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AIM: Interlocking intramedullary nailing and percutaneous plate implantation are commonly used techniques in the treatment of femoral
shaft fractures. This study aimed to determine the most appropriate and effective treatment strategy between interlocking intramedullary
nails and percutaneous plate implantation by analyzing and summarizing the available evidence.

METHODS: Relevant articles published from the date of database construction in PubMed, Embase, Web of Science, and Cochrane
to 2024 were searched and downloaded according to PRISMA 2020. These studies were screened following pre-established inclusion
criteria, and the data were extracted. Methodological quality assessment for retrospective studies was performed using the Newcastle-
Ottawa Scale, whereas Review Manager Software was used for methodological quality assessment of randomized controlled trials (RCTs)
and statistical analysis.

RESULTS: Only 13 studies containing 1061 patients were included in the meta-analysis. Femoral shaft fractures treated with inter-
locking intramedullary nailing had shorter operative and fluoroscopic time and less estimated blood loss. Pediatric patients treated with
interlocking intramedullary nails had less estimated blood loss and shorter healing time. Interlocking intramedullary nailing group in
the retrospective study was associated with shorter operative time and less blood loss, whereas, in the randomized controlled trial (RCT)
study, it was associated with less blood loss and shorter healing time.

CONCLUSIONS: Interlocking intramedullary nailing is more advantageous in treating femoral shaft fractures and is a more appropriate

option for treating femoral shaft fractures in pediatric patients.

SYSTEMATIC REVIEW REGISTRATION: PROSPERO: CRD42024564563.
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Introduction

The femur is the longest and the strongest tubular bone in
the human body. The femoral shaft is the diaphysis, ex-
tending from 2—5 cm below the trochanter to 2—5 cm above
the femoral condyle. Femoral shaft fractures are frequently
encountered in clinical practice. High-energy traumas are
considered the primary cause of these fractures and require
intensive care and effective treatment to recover [1]. Im-
proper treatment of such fractures leads to adverse compli-
cations such as infection, limb length discrepancy, angular
malalignment, nonunion, and femoral head necrosis, with
high mortality and disability rates [2, 3, 4]. Surgical treat-
ments for femoral shaft fractures are broadly categorized
into external and internal fixation techniques. External fix-
ation is associated with potential complications, including
pin tract infections, loosening of fixation pins, and nerve
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damage [5, 6]; therefore, it is not considered the effective
and widely preferred treatment modality.

In contrast, internal fixation offers a wide range of applica-
tions with robust stability and early functional exercise after
surgery [7]. Interlocking intramedullary nailing and per-
cutaneous plate implantation are the two commonly used
internal fixation techniques in clinical practice [8]. Nev-
ertheless, assessing the efficacy of these two therapies and
determining the appropriate patient population have been
challenging.

In recent years, intramedullary nailing technology has been
developed rapidly. Among the numerous available instru-
ments for this technique, interlocking intramedullary nails
are the most frequently applied because they offer certain
advantages, including reduced surgical damage, reliable
fixation, faster healing, and fewer adverse impacts. For suc-
cessful and effective outcomes through the intramedullary
nailing technique, achieving and maintaining proper align-
ment of the fractured bone during reaming and nail insertion
are crucial. Additionally, prior health conditions of every
patient, such as obesity and age, must be considered during
treatment. Generally, this treatment modality is more often
applied to patients with an age above 10 years and weighing
over 49 kilograms (kg) [9]. Unfortunately, ischemic necro-
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Fig. 1. A flowchart of the literature searching and screening.

sis of the femoral head was identified in children treated
with intramedullary nail fixation. This complication is as-
sociated with damage to the medial femoral artery near the
pyriform fossa during nail insertion.

Meanwhile, the incidence of other complications, such as
hip valgus deformity and femoral neck stenosis, has also
gradually increased [10, 11]. The need for marrow expan-
sion in many patients has also led to marrow deformation
and even more serious sequelae. Although plate fixation is
considered appropriate and beneficial under certain condi-
tions that could outperform other fixation techniques, it also
has limitations, such as large surgical incisions, enhanced
local trauma, significant local blood flow destruction, and
non-union of fractures [12]. Additionally, percutaneous
plate implantation is an eccentric fixation, which is biome-
chanically unstable and can lead to nail or plate breakage

under improper and inadequate care. The risks and compli-
cations regarding this strategy could be even more signifi-
cant in younger patients [13].

In the current meta-analysis, the data from the studies com-
paring the efficacy of interlocking intramedullary nailing
and percutaneous plate implantation have been combined
to understand their existing potential and provide reliable
recommendations for clinical treatment protocols in treat-
ing femoral shaft fractures.

Methods
Search Strategy
Databases like PubMed, Embase, Web of Science,

Cochrane, and others were systematically searched follow-
ing the PICOS search strategy [14]. The search keywords

CEINT34

“femoral shaft fracture”, “interlocking intramedullary nail”,
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Table 1. Characteristics of the included studies.

Study Year Design Treatment Gender (fe- Meanage Sample Complication (n) LLD (cm) Outcomes
male:male) size
interlocking intramedullary nails 14:36 9 50 NA NA Operative time, estimated blood loss, fluoroscopy time,
Allen et al. [17] 2018 RCS . .
percutaneous plate implantation 6:9 8 15 NA NA length of stay, excellent rate
interlocking intramedullary nails 3.03:1 64.2 93 4% NA
Howard et al. [29] 2024 RCS . . Length of stay
percutaneous plate implantation 2.82:1 70.1 100 8.60% NA
interlocking intramedullary nails 4:11 42.67 15 NA NA o . .
Rollo et al. [20] 2019 RCS . . Operative time, estimated blood loss, healing time
percutaneous plate implantation 4:11 42.84 15 NA NA
. interlocking intramedullary nails 32:45 8.1 77 1 NA Operative time, estimated blood loss, fluoroscopy time,
Liet al. [22] 2020 RCS . .
percutaneous plate implantation 19:26 8 45 1 NA length of stay
. interlocking intramedullary nails 22:8 42.67 30 NA NA o . L
Meccariello et al. [24] 2021 RCS . . Operative time, estimated blood loss, healing time
percutaneous plate implantation 20:10 42.84 30 NA NA
interlocking intramedullary nails 29 NA 1.4 £3.66 Operative time, estimated blood loss, length of stay,
Luo et al. [18] 2019 RCS . . 16:35 5.9 .
percutaneous plate implantation 22 NA 1.5+ 2.02 healing time
. interlocking intramedullary nails 4:10 9.7 14 4 NA
Milligan et al. [23] 2019 RCS K . Length of stay, excellent rate
percutaneous plate implantation 3:11 7.7 14 NA
interlocking intramedullary nails 9:19 48 28 4 NA .
Ocalan et al. [19] 2019 RCS . . Operative time, length of stay
percutaneous plate implantation 39:30 353 69 19 NA
interlocking intramedullary nails 31:59 533 90 NA NA L .
Xu et al. [25] 2021 RCS K . Operative time, estimated blood loss, length of stay
percutaneous plate implantation 13:28 55 41 NA NA
. interlocking intramedullary nails 7:9 7.1 16 5 5 Operative time, estimated blood loss, healing time,
Al-Doori et al. [28] 2024 RCT . .
percutaneous plate implantation 6:10 7.8 16 5 2 excellent rate
. interlocking intramedullary nails 5:21 26 2 3
Ekwunife et al. [26] 2022 RCT . . 18-85 Excellent rate
percutaneous plate implantation 11:15 26 1 5
interlocking intramedullary nails 3:22 7.96 25 8 1.25 £ 0.4 Operative time, estimated blood loss, fluoroscopy time,
El-Adly et al. [27] 2021 RCT . . L
percutaneous plate implantation 7:18 8.28 25 2 0.75 £ 0.1 length of stay, healing time, excellent rate
interlocking intramedullary nails 22:38 10.36 60 5 NA Operative time, estimated blood loss, length of stay,
Wang et al. [21] 2019 RCT . . L
percutaneous plate implantation 24:36 6.55 60 6 NA healing time, Excellent rate

LLD, limb length discrepancy; NA, not available; RCS, retrospective cohort study; RCT, randomized controlled trial.
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Table 2. The Newcastle-Ottawa Scale (NOS) evaluation scores for retrospective studies.

Authors Year  Selection  Comparability  Outcome  NOS score
Allen et al. [17] 2018 3 2 2 7
Howard et al. [29] 2024 3 1 1 5
Rollo et al. [20] 2019 3 1 2 6
Liet al. [22] 2020 3 2 2 7
Meccariello et al. [24] 2021 4 1 2 7
Luo et al. [18] 2019 4 2 2 8
Milligan et al. [23] 2019 3 1 1 5
Ocalan et al. [19] 2019 3 2 1 6
Xu et al. [25] 2021 3 2 2 7

“intramedullary nail”, “percutaneous plate implantation”,
“plate”, and “plating” were used. Relevant articles pub-
lished from the date of database construction to May 30,
2024 were searched and downloaded. For subsequent anal-
ysis, the articles were selected following the PRISMA 2020
protocol (Supplementary Material), with two reviewers
considering and confirming the final inclusion of the pa-
pers. In case of disagreement between the two reviewers
on the inclusion of the literature, a third reviewer had to
confirm the inclusion. Finally, the reference lists of the in-
cluded papers were manually searched to ensure the inclu-
sion of all eligible studies.

Inclusion and Exclusion Criteria

The inclusion criteria for the literature were as follows:
(1) studies targeting femoral shaft fractures; (2) interven-
tion strategies involved interlocking medullary nailing and
percutaneous plate placement; (3) retrospective studies and
randomized controlled trials (RCTs); (4) studies where at
least one of the post-treatment outcomes such as duration
of the surgery and fluoroscopy, estimated blood loss, length
of hospital stay, healing time, and excellent rating, would
have been provided or calculated as the outcomes for each
study. However, the exclusion criteria included (1) studies
with incomplete data regarding the selected outcomes; (2)
studies with single-arm trials; (3) studies with false, fake,
incomplete, and unavailable data; (4) low-quality literature;
(5) studies with animal subjects; (6) studies with fractures
due to cancer, knee arthroplasty, or other similar causes;
(7) studies published in pathology report format or treat-
ment guideline format; (8) studies in which valid data were
not extracted from published results, hindering the objec-
tive assessment of treatment efficacy.

Data Extraction and Risk of Bias Assessment

Data from all eligible trials were extracted independently
by 2 reviewers and subsequently cross-checked. Study pro-
files (authors, year, intervention, sample size), baseline in-
formation (age, sex, study type, and complications), and
mean and standard deviation (SD) of outcome indicators
were extracted. The disagreement regarding the extrac-

tion of the eligible data was settled by the third indepen-
dent researcher. The quality of the included studies was as-
sessed by three independent reviewers using the Newcastle-
Ottawa Scale (NOS) score for retrospective studies and the
Cochrane Randomised Trial Risk of Bias Assessment for
RCTs [15, 16]. The methodological quality assessment of
RCTs was performed using Review Manager Software (ver-
sion 5.3, Cochrane RevMan, London, UK). For each com-
parison, the risk of bias was examined using funnel plots
where asymmetry in plotting indicates a greater risk of bias.
Points outside the confidence interval indicate the presence
of heterogeneity.

Statistical Analysis

Review Manager Software (version 5.3, Cochrane
RevMan, London, UK) was used for meta-analysis. The
extracted data were divided into subgroups based on age
(adults and children) and study type (retrospective studies
and RCTs). For each outcome indicator, heterogeneity
analysis was performed using the results of the 12 test.
Total heterogeneity was calculated by combining the
heterogeneity of subgroups. The heterogeneity with a
value of I? > 50% was considered to be large and a random
effects model was used for subsequent analyses. Whereas
the heterogeneity with a value of I < 50% was considered
small, and a fixed-effects model was used for further
analysis. The Stata Software (version 12, Stata Corp.,
Lakeway Drive, TX, USA) was used to perform subgroup
regression analyses to analyze sources of heterogeneity.
For continuous variables, if the measurement units of the
outcome indicators were the same, the weighted mean
difference (MD) coefficient was used as the final indicator.
On the contrary, the standardized mean difference (SMD)
coefficient was used as the final indicator. For dichoto-
mous variables, odds ratio (OR) was used as the final
indicator. The 95% confidence interval (CI) was used to
evaluate the confidence level of the results. The difference
at a p-value < 0.05 was considered statistically significant.
Finally, forest plots and funnel plots were used to visualize
the outcomes.
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Fig. 2. A summary of bias risk assessments for included studies.

Results

Search Results

Initially, 453 studies were identified based on the search
strategy. After screening based on pre-established
inclusion-exclusion criteria, only 13 studies, published
from 2018 to 2024, containing 1061 patients, were finally
selected for this meta-analysis [17, 18, 19, 20, 21, 22, 23,
24, 25, 26, 27, 28, 29]. The selection criteria and process
are shown in Fig. 1, and the general characteristics of the
included studies are summarized in Table 1 (Ref. [17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29]).

Methodological Quality Assessment

Out of the 13 included studies, 9 were retrospective stud-
ies, and 4 were RCTs. The quality of retrospective studies
was assessed based on selection, comparability, and out-
come using the NOS score. Only 2 studies described the
outcomes at the start of the study, scoring as 4 in the se-
lection column; 5 studies described the influencing factors,
scoring as 2 in the comparability column. 3 studies were
able to provide only more adequate outcomes, and 6 stud-
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ies were able to describe a period of follow-up, which were
scored as 1 and 2, respectively. As shown in Table 2 (Ref.
[17,18,19,20,22,23,24,25,29]), the final NOS scores be-
tween 6 and 7 were considered high quality. Among RCTs,
1 study did not describe the randomization method in detail
or mention the double-blind setting, 2 studies had possible
detection bias, and 1 did not report lost-to-follow-up, as de-
scribed in Fig. 2.

Pooled Analysis of Operative Time

Operative time was counted in 10 of the included studies,
with a mean difference value of —1.50 (95% confidence in-
terval (CI): —2.31, -0.69; p = 0.0003; I? = 95%). The meta-
analysis found shorter operative time in the interlocking in-
tramedullary nailing group than in the percutaneous plate
placement group (Fig. 3). Similarly, variations were ob-
served between the adults and children, with estimated ef-
fects of —0.43 (95% CI: —0.67, —0.19; p = 0.0003; 12 = 0%)
and —2.24 (95% CI: -3.50, —0.98; p = 0.0005; 12 = 96%),
respectively. The p-value < 0.01 was used to test the varia-
tions among subgroups (Fig. 3A). We observed difference
in the retrospective studies, with an estimated effect of —



(A)

intramedullary nail
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percutaneous plate

Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl 1V, Random, 95% Cl
1.1.1 adult

Giuseppe2019 528 15.6 15 608 204 15  9.8% -0.43[-1.15, 0.30] -
Luigi2021 516 17.6 30 627 213 30 10.2% -0.56 [-1.08, -0.04] ™
ocalan2019 6 6.04 28 8 5.8 69 10.3% -0.34 [-0.78, 0.10] ™

xu2021 110.7 461 90 130.2 4238 41 10.4% -0.43 [-0.80, -0.06] N

Subtotal (95% Cl) 163 155 40.6% -0.43 [-0.67, -0.19] ¢
Heterogeneity: Tau? = 0.00; Chi? = 0.41, df = 3 (P = 0.94); I?= 0%

Test for overall effect: Z = 3.58 (P = 0.0003)

1.1.2 child

allen2018 1.6 1.1 50 25 0.9 15  10.0% -0.84 [-1.44, -0.24] -

Li2020 54.5 8.1 77 737 9.7 45 10.3% -2.19 [-2.65, -1.73] -

u02019 694 347 29 100.75 31.59 22 10.0% -1.48[-2.11, -0.85] -
OmarAl2024 584 16.5 16 76.3 8.1 16 9.7% -1.34 [-2.12, -0.57] -

Wael2022 454 105 25 60 115 25 10.0% -1.31[-1.92, -0.69] -

wang2019 68.93 7.18 60 14235 14.28 60 9.4% -6.45 [-7.36, -5.55] -

Subtotal (95% Cl) 257 183 59.4% -2.24 [-3.50, -0.98] D
Heterogeneity: Tau? = 2.36; Chi? = 118.37, df = 5 (P < 0.00001); 1> = 96%

Test for overall effect: Z = 3.48 (P = 0.0005)

Total (95% CI) 420 338 100.0% -1.50 [-2.31, -0.69] <&
Heterogeneity: Tau? = 1.61; Chi2 = 190.22, df = 9 (P < 0.00001); I* = 95% 5 : 5 p 0’
Test for overall effect: Z = 3.63 (P = 0.0003) Favours [nail] Favours [plate]
Test for subgroup differences: Chi? = 7.65, df = 1 (P = 0.006), I* = 86.9%

(B) intramedullary nail percutaneous plate Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD__Total Mean SD__Total Weight 1V, Random, 95% ClI IV, Random, 95% ClI
211 RCS
allen2018 1.6 1.1 50 25 0.9 15 10.0% -0.84 [-1.44, -0.24] -
Giuseppe2019 528 156 15 608 204 15  9.8% -0.43[-1.15, 0.30] -

Li2020 54.5 8.1 77 737 9.7 45 10.3% -2.19[-2.65, -1.73] -
Luigi2021 516 176 30 627 213 30 10.2% -0.56 [-1.08, -0.04] ™
1u02019 694 347 29 100.75 31.59 22 10.0% -1.48 [-2.11, -0.85] -
ocalan2019 6 6.04 28 8 5.8 69 10.3% -0.34 [-0.78, 0.10] ™
xu2021 1107 461 90 130.2 4238 41 10.4% -0.43 [-0.80, -0.06] "
Subtotal (95% Cl) 319 237 70.9% -0.90 [-1.45, -0.34] L 2
Heterogeneity: Tau? = 0.48; Chi? = 48.63, df = 6 (P < 0.00001); I = 88%

Test for overall effect: Z = 3.19 (P = 0.001)

21.2RCT

OmarAl2024 584 165 16 76.3 8.1 16  9.7% -1.34[-2.12, -0.57] -
Wael2022 454 105 25 60 115 25 10.0% -1.31[-1.92, -0.69] -
wang2019 68.93 7.18 60 14235 14.28 60 9.4% -6.45 [-7.36, -5.55] -

Subtotal (95% CI) 101 101 29.4%  -3.02 [-6.06, 0.02] —~i——
Heterogeneity: Tau? = 7.05; Chi? = 96.47, df = 2 (P < 0.00001); I* = 98%

Test for overall effect: Z = 1.95 (P = 0.05)

Total (95% CI) 420 338 100.0% -1.50 [-2.31, -0.69] L 4
Heterogeneity: Tau? = 1.61; Chi? = 190.22, df = 9 (P < 0.00001); I2 = 95% 5 : 5 p 0’

Test for overall effect: Z = 3.63 (P = 0.0003)
Test for subgroup differences: Chi = 1.82, df =1 (P = 0.18), > =45.1%

Favours [nail] Favours [plate]

Fig. 3. Pooled analysis of operative time. (A) Variations among subgroups based on age. (B) Comparison of subgroups based on study
type. RCS, retrospective cohort study; RCT, randomized controlled trial; SD, standard deviation; CI, confidence interval.

0.90 (95% CI: —1.45,-0.34; p = 0.001; I? = 88%), whereas
no difference was observed in the RCT, with an estimated
effect of =3.02 (95% CI: —6.06, 0.02; p = 0.05; 12 = 98%)).
The test for subgroup differences was p = 0.18, as shown in
Fig. 3B.

Pooled Analysis of Estimated Blood Loss

Estimated blood loss was counted in 9 of the included stud-
ies, with a mean difference value of —2.90 (95% CI: —4.28,
—1.52; p < 0.0001; I =97%). The meta-analysis found that
the interlocking intramedullary nailing group had a lower

estimated blood loss than the percutaneous plate placement
group (Fig. 4). No differences were observed among the
adults, with an estimated effect of —0.29 (95% CI: —0.79,
0.21, p = 0.26; 12 = 64%). In contrast, significant differ-
ences were observed among the children, with an estimated
effect of —4.32 (95% CI: —6.32, —2.32; p < 0.0001; 12 =
97%). The test for subgroup differences was p = 0.0001,
as shown in Fig. 4A. Notably, differences were observed
between retrospective studies and RCTs, with estimated ef-
fects of —1.54 (95% CI: -2.66, —0.42; p = 0.007; I? = 96%)
and —5.62 (95% CI: -7.34,-3.91; p < 0.00001; 12 = 84%),
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(A) intramedullary nail percutaneous plate Std. Mean Difference Std. Mean Difference
r r Mean D Total Mean D Total Weigh 1V, Random, 95% CI IV, Random, 95% CI
1.2.1 adult
Giuseppe2019 29 1.42 15 2.8 14 15 11.3% 0.07 [-0.65, 0.78] T
Luigi2021 2.8 13 30 2.9 15 30 11.5% -0.07 [-0.58, 0.44] T
xu2021 340.1 129.9 90 4344 1467 41 11.6% -0.69 [-1.07, -0.31] -
Subtotal (95% CI) 135 86 34.4% -0.29 [-0.79, 0.21] *
Heterogeneity: Tau? = 0.12; Chi? = 5.56, df = 2 (P = 0.06); I = 64%
Test for overall effect: Z = 1.13 (P = 0.26)
1.2.2 child
allen2018 40.1 56.6 50 79 67.9 15 11.4% -0.65 [-1.24, -0.06] ™
Li2020 51.7 18.9 77 1064  26.6 45 11.5% -2.47 [-2.95, -1.98] -
luo2019 18.3 29.74 29 163.33 5.8 22 10.5% -6.26 [-7.64, -4.88] -
OmarAl2024 32.8 111 16 205 42.9 16  10.2% -5.36 [-6.92, -3.79] -
Wael2022 12.44 4.7 25 6756 16.7 25 10.9% -4.42 [-5.48, -3.36] -
wang2019 61.29 6.26 60 142.16 14.92 60 11.0% -7.02 [-8.00, -6.05] -
Subtotal (95% Cl) 257 183 65.6%  -4.32[-6.32, -2.32] -
Heterogeneity: Tau? = 5.95; Chi2 = 168.70, df = 5 (P < 0.00001); I? = 97%
Test for overall effect: Z = 4.23 (P < 0.0001)
Total (95% CI) 392 269 100.0% -2.90 [-4.28, -1.52] ’
Heterogeneity: Tau? = 4.25; Chi? = 312.26, df = 8 (P < 0.00001); I2 = 97% F ‘ t y
Test for overall effect: Z = 4.11 (P < 0.0001) L -5 0 5 .
N . Favours [nail] Favours [plate]
Test for subgroup differences: Chi? = 14.67, df = 1 (P = 0.0001), I1> = 93.2%

(B) intramedullary nail percutaneous plate Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD _Total Mean SD__ Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.21RCS
allen2018 401  56.6 50 79 679 15 11.4% -0.65 [-1.24, -0.06] ™
Giuseppe2019 29 1.42 15 2.8 1.4 15 11.3% 0.07 [-0.65, 0.78] T
Li2020 51.7 18.9 77 106.4 26.6 45 11.5% -2.47 [-2.95, -1.98] -

Luigi2021 2.8 1.3 30 29 1.5 30 11.5% -0.07 [-0.58, 0.44] T
luo2019 18.3 29.74 29 163.33 5.8 22 10.5% -6.26 [-7.64, -4.88] -

Xxu2021 340.1 129.9 90 4344 146.7 41 11.6% -0.69 [-1.07, -0.31] -
Subtotal (95% CI) 291 168 67.9%  -1.54 [-2.66, -0.42] S 4
Heterogeneity: Tau? = 1.83; Chi? = 116.46, df = 5 (P < 0.00001); I* = 96%

Test for overall effect: Z = 2.70 (P = 0.007)

2.2.2RCT

OmarAl2024 328 111 16 205 429 16  10.2% -5.36 [-6.92, -3.79] -
Wael2022 12.44 4.7 25 6756 16.7 25 10.9% -4.42 [-5.48, -3.36] -
wang2019 61.29 6.26 60 142.16 14.92 60 11.0% -7.02 [-8.00, -6.05] -

Subtotal (95% CI) 101 101 32.1% -5.62 [-7.34, -3.91] ‘
Heterogeneity: Tau? = 1.92; Chi? = 12.87, df = 2 (P = 0.002); I? = 84%

Test for overall effect: Z = 6.43 (P < 0.00001)

Total (95% Cl) 392 269 100.0%  -2.90 [-4.28, -1.52] -
Heterogeneity: Tau? = 4.25; Chi? = 312.26, df = 8 (P < 0.00001); I = 97% s 5 : 5 P 0‘

Test for overall effect: Z = 4.11 (P < 0.0001)
Test for subgroup differences: Chi? = 15.25, df = 1 (P < 0.0001), |2 = 93.4%

Favours [nail] Favours [plate]

Fig. 4. Pooled analysis of estimated blood loss. (A) Variations among subgroups based on age. (B) Comparison of subgroups based

on study type.

respectively. The test for subgroup differences was p < —=5.00 (95% CI: -10.07, 0.07; p = 0.05), respectively. The
0.0001, as shown in Fig. 4B. test for subgroup differences was p = 0.11, as shown in Fig.

5B.
Pooled Analysis of Fluoroscopy Time

Fluoroscopy time was reported in 3 of the included studies,

Pooled Analysis of Length of Stay

of which only data from children were available. Based on Length of hospital stay was calculated in 9 of the included
the mean difference value for all studies as —0.91 (95% CI: — studies, with a mean difference value of —1.72 (95% CI: —
1.71,-0.10; p = 0.03; 12 = 22%), this meta-analysis found a 4.51, 1.06; p = 0.22; 12 = 100%). Consequently, this meta-
shorter fluoroscopy time in the interlocking intramedullary ~ analysis found no significant difference in the length of hos-
nailing group compared to the percutaneous plate place- pital stay between the two groups (Fig. 6). Additionally,
ment group (Fig. 5). However, differences were observed  no differences were observed between adults and children,
between retrospective studies and RCTs, with estimated ef-  with estimated effects of —0.65 (95% CI: —-1.81, 0.51, p =
fects of —0.80 (95% CI: —1.62, 0.02; p=0.06; 12 =0%) and  0.27; I? = 0%) and —2.25 (95% CI: -5.56, 1.07; p = 0.18;
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(A) intramedullary nail percutaneous plate Mean Difference Mean Difference
__Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl \'2 Fixif, 95% Cl

1.3.1 child
allen2018 2.5 1.1 50 3.3 1.7 15 78.2% -0.80[-1.71, 0.11]
Li2020 20.9 5 77 21.7 5 45 19.3% -0.80[-2.64, 1.04] ™
Wael2022 45 7.4 25 50 10.6 25 2.5% -5.00[-10.07, 0.07] ]
Subtotal (95% CI) 152 85 100.0% -0.91[-1.71,-0.10] ¢
Heterogeneity: Chi? = 2.57, df = 2 (P = 0.28); I = 22%
Test for overall effect: Z=2.20 (P = 0.03)
Total (95% ClI) 152 85 100.0% -0.91[-1.71,-0.10] ’
Heterogeneity: Chi2 = 2.57, df = 2 (P = 0.28); I2 = 22% ’_20 _ 1’0 0 1‘0 20‘

Test for overall effect: Z =2.20 (P = 0.03)
Test for subgroup differences: Not applicable

(B)

intramedullary nail percutaneous plate

Favours [nail] Favours [plate]

Mean Difference Mean Difference

Study or Subgroup Mean SD_Total Mean SD__Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
2.3.1RCS 1
allen2018 25 1.1 50 3.3 1.7 15 782% -0.80[-1.71,0.11]

Li2020 20.9 5 77 217 5 45 19.3% -0.80[-2.64, 1.04] e
Subtotal (95% Cl) 127 60 97.5% -0.80[-1.62, 0.02] L 4

Heterogeneity: Chiz = 0.00, df = 1 (P = 1.00); I* = 0%
Test for overall effect: Z = 1.92 (P = 0.06)

2.3.2RCT
Wael2022 45 74 25 50 106 25
Subtotal (95% Cl) 25 25

Heterogeneity: Not applicable
Test for overall effect: Z = 1.93 (P = 0.05)

Total (95% CI) 152 85
Heterogeneity: Chiz = 2.57, df = 2 (P = 0.28); I> = 22%

Test for overall effect: Z =2.20 (P = 0.03)

Test for subgroup differences: Chiz = 2.57, df =1 (P =0.11), P=61.1%

2.5% -5.00[-10.07, 0.07]

2.5% -5.00 [-10.07, 0.07] i
100.0% -0.91 [-1.71, -0.10] .
40 5 0 5 10

Favours [nail] Favours [plate]

Fig. 5. Pooled analysis of fluoroscopy time. (A) Differences between subgroups based on age. (B) Comparison of fluoroscopy time

between subgroups based on study type.

12 = 100%), respectively. The test for subgroup differences
was p =0.37, as shown in Fig. 6A. And no differences were
observed between retrospective studies and RCTs, with es-
timated effects of -0.67 (95% CI: —2.00, 0.65, p = 0.32; 12
= 72%) and —4.33 (95% CI: —12.48, 3.81; p = 0.30; I? =
100%), respectively. The test for subgroup differences was
p =0.38, as shown in Fig. 6B.

Pooled Analysis of Healing Time

Healing time was counted in 6 of the included studies, with
a mean difference value of —0.92 (95% CI: —1.92, 0.08; p
=0.07; 12 = 94%). This meta-analysis found no significant
difference in the comparison of healing time between the
two groups (Fig. 7). Similarly, no differences were ob-
served among adults, with an estimated effect of 0.03 (95%
CI: —0.38, 0.44, p = 0.88; I2 = 0%). However, a significant
difference was observed among children, with an estimated
effect of —1.39 (95% CI: —2.70, —0.08; p = 0.04; 12 = 95%)).
The test for subgroup differences was p = 0.04, as shown
in Fig. 7A. Furthermore, the retrospective studies showed
no significant differences, with an estimated effect of —0.08
(95% CI: —0.41, 0.25; p = 0.63; I = 0%). However, there
were significant differences in the RCT, with an estimated
effect of —1.76 (95% CI: -3.36, -0.16; p = 0.03; 12 = 95%).
As shown in Fig. 7B, the test for subgroup differences was
p=0.04.

Pooled Analysis of Excellent Rate

Excellent rate was counted in 6 of the included studies, with
a mean difference value of 1.20 (95% CI: 0.41, 3.54; p =
0.74; 12 = 57%) across all studies. The meta-analysis found
no significant difference in the comparison of the excellent
rates of recovery between the two groups (Fig. 8). Simi-
larly, no differences were observed between adults and chil-
dren, with estimated effects of 1.62 (95% CI: 0.53,4.95,p=
0.40) and 1.19 (95% CI: 0.28, 5.12; p = 0.82; 12 = 64%), re-
spectively. The test for subgroup differences had p = 0.74,
as shown in Fig. 8A. Additionally, no differences were ob-
served between retrospective studies and RCTs, with esti-
mated effects of 0.67 (95% CI: 0.08, 5.97, p = 0.72; 12 =
46%) and 1.55 (95% CI: 0.41, 5.84; p = 0.51; 12 = 62%),
respectively. The test for subgroup differences had p =0.52,
as shown in Fig. 8B.

Reporting Bias

The outcomes from more than 3 studies were pooled and
plotted in inverted funnel plots. These funnel plots were
free of missing corners, suggesting that there may be no
publication bias. Ideally, the distribution of outcomes
should be balanced on both sides of the null line and within
the 95% confidence interval. However, in this analysis,
only the scatters of operative time and excellent rate fell
mostly within the confidence interval, suggesting that these
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(A) intramedullary nail percutaneous plate Mean Difference Mean Difference
_ Study or Subgroup __Mean SD __Total Mean SD__ Total Weight IV, Random, 95% CI IV, Random, 95% CI

1.4.1 adult
Anthony2024 26.2 257 93 2641 421 100 5.0% 0.10 [-9.67, 9.87]
ocalan2019 15 116 28 15 11.6 69 9.1% 0.00 [-5.09, 5.09] -1
xu2021 7.2 29 90 7.9 3.4 41 12.8% -0.70 [-1.90, 0.50] -
Subtotal (95% ClI) 211 210 26.9% -0.65 [-1.81, 0.51] <
Heterogeneity: Tau? = 0.00; Chi? = 0.09, df =2 (P = 0.96); I = 0%
Test for overall effect: Z=1.10 (P = 0.27)
1.4.2 child
allen2018 3.7 3.3 50 35 3.2 15 12.4% 0.20 [-1.66, 2.06] -
Li2020 4 0.9 77 5.9 0.8 45 13.1% -1.90 [-2.21, -1.59] "
uo2019 58 262 29 1092 11.89 22 91% -5.12[-10.18, -0.06] -
Milligan2020 7.8 3 14 6.3 21 14 12.3% 1.50 [-0.42, 3.42] T
Wael2022 112 0.33 25 1.3 0.2 25 13.1% -0.18 [-0.33, -0.03] 1
wang2019 6.78 0.43 60 15.27 1.32 60 13.1% -8.49 [-8.84, -8.14] -
Subtotal (95% CI) 255 181  73.1% -2.25 [-5.56, 1.07] -
Heterogeneity: Tau? = 16.00; Chi? = 1834.44, df =5 (P < 0.00001); I* = 100%
Test for overall effect: Z = 1.33 (P = 0.18)

Total (95% Cl) 466 391 100.0%  -1.72 [-4.51, 1.06] ‘r

Heterogeneity: Tau? = 15.41; Chi? = 1836.71, df = 8 (P < 0.00001); 12 = 100% f t - t y
10 5 0 5 10

Test for overall effect: Z = 1.21 (P = 0.22) Favours [nail] Favours [plate]

Test for subgroup differences: Chi? = 0.79, df = 1 (P = 0.37), I?=0%

<B) intramedullary nail percutaneous plate Mean Difference Mean Difference
Study or Subgroup Mean SD_Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
24.1RCS
allen2018 3.7 3.3 50 35 3.2 15 12.4% 0.20 [-1.66, 2.06] T
Anthony2024 26.2 25.7 93 26.1 421 100 5.0% 0.10 [-9.67, 9.87] -
Li2020 4 0.9 77 5.9 0.8 45 13.1% -1.90 [-2.21, -1.59] "
1u02019 58 262 29 1092 11.89 22  91% -5.12[-10.18, -0.06] ]
Milligan2020 7.8 3 14 6.3 21 14 12.3% 1.50 [-0.42, 3.42] ™
ocalan2019 15 116 28 15 116 69 9.1% 0.00 [-5.09, 5.09] T
xu2021 7.2 2.9 90 7.9 34 41 12.8% -0.70 [-1.90, 0.50] b
Subtotal (95% Cl) 381 306 73.8%  -0.67 [-2.00, 0.65] ¢
Heterogeneity: Tau? = 1.61; Chi? = 21.29, df = 6 (P = 0.002); I? = 72%
Test for overall effect: Z = 0.99 (P = 0.32)
2.4.2RCT
Wael2022 1.12 0.33 25 1.3 0.2 25 13.1% -0.18 [-0.33, -0.03]
wang2019 6.78 0.43 60 15.27 1.32 60 13.1% -8.49 [-8.84, -8.14] -
Subtotal (95% CI) 85 85 26.2% -4.33[-12.48, 3.81] ‘
Heterogeneity: Tau? = 34.51; Chi? = 1813.56, df = 1 (P < 0.00001); I* = 100%
Test for overall effect: Z = 1.04 (P = 0.30)
Total (95% CI) 466 391 100.0% -1.72 [-4.51, 1.06] q
Heterogeneity: Tau? = 15.41; Chi? = 1836.71, df = 8 (P < 0.00001); I> = 100% ’_50 25 3 2=5 50‘

Test for overall effect: Z = 1.21 (P = 0.22)

F i F lat
Test for subgroup differences: Chi? = 0.76, df = 1 (P = 0.38), I = 0% avours [nail] - Favours [plate]

Fig. 6. Pooled analysis of length of stay. (A) Differences between subgroups based on age. (B) Comparison of subgroups based on
study type.

outcomes are highly heterogeneous and consistent with the
previous results (Fig. 9).

Heterogeneity

Subgroup regression analyses were used to explore sources
of heterogeneity for outcomes that were highly heteroge-
neous and included more than 5 studies. Previous sub-
group analyses were based on two factors, age and study
type. Here, two additional subgroup factors of sample size
(sample size >30 and sample size <30) and geographic re-
gion (America, China, West Asia, Europe and Africa) were
added.
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The outcomes of operative time, estimated blood loss,
length of stay, and healing time showed no significant re-
duction in their heterogeneity for the 4 subgroup factors
(Fig. 10 and Table 3). However, for the operative time,
certain subgroups showed significantly lower heterogene-
ity. The I? within the ADULT group was 0%, whereas,
the 12 within the CHILD group was 96%, indicating that
the heterogeneity of the adult group was significantly lower
than that of the CHILD group (Fig. 3A).

For the excellence rate, age and study type showed slightly
reduced heterogeneity, whereas geographic region and
sample size showed a significant reduction in the hetero-
geneity (I2 = 0%) (Figs. 8,10), suggesting the potential im-
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< A) intramedullary nail percutaneous plate
vie] O J viean viean

1.5.1 adult
Giuseppe2019 142.4 15.7 15 1436 144 15
Luigi2021 144.5 15.9 30 143.2 141 30
Subtotal (95% CI) 45 45
Heterogeneity: Tau? = 0.00; Chi2=0.13,df =1 (P = 0.72); 2= 0%
Test for overall effect: Z=0.15 (P = 0.88)
1.5.2 child
luo2019 23 1.34 29 2.63 0.77 22
OmarAl2024 8.8 1.1 16 11.8 1.3 16
Wael2022 6.2 0.4 25 6.3 0.2 25
wang2019 62.72  6.36 60 80.55 7.28 60
Subtotal (95% CI) 130 123

Heterogeneity: Tau? = 1.68; Chi? = 57.07, df = 3 (P < 0.00001); I = 95%
Test for overall effect: Z = 2.07 (P = 0.04)

Total (95% CI) 175 168
Heterogeneity: Tau? = 1.45; Chi? = 84.60, df = 5 (P < 0.00001); I* = 94%
Test for overall effect: Z = 1.80 (P = 0.07)

Test for subgroup differences: Chi? = 4.09, df = 1 (P = 0.04), I = 75.6%

(B)

intramedullary nail percutaneous plate

Study or Subgroup  Mean SD Total Mean SD_Total Weight 1V, Random, 95% CI

2.5.1 RCS

Giuseppe2019 142.4 15.7 15 1436 144 15
Luigi2021 1445 159 30 1432 141 30
luo2019 23 134 29 263 077 22
Subtotal (95% Cl) 74 67
Heterogeneity: Tau? = 0.00; Chi? = 0.94, df = 2 (P = 0.62); I* = 0%

Test for overall effect: Z = 0.48 (P = 0.63)

25.2RCT

OmarAl2024 8.8 1.1 16 118 1.3 16
Wael2022 6.2 0.4 25 6.3 0.2 25
wang2019 62.72 6.36 60 80.55 7.28 60
Subtotal (95% CI) 101 101

Heterogeneity: Tau? = 1.88; Chi? = 38.87, df = 2 (P < 0.00001); I* = 95%
Test for overall effect: Z=2.16 (P = 0.03)

Total (95% Cl) 175 168
Heterogeneity: Tau? = 1.45; Chi? = 84.60, df = 5 (P < 0.00001); I> = 94%
Test for overall effect: Z = 1.80 (P = 0.07)

Test for subgroup differences: Chi? = 4.07, df = 1 (P = 0.04), I =75.4%

en, et al.

Std. Mean Difference Std. Mean Difference

95% Cl IV, R % Cl
16.4% -0.08 [-0.79, 0.64]
17.1% 0.09 [-0.42, 0.59]
33.5% 0.03 [-0.38, 0.44]
17.0% -0.29 [-0.84, 0.27] ==
15.4% -2.43 [-3.37, -1.49] -
16.9% -0.31[-0.87, 0.25] T
17.2% -2.59 [-3.08, -2.10] .
66.5% -1.39 [-2.70, -0.08] i
100.0% -0.92 [-1.92, 0.08] P
4 2 0 2 4
Favours [nail] Favours [plate]

Std. Mean Difference Std. Mean Difference

1V, Random, 95% Cl
16.4% -0.08 [-0.79, 0.64] -
17.1% 0.09 [-0.42, 0.59] T
17.0% 0.29 [-0.84, 0.27] ~-=r
50.4%  -0.08 [-0.41, 0.25] 4
154%  -2.43[-3.37, -1.49] —
16.9% -0.31 [-0.87, 0.25] -t
172%  -2.59 [-3.08, -2.10] -
49.6%  -1.76 [-3.36, -0.16] -
100.0%  -0.92[-1.92, 0.08] L 4
-10 5 0 5 10
Favours [nail] Favours [plate]

Fig. 7. Pooled analysis of healing time. (A) Variations among subgroups based on age. (B) Comparison of subgroups based on study

type.

pacts of age, geographic region, study type, and sample size
on the heterogeneity in the excellence rate of recovery in
patients with femur shaft fracture.

Sensitivity Analysis

Sensitivity analyses were performed separately on the data
from each outcome indicator, as shown in Fig. 11. After
excluding the literature one by one, the combined results
from the remaining data were consistent with the results
of the original forest plot analysis, indicating the reliabil-
ity and robustness of the meta-analysis findings. However,
for fluoroscopy time, after excluding the data from Allen et
al. [17] and El-Adly et al. [27] one by one, the combined
results from the remaining literature were inconsistent with
the original forest plot analysis, indicating that the findings
of the meta-analysis were not robust.

Discussion

Interlocking Intramedullary Nailing Therapy has Shorter
Operative Time and Less Blood Loss

Meta-analyses of RCTs are generally considered the most
convincing evidence for comprehensive assessment of clin-
ical interventions. In practice, however, researchers often
need longer time and larger financial support to collect and
observe patients’ data in larger sample sizes [30]. In the
current meta-analysis, the included 9 retrospective studies
initially provided reasonable selectivity of the study popu-
lation and ensured comparability and objective complete-
ness of the outcomes. Among the 4 included RCTs, three
described the randomization methodology in detail. How-
ever, descriptions of loss to follow-up were missing, which
could be a moderate bias.

This meta-analysis revealed that interlocking
tramedullary nailing had shorter operative time for

in-
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(A) intramedullary nail  percutaneous plate Odds Ratio Odds Ratio
Study or Subgroup Events Total Events
1.6.1 adult
RemigiusT2020 17 26 14 26 23.7% 1.62[0.53, 4.95]
Subtotal (95% Cl) 26 26 23.7% 1.62 [0.53, 4.95]
Total events 17 14
Heterogeneity: Not applicable
Test for overall effect: Z = 0.85 (P = 0.40)
1.6.2 child
allen2018 4 50 0 15 9.3% 3.00[0.15, 58.93] -1 -
Milligan2020 6 14 10 14 19.0% 0.30 [0.06, 1.44] -
OmarAl2024 10 16 8 16 20.6% 1.67 [0.41, 6.82] N
Wael2022 19 25 23 25 17.6% 0.28[0.05, 1.53] - v |
wang2019 60 60 50 60 9.8% 25.16 [1.44, 439.98] -
Subtotal (95% Cl) 165 130 76.3% 1.19 [0.28, 5.12] .
Total events 99 91
Heterogeneity: Tau? = 1.70; Chi? = 11.22, df = 4 (P = 0.02); I* = 64%
Test for overall effect: Z = 0.23 (P = 0.82)
Total (95% CI) 191 156 100.0% 1.20 [0.41, 3.54]
Total events 116 105 ) ) ) )
Heterogeneity: Tau? = 0.96; Chi2 = 11.50, df = 5 (P = 0.04); I? = 57% '0_002 0f1 1' 1'0 500‘
Test for overall effect: Z=0.33 (P = 0.74 .
Test for subgroup differences: éh? = 0.11, df=1(P=0.74), P=0% Favours [nail] - Favours [plate]

(B) nail plate Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
2.6.1 RCS
allen2018 4 50 0 15 9.3% 3.00 [0.15, 58.93] ]
Milligan2020 6 14 10 14 19.0% 0.30 [0.06, 1.44] - T
Subtotal (95% Cl) 64 29 28.3% 0.67 [0.08, 5.97] —i—
Total events 10 10
Heterogeneity: Tau? = 1.27; Chi* = 1.86, df = 1 (P = 0.17); I = 46%
Test for overall effect: Z=0.36 (P =0.72)
2.6.2 RCT
OmarAl2024 10 16 8 16 20.6% 1.67[0.41, 6.82] B
RemigiusT2020 17 26 14 26 23.7% 1.62[0.53, 4.95] N
Wael2022 19 25 23 25 17.6% 0.28 [0.05, 1.53] I
wang2019 60 60 50 60 9.8% 25.16 [1.44, 439.98] -
Subtotal (95% CI) 127 127 71.7% 1.55 [0.41, 5.84] N
Total events 106 95
Heterogeneity: Tau? = 1.08; Chi? = 7.93, df = 3 (P = 0.05); I? = 62%
Test for overall effect: Z = 0.65 (P = 0.51)
Total (95% Cl) 191 156 100.0% 1.20 [0.41, 3.54]
Total events 116 105 ) ) ) )
Heterogeneity: Tau? = 0.96; Chi? = 11.50, df = 5 (P = 0.04); I = 57% '0.001 0?1 “I 1'0 1000‘
Test for overall effect: Z = 0.33 (P = 0.74) Favours [nail] Favours [plate]

Test for subgroup differences: Chi? = 0.42, df =1 (P = 0.52), I> = 0%

Fig. 8. Pooled analysis of excellent rate. (A) Variations among subgroups based on age. (B) Comparison of subgroups based on study

type.

fractures, shorter fluoroscopy time, and reduced estimated
blood loss compared to percutaneous plate implantation.
However, regarding length of stay, healing time, and
excellence rate of patient healing, there was no significant
difference between the two groups. By observing the
forest map of blood loss, the current study identified
that all clinical studies on children showed less blood
loss in the intramedullary nail group. Additionally, Li et
al. [22] and Chen et al. [31] found that the blood loss
after removing internal fixation materials was reduced in
intramedullary nail therapy compared to that in plate ther-
apy. Theoretically, interlocking intramedullary nails have
the advantage of less soft tissue and vascular disruption
and are more biomechanically stable. Therefore, patients
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may experience better and faster fracture healing, reduced
infections and complications, shorter operative time, and
reduced blood loss [32, 33]. However, the findings of the
current study do not seem to support the conclusion that
interlocking intramedullary nailing is significantly superior
to percutaneous plate placement in all aspects of treating
femoral shaft fractures. It is obvious that percutaneous
plate placement treating femoral shaft fractures has its
clinical advantages [34]. In fact, the controversy between
the two treatments remains inconclusive.

Reduced Blood Loss in Children in the Interlocking
Intramedullary Nailing Group

Due to the immature skeletal development of younger pa-
tients, their femoral anatomy and blood supply are differ-
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Fig. 9. Inverted funnel chart of all outcomes. (A) Funnel plot for subgroups of adults and children. (A1) Operation time: divided
subgroups based on age. (A2) Estimated blood loss: divided subgroups based on age. (A3) Length of stay: divided subgroups based
on age. (A4) Healing time: divided subgroups based on age. (AS) Excellent rate: divided subgroups based on age. (B) Funnel plot for
subgroups of RCS and RCT. (B1) Operation time: divided subgroups based on study type. (B2) Estimated blood loss: divided subgroups
based on study type. (B3) Length of stay: divided subgroups based on study type. (B4) Healing time: divided subgroups based on study

type. (B5) Excellent rate: divided subgroups based on study type.

ent from those of adult patients. Therefore, greater atten-
tion should be given to the impact of intraoperative blood
loss on fracture healing in children during clinical treat-
ment [35]. After comparing each outcome in the subgroups
of adults and children, it was identified that the findings
of the subgroups were consistent with the results of the
pooled data. However, regarding estimating blood loss and
healing time, children demonstrated significant differences
between the two treatment options, supporting the choice
of using the interlocking intramedullary nailing to reduce
blood loss and promote faster healing. These results suggest
that in children with femoral shaft fractures, the risk of ex-
cessive blood loss and the impact of longer healing time on
life quality require extensive clinical considerations regard-
ing care and management [36]. Conversely, in adult pa-
tients, selecting an appropriate treatment method between
interlocking intramedullary nailing and percutaneous plate
implantation depends on considering fewer clinical factors,
as both techniques are associated with better recovery in
adults [37]. Based on the findings of this study, it is recom-
mended to prioritize the use of interlocking intramedullary
nailing therapy in clinical practice, particularly in children
with femoral shaft fractures.

The Differences between Retrospective Studies and RCTs
Have Been Insignificant

Various outcomes in the retrospective studies and RCT sub-
groups were compared and interpreted [38]. For the ret-
rospective studies, interlocking intramedullary nailing for
femoral shaft fractures showed shorter operative time and
reduced blood loss compared to percutaneous plate place-
ment. For the RCTs, interlocking intramedullary nailing
for femoral shaft fractures was associated with reduced

blood loss and shorter healing time compared to percuta-
neous plate placement. Additionally, only three of the over-
all included studies calculated the fluoroscopy time and it
showed that although the interlocking intramedullary nail-
ing group showed shorter fluoroscopy time, there was no
significant difference between the retrospective and RCT
studies.

Furthermore, there was no significant difference between
the two groups in terms of length of the stay and heal-
ing time of the patients in the various retrospective stud-
ies. However, in the RCT studies, the intramedullary nail-
ing group showed a shorter length of stay and healing time.
This observation suggests that we should include more RCT
studies to enhance the scientific validity and objectivity of
the findings.

Limitations

This study compared the outcomes of using interlocking in-
tramedullary nailing and percutaneous plate placement in
adult and pediatric patients with femoral shaft fractures.
Only 4 of the included studies were RCTs, and the remain-
ing 9 were retrospective studies, which somewhat limited
our ability to draw conclusions more objectively. The sam-
ple size for assessing the fluoroscopy time was also very
small, which was covered by only three studies. Interest-
ingly, the exclusion of only one study during sensitivity
analysis led to the opposite results. Efforts were made to
address the heterogeneity, but some heterogeneity was in-
herent and unavoidable for the meta-analysis. To dissipate
these effects, we added sensitivity analyses and found that
most of the outcomes were more robust. In addition, due to
language and search tool limitations, we may have missed
some information on published or unpublished studies.
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Fig. 10. Heterogeneity analyses. (A) Geographic region.

(A1) Operation time: divided subgroups based on geographic region. (A2)
Estimated blood loss: divided subgroups based on geographic region. (A3) Length of stay: divided subgroups based on geographic
region. (A4) Healing time: divided subgroups based on geographic region. (A5) Excellent rate: divided subgroups based on geographic
region. (B) Sample size. (B1) Operation time: divided subgroups based on sample size. (B2) Estimated blood loss: divided subgroups
based on sample size. (B3) Length of stay: divided subgroups based on sample size. (B4) Healing time: divided subgroups based on

sample size. (B5) Excellent rate: divided subgroups based on sample size.
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Table 3. Subgroup regression analysis of heterogeneities.

Grouping factors t p (reg) 95% CI
age 1.73 0.123 (-0.61, 4.25)
o study type -1.93  0.089 (—4.66,0.41)
Operative time .
sample size 1.36 0.210 (-1.05, 4.10)
geographic region 1.09 0.308 (-0.69, 1.91)
age 1.60 0.155 (-1.42,7.30)
study type —2.64  0.033 —7.70,-0.42
Estimated blood loss Y yp. ( )
sample size -0.25 0.810 (-5.32,4.30)
geographic region  0.69 0.515 (-1.72,3.12)
age 0.90 0.40 (-2.97, 6.59)
study type -2.29  0.056 —8.54,0.13
Length of stay Y yp. ( )
sample size 1.05 0.330 (-2.48, 6.43)
geographic region ~ 0.90 0.40 (-1.33,2.95)
age 1.44 0.222 (-1.30,4.11)
o study type -2.20  0.092 (-3.80, 0.44)
Healing time .
sample size 1.88 0.134 (-0.98, 5.06)
geographic region 1.25 0.280 (-0.89, 2.35)
age 0.29 0.789 (-1.24,1.52)
study type 0.63 0.561 (-1.33,2.11)
Excellent rate .
sample size —0.56 0.608 (-1.21, 0.81)
geographic region  —0.43 0.690 (-0.52, 0.38)
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Fig. 11. Sensitivity analysis using the one-by-one elimination method. (A) Operative time. (B) Estimated blood loss. (C) Fluoroscopy
time. (D) Length of stay. (E) Healing time. (F) Excellent rate.

Conclusions

This review compares the efficacy of interlocking in-
tramedullary nailing and percutaneous plate placement for
treating femoral shaft fractures. They are preliminarily ex-
amined from three perspectives: overall, adult, and child
populations. Retrospective and RCT studies are included
to assess the differences in operative time, estimated blood

loss, fluoroscopy time, length of stay, healing time, and
excellence rate. Interlocking intramedullary nailing is
more advantageous for treating femoral shaft fractures with
shorter operative time, shorter fluoroscopy time, and re-
duced blood loss. More RCTs with large sample sizes are
needed in the future to explore and confirm the conclusions
of this review.

757 Ann. Ital. Chir, 95, 5,2024



Jie Ren, et al.

Availability of Data and Materials

The data used in this study were obtained from published
papers, and the analyzed datasets generated during the study
are available upon request from the corresponding author.

Author Contributions

Substantial contributions to conception and design: YMN.
Data acquisition, data analysis, and interpretation: YMN,
YLZ, JR. Data validation and visualization: YMN, YLZ,
JR. Drafting the article: YMN. Revised the manuscript crit-
ically for important intellectual content: All authors. Final
approval of the version to be published: All authors. Agree-
ment to be accountable for all aspects of the work in ensur-
ing that questions related to the accuracy or integrity of the
work are appropriately investigated and resolved: All au-
thors.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment
Not applicable.

Funding

This research received no external funding.

Conflict of Interest

The authors declare no conflict of interest.

Supplementary Material

Supplementary material associated with this article can be
found, in the online version, at https://doi.org/10.62713/ai
c.3577.

References

[1]PanZ,Pan]J, Wang H, YuZ,LiZ, Yang W, et al. Healing
physiology following delayed surgery for femoral midshaft
fracture caused by high-energy injury: an in vivo study in
dogs. The Journal of International Medical Research. 2019;
47: 5155-5173.

[2] Bogdan Y, Tornetta P, 3rd, Einhorn TA, Guy P, Leveille
L, Robinson J, et al. Healing Time and Complications in
Operatively Treated Atypical Femur Fractures Associated
with Bisphosphonate Use: A Multicenter Retrospective Co-
hort. Journal of Orthopaedic Trauma. 2016; 30: 177-181.

[3] Agarwal-Harding KJ, Meara JG, Greenberg SLM, Ha-
gander LE, Zurakowski D, Dyer GSM. Estimating the
global incidence of femoral fracture from road traffic col-
lisions: a literature review. The Journal of Bone and Joint
Surgery. American Volume. 2015; 97: e31.

[4] Santoshi JA, Reddy L, Agrawal U. Femoral Neck
Nonunion Associated with Delayed Union of Ipsilateral
Femoral Shaft Fracture. Cureus. 2021; 13: ¢15612.

758 Ann. Ital. Chir., 95, 5,2024

[5] Martus JE. Operative Fixation Versus Cast Immobiliza-
tion: Tibial Shaft Fractures in Adolescents. Journal of Pe-
diatric Orthopedics. 2021; 41: S33-S38.

[6] Greenhill DA, Herman MJ. Treatment of Pediatric
Femoral Shaft Fractures. The Journal of the American
Academy of Orthopaedic Surgeons. 2022; 30: el1443-
el1452.

[7] Chen X, Andreassen TE, Myers CA, Clary CW, Coombs
D, DeWall RJ, et al. Impact of periprosthetic femoral frac-
ture fixation plating constructs on local stiffness, load trans-
fer, and bone strains. Journal of the Mechanical Behavior
of Biomedical Materials. 2022; 125: 104960.

[8] Kowaleski MP. Minimally Invasive Osteosynthesis
Techniques of the Femur. The Veterinary Clinics of North
America. Small Animal Practice. 2020; 50: 155-182.

[9] Liau GZQ, Lin HY, Wang Y, Nistala KRY, Cheong CK,
Hui JHP. Pediatric Femoral Shaft Fracture: An Age-Based
Treatment Algorithm. Indian Journal of Orthopaedics.
2020; 55: 55-67.

[10] Fu BS, Zheng ZH. Surgical Treatments for Femoral
Shaft Fractures: A Narrative Review. Malaysian Or-
thopaedic Journal. 2023; 17: 5-8.

[11] Crosby SN, Jr, Kim EJ, Koehler DM, Rohmiller MT,
Mencio GA, Green NE, ef al. Twenty-Year Experience with
Rigid Intramedullary Nailing of Femoral Shaft Fractures
in Skeletally Immature Patients. The Journal of Bone and
Joint Surgery. American Volume. 2014; 96: 1080-1089.
[12] Chandra G, Pandey A, Pandey S. Design of a
biodegradable plate for femoral shaft fracture fixation.
Medical Engineering & Physics. 2020; 81: 86-96.

[13] Madhuri V, Dutt V, Gahukamble AD, Tharyan P. In-
terventions for treating femoral shaft fractures in children
and adolescents. The Cochrane Database of Systematic Re-
views. 2014; 2014: CD009076.

[14] Amir-Behghadami M, Janati A. Population, Interven-
tion, Comparison, Outcomes and Study (PICOS) design as
a framework to formulate eligibility criteria in systematic
reviews. Emergency Medicine Journal: EMJ. 2020; 37:
387.

[15] Stang A. Critical evaluation of the Newcastle-Ottawa
scale for the assessment of the quality of nonrandomized
studies in meta-analyses. European Journal of Epidemiol-
ogy. 2010; 25: 603-605.

[16] Higgins JPT, Altman DG, Getzsche PC, Jiini P, Moher
D, Oxman AD, et al. The Cochrane Collaboration’s tool for
assessing risk of bias in randomised trials. BMJ (Clinical
Research Ed.). 2011; 343: d5928.

[17] Allen JD, Murr K, Albitar F, Jacobs C, Moghadamian
ES, Muchow R. Titanium Elastic Nailing has Superior
Value to Plate Fixation of Midshaft Femur Fractures in Chil-
dren 5 to 11 Years. Journal of Pediatric Orthopedics. 2018;
38: elll-ell7.

[18] Luo Y, Wang L, Zhao LH, Wang YC, Chen MJ, Wang
S, et al. Elastic Stable Titanium Flexible Intramedullary
Nails Versus Plates in Treating Low Grade Comminuted


https://doi.org/10.62713/aic.3577
https://doi.org/10.62713/aic.3577

Jie Ren, et al.

Femur Shaft Fractures in Children. Orthopaedic Surgery.
2019; 11: 664-670.

[19] Ocalan E, Ustun CC, Aktuglu K. Locking plate fixation
versus antegrade intramedullary nailing for the treatment of
extra-articular distal femoral fractures. Injury. 2019; 50:
55-62.

[20] Rollo G, Bisaccia M, Rinonapoli G, Caraffa A, Pace
V, Irimia JC, et al. Radiographic, Bone Densitometry and
Clinic Outcomes Assessments in Femoral Shaft Fractures
Fixed by Plating or Locking Retrograde Nail. Medical
Archives (Sarajevo, Bosnia and Herzegovina). 2019; 73:
195-200.

[21] Wang W, Zheng X, Sun Z. Comparison of efficacy be-
tween internal fixation of minimally invasive elastic stable
intramedullary nail and plate in the treatment of pediatric
femoral shaft fracture. Pakistan Journal of Medical Sci-
ences. 2019; 35: 1417-1421.

[22] Li J, Rai S, Ze R, Tang X, Liu R, Hong P. The op-
timal choice for length unstable femoral shaft fracture in
school-aged children: A comparative study of elastic sta-
ble intramedullary nail and submuscular plate. Medicine.
2020; 99: €20796.

[23] Milligan D, Henderson L, Tucker A, Ballard J. Elastic
nail fixation versus plate fixation of paediatric femoral frac-
tures in school age patients - A retrospective observational
study. Journal of Orthopaedics. 2019; 19: 153-157.

[24] Meccariello L, Bisaccia M, Ronga M, Falzarano G,
Caraffa A, Rinonapoli G, et al. Locking retrograde nail,
non-locking retrograde nail and plate fixation in the treat-
ment of distal third femoral shaft fractures: radiographic,
bone densitometry and clinical outcomes. Journal of Or-
thopaedics and Traumatology: Official Journal of the Ital-
ian Society of Orthopaedics and Traumatology. 2021; 22:
33.

[25]1 Xu X, Zhu Q, Yang Y, Yang H, Wang L, Chen X, et al.
Investigation of perioperative blood loss of femoral shaft
fractures treated with intramedullary nail or locking com-
pression plate. Injury. 2021; 52: 1891-1896.

[26] Ekwunife RT, Iyidobi EC, Enweani UN, Nwadinigwe
CU, Okwesili CI, Ekwedigwe HC, et al. Comparative
prospective study of early outcomes after osteosynthesis
with locked intramedullary nailing or plating for closed
femoral shaft fractures at the National Orthopaedic Hospi-
tal Enugu, Nigeria. International Orthopaedics. 2022; 46:
13-19.

[27] El-Adly W, El-Gafary K, Khashaba M, Abubeih H.
Flexible Intramedullary Nail Versus Submuscular Locked
Plate with the Cluster Technique in Pediatric Femoral Shaft
Fractures Fixation. Indian Journal of Orthopaedics. 2021;
56: 580-586.

[28] Al-Doori O, Abdalla M, Alkhaion SZ. Comparative
Outcomes of Elastic Stable Intramedullary Nailing vs. Plate
Fixation in Pediatric Femoral Shaft Fractures. A Prospec-
tive Study. Ortopedia, Traumatologia, Rehabilitacja. 2024;
26: 369-373.

[29] Howard A, Myatt A, Hodgson H, Nacem H, Pepple
S, Perumal A, et al. Retrograde intramedullary nailing or
locked plating for stabilisation of distal femoral fractures?
A comparative study of 193 patients. European Journal of
Orthopaedic Surgery & Traumatology: Orthopedie Trau-
matologie. 2024; 34: 471-478.

[30] Bhide A, Shah PS, Acharya G. A simplified guide to
randomized controlled trials. Acta Obstetricia et Gyneco-
logica Scandinavica. 2018; 97: 380-387.

[31] Chen LK, Sullivan BT, Sponseller PD. Submuscular
plates versus flexible nails in preadolescent diaphyseal fe-
mur fractures. Journal of Children’s Orthopaedics. 2018;
12: 488-492.

[32] Virkus WW, Kempton LB, Sorkin AT, Gaski GE. In-
tramedullary Nailing of Periarticular Fractures. The Journal
of the American Academy of Orthopaedic Surgeons. 2018;
26: 629-639.

[33] Lillo M, El Ezzo O, Cauteruccio M, Ziranu A, De San-
tis V, Maccauro G. Infections in primary intramedullary
nailing of open tibial fractures: a review article. European
Review for Medical and Pharmacological Sciences. 2019;
23: 195-200.

[34] Xing H, Wu Q, Lan S, Wang C, Ye J, Ye F, et al. Ip-
silateral femoral neck and shaft fracture in children: Two
case reports. Medicine. 2021; 100: e23616.

[35] Hajnovic L, Sefranek V, Schiitz L. Influence of blood
supply on fracture healing of vertebral bodies. European
Journal of Orthopaedic Surgery & Traumatology: Ortho-
pedie Traumatologie. 2018; 28: 373-380.

[36] Liebs TR, MeBling A, Milosevic M, Berger SM,
Ziebarth K. Health-Related Quality of Life after Adoles-
cent Fractures of the Femoral Shaft Stabilized by a Lateral
Entry Femoral Nail. Children (Basel, Switzerland). 2022;
9: 327.

[37] Zou NY, Liu R, Huang M, Jiao YR, Wei J, Jiang Y, et
al. Age-related secretion of grancalcin by macrophages in-
duces skeletal stem/progenitor cell senescence during frac-
ture healing. Bone Research. 2024; 12: 6.

[38] Aggarwal S, Rajnish RK, Kumar P, Srivastava A,
Rathor K, Haq RU. Comparison of outcomes of retrograde
intramedullary nailing versus locking plate fixation in distal
femur fractures: A Systematic Review and Meta-analysis of
936 patients in 16 studies. Journal of Orthopaedics. 2022;
36: 36-48.

© 2024 The Author(s). This is an open access

article under the CC BY 4.0 license.

Publisher’s Note: Annali Italiani di Chirurgia stays neu-
tral with regard to jurisdictional claims in published maps
and institutional affiliations.

759 Ann. Ital. Chir., 95, 5,2024


https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	Introduction
	Methods
	Search Strategy
	Inclusion and Exclusion Criteria
	Data Extraction and Risk of Bias Assessment
	Statistical Analysis

	Results
	Search Results
	Methodological Quality Assessment
	Pooled Analysis of Operative Time
	Pooled Analysis of Estimated Blood Loss
	Pooled Analysis of Fluoroscopy Time
	Pooled Analysis of Length of Stay
	Pooled Analysis of Healing Time
	Pooled Analysis of Excellent Rate
	Reporting Bias
	Heterogeneity
	Sensitivity Analysis

	Discussion
	Interlocking Intramedullary Nailing Therapy has Shorter Operative Time and Less Blood Loss
	Reduced Blood Loss in Children in the Interlocking Intramedullary Nailing Group
	The Differences between Retrospective Studies and RCTs Have Been Insignificant
	Limitations

	Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Supplementary Material
	References

