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Abstract 

Background  A understanding of morphological characteristics are important to femoral neck fractures (FNFs) result-
ing in high rates of complications in the young and middle-aged adults and the detailed data is lack in the literature. 
We aimed to report on the detailed morphological characteristics and the relationship between them in young 
and middle-aged adults with femoral neck fractures (FNFs).

Methods  The postoperative CT images of one hundred and fifty-two adults with FNFs were retrospectively reviewed. 
After image standardization, morphological characteristics including fracture orientation, cortex comminution, 
and intraosseous bone defects were measured and analyzed. Additionally, the distribution and correlation of these 
morphological features were analyzed using Pauwels classification, the right angle of the neck axis (VNA) classifica-
tion, and the anteromedial oblique angle (AMA).

Results  Pauwels III fractures accounted for approximately half (55.2%) of the FNFs analyzed. Pauwels II and III could 
be detected in all four VNA types, and the distribution of the Pauwels types in VNA classification showed signifi-
cant differences (χ2 = 106.363, p < 0.001). The VNA (9.0° ± 12.1) showed positive correlation with the neck-shaft angle 
(139.5° ± 6.3) and modified Pauwels angle (49.8° ± 10.6) (r = 0.441, r = 0.855, all p < 0.001). Cortical comminutions 
were commonly observed in the posterior (86.7%) and the inferior (80.7%). AMAs within the cases without posterior 
and inferior cortex comminutions were significantly larger than those with comminution (t = 2.594, 2.1196; p = 0.01, 
0.036), but no difference could be detected after the AMA being divided into three groups (< 85°, 85°-95°, > 95°). The 
MPA, VNA and AMA of the group with an intraosseous defect were significantly different compared with those with-
out (t = 2.847, 2.314, 2.268; p = 0.005, 0.022,0.025). The incidence of intraosseous defects within the groups with coro-
nal and axial cortex comminutions were significantly higher than those within the groups without comminutions 
(χ2 = 34.87, 25.303; p < 0.001).

Conclusions  The present study highlights the morphological diversity and complexity within FNFs in young 
and middle-aged adults, which allows for more accurate simulation of FNF patterns in the future biomechanical 
studies.
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Background
Femoral neck fractures (FNFs) are commonly encoun-
tered in orthopaedic practice, accounting for 3.6% of all 
fractures and 48%-54% of hip fractures [1]. Although 
occurring at a lower incidence than in the elderly, FNFs 
in the young and middle-aged adult population present 
a unique clinical challenge as most are secondary to high 
energy trauma and patients have higher post-operative 
functional demands for work or recreational activities. 
These fractures are typically complex in nature, with sig-
nificant displacement, oblique fracture angles, and com-
minution [2]. It is known that these characteristics, along 
with disruption of the vascular supply, result in high rates 
of complications [3], including fracture failure, nonun-
ion, and avascular necrosis of the femoral head [4–6]. 
Although many biomechanical and clinical studies have 
evaluated various options, the optimal fixation construct 
to allow for healing and prevention of complications after 
FNF is still unknown [7].

A better understanding of FNF morphology would 
provide an essential foundation for optimal biomechani-
cal models and surgical treatment. However, few studies 
have focused on the detailed morphological characteris-
tics of FNFs and the majority of them have concentrated 
on Pauwels type III fractures [2, 8, 9]. As such, the mor-
phology of different types of FNFs experienced in clinical 
practice and the differences among them have not been 
well described. Thus, the objective of this study was to 
provide detailed morphological characteristics of FNFs 
in a young population based on postoperative computed 
tomography (CT) images and the relationship between 
them, such as fracture angles and cortical comminutions, 
in different FNF classifications.

Methods
This study was a retrospective evaluation of radiographic 
images from patients in a level I trauma center from 
January 2020 to September 2021. The inclusion criteria 
were: (1) age ≤ 59  years, and older than 18  years; (2) no 
history of hip arthritis; (3) no morphological change of 
both hip joints or skeleton (e.g. congenital malformation, 
infantile paralysis, dysplasia); (4) who required closed 
reduction internal fixation surgery within two days after 
suffered an FNF (5) adequate radiological images, includ-
ing postoperative radiography and CT images from the 
first day after surgery. Exclusion criteria included: skel-
etal immaturity; spinal scoliosis and pelvis inclination; 
pathological changes to the bone of the proximal femur 

such as periosteal hyperplasia, hyperostosis, or oste-
olysis; fragility or pathological fracture of femoral neck; 
accompanying fractures of the ipsilateral femoral head or 
shaft, trochanter region, pelvis, or acetabulum; patient 
underwent hip arthroplasty surgery, repeated or revi-
sion surgery for FNF treatment; a fair or poor reduction 
after internal fixation of FNF according to the stand-
ards of Haidukewych et  al. [10]; lack of perioperative 
radiographs; CT scan slice thickness greater than 3 mm; 
blurred or distorted radiological images.

Due to the lack in consensus on grading the quality 
of FNF reduction, fracture reduction was graded on the 
amount of displacement and degree of residual angula-
tion on immediate postoperative radiographs [10]. An 
excellent reduction is considered less than 2 mm of dis-
placement and less than 5° of angulation in any plane; 
good reduction is 2–5 mm of displacement and/or 5°-10° 
of angulation; the displacement greater than 5  mm and 
angulation greater than 10° is considered fair or poor. The 
rate of fair and poor reduction in FNFs is less than 5% at 
our institution. The screening process was done by one 
radiologist and one orthopaedic surgeon. Any disagree-
ments were resolved through negotiations.

Radiographic preparation
CT imaging scans in neutral/supine were operated in 
all patients. Thin slice CT images were obtained using 
picture archiving and communication system work-
stations, and image screenings were performed using 
Kingstar Winning TV view software (Shanghai King-
star Winning Medical Information Technology Co. Ltd., 
Shanghai, China), which has precision of 0.01  mm. The 
CT scan slice thickness used in this study was no more 
than 1 mm. The DICOM (Digital Imaging and Commu-
nication in Medicine) images were loaded and standard-
ized using RadiAnt DICOM Viewer software (Version 
2020.2.3, 64-bit, Medixant, Poland). For standardization, 
all CT images were changed to “bone window” and the 
“Multiplana reconstruction” function was opened. The 
coronal axis on the horizontal plane was then rotated to 
symmetrize the pelvis in the coronal plane and the coro-
nal axis on the sagittal plane was rotated to symmetrize 
the pelvis in the horizontal plane (Supplement 1). After 
standardization, the reconstructed images were saved 
and imported into the Mimics Medical software (version 
21.0) for subsequent measurement. 3-D models of the 
proximal femur were reconstructed using threshold seg-
mentation and interactive editing method in the Mimics 
software.
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All imaging assessments were conducted by two 
authors who were blinded each other, including the 
patients’ demographics and the measurement calculated 
by other assessor. Each assessor performed their assess-
ment twice to reduce inter- and intra-observer variations.

Morphological assessment and measurement
Image slices with the widest femoral neck view in the 
coronal and axial planes were selected for evaluation. 
The centerlines of the femoral shaft and neck on the 
coronal and axial planes were determined by drawing 
two circles tangent to the lateral cortex of the femo-
ral shaft and femoral neck in each plane and forming 
a connecting line to the center points of the two cir-
cles (Fig.  1). In order to confirm whether this method 
(the circumscribed circle method) could be used to our 
study, NSA was measured by three observers separately 

on the CT image data of 50 patients randomly num-
bered twice a month. The inter- and intra- observer 
reliability of this method were showed in Supplement 
with changes marked, which demonstrated that this 
method could be used to our study. The main fracture 
lines were defined as the lines connecting the broken 
ends of the superior/inferior and anterior/posterior 
cortexes of the distal shaft-neck fragment in the coro-
nal and axial planes, respectively.

All imaging assessments were conducted by two 
authors who were blinded each other, including the 
patients’ demographics and the measurement calcu-
lated by other assessor. Each assessor performed their 
assessment twice to reduce inter- and intra-observer 
variations and the mean value of their measurements is 
the final result.

Fig. 1  Radiographic measurements of angle parameters in coronal and axial planes. Two circles (blue) tangent to the lateral cortex of the femoral 
shaft and neck were drawn in each plane. The lines connecting the center points of two circles were the centerlines (red) of the femoral shaft 
and neck. The perpendicular lines of the centerlines were also red. The fracture lines were labeled as washed blue. A. Indirect measurement method 
of MPA and VNA. B. Direct measurement method of MPA and VNA. C. Measurement method of AMA
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Angle parameters on the coronal plane and classification
The angle parameters included the neck-shaft angle 
(NSA), the modified Pauwels angle (MPA) and the right 
angle of the neck axis (VNA) (Fig. 1 A and B).

The NSA is defined as the angle between the cen-
terlines of the femoral shaft and neck [11]. The MPA is 
defined as the angle between the fracture line and an 
imaginary line perpendicular to the centerline of femo-
ral shaft [12]. Using this method, the FNFs were classi-
fied into three types according the Pauwels classification: 
type I, < 30°; type II, 30–50°; and type III, > 50°. The VNA 
is the angle between the fracture line and the vertical line 
of the neck axis [13]. According to a prior study, the frac-
tures were divided into four VNA types: type I < 0°; type 
II 0°-10°; type III 10°-15°; type IV ≥ 15°. A positive angle is 
defined as a more vertical fracture line. The larger value 
means greater shear force acts to fragments after surgery. 
In most cases, these angles could be measured directly 
on the images of injured side (direct measuring method, 
n = 137). In cases with insufficient neck length, the fem-
oral neck axis was labelled according to the NSA of the 
uninjured femur and the vertical line was fixed (indirect 
measuring method, n = 15) [13]. Each fracture was also 
described based on the anatomic location.

Angle parameters on the axial plane and grouping
The anteromedial oblique angle (AMA) is defined as 
the angle formed by the fracture line crossed with the 
centerline of femoral neck in the axial plane (Fig.  1C). 
The AMA was divided into three groups: Group I, < 85° 

(posterior subtype); Group II, 85°-95° (classical subtype) 
and Group III, > 95° (anterior subtype) [8].

Cortical comminution and intraosseous defects
Cortex comminution is defined by the presence of sepa-
rate fragments of any size and dimension that are not 
continuous between the head-neck and shaft-neck frag-
ments [9]. The parameters of cortical comminutions 
included location and maximum length in the coronal 
and axial planes. Location was described by position 
of the comminution observed in the coronal and axial 
planes (inferior, superior, anterior and posterior posi-
tions). The length of cortical comminutions was meas-
ured on CT slices in which the fragment was the longest 
(Fig. 2). The intraosseous bone defect was depicted by a 
high transmission area with clear boundaries within the 
cancellous bone of the femoral neck. The bone defect was 
outlined in both coronal and axial planes where the area 
of the defect was largest (Fig. 3).

Statistical analysis
Sample size simulated by an independent statistician using 
“one mean” function of PASS 11.0 (PASS, NCSS, LLC), 
was the number of 111 patients lower than a total of 152 
patients in our study. Statistical analyses were performed 
by an independent statistician using SPSS 26.0 (SPSS, Inc., 
Chicago, IL, US). Continuous variables with normal distri-
bution were presented as mean ± SD and tested by inde-
pendent-sample t test or analysis of variance (ANOVA). 
Data with skewed distributions were presented as median 

Fig. 2  Radiographic measurements of cortical comminution in coronal and axial planes. A and B. Isolated comminutions of the inferior 
and superior cortex. C and D. Unilateral comminutions of the anterior and posterior cortex. E. Combined comminution of both inferior and superior 
cortices. F. Bilateral comminution of both anterior and posterior cortices
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(interquartile range) and tested by Mann–Whitney U test 
or Cruskal-Wallis H test. Categorical variables were shown 
as frequency and percentages (%) and tested by chi-squared 
test (χ2), including Pearson correlation or Fisher’s exact 
test. Pearson or Spearman correlation test were used for 
correlation analyses between variables. A value of p < 0.05 
indicated statistical significance.

Results
A total of 152 patients with unilateral FNFs met the inclu-
sion criteria for this study. Patient demographics and frac-
ture characteristics are summarized in Table 1.

Relationship among different classifications and angles
Fractures were most commonly transcervical (82.3%) and 
55.2% were Pauwels type III (Table  1). According to the 
compound classifications, the most common type of FNF 
observed was the transcervical-Pauwels type III (51.32%) 
(Fig.  4A) and the transcervical-VNA type IV (27.63%) 
(Fig. 4B). After crossing the Pauwels types with VNA types, 
the Pauwels type II and III could be detected in all four 
VNA types (Fig.  4C), and the distribution of the Pauwels 
types in VNA classification showed significant differences 
(χ2 = 106.363, p < 0.001). Figure  5 shows the positive cor-
relation between the VNA and NSA (r = 0.441, p < 0.001) 
and the positive correlation between the VNA and MPA 
(r = 0.855, p < 0.001), indicating that the greater NSA and 
MPA, the more severe VNA. There was no correlation of 
the MPA with NSA (r = -0.059, p = 0.468).

Distributions and length’s characteristics of cortical 
comminutions on both the coronal and axial planes
Cortical comminutions were commonly observed in both 
the coronal (75%) and axial planes (78.9%). In the coro-
nal plane, comminuted fractures were more commonly 

observed in the inferior cortex (80.7%) when compared 
with the superior cortex (56.1%) (χ2 = 15.9, p < 0.001). 
The inferior cortex comminution length was signifi-
cantly longer than that of the superior cortex (t = 2.731, 
p = 0.007). The length of superior cortex comminution 
had moderate positive correlation with the length of 
inferior cortex comminution (r = 0.454, p = 0.002). In the 
axial plane, comminuted fractures were more frequently 
noted in the posterior cortex (86.7%) when compared 
with the anterior cortex (40.8%) (χ2 = 54.5, p < 0.001). 
The posterior cortex comminution length was signifi-
cantly longer than that of the anterior cortex (t = 4.719, 
p < 0.001). Correlation between the length of anterior 
cortex comminution and the posterior length was not 
statistically significant (r = -0.091, p = 0.614).

Distributions and length’s characteristics of cortical 
comminutions among cortical comminution 
and classifications of Pauwels and VNA
There were no differences among the three Pauwels types 
and four VNA types with respect to cortical comminu-
tion in the coronal plane (Table  2). Among the three 
Pauwels types, the distribution of posterior cortex com-
minution demonstrated significantly higher incidence 
in Pauwels type III fractures (77.4%, p = 0.027). Of note, 
there were posterior cortex comminutions seen in in 
Pauwels type I and II fractures. The distribution of pos-
terior cortex comminution among the four VNA types 
exhibited no differences (p = 0.297). The length of pos-
terior cortex comminution among three Pauwels types 
(p = 0.028) and four VNA types (p = 0.005) all demon-
strated significant differences with longer lengths seen in 
increasing fracture severity (Table  2). A comprehensive 
distribution of cortical comminution in both the coronal 
and axial planes is shown in Fig. 6.

Fig. 3  Representative intraosseous bone defects in axial (A) and coronal (B) planes. Outlines of the largest intraosseous defect area were sketched 
using green lines
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Relationship among the AMA, other angles, and cortex 
comminutions
There were no correlations among the AMA, NSA, 
MPA, and VNA (r = -0.100, -0.004, -0.061, p = 0.218, 
0.958, 0.454). There was also no correlation observed 
between the AMA and the anterior and posterior cortex 

comminution lengths (r = -0.073, -0.042, p = 0.620, 0.669). 
There was a negative weak correlation between the AMA 
and the rate of posterior cortex comminution (r = -0.184, 
p = 0.023). The AMAs within the cases without poste-
rior and inferior cortex comminutions were significantly 
larger than those with comminution (t = 2.594, 2.1196; 

Table 1  Subject demographics and fracture characteristics (n = 152)

BMI Body mass index, three patients’ BMI was lost. NSA Neck-shaft angle, MPA Modified Pauwels angle, VNA Angle of vertical of the neck axis, AMA Anteromedial angle. 
Continuous variables with normal distribution were presented as mean ± SD (range). Categorical variables were shown as number and percentages (%)

Variables Value

Patient demographics

  Age (yrs, range) 48 ± 10.9(18—59)

  Sex (Male n, %) 78 (51.3%)

  Side (Left n, %) 73 (48%)

  BMI (Kg/m2, range) 22.8 ± 3.4 (15.0—33.8)

  Underweight (< 18.5, %) 13 (8.7%)

  Normal (18.5 ― 24.9, %) 101 (67.8%)

  Overweight (25 ― 29.9, %) 32 (21.5%)

  Obesity (> 30, %) 3 (2.0%)

  NSA (, range) 139.5 ± 6.3 (125.5—161.8)

Fracture characteristics

  Anatomical classification (n, %)

    Subcapital 23 (15.1%)

    Transcervical 125 (82.3%)

    Basicervical 4 (2.6%)

    MPA (°, range) 49.8 ± 10.6 (25.6 ― 76.0)

  Pauwels classification (n, %) ― (°, range)

    Type I 8 (5.3%) 27.8 ± 1.9 (25.6—30.0)

    Type II 60 (39.5%) 42.1 ± 5.4 (30.5—49.9)

    Type III 84 (55.2%) 57.3 ± 6.0 (50.1—76.0)

    VNA (°, range) 9.0 ± 12.1 (-24.8 ― 38.1)

  VN classification (n, %) ― (°, range)

    Type I 35 (23.0%) -7.2 ± 5.9 (-24.8—0.02)

    Type II 42 (27.6%) 4.9 ± 2.8 (0.2—9.3)

    Type III 28 (18.4%) 12.4 ± 1.6 (10.0—14.6)

    Type IV 47 (31.0%) 22.6 ± 6.0 (15.1—38.1)

    AMA (°, range) 93.1 ± 13.7 (46.6 ― 130.5)

AMA groups (n, %) ― (°, range)

  Group I 34 (22.4%) 75.2 ± 9.5 (46.6—84.6)

  Group II 54 (35.5%) 90.3 ± 3.0 (85.0—95.0)

  Group III 64 (42.1%) 105.0 ± 8.5 (95.2—130.5)

  Cortex comminution in coronal plane (n, %) 114 (75%)

Location (n, %) ― Length (mm, range)

  Superior 64 (56.1%) 11.2 ± 4.1 (2.56—22)

  Inferior 92 (80.7%) 13.2 ± 5.4 (3.96—27.9)

  Cortex comminution in axial plane (n, %) 120 (78.9%)

Location (n, %) ― Length (mm, range)

  Anterior 49 (40.8%) 10.1 ± 4.7 (4.16—28.7)

  Posterior 104 (86.7%) 13.8 ± 4.5 (1.63—28.5)

  Intraosseous defects (n, %) 79 (52.0%)
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p = 0.01, 0.036) (Table 3). No significant difference could 
be detected among the three AMA groups (Supplement 
2).

Relationship among intraosseous defects groups, the three 
angles, two classifications and cortex comminutions
The overall incidence of intraosseous defects was 52.0%. 
The MPA and VNA of the group with an intraosse-
ous defect were significantly higher than those without 
(t = 2.847, 2.314; p = 0.005, 0.022) (Table  4). Conversely, 
the AMA of the group with intraosseous defects was sig-
nificantly lower than that of the group without (t = 2.268; 
p = 0.025) (Table  4). No significant difference was seen 
in the distribution of intraosseous defects among the 
three Pauwels types and four VNA types. The incidence 
of intraosseous defects within the groups with coronal 
and axial cortex comminutions were significantly higher 

than those within the groups without comminutions 
(χ2 = 34.87, 25.303; p < 0.001) (Table 4).

Distribution of the different measured parameters 
between two genders and others data
The distribution of NSA, MPA, VNA and AMA between 
two genders in all included patients are shown in Supple-
ment 3 with females having significantly higher NSA and 
significantly lower MPA and VNA. There were also sig-
nificant differences with respect to gender for anatomic 
classification, modified Pauwels types, and VNA classi-
fication (Supplement 4). There was no difference among 
the three AMA groups with respect to age, gender, or 
affected side (Supplement 4). There were significant dif-
ferences with regards to MPA, VNA, Pauwels classifica-
tion, and VN classification among the three anatomical 
fracture types (Supplement 5).

Fig. 4  The distributions of fractures by compound classifications. A. Anatomical-Pauwels compound classification. B. Anatomical-VN compound 
classification. C. Pauwels classification crossing with VN classification. S, Subcapital type; T, Transcervical type; B, Basicervical type

Fig. 5  Correlation analyses between the VNA and NSA, the VNA and MPA
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Discussion
FNFs in young and middle-aged patients represent a dif-
ficult injury to manage due to high rates of treatment fail-
ure [3, 5]. The distinct mechanical features and complex 

periarticular soft tissue anatomy of the proximal femur 
creates a challenging biomechanical and biological envi-
ronment for fracture healing [14–16]. Although many 
options exist, there is a lack of consensus on the optimal 

Table 2  Distribution and length of cortical comminution

a Fisher’s exact test

Variables Cortical comminution in coronal plane Cortical comminution in axial plane

Superior (n, 
%)

Superior 
length (mm)

Inferior (n, %) Inferior 
length (mm)

Anterior (n, 
%)

Anterior 
length (mm)

Posterior (n, 
%)

Posterior 
length (mm)

Pauwels classification

  Type I (8) 3 (37.5) 12.63 ± 4.83 4 (50.0) 14.78 ± 10.02 4 (50) 13.54 ± 6.19 4 (50) 10.25 ± 4.04

  Type II (60) 26 (43.3) 10.66 ± 4.53 33 (55.0) 11.61 ± 5.24 18 (30) 9.00 ± 3.61 35 (58.3) 12.67 ± 3.77

  Type III (84) 35 (41.7) 11.40 ± 3.69 55 (65.5) 14.09 ± 4.94 27 (32.1) 10.33 ± 4.94 65 (77.4) 14.66 ± 4.69

F/2 0.114 0.446 1.995 2.479 1.293 1.671 7.203 3.716

p 0.945a 0.642 0.369a 0.090 0.524a 0.199 0.027a 0.028

VN classification

  Type I (35) 16 (45.7) 11.39 ± 4.64 20 (57.1) 10.73 ± 6.05 12 (34.3) 10.11 ± 4.84 20 (57.1) 11.53 ± 3.36

  Type II (42) 20 (47.6) 10.93 ± 4.49 26 (61.9) 13.15 ± 5.14 13 (31.0) 9.83 ± 3.35 28 (66.7) 12.73 ± 4.25

  Type III (28) 9 (32.1) 11.66 ± 4.60 16 (57.1) 14.24 ± 5.25 10 (35.7) 11.89 ± 6.93 20 (71.4) 14.72 ± 4.45

  Type IV (47) 19(40.4) 10.96 ± 2.97 30 (63.8) 14.35 ± 4.86 14 (29.8) 9.06 ± 3.60 36 (76.6) 15.44 ± 4.50

F/2 1.905 0.096 0.550 2.150 0.383 0.724 3.691 4.505

p 0.592 0.962 0.908 0.100 0.994 0.543 0.297 0.005

Fig. 6  Heatmaps demonstrating the comprehensive distribution of cortical comminution among Pauwels and VN classifications. A, Anterior; 
P, Posterior; S, Superior; I, Inferior. A + P, Comminutions coexisting in both anterior and posterior cortices. S + I, Comminutions coexisting 
in both superior and inferior cortices
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surgical treatment method [6, 16]. To improve the clini-
cal results of FNF surgical fixation techniques in young 
adults, better understanding of the morphologic char-
acteristics of FNF could be relevant. Our results dem-
onstrate the morphological diversity and complexity of 
FNFs in young and middle-aged patients. Furthermore, 
our results indicate that the degree of cortical comminu-
tion, fracture angle in the axial plane, intraosseous bone 
defects, and the correlations among these factors may 
have been underestimated in previous studies [2, 8, 9, 17].

Three studies on the topic of FNF morphology have 
been published in the past decade [2, 8, 9]. These stud-
ies have been limited by small number of subjects [5, 10] 
and a limited focus on the impact of the axial obliquity 
of fracture on the biomechanical stability in Pauwels type 
III FNFs [8]. Furthermore, the methods available for the 
study of fracture morphological are limited, with exist-
ing techniques primarily based on preoperative radio-
graphic images. However, it has been shown that analysis 
of preoperative CT images without standardization and 
image reconstruction is difficult and inaccurate [2]. To 
our knowledge, this is the first study to comprehensively 
describe and multidimensionally analyze the entire spec-
trum of the morphological features of FNFs in young and 
middle-aged adults with a relatively larger number of 
cases using postoperative CT images.

A review of the experimental biomechanical literature 
on FNF reveals significant variability in fracture angles 
and cortical comminution in dissimilar fracture mod-
els (Supplement 6), limiting the extrapolation of results 
to clinical practice. FNFs in young patients are typically 
a result of high-energy trauma and more frequently pre-
sent as vertically oriented and unstable fractures that 
require internal fixation [16, 18]. As such, most studies 
have focused on Pauwels type III or vertical fractures. 
However, Pauwels type III fractures are not representa-
tive of all FNFs young and middle-aged patients experi-
ence in clinical practice [4]; in our study Pauwels type III 

Table 3  AMA comparison between fractures with and without 
cortical comminution in two planes

AMA t p

Anterior comminution

  No (103) 93.12 ± 12.88 0.037 0.971

  Yes (49) 93.04 ± 15.45

Posterior comminution

  No (48) 97.27 ± 12.45 2.594 0.010

  Yes (104) 91.18 ± 13.88

Superior comminution

  No (88) 94.83 ± 13.78 1.84 0.068

  Yes (64) 90.72 ± 13.33

Inferior comminution

  No (60) 95.98 ± 13.77 2.119 0.036

  Yes (92) 91.22 ± 13.40

Table 4  The distribution of radiographic parameters and classifications between the groups with and without intraosseous defects

a Fisher’s exact test

Variables No intraosseous defect (73) Intraosseous defect (79) t/χ2 p

NSA (°) 139.9 ± 6.6 139.0 ± 5.9 0.824 0.411

MPA (°) 47.30 ± 10.25 52.08 ± 10.43 2.847 0.005

Pauwels classification (n, %)

  Type I (8) 6 (8.2) 2 (2.5) 3.643 0.162a

  Type II (60) 31 (42.5) 29 (36.7)

  Type III (84) 36 (49.3) 48 (60.8)

  VNA (°) 6.62 ± 11.52 11.11 ± 12.35 2.314 0.022

VN classification (n, %)

  Type I (35) 21 (28.8) 14 (17.7) 2.877 0.411

  Type II (42) 20 (27.4) 22 (27.8)

  Type III (28) 12 (16.4) 16 (20.3)

  Type IV (47) 20 (27.4) 27 (34.2)

AMA (°)
Coronal

95.69 ± 13.58 90.71 ± 13.46 2.268 0.025

Cortex comminution (114) 39 (34.21) 75 (65.79) 34.87  < 0.001

No cortex comminution (38)
Axial

34(89.47) 4(10.53)

Cortex comminution (120) 45 (37.50) 75 (62.50) 25.303  < 0.001

No cortex comminution (32) 28(87.50) 4(12.50)
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fractures only account for 55.2% of FNFs. Additionally, 
the majority of fracture models have not examined cor-
tical comminution which is not an uncommon feature 
of FNFs [2, 9] and is likely an important factor in influ-
encing the structural stability. The results of the present 
study indicate a wide range and degree of cortical com-
minution. Thus, limitations of existing biomechanical 
studies are secondary to an incomplete understanding of 
the pathomorphology of FNFs, particularly when com-
pared with other fractures [19, 20]. The current study fills 
an important knowledge gap in this domain.

The Pauwels classification is frequently utilized as a 
therapeutic guideline to determine the appropriate treat-
ment for FNFs [21, 22]. However, clinical utility and reli-
ability of this classification has been called into question 
[22–24]. Therefore, the VNA and classification has been 
proposed, which provides better validity and reliabil-
ity in FNFs than the Pauwels classification [13]. Besides, 
with the increase of type of the VNA classification and 
the Pauwels classification, the rate of short-term compli-
cations, such as screw loosening, varus collapse, obvious 
fracture displacement and femoral neck shortening, is 
gradually increasing, but the former is proved to be more 
related to the rate [13]. However, whether the rate of 
long-term complications such as nonunion and avascu-
lar necrosis of femoral head correlates with Pauwels clas-
sification is Controversial [12, 23].To our knowledge, the 
correlation between VNA and classification and other 
morphological features have not been analyzed. In our 
study, we found that the distribution of Pauwels types in 
VNA classification showed significant differences. We 
also demonstrated a positive correlation of VNA with 
the NSA and MPA, whereas no correlation was shown 
between MPA and NSA. In addition, the distribution of 
cortical comminutions was gradually concentrated on 
both posterior and inferior cortices with the increase of 
VNA classification as shown by the heatmap, but Pauwels 
classification don’t have this trend. Thus, the VNA meas-
urement provides a more nuanced classification than the 
Pauwels system, and may prove useful in facilitating sta-
bility assessment for the FNFs.

With regards to axial measurements, we present the 
first study to show the relationship of AMA to other 
morphological features. While no correlations could 
be detected between AMA and NSA, MPA, VNA, and 
the comminution lengths, we did discover that AMA 
is smaller in the cases with posterior and inferior com-
minution and those with intraosseous bone defects and 
has a weak negative correlation with the rate of pos-
terior cortex comminution. This result is consistent 
with Collinge’s study [9]. The reason may be that the 
cases with posterior and inferior comminution suffer 
a more severe varus and internal rotational deformity 

compared with the cases without. The deformity more 
easily results in the appearance of posterior and inferior 
comminutions in the distal neck-shaft fragment which 
is longer in the posterior cortices and the inferior cor-
tices and the compression of the intramedullary cancel-
lous bone which forms the intraosseous bone defects 
when fracture fragment is reduced. In a biomechanical 
study, smaller AMA indicates lower torque compared 
to larger AMA. Which imply that AMA may be a useful 
predictor of axial stability [17, 25]. However, no signifi-
cant morphological difference could be detected among 
the three AMA groups, which similarly means AMA 
classification founded by Wang [8] need to considerable 
again.

Cortex comminution is a common, yet underestimated, 
problem in the management of FNFs (Supplement 6). 
Although they can be detected in all quadrants of the 
femoral neck [9], femoral neck comminution in Pauwels 
type III fractures, are mostly seen in the inferior and pos-
terior quadrants [2]. Consistent with existing literature, 
we found that comminution was more commonly seen 
in the inferior (80.7%) and posterior (86.7%) cortices, but 
also appears in the superior (56.1%) and anterior (40.8%) 
cortices, regardless of Pauwels or VNA classifications. 
For FNFs in young and middle-aged adults, posterior 
comminution has been recognized as a main contribu-
tory factor to result in complications, such as femoral 
neck shortening, nonunion and avascular necrosis of the 
femoral head [4, 17, 26–34]. However, previous studies 
about posterior comminution have been qualitative, that 
length of comminution have an adverse effect on clinical 
outcome is unknown. In our study, the length of poste-
rior comminution is between 1.63 mm and 28.5 mm, the 
range of which is so large that the clinical outcomes must 
be different. Besides, the contribution of cortex commi-
nutions in other quadrants and their correlations to other 
fracture features and the clinical outcomes have not been 
investigated.

Bone defects are relatively common in peri-articular, 
osteoporotic, or pathological fractures [35, 36]. It is gen-
erally recognized that intraosseous bone defects in FNFs 
are caused by compression of the intramedullary cancel-
lous bone by the displaced fracture. However, intraosse-
ous bone defects in FNFs have not been described to this 
point. The use of postoperative images in this study allow 
for the first description of these bone defects, although 
quantitative volumetric measurement of the intraosseous 
bone defect in the FNFs remains a challenge due to metal 
artifacts of the implants in our study [37]. We found that 
intraosseous bone defect group had larger both MPA and 
VNA and higher rate of cortex comminution which indi-
cated intraosseous bone defect may have ramifications 
in fracture nonunion and inescapability of bone grafting, 
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although the clinical implications of these intraosseous 
bone defects require further study.

The strengths of the present study include the large 
number of consecutive patients who had been treated at 
a single institution and the high availability of postopera-
tive CT images. Limitations include exclusion of patients 
with fair and poor quality of fracture reduction, and ipsi-
lateral femoral neck and shaft fractures. Additionally, 
although we have chosen the FNF patients with the sur-
gery pattern which have a much smaller impact on the 
morphological characteristics during surgery, the retro-
spective nature of this study leads to the involvement of 
multiple surgeons with differing fixation techniques and 
devices, which may exert various degrees of impact on 
the morphological analysis. Finally, the reliability of the 
measurements of each morphological parameter has not 
been fully assessed.

Conclusions
In conclusion, with a comprehensive understanding of 
the morphological characteristics of FNFs in young and 
middle-aged patients, further biomechanical experi-
ments can be conducted that more accurately simulate 
injury patterns encountered clinically. The VNA classifi-
cation exhibits more subtle discernibility than the Pau-
wels classification for FNFs. Our study examined several 
clinically important characteristics of FNFs in young 
adults, such as cortical comminutions, the oblique angle 
of fractures in axial plane and intraosseous bone defects. 
Overall, the results of the current analysis highlight the 
morphological diversity and complexity with young and 
middle-aged FNFs.
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