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AIM: To identify independent risk factors for internal fixation failure after intramedullary nail fixation in postmenopausal patients with
osteoporotic intertrochanteric fractures, and to develop and internally validate a predictive model for risk assessment.

METHODS: The clinical data of 360 postmenopausal patients with osteoporotic intertrochanteric fractures admitted to The Second Af-
filiated Hospital of Liaoning University of Traditional Chinese Medicine from January 2021 to May 2024 were retrospectively analyzed.
The patients were divided into the failure group (rn = 65) and the success group (n = 295) according to whether internal fixation failure
occurred within 6 months after the operation. General data, bone metabolism indices, imaging parameters, and surgery-related factors
were collected. Univariate and multivariate logistic regression analyses were used to screen the independent risk factors of internal
fixation failure. The receiver operating characteristic (ROC) curve was used to evaluate the model’s discriminative ability, while the
Hosmer—Lemeshow test and bootstrap resampling calibration curve were used to evaluate calibration. Decision curve analysis was used
to assess the clinical utility of the model.

RESULTS: The failure rate of internal fixation was 18.06% (65/360). Multivariate logistic regression analysis showed that the quality
of fracture reduction was poor (odds ratio (OR) = 3.07, 95% CI: 1.60-5.87, p < 0.01). The intramedullary nail position deviated from
the center of the medullary cavity (OR = 2.38, 95% CI: 1.13-5.01, p = 0.02) was identified as an independent risk factor for internal
fixation failure, whereas bone mineral density (BMD) T-score (OR = 0.17, 95% CI: 0.06-0.47, p < 0.01), femoral cortical thickness
index (OR = 0.54, 95% CI: 0.38-0.79, p < 0.01), and lateral wall thickness (OR = 0.83, 95% CI: 0.76-0.90, p < 0.01) were independent
protective factors. The model demonstrated good performance, with an area under the curve (AUC) of 0.83 (95% CI: 0.77-0.89). The
Hosmer—Lemeshow test showed no significant difference between the predicted probability of the model and the actual observation (p
= 0.28), and the calibration curve closely aligned with the ideal line. Decision curve analysis showed that the model had significant net
clinical benefit within a wide threshold probability range.

CONCLUSIONS: Poor quality of fracture reduction, the position of the intramedullary nail deviated from the center of the medullary
cavity, lower bone mineral density, lower femoral cortical thickness index, and smaller lateral wall thickness are independent risk factors
for the failure of internal fixation after intramedullary nail fixation in postmenopausal women with osteoporotic intertrochanteric fractures.
The predictive model based on these factors demonstrates good discrimination, calibration, and clinical utility. Clinicians should pay
close attention to the identified risk factors, thoroughly evaluate preoperative bone quality, achieve anatomical reduction, and ensure
optimal positioning of the main nail during operation to reduce the risk of internal fixation failure and improve patient outcomes.
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increasing on an annual basis with the rapid aging of the
population. Epidemiological surveys show that hip frac-
tures account for approximately 20% of all fractures, among
which the ratio of intertrochanteric fractures to femoral
neck fractures is about 1.5:1 [1]. Due to the significant de-
crease in estrogen levels, enhanced osteoclast activity, ac-
celerated bone loss, bone microstructure destruction, and
more severe osteoporosis in postmenopausal women than
men of the same age [2], postmenopausal women consti-

Introduction

Femoral intertrochanteric fracture is one of the most com-
mon types of hip fractures in the elderly. Its incidence is
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tute the highest-risk group of femoral intertrochanteric frac-
ture. Femoral intertrochanteric fracture often leads to a se-
ries of complications, such as long-term bed rest, deep vein
thrombosis, pulmonary infection, and pressure sores, sig-
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nificantly lowering patients’ quality of life and imposing a
heavy strain on their family and the medical resources [3].

At present, surgery remains the principal mode of treat-
ment for femoral intertrochanteric fractures [4], with a
primary function of restoring walking function and miti-
gating complications caused by long-term bed rest. In-
tramedullary nail internal fixation systems, such as prox-
imal femoral nail antirotation (PFNA) and InterTan, have
become the mainstream surgical methods for the treatment
of intertrochanteric fractures due to their biomechanical ad-
vantages, such as a closer force line to the center of the
femoral head, shorter moment arm, and smaller bending
moment [5,6,7]. Compared with the traditional dynamic hip
screw, the intramedullary nail can better protect the lateral
wall of the femur, especially for patients with unstable frac-
tures and osteoporosis [5,8]. Although increasingly refined
surgical techniques are available to manage this medical is-
sue and increasingly improved internal fixation materials
are being developed, internal fixation failure remains a se-
rious clinical complication that cannot be neglected. The
incidence of internal fixation failure after intramedullary
nail internal fixation is about 5%—-20%, mainly character-
ized by helical blade cutting, cutting out, coxa vara defor-
mity, screw withdrawal, internal fixation fracture, or frac-
ture nonunion [9,10,11]. The occurrence of internal fixa-
tion failure often necessitates a second revision surgery or
even artificial hip replacement, which not only exacerbates
the pain and financial burden but also makes the treatment
more complex and intractable.

Therefore, in-depth exploration of the risk factors of inter-
nal fixation failure after intramedullary nail fixation in post-
menopausal patients with osteoporotic intertrochanteric
fractures is of great clinical significance for early postop-
erative risk assessment, intraoperative precise operation,
and postoperative individualized management. Some pre-
vious studies have investigated the risk factors for the fail-
ure of internal fixation of intertrochanteric fractures, but
they generally suffer from several limitations, namely uti-
lization of non-stratified samples as subjects, small sample
size, and univariate analysis. In studies that specifically tar-
geted postmenopausal osteoporosis, the samples were rel-
atively limited. Postmenopausal women with osteoporosis
typically exhibit poor bone quality, characterized by cor-
tical bone thinning, trabecular bone loss, and significantly
reduced fixation strength between the internal implants and
the bone. As a result, the risk factors for internal fixation
failure in these patients may differ from those observed in
patients without osteoporosis.

The present study retrospectively analyzed the clinical
data of 360 postmenopausal patients with osteoporotic in-
tertrochanteric fractures treated in The Second Affiliated
Hospital of Liaoning University of Traditional Chinese
Medicine. Through univariate and multivariate logistic re-
gression analysis, we systematically evaluated the influ-
ence of multiple potential factors on internal fixation fail-
ure, such as age, body mass index, bone mineral den-
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sity, femoral cortical thickness index, lateral wall thickness,
fracture reduction quality, and the intramedullary nail po-
sition, to identify independent risk factors. At the same
time, receiver operating characteristic (ROC) curve anal-
ysis was performed to evaluate the model’s discriminative
ability. Decision curve analysis was used to evaluate the
clinical utility of the model, providing more reliable evi-
dence to guide early postoperative risk assessment in clin-
ical settings. The primary goal of this work is to improve
the prognosis of postmenopausal patients with osteoporotic
intertrochanteric fractures.

Methods
Subjects

A total of 360 patients with postmenopausal osteoporotic
intertrochanteric fractures admitted to The Second Affil-
iated Hospital of Liaoning University of Traditional Chi-
nese Medicine from January 2021 to May 2024 were en-
rolled. This study was conducted in strict accordance with
the principles of the Declaration of Helsinki and was ap-
proved by the Ethics Committee of The Second Affili-
ated Hospital of Liaoning University of Traditional Chi-
nese Medicine (2024(XS)-011-02(FS)). Inclusion criteria
of this study include: (1) patients with osteoporosis (di-
agnosed using dual-energy X-ray absorptiometry [DXA] at
the femoral neck, with a T-score <—2.5 according to the
World Health Organization [WHO] diagnostic criteria for
osteoporosis [ 12]); (2) postmenopausal women; (3) patients
with fresh unilateral intertrochanteric fracture; (4) patients
who had received domestic Proximal Femoral Nail Antiro-
tation (PFNA) internal fixation; and (5) patients with com-
plete clinical and imaging data. Exclusion criteria of this
study are as follows: (1) pathological fractures or concomi-
tant fractures at other sites; (2) severe cardiac, pulmonary,
hepatic, or renal dysfunction that precluded surgery; and (3)
a history of ipsilateral hip surgery. Among the 390 post-
menopausal patients initially assessed for eligibility during
the study period, 13 were excluded for pathological or con-
comitant fractures, 8 for severe organ dysfunction, 5 for
prior ipsilateral hip surgery, and 4 for incomplete clinical or
imaging data. The remaining 360 patients met all inclusion
criteria and were included in the analysis. All 360 patients
completed the 6-month follow-up, with no loss to follow-
up. The patients were followed up for 6 months postoper-
atively. Internal fixation failure was defined as the occur-
rence of any of the following during postoperative follow-
up: internal fixation loosening, fracture displacement, he-
lical blade cutting, or screw withdrawal. According to the
occurrence of internal fixation failure, patients were divided
into a failure group (n = 65) and a success group (n = 295).

Data Collection

The following data of patients were collected: (1) gen-
eral data, including age, body mass index (BMI), residence
(urban/rural), and injury mechanism (high energy/low en-
ergy); (2) history of hypertension, diabetes, and rheumatic
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diseases; (3) perioperative indicators such as intraoperative
blood loss and operative time; (4) bone metabolism indi-
cators, including menopausal time and bone mineral den-
sity (BMD) T-score; (5) imaging indicators such as femoral
cortical thickness index, lateral wall thickness, fracture
type (31A1/31A2/31A3), fracture side (left/right), postero-
medial wall integrity (complete/incomplete); (6) surgery-
related factors, including intramedullary nail position (cen-
trally positioned/eccentrically positioned) and quality of
fracture reduction (good/poor).

Relevant Definitions and Measurement Methods

Injury mechanisms were classified as low-energy or high-
energy trauma based on the documented circumstances of
injury. Low-energy trauma primarily included falls from
standing height or less, whereas high-energy trauma in-
cluded traffic accidents, falls from a height, and other high-
impact injuries. All postoperative radiographs were inde-
pendently evaluated by two senior orthopedic residents who
were blinded to the patients’ clinical information and group
allocation (failure vs. success). In case of disagreement,
a consensus was reached by consultation with a third at-
tending orthopedic surgeon. The standardized radiographic
criteria for each failure subtype were defined as follows: he-
lical blade cut-out/cutting was defined as penetration of the
blade through the femoral head cortex; screw withdrawal
was defined as outward migration of the screw >5 mm from
its initial position; fracture end displacement was defined as
varus collapse or fracture gap >5 mm; and internal fixation
loosening was defined as the presence of radiolucent lines
around the screw or breakage of the main nail. These defi-
nitions were derived from previous studies [10,11,13,14].
The parameters or indices used in this study were measured
(or defined) as follows: (i) femoral cortical thickness in-
dex: The ratio of the sum of the medial and lateral femoral
cortical thickness at 2 cm below the lesser trochanter to the
femoral diameter at this plane was measured on preopera-
tive standard anteroposterior radiographs. (ii) Lateral wall
thickness: The cortical thickness (mm) of the thinnest lat-
eral wall of the proximal femur was measured on anteropos-
terior radiographs during or immediately after surgery. (iii)
Intramedullary nail position: Intramedullary nail position
was assessed on immediate postoperative anteroposterior
radiographs. A nail tip located in the center of the femoral
medullary cavity was defined as “centrally positioned”. De-
viation of the nail tip toward the medial or lateral cortical
wall was defined as “eccentrically positioned (medial or lat-
eral)” (iv) Fracture reduction quality: good quality refers
to fracture alignment >90% on anteroposterior and lateral
films, with normal or nearly normal neck-shaft angle and
no varus deformity, whereas poor quality refers to fracture
alignment <90% or presence of obvious varus, rotation, or
separation displacement.

Statistical Methods

SPSS 26.0 (IBM Corp., Armonk, NY, USA) or R 4.2
(R Foundation for Statistical Computing, Vienna, Austria)
software was used for statistical analysis. The normality
of continuous variables was assessed using the Shapiro—
Wilk test. Continuous variables with normal distribution
were expressed as mean + standard deviation (SD), and
an independent sample #-test was used for comparison be-
tween the two groups. Continuous variables that do not
conform to normal distribution were expressed as median
(interquartile range) [M (Q;, Q3)], and the Mann—Whitney
U test was used for comparison between the two groups.
Categorical variables were expressed as count and percent-
age [n (%)], and the chi-square test was used for compar-
ison between groups. Before constructing the multivari-
ate logistic regression model, the linearity assumption be-
tween continuous predictors and the logit function was as-
sessed. To robustly determine the appropriate functional
form and test for non-linearity, fractional polynomial (FP)
analysis was performed using the mfp package in R. Con-
tinuous variables were allowed to fit first-degree (FP1) or
second-degree (FP2) fractional polynomials. The final se-
lection between linear and non-linear models was based
on the likelihood ratio test. Candidate variables selected
a priori based on clinical knowledge and relevant litera-
ture were entered into univariate logistic regression anal-
ysis, and variables with p <0.05 in univariate analysis were
included in the multivariate logistic regression model via
stepwise backward method to determine the independent
risk factors. Given the limited number of events (n = 65),
we adhered to the commonly recommended rule of includ-
ing no more than 10-15 candidate variables per event to
avoid overfitting. The events-per-variable (EPV) ratio for
the final multivariate model was 13.0 (65 events / 5 vari-
ables), which exceeds the commonly recommended mini-
mum of 10, indicating that the model was not overfitted and
the regression estimates were reliable. The results were ex-
pressed as odds ratios (ORs) and 95% confidence intervals
(CIs). The discriminative ability of the model was evalu-
ated by the ROC curve and the area under the curve (AUC).
The model calibration was evaluated using the Hosmer—
Lemeshow goodness-of-fit test and calibration curve. To
account for overfitting, we performed internal validation
using bootstrap resampling with 1000 resamples to calcu-
late optimism-corrected AUC, calibration slope, intercept,
and Brier score. Clinical utility was evaluated by means of
decision curve analysis (DCA). The statistical significance
threshold set for this study was a = 0.05 (two-sided).

Results
Baseline Data of Patients

A total of 360 patients with postmenopausal osteoporotic
intertrochanteric fractures were enrolled, including 65 cases
(18.06%) in the failure group and 295 cases (81.94%) in the
success group. Among the 65 patients in the failure group,
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the distribution of failure subtypes was as follows: heli-
cal blade cutting/cut-out in 28 cases (43.1%), screw with-
drawal in 15 cases (23.1%), fracture end displacement in 12
cases (18.5%), and internal fixation loosening in 10 cases
(15.4%). Each patient was classified into only one fail-
ure subtype, and no overlap between failure subtypes oc-
curred. The 6-month follow-up period was chosen because
the vast majority of mechanical failures occur within this
timeframe. There were no significant differences in age,
BMI, intraoperative blood loss, operative time, menopause
time, residence, injury mechanism, complications (hyper-
tension, diabetes, rheumatic diseases), fracture side, frac-
ture type, and posteromedial wall integrity between the two
groups (p > 0.05). Compared with the success group, the
failure group had significantly lower femoral cortical thick-
ness index (0.39 £ 0.08 vs. 0.45 £ 0.09, p <0.01), BMD T-
score (—3.23 vs. —3.01, p <0.01), and lateral wall thickness
(22.20 mm vs. 24.90 mm, p < 0.01). In addition, the pro-
portion of eccentric intramedullary nail position (33.85%
vs. 11.86%, p < 0.01) and poor fracture reduction quality
(60.00% vs. 31.19%, p < 0.01) in the failure group was
significantly higher than that in the success group. Table
1 presents the overall baseline data of the patients in both
success and failure groups.

Univariate and Multivariate Logistic Regression Analysis

The linearity assumption for the continuous predictors was
evaluated using fractional polynomial analysis. The results
demonstrated that a linear term (first-degree polynomial,
power = 1) was the best fit for all continuous variables (all
p values for non-linearity >0.05). Therefore, all continuous
variables were retained as linear terms in the final multi-
variate model. Multicollinearity assessment using the vari-
ance inflation factor (VIF) showed that all continuous pre-
dictors had VIF values below 1.1 (BMD T-score: VIF =
1.050; femoral cortical thickness index: VIF = 1.047; lat-
eral wall thickness: VIF = 1.006), indicating no significant
multicollinearity among the bone quality-related variables.
Univariate logistic regression analysis showed that the ec-
centric intramedullary nail position (OR = 3.80, 95% CI:
2.04-7.09, p < 0.01) and the poor fracture reduction qual-
ity (OR = 3.31, 95% CI: 1.90-5.76, p < 0.01) were signifi-
cantly associated with an increased risk of internal fixation
failure. In contrast, a higher BMD T-score (OR =0.12, 95%
CI: 0.05-0.29, p < 0.01), greater femoral cortical thickness
index (OR =0.50, 95% CI: 0.36-0.69, p <0.01), and greater
lateral wall thickness (OR = 0.84, 95% CI: 0.78-0.90, p <
0.01) were significantly associated with a reduced risk of
internal fixation failure (Table 2).

The identified statistically significant factors were further
included in multivariate logistic regression analysis, and
the results showed that eccentric intramedullary nail posi-
tion (OR = 2.38, 95% CI: 1.13-5.01, p = 0.02) and poor
fracture reduction quality (OR = 3.07, 95% CI: 1.60-5.87,
p < 0.01) were independent risk factors for internal fixa-
tion failure in postmenopausal patients with osteoporotic
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intertrochanteric fractures. In contrast, BMD T-score (OR =
0.17, 95% CI: 0.06-0.47, p < 0.01), femoral cortical thick-
ness index (OR = 0.54, 95% CI: 0.38-0.79, p < 0.01), and
lateral wall thickness (OR = 0.83, 95% CI: 0.76-0.90, p <
0.01) were independent protective factors (Table 3). Based
on the multivariate logistic regression analysis, the com-
plete regression equation for calculating the predicted prob-
ability (P) of internal fixation failure is as follows: Logit(P)
=-0.84 + (0.87 x Nail Position) + (1.12 x Reduction Qual-
ity) — (1.77 x BMD T-score) — (0.61 x Femoral Cortical
Thickness Index) — (0.19 x Lateral Wall Thickness), where
P =1/ (1 + e"(—Logit(P))). Categorical predictors were
coded as follows: Intramedullary nail position (1 = cen-
trally positioned, 2 = eccentrically positioned); Fracture re-
duction quality (1 = good, 2 = poor). Continuous variables
(BMD T-score, femoral cortical thickness index, and lateral
wall thickness) were entered as their actual measured val-
ues.

Evaluation of the Model s Predictive Performance

The AUC of the predictive model based on multivariate lo-
gistic regression was 0.83 (95% CI: 0.77-0.89) (Fig. 1).
After bootstrap internal validation (1000 resamples), the
optimism-corrected AUC was 0.82 (95% CI: 0.77-0.88),
indicating good discriminative performance with only min-
imal overfitting. The Brier score of the model was 0.12,
suggesting satisfactory overall predictive accuracy.

1.0

0.8

0.6

Sensitivity

'S

0.2

AUC (95%CI): 0.83 (0.77 - 0.89)

0.0

0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Fig. 1. ROC curve for predicting the risk of internal fixa-
tion failure. Abbreviations: AUC, area under the curve; ROC,
receiver operating characteristic.

Model Calibration and Clinical Utility Evaluation

The Hosmer—Lemeshow goodness of fit test (y° = 9.78, df
= 8, p = 0.28) showed no significant difference between
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Table 1. Comparison of baseline data between success group and failure group.

Success group (n =295) Failure group (n = 65)

Statistic P

Variables Total (n = 360)
Age (years), mean = SD 69.78 + 4.47
BMI (kg/m?), mean + SD 25.71+2.92
Intraoperative blood loss (mL), mean = SD 219.06 + 80.36
Femoral cortical thickness index, mean = SD 0.44 +0.09

Time since menopause (years), M (Q;, Q3) 14.00 (12.00, 17.00)
BMD T-score, M (Qy, Q3)

Operative time (min), M (Q1, Q3)
Lateral wall thickness (mm), M (Q1, Q3)

Residence, n (%)

24.40 (20.90, 27.30)

Urban 151 (41.94)

Rural 209 (58.06)
Injury mechanism, n (%)

High-energy 187 (51.94)

Low-energy 173 (48.06)
Hypertension, n (%)

No 230 (63.89)

Yes 130 (36.11)
Diabetes, n (%)

No 252 (70.00)

Yes 108 (30.00)
Rheumatic disease, 7 (%)

No 319 (88.61)

Yes 41 (11.39)
Fracture side, n (%)

Right 176 (48.89)

Left 184 (51.11)
Fracture type, n (%)

31A1 130 (36.11)

31A2 97 (26.94)

31A3 133 (36.94)
Intramedullary nail position, n (%)

Centrally positioned 303 (84.17)

Eccentrically positioned 57 (15.83)
Fracture reduction quality, n (%)

Good 229 (63.61)

Poor 131 (36.39)
Posteromedial integrity, n (%)

Intact 162 (45.00)

Not intact 198 (55.00)

—3.06 (-3.32, —2.83)
110.00 (84.00, 135.00)

—3.01 (=3.27, —2.80)
109.00 (84.00, 133.00)

69.72 £4.53 70.06 £ 4.22 t=-0.55 058
25.62+£2.82 26.12+£3.32 =-126 021
216.87 +£78.98 229.00 + 86.30 t=-1.10 0.27
0.45+0.09 0.39+0.08 t=445 <0.01

13.00 (12.00, 17.00) Z=-0.25 0.81
—3.23(-3.45,-3.09) Z=-483 <0.01
117.00 (85.00, 137.00) Z=-1.08 0.28

22.20(19.10,24.40) Z=-4.78 <0.01

14.00 (12.00, 18.00)

24.90 (21.40, 27.75)

¥ =023 063
122 (41.36) 29 (44.62)
173 (58.64) 36 (55.38)

¥ =0.04 083
154 (52.20) 33 (50.77)
141 (47.80) 32 (49.23)

¥ =019 0.66
190 (64.41) 40 (61.54)
105 (35.59) 25 (38.46)

¥ =056 046
209 (70.85) 43 (66.15)
86 (29.15) 22 (33.85)

¥=125 026
264 (89.49) 55 (84.62)
31 (10.51) 10 (15.38)

¥ =000 095
144 (48.81) 32 (49.23)
151 (51.19) 33 (50.77)

¥ =028 087
105 (35.59) 25 (38.46)
81 (27.46) 16 (24.62)
109 (36.95) 24 (36.92)

¥ =19.31 <0.01
260 (88.14) 43 (66.15)
35 (11.86) 22 (33.85)

¥ =19.10 <0.01
203 (68.81) 26 (40.00)
92 (31.19) 39 (60.00)

¥=023 063
131 (44.41) 31 (47.69)
164 (55.59) 34 (52.31)

Abbreviations: BMD, bone mineral density; BMI, body mass index.

the predicted and observed probabilities, indicating good
model calibration. The apparent calibration slope of the
model was 1.016 and the apparent calibration intercept was
—0.003, both close to the ideal values of 1 and 0, respec-
tively. After bootstrap internal validation (1000 resamples),
the optimism-corrected calibration slope was 0.977 (95%
CI: 0.800—1.235) and the corrected calibration intercept was
0.005 (95% CI: —0.040 — 0.038). The bootstrap-corrected
calibration curve closely aligned with the ideal calibration
line (Fig. 2). Decision curve analysis showed that the pre-
dictive model outperformed both the “treat-all” and “treat-
none” strategies across a threshold probability range of ap-

proximately 10% to 55%. Within this range, the model
demonstrated stable and clinically meaningful net benefit

(Fig. 3).

Discussion

In this study, risk factors associated with internal fixa-
tion failure were systematically evaluated in a retrospective
analysis of postmenopausal patients undergoing surgery
for osteoporotic intertrochanteric fractures. The results
showed that poor fracture reduction quality and eccentric
intramedullary nail position were independent risk factors
for internal fixation failure, whereas higher BMD T-score,
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Table 2. Univariate logistic regression analysis of internal fixation failure.

Variables B S.E z )4 OR (95% CI)
Residence

Urban 1.00 (Reference)

Rural -0.13 028 —-048  0.63 0.88 (0.51 ~ 1.50)
Injury mechanism

High-energy 1.00 (Reference)

Low-energy 0.06 0.27 0.21 0.83 1.06 (0.62 ~ 1.81)
Hypertension

No 1.00 (Reference)

Yes 0.12 0.28 0.44 0.66 1.13 (0.65 ~ 1.97)
Diabetes

No 1.00 (Reference)

Yes 0.22 0.29 0.75 0.46 1.24 (0.70 ~ 2.20)
Rheumatic disease

No 1.00 (Reference)

Yes 0.44 0.39 1.11 0.27 1.55(0.72 ~3.34)
Fracture side

Right 1.00 (Reference)

Left -0.02 027 -0.06 095 0.98 (0.57 ~ 1.68)
Fracture type

31A1 1.00 (Reference)

31A2 -0.19 035 -0.53 0.60  0.83(0.42 ~ 1.66)

31A3 -0.08 032 -025 0.81 0.92 (0.50 ~ 1.72)
Intramedullary nail position

Centrally positioned 1.00 (Reference)

Eccentrically positioned 1.34 0.32 4.20 <0.01 3.80(2.04 ~7.09)
Fracture reduction quality

Good 1.00 (Reference)

Poor 1.20 0.28 423 <0.01  3.31(1.90 ~5.76)
Posteromedial integrity

Intact 1.00 (Reference)

Not intact -0.13 027 -048 0.63 0.88 (0.51 ~ 1.50)
Age (years) 0.02 0.03 0.55 0.58 1.02 (0.96 ~ 1.08)
Time since menopause (years) -0.01 0.03 —0.35 0.73 0.99 (0.93 ~ 1.05)
BMD T-score -2.14 046 —-4.62 <0.01 0.12(0.05~0.29)
BMI (kg/m?) 0.06 0.05 1.26 0.21 1.06 (0.97 ~ 1.16)
Operative time (min) 0.00 0.00 0.88 0.38 1.00 (1.00 ~ 1.01)
Intraoperative blood loss (mL) 0.00 0.00 1.10 0.27 1.00 (1.00 ~ 1.01)
Femoral cortical thickness index —0.69 0.16 —4.22 <0.01 0.50 (0.36 ~ 0.69)
Lateral wall thickness (mm) —-0.18 0.04 —470 <0.01 0.84(0.78 ~0.90)

Abbreviations: OR, odds ratio.

Table 3. Multivariate logistic regression analysis of internal fixation failure.

Variables B S.E z )4 OR (95% CI)
Intramedullary nail position

Centrally positioned 1.00 (Reference)

Eccentrically positioned 0.87 0.38 2.28 0.02  2.38(1.13~5.01)
Fracture reduction quality

Good 1.00 (Reference)

Poor .12 0.33 3.38 <0.01  3.07 (1.60 ~ 5.87)
BMD T-score -1.77 052 =341 <0.01 0.17 (0.06 ~0.47)
Femoral cortical thickness index —0.61  0.19 =325 <0.01 0.54(0.38 ~0.79)
Lateral wall thickness (mm) -0.19 004 —435 <0.01 0.83(0.76 ~0.90)
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Fig. 3. Decision curve analysis of the predictive model.

greater femoral cortical thickness index, and greater lat-
eral wall thickness were independent protective factors.
The predictive model based on these variables demon-
strated good discrimination, calibration and clinical utility,
providing a reliable evidence-based foundation for clini-
cal decision-making. This model is intended for immedi-
ate postoperative risk stratification rather than preoperative
planning, as two of the independent predictors (fracture re-
duction quality and intramedullary nail position) can only
be determined intraoperatively.

BMD T-score was found to be an independent protective
factor for internal fixation failure in this study, a result con-
sistent with previous studies. Due to decreased estrogen
levels in postmenopausal women with osteoporosis, osteo-
clast activity is enhanced, resulting in thinning and frag-
mentation of bone trabeculae with reduced connectivity, as
well as bone cortex thinning and increased porosity, thereby
leading to a significant decline in the overall mechanical
properties of bone [2,15]. Under such compromised bone
quality, even with optimal positioning of the internal fixa-
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tor, the screw—bone interface provides insufficient holding
strength, making it difficult to achieve ideal fixation, and
screw cutting/cut-out is more likely to occur during early
postoperative weight-bearing [13,14]. Low bone mineral
density may contribute to an increased risk of internal fixa-
tion failure in patients with osteoporotic proximal femoral
fractures [16], and osteoporosis is the strongest predictor
of postoperative mechanical complications of femoral in-
tertrochanteric fractures, which can increase the risk by 3
to 5 times [17]. Therefore, for patients with severely re-
duced bone mineral density, the risk of internal fixation fail-
ure should be fully evaluated before surgery [18], and bone
cement reinforced screw channels can be considered as an
alternative, if necessary.

Femoral cortical thickness index is another important in-
dex of the quality of proximal femoral cortical bone. In
this study, patients in the failure group had a significantly
lower femoral cortical thickness index than those in the suc-
cess group. A decreased femoral cortical thickness index
reflects thinning of the proximal femoral cortical bone and
widening of the medullary cavity. This not only weak-
ens the bone’s intrinsic mechanical bearing capacity but
also reduces the fit between the intramedullary nail and the
medullary cavity, thereby increasing the risk of nail motion
or displacement [19]. In a study of 209 patients over 65
years old with intertrochanteric fracture, Polat et al. [20]
found that the femoral cortical thickness index of the frac-
tured side was significantly lower than that of the healthy
side, and the proportion of Dorr C type medullary cavity
(the thinnest cortex and the widest medullary cavity) in
the fractured side was significantly higher than that in the
healthy side, suggesting that bone morphological changes
were closely related to fracture occurrence and internal fix-
ation stability. The weak cortical bone could hardly pro-
vide adequate support, and it is easy to cause coxa vara
and internal fixation failure under the action of muscle con-
traction and weight load following operation. Clinically,
in patients with a low femoral cortical thickness index,
an intramedullary nail with a diameter that more closely
matches the medullary cavity should be selected intraopera-
tively whenever possible, and the main nail should be posi-
tioned centrally within the medullary cavity to optimize the
mechanical conduction path [21]. In addition, some stud-
ies suggest that weight-bearing should be appropriately de-
layed in such patients to reduce the risk of early fixation
failure.

The thickness of the lateral wall is a key anatomical
factor affecting the stability of internal fixation of in-
tertrochanteric fractures. In this study, patients in the fail-
ure group had significantly smaller lateral wall thickness
than those in the success group. The lateral wall of the fe-
mur plays a key role as the “lateral baffle”. A complete
and strengthened lateral wall can effectively resist rotation
and cutting stress of the head of the nail. The prospective
study by Palm et al. [22] reported that the reoperation rate
within 6 months was only 3% in patients with intact lateral

2066 Ann. Ital. Chir, 97, 11,2026

wall after surgery, compared with as high as 22% in those
with lateral wall fractures. Gotfried [23] proposed the con-
cept of lateral wall and emphasized its crucial role in main-
taining fracture stability. When the lateral wall is weak,
the femoral head—neck block lacks lateral support, and the
stress of the internal fixation is concentrated on the implant,
thereby raising the risk of cut-out or cut-through. Hsu et
al. [24] further quantified this index and identified a lateral
wall thickness of <20.5 mm as an independent risk factor for
PFNA internal fixation failure. Therefore, accurate preop-
erative evaluation of lateral wall thickness is of great value
for surgical planning and prognostic assessment.

Procedural factors also play an important role in the occur-
rence of internal fixation failure. In this study, poor frac-
ture reduction quality was found to be one of the strongest
independent risk factors for internal fixation failure. Good
fracture reduction is fundamental to the success of inter-
nal fixation. Only by restoring the normal anatomical rela-
tionship and force line structure of the proximal femur can
the internal fixator exert its due biomechanical advantages
[25]. As one of the indicators of poor reduction quality, sep-
aration and displacement of the coxa vara or fracture end
can significantly alter the mechanical conduction path, im-
pose abnormally high stress on the internal fixation device,
and increase the risk of fatigue fracture and cut-through
[26]. A previous study has also confirmed that poor reduc-
tion quality is an important predictor of postoperative me-
chanical complications of intertrochanteric fractures [11].
Therefore, anatomic or nearly anatomic reduction should
be achieved as much as possible during operation. For irre-
ducible fractures, limited open reduction can be considered
to avoid sacrificing reduction quality for the pursuit of a
minimally invasive approach.

The intramedullary nail position of the intramedullary nail
is another key surgical technical factor. In this study, pa-
tients with a poorly positioned main nail (deviation from
the center of the medullary cavity) were at a significantly in-
creased risk of internal fixation failure. The intramedullary
nail is designed to conduct mechanical loads through the
center of the medullary cavity, so that the stress is evenly
distributed in the proximal femur. Deviation of the main
nail from the medullary cavity center can alter the mechan-
ical conduction path and elevate the risk of stress concentra-
tion at the nail-bone interface, thus leading to local bone re-
sorption, screw loosening and even main nail fracture [27].
In addition, suboptimal positioning of the main nail is often
accompanied by the unsatisfactory position of the helical
blade or lag screw in the femoral head, thus affecting key
parameters such as tip—apex distance and femoral distance
[28]. Therefore, accurate positioning should be performed
under fluoroscopic guidance to ensure that the main nail is
centrally positioned within the medullary cavity with ap-
propriate insertion depth.

The prediction model constructed in this study showed good
discriminative ability, calibration and clinical utility (DCA
curve showed significant net benefit), indicating that the
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model can effectively identify patients at high risk of in-
ternal fixation failure. However, several limitations of this
study should be acknowledged. First, the study adopts a
single-center retrospective design with a relatively limited
sample size (360 patients, including 65 in the failure group).
Although bootstrap internal validation (1000 resamples)
with optimism correction was performed to assess potential
overfitting, external validation using an independent cohort
from another institution is lacking. Therefore, the gener-
alizability of our predictive model to other populations re-
quires further investigation. The relatively high proportion
of high-energy injuries in this cohort differs from the typi-
cal injury pattern of osteoporotic intertrochanteric fractures,
which predominantly occur following low-energy trauma.
This finding may reflect differences in patient selection or
injury mechanism classification and should be considered
when interpreting the generalizability of our findings. Sec-
ond, the postoperative follow-up period in this study was
only 6 months. Although the vast majority of internal fixa-
tion failures occur in the early postoperative period (within
6 months after surgery), some delayed complications, such
as long-term internal fixation fatigue and fracture nonunion
requiring surgical intervention after long-term conservative
treatment, may not be fully captured within the 6-month
follow-up window. Therefore, this study could not eval-
uate the long-term incidence of internal fixation failure and
long-term functional prognosis, and further studies are nec-
essary to extend the follow-up period to fully evaluate inter-
nal fixation failure and its impact on the long-term quality of
life of patients. Third, due to data limitations, the study did
not include detailed information on postoperative weight-
bearing timing, rehabilitation protocols, or follow-up man-
agement, which may have introduced residual confound-
ing (e.g., weight-bearing time, adherence to rehabilitation
exercises, and regular follow-up), which may also have a
potential impact on implant failure. Future studies should
prospectively incorporate detailed information on surgeon-
related factors and postoperative rehabilitation to facilitate
a more comprehensive evaluation of the multi-dimensional
risk factors of internal fixation failure.

Conclusions

In this retrospective analysis, risk factors for inter-
nal fixation failure were systematically evaluated based
on 360 postmenopausal patients with osteoporotic in-
tertrochanteric fractures who underwent intramedullary nail
fixation. The failure rate of internal fixation was 18.06%.
Multivariate logistic regression analysis showed that frac-
ture reduction quality, deviation of the intramedullary nail
from the center of the medullary cavity, bone mineral
density, femoral cortical thickness index, and lateral wall
thickness were independent predictors of internal fixation
failure in postmenopausal patients with osteoporotic in-
tertrochanteric fractures after intramedullary nail internal
fixation. A predictive model incorporating these indepen-
dent risk factors demonstrates excellent discriminative per-

formance, as well as good calibration and clinical utility.
Moreover, it provides substantial net clinical benefit across
a broad range of threshold probabilities, indicating its abil-
ity to effectively identify patients at high risk of internal
fixation failure. The aforementioned risk factors should be
given a high level of attention in clinical settings, where
comprehensive postoperative assessment of bone quality,
anatomical fracture reduction, and intraoperative affirma-
tion of the main nail’s central positioning in the medullary
cavity should be conducted to reduce the risk of internal
fixation failure and improve patient prognosis.
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