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Objective: To compare the clinical outcomes between use of sliding fixation (three

cannulated screws, TCS) and non-sliding fixation (four cannulated screws, FCS) in the

treatment of femoral neck fractures.

Methods: We retrospectively analyzed 102 patients with fresh femoral neck fractures

treated with TCS (60 cases) and FCS (42 cases) between January, 2018 and December,

2019. The demographic data, follow-up time, hospitalization time, operation time, blood

loss, length of femoral neck shortening (LFNS), soft tissue irritation of the thigh (STIT),

Harris hip score, and complications (such as internal fixation failure, non-union, and

avascular necrosis of the femoral head) were also collected, recorded, and compared

between the two groups.

Results: A total of 102 patients with an average age of 60.9 (range, 18–86) years

were analyzed. The median follow-up time was 25 (22 to 32) months. The LFNS in the

FCS group (median 1.2mm) was significantly lower than that in the TCS group (median

2.8mm) (P < 0.05). In the Garden classification, the number of displaced fractures in the

TCS group was significantly lower than that in the FCS group (P < 0.05). The median

hospitalization time, operation time, blood loss, reduction quality, internal fixation failure

rate (IFFR), STIT, and Harris hip score were not statistically different between the two

groups (P > 0.05). However, in the subgroup analysis of displaced fractures, the LFNS

(median 1.2mm), STIT (2/22, 13.6%), and Harris hip score (median 91.5) of the FCS

group at the last follow-up were significantly better than the LFNS (median 5.7mm),

STIT (7/16, 43.8%), and Harris hip score (median 89) of the TCS group (P < 0.05). No

complications such as incision infection, deep infection, pulmonary embolism, or femoral

head necrosis were found in either group.

Conclusion: TCS and FCS are effective for treating femoral neck fractures. For non-

displaced fractures, there was no significant difference in the clinical outcomes between

the two groups. However, for displaced fractures, the LFNS of the FCS is significantly

lower than that of the TCS, which may reduce the occurrence of STIT and improve the

Harris hip score.

Keywords: femoral neck fracture, three cannulated screws, four cannulated screws, surgical method, clinical
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INTRODUCTION

In the past 30 years, the reoperation rate for hip fractures was
10.0–48.8%, and the mortality rate for femoral neck fractures
was ∼20% (1, 2). It has caused a large number of disability and
death in patients worldwide, causing a serious socioeconomic
burden (3). At present, most femoral neck fractures are treated
with surgery, but the best fixation method remains controversial
(4). Biomechanical tests have shown that dynamic hip screw
(DHS) can provide reliable stability, especially for displaced and
unstable fractures (5), and three cannulated screws (TCS), as a
sliding fixation, are more minimally invasive but not sufficiently
stable. There have been studies discussing the advantages and
disadvantages of the above two fixation methods without clear
conclusions (6, 7). We have been trying to use non-sliding
fixation (four cannulated screws, FCS) for femoral neck fractures,
aiming to improve the stability of internal fixation while
maintaining minimally invasive operations.

Currently, there are no comparative clinical studies that
discuss the effect of fixation between TCS and FCS. We
retrospectively analyzed 102 fresh femoral neck fracture patients
who received TCS and FCS treatment in our hospital from
January, 2018 to December 2019, and explored the clinical
outcomes of the two groups.

This study was approved by the hospital ethics committee
(IRB00006761–M2020330), and owing to the retrospective
nature of the study, the need for informed consent was waived
by the committee.

MATERIALS AND METHODS

Inclusion and Exclusion Criteria
The inclusion criteria were as follows: (1) age ≥18 years; (2)
unilateral closed fresh femoral neck fracture (fracture time <3
weeks); (3) use of TCS or FCS for fracture fixation; and (4)
follow-up time ≥12 months.

The exclusion criteria were as follows: (1) hip arthritis
accompanied by pain and dysfunction symptoms; (2) combined
femoral head fracture, femoral shaft fracture, or femoral
intertrochanteric fracture; (3) pathological fracture (e.g., primary
or metastatic tumor); (4) combined with other diseases or
conditions that affect the therapeutic effect, such as metabolic
bone disease, sequelae of polio, severe osteoporosis, history of
poor bone healing, long-term use of corticosteroids, etc.; (5)
>65 years old with Garden III or IV fractures; and 6) history of
open reduction.

Patient Data
We retrospectively analyzed consecutive fresh cases of femoral
neck fractures who received TCS and FCS treatment in our
hospital from January, 2018 to December, 2019. One hundred
and thirteen patients who met the inclusion criteria were finally
included, 11 of whom were lost to follow-up. Therefore, 102
patients were followed up for >12 months. Among them, 36
were male and 66 were female, with an average age of 60.9 years
(range: 18–86 years). According to the internal fixation method,

the patients were divided into the TCS group (60 cases) and the
FCS group (42 cases).

Surgical Methods
Patients received spinal anesthesia or general anesthesia and were
positioned supine on the fracture table. Under the guidance
of G-arm fluoroscopy, a fracture table was used for closed
reduction. The Garden Index (8) was used to assess the quality
of fracture reduction. After a successful closed reduction, the
routine surgical procedure was followed to implant TCS and FCS
(all implants were provided by Depuy Synthes Products, Inc.).
For all patients, the first three cannulated screws were implanted
in a standard inverted triangle pattern, and the fourth cannulated
screw was implanted at an angle not parallel to the other three
cannulated screws (Figure 2).

Perioperative Management
All patients received an intravenous injection of the antibiotic
cefuroxime (1.5 g) 30min before the skin incision; another
dose was administered approximately 12 h after the operation.
Subcutaneous injection of low-molecular heparin for 5 days
(40mg enoxaparin sodium per day) was used to prevent
thromboembolism. If patients had been taking anti-osteoporosis
drugs before surgery, they were to continue using these drugs.
If the patient is newly diagnosed with osteoporosis, anti-
osteoporosis drugs should be administered immediately after the
operation. Passive and active movements of the hip joint were
started on the second postoperative day. It is recommended that
patients should perform mainly non-weight-bearing exercises,
and exercise with crutches gradually transitioning to partial
weight-bearing within 3 months after surgery. Radiographs were
reviewed 3 months after the operation. When the fracture line is
blurred, patients can start to bear full weight.

Observation Index
Follow-ups were performed at 1, 3, 6, 12, and 24 months
after surgery. The fracture type, blood loss, operation time,
hospitalization time, and length of femoral neck shortening
(LFNS) were recorded and compared between the two groups.
LFNS was measured on an anteroposterior radiograph by
comparing the position of the implant (Figure 2). This pragmatic
method has been used in other studies to measure femoral
neck shortening (9). Internal fixation fracture, implant cut-out,
and fracture non-union (definition of the U.S. Food & Drug
Administration: no obvious sign of fracture healing 9 months
after the fracture or 3 consecutive months without significant
change in the fracture space) were regarded as internal fixation
failure. At the last follow-up, if the patient actively complained
that there was soft tissue irritation at the surgical site, it was
deemed to have soft tissue irritation of the thigh (STIT). The
Harris score was used to assess the hip joint function.

Statistical Analysis
Statistical analyses were performed using the Statistical Package
for the Social Sciences for Windows (version 25.0; IBM
Corporation, Chicago, IL, USA). All continuous variables were
analyzed using the Shapiro-Wilk test and QQ-plot to determine
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whether the data were normally distributed. Age and body
mass index were normally distributed data, reported as mean
± standard error of mean (x ± s), and the Student’s t-test
was used to evaluate the parameters between the two groups.
Other continuous variables were not normally distributed data,
expressed asmedian [interquartile range (IQR)], using theMann-
Whitney U test. Categorical variables are expressed as frequency
(percentage) using the Chi-square test and Fisher’s exact test.
Statistical significance was set at P ≤ 0.05.

RESULTS

A total of 102 patients with an average age of 60.9 (range, 18–
86) years were analyzed. The median follow-up time was 25 (22
to 32) months. Except for the Garden classification, there were
no significant differences in demographics, injury mechanism,
affected side, days from injury to surgery, and follow-up time
between the two groups (Table 1).

Only one patient in the FCS group experienced dissatisfied
reduction (garden index III), and this patient had an internal
fixation cut out in the third month after surgery. All other
patients achieved satisfactory reduction (Garden Index I), and
there was no significant difference in the quality of reduction
between the two groups. At the last follow-up, three patients
(5.0%, 3/60) in the TCS group experienced internal fixation
failure (fracture non-union), and two cases (4.8%, 2/42) in the
FCS group experienced internal fixation failure (one cut out and
one fracture non-union), and there was no significant difference

TABLE 1 | Patients characteristics.

Total (n = 102) TCS (n = 60) FCS (n = 42) P

Gender 0.620

Male 36 (35.3) 20 (33.3) 16 (38.1)

Female 66 (64.7) 40 (66.7) 26 (61.9)

Age (year) 60.9 ± 17.4 60.9 ± 16.8 60.9 ± 18.4 0.994

Body mass index 22.7 ± 3.4 22.8 ± 2.8 22.6 ± 4.0 0.773

Involved side 0.704

Left 56 (54.9) 32 (53.3) 24 (57.1)

Right 46 (45.1) 28 (46.7) 18 (42.9)

Injury mechanism 0.557

High energy 12 (11.8) 8 (13.3) 4 (9.5)

Low energy 90 (88.2) 52 (86.7) 38 (90.5)

DITS (d) 3 (2 to 3) 2.5 (2 to 4) 3 (2 to 3) 0.203

Garden classification 0.008

Non-displaced 64 (62.7) 44 (73.3) 20 (47.6)

Displaced 38 (37.3) 16 (26.7) 22 (52.4)

Pauwels classification 0.125

I 19 (18.6) 15 (25.0) 4 (9.5)

II 50 (49.0) 26 (43.3) 24 (57.2)

III 33 (32.4) 19 (31.7) 14 (33.3)

Follow-up time (month) 25 (22 to 32) 25 (23 to 32) 25 (21.75 to 30.25) 0.269

Data are presented as mean ± SD, n (%), or median (interquartile range). DITS, days from

injury to surgery.

in the internal fixation failure rate (IFFR) between the two
groups (Table 2). There were no significant differences in the
hospitalization time, operation time, blood loss, STIT, and Harris
hip scores between the two groups, and no avascular necrosis of
the femoral head was found. Although there was no significant
difference in the number of cases with femoral neck shortening
(FS) >5mm between the two groups, the LFNS of the FCS group
was significantly lower than that of the TCS group (P < 0.05,
Table 2). In the FCS group, only one patient (2.4%, 1/42) had
FS >10mm with claudication and STIT, and the fracture was
judged to be non-union at the 9-month follow-up. Similarly,
in the TCS group, three patients (5.0%, 3/60) had FS >10mm,
with various degrees of claudication and STIT, and two of them
had fracture non-union. In addition, none of the patients had
surgical complications such as wound infection, deep infection,
deep vein thrombosis, pulmonary embolism, and cardiovascular
and cerebrovascular accidents. Two typical cases are shown in
Figures 1, 2.

Subgroup analysis was performed according to Garden
classification (Table 3). For both non-displaced fractures
(Garden I/II) and displaced fractures (Garden III/IV), there
were no significant differences in hospitalization time, operation
time, surgical blood loss, and IFFR between the two groups.
For non-displaced fractures, only LFNS in the FCS group was
significantly lower than that in the TCS group (P < 0.05).
However, for displaced fractures, the LFNS, STIT, and Harris hip
scores of the FCS group were significantly better than those of
the TCS group (P < 0.05).

DISCUSSION

More than 50% of hip fractures were femoral neck fractures,
and which operation method is the best is still controversial
(10–12). Internal fixation of fractures and hip replacement are
widely used. Liu et al. (13) proposed that the patient’s age, bone
density, and other information can be quantified, and then the
quantified score can be used for surgical decision-making for
femoral neck fractures. In general, internal fixation is suitable for
patients<65 years of age, and joint replacement is recommended
for patients >70 years of age. It can be seen that there is still no

TABLE 2 | Clinical and radiological parameters at the latest follow-up.

Total (n = 102) TCS (n = 60) FCS (n = 42) P

Hospitalization time (d) 3 (2 to 4) 3 (2 to 4) 2 (2 to 3.3) 0.310

Operation time (min) 46 (38 to 61) 46 (33 to 61) 43 (38.8 to 60.8) 0.634

Blood loss (mL) 30 (20 to 30) 27.5 (20 to 30) 30 (20 to 30) 0.601

LFNS (mm) 2.4 (1.1 to 5.1) 2.8 (1.8 to 5.2) 1.2 (0.2 to 3.9) 0.001

Harris hip score 92 (85 to 97.5) 92 (84.3 to 99) 92 (86.8 to 96.3) 0.989

IFFR 5 (4.9) 3 (5.0) 2 (4.8) 1.000

FS >5mm 25 (24.5) 16 (26.7) 9 (21.4) 0.545

STIT 25 (24.5) 17 (28.3) 8 (19.0) 0.283

Data are presented as n (%) or median (interquartile range). LFNS, length of femoral neck

shortening; IFFR, internal fixation failure rate; FS, femoral neck shortening; STIT, soft tissue

irritation of the thigh.
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FIGURE 1 | A 59-year-old woman from the TCS group presented with right hip pain and limited mobility after a fall. (A,B) Computed tomography showed right

femoral neck fracture (Garden III, Pauwels III). (C,D) Postoperative anteroposterior and lateral radiographs showed satisfactory fracture reduction with acceptable

implant position. (E,F) Anteroposterior and lateral radiographs at the 3-month follow-up showed that the fracture line was blurred. (G,H) Anteroposterior and lateral

radiographs at the 24-month follow-up showed that the fracture was healed without femoral head collapse and internal fixation failure. The Harris hip score was 94

without femoral neck shortening.

clear recommendation for the surgical repair method of femoral
neck fracture for patients between 65 and 70 years old (11, 12). In
our medical center, only patients >65 years old with Garden III
and IV fractures are eligible for hip replacement surgery. Internal
fixation is the first choice for young and elderly patients with
Garden I and II fractures. Therefore, patients aged>65 years with
Garden III and IV fractures were not included in this study.

TCS andDHS are themost common internal fixation implants
for femoral neck fractures (14). Compared with DHS, TCS has
insufficient biomechanical stability (15–17), but TCS has the
advantages ofminimally invasive implantation and less blood loss
(18). Femoral neck system (FNS) is a slidable internal fixation
device with a fixed angle, which is now becoming the standard
of care for screw fixation. Compared with DHS, FNS has less
damage during the insertion process and also minimizes the
required surgical incision length owing to its compact design.
Stoffel et al. (15) showed that in an unstable femoral neck fracture
model, the biomechanical stability of FNS was twice that of
TCS, and its rotational stability was 150% higher than that of
TCS, and the biomechanical stability of FNS was comparable
to that of DHS. However, TCS and FCS maybe more cost
effective. At present, no related literature has compared FNS
with FCS and TCS in terms of long-term clinical outcomes and
we are trying to summarize our clinical data about FNS. In
our study, the operation time, intraoperative blood loss, and
hospitalization time in the FCS group were not significantly
different from those in the TCS group. FCS aims to increase
the stability of internal fixation while retaining the minimally
invasive advantages of TCS. Lin et al. (19) reported that in

finite element analysis, a modified F-technique configuration
(similar to our FCS technique) showed a better performance in
resisting shearing and rotational forces in treating Pauwels type
III femoral neck fracture compared to those using traditional
inverted triangular TCS. However, few studies have compared
the clinical results of FCS with TCS. This study compared the
clinical data of 102 patients with fresh femoral neck fractures
treated with FCS and TCS. We discussed and analyzed the
differences in outcomes of the two internal fixation methods in
actual clinical applications.

A Study has proposed that the degree of FS can be divided
into mild (≤5mm), moderate (shortened 5–10mm) and severe
(>10mm), which may affect the prognosis of hip joint function
(9). The heavier the FS degree, the more the implanted
cannulated screw protrudes from the bone surface, which may
cause STIT in the surgical site and reduce the Harris hip
score. Zlowodzki et al. (20) reported that after TCS fixation,
the femoral neck was shortened by an average of 10mm. An
international multicenter randomized controlled trial (FAITH
trial) (7) reported that approximately 29% of patients had an FS
>5mm after TCS fixation. In our study, patients with FS >5mm
accounted for 21.4 (9/42) and 26.7% (16/60) of the FCS and TCS
groups, respectively. At the last follow-up, although there was no
significant difference in the proportion of FS>5mm between the
two groups, there were significant differences in LFNS (median
1.2mm in the FCS group and 2.8mm in the TCS group). Four
patients had FS >10mm (one and three in the FCS and TCS
groups, respectively), all of whom were displaced and Pauwels
type III fractures. Although the number of displaced fractures
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FIGURE 2 | A 28-year-old man from the FCS group presented with right hip pain and limited mobility after a fall. (A,B) Computed tomography showed right femoral

neck fracture (Garden IV, Pauwels III). (C,D) Postoperative anteroposterior and lateral radiographs showed satisfactory fracture reduction with acceptable implant

position. (E,F) Anteroposterior and lateral radiographs at the 3-month follow-up showed that the fracture line was blurred with femoral neck shortening (3.8mm).

(G,H) Anteroposterior and lateral radiographs at the 22-month follow-up showed that the fracture was healed without femoral head collapse and internal fixation

failure. The Harris hip score was 97 with mild femoral neck shortening (3.8mm).

TABLE 3 | Comparison of displaced and non-displaced femoral neck fractures at the latest follow-up.

Non-displaced P Displaced P

TCS (n = 44) FCS (n = 20) TCS (n = 16) FCS (n = 22)

Hospitalization time (d) 3 (2 to 3) 2 (2 to 3) 0.129 4 (3 to 4.8) 3 (2 to 4) 0.151

Operation time (min) 43 (31 to 55) 42 (38 to 56) 0.602 65 (39.8 to 86.8) 50 (39 to 67) 0.138

Blood loss (mL) 22.5 (20 to 30) 27.5 (20 to 30) 0.364 30 (21.3 to 33.8) 30 (20 to 30) 0.540

Harris hip score 96 (85 to 99) 93 (87 to 99) 0.791 89 (74 to 91.8) 91.5 (86 to 96) 0.035

LFNS (mm) 2.5 (1.5 to 3.5) 1.2 (0.2 to 3.5) 0.037 5.7 (2.1 to 9.3) 1.2 (0.3 to 5.0) 0.003

IFFR 1 (2.3) 0 1.000 2 (12.5) 2 (9.1) 1.000

STIT 10 (22.7) 5 (25.0) 0.842 7 (43.8) 3 (13.6) 0.037

Data are presented as n (%) or median (interquartile range). LFNS, length of femoral neck shortening; IFFR, internal fixation failure rate; STIT, soft tissue irritation of the thigh.

in the FCS group was significantly higher than that in the TCS
group, there were no significant differences in the failure rate of
internal fixation, Harris hip score, and STIT between the two
groups. When performing subgroup analysis according to the
Garden classification, it was found that the LFNS, STIT, and
Harris hip scores of the FCS group were significantly better than
those of the TCS group. It can be seen that FCS has a certain effect
on reducing the excessive shortening of the femoral neck, which
may reduce the occurrence of STIT and improve Harris hip score.

The non-union rate of femoral neck fractures ranged from
7–33% (21–23). Insufficient blood supply and/or biomechanical
instability is closely related to fracture non-union. The FAITH
trial (7) reported that the fracture non-union rate after TCS
fixation was 6%. Kumar et al. (24) reported that for young
patients with displaced femoral neck fractures, the non-union

rate after TCS fixation was approximately 13%. In our study, the
non-union rate of fracture in the FCS group was 2.4% (1/42) and
that in the TCS group was 5.0% (3/60). There was no significant
difference in the non-union rates between the two groups.

The incidence of avascular necrosis of the femoral head is
approximately 10–30% (21, 23, 25, 26), which may be caused
by reduced arterial inflow and venous outflow (27). Kumar et
al. (24) reported that the incidence of avascular necrosis of the
femoral head after TCS fixation was approximately 7%, while
the FAITH test (7) reported an incidence of ∼5%. In our study,
no avascular necrosis of the femoral head was found at the last
follow-up, and the follow-up time still needs to be extended for
further observation.

The timing of surgery for the treatment of femoral neck
fractures through internal fixation remains controversial. In
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the past, some researchers believed that femoral neck fractures
should be operated on as soon as possible, even within 8 h after
injury (28). Upadhyay et al. (29) reported that as long as the
femoral neck fracture was internally fixed within 1 week, there
was no significant difference in prognosis. Our hospital strives
to perform surgical treatment in patients with femoral neck
fracture within 48 h after admission, but some patients have not
been sent to the hospital in time after injury. In this study,
the median time from injury to surgery was 3 days in the FCS
group and 2.5 days in the TCS group. There were no significant
differences between the two groups. Therefore, the interference
of the timing of surgery on the prognostic results of this study
can be ruled out.

This study has certain limitations. As a retrospective
study, there may have been selection bias, and the sample
size was small. Therefore, the results of this study need to be
further verified by multi-center, large-sample, prospective
randomized controlled trials. Second, this study had
a short follow-up time, could only discuss short-term
outcomes, and could not evaluate long-term results such
as avascular necrosis of the femoral head. Therefore, it
is necessary to extend the follow-up time to obtain more
accurate conclusions.

CONCLUSION

TCS and FCS are effective for femoral neck fractures. For
non-displaced fractures, there was no significant difference in
the clinical outcomes between the two groups. However, for
displaced fractures, the LFNS of the FCS is significantly lower
than that of the TCS, which may reduce the occurrence of STIT
and improve the Harris hip score.
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