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Construction of a Clinical Prediction Model for Complications
After Femoral Head Replacement Surgery
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Abstract

Background: While femoral head replacement is widely used with re-
markable efficacy, the complexity and diversity of postoperative com-
plications pose a serious prognostic challenge. There is an urgent need
to develop a clinical prediction model that can integrate multiple factors
and accurately predict the risk of postoperative complications to guide
clinical practice and optimize patient management strategies. This study
is dedicated to constructing a postoperative complication prediction
model based on statistics and machine learning techniques, in order to
provide patients with a safer and more effective treatment experience.

Methods: A total of 186 patients who underwent femoral head replace-
ment in the Orthopedic Department of our hospital were collected in this
study. Forty-two of the patients had at least one postoperative complica-
tion, and 144 had no complications. The preoperative and postoperative
data of patients were collected separately and medical history was col-
lected to study the correlation factors affecting the occurrence of post-
operative complications in patients and to establish a prediction model.

Results: Possibly relevant factors were included in a one-way logis-
tic regression, which included the patient’s gender, age, body mass
index, preoperative diagnosis of the mode of injury, osteoporosis or
lack thereof, as well as medical history, surgical-related information,
and laboratory indices. After analyzing the results, it was concluded
that operation time, alanine transaminase (ALT), aspartate aminotrans-
ferase (AST), white blood cell count, serum albumin, and osteoporosis,
were the risk factors affecting the development of complications after
femoral head replacement in patients (P < 0.2). The data obtained were
further included in a multifactorial regression, and the results showed
that operation time, AST, white blood cell count, serum albumin, and
osteoporosis were independent risk factors for complications after the
patients underwent femoral head replacement (P < 0.05).

Conclusion: Based on the results of this study, five factors, including
duration of surgery, AST, white blood cell count, serum albumin, and
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osteoporosis, were identified as independent risk factors for compli-
cations after patients underwent femoral head replacement. In addi-
tion, the prediction model developed in this study has a high scientific
and clinical application value, providing clinicians and patients with
an important tool for assessing the risk of complications after affected
femoral head replacement.
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Introduction

Femoral head replacement has been widely used worldwide as
an important treatment for femoral head necrosis and severe hip
disease [1-3]. With the advancement of medical technology and
improvement of surgical methods, the prognosis of patients has
significantly improved, but the incidence of postoperative com-
plications is still high, which seriously affects the quality of life
of patients and the recovery process [4, 5]. Possible postoperative
complications of femoral head replacement include, but are not
limited to, postoperative infection, loosening of the prosthesis,
dislocation, deep vein thrombosis, pulmonary embolism, and
transfusion reactions, which not only increase the financial bur-
den of the patient, but may also threaten his or her life [6, 7].
Currently, although some studies have focused on complications
after femoral head replacement [8-10], clinical prediction models
for these complications are still lacking, especially comprehen-
sive prediction models that can take into account multiple factors,
such as individual patient differences, preoperative conditions,
surgical procedures, and postoperative recovery. Moreover, most
of the current predictive models for complications after femo-
ral head replacement only address single complications such as
dislocation, deep venous thrombosis of lower limbs, occult post-
operative blood loss, loss of walking independence, and blood
transfusion [11-15]. There is no systematic predictive model
for common complications after femoral head surgery. There-
fore, constructing an accurate and effective clinical prediction
model for postoperative complications is of great significance in
guiding clinical decision-making and optimizing perioperative
management. Clinical predictive modeling, as a tool based on
statistical and machine learning techniques, is able to estimate
the probability of having a certain disease or the probability of
a certain outcome occurring in the future using multifactorial
models to provide a scientific basis for clinical decision-making
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[16, 17]. Such models include diagnostic models, which are used
for early diagnosis of diseases, and prognostic models, which
are used to predict disease progression and complications [16].
In the field of femoral head replacement, the construction of a
clinical prediction model for postoperative complications helps
physicians to risk stratify patients before surgery and formulate
personalized treatment strategies, thus improving the success
rate of surgery and reducing the complication rate. In this study,
we retrospectively analyzed clinical data from a large number
of patients undergoing femoral head replacement to screen for
independent risk factors for postoperative complications and the
corresponding nomogram prediction model is constructed.

Materials and Methods

Research objects

This study adopts a retrospective case-control study, which
was used to collect clinical data related to patients who under-
went femoral head replacement in the Department of Orthope-
dics of our hospital during the period from March 2021 to June
2024. A total of 186 patients were enrolled in the group, in-
cluding 98 males and 88 females. The study was approved by
the Ethics Committee of our hospital. The Number is W-072-
13. All methods were performed in accordance with the rel-
evant guidelines and regulations.

Inclusion criteria were: 1) patients diagnosed with femoral
neck fracture or caput femoris necrosis; 2) patients who under-
went femoral head replacement surgery; 3) patients diagnosed
with unilateral femoral neck fracture or caput femoris necro-
sis; 4) no combination of fractures elsewhere; and 5) complete
documentation of patient perioperative treatment data and
medical history.

Exclusion criteria were: 1) a history of old fractures, mul-
tiple fractures, and secondary fractures; 2) the clinical data are
missing; 3) combined with severe heart, liver, lung, and kidney
diseases; 4) history of malignant tumor; 5) individuals who are
pregnant or lactating; 6) severe mental or psychological disor-
ders; and 7) patients who died due to surgery.

Research methods

A total of 186 patients were collected in this study, of which
42 patients had at least one postoperative complication and
144 patients had no complications. Pre- and postoperative data
were collected from the patients separately and medical histo-
ries were collected to study the correlates affecting the occur-
rence of postoperative complications in the patients.

Collect indicators

In this study, gender, age, body mass index (BMI), occurrence
of complications or not, preoperative diagnosis of injury modal-
ity, osteoporosis or not of the patient, and the patient’s medical
history were collected, as well as information related to the pa-
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tient’s surgery and the patient’s laboratory parameters. The op-
eration information includes the operation time, operation mode
and whether bone cement is used during the operation. Labo-
ratory tests include alanine transaminase (ALT), aspartate ami-
notransferase (AST), white blood cells, platelets, and albumin.

Statistical methods

The data were processed and statistically analyzed in this study
using SPSS 25.0 and R language (R 4.1.2). Quantitative infor-
mation that conformed to normal distribution was expressed
as mean = standard deviation, and differences between groups
were analyzed using the independent samples #-test. Compari-
sons between groups that do not obey a normal distribution
are made using nonparametric tests. Data for qualitative infor-
mation were expressed as number of cases and percentages,
and the Chi-square test was used to determine if there were
differences between groups. Firstly, based on the analysis of
the occurrence of postoperative complications in patients and
various clinical indicators and other factors, and then based on
the one-way logistic regression analysis of the collected data,
to determine the potential risk factors for the occurrence of
postoperative complications in patients with femoral head re-
placement. In the univariate analysis, the exposure factors with
P < 0.2 were selected and included in the multivariate analysis
to derive the independent risk factors associated with the de-
velopment of complications after femoral head replacement.
P <0.05 was considered a statistically significant difference.

Complications involved in this study and their definitions

Incision infection, dislocation, nerve injury, and deep venous
thrombosis of lower limbs are common complications after
surgery. If a lower extremity venous thrombus is dislodged,
the embolus may follow the circulation and obstruct the pul-
monary vessels causing pulmonary embolism, which may be
fatal. Fracture around prosthesis seriously affects the patient’s
postoperative recovery and surgical satisfaction.

Incision infection

Incision infection includes superficial incision infections and
deep incision infections. Blood routine and C-reactive protein
examination were routinely performed before operation. Post-
operatively, the presence of incision infection is determined by
observing the patient’s subcutaneous and deep tissues of the
incision for redness, swelling, and fluid accumulation.

Deep venous thrombosis of lower limbs

By comparing the preoperative and postoperative deep vein ul-
trasound of the lower extremities of the affected patients, if no
deep vein thrombosis of the lower extremities was detected in
the preoperative examination but a thrombus was found in the
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Table 1. Assignment of Related Indicators

Name

Variable assignment and description

Complication

Preoperative diagnosis of injury modality
Operation mode

Bone cement

Osteoporosis

Hypertension

Diabetes

Smoking

Drinking

0-no, 1 -yes

0 - fracture, 1 - caput femoris necrosis

0 - anterior approach,]1 - posterior approach
0-no, 1 -yes

0-no, 1 -yes

0-no, 1 -yes

0-no, 1 -yes

0-no, 1 -yes

0-no, 1 -yes

lower extremities in the postoperative review, it was indicated
that deep vein thrombosis of the lower extremities existed in
the postoperative period.

Dislocation

Dislocation refers to prolapse or subluxation of the femoral
head out of the acetabulum from any cause within 30 days after
surgery, resulting in loss of normal anatomy between the femur
and the pelvis.

Pulmonary embolism

Postoperative pulmonary embolism was considered to have
occurred if the patient developed postoperative symptoms
such as chest pain and dyspnea, which were clearly diagnosed
by computed tomography angiography (CTA).

Fracture around prosthesis

Fracture around prosthesis refers to disruption of the integrity
or continuity of the bone in the position of the prosthesis for
any reason within 30 days after surgery.

Nerve injury

The sciatic nerve, femoral nerve, obturator nerve, and pero-
neal nerve can all be damaged, and patients with postoperative
sensory abnormalities such as numbness of lower limbs or foot
drop are defined as nerve injury.

Machine learning techniques

Machine learning technology is an important branch in the
field of artificial intelligence science. In recent years, machine
learning technology has been gradually used in the medical
field for its efficiency and convenience, mainly including dis-

case diagnosis and medical data analysis [18]. It has unique ad-
vantages that traditional statistics do not have. In this study, we
predicted the occurrence of postoperative complications after
femoral head replacement based on machine learning technol-
ogy, found the related risk factors, and established the related
prediction model, with a view to providing a reference basis
for clinical diagnosis and treatment.

Results
Table 1 shows the assignment of related indicators in this study.
Baseline characteristics

Patients were grouped based on whether they had complica-
tions after undergoing femoral head replacement, with 144 in
the non-complication group and 42 in the complication group.
Gender, age, and BMI of patients in both groups were included
in the statistical study. There was no significant difference in
baseline characteristics (P > 0.05) (Table 2).

One-way logistic regression analysis

Possibly relevant factors were included in a one-way logistic
regression, which included the patient’s gender, age, BMI, pre-
operative diagnosis of the mode of injury, osteoporosis or lack
thereof, as well as medical history, surgical-related information,
and laboratory indices. After analyzing the results, it was con-
cluded that operation time (odds ratio (OR) = 1.12, P < 0.001),
ALT (OR=1.04, P=0.038), AST (OR =1.12, P<0.001), white
blood cell count (OR =2.90, P <0.001), serum albumin (OR =
0.84, P <0.001), and osteoporosis (OR =4.54, P <0.001), were
the risk factors affecting the development of complications after
femoral head replacement in patients (P < 0.2) (Table 3).

Multifactorial regression

The six risk factors of operation time, ALT, AST, white blood
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Table 2. Baseline Characteristics

Total

No complications

Complications

Variables (n = 186) (n = 144) (n=42) Statistic P
Age 66.76 £16.47 66.03 £ 16.69 69.26 £ 15.63 t=-1.12 0.264
BMI 23.20 £2.81 23.30 £2.82 22.86 +2.77 t=0.89 0.372
Gender, n (%) ¥?=0.00 0.964
Female 88 (47.31%) 68 (47.22%) 20 (47.62%)
Male 98 (52.69%) 76 (52.78%) 22 (52.38%)

BMI: body mass index.

Table 3. One-Way Logistic Regression Analysis of Complications After Femoral Head Replacement Surgery

Variables i} SE Z P OR (95% CI)
Age 0.01 0.01 1.12 0.263 1.01 (0.99 - 1.03)
BMI -0.06 0.06 -0.90 0.371 0.95 (0.84 - 1.07)
Operation time (min) 0.11 0.02 4.62 <0.001 1.12 (1.07 - 1.18)
ALT 0.04 0.02 2.08 0.038 1.04 (1.01 - 1.09)
AST 0.11 0.03 4.30 <0.001 1.12 (1.06 - 1.17)
WBC 1.06 0.21 5.13 <0.001 2.90 (1.93 - 4.35)
PLT -0.01 0.02 -0.35 0.725 0.99 (0.96 - 1.03)
Albumin -0.18 0.05 -3.71 <0.001 0.84 (0.77 - 0.92)
Age

Male 1.00 (Reference)

Female 0.02 0.35 0.05 0.964 1.02 (0.51 - 2.02)
Preoperative diagnosis of injury modality

0 1.00 (Reference)

1 -0.03 0.39 -0.07 0.940 0.97 (0.45 - 2.08)
Hypertension

0 1.00 (Reference)

1 0.24 0.35 0.68 0.493 1.27 (0.64 - 2.54)
Diabetes

0 1.00 (Reference)

1 -0.13 0.50 -0.26 0.791 0.88 (0.33 -2.32)
Smoking

0 1.00 (Reference)

1 -0.14 0.47 -0.31 0.759 0.87 (0.35-2.16)
Drinking

0 1.00 (Reference)

1 -0.05 0.43 -0.11 0.913 0.95 (0.41 - 2.20)
Operation mode

0 1.00 (Reference)

1 -0.32 0.35 -0.91 0.365 0.73 (0.37 - 1.45)
Bone cement

0 1.00 (Reference)

1 0.40 0.42 0.94 0.349 1.49 (0.65 - 3.41)
Osteoporosis

0 1.00 (Reference)

1 1.51 0.38 4.01 <0.001 4.54 (2.17 - 9.50)

ALT: alanine transaminase; AST: aspartate aminotransferase; BMI: body mass index; Cl: confidence interval; OR: odds ratio; PLT: platelets; WBC:

white blood cell.
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Table 4. Multifactorial Regression of Complications After Femoral Head Replacement

Variables i} SE VA P OR (95%CI)
Operation time (min) 0.10 0.03 3.25 0.001 1.10 (1.04 - 1.17)
AST 0.10 0.03 3.03 0.002 1.10 (1.03 - 1.17)
WBC 1.11 0.25 4.46 <0.001 3.04 (1.87 - 4.95)
Serum albumin -0.18 0.06 -3.16 0.002 0.83 (0.74 - 0.93)
Osteoporosis 1.48 0.52 2.85 0.004 4.39 (1.59-12.12)

AST: aspartate aminotransferase; Cl: confidence interval; OR: odds ratio; WBC: white blood cell.

cell count, serum albumin, and osteoporosis derived from the
one-way logistic regression analysis were further included in
the multifactorial regression. The results showed that operation
time (OR =1.10, P=10.001), AST (OR = 1.10, P = 0.002), white
blood cell count (OR = 3.04, P < 0.001), serum albumin (OR =
0.83, P=0.002), and osteoporosis (OR = 4.39, P = 0.004) were
independent risk factors for complications after the patients un-
derwent femoral head replacement (P < 0.05) (Table 4).

Drawing of nomogram

A nomogram of the risk of complications after femoral head
replacement was constructed based on five independent pre-
dictors tested by multivariate logistic regression analysis (Fig.
1). A Nomo score was assigned to each independent risk fac-
tor, and the total score was derived by summation based on the
clinical characteristics of that patient, positioned on the total
points axis. The value on the risk axis corresponding vertically
downward is the probability of a complication after femoral
head replacement in that patient. The score for each independ-
ent predictor corresponds to the upper limit of the score for
each independent predictor, and the total score for each sub-
ject is the sum of the scores for each independent predictor.
The risk of complications after femoral head replacement is

determined by the total score on the axis of risk of complica-
tions after femoral head replacement. For example, if there is
a patient with osteoporosis, the Nomo score assigned to osteo-
porosis is 20; if the operation time for the patient is 80 min,
the Nomo score assigned to operation time is 20; if the white
blood cell count is 9.5, the Nomo score is 70; if the AST is 20,
the Nomo score is 20; if the serum albumin is 35, the Nomo
score assigned to serum albumin is 50. After summation based
on the clinical characteristics of the patient, we can calculate
the total score is 185. Subsequently, the value on the risk axis
corresponding vertically downward is over 0.9. The probabil-
ity of a complication after femoral head replacement in the
patient is over 0.9. Therefore, we can intervene with patients
before complications occur and develop a reasonable treat-
ment plan, such as enhancing dressing changes at the surgical
site, moderate mobility of the lower extremities, and regular
review of lower extremity deep vein ultrasound. Then the
model is verified internally. Bootstrap method in R software
is used to repeat sampling for 1,000 times to verify the nomo-
gram. The calibration curve is close to the ideal curve, which
shows that the nomogram predicts the incidence of compli-
cations after femoral head replacement with a high degree of
coincidence with the actual incidence, showing good predic-
tive performance, as shown in Figure 2. The receiver operating
characteristic (ROC) curve of the nomogram has an area under
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Figure 1. Nomogram prediction of the risk of complications after femoral head replacement. ALB: serum albumin; AST: aspartate

aminotransferase; WBC: white blood cell.
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Figure 2. Internal verification of nomogram-calibration curve.

the curve (AUC) of 0.90 (95% confidence interval (CI) = 0.84
- 0.96), as shown in Figure 3. It shows that the nomogram has
a good degree of discrimination for the high-risk population
with complications after femoral head replacement. The de-
cision curve analysis (DCA) of the nomogram shows that in
this nomogram, when the threshold probability of individuals
is greater than 0.05, the model provides more net benefits than
the strategy of “everyone intervenes” or “no one intervenes”.
This conclusion shows that the nomogram model has good
clinical application value in predicting the complications after
femoral head replacement, as shown in Figure 4.

Discussion

Significance of model construction

In this study, five independent predictors were screened from
numerous potential factors by multivariate logistic regression
analysis, and the results showed that operation time, AST, white
blood cell count, serum albumin, and osteoporosis were inde-
pendent risk factors for complications after the patients under-
went femoral head replacement, and a risk prediction model for
postoperative complications after femoral head replacement
was constructed. This methodology is consistent with many pre-
vious studies of clinical disease prediction models [19-21]. For
example, in Luo et al’s study, a similar multivariate regression
analysis approach was used to emphasize the rigor and scien-
tific validity of statistical models [20]. Similarly, Bayramoglu et
al predicted whether patellofemoral osteoarthritis occurs or not
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based on deep learning of lateral knee radiographs, demograph-
ics and symptom assessment and is widely used [22]. However,
this study is unique in that it focuses on the specific area of fem-
oral head replacement and fills a gap in the field with regard to
the prediction of postoperative complications.

Accuracy and performance evaluation of prediction model

The results of the internal validation of this model show that
the calibration curve of the model is highly close to the ideal
curve, indicating good agreement between the predicted values
and the actual observed values, which is an important indicator
for assessing the accuracy of the prediction model. Compared
to the study by Cabrera et al in the prediction of problems re-
lated to orthopedic surgery [23], the AUC value of the present
model (0.90) is at a high level, showing greater discriminatory
power and higher prediction accuracy. The performance of
high sensitivity and high specificity further validates the reli-
ability of the model in clinical practice, which can effectively
identify high-risk patients and provide strong support for clini-
cal decision-making.

Discussion on independent risk prediction factors

This model confirms that operation time, AST, white blood
cell count, serum albumin, and osteoporosis are all strongly as-
sociated with the development of postoperative complications
after femoral head replacement. The intrinsic reason for this is
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to consider that prolonged surgery may lead to increased tis-
sue damage, increased risk of infection, as well as compromised
postoperative recovery, which in turn increases the incidence of
postoperative complications. Shi et al conducted a retrospective
study and found that the complications of artificial femoral head
replacement is less than internal proximal femur locking plate
fixation, and the operation time is less, too. This is consistent
with our findings [24]. Also in femoral head replacement sur-
gery, although the liver is not the direct surgical site, surgical
stress, medication use, and potential complications (e.g., infec-
tion, bleeding) may affect liver function and result in elevated
AST levels. High AST levels may suggest impaired liver func-
tion, which in turn affects systemic metabolism and detoxifi-
cation and increases the risk of postoperative complications.
Therefore, AST can be used as a reference index for assessing
the systemic status of patients before and after surgery and for
predicting the occurrence of postoperative complications. This
is consistent with the findings of McLellan et al, who found
that all patients in the abnormal aspartate aminotransferase-to-
platelet ratio index (APRI) group had increased odds of com-
plications after total hip arthroplasty compared to the normal
APRI (P < 0.05) [25]. Meanwhile, a study by Matcovici et al
showed that high APRI is a high-risk factor for failure of Kasai
portoenterostomy [26]. At the same time, serum albumin is an
important protein for maintaining plasma osmotic pressure and
transporting nutrients. Low albumin levels may indicate that the
patient is malnourished or has impaired liver function, which
in turn affects the body’s immunity and ability to recover [27].
This is consistent with the study by Bohl et al, who showed
that in elderly patients undergoing hip fracture surgery, patients
with hypoproteinemia had higher rates of death, sepsis, and un-
planned intubation compared to patients with normal albumin
concentrations (P < 0.001) [28]. Finally, osteoporosis is one of
the common comorbidities in patients undergoing femoral head
replacement surgery, and the two interact. Osteoporosis patients
have poorer bone quality, reduced bone density, and destruc-
tion of the trabecular structure of the bone, which may lead to
postoperative complications such as poor fixation, loosening, or
even sinking of the prosthesis. This is consistent with the study
by Harris et al, who showed that the 5-year rate of all-cause
revision surgery was higher for patients who had osteoporosis
(hazard ratio (HR) 1.1, 95% CI: 1.0 - 1.2) [29].

Significance of nomogram model in risk assessment of
postoperative complications

Nomogram constructed in this study provides an intuitive
and convenient risk assessment tool for clinicians and patients.
Through simple calculation, the probability of postoperative
complications can be obtained, which is helpful for doctors to
make personalized surgery and rehabilitation plans. In contrast to
the study by Cichos et al on postoperative management strategies
for femoral head replacement [30], the present model not only
provides a risk assessment, but also emphasizes the importance
of early intervention, which complements the existing manage-
ment strategies and works together to promote the quality of pa-
tient recovery.
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Limitations

Although some achievements have been made in this study,
we still need to recognize the limitations of the model. First,
as mentioned earlier, the sample size was relatively limited
and from a single center, and future studies should consider
expanding the sample size and multicenter collaboration to
verify the general applicability of the model. In addition, due
to the single center and small sample size, we were limited
in the amount of data we could collect, and therefore there
were some flaws in the design of the study. There is a clear
clinical grading of the severity of comorbidities such as dia-
betes, hypertension, and osteoporosis. The impact of differ-
ent clinical grades of diabetes mellitus or hypertension on
postoperative complications after femoral head replacement
in patients varies widely. In future studies, we will further
improve the multicenter large sample size study, and then be
able to do continuous variables that respond to the severity
of complications, and then go on to better reflect the clinical
significance. Furthermore, postoperative pain of varying de-
grees occurs at the surgical site and we give nonsteroidal an-
ti-inflammatory drugs (NSAIDs) for symptomatic treatment.
This drug is metabolized by the liver and may cause varying
degrees of liver damage, which in turn may lead to elevated
transaminases (such as AST). Therefore, we recognize that
NSAIDs are confounding factors of our researches. Besides,
in the data we collected, 70% was used for cross-validation.
Then we can build a prediction model based on these data.
Subsequently, we use the remaining 30% for internal valida-
tion. Future studies would aim to validate this model in a
larger, multicenter cohort to assess its generalizability. Sec-
ond, as medical technology and clinical practice continue to
evolve, new risk factors may emerge and the model needs to
be updated periodically to incorporate new variables. In addi-
tion, advanced technologies such as artificial intelligence and
machine learning can be explored for application in model
construction and optimization to improve prediction accu-
racy and generalization ability.

Conclusions

Based on the results of this study, five factors, including op-
eration time, AST, white blood cell count, serum albumin,
and osteoporosis were identified as independent risk factors
for complications after patients underwent femoral head re-
placement. In addition, the prediction model developed in
this study has a high scientific and clinical application value,
providing clinicians and patients with an important tool for
assessing the risk of complications after affected femoral
head replacement. Future studies should aim to validate this
model in a larger, multicenter cohort to assess its generaliz-
ability.
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