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Abstract

Purpose

This meta-analysis compared the efficacy and safety of Proximal Femoral Nail Antirotation
(PFNA) and InterTan Nail in the treatment of intertrochanteric fractures. Given the high inci-
dence of femoral intertrochanteric fractures in the elderly population and its impact on quality
of life, choosing the most effective and safest surgical option is crucial. PFNA and InterTan
are currently two commonly used techniques, but there is a lack of systematic evaluation
comparing their safety and effectiveness. This study aims to fill this knowledge gap through
Meta-analysis, providing clinicians with evidence-based treatment recommendations.

Materials and methods

A computer search was used to search for published literature on PFNA and InterTan in the
treatment of intertrochanteric fractures in PubMed (Medline), Web of Science, Embase,
Cochrane Library (CENTRAL), Cinahl, CBM, and CNKI.A total of 853 related literatures
were retrieved, and 15 literatures were finally included. Newcastle-Ottawa-Scale and
Cochrane systematic review methodologies were used to assess the quality of the literature.
Meta-analysis was performed using Review Manager 5.4 software, following data
extraction.

Results

The comparison found that during the surgical treatment of intertrochanteric fractures, the
operation time, fluoroscopy time, and blood loss in the PFNA group were significantly

shorter than those in the InterTan group, and the difference was statistically significant. In
terms of postoperative complication rates, the InterTan group had a significant advantage
over the PFNA group. Shaft fracture, varus collapse, cut out, screw migration, and pain of
hip and thigh were the most likely to occur in the PFNA group, and the differences were all
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statistically significant. In terms of postoperative efficacy, the results of the PFNA group and
the InterTan group were comparable, and there was no significant differences.

Conclusions

When selecting surgical techniques for the treatment of femoral intertrochanteric fractures,
it is necessary to conduct individualized assessments based on the patient’s overall health
status, surgical tolerance, and post-operative recovery needs. For patients who cannot tol-
erate long-term surgery or are in poor physical condition, PFNA may be more appropriate.
While for patients who can tolerate long-term surgery or have more complex conditions,
InterTan may be more suitable.

1. Introduction

Femoral intertrochanteric fractures, also known as femoral intertrochanteric fractures, occur
below the hip joint capsule and above the level of the lesser trochanter [1]. These fractures
belong to the category of extracapsular fractures, and due to the dense vascular distribution at
the fracture site, problems such as non-union of the wound or avascular necrosis of the femo-
ral head occur less frequently. However, the use of conventional conservative treatment meth-
ods may lead to issues such as malformed healing of the joint and unequal lengths of the lower
limbs [2]. Therefore, unless there are clear contraindications, surgical fixation has become the
standard approach for treating femoral intertrochanteric fractures. In past practices, conserva-
tive treatment often carried complications associated with prolonged bed rest and immobiliza-
tion, such as bedsores, disuse osteoporosis, venous thrombosis, and pneumonia [3]. To
improve treatment outcomes, intramedullary fixation has gradually become the preferred
method for treating femoral intertrochanteric fractures, especially unstable ones. Compared to
extramedullary fixation, the intramedullary fixation system, with its screws positioned within
the medullary cavity, better aligns with the physiological load-bearing line, effectively reducing
stress at the screw-rod interface, thereby enhancing stability and facilitating load transfer [4].
Additionally, the closed reduction technique used in intramedullary fixation reduces tissue
damage and bleeding, without directly interfering with the blood supply to the fracture ends,
facilitating early recovery and functional restoration for patients. Among the intramedullary
fixation systems, PFNA and InterTan are two commonly used techniques. Although numerous
studies have explored the application of these two techniques in the treatment of femoral inter-
trochanteric fractures, there are significant differences in their conclusions. Some studies indi-
cate that the InterTan system exhibits superior biomechanical properties and clinical
outcomes [5], while others report that InterTan does not significantly improve patients’ func-
tional recovery [6]. Given these controversies, this study aims to systematically evaluate the
clinical outcomes of PFNA and InterTan in the treatment of femoral intertrochanteric frac-
tures using meta-analysis methods, in order to provide more objective and comprehensive evi-
dence to guide clinicians’ decision-making.

2. Materials and methods

This study strictly follows the PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) reporting system to ensure transparency and reproducibility of the research.
Additionally, this study has been registered on PROSPERO (International Prospective Register
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of Systematic Reviews) with the registration number of CRD42024534873 to further enhance
the transparency and credibility of the research. On this premise, we have adopted the follow-
ing rigorous methodologies for literature retrieval, screening, data extraction, and quality
assessment.

2.1. Inclusion and exclusion criteria

The subjects included in this study are patients from published clinical controlled studies who
have been diagnosed with femoral intertrochanteric fractures through a comprehensive evalu-
ation of medical history, physical examination, and radiological imaging, and have been deter-
mined to require surgical intervention. Documents such as non-clinical controlled studies,
case reports, reviews, letters, conference paper abstracts, and duplicate reports are excluded
from the study. The primary intervention measures are the two techniques of PENA and Inter-
Tan. The outcome indicators include objective metrics like surgical duration, fluoroscopy
time, blood loss, and length of hospital stay, as well as comprehensive indicators such as Harris
Hip Score, reduction quality, Tip-Apex Distance (TAD), bone union status, and occurrence of
complications.

2.2. Search strategy

This study conducted an extensive literature search in multiple databases, including PubMed,
Web of Science, Embase, Cochrane Central Register of Controlled Trials, Cinahl, Medline,
Cochrane Library, CBM, and CNKI. Relevant journal catalogues and references were also
reviewed. No specific restrictions were placed on the sample size or age range of participants,
and there were no language limitations for inclusion criteria. The search keywords encom-
passed "intramedullary nail", "Proximal femoral nail antirotation", "Intertrochanteric femoral
fracture”, "intertan", and "PFNA". The search strategy was formulated as follows: ((((intrame-
dullary nail) OR (intertan) OR (PFNA)) OR (intramedullary hip screw)) OR (Proximal femo-
ral nail antirotation)) AND ((trochanteric femoral fracture) OR (Intertrochanteric femoral
fracture)).Additionally, the literature search for this study was limited to the time period from
January 2002 to June 2023, to ensure that the retrieved literature aligns with current research
backgrounds and trends.

3. Data screening and extraction
3.1 Screening process

We implemented rigorous initial and secondary screening processes to ensure that only stud-
ies meeting our analytical criteria were included. Initial screening was based on the research
topic, type (such as RCTs, cohort studies, etc.), characteristics of participants, and the rele-
vance of intervention measures to outcome indicators. Secondary screening involved reading
the full texts, assessing the research design, data quality, sample size, and statistical methods.
Exclusion criteria included studies with serious methodological flaws, incomplete data, or data
that could not be accessed. Zotero software was used to manage the literature, avoiding dupli-
cate records and retaining only unique ones.

3.2 Bias control

Multiple rounds of screening were conducted, with each round independently performed by
different researchers to reduce subjective bias. Independent reviews were conducted for inclu-
sion and exclusion decisions, and consensus was reached through team discussions.
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3.3 Data extraction

Key variables were extracted, including patient information, surgical details, effectiveness
assessments, and postoperative complications. A combination of manual extraction and data
extraction forms was used to ensure the comprehensiveness and consistency of information.
Emphasis was placed on the accuracy and reliability of data, and ambiguous data were verified.
Missing data were handled by attempting to supplement or adopting imputation methods, and
sensitivity analysis was conducted. If there were excessive missing data, the study was consid-
ered for exclusion and noted in the results.

3.4 Quality assessment

Two researchers independently extracted data using the designed search strategy, and any dif-
ferences were resolved through discussion until a consensus was reached or the quality of the lit-
erature was jointly evaluated with a third researcher. Strictly adhere to the Cochrane risk of bias
assessment criteria, which include the following: i) ensuring the incorporation of the randomi-
zation principle into the experimental design; ii) maintaining adherence to the double-blind
principle among both participants and researchers; iii) verifying the accuracy and reliability of
experimental statistics; iv) implementing the allocation concealment method during the experi-
ment; v) assessing whether the selective reporting method has been employed in the experimen-
tal process; and vi) considering any other potential bias factors that may influence the outcome.
Simultaneously, the quality of the literature was evaluated using the Newcastle-Ottawa-Scale
(NOS), which comprises three dimensions encompassing eight items: four items for the selec-
tion of the study population, one item for comparability between groups, and three items
related to outcomes measurement. Except for the comparability item, which can score a maxi-
mum of two points, each other item can score a maximum of one point, resulting in a total
score ranging from zero to nine points. The higher the overall score, the higher the quality of
the study. If a study includes multiple cohorts, we will assign scores to each cohort individually.
Among the outcomes indicators, the follow-up time was defined as >one year, and the loss-to-
follow-up rate was <15%. Based on the NOS scores, we categorized the studies into three qual-
ity levels: low (<5 points), medium (5 to <8 points), and high (8 to 9 points) [7].

3.5 Statistical analysis

We conducted a meta-analysis of the extracted data using Review Manager 5.4. Mean differ-
ences (MD) and 95% confidence intervals (CI) were utilized for continuous variables, while
odds ratios (OR) and 95% CI were applied to dichotomous variables. Heterogeneity was
assessed using the I” statistic: if I’< 50%, indicating low heterogeneity among studies, a fixed
effects model was employed. In cases of significant heterogeneity (I>> 50%), a random effects
model was preferred to account for the variability across studies. At this juncture, it is impera-
tive to assess publication bias, conduct a sensitivity analysis, and investigate potential sources
of heterogeneity. A P-value less than 0.05 was deemed statistically significant for our analysis.
The report was prepared following the PRISMA guideline.

4. Result
4.1. Included literature features

As aresult of our search strategy, a total of 853 literature articles were retrieved. After screen-
ing the titles and abstracts, we excluded 818 non-controlled studies, duplicates, and articles
unrelated to our research objectives, initially filtering out 34 relevant articles. Upon further
reading of the full texts and strict adherence to the inclusion and exclusion criteria, we
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ultimately included 15 articles. From each eligible study, we extracted data including author
details, study nature, number of cases, mean age of patients, gender, treatment of intertrochan-
teric fractures, intraoperative indicators, postoperative efficacy indicators, and postoperative
complications. The extracted data exhibited comparable characteristics across the included
studies, as indicated by statistical tests with P-values greater than 0.05.The process and results
of the literature screening are graphically presented in Fig 1. Meanwhile, S1 Table summarizes
the characteristics of the 15 included studies [8-22].

4.2. Quality assessment of included literature

After rigorous screening and evaluation, a total of 15 articles were ultimately included for com-
prehensive analysis. Among them, 2 were prospective studies, and the remaining 13 were ret-
rospective studies. It is worth noting that, although randomized controlled trials (RCTs) are
often considered the gold standard for evaluating treatment effects and were not excluded dur-
ing the initial stages of our research, no RCT's meeting the study objectives and criteria were
identified among the finally included articles. Subsequently, we used the Newcastle-Ottawa
Scale (NOS) to assess the quality of the literature. The results showed that 4 articles received a
score of 8 and were designated as high-quality; 7 articles received a score of 7, 3 articles
received a score of 6, and 1 article received a score of 5. These 11 articles were considered to be
of moderate quality. Although the number of included articles was limited and may have intro-
duced some bias, the overall quality was deemed to be moderate.

4.3. Outcomes

4.3.1 Comparison of intraoperative indicators. Intraoperative indicators encompassed
Duration of surgery, Fluoroscopy time, and Blood loss. A total of 11 studies compared the sur-
gical duration between PFNA and InterTan. The heterogeneity test (I = 98%, P < 0.001)
revealed significant heterogeneity among the studies, thus necessitating the application of a
random effects model. In the treatment of intertrochanteric fractures of the femur, the results
indicated that the PFNA group required a shorter operation time than the InterTan group,
with a statistically significant difference [95%CI (-13.70, -3.12), P = 0.002]. A total of six studies
compared Fluoroscopy time, with the heterogeneity test showing I* = 100%, indicating signifi-
cant heterogeneity among the studies. Consequently, a random effects model was also
employed. The results confirmed that the Fluoroscopy time of the PENA group was shorter
than that of the InterTan group in the treatment of intertrochanteric fractures, with a statisti-
cally significant difference [95%CI (-105.58, -27.32), P < 0.001]. Additionally, 10 studies com-
pared blood loss between PFNA and InterTan. Heterogeneity tests demonstrated significant
heterogeneity among the studies (I* = 96%, P < 0.001), necessitating the use of a random
effects model. Eight of the studies reported lower mean blood loss in the PENA group, while
two studies favored InterTan. Overall, the results indicated that blood loss was less in the
PENA group compared to the InterTan group, with a statistically significant difference [95%
CI (-25.95, -8.30), P < 0.001] (Fig 2).

4.3.2 Comparison of postoperative efficacy indicators. Postoperative efficacy indicators
included Hospital stay, HHS, Good reduction quality, TAD and Union of bone. Through het-
erogeneity analysis, we found that Hospital stay (I* = 92.0%, P<0.001), HHS (I* = 77.0%,
P<0.001), TAD (I* = 98.0%, P<0.001), there was significant heterogeneity between studies, so
a random-effects model was used for classification. Good reduction quality (I* = 0%, P = 0.87)
and Union of bone (I = 0%, P = 0.42) showed no significant heterogeneity between studies
and was therefore classified using a fixed effects model. The results showed that the two groups
had similar postoperative efficacy indicators, including Hospital stay [95%CI (-1.10, 1.44),
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Identification

Identification of studies via databases and registers

Records identified from:
Databases (n=853)
Registers (n=0)

Records removed before
screening:.
Duplicate records removed
(n=15)
Records marked as ineligible
by automation tools (n=9)
Records removed for other
reasons (n=11)

'

Screening

Included

Records screened

Records excluded
(n=12)

(n=818)

Reports sought for retrieval

(n=806)
I

Reports not retrieved
(n=3)

Reports assessed for eligibility
(n=34)

Reports excluded:
Full-text articles excluded,
with reasons:Pathological
fracture(n=9)
Uncorrelated operative
method (n=10)
etc.

—

Reports of included studies
(n=15)

Fig 1. Flowchart of literature screening.

https://doi.org/10.1371/journal.pone.0304654.9001

P =0.79], HHS [95%CI (-2.16, 0.50), P = 0.22], Good reduction quality [95%CI(0.51, 1.86),
P =0.92], TAD [95%CI(-1.11, 1.30), P = 0.88], Union of bone [95%CI(-0.01, 0.72), P = 0.06],
the difference was not statistically significant (Fig 3).

4.3.3 Comparison of postoperative complications. 10 articles compared postoperative
complications of PFNA and InterTan, and we divided them into 20 subgroups according to
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Duration of surgery PFNA inter TAN Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Duramaz 2019 52.5 7 100 616 6.5 86 9.4% -9.10 [-11.04, -7.16] G
Guo 2021 61 4.3 38 70 5.8 40 9.3% -9.00 [-11.26, -6.74] =
Seyhan 2015 72.98 12.48 43 73.91 8.87 32 8.8% -0.93 [-5.76, 3.90] /T
Wang 2013 39 8 36 41 10 20 8.7% -2.00 [-7.10, 3.10] =
Yang 2017 521 101 51 61.6 9.5 17 8.7% -9.50 [-14.80, -4.20] —

Yu 2016 52.3 4 72 719 6.8 75 9.4% -19.60 [-21.40, -17.80] =

Zehir 2015 4441 517 96 55.35 58 102 9.4% -10.94 [-12.47,-9.41] -

Zhang 2013 53.7 11.3 56 665 15.2 57 8.8% -12.80[-17.73,-7.87] -

Zhang 2017 68.9 427 139 672 398 144 9.5% 1.70 [0.74, 2.66] =

Zhang 2017a 58.6 9.1 64 793 134 49 8.9% -20.70 [-25.06, -16.34] -

Zhang 2018 66.2 1536 165 658 12.15 162 9.2% 0.40 [-2.60, 3.40] “wfee

Total (95% Cl) 860 784 100.0%  -8.41[-13.70, -3.12] -

Heterogeneity: Tau? = 76.89; Chi? = 599.36, df = 10 (P < 0.00001); I = 98% t t t t

Test for overall effect: Z = 3.11 (P = 0.002) 20 <10 Ov 10 20
. : . PFNA inter TAN

Fluoroscopy time PFNA inter TAN Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random. 95% CI IV. Random. 95% ClI
Duramaz 2019 299 6.7 100 346 5.6 86 16.7% -4.70 [-6.47, -2.93] A
Seyhan 2015 64.63 13 43 63.71 10.82 32 16.7% 0.92 [-4.48, 6.32] r
Yu 2016 168 19.8 72 300 28.8 75 16.6% -132.00 [-139.96, -124.04] -

Zehir 2015 90 10.8 96 120 132 102 16.7% -30.00 [-33.35, -26.65] "

Zhang 2013 126 9.6 56 216 10.8 57 16.7% -90.00 [-93.77, -86.23] =
Zhang 2017a 162 252 58 306 27 44 16.5% -144.00 [-154.28, -133.72] B
Total (95% CI) 425 396 100.0% -66.45[-105.58, -27.32] ‘

Heterogeneity: Tau? = 2381.78; Chi? = 2954.81, df = 5 (P < 0.00001); I* = 100% ) J : J

Test fo? overZII effect: Z = 3.33 (P = 0.0009) ( ) -200 -100 0 100 200

PFNA inter TAN

Blood loss PFNA inter TAN Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean D Total Weight 1V. Random, 95% CI 1V. Random, 95% CI
Duramaz 2019 196.9 237 100 204.2 237 86 11.8% -7.30 [-14.13, -0.47] ™
Guo 2021 256.3 8.7 38 2625 5.5 40 124% -6.20 [-9.45, -2.95] "

Wang 2013 83 6 36 87 5 20 12.5% -4.00 [-6.94, -1.06] =
Yang 2017 1473 81.6 51 246.5 89.7 17 2.7% -99.20 [-147.36, -51.04]

Yu 2016 1809 10.8 72 190.6 6 75 12.5% -9.70 [-12.54, -6.86] L
Zehir 2015 139.69 39.69 96 21142 3156 102 10.9% -71.73[-81.76,-61.70] -

Zhang 2013 197.5 101.8 56 235.3 124.6 57 3.3% -37.80 [-79.72, 4.12] S
Zhang 2017 185.1 18.96 139 180.7 23.03 144 12.2% 4.40 [-0.51, 9.31] il
Zhang 2017a 1103 214 58 136.6 357 44 10.3% -26.30[-38.20, -14.40] -3
Zhang 2018 199.4 3217 165 1989 36.62 162 11.6% 0.50 [-6.98, 7.98] it
Total (95% Cl) 811 747 100.0%  -17.12 [-25.95, -8.30] 0
Heterogeneity: Tau? = 160.35; Chiz = 218.45, df = 9 (P < 0.00001); I2 = 967 : : y :
T:;?fz.;?ivz:;u e?f:ct: 26=033f260(P = 0.00%1;5’ e -100 50 0 S0 100

PFNA inter TAN

Fig 2. Meta-analysis of intraoperative indicators for the treatment of intertrochanteric fractures with PFNA and InterTan.

https://doi.org/10.1371/journal.pone.0304654.9g002

the type of complications. The overall heterogeneity test (I* = 7%, P = 0.35) indicated that
there was no considerable heterogeneity between studies, therefore the fixed-effects model
was used for classification. For certain subgroups, meta-analysis was not feasible due to
insufficient data from three groups. In the heterogeneity test, the I* value for the remaining
subgroups was below 50%, suggesting the absence of significant heterogeneity among the
studies. Therefore, the fixed-effects model was utilized for classification. The consequences
confirmed that the overall postoperative complication in the PFNA group was once greater
than that in the InterTan group in the cure of intertrochanteric fractures, and the distinc-
tion used to be statistically significant [95% CI (2.08, 3.47), P<0.001]. In the subgroup, the
probability of Shaft fracture, Varus collapse, Cut out, screw migration and Pain of hip and
thigh in the PFNA group was higher than that in the InterTan group, and the differences
were statistically significant, the values were [95%CI (2.39, 12.35), P<0.001], [95%CI (2.29,
26.53), P =0.001], [95%CI (2.82, 13.51), P<0.001], [95%CI (1.70, 17.02), P = 0.004] and
[95% CI (1.72, 4.93), P<0.001] (Fig 4).
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Hospital stay PFNA inter TAN
Study or Subgroup Mean SD Total Mean SD Total Weight

Mean Difference
IV, Random, 95% CI

Mean Difference
IV. Random. 95% CI

Guo 2021 135 4.2 38 104 37 40 22.8% 3.10 [1.34, 4.86] -
Yu 2016 8.58 0.93 72 9.65 0.95 75 39.5% -1.07 [-1.37, -0.77] L

Zhang 2013 8.03 1.21 56 8.33 1.65 57 37.7% -0.30 [-0.83, 0.23]

Total (95% CI) 166 172 100.0% 0.17 [1.10, 1.44]

Heterogeneity: Tau? = 1.04; Chiz = 25.27, df = 2 (P < 0.00001); I2 = 92% 4 2 5 2 i
Test for overall effect: Z=0.26 (P = 0.79) PENA interTAN
HHS PFNA inter TAN Mean Difference Mean Difference

Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV. Random, 95% ClI
Duramaz 2019 76.8 144 100 752 13.1 86 6.1% 1.60 [-2.35, 5.55]

Gavaskar 2018 81.29 6.6 50 84 6.3 50 8.9% -2.71[-5.24,-0.18]

Imerci 2018 79.82 10.18 33 82.56 11.33 36 4.5% -2.74 [-7.82, 2.34]

Seyhan 2015 80.93 4.05 43 8243 3.89 32 10.5% -1.50 [-3.31, 0.31] — =

Wang 2013 83.7 6.2 36 86.6 4 20 8.5% -2.90 [-5.58, -0.22] - =

Yu 2016 83.8 7.8 72 826 74 75 9.1% 1.20 [-1.21, 3.61] N -

Zehir 2015 75.87 22.23 85 71.26 26.55 88 2.7% 4.61[-2.68, 11.90] >
Zhang 2013 826 11.3 46 802 137 47  4.5% 2.40[-2.70, 7.50]

Zhang 2017 72.4 72 139 722 727 144 10.8% 0.20 [-1.49, 1.89] = &

Zhang 2017a 90.7 5.1 58 90.4 3.9 44 10.6% 0.30 [-1.45, 2.05] = =

Zhang 2017b 71.03 3.54 88 75.14 3.65 86 12.0% -4.11 [-5.18, -3.04] ez

Zhang 2018 79.7 526 139 802 436 144 11.9% -0.50 [-1.63, 0.63] =

Total (95% CI) 889 852 100.0% -0.83 [-2.16, 0.50] "

Heterogeneity: Tau? = 3.55; Chi? = 48.15, df = 11 (P < 0.00001); I = 77% 5 5 35 4

Test for overall effect: Z = 1.22 (P = 0.22) PENA inter TAN
Good reduction quality  ppNA inter TAN Odds Ratio Odds Ratio

r I Events Total Events Total Weight M-H, Fix % Cl M-H, Fix % Cl

Duramaz 2019 94 100 82 86 28.6% 0.76 [0.21, 2.80] -

Gavaskar 2018 41 50 42 50 40.9% 0.87[0.31, 2.47] — &

Imerci 2018 30 33 33 36 15.5% 0.91[0.17, 4.85] "
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Fig 3. Meta-analysis of postoperative outcomes for the treatment of intertrochanteric fractures with PFNA and InterTan.
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Fig 4. Meta-analysis of postoperative complications for the treatment of intertrochanteric fractures with PENA
and InterTan.

https://doi.org/10.1371/journal.pone.0304654.g004

4.4. Publication bias and sensitivity analysis

We conducted publication bias and sensitivity analyses using Review Manager 5.4 software on
nine outcome indicators: Duration of surgery, Fluoroscopy time, Blood loss, Hospital stay,
Harris Hip Score (HHS), Good reduction quality, Tip-apex distance (TAD), Union of bone,
and Complications associated with intertrochanteric fracture surgery. The results indicate that
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Fig 5. Funnel plot analysis of publication bias and sensitivity analysis for various outcome indicators in surgical treatment of
intertrochanteric fractures of the femur.

https://doi.org/10.1371/journal.pone.0304654.9005

the funnel plots are generally symmetrical, indicating the absence of significant publication
bias and suggesting that the data are stable and reliable (Figs 5-9).

5. Discussion

Intertrochanteric fractures of the femur, a common type of hip fractures in clinical practice,
primarily occur between the base of the femoral neck and the lesser trochanter, often caused
by falls or indirect torsion between the femoral trochanters. They are closely associated with
osteoporosis and are more common in the elderly [23]. Compared to the femoral neck below
the femoral head, the bone in this fracture area is mainly composed of cancellous bone, lacks a
capsule, but is rich in blood vessels, providing conditions for a good healing environment. The
greater trochanter serves as the attachment point for the primary hip abductor (gluteus med-
ius), while the lesser trochanter is the attachment point for the primary hip flexor (iliopsoas).
The calcar femorale is an extension of the posterior medial cortex of the femoral body into the
cancellous bone. From a biomechanical perspective, the calcar femorale and the compressive
trabeculae of the inferomedial cortex of the femoral neck jointly bear the eccentric load on the
femoral head, forming compressive stress and bending moment [24]. These anatomical fea-
tures have a significant impact on the choice of treatment options. As age increases, the inci-
dence of intertrochanteric fractures of the femur gradually rises [25]. Some elderly patients
often suffer from chronic diseases such as diabetes and hypertension, which not only compli-
cates the condition but also poses more challenges to treatment. The prognosis is generally
poor, severely affecting the quality of life of patients.

Currently, intramedullary fixation surgery is the primary choice for the treatment of inter-
trochanteric fractures of the femur, with PFNA and InterTan being two commonly used treat-
ment options [26]. Some scholars prefer PENA, believing that it has significant efficacy in the
treatment of intertrochanteric fractures of the femur, which is consistent with the views of
Duramaz et al. also pointed out that due to the need for more frequent intraoperative fluoros-
copy during the InterTan surgical procedure, PFNA can be considered a preferred option in
some cases [8]. However, some scholars have also proposed that PENA may have certain limi-
tations in dealing with complex intertrochanteric fractures, especially when the lateral wall is
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Fig 6. Funnel plot analysis of publication bias and sensitivity analysis for various outcome indicators in surgical
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https://doi.org/10.1371/journal.pone.0304654.9006
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incomplete. Since PFNA belongs to the classic sliding compression fixation method, incom-

plete lateral walls may lead to complications such as nail backout [27]. In contrast, the Intertan
intramedullary fixation adopts a static locking fixation method, which not only improves anti-
rotation stability and axial compression ability but also effectively avoids sliding phenomena
when treating fractures with incomplete lateral walls, reducing the incidence of postoperative
femoral head rotation and thus reconstructing the function of the lateral wall to a certain

extent [28]. Yu et al. further emphasized that when treating complex intertrochanteric frac-
tures with incomplete lateral walls, the complication rate of InterTan is relatively low. Never-
theless, it is worth noting that due to its locking fixation method, InterTan cannot achieve
dynamic sliding compression at the fracture site, which may lead to a relatively prolonged frac-
ture healing time [29]. Therefore, when choosing a surgical method, doctors need to
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comprehensively consider various factors, including the specific type of fracture and the indi-
vidual situation of the patient, to determine the most suitable treatment plan for the patient.
The present meta-analysis aims to compare the therapeutic effects of PENA and InterTan
in the treatment of femoral intertrochanteric fractures. Nine outcome indicators were selected
for evaluation, including surgical duration, fluoroscopy time, blood loss, length of hospital
stay, Harris hip score, reduction quality, TAD value, fracture healing, and complication rates.
The results showed that the PENA group had a significantly shorter surgical duration [95%CI
(-13.70, -3.12)], reduced fluoroscopy time [95%CI (-105.58, -27.32)], and decreased blood loss
[95%CI (-25.95, -8.30)] compared to the InterTan group, with statistically significant differ-
ences (P<0.001). However, in the postoperative outcome evaluation, there were no significant
differences between the two groups in terms of length of hospital stay [95%CI (-1.10, 1.44),
P =0.79], Harris hip score [95%CI (-2.16, 0.50), P = 0.22], reduction quality [95%CI (0.51,
1.86), P = 0.92], TAD value [95%CI (-1.11, 1.30), P = 0.88], and fracture healing [95%CI (-0.01,
0.72), P = 0.06]. Notably, in terms of complication rates, the InterTan group demonstrated a
significant advantage compared to the PENA group. Specifically, the InterTan group had
lower complication rates than the PFNA group in Shaft fractures [95%CI (2.39, 12.35),
P<0.0001], Varus collapse [95%CI (2.29, 26.53), P = 0.001], Cut out [95%ClI (2.82, 13.51),
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P<0.0001], screw migration [95%CI (1.70, 17.02), P = 0.004], and hip and thigh pain [95%CI
(1.72, 4.93), P<0.0001], with statistically significant differences.

How to achieve high-quality treatment outcomes for intertrochanteric fractures of the
femur has always been a central concern for surgeons. In clinical practice, intramedullary fixa-
tion has become the dominant surgical approach. However, the choice between PFNA and
InterTan has remained a controversial focus when treating such conditions. After thorough
analysis, we have found that the postoperative effects of both PFNA and InterTan in the treat-
ment of intertrochanteric fractures of the femur are comparable. Nevertheless, it is noteworthy
that PFNA exhibits significant advantages over InterTan in intraoperative indicators, particu-
larly in terms of surgical duration, fluoroscopy time, and blood loss. This is particularly crucial
for patients with poor physical conditions who cannot tolerate prolonged surgeries. Despite
these similarities, PENA and InterTan exhibit distinct characteristics in terms of postoperative
complications. Although both may experience the same complications, this study has found
that InterTan demonstrates a significant advantage over PFNA in reducing the incidence of
postoperative complications. Specifically, the incidence of complications such as axial frac-
tures, varus collapse, and screw migration is significantly lower in the InterTan group com-
pared to the PFNA group. This discovery suggests that choosing the InterTan surgical
approach may help reduce postoperative risks for patients, thereby enhancing their satisfaction
and recovery outcomes. When making a decision on the surgical approach, it is essential to
comprehensively consider the patient’s overall health status, surgical risks, and expected recov-
ery outcomes. For patients with poor physical conditions who cannot tolerate prolonged sur-
geries, PENA may be a more suitable option due to its intraoperative advantages. On the other
hand, for patients who can tolerate longer surgeries or face complex fracture situations, Inter-
Tan may be a better choice due to its lower incidence of postoperative complications, contrib-
uting to improved long-term prognosis. In conclusion, both PFNA and InterTan have their
respective advantages and applicable scenarios in the treatment of intertrochanteric fractures
of the femur. Surgeons need to weigh the pros and cons based on the specific conditions of the
patient and choose the most suitable surgical approach to ensure the best treatment outcome
for the patient.

The current meta-analysis still has the following limitations that require further improve-
ment and refinement: Limitations of the Current Meta-Analysis: (1) Insufficient Randomized
Controlled Trials: A total of 15 studies were included, but the number of randomized con-
trolled trials was insufficient, resulting in a relatively low level of evidence. (2) Variations in
Surgical Operations: There may be slight differences in the specific surgical operations among
the different studies, which can potentially affect the surgical outcomes. (3) Heterogeneity in
Outcome Indicators: The number of studies included for the same outcome indicator varies
widely (ranging from 11 to 3), increasing the heterogeneity among studies. (4) Potential Bias
from Patient Informed Consent: Clinical studies adhere to the principle of patient informed
consent, which may introduce bias and affect the reliability of the meta-analysis conclusions.
(5) Lack of Economic Cost Comparison: The economic cost of the two internal fixation mate-
rials was rarely mentioned in the included studies, resulting in the inability to compare this
factor. (6) Limitation of Subgroup Analysis: The subgroup analysis in this meta-analysis is lim-
ited by the incompleteness and difficulty in acquiring data, preventing a systematic and in-
depth exploration of treatment responses among different patient groups. (7) Need for Further
Validation: Due to the relatively small sample size and limited number of studies, the stability
and reliability of the study results need to be further validated by larger-scale studies. (8)
Potential Deviation from Actual Situation: Our conclusions may deviate from the actual situa-
tion to a certain extent, necessitating further follow-up studies. We look forward to the emer-
gence of more literature and studies in the future to reduce bias and derive more authentic and
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reliable conclusions. In summary, while the current meta-analysis provides valuable insights
into the treatment of intertrochanteric fractures, it is important to recognize the limitations
discussed above. The small number of randomized controlled trials, variations in surgical
operations, heterogeneity in outcome indicators, potential bias from patient informed consent,
lack of economic cost comparison, and the need for further validation and follow-up studies
indicate that future research should aim to address these issues and refine the evidence base.
This will enable us to derive more authentic and reliable conclusions that can better guide clin-
ical practice.
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