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Abstract: Objective: It is to identify risk factors for hip fractures in osteoporotic patients, and based on these risk factors, a

nomogram for predicting the risk of hip fractures in osteoporotic populations was established and validated. Methods: From

the Donghua database of the Affiliated Hospital of Chengde Medical College, the general information and data of

osteoporosis patients with a clear history of trauma who underwent double hip joint anteroposterior examination and blood

biochemical examination from June 2019 to June 2020 were collected and screened. The clinical data were randomly

divided into a training group and a verification group by R software. Univariate and multivariate logistic regression were

used to determine the independent risk factors of hip fracture risk in the osteoporotic population, and a nomogram was

established according to the independent risk factors. Then verification of it was conducted. Results: Of the 398 researchers

studied, 258 (64.8%) were diagnosed with hip fractures, with the independent risk factors of age, serum calcium

concentration, average femoral neck length, femoral shaft average diameter, and femoral average cortical thickness for HF in

OP patients. The area under the curve (AUC) of the nomogram for predicting HF in OP patients was 0.998 and 0.990 in the

training group and validation group, respectively. The calibration curve reflects the good consistency between the prediction

results and the model, and the clinical decision-making. The curve reflects the higher clinical value of the nomogram.

Conclusion: The nomogram established according to the independent risk factors of patients could accurately predict the

risk of HF in OP patients. Clinicians can use this model to provide evidence for individualized diagnosis and treatment of

patients and improving treatment plans.
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Introduction
The incidence of osteoporosis (OP) is on the rise as the population ages and life expectancy increases [1]. Around the

world, the prevalence of OP is approximately 21.7%[2]. Osteoporotic fractures, also known as fragility fractures, are the most

common complication of OP. In the United States, about 50% of women and 20% of men with OP will develop fragility

fractures [3]. Hip fractures have the highest morbidity, mortality and costs of all osteoporotic fractures [4]. With the

development of drugs and the maturity of surgical techniques, the treatment of HF has achieved great progress, and the

incidence of HF tends to be stable. [5], However, the high disability rate and high mortality rate of HF are still a major

challenge to clinicians and patients. At present, there are as many as 48 tools for fracture prediction in the world [6], and most

of them are predicted based on bone density measured by dual-energy X-ray absorptiometry (DXA) or quantitative CT.

However, due to the popularity of equipment, primary medical units[7] cannot make accurate and effective predictions. In

recent years, more and more studies have shown that bone morphology is closely related to fractures[8, 9]. In addition, blood

biochemical indicators have also been confirmed by many scholars to be related to fracture risk[10, 11]. The nomogram is a

widely used tool for predicting disease onset and prognosis [12]. With the help of the nomogram, clinicians can obtain

accurate evaluation values based on the clinical characteristics of each patient, to assess the risk of clinical events, and to
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formulate individualized coping strategies. The purpose of this study is to identify the risk factors of HF by analyzing the hip

joint geometry and blood biochemical examination of the patients, and establish a nomogram to evaluate the risk of HF

according to the risk factors.

Materials and methods
Selection criteria

From June 2019 to January 2022, the clinical data of the OP population who received double hip alignment examination

and blood biochemical examination in the Affiliated Hospital of Chengde Medical College due to trauma were collected

retrospectively, and the following variables were recorded: gender, age, mean femoral neck length (MFNL), mean femoral

shaft diameter (MFSD), mean femoral cortical thickness (MFCT), cholesterol (CHOL), triglycerides (TG), low-density

lipoprotein cholesterol, (LDL), high-density lipoprotein cholesterol (HDL), serum calcium (Ca), serum magnesium (Mg),

serum Inorganic phosphorus (IP).

Patients included in the study were determined based on the following criteria. Inclusion criteria: 1. Patients diagnosed

with osteoporosis (American Association of Clinical Endocrinologists/American College of Endocrinology Clinical Practice

Guidelines for the Diagnosis and Treatment of Postmenopausal Osteoporosis-2020 Update[13] was used as its diagnostic

criteria). 2. Clarify the history of hip wounds; with clear consciousness, can cooperate for the examination and clinical data

collection; 3. In double hip joint position, standard X -ray[14] was used, with the elimination criteria as follows: 1.High

energy damage, pathological fracture; 2. Severe liver and kidney dysfunction or long-term use of related drugs affecting

bone absorption.

Morphological parameter measurement of femur
The DR digital X-ray photography system (Siemens A032011 in the Netherlands) was used to conduct standard

anteroposterior plain film examinations on both hip joints, then imported the qualified plain films into the image processing

and measurement softening medical image archiving and transmission system software, and quoted the software that came

with it. In the measurement procedures, two experienced observers independently measured FNL, FSD, FCT (In HF patients,

the healthy side was measured). Taking the femoral head as a circle, the software’s built-in circle tool was used to determine

the boundary of the femoral head, arbitrarily determining four points on the circle, then choosing two as a group, connecting

these two points respectively, and find out their vertical intersection point of the bisector and the perpendicular bisector is

the center of the femoral head. Use the straight line tool of the software to determine the shortest distance of the femoral

neck. Half of the shortest distance of the femoral neck is the center of the femoral neck. Draw a line segment connecting the

center of the femur and the center of the femoral neck and extend it to the midline of the femoral neck.

FNL: Draw the central axis of the femoral shaft, draw a straight line perpendicular to the central axis of the femur at the

place that 2 cm away from the junction of the lower border of the lesser trochanter and the cortex of the femur, and measure

the distance between the line and the intersection point of the cortex on both sides of the femoral shaft. This distance is the

diameter of the femoral shaft FNL.
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Figure 1: Measuring Femoral Shaft Diameter

FSD: Draw the central axis of the femoral neck, respectively as the central axis of the femoral shaft and the central axis

of the femoral neck, and measure the distance from the intersection of the two extension lines to the center of the femoral

head.

Figure 2: Measuring femoral neck length

FCT：Draw a straight line perpendicular to the central axis of the femoral shaft 5 cm away from the intersection of the

lower edge of the lesser trochanter with the cortex of the femur, measure the distance between the line and the intersection

point of the lateral cortex on both sides of the femoral shaft, and measure the distance between the straight line and the

medial cortex on both sides of the femoral shaft. Combing the distance of the intersecting point, the difference between the

above two lengths is the thickness of the femoral cortex.

Figure 3: Measurement of Femoral Cortical Thickness

Data analysis and model building
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The population included in the study was randomly divided into a training group and a verification group at a ratio of

7:3, and statistical analysis was performed using software IBM SPSS 27.0 and R4.03. Means and standard deviations were

used for comparison, and the t-tests on two independent samples were used for comparison, and the difference was

considered statistically significant with p<0.05. Univariate logistic regression analysis was used to screen risk factors for hip

fracture (Enter method), and these risk factors were incorporated into multivariate logistic regression analysis (Enter method)

to screen out independent risk factors associated with hip fracture. Use multiple R packages to draw nomograms, calibration

plots, ROC curves and DCA plots to evaluate the performance of predictive models.

Result

Baseline characteristics
According to the inclusion and exclusion criteria, a total of 398 patients in the Donghua System of the Affiliated

Hospital of Chengde Medical College met the inclusion criteria for this experiment. Results: 172 male patients, 226 female

patients; 87 patients under 60 years old; 125 patients between 60-69 years old; 86 patients between 70-79 years old; 80-89

years old were included 86 cases and 14 cases of patients over 90 years old. Using "R" analysis software, according to the

ratio of 7:3, they were randomly divided into a training group and a verification group. The training group included 280

patients, 182 of whom had HF, and the verification group included 198 patients, of which 76 had HF. Comparing the general

data of the training group and the verification group, there was no statistically significant difference in clinical characteristics

(p>0.05). See Table 1 for details

Variables Total (n=398) group train (n=280) group validation (n=118) p

Sex ,n(%) Female 226(56.784) 160(57.143) 66(55.932) 0.824

Male 172(43.216) 120(42.857) 52(44.068)

FCT 15.100[13.950,16.360] 15.210[13.960,16.440] 14.860[13.880,16.060] 0.26

FSD 30.140[28.060,32.340] 30.040[27.970,32.080] 30.420[28.340,32.790] 0.149

FNL 49.780[46.230,52.860] 49.890[46.580,53.030] 49.570[46.000,52.250] 0.499

Mg 0.860[0.820,0.920] 0.860[0.820,0.920] 0.860[0.800,0.910] 0.258

Ca 2.230[2.140,2.310] 2.230[2.140,2.310] 2.230[2.140,2.320] 0.699

HDLc 1.140[0.940,1.330] 1.150[0.940,1.330] 1.120[0.960,1.330] 0.549

LDLc 2.410[1.850,2.960] 2.410[1.820,2.920] 2.480[1.930,3.020] 0.239

TG 1.220[0.890,1.700] 1.220[0.870,1.690] 1.320[0.970,1.760] 0.228

CHOL 4.150[3.480,4.840] 4.120[3.420,4.780] 4.210[3.560,4.970] 0.304

Age 68.000[60.000,80.000] 68.000[60.000,79.000] 67.000[60.000,80.000] 0.823

Table 1 Comparison of general data between the training group and the verification group

Risk factors for hip fractures
In the training set (280 patients), there were 182 patients with HF and 98 patients without HF. Through single factor

logistic regression, it was found that gender, age, CHOL, TG, LDL, Ca, MFNL, MFSD, and MFCT were compared between

the two groups, and the differences were statistically significant (p<0.05), which were related to the occurrence of HF in the
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osteoporotic population. Risk factors; Multivariate logistic regression analysis showed that gender, age, Ca, MFNL, MFSD,

and MFCT were independent risk factors for hip fractures. See Table 2 for details.

Univariate analysis Multivariate analysis

Variables OR 95%CI p-value OR 95%CI p-value

Sex Female

Male 0.356 0.215, 0.591 <0.01 0.001 0-0.373 0.022

FCT 0.32 0.243-0.420 <0.01 0.095 0.016-0.563 0.01

FSD 2.531 2.021-3.169 <0.01 27.889 2.028-383.526 0.013

FNL 1.089 1.567-2.088 <0.01 1.753 1.049-2.931 0.032

Mg 6.287 0.428-92.304 0.177

Ca 0.2 0.03-0.150 <0.01 0.005 0-0.997 0.05

HDLc 1.875 0.889-3.952 0.097

LDLc 0.443 0.316-0.620 <0.01 0.002 0-2.045 0.078

TG 0.625 0.447-0.874 0.05 0.152 0.013-1.796 0.135

CHOL 0.606 0.471-0.781 <0.01 36.894 0.134-10177.986 0.208

Age 1.12 1.207 <0.01 1.314 1.097-1.574 0.03

Table 2: Comparison of univariate and multivariate analyzes of all variables based on HF

Development and validation of nomograms
According to the logistic regression analysis, 6 independent risk factors related to the risk of HF in OP patients were

identified, and a nomogram for predicting the risk of HF in patients with osteoporosis was constructed, as shown in Figure 4;

at the same time, a forest plot was established according to the risk of HF, as shown in Figure 5; the discriminative power of

the prediction model is evaluated by drawing the ROC curve. The AUC values of the training group and the verification

group were 0.998 and 0.992, respectively, which proved that the nomogram model had good discriminative power, see

Figure 6; the calibration curve showed that the model predicts the OP The risk of hip fractures of patients was in good

agreement with the actual risk, as shown in Figure 7; the DCA curve showed that the nomogram provided a good prediction

model for assessing the risk of hip fractures, which may have high clinical application significance. See Figure 8.



Volume 12 Issue 1 -87-

Figure 4: Nomogram developed in this study to predict hip fracture risk in patients with moderate OP (p<0.05)

Figure 5: Forest plot. Using multivariate logistic regression analysis to describe the effect of different risk factors in

predicting the occurrence of hip fracture

a b

Figure 6: ROC curve in training set a (AUC: 0.998) and validation set b (AUC: 0.992)

a b
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Figure 7: Calibration curves, training set (a) and validation set (b).

Figure 8: DCA curve. In training set (a) and validation set (b)

Discussion
With the ageing of the global population, OP has become a common disease, and HF is its most common and serious

complication, which will significantly increase the social cost [15] and seriously affect the function and life of patients. The

study by Olalla Guzon-Illescas et al. showed that the overall survival rate decreased after the diagnosis of HF[16]. At present,

studies in many countries have shown that preventive drug therapy can effectively reduce the incidence of HF[17]. Therefore,

early prevention has become the consensus of researchers and clinical workers, so it is very meaningful to establish an

effective risk prediction model. In our study, we analyzed the data of 398 patients with HF and identified age, gender, MFSD,

MFNL, MFCT, as risk factors independently associated with HF, on this basis, we constructed A nomogram of HF risk in

the elderly population, validated by related models. Through this nomogram, clinicians can identify the risk of HF in patients,

which provide guidance for preventive measures for fractures.

Fragility fractures occur in people over 50 years old. In our study, age is an independent risk factor for HF, which is

consistent with the conclusions of most researchers[18]. Decreased intensity, while we considered increased underlying

disease and decreased physical activity, also made age a risk factor for developing HF. In addition, the gender (female) is an

independent risk factor for HF, and estrogen plays an important role in the balance of bone metabolism. It can stimulate the

proliferation and differentiation of osteoblasts, promote the apoptosis of osteoclasts, and maintain the balance in the bone

microenvironment, to protect bone tissues, and the decline of estrogen levels after women enter menopause leads to the

destruction of the balance of bone microenvironment, which leads to an increased risk of fractures[19]. We believe that

women can use estrogen supplements in real time after menopause, which can effectively reduce fractures risk[20]; Ca is an

independent risk factor for HF, Ca is an important substance to maintain bone remodeling and promote bone formation, and

is an important nutrient for bones. In this study, the decrease in Ca leads to an increased risk of HF. Calcium
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supplementation may be needed in due course, but high-dose calcium supplementation may lead to increased cardiovascular

risk[21]. Therefore, regular and systematic use of calcium supplementation is the safest and most effective way to reduce the

risk of HF.

Due to the reduction of bone mass and bone quality in the human body, the bone strength is reduced. Among them, the

bone quality is mainly affected by the geometric properties and material properties of the bone. Some studies have shown

that[22], the geometric changes of the hip joint can be a decisive factor for whether the fracture occurs or not, and the reason

is consistent with the mechanics. The femoral neck is an important anatomical tissue connecting the femoral head and the

femoral shaft. According to geometric mechanics, if the moment arm is too long, it is easy to break when it is subjected to a

small force (such as a low-energy injury such as a fall). Therefore, the shape of the femoral neck that is too long may lead to

HF, the direction of the trabecular bone in the femoral neck is different[23], and the high shear force is also an important

internal cause of HF. Cortical bone is an important supporting tissue for bone. During the aging process, the pores in the

cortex increase, while the bone quality decreases, the bone strength decreases, which makes fractures prone to occur.

Therefore, with the decrease of FCT, the risk of HF increases; the transition zone, as an important connection between the

femoral head and the femoral shaft, is prone to fracture, and the diameter of the femoral shaft measured at this site is related

to the risk of fracture, which may be related to the cortical changes in the transition zone. Osteogenesis, FSD increases with

aging in compensation[24]. Due to the presence of osteoporosis in patients, the femoral medullary cavity expands, which leads

to the cortex in this area gets thinner, then the load capacity of the bone is reduced and is prone to fractures. In addition,

whether different blood lipid levels can affect fractures is controversial. Wang Yanmao[25]and some other scientists believed

that different blood lipid levels had a strong correlation with fractures, but in this study, it was found that CHOL, TG, LDL,

HDL and other indicators were not independent risk factors for HF. It is consistent with the research results of M Tohidi et

al.[26] This still requires further research on the understanding of physiology, pathways, etc.

Insufficiency of this study: first, this study is a retrospective study, and there is a certain selection bias; second, in

addition, the sample size was small and the case source was single, and large samples from other databases are still needed

for research verification; third, in this study, the research item included was not sufficient, where it only included some

morphological indicators and biochemical indicators, and other parameters such as material science should be further added.

However, this study still provides help for primary hospitals to predict and prevent HF.

Conclusion
Age, gender, FSD, FNL, and FCT are risk factors independently associated with HF. A nomogram model was

constructed based on these risk factors. This model can be used to predict the risk of HF in OP patients. Based on this

nomogram, it can used as references by clinicians in helping patients make wiser prevention and treatment options.
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