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Abstract

Background: Patients with Pauwels type III displaced intracapsular femoral fractures (DICFF) are at a high risk of developing
avascular necrosis (AVN) and non-union following closed reduction and internal fixation (CRIF). We compared the complications
between the Targon femoral neck (TFN) plate and the cannulated cancellous screws (CCS).

Methods: This retrospective study reviewed the records of 34 patients younger than 65 years of age who underwent CRIF
of Pauwels type III DICFF from January 2007 to January 2018. Patients were evaluated for demographic data as well as the
fixation method. Subsequent postoperative radiographs were obtained to assess the incidence of AVN and nonunion.
Results: 34 patients were included in the study, of which, 18 (53%) and 16 (47%) were treated using TFN and CCS, respectively
There were no significant differences observed between the CCS and TFN cohorts in terms of age (p = 0.90), gender (p = 0.27),
time to surgery (p = 0.36), and duration of surgery (p = 0.99). The incidence of AVN and non-union did not significantly differ
between the groups, with rates of 38.9% and 43.8%, respectively (p = 0.083)

Conclusions: The type of fixation utilized, whether CCS or TFN, did not have a significant impact on the incidence of treatment
failure in patients with Pauwels type III fractures treated via CRIF.

Keywords: Targon Femoral Neck Plate; Pauwels Angle; Avascular Necrosis; Non-Union

Abbreviations: DICFF: Displaced Intracapsular Femoral Introduction

Fractures; AVN: Avascular Necrosis; CRIF: Closed Reduction

And Internal Fixation; TFN: Targon Femoral Neck; CCS: Hip fractures are significant source of morbidity and
Cannulated Cancellous Screws; NAS: Numerical Analogue mortality for elderly patients worldwide [1]. The annual
Scale; MHHS: Modified Harrison Hip Score; IQR: Interquartile incidence of hip fractures is expected to increase to 6.26
Range; SD: Standard Deviations. million by the year 2050 Cooper C, et al. [2]. Displaced
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intracapsular femoral fractures (DICFF) in young and active
patients usually necessitate and typically involve anatomic
reduction and internal fixation, as preservation of the femoral
head is paramount. Avascular necrosis (AVN) and non-
union are common complications that lead to re-operation
following closed reduction and internal fixation (CRIF), with
reported rates of up to 16% and 33%, respectively [3].

The type of device used for internal fixation is a well-
studied topic. When comparing the Targon femoral neck
(TFN) plate (BBraun/Aesculap, Germany) and the cannulated
cancellous screws (CCS), some studies suggested lower rates
of post-surgical complications using TFN method [4,5],
others reported no difference in the complications between
the two [6,7]. The question is thus whether the newer TFN
locking plate should substitute the conventional CCS as the
optimal fixation device.

It has previously been demonstrated that radiological
factors such as varus reduction and fracture displacement
can predict AVN and non-union following internal fixation
[8,9]. The Pauwels angle, which is used to determine the
angle between the fracture line of the distal fragment and the
horizontal line, has also been shown to predict complications
[10] . The Pauwels classification categorizes fractures based
on the angle between the fracture line and the horizontal
axis, with Degree I fractures having an angle below 30
degrees, Degree Il fractures having an angle between 30
and 50 degrees, and Degree III fractures having an angle of
50 degrees or above [11]. Pauwels initially suggested that a
more vertical angle is correlated with a higher frequency of
non-union [11].

Patients with Pauwels type III fractures are particularly
challenging, asthe shearing forces dominantin these fractures
can lead to varus collapse and fracture displacement. Shen M,
etal.[10] Additionally, a significantassociation has previously
been established between a type III fracture and the risk of
non-union [12]. Therefore, it serves as a major consideration
when determining the appropriate management of DICFF.

Considering the high risk that this subset of patients
presents to the surgeon, it is imperative that the surgeon
establishes the best possible fixation technique in order to
maximize their outcome. Currently, there is no agreement
on the ideal fixation method in cases of a type Il Pauwels
fractures. The aim of this study was to evaluate the post-
surgical complications between patients treated with TFN
versus CCS in Pauwels type III fractures.

The study hypothesis was that the TFN fixation device
would be associated with lower rates of complications
following fixation of DICFF.
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Materials and Methods

Approval from the institutional research ethics board
was obtained for this retrospective study A search was
conducted on the institutional database to identify patients
younger than 65 years of age who underwent CRIF of DICFF
between January 2007 and January 2018. Patients under
18 years old, those with a pathologic fracture, those treated
with primary total hip replacement or hemiarthroplasty,
those with type I or Il Pauwels fractures, and patients with
less than 2-year follow-up were excluded.

All the patients in the study were treated with either
CCS or the TFN locking plate. The TFN was introduced into
the department in 2011, and patients treated before then
underwent fixation with CCS.

Patient data was obtained from electronic medical
records, including baseline characteristics and preoperative
radiographs were assessed for Pauwels classification. All
patients were treated by CRIF within 24 hours following
admission to the trauma center. Surgery was performed by
multiple surgeons with the patient in a supine position on a
fracture table, under general or regional anesthesia Fracture
reduction was completed under fluoroscopy and carried out
by gentle longitudinal traction or the Ledbetter maneuver
[13]. The configuration of the cannulated screws was
determined by the surgeon, based on factors such as anatomy,
comminution severity, stability, and clinical evaluation.

The postoperative care for both the CCS and TFN
cohorts was standardized. This included early mobilization,
non-weight bearing, and thrombo prophylactic treatment
with enoxaparin. Patients underwent regular follow-up
evaluations at our outpatient clinic at 3 weeks, 6 weeks,
3 months, 6 months, and 1 year postoperatively, or until
fracture union was achieved. At the final follow-up, patients
completed questionnaires, including the Modified Harrison
Hip Score (MHHS), the SF-12 questionnaire, and a Numerical
Analogue Scale (NAS) for pain. AP and axial X-rays were
evaluated by two orthopedic surgeons, and non-union was
defined as a lack of progression in fracture healing after 6
months. AVN was diagnosed through radiological evaluation
or MRI scans if clinically suspected.

Statistical Analysis

Statistical analysis was conducted using IBM SPSS
statistics version 23 (IBM, Chicago, IL, USA). Descriptive
statistics were utilized to analyze the data on age at surgery,
gender, surgery side, time to operation, surgery length, and
follow-up time. Mean and standard deviations (SD) were
calculated for normally distributed continuous variables,
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while median and interquartile range (IQR) were calculated
for non-normally distributed continuous variables. Normally
distributed variables were compared using Student’s t-test,
while non-normally distributed variables were compared
using the Mann-Whitney test. Frequencies and percentages
were calculated for nominal variables and were compared
between the groups using the chi-square test. A p-value of
<0.05 was considered statistically significant to identify
differences between the cohorts.

Results

Between January 2007 and January 2018, 90 patients
with displaced intracapsular femoral fractures underwent
CRIF at our institute. Of the 90 patients, 34 had Pauwels type
III fractures. The median fracture angle of the Pauwels type
III fractures was 66.9 degrees (IQR=57.7-72.3). At the time
of surgery, the mean age was 47.0 (SD = 8.1). Twenty-seven
(79.4%) of the patients in our study were male. Eighteen
(52.9%) of the patients had a fracture on their right side.
The mean duration of surgery was 83.6 minutes (SD = 41.1).
Eighteen patients (52.9%) were treated with the TFN locking
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plate, while 16 patients (47.1%) were treated with CCS. The
mean follow-up for the entire cohort was 45.38 months (SD =
26.04). The mean SF-12 Physical Component Summary score
was 45.13 (SD = 12.45) and the mean SF-12 Mental Section
Summary score was 52.71 (SD = 8.68). The mean MHHs for
the entire cohort was 76.42 (SD = 25.43) (Table 1).

Total n=34
Age, mean (SD) 47.00 (8.09)
Gender, n (%)
- Female 7 (20.6)
- Male 27 (79.4)
Side, n (%)
- Left 16 (47.1)
- Right 18 (52.9)

Source: SD= standard deviation.
Tablel. Patients’ Demographic.

Figure 1A
Figure 1: From Left to Right: anterior posterior X ray of a 53 y/o male with left femur Pauwels III fracture (A), who had closed
reduction internal fixation using CCS, developed nonunion of the fracture(B) and underwent total hip arthroplasty 10 months
later. CCS; cannulated cancellous screws.

Figure 1B

Figure 1C

-

o

Figure 2- Closed reduction internal fixation using Targon femoral neck (TFN) plate
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AVN or non-union following CRIF were defined failure.
Of the thirty-four patients who presented to our department
with Pauwels type III fractures, between the two cohorts
(patients treated with CCS or TFN), There were no significant
differences in age (p = 0.90), gender (p = 0.27), side of
operation (p = 0.76), time to surgery (p = 0.36), length of
surgery (p = 0.99), and follow-up times (p = 0.60). The rate
of failure between the TFN and CCS cohorts did not differ
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significantly (38.9% and 43.8%, respectively, p = 0.083).
(Figure 1&2). Additionally, the SF-12 Physical and Mental
Component Summary score for the TFN and CCS did not
differ between the two cohorts (42.81 and 48.5 and 51.5 vs
54.45 respectively, p = 0.303, p=0.466) (Table 2). Finally, no
difference was demonstrated in the NAS score between the
groups (p=0.796).

TFN CCS p-value | T/X/Z
Patients n=18 n=16
Age, mean (SD) 46.83 (7.86) 47.18 (8.60) 0.901 -0.13
Gender, n (%) 0.271 1.209
- Female 5(27.8) 2(12.5)
- Male 13 (72.2) 14 (87.5)
Side, n (%) 0.746 0.105
- Left 8 (44.4) 8 (50.0)
- Right 10 (55.6) 8 (50.0)
Failure - AVN / nonunion, n (%) 7 (38.9) 7 (43.8) 0.774 0.083
Time to surgery, Hours, mean (SD) 9.56 (6.92) 15.77 (26.8) 0.364 -0.92
Surgery length, minutes, mean (SD) 83.57 (41.62) 83.70 (42.70) 0.994 -0.01
Follow-up time, weeks, mean (SD) 47.54 (24.35) 42.31(29.09) 0.603 0.526
Pauwels angle, median (IQR) 71.25 (62.20-74.20) 58.00 (53.00-68.90) 0.015 -2.42
Hip pain level, median (IQR) 2.00 (0.75-4.00) 2.00 (0.75-4.00) 0.796 -0.3
Modified Harris Hip Score, mean (SD) 69.70 (23.13) 86.13 (26.76) 0.14 -1.54
Physical component score of SF-12, mean (SD) 42.81(10.98) 48.50 (14.30) 0.303 -1.06
Mental component score of SF-12, mean (SD) 51.50 (10.03) 54.45 (6.41) 0.446 -0.78

Table 2: Patients’ Characteristics and Outcomes: A Comparison Between TFN and CCS.

Discussion

The fixation method in patients with type III Pauwels
fractures is of major interest to surgeons. There is currently
no agreement on the optimal fixation technique. This study’s
aim was to compare the complication rates between the TFN
and CCS fixation. In addition to helping establish a consensus,
we intend that this article will give surgeons insight into
constructing the optimal fixation method to minimize
complications in this cohort.

The effect of radiological factors on failure after internal
fixation is well-studied. Erivan, et al. [14] sought to evaluate
risk factors for failure following internal fixation of femoral
neck fractures and demonstrated an association between
failure rates and unstable fractures. The authors additionally
noted that fewer complications were found with valgus
reduction.
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In addition, Imaging has also been suggested to have
an essential part in the management of complications for
femoral neck fractures. A review of imaging modalities by
Ehlinger, et al. [15] suggested that dynamic MRI could be
the preferred approach for early assessment of femoral head
AVN, after fracture fixation.

The effect of the fixation modality on the outcomes
after internal fixation is a well-studied topic in fracture
management. The TFN is a newer fixation device that
aims to combine the best features of multiple cancellous
screws with the sliding hip screw. However, studies have
presented mixed findings on whether this newer modality
in fact improves outcomes. Warschawski, et al. [7] found no
significant difference when comparing the complication rates
between CCS and the TFN locking plate in patients treated
for nondisplaced intracapsular hip fractures. However, in
a similar study, Alshameeri, et al. [4] demonstrated that in
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comparison to fixation using CCS, TFN was correlated with
lower rates of nonunion, revisions and re-operations. As
each method has their unique benefits, one may prove to
be superior over the other, specifically in context of fixating
vertically-oriented femoral neck fractures, with abundant
shearing forces. It therefore poses the question, what is the
optimal fixation device in managing patients with Pauwels
type III fractures?

It is believed that the dominant shearing forces present
in Pauwels type III fractures cause varus collapse [10].
This could in part explain the results from Jo, et al. [12]
who showed that patients with Pauwels type Il fractures
have a significantly increased risk of non-union. Femoral
neck fractures are normally treated with three cannulated
screws of larger than 6.0 mm, as it gives the greatest axial
and torsional stiffness [16]. According to Shen, et al. [10]
fixation with three cannulated screws in patients with type
Il fractures generates shearing forces. The forces caused
by these screws should theoretically predispose patients
with type Il fractures to complications, as a result of the
overabundance of shearing forces. The internal fixation in
these patients should therefore resist these dominant forces
naturally found in the vertical line to the greatest possible
extent [16]. As the TFN locking plate combines the best
features of multiple cancellous screws with the sliding hip
screw, it may offer an advantage in these high-risk patients.

In our study, fixation failure was defined as patients who
underwent AVN or nonunion following CRIF of DICFE. Our
study found no significant difference in the rates of fixation
failure between the TFN and CCS. Recent clinical studies have
investigated the optimal fixation in patients with a type III
fracture. Liporace, etal. [16] compared the mechanical failure
rate between cannulated screws and a fixed angle device in
patients with Pauwels type III fractures. They stated rates of
non-union between the cannulated screws and fixed angle
devices of 19% and 8%, respectively. These rates however
were not significantly different. Chen, et al. [17] compared
the outcomes between a dynamic hip screw combined with
an anti-rotation screw and a cannulated screw. They noted
that the combination of a dynamic hip screw, with an anti-
rotation screw demonstrated lower rates of re-operation, in
comparison to the cannulated screws. Interestingly however,
their rates of nonunion and AVN did not significantly differ
between the screws.

Although it appears that the shear forces present in
the CCS screws place patients with type III fractures at a
predisposition for subsequent failure, the results of this
study in combination with recent studies [17,18], lead us
to believe that they do not have a significant effect on the
risk of subsequent failure, in comparison to the TFN locking
plate. Parker, et al. [19] described how the TFN locking plate
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incorporates the pros of the sliding hip screw and various
parallel screws. In addition to the parallel screws providing
rotational stability for the femoral head, fixing the screws
with a locking plate increases the strength of fixation,
especially along the lateral femoral cortex [19]. It appears
that in fixation with the TFN locking plate, the femoral neck
is still vulnerable to shearing forces present in Pauwels type
I1I fractures.

While the optimal method of fixation is unclear, from our
study’s results and the current literature, there is convincing
evidence that the use of CCS or TFN has no significant effect
on the rates of failure following fixation. It is worth noting
the high rates of non-union and AVN in our study, which are
indicative of the challenging nature of managing patients
with type III fractures. Constructing a method to lower these
high complications rates warrants significant consideration.
As the CCS and TFN methods have their purported benefits,
it appears that the optimal method of fixation that will
lower the complication rate in this subset of patients is a
combination of both techniques.

The current study is not without limitations. The
relatively small number of cases could have been susceptible
to a sampling bias. Another limitation of the study is its
retrospective design. The interpretation of the Pauwels
angle has been previously exhibit substantial inter-observer
disagreement. While our study had two observers who
evaluated the fracture angle to account for this limitation,
more evaluators could have been used in order to further
decrease this inter-observer error. To address the difficulties
in accurately reproducing this angle, Zhang, et al. [20]
designed a new measurement, the VN angle, to describe
the orientation of femoral neck fractures. The VN angle
represents the angle between the fracture line and the
vertical of the neck axis. In addition to showing a good inter-
observer reliability, their findings demonstrated that this
angle is more reliable than the Pauwels angle. Their study
furthermore established a relation between the VN angle,
and the short-term prognosis of femoral neck fractures
treated with three CCS screws. We believe this angle should
serve as a significant consideration for future studies during
evaluation of the fracture orientation.

Conclusion

Closed reduction and internal fixation treatment for
Pauwels III fractures had similar failure rates regardless of
the chosen fixation method (CCS or TFN).
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