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Establishment and validation of a prognostic
nomogram for periprosthetic femoral fracture
after total hip replacement surgery

JieTang'", Ying Hu?", Ye Li", Shenghao Zhao'" and Yong Hu®"

Abstract

Background In recent years, with the gaining popularity and wide application of total hip arthroplasty (THA), the
incidence rate of periprosthetic femoral fractures (PFF) has increased. The treatment of PFF is difficult and has many
related complications. Herein, we aimed to construct a nomogram model to predict occurrence of PFF after THA, in
order to identify high-risk populations.

Methods In this retrospective analysis, we selected 2,528 patients who underwent THA at Wuhan Fourth Hospital
from January 2014 to August 2022. Patients were randomly divided into a training cohort (n=1,770) and an internal
validation cohort (n=758) in a 7:3 ratio. Least Absolute Shrinkage and Selection Operator (LASSO) algorithm and
logistic regression analysis were used to perform feature analysis and convert them into a nomogram model. The
model was externally validated in 1,383 THA patients at Renmin Hospital of Wuhan University.

Results Six independent risk factors for predicting PFF were identified, namely age, female sex, hip revision, non-
cemented prosthesis, history of trauma, and osteoporosis. The nomogram demonstrated sufficient predictive
accuracy, with area under the curve (AUC) values of 0.798 (95% confidence interval [CI]: 0.725-0.872), 0.877 (0.798-
0.957), and 0.804 (0.710-0.897) in the training, internal validation, and external validation cohorts, respectively. The
calibration curve showed good consistency between the predicted risk of the model and the actual risk.

Conclusions The nomogram model for postoperative PFF after THA established in this study has good predictive
value and helps identify high-risk populations.
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Background

Total hip arthroplasty (THA) is an important surgi-
cal option for the treatment of severe osteoarthritis
late-stage aseptic necrosis of the femoral head, rheuma-
toid arthritis, and femoral neck fractures among older
patients [1, 2]. THA can effectively improve hip joint
function, alleviate pain symptoms, and promote the
recovery of independent living ability in patients [3, 4].
With the increasing number of THAs in recent years,
postoperative periprosthetic femoral fracture (PFF) has
become a key concern for surgeons [5].

The treatment of post-THA PFF is difficult, and patients
with PFF who remain bed-bound for a long period have a
higher risk of developing lower-limb venous thrombosis
than those who regain activity. Moreover, the mortality
rate of patients with fractures after hip replacement sur-
gery was higher than that of patients without fractures [6,
7]. The previous study, which aimed to estimate the prob-
ability of death caused by fractures, has shown that at the
age of 80 years, the estimated probability of death due
to a fracture was 3.9% for men and 2.2% for women [8].
Therefore, identifying the risk factors for PFF after THA
is of great significance, as it can guide clinical implemen-
tation of targeted protection, minimize the incidence of
PFF, and ensure optimal postoperative rehabilitation for
patients [9, 10].

There is currently a lack of effective, intuitive, and sim-
ple predictive models to guide patients undergoing THA
in preventing postoperative PFF. The nomogram model is
a reliable tool to quantify the risk of various diseases [11].
Therefore, we analyzed the influencing factors of post-
operative periprosthetic fractures in THA patients and
developed a nomogram prediction model aimed at fore-
casting the likelihood of such fractures occurring in these
patients. This model is designed to predict whether peri-
prosthetic fractures will occur in THA patients, thereby
facilitating personalized fracture prevention strategies.

Methods
Study participants
Patients receiving THA treatment at Wuhan Fourth Hos-
pital from January 2014 to August 2022 were included in
the study. In addition, we also collected patient data from
Renmin Hospital of Wuhan University from January 2018
to August 2022 as the external validation cohort.
Inclusion criteria: (1) All patients underwent THA; (2)
no PFF before surgery; (3) complete clinical and imaging
data; (4) minimum follow-up duration of 24 months.
Exclusion criteria: Patients with (1) undergoing THA
for hip fracture; (2) hip joint tumors; (3) newly developed
fractures during surgery; (4) postoperative prosthetic
infection; (5) lost to follow-up.
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Surgical technique and implants

All patients underwent routine preoperative examina-
tions. The condition of the hip joint was assessed based
on anterior-posterior and lateral X-rays of the femur and
hip joint. One day prior to surgery, all patients received
antibiotics. Once their conditions were stable, they
were positioned in a lateral decubitus position with the
affected side up, and the surgery was performed under
epidural anesthesia. The operation utilized an anterolat-
eral approach to expose the joint capsule, which was then
incised to reveal the femoral head and neck, identify the
lesion site in the hip bone, and expose the fracture ends.
The femoral head was removed, its length measured,
and an appropriate artificial femoral head prosthesis was
selected. The artificial femoral head was implanted at a
40° abduction angle and a 20° anteversion angle. Alter-
natively, a posterolateral surgical approach could also be
used, following similar steps. Postoperatively, a drain-
age tube was placed in all patients, who subsequently
received comprehensive treatments, including anti-
infection therapy. Patients began walking exercises after
suture removal and attended regular follow-up appoint-
ments. The THA surgeries were performed by four highly
experienced senior surgeons at one institution. Bone or
non-bone cement prosthesis were implanted by using the
press-fit technique.

Data collection

The electronic medical records were retrospectively
reviewed for all patients and the following data were col-
lected from identified patients: age, sex, body mass index
(BMI), primary disease type, prosthesis coverage ratio,
hip revision, prosthesis fixation method, history of hip
infection, prosthesis type, trauma history (It refers to any
past events involving physical injuries that an individual
has experienced, including, but not limited to, traffic
accidents, falls, and sports injuries), surgical approach,
and osteoporosis status. The study was approved by the
ethics committee of Wuhan Fourth Hospital (KY2024-
175-01). All procedures performed in the study involving
human participants were in accordance with the ethical
standards of the institutional and/or national research
committee(s) and the Helsinki Declaration (as revised
in 2013). The primary endpoint is the occurrence of PFF.
Operations or procedures following the THA that were
identified as PFF events matched the procedure codes for
a THA revision, and featured a concurrent diagnosis of a
femoral fracture.

Statistical analysis

Data were input into Microsoft Excel and analyzed using
SPSS version 22.0 (IBM Corporation, Armonk, NY, USA)
and R 4.3.0 (The R Foundation for Statistical Comput-
ing, Vienna, Austria). Power was calculated based on the
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sample size using the pwr.p.test function in R. The nor-
mality of the distribution of continuous variables was
evaluated according to the Shapiro—Wilk test with Q-Q
plots. Non-normally distributed data were represented
by median and interquartile range (IQR), and Kruskal—-
Wallis H test was used to examine the differences among
the three cohorts. The count data were represented by
[N (%)], and chi-square test was used for comparison.
The Least Absolute Shrinkage and Selection Operator
(LASSO) regression reduces the estimated parameters
by incorporating a penalty term into the least squares
method, thereby identifying prognostic factors that have
a significant impact on the dependent variable [12]. Sub-
sequently, based on the variables obtained from LASSO
regression, a multivariate logistic regression analysis was
conducted to investigate the risk factors for PFF and to
construct a nomogram prediction model. Based on the
predictive model, the performance of the nomogram
model was evaluated in the training, internal validation,
and external validation cohorts. The receiver operating
characteristic (ROC) and calibration curves were used
to evaluate the predictive performance of the model.
The area under curve (AUC) of the ROC curve ranged
from 0.50 to 1.00, and the closer the AUC to 1, the better
the prediction performance. The concordance C-index
(calculated using bootstrap resampling with 1000 itera-
tions) and calibration curves (calculated using Hosmer-
Lemeshow test) were used to evaluate the agreement
between observed outcomes and predicted values [13].
To evaluate the clinical practicality of the model, decision
curve analysis (DCA) was used to assess its effectiveness
[14]. All statistical tests conducted were two-tailed, and
P<0.05 was considered to indicate statistical significance.

Results

General clinical characteristics

A total of 2,528 patients with THA were selected from
Wuhan Fourth Hospital. They were randomly divided
into two cohorts in a 7:3 ratio, with 1,770 patients
assigned to the training cohort and 758 patients to the
internal validation cohort. The external validation cohort
comprised 1,383 routine THA patients from Wuhan Uni-
versity People’s Hospital. The screening process is shown
in Fig. 1, and the clinical characteristics of the patients
are shown in Table 1. During the follow-up period, the
incidence of PFF in the training, internal validation, and
external validation cohorts was 2.03% (35/1770), 2.24%
(17/758), and 1.81% (25/1383), respectively (P=0.779).

Predictive factors for PFF occurrence after THA

First, we preliminarily selected the predictive factors for
PFF occurrence through LASSO regression. The variables
were centralized and normalized through 10-fold cross
validation (Fig. 2). The selected predictive factors were
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age, sex, hip revision, prosthesis type, history of trauma,
and osteoporosis. Second, six predictive factors were
included as independent risk variables, and a predictive
model was constructed using multivariate logistic regres-
sion (Table 2). These six predictive factors were age (OR:
1.071, 95% CI: 1.033-1.109); sex (2.240, 1.032-4.862);
hip revision (3.256, 1.589-6.672); prosthesis type (2.931,
1.306—6.576); history of trauma (2.358, 1.154—4.816); and
osteoporosis (2.265, 1.139-4.507).

Nomogram model of PFF occurrence after THA

A nomogram model was constructed to predict the risk
of PFF after THA based on the above-mentioned six
independent risk factors (Fig. 3). According to the nomo-
gram, the sum of the score values corresponding to each
predictive indicator was recorded as the total score. The
predicted probability corresponding to the total score is
the risk of developing PFF in THA patients.

Calibration and validation of the nomogram model

Per the Hosmer—Lemeshow test, the chi-square values of
the training, internal validation, and external validation
cohorts were 9.057 (P=0.338), 5.021 (P=755), and 6.513
(P=0.590), respectively. This result indicates that the pre-
dicted results are close to the observed results. The ROC
curve in the training cohort showed good discrimina-
tion ability (AUC: 0.798; 95% CI: 0.725-0.872; sensitiv-
ity=80.6%, specificity=72.5%, positive predictive value
(PPV)=5.7%, negative predictive value (NPV)=99.4%),
and the C-index by bootstrap validation (1000 bootstrap
samples) was 0.773, which embodied satisfying predic-
tive performance. The discriminative performance of
the model was validated in the internal validation cohort
(0.877, 95% CI: 0.798-0.957; sensitivity = 76.5%, specific-
ity=87.9%, PPV=12.6%, NPV =99.4%) and the external
validation cohort (0.804, 95% CI 0.710-0.897; sensitiv-
ity =64.0%, specificity = 84.0%, PPV =6.9%, NPV =99.2%)
(Fig. 4). In addition, calibration curve analysis showed
that there was good consistency between the predicted
probability and observed occurrence of PFF in both the
training and validation cohorts (Fig. 5). DCA demon-
strated the clinical practicality of the model (Fig. 6).

Discussion
We have developed and validated a useful nomogram
model for predicting PFF in high-risk patients under-
going THA. This new type of prediction tool has been
successfully validated both internally and externally in
different cohorts and has shown good discriminative
power and calibration. This model includes six risk fac-
tors, namely age, sex, hip revision, prosthesis type, his-
tory of trauma, and osteoporosis.

Age was our primary consideration. Older patients
are more likely to develop PFF after THA than younger
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Patients undergoing THA at Wuhan

Fourth Hospital
(n=2714)

Excluded (n=186):

-Patients with hip joint tumors
(0=17);

-Patients with newly developed
fractures during surgery (n=66);
-Postoperative prosthetic infection
patients (n=28);

-Lost follow-up (n=75).

Random 7:3 ratio
(n=2528)
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Patients undergoing THA at Wuhan
University People's Hospital
(n=1499)

Excluded (n=116):

-Patients with hip joint tumors
(n=12);

-Patients with newly developed
fractures during surgery (n=46);
-Postoperative prosthetic infection
patients (n=19);

-Lost follow-up (n=39).

Training cohort
(n=1770)

Building the Nomogram
using Logistic Model

Internal validation cohort
(n=758)

External validation cohort
(n=1383)

Evaluating the performance of Nomogram

Fig. 1 Patient screening process diagram

patients [6, 15]. Our research also shows that in the train-
ing cohort, the age of patients with PFF was significantly
higher than that of patients without PFF. Older subjects
often have osteoporosis or internal medicine diseases
(cardiology or neurology), as well as mobility impairment
and a tendency to fall, all of which increase the risk of
PFF [6]. Ashkenazi et al. [16] also showed that advanced
age is an important and independent risk factor for the
occurrence of PFF. Meanwhile, a meta-analysis by Zhu
et al. [17], which included seven studies, showed that
advanced age (>80 years) is an independent risk factor
for developing PFF. However, some studies suggest that
age does not pose a risk for the occurrence of PFF [18].
This is mainly due to the inclusion of sample size and the
postoperative activity level of patients.

Patients with PFF patients are mostly women, and rele-
vant literature reports show that female patients account
for 66-84.1% of the total PFF cases. Therefore, many
researchers believe that female sex is an important risk

factor for PFF, which may be closely related to osteoporo-
sis. After menopause, estrogen levels in women decrease,
leading to increased bone resorption and decreased bone
formation, further exacerbating osteoporosis [19, 20].
Baryeh et al. [21] found in a systematic review of 505 PFF
patients that 61.2% were female.

Hip joint revision has been proven to be one of the
important risk factors for PFF [22, 23], mainly because
of the multiple surgeries causing damage to the tissue
structure around the hip joint, weakening its stability
and strength [23]. Deng et al. [20] also showed that the
incidence of PFF caused by hip revision is three times
higher than that of first-time THA patients. Zhang et al.
[24] reported that hip revision significantly increases the
risk of PFF owing to local tissue damage and structural
changes caused by multiple surgeries. At the same time,
loosening, displacement, hip bone defects, and reduced
bone mass are the main reasons for hip joint revision.
Moreover, during hip joint revision, procedures such as
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Fig. 2 LASSO coefficient curve of PFF after THA. A: Each curve in the graph represents the coefficient variation of each variable. The vertical axis repre-
sents the coefficient values, the lower horizontal axis represents log (A), and the upper horizontal axis represents the number of non-zero coefficients in
the model at this time. B: The model was selected after 10-fold cross validation fitting

Table 2 Multivariate logistic regression analysis of predictive factors selected through LASSO regression program for development

concentration

Independent variables B 95% Cl P
Age 0.068 1.071 (1.033-1.109) 0.001
Female sex 0.806 2.240 (1.032-4.862) 0.01
Hip revision 1.181 3.256 (1.589-6.672) 0.001
Non-cemented prosthesis 1.075 2.931 (1.306-6.576) 0.023
History of trauma 0.858 2.358(1.154-4.816) 0.022
Osteoporosis 0.818 2.265 (1.139-4.507) 0.008

Note: B is the regression coefficient, Cl: confidence interval

removal and re-implantation of the prosthesis may cause
PEF [24]. For patients who have undergone hip joint revi-
sion, doctors should be more vigilant about the occur-
rence of postoperative PFF and strengthen postoperative
monitoring and care.

The results of this study indicate that non-cemented
prostheses are also one of the important risk factors
for PFF after THA. This is mainly because compared to
cemented implants, non-cemented implants have certain
shortcomings in terms of binding and stability with bone
tissue, thereby increasing the risk of PFF [25]. Konow et
al. [26] also pointed out that in patients undergoing hip
replacement surgery, the incidence of PFF is significantly
higher in non-cemented prostheses than in cemented
prostheses. This is because non-cemented prostheses
need to have a good compression fit with the femur and
prosthesis to achieve stable results. However, in actual
operation, the femur usually experiences greater pres-
sure, which can cause the bent portion of the prosthesis
to be completely mismatched with the femur, thereby
increasing the risk of PFF [25, 26]. Therefore, in clinical
practice, doctors need to comprehensively consider the
individual situation of patients when choosing the type of
prosthesis and weigh the advantages and disadvantages

of different prosthesis types to reduce the risk of postop-
erative complications.

History of trauma is a common risk factor and has been
confirmed to be closely related to PFF in this study. This
is consistent with the study results by Zhang et al. [27].
External trauma can alter the bone structure of patients
undergoing hip replacement surgery, have varying
degrees of impact on biomechanical properties, and thus
increase the probability of PFF [28]. Therefore, doctors
should pay more attention to the postoperative follow-up
of patients with a history of trauma.

The results of this study suggest that osteoporosis is a
risk factor for developing PFF. Osteoporosis is also rec-
ognized by scholars as a risk factor for PFF [29, 30]. This
is mainly because osteoporosis can affect bone metabo-
lism and alter its biomechanical properties, leading to
increased bone fragility and decreased bone strength.
Therefore, when subjected to external forces, THA
patients are prone to PFF. Layson et al. [31] found that
osteoporosis can lead to a decrease in bone density and
strength, making it difficult for the bones around the hip
joint to withstand the pressure and impact of implants.
Therefore, for patients with osteoporosis, active anti-
osteoporosis treatment should be offered before and
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Fig. 3 Nomogram of PFF occurrence after THA. Each level of the predictor variable represents a specific score. The total score is generated by summariz-
ing the scores of each predictor variable. The total score corresponds to the probability of PEF

after THA to improve bone quality and reduce the risk
of fractures.

The application of the nomogram model in the medi-
cal field has become increasingly widespread, which
can help doctors better diagnose and treat diseases.
First, this study synthesized six independent risk fac-
tors and constructed a nomogram model to predict PFF
after THA. These six factors are clinically easy to mea-
sure and routinely available, and these predictive factors
were established in a well-characterized training cohort
of patients undergoing THA. Second, our model has

been successfully validated in two independent cohorts,
thereby improving its universality and credibility. In clini-
cal practice, both orthopedic surgeons and patients can
benefit from this easy-to-use model to assess the risk of
developing PFF post-THA. Orthopedic surgeons can
have a more intuitive understanding of the risks that
patients may face, so that they can intervene in advance
with risk factors and formulate more individualized
and precise treatment strategies for the patients. Mean-
while, we believe that the nomogram model could help
patients set realistic expectations after THA, potentially
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Fig. 4 ROC curve and AUC of the prediction model. ROC: receiver operating characteristic; AUC: area under the curve

enhancing patient compliance. At present, there is still a
lack of effective evaluation criteria for the treatment of
PFF, making it difficult to compare the treatment out-
comes of PFF with other treatments such as revision of
aseptic loosening. Therefore, patients at high risk of PFF
should be closely followed-up to reduce the risk factors
of PFF and seek lifestyle guidance.

This study has some limitations. First, our research
design is essentially retrospective, which involves poten-
tial selection bias and limits our ability to establish causal
relationships. Second, neither group was randomly
assigned, and baseline information may be imbalanced
and biased. Third, because of the retrospective design,
we had to rely on medical records and hence, it is pos-
sible that some relevant information or factors that affect
patient outcomes may have been missed. For example,
comorbid diseases and radiological measures. Fourth,
the risk factors included in this study may not be com-
prehensive, and other potential factors such as patients’
nutritional status, comorbidities, and rehabilitation

training may also have an impact on the occurrence of
postoperative PFE. Finally, the repeatability and robust-
ness of nomograms need to be validated in prospective
multicenter studies with larger datasets.

Conclusion

Age, female sex, hip revision, non-cemented prosthesis,
history of trauma, and osteoporosis are all important risk
factors for PFF after THA. The nomogram prediction
model constructed based on this showed good discrimi-
nation ability and clinical utility, which would be a reli-
able and convenient tool to assist orthopedic surgeons in
identifying high-risk patients and formulate individual-
ized treatment strategies.
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Abbreviations

AUC Area under the curve

BMI Body mass index

DCA Decision curve analysis

LASSO  Least Absolute Shrinkage and Selection Operator
NPV Negative predictive value

PPV Positive predictive value

PFF Periprosthetic femoral fracture

ROC Receiver operating characteristic

THA Total hip arthroplasty

Acknowledgements
None.

Author contributions

JT and YH conceptualized and drafted the manuscript; JT, YH and YL
conducted data collection and processing; SZ and YH performed data analysis
and engaged in constructive discussions. All authors contributed to the
writing and editing of this article and have reviewed and approved the final
version for submission.

Funding
This study did not involve any related funding.

Data availability

Our study only collected the clinical data of patients and did not interfere
with the treatment plan of patients. The datasets related to this study are not
publicly available due to privacy or ethical restrictions but are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

All procedures performed in the study involving human participants were

in accordance with the ethical standards of the institutional and/or national
research committee(s) and the Helsinki Declaration (as revised in 2013). The
requirement for informed consent was waived by the ethics committee due
to the observational and retrospective nature of the study. This study was
approved by the ethics committee of Wuhan Fourth Hospital (KY2024-175-01).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 26 September 2024 / Accepted: 24 March 2025



Tang et al. BMC Musculoskeletal Disorders

(2025) 26:336

Published online: 05 April 2025

References

1.

Salman LA, Hantouly AT, Khatkar H, Al-Ani A, Abudalou A, Al-Juboori M, et al.
The outcomes of total hip replacement in osteonecrosis versus osteoarthritis:
a systematic review and meta-analysis. Int Orthop. 2023;47(12):3043-52. http
s://doi.org/10.1007/500264-023-05761-6.

Shi XT, Li CF, Han Y, Song Y, Li SX, Liu JG. Total hip arthroplasty for Crowe

type IV hip dysplasia: surgical techniques and postoperative complications.
Orthop Surg. 2019;11(6):966-73. https://doi.org/10.1111/0s.12576.
Takegami, SekiT, Osawa Y, Kusano T, Makida K, Ishiguro N. Does unilateral
total hip arthroplasty improve pain and function in the non-operative hip
joint? Eur J Orthop Surg Traumatol. 2020;30(8):1411-6. https://doi.org/10.100
7/500590-020-02716-0.

Fortier LM, Rockov ZA, Chen AF, Rajaee SS. Activity recommendations after
total hip and total knee arthroplasty. J Bone Joint Surg Am. 2021;103(5):446-
55. https://doi.org/10.2106/jbjs.20.00983.

Kurtz S, Ong K, Lau E, Mowat F, Halpern M. Projections of primary and revision
hip and knee arthroplasty in the united States from 2005 to 2030. J Bone
Joint Surg Am. 2007;89(4):780-5. https://doi.org/10.2106/jbjs.F.00222.

Kelly M, Chen AF, Ryan SP, Working ZM, Porter KR, De A, et al. Cemented
femoral fixation in total hip arthroplasty reduces the risk of periprosthetic
femur fracture in patients 65 years and older: an analysis from the American
joint replacement registry. J Arthroplasty. 2023;38(7 Suppl 2):5351-4. https://
doi.org/10.1016/j.arth.2023.04.039.

Gausden EB, Cross WW 3rd, Mabry TM, Pagnano MW, Berry DJ, Abdel MP.
Total hip arthroplasty for femoral neck fracture: what are the contemporary
reasons for failure?? J Arthroplasty. 2021,36(75):5272-6. https://doi.org/10.101
6/j.arth.2021.02.008.

Lindahl H, Oden A, Garellick G, Malchau H. The excess mortality due to peri-
prosthetic femur fracture. A study from the Swedish National hip arthroplasty
register. Bone. 2007;40(5):1294-8. https://doi.org/10.1016/j.bone.2007.01.003.
Wang K, Kenanidis E, Miodownik M, Tsiridis E, Moazen M. Periprosthetic
fracture fixation of the femur following total hip arthroplasty: A review of
Biomechanical testing - Part II. Clin Biomech (Bristol). 2019;61:144-62. https//
doi.org/10.1016/j.clinbiomech.2018.12.001.

Lucchini S, Castagnini F, Giardina F, Tentoni F, Masetti C, Tassinari E, et al.
Cementless ceramic-on-ceramic total hip arthroplasty in post-traumatic
osteoarthritis after acetabular fracture: long-term results. Arch Orthop Trauma
Surg. 2021;141(4):683-91. https://doi.org/10.1007/500402-020-03711-0.

DaiJ, Liu D, Li X, Liu Y, Wang F, Yang Q. Prediction of hematoma expansion in
hypertensive intracerebral hemorrhage by a radiomics nomogram. Pak J Med
Sci. 2023;39(4):1149-55. https://doi.org/10.12669/pjms.39.4.7724.

Huang L, Xiao M, Huang X, Wu J, Luo J, Li F, et al. Analysis of clinical charac-
teristics of hemorrhagic fever with renal syndrome with acute pancreatitis: a
retrospective study. Ann Med. 2025;57(1):2453081. https://doi.org/10.1080/07
853890.2025.2453081.

Xie C, Chen J, Chen H, Zuo Z, Li Y, Lin L. Prediction of risk for isolated incom-
plete lateral meniscal injury using a dynamic nomogram based on MRI-
derived anatomic radiomics and physical activity: a proof-of-concept study in
3PM-guided management. Epma J. 2025;16(1):199-215. https://doi.org/10.10
07/513167-025-00399-3.

Wang H, OuY, Fan T, Zhao J, Kang M, Dong R, et al. Development and internal
validation of a nomogram to predict mortality during the ICU stay of thoracic
fracture patients without neurological compromise: an analysis of the MIMIC-
Il clinical database. Front Public Health. 2021,9:818439. https://doi.org/10.338
9/fpubh.2021.818439.

LiuY, Chen X, Zhang P, Jiang B. Comparing total hip arthroplasty and hemiar-
throplasty for the treatment of displaced femoral neck fracture in the active
elderly over 75 years old: a systematic review and meta-analysis of random-
ized control trials. J Orthop Surg Res. 2020;15(1):215. https://doi.org/10.1186/
$13018-020-01725-3.

Ashkenazi |, Amzallag N, Factor S, Abadi M, Morgan S, Gold A, et al. Age as a
risk factor for intraoperative periprosthetic femoral fractures in cementless

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Page 11 of 11

hip hemiarthroplasty for femoral neck fractures: A retrospective analysis. Clin
Orthop Surg. 2024;16(1):41-8. https://doi.org/10.4055/cios23157.

ZhuY, Chen W, SunT, Zhang X, Liu S, Zhang Y. Risk factors for the peripros-
thetic fracture after total hip arthroplasty: a systematic review and meta-
analysis. Scand J Surg. 2015;104(3):139-45. https://doi.org/10.1177/14574969
14543979,

Bissias C, Kaspiris A, Kalogeropoulos A, Papoutsis K, Natsioulas N, Barbagi-
annis K, et al. Factors affecting the incidence of postoperative periprosthetic
fractures following primary and revision hip arthroplasty: a systematic review
and meta-analysis. J Orthop Surg Res. 2021;16(1):15. https://doi.org/10.1186/s
13018-020-02152-0.

Zhang Z, Ma C, Chi J, Cui Q, Duensing IM. Impact of dementia on outcomes
following hemiarthroplasty for femoral neck fracture: A National database
study. J Arthroplasty. 2025;40(3):683-e687681. https://doi.org/10.1016/j.arth.2
024.09.017.

Deng Y, Kieser D, Wyatt M, Stringer M, Frampton C, Hooper G. Risk factors for
periprosthetic femoral fractures around total hip arthroplasty: a systematic
review and meta-analysis. ANZ J Surg. 2020,90(4):441-7. https://doi.org/10.11
11/ans.15473.

Baryeh K, Sochart DH. Post-operative peri-prosthetic fracture rates following
the use of cemented polished taper-slip stems for primary total hip arthro-
plasty: a systematic review. Arch Orthop Trauma Surg. 2022;142(12):4075-85.
https://doi.org/10.1007/500402-021-04302-3.

Stringer MR, Hooper GJ, Frampton C, Kieser DC, Deng Y. Periprosthetic
fractures of the femur in primary total hip arthroplasty: a new Zealand joint
registry analysis. ANZ J Surg. 2021;91(3):404-8. https://doi.org/10.1111/ans.16
611.

Abdel MP, Houdek MT, Watts CD, Lewallen DG, Berry DJ. Epidemiology of
periprosthetic femoral fractures in 5417 revision total hip arthroplasties: a
40-year experience. Bone Joint J. 2016;498-b. https://doi.org/10.1302/0301-6
20x.980b4.37203.

Zhang Z, Zhuo Q, Chai W, Ni M, Li H, Chen J. Clinical characteristics and risk
factors of periprosthetic femoral fractures associated with hip arthroplasty: A
retrospective study. Med (Baltim). 2016;95(35):e4751. https://doi.org/10.1097/
MD.0000000000004751.

Dubin JA, Bains SS, Monarrez R, Salib C, Hameed D, Nace J, et al. The effect

of fixation type on periprosthetic fractures in high-risk patients who have
osteoporosis undergoing total joint arthroplasty. J Orthop. 2024;56:26-31. htt
ps://doi.org/10.1016/},jor.2024.05.008.

Konow T, Baetz J, Melsheimer O, Grimberg A, Morlock M. Factors influencing
periprosthetic femoral fracture risk. Bone Joint J. 2021;4103-b. https://doi.org
/10.1302/0301-620x.103b4.Bjj-2020-1046.R2.

Zhang Z, Chen C. Analysis on relevant factors of around prosthesis fracture
after total hip replacement. Mod Prev Med. 2012;39(15):3..DOI:CNKI:SUN:X
DYF.0.2012-15-079.

Bernstein BP, Rivkin G, Weil YA, Greenberg A, Madison BB, Areu MM et al. How
resources affect management of periprosthetic fractures of the distal femur:
perspectives from Israel, South Sudan, and South Africa. OTA Int, 2023. 6(1
Suppl), 238. https://doi.org/10.1097/0i9.0000000000000238

Ding X, Liu B, Huo J, Liu S, Wu'T, Ma W, et al. Risk factors affecting the inci-
dence of postoperative periprosthetic femoral fracture in primary hip arthro-
plasty patients: a retrospective study. Am J Transl Res. 2023;15(2):1374-85.
Sidler-Maier CC, Waddell JP. Incidence and predisposing factors of
periprosthetic proximal femoral fractures: a literature review. Int Orthop.
2015;39(9):1673-82. https://doi.org/10.1007/500264-015-2721-y.

Layson JT, Hameed D, Dubin JA, Moore MC, Mont M, Scuderi GR. Patients
with osteoporosis are at higher risk for periprosthetic femoral fractures and
aseptic loosening following total hip arthroplasty. Orthop Clin North Am.
2024;55(3):311-21. https://doi.org/10.1016/j.0cl.2024.02.001.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1007/s00264-023-05761-6
https://doi.org/10.1007/s00264-023-05761-6
https://doi.org/10.1111/os.12576
https://doi.org/10.1007/s00590-020-02716-0
https://doi.org/10.1007/s00590-020-02716-0
https://doi.org/10.2106/jbjs.20.00983
https://doi.org/10.2106/jbjs.F.00222
https://doi.org/10.1016/j.arth.2023.04.039
https://doi.org/10.1016/j.arth.2023.04.039
https://doi.org/10.1016/j.arth.2021.02.008
https://doi.org/10.1016/j.arth.2021.02.008
https://doi.org/10.1016/j.bone.2007.01.003
https://doi.org/10.1016/j.clinbiomech.2018.12.001
https://doi.org/10.1016/j.clinbiomech.2018.12.001
https://doi.org/10.1007/s00402-020-03711-0
https://doi.org/10.12669/pjms.39.4.7724
https://doi.org/10.1080/07853890.2025.2453081
https://doi.org/10.1080/07853890.2025.2453081
https://doi.org/10.1007/s13167-025-00399-3
https://doi.org/10.1007/s13167-025-00399-3
https://doi.org/10.3389/fpubh.2021.818439
https://doi.org/10.3389/fpubh.2021.818439
https://doi.org/10.1186/s13018-020-01725-3
https://doi.org/10.1186/s13018-020-01725-3
https://doi.org/10.4055/cios23157
https://doi.org/10.1177/1457496914543979
https://doi.org/10.1177/1457496914543979
https://doi.org/10.1186/s13018-020-02152-0
https://doi.org/10.1186/s13018-020-02152-0
https://doi.org/10.1016/j.arth.2024.09.017
https://doi.org/10.1016/j.arth.2024.09.017
https://doi.org/10.1111/ans.15473
https://doi.org/10.1111/ans.15473
https://doi.org/10.1007/s00402-021-04302-3
https://doi.org/10.1007/s00402-021-04302-3
https://doi.org/10.1111/ans.16611
https://doi.org/10.1111/ans.16611
https://doi.org/10.1302/0301-620x.98b4.37203
https://doi.org/10.1302/0301-620x.98b4.37203
https://doi.org/10.1097/MD.0000000000004751
https://doi.org/10.1097/MD.0000000000004751
https://doi.org/10.1016/j.jor.2024.05.008
https://doi.org/10.1016/j.jor.2024.05.008
https://doi.org/10.1302/0301-620x.103b4.Bjj-2020-1046.R2
https://doi.org/10.1302/0301-620x.103b4.Bjj-2020-1046.R2
https://doi.org/10.1097/oi9.0000000000000238
https://doi.org/10.1007/s00264-015-2721-y
https://doi.org/10.1016/j.ocl.2024.02.001

	﻿Establishment and validation of a prognostic nomogram for periprosthetic femoral fracture after total hip replacement surgery
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study participants
	﻿Surgical technique and implants
	﻿Data collection
	﻿Statistical analysis

	﻿Results
	﻿General clinical characteristics
	﻿Predictive factors for PFF occurrence after THA
	﻿Nomogram model of PFF occurrence after THA
	﻿Calibration and validation of the nomogram model

	﻿Discussion
	﻿Conclusion
	﻿References


