
Femoral neck fractures (FNFs) have a high incidence in 
the general population1,2) and are reported frequently in 
most trauma centers around the world. It is estimated that 
by the middle of the century, 50% or more of all osteopo-
rosis-related fractures will occur in Asia,3,4) largely because 
of the disproportionate increase in aging populations in 
Asian countries in coming years.4) FNFs are a significant 
healthcare problem worldwide because of their enormous 
impact on healthcare insurance costs and a high probabili-
ty of extended disability and/or institutionalization.5) Inter-
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nal fixation of the fracture is the gold-standard treatment 
for younger adult patients, while arthroplasty is mainly 
performed in older patients. Treatment selection depends 
on fracture-related conditions, a patient’s demographic 
profile, personal preferences, and a surgeon’s training and 
skill level.6-10) The mechanical strength of the femoral neck 
is determined primarily by bone density, bone geometry, 
and thickness of the cortical bone.11) Bone defects in FNFs 
are strongly associated with the prognosis after internal 
fixation. Prognostic factors for FNFs include insufficient 
fracture reduction (especially, varus deformity), difficulty 
in carrying out fracture reduction, and comminution of 
the posterior neck cortex. 

Comminution of the posterior neck cortex is the 
main reason for problematic fracture reduction and inter-
nal fixation failure, with the failure caused by insufficient 
fracture reduction.12-14) Advanced age, difficulty in achiev-
ing fracture reduction, and poor preoperative conditions 
are also associated with FNF fixation failure.15-18) For ex-
ample, the presence of fracture varus reduction or difficul-
ty in achieving the reduction increases the risk of fixation 
failure by 4.3 times.18) One prognostic variable that has 
received little research attention, however, is the severity 
of the bone defect. Specifically, it is unknown whether the 
severity of a bone defect is associated with the prognosis 
of FNFs. This study assessed the impact of bone defects on 
the internal fixation failure of displaced FNFs.

METHODS
This study was performed in line with the principles of the 
Declaration of Helsinki. Approval was granted by the Eth-
ics Committees of Shanghai Sixth People’s Hospital affili-
ated to Shanghai Jiao Tong University School of Medicine 
(No. 2020-KY-026 (K)). Informed consent was obtained 
from all individual participants included in the study. The 
authors affirm that human research participants provided 
informed consent for publication of the images.

Clinical Data
Study design and sample 
This retrospective study enrolled patients from two level 
1 trauma centers. These patients were treated between 
January 2014 and December 2018. Inclusion criteria were 
(1) those > 20 years old and having a history of trauma, 
(2) those diagnosed with a displaced FNF, Garden III-
IV, OTA/AO fracture classified as 31B1.3 and 31B2 (1-3) 
that had undergone internal fixation, (3) those who had 
available preoperative X-ray images of anterior-posterior 
(AP) and lateral femoral neck and computed tomography 
(CT) scan in Digital Imaging and Communications in 
Medicine (DICOM) format of bilateral proximal femurs, 
(4) follow-up longer than 24 months, (5) anatomical re-
duction, and (6) internal fixation completed within 48 
hours after injury. Exclusion criteria were (1) those ≤ 20 

18 Postoperative
complications

120 No
postoperative
complications

138 Assessment
of clinical efficacy
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lost to follow-up

162 3D computer reconstruction and
analysis of fracture morphology

162 Internal fixation only

34 No
postoperative
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8 Postoperative
complications

42 Assessment
of clinical efficacy

0 Excluded
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42 3D computer reconstruction and
analysis of fracture morphology

42 Internal fixation +
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6 Age < 20 yr
41 Insufficient image data
5 Structural abnormality of the affected or healthy hip joint

93 Metabolic bone conditions
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176 Excluded

380 Patients with displaced femoral neck
fractures underwent internal fixation within 48 hr

Fig. 1. Flowchart for patient inclusion. 
3D: three-dimensional.
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years old, (2) those who had Garden I-II or non-displaced 
FNF, (3) X-ray and CT scans showing the abnormal 
ipsilateral or contralateral hip structure, femoral neck 
malformation, or pathological FNF, (4) metabolic bone 
conditions including diabetes mellitus, heavy smoker, cur-
rent alcohol misuse, current steroid use, end-stage renal 
disease, and osteoporosis, and (5) unsatisfied reduction. 

A total of 204 patients met the inclusion criteria, 
including 113 men (55.4%) and 91 women (44.6%). Their 
mean age was 52.3 years (range, 21 to 75 years). All cases 
were subjected to three-dimensional (3D) computer re-
construction and analysis of fracture morphology. Twenty-
four cases (11.8%) did not complete the follow-up, leaving 
180 cases for the assessment of clinical efficacy (Fig. 1).

Internal fixation surgery
Of the included patients, 66 cases underwent closed re-
duction and 138 underwent open reduction. Of the open 
reduction cases, 36 were cases that previously had under-
gone closed reduction that had failed and 102 had under-
gone open reduction directly. A bone graft was performed 
in 42 cases having severe bone defects at the fracture site; 
the iliac cortex together with cancellous bone adjacent to 
it was harvested for the graft. For internal fixation, either 
3 or 4 cannulated screws (6.5 mm or 7.3 mm in length) or 
dynamic hip screws (DHSs) were used. 

Anatomic reduction was defined as less than 2 mm 
step-off at the fracture site or less than 5° in varus/valgus 
alignment compared to the corresponding site on the con-

tralateral side on immediate postoperative radiographs.19) 
In cases undergoing fixation with cannulated screws, 
screws were inserted close to the femoral neck cortex. In 
the remaining cases, DHSs were positioned close to the 
longitudinal axis of the femoral neck. Thin-slice CT scans 
together with AP view and lateral view X-rays were exam-
ined on the first postoperative day to evaluate reduction 
quality and were used as references for comparison of sub-
sequent images taken at follow-up visits. 

The average surgical intervention time was 58 min-
utes (range, 40–100 minutes) for internal fixation only and 
126 minutes (range, 90–150 minutes) for internal fixation 
combined with autogenous iliac bone graft. Discovery of 
newly emerging hip symptoms (e.g., pain, soft-tissue irri-
tation, or other significant discomforts) in treated patients 
was recorded and examined with additional X-ray and CT 
scans. 

Outcome measures
The primary outcome variable was postoperative compli-
cations, such as superficial incisional infection, deep vein 
thrombosis, or internal fixation failure. Internal fixation 
was considered to be a failure if a change in the relative 
position of the implant within the distal femoral neck was 
detected on imaging scans; i.e., a displacement seen in the 
AP view and/or lateral view of the femoral neck compared 
with immediate postoperative X-ray and CT images. How-
ever, patients tracked in the failure group did not include 
controllable shortening of the femoral neck (within 10 
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Fig. 2. Brief schematic overview of the virtual reduction and related measurements calculated from three-dimensional (3D) reconstructions. The 
computed tomography data were imported into Mimics software and 3D reconstructions of the proximal and distal ends of the fractures were created. 
Then, the parts were exported to 3-matic in STL format. (A) The healthy femur was mirrored to the affected side using the mirror tool. (B) The affected 
femur was aligned and repositioned onto the mirrored femur using N-point registration and global registration tools. (C) Anterior and posterior views of 
the reducted model. Boolean operations were then used to obtain the model of the bone defect. (D) The volume of bone defect and the maximum defect 
height were calculated.
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mm) due to the compression of bone fragments with par-
allel screws. 

Data Collection and Analysis
DICOM data were obtained by using a Toshiba Aquilion 
ONE 320-slice SPIRAL CT scanner (Toshiba Inc., Tokyo, 
Japan). The scanning parameters were 80 kV, 200 mA, 
slice thickness of 0.625 mm, and tube rotation of 0.35 sec. 
The data were imported into Materialise Mimics software 
(Materialise NV, Leuven, Belgium) to create individual 
3D models of the pelvis, affected femoral head, affected 
femoral shaft, and contralateral femur, which were then 
imported into Materialise 3-matic (Materialise NV) in STL 
format. Next, the computerized processing we established 
previously was applied to measure various bone-defect 
variables (Fig. 2). These variables were the volume of bone 
defect (VBD) and the maximum defect height (MDH) on 
virtual reduction (Fig. 3). 

A cross-section of the femoral neck 3D model at the 
fracture end was divided into four parts by vertical and 
horizontal virtual lines in the model. Two planes were cre-
ated through the vertical and horizontal lines to divide the 
whole femoral neck into four quadrants. The four quad-
rants—anterosuperior, anteroinferior, posterosuperior, and 
posteroinferior—were denoted as quadrant I (QI), quad-
rant II (QII), quadrant III (QIII), and quadrant IV (QIV), 
respectively (Fig. 4). The number of quadrants involved 
(NQI) in the fracture was recorded as well as the main dis-
tribution area of bone defects (anterior, posterior, superior, 
or inferior). 

Statistical Analysis
Continuous variables were expressed as mean (± standard 
deviation) and categorical variables as number (%). Con-

tinuous data of group variables were evaluated statistically 
using the Mann-Whitney test or Kruskal-Wallis test, and 
categorical data were analyzed using Pearson’s chi-test or 
Fisher’s exact test. Univariate analyses were used to evalu-
ate associations between variables and outcomes. Variables 
for which significant differences were found in univariate 
analyses were included in multivariate logistic regression 
analyses to identify risk factors for complications. Failures 
of internal fixation were one of the main complications of 
interest. 

Results were expressed as odds ratios (ORs) with 
95% confidence intervals (CIs). Regression analysis of 
complications excluded patients lost to follow-up (n = 24). 
All statistical assessments were two-tailed and considered 
statistically significant at p < 0.05. IBM SPSS statistical 
software ver. 22 for Windows (IBM Corp., Armonk, NY, 
USA) was used for all statistical analyses.

RESULTS
Patients’ demographic and clinical characteristics are pre-
sented in Table 1. All of our patients with displaced FNFs 
had femoral neck bone defects that might distribute across 
any quadrants of the femoral neck (Table 1). Most bone 
defects occurred in the posterior femoral neck (94.6%). 
On the basis of the quartile cutoff points, bone defects 
were categorized as mild (VBD ≤ 2,710.97 mm3), moder-
ate (2,710.97 mm3 < VBD < 5,136.14 mm3), or severe (VBD 

16.77

MDH = 16.77 mm

VBD = 2,214.4228 mm
3

Volume

Surface area

2,214.4228

2,823.6006

Fig. 3. The volume of bone defect (VBD) is displayed in the system once 
the bone defect model is reconstructed. Two paralleled sketches were 
created to measure the maximum defect height (MDH).

Fig. 4. Four quadrants of the cross-section of the femoral neck three-
dimensional model at the fracture end. Vertical and horizontal lines are 
drawn through the center of the fracture surface in the virtual model to 
divide it into four parts for analysis: (1) anterior-superior quadrant (QI), (2) 
anterior-inferior quadrant (QII), (3) posterior-superior quadrant (QIII), and 
(4) posterior-inferior quadrant (QIV). GT: greater trochanter, P: posterior, 
LT: lesser trochanter, A: anterior.
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≥ 5,136.14 mm3); for this grouping, 57 patients (27.9%), 
100 patients (49.0%), and 47 patients (23.0%), respectively, 
had mild, moderate, or severe defects. 

The mean ± SD MDH was 14.62 ± 4.92 mm. The 
mean MDH was significantly larger for patients who un-
derwent internal fixation combined with autogenous iliac 
bone graft compared to patients who underwent internal 
fixation only (17.52 ± 4.83 vs. 13.87 ± 4.67; p < 0.001). Of 

the patients who underwent internal fixation, 11 (5.4%) 
had anterior bone defects (QI + QII), 193 cases (94.6%) 
had posterior bone defects (QIII + QIV), 114 (55.9%) had 
superior bone defects (QI + QIII), and 90 patients (44.1%) 
had inferior bone defects (QII + QIV). A total of 26 pa-
tients (12.7%) had surgical complications, and of these, 17 
(8.3%) had an internal fixation failure.

Statistical analyses showed that age (p = 0.046) and 

Table 1. Demographic and Clinical Characteristics of Study Population Grouped by ORIF Type

Variable Total
ORIF

p-value
ORIF only ORIF + autogenous iliac bone graft

Case 204 (55.1) 162 (79.4) 42 (20.6) -

Age (yr)  0.595†

   < 50  63 (30.9) 49 (30.2) 14 (33.3)

   50–59  86 (42.2) 72 (44.4) 14 (33.3)

   60–69  40 (19.6) 30 (18.5) 10 (23.8)

   ≥ 70 15 (7.4) 11 (6.8) 4 (9.5)

Sex  0.001‡

   Male 113 (55.4) 80 (49.4) 33 (78.6)

   Female  91 (44.6) 82 (50.6) 9 (21.4)

VBD* < 0.001†

   Mild  57 (27.9) 55 (34.0) 2 (4.8)

   Moderate 100 (49.0) 86 (53.1) 14 (33.3)

   Large  47 (23.0) 21 (13.0) 26 (61.9)

MDH (mm) 14.62 ± 4.92 13.87 ± 4.67 17.52 ± 4.83 < 0.001§

Main distribution area of bone defect 0.036‡

   Anterior 11 (5.4)  6 (3.7)  5 (11.9)

   Posterior 193 (94.6) 156 (96.3) 37 (88.1)

Main distribution area of bone defect 0.608‡

   Superior 114 (55.9) 92 (56.8) 22 (52.4)

   Inferior  90 (44.1) 70 (43.2) 20 (47.6)

NQI < 0.001‡

   ≤ 2 104 (51.0) 94 (58.0) 10 (23.8)

   ≥ 3 100 (49.0) 68 (42.0) 32 (76.2)

ORIF method 0.645‡

   Cannulated screw 128 (62.75) 102 (63.0) 26 (61.9)

   DHS  41 (20.10)  34 (21.0)  7 (16.7)

   Diamond configuration  35 (17.16)  26 (16.0)  9 (21.4)
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Table 1. Continued

Variable Total
ORIF

p-value
ORIF only ORIF + autogenous iliac bone graft

Complication 0.286‡

   No  154 (75.50) 120 (74.1) 34 (81.0)

   Yes  26 (12.7)  18 (11.1)  8 (19.0)

   Internal fixation failure 17 (8.3) 14 (8.6) 3 (7.1) 0.098‡

   Superficial incisional infection  4 (2.0) 2 (1.2) 2 (4.8) 0.398ΙΙ

   DVT  5 (2.5) 2 (1.2) 3 (7.1) 0.100‡

Values are presented as number (%) or mean ± standard deviation.
ORIF: open reduction for internal fixation, VBD: volume of bone defect, MDH: maximum defect height, NQI: number of quadrants involved, DHS: dynamic 
hip screws, DVT: deep vein thrombosis. 
*Mild, total volume (mm3) ≤ 2,710.97; Moderate, 2,710.97 < total volume (mm3) < 5,136.14; Large, total volume (mm3) ≥ 5,136.14. †Kruskal-Wallis test. 
‡Pearson’s chi-square test. §One-way analysis of variance. ΙΙFisher’s exact test.

Table 2. Characteristics of ORIF Cases According to Final Status

Variable
ORIF

p-value
Success Failure

Case 187 (91.7) 17 (8.3) -

Age (yr) 0.046

   < 50 60 (32.1) 3 (17.6)

   50–59 80 (42.8) 6 (35.3)

   60–69 36 (19.3) 4 (23.5)

   ≥ 70 11 (5.9) 4 (23.5)

Sex 0.213

   Male 101 (54.0) 12 (70.6)

   Female  86 (46.0)  5 (29.4)

VBD < 0.001

   Mild 56 (29.9) 1 (5.9)

   Moderate 99 (52.9) 1 (5.9)

   Large 32 (17.1) 15 (88.2)

MDH (mm) 14.44 ± 4.89 16.58 ± 4.98 0.086

Main distribution area of bone defect 0.926

   Anterior 10 (5.3) 1 (5.9)

   Posterior 177 (94.7) 16 (94.1)

Main distribution area of bone defect 0.202

   Superior 107 (57.2) 7 (41.2)

   Inferior  80 (42.8) 10 (58.85)
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VBD (p < 0.001) correlated significantly with internal fixa-
tion failure (Table 2). Univariate and multivariate logistic 
regression analyses showed that severe bone defects had 
a significantly higher risk of internal fixation failure than 
mild bone defects (OR, 26.250; 95% CI, 3.311–208.092; 
adjusted OR [aOR], 23.073; 95% CI, 2.791–190.732) (Table 
3). 

The results of univariate and multivariate logistic 
regression analyses of complications and associations with 
different demographic and clinical variables are shown in 
Table 4. In 104 patients (51.0%), the NQI was less than 2; 
and in 100 patients (49.0%), the NQI was greater than 3. 
Patients over 70 years old had a 4.73-fold higher risk of 
complications compared with those younger than 50 years 
old. Patients with severe bone defects also had a higher 
risk of complications (OR, 10.062; 95% CI, 2.138–47.351; 
aOR, 8.945; 95% CI, 1.829–43.749) compared to those 
with mild bone defects. Patients with bone defects primar-
ily within II + IV quadrants of their fracture had a 2.12-fold 

Table 3. Univariate and Multivariate Logistic Regression between 
Variables and ORIF Status

Variable OR (95% CI) aOR (95% CI)

Age (yr)

   < 50 Reference Reference

   50–59 1.500 (0.360–6.241) 1.326 (0.280–6.274)

   60–69  2.222 (0.470–10.501) 3.154 (0.532–18.696)

   ≥ 70  7.273 (1.426–37.087) 3.427 (0.538–21.843)

Sex

   Male 2.044 (0.692–6.031) NA

   Female Reference Reference

VBD

   Mild Reference Reference

   Moderate 0.566 (0.035–9.220) 0.475 (0.029–7.857)

   Large  26.250 (3.311–208.092) 23.073 (2.791–190.732)

MDH 1.083 (0.988–1.188) NA

Main distribution area of bone defect

   Anterior* Reference Reference

   Posterior† 0.904 (0.109–7.519) NA

Main distribution area of bone defect

   Superior‡ Reference Reference

   Inferior§ 1.911 (0.697–5.238) NA

NQI

   ≤ 2 Reference Reference

  ≥ 3 1.187 (0.439–3.209) NA

Table 3. Continued

Variable OR (95% CI) aOR (95% CI)

Autogenous iliac bone graft

   No Reference Reference

   Yes 0.813 (0.223–2.972) NA

Reference = success of ORIF.
ORIF: open reduction for internal fixation, OR: odds ratio, CI: confidence 
interval, aOR: adjusted odds ratio, NA: not applicable, VBD: volume of 
bone defect, MDH: maximum defect height, NQI: number of quadrants 
involved.
*Maximum quadrant of bony defect stratified by I + II. †Maximum 
quadrant of bony defect stratified by III + IV. ‡Maximum quadrant of bony 
defect stratified by I + III. §Maximum quadrant of bony defect stratified by 
II + IV.

Table 2. Continued

Variable
ORIF

p-value
Success Failure

NQI 0.735

   ≤ 2 96 (51.3) 8 (47.1)

   ≥ 3 91 (48.7) 9 (52.9)

Autogenous iliac bone graft 0.754

   No 148 (79.1) 14 (82.4)

   Yes  39 (20.9)  3 (17.6)

Values are presented as number (%) or mean ± standard deviation.
ORIF: open reduction for internal fixation, VBD: volume of bone defect, MDH: maximum defect height, NQI: number of quadrants involved.
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higher risk of complications (95% CI, 0.856–5.256) than 
those with bone defects primarily within I + III quadrants 
of their fracture (Table 4).

The relationship between bone grafting and prog-
nosis as a function of VBD is shown in Table 5. Univariate 
analysis showed that patients who had a large VBD and re-
ceived bone grafting had a 0.10-fold (95% CI, 0.022–0.430) 

increased risk of internal fixation failure. After adjusting 
for age, the risk of internal fixation failure in these patients 
was 0.02-fold (95% CI, 0.002–0.268). Univariate analysis 
showed that patients with severe bone defects who had 
a large VBD and who received bone grafting had a 0.11-
fold (95% CI, 0.024–0.474) increased risk of postoperative 
complications. After adjusting for age, the risk of postop-
erative complications for these patients was 0.02-fold (95% 
CI, 0.002–0.299) (Table 5).

DISCUSSION
The present study showed that in patients with displaced 
FNFs, severe bone defects were associated with internal 
fixation failure and complications. For young patients with 
a large VBD, our results indicate that the rate of internal 
fixation failure and the incidence of complications can be 
reduced by autogenous bone grafting.

Anatomic reduction of the fracture site is the stan-
dard for improving the efficacy of internal fixation. Closed 
reduction is the most frequently used method for treating 
displaced FNFs. However, surgeons tend to neglect the se-
verity of the bone defect at the fracture site when perform-
ing closed reductions. If the condition of bone defects is 
not assessed adequately, performing treatments like bone 
grafting may be delayed or not performed at all, result-
ing in a spatial defect that could impede bone healing and 
cause subsequent internal fixation attempts to fail. 

Research shows that comminution is more likely to 
occur in displaced FNFs and is correlated with large Pau-
wels angles.15,20) Also, patients with displaced FNFs have 
significantly higher treatment failure rates than those with 
non-displaced FNFs. Although these studies did not assess 
bone defect severity per se, the high failure rate observed 
in those studies is likely to be correlated with large bone 
defects because it is known that larger displacement and 
Pauwels angles lead to larger VBDs.15,20) It is noteworthy 
that the VBDs we obtained from the virtual reduction 
computer models of our patients’ FNFs were sometimes 
larger or appeared more severe than they appeared in their 
X-ray images (Figs. 5 and 6). As we demonstrated in the 
present study, large-volume bone defects increase fracture 
fixation failure rates.

The present study showed that bone defects ob-
served in FNFs can occur throughout the femoral neck 
and in different “directions” or angles. In our patient 
sample of 204 patients, the defects were predominately in 
the posterior quadrants of the femoral neck. Shortening of 
the femoral neck after internal fixation is correlated with 
the bone density of the femoral head and neck at the time 

Table 4. Univariate and Multivariate Logistic Regression between 
Variables and Complications

Variable OR (95% CI) aOR (95% CI)

Age (yr)

   < 50 Reference Reference

   50–59 1.600 (0.456–5.609) 1.347 (0.363–5.003)

   60–69 2.600 (0.679–9.955) 2.815 (0.677–11.698)

   ≥ 70 4.727 (1.023–21.852) 2.567 (0.499–13.214)

Sex

   Male 0.426 (0.158–1.144) NA

   Female Reference Reference

VBD

   Mild Reference Reference

   Moderate 1.725 (0.334–8.901) 1.473 (0.280–7.757)

   Large 10.062 (2.138–47.351) 8.945 (1.829–43.749)

MDH 1.046 (0.957–1.142) NA

Main distribution area of bone defect

   Anterior Reference Reference

   Posterior 0.604 (0.122–2.997) NA

Main distribution area of bone defect

   Superior Reference Reference

   Inferior 2.122 (0.856–5.256) NA

NQI

   ≤ 2 Reference Reference

   ≥ 3 1.262 (0.516–3.090) NA

Autogenous iliac bone graft

   No Reference Reference

   Yes 0.997 (0.344–2.889) NA

Reference = no complication.
OR: odds ratio, CI: confidence interval, aOR: adjusted odds ratio, NA: not 
applicable, VBD: volume of bone defect, MDH: maximum defect height, 
NQI: number of quadrants involved.
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of fracture.21) We previously found that the main defect re-
gion, collapse type, and maximum defect thickness signifi-
cantly affect the VBD of FNFs, and this partially explains 
the large individual differences we observed in the VBDs 
of patients in the present study. 

As our present findings revealed, bone defects could 
also occur anywhere in the femoral neck, although cortical 
fragmentation and bone defects caused by FNFs mainly 
affect the posterior part of the femoral neck. In our patient 
sample, the degree and size of cortical comminution dif-
fered, and these differences impacted fracture stability in 
different ways. 

Displacement of an FNF is manifested primarily 
as a backward tilt of the femoral head and in the femoral 
neck's forward angle, which results in the compression of 
cancellous bone or the fragmentation of cortical bone in 
the posterior part of the femoral neck.22,23) Problems result-
ing from bone fragmentation and defects in the posterior 
part of FNFs are well documented.24) Despite satisfactory 
reduction and placement of internal fixation devices, pos-
terior FNFs remain displaced postoperatively due to the 
near vertical angle of the fracture surface and posterior 
femoral neck cortex fracture.12,25) Comminution in poste-
rior parts of the femoral neck is the main reason for the 

Table 5. Associations between Outcomes and Bone Grafts Stratified by Total Volume of Bone Defects

Variable
Model 1 Model 2

OR (95% CI) aOR (95% CI) OR (95% CI) aOR (95% CI)

Mild (total volume [mm3] ≤ 2,710.97, n = 57)

   Autogenous iliac bone graft

      No Reference Reference Reference Reference

      Yes NA* NA* NA* NA*

Moderate (2,710.97 < total volume [mm3] < 5,136.14, n = 100)

   Autogenous iliac bone graft

      No Reference Reference Reference Reference

      Yes NA* NA* 2.833 (0.466–17.225) 3.724 (0.537–25.842)†

Large (total volume [mm3] ≥ 5,136.14, n = 47)

   Autogenous iliac bone graft

      No Reference Reference Reference Reference

      Yes 0.098 (0.022–0.430) 0.022 (0.002–0.268)† 0.107 (0.024–0.474) 0.023 (0.002–0.299)†

Model 1: Reference = success of ORIF, Model 2: Reference = no complication.
OR: odds ratio, CI: confidence interval, aOR: adjusted odds ratio, NA: not applicable.
*Unable to get statistics due to data limitation. †Adjusted for age.

A B

Fig. 5. A case of a 51-year-old woman 
with a femoral neck fracture. (A) The 
anterior-posterior X-ray view of the 
femoral neck does not suggest a severe 
displacement. (B) Virtual reduction in the 
three-dimensional (3D) model showing 
the reconstructed bone defect region. 
In the 3D model, large bone defects 
became apparent in both the anterior 
and posterior femoral neck.
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re-displacement in these kinds of FNFs. Fragmentation or 
compression posteriorly influences the internal fixation of 
FNFs and affects the prognosis.26) 

In the present study, we demonstrated that poste-
rior comminutions of the femoral neck appear to be more 
extensive in virtual reduction models than what can be 
observed in X-ray images alone. In virtual reduction mod-
els, we observed small bone fragments scattered elsewhere 
in the joint and some cervical cortical bones embedded 
in the femoral cancellous bone. After fracture reduction 
and internal fixation, a large gap remained in the femoral 
neck,27) which caused a lack of cortical support. This lack 
of support significantly reduced internal fixation stability. 
The anteroposterior position of bone defects affects the 
stability of FNFs, causing different degrees of instability 
in the fracture end. Fracture instabilities caused by defects 
distributed in different directions cannot be treated ef-
fectively by using only the internal fixation method. Bone 
grafting remains the most effective stabilization method, 
which achieves good results for posterior FNFs.28-30) 

The present study demonstrated that assessment 
of bone defects in virtual reduction models of patients’ 
FNFs can reveal details of fractures that can aid treatment 
decisions and improve the efficacy of the treatment and 
prognosis. Nonetheless, this study has some limitations as 
a retrospective study. Retrospective evaluation of clinical 
data affords only limited inferences about causation and 
long-term patient follow-up. In addition, as these data 

were collected retrospectively, selection bias might exist. 
Therefore, further prospective studies with a clear defini-
tion of the implanted patients are needed to confirm the 
results of the present study. 

In FNFs, the severity of bone defects was associated 
with the rate of internal fixation failure and complica-
tions. In young patients with a large VBD, bone grafting 
of the defect area can reduce the risk of internal fixation 
failure and complications. Regardless of the kind of inter-
nal fixation used, inevitably, a proportion of patients who 
undergo internal fixation will experience treatment failure, 
as seen in this study. Bone defects related to FNFs are one 
of the main reasons for this failure. Thus, it is crucial for 
clinicians to assess the location, position, and extent of 
bone defects and take them into consideration when plan-
ning fixation strategies. In patients with FNFs, even when 
arthroplasty is indicated, the location and extent of the 
bone defect should be included as part of the assessment 
of FNFs. Virtual 3D computer models of the femoral head 
and neck created from routine CT scans can be a useful 
aid in the assessment of the location, position, and extent 
of bone defects in FNFs.
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Fig. 6. After anatomic reduction in a 51-year-old female patient, the 
inserted screw was seen passing through the defect caused by cortical 
compression. An autogenous iliac bone graft was used to increase 
fracture stability. Arrow: cannulated screw, H: femoral head, N: femoral 
neck.
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