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Abstract

Background The optimal internal fixation for non-displaced femoral neck fractures remains controversial. This study aimed
to compare the clinical results of the percutaneous compression plate (PCCP) with parallel screws (PS) in treating femoral
neck fractures in elderly patients.

Materials and methods A total of 218 patients who underwent internal fixation were randomized to receive either a percu-
taneous compression plate (PCCP group) or parallel screws (PS group) using a computerized random sequence generator
which was used to assign the order of randomization. Patients were assessed by the operating time, intraoperative blood loss,
hemoglobin level drop, postoperative hospital stay, the time to full weight-bearing, reduction quality, fracture healing time,
Harris hip score, and postoperative complications.

Results There was no significant difference between PCCP and PS groups regarding operative time, intraoperative blood
loss, hemoglobin level drop, postoperative hospital stays, reduction quality, and Harris hip score (p > 0.05). The time to full
weight-bearing and the fracture healing time in the PCCP group were shorter than those in the PS group (p <0.05). The
overall complication rates were slightly lower in the PCCP compared to the PS patients, but there was no significant difference
(p>0.05). However, the implant failure rate was significantly higher in the PS group compared to the PCCP group (p <0.05).
Conclusions The present study suggests that the PCCP is superior to the parallel screws fixation in the treatment of non-dis-
placed elderly femoral neck fractures in terms of earlier full weight-bearing, shorter fracture healing time, and lower implant
failure rate. Therefore, it may be a better therapeutic strategy for non-displaced femoral neck fractures in elderly patients.

Keywords Non-displaced femoral neck fractures - Percutaneous compression plate - Parallel screws - Minimally invasive
surgical technique - Complication
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this strategy are not uniformly satisfactory, as prior studies
have documented rates of postoperative secondary displace-
ment ranging from 33 to 44% [6], and the rate of fracture
healing was only 44.3% [9]. Subsequently, other authors
have recommended surgical strategies, including hemiar-
throplasty, total hip arthroplasty, and internal fixation, for
non-displaced femoral neck fractures in the elderly to reduce
various complications and mortality rates. Although arthro-
plasty improves mobility and reduces major reoperations, it
is more invasive, bleeding, and expensive. Moreover, there
was no significant difference between internal fixation and
arthroplasty in long-term mortality and reconstructive hip
functions. Therefore, internal fixation is currently considered
the standard management for elderly patients with Garden
I and II fractures [1, 8, 10, 11]. Internal fixation, includ-
ing hip screw system (e.g., sliding hip screw, dynamic hip
screws) and parallel screws for non-displaced femoral neck
fractures, is recommended in elderly patients because of its
minimal invasiveness, cost-effectiveness, and comparable
clinical outcome with hip arthroplasty [12, 13]. Some previ-
ously reported that sliding hip screws or dynamic hip screw
fixation required larger skin incisions, more soft tissue dis-
section, more blood loss, and longer length of hospital stay
when compared with parallel screws [12, 14]. Although slid-
ing hip screw or dynamic hip screw provides more biome-
chanical stability, what’s more, avascular necrosis occurred
more frequently in patients receiving sliding hip screw or
dynamic hip screw than parallel screws [15, 16]. Under
this consideration, the parallel screw is a preferred option
compared with sliding hip screws or dynamic hip screws
for osteosynthesis [17]. Although parallel screw is the most
common treatment for non-displaced elderly femoral neck
fractures [18], there was still a 4.8-11% implant failure rate
[18, 19] and a 3.9-5% femoral head necrosis rate [19, 20].
Therefore, the optimal internal fixation strategy remains
controversial, and the high complication rate after parallel
screws has led surgeons to explore a better internal fixation
strategy for non-displaced femoral neck fractures in elderly
patients.

Recently, some researchers reported that percutane-
ous compression plate (PCCP) for femoral neck fractures
in young adults obtained favorable short-term and longer-
term outcomes [21-23]. Besides, Brandt et al. performed a
biomechanical test and demonstrated that PCCP possessed
distinguished rotational stability and higher maximum load
failure for both stable and unstable intracapsular hip frac-
tures than sliding hip screws [24]. And they also reported
in another study that PCCP had some advantages, includ-
ing less minimally invasive, fewer complications, and ear-
lier full weight-bearing compared with dynamic hip screws
[25]. However, it is still unclear whether PCCP is superior
to parallel screws for non-displaced femoral neck fractures
in elderly patients. Accordingly, the current prospective
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randomized comparative study compared the clinical out-
comes of non-displaced elderly femoral neck fractures
treated with PCCP or parallel screws. We hypothesized that
PCCP may be a simple and efficient surgical procedure for
non-displaced femoral neck fractures in elderly patients with
a shorter fracture healing time, earlier full weight-bearing,
and a lower implant failure rate.

Material and methods
Inclusion and exclusion criteria

The inclusion criteria included: (1) over 60 years of age, (2)
closed non-displaced femoral neck fractures (Garden I and
IT type), (3) capable of walking independently or with aids
before the injury, (4) American Society of Anesthesiologists
(ASA) classification between level 1-3, (5) time of injury to
surgery was less than 72 h.

The exclusion criteria included: (1) patients with a mental
disorder or mental illness, (2) patients with symptomatic
arthritis before hip fracture, (3) displaced femoral neck frac-
tures (Garden III and IV type), (4) posterior tilt of femoral
neck fractures, (5) multiple fractures (combined with femo-
ral head fracture, femoral shaft fracture, or femoral inter-
trochanteric fracture) or old fractures, and (6) pathology
fractures.

Method of randomization and blinding

In an operating theater, all 218 patients were assigned to
PCCP (PCCP group) or parallel screws (PS group) for non-
displaced elderly femoral neck fractures using a computer-
ized random sequence generator which was used to assign
the order of randomization. The sequence was concealed
until the allocation was assigned via an opaque envelope

(Fig. 1).
Surgical procedure

All surgeries were performed by a senior author. Patients
were operated on under general anesthesia and were
positioned supine on the traction table. Under the C-arm
fluoroscopic guidance, closed reduction was performed
until satisfactory fracture reduction quality was achieved.
The osteosynthesis was achieved with the PCCP (Ortho-
fix Orthopedics International, Bussolengo, Italy) or three
parallel cannulated screws (Synthes Inc., West Chester, PA,
USA). For the PCCP group, the surgical procedures of PCCP
are described in detail previously [21]. For the PS group,
the operative procedure of PS was standard and followed
the three-point principle, with the insertion of three 6.5 mm
[26]. After ensuring the quality of reduction and irrigating
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Fig. 1 Consort flow diagram
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the wound, the incision was closed without a wound drain.
The reduction quality was checked by radiograph with the
first postoperative radiographs (anterior—posterior and lateral
views) according to the Garden alignment index and Dong
[26].

Perioperative regimen

All patients received antibiotic prophylaxis with cefuroxime
(1.5 g) 30 min before the skin incision and consecutively for
24 h after the operation. All patients were managed with a
standardized postoperative rehabilitation program. Patients
were encouraged to do active knee range of motion, quadri-
ceps, hamstring strengthening, and standing exercises with
a tilting table. All patients were allowed to ambulate with
partial weight-bearing with walker assistance within 4 weeks
after surgery. Full weight-bearing without any assistance
was gradually permitted 6 weeks after the operation accord-
ing to the patient’s tolerance.

Outcomes of interest

Clinical and radiographic examinations were scheduled at
6 weeks, 3 months, 6 months, 9 months, and 1 year after
surgery, and fresh radiographs: anteroposterior and lateral
views of the operated hip were assessed for the fracture heal-
ing, implant position, avascular necrosis, implant failure at

each visit. Fracture healing was defined as the presence of
bridging callus and the absence of the fracture line on both
AP and lateral views. The implant failure was defined as
the presence of re-displacement, loosening of the implant,
and cut-out of the femoral head. Serial radiographs were
analyzed by an independent observer.

The clinical data were recorded, including operating time,
intraoperative blood loss, hemoglobin level at postopera-
tive 24 h, hemoglobin level drop (preoperative hemoglobin
level—hemoglobin level at postoperative 24 h), postopera-
tive hospital stay, the time to full weight-bearing, fracture
healing time, Harris hip scores (HHS), and postoperative
complications (incision infection, implant failure, non-union,
avascular necrosis). The Harris score was used to evalu-
ate the hip joint function. The hip function was assessed
using the HHS (0~ 100 points), and HHS of the two groups
was evaluated at 12 months after surgery. The clinical out-
comes and HHS were recorded by one of the surgeons at the
patients’ respective follow-up visits.

Follow-up

At the 12-months follow-up, 24 patients (12 in the PCCP
group and 12 in the PS group) had been dead for reasons
irrelevant to the surgery. These 24 patients were excluded.
The remaining 194 patients (97 patients in the PCCP group
and 97 patients in the PS group) are available for analysis.
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The detailed distribution of the 194 patients’ demographics
is shown in Table 1. The institutional review board approved
the study, and informed consent was obtained from all
patients.

Statistical analysis

SPSS version 18.0 for Windows (SPSS Inc., Chicago, IL,
USA) was used for statistical analysis. The randomization
sequence was generated using SPSS. Data were presented
as the mean + standard deviation (SD). A r-test was used for
statistical comparisons between the two groups. The contin-
uous data of the two groups of patients were analyzed with a
two-tailed, unpaired #-test. Chi-square analysis or Fischer’s
exact test was used to test for statistically significant differ-
ences in the frequencies between the two groups. Differences
between the two groups were considered significant when
the p-value was less than 0.05.

Results

As shown in Table 1, the PCCP group consisted of 97
patients (21 males and 76 females) with a mean age of
70.2 + 6.3 years; the PS group consisted of 97 patients (29
males and 68 females) with a mean age of 71.7 +7.4 years
(p=0.130). The BMI was 22.3 + 1.9 kg/m? and 22.7 +2.1 kg/
m? in the PCCP and PS groups, respectively (p =0.258).
Besides, there was no statistical difference between the two
groups in injury mechanism (p =0.868), fracture classifica-
tion (p=0.461), ASA (p=0.190), injury-surgery interval
(»p=0.402), and preoperative Hb (p =0.552).

Clinical results

There was no significant difference between the two
groups in terms of operative time (p =0.082), intraopera-
tive blood loss (p =0.774), hemoglobin at postoperative
24 h (p=0.779), hemoglobin level drop (p =0.057), rate of
blood transfusion (p =0.368), postoperative hospital stays
(»p=0.533), and Harris hip score (p=0.228) (Table 2). Com-
pared to the PS group, however, the time to full weight-bear-
ing in the PCCP group was distinctly shorter (6.4 + 1.2 vs
8.2+ 1.6 weeks, p<0.001, Table 2). Meanwhile, the fracture
healing time was significantly shorter in the PCCP group
(13.9+2.9 weeks) than in the PS group (14.8 +2.7 weeks)
(p=0.014, Table 2, Figs. 2, 3), suggesting the PCCP could
promote bone healing.

Complications

Overall, the total complication rates were slightly lower in
the PCCP than in the PS patients, but there was no signifi-
cant difference (2 vs 8, p=0.100, Table 2). Specifically,
eight patients had relevant complications, including six
who underwent implant failure and two avascular necrosis
in the PS group while two patients had avascular necrosis
in the PCCP group. Complete fracture union was confirmed
through X-ray reexamination. Moreover, no patients expe-
rienced non-union or infection at the incision site. In addi-
tion, implant positionings were satisfactory in both groups
after internal fixation. There was no significant difference
(p=1.0) regarding the satisfactory reduction rates between
the two groups (Table 2). Furthermore, the mean HHS for
the PCCP and PS groups were 88.5+6.3 and 87.3+7.4,
respectively. Thus, there was satisfactory recovery after

Table 1 The preoperative data

and demographics in the two PCCP group (n=97) PS group (n=97) P
groups Gender
Male/female 21/76 29/68 0.188
Age (years) 70.2+6.3 (range, 61-88) 71.7+7.4 (range, 61-90) 0.130
BMI (kg/mz) 22.3+1.9 (range, 17.8-26.8) 22.7+2.1 (range, 17.4-27.6) 0.258
Injury mechanism 0.868
Simple fall 52 55
Vehicular trauma 24 21
Fall from a height 21 21
Garden type 0.461
Garden [ 35 40
Garden II 62 57
ASA 2.0+0.7 (range, 1-3) 1.9+0.8 (range, 1-3) 0.190
Injury-surgery interval (h) 55.9+16.8 (range, 36-72) 57.9+16.1 (range, 36-72) 0.402
preoperative Hb (g/L) 115.4+14.2 (range, 89-142) 114.2+14.9 (range, 91-140) 0.552
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BMI Body Mass Index, ASA American Society of Anesthesiologists

Data are presented as mean +s.d. (range) or number (%)
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Table 2 Clinical results in the PCCP group (n=97) PS group (n=97) »

two groups
Operative time (min) 40.9+5.7 (range, 25-50) 39.5+5.9 (range, 25-50) 0.082
Intraoperative blood loss (mL) 80.2+11.5 (range, 55-100)  79.7+10.9 (range, 50-95) 0.774
Hb level at postoperative 24 h (g/L)  102.1+14.1 (range, 76-130) 101.5+14.5 (range, 76-130) 0.779
Hb level drop (g/L) 13.4+2.0 (range, 10-18) 7-15(12.7+2.8) 0.057
Blood transfusion (N) 4 (4.1%) 1(1.0%) 0.368
Postoperative hospital stays (days) 4.1+1.1 (range, 3-6) 3.9+ 1.2 (range, 3-6) 0.533
Time to full weight-bearing (weeks) 6.4+ 1.2 (range, 5-8) 8.2+ 1.6 (range, 6-11) 0.000
Fracture healing time (weeks) 13.9+2.9 (range, 10-18) 14.8 +£2.7 (range, 10-19) 0.014
Adequate reduction 97/97 97/97 1.0
Harris hip score (points) 88.5+6.3 (range, 68-98) 87.3+7.4 (range, 65-95) 0.228
Postoperative complications 2(2.1%) 8 (8.2%) 0.100
Incision infection 0 0 -
Implant failure 0 6 (6.2%) 0.029
Nonunion 0 0 -
AVN 2 (2.1%) 2 (2.1%) -

Fig.2 Radiographs of a
70-year-old female patient
with a non-displaced femoral
neck fracture were treated with
PCCP. A1, A2 pre-operatively.
B1, B2 Anteroposterior
radiograph 2-day postoperative
shows a satisfactory position
of fracture and implants. C1,
C2 Anteroposterior radiograph
12-week postoperative shows
successful fracture healing

AVN Avascular necrosis

Data are presented as mean +s.d. (range) or number (%)

Bold p values indicated that groups were significantly different (p <0.05)
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Fig.3 Radiographs of an
78-year-old female patient
with non-displaced femoral
neck fracture was treated with
three parallel screws. Al,

A2 pre-operatively. B1, B2
Anteroposterior radiograph
2-day postoperative shows a
satisfactory position of fracture
and implants. C1, C2 Anter-
oposterior radiograph 15-week
postoperative shows successful
fracture healing

fixation with PCCP or PS for femoral neck fractures in
elderly patients. However, the rate of implant failure was
significantly higher in the PS group (6.2%) compared to the
PCCP group (0%) (p=0.029, Table 2). However, none of
the patients required reoperation in either group during the
12-months follow-up period.

Discussion

Femoral neck fractures have continued to increase among
elderly patients along with increasing life expectancies in our
community and have become a common cause of morbidity
and mortality. Among femoral neck fractures, the non-dis-
placed femoral neck fracture represents approximately 20%
[27, 28]. Previously, parallel screws or hip screw systems
have used to be the mainstream internal fixations strategy for
non-displaced femoral neck fractures in the elderly popula-
tion [12, 29]. Due to minimally invasive, shorter surgical
time, and less intraoperative blood loss, many authors sug-
gested that the preferred surgical method for non-displaced
elderly femoral neck fractures was the internal fixation with
parallel screws. However, higher rates of implant failure
and femoral head necrosis were reported in elderly patients
treated with internal fixation with parallel screws due to the
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lack of biomechanical stability [19, 30—32]. A biomechani-
cal study shows that a stable angular plate (DHS-Screw,
DHS-Blade, or FNS) provided superior stability compared
to three parallel screws [31]. Hence, if an internal fixation
can be placed using a minimally invasive surgical technique
and provide good biomechanical stability, it will be a better
choice for treating femoral neck fractures.

It is well known that PCCP is used initially to treat per-
trochanteric fractures due to the advantages of percutaneous
insertion and the principles of DHS [33]. Many orthopedic
surgeons have attempted to fix femoral neck fractures with
PCCP and obtained satisfactory healing with fewer com-
plications [21, 23]. To our knowledge, there are no related
reports comparing the PCCP and parallel screws fixation
methods for treating non-displaced femoral neck fractures
in the elderly. Therefore, in the current study, we compared
the short-term outcomes of the PCCP and parallel screws in
treating non-displaced elderly femoral neck fractures. Our
findings showed no significant difference in the operative
time, intraoperative blood loss, Hb level at postoperative
24 h, Hb level drop, and rate of blood transfusion between
PCCP and parallel screws treating non-displaced femoral
neck fractures in the elderly population. In our study, the
average surgical time was shorter than previously reported
with PCCP implants [21, 23], primarily because the
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non-displaced femoral neck fractures were relatively sta-
ble and easy to reduce. A shorter surgical time reduces the
risk of intraoperative and the risk of damage attributed to
anesthesia, representing less invasion [2]. From this perspec-
tive, these results indicated that the PCCP for elderly non-
displaced femoral neck fractures has a minimal invasion and
less blood loss, resulting in faster recovery and satisfactory
function. Therefore, the PCCP may be a better option for
elderly non-displaced femoral neck fractures due to minimal
invasiveness with less soft tissue dissection. Furthermore,
incision within the safe vascular zone reduces blood loss
and operative time.

There is still no consensus or preferred protocol for
weight-bearing after internal fixation of non-displaced
elderly femoral neck fractures. Some authors suggested
that early full weight-bearing was associated with positive
postoperative outcomes after internal fixation of the elderly
femoral neck fractures, including decreased mortality,
functional outcomes, and improved bone healing [34-36].
In contrast, others believed that early weight-bearing could
increase the reoperation rate, and elderly patients with
non-displaced femoral neck fractures would benefit from
delayed weight-bearing postoperatively [37, 38]. In this
study, the time to full weight-bearing was 6.4 + 1.2 weeks
in the PCCP group, which was significantly shorter than
in the PS group (8.2 + 1.6 weeks, p <0.001). However, the
postoperative complications were similar in both groups
(2.1% vs 8.2%, p=0.100). Thus, it can be seen that early
weight-bearing does not increase the rate of complications.
A biomechanical study demonstrated that the composite
force of anti-compression and anti-rotation of PCCP was
superior to DHS [24], and DHS was more biomechanically
stable than parallel screws [31, 39]. The PCCP is designed
to combine the advantages of DHS and PS. Therefore, we
assume PCCP provides more robust mechanical stability
and guarantees postoperative rehabilitation and early full
weight-bearing without fixation failure. Besides, immedi-
ate mobilization and early full weight-bearing are crucial
rehabilitation strategies in the elderly, which are beneficial
to regaining preoperative ambulatory status and decreasing
morbidity and mortality. Hence, the PCCP as internal fixa-
tors will be a promising strategy for non-displaced femoral
neck fractures in elderly patients due to the advantage of
percutaneous insertion and reliable biomechanical features.
It can not only allow patients to be fully weight-bearing early
but also does not increase the incidence of complications.

Fracture non-union and avascular necrosis of the femoral
head are regarded as the two severe complications follow-
ing internal fixation of femoral neck fractures [26]. Garden
classification is a determining factor in developing avascular
necrosis of the femoral head following femoral neck frac-
tures. Adequate fracture reduction is conducive to fracture
healing due to restoring biomechanical stability, protecting

the residual blood supply around the femoral head, and
reducing the intracapsular pressure (“tamponade effect”),
ultimately determining the fate of the femoral head [17, 26].
In our study, PCCP and parallel screws for non-displaced
femoral neck fractures had a 100% union rate and a lower
occurrence of avascular necrosis (2.1%). It was probably
why all femoral neck fractures were stable (Garden I and
II), and the reduction quality was excellent in the present
study. In addition, PCCP internal fixation for non-displaced
elderly femoral neck fractures had a shorter fracture heal-
ing time and a lower implant failure rate compared to the
parallel screws. These positive results were attributed to
the rational design and stable biomechanical features [23,
40]. PCCP implant has two thicker screws in the neck-head
and an angular locking connection between the screw and
plate. This design possesses reliable stability in all direc-
tions and dynamic compression ability [23, 40]. The marked
compressive effect for the fracture ends affords better fixa-
tion stability and facilitates fracture healing under external
force loading [29]. Therefore, short fracture healing time
and the predominant anti-shear and anti-rotation features
could reduce implant failure rates in elderly femoral neck
fractures [41], achieving satisfactory fracture healing and
functional recovery. Consistent with our study, Zhu et al.
[21] and Jin et al. [23] have reported satisfactory healing
with fewer complications in femoral neck fractures treated
with PCCP implants.

In addition, we found that PCCP and parallel screws
have similar postoperative hospital stays and Harris hip
scores for treating non-displaced femoral neck fractures in
elderly patients (p > 0.05). From this perspective, the thera-
peutic outcomes of PCCP were not superior to that of the
parallel screws in terms of hospital stays and hip function.
Postoperative hospital stays are mainly determined by sur-
gical trauma and individual physical quality; hip function
is mainly related to the joint condition, fracture union, and
postoperative rehabilitation exercises. As mentioned above,
PCCP and PS had a similar minimal invasion and less blood
loss when treated with non-displaced elderly femoral neck
fractures, resulting in faster recovery and satisfactory func-
tion. Furthermore, our results suggested that the Harris hip
score was significantly higher in elderly patients in both
groups. Previous studies have shown that a stable angular
plate (dynamic locking plate or sliding hip screw) was not
better than parallel screws in terms of the score [12, 42].

The present study has several limitations. Firstly, the
trial was conducted at a single center, and the sample size
was relatively small. We suggest that further studies with a
greater number of patients should be done to consolidate our
findings. Secondly, the fixation operations (PCCP and PS)
were performed by the same surgeon in our study. The same
surgeon could ensure consistency in surgical technique,
which could reduce a potential bias influencing the final
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operational outcomes. However, the surgeon independently
selected the implants, leading to potential selection bias. In
this study, all patients were randomly assigned by a comput-
erized random sequence generator to minimize selection bias
in our study. Thirdly, we did not consider the positioning of
implants between both groups. Although it could potentially
increase the risk of nonunion and implant failure, it was dif-
ficult to compare the placement of two different implants.
Fourthly, mortality was not evaluated in the present study.
In the study, there were 24 deaths (12 in the PCCP group
and 12 in the PS group) for reasons irrelevant to the surgery
during 12 months of follow-up. We assumed that the mor-
tality was primarily related to patients’ physical quality and
that there was little correlation with the implants. A short
follow-up time could be likely to underestimate mortality,
reoperation rate, and implant failure in both groups.

Conclusions

In conclusion, the present study suggests that the PCCP is
superior to the parallel screws fixation in the treatment of
non-displaced elderly femoral neck fractures in terms of ear-
lier full weight-bearing, shorter fracture healing time, and
lower implant failure rate. Therefore, the PCCP may be a
better therapeutic strategy for non-displaced femoral neck
fractures in elderly patients.

Acknowledgements This work was supported by the grants from the
National Natural Science Foundation of China (82102535).

Data availability The data that support the findings of this study are
available from the corresponding author upon reasonable request.

Declarations

Conflict of interest All the authors declared that no conflicts of interest
specifically relevant to this study.

Ethical approval The study was approved by Affiliated Hospital of
Jiangnan University.

Informed consent Informed consent was obtained from all individual
participants included in the study.

References

1. ZhulJ, Deng X, Hu H, Cheng X, Tan Z, Zhang Y (2022) Compari-
son of the effect of rhombic and inverted triangle configurations
of cannulated screws on internal fixation of nondisplaced femoral
neck fractures in elderly patients. Orthop Surg 14(4):720-729

2. Zhang YZ,Lin Y, Li C, Yue XJ, Li GY, Wang B et al (2022) A
comparative analysis of femoral neck system and three cannulated
screws fixation in the treatment of femoral neck fractures: a six-
month follow-up. Orthop Surg 14(4):686-693

@ Springer

10.

11.

12.

13.

15.

16.

17.

18.

19.

20.

Veronese N, Maggi S (2018) Epidemiology and social costs of
hip fracture. Injury 49(8):1458-1460

Kannus P, Parkkari J, Sievinen H, Heinonen A, Vuori I,
Jarvinen M (1996) Epidemiology of hip fractures. Bone
18(Suppl 1):S57-S63

Rogmark C, Leonardsson O (2016) Hip arthroplasty for the
treatment of displaced fractures of the femoral neck in elderly
patients. Bone Joint J 98-B(3):291-297

Xu DF, Bi FG, Ma CY, Wen ZF, Cai XZ (2017) A system-
atic review of undisplaced femoral neck fracture treatments for
patients over 65 years of age, with a focus on union rates and
avascular necrosis. J Orthop Surg Res 12(1):28

Raaymakers EL, Marti RK (1991) Non-operative treatment of
impacted femoral neck fractures. A prospective study of 170
cases. ] Bone Joint Surg Br 73-B(6):950-954

Okike K, Hasegawa IG (2021) Current trends in the evaluation
and management of nondisplaced femoral neck fractures in the
elderly. J Am Acad Orthop Surg 29(4):e154—e164

Taha ME, Audigé L, Siegel G, Renner N (2015) Factors predict-
ing secondary displacement after non-operative treatment of
undisplaced femoral neck fractures. Arch Orthop Trauma Surg
135(2):243-249

Okike K, Udogwu UN, Isaac M, Sprague S, Swiontkowski
MF, Bhandari M et al (2019) Not all garden-i and ii femoral
neck fractures in the elderly should be fixed: effect of posterior
tilt on rates of subsequent arthroplasty. J Bone Joint Surg Am
101(20):1852-1859

Xu X, FanJ, Zhou F, Lv Y, Tian Y, Ji H et al (2023) Compari-
son of femoral neck system to multiple cancellous screws and
dynamic hip screws in the treatment of femoral neck fractures.
Injury 54(Supple 2):S28-S35

Ma JX, Kuang MJ, Xing F, Zhao YL, Chen HT, Zhang LK et al
(2018) Sliding hip screw versus cannulated cancellous screws
for fixation of femoral neck fracture in adults: a systematic
review. Int J Surg 52:89-97

Lee YS, Chen SH, Tsuang YH, Huang HL, Lo TY, Huang CR
(2008) Internal fixation of undisplaced femoral neck fractures
in the elderly: a retrospective comparison of fixation methods.
J Trauma 64(1):155-162

Zafari H, Hoveidaei AH, Mortazavi SJ (2021) Internal fixation
using screw in undisplaced femoral neck fracture: educational
corner. J Orthop Spine Trauma 7(1):20-23

Nauth A, Creek AT, Zellar A, Lawendy A-R, Dowrick A, Gupta
A et al (2017) Fracture fixation in the operative management
of hip fractures (FAITH): an international, multicentre, ran-
domised controlled trial. Lancet 389(10078):1519-1527
Gupta M, Arya RK, Kumar S, Jain VK, Sinha S, Naik AK
(2016) Comparative study of multiple cancellous screws versus
sliding hip screws in femoral neck fractures of young adults.
Chin J Traumatol 19(04):209-212

Ju FX, Hou RX, Xiong J, Shi HF, Chen YX, Wang JF (2020)
Outcomes of femoral neck fractures treated with cannulated
internal fixation in elderly patients: a long-term follow-up study.
Orthop Surg 12(3):809-818

Lu Q, Tang G, Zhao X, Guo S, Cai B, Li Q (2017) Hemiarthro-
plasty versus internal fixation in super-aged patients with undis-
placed femoral neck fractures: a 5-year follow-up of randomized
controlled trial. Arch Orthop Trauma Surg 137(1):27-35
Rogmark C, Flensburg L, Fredin H (2009) Undisplaced femo-
ral neck fractures-no problems? A consecutive study of 224
patients treated with internal fixation. Injury 40(3):274-276
Do LND, Kruke TM, Foss OA, Basso T (2016) Reoperations
and mortality in 383 patients operated with parallel screws for
Garden I-1I femoral neck fractures with up to ten years follow-
up. Injury 47(12):2739-2742



Archives of Orthopaedic and Trauma Surgery (2023) 143:7063-7071

7071

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Zhu F, Liu G, Shao H-G, Wang Y-J, Li R-Q, Yang H-L et al
(2015) Treatment of femoral neck fracture with percutaneous
compression plate: preliminary results in 74 patients. Orthop Surg
7(2):132-137

Gomez-Vallejo J, Blanco-Rubio N, Lorenzo-Lopez R, Embarba-
Gascon M, Ezquerra-Herrando L, Zamora-Lozano M et al (2021)
Outcomes of basicervical femoral neck fracture treated with per-
cutaneous compression plate (PCCP). Injury 52:S42-S46

Jin Z-Y, Gu C, Yang H-L, Xu M (2022) Outcome of percutaneous
compression plate for treatment of femoral neck fractures: mean
follow-up of 4.4 years. Int Orthop 46(8):1891-1898

Brandt E, Verdonschot N, van Vugt A, van Kampen A (2006)
Biomechanical analysis of the percutaneous compression plate
and sliding hip screw in intracapsular hip fractures: experi-
mental assessment using synthetic and cadaver bones. Injury
37(10):979-983

Brandt SE, Lefever S, Janzing HMJ, Broos PLO, Pilot P, Houben
BIJJ (2002) Percutaneous compression plating (PCCP) versus the
dynamic hip screw for pertrochanteric hip fractures: preliminary
results. Injury 33(5):413-418

Wang T, SunJY, Zha GC, Jiang T, You ZJ, Yuan DJ (2014) Analy-
sis of risk factors for femoral head necrosis after internal fixation
in femoral neck fractures. Orthopedics 37(12):e1117-e1123
Parker MJ, White A, Boyle A (2008) Fixation versus hemiar-
throplasty for undisplaced intracapsular hip fractures. Injury
39(7):791-795

Gjertsen J-E, Engesater LB, Furnes O, Havelin LI, Steindal K,
Vinje T et al (2008) The norwegian hip fracture register: experi-
ences after the first 2 years and 15,576 reported operations. Acta
Orthop 79(5):583-593

Yih-Shiunn L, Chien-Rae H, Wen-Yun L (2007) Surgical treat-
ment of undisplaced femoral neck fractures in the elderly. Int
Orthop 31(5):677-682

Filipov O (2011) Biplane double-supported screw fixation (F-tech-
nique): a method of screw fixation at osteoporotic fractures of the
femoral neck. Eur J Orthop Surg Tr 21(7):539-543

Stoffel K, Zderic I, Gras F, Sommer C, Eberli U, Mueller D et al
(2017) Biomechanical evaluation of the femoral neck system in
unstable pauwels iii femoral neck fractures: a comparison with
the dynamic hip screw and cannulated screws. J Orthop Trauma
31(3):131-137

Chen J-y, She G-r, Luo S-m, Wu W-r, Zhuang T-f, Huan S-w et al
(2020) Hemiarthroplasty compared with internal fixation for treat-
ment of nondisplaced femoral neck fractures in elderly patients: a
retrospective study. Injury 51(4):1021-1024

Shen J, Luo F, Sun D, Huang Q, Xu J, Dong S et al (2015)
Mid-term results after treatment of intertrochanteric femoral

34.

35.

36.

37.

38.

39.

40.

41.

42.

fractures with percutaneous compression plate (PCCP). Injury
46(2):347-357

Koval KJ, Sala DA, Kummer FJ, Zuckerman JD (1998) Postop-
erative weight-bearing after a fracture of the femoral neck or an
intertrochanteric fracture. J Bone Joint Surg Am 80(3):352-356

Kim JW, Byun S-E, Chang JS (2014) The clinical outcomes of
early internal fixation for undisplaced femoral neck fractures and
early full weight-bearing in elderly patients. Arch Orthop Trauma
Surg 134(7):941-946

Atzmon R, Drexler M, Ohana N, Nyska M, Palmanovich E,
Dubin J (2022) The effect of postoperative weight-bearing status
on mortality rate following proximal femoral fractures surgery.
Arch Orthop Trauma Surg 142(6):947-953

Sjostedt A, Zetterberg C, Hansson T, Hult E, Ekstrom L (1994)
Bone mineral content and fixation strength of femoral neck frac-
tures: a cadaver study. Acta Orthop Scan 65(2):161-165

Zhu J, Hu H, Deng X, Zhang Y, Cheng X, Tan Z et al (2021)
Nomogram for predicting reoperation following internal fixa-
tion of nondisplaced femoral neck fractures in elderly patients. J
Orthop Surg Res 16(1):544

Rupprecht M, Grossterlinden L, Ruecker AH, de Oliveira AN,
Sellenschloh K, Niichtern J et al (2011) A comparative biome-
chanical analysis of fixation devices for unstable femoral neck
fractures: the intertan versus cannulated screws or a dynamic hip
screw. J Trauma Acute Care 71(3):625-634

Chen Y, Li H, Dai L, Yin Q, Li D, Wang X (2021) Imag-
ing observation of percutaneous compression plate use in
promoting femoral neck fracture healing. J Int Med Res
49(8):03000605211033501

Shu D-P, Xiao Y-P, Bei M-J, Ji T, Peng Y-J, Ma B et al (2020)
Dynamic compression locking system versus multiple cannulated
compression screw for the treatment of femoral neck fractures: a
comparative study. BMC Musculoskelet Dis 21(1):230

Yin H, Pan Z, Jiang H (2018) Is dynamic locking plate (Targon
FN) a better choice for treating of intracapsular hip fracture? A
meta-analysis. Int J Surg 52:30-34

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

@ Springer



	Comparison of percutaneous compression plate to parallel screws in the treatment of nondisplaced femoral neck fractures in elderly patients: a prospective, randomized study
	Abstract
	Background 
	Materials and methods 
	Results 
	Conclusions 

	Introduction
	Material and methods
	Inclusion and exclusion criteria
	Method of randomization and blinding
	Surgical procedure
	Perioperative regimen
	Outcomes of interest
	Follow-up
	Statistical analysis

	Results
	Clinical results
	Complications

	Discussion
	Conclusions
	Acknowledgements 
	References




