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Background: The femoral neck system (FNS) has recently emerged as an innovative treatment option for
femoral neck fractures and shown promising results. However, the studies of treatment outcome in el-
derly population are still insufficient. The purpose of this study is to evaluate outcome of elder patients
with femoral neck fractures treated with FNS in Taiwanese population.

Materials and methods: We retrospective reviewed 61 patients who underwent treatment with FNS for
femoral neck fractures at our institution, 8 patients were excluded. We divided remaining 53 patients
into two groups according to age, with a cutoff at 60 years old. Radiography parameters, operative find-
ing and postoperative complications were analyzed.

Results: Among these 53 cases, 5 patients in elderly group had severe complication resulting in failure
and required revision surgery. There was no failure in young group. The overall failure rate of FNS was
9.4%, and it was 16.1% in elderly group. Preoperative posterior tilt had a significantly higher risk of im-
plant failure (p = 0.011).

Conclusions: Excessive preoperative posterior tilt increased the risk of implant failure in elder popula-
tion with non-displaced femoral neck fractures treated with FNS. In addition, peri-implant subtrochan-
teric fractures represented a significant complication that requires careful consideration when utilizing

FNS.

Copyright © 2025, Taiwan Society of Geriatric Emergency & Critical Care Medicine.

1. Background

Hip fractures are a common injury. It is important to quickly di-
agnose and manage these injuries to prevent serious complica-
tions.! Low-energy falls are often the cause of femoral neck fractures
in the elderly, while younger patients tend to sustain femoral neck
fractures due to high-energy trauma such as falls from a substantial
height or motor vehicle accidents.?

The aim of treatment is to relieve patient discomfort, restore
hip function, and allow the return to mobility. This is achieved th-
rough the prompt attainment of anatomical reduction, stable inter-
nal fixation, or prosthetic placement.3 In the case of elderly patients
with displaced femoral fractures, the standard of care typically in-
volves hemiarthroplasty.“’5 The optimal treatment for nondisplaced
femoral neck fractures in both elderly and younger adult patients
was internal fixation. Various commonly employed implant systems
for achieving internal fixation in femoral neck fractures encompass
cannulated screws, dynamic hip screws (DHS), proximal femoral
locking plates, and other contemporary plate systems.e'7 In 2018,
the novel femoral neck system (FNS; DePuy Synthes, Johnson &
Johnson Medical Devices, New Brunswick, NJ, US) has been ap-
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proved for the treatment of femoral neck fractures. The FNS design
includes a screw-plate construct, which allows for stronger fixation,
as well as a combination of blade and anti-rotation screw that im-
proves axial and rotational stability.8

Recently, a few studies of FNS were puinshed,g_11 but there has
no such study of this novel implant in elderly population. Our aim of
this study was to evaluate the outcome of patients with femoral neck
fractures treated with FNS in elderly population and examine the risk
factors leading to unsuccessful osteosynthesis with the FNS.

2. Materials and methods
2.1. Study design

This retrospective study was approved by the Institutional Re-
view Board of MacKay Memorial Hospital (approval number: 23
MMHIS395e). We collected patients from April 2022 to July 2023. In-
clusion criteria for the study were patients with femoral neck frac-
tures treated with FNS. Individuals who had poor reduction during
surgery, additional cannulated screw usage and follow-up less than 1
year were excluded. A total of 61 patients were reviewed, one pa-
tient was excluded because of poor reduction during surgery, one
patient was excluded because of loss of follow-up, and six patient
was excluded due to cannulated screw usage. A total of remaining 53
patients were included in our statistical analysis. We divided all pa-
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tients into two groups based on whether they were above or below
60 years of age, which included 22 patients and 31 patients, respec-
tively.

2.2. Surgical technique

The patient received either spinal or general anesthesia. We
performed closed reduction under C-arm X-ray machine. An incision
of about 5 cm was made under the greater trochanter. First, we in-
serted an anti-rotation for temporary fixation. Then, we inserted
central guide wire using a 130° angled guide. We then inserted the
proper implant over the central guide wire into pre-reamed hole and
remove central guide wire. Finally, we drilled a hole for the locking
screw and anti-rotation screw and inserted them (Figure 1). We didn’t
prescribed anticoagulant for venous thromboembolism prophylaxis.
After surgery, the patient was instructed to passive exercise and pro-
tective weight bearing for three months and adjusted according to
bone healing. The osteoporosis evaluation and followed-up X-ray
were performed about two weeks after hospitalization.

2.3. Clinical outcome measurements

Fractures were classified according to the Garden and Pauwels
classifications.'?*3 Fractures were considered stable if classified as
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Garden types 1 and 2 and unstable for types 3 or 4. Measurement of
tip-apex distance (TAD) and Parker ratio in the anterior-posterior
(AP) radiographs was obtained to represent the position of the FNS
boltin the femoral head. The posterior tilt angle was measured using
Palm’s method.' It was determined as the angle between the mid-
column line (MCL) and the radial column line (RCL), which was drawn
from the center of the caput circle to the intersection of the caput
circle and the mid-column line (Figure 2). Valgus tilt was measured
using AP radiographs with modified Palm’s method of posterior tilt.
It was the angle between mid-neck line and the femoral head line.X?
The operation time, American Society of Anesthesiologists (ASA)
class, anesthesia type, intra operative blood loss, post-operative vi-
sual analog scale (VAS) score, length of hospital stay were recorded.
Malreduction was defined as Garden alignment index below 155° or
exceeding 180° on the AP or lateral radiograph. Sequelae such as
failure, delay-union, non-union, avascular necrosis (AVN) were also
analyzed.

2.4. Statistical analysis

Categorical variables were expressed as proportion, and chi-
square test was used to compare two groups. If the theoretical fre-
quency was < 1, Fisher’s exact test was performed to compare binary
variables. Continuous variables were reported as mean =+ standard

Figure 2. This was a 73-year-old man with Garden type Il and Pauwels type Il femoral neck fracture (a). The posterior tilt is the angle (o) between the MCL and
RCL (b). FNS was placed successfully (c). Implant cut-out from femoral head occurred five months after the surgery (d).
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deviation (SD) and were analyzed by Mann-Whitney U test. Differ-
ences with p < 0.05 were considered statistically significant. Logistic
regression analyses were performed to identify risk factors for im-
plant failure after FNS fixation. The logistic regression data were pre-
sented with odds ratio (ORs) and 95% confidence intervals (Cls). All
statistical analysis was performed with SPSS version 22.0 (IBM Cor-
poration, Armonk, NY, USA).

3. Results

A total of 53 patients were included in the study and divided
into two age-based groups, consisting of 22 and 31 patients respec-
tively. Preoperative baseline characteristics and postoperative com-
plication of the patients are summarized in Table 1. No significant
statistical differences were noted in sex, injury time to surgery, pos-
terior tilt, valgus tilt, anesthesia type, duration of surgery, blood loss,
Parker ratio, TAD, and bone density. Patients who was older than 60
years old had higher ASA class (p = 0.017) and longer length of hospi-
tal stay (p = 0.023).

Regarding postoperative complications, all fractures healed
within 6 months and there was no implant failure in the young group
after at least one year follow-up (average of 15.3 months). Five pa-
tients in elderly group experienced implant failure: two with peri-im-
plant subtrochanteric fractures (6.5%, Figure 3) and three with im-
plant cut-outs. The overall implant failure rate was 9.4% and it was
16.1% in elderly group.

All implant failure occurred in elderly group, so we performed
subgroup analysis. Logistic regression analysis and comparisons of
characteristics between the patients with and without implant fail-
ure in elderly group were presented (Table 2). The preoperative pos-
terior tilt angle was 15.14 + 4.02° in the failure group and 4.92 +
4.39° in the group without failure, which was statistically significant
compared with the two groups (OR, 1.51; 95% Cl, 1.10-2.07; p =
0.011). The valgus tilt angle was not a risk factor for implant failure,
although it appeared to be positively associated with implant failure
(p = 0.062). There was no statistical significance in age, sex, injury
time to surgery, Garden classification, Pauwels classification, bone
density, ASA class, anesthesia type, TAD and Parker ratio.

4. Discussion

Femoral neck fractures in elder patients are challenging injuries
to treat because of the low bone mineral density and the multiple
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comorbidities typically found in this patient population. For elder
patients with non-displaced femoral neck fractures, fracture reduc-
tion and internal fixation are still the most widely accepted treat-
ments. The novel implant FNS was developed for the dynamic fixa-

Table 1
Demographic characteristics of two group.
Variable <60y (N=22) >60y(N=31) p
Age (years) 50.64 +8.43 75.55+8.36  0.000
Sex 0.245
Female 12 (54.5%) 21 (67.7%)
Male 10 (45.5%) 10 (32.3%)
Injury time to surgery (hours) 26.32+62.42 39.68+72.58 0.094
Garden classification 0.000
| 7 (31.8%) 18 (58.1%)
1] 3 (13.6%) 13 (41.9%)
I 6(27.3%) 0(0.0%)
\% 6(27.3%) 0(0.0%)
Pauwels classification 0.051
| 1(4.5%) 5(16.1%)
I 16 (72.7%) 25 (80.6%)
1 5(22.7%) 1(3.2%)
Posterior tilt (°) 6.1+3.75 6.62 £5.76 0.818
Valgus tilt (°) 9.88 +7.35 9.33+8.22 0.643
ASA class 0.017
1 2(9.1%) 2 (6.5%)
2 17 (77.3%) 13 (41.9%)
3 3(13.6%) 16 (51.6%)
Anesthesia
Spinal
General

Duration of surgery (mins) 103.91+39.69 100.61+41.69 0.307

Blood loss (ml) 82.73+63.56 90.97+86.15 0.675
Parker ratio AP 48.59 + 6.69 46.84+5.44 0.192
Parker ratio lateral 48.32 +6.51 48.26+6.21 0.935
TAD AP (mm) 82.05+29.05 70.71+29.68 0.100
TAD lateral (mm) 88.41 +29.37 81.65+28.72 0.316
TAD total (mm) 170.45+56.23 152.35+57.02 0.156
Bone density (T score) -2.36 £ 1.07 -2.64+1.54 0.262
Length of hospital stay (days) 35+1.6 4.45+1.75 0.023
Malreduction 1(4.5%) 5(16.1%) 0.195
AVN 1(4.5%) 1(3.2%) 0.663
Peri-implant fracture 0 (0.0%) 2 (6.5%) 0.337
Implant failure 0(0.0%) 5(16.1%) 0.059
Reoperation 0(0.0%) 4(12.9%) 0.107

AP: antero-posterior, ASA: American Society of Anesthesiologists, AVN:
avascular necrosis, TAD: tip-apex distance.

Figure 3. This was a 66-year-old female with femoral neck fracture treated by FNS (a: pre-op, b: post-op AP view, c: post-op lateral view). Peri-implant

subtrochanteric fracture was noted (d).
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Table 2
Logistic regression of variables associated with failure case in elderly group.
Variable > 60y no failure (N = 26) Failure (N = 5) Odds ratio (95% Cl) p
Age (years) 75.81+8.55 74.2+8.04 0.98 (0.87-1.10) 0.690
Sex
Female 18 (69.2%) 3 (60.0%) Reference -
Male 8(30.8%) 2 (40.0%) 1.50 (0.21-10.79) 0.687
Injury time to surgery (hours) 43.81+78.51 18.2+17.12 0.99 (0.95-1.03) 0.551
Garden classification
| 17 (65.4%) 1(20.0%) Reference -
I 9 (34.6%) 4 (80.0%) 7.56 (0.73-78.9) 0.090
Pauwels classification
| 4 (15.4%) 1(20.0%) Reference -
1 21 (80.8%) 4 (80.0%) 0.762 (0.07-8.73) 0.827
11l 1(3.8%) 0(0.0%) - >0.999
Posterior tilt (°) 4.92+4.39 15.14 +£4.02 1.51(1.10-2.07) 0.011
Valgus tilt (°) 7.54 +5.82 18.62+12.9 1.15 (0.98-1.32) 0.062
ASA class
1 2(7.7%) 0(0.0%) Reference -
2 12 (46.2%) 1(20.0%) - >0.999
3 12 (46.2%) 4 (80.0%) - >0.999
Anesthesia
Spinal 17 (65.4%) 4 (80.0%) Reference -
General 9 (34.6%) 1 (20.0%) 0.47 (0.05-4.88) 0.529
Duration of surgery (mins) 100.73 +£43.62 100 +33.8 1.00 (0.98-1.02) 0.971
Blood loss (ml) 77.69 +43.48 160 +191.7 1.01 (1.00-1.02) 0.154
Parker ratio AP 46.73+£5.71 47.4+4.22 1.02 (0.85-1.23) 0.798
Parker ratio lateral 48 +6.53 49.6 + 4.45 1.04 (0.90-1.21) 0.594
TAD AP (mm) 69.62 +29.93 76.4 £30.92 1.01 (0.98-1.04) 0.636
TAD lateral (mm) 80.69 + 28.36 86.6 +33.51 1.01 (0.98-1.04) 0.670
TAD total (mm) 150.31 +56.72 163 £ 64.1 1.00 (0.99-1.02) 0.645
Bone density (T score) -2.68 £1.69 -2.48 £ 0.95 1.09 (0.58-2.03) 0.792
Length of hospital stay, days 4.19+1.55 5.8+2.28 1.64 (0.95-2.86) 0.079
Malreduction 4 (15.4%) 1(20.0%) 1.38(0.12-15.72) 0.798

AP: antero-posterior, ASA: American Society of Anesthesiologists, TAD: tip-apex distance.

tion of femoral neck fractures and provide superior biomechanical
characteristics.® According to the literature, FNS have lower rates of
overall complications, non-union, femoral neck shortening, implant
failure or reoperation comparing with cannulated screw or DHs.>16718
Our study showed the overall implant failure rate was 0%, and 16.1%
in young group and elderly group, respectively. We confirmed that
FNS effectively reduces the implant failure and revision in the young
group. However, the incidence of implant failure appeared higher in
the elderly group although it was not statistically significant. Some
studies have found that in the elderly population with non-displaced
femoral neck fractures, the failure rate of using FNS ranges from
9.8% to 16.7%, and it does not show significant superiority over
cannulated screws.'®%°

We encountered five cases of failure attributed to distinct rea-
sons. Several studies discovered main risk factors for implant failure
were the amount of initial displacement, preoperative posterior tilt,
insufficient reduction, implant protrusion, increasing surgical delay,
female sex, alcohol excess and systemic comorbidities.? %2

Many studies and meta-analysis have reported an association
between preoperative posterior tilt and implant failure, non-union,
and osteonecrosis.?>2° Zhu et al. investigated posterior tilt angle
was the highest prognostic value to predict reoperation after inter-
nal fixation in elderly populations.26 The wide range of reoperation
rates reported in the literature (10% to 56%) might be due to differ-
ences of sample size and measurements. Although most studies in-
dicated that 20° is the threshold of clinical significance with can-
nulated screw or DHS,ZZ'M‘27 Shin et al. found that posterior tilt
greater than 9° already shows a significant difference.?® They believe
that elderly patients with osteoporosis may be the reason for the

smaller cut-off value. Further, to the best of our knowledge, no pre-
vious study has investigated the posterior tilt threshold with patients
treated by FNS. The increased failure rate observed in patients with a
more pronounced tilt may be attributed to two main reasons. Firstly,
a greater posterior tilt is associated with increased posterior com-
minution of the femoral neck which threatened the stability of im-
plant.29 Additionally, vascular disruption affecting the retinacular
arteries and venous drainage of the femoral neck and head, result-
ing in AVN or non-union.3® On the basis of the high rate of failure for
those with the preoperative posterior tilt, every patient with a fe-
moral neck fracture should have a lateral radiographs or computer
tomography to evaluate the posterior tilt. Primary hip arthroplasty
should be considered to treat these patients to avoid complications
such as AVN, non-union or implant failure.

Among our failure cases, two of five suffered from peri-implant
subtrochanteric fractures. Peri-implant subtrochanteric fractures
are a rare complication of cannulated screws and DHS when the
placement of the most distal screw distal to the level of the lesser
trochanter. The incidence of subtrochanteric fractures following
cannulated screw fixation reported in the literature was approxi-
mately 0.78 to 5.7%.3132 Crump et al. found that the placement of
distal screw in this region is associated with a reduction in the force
required to cause failure.? Oakey et al. hypothesized that the place-
ment of screws at the proximal lateral femoral cortex functions as a
stress riser.33 The design of locking screws in the plate not only en-
hances construct rigidity but also causes stress concentration. This
effect arises from alterations in the elastic modulus due to the rigid
implants utilized to achieve compression through the femoral neck.
The implant traverses the endosteal corridor of the femoral neck,
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potentially disrupting the mechanical load transfer from the femoral
head to the lateral cortex of the femur.3* The combination of axial
loading and abductor muscle distraction results in the creation of a
weak point within the subtrochanteric region, thereby contributing
to a peri-implant fractures.®® A finite element analysis has revealed
that the peak Von Mises stress experienced by the locking plate and
screw in FNS near the lesser trochanter is sufficient to induce a stress
fracture.3® Recent case series have documented an elevated risk of
peri-implant subtrochanteric fractures in patients with non-dis-
placed fractures treated with FNS fixation.?” Moreover, the stress
riser effect can also result from the presence of multiple drill holes in
the femoral cortex and compromised bone quality.38

Our preliminary study has several limitations. First, it was an
observational and retrospective study design. Secondly, clinical and
radiological outcomes were documented with a small patient co-
hort. Most of variables do not exhibit statistically significant dif-
ferences. Third, FNS was released only in 2018, and it has been gra-
dually used in our institute since 2022. Hence, the follow-up period
for our study was restricted. A long-term follow-up and more patient
involvement would be useful in detecting delayed complications
such as AVN and peri-implant fracture and giving more theoretical
insights of this newly-designed implant. Fourth, we did not include
patients treated with cannulated screw and DHS, so further study to
compare the results of different implant is necessary.

5. Conclusion

Using FNS for fixation of femoral neck fractures was a new im-
plant and showed the fine result in younger populations. However,
excessive preoperative posterior tilt had a considerably increased
risk of implant failure in elder population with non-displaced femo-
ral neck fractures. In addition, peri-implant subtrochanteric fractures
represented a significant complication that requires careful con-
sideration when utilizing FNS. Future high quality, large volume,
long term prospective randomized studies are necessary to cor-
roborate these finding.

Conflicts of interest

The funders had no role in the design of the study; in the collec-
tion, analysis, or interpretation of data; in the writing of the manu-
script; or in the decision to publish the results.
Author contributions

Wen-Po Chiang: Writing original draft; Yan-Shiang Lian: Writing
original draft; Chung-Ting Liu: Editing original draft; Min-Yao Chuang:
Revised the draft; Ting-Kuo Chang: Conceived and supervised the
study, revised the draft. All authors have read and agreed to the final
version of the manuscript.
Funding

This research did not receive any external funding.
Acknowledgments

Nil.
References

1. Crist BD, Eastman J, Lee MA, Ferguson TA, Finkemeier CG. Femoral neck

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

31

fractures in young patients. Instr Course Lect. 2018;67:37—-49.

. Johnell O, Kanis JA. An estimate of the worldwide prevalence and dis-

ability associated with osteoporotic fractures. Osteoporos Int. 2006;
17(12):1726-1733. doi:10.1007/s00198-006-0172-4

. Zhou XQ, Li ZQ, Xu RJ, et al. Comparison of early clinical results for fe-

moral neck system and cannulated screws in the treatment of unstable
femoral neck fractures. Orthop Surg. 2021;13(6):1802-1809. doi:10.1111/
0s.13098

. Hopley C, Stengel D, Ekkernkamp A, Wich M. Primary total hip arthro-

plasty versus hemiarthroplasty for displaced intracapsular hip fractures
in older patients: systematic review. BMJ. 2010;340:c2332. doi:10.1136/
bmj.c2332

. Fischer H, Maleitzke T, Eder C, Ahmad S, Stockle U, Braun KF. Manage-

ment of proximal femur fractures in the elderly: current concepts and
treatment options. Eur J Med Res. 2021;26(1):86. doi:10.1186/s40001-
021-00556-0

. Freitas A, Toledo Junior JV, Ferreira Dos Santos A, Aquino RJ, Ledo VN,

Péricles de Alcantara W. Biomechanical study of different internal fixa-
tions in Pauwels type Ill femoral neck fracture - A finite elements analysis.
J Clin Orthop Trauma. 2021;14:145-150. doi:10.1016/j.jcot.2020.06.006

. Roberts KC, Brox WT. AAOS Clinical Practice Guideline: Management of

hip fractures in the elderly. J Am Acad Orthop Surg. 2015;23(2):138-140.
doi:10.5435/JAAOS-D-14-00433

. Davidson A, Blum S, Harats E, et al. Neck of femur fractures treated with

the femoral neck system: outcomes of one hundred and two patients and
literature review. Int Orthop. 2022;46(9):2105-2115. doi:10.1007/s00264-
022-05414-0

. JiangJ, Chen J, Xing F, Liu H, Xiang Z. Comparison of femoral neck system

versus cannulated screws for treatment of femoral neck fractures: a sys-
tematic review and meta-analysis. BMC Musculoskelet Disord. 2023;
24(1):285. doi:10.1186/s12891-023-06378-x

Nibe Y, Matsumura T, Takahashi T, Kubo T, Matsumoto Y, Takeshita K. A
comparison between the femoral neck system and other implants for
elderly patients with femoral neck fracture: A preliminary report of a
newly developed implant. J Orthop Sci. 2022;27(4):876—880. doi:10.
1016/j.jos.2021.04.016

Wu ZF, Luo ZH, Hu LC, Luo YW. Efficacy of the femoral neck system in
femoral neck fracture treatment in adults: A systematic review and meta-
analysis. World J Clin Cases. 2022;10(31):11454-11465. doi:10.12998/
wjcc.v10.i31.11454

Bartonicek J. Pauwels’ classification of femoral neck fractures: Correct
interpretation of the original. J Orthop Trauma. 2001;15(5):358-360.
doi:10.1097/00005131-200106000-00009

Meinberg EG, Agel J, Roberts CS, Karam MD, Kellam JF. Fracture and dis-
location classification compendium-2018. J Orthop Trauma. 2018;32
Suppl 1:51-5170. doi:10.1097/BOT.0000000000001063

Palm H, Gosvig K, Krasheninnikoff M, Jacobsen S, Gebuhr P. A new mea-
surement for posterior tilt predicts reoperation in undisplaced femoral
neck fractures: 113 consecutive patients treated by internal fixation and
followed for 1 year. Acta Orthop. 2009;80(3):303—-307. doi:10.3109/
17453670902967281

Yamakawa Y, Yamamoto N, Tomita Y, et al. Reliability of the Garden Align-
ment Index and Valgus tilt measurement for nondisplaced femoral neck
fractures. J Pers Med. 2022;13(1):53. doi:10.3390/jpm13010053

He C, Lu Y, Wang Q, et al. Comparison of the clinical efficacy of a femoral
neck system versus cannulated screws in the treatment of femoral neck
fracture in young adults. BMC Musculoskelet Disord. 2021;22(1):994.
doi:10.1186/s12891-021-04888-0

Patel S, Kumar V, Baburaj V, Dhillon MS. The use of the femoral neck sys-
tem (FNS) leads to better outcomes in the surgical management of fe-
moral neck fractures in adults compared to fixation with cannulated
screws: A systematic review and meta-analysis. Eur J Orthop Surg Trau-
matol. 2023;33(5):2101-2109. doi:10.1007/s00590-022-03407-8

Lin H, Lai C, Zhou Z, Wang C, Yu X. Femoral neck system vs. four can-
nulated screws in the treatment of Pauwels Il femoral neck fracture. J
Orthop Sci. 2023;28(6):1373—-1378. doi:10.1016/j.jos.2022.09.006
Cintean R, Pankratz C, Hofmann M, Gebhard F, Schiitze K. Early results in
non-displaced femoral neck fractures using the femoral neck system.
Geriatr Orthop Surg Rehabil. 2021;12:21514593211050153. doi:10.1177/
21514593211050153

Yeoh SC, Wu WT, Peng CH, et al. Femoral neck system versus multiple
cannulated screws for the fixation of Pauwels classification type Il femo-
ral neck fractures in older female patients with low bone mass. BMC



32

21.

22.

23.

24,

25.

26.

27.

28.

29.

Musculoskelet Disord. 2024;25(1):62. doi:10.1186/s12891-024-07179-6

Nyholm AM, Palm H, Sandholdt H, Troelsen A, Gromov K; DFDB COL-
LABORATORS. Risk of reoperation within 12 months following osteo-
synthesis of a displaced femoral neck fracture is linked mainly to initial
fracture displacement while risk of death may be linked to bone quality: a
cohort study from Danish Fracture Database. Acta Orthop. 2020;91(1):
1-75. doi:10.1080/17453674.2019.1698503

Sjoholm P, Otten V, Wolf O, et al. Posterior and anterior tilt increases the
risk of failure after internal fixation of Garden I and Il femoral neck frac-
ture. Acta Orthop. 2019;90(6):537-541. d0i:10.1080/17453674.2019.
1637469

Sjoholm P, Sundkvist J, Wolf O, Skéldenberg O, Gordon M, Mukka S. Pre-
operative anterior and posterior tilt of Garden |-l femoral neck fractures
predict treatment failure and need for reoperation in patients over 60
years. JB JS Open Access. 2021;6(4):€21.00045. doi:10.2106/JBJS.0A.21.
00045

Wang W, Huang Z, Peng J, Fan J, Long X. Preoperative posterior tilt can be
a risk factor of fixation failure in nondisplaced femoral neck fracture: a
systematic review and meta-analysis. Eur J Orthop Surg Traumatol. 2023;
33(7):3197-3205. d0i:10.1007/s00590-023-03518-w

Olansen J, Ibrahim Z, Aaron RK. Management of Garden-I and Il femoral
neck fractures: Perspectives on primary arthroplasty. Orthop Res Rev.
2024;16:1-20. doi:10.2147/ORR.S340535

ZhuJ, Hu H, Deng X, et al. Nomogram for predicting reoperation following
internal fixation of nondisplaced femoral neck fractures in elderly pa-
tients. J Orthop Surg Res. 2021;16(1):544. doi:10.1186/s13018-021-
02697-8

Honkanen JS, Ekman EM, Huovinen VK, et al. Preoperative posterior tilt
increases the risk of later conversion to arthroplasty after osteosynthesis
for femoral neck fracture. J Arthroplasty. 2021;36(9):3187-3193. doi:
10.1016/j.arth.2021.04.039

Shin WC, Moon NH, Jang JH, Jeong JY, Suh KT. Three-dimensional an-
alyses to predict surgical outcomes in non-displaced or valgus impaction
fractures of the femoral neck: A multicenter retrospective study. Orthop
Traumatol Surg Res. 2019;105(5):991-998. doi:10.1016/j.0tsr.2019.03.
016

Dolatowski FC, Adampour M, Frihagen F, Stavem K, Erik Utvag S,
Hoelsbrekken SE. Preoperative posterior tilt of at least 20° increased the
risk of fixation failure in Garden-1 and -Il femoral neck fractures. Acta

30.

31.

32.

33.

34.

35.

36.

37.

38.

W.-P. Chiang et al.

Orthop. 2016;87(3):252-256. doi:10.3109/17453674.2016.1155253
Lazaro LE, Klinger CE, Sculco PK, Helfet DL, Lorich DG. The terminal bran-
ches of the medial femoral circumflex artery: the arterial supply of the
femoral head. Bone Joint J. 2015;97-B(9):1204-1213. doi:10.1302/0301-
620X.97B9.34704

Jansen H, Frey SP, Meffert RH. Subtrochanteric fracture: a rare but severe
complication after screw fixation of femoral neck fractures in the elderly.
Acta Orthop Belg. 2010;76(6):778-784.

Crump EK, Quacinella M, Deafenbaugh BK. Does screw location affect the
risk of subtrochanteric femur fracture after femoral neck fixation? A bio-
mechanical study. Clin Orthop Relat Res. 2020;478(4):770-776. doi:10.
1097/CORR.0000000000000945

Oakey JW, Stover MD, Summers HD, Sartori M, Havey RM, Patwardhan
AG. Does screw configuration affect subtrochanteric fracture after fe-
moral neck fixation? Clin Orthop Relat Res. 2006;443:302—-306. doi:10.
1097/01.bl0.0000188557.65387.fc

Jung CH, Cha Y, Chung JY, et al. Trajectory of bolt and length of plate in
femoral neck system determine the stability of femur neck fracture and
risk of subsequent subtrochanteric fracture: a finite element analysis.
BMC Musculoskelet Disord. 2023;24(1):465. doi:10.1186/s12891-023-
06579-4

Tsai AG, Reich MS, Bensusan J, Ashworth T, Marcus RE, Akkus O. A fatigue
loading model for investigation of iatrogenic subtrochanteric fractures of
the femur. Clin Biomech (Bristol, Avon). 2013;28(9-10):981-987. doi:10.
1016/j.clinbiomech.2013.09.009

Fan Z, Chen P, Yu X, et al. Biomechanical study of femoral neck system for
young patients with nonanatomically reduced femoral neck fractures: a
finite element. BMC Musculoskelet Disord. 2023;24(1):54. doi:10.1186/
$12891-022-06124-9

Fisher JC 3rd, Gerzina C, Rush K, Caroom C. Subtrochanteric fracture after
femoral neck system of femoral neck fractures: a report of four cases.
BMC Musculoskelet Disord. 2023;24(1):749. doi:10.1186/s12891-023-
06872-2

Kubiak EN, Haller JM, Kemper DD, Presson AP, Higgins TF, Horwitz DS.
Does the lateral plate need to overlap the stem to mitigate stress concen-
tration when treating Vancouver C periprosthetic supracondylar femur
fracture? J Arthroplasty. 2015;30(1):104-108. doi:10.1016/j.arth.2014.
07.021



