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Editorial on the Research Topic
Hip arthroscopy: Pathologies, surgical techniques and complications



In the beginning, hip arthroscopy was mainly diagnostic, but a better understanding of the pathology, better examination techniques, and better imaging have led to increasing numbers of therapeutic procedures being performed and also led to the recognition of new pathologies, in a case report Jian et al. will show a patient with lateral hip pain who failed with conservative treatment, hip endoscopy was performed on this patient, resulting in significant improvement to regular daily and social activities in the mid-term.

Hip arthroscopy has been recognized as a surgical technique to treat bone deformity, periarticular soft tissue pathologies, and complications. However, it is important to recognize that OA and ONFH can be induced by exosomes which may play an important role as an inducer and serve as a promising treatment for early intervention, just like LV et al. showed us in its interesting review. The original research by Yu et al. demonstrates that there is a strong association between blood lipid metabolism and coagulation function with IONFH, which opens the door for future research.

Unfortunately, when the damage around the Hip is severe, a total hip replacement can be the only available treatment option that we can offer. as we already know, total hip replacement is the most successful and cost-effective orthopedic surgery, however, leg length discrepancy is one of the most common causes of a lawsuit after THR in the U.S.A. that is why the study presented by Chen et al. is important because they show that the horizontal calibrator provides more accurate limb length and femoral offset. however, when THR fails, one of its causes can be secondary to an acetabular defect, and a revision THR will be needed. The Systematic Review by Cheng et al. showed that using a jumbo cup is a recommended method for acetabular reconstruction in rTHA with satisfying clinical outcomes and survivorship.

Regarding surgical techniques, Li et al. presented an RCS that shows the importance of reconstructing the joint capsule and conjoint tendon to enhance muscle strength for the patient's best recovery. In its case report, Gebhardt et al. show us the importance of capsule closure to avoid iliopsoas tendon entrapment intraarticular.

The remaining article by Shen et al. looks into postoperative delirium in the geriatric population after hip surgery. The study proposes a prediction score that will enable delirium risk stratification for hip fracture patients and facilitate the development of strategies for delirium prevention.

This article series provides the most current information in a rapidly evolving field, according to the editorial board of Hip Arthroscopy: Pathologies, surgical techniques, and complications. In this series of articles, we will discuss hip pathology and the various treatment options available.
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Background: Limb length discrepancy (LLD) is one of the most common postoperative complications and can cause serious consequences. Poor recovery of femoral offset (OD) will result in weakness of the patient's external rotator muscles and affect the patient's postoperative function. The study is aimed to present a simple approach that compensates for the shortcomings of previous measuring devices and combines the advantages of different measuring devices to provide more accurate limb length and femoral offset restoration in total hip arthroplasty (THA).

Methods: This study was a prospective controlled trial involving 89 patients with THA. Group I (n = 44) was used for intraoperative measurement of THA with our self-designed horizontal calibrator. Group II (n = 45) was measured by a traditional freehand technique. The main outcome indicators were measured on the Neusoft PACS, including LLD, femoral offset deviation, and operative time. IBM SPSS 23.0 was used for data analysis.

Results: The independent sample t-test was performed for all the data. The operative time, preoperative radiographic LLD, and OD of Group I and Group II had no statistical significance. Postoperative LLD of Group I and Group II were 2.5 ± 2.1 mm (range −5.7 to 8.3 mm) and 6.2 ± 4.3 mm (range −18.0 to 15.2 mm), and the independent sample t-test data of both (P < 0.001; 95%CI = −5.1, −2.2) showed statistical significance. In Group I, there were 38 THAs with LLD <5 mm, accounting for 86% and there were 44 THAs with LLD <10 mm, accounting for 100%. In Group II, there were 20 THAs with LLD <5 mm, accounting for 44%. There were 36 THAs with LLD <10 mm, covering for 80%. There was no significant difference in postoperative femoral offset and OD.

Conclusion: The horizontal calibrator can provide more accurate limb length and femoral offset recovery in THA. It is a simple surgical technique that does not add additionally surgical costs and does not significantly increase operative time, providing a new solution for surgeons to resolve postoperative LLD and restore femoral offset.

Keywords: hip arthroplasty, leg length discrepancy, offset, intraoperative, calibrator


INTRODUCTION

Total hip arthroplasty (THA) is the most successful and cost-effective orthopedic surgery for patients with end-stage hip arthritis that relieves pain, restores function and improves quality of life (1). Limb length discrepancy (LLD) is one of the most common causes of lawsuit after THA in the United States (2). LLD may lead to biomechanical changes in the hip joint, gait dysfunction, low back pain, sciatica, instability, and increased risk of dislocation (3). The incidence of LLD after primary THA has been reported to be 1–27%, with an average of 3–17 mm and a range of 3–70 mm (1, 4). The research results of Fujita et al. (5) showed that 7 mm might be a reasonable threshold to reduce residual discomfort.

Although preoperative and postoperative LLD can be reliably measured by clinical examination and radiographs, intraoperative assessment of LLD is difficult (4). Various measurement techniques have been used to evaluate limb length intraoperatively. The freehand technique is a widely used technique, but it reveals great interobserver and intraobserver variability (6). Preoperative templates are also widely used, and digital templates have emerged to make the operation more convenient and the results more accurate (7, 8). But studies have shown that in up to 60% of the cases, the preoperative template cannot accurately predict the correct size of the implant (9). Some studies have also reported the use of intraoperative radiography to assess limb length and offset, but the postural requirements are greatly high (10, 11). Intraoperative navigation may yield satisfying results, but its application is limited by the difficulty of finding anatomical navigation points in obese patients and the high price (6). Also some studies reported no difference in leg length balance between computer-assisted and conventional THAs (1). Most surgeons use a variety of devices to accurately measure the length of the neck and the angle of the osteotomy, as well as devices that are attached to the pelvis to determine changes in the length of the implant after it has been placed (12, 13). However, there are limitations in obese patients, and the complications of pelvic fixation have been reported (3, 14).

The mechanical relationship between the abductor tissue and the direction of the femur is known as femoral offset (OD). OD is the distance from the center of the femoral head to the shaft axis of the femoral component. Inadequate reduction of OD results in decreased abductor tension and subsequent instability, thereby affecting gait symmetry. In addition, inappropriate OD may increase the risk of instability due to bone impingement. Fackler and Pose found that femoral displacement was significantly reduced in patients with postoperative dislocation and concluded that lateral rather than distal femoral stalk displacement enhanced stability. Since OD recovery is not physically obvious to patients, it receives less attention intraoperatively than LLD, and therefore less intraoperatively verified (15, 16).

The method based on the change of the position of the reference point of the pelvis and femur is an effective way to minimize LLD and OD recovery. Although there are many devices designed according to this idea at the present such as: Double-Stitch Technique (17), L-shaped caliper (18), LOOD device (14), calipers dual pin retractor (19), they also have obvious disadvantages, such as susceptibility to changes in limb position, complex operation, poor measurement accuracy, inconsistent anchor points, muscle contracture, and soft tissue effects (1, 3, 4). This article proposes a simple method that compensates for the shortcomings of previous measuring devices (12, 13, 16, 17, 19–23) and combines the advantages of different measuring instruments (14, 18, 24–30) to provide more accurate limb length and recovery of OD. This technique involves careful preoperative planning combined with the intraoperative use of the Horizontal Calibrator plus a double reverse “U” pad. According to a review of the literature (12–14, 16–26, 28–33), no studies on the device have been published. We conducted a prospective controlled study in our hospital to evaluate the efficacy of this technique in reducing LLD and restoring OD after THA.



MATERIALS AND METHODS


Patients

This study was a prospective controlled study. Since there were no blind surgeons, so the use of a single blind. Due to measurement tool design, production, validation, and other reasons, the study was not randomized, yet was grouped according to the time of admission. All patients were informed of the risks and benefits of the trial, gave their consent and signed an informed consent. Inclusion criteria: hip osteoarthritis, development displasia hip, osteonecrosis of the femoral head. Exclusion criteria: proximal femur/acetabular fracture, hemorrhage, malignant tumor, local infection, lower limb bone dysplasia, scoliosis, hip revision, or body intolerance to surgery. This study was approved by the Ethics Committee of Liaoning Provincial People's Hospital and was registered in the Chinese Clinical Trial Registry (ChiCTR2000038040) on 09/09/2020, retrospectively registered. Between 2019 and 2021, we collected 89 THAs, all performed by the same orthopedic surgeon. All acetabular prostheses were Trilogy IT (Zimmer, Warsaw, In, USA), and all femoral prostheses were M\L Taper (Zimmer, Warsaw, In, USA), with a modular head. The choice of femoral prosthesis affects the judgment of limb length and femoral offset during operation. Different types of implants have different penetration depths and femoral offset, so the type and manufacturer of femoral implants need to be controlled so that they are not variable factors.



Measuring Technique

Radiological examination included an anteroposterior pelvic radiograph with 15° internal rotation of both lower extremities. Depending on the results of the physical examination, a lateral radiograph of the hip and plain radiographs of the spine from other perspectives may be required to detect rigid scoliosis. For LLD measurement, a reliable method is used to measure the vertical distance from the line connecting the lower edge of the two tear drops to the innermost edge of the small rotor. The difference between the measured values of the two sides is the LLD (10). OD is measured by the distance between the axis of femur and the center of the femoral head (Figure 1) (1, 12). To achieve the accuracy of the measurement, all the measurements were carried out on Neusoft PACS (Neusoft Corp., China).


[image: Figure 1]
FIGURE 1. Preoperative X-ray templating All data measurements were made on Neusoft PACS. An anteroposterior (AP) positive view of the pelvis was obtained with both lower extremities internally rotated at 15°. For LLD measurement, a reliable method is to measure the vertical distance from the line connecting the lower edge of the two teardrops to the innermost edge of the small rotor. The difference between the measured values of the two sides is the LLD. OD is measured by the distance between the axis of the femur and the center of the femoral head. In the figure, the LLD was 9.58 mm, the OD on the right was 46.79 mm, and the OD on the left was 43.58 mm.



[image: Figure 2]
FIGURE 2. Comparison of postoperative LLD between group I and group II.




Surgical Technique

To achieve the ideal limb length during the operation, we used the horizontal calibrator plus a double-reverse “U” pad technique to measure the limb length (Figures 3, 4). All operations were performed in the posterior lateral decubitus position. Before the surgery, the double-reverse “U” pad is placed between the legs so that the healthy leg is placed into the lower groove. After sterilizing the towel, the other parts except the acetabular side of the Steinman pin are installed and connected and then set aside (Figure 4b). After exposing and incising the pelvis–trochanter muscles, the limb is placed in an extended position with the affected leg in the upper groove, aligned with the axis of the body and parallel to the ground in order to reproduce this position as much as possible during surgery. At this point, the acetabular side of the Steinman pin was driven into the acetabulum 3–5 cm above the greater trochanter at 1 o'clock (right hip) or 11 o'clock (left hip) as a static reference point (Figure 5a). The surgeon looked for a bony projection in the middle of the intertrochanteric spine of the axis of the femur as a reference point, extending toward the most lateral part of the greater trochanter perpendicular to the axis of the femur for diathermic or suture mark (Figure 5b). The first connection is linked to the upper pelvis side of the Steinman pin, and then another Steinman pin is fixed to the second connection at the femoral side using the marker as a reference. The surgeon reconfirmed that both the legs were in the grooves of the double reverse “U” pad. The bubble level and extension rod were adjusted so that the bubble of the level is centered and the extension rod is parallel to the affected limb and the longitudinal axis of the body (Figure 5c). The locking screw was fixed sequentially, and the values were read and recorded (Figure 5d). The other parts except the lateral acetabular wire were removed and placed aside without disassembling, and the operation was continued. After the installation of the test model, the measurement according to the above steps was repeated. If the limb needs to be lengthened or shortened, it can be adjusted directly according to the preoperative plan. The operative key is to select the correct size of the combination of the femoral component and the modular head so that this distance will be exactly or as close as possible to the differential length measured preoperatively.


[image: Figure 3]
FIGURE 3. Structure diagram of the horizontal calibrator (a) is the front structure diagram of the horizontal calibrator, and (b) is the reverse structure diagram. 1—Sliding Scale, 2—Bubble Level, 3—Extension Rod, 4—Lock Screw, 5—Steinman pin, 6—Limb Fixture; 11—first main ruler, 12—second main ruler; 13—First connecting part, 14—Second connecting part;111−0–6 cm ruler scale, 112—rectangular groove, 113—open accommodating groove, 114-lock hole; 121−6–12 cm ruler scale, 122—lock hole groove; 131—first horizontal hole groove, 132—first three-way hole; 141—second horizontal hole groove, 142—second three-way hole; 31—extension rod, 32—connecting cylinder; 41—Threaded joint, 42—Holding part; 51—Lateral pelvic long Steinman pin, 52—Femoral Steinman pin. (c) Double reverse “U” pad.



[image: Figure 4]
FIGURE 4. Physical diagram of the horizontal calibrator. (a) Shows all the components of the horizontal calibrator. See Figure 3 for details. (b) Shows the complete connected physical diagram of the horizontal calibrator, which was reserved preoperatively.



[image: Figure 5]
FIGURE 5. Intraoperative measurement of the horizontal calibrator. A lateral acetabular wire was inserted 3–5 cm above the greater trochanter at 1 o 'clock (right hip) or 11 o 'clock (left hip) as a static reference point in (a). The surgeon looks for a bony projection in the middle of the intertrochanteric spine of the femoral shaft as a reference point in (b). It was made sure that both lower legs are in the grooves of the double reverse “U” pad. The bubble level and extension rod were adjusted so that the bubble of the level is centered and the extension rod is parallel to the affected limb and the longitudinal axis of the body (c). The locking screw was fixed sequentially, the values were read and recorded (d).




Data Collection and Analysis

The basic information of the patients, the operation time, the anteroposterior radiographs of the pelvis before and 1–6 weeks after the operation were collected, and the femoral deviation and the difference and the LLD were measured and calculated (Figure 1). Pelvic radiographs were reviewed within 6 weeks after surgery because limb length had not been compensated and muscle strength had not been fully restored 1–6 weeks after surgery. Therefore, the data obtained are relatively real, avoiding the influence of other factors. All difference in the measurements were recorded as absolute values; however, compared to the opposite side, the range of values also includes negative values for shortening and positive values for lengthening. Two independent observers recorded all the data before and after the operation, respectively, and the final data was the average of the data recorded by them, which was statistically calculated by the third independent observer. SPSS 23.0(IBM Corp., USA) software was used for independent sample T-test for statistical analysis.




RESULTS

A total of 44 cases of THA were involved in Group I. About 59% of the patients were female, whose age and body mass index were 58.6 ± 9.4 years and 25.3 ± 3.3 kg/m2, respectively. A total of 45 THAs were included in Group II, 78% of the patients were female, whose age and body mass index were 61.1 ± 11.5 years and 24 ± 3.4 kg/m2, respectively. Age of both (p = 0.483; 95%CI = −6.9, 2.0) and body mass index (p = 0.979; 95%CI = −0.1, 2.7) were not statistically significant. The operative time of Group I and Group II (p = 0.08; 95%CI = −5.7, 12.9) were 83.4 ± 24.3 min and 79.8 ± 19.5 min, respectively, without statistical significance (Table 1). The preoperative radiographic LLD of Group I (mean ± SD = 9.6 ± 7.1 mm, range −51.0 to 19.7 mm) and Group II (mean ± SD = 10.0 ± 8.8 mm, range −21.9 to 32.0 mm) were examined by the independent T-test, and the data (p = 0.686; 95%CI = −3.8, 3.0) showed no statistically significant difference. There were 14 THAs with LLD <5 mm in Group I preoperatively, accounting for 32%. There were 29 cases with LLD <10 mm, accounting for 66%. In Group II, there were 17 cases with LLD <5 mm before operation, accounting for 38%. There were 26 cases with LLD <10 mm, accounting for 58%. Therefore, there was no significant difference in preoperative radiographic LLD between Group I and Group II. Postoperative LLD of Group I and Group II were 2.5 ± 2.1 mm (range −5.7 to 8.3 mm) and 6.2 ± 4.3 mm (range −18.0 to 15.2 mm), respectively. Independent t-test data of the two groups (p < 0.001; 95% CI = −5.1, −2.2) showed statistical significance (Figure 2). In Group I, 38 THAs with LLD <5 mm, covering for 86% and LLD <10 mm in 44 cases, covering for 100% were observed. In Group II after surgery, there were 20 THAs in LLD <5 mm, accounting for 44% and there were 36 cases with LLD <10 mm, accounting for 80% (Table 2).


Table 1. Baseline table of patients.

[image: Table 1]


Table 2. Comparison of radiographic LLD.

[image: Table 2]

After independent T-test of preoperative imaging OD of Group I (mean ± SD: 36.3 ± 6.2 mm, range 23.8–48.5 mm) and Group II (mean± SD: 36.3 ± 9.0 mm, range 17.8–57.3 mm), the data (p = 0.052; 95%CI = −3.2, 3.3) was not statistically significant. The imaging OD of Group I and Group II were (mean ± SD: 42.0 ± 6.1 mm, range 31.0–53.1 mm) and (mean ± SD: 43.9 ± 6.8 mm, range 30.4–56.7 mm), respectively. The independent t-test data of the two groups (p = 0.548; 95%CI = −4.6, 0.8) showed no statistical significance. In addition, we also conducted independent t-test analysis of the OD difference before and after surgery. Results of Group I (mean ± SD: 7.6 ± 5.9 mm, range −17.5 to 21.3 mm) and Group II (mean ± SD: 9.4 ± 7.1 mm, range −9.8 to 29.0 mm) showed no statistical significance (p = 0.171; 95%CI = −4.6, 1.0) (Table 3).


Table 3. Comparison of radiographic OD.

[image: Table 3]



DISCUSSION

In our design, several aspects stand out. First, the design of the double-reverse “U” shape pad is added to solve the problem that the body position is susceptible to change during the measurement process. It refers to the idea of adding a cotton pad between the two legs by Huddleston (24). This design only replaces the bench that is normally placed between the calves and does not increase the time and complexity of the operation. Second, the position of the reference points on the pelvis and the femur is different, and the line between the two reference points is generally not parallel to the extension axis of the limb. Therefore, the limb elongation determined by previous methods does not match the real limb elongation. In our design, extension bars are added on both sides of the calibrator, which can effectively keep the limb in the same horizontal position during the intraoperative measurement. The extension rod has been attached before the skin is cut and does not increase the time spent in the position. Shiramizu et al. (18) also expressed similar views. Third, to avoid changes in the position of the pelvis and the femur side, we chose the two points as fixed points. On the pelvic side, the insertion point of the Steinman pin was selected at 1 o'clock (right hip) or 11 o'clock (left hip) of the acetabulum, and it was 3–5 cm above the greater trochanter, which was close to the center of hip rotation. Many studies have shown that the closer the acetabular measurement point is to the center of rotation, the smaller the measurement error (13, 34). Ranawat et al. (25) also described placing the Steinmann pin vertically in the groove below the ischium of the acetabulum and thus close to the center of rotation. This has been shown to reduce measurement error, even though small changes in limb position, result in a mean postoperative LLD of 2.6 mm. The selected point on the femoral side is a bony process in the middle of the intertrochanteric spine as the reference point and the intersection point extending to the most lateral part of the greater trochanter perpendicular to the axis of the femur. Fourth, in the sliding body part of the calibrator, we have a scale with an accuracy of 1 mm so that the increased or decreased limb length during the operation can be directly viewed, and also the measurement process can be fully quantified. LOOD device described by Barbier et al. (14) and L-shaped calipers described by Shiramizu et al. (18), although they also have scales, have a poor accuracy and can only roughly estimate the measured length. Fifth, a bubble level is placed above the main body of the calibrator so that the calibrator is always parallel to the ground during the measurement process, which adds a second insurance for the measurement. Rice et al. (30) also described that the horizontal bubble meter can make the measurement more accurate. Sixth, to avoid the loosening of the needle, we added a thread at the end. Takigami et al. (19) adopted a triangular-shaped design with double needles and screw ends to avoid intraoperative loosening of the measuring device but at the same time increased surgical trauma.

Preoperative planning and surgical precision are important factors for THA success. How to minimize LLD while maintaining hip stability is a common challenge. Many studies (11, 13, 14, 16–25, 27–37) have been published to describe techniques for LLD management. Freehand techniques are widely used, including intraoperative clinical assessment of soft tissue tension and comparison with contralateral leg position. The literature has identified 933 cases of primary THA in which the freehand technique was used for intraoperative limb balance, with a mean postoperative LLD of 4.42 mm (16). Intraoperative procedures assessing soft tissue tension as an indicator of limb length, such as the Shuck or Dropkick test, may be biased by the patient's position or even the type of anesthesia (38). The dependent position is reproduced when compared to the contralateral leg, and a single palpation marker through asepsis may be inaccurate (39).

The method (12–14, 16–26, 28–33) based on the change of the position of the reference point of the pelvis and femur is an effective way to minimize LLD. A review by Desai et al. (4) concluded that intraoperative calipers combined with preoperative templates is a reliable method to overcome postoperative LLD after THA. The average LLD calculated using intraoperative calipers in literature was 2.89 mm. Shiramizu et al. (18) reported straight calipers and improved L-calipers, and conducted a prospective study of 100 THAs. The results showed that the mean value of L-calipers group was 1.7 ± 1.6 mm, and the mean value of the straight calipers group was 6.2 ± 4.1 mm. Enke et al. (16) made a single incision on the ilium and the most lateral margin of the greater trochanter as a reference point, and conducted a retrospective study of 101 cases of unilateral THA. The results showed that the mean absolute difference (LLD) of the leg length after surgery was 2.51 mm, and the mean deviation difference was 2.39 mm. Nevertheless, this method is far from the center of acetabular rotation, which increases measurement error and additional trauma. Gupta and Papadopoulos et al. (12, 17) described a double-stitch technology, that is, tie a knot with silk thread on the skin about 10 cm from the proximal end of the great trochanter, and then draw the other end with vascular forceps to make a diathermic mark on the most lateral edge of the great trochanter. They performed 60 THAs using this technique and showed a mean postoperative LLD of 1.58 mm (range −8 mm to 7 mm). The technique is simple but susceptible to soft tissue and 3D space.

Inadequate OD reduces soft tissue tension and increases the risk of dislocation. Restoring this soft tissue tension by increasing the length of the femoral neck may increase the length of the leg. A large offset increases the risk of rotor bursitis and adduction tendinitis. The average cervical stem angle of adult males was 129.6°(range 113.2°-148.2°) and that of adult females was 131.9°(range 107.1°-151.9°). Patients with cervical stem value significantly lower than this value could have hip varus, and vice versa (3). Woolson et al. (40) argued that excessive leg lengthening to increase stability was unacceptable. Contrary to the rationalization of the theory that inadequate soft tissue tone leads to increased postoperative stability, their study found that patients with short legs did not have an increased incidence of postoperative dislocation compared with patients with long or similar legs. Studies have confirmed that abnormal lever arms increase the wear of polyethylene in the prosthesis, which may lead to aseptic loosening (12). Kurtz (13) described the in situ femur measurement technique, which refers to the implantation of the femoral prosthesis before the femoral neck osteotomy without dislocation of the hip joint so that the implanted femoral prosthesis can be used to measure the LLD and OD. Ninety-three patients (100 hips) were treated with this technique and the difference between the in situ measurements and the preoperative and postoperative radiographic measurements was a mean leg length of 0.1 mm and a OD of 0.4 mm. This method is as close as possible to the rotation center of the hip joint, and the fixation pins on the acetabulum are not easy to come off. But the technology's complexity has limited its widespread use. Although our technique did not show statistically significant differences in the recovery of OD, our Group I patients performed better than Group II after surgery. Next, we will continue to improve the device by installing a vortex-like structure on the measuring body to accurately measure the femoral offset.

There are some flaws in our study. First of all, the outcome indicators in our study only collected imaging and basic patient information, without measuring structural limb length and functional scoring. We simply pursued the absolute equality of the limbs in imaging, ignoring the patient's feelings. The study of Fujita et al. (5) showed that patients with little or no LLD after THA still felt uncomfortable with their leg length due to residual pelvic inclination. Secondly, although we added extension rods and double-reverse “U” shaped pads to ensure that the patient's position did not change, for some obese patients, it was still not possible to ensure that their position did not change during the operation because the side stopper could not be fixed. Finally, our technique still requires a learning curve, adding 3–5 min to the traditional method.



CONCLUSION

The horizontal calibrator can provide more accurate limb length and femoral offset recovery in THA. It is a simple surgical technique that does not add additional surgical costs and does not significantly increase operative time, providing a new solution for surgeons to resolve postoperative LLD and restore femoral offset.
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A Corrigendum on

Accuracy of the Horizontal Calibrator in Correcting Leg Length and Restoring Femoral Offset in Total Hip Arthroplasty

by Chen X., Xing S., Zhu Z., Wang H., Yu Z., Bai X., et al. (2022). Front. Surg. 9:845364. doi: 10.3389/fsurg.2022.845364

1. In the original article, there was an error in “MATERIALS AND METHODS “ section, “Measuring Technique” sub-section, Paragraph one, Line 10–12 : “OD is measured by the distance between the axis of femur and the center of the femoral head (Figures 1, 2) (1, 12).”
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A correction has been made to “MATERIALS AND METHODS “ section, “Measuring Technique” sub-section, Paragraph one, Line 10–12 : “OD is measured by the distance between the axis of femur and the center of the femoral head (Figure 1) (1, 12).”

2. In the original article, there was an error in “RESULTS “ section, Paragraph one, Line 24–26 : “Independent t-test data of the two groups (p < 0.001; 95% CI = −5.1, −2.2) showed statistical significance (Figure 5).”
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A correction has been made to “RESULTS “section, Paragraph one, Line 24–26 : “Independent t-test data of the two groups (p < 0.001; 95% CI = −5.1, −2.2) showed statistical significance (Figure 2).”

3. In the original article, there was a mistake in the legend for “FIGURE 4” as published : “Physical diagram of the horizontal calibrator. (a) Shows all the components of the horizontal calibrator. See Figure 2 for details. (b) Shows the complete connected physical diagram of the horizontal calibrator, which was reserved preoperatively.”

The correct legend appears below:

“Physical diagram of the horizontal calibrator. (a) Shows all the components of the horizontal calibrator. See Figure 3 for details. (b) Shows the complete connected physical diagram of the horizontal calibrator, which was reserved preoperatively.”

The authors apologize for these errors and state that these do not change the scientific conclusions of the article in any way. The original article has been updated.
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Background: To study the effect of reconstruction of the joint capsule and conjoint tendon on the functional recovery of the hip joint during direct anterior approach (DAA) total hip arthroplasty.

Methods: A total of 60 patients who underwent their first total hip arthroplasty surgery were selected. According to the set criteria, the selected patients were divided into observation group A (n = 30) and control group B (n = 30). In group A, the joint capsule and conjoint tendon (superior muscle, internal obturator muscle, and inferior muscle) were repaired in situ, while in group B, only the joint capsule was repaired in situ, and the conjoint tendon was not repaired. The surgical indicators, including hip joint function and clinical efficacy of the two groups, were compared.

Results: After 6 months of follow-up in groups A and B, no dislocation occurred. The Harris Hip scores of group A were higher than those of group B at 1-month post-operation, i.e., p < 0.05, as well as the valid muscle strength and conjoint tendon valid tension, were higher in group A than group B at 1-month postoperative follow-up, i.e., p < 0.05.

Conclusion: DAA for total hip arthroplasty on the premise of reconstructing the joint capsule structure can rebuild the tension of the conjoint tendon, enhance its muscle strength, and significantly improve the joint stability and function of the patient early stage. It is beneficial for the patient's rapid recovery and is worth implementing.

Keywords: direct anterior approach (DAA), THA—total hip arthroplasty, conjoint tendon, joint capsule, repair


INTRODUCTION

Total hip arthroplasty (THA) is an effective orthopedic operation that has evolved significantly in surgical methods and procedures since its inception (1–3). THA was initially reserved for the elderly and feeble patients with locomotor impairments and comorbidities (1). However, patients undergoing THA are increasingly opting for renowned, high-performance hip implants to meet their postoperative demands.

The posterolateral and mini posterior methods, the lateral approach, and the anterolateral approach are traditional surgical procedures for THA; the posterior approach is the most often utilized internationally and has survived the test of time (4–6). The disinsertion of the external rotators is the fundamental disadvantage of the posterior approach (PA), which is the most often utilized method in the United States and possibly worldwide (5, 7). Although newer studies have shown no higher risk when sufficient capsulorrhaphy or improved posterior soft tissue healing is achieved, posterior dislocation is possible for this method (8–11). Recently, there has been a trend toward minimally invasive surgical methods for a quick recovery; in this sense, orthopedic surgeons and patients worldwide have been paying close attention to the direct anterior approach (DAA).

The direct anterior approach (DAA) to the hip tends to have a longer shelf life in terms of popularity. The DAA employs a genuine internervous, intermuscular plane to expose the hip using the Hueter interval between the tensor fascia lata (TFL) and sartorius muscle. The strategy, according to proponents, is linked to reduced muscle injury and discomfort, as well as a faster recovery following hip arthroplasty. Despite the extensive research on the DAA and conventional techniques for primary THA, there is still disagreement over which technique is the most effective or desirable (6, 12).

However, exposing the femur can be challenging, and early users of the procedure have reported a high rate of early sequelae, including trochanteric and femoral fractures (13, 14). The conjoint tendon may need to be loosened during the DA approach to provide surgeons access to the hip joint. The conjoined external rotators tendon (CERT; conjoined tendons of the gemellus superior, obturator internus, and gemellus inferior) has been proposed as one of the critical active stabilizers of the hip, and it, along with the internally rotating gluteus minimus, is often referred to as the “rotator cuff” of the hip (15). The CERT can help with external hip rotation and hip joint stability (16), and it is also vital for avoiding posterior hip dislocation after THA (10, 17). Although the anterior or anterolateral minimally invasive method is touted as a muscle-sparing THA, surgeons may need to release more soft tissue for femur canal preparation, such as the capsular ligament or the insertion of muscles around the hip, including the CERT. These releases make it possible to properly prepare the canal, insert the broach, and test it.

Even though external rotation is thought to be significant for patient satisfaction (18), no investigation on repairing the conjoint tendon has been done. The purpose of this study was to investigate the effect of repairing the conjoint tendon on the postoperative hip joint function on the premise of reconstructing the joint capsule during the DAA for THA.

The objective of the study was to answer the following clinical question: Among patients with THA (n = 60), does the repairing of the conjoint tendon along with joint capsule, when compared with the repairing of joint capsule only, improve the Harris Hip Score (HHS) and manual muscle testing score (MMT), and decrease the frequency of postoperative complications, i.e., postoperative dislocation, infection, hematoma, and deep vein thrombosis?

The investigators hypothesized that repairing the conjoint tendon with a joint capsule improves the HHS and MMT scores and decreases the incidence of postoperative complications, i.e., postoperative dislocation, infection, hematoma, and deep vein thrombosis in the treatment of the control group.



MATERIALS AND METHODS

The study is a clinical randomized controlled trial comprising of patients who were selected for THA. The patients who visited the Department of Orthopedics from July 2020 to July 2021 were recruited for the present study. The present study was approved by the institute's ethical committee (Yulin Orthopedic Hospital of Chinese and Western Medicine) and was performed according to the Helsinki Declaration. Furthermore, the study's authors confirm that this trial has been registered (protocol YOHGU #IRB/2020/522), and all patients enrolled in the study have signed the written informed consent.

In this study, adult patients without any systemic complications, who strictly met the inclusion criteria, were engaged. The study's inclusion criteria were unilateral symptomatic hip osteoarthritis, Dorr's femur classification A/B, American Society of Anaesthesiologists Score (ASA) 3 or less, a body mass index (BMI) <40 kg/m2, and age between 40 and 80 years, the general condition of body is good, and there is no serious organic disease or infectious disease, total hip arthroplasty for the first time, piriformis muscle and external obturator muscle must be kept intact.

If a subject had a Dorr's femur classification of C, had previous hip surgery (excluding arthroscopy), refused to accept randomization and blinding, or had severe pathology that would affect postoperative participation, such as neurologic, psychiatric, or other confounding pre-existing musculoskeletal disorders, they were excluded from the study. In addition, those with cardiopulmonary insufficiency or cardiovascular and cerebrovascular illnesses, those with a history of trauma, tumor, or infection at the site, those who are contraindicated in surgery, those with insufficient follow-up data, and those who have insufficient follow-up data which are mentally ill were also excluded.


Study Sampling

The patient sample size was calculated using (19):

[image: image]

Where N is the population size and e is the level of precision. For the present study, the population's size was determined based on the previous number of patients seen because of osteoarthritis, N is 60 patients for 6 months, and e is 0.05 at 95% confidence interval n = 60. The two groups received equal patients.

Irrespective of age and gender, randomization of consecutive patients was done using the concealed method. An independent researcher not involved in participant recruitment, treatment, or assessment prepared the randomization sequence with allocation prepared in sequentially numbered opaque envelopes. The surgeon and the primary investigator were blinded to the approach until the preoperative planning meeting, while participants were blinded pre-operatively. The patients were divided into group A (Experimental group, i.e., repairing the joint capsule and conjoint tendon) and group B (Control group, i.e., repairing the joint capsule only). A single surgeon who was an experienced senior surgeon had operated on all the patients under standard aseptic conditions and protocol to remove bias.

The artificial joint used in operation was all biologically fixed prostheses. Group A was sutured in situ on the loosened joint capsule and conjoint tendon (superior muscle, internal obturator muscle, inferior muscle). Meanwhile, only the joint capsule was sutured in situ in group B but not the conjoint tendon. The surgical indicators, including hip joint function and clinical efficacy of the two groups, were compared.



Operative Procedure

Both group patients underwent intraspinal anesthesia in a supine position and with DAA incisions. The skin incision was 1 cm down from the anterior superior iliac spine and 2 cm behind the anterior superior iliac spine. Furthermore, the incision extended toward the head of the fibula following the direction of the tensor fascia lata muscle. Then, a peel hook was used to open and cut the fat layer on the fascia surface to make a blunt separation to the inside. After that, the ascending branch of the lateral femoral circumflex artery was ligated to expose the hip joint capsule through the gap of superficial Hueter between the lateral edge of the sartorius muscle and the anterior fascia of the tensor fascia lata muscle, followed by the gap of deeper Hueter between the lateral edge and the rectus femoris and the anterior edge of the gluteus medius. The joint capsule was cut from the upper edge of the femoral neck to the intertrochanteric line in an “L” shape, leaving the joint capsule opened, and absorbable thread was used to pull the joint capsule upwards to expose the joints and perform the artificial joint replacement. Group A: To obtain the optimal lifting height of the proximal femur during the operation and achieve a smooth operation of femoral medullary cavity shaping and prosthetic stem placement, Ethibond suture 2-0 was used to mark the conjoint tendon. It was cut off at the medial surface of the proximal femur of the greater trochanter (leave 2–3 mm at the stump of the greater trochanter) after the prosthesis was installed, and the conjoint tendon was sutured in-situ to close the entire incision site layer by layer after repairing the joint capsule according to the marked point. Group B: The conjoint tendon relaxation was performed with a similar method. After the prosthesis was installed, the conjoint tendon was not sutured. After the joint capsule was repaired, the entire incision was closed layer by layer. A drainage tube was placed in the two groups when the wound was sutured, and it was removed 24 h later (Figures 1, 2).


[image: Figure 1]
FIGURE 1. Preoperative X-rays indicated Ficat stage IV of hip avascular necrosis of the right femoral head and subjected to DAA for total hip arthroplasty. (A) Preoperative orthographic X-ray; (B) Postoperative orthographic X-ray.
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FIGURE 2. (A) The black dotted line indicates the cut from the upper edge of the femoral neck to the intertrochanteric line in an “L” shape, with a margin of 2–3 mm at the edge to facilitate the joint capsule reparation; (B) The loosened joint capsule was pulled (a) upward to expose the hip joint; Ethibond suture two was used to mark the conjoint tendon (b) in the proximal femur before it was cut off at the medial surface of the proximal femur of the greater trochanter (leave 2–3 mm at the stump of the greater trochanter to facilitate reconstruction); (C) The conjoint tendon was repaired in-situ after the prosthesis was installed (b); (D) Completed repair of the joint capsule (a).


Both DAA groups utilized comparable intra-operative local infiltration anesthetic regimens based on a version of Kerr's technique. A 0.25% Bupivacaine, 20 mg ketorolac, and 1% adrenaline were used in the procedure.

Moreover, the individuals with symptoms of renal failure were not administered ketorolac. For the first 24 h following surgery, continuous infusion pumps were utilized on the ward. All patients received prophylactic antibiotics (Ceftriaxone) and thromboprophylaxis, as required by the hospital service.

All of the patients were able to move about the day after surgery. The DAA group's hip mobility was unaffected. The goal for discharge to home or rehabilitation was set for the 3rd postoperative day. On a daily basis, physiotherapists and physicians accompanying the orthopedic team monitored this. Patients who did not meet the criteria for release were sent to a rehabilitation facility.



Outcome Variables

Participants were assessed pre-operatively and 2 weeks, 1, 3, and 6 months after THA. The same investigator was in charge of the follow-up.

The Harris Hip Score (HHS) was used to evaluate the hip joint function before and after the operation, divided into four aspects: pain, function, deformity, and joint mobility. The total score is 100 points; a score ≥90 is excellent, 89–80 is good, 79–70 is fair, and a score lower than 70 is poor.

The manual muscle test (MMT) was used to detect the abductor muscle strength of the two groups of patients. The evaluation method was divided into six grades, and the valid muscle strength is not lower than the 3rd grade.

The tension of the conjoint tendon of the two groups was compared by musculoskeletal ultrasound examination. A good continuity without tortuosity in a conjoint tendon represents valid tension. However, a discontinuous conjoint tendon with tortuosity, shortening, or unclear display represents invalid tension (Figures 3, 4).


[image: Figure 3]
FIGURE 3. Musculoskeletal ultrasound examination, (A) “CT” indicates the preoperative conjoint tendon morphology; “GT” indicates the greater trochanter of femur; (B) “CT” indicates the conjoint tendon morphology after repaired, with good tendon tension.



[image: Figure 4]
FIGURE 4. Musculoskeletal ultrasound examination, (A) “CT” indicates the preoperative conjoint tendon morphology; “GT” indicates the greater trochanter of the femur; (B) “CT” indicates the conjoint tendon morphology after lysis; the continuity of the tendon is interrupted, slightly tortuous, and has poor tension. The black circle indicates the position of the interrupted conjoint tendon.


The operation time, intra-operative and postoperative total blood loss, and related complications of the two groups of patients were recorded.



Statistical Analysis

SPSS 22.0 (SPSS, Inc., Chicago, IL) statistical software was used to analyze the data. Measurement data were expressed as mean ± standard deviation (χ2 ± S) and paired t-test was used to compare groups. Count data is expressed as an example (percentage), and the comparison between groups uses the χ2-test. Statistical significance was assigned to findings with p-values of <0.05.




RESULTS

Group A comprised 18 males and 12 females aged 45–81 years old, average (64.7 ± 3.1) years old. Meanwhile, Group B consisted of 16 males and 14 females ranging from 48 to 80 years old, average (64.5 ± 3.0) years old. Comparison of general data such as gender, age, and disease diagnosis between the two groups of patients was not statistically significant (p > 0.05), and they were comparable. Figure 5 demonstrates the flow diagram for patient recruitment and selection.


[image: Figure 5]
FIGURE 5. Demonstrates the flow diagram for patient recruitment and selection.


There was no significant difference in operation time and blood loss between the two groups (p > 0.05) (Table 1).


Table 1. Comparison of surgical indicators between the two groups (χ2 ± S).

[image: Table 1]

One month after the surgery, the Harris Hip score of group A was higher than that of group B, and the difference between the groups was statistically significant (p = 0.012, p < 0.05). Furthermore, three to 6 months after the surgery, the HHS of the two groups was not statistically significant (p = 0.23, p > 0.05) (Table 2).


Table 2. Comparison of Harris Hip scores between the two groups pre- and post-operation (χ2 ± S, score/min).
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The valid muscle strength of group A was significantly higher than that of group B, and the difference was statistically significant (p = 0.045, p < 0.05). In addition, the valid tension of the conjoint tendon was significantly higher in group A than in group B, and the difference was statistically significant (p = 0.042, p < 0.05). However, there was no significant difference in the incidence of complications such as postoperative dislocation, infection, hematoma, and deep vein thrombosis between the two groups (p > 0.05) (Table 3).


Table 3. Valid muscle strength, conjoint tendon valid tension, and post-operative complications.
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DISCUSSION

The main objective behind this study is to examine the effect of repairing of conjoint tendon and join capsule vs. repairing of joint capsule only; on the improvement of HHS and MMT scores and the incidence of postoperative complications, i.e., postoperative dislocation, infection, hematoma, and deep vein thrombosis. The results of this research confirm the hypothesis, i.e., a significant difference exists among group A and group B in terms of HHS and MMT scores (p < 0.05), i.e., group A shows a significant improvement in the HHS and MMT score at 1-month follow-up and reduced incidence of postoperative complications, i.e., postoperative dislocation, infection, hematoma, and deep vein thrombosis as compared to group B. However, at 3- and 6-month follow-up, the difference between groups A and B in terms of HHS and MMT is insignificant, i.e., p > 0.05.

Early dislocation is a severe complication after the first total hip arthroplasty, and this incidence is preceded only by the aseptic loosening of the joint prosthesis. Surgical factors are considered to be one of the critical factors affecting the incidence of early dislocation, and they are also the most concerned the researchers. Surgical factors include prosthetic factors and surgical operating factors, while surgical operating factors include replacement approach, soft tissue imbalance reconstruction, the design and placement of the prosthesis, patient compliance, history of previous hip surgery. Dislocations usually occur within 3 months after the replacement, and late dislocations are predominant (20). With the development of hip arthroplasty and the maturity of the replacement experience of the surgeon, the dislocation issue caused by the poor positioning of the prosthesis is gradually reduced, and the soft tissue imbalance has gradually become the main factor of the dislocation of the prosthesis. Studies have shown (21) that the soft tissue around the hip has an important influence on the stability of the prosthesis.

The stability of the hip joint after the conventional total hip arthroplasty through the posterolateral approach is partly maintained by the tension of the hip girdle muscle and the repair of the fibrous scar around the prosthesis. However, the early postoperative joint prosthesis lacks the protection of the joint capsule. The antagonistic muscle strength balance between the external and internal obturator muscles (the anterior fiber of the gluteus medius and minimus) is more prone to posterior hip dislocation. Therefore, the patient must be required to strictly control the range of motion of the affected hip to prevent hip dislocation. Therefore, retaining the joint capsule and the anatomical structure of the small supinator muscle group during the process of total hip arthroplasty will help to restore the soft tissue balance of the hip joint and increase the joint stability (22). Wu et al. (23) believe that since soft tissue acts as an essential stable structure of the hip joint, it is crucial to restoring the balance of the soft tissue around the hip to maintain the stability of the hip joint after the replacement. Lu et al. (24) believe that low soft tissue tension, especially the abductor muscle weakness, is the most crucial cause of total hip arthroplasty dislocation. Hideki et al. (25) repaired the external obturator muscle before soft tissue enhancement can reduce the risk of prosthesis dislocation during the posterior total hip arthroplasty.

White et al. (26) performed total hip arthroplasty via the posterior approach. During the operation, the posterior joint capsule was trimmed into a tissue flap with a 30–50% circumference of the acetabular. After the prosthesis was implanted, the joint capsule and the external obturators were sutured within the same layer onto the 2.7 mm diameter bone hole on the greater trochanter of the femur. Six-month follow-up showed three out of 437 cases (0.7%) had a post-traumatic dislocation, and another 4 had asymptomatic avulsion fractures in the greater trochanter. The dislocation rate was as high as 4.8% in the other patients who did not undergo this repair. Sioen et al. (27) have performed posterior total hip arthroplasty on both hips of 3 fresh cadavers to observe the stability of the hip joint using different repair methods on the posterior joint capsule (no repair, soft tissue repair, muscle, and bone repair). Research suggests that the bone repair of the composite tissue flap of the posterior joint capsule and external obturator muscle group can significantly increase the stability of the hip joint. Zhang et al. (28) reported that using suture anchors to anchor the piriformis and external obturator muscle to the greater trochanter can reduce the dislocation. Browne et al. (29) reported a repair method in which the posterior joint capsule and short external obturator compound tissue flaps were directly sutured on the posterior edge of the gluteus minimus and its deep anterior and superior joint capsule. This method involves joint capsule repair and soft tissue end-to-end suture eliminating the dead space and significantly reducing early dislocation incidence.

Researchers have confirmed the vital role of repairing the joint capsule and short external rotators in the THA of the posterolateral approach to maintain the early stability of the hip joint. In recent years, with the continuous development of minimally invasive techniques, there have been more methods of the THA surgical approach. Among them, the direct anterior approach (DAA) is a new minimally invasive surgical technique that is currently widely available and clinically applied in total hip arthroplasty (30). This technology uses the muscle gap between the tensor fascia lata and sartorius muscles as well as the rectus and gluteus medius muscles to expose the hip joint, hence, avoiding damage to the abductor muscles around the hip joint and ensuring the integrity of the soft tissues on the back of the hip joint. Hence, people named it the “Hueter” approach (31). Most studies have shown that this method has a lower incidence of complications such as minimal damage to muscle, mild pain, and dislocation and can enable patients to undergo total hip arthroplasty surgery and recover more quickly after the surgery. Therefore, it is widely used in clinical orthopedic applications.

Although the DAA has apparent advantages, it has limitations too. This approach enters the hip joint through the muscle gap. Since the intraoperative incision is small, the surgical field and operation space are narrow; thus, the femoral treatment is more complicated. In addition, if there is a lack of traction bed, unique prosthesis, operating tools, or immature surgical technique, complications such as iatrogenic fractures, nerve and muscle damage often occur during the operation. Therefore, the conventional DAA approach requires the hospital to be equipped with a traction bed, unique prosthesis, and operating tools.

Last but not least, strict screening is needed in every case. For instance, patients with high BMI indexes and obesity will be excluded. This method also increases the cost and difficulty of the surgery and the financial burden of patients. Fujii et al. have confirmed that relaxation of the conjoint tendon (internal obturator muscle, superior and inferior muscles) helps achieve the optimal lifting height of the proximal femoral (25) and ease the operation of the femoral medullary cavity shaping and prosthetic stem implantation. It will significantly reduce the surgical cost and difficulty of the DAA approach, which is conducive to promoting the DAA-THA approach. We have known that suturing the external obturator muscles in the posterolateral THA and repairing the posterior joint capsule can effectively provide strong support for the fragile posterior structure of the hip after THA. It will reduce postoperative joint dislocation (32, 33).

On the other hand, from the perspective of biomechanics, suturing the external obturator muscles and repairing the posterior joint capsule can promote the artificial hip joint of the body to be closer to the physiological state of the human body, thereby achieving an excellent soft-tissue balance, which is beneficial to the functional recovery of the hip joint of patients in the later stage. Based on this, we also found that in the DAA-THA approach, by comparing group A with both joint capsule and conjoint tendon repairs and group B with only joint capsule repair, the drainage rate of group A was significantly less than that of group A group B. Furthermore, the Harris score of group A was higher than that of group B 1-month post-operation. In addition, the valid muscle strength of group A was significantly higher than that of group B. Also, the musculoskeletal ultrasound showed that the valid tension of the conjoint tendon in group A was significantly higher than that in group B. Our research confirms that repairing the conjoint tendon on the premise of reconstructing the joint capsule during THA surgery through the DAA approach can indeed reduce postoperative complications and restore hip joint function faster.

Analyzing the reasons, we believe that it may be related to the following: Firstly, From the histological Analysis, reconstruction of the joint capsule and conjoint tendon can compensate for the weakness of the front joint structure after total hip arthroplasty, thereby effectively reducing the incidence of postoperative dislocation; In addition, from biomechanical Analysis, reconstruction of the joint capsule and conjoint tendon can bring the hip joint closer to the physiological state, thereby obtain a better soft tissue balance, and better restoring the joint function after the replacement.



LIMITATIONS

The minimal number of patients included in the study is one of the study's shortcomings. On the other hand, most studies on long-term results after orthopedic surgeries have utilized a similar sample size. Patients were not evenly distributed in terms of sex between the two groups, and neither had a preoperative VAS score. Furthermore, the trial's follow-up was not designed to record the precise day when gait assistance was stopped. Observing bias might develop when data is gathered and analyzed by a single investigator.

In summary, THA surgery through the DAA approach to repair the conjoint tendon on the premise of reconstructing the joint capsule structure can rebuild its tension, enhance its muscle strength, and improve the patient's hip joint function, with a definite effect. Furthermore, combined with the advantages of the DAA approach, it can significantly reduce complications such as dislocation, bleeding, and infection after total hip arthroplasty, and it is worthy of clinical promotion.
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Case Report: Intraarticular Iliopsoas Tendon causes Groin Pain Following Periacetabular Osteotomy
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A 43-year-old female patient reported persistent iliopsoas-related groin pain following periacetabular osteotomy (PAO) combined with femoroplasty via a direct anterior approach due to CAM morphology. Concomitantly with the planned removal of screws, hip arthroscopy was performed, and the iliopsoas tendon was found to run intraarticularly, resulting in the tendon being impaired in its mobility and being entrapped. The tendon was arthroscopically released. The patient reported relief of the groin pain after the arthroscopic tendon debridement. During PAO combined with capsulotomy, the postoperatively observed intraarticular position of the iliopsoas tendon should be prevented by careful closure of the joint capsule.

Keywords: PAO, femoroplasty, iliopsoas tendon, impingement, pain


INTRODUCTION

Periacetabular osteotomy (PAO), first described by Ganz et al. in 1988 (1), is a well-established technique for treating hip pain caused by inadequate acetabular coverage of the femoral head. To address an existing CAM morphology that may lead to femoroacetabular impingement syndrome (FAIS) in a supplementary manner, arthroscopy of the hip joint or an open approach via the direct anterior approach (DAA) can be performed.

Good results are reported for PAO, with significantly increased patient-related outcome measurements (PROMs) (2), and survivor rates are 90, 60, and 30% after 10, 20, and 30 years, respectively (3, 4). However, up to 10% of patients are reported to have postoperative iliopsoas-related pain besides satisfying bony correction of the acetabulum (5). To our knowledge, this is the first report of an intraarticular position of an iliopsoas tendon after PAO with additional femoroplasty using a DAA involving a capsulotomy. Thus, this report offers feasible rationale and treatment option regarding the observed complication associated with groin pain after successful bone correction by PAO.



CASE REPORT


Patient Information

A 43-year-old female patient presented to our clinic with persistent left groin pain 1 year after PAO and femoroplasty via the DAA for acetabular retroversion and combined FAIS. Despite taking daily nonsteroidal anti-inflammatory drugs (NSAIDs) and physical therapy, she was unable to work and was restricted in her leisure activities. In particular, she complained of pain with active hip flexion. Other than the significant groin pain, her postoperative course had been unremarkable with adequate wound healing and postoperative recovery.



Clinical Findings

On clinical examination after the PAO, the wound was unremarkably healed, and neuromuscular function was found to be intact. The patient showed a positive flexion-adduction-internal-rotation (FADIR) test and iliopsoas tendon-related pain especially with active flexion of the hip against resistance. The internal rotation of the hip was increased to 30° compared to the 20° before PAO. Further range of motion was unchanged with external rotation 50°, extension/flexion 10-0-100°, and abduction/adduction 60-0-30°.



Timeline

The patient reported having hip pain for years. Initial conservative measures failed; thus, given typical radiological findings, she was scheduled for PAO and concomitant femoroplasty. According to our standard of care, femoroplasty was performed through the DAA without closure of the capsule after trimming of the femoral neck. In the postoperative course, besides unremarkable wound-healing and mobilization, she reported persistence of groin pain. Consequently, we proposed concomitant hip arthroscopy with the removal of screws 1 year after the operation.



Diagnostic Assessment

Initial anterior-posterior (AP) pelvis and left 45°-Dunn-view radiographs before the PAO showed a crossover sign (COS), posterior wall sign (PWS), ischial spine sign, and a lateral center edge angle (LCEA) of 38° (Figure 1A). The initial magnetic resonance imaging (MRI) of the left hip showed a lesion of the labrum and an anterolateral subchondral acetabular edema, while the course of the psoas tendon was clearly extraarticular (Figure 2). The post-PAO radiograph of the pelvis obtained showed satisfying bony correction (COS and PWS not observed, LCEA 38°) and correct placement of osteosynthesis screws as well as complete consolidation of the osteotomy (Figure 1B).


[image: Figure 1]
FIGURE 1. (A) Anterior-posterior (AP) radiograph of the left hip: signs of acetabular retroversion are present; posterior wall sign (PWS), red circle; crossover sign (COS), dotted red and yellow line; ischial spine sign, dashed yellow line. (B) AP radiograph of the left hip: satisfying bony correction and correct screw placement after anteverting periacetabular osteotomy (PAO) of the left hip.



[image: Figure 2]
FIGURE 2. Pre-PAO MRI of the left hip shows the iliopsoas tendon running extracapsularly (red arrow).


An MRI post PAO, besides being compromised by metal artefacts, showed an intraarticular position of the psoas tendon and subsequent edema (Figure 3).


[image: Figure 3]
FIGURE 3. Follow-up MRI after minimal invasive PAO with anteversion of the acetabulum showing normal anatomy of the right psoas tendon (yellow arrow) and intraarticular position of the left iliopsoas tendon (red arrow).




Therapeutic Intervention

The patient was recommended to undergo hip arthroscopy in the process of operative screw removal to verify the hypothesis of iliopsoas impingement. Intraoperatively, the iliopsoas tendon was found to run intraarticularly, causing it to be trapped and limiting its mobility. The labrum showed adhesions that were locally inflamed (Figure 4). An arthroscopic release of the inflamed adhesions and debridement of the iliopsoas tendon was performed by the senior author (AZ).


[image: Figure 4]
FIGURE 4. (A) Intraopertive view showing the labrum (L), locally inflamed adhesion (A), and intraarticular position of the iliopsoas tendon (T). (B) View after the arthroscopic release of the adhesion and iliopsoas tendon to prevent further impingement.




Follow-Up and Outcomes

The early postoperative course was unremarkable. The patient reported relief of the groin pain earlier described. In particular, she was able to actively flex her hip without pain within 2 weeks after iliopsoas tendon debridement.




DISCUSSION

The most common indication of PAO is hip dysplasia. Hip dysplasia is defined by insufficient coverage of the femoral head by the acetabulum and is considered a risk factor for the development of groin pain and early onset of arthritis of the hip. The indication for surgical treatment of hip dysplasia in adults consists of clinical and radiological findings. Patients with LCEA <2 5°, hip osteoarthritis < Tönnis grade 2, body mass index (BMI) < 30 kg/m2, age <45, and persistence of groin pain for > 3 month have been shown to be especially eligible for surgical treatment (6). Further indications for PAO can be pathologic acetabular retroversion resulting in FAIS. Compared with other pelvic osteotomies, PAO has been postulated to have a lower pseudarthrosis rate, which could be attributed to increased postoperative pelvic stability and larger cancellous contact surfaces (7).

The initial cohort of 75 consecutive dysplastic hips treated by Ganz showed encouraging long-term results at 11 years follow-up with 73% good to excellent results and an overall preservation rate of the joint of 82%. Major complications were only observed in the very first 18 patients (8). Recently research focused on patient-related outcome scores for younger and active patients which showed that despite significant improvement in pain level and function after PAO the average scores remained lower than for healthy age-related counterparts. A remarkably high proportion of 35% of patients experienced persistence of groin pain after PAO (6). While there is no obvious explanation for this postoperative complication, it is interesting that similar observations were made after total hip arthroplasty (THA). In patients who experienced groin pain after THA, among other factors like implant loosening, impingement of the iliopsoas tendon was identified as source of the pain (9).

The standard approach used for PAO in our clinic aims not to open the joint capsule (10); however, the capsule can either be opened accidently when preparing the osteotomy of the ilium by bluntly releasing structures off the capsule with a Hohman's retractor or intentionally for concomitant treatment of intraarticular pathologies via capsulotomy. The latter mentioned is similar to the DAA for THA. In this case, we hypothesize that because of the capsulotomy for femoroplasty, the iliopsoas tendon was transposed intraarticularly, and that the resulting entrapment led to the observed groin pain. As recent reports had found good results for arthroscopic iliopsoas release in cases with iliopsoas impingement after THA (11), the indication for diagnostic hip arthroscopy and iliopsoas tendon release was made in this case. The necessity of closure of the hip capsule for biomechanical reasons and superior clinical outcomes of hip joint preservation surgery have recently been discussed controversially with recommendation for closure of the hip capsule in young and active patients (12, 13). Considering the findings and the pathology presented in this case report, closure of the hip joint capsule after PAO with concomitant femoroplasty is recommended.



CONCLUSION

The intra-articular position of the Iliopsoas tendon may be a cause of groin pain after PAO with concomitant open treatment of intra-articular pathology. In PAO without open hip treatment, the capsule could accidently be opened in the process of preparation of the ilium. In both cases, careful closure of the joint capsule is recommended to prevent iliopsoas impingement.
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Exosomes are widely involved in a variety of physiological and pathological processes. These important roles are also hidden in the physiological processes related to bone. Chondrocytes, osteoblasts, synovial fibroblasts, and bone marrow mesenchymal stem cells produce and secrete exosomes, thereby affecting the biology process of target cells. Furthermore, in the primary pathogenesis of osteoarthrosis induced by steroid hormones, mainly involve glucocorticoid (GC), the exosomes have also widely participated. Therefore, exosomes may also play an important role in glucocorticoid-induced osteoarthrosis and serve as a promising treatment for early intervention of osteoarthrosis in addition to playing a regulatory role in malignant tumors. This review summarizes the previous results on this direction, systematically combs the role and therapeutic potential of exosomes in GC-induced osteoarthrosis, discusses the potential role of exosomes in the treatment and prevention of GC-induced osteoarthrosis, and reveals the current challenges we confronted.
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Introduction

Glucocorticoids are a class of steroid hormones that play an important role in regulating the body's development, growth, metabolism and immune function, and are also the most widely used and effective anti-inflammatory and immunosuppressive agents in clinical practice. However, long-term use of glucocorticoids can induce osteocyte apoptosis, sustained bone destruction, injury and apoptosis of bone microvascular endothelial cells (BMECs) in the femoral head, and inhibit angiogenesis accompanied by microcirculation disorders (1, 2). Therefore, long-term use of glucocorticoids can lead to Glucocorticoid-induced osteoporosis (GIOP), Osteonecrosis of the femoral head (ONFH) and other osteoarthrosis.

GIOP (Glucocorticoid osteoporosis) is one of the most common and serious adverse reactions associated with glucocorticoid use, as considered to be the most common iatrogenic cause of secondary osteoporosis, leading to early and progressive bone loss, causing osteoarthritis pain and even pathological fractures, with postmenopausal women and men over 50 years of age at high risk (3). GC mainly acts directly on osteoblasts, osteoclasts and osteocytes. GC can reduce the formation of osteoblasts, promote the apoptosis of osteoblasts and osteoblasts, and prolong the life span of osteoclasts, means inhibit bone formation and promote bone resorption. It also reduces vascular endothelial growth factor bone vessels, interstitial fluid, and bone strength (4). At present, the clinical treatment of GIOP mainly includes the combined use of calcium and vitamin D, and the treatment of anti-osteoporosis drugs, including bone resorption inhibitors: bisphosphonates, sex hormone replacement therapy and thyrocalcitonins, when necessary. And bone formation promotors: parathyroid hormone amino-terminal fragment (PTHl-34), fluorine preparations, etc. But long-term use of these drugs can also lead to adverse reactions such as gastrointestinal reactions, osteonecrosis of the jaw, musculoskeletal pain, elevated blood pressure, and kidney stones (3, 5). Therefore, we need new effective drugs to treat GIOP. ONFH (Osteonecrosis of the femoral head) is a disease of mesenchymal cells or bone cells characterized by impaired subchondral microcirculation, bone necrosis, and accumulation of microfractures (6, 7). As a disabling and progressive disease, ONFH is caused by the destruction or interruption of the blood circulation of the femoral head at the initial stage, followed by cell necrosis, which eventually leads to hip joint dysfunction (8, 9). The pathogenic factors of ONFH mainly involve traumatic (such as femoral neck fracture, hip dislocation) and non-traumatic (such as corticosteroids, alcoholism, coagulopathy) risk factors (7, 10–12). As the most common type of ONFH, steroid-induced osteonecrosis of the femoral head (SONFH) accounts for 46.03% of the 15,000–20,000 new ONFH cases in China each year (6, 12). If early intervention is not provided, about 80% of patients will develop femoral head collapse, hip joint dysfunction, and permanent disability (13). The exact mechanism of GC (glucocorticoid)-induced ONFH involves cell death, vascular damage, or insufficient bone repair (14, 15). As we all know, GC directly induces apoptosis and inhibits angiogenesis, so it plays a vital role in destroying bone tissue formation and the occurrence of ONFH (14, 16–23). ONFH is a chronic disease that seriously affects the life quality of patients. ONFH, which usually occurs in young patients, may cause the femoral head to collapse and even require the replacement of all hip joints, accompanied by systemic functional defects and serious defects (24–26). So far, a variety of surgical methods have been used for total hip replacement and autologous cell transplantation. However, no treatment can completely cure the disease (27, 28). Besides, non-surgical treatments for ONFH (such as acetaminophen and cortisone injection) are not sufficient to prevent joint damage, and traditional drugs cannot restore the normal structure and function of the damaged musculoskeletal system (29). Therefore, it is imperative to explore the pathogenesis of ONFH in depth and find a new type of treatment that contribute to delaying the progression of the disease and repairing the damage of the bone marrow microenvironment. Luckily, the discovery of exosomes may have great potential and multiple advantages in the pathogenesis, prevention, and treatment of GC-induced osteoarthrosis (30–33).

Exosomes are naturally derived 50–150 nm nanocapsules that are secreted by cells and commonly found in blood, urine, saliva, cerebrospinal fluid, pleural fluid, and milk. Exosomes play an important paracrine effector role in cell-to-cell and/or cell-to-tissue communication and cross-species communication by transferring proteins and genetic material to target cells (34, 35). Exosomes usually contain various biologically active molecules, such as protein, RNA (mRNA, microRNA, and other non-coding RNA), DNA (mitochondrial DNA [mtDNA], double-stranded DNA [dsDNA], single-stranded DNA, and viral DNA), Lipids, amino acids, and metabolites. These different components play a key role in signal transduction between cells and regulate the microenvironment of nearby or distant cells (36–38). As a new type of biological vesicles, Exosomes have multiple advantages and are considered to be suitable tools for the treatment of various diseases including cancer. First of all, most cells can secrete exosomes and retain the characteristics of parental cells. Secondly, unlike a single protein or small molecule, exosomes contain molecules with heterogeneous functions but lack the complexity of cells and organs. In addition, exosomes show many benefits in terms of biocompatibility, immunogenicity, stability, pharmacokinetics, biodistribution, and cellular uptake mechanisms. Bone-derived exosomes are believed to be essential for intercellular communication between bone cells. The exosome-mediated transfer of nucleic acid or protein cargo between bone cells can bypass the space barriers between different cells and play a vital role in the crosstalk between bone cells that regulate bone homeostasis. Since exosomes are a new biological vesicle that regulates the bone formation, we summarized the characteristics of exosomes, listed the known functions of exosomes in bone homeostasis, and discussed the clinical potential.

In this article, we will mainly through the example of GC-induced GIOP and ONFH introduce the mechanism of exosomes in GC-induced osteoarthrosis and describes the latest achievements in the treatment of GC-induced osteoarthrosis by exosomes. Then, we introduced how exosomes act on GC-induced osteoarthrosis in different aspects. Finally, we discussed the problems that must be solved in the clinical application of these methods and the future research direction of exosomes in the treatment of GC-induced osteoarthrosis.

As a new and potential substance that can be used for early intervention and treatment of GC-induced osteoarthrosis, exosomes have been found to play an important role in the pathogenesis of osteoarthrosis caused by GC. We summarized the roles of exosomes in the three main mechanisms of GC-induced osteoarthrosis (Figure 1).
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FIGURE 1
(A) Exosome-deriving cells and application of exosome to defect sites, achieving promotion of cell proliferation, modulation of immune response, and attenuation of apoptosis. (B) Biology and functions of exosomes in Glucocorticoid-induced Osteonecrosis of the Femoral Head (ONFH). Exosomes can be regarded as vehicles for delivering antigens, proteins and RNA to modulate immune responses, gene expression, and metabolic processes. Exosomes are also involved in the transfer of lipids to recognize TLRs, thus participating in tissue repair.



The role of exosomes in GC-induced apoptosis

Studies have shown that GC can directly act on osteoblasts, osteoclasts and osteocytes, reduce the formation of osteoblasts and promote the apoptosis of osteoblasts and osteoblasts. For osteoblasts, activation of glucocorticoid receptors up-regulates the expression level of P53 in mouse osteoblast cell line Mc3t3-e1, thereby enhancing the transcriptional activity of P53 and leading to up-regulation of pro-apoptotic genes P21, PUMA and NOXA. Finally, Mc3t3-e1 cells were induced apoptosis and cell cycle arrest (39). Deng's study found that dexamethasone can down-regulate the expression of P-PI3K and P-Akt to inhibit the activation of PI3K/AKT signaling pathway. The expression of Bax, caspase3, caspase9 and bcl-2 could be decreased and the expression of Bcl-2 could be increased to reduce dexamethasone induced osteoblast apoptosis by removing the expression of GSK3β, the downstream target of PI3K/AKT (40). In addition, GCs’ dose has different effects on bone cells. Low dose GC treatment can lead to autophagy of bone cells, while under high dose GC stress, bone cells may undergo apoptosis or necrosis (41).

Accumulated studies have shown that GC leads to the occurrence and development of ONFH through a variety of mechanisms, and GC-induced bone cell apoptosis is one of the most important ways (42, 43). Under the action of GC, a large number of bone cells undergo apoptosis, leading to loss of bone strength, and disease progression eventually leads to the collapse of the femoral head (8). The research of Hamamura and Saito et al. showed that the increase of bone cell apoptosis is related to endoplasmic reticulum (ER) stress. Specifically, the accumulation of misfolded or unfolded proteins induces phosphorylation of protein kinase-like endoplasmic reticulum kinase (PERK), activates the unfolded protein response (UPR), and helps cells adapt to ER under mild ER stress conditions Stress (44). Among the three main signal pathways of ER stress, the PERK (protein kinase RNA-like ER kinase)/CHOP (CCAATenhancer-binding protein homologous protein) pathway is considered to be closely related to apoptosis. CHOP can inhibit the expression of Bcl-2, increase the level of lytic caspase-3, and cause cell apoptosis.

More and more studies have shown that exosomes play a crucial physiological and pathological role by influencing cell apoptosis, and the same role also occurs in bone physiology (45, 46). For example, exosomes from human umbilical cord mesenchymal stem cells (HUCMSC) can reduce apoptosis of bone marrow mesenchymal stem cells (BMSC) in osteoporotic rats through Mir-1263/Mob1/Hippo signaling pathway (47). In another study, EXOs derived from adipose-derived MSCs (ADSCs-EXOs) prominently reduced H/SD (hypoxia and serum deprivation)-induced apoptosis in the osteocyte-like cell line MLO-Y4 cells by increasing the ratio of Bcl-2/Bax, reducing the production of reactive oxygen species and cytochrome c, and activating caspase-9 and caspase-3 subsequently (48). A research report from S3 shows that exosomes (PRP-EXOS) derived from PRP (Platelet-rich plasma) promote the expression of BCL-2 under ER stress through the AKT/BAD/BCL-2 signaling pathway. The ability to prevent GC-induced apoptosis in ONFH rats (49). PRP-exos significantly enhances the activation of the AKT and ERK signaling cascade, on the one hand, it promotes the angiogenesis of the bone microenvironment; on the other hand, it promotes the expression of anti-apoptotic proteins such as bcl-2 (50). Secondly, the study of S. Zhang et al. observed that exosomes were activated by CD73-mediated AKT and ERK signals to increase the expression of chondrocyte proliferation and anti-apoptotic related genes (51). Guo et al. discovered for the first time that exosomes secreted by human synovial-derived mesenchymal stem cells (SMSC-Exos) can be internalized into bone marrow-derived stromal cells (BMSCs) and enhance their proliferation and anti-apoptotic ability. In in vivo experiments, they found that infusion of SMSC-Exos can reduce GC-induced trabecular bone loss, bone marrow necrosis, and fat cell accumulation. The infusion of SMSC-Exos can effectively prevent GC-induced ONFH in the rat model. At the same time, in vitro cell experiments also found that SMSC-Exos can reverse the anti-proliferative effect induced by GC (52). According to reports, SMMSC-Exos derived from SMMSC significantly reduced glucocorticoid (GC)-induced adipocyte aggregation, bone marrow necrosis, and trabecular bone loss, and to a certain extent reversed bone cell proliferation arrest and BMSC cells apoptosis (52). Micro-CT analysis also showed that SMMSC-Exos significantly improved the trabecular bone microstructure and mineral density of ONFH (ONFH) induced by GC in rats (52).In addition, exosomes produced by MSC can prevent bone cell apoptosis in hypoxia/serum deficiency models and glucocorticoid-induced osteonecrosis models (48, 53) (Figure 2).
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FIGURE 2
Procedures for preparation of exosomes.


The numerous pieces of evidence indicate that exosomes from various sources can inhibit GC-induced apoptosis of osteoblasts and bone cells, and reverse osteonecrosis to a certain extent, which shows the great potential of exosomes in the early treatment of osteoarthrosis caused by GC.



The role of exosomes in GC-induced vascular damage

In the pathogenesis of osteoarthrosis caused by GC, GC damage to vascular endothelial cells is another main way. A considerable number of studies have shown that: glucocorticoids can induce injury and apoptosis of bone microvascular endothelial cells (BMECs) of the femoral head, which is closely related to the development of osteonecrosis and osteoporosis, leading to a hypercoagulable state and abnormal microthrombosis in the area of ONFH, and severely reducing the blood supply of trabecular bone (22, 54–58). The work of Greenberger et al. 2010 found that: GC treatment can inhibit the expression of VEGF-a in ECS and subsequent angiogenesis (59). Vascular damage is manifested by decreased function of circulating angiogenic cells, decreased migration function, and VEGF protein secretion (60).

Therefore, inhibition of endothelial cell (EC) apoptosis is necessary to maintain the integrity of blood vessels and prevent the further development of GC-induced osteoarthrosis (61). Similarly, exosomes also play an important role in the physiological and pathological processes related to endothelial cells. The study by Hu GW et al. pointed out that exosomes secreted by mesenchymal stem cells derived from human induced pluripotent stem cells can reduce limb ischemia by promoting angiogenesis in mice (62). Anderson et al. reported that MSC-derived exosomes contained abundant angiogenesis-related proteins that promote endothelial cell proliferation and angiogenesis (63, 64). And the team also detected the promotion of angiogenesis and tissue repair (including bone formation) by exosomes in both in vivo and in vitro experiments (65).In an animal experiment with osteoporotic rats as the experimental object, eight weeks after implantation of MSC-derived exosomes, the experimental group of rats detected the strong formation of blood vessels and bone tissue that was not in the control group (62). In addition, Yokota et al. proved that exosomes can accelerate the surgical angiogenesis of vascular implantation into the necrotic bone by injecting PRP-containing exosomes (66). In addition, activated platelets can also promote the proliferation and migration of bone mesenchymal stem cells (BMSCs) and ECS, thereby promoting bone formation and capillary formation (67). Qi et al and other studies have also shown that in ovariectomized rat models, exosomes secreted by iPS-derived MSCs can promote the regeneration of bone defects by enhancing angiogenesis and bone formation (68). Zuo et al. used miR-26a transfected human CD34 + stem cell-derived exosomes and found that miR-26a-CD34+-exosome enhanced the ability of human umbilical vein endothelial cells to migrate and form blood vessels, indicating that this kind of exosomes can prevent glucocorticoid-induced necrosis of the femoral skull by promoting angiogenesis and osteogenesis (69). These findings provide a novel method for vascular remodeling and bone cell proliferation in soft tissues to enhance early tissue repair.



The role of exosomes in GC-induced insufficient bone repair

The pathogenesis of ONFH caused by GC is in addition to inducing osteoblast apoptosis, damage to vascular endothelial cells also involves its inhibition of bone formation (70–73). Previous research reports pointed out that GC has complex stimulating and inhibiting effects on bone metabolism. During normal bone formation, an appropriate amount of endogenous GC signal is necessary. For example, a study by Phillips JE showed that a small dose of dexamethasone (Dex) can promote the differentiation of several osteoblasts in the oval system. However, the use of high-dose GC significantly reduced the patient’s bone mass and lowered bone density, which ultimately greatly promoted the occurrence and development of ONFH (73–75). Similarly, another study also showed that GCs down-regulated the expression of osteogenic marker molecules Runt-related transcription factor 2 (RUNX2) and alkaline phosphatase, and was associated with the decrease of bone density and the rupture of trabecular bone (75). Interestingly, the findings of Ekstrom et al. found that fusion of monocyte-derived exosomes with MSC can trigger the up-regulation of two osteogenic markers: RUNX2 and BMP-2. This phenomenon and two other studies both show that exosomes can interact directly with bone cells, thereby affecting the process of bone formation (76, 77). Of course, the evidence that exosomes play an important role in osteogenesis is not limited to this limited study. As we all know, bone remodeling is a complex process that mainly involves two steps: osteoclastogenesis (used to remove damaged bone tissue) and osteogenesis (used for bone formation). Current research reports have shown that exosomes play an important role in these two steps. Published reports indicate that the transfer of exosome-specific proteins, mRNA, and miRNA is the main mechanism of exosome-mediated bone remodeling. This crosstalk establishes a new network of cell-cell interactions during bone homeostasis (78). For example, the study of Cui, Y, and her colleagues found that mature osteoblast-derived exosomes may trigger the mutation of miRNA expression profile, and then cooperatively inhibit the expression of Axin1, the core component of the Wnt signaling pathway, and finally, β-catenin is up-regulation, leading to enhanced osteogenic differentiation (79). Besides, Let-7-rich exosomes derived from osteoblasts can also enhance osteogenic effects by regulating AT-hook 2 (HMGA2) and AXIN2 (79, 80). The proliferation induced by MSC-derived exosomes has also been reported, and the MAPK pathway may be a key factor in the activity of osteoblasts mediated by exosomes (81).In addition to physiological conditions, exosomes also exhibit important functions related to osteogenesis under pathological conditions. The research results of Furuta et al. showed that during fracture healing, exosomes derived from bone marrow stem cells express MCP-1, MCP-3, SDF-1, angiogenic factors, mRNA, and miRNA, and jointly promote bone Reshape (82).At the same time, exosomes may also increase osteoblast-related proteins (RUNX-2, ALP, OCN, and OPN) and some genes (miRNA-196a, miRNA-27a, and miRNA-206) to enhance the proliferation and differentiation of osteoblasts (83). In addition to the participation of osteoblasts in bone remodeling, osteoclasts also play an important role, and the proper balance between the two is the key to complete thigh remodeling. Exosomes also play an important role in mutual signal communication between osteoblasts and osteoclasts. The inactivation of the RANK-RANKL signaling pathway in osteoblasts can release exosomes containing miR-503-3p, thereby inhibiting the formation of osteoclasts. In animal experiments, in the CD9−/− mouse femoral fracture model (in which the production of exosomes was inhibited), the formation of callus in the experimental group was significantly delayed compared with the control group. However, this delayed effect can be corrected by local injection of exosomes (82).Similar functions of exosomes in promoting fracture repair and bone remodeling have also been verified in a mouse model of osteoporosis (62). This series of research results suggest that exosomes may play an irreplaceable role in the process of bone remodeling and bone repair, and these phenomena may be occurring in the bone repair process of ONFH caused by GC. This hypothesis has also been confirmed by research by Zuo and his colleagues. Their experiments suggested that miR-26a-CD34+-exosome enhanced the osteogenic differentiation of BMSCs under the influence of GC. Finally, miR-26a-CD34+-exos increased the vascular density and small bone density of the femoral head in the GC-induced ONFH mouse model, thereby inhibiting the progression of ONFH and promoting bone repair (69). Shang-Chun Guo et al. also found that SMSC-Exos can improve bone mineral density and trabecular bone microstructure of GC-induced ONFH rats. Immunohistochemical staining for osteocalcin showed that MPS (methylprednisolone) was injected into the thigh The osteogenic response of bones is reduced, but SMSC-EXOS significantly inhibits this effect (52). Another study found that exosomes rich in miR-122-5 down-regulate SPRY2 through the RTK/Ras/mitogen-activated protein kinase (MAPK) signaling pathway, thereby delaying the development of ONFH (84).

In the past few decades, exosomes are involved in many biological processes related to bone metabolism, including angiogenesis, cell differentiation, immune regulation, metabolic balance, and development (36, 85–88). However, exosomes are not simple nucleic acid or protein molecules, but microvesicles containing a variety of substances including RNA, DNA, protein, and lipids. While there are extensive biological functions, exosomes are also highly heterogeneous, involving different sources and different contents. Therefore, since exosomes work through each of the molecules contained, understanding the mechanism of action of each content is crucial for further understanding and application of exosomes. We reviewed the roles played by different contents of exosomes derived from cells related to bone metabolism and the molecular mechanisms of their effects and summarized the possible roles of various substances in GC-induced osteoarthrosis (Table 1).


TABLE 1 Function of RNA family in glucocorticoid-induced osteonecrosis of the femoral head.
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The role of miRNA

As one of the most studied contents in exosomes, miRNA released by exosomes has been shown to play an important role in multiple physiological processes of bone metabolism. For example, exosomes derived from myoblasts enter pre-osteogenic cells and promote osteoblast differentiation through miR-27a-3p-mediated β-catenin pathway activation (89). Young MSC exosomes can rejuvenate senescent HSCs through autophagy-related miR-17 and miR-34a cell-to-cell transfer, while miR-23b and miR-92a can effectively treat OA (Osteoarthritis) (90, 91). Furthermore, the exosomes of chondrocytes may promote the chondrogenesis and differentiation of BMSCs by activating the Wnt/β-catenin pathway, which is related to the inhibition of GSK-3β expression by miR-8485 in the exosomes (92).

Besides, recent studies have also highlighted the importance and significance of microRNA (miRNA) in the pathogenesis, prevention, and treatment of GC-induced osteoarthrosis (31, 32). One study showed that exosomal miRNAs promote osteoarthrosis development by influencing osteoblasts, osteoclasts and bone matrix through oxidative stress (OS) mediation. Exogenous antioxidants can help prevent or delay the development of osteoarthrosis, while the antioxidant balance in the body is disrupted (93). But Chen et al. detected the expression of Mir-425-5p in bone marrow mesenchymal stem cells (MSC) by quantitative reverse transcriptase-polymerase chain reaction (qRT-PCR) and the expression of TNF by ELISA, and the results showed that Mir-425-5p could regulate cell apoptosis, proliferation and differentiation induced by TNF. ANXA2 is a target of Mir-425-5p and is involved in TNF-induced apoptosis, proliferation and differentiation of MSC cells. It was concluded that Mir-425-5P could enhance osteoporosis in mice (94). The above studies indicate that the mechanism of miRNA action on osteoporosis still needs further study. The above study indicates that the current research on the mechanism of miRNA action on osteoporosis is limited, and it is necessary to conduct in-depth basic and clinical research.

Wu et al. verified three up-regulated miRNAs (miR-210-3p, miR-320e, and let-7c) by comparing the expression of miRNA in non-traumatic ONFH and femoral neck fractures (95).In previous research evidence, Let-7 in osteoblast-derived exosomes has been shown to enhance osteogenesis by regulating AT-hook 2 (HMGA2) and AXIN2 (79, 80). This indicates that there are still a large number of miRNA that may have a potentially important role in bone repair and bone remodeling in ONFH, waiting to be discovered and explained. ONFH caused by overuse of glucocorticoids accounts for the majority of non-traumatic ONFH. The decrease in the proliferation of mesenchymal stem cells is related to the pathogenesis of glucocorticoid-induced ONFH, and this mutual connection may be involved in the exosomes released by mesenchymal stem cells. Bian et al. compared the expression of miRNA in human mesenchymal stem cells treated with and without dexamethasone. The study found that 11 up-regulated (miR-16-5p, miR-103a-3p, miR-107, miR-196a/b-5p, miR-378d, miR-1268a/b/f/g, miR-4289) and 6 down-regulated (miR-24-3p, miR-378a/h/I, miR-4448, miR-4634) miRNA were found between the two different concentrations of dexamethasone treatment groups. For further analysis, they injected methylprednisolone (21 mg/kg) subcutaneously into C57BL/6J mice and found that miR-21-3p and miR-652-5p were up-regulated and miR-34b-3p, miR-34c-5p, miR-148a-3p, miR-196a-5p, and miR-206-3p are down-regulated, which are predicted to be involved in osteogenic differentiation (96). Hao et al. found that miR-708 may enhance the osteogenic effect of mesenchymal stem cells and inhibit their adipogenic differentiation ability by targeting Smad3 (8). Yamasaki et al. confirmed that miR-210 (angiogenic miRNA) is highly expressed in non-invasive ONFH and may regulate angiogenesis in ONFH (56, 97, 98). Sun et al. confirmed that miR-548d-5p promotes the osteogenic differentiation of mesenchymal stem cells by acting on PPARγ, and may inhibit glucocorticoid-induced ONFH (99). In addition, miR-27 has also been shown to inhibit adipogenesis and enhance bone formation by regulating the expression of GREM1 and PPARγ (83, 100–103). These findings indicate that miRNAs secreted in the bone marrow microenvironment play an irreplaceable role in the pathogenesis of steroid-induced ONFH and the balance between osteogenic differentiation and adipogenic differentiation of mesenchymal stem cells.



The role of lncRNA

As a regulatory RNA, long non-coding RNA (lncRNA) has been shown to play a key role in various cellular physiological functions including cell proliferation, invasion, metabolism, apoptosis, and stem cell differentiation. Recent studies have shown that lncRNA is directly involved in the pathogenesis of many orthopedic diseases and also plays an important role in the process of bone development and regeneration. For example, long non-coding RNA (lncRNA) has been shown to be an important exosomal content in OA, widely involved in the regulation of various pathological and physiological processes (103, 104). Exosomes from adipose-derived stem cells (ADSCs-EXOS) have been verified that play an effective part in the repair of different tissues and organs. ADSCs-EXOS have also been confirmed to help in the treatment of osteoporosis (105). However, Wang et al. believed that compared with ADSC-EXOS, KCNQ1OT1-ExOS, as a kind of lncRNA closely related to cell proliferation, migration and apoptosis, had a more significant inhibitory effect on TNF-α -induced cytotoxicity and apoptosis (106).

Recent research results indicate that lncRNA also plays an important regulatory role in the pathogenesis and repair of ONFH. LncRNA was found to be differentially expressed in ONFH tissues, bone marrow mesenchymal stem cells and bone microvascular endothelial cells which isolated from ONFH patients (9, 107, 108). Functional research has further clarified its important role in the survival of osteoblasts closely related to ONFH and the osteogenic differentiation of bone marrow mesenchymal stem cells. Liu et al. reported that MSC-Exos mainly up-regulated Col2a1 and proteoglycan levels through lncRNA-KLF3-AS1.239 released from exosomes, and down-regulated the expression of MMP13 and Rux2, which promoted the survival of IL-1β-treated chondrocytes (109). According to reports, as a differentially expressed lncRNA isolated from steroid-induced ONFH patients, forced expression of RP11-154D6 can promote the increase in the expression of osteogenic differentiation markers (osteocalcin (OCN) and RUNX2) and reduce the expression of adipogenic differentiation markers (such as lipoprotein lipase (LPL) and peroxisome proliferator-activated receptor gamma (PPAR gamma)), these effects ultimately lead to enhanced bone formation (108). In another study, Wei et al. found that HOTAIR can negatively regulate the proliferation and osteogenic differentiation of mesenchymal stem cells by regulating the expression of miR-17-5p and Smad7, and can be used as a therapeutic target for non-invasive ONFH (110). Wang et al. used the reconstruction of the coding-noncoding gene co-expression (CNC) network to reveal the key role of two lncRNAs (HOTAIR and RP1-193H18.2) in regulating the osteogenic and adipogenic differentiation of bone marrow MSCs (111). In addition, Yu et al. analyzed the BMEC (bone microvascular endothelial cells) of patients who underwent a conventional total hip replacement and exposed the cells to hydrocortisone (0.1 mg/ml) for 24 h using the co-expression analysis technology of non-coding RNA and related mRNA, the results reveal that FoxO transcription factors are closely related to the regulation of angiogenesis (112, 113). Furthermore, the overexpression of MIAT in the bone marrow microenvironment may lead to steroid-related ONFH by inhibiting the osteogenic differentiation of MSC, and this process can be blocked by the epigenetic silencing of MIAT by HXTL (114). Fan and colleagues confirmed that MALAT1 can protect human osteoblasts from dexamethasone-induced cell death. Specifically, MALAT1 prevents steroid-induced ONFH by regulating PPM1E-AMPK-NRF2-oxidative stress and the miR-214-ATF4 axis (32).



The role of circRNA

Circular RNA (circRNA) is a member of the non-coding RNA family. Unlike linear RNAs such as miRNA or lncRNA, it forms a covalently closed continuous loop, making them resistant to digestion by RNA exonuclease. Accumulated evidence shows that circRNA can perform biological functions by acting as a microRNA sponge, encoding proteins, and binding to proteins (115–121). Research on circRNA is later than most linear RNAs, but in recent studies, circRNA has also been found to be involved in bone metabolism in many diseases (including GC-induced osteoarthrosis).

For instance, Feng et al. found that hsa_circ_0006859 in exosomes of osteoporosis patients can inhibit osteoblast differentiation and promote adipose decomposition of human bone marrow mesenchymal stem cells (hBMSCs). Hsa_circ_0006859 acts, as a competitive endogenous RNA (ceRNA) of Mir-431-5p, directly binds to Mir-431-5p and promotes the expression of ROCK1 which was confirmed as a novel target gene of Mir-431-5p (122).

Generally, the weakened osteogenic differentiation and increased adipogenic differentiation of BMSCs are closely related to the formation of ONFH (102). Xiang et al. have identified 90 up-regulated and 141 down-regulated differentially expressed circRNAs in steroid-induced ONFH (SONFH) BMSCs (123). Further functional studies have found that circRNA immunoglobulin superfamily member 11 can promote osteoblast differentiation in BMSC osteogenesis through glycogen synthase kinase 3β/β-catenin signaling pathway, and knocking down this circRNA can increase miR199b-5p expression (123–125). In addition, some studies have found that circRNA plays a key role in the regulation of bone metabolism mainly by acting as a molecular sponge of miRNA. For example, Kuang et al. proved that in the steroid-induced ONFH rat model, circRNA ubiquitin-specific protease 45 can upregulate phosphatase and tensin homologs by binding to miR-127-5p, thereby inhibiting the protein kinase B pathway and regulate the bone mass of rats (126). In addition, the mode of action of the miRNA-mRNA axis targeted by circ19142/circ5846, circ19142 and circ5846 have been shown to act as sponges for miR-7067-5p in osteoblast differentiation (127). Besides, circRNA FOXP1 has also been shown to play a key role by acting as a sponge for several miRNAs in the regulation of MSC differentiation, which is closely related to the pathogenesis of ONFH (128). Although there are few studies on another important pathogenic mechanism (adipogenic differentiation of mesenchymal stem cells) that affects osteogenesis, The above observation results also show that there is a close correlation between circRNA and SONFH, which can be used for follow-up research and clinical treatment, and provides a good guide for finding therapeutic targets. In another core pathogenic mechanism of ONFH, endothelial cell damage and angiogenesis disorder, circRNA has also been shown to play an important biological role (129). For example, CircRNA0010729 mediates the apoptosis and proliferation of vascular endothelial cells by targeting the miR-186/hypoxia-inducible factor-1α axis (130). Furthermore, circRNA0003575 is up-regulated in human umbilical vein endothelial cells (HUVEC) induced by oxidized low-density lipoprotein and promotes HUVEC proliferation and angiogenesis (131). Although there is no research on circRNA directly targeting endothelial cells in the bone marrow microenvironment, these findings also indicate that circRNA may play an important role in the activation mechanism of ONFH. The above research results indicate that circRNA plays a unique role in the formation of ONFH, and due to its unique stability, may play an irreplaceable role in the treatment of ONFH.



The role of protein

As a kind of exosomal load, many types of specific cell proteins have been shown to contribute to the communication and signal transduction between cells (132–137). In the study of bone-related exosomal proteins, Tsuno et al. used 2D-DIGE and mass spectrometry to identify serum exosomal proteins extracted from the healthy group and the OA group. They found that the exosome between the OA group and the healthy group has 21 spots in the somatic protein profile with different intensities, such as cathepsin F and Igalpha-2 chain C region, indicating the potential role of these proteins in OA (138). At the same time, recent studies have also discovered the role of exosomal proteins in regulating the biological response of chondrocytes. Zhang et al. found the expression of CD73/ecto-5'-nucleotidase in MSC-derived exosomes and found that the CD73 inhibitor AMPCP or the non-selective adenosine receptor antagonist theophylline can reduce MSC Exosomes-induced phosphorylation of AKT and ERK in chondrocytes (139). The results above indicate that the role of the protein-loaded exosomes in the differentiation and development of bone cells still needs further exploration, although the existing evidence has suggested its regulation of cartilage and MSC.



The role of DNA

Since the study of exosomal DNA is later than the study of RNA, only a small amount of literature has reported that carrying cytoplasmic DNA in exosomes can prevent cell senescence and cell death caused by DNA damage (140, 141). Moreover, exosomal DNA can exert effects because cells can secrete exosomes and remove harmful DNA in the extracellular matrix. In addition to double-stranded DNA, exosomes also contain single-stranded DNA, but we still know little about the biological role of this DNA. Therefore, it is necessary to study the expression and function of these DNAs in the bone marrow microenvironment.




Conclusions and outlooks

Exosomes carrying contents like DNA or RNA family serve as crucial vehicles for intercellular communication. Although there is a broad range of potential applications and uses of exosomes, it still appears to be some problems of methods for exosome isolation and analysis. Primarily, the quantities of exosomes released by mammalian cells is relatively low and the purification of exosomes is burdensome. Enhancing the ability to load a variety of cargoes and targeting capabilities without corrupting exosomes is also very important for the utility of this delivery technology. It is hoped that more researchers will participate in the exploration of these problems from bench to bedside in the future. Exosomes show important regulatory effects in different stages and different pathological mechanisms in osteoarthrosis caused by GC, which shows the usefulness and potential of exosomes in the treatment of steroid-related osteoarthrosis. Up to now, take GC-induced ONFH’s treatment for example, it has mainly relied on drug therapy, core decompression, interventional therapy, and cell therapy as early intervention methods, but usually, 65%–85% of patients will continue to develop femoral head collapse (85). Once it develops into the terminal stage of the disease, total hip replacement surgery becomes the only viable option, and this will bring tremendous pressure on the patient's economy and life. Furthermore, for those young patients, ONFH often means that multiple revision surgeries may be required in the future (because the life of the prosthesis is limited), which aggravates the patient's physical and psychological burden. Therefore, as a promising alternative to the traditional treatment of osteoarthrosis, exosomes have many incomparable advantages in the early intervention of osteoarthrosis, and they have received widespread attention as a new treatment for osteoarthrosis (34, 142, 143). Firstly, exosomes have multiple advantages in immunogenicity, and allogeneic exosome injection may not cause obvious complications and rejection in terms of immunogenicity (66). Secondly, exons show good stability and pertinence, because they maintain the properties of their parent cells for a long period and maintain their inherent integrity, which makes them more effective in the treatment of osteoarthrosis. Easily target cells without causing systemic adverse reactions (144–146). Finally, exosomes also show certain advantages in biodistribution and pharmacokinetics. Due to their small size, these nanoparticles can easily reach the wound site. Exosomes can be transformed to express specific surface molecules and can selectively bind to molecules overexpressed on target cells, and exosomes can use their unique functions to extend their half-life (147–152). However, exosomes still face many challenges before entering clinical applications, and the main resistance comes from the separation and purification of exosomes, the modification of exosomes, and the heterogeneity of exosomes. Concerning the role of exosomes in GC-induced osteoarthrosis, research on the underlying mechanism and diagnostic/therapeutic applications have just begun. Although there are still many problems to be solved in this field, we speculate that technological advancement will give an optimistic outlook for the treatment of GC-induced osteoarthrosis based on exosomes.
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Introduction: Postoperative delirium is a common complication of patients undergoing hip fracture surgery or arthroplasty and is related to decreased survival time and physical function. In this study, we aim to build and validate a prediction score of postoperative delirium in geriatric patients undergoing hip fracture surgery or hip arthroplasty.



Methods: A retrospective cohort of geriatric patients undergoing hip fracture surgery or hip arthroplasty was established. Variables of included patients were collected as candidate predictors of postoperative delirium. The least absolute shrinkage and selection operator (LASSO) regression and logistic regression were used to derive a predictive score for postoperative delirium. The accuracy of the score was evaluated by the area under the curve (AUC) of the receiver operating curve (ROC). We used bootstrapping resamples for model calibration. The prediction score was validated in an extra cohort.



Results: There were 1,312 patients in the derivation cohort, and the incidence of postoperative delirium was 14.33%. Of 40 variables, 9 were identified as predictors, including preoperative delirium, cerebrovascular accident (CVA) with the modified Rankin scale, diabetes with a random glucose level, Charlson comorbidity index (CCI), age, application of benzodiazepines in surgery, surgical delay ≥2 days, creatine ≥90 μmol/L, and active smoker. The prediction score achieved a mean AUC of 0.848 in the derivation cohort. In the validation cohort, the mean AUC was 0.833. The prediction model was well-calibrated in the two cohorts.



Conclusion: Based on retrospective data, a prediction score for postoperative delirium in geriatric patients undergoing hip fracture surgery or hip arthroplasty was derived and validated. The performance of the scoring system outperformed the models from previous studies. Although the generalization ability of the score needs to be tested in similar populations, the scoring system will enable delirium risk stratification for hip fracture patients and facilitate the development of strategies for delirium prevention.
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Introduction

Hip fracture is a major cause of mortality, morbidity, and economic burden in geriatric patients (1). As the population ages, the total incidence of hip fracture is increasing globally despite a decline in age-adjusted incidence (2); it is predicted that the incidence will increase to 6.26 by the year 2050 (3). Although the surgical technique has improved in recent years, a high incidence of 1-year mortality still exists (4). On the other hand, functional impairments including cognitive decline and reduced production of hormones (e.g., vitamin D, pro-inflammatory cytokines, and estrogens) often complicate the preoperative status of geriatric patients, leaving the patients more vulnerable to various postoperative complications.

Delirium, defined as “an acute confusional state,” is characterized by disturbance in attention and cognition (5). Postoperative delirium is a common complication with an incidence of 6.5%–55.9% in patients undergoing hip fracture surgery or hip arthroplasty (6). Delirium after surgery indicates a poor outcome with decreased survival time and impaired physical function (7). Moreover, postoperative delirium will increase hospital stay and postpone the functional recovery of patients (3). Preventing and controlling postoperative delirium are vital in clinical practice and have been set as a target for surgical quality improvement (8).

The early detection of postoperative delirium is important in delivering necessary care to patients at a higher risk. Although various prediction models have been developed for predicting postoperative delirium, previous studies were limited by a small sample size (9, 10) or a lack of patients who underwent hip arthroplasty (11, 12); in addition, there was no study with an appropriate sample size that had focused on the Chinese population (13) and most of the studies emphasized the evaluation of baseline mental or psychiatric presentations but omitted the disturbance of the microenvironment that may contribute to postoperative delirium (14, 15). As reported in previous studies, dysfunction of glucose metabolism and disturbance of microenvironments of neurons can contribute to the occurrence of delirium in geriatric patients (16, 17).

In the present study, by evaluating factors [electrolytes, albumin, blood urea nitrogen (BUN), etc.] that may affect the microenvironments of neurons and other possible predisposing factors of delirium, we aimed to derive and validate a prediction score for postoperative delirium in geriatric patients undergoing hip fracture surgery or arthroplasty.



Materials and methods

This retrospective noninterventional study was approved by the ethics committee of Peking University People's Hospital and was performed in compliance with the Declaration of Helsinki.


Study population

We retrospectively collected the electrical medical records of patients who were admitted to Peking University People's Hospital between January 2010 and December 2018. The inclusion criteria are as follows: (1) age ≥ 60 and (2) have received hip fracture surgery or hip arthroplasty. These patients were set as the derivation cohort of the prediction score. We further collected the medical records of patients who were admitted between January 2019 and March 2020 and included patients with the same criteria. These patients were set as the validation cohort.



Outcome assessment and variable collection

The primary outcome of this study was the occurrence of delirium after surgery (during the recorded hospitalization). Delirium was identified using a clinically validated chart-based tool (18, 19) (see Supplementary Table S1) by screening the electronic medical records. In detail, two experienced physicians screened all medical records (including progress notes, nursing notes, surgical and anesthetic records, consulting notes, etc.) to search for evidence of the acute onset of confusional state (e.g., described as delirium, inattention, mental status change, disorientation, hallucinations, agitation, inappropriate behavior, etc.), patients with any of the listed evidence had a suggested diagnosis of delirium.

The following variables are collected as candidates for predictors of postoperative delirium: age, sex, body mass index (BMI), Carlson comorbidity index (CCI); previous history of major fractures (lower limb, pelvic, spinal), preoperative dementia, preoperative delirium, hearing loss, psychiatric disease, coronary heart disease, chronic heart failure, atrial fibrillation, hypertension, peripheral vascular disease, diabetes, chronic kidney disease, acute kidney injury, pre-urgery dialysis, hepatic failure, malignancy, alcohol abuse, active smoker, cerebral vascular accidents (CVA, evaluated with the modified Rankin Scale), chronic obstructive pulmonary disease (COPD), symptomatic pulmonary embolism (PE), preoperative pneumonia, American Anesthesia Society (ASA) score; type of fracture (femoral neck, intertrochanteric, subtrochanteric, periprosthetic, multiple hip fractures), type of surgery (intramedullary nail, cancellous screw, hemiarthroplasty, total arthroplasty, revision of arthroplasty), duration of surgical delay, duration of surgery, general anesthesia; high risk medications in surgery (benzodiazepines, opioids, nonsteroidal anti-inflammatory drugs), serum levels of glucose, sodium, BUN, creatine, albumin; and white blood cell count, hemoglobin level. All lab tests were performed on admission.



Statistical analysis

Missing values were imputed when missing columns were less than 20%, and we used predictive mean matching for numeric variables, logistic regression for binary variables, and Bayesian polytomous regression for factor variables (>2 levels).

In the derivation cohort, candidate variables were selected using least absolute shrinkage and selection operator (LASSO) regression to minimize the overfitting and collinearity of variables. LASSO regression performs L1 regularization, in which a penalty value is equal to the magnitude of variable coefficients; larger penalties will force the smaller coefficients close to zero, thus resulting in a sparse model with fewer variables. These selected variables will enter logistic regression in the following analysis to build a prediction model. The significant predictors will be used to construct the prediction score for postoperative delirium with reference to a well-tested method (20); the accuracy of the prediction score was evaluated by the area under the curve (AUC) of the receiver operating curves (ROC). The accuracy of the prediction score was compared with the prediction models of two previous studies (12, 21).

We used 1,000 bootstrap resamples for model calibration (in both the derivation and validation cohort). Validation of the prediction score was performed by comparing the accuracy of the prediction in the derivation cohort and the validation cohort.

All statistical analyses were performed with R (version 4.0.2); R packages used were “MICE” (for processing missing values), “glmnet” (for LASSO regression), “glm” (for logistic regression), and “ggplot2” and “pROC” (for receiver operating characteristic curve depiction and calculation of the area under curves). P < 0.05 was considered statistically significant, and all statistical tests were two-sided.




Results


Characteristics of patients in the derivation cohort

A total of 535,037 records were screened in the electronic medical record system. Data of 1,312 patients were collected as the derivation cohort. Among these patients, 188(14.33%) had a suggested diagnosis of postoperative delirium (Figure 1). Baseline characteristics of patients are presented in Table 1. Most of the patients were in their 80s (46.1%) and women (896[68.29%]), with hypertension (793[60.44%]), diabetes (365[27.82%]), and coronary heart diseases (340[25.91%]) as the top three comorbidities.


[image: Figure 1]
FIGURE 1
Number of included patients in different inclusion periods and the number of postoperative delirium cases.



TABLE 1 Baseline characteristics of patients in the derivation cohort who did or did not develop postoperative delirium.

[image: Table 1]

A large majority of patients had femoral neck fracture (722[55.03%]), followed by intertrochanteric (516[39.33%]), subtrochanteric (28[2.13%]), multiple locations of the hip (26[1.98%]), and periprosthetic fractures (20[1.53%]). Most patients received intramedullary nail fixation (614[46.53%]), followed by hemiarthroplasty (470[35.82%]), total hip arthroplasty (148[11.28%]), cancellous screw (73[5.56%]), and revision of arthroplasty (7[0.53%]).



Selection of variables as predictors

With LASSO regression, 12 out of 40 variables were selected (see Supplementary Figure S1). The selected variables include pre-operative delirium, CVA with the modified Rankin scale, age, CCI, random glucose levels of patients with diabetes, application of benzodiazepines in surgery, surgical delay, creatine level, active smoker, general anesthesia, serum BUN level, and albumin level.

All 12 variables were then analyzed with the logistic regression model. There were nine variables that remained in the model: preoperative delirium (OR 4.21, 95% CI 3.25–9.14, P < 0.001), CVA with the modified Rankin scale (4–5, OR 3.17, 95% CI 1.16–5.06; 2–3, OR 2.25, 95% CI 1.26–4.29, P < 0.001), diabetes with a random glucose level (>13 mmol/L, OR 2.43, 95% CI 1.32–2.99; 8–13, OR 1.36, 95% CI 1.15–1.67, P = 0.023), CCI (≥9, OR 2.43, 95% CI 1.32–2.99; 6–8, OR 1.29, 95% CI 1.03–2.52, P = 0.008), age (≥80, OR 1.87, 95% CI 1.25–2.50; 70–79, OR 1.11, 95% CI 1.07–2.19, P = 0.021), application of benzodiazepines in surgery (OR 1.44, 95% CI 1.24–3.17, P = 0.036), surgical delay ≥2 days (OR 1.15, 95% CI 1.13–1.28, P = 0.012), creatine ≥90 μmol/L (OR 1.09, 95% CI 1.02–1.13, P = 0.034), and active smoker (OR 1.05, 95% CI 1.04–1.94, P = 0.042) (Table 2).


TABLE 2 Multivariate regression of postoperative delirium.
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Derivation of the prediction score

Using the nine variables selected in the last section, a prediction score was derived (Table 3). With bootstrapping, the mean AUC of the prediction score in the derivation cohort was 0.848 (95% CI 0.72–0.90), higher than the models of previous studies (Figure 2). The range of the score and the estimated probability of postoperative delirium were recorded in Supplementary Table S2.


[image: Figure 2]
FIGURE 2
Comparison of the performance of the predicting models from the present study and two previous studies. AUC, area under the curve.



TABLE 3 Prediction score of postoperative delirium for patients after hip fracture surgery or hip arthroplasty.
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Validation of the prediction score

We then use the validation cohort [with 353 patients and 64 (18.31%) with postoperative delirium] (Table 4) to test the performance of the prediction score model. Through 1,000 times bootstrapping, the mean AUC of the model was 0.833 (95% CI 0.68–0.89) (Figure 3), and the model was well-calibrated in both the derivation and validation cohorts (Figure 4). The prediction score had similar accuracy to postoperative delirium in the derivation and validation cohorts.


[image: Figure 3]
FIGURE 3
Comparison of the performance of the prediction model in the derivation and validation cohorts. AUC, area under the curve.



[image: Figure 4]
FIGURE 4
Calibration plot for the prediction model in the derivation and validation cohorts.



TABLE 4 Baseline characteristics of patients in the validation cohort who did or did not develop postoperative delirium.
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Discussion

Based on the retrospective data, a prediction score for postoperative delirium in geriatric patients undergoing hip fracture surgery or hip arthroplasty was derived and validated. In the derivation and validation cohorts, the accuracy of the score was satisfactory. The score consists of nine prediction factors (preoperative delirium, CVA with the modified Rankin scale, random glucose levels of patients with diabetes, CCI score, age, application of benzodiazepines in surgery, surgical delay, creatine level, active smoker) that are easily available in clinical practice. Moreover, the scoring system also included functional evaluation of CVA patients and disturbances of microenvironments (random glucose levels of diabetes, creatine levels), which were not reported in previous studies. In the derivation cohort, the suggested incidence of delirium was 14.33%, which was close to publications (9, 22) with similar patient composition; some of the predictors were consistent with previous studies (6, 12).


Predisposing factors that related to delirium

Preoperative delirium was identified as a significant predictor of postoperative delirium. As reported by a previous study, postoperative delirium had a high incidence in patients diagnosed with preoperative delirium (23) (up to 60%). However, in most of the related studies, preoperative delirium has been excluded in the process of patient selection (9, 24). This may be explained as an attempt to rule out prevalent delirium cases from new-onset postoperative delirium cases. However, excluding this group of patients will underestimate the incidence of postoperative delirium; on the other hand, preoperative delirium may not persist after surgery. In the derivation cohort, 102(7.77%) patients had preoperative delirium, and 53(51.96%) of these patients were in a delirium state postoperatively, while 48.04% of these patients had no delirium after the surgery. It is necessary to include patients with preoperative delirium in the prediction model to evaluate the risk of the postoperative state of delirium.

Although delirium may affect patients of various ages, geriatric patients suffer much more frequently and more severely from it. In an observational study that focused on preoperative and postoperative delirium, hip fracture patients older than 80 years were more likely to be complicated with delirium (25). The cause of the high incidence of delirium in geriatric patients may be attributed to accumulated neuron injury accompanied by aging. At the same time, cerebrovascular accidents (CVA) can render geriatric patients more susceptible to delirium in stress states like trauma or surgery (26); moreover, impaired daily life function renders patients with a higher risk of delirium after stroke (27). In the present study, CVA with higher degrees of disability (evaluated with the modified Rankin scale) was also identified as a predictor of postoperative delirium, which indicates that the severity of neuroinjury brought by the CVA was associated with the risk of delirium.

Diabetes has been proved to be a predisposing factor for dementia (including vascular disease or Alzheimer's disease-related dementia) (28). Similarly, we observed an association between uncontrolled glucose levels and delirium episodes. It is rational to hypothesize that long-lasting vascular damage and inflammatory response in diabetes (29) will affect neuro functions.As supported by pathophysiological studies, elevated intracellular glucose levels will inhibit the mitochondrial function of neurons (30). The role of deregulated glucose metabolism in the cerebral spinal fluid has been reported to be related to cognitive dysfunction in mice and patients with delirium (31). Similarly, it has been reported that high variability of the serum glucose level was related to delirium in patients after aortic dissection surgery (15), which suggested a possible role of glucose management in delirium prevention for hip fracture patients.

High CCI has been proved (32) to be related to higher mortality and complications after hip fracture surgery. The CCI evaluated the number of comorbidities and the severity of the concomitant diseases, which was consistent with the result of Zhao et al. that the frailty of patients was a predictor of delirium after surgery (33). Another identified predictor in our study was active smoking. Physiological research has discovered that nicotine, the main component of tobacco, can affect the cerebral microvascular function and can prompt the process of atherosclerosis (34), which may further lead to delirium. Similarly, in our cohort, active smokers were liable to new-onset delirium, which may be attributed to the acetylcholine deficiency (35) caused by acute abstinence before surgery. In addition, disturbances of the internal environment caused by comorbidities or stress from the injury, presented with factors like high creatine levels, may also be interfering with the normal functioning of neurons and cause delirium (21, 33).



Medical interventions related to delirium

Benzodiazepines have been identified as a risk factor for delirium (36). When compared with other sedatives like propofol or dexmedetomidine, benzodiazepines are more efficient in affecting neurotransmitter concentrations and impairing the quality of sleep via slow-wave sleep suppression, which may finally lead to delirium (37). The fact that patients treated with benzodiazepines were more liable to delirium made the choice of sedatives even more critical in the surgery. On the contrary, opioids, which were reported as a risk factor for delirium in other studies (38, 39), were not included in the scoring system, which implies that the effect of sedatives can vary between different types of patients.

There is plenty of evidence that surgical delay is related to poor functional outcomes and mortality (40). The multivariable logistic regression in our study shows that surgical delay of >2 days was an independent risk factor for postoperative delirium, which indicates that, regardless of baseline conditions of patients, the delaying of the timely surgical intervention itself can affect cognitive function. A similar result was reported by Pioli et al. hat delay of surgery for hip fractures will increase the risk of delirium in patients with a history of cognitive impairments (41).

In view of the prevalence and prognosis of delirium after hip fracture surgery and arthroplasty, a validated scoring system will facilitate risk stratification for patients with identifiable risk factors of delirium at the time of hospital admission. In addition, timely intervention of risk factors will prevent about 30% of delirium episodes (42), making the search for risk factors and the development of prediction scores more reasonable. Based on the predictive variables identified in the present cohort, future studies can further explore the pathophysiological mechanisms of postoperative delirium in patients with hip fractures. What is more, interventional strategies can also be developed accordingly.

Currently, the treatment of delirium is mainly multidisciplinary, which focuses on interventions for various risk factors of delirium (43). Even though the multidisciplinary approach has not shown an overall significant improvement in mortality or hospitalization in random contrast trials, one of the studies suggested that this approach does reduce the time of recovery for cognitive functions (44). Given the lack of interventions that are supported by high-quality evidence, a clinician should direct more resources toward those with a higher risk of postoperative delirium and at least address correctable physiological variables in a timely manner.




Limitations

The present study is limited by several issues. First, as a result of the retrospective nature of this study, we used chart-based tools instead of a validated screening tool for delirium [e.g., Confusion Assessment Method (45)]. However, as evaluated by a previous study (18), this tool and Confusion Assessment Method had an overall good inter-rater agreement (with an agreement of 82%, kappa = 0.41). Second, for benzodiazepines, we did not compare the difference between continuous infusion or boluses to the occurrence of postoperative delirium because only continuous infusion was related to delirium in one study (46). Finally, the score was derived from a single-center cohort; characteristics of the derivation cohort may not fit the whole population. The prediction score still needs to be validated in cohorts with more sufficient sample sizes in the future.



Conclusions

Based on retrospective data, a prediction score for postoperative delirium in geriatric patients undergoing hip fracture surgery or hip arthroplasty was derived and validated. The performance of the scoring system outperformed the models from previous studies. Although the generalization ability of the score needs to be tested in similar populations, the scoring system will enable delirium risk stratification for hip fracture patients and facilitate the development of strategies for delirium prevention.
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Introduction: Many studies have reported the clinical outcomes of a jumbo cup in revision total hip arthroplasty (rTHA) with acetabular bone defect. We conducted a systematic review to access the survivorship and clinical and radiological outcomes of a jumbo cup in rTHA.



Methods: A systematic review was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines. A comprehensive literature search from PubMed, MEDLINE, EMBASE, and the Cochrane Database of Systematic Reviews was performed with the keywords (“revision” OR “revision surgery” OR “revision arthroplasty”) AND (“total hip arthroplasty” OR “total hip replacement” OR “THA” OR “THR”) AND (“jumbo cup” OR “jumbo component” OR “extra-large cup” OR “extra-large component”). Studies reporting the clinical or radiological outcomes were included. The basic information and radiological and clinical results of these studies were extracted and summarized for analysis.



Results: A total of 19 articles were included in the systematic review. The analysis of clinical results included 953 hips in 14 studies. The re-revision-free survivorship of the jumbo cup was 95.0% at a mean follow-up of 9.3 years. Dislocation, aseptic loosening, and periprosthetic joint infection were the top three complications with an incidence of 5.9%, 3.0%, and 2.1%, respectively. The postrevision hip center was relatively elevated 10.3 mm on average; the mean postoperative leg-length discrepancy was 5.4 mm.



Conclusion: A jumbo cup is a favorable option for acetabular bone defect reconstruction in rTHA with satisfying survivorship and acceptable complication rates.
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Introduction

Reconstruction of an acetabular bone defect is a difficult procedure in revision total hip arthroplasty (rTHA) (1). In rTHA, the primary goal of acetabular reconstruction is creating sufficient mechanical support and bone contact for the acetabular cup, thereby achieving bone ingrowth or ongrowth and attaining stability of the acetabular cup (2). In addition, the position of the rotation hip center is also an important factor to consider. Due to the complexity and variety of the acetabular bone defect, it is highly possible for unexpected challenges to occur beyond the preoperative plan. Moreover, many patients who accept revision arthroplasty are at an advanced age with underlying diseases; therefore, there is need for enhancing surgical efficiency and limiting damage control. These factors all bring significant challenges to surgeons.

Before performing rTHA, an evaluation of the acetabular bone defect is necessary. The Paprosky classification, American Academy of Orthopaedic Surgeons (AAOS) classification, and Gross system are the most commonly used in preoperative planning (3, 4). Many new methods of evaluation have also been developed to help surgeons make better surgical strategy (5–9). Currently, the Paprosky type IIIA and IIIB and AAOS type III and IV are regarded as the most challenging conditions, which involve extensive bone loss of the acetabular rim and columns, and even pelvic discontinuity (10, 11). Several methods of reconstruction have been developed for severe acetabular bone loss in rTHA, such as structural allografts, impaction bone grafting, the jumbo cup, the highly porous metallic augments and hemispherical cup, the cup-cage system, custom monoflanged acetabular components, and the cup-on-cup technique (12–20). Many studies as well as systematic reviews have reported the clinical results of these reconstruction techniques (21–24), but the most effective solution remains controversial.

Using a jumbo cup is one of the most commonly recommended reconstruction methods for severe acetabular bone defect in rTHA. It was first reported by Jasty in 1998 (25). There is no strict definition for the jumbo cup. Most papers define the jumbo cup as a diameter of over 66 or 64 mm for males and over 62 or 60 mm for females. The advantages of the jumbo cup include the obvious simplified surgical procedure, more contact area with the host bone, and less requirement for bone graft (26). However, there are also some limitations in using the jumbo cup for reconstruction. For example, it may result in further bone loss (27), which may delay the full weight-bearing time and even cause a protrusion of the jumbo cup into the pelvic cavity. Therefore, the jumbo cup is usually applied in Paprosky type I–III acetabular bone defect and rarely used alone for pelvic discontinuity (11). In many cases, jumbo cups have to be set in a high position to provide sufficient contact with the host bone and mechanical support, which may lead to rotation center elevation, leg-length discrepancy (LLD), and soft tissue imbalance (28). Although many studies have reported the clinical results of the jumbo cup in rTHA, no systematic review has been conducted to date. In this context, the aim of this study is to systematically summarize the current evidence of the jumbo cup in rTHA, including survivorship and failure, radiological outcome, hip function, and complications.



Materials and methods


Literature search strategy

We conducted a comprehensive literature search from the electronic databases PubMed, EMBASE, Web of Science, and Cochrane Library. The last literature search was on 15 April 2022. The search project was based on the following keywords: (“revision” OR “revision surgery” OR “revision arthroplasty”) AND (“total hip arthroplasty” OR “total hip replacement” OR “THA” OR “THR”) AND (“jumbo cup” OR “jumbo component” OR “extra-large cup” OR “extra-large component”). The language was limited to English. If the abstract was not sufficient for us to include or exclude a study, we would download the full text. The literature search process was carried out on the basis of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (29).



Inclusion and exclusion criteria

Only those clinical studies that met the following criteria were included in this systematic review: (1) rTHA with acetabular bone defect; (2) using a jumbo cup for acetabular reconstruction; and (3) reporting clinical results or radiological data. Reviews, conference abstracts, non-English written articles, letters, case reports, experiment studies, and simulation studies were excluded from this systematic review.



Data extraction

Two researchers separately extracted all data according to the rules described above. We developed an extraction table for data extraction including the following: (1) basic information of each study; (2) radiological results evaluating the implant position; and (3) clinical results including studying the accuracy of the preoperative plan, intraoperative details, and postoperative function complications. All data were extracted by two investigators; any disagreement was solved by an expert surgeon and a third researcher to make a final decision.



Quality assessment

We used the Methodological Index for Non-Randomized Studies (MINORS) for quality assessment (30). This evaluation system involves 12 items for comparative studies and 8 items for noncomparative studies, with total scores of 24 and 16, respectively. The item was separately scored with 0, 1, and 2 corresponding to nonreported information, inadequate information, and adequate information, respectively. Two authors independently filled the evaluation system. Studies that scored >75% of the total score were considered to have a low risk of bias.




Results


Literature selection

The literature search initially identified 101 articles and finally included 19 articles in this systematic review according to the inclusion and exclusion criteria (31–49) (Figure 1). Among the 19 articles, 2 articles were pure radiological studies (31, 40). There were three pairs of cognate articles (six articles) that were published in different years (38, 39, 41, 45, 48, 49). For these coupled cognate articles, the results of the more recent articles were adopted.


[image: Figure 1]
FIGURE 1
PRISMA flow diagram.




Quality assessment

Except for the two pure radiological studies, the remaining 17 clinical studies were included in the quality assessment (32–39, 41–49) (Table 1). Only one study was a comparative study and its quality was high (21/24) (33). The other 16 studies were noncomparative studies, with a mean MINORS score of 10.5, which indicated that the general quality of these studies was relatively low. Therefore, a further meta-analysis was not conducted.


TABLE 1 MINORS scale.
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Demographics and characteristics

A total of 1,406 hips were initially included in the review (Table 2). To analyze the clinical results, the two pure radiological studies were removed and the results of the cognate articles were merged and adjusted. As a result, 953 hips in 14 studies were included in the analysis of clinical results (32–39, 41–44, 46, 47) (Tables 3–5). The patients who underwent rTHA had a mean age of 62.5 years. The mean follow-up was 9.3 years. In the radiological result analysis part, 631 hips in 11 studies were included (31–34, 37, 40, 43, 44, 47–49). The data of the hip center position and leg-length discrepancy were extracted and analyzed (Table 6).


TABLE 2 Characteristics and patient demographics of included studies.
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TABLE 3 Additional procedures, survival, and Harris Hip Score.
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TABLE 4 Summary of complications.
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TABLE 5 Terms of reoperation and revision.
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TABLE 6 Radiological outcome.
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Definition of the jumbo cup

There were two main definitions of the jumbo cup among the studies. One was a diameter >66 mm for males and >62 mm for females and was usually adopted in European and American studies (35, 36, 39–42, 45, 46, 48). The other was a diameter >64 mm for males and >60 mm for females and was usually adopted in Asian studies (31–33, 44). Other definitions included diameter >60 mm (34, 47), >64 mm (43), >65 mm (38), >66 mm (49), and diameter >10 mm than templated contralateral hip (37).



Clinical analysis


Bone defect evaluation

All 14 studies reported the severity of acetabular bone defect. The Paprosky classification was adopted in 13 studies of 881 hips (32–37, 39, 41–44, 46, 47). Paprosky type IIB accounted for the largest proportion (26.6%, 234/881), followed by type IIA (22.5%, 198/881), type IIIA (21.6%, 190/881), type IIC (18.5%, 163/881), type IIIB (7.4%, 65/881), and type I (3.5%, 31/881). The AAOS classification was utilized in five studies with 372 hips (41, 43, 46, 48, 49). AAOS type III occupied the most (62.1%, 231/372), followed by type II (30.1%, 112/372), type I (7.3%, 27/372), and type IV (0.5%, 2/372). In most studies, additional procedures such as structural bone grafting and press-fit bone grafting were also performed to fill the severe acetabular bone defect.



Reoperation

All 14 clinical studies reported the rate of reoperation. The overall reoperation rate was 8.6% (82/953). The most common reasons for reoperation were aseptic loosening and dislocation with an incidence of 3.6% and 2.1%, respectively. Removal of the jumbo cup was defined as failure. The failure rate of the jumbo cups was 5.0% (48/953). Among the 48 failed jumbo cups, 22 were removed for aseptic loosening, 18 were removed for periprosthetic joint infection (PJI), and 8 were removed for dislocation. The survivorship of the jumbo cups was 95.0% in the mean follow-up of 9.3 years.



Complications

All 14 clinical studies reported complications. Due to the lack of a clear definition of complication, the overall complication rate was not calculated. Dislocation was the most common complication with a rate of 5.9%, followed by aseptic loosening (3.0% in acetabular and 2.4% in femoral) and PJI (2.1%).



Dislocation

Dislocation was the most frequent complication with a prevalence of 5.9% (56/953). Of the 56 dislocations, 20 (35.7%) accepted reoperation, with 7 re-revisions of the acetabular cup [five studies (36, 39, 41, 44, 46)], 7 femoral and liner re-revisions [three studies (39, 41, 42)], 4 femoral head and/or liners exchange [four studies (36, 39, 41, 42)], one femoral re-revision [one study (39)], and 1 resection arthroplasty [one study (41)].



Aseptic loosening

The incidence of jumbo cup aseptic loosening was 3.0% [29 of 953 hips, 10 studies (33, 35–37, 39, 41–43, 46, 47)]. Among these cases, 22 were managed with acetabular re-revision, 5 refused reoperation, and 2 could not receive re-revision for medical problems.



Periprosthetic joint infection

PJI was the third most common complication after dislocation and aseptic loosening, with a rate of 2.1% [20 of 953 hips, 10 studies (32, 33, 36, 38, 39, 41–44, 47)]. Only one patient was treated with antibiotics only for his poor physical condition as he could not tolerate re-revision. The remaining 19 cases of PJI were treated with re-revision and the jumbo cups were removed.




Harris Hip Score

Eleven studies (687 hips) reported the pre- and postoperative Harris Hip Score (HHS) (32–36, 38, 39, 41, 43, 46, 47). The mean preoperative HHS was 49.4 (poor) and improved to 78.2 (fair) at the latest follow-up.



Radiological measurements


Vertical position of the hip center

Seven studies (461 hips) reported the postoperative vertical distance of hip center elevation relative to the contralateral hip center (31–33, 37, 40, 47, 49). The postrevision hip center was elevated 10.3 mm on average. Five studies (293 hips) compared the pre- and postoperative vertical positions of the hip center (32, 33, 43, 44, 48). Compared with the preoperative condition, the postrevision hip center dropped 6.2 mm on average in the vertical position.



Horizontal position of the hip center

Four studies (279 hips) reported the postoperative lateral migration of the hip center relative to the contralateral hip center (31–33, 37). The revision hip center moved 0.4 mm laterally on average. Four studies compared the pre- and postoperative horizontal positions of the hip center (32, 33, 43, 48). The postoperative hip center migrated 1.4 mm laterally on average compared with the preoperative position.



Leg-length discrepancy

Three studies reported an improvement of LLD (32–34). The mean LLD was corrected from a preoperative 18.8 mm to a postoperative 5.4 mm.





Discussion

The jumbo cup has been used for acetabular bone defect reconstruction in rTHA for a long time. To the best of our knowledge, this is the first systematic review to evaluate the evidence of a jumbo cup in rTHA. In general, the results indicated that the jumbo cup was a favorable option for acetabular reconstruction in rTHA for satisfying survivorship and acceptable complication rates.

As was summarized previously, there was no unified definition for the jumbo cup. The definition differed between the studies and could be influenced by the factors of time, race, and surgeon preference. Therefore, to a greater extent, the jumbo cup represents a special idea for acetabular reconstruction. By using a “very large” cup in this study, the contact area with the host bone increased; thereby, the goal of three-point stability and bone ingrowth was achieved.

With respect to postoperative complications, dislocation occupied the first position, with the highest rate of 5.9%. Therefore, we should lay emphasis on this complication and try to place the large diameter femoral head component to reduce the rate of dislocation. We should also identify the patients with high risk of dislocation in advance according to the reported risk factors related to dislocation after rTHA, such as advanced age, history of instability, and prior revision history (50). However, this rate of dislocation (5.9%) is also acceptable because the rate of dislocation is naturally high after rTHA, with 5%–35% in various studies (51–54). In a meta-analysis by Guo et al. that included 4,656 rTHAs, the accumulated incidence of postoperative dislocation was 9.04% (55). Many factors contribute to the high rate of dislocation after rTHA. Due to the extensive exposure in revision arthroplasty, the soft tissue deconstruction process is more severe, especially in revision for PJI because of the thorough debridement procedure. In addition, the posterolateral approach is commonly applied in rTHA, which also leads to injuries of the abduction muscles and an increased risk of dislocation (56, 57). Moreover, the rotation center may not restore in its original position and the offset may also be unsatisfying after rTHA. All these factors may lead to soft tissue imbalance and further postoperative dislocation. However, most dislocations can be addressed by conservative therapy; dislocation is just the second cause for reoperation. Therefore, it is also unnecessary to harbor too much fear for dislocation.

The rate of reoperation was 8.6% and the re-revision of the jumbo cups was 5.0%. Aseptic loosening was the primary mode of failure leading to reoperation and re-revision of the jumbo cups. This may be related to the fixation mechanism of the jumbo cup, which increases the contact area with the host bone to achieve bone ingrowth. Nevertheless, the local host bone may become severely ossified and the bioactivity of the implanted bone is also unreliable. In addition, there is some bone loss in the filing process. These elements can impede bone ingrowth and further lead to a failure of fixation. Hence, if the intraoperative findings indicate that the condition of the local host bone is poor for bone ingrowth, the rotation center elevation technique should be adopted to provide more contact area as well as better bioactivity of the host bone, which is beneficial for bone ingrowth and biomechanical instability.

The radiological outcome indicated that the rotation center position was elevated postoperatively compared with the original anatomical position. This is quite understandable for the combination of the rotation center elevation technique to achieve successful bone ingrowth as mentioned before. Another finding is that the elevation of the rotation center position has already existed preoperatively due to the acetabular bone defect, which also attained a certain degree of correction through the rTHA. The mean postoperative LLD was only 5.4 mm, which is quite acceptable and has no adverse influence on the patient's feeling and limb function. The Harris Hip Score also improved significantly, which indicated that the general condition (pain, activity, deformity, and range of motion) of the hip improved after rTHA. The revised hip could be regarded as meeting the need for daily life, as the mean postoperative HHS was up to the fair level. Thus, although in situ reconstruction of the rotation center is the gold standard in rTHA, good clinical results can also be received in the condition of rotation center elevation.

PJI is a disastrous complication that keeps troubling arthroplasty surgeons. For rTHA, the risk of PJI is higher than in primary THA. The rate of PJI in postrevision THA was in the range of 1.3%–17.3% from different registers (58–60). Fröschen et al. retrospectively analyzed 68 rTHAs using custom-made acetabular implants for Paprosky IIIA or IIIB acetabular bone defect reconstruction; the rate of postoperative PJI was unexpectedly up to 22% (61). In systematic reviews of other reconstruction methods for acetabular bone defect, the PJI rates of the custom triflange acetabular component and cup-cage technique were 6.2% and 3.3%, respectively (21, 22). In our systematic review of the jumbo cup for rTHA, the rate of PJI was only 2.1%, which can be regarded as relatively low. We speculate that this reduced rate of PJI may be due to the simplified procedure in acetabular reconstruction of jumbo cups, which may save surgical time and lower the risk of PJI. Another reason is that the jumbo cup method requires a smaller amount of implant compared with other methods, such as porous metallic augments, cup-cage, and monoflanged acetabular component. However, many factors can affect the rate of PJI, such as femoral revision or no revision, use of antibiotics, type of material, and implant coating design. Therefore, we still recommend that this relatively low rate of PJI should be treated with caution because of some existing bias and the relatively simple statistical method.

There are also some controversies on using the jumbo cup for rTHA. In 2016, Lachiewicz and Watters pointed out that although the jumbo cup had shown excellent 10-year survivorship, the late loosening of “first-generation” porous surfaces and wear with periprosthetic osteolysis of traditional polyethylene liners had also been reported and needed more attention (27). They also recommended the use of enhanced porous coatings, highly cross-linked polyethylene liners, and large femoral heads in jumbo cup reconstruction. Zhou et al. retrospectively compared 74 consecutive rTHAs using metal augments with a cementless hemispherical cup and 77 consecutive rTHAs using the jumbo cup (33). The biomechanical parameters of the metal augment group, such as rotator center position, leg-length discrepancy, head-cup difference, and femoral offset, are all superior to those of the jumbo cup group. In recent years, many advanced reconstruction techniques such as 3D printing, custom prosthesis, and robot-assisted arthroplasty have been developed and seem to stand for the future direction of rTHA (62–64). Even so, the results of our systematic review have already supported the jumbo cup as a successful method for acetabular reconstruction in rTHA. The development of advanced biomaterials will further improve the performance of the jumbo cup.

Our study also has several limitations, some of which are listed here. First, the quality of the included studies is relatively low, and most of these are of a single-arm design. Second, the sample size is also relatively limited. In addition, the acetabular bone defects of many included cases are mild-to-moderate and relatively easy to reconstruct. In fact, the reconstruction for severe acetabular bone defect is the real hot spot and core problem in rTHA. Therefore, if only the performance of the jumbo cup for severe acetabular defect is discussed, the results may not be presented as well as those in our study. Unfortunately, most papers report the overall survivorship and failure and do not report the relation with the extent of bone defect. Therefore, this relation was not explored in this systematic review. Certainly, on the other hand, the results can also indicate that the jumbo cup is a good option for mild-to-moderate acetabular bone defect at least.



Conclusion

In summary, according to this systematic review, the jumbo cup is a recommended method for acetabular reconstruction in rTHA. The clinical outcomes and survivorship of the jumbo cup are satisfying. However, in most cases, the acetabular bone defects are mild to moderate. Further research is still required to review its performance for severe or extreme acetabular bone defect reconstruction.
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Tendon calcification is a common disease, with the shoulder rotator cuff being the most common site. However, calcific tendinitis of the gluteus medius has rarely been reported. This study reports the case of a 64-year-old woman diagnosed with calcific tendinitis of the gluteus medius and experiencing right lateral hip pain with no apparent trigger. After unsuccessful conservative treatment, hip endoscopy was performed on this patient, allowing for a clear view of a “toothpaste-like” lesion in the gluteus medius tendon. A shaver was used to remove the lesion. After 8 weeks and 14 months of follow-up, the patient could return to regular daily and social activities. This study shows that endoscopic surgery can lead to effective, rapid recovery and minimally invasive clinical outcomes in patients with tendon calcification near the hip joint.
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Introduction

Calcific tendinitis is the deposition of calcium hydroxyapatite crystals in periarticular muscular attachments (1). The etiology of calcific tendinitis is unclear, and the suggested causes include hereditary, metabolic, post-traumatic, and postoperative conditions (2).

Several tendons can become calcified, including those in the shoulder rotator cuffs, near the hip joints, and in hands and wrists (1, 2). However, calcific tendinitis of the gluteus medius, first described by Goldenberg and Leventhal in 1936 (3), is relatively uncommon and sporadically reported (4–8).

Generally, conservative methods for calcific tendinitis are satisfactory, including physiotherapy, non-steroidal anti-inflammatory drugs, local glucocorticoid injection, extracorporeal shock wave therapy, and small needle scalpel therapy (7). However, surgical treatment is usually performed in refractory cases.

Hip endoscopy is minimally invasive and entirely extra-articular, which can help avoid incising the hip capsule fibers, which causes hip joint instability. However, this procedure has been reported only in a few calcific tendinitis cases (2, 6, 9–11). Herein, we report the case of a patient with rare calcific tendinitis of the gluteus medius.



Case report

The case of a 64-year-old woman with a history of diabetes mellitus and hypertension is reported here. The patient presented with a 2-year history of right lateral hip pain with no apparent trigger. The pain was aggravated after 10 min of walking and relieved after a break. The pain was predominantly located in the greater trochanter and did not radiate to the lower back or lower extremities. The patient did not experience fever, chills, or limb weakness. However, hip pain was increasingly severe over the past year, hindering hip motion and interfering with sleep. The patient unsuccessfully attempted conservative treatment with oral non-steroidal anti-inflammatory drugs (NSAIDs) and traditional Chinese medicine.

The physical examination revealed an antalgic gait. The Trendelenburg and FABER (flexion abduction external rotation) tests were positive. Moderate tenderness upon palpation of the greater trochanter was experienced. The range of motion was limited compared with the left side. The range of flexion was 90°, extension was 10°, abduction was 25°, and adduction was 20°. The legs were lengthened equally, and neurological examination showed no abnormalities. The initial Harris hip score was 57.45, and the visual analog scale (VAS) score for hip pain in the resting state was 4.

Plain radiography showed a 1.0 × 2.0 cm diameter calcific deposit superomedial to the greater trochanter; this corresponded to the tendinous insertion of the gluteus medius (Figure 1A). Magnetic resonance imaging (MRI) showed evidence of calcific tendinitis (Figure 1B–D); calcific deposits were hypointense on T1- and T2-weighted images. The sedimentation rate and white blood cell count were within normal ranges.


[image: Figure 1]
FIGURE 1
(A) Preoperative plain radiograph, (B) T2 coronal, (C) T1 horizontal, and (D) T1 coronal. View of MRI showing the calcification around the tip of the right greater trochanter (marked with arrows).


As conservative treatment was unsuccessful, hip endoscopy was performed (6, 9, 12). The patient was placed supine on a traction table. A sufficient amount of traction was applied to the operative hip to provide a 10–12 mm distraction of the hip joint. Standard anterolateral, mid-anterior, and distal anterolateral portals were used. An anterolateral approach (ALA) was first performed under fluoroscopic control, which was approximately 1 cm superior and anterior to the anterior edge of the greater trochanter. Next, an anteromedial approach (AMA) was established under endoscopy surveillance (Figure 2A). A 30° hip scope was inserted to visualize the gluteus medius tendon and the tip of the greater trochanter (Figure 2B).


[image: Figure 2]
FIGURE 2
(A) The patient was placed supine on a traction table; an anterolateral approach (ALA) was approximately 1 cm superior and anterior to the anterior edge of the greater trochanter; an anteromedial approach (AMA) was performed at the junction of a sagittal line drawn from the anterior superior iliac spine and a horizontal line drawn from ALA (B) surgical instruments used in hip endoscopic surgery.


Endoscopic imaging confirmed the radio-opacity on plain radiography. A soft white toothpaste-like material was observed when the degenerated gluteus medius tendon was debrided (Figure 3A,B). A motorized shaver was used to remove the material and debride the degenerated tendons. Postoperative radiography revealed that no calcification remained (Figure 3C). The specimen was sent for pathologic examination, which confirmed that the calcified tendon consisted of hydroxyapatite crystals and proliferative tendon fibrous tissue (Figure 3D).


[image: Figure 3]
FIGURE 3
(A) Endoscopic view of a calcified deposit, (B) Endoscopic view showing a soft white toothpaste-like material in the deposit, (C) postoperative plain radiograph view showing complete removal of the calcific deposit, and (D) hydroxyapatite crystals in the specimen confirmed by a pathologic examination (marked with arrows).


The patient was mobilized and allowed to bear weight as tolerated. In addition, straight-leg raise exercises were started on postoperative day one and resisted knee extension strengthening exercises continued for 6 weeks. The Trendelenburg test and Patrick sign were negative at 8 weeks, and no restrictions were imposed on activities due to symptoms. The last recorded Harris hip score was 92.45, and the VAS score was 1 at 14 months after surgery.



Discussion

In the present case, the patient was diagnosed with calcific tendinitis of the gluteus medius. Deposing focal apatite crystals in the tendon can result in acute or chronic hip pain during daily activities; joint movements may aggravate these symptoms (13). The presenting symptoms, in this case, were chronic pain in the posterolateral region of the right hip and right hip movement limitations.

The most common site of calcific tendinitis is the shoulder, occurring in approximately 3% of adults (1); other sites include the joint tendons such as wrists (14) or knees (15–17). In addition, calcific tendinitis has been reported in tendons near the hip joint, such as the gluteus minimus (6), gluteus medius (18), gluteus maximus (12, 19), gemellus superior, gemellus inferior (2), and rectus femoris (9).

The gluteus medius is located on the lateral side of the iliac wing; it is the main abductor muscle in the hip joint. It plays an important role in both standing and walking. Degeneration and strain of the tendon, in this case, are possible causes of the patient’s calcific tendinitis.

The calcium around the greater trochanter can cause mild to severe pain according to different calcific stages as described in the Uhthoff HK (20). Stage 1: Precalcific phase, fibrocartilaginous transformation within tendon fibers, which is asymptomatic. Stage 2: Formative phase, calcifications formed, usually causing subacute mild pain. Stage 3: Resorptive phase, the tendon develops increased vasculature and calcium deposits are removed by phagocytes; severe acute pain that can be highly disabling and unresponsive to common analgesics is experienced. Stage 4: Postcalcific phase, self-healing, and repair of the tendon fibers over several months, associated with pain and restricted function. Thus, different degrees of pain exist in stages 2–4, which explains why, in some cases, calcium around the greater trochanter can be found incidentally but is not clinically symptomatic.

The treatment for calcific tendinitis of the gluteus medius is summarized in Table 1. Surgical treatment can be adopted in patients with failed conservative treatments or severe symptoms. However, the use of endoscopy to treat the disease is not widespread, as tendon calcification of the hip joint is rare and sporadic, and endoscopic treatment has been reported only in a few cases (2, 6, 9–11). Comba et al. (10). described the surgical technique of endoscopic surgical removal in patients with calcific tendinitis of the rectus femoris. Kandemir et al. (6). and Su et al. (12). described the endoscopic treatment of the gluteus medius and maximus calcified tendinitis and considered it an effective treatment.


TABLE 1 Review of articles regarding the treatment of calcific tendinitis of the gluteus medius.

[image: Table 1]

In our case, endoscopic surgery was used to treat the patient, which led to effective, rapid recovery and a minimally invasive clinical outcome. Therefore, given the patient's outcome to date, endoscopic treatment of calcific tendinitis of the gluteus medius may be an appropriate treatment option.

Clinically, tendon calcification of the hip joint usually presents pain and tenderness around the hip with movement limitations. These atypical symptoms make it possible to misdiagnose the disease as osteochondroma, gout, ossifying myositis, heterotopic calcification, or lumbar spinal disease.

A thorough medical history and physical examination are essential for diagnosis. For example, patients with heterotopic calcification and myositis ossificans often have a history of trauma (11), while those with gout often have a high uric acid level. Imaging techniques, such as ultrasound, computed tomography (CT) (19, 22), or MRI (5), should be used in cases of diagnostic uncertainty. CT may help evaluate osseous involvement, while MRI can demonstrate tissue edema and rule out bone tumors. In addition, the typical presenting symptoms of lateral hip pain may occasionally mimic lumbar radiculopathy and vice versa. Therefore, obtaining a lumbar MRI may be warranted in select patients (2, 7).



Conclusion

We report a well-documented case of rare calcific tendinitis of the gluteus medius. Endoscopic surgery is considered a feasible and effective option for patients with hip calcific tendinitis who do not respond to conservative treatment, with few risks, rapid recovery, and satisfactory outcomes. However, a longer follow-up time and a large patient sample size are needed to draw reliable conclusions.
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Background: Nontraumatic osteonecrosis of the femoral head (ONFH) can be corticosteroid-induced, alcohol-induced, and idiopathic ONFH (IONFH). Although corticosteroid- and alcohol-induced ONFH has been investigated extensively regarding its relationship with blood lipids and coagulation factor levels. However, the effect of blood lipid metabolism and coagulation function on IONFH has rarely been studied. Therefore, this study aimed to analyse the relationship of IONFH with blood lipid and coagulation indicators.



Methods: Total 680 patients diagnosed with IONFH in our institution during January 2011–June 2019 who met the inclusion criteria composed the case group; 613 healthy persons who underwent physical examination at our institution during the same period composed the control group. Propensity scores were used for baseline feature matching, and two matching groups each with 450 patients were established. After the matching, blood lipid and coagulation factor levels of both groups were comparatively analysed.



Results: The case group showed significantly higher total cholesterol (TC), triglyceride (TG), low-density lipoprotein (LDL) levels, low-density/high-density lipoprotein (LDL/HDL) ratio, and apolipoprotein B (Apo-B) levels than the control group (p < 0.05). Conversely, the HDL and apolipoprotein A (Apo-AI) levels in the case group were significantly lower than those in the control group (p < 0.05). Regarding coagulation indicators, the activated partial thromboplastin time and prothrombin time were lower in the case group than in the control group; however, the differences were insignificant (p > 0.05). Furthermore, fibrinogen (FIB) levels and thrombin time (TT) in the case group were higher than those in the control group. There were significant differences between the two groups only in terms of FIB levels (p < 0.05), while TT was not significantly different (p > 0.05).



Conclusions: IONFH has strong associations with blood lipid metabolism and coagulation function, which provide an avenue for exploring the mechanism of IONFH.
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Background

Osteonecrosis of the femoral head (ONFH) leads to the death of osteocytes and other bone marrow components due to interruption of blood supply to the femoral head that induces structural changes and collapse of the subchondral bone internally, which manifests as joint pain and dysfunction (1–3). Epidemiological data show that in the year 2000, the incidence of ONFH in the general population of the United States ranged from 300,000 to 600,000, with approximately 10,000 to 20,000 stable new cases each year (4, 5). Another study reported that the total number of patients with ONFH among the general population aged ≥15 years in China was about 8.12 million (6). Femoral head ischaemia can be divided into two categories: traumatic and nontraumatic ONFH. The aetiology of traumatic ONFH is direct vascular injury, blocking the blood flow to the femoral head, caused by a femoral neck fracture or dislocation of the hip joint (7). Currently, the aetiology of nontraumatic ONFH is not completely clear, which makes early diagnosis and treatment difficult.

Nontraumatic ONFH can be divided into three main aetiologic associations: corticosteroid-induced, alcohol-induced, and idiopathic ONFH (IONFH) (8). Corticosteroid use and alcohol intake are two of the most common causes of nontraumatic ONFH (9), accounting for about 40% of nontraumatic cases (10). Therefore, patients with these two factors can consciously take preventive measures and be examined timely for early diagnosis. However, some studies have shown that patients without corticosteroid- or alcohol-induced ONFH are regarded as patients with IONFH due to the unknown aetiology, such as spondylolisthesis of femoral head epiphysis, systemic lupus erythematosus, HIV infection, and hyperlipidaemia (8, 11, 12), indicating that IONFH is also an important cause of nontraumatic ONFH.

Corticosteroid- and alcohol-induced ONFH related to blood lipid metabolism and coagulation function has been investigated thoroughly (13–16). However, only a few reports probed on how lipid metabolism and coagulation function associate with IONFH. The aetiology of nontraumatic ONFH is mainly based on abnormal lipid metabolism and coagulation function (17, 18). Disorders of lipid metabolism may cause ischemia by increasing intraosseous pressure and decreasing blood flow ultimately leading to nontraumatic ONFH. In addition, insufficient fibrinolysis and thrombotic tendency also seem to play an essential role in nontraumatic ONFH. Given that IONFH is categorized as nontraumatic ONFH, it is necessary to elucidate the relationship between IONFH and lipid metabolism and coagulation function.

In this retrospective study, we hypothesised that most patients with IONFH had strong associations with blood lipid and coagulation factor levels. Therefore, the purpose of this study was to investigate the relationship between IONFH and endogenous lipid metabolism as well as coagulation.



Methods


Patient selection

Between January 2011 to June 2019, 1,293 patients who met the eligibility criteria were enrolled, of whom, 680 were diagnosed with IONFH (case group). In parallel, 613 healthy persons were selected by computerised randomisation from our institution's database who had been physically examined during the same period (control group). The inclusion criteria were as follows: (1) without any corticosteroid nor alcohol use and (2) with complete clinical medical records. The exclusion criteria were as follows: (1) with chronic kidney disease, chronic obstructive pulmonary disease, or cancer; (2) with incomplete or indeterminate clinical characteristics; (3) with corticosteroid-induced ONFH (the patient had a medication history of prednisolone or equivalent hormone >2 g for 3 months, with a steroid history of more than 3 months, and was diagnosed as ONFH within 2 years) and alcohol-induced ONFH (the average weekly drinking of pure alcohol >320 g, with a drinking history of more than 6 months, and diagnosed as ONFH within 1 year); (4) with hyperlipidaemia or taking lipid-lowering drugs and (5) taken heparin, oral anticoagulants, aspirin, or other platelet antiaggregants. To minimise possible confounding factors, propensity scores were matched at 1:1 with the calliper set at 0.2. The matched variables included the following demographic data: age, sex, body mass index (BMI), and a basic medical history of smoking, hypertension, and diabetes. After matching, 450 patients with IONFH comprised the case group and 450 healthy patients comprised the control group. A clear and intuitive flow chart of the patient selection process is shown in Figure 1.


[image: Figure 1]
FIGURE 1
Patient selection flow chart. IONFH: idiopathic osteonecrosis of the femoral head.




Data collection

IONFH patients are diagnosed at our institution in the outpatient clinic by an experienced clinician with a comprehensive analysis of the patient's clinical symptoms, physical signs and imaging ancillary examinations. After the diagnosis was confirmed, blood lipids and coagulation indicators were examined in the ward the next morning after admission. The following data were obtained retrospectively from medical records: age, sex, body mass index (BMI), diagnosis, smoking history, hypertension, and diabetes. Furthermore, data on total cholesterol (TC), triglyceride (TG), low-density lipoprotein (LDL), high-density lipoprotein (HDL), apolipoprotein A (apo-AI), apolipoprotein B (apo-B), activated partial thromboplastin time (APTT), prothrombin time (PT), fibrinogen (FIB) levels, and thrombin time (TT) were collected. An automatic biochemical analyser (OLYMPUS 5421, Olym-pus Corporation, Tokyo, Japan and Hitachi-7600, Hitachi Corporation, Tokyo, Japan) was used.



Statistical analysis

SPSS (version 26.0 SPSS, Chicago, IL, USA) was used for propensity score matching and subsequent statistical analysis. Continuous variables are shown as mean ± standard deviation, and group variables are shown as numbers and percentages. Continuous variables were analysed using the two-tailed Student's independent t-test, and the Pearson chi-square test was applied to compare the percentages for binary data. p < 0.05 was considered as statistically significant.




Results


Propensity score matching results

Data of patients before and after the propensity score matching are presented in Tables 1, 2, respectively. The average age of patients was 61.5 ± 15.9 years in the initial cohort, 58.7 ± 12.7 years in the case group, and 64.5 ± 18.3 years in the control group. The average BMI in the initial cohort was 24.0 ± 2.0 and that in the case and control group was 23.6 ± 1.8 and 24.6 ± 2.1, respectively. In addition, a majority of patients in the control group were female (61.7%), whereas the gender distribution of females (46.2%) in the case group was lower. Before matching, except for smokers, we found statistical differences in other parameters. However, after matching the patients, both groups of 450 patients were created, and we found no significant difference in any of the parameters considered.


TABLE 1 Baseline characteristics of 1,293 patients in the case group and control group.
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TABLE 2 Baseline characteristics of case group and control group by 1:1 matching on propensity score.
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Comparison of blood lipid levels between the two groups

Based on propensity score matching of the whole cohort, we identified blood lipid levels associated with IONFH. As shown in Table 3, levels of TC, TG, LDL, apo-B, and the LDL/HDL ratio in the case group were 4.39 ± 0.87 mmol/L, 1.22 ± 0.59 mmol/L, 2.67 ± 0.75 mmol/L, 0.91 ± 0.23 g/L and 2.27 ± 0.88, respectively, which were significantly higher than those in the control group. Conversely, the HDL and apo-AI levels were 1.25 ± 0.34 mmol/L and 1.17 ± 0.24 g/L, respectively, which were significantly lower than those in the control group. All differences in blood lipid levels were statistically significant.


TABLE 3 Comparison of serum lipid indicators between groups.
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Comparison of coagulation levels between the two groups

Given that the pathogenesis of IONFH is associated with interruption of blood supply by the hypercoagulable state, we analysed the effect of four blood coagulation factors on IONFH. The APTT and PT levels in the case group were lower than those in the control group, though the differences were statistically insignificant (Table 4). In addition, the FIB levels and TT of the case group were higher than those of the control group. However, only the difference in FIB levels of both groups was significant, while the difference in TT was insignificant.


TABLE 4 Comparison of four coagulation indicators between groups.
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Discussion

This study was based on propensity score matching to compare differences in blood lipid levels and coagulation factors between patients with IONFH (case group) and healthy adults (control group). The results showed that TC, TG, LDL, Apo-B, and FIB levels and the LDL/HDL ratio in the case group were higher than those in the control group, whereas HDL and Apo-AI levels were significantly lower in the case group than in the control group. Our results emphasise upon the relationship between blood lipid and coagulation function in patients with IONFH and provide an avenue for exploring the mechanism of IONFH. From our results, we ascertain that in these IONFH patients, disease progression would be effectively delayed and patients would be prevented from requiring total hip arthroplasty (19–21).

Although the pathophysiological mechanism of IONFH remains unclarified, previous studies have shown that imbalances in blood lipid metabolism are indispensably associated with ONFH (22–24). In an animal experimental model of ONFH (25), an increase in blood lipid levels was the first change observed, which supports the notion that lipid levels may be related to osteonecrosis occurrence. Furthermore, in a related study, the cholesterol-lowering drug lovastatin could prevent the development of osteonecrosis in chickens in vivo by inhibiting the effects on chicken fat-specific gene expression (26). This is consistent with our findings that an increase in TC levels in peripheral blood is associated with an increased risk of IONFH. Some studies concluded that TG and LDL are independent risk factors and diagnostic criteria for ONFH (27, 28). Interestingly, our data are also consistent with previously published results described above; that is, TG and LDL levels in the case group were significantly higher than those in the control group. Additionally, Miyanishi et al. (29) reported that in a rabbit osteonecrosis model, the LDL/HDL cholesterol ratios of the osteonecrosis group were higher. Our novel findings are noteworthy as they support the hypothesis that higher LDL/HDL cholesterol ratios may also contribute to the pathogenesis of IONFH. On the other hand, apolipoproteins bind to lipids, they are present in plasma as lipoproteins, and mediate lipid transport through interactions with cellular receptors (30). Particularly, Apo-AI and Apo-B are two key proteins of lipid metabolism involved in ONFH (14), but their role in IONFH remains unclear. Our results suggest that both decreased Apo-AI and elevated Apo-B are risk factors for IONFH, which supports Hao's apolipoprotein gene polymorphism report that has a susceptibility to IONFH (31). Taken together, IONFH was highly associated with blood lipid metabolism.

There is considerable evidence to conclude that coagulation function affects the pathogenesis of ONFH (15, 16). In this study, the levels of coagulation factors affecting IONFH were evaluated and the results showed that only FIB levels were significantly higher in the IONFH population than in the control group (p < 0.05), while other indicators such as APTT, PT, TT were statistically insignificant (p > 0.05), which is consistent with the results of previous studies that described the association between coagulation function and IONFH (16, 32). For example, Glueck et al. (13) stated that genetic propensity to thrombosis and fibrinolysis are risk factors for IONFH. Moreover, Gagala et al. (33) also highlighted that inherited hypofibrinolysis is a risk factor for IONFH in the Polish population. Since IONFH has a close association with the coagulation level of FIB, intravascular coagulation function might be affecting its occurrence and development, which needs further evaluation.

Regarding the pathogenesis of IONFH caused by lipid metabolism and coagulation function, the findings of this study are consistent with the theory that injury of vascular endothelial cells and fat embolism increase pressure on the femoral head, which ultimately reduces the blood supply. First, due to damage to the vascular endothelial cells by hyperlipidaemia and the formation of a prethrombotic state, the ability of vascular endothelial cells to synthesise nitric oxide is decreased, which disrupts vasoconstriction and vasodilation (34). Second, hypercholesterolaemia with elevated serum cholesterol levels, fatty deformities in the liver, and systemic fat embolism, may cause an increased intraosseous pressure that destroys the microcirculation in the femoral head (35, 36). Third, high triglyceride levels are a risk factor for ischaemic heart disease and stroke (37, 38), which can partly or totally block the blood flow to the femoral head, while patients with IONFH tend to develop asymptomatic IONFH through similar mechanisms (28). Finally, the commonality in IONFH cases is the compromised blood flow to the affected area. All the above mechanisms can ultimately result in reduced blood flow to the femoral head, which can lead to bone ischaemia and death (9, 39, 40).

Corticosteroid-induced ONFH, alcohol-induced ONFH, and IONFH are the three main etiologies of nontraumatic ONFH. Corticosteroid- and alcohol-induced ONFH with lipid metabolism and coagulation have been reported extensively in the previous literature. However, only a few reports have explored the relationship between lipid metabolism and coagulation with IONFH. In this study, we performed statistical analysis based on a large sample of data collected at our institution and demonstrated that IONFH is closely associated with lipid metabolism and coagulation function. It provides a channnel to be able to explore the mechanism of action of nontraumatic ONFH as a whole in the future, and also provides potential ideas for the prevention of ONFH.

Despite these findings, this study has some limitations. First, this study was a single-centre retrospective case-control trial, not a randomised controlled trial. Although the sample size is relatively large, it had some limitations. Second, although propensity score matching was used to control certain confounding factors, uncontrolled selection and recall bias was possible; therefore, a prospective randomised study would better analyse the relationship of IONFH with blood lipid metabolism and coagulation function.



Conclusion

From our results, we suggest that the occurrence of IONFH is highly associated with blood lipid levels and coagulation factors; thus, it provides an avenue of thought for exploring the mechanism of IONFH. Moreover, the specific effects of blood lipid metabolism and coagulation function on IONFH need further analysis.
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Zhang 2019 (3 2 2 2 1 2 0 0 NA NA NA NA e

Zhou 2018 2 2 2 2 1 2 2 0 2 2 2 2 21124

Salem 2018 2 1 2 2 0 2 2 0 NA NA NA NA s

Moon 2018 2 1 2 2 0 2 2 0 NA NA NA NA nns

McLaughlin 2 2 2 2 0 2 0 0 NA NA NA NA 10116

2018

jo 2016 2 1 2 2 0 2 2 0 NA NA NA NA 16

von Roth 2015 2 2 2 2 0 2 0 0 NA NA NA NA 10116

Gustke 2014 2 2 2 2 0 2 2 0 NA NA NA NA 12116

Lachiewicz, 2 2 2 2 1 2 1 0 NA NA NA NA 12116

2013

Wedemeyer 2 1 2 2 0 2 2 0 NA NA NA NA s

2008

Fan 2008 2 2 2 2 1 1 2 0 NA NA NA NA 1216

Hendricks 2 1 2 2 0 2 0 0 NA NA NA NA e

2006

Gustke 2004 2 1 2 2 0 2 0 0 NA NA NA NA 96

Patel 2003 2 1 2 1 0 2 2 0 NA NA NA NA 10116

Obenaus 2003 2 1 2 2 0 2 0 0 NA NA NA NA e

Whaley 2001 2 2 2 2 0 2 2 0 NA NA NA NA 12116

Dearborn 2000 2 2 2 2 0 2 0 0 NA NA NA NA 10116

MINORS, Methodological Index for Non-Randomized Studies.
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Definition
of jumbo
cup

Male: 264 mm;
Female:
260 mm

Male: 264 mm;
Female:
260 mm

Male: 264 mm;
Female:
260 mm

>60 mm

Male: 266 mm;
Female:

262 mm

Male: 266 mm;
Female:

262 mm

>10 mm than
templated
contralateral
hip

Male: 266 mm;
Female:
262 mm

Male: 266 mm;
Female:

262 mm

Male: 266 mm;
Female:

262 mm

Male: 266 mm;
Female:
262 mm

264 mm

Male: 264 mm;
Female:
260 mm

>65 mm

Male: 266 mm;
Female:
262 mm

Male: 266 mm;
Female:
262 mm

260 mm

Male: 266 mm;
Female:
262 mm

266 mm

Study
design

Pure
radiological

Retrospective

Retrospective
comparative
study

Case series

Retrospective

Case series

Retrospective

Retrospective

Pure
radiological

Retrospective

Retrospective

Retrospective

Retrospective

Retrospective

Case series

Retrospective

Retrospective

Retrospective

Case series

Hips
of
initial/
final
cohort

88/88

73/63

80/77

17n7

85/80

61/30

60/51

89/89

98/98

216/199

129/108

1717

50/47

24/12

166/166

43/43

89/89

24124

Patients

61

17

28

89

98

189

101

17

46

12

NA

4

89

2%

Gender
(M/F)

44/44

29/32

43/34

98

47133

14/14

22129

46/43

57/41

717118

52149

107

23123

NA

46/43

18/6

Age
(2]

61+
1
(32~
85)
594+
114

606+
104

59
(30—
83)

624+
122

66

(44~
78)

614
@3-
79)

NA

NA

(@25-
86)

65.2
(398~
79.5)

59
(30—
83)

58
@1-
81)

BMI

NA

249+
38

287+

34

NA

(192-
283)

232
(153
361)

NA

NA

27
(16-
41)

NA

NA

NA

NA

NA

(19-
37)

NA

Follow-up

Postoperative 1
week

5.7 years (2-
16)

52 months
(24-104)

35 years (2-6)

104 years (5-
16.1)

13 years (10~
16)

51 months
(12-154)

Clinical:
20 years (14~
27);
Radiographic;
19 years (10—
2

Radiographic:
6 weeks.

10 years (2-19)

81(2-22)

82 months
(33-149)

65 months
(48-84)

139 years
(123-162)

6.1 years

10 years (6-14)

5.6 years (4.1~
7.1)

7.2 years (5-
113)

7 years (5~
103)

Acetabular
bone defect
classification

NA

Paprosky type IIA
16, 11B 9, IIC 24,
IIIA 8, TIIB 6

Paprosky type IIA
18, 11B 12, 11C 25,
IIIA 14, T1IB 8

Paprosky type IIB
4,11A 13

Paprosky type ITA
16, 11 17, IIC 22,
A 19, T1IB 6
Paprosky type 12,
1A 4, TIB 11, TIC
12, A 1

Paprosky type 1A
8, 11B 19, 1IC 13,
IIA 11

Paprosky type 16,
TIA 11, 1IB 26, IC
17, TA 25, IIIB 4

NA

Paprosky type I
14, T1A 52, 11B 65,
1IC 18, ITIA 34,
1IIB 16

AAOS type 18, 11
74, 11T 115; pelvic
discontinuity 2

Paprosky type I 1,
11A 22,118 23, TIC
5, TMIA 40, ITIB 17

Paprosky type IIA
5,1IB 3, IIC 4,
A 5

AAOS type 11 12,
ms

Paprosky type 16,
1A 13,11B 11, IC
6, 11IA 5, I1IB 6

NA

Paprosky type T
10, I 119, III 37;
AAOS type 1T
combined
cavitary and
segmental defects
>105

Paprosky type IIA
21, 1IB 6, IIC 10,
1A 6

AAOS type 19, 1T
11,123

Paprosky type 12,
1A 12, 11B 28, 1IC
7, 1A 9, IIIB 2

Paprosky type I 6,
TIA 11,11 26, TIC
17, IlIA 25, 1B
4

AAOS type 13, 11
10, 111 76,

AAOS type 17,11
510112

Revision
reason

Aseptic loosening
55, second stage
of a two-stage
revision for PI 6,
wear and
osteolysis 2
Aseptic loosening
61, PJI 6, fracture
1, dislocation 2,
others 7

Aseptic loosening
all

Aseptic all

Aseptic loosening
26, recurrent
dislocation 3,
severe osteolysis 1

Aseptic loosening
39, second stage
of a two-stage
revision for PJI 5
acetabular
protrusion 5,
recurrent
dislocation 2

Acetabular
loosening 38,
aseptic acetabular
and femoral
Ioosening 42,
aseptic acetabular
loosening with
femoral
periprosthetic
fracture 5, other
indications 4

NA

Aseptic loosening
of the acetabular
component 148,
septic loosening
21, recurrent
dislocations 18,
failed bipolar
arthroplasties 4,
persistent pain 2,
excessive
polyethylene wear
patterns 3
Painful aseptic
Ioosening 89, PJT
10, periprosthetic
femoral fracture
4, polyethylene
wear 3, recurrent
dislocation 1,
chronic
dislocation with
periprosthetic
femoral fracture 1

Aseptic prosthesis
Ioosening all

Primary hip
revision surgery

9, second revision
7, third revision 1

Loosening of the
acetabular cups
(septic 2 and
aseptic 42), insert
wear 3

NA

NA

Aseptic loosening
29, wear and
osteolysis 7, part
of a two-stage
revision PJI 2,
failed resurfacing
procedures 5

Aseptic cup
loosening with
enlargement of
the acetabulum
Acetabular
loosening 38,
aseptic acetabular
and femoral
loosening 42,
aseptic acetabular
Ioosening with
femoral
periprosthetic
fracture 5, other
indications 4

NA

BN Body rass indeic KADS, Mrissican Acaderny of Orthiopasdic Sirgacns: P pefianasthetic olit infaction,
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Study No. Additional procedure Harris Hip Score
ot P tive Postoperati
hips reoperative  Postoperative
Zhang 2019 63 Morselized allografting for acetabular 16 years: 96.8% (EP = reoperation) 46 8
protrusion
Zhou 2018 77 Bulk allograft (2 hips) and impaction bone 4 years: 94.2% (EP = radiological or linical 467+132 8.1:90
grafting (12 hips) was used in Paprosky failure)
type Il acetabular bone loss
Salem 2018 17 Particulate bone grafting from the iliac No re-revision at last follow-up (mean 3.5 years) 42 (24-59) 85 (72-92)
crest
Moon 2018 80 Structural bone allograft (4 hips), 16 years: 85% (worst); 91% (best) 53 77
morselized bone allograft (47 hips)
McLaughlin 2018 30 Packing acetabular deficiencies with 16 years: 92.6% (EP = re-revision); 97.4% (EP= 49 (37-59) 86 (64-94)
allograft bone chips and local bone cup aseptic loosening)
obtained from reaming
Jo 2016 51 Autogenic (ipsilateral iliac crest) or 13 years: 86.3% (EP = implant failure) NA No rim fixation:
allogenic (fresh-frozen chip bone) 7576
morselized bone graft for medial cavitary Rim fixation: 85 +
bone defect 85
von Roth 2015 89 Particulate bone grafting (54 hips), and 20 years: 83% (free from any acetabular revision), 56 71 (30-95)
and Whaley 2001 bulk bone grafting (9 hips) 88% (free from aseptic loosening of the metal
acetabular component), and 85% (free from
aseptic or radiographic definite loosening of the
metal acetabular component)
Gustke 2014 and 216 Particulate autografting (51 hips), 4 years: 98%; 16y:96% (acelabular component) 44 7
Gustke 2004 particulate allografting (49 hips), bulk
allografting (38 hips)
Lachiewicz 2013 108 Bone grafting (108 hips): crushed 10 years: 97.3%, 15 years: 82.8% (EP = either NA
cancellous allograft only (98 hips), iliac  acetabular cup revision for aseptic loosening or
crest autograft (4 hips), both allograft and  definite radiographic evidence of loosening);
autograft (5 hips) 10 years: 93.8%, 15 years: 79.8% (EP = acetabular
cup removal for any reason);
10 years: 88.5%, 15 years: 56.5% (EP =any
reoperation involving the hip)
Wedemeyer 2008 17 Morselized bone graft (15 hips) NA 62 8
Fan 2008 47 Allograft bone graft (25 patients) 5 years: 94.5% (EP = implant failure) NA
Hendricks 2006 24 Particulate autologous or allograft bone NA 54 (31-82) 79 (46-98)
and Dearborn packing acetabular defects
2000
Patel 2003 43 Bulk allograft (8 hips), morselized allograft ~ Acetabular shell: 14 years: 92%; 48215 81+18
alone (27 hips) acetabular shell: 13 years: 83%
Obenaus 2003 60 Press-fit structural allografting (7 hips), ~ NA 587 (28-97.7)  90.6 (61.1-100)

mixture of autologous slurry and allogenic
bone chips (10 hips)

T ———
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Variable OR '
Preoperative delirium 421 <0.001
CVA with the modified Rankin scale
4-5 317 1.16-5.06 <0.001
2-3 225 1.26-4.29
[ -
Diabetes with random glucose level 0023
>13 mmol/L 243 132-2.99
8-13 mmol/L 136 L15-167
<8 mmol/L" =
CCI score 0.008
29 232 1.69-4.83
6-8 129 1.03-2.52
<5 s
Age (years)
280 1.87 1.25-2.50 0.021
70-79 L1l 1.07-2.19
60-69 =
Application of Benzodiazepines in surgery 144 124-317 0.036
Surgical delay >2 days 115 113-1.28 0.012
Creatine 290 pumol/L 109 102113 0034
Active smoker 1.05 1.04-1.94 0.042
General anesthesia 132 03216 0751
BUN >8.5 mmol/L 115 062-1.77 0812
Albumin <30 gL 108 086126 0623

“Without CVA
"Without diabetes.

ADL, activities of daily living: BUN, blood urea nitrogen; CCI, Carlson
comorbidity index; CI, confidence interval: CVA, cerebrovascular accident;

OR. odds ratio.
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*Without CVA.
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haracteristic

Total

Deliriu

m
n=353 No Yes
N=289  n=64
—81.87% —18.13%
Age, years
60-69 51(14.45) 49(16.96) 2(3.13)
70-79 78(22.10) 66(22.84) 0(15.63)
80-89 165(46.74) 135(46.71) 30(46.88)
290 59(16.71) 39(13.49) 22(34.38)
Sex
Female (%) 235(66.57) 196(67.82) 39(60.94)
Male (%) 118(33.43) 93(32.18) 25(39.06)
BMI, kg/m*
<20 116(32.86) 96(33.21) 20(31.25)
20-25 160(45.33) 131(45.33) 29(45.31)
25-30 64(18.13) 5117.65) 13(2031)
>30 13(3.68) 113.81) 23.13)
CCI score 6(3-6) 5(3-6) 5(3-9)
istory of major fractures 89(25.21) 71(24.57) 18(28.13)
Preoperative dementia 29(8.22) 23(7.96) 6(9.38)
Preoperative delirium 16(4.53) 9(3.11) 7(10.94)
Hearing loss 21(5.95) 19(5.38) 2(3.13)
Psychiatric disease 13(3.68) 11(3.81) 2(3.13)
Coronary heart disease 82(23.23) 67(23.18) 15(23.44)
Chronic heart failure 6(1.70) 5(1.73) 1(1.56)
Atrial fibrillation 27(7.65) 18(6.23) 9(14.06)
Hypertension 207(58.64) 173(59.86) 34(53.13)
Peripheral vascular disease 16(4.53) 16(5.54) 0(0)
Diabetes 99(28.05) 70(24.22) 29(45.31)
Chronic kidney disease 34(9.63) 20(6.92) 14(21.88)
Acute kidney injury 82.27) 5(1.73) 3(4.69)
Presurgery dialysis 6(1.70) 4(1.38) 2(3.13)
Hepatic failure 5(1.42) 3(1.04) 2(3.13)
Malignancy 51(14.45) 39(13.49) 12(18.75)
Alcohol abuse 9(2.55) 7(242) 23.13)
Active smoker 26(7.37) 22(7.61) 4(6.25)
CVA with the Rankin scale
45 9(2.55) 5(1.73) 4(6.25)
23 23(6.52) 7(242) 16(25.00)
0-1 11(3.12) 5(1.73) 6(9.38)
COPD 13(3.68) 6(2.08) 7(10.94)
Symptomatic PE 1(0.28) 1(3.45) 0(0)
ASA score 2(1-2) 2(1-2) 2(1-3)
Preoperative pneumonia 57(16.15) 4(11.76) 70(37.23)
Type of fracture
Femoral neck 190(53.82) 172(59.52) 18(28.13)
Intertrochanteric 145(41.08) 101(34.95) 44(68.75)
Subtrochanteric 6(1.70) 4(138) 23.13)
Periprosthetic 5(1.42) 5(1.73) 0(0)
Multiple hip fractures 7(1.98) 7(242) 0(0)
Type of surgery
Intramedullary nail 140(39.65) 102(35.29) 38(59.38)
Cancellous screw 45(12.75) 36(12.46) 9(14.06)
Hemiarthroplasty 121(34.28) 116(40.14) 5(7.81)
Total hip arthroplasty 42(11.90) 32(11.07) 10(15.63)
Revision of arthroplasty 5(1.42) 3(1.04) 2(3.13)
Surgical delay
<24h 22(6.23) 22(7.61) 0(0)
24-72h 285(80.74) 34(11.76) 52(81.25)
>72h 46(13.03) 233 (80.62) 12(18.75)
Duration of surgery 315093 308085 348081
General anesthesia 35(9.92) 27(9.34) 8(12.5)
gh-risk medications in surgery
Benzodiazepines 59(16.71) 26(8.99) 33(51.56)
Opioids. 233(66.01) 167(57.79) 63 12(18.75)
78(22.10) (21.80)
NSAIDs
Glucose level for patients with ~ 8.69 157 704%3.44
diabetes (mmol/L)
Sodium 13402+ 135251872 13639963
17.28
BUN 7.84(5.25~ 638(5.02- 7.93(645-
8.73) 8.08) 1025)
Creatine 58(54-89) 67(55-85)  69(59.05-99)
Albumin 3566+ 442 3526492
White blood cell count 855297 8261377
Hemoglobin 119(99-127)  122(104-133) 105(88-
104.8)

Data are given as a number (%), mean + standard deviation, or median

(interquartile range).

ADL, activities of daily living; BMI, body mass index; BUN, blood urea nitrogen;
CCl, Carlson comorbidity index: CVA, cerebrovascular accident: COPD,

chronic  obstructive pulmonary ~disease;  NSAIDs,

TRamiTatony dnics.

nonsteroidal  anti
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Characteristic Total Deliri
No Yes

n=1312 N=1124 n=188
—85.67%  —14.33%

Age, years
60-69 210(1601)  204(18.15) 6(3.19)
70-79 375(28.58)  330(29.36) 40(21.28)
80-89 605(46.11)  502(44.66)  108(57.45)
290 122(9.30) 88(7.83) 34(18.09)

Sex
Female (%) 896(68.29)  766(68.15)  130(69.15)
Male (%) 416(31.71)  358(31.85) 58(30.85)

BMI, kg/m*
<20 43003277) 376 (33.45) 54(28.72)
20-25 591(45.05)  502(44.66) 89(47.34)
25-30 246(1875)  207(18.42) 39(2074)
>30 45(3.43) 39(3.47) 6(3.10)

CCI score 5(3-6) 7(4-9)
istory of major fractures 354(2698)  299(26.60) 55(29.25)

Preoperative dementia 35(2.67) 7(0.53) 28(2.13)

Preoperative delirium 102(7.77) 49(4.36) 53(28.19)

Hearing loss 104(7.93) 90(8.01)

Psychiatric disease 46(351) 39(3.47) 7(3.72)

Coronary heart disease 3402591)  293(26.07) 47(25.00)

Chronic heart failure 26(1.98) 20(1.78) 6(3.19)

Atrial fibrillation 106(8.08) 67(5.96) 39(20.74)

Hypertension 793(60.44)  694(61.74) 99(52.66)

Peripheral vascular disease 60(4.57) 55(4.89) 5(2.66)

Diabetes 365(27.82)  299(26.60) 66(35.11)

Chronic kidney disease 131(9.98) 97(8.63) 34(18.09)

Acute kidney injury 14(1.10) 80.71) 6(3.19)

Presurgery dialysis 12(092) 9(0.80) 3(1.60)

Hepatic failure 6(0.46) 50.44) 1(0.53)

Malignancy 206(15.71)  167(14.86) 39(20.74)

Alcohol abuse 33(2.52) 27(2.43) 6(3.17)

Active Smoker 93(7.09) 75(6.67) 18(9.57)

CVA with the Rankin scale

45 15(1.14) 4(0.36) 11(5.85)

23 100(7.62) 41(3.65) 59(31.38)

0-1 166(1265)  91(8.10) 75(39.89)
COPD 46(3506)  43(3.825) 3(1.60)
Symptomatic PE 7(051) 5(0.44) 2(1.06)
Preoperative pneumonia 228(17.38)  198(17.62) 30(15.96)
ASA score 2(1-2) 2(1-2) 2(2-3)

Type of fracture

Femoral neck 722(5503)  661(58.81) 61(3245)
Intertrochanteric 516(39.33)  396(35.23) 120(63.83)
Subtrochanteric 28(2.13) 21(1.87) 7(3:72)
Periprosthetic 20(153) 16(1.42) 4(213)
Multiple hip fractures 26(1.98) 19(1.67) 7(3.72)
Type of surgery
Intramedullary nail 614(4681)  562(50.00) 52(27.66)
Cancellous screw 73(5.56) 59(5.25) 14(7.45)
Hemiarthroplasty 470(35.82)  421(37.41) 49(26.06)
Total hip arthroplasty 148(1128)  135(12.01) 13(691)
Revision of arthroplasty 7(053) 6(0.53) 1(052)
Surgical delay
<24h 85(6.48) 67(5.96) 8(4.26)
24-48h 1055(804)  927(8247)  138(73.40)
>48h 172031) 130 (1157) 4222.34)
Duration of surgery (h) 311205 3492088
General anesthesia 1611227)  139(12.37) 2(11.7)
gh-risk medications in surgery
Benzodiazepines 103(7.85) 35(3.11) 68(36.17)
Opioids 332(25.30)  289(25.71) 43(2287)
NSAIDs 258(19.66)  222(19.75) 36(19.14)
Glucose level for patients with ~ 8.77=164  796+255 843138
diabetes (mmol/L)
Sodium (mmol/L) 136.09 = 13553+ 13947+ 3.67
1621 1738
BUN (mg/dL) 669(5.16-  641(5.00- 7.81(629-
8.8) 8.41) 10388)
Creatine (mmol/L) 69(56-94)  62(59-107)  70(55-95)
Albumin (mmol/L) 3562+  3582%502  344+485

489

White blood cell count (x10°/L) ~ 806273  800+253 839+3.66

Hemoglobin (g/L) 1190101~ 110(92-130)  97(%0-113)
131)

Data are given as a number (%), mean +standard deviation, or median
(interquartile range).

ADL, activities of daily living; BMI, body mass index; BUN, blood urea nitrogen;
CCl, Carlson comorbidity index: CVA, cerebrovascular accident: COPD,
chronic  obstructive pulmonary disease; NSAIDs, nonsteroidal anti
rRarninatony diics: PE. pulmanary efnbolism.
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No.

First author

Patient
No.

reatment

Follow-up

lcomes

Reference

Yang I (4)

Kandemir U (0)
Sakai T (5)

Lin W (18)

Almedghio S ()

Vereecke E (21)

JoH ()

1

2

1

1

Direct injection with local anesthetic and steroids at the
gluteus lesion and anti-inflammatory agents

Endoscopic treatment

Non-steroidal anti-inflammatory drugs (NSAIDs)
Acupuncture and small needle scalpel therapy
Analgesia and NSAIDs

Ultrasound-guided needle lavage and injection of

anesthetic/corticosteroid

Ultrasound-guided barbotage of the calcification

24 months.

Three months

Two years

Six months

Three weeks;
N/A
Within a few
days

Six months

Symptom-free

symptom-free
Clinical symptoms had not
recurred

Satisfied with the
condition

Pain-free; symptom
complete resolution

Symptoms resolved

Remained pain-free

Skeletal Radiol
2002

Arthroscopy 2003
J Orthop Sci 2004

Acupunct Med
2012

J Orthop Case Rep
2014

J Belg Soc Radiol
2015

Ann Rehabil Med
2016
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