fixation between May 2021

and October 2023. Potential risk factors that may affect the results included age, gender, body mass index (BMI),
Pauwels classification, Garden classification, fracture anatomical classification, reduction method, reduction quality,
coronal plane position of the FNS bolt. Postoperative complication data, including femoral head necrosis, nonunion,
shortening of the femoral neck, fracture displacement, and screw cut-out, were collected. Multivariate logistic
regression analysis was used to analyze different influencing factors.

Results A total of 133 FNFs patients were divided into a healing group (108 patients) and a failure group (25
patients). 25 patients (18.79%) had postoperative complications, including 8 cases of femoral head necrosis, 3 cases of
nonunion, 3 cases of significant shortening of the femoral neck, and 7 cases of fracture displacement, 4 cases of screw
cut-out; the remaining patients'fractures all healed. There were no statistical differences between the two groups in
age (P=0.746), gender (P=0.992), BMI (P=0.361), Pauwels classification (P=0.231), fracture anatomical classification
(P=0.459), reduction method (P =0.383). Garden classification significantly influenced postoperative complications,
with the proportion of Garden type IV being significantly higher in the failure group than in the healing group (64%
vs. 39.8%, P=0.01). Multivariate logistic regression analysis showed that coronal position of the FNS bolt and reduction
quality were risk factors for postoperative complications. Subgroup analysis using logistic regression showed a
positive correlation between coronal plane position of the FNS bolt and reduction quality with the occurrence of
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(P<0.01;P<0.01).

for failure after FNS surgery for FNFs.

postoperative complications, with FNS positioned in the upper 1/3 and negative support being significant risk factors

Conclusions FNS is an effective method for treating FNFs in young adults, but there is still a certain risk of failure. The
Garden classification is an important evaluation indicator for postoperative complications, with a higher failure rate
observed in type IV fractures. Coronal plane position of the FNS bolt and reduction quality are significant risk factors

Keywords Femoral neck system, Femoral neck fractures, Internal fixation failure

Most femoral neck fractures (FNFs) in young patients
are caused by high-energy injuries, and internal fixation
is used as a common treatment method [1, 2]. Femoral
neck system (FNS), as a new internal fixation method for
ENFs, has gradually gained popularity and application
due to its minimally invasive and good stability. In short-
term follow-up [3] and meta-analysis [4], FNS has shown
superior clinical efficacy compared with multiple conven-
tional cannulated screw (CCS) fixation in the treatment of
young patients with FNFs.

Due to the unique anatomy of FNFs, the irregular
rotational and shear forces at the fracture end, and the
fragile blood supply to the femoral neck, the failure rate
of internal fixation of FNFs is relatively high. Previous
analyses of risk factors for postoperative internal fixation
failure with FNS have shown that factors such as frac-
ture displacement, reduction quality, and postoperative
weight-bearing time influence the healing of FNFs [5, 6].
However, there is very little research on the effect of frac-
ture classification (Pauwels, Garden, fracture anatomical
classification) on postoperative complications with FNS.
Because the effect of screw position of DHS and multiple
screws on prognosis has been widely concerned, but the
position of FNS in the internal femoral neck has not been
concerned, so it is necessary to pay attention [7, 8]. How-
ever, no study has analyzed the relationship between the
coronal plane position of FNS bolt on the femoral neck
and postoperative complications.

Therefore, exploring the risk factors associated with
postoperative complications after FNS is critical to
improving its efficacy and success rate. This study aims to
investigate the risk factors associated with postoperative
complications after FNS surgery.

Materials and methods

Study design

This study was conducted at our orthopedic trauma cen-
ter from May 2021 to October 2023. A series of young
patients diagnosed with FNFs underwent FNS surgery. A
retrospective study was conducted to evaluate the factors
associated with postoperative complications after FNS
surgery in patients with FNFs. This retrospective study
was approved by the Ethics Committee of the Affili-
ated Dongnan Hospital of Xiamen University. Informed

consent was obtained from all participants to partici-
pate in the study after full explanation of the study pro-
cedures. The present study is a retrospective review of
medical data and the human research ethics committee
of our institution stated to exempt it from formal ethical
review according to the ethical principles laid forth by
the Helsinki Declaration (No. 2022122901). Written con-
sent of patients was not sought. No identifying informa-
tion was recorded by the authors.

Inclusion and exclusive criteria

The subjects included in this study were all hospitalized
in our orthopedic center and underwent ENS surgery.
Inclusion criteria were as follows: @ patients diagnosed
with FNFs; @ patients aged between 14 and 60 years; @
patients with high postoperative compliance and who
were followed up for at least 12 months; @ patients who
were able to walk independently or with assistance before
the injury and did not have severe consciousness disor-
ders. Exclusion criteria included: ® pathologic fractures,
open fractures, multiple fractures; @ postoperative infec-
tions; @ patients with conditions such as pre-existing
femoral head necrosis, developmental hip dysplasia,
severe hip arthritis leading to weakened or lost ambula-
tion before injury; @ long-term steroid use, alcohol abuse,
smoking.

Surgical techniques, postoperative treatment, and
rehabilitation programs

All ENS were purchased from DePuy Synthes (USA,
Fig. 1). All surgeries were performed by a single orthope-
dic surgical team consisting of two senior surgeons with
equivalent surgical proficiency. Surgical procedures fol-
lowed the standard protocol [9]. Closed reduction was
initially attempted in all cases, and patients who failed
closed reduction underwent direct anterior approach-
assisted open reduction. All patients followed the stan-
dardized postoperative rehabilitation protocol at our
hospital’s orthopedic center until discharge. Antibiotics
were administered postoperatively to prevent infection,
and radiographs of the limbs were taken on the first post-
operative day after wound dressing changes. Low molec-
ular weight heparin was administered from the second
postoperative day to prevent deep vein thrombosis in the
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Fig. 1 FNS system. FNS consists of three parts: a circular, blunt, lockable
anti-rotation screw; b circular blunt bolt; ¢ plate and locking screw in an
angle-stable structure

lower limbs. Passive joint function exercises and activi-
ties were started on the day after surgery. Subsequently,
under the guidance of the surgical team, patients under-
went a series of functional exercises to gradually increase
the weight-bearing capacity of the affected limb. To
reduce the incidence of femoral head necrosis, weight-
bearing was avoided for two months postoperatively,
followed by partial weight-bearing at three months post-
operatively, with a gradual transition to full weight-bear-
ing [5].

Patient assessment

Two external and independent investigators who were
not involved in patient care were responsible for data
collection. Baseline demographic data were collected,
including age, sex, BMI, Pauwels classification, Garden
classification, and anatomic classification of the fracture
site. Reduction method, coronal plane position of the
ENS bolt, reduction quality, and postoperative complica-
tions were recorded.

BMI was calculated as weight (kg) divided by the square
of height (m). Fracture types were assessed using preop-
erative radiographs and computed tomography (CT)
scans. Analysis of imaging data was performed inde-
pendently by an experienced orthopedic surgeon and an
experienced radiologist. All FNFs were radiographically
classified according to the Garden classification [10], the
Pauwels system [11], and the anatomic classification of
the fracture. The Pauwels angle was defined as the angle
between the fracture line and the horizontal plane and
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Fig. 2 Coronal plane position of the FNS bolt. Coronal section of the
femoral neck is subdivided into three sections, designated as the upper,
middle, and lower thirds. L-n The line serves as a reference line for the
femoral head-neck axis; L-cn A reference line is established through the
femoral calcar, which is parallel to the femoral head-neck central axis; L-sn
A reference line is established parallel to the femoral head-neck central
axis through the upper edge of the femoral neck. The region between L-cn
and sn is subdivided into upper, middle, and lower thirds, with the subdivi-
sion occurring in a direction perpendicular to L-n

was measured before surgery [12]. Based on the anatomic
location of the fracture, FNFs were classified as subcapi-
tal, transcervical, cervicotrochanteric, and basicervical
types. Due to the retrospective nature of the study, it was
not possible to ensure that all anteroposterior (AP) and
lateral radiographs were standardized.

Coronal plane position of the FNS bolt: Refer to the nail
placement for treating femoral neck fractures with DHS
[7,13]. On the AP radiographs of the affected limb, locate
the center of the femoral head and the midpoint of the
narrowest part of the femoral neck in the anteroposterior
view. Draw a line connecting these two points to establish
the femoral head-neck axis reference line (labeled L-n).
Establish a line parallel to L-n through the femoral cal-
car (L-cn). Establish a line parallel to L-n at the top of the
femoral neck (L-sn). Divide the area between L-cn and
L-sn into upper, middle and lower thirds along a direc-
tion perpendicular to L-n (Fig. 2) and record the position
of the FNS bolt (Fig. 1b). For cases where FNS bolts span
two regions, we calculate the proportion of the bolt at the
proximal end of the fracture line in each region during
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grouping, and then assign it to the group of the region
with the majority.

Reduction quality: Fracture reduction is classified into
anatomic and non-anatomic reduction based on the posi-
tion of the fracture end on postoperative radiographs.
According to Gotfried’s definition of non-anatomic
reduction for femoral neck fractures [14], negative sup-
port is defined as the position of the inner cortex of the
femoral neck head fragment on the outer cortex of the
distal femoral shaft, while positive support is defined as
the position of the inner cortex of the femoral neck head
fragment on the inner cortex of the distal femoral shaft.

Postoperative complications are defined as femoral
head necrosis, femoral neck shortening, nonunion, frac-
ture displacement, and screw fracture [6, 15]. On X-rays,
femoral head necrosis is defined by the early appear-
ance of local cystic changes and uneven density around
the cystic area and the late appearance of femoral head
deformities such as incomplete margins, osteolytic or
flat shapes, partial disappearance of trabecular struc-
tures, uneven bone density, narrowing or disappearance
of the gap between the acetabulum and the femoral head
[16]. Nonunion is defined as incomplete fracture healing
at 9 months postinjury with no radiographic evidence
of progression within the previous 3 months. Femoral
neck shortening is measured according to the method
described above [17], whereby shortening in the longitu-
dinal axis of the femoral neck is measured using X-rays
taken intraoperatively or on the first postoperative day
and the last follow-up radiograph, with FNS devices mea-
suring shortening through the lateral protrusion of the
anti-rotation screw. All X-rays are corrected for magnifi-
cation using the ratio of the screw diameter on the X-ray
to the known screw diameter. Three measurements are
taken per subject, averaged, and more than 5 mm is con-
sidered femoral neck shortening [18]. Screw cut-out is
defined as cut-out of the bolt-and-plate or anti-rotation
screw or loosening of the locking screw [6].

Statistical analysis

Continuous variables are expressed as meanzstandard
deviation, and categorical variables are expressed as
absolute values and percentages. All data were analyzed
using the Wilcoxon rank sum test (Mann-Whitney U
test). Differences in continuous variables were tested
using the two-tailed Student’s t-test, and differences in
categorical variables were assessed using the Pearson x2
test or Fisher’s exact test where appropriate. Statistical
analysis was carried out using SPSS version 21.0 statis-
tical software (SPSS Inc. Chicago, IL, USA). Multifactor
logistic regression analysis was used to analyze different
influencing factors, calculating odds ratios and 95% con-
fidence intervals. P<0.05 was considered statistically sig-
nificant (see Fig. 3).
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Results

Patients’ characteristics

From May 2021 to October 2023, a total of 149 con-
secutive patients diagnosed with FNFs underwent FNS
surgery at our hospital. Sixteen cases were excluded
based on inclusion and exclusion criteria, leaving 133
patients who met the inclusion criteria, with an aver-
age age of 44.88+13.15 (range 14-82) years, analyzed
(two groups: failure group [#=25] and healing group
[n=108]) (Table 1). All patients were followed up for over
a year, with a mean follow-up time of (16.211.5) months.
The average BMI was 22.6+2.5 kg/m2. The male-to-
female ratio was 85:48. There were no statistically sig-
nificant differences between the two groups in terms of
age (P=0.746), gender (P=0.992), and BMI (P=0.361)
(Table 1).

Complications after FNS surgery

Among the 133 patients, 25 patients (18.79%) experi-
enced fracture healing-related postoperative complica-
tions after FNS surgery, including 8 cases of femoral
head necrosis, 3 cases of nonunion, 3 cases of significant
shortening of the femoral neck, and 7 cases of fracture
displacement, 4 cases of screw cut-out; the remaining
patients’ fractures all healed (Table 2).

Comparison of radiographic data

The differences between the two groups in Pauwels clas-
sification (P=0.23), fracture anatomical classification
(P=0.46), and reduction method (P=0.38) were not sta-
tistically significant. Subsequently, the proportion of
Garden type IV fractures in the failure group was signifi-
cantly higher than in the healing group (64% vs. 39.8%,
P=0.01), while the proportions of Garden type II and III
fractures were lower in the failure group compared to
the healing group (4% vs. 25%; 32% vs. 35.2%, P=0.01;
Table 3). The proportion of FNS position in the upper
and middle 1/3 was significantly higher in the failure
group compared to the healing group (28% vs. 0.9%; 20%
vs. 7.4%; P<0.01), while the proportion in the lower 1/3
was significantly lower in the failure group compared to
the healing group (52% vs. 91.7%; P<0.01; Table 4). The
proportion of anatomical reduction in the failure group
was significantly lower than in the healing group (16% vs.
73.1%; P<0.01), with higher proportions of positive and
negative supports compared to the healing group (32%
vs. 13%; 52% vs. 13.9%; P<0.01; Table 4).

Multivariate logistic regression analysis and subgroup
analysis

Multivariate logistic regression analysis determined that
the coronal plane position of the FNS bolt (P<0.01)
and reduction quality (P<0.01) were statistically signifi-
cant risk factors, while Garden classification was not a
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Fig. 3 Male patient, 51 years old, Garden IV FNF. a, b preoperative AP and lateral X-rays; ¢, d positive support shown on the 2nd day after FNS surgery;
e, f X-ray at 3 months post FNS surgery showing poor fracture healing; g, h X-ray at 3 months post FNS surgery showing internal fixation failure, fracture

displacement, nonunion, and screw cut-out

Table 1 Demographic details of patients

Characteristics Failure group Healing group t/X?value Pvalue

(n=25) (n=108)
Age 348+54 352+56 1.455 0.746°
Gender 0.992°
Male 16(64%) 69(63.9%) <0.01
Female 9(36%) 39(36.1)
BMI (kg/mz) 223427 228+24 0917 0.361°

BMI Body mass index, no. Number of patients, SD Standard deviation
2 Analyzed using independent sample t test
b Analyzed using chi-square test

Table 2 Complications after FNS surgery

Postoperative complications (n, %)
Femoral head necrosis 8(32%)
Nonunion 3(12%)
Neck shortening 3(12%)
fracture displacement 7(28%)
Cut-out 4(16%)

statistically significant risk factor (P=0.07, Table 5). Sub-
group analysis indicated that the coronal plane position
of the FNS bolt and reduction quality were positively cor-
related with postoperative complications, with OR values

Table 3 Comparison of radiographic data between the two
groups

Characteristics Failure Healing U P
group group value value
(n=25) (n=108)
Pauwels classification 1157 0.231°
| 3(12%) 24 (22.2%)
Il 11 (44%) 47 (43.5%)
I 11 (44%) 37 (34.3%)
Garden classification 934 0.01
Il 1 (4%) 27 (25%)
I 8 (32%) 38(35.2%)
\% 16 (64%) 43 (39.8%)
Fracture anatomical 1228 0459
classification
Subcapital 10 (40%) 37 (34.3%)
Transcervical 6 (24%) 10 (9.3%)
Cervicotrochanteric 4 (16%) 47 (43.5%)
Basicervical 5 (20%) 14 (12.9%)

? Analyzed using Mann-Whitnery U test

of 4.5 and 257 for the middle and upper 1/3 compared to
the lower 1/3 of the femoral neck, respectively. coronal
plane position of the FNS bolt in the upper 1/3 was a sig-
nificant risk factor (P<0.01). The OR values for positive
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Table 4 Comparison of surgery between the two groups

Characteristics Failure  Healing U/F P
group group value value
(n=25) (n=108)
Coronal position of the 789 <0.01°
FNS bolt
Upper 1/3 7(28%) 1(0.9%)
Middle 1/3 5(20%) 8 (7.4%)
Lower 1/3 13(52%) 99 (91.7%)
Reduction quality 568 <0.01
Anatomical reduction 4(16%) 79(73.1%)
Positive support 8(32%) 14(13%)
Negative support 13(52%)  15(13.9%)
Reduction method 0761  0383°
Open reduction 22(88%)  87(80.6%)
Closed reduction 3(12%) 21(19.4%)

2 Analyzed using Mann-Whitnery U test

b Analyzed using Fisher’s exact test

and negative support compared to anatomical reduction
were 31.3 and 53.1, respectively. Negative support was a
significant risk factor (P<0.01, Table 6).

Discussion

The occurrence and severity of postoperative compli-
cations after FNFs treated with FNS (e.g., femoral head
necrosis, nonunion, shortening of the femoral neck, frac-
ture displacement, and screw cut-out) are closely related
to the quality of fracture reduction and internal fixation.
This study found that poor reduction quality is one of the
risk factors for internal fixation failure after FNS surgery
for FNFs, which is consistent with the results of Zhang
[5], indicating the crucial importance of reduction quality
in reconstructing fracture stability. Suboptimal fracture
reduction may lead to issues such as poor fracture heal-
ing, fracture instability, or inadequate blood supply to the
fracture site, thereby increasing the risk of postoperative
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complications. A finite element analysis on FNS demon-
strated that for the reduction of FNFs, negative support
is more likely to cause shortening of the femoral neck.
The presence of the femoral calcar makes the medial and
posterior aspects of the femoral neck crucial for fracture
stability. When the femoral neck is in anatomical reduc-
tion or positive support, the pressure from body weight
can effectively transmit downwards through the femoral
calcar, providing a certain compressive effect on the frac-
ture site [19]. Furthermore, due to the lack of effective
pressure transmission, negative support can subject the
ENS to greater shear forces, which may be a reason for
the higher failure rate of negative support [20].

The coronal plane position of the FNS bolt is also one
of the factors influencing fracture prognosis. When per-
forming fracture reduction, selecting the appropriate
position for FNS is crucial. In clinical practice, there is
a consensus on the placement of the main screw in the
lower part of the femoral neck in the coronal plane when
treating FNFs with DHS. Wu [8] suggest that a slightly
lower position for the lag screw is preferable; Parker
[13] advocates for the lag screw to be placed centrally or
slightly lower in the coronal plane; Thomas pointed out
that the lower third of the femoral head-neck junction
is the best position [7]. Currently, it is unclear whether
placing FNS below the central axis of the femoral head-
neck junction exhibits better biomechanical advantages
similar to DHS. The fixation principle of ENS is similar
to DHS, with a consensus on the placement of FNS bolt
in the coronal plane at the center of the femoral neck.
In this study, when FNS was placed in the upper, mid-
dle, and lower thirds, the postoperative internal fixation
failure rates were 87.5% (7/8), 38.4% (5/13), and 11.6%
(13/112) respectively. Multifactor logistic regression
analysis showed that the position of the coronal plane
position of the FNS bolt is a risk factor for postoperative

Table 5 Multivariate logistic regression analysis of risk factor for postoperative complications after FNS fixation

Variable B SE Wald OR 95%CR Pvalue
Garden classification 0.785 0435 3.260 2.192 (0.935,5.139) 0.071
Coronal position of the FNS bolt 2.193 0.515 18.138 8.964 (3.267, 24.594) <0.01
Reduction quality 1.608 0.387 17.271 4.992 (2.339,10.655) <0.01
Table 6 Subgroup analysis of multivariate logistic regression
Variable B SE Wald Exp(B)/OR 95%CR Pvalue
Garden classification (Il) 2.570 0277
I 1573 1.286 1.496 4823 (0.388, 60.026) 0.221
% 1.899 1.199 2.506 6.677 (0.636, 70.056) 0.113
Coronal position of the FNS bolt(Lower 1/3) 0.001
Middle 1/3 1.598 0.871 3367 4.943 (0.897, 27.246) 0.067
Upper 1/3 5552 1522 13.310 257771 (13.057,5088) <0.01
Reduction quality(Anatomical reduction) 0.002
Positive support 3444 1.141 9.104 31.303 (3.343,293.139) 0.003
Negative support 3971 1.106 12.898 53.063 (6.074, 463.549) <0.01
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internal fixation failure (P<0.01). Possible reasons for this
include: ® Compared to placement in the upper third
of the femoral neck, when FNS is placed in the middle
to lower third, stress distribution is more uniform and
dispersed, with better conductivity, lower internal fixa-
tion Von Mises stress, making it less prone to deforma-
tion and fracture; @ When FNS is positioned in the lower
third of the femoral neck, closer to the femoral calcar, the
compressible volume of cancellous bone in the femoral
head-neck region is smaller, providing stronger grip for
internal fixation on the femoral head.

Due to the unique anatomical position and stress load-
ing characteristics of the femoral neck, different types of
fractures have always been a hot topic of research. Previ-
ous studies have only focused on the impact of fracture
displacement on postoperative internal fixation failure
with ENS, and there is limited research on the influence
of fracture classification (Pauwels, Garden, fracture ana-
tomical classification) on postoperative fracture related
complications [6]. Several studies support Garden clas-
sification as one of the risk factors for avascular necrosis
of the femoral head after internal fixation of FNFs [21].
In our study, Garden classification was identified as an
important evaluation index for postoperative complica-
tions of FNFs with FNS (P=0.01). In clinical practice,
the Garden classification standard is commonly used
to classify FNFs. From types I-IV, a higher classification
indicates greater injury severity and displacement at the
fracture end, with a corresponding decrease in end stabil-
ity. More severe injury and poorer stability often indicate
more severe vascular damage around the fracture end.
Displaced fractures are usually associated with anatomic
structural damage at the fracture end, which results in
easier absorption of bone at the fracture end, leading to
loss of medial cortical bone and poor bone support [22].
In addition, for Garden type IV FNFs, more traction and
reduction are required during surgery, which can also
increase soft tissue damage in the affected limb.

In the younger population, fractures are often caused
by high-energy injuries that tend to have vertical fracture
patterns. The greater the verticality of the fracture pat-
tern, the greater the vertical shear stress on the fracture
plane and internal platform, which is more likely to result
in internal fixation failure and fracture displacement [23].
In particular, Pauwels Type III unstable fractures have a
higher incidence of femoral neck shortening, nonunion,
and femoral head avascular necrosis [24, 25]. However,
the results of this study shows that there is no statistically
significant difference in the Pauwels classification of frac-
tures between patients with and without internal fixation
failure. In vitro tests have confirmed [26, 27] that FNS
can achieve both angular stability and sliding compres-
sion in the treatment of Pauwels type III femoral neck
fractures, with biomechanical stability superior to that of
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CCS alone, CCS combined with a medial buttress plate,
and DHS. Based on this, we believe that FNS has good
angular stability and strong fixation can better resist
shear forces at the fracture ends, reducing the incidence
of postoperative internal fixation failure by converting
shear forces into compressive forces, which is beneficial
for fracture healing.

Study limitations

@ The surgeries of the patients included in this study
were performed by different surgeons within the same
treatment group. Variations in surgical techniques and
perioperative management may introduce confound-
ing biases that could affect the prognostic outcomes; @
The Pauwels classification depends on the physician’s
subjective assessment of the horizontal line and the
fracture line. In addition, changes in patient positioning
during imaging may affect the accuracy of this assess-
ment. Consequently, both the Pauwels classification and
the fracture reduction quality assessment in this study
may contain errors that affect the analysis results [28];
@This study was a single-center retrospective study with
selective bias. Meanwhile, the small number of enrolled
patients could not provide enough information and may
result sample bias.

Conclusions

ENS is an effective method for treating FNFs in young
adults, but there is still a certain risk of failure. The Gar-
den classification is an important evaluation indicator for
postoperative complications, with a higher failure rate
observed in type IV fractures. Coronal plane position of
the FNS bolt and reduction quality are significant risk
factors for failure after ENS surgery for FNFs.
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