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Purpose: To investigate a prediction model of meniscus injury in patients with tibial plateau fracture.



Methods: This retrospective study enrolled patients with tibial plateau fractures who were treated in the Third Hospital of Hebei Medical University from January 1, 2015, to June 30, 2022. Patients were divided into a development cohort and a validation cohort based on the time-lapse validation method. Patients in each cohort were divided into a group with meniscus injury and a group without meniscus injury. Statistical analysis with Student’s t-test for continuous variables and chi square test for categorical variables was performed for patients with and without meniscus injury in the development cohort. Multivariate logistic regression analysis was used to screen the risk factors of tibial plateau combined with meniscal injury, and a clinical prediction model was constructed. Model performance was measured by examining discrimination (Harrell’s C-index), calibration (calibration plots), and utility [decision analysis curves (DCA)]. The model was validated internally using bootstrapping and externally by calculating their performance in a validation cohort.



Results: Five hundred patients (313 [62.6%] males, 187 [37.4%] females) with a mean age of 47.7 ± 13.8 years were eligible and were divided into development (n = 262) and validation (n = 238) cohorts. A total of 284 patients had meniscus injury, including 136 in the development cohort and 148 in the validation cohort We identified high-energy injuries as a risk factor (OR = 1.969, 95%CI 1.131–3.427). Compared with blood type A, patients with blood type B were more likely to experience tibial plateau fracture with meniscus injury (OR = 2.967, 95%CI 1.531–5.748), and office work was a protective factor (OR = 0.279, 95%CI 0.126–0.618). The C-index of the overall survival model was 0.687 (95% CI, 0.623–0.751). Similar C-indices were obtained for external validation [0.700(0.631–0.768)] and internal validation [0.639 (0.638–0.643)]. The model was adequately calibrated and its predictions correlated with the observed outcomes. The DCA curve showed that the model had the best clinical validity when the threshold probability was 0.40 and 0.82.



Conclusions: Patients with blood type B and high-energy injuries are more likely to have meniscal injury. This may help in clinical trial design and individual clinical decision-making.
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Introduction

The meniscus is an important fibrocartilage structure in the knee joint that functions as a lubricant and cushion, minimizing shock, and stress in the joint (1, 2). Tibial plateau fracture is a complex traumatic fracture caused by the stress of external or internal rotation of the tibia, combined with the axial force of knee flexion (3–5). Fractures are often accompanied by meniscal injury, with an incidence of 39%–99% (6). At present, resection is often used to treat meniscal injury, though this reduces the contact area between the meniscus and tibial femur, increases contact pressure, and reduces joint stability. This leads to pain and limitation of knee function, and can even cause articular cartilage degeneration and osteoarthritis (7, 8). Therefore, the integrity of the meniscus structure is important for the function and quality of life in patients with tibial plateau fractures. Therefore, it is crucial for clinical prevention to predict the high-risk population for tibial plateau fractures combined with meniscal injury.

The clinical prediction model, known as the clinical prediction rule or risk score, refers to the use of multifactorial models to predict the probability of having a certain disease or certain future outcome. Nomograms (also known as nomograms) are graphical descriptions of models that estimate the probability of an event occurring for an individual patient (9, 10). The precise prevention and control of diseases is important. In terms of predicting the risk factors of tibial plateau fracture combined with meniscal injury, previous studies have only analyzed the risk factors of tibial plateau fracture or meniscus injury alone (11–13). There are still no models that adequately predict meniscal injuries in patients with tibial plateau fractures.

Therefore, we designed this study to retrospectively collect the data of patients with tibial plateau fractures admitted to the Third Hospital of Hebei Medical University from January 2015 to June 2022. We aimed to describe and analyze the demographic characteristics and preoperative fracture-related factors and develop nomograms to predict the possibility of meniscal injury in these patients. This study provides a reference for clinical diagnosis, treatment, and disease prevention.



Participants and methods


Inclusion criteria and exclusion criteria

The study inclusion criteria were as follows: (i) closed tibial plateau fractures and (ii) complete medical records and imaging data. The exclusion criteria were as follows: (i) pathologic fractures, (ii) old or secondary tibial plateau fractures, (iii) open tibial plateau fractures, and (iv) incomplete data and imaging material.



Study design

The clinical data of patients with tibial plateau fractures admitted to the Third Hospital of Hebei Medical University from January 1, 2015, to June 30, 2022, was retrospectively analyzed. Fracture patients admitted between January 2019 and June 2022 were assigned as the development cohort to analyze risk factors for meniscus injury and built a nomogram, and patients admitted between January 2015 and December 2018 were assigned as the validation cohort to evaluate the transportability and generalizability of the model. This epidemiological study was approved by the Institutional Review Board of the Third Hospital of Hebei Medical University (section 2015-002-1) in compliance with the Helsinki Declaration. This was a retrospective study based on historical medical records, and no human participants were included. Written informed consent was not required for participation.



Data collection

The medical records of enrolled patients were retrieved using a medical record inquiry system. The demographic characteristics of the patients and detailed information on the tibial plateau fractures were recorded. Specifically, collated information included (1) demographic characteristics: sex, age, marital status, occupation, ethnic origin, body mass index (BMI), medical payment method, urbanization, and blood type; (2) injury characteristics: season, holiday, injury mechanism, injury side, AO classification, Schatzker classification, ligament injury, and associated injuries; (3) preoperative complications and preoperative concomitant injuries.

Preoperative and postoperative imaging data were collected using a picture archiving and communication system. x-ray, computed tomography (CT) and magnetic resonance imaging (MRI) scans were performed on all patients with tibial plateau fracture meeting the inclusion and exclusion criteria after admission. X-ray films, CT and MRI scans, and arthroscopy of tibial plateau fractures were reviewed by two orthopaedic surgeons with more than 10 years of experience. Schatzker and AO fracture classification were used to assess the pattern of tibial plateau fractures. If there was any disagreement in the classification of tibial plateau fractures and the diagnosis of meniscus and ligament damage, a final decision was made through discussion, with consensus achieved by the two surgeons.



Surgical procedures

All 500 patients with tibial plateau fractures underwent surgical treatment. The patients with Schatzker type I split of the lateral tibial plateau was treated with prepatellar clamp reduction and plate screw fixation. Type Ⅱ and Ⅲ split of the lateral tibial plateau combined with collapse and simple collapse fracture were treated with Kirschner wire pry reduction, arthroscopic reduction and plate screw fixation, or balloon distraction and bone cement fixation. For type Ⅳ medial tibial plateau fracture, the anterior patellar clamp was used for reduction, Kirschner wire pry for reduction, and medial plate screw fixation. For type Ⅴ and Ⅵ bilateral tibial plateau fractures, the collapsed bone was reduced by incised Kirschner wire pry, the width of the tibial plateau was restored by prepatellar forceps, and bilateral plate screws were used for fixation. In addition to fracture reduction and fixation, we performed arthroscopy during the operation. On the one hand, we observed whether the reduction quality was satisfactory. At the same time, we explored whether the anterior and posterior cruciate ligaments and meniscus were damaged or torn. and intraoperative arthroscopy was performed to observe whether the reduction quality was satisfactory and whether there were anterior and posterior cruciate ligaments and meniscus injuries.



Statistical analysis

Statistical analyses were performed using R4.1.0 (R Foundation for Statistical Computing, Austria). Statistical significance was set at P < 0.05. Descriptive statistics were reported as frequencies and proportions, cause the collected factors were all categorical variable. Differences in the constituent ratios of baseline comparison of tibial plateau fractures between the development and validation cohorts were tested using the chi squared (χ2) test or Fisher’s exact probability method. Model building used univariate analysis to analyze the 53 variables. Variables with P < 0.05 were selected and included in multivariate logistic regression for further analysis to obtain the independent influencing factors related to tibial plateau fracture combined with meniscal injury and a nomogram plot were established. Logistic regression analyses were used to estimate the odds ratios (OR) and their 95% confidence intervals (CIs) or P-values. Model performance was evaluated by examining discrimination (C-index), calibration (calibration plots and H-L goodness of fit test), and utility [decision analysis curves (DCA)].

The model validation was performed in two steps. First, we performed an internal validation using a bootstrap resampling process to provide an unbiased estimate of model performance, using the C-index (validated package in R) and calibration plot (calibrate package in R). The original development cohort was resampled to obtain a dataset with the same size. Second, to assess external validity, the prediction accuracy of the model was determined in the validation cohort by computing the C-indices, calibration plots, and H-L goodness of fit test. The clinical effectiveness was evaluated in the validation cohort using the DCA curve, and the net clinical benefit of the model was obtained.




Results


Characteristics of fracture cases

A total of 500 patients diagnosed with tibial plateau fracture, 313 males (62.6%) and 187 females (37.4%) with an average age of 47.7 ± 13.8 years (range, 14–89 years) met the eligibility criteria (Figure 1). Before the age of 60 years, male patients accounted for the majority of tibial plateau fractures, with men aged 30–39 years old accounting for the largest proportion (86.0%). After 60 years of age, most tibial plateau fracture patients were female, and 66.3% of them were aged 60–69 years old (χ2 = 68.285, P < 0.01). There were 284 (56.8%) cases of tibial plateau fracture complicated by meniscal injury and 216 (43.2%) cases without meniscus injury. There were 84 cases (16.8%) with ligament injury, including 61 cases (72.6%) with anterior forks ligament injury, 21 cases (25.0%) with posterior forks ligament injury, and 2 cases (2.4%) with anterior forks ligament and posterior forks ligament injuries. According to the AO classification, 306 (61.8%) cases were type B fractures and 189 (38.2%) were type C fractures. According to the Schatzker classification, type II fractures were the most common (214 cases, 42.8%), followed by types VI (112, 22.4%), V (73, 14.6%), IV (56, 11.2%), III (40, 8.0%), and I (5, 1.0%). Among the 500 patients with tibial plateau fractures, the majority were overweight (266 cases, 53.2%), followed by obese (125 cases, 25.0%), normal weight (105 cases, 21.0%), and underweight (4 cases, 0.8%). The medical insurance group comprised the majority of patients (491 cases, 98.2%), and most patients were married (462 cases, 93.4%). Moreover, most of the patients were diagnosed in spring (150 cases, 30.0%), followed by winter (124 cases, 24.8%), autumn (120 cases, 24.0%), and summer (106 cases, 21.2%). Most patients were of Han nationality (488 cases, 97.6%), and from rural areas (306 cases, 61.2%). Blood type B was predominant (162 cases, 32.4%), followed by blood type A (142 cases, 28.4%), type O (139 cases, 27.8%), and type AB (57 cases, 11.4%). Hypertension was the most common preoperative complication (104 patients, 20.8%). The comparison results of the baseline data between the development and validation cohorts are shown in Table 1.


[image: Figure 1]
FIGURE 1
Gender and age distribution of 500 patients with tibial plateau fractures.



TABLE 1 Baseline comparison of tibial plateau fracture between development and validation cohort [n (%)].
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Model building

Univariate analysis of the model building population showed that compared with the tibial plateau fracture patients without meniscus injury, the proportion of patients with meniscus injury who were farmers and workers, high-energy injury, and blood type B and blood type AB were higher (P < 0.05, Table 2). These factors were included in the multivariate logistic regression analysis.


TABLE 2 Results of univariate analysis of tibial plateau fracture in development cohort [case (%)].

[image: Table 2]

Multivariate analysis showed that high-energy injury (OR = 1.969, 95%CI:1.131–3.427) was a risk factor for tibial plateau fracture combined with meniscal injury. Compared with blood type A, blood type B was a risk factor (OR = 2.967, 95%CI:1.531–5.748). Compared to farmers, office staff occupation was a protective factor (OR = 0.279, 95%CI:0.126–0.618) (Table 3).


TABLE 3 Results of multivariate analysis of tibial plateau fracture in development cohort.
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Model validation

According to the ROC curve, the C-index of the model was 0.687 (95%CI:0.623–0.751), and the best cut-off value was 0.572. The specificity and sensitivity were 0.794 and 0.522, respectively (Figure 2). The C-index of the external validation cohort was 0.700 (95%CI:0.631–0.768), and the optimal cut-off value was 0.528. The specificity and sensitivity were 0.667 and 0.669, respectively (Figure 3), and the C-index of the internal validation cohort was 0.639 (0.638–0.643).


[image: Figure 2]
FIGURE 2
ROC curve for development cohort of tibial plateau fracture combined with meniscus injury.



[image: Figure 3]
FIGURE 3
ROC curve for validation cohort of tibial plateau fracture combined with meniscus injury.


In the calibration figures for the modeling, internal validation, and external validation groups, the prediction curve fitted the reference line well, indicating that the risk predicted by the model was consistent with the actual risk of meniscal injury. The H-L test results of the development and validation cohorts were P = 0.120 (χ2 = 14.074) and P = 0.216 (χ2 = 11.961), respectively, indicating that the model had good predictive ability and a high level of calibration (Figures 4–6).


[image: Figure 4]
FIGURE 4
Calibration curve for development cohort of tibial plateau fracture combined with meniscus injury.
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FIGURE 5
Calibration curve for external validation cohort of tibial plateau fracture combined with meniscus injury.



[image: Figure 6]
FIGURE 6
Calibration curve for internal validation cohort of tibial plateau fracture combined with meniscus injury.


According to the DCA curve in the development group, the clinical effectiveness is best and the treatment has a higher net benefit, when the threshold probability is in the range of 0.40 to 0.82 (Figures 7, 8).


[image: Figure 7]
FIGURE 7
DCA curve for development cohort of tibial plateau fracture combined with meniscus injury.
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FIGURE 8
DCA curve for validation cohort of tibial plateau fracture combined with meniscus injury.




Presentation of clinical prediction model

The “lrm” function in the Rms package of R language was used to establish the Logistic regression model with the above three factors. The “Plot” function was used to further draw the nomogram, and the results of the clinical prediction model were visualized (Figure 9). A nomogram can be used to determine the risk of tibial plateau fracture combined with meniscal injury, according to the relevant variables of individuals in practice.


[image: Figure 9]
FIGURE 9
Nomogram for tibial plateau fracture combined with meniscus injury.


For example, a worker with blood type B suffered a tibial plateau fracture in the spring when he fell from a scaffolding that was 3 m high. The corresponding score was obtained on the nomogram based on the values of each factor. When the scores for each factor were summed, the risk of meniscal injury in this patient was 0.765.




Discussion

Tibial plateau fracture combined with meniscal injury can cause serious damage to knee joint function. At present, meniscal injury is usually judged by knee MRI, which has a certain false-positive rate (14). Therefore, it is critical to take preventive measures against risk factors and high-risk groups that may develop meniscal injury. In this study, we developed and validated a clinical model to predict the risk of meniscal injury in patients with tibial plateau fractures. Through univariate and multivariate analyses, we included the selected variables in the model, and the model evaluation showed good discrimination, calibration, and clinical validity. According to the nomogram, occupation was the most important predictor, followed by blood type and injury mechanism.

In the current study, when compared with farmers, being office workers was a protective factor for tibial plateau fracture combined with meniscus injury. This may be related to the lower daily exercise and lower activity levels of office workers. This finding is similar to those of previous studies that showed that excess exercise is a known risk factor for meniscal injury (15, 16). Repeated bending and crouching can cause frequent compression and friction of the meniscus, resulting in minor trauma. When the long-term injury accumulation exceeds the physiological capacity, the meniscus will undergo pathological changes in tissue composition and structure, and even tears, which will affect function (17, 18). Office workers work does not involve heavy physical strength and endurance activities, as such there is less joint wear, and a lower incidence of meniscus injury. Conversely, farmers work involves heavy physical labor, endurance activities, and often the need to carry out activities which strain the knee joint such as squatting or weightlifting. Such activities can easily cause acute or chronic meniscus injury. Some studies have found that compared with the general population, the activity levels of farmers, professional athletes, and soldiers are significantly higher, and the incidence of meniscus injury is also markedly increased (19, 20). In addition to the lower level of activity, the higher level of education and income of the office workers may be another factor. Education level is closely related to health literacy. Typically, the higher the education level, the better the economic condition, higher the health literacy, and healthier the lifestyle and behavior (21, 22). The average education level and per capita disposable income of office workers was higher than those of farmers. Moreover, office workers are more likely to perform reasonable exercises in their daily life and pay attention to the protection of the knee joints, thus lowering the incidence of meniscal injury. These findings are similar to those of previous studies. Lee (23) found that the incidence of knee osteoarthritis was higher in people with low income, low education level, non-management jobs or unemployed. Moreover, the study showed the correlation between low education level and knee osteoarthritis was the strongest.

The findings from this study showed that tibial plateau fracture patients with blood type B were more likely to have meniscal injury complications than those with blood type A. The relationship between blood type and the prognosis of cardiovascular disease and cancer has been well established (24–28). However, a direct link between blood type and meniscal injury has not been proven. These findings are similar to those of previous studies that showed that ABO blood type is associated with personality characteristics. People with blood type B tend to be enthusiastic, active and explorative (29, 30). Daily activities are frequent, and they prefer short-range, medium-high-intensity exercise, which results in repeated flexion and extension of the knee joint over a prolonged time, frequent stimulation, and excessive load on the meniscus. Therefore, blood type may affect individual behavior by influencing personality which subsequently affects tibial plateau fracture combined with meniscal injury, this is consistent with the results of this study.

Another issue elucidated in this study was that patients with tibial plateau fractures with high-energy injuries are more likely to have meniscal injuries than those with low-energy injuries. High energy injury refers to the injury caused by falling from a height >1 m, the strong impact and extrusion of electric vehicles or motor vehicles, etc (31). When the human body is impacted, the cushioning effect of the meniscus can reduce the impact force on the articular surface and subsequent body injury. When falling from a height, in order to share the pressure on the femur, the meniscus bares a huge load, resulting in serious deformation of the meniscus and easily causing a crush injury. When there is a traffic accident, the knee joint often experiences excessive flexion or joint torsion, resulting in meniscal tear injury (4). Chen (32) reported that traffic accidents were the main cause of posterior cruciate ligament injuries, particularly motorcycle accidents. Ligament injuries are also associated with meniscal tears. However, Shamrock (33) found that the mechanism of high-energy injury was associated with increased cartilage injury rates, but not with meniscal injury rate.

Other factors for tibial plateau fracture combined with meniscal injury were also identified in the different subgroups during the current study. Many studies have shown that a high BMI is a known risk factor for degenerative meniscal injury, and most of the people in this study had high-energy injuries. Therefore, it was concluded that BMI is not a risk factor for tibial plateau combined with meniscal injury. Furthermore, in this study it was found that tibial plateau fracture classification is not related to meniscal injury, a finding that is consistent with other investigations showing that there was no difference in the distribution of meniscal injuries among different types of tibial plateau fractures (34–36). Moreover, results showed age was not a risk factor for tibial plateau combined with meniscal injury, and with increasing age, the meniscus undergoes degenerative changes, which can be damaged by a slight impact (37–39). On the other hand, young people engage in more vigorous sports which include bouncing, twisting, and collision motions, thus increasing the risk of meniscus injury (40, 41). This study concluded that sex and ligament injury were not risk factors for tibial plateau combined with meniscal injury, which is consistent with the results of many existing studies (42–44).

There are some limitations in this study. Firstly, it is a retrospective study with certain information bias. Secondly, fracture data from one hospital is unrepresentative, Thirdly, the data of fracture patients in 2022 in the development cohort only included patient data from January to June, resulting in a difference between the time range and the validation cohort. The relationship between time factors and complications of meniscal injury may be biased. As such, further large-sample, multicenter prospective studies are needed to increase the time and space range of data acquisition to obtain a more comprehensive and accurate data basis.



Conclusions

Farmer occupation, blood type B and high-energy injuries are independent risk factors for tibial plateau fracture complicated with meniscal injury. Based on this, a clinical prediction model was established and evaluated. This model can be used to predict the menisci of patients with tibial plateau fractures. This can provide guidance for orthopaedic surgeons to make targeted preoperative examinations and surgical plans.
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