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Abstract: Objective: To compare the differences between proximal femoral nail antirotation (PFNA) and dynamic 
hip screw (DHS) in treatment of femoral trochanteric fracture and analyze the factors influencing recovery after 
PFNA treatment. Methods: Eighty-six patients with femoral trochanteric fracture admitted to Taizhou Hospital of 
Traditional Chinese Medicine between January 2019 and June 2021 were enrolled in the study and assigned into a 
PFNA group and DHS group (n=43 in each group) before undergoing these treatments. The clinical efficacy, inflam-
matory factors, and myocardial injury markers were compared between the two groups. The influencing factors on 
recovery after PFNA treatment were analyzed by univariate and multivariate analysis. Results: Compared to the 
DHS group, the PFNA group had shorter surgical time, length of stay in hospital, postoperative weight-bearing time, 
time of healing and detumescence, and less intraoperative blood loss (all P<0.001). The incidence of post-surgical 
complications with PFNA was lower than with DHS (P<0.05). The serum levels of interleukin-6, C-reactive protein 
and tumor necrosis factor-αof the PFNA group were lower than those of the DHS group (all P<0.05). Moreover, the 
serum levels of cardiac troponin T, creatine kinase-MB and myoglobin in the PFNA group were also lower than for 
the DHS (all P<0.05). At the first, third, and sixth months after surgery, the Harris scores for PFNA were higher than 
for DHS (all P<0.05). The univariate and multivariate analysis showed that instability of fracture, history of osteopo-
rosis, excessive intraoperative bleeding, poor compliance with rehabilitation exercise, and long time from injury to 
surgery were risk factors for poor recovery following PFNA treatment for patients with femoral trochanteric fracture. 
Conclusion: Compared to DHS, PFNA had better clinical efficacy and gave lower serum levels of inflammatory factors 
and myocardial injury markers. Fracture classification, history of osteoporosis, intraoperative amount of bleeding, 
compliance of rehabilitation exercise, and time from injury to surgery were closely associated with recovery following 
PFNA treatment.
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Introduction

Femoral trochanteric fracture is defined as 
occurrence of fractures above the level of the 
lesser trochanter and below the hip capsule 
line of the femoral neck base. With an increas-
ingly aging population, the incidence of femoral 
trochanteric fracture is growing [1, 2]. Femoral 
trochanteric fracture usually appears in the 
elderly over 60 years old due to osteoporosis 
[3]. Canale et al. revealed that there were more 
than 200,000 people with femoral trochanteric 
fracture in the United States every year, with 

high morbidity and mortality [4]. This severely 
lowers the life quality of the patients and 
increases medical burden. Therefore, femoral 
trochanteric fracture in the elderly has become 
an important challenge for orthopaedics.

With the development of operative technique 
and material of internal fixation, surgery for 
femoral trochanteric fracture has been consid-
ered as a preferred method. However, the opti-
mal surgical method for femoral trochanteric 
fracture remains controversial. Dynamic hip 
screw (DHS) is a traditional internal fixation 
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method for treatment of femoral trochanteric 
fracture. It is limited in clinical use due to large 
changes in shear stress, poor stability of inter-
nal fixation, and excessive exposure of opera-
tion. Proximal femoral nail antirotation (PFNA) 
is another surgical treatment for these patients 
and has been widely used for many years. A 
preliminary study showed that good results had 
been achieved [5]. Lenich et al. indicated the 
biomechanical superiority of PFNA to Gamma 
nail [6]. In recent years, many studies have 
been conducted to compare the clinical effica-
cy in patients with femoral trochanteric frac- 
ture using these two fixation methods [7, 8]. 
However, these studies failed to draw a clear 
conclusion regarding optimal treatment in 
improving prognosis [9]. In this context, 86 
elderly patients with femoral trochanteric frac-
ture were included in this study, and the com-
parison of clinical efficacy between PFNA and 
DHS was performed. In addition, the influence 
factors for recovery effect following PFNA were 
also investigated. The results of this study 
should show what treatment of femoral tro-
chanteric fracture in the elderly is best.

Materials and methods

Research subjects

This is a retrospective study. All of the included 
patients signed the informed consent. This pro-
tocol had been approved by the ethic commit-
tee of the hospital (No. 201902-143). Eighty-six 
patients with femoral trochanteric fracture 
admitted to the Department of Orthopedics, 
Taizhou Hospital of Traditional Chinese Medi- 
cine between January 2019 and June 2021 
were enrolled and divided into PFNA group and 
DHS group according to the operative methods. 
There were 43 patients in each group. Inclusion 
criteria were as follows: Patents were aged 
between 60 and 80 years old. Patients were 
first diagnosed with femoral intertrochanteric 
fracture. Patients had indications for an opera-
tion and chose to receive surgical treatment. 
The clinical data of patients were complete. 
Exclusion criteria: patients also had femoral 
head necrosis, hip arthritis, or other fractures. 
Patients manifested surgical contraindications 
and were not able to tolerate anesthesia. 
Patients were accompanied with severe dys-
function of heart and lung. Patients could not 
cooperate in this study.

Surgery procedure

PFNA treatment was performed as follows: The 
patient was generally anesthetized in a supine 
position before the traction and reduction of 
the broken ends of fractured bone. After rou-
tine disinfection and covering the surgical site 
with surgical drape, a straight incision was 
made at the femoral major trochanter. The skin, 
subcutaneous tissue, and muscle were dissect-
ed bluntly to allow a full exposure of the major 
trochanter. The guide pin was placed from the 
medial space to guide marrow reaming. An 
appropriate PFNA main nail was placed into 
medullary cavity, which was confirmed by X-ray. 
A proper length spiral blade was selected and 
placed into femoral neck through an interlock-
ing nail under the guide of a locator. X-ray was 
applied again for confirmation of a successful 
reduction, followed by locking the spiral blade 
and the distal femoral interlocking nail. Finally, 
the drainage tube was retained, and the inci-
sion was sutured.

DHS treatment was as follows: patients were in 
supine position and hip was slightly elevated. 
After general anesthesia, patients received 
routine disinfection and the surgical site was 
covered with surgical drape. In order to expose 
the proximal end of femur and major trochan-
ter, a lateral incision was made at the hip joint. 
Reduction of the fracture was conducted 
through traction. Then, a Kirschner wire was 
inserted from the head to neck of femur with 
the help of X-ray. After expansion and tapping, 
the threaded nail was screwed and the com-
pression screw was fixed and tightened follow-
ing installation of plate of sleeve according to 
the previous reports [10]. Finally, the incision 
was sutured after retaining a drainage tube.

Outcome measure

Primary indicators were the hip joint function, 
levels of inflammatory factors, and myocardial 
injury markers. Secondary indicators were sur-
gical time, intraoperative blood loss, length of 
stay in hospital, postoperative weight-bearing 
time, time of healing, time of detumescence, 
and the post-surgical complications.

Comparisons were performed between the 
PFNA group and DHS group in the term of surgi-
cal time, intraoperative blood loss, length of 
stay in hospital, postoperative weight-bearing 
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time, time of healing, and time of detumes-
cence. The post-surgical complications includ-
ing pulmonary infection, deep venous throm- 
bosis, nonunion, internal fixed fracture, and uri-
nary system infection were also compared.

The hip joint function was evaluated by Harris 
Hip Scores, which includes 4 items i.e., pain, 
living ability, joint deformity, and joint range of 
motion. The total scores were 100 points. 
Higher score indicated better recovery of the 
hip joint. According to previous reports [11], the 
recovery effect after operation was considered 
as excellent when Harris score was more than 
75 points, while it was poor when the score was 
less than 75 points. According to the Harris 
scores at six months after PFNA operation, 
these patients were assigned into an excellent 
group and a poor group.

Inflammatory factors such as C-reactive protein 
(CRP) (RAB0096, Sigma Company, USA), inter-
leukin-6 (IL-6) (RAB0306, Sigma Company, 
USA), tumor necrosis factor-α (TNF-α) (RAB- 
1089, Sigma Company, USA) were detected by 
enzyme- linked immunosorbent assay (ELISA) 
according the instructions. The myocardial inju-
ry markers such as cardiac troponin T (cTnT), 
creative kinase isoenzyme MB (CK-MB) and 
myohemoglobin (Myo) were detected by elec-
trochemiluminescence analyser (Type: Elecsys 
2010, Roche Company, USA). The serum levels 
of inflammatory factors and myocardial injury 

ed by univariate and multivariate analysis. The 
multiple logistic regression analysis was adopt-
ed for analyzing the statistical significance of 
the results of univariate analysis. P-value <0.05 
was considered as significant.

Results

General information

No obvious differences were found in com- 
parisons of general information including gen-
der, age, body mass index, underlying disease, 
causes of fracture, and Evans types of fracture, 
as seen in Table 1 (P>0.05), suggesting they 
were comparable.

Comparison of operative index

Compared to those in the DHS group, patients 
in the PFNA group had significantly shorter sur-
gical time, length of stay in hospital, postopera-
tive weight-bearing time, time of healing and 
detumescence, and less intraoperative blood 
loss (all P<0.001), as shown in Table 2.

Comparison of post-surgical complications

After operation, in the PFNA group, there was 1 
patient with nonunion and 1 patient with uri-
nary system infection, while there was 1 case 
with pulmonary infection, 1 case with deep 
venous thrombosis, 2 cases with nonunion, 2 
cases with internal fixed fracture and 2 cases 

Table 1. Comparison of general information between the two 
groups

Group PFNA Group 
(N=43)

DHS Group 
(N=43) t/χ2 value P-value

Male/Female (n) 19/24 21/22 0.187 0.666
Age (years) 68.1±1.9 68.3±1.6 0.528 0.599
BMI (kg/cm2) 20.8±1.3 20.9±1.1 0.385 0.701
Diabetes (n) 17 14 0.454 0.501
Hypertension (n) 16 19 0.434 0.510
Hyperlipemia (n) 15 16 0.050 0.822
Cause of fracture (n) 0.222 0.895
    Traffic accident 12 14
    Fall down injury 13 12
    Fall off injury 18 17
Evans-Jensen types (n) 1.165 0.280
    Stability 25 20
    Instability 18 23
Note: BMI: Body mass index; DHS: Dynamic hip screw; PFNA: Proximal femoral 
nail antirotation.

markers were compared bet- 
ween PFNA group and DHS 
group.

Statistical analysis

All data included in this study 
were analyzed with statistical 
product and service solutions 
(SPSS) 23.0 software. Mea- 
sured data were presented as 
mean ± standard deviation. 
Independent-sample T test was 
exploited for comparison bet- 
ween the two groups. Enume- 
rated data were described as 
number/percentage. Chi-squa- 
re test was exploited for com-
parison between two groups. 
The risk factors for affecting 
the recovery effect following 
PFNA treatment were evaluat-
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with urinary system infection in DHS group. The 
incidence rate of total complications in the 

PFNA group was significantly lower than that in 
the DHS group (P<0.05), as shown in Table 3.

Table 2. Comparison of operative indexes between the two groups

Group Surgical 
time (min)

Intraoperative 
blood loss 

(mL)

Length of stay 
in hospital (d)

Postoperative 
weight-bearing 

time (days)

Time of healing 
(months)

Time of  
Detumescence 

(weeks)
PFNA group (N=43) 82.9±5.1 159.2±13.4 16.5±2.1 17.1±2.6 4.2±0.5 4.1±0.6
DHS group (N=43) 108.3±6.7 279.4±16.2 25.3±4.3 22.3±3.5 5.3±0.7 5.2±0.9
t value 19.780 37.490 12.060 7.821 8.385 6.669
P-value <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Note: DHS: Dynamic hip screw; PFNA: Proximal femoral nail antirotation.

Table 3. Comparison of post-surgical complications between the two groups

Groups Pulmonary 
infection

Deep venous 
thrombosis Nonunion Internal fixed 

fracture
Urinary system 

infection
Total  

complications
PFNA group (N=43) 0 (0%) 0 (0%) 1 (2.3%) 0 1 (2.3%) 2 (4.7%)
DHS group (N=43) 1 (2.3%) 1 (2.3%) 2 (4.7%) 2 (4.7%) 2 (4.7%) 8 (18.6%)
χ2 4.074
P 0.044
Note: DHS: Dynamic hip screw; PFNA: Proximal femoral nail antirotation.

Figure 1. Comparison of serum inflammatory fac-
tors between the PFNA group and DHS group. 
Compared to DHS group after treatment, *P<0.05. 
Compared to before treatment in the same group, 
#P<0.05. A: The level of CRP. B: The level of IL-6. C: 
The level of TNF-α. Note: DHS: Dynamic hip screw; 
PFNA: Proximal femoral nail antirotation; CRP: C-
reactive protein; IL-6: Interleukin-6; TNF-α: tumor 
necrosis factor-α.
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Comparison of inflammatory factors

Before surgery, there were no statistical differ-
ences for the levels of CRP, IL-6 and TNF-α 
between the PFNA group and DHS group. After 
surgery, the levels of CRP, IL-6, and TNF-α in 
PFNA group were lower than those in DHS 
groups (all P<0.05), as seen in Figure 1.

Comparison of myocardial injury markers

Before surgery, no significant differences were 
found for the levels of cTnT, CK-MB, and Myo 
between PFNA group and DHS group. After sur-
gery, the levels of cTnT, CK-MB, and Myo in 
PFNA group were significantly lower than those 
in DHS group (all P<0.05), as shown in Figure 2.

Comparison of hip joint function

As shown in Table 4, the Harris scores at  
the first month, third month and sixth month 
after operation in PFNA group were 63.5±5.2, 
77.6±5.8, and 85.2±6.7, respectively, while in 

DHS group they were 57.9±4.6, 69.2±5.4 and 
76.4±6.1, respectively. The Harris scores after 
PFNA at one month, three months, and six 
months were significantly higher than those 
after DHS, respectively. There were significant 
differences between the two groups (all P< 
0.001).

Results of univariate and multivariate analysis

As shown in Table 5, univariate analysis results 
showed that Evans-Jensen classification, time 
from injury to surgery, intraoperative amount of 
bleeding, history of osteoporosis, compliance 
with rehabilitation exercise and dietary habits 
after surgery were the risk factors for affecting 
effect following PFNA treatment. The propor-
tions of patients with unstable fracture, osteo-
porosis, poor compliance of rehabilitation exer-
cise, and routine diet in the excellent group 
were lower than those in the poor group (all 
P<0.05). In addition, the time from injury to sur-
gery and intraoperative amount of bleeding in 
the excellent group were significantly lower 

Figure 2. Comparison of myocardial injury markers 
between the PFNA group and DHS group. Compared 
to DHS group after treatment, *P<0.05. Compared 
to before treatment in the same group, #P<0.05. A: 
The level of cTnT. B: The level of CK-MB. C: The level 
of Myo. Note: DHS: Dynamic hip screw; PFNA: Proxi-
mal femoral nail antirotation; cTnT: cardiac troponin 
T; CK-MB: creative kinase isoenzyme MB; Myo: myo-
hemoglobin.
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than those in the poor group (all P<0.05). As 
seen in Table 6, multivariate analysis results 
revealed that instability of fracture, history of 
osteoporosis, intraoperative more amount of 
bleeding, worse compliance of rehabilitation 
exercise and longer time from injury to surgery 
were risk factors of adverse effect after PFNA 
treatment. 

Discussion

According to the statistics, femoral trochanteric 
fracture caused by osteoporosis accounts for 
about 50% of all intertrochanteric fractures 

[12]. It usually results in different degrees of 
rotation displacement, separation displace-
ment, and lateral displacement [13]. For elderly 
patients, femoral trochanteric fracture is a typi-
cal injury. These patients usually have comor-
bidities. Effective fixation of femoral intertro-
chanteric fracture is of great importance [14]. It 
was found that the fixation was closely associ-
ated with the reduction of intertrochanteric 
fracture and the postoperative recovery of the 
hip joint function [15]. Thus, at present it is con-
sidered that operation should be conducted as 
early as possible to avoid the increase of 
complications.

Table 4. Comparison of Harris scores between DHS group and PFNA group at different time points
Group One month after operation Three months after operation Six months after operation
PFNA group (N=43) 63.5±5.2 77.6±5.8 85.2±6.7
DHS group (N=43) 57.9±4.6 69.2±5.4 76.4±6.1
t value 5.289 6.951 6.369
P-value <0.001 <0.001 <0.001
Note: DHS: Dynamic hip screw; PFNA: Proximal femoral nail antirotation.

Table 5. Univariate analysis for factors affecting PFNA treatment effectiveness

Parameter Excellent group 
(N=32)

Poor group 
(N=11) t/χ2 value P-value

Evans-Jensen classification (n) 5.787 0.016
    Stability 22 3
    Instability 10 8
Time from injury to surgery (d) 2.1±0.5 3.1±0.8 4.870 <0.001
Intraoperative amount of bleeding (mL) 142.3±13.5 208.4±18.6 12.690 <0.001
History of osteoporosis (n) 4.329 0.038
    Yes 22 10
    No 10 1
Compliance with rehabilitation exercise (n) 4.375 0.037
    Excellent 29 7
    Poor 3 4
Dietary habits after surgery (n) 5.372 0.021
    Routine diet 4 5
    Routine diet with fortified calcium 28 6

Table 6. Multivariate analysis for factors affecting PFNA treatment effectiveness
Parameter OR 95% CI β Wald SE
Instability of fracture 5.418 2.013-13.852 1.702 9.975 0.492
History of osteoporosis 3.047 1.405-6.035 0.984 7.450 0.357
Excessive intraoperative bleeding 4.062 1.708-10.317 1.516 7.918 0.556
Poor compliance with rehabilitation exercise 5.988 2.542-11.758 1.913 13.863 0.508
Long time from injury to surgery 1.582 1.175-3.965 0.448 13.051 0.158
Note: OR: Odds ratio; CI: Confidence interval; SE: Standard error.
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PFNA consisted of one nail, one distal interlock-
ing nail and femoral neck spiral blade. This sur-
gical method limits the incision size with closed 
reduction and minimizes periosteum injury. It is 
beneficial for the union of the fracture [16, 17]. 
With intramedullary center fixed load sharing 
the same force line with that of femoral shaft, 
the internal expansion load bearing effectively 
resists the shear force of the fractured bone 
end. Some studies have unveiled that the 
design of PFNA was suitable for osteoporotic 
patients [14, 18]. Another study also showed 
PFNA had significant superiorities compared 
with other internal fixation systems [19]. In this 
study, the results revealed that compared with 
DHS treatment, PFNA had advantages of less 
surgical time, less intraoperative blood loss, 
shorter length of stay in hospital, less postop-
erative weight-bearing time, less time of heal-
ing and detumescence and fewer postopera-
tive complications. Moreover, the results of 
Harris hip scores showed the recovery of hip 
joint function after surgery was better in the 
PFNA group than in the DHS group. These 
results indicated that PFNA could be consid-
ered as a perfect method for patients with fem-
oral trochanteric fracture, which is similar to 
other reports [20]. Our further study showed 
that instability of fracture, osteoporosis history, 
more intraoperative bleeding, worse compli-
ance of rehabilitation exercise, and longer time 
from injury to surgery were the risk factors for 
affecting the recovery efficacy following PFNA 
treatment. These results could effectively guide 
the clinical use of PFNA in patients with femoral 
trochanteric fracture.

The serum inflammatory factors would signifi-
cantly change if the body is injured. CRP, IL-6, 
and TNF-α are currently considered the com-
mon serum inflammatory factors. The change 
in CRP, IL-6, and TNF-α levels was reported to 
be involved in the occurrence and development 
of fractures and they were increased in the pro-
cess of bone resorption [21]. Macedo et al. sug-
gested that CRP, as a systemic inflammatory 
indicator, was regulated by other inflammatory 
factors including IL-6, IL-1, and TNF-α [22]. 
Another study showed that the serum levels of 
inflammatory factors including IL-6, IL-1, CRP, 
and TNF-α could reflect the degree of stress in 
patients [23]. In this study, the results showed 
that the serum levels of IL-6, CRP, and TNF-α 
after surgery in PFNA group were significantly 
lower than those in DHS group, indicating PFNA 

could decrease the inflammatory factors in 
these patients with femoral trochanteric frac-
ture. It also suggested that PFNA treatment 
was helpful for the recovery of these patients.

During the period of treatment, elderly patients 
with femoral trochanteric fracture may undergo 
adverse cardiovascular events such as heart 
failure and myocardial infarction. These might 
be attributed to stress response, anesthesia, 
and circulatory capacity. In clinical practice, not 
much attention is paid to early examination of 
these adverse cardiovascular events, which 
could cause a delay in therapy of the fracture. 
cTnT is a common marker for detection of myo-
cardial injury and was reported to be a prognos-
tic marker of cardiac complications in elderly 
patients with hip fracture [24]. CK-MB is anoth-
er important index and of great significance  
for the diagnosis of myocardial infarction [25]. 
Myo, as an early indicator, is usually exploited 
for evaluating complication and reinfarction in 
patients with fractures [26]. The results of this 
study revealed that the serum levels of cTnT, 
CK-MB and Myo after operation were signifi-
cantly lower in PFNA group than in DHS group, 
suggesting that PFNA provoked less damage to 
the myocardium and cardiac function. More- 
over, Wang et al. found that PFNA treatment 
could effectively reduce myocardial injury mark-
ers in elderly patients with intertrochanteric 
fractures in contrast to DHS treatment [27], 
which is consistent with results reported by this 
study.

This study has several shortcomings that 
should be recognized. First, this is a retrospec-
tive study and there were no long-term follow-
up results. Second, the sample size was small, 
which may affect its findings. Third, the effects 
of PFNA and DHS on inflammatory factors and 
cardiac injury markers still need follow-up of 
larger number of clinical cases to better guide 
clinical use. Fourth, the data were collected 
from a single center, which may affect its gen-
eralization to other hospitals.

In conclusion, compared to DHS, PFNA could 
better fix the femoral trochanteric fracture with 
little effect on the levels of inflammatory fac-
tors and slight damage to myocardium, thus 
promoting the recovery of hip joint function 
with reduced prevalence of complications. 
PFNA could be considered as a promising treat-
ment showing favorable clinical safety and 
efficacy. 
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