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Introduction: The purpose of this study was to analyze the fracture patterns of different posterior-medial wall types of intertrochanteric fractures by 3-D fracture-mapping technique and to further assess their clinical utility.
Methods: In a retrospective analysis of interochanteric fractures treated in a large trauma center, fractures were classified into predesigned groups based on 3D-CT imaging techniques, and a 3-D template of the intertrochanteric region was graphically superimposed on the fracture line. Fracture characteristics were then summarized based on fracture-mapping. Finally, radiographic parameters, function, and range of motion were recorded in different fracture classification states.
Results: A total of 348 intertrochanteric fractures were included. There were 111 patients (31.9%) in the posterolateral + posteromedial + medial group, with the most severe fracture displacement (typically characterized by fragmentation of the posteromedial wall into three isolated fragments). There were 102 cases (29.3%) in the posterolateral + posteromedial + simple medial group, and the most common fracture feature was a complete fragment posteromedially. A total of 81 cases (23.3%) were classified into the posterolateral + medial group, with the medial fracture line extending the anterior fracture line but leaving the lesser trochanter intact. In the isolated medial group of 33 cases (9.5%), the fracture type was similar to type IV, but the integrity of the greater trochanter was ensured. In the posteromedial + medial group of 12 cases (3.4%), the fracture was characterized by an interruption when the fracture line of the anterolateral wall extended to the posteromedial wall, often resulting in a complete isolated fragment posteromedially and medially. There were nine patients (2.6%) in the isolated posterolateral group. In addition, we found significantly different radiographic scores and range of motion scores between groups.
Discussion: This morphometric study helps us to further characterize posterior-medial fracture patterns of intertrochanteric fractures, which may be closely related to different clinical outcomes. Further studies are needed to verify the reliability of this classification scheme in clinical application.
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BACKGROUND
Intertrochanteric fracture of the femur is a common type of fracture in older individuals (Socci et al., 2017). If the poor quality of fracture reduction, premature weight-bearing exercise after fracture surgery may lead to serious complications such as fracture re-displacement and cut out, but long-term bed-rest immobilization may also increase the incidence of postoperative complications (Frei et al., 2012; Hua et al., 2014; Tan et al., 2016); hence, femoral intertrochanteric fracture is still considered as an “unsolved fracture” type at present (Haidukewych, 2009; Haidukewych, 2010).
The posterior wall and medial wall are important biological structures of the femoral trochanter (Sharma et al., 2014). Previous studies have shown that the integrity of posterior-medial structure is closely related to its stability after fracture surgery and hip joint functional mobility (Ciufo et al., 2017; Sharma et al., 2017). Marmor et al. suggest that in the process of intramedullary nail treatment (Marmor et al., 2013), fractures become more and more unstable as the severity of medial cortical fragmentation increases, but previous studies often regard the whole posterior wall and medial wall as a whole, and lack further understanding of its structure and biological characteristics. However, with the wide application of CT three-dimensional reconstruction technique in treating intertrochanteric fractures and further understanding of the structures of posterior-medial wall (Futamura et al., 2016; Shoda et al., 2017), we believe that the biological characteristics of the posterolateral (the area near the greater trochanter, with the stop point near the medial edge of the quadratus femoris muscle), posteromedial (the area covering the entire small trochanter) and medial intertrochanteric (the pressure-bearing area of the femoral trochanter) parts may be different (Figure 1), and the possible postoperative complications and precautions caused by fractures in different regions may also be different (Ren et al., 2019; Ren et al., 2020). The medial side of the proximal femur is an important supportive structure. Insufficient medial support after surgery may lead to deformities such as the inward rotation of the femoral head and the disappearance of the neck-shaft angle. The posterior side of the proximal femur includes the lesser tubercle and part of the greater tubercle; they serve as attachment points for some tendons. Improper treatment after surgery could result in partial loss of hip joint mobility. With the wide application of CT three-dimensional (3-D) reconstruction techniques in treating intertrochanteric fractures coupled with further understanding of the structures of posterior-medial wall, this issue can now be explored in detail. The purpose of this study was to classify the fracture types in different posterior-medial regions through CT reconstruction, and to understand the fracture patterns between different types through fracture-mapping techniques. We also aimed to further explore the influence of different fracture regions and classification systems on postoperative function and complications of fractures.
[image: Figure 1]FIGURE 1 | The posterior and medial structures between trochanters is divided into posterolateral, posteromedial, and medial structures. The posterolateral refers to the area near the greater trochanter, posteromedial refers to the area covering the entire smaller trochanter, and medial refers to the area of medial wall. (A) posterior aspect; (B) medial aspect.
METHODS
Subjects
This retrospective study received ethics approval from our institution and analyzed patients diagnosed with femoral intertrochanteric fracture in the orthopedic database from January 2018 to December 2020 in a Chinese trauma center. Inclusion criteria include the following: 1) The patient was aged over 60 years; 2) CT examination confirmed patients with posterior-medial wall fractures; 3) Fresh fracture, injury to operation time <2 weeks; 4) Closed fracture. Exclusion criteria include: 1) AO-3 intertrochanteric fracture with fracture line passing through lateral cortex; 2) Combined with multiple injuries; 3) Pathological fracture; 4) Congenital dysplasia of hip; 5) Severe osteoporosis; 6) Difficulty walking due to serious internal diseases before injury (e.g., tumor, Parkinson’s disease); 7) Follow-up time is less than 1 year.
Bone block area
According to anatomical characteristics, the posterior-medial structure of trochanters can be divided into posterolateral, posteromedial, and medial bone block areas (Figure 1), in which the medial edge of the posterolateral is located at the medial edge of the quadratus femoris muscle, and the posterior medial covers the entire trochanter area. We assume that the 99 posterolateral and posteromedial parts alone do play a secondary supporting role in force. The posterolateral part is the stop point of multiple abductor muscle groups and the posteromedial part is the stop point of adductor muscle groups, and this part of the injury is related to postoperative functional recovery of hip joint. The medial part plays an important supporting role and is related to complications such as postoperative re-displacement. Therefore, according to our regional grouping, we divided the posterior and medial fracture regions into seven groups: isolated posterolateral group, isolated posteromedial group, isolated medial group, posterolateral + posterior medial group, posterior medial + medial group, posterolateral + medial group, and posterolateral + posterior medial + medial group (Figure 2). Additionally, due to the very high probability of intertrochanteric fracture accompanied by medial wall injury, we also divided the medial wall fracture group into simple medial group and isolated fragment medial groups, because we believe that isolated medial fragment may be an important reason for the lack of support after medial wall surgery.
[image: Figure 2]FIGURE 2 | Using 2-d and 3-d CT images to determine medial isolated fragment. The red arrow shows medial isolated fragment.
All fracture regions were grouped through two-dimensional (2-D) CT images and 3-D reconstructed images in PACS (Picture Archiving Communication System) and independently reviewed by three orthopedic doctors experienced in treating femoral intertrochanteric fractures. Conflicting viewpoints were resolved by group discussion.
Fracture mapping
Three-dimensional fracture-mapping technique was used to prove spatial morphology of femoral intertrochanteric fractures (Xie et al., 2017). CT data were used for reconstruction and virtually reduced fractures. Rotation, normalization, and flipping of the image were performed as needed to best match the 3-D template of the femoral trochanter (3-matic software; Materialise). Reference was made to landmarks, including bone contours of medial and lateral trochanters, greater trochanter, lesser trochanter, intertrochanteric ridge, pubic line gluteus trochanter, femoral neck, femoral head, and femoral shaft for alignment and standardization. Smooth curves were directly drawn on the surface of the 3-D model to represent fracture lines, and all fracture lines were overlapped onto the 3-dimensional model to produce a spatial fracture map. Then, each graph was combined for each fracture type to generate overall fracture-mapping (Figure 3).
[image: Figure 3]FIGURE 3 | Three-dimensional fracture-mapping technique is used to prove the spatial morphology of femoral intertrochanteric fracture. CT data were used for reconstruction and virtually reduced fractures (A,B). Then, if necessary, other processes were performed to rotate, normalize, and flip the image to best match the 3-dimensional template of the femoral trochanter (C). Smooth curves are directly drawn on the surface of the 3-D model to represent fracture lines (D).
Radiography parameters and function
The follow-up time of the patients in this study was 1 week and 12 months after surgery. The measurement of radiography parameters includes the change of femoral neck–shaft angle (FNSA), and the patient’s hip Harris score (HHS) is used to evaluate the postoperative function of the patient. FNSA was determined by applying Hologic 1000 DXA bone densitometry analysis, which is the international standardized measure men, and the sliding distance of cephalic nail is measured using the method mentioned in our previous paper (Ren et al., 2020).In addition, the tip-apex distance (TED) in the patient 1 week after surgery was also measured, as it indicates the stability of repair in the intertrochanteric fractures.
Range of motion
The measurement of hip joint motion range include flexion/extension, adduction/abduction and internal/external rotation. All the measurements follow the test procedure described by Norkin et al. (1995). The follow-up time of the patients in this study was 1 week and 12 months after surgery.
All statistical analyses were performed using SPSS 22.0 statistical software (SSPS, Chicago, IL). Measurement data are presented as means and standard deviations. A comparison between categorical data was performed with chi-square and Fisher’s exact tests. In all tests, a p value less than .05 was considered statistically significant.
RESULTS
A total of 144 males and 204 females (n = 348) with intertrochanteric fractures were included in this study, with a mean age of 73.5 years (Table 1). No patients were allocated to the isolated posteromedial group or posterior + posteromedial group. Instead, we found that almost all patients had medial wall injuries (339/348, 97.41%). Of all of the patients, 213 (61.21%) were allocated to the posterolateral + posteromedial + medial group, and we further divided them into the posterolateral + posteromedial + isolated fragment medial group and the posterolateral + posteromedial + simple medial group. Furthermore, 111 (31.9%) and 102 (29.3%) patients were in the posterolateral + posteromedial + isolated fragment medial group and posterolateral + posteromedial + simple medial group, respectively, and 81 (23.3%), 33 (9.5%), 12 (3.4%), and 9 (2.6%) in the posterolateral + medial group, the isolated medial group, the posteromedial + medial group, and isolated posterolateral group, respectively (Figure 4).
TABLE 1 | Demographic data and baseline characteristics.
[image: Table 1][image: Figure 4]FIGURE 4 | The distribution of different posterior-medial wall injury type.
Posterolateral + posteromedial + isolated fragment medial group (type I)
In total, 111 fractures were included in this group for analysis. This group of patients had the most serious fracture displacement, including 66 patients with the posteromedial wall fractured into three fragments [posterolateral fragments (greater trochanteric region), posterior-medial fragments (lesser trochanteric region), and medial fragments (medial wall)] (Figures 5A, 6A). The pattern of fractures in the other 33 patients was posteromedial separation into two fragments, which may be posterior (posteromedial + posterolateral) and medial fragments, or posteromedial + medial fragments and posterolateral fragments. There were also 12 patients whose fractures were severely displaced with extremely small fragments, and could not be systematically classified.
[image: Figure 5]FIGURE 5 | Representative views of the 3-dimensional maps of the six Intertrochanteric posterior-medial fracture types. Fracture lines are depicted in black.
[image: Figure 6]FIGURE 6 | The most common fracture characteristics of different posterior-medial injurie types. Using CT images to determine fracture morphology and fragment. (A) Posterolateral + Posteromedial + Isolated fragment medial group. (B) Posterolateral + Posteromedial + Simple medial group. (C) Posterior Lateral + Medial group. (D) Isolated Medial group. (E) Posteromedial + Medial group. (F) Isolated Posterolateral group.
Posterolateral + posteromedial + simple medial group (type II)
Among the 102 fractures in this group, the most common feature was the presence of a posteromedial intact fragment (77 patients in total) including posterolateral + posteromedial + medial involvement (Figures 5B, 6B). Moreover, 2 posterior-medial fragments (a posterolateral fragment and a medial + posteromedial intact fragment) was observed in 24 patients, with few patients found to have a posterior-medial fracture line located between the posterolateral and posteromedial sides.
Posterior lateral + medial group (type III)
Overall, 81 fractures were analyzed. The fracture characteristics of this group were as follows: the greater trochanter fragment at the posterolateral side and the fracture fragment at the medial wall (Figures 5C, 6C). The fracture line at the medial wall was found to be an extension of the fracture line at the anterolateral wall. Moreover, the position of the fracture line at the medial wall was significantly higher than that of type I and type II (p < 0.01), and the smaller trochanter was bypassed, so that the smaller trochanter could remain intact. This group of fractures can sometimes form isolated medial fragments, but in this group of patients, the shape of the posteromedial small area remained intact without fracture line extension.
Isolated medial group (type IV)
Thirty-three fractures were analyzed, and the common fracture features in this group of patients were that the fracture line of their medial wall was an extension of the fracture line of the anterolateral wall (Figures 5D, 6D), which could be seen extending to the base of the femoral neck on the posterior side, and retaining the intact femoral calcar. Of the 30 patients, only 3 patients endured a medial wall isolated fragment separated from the anterolateral wall.
Posteromedial + medial group (type V)
We analyzed 12 fractures in this group. The fracture characteristics of this group of patients were that the fracture line interrupted when the anterolateral wall extended to the posteromedial wall, which formed a complete isolated fragment posteromedially and medially (Figures 5E, 6E). Otherwise, the posteromedial and medial separation of two isolated fragments was observed in 12 patients.
Isolated posterolateral group (type VI)
The group exhibited 9 fractures, of which patients had a relatively typical greater trochanter fracture (Figures 5F, 6F). All patients had visible injuries to the anterior wall, and the fracture was a separate fragment at the greater trochanter. Because of the retrospective nature of the study, which collected patients undergoing surgery, conservative treatment was chosen by the majority of patients with greater trochanteric fractures such that the number of patients counted in this group may have been insufficient.
Radiography parameters, function, and range of motion
In analyzing radiography parameters, we measured the patient’s sliding distance of cephalic nail as well as femoral neck–shaft angle (FNSA) changes. The imaging results of patients in different groups are shown in Table 2 and Figure 7. We found that the sliding distance and the change of FNSA of patients in the Type I group and the Type II group were significantly different from those of other groups, while the sliding distance and the change of FNSA in the Type VI group were significantly smaller. In addition, we found a significant difference in the change in FNSA between the Type I group and the Type II group.
TABLE 2 | Result of the change in radiography parameters, function, and range of motion for patients.
[image: Table 2][image: Figure 7]FIGURE 7 | (A) The change of femoral neck–shaft angle (FNSA) by patient type. (B) The Sliding distance of cephalic nail by patient type. (C) The HHS score by patient type. (D) The hip abduction ROM by patient type. (E) The hip flexion ROM by patient type. (F) The hip external rotation ROM by patient type (*p < 0.01, **p < 0.005).
The function and range of motion of different groups are presented in Table 2 and Figure 7. The HHS score of the Type I group was 85.54 ± 6.34, significantly lower than that of the other five groups, there was a significant difference between the six groups, but only statistically different between type IV and VI (p < 0.01).
The range of motion (external rotation and abduction of the hip joint) in patients with type I and II fractures was significantly less than that in the other three groups, there was a significant difference between the six groups. Moreover, the differences between type I and type II patients and the VI and V groups were statistically significant. The range of motion (external rotation and abduction) of the Type VI group was less than that in the other two groups, but it was not statistically significance. There is a significant difference in postoperative flexion activity between all the groups, with patients in the Type I, Type VI, and Type V groups was significantly less than that of the other three groups, and the difference was statistically significant.
DISCUSSION
In this study, we retrospectively modeled 348 intertrochanteric fractures imaged by CT scan, and applied 3-D fracture-mapping techniques to macroscopically analyze the fragment morphology of medial, posteromedial, and posterolateral fractures (Xie et al., 2017). We divided posterior-medial fractures into six different classifications for comparison. Our classification system differs from previous classification systems in that this study more accurately presents the fracture line and fragment morphology of posterior-medial fractures through an advanced fracture-mapping technique, which allows us a more accurate understanding of posterior-medial injuries. In posterior-medial injuries, whether medial, posteromedial, or posterolateral, there are different injury patterns, and the resulting postoperative effects are distinct. By analyzing the posterior-medial fracture pattern, we can further improve our understanding of this fracture type.
In recent years, the popularity of 3-D methods for analysis by CT has also grown. In 2017, Shoda et al. (2017) proposed the classification of intertrochanteric fractures by 3D-CT. In 2019, Li et al. (2019) further classified femoral fractures into five classifications using the Hausdorff distance-based K-means approach (Li et al., 2019). However, we believe that a comprehensive fracture classification should not only accurately diagnose fractures, guide treatment, and predict the prognosis of fractures, but also be reproducible and simple for use by clinicians across the scope of practice.
In our study and classification, we did not describe the lateral wall, because we believe that intertrochanteric fractures involving the lateral wall are a special type of femoral fracture, and their fracture patterns and prognosis are considerably different from other intertrochanteric fracture models. In addition, we believe that the posteromedial structure plays an important biomechanical role in ensuring the stability of the proximal femur (Sharma et al., 2014; Ciufo et al., 2017; Sharma et al., 2017). The loss of support in the posteromedial side is an important cause of femoral head collapse, femoral neck shortening, and internal fixation failure, and studies of the posterior-medial fracture line and fracture fragments have already been reported. In 2017, Sharma et al. (2017) described the size, shape, and fracture mode of the smaller trochanteric fragments. Xiong et al. (2019) further summarized the extended fragment of the lesser trochanter and posterior cortex. Their study provided further insight into the characteristics of posterior-medial fracture structures, but further analyses of the clinical morphology of different fragment morphologies are lacking. Our study classification targets only the posterior-medial fragment of intertrochanteric fractures, and we believe that the inferential pattern of fracture-mapping technique gives us a new spatial perspective on the fracture pattern and morphology of the posterior-medial fragments after intertrochanteric fractures, and will ultimately allow us to link fracture morphology to clinical features.
In our study, posterior-medial intertrochanteric fractures were typed into six classifications. Both type I and type II fracture lines involve the entire posterior-medial intertrochanteric region, leaving the posterior-medial cortex unsupported and the fracture extremely unstable. Moreover, the sliding distance of cephalic nail and FNSA change in the radiographic findings of type I and type II were significantly different from those of the other groups (Table 2; Figure 7). However, even if the extent of type I and type II fracture involvement is consistent, the clinical results are different due to the uniqueness of intertrochanteric fractures. The concept of the “isolated fragment” that we introduced divides intertrochanteric fractures involving the entire posterior-medial fragment into two classifications. We can find in the fracture-mapping technique that the fracture of type I is more complex and is a posterior-medial comminuted fracture. Type II fractures, on the other hand, are relatively simple, and most of the posteromedial aspect remains a complete fragment. There is also a significant difference between type I and type II in the radiography parameters of FNSA change (Figure 7). We believe that type I fractures have a worse outcome than type II fractures and more surgical complications, but further studies are needed to confirm this hypothesis. Although the type IV fracture shown in Figure 7 involves the medial wall fracture, there is no significant difference in the imaging indicators. We trust that the posterior wall will play a partial supporting role in the case of medial wall fracture. At this time, the fracture is still stable when the calcar femorale is intact. As expected, we found that the radiographic appearance of type VI fractures was significantly different from that of the other classifications, further confirming the important role of the posterior-medial fragment in maintaining the stability of intertrochanteric fractures. However, the stability of intertrochanteric fractures involving medial wall injury was not universally affected; medial wall injury accounted for (97.4%) of the patients with posterior-medial fractures, but the radiographic results in patients with type III, IV, and V fractures suggested that the fracture type was relatively stable. HHS function scores indicated a significant difference between type I fracture and other fracture classifications, which also confirmed that neck shortening significantly reduced Harris hip scores (Weil et al., 2012; Slobogean et al., 2017; Felton et al., 2019; Shin et al., 2020). Moreover, the postoperative HHS function score of type II fracture with the same posterior-medial involvement was satisfactory.
We (and many researchers) believe that the entire pathophysiological process of fracture is related to muscle and ligament attachment at the fracture site (Bair and Zafar Gondal, 2020; Slagstad et al., 2020). This belief guided our classification of posterior-medial fragment into posterolateral, posteromedial, and medial groups due to muscle attachment in the intertrochanteric region and its different roles between the trochanters (Marmor et al., 2013; Ehrnthaller et al., 2017; Ren et al., 2019), where both posteromedial and posterolateral are muscle attachments and the medial region is an important supporting structure. Through fracture-mapping, we found that the direction of the fracture line was consistent with this mechanistic view, confirming the reliability and accuracy of our classification. In addition, we also considered the piriformis, obturator internus, obturator externus, superior gemellus, inferior gemellus, and the quadratus to be the external rotator muscle groups with the end points at the piriformis fossa and intertrochanteric ridge of the femur. The gluteus medius and gluteus minimus were the abductor muscle groups with end point at the greater trochanter, while the iliac muscle and psoas were the flexor muscle groups with end points at the lesser trochanter. Therefore, we retrospectively analyzed the postoperative hip range of motion of patients and found that different fracture classifications had unique postoperative range of motion effects, and even the posterolateral fracture alone had a significant effect on hip abduction function. This finding can further guide individualized postoperative functional rehabilitation of patients using hip joint exercise.
This study has several limitations. First, our study is a retrospective study in which we reviewed patients managed operatively for intertrochanteric fractures, while most patients with type VI fractures were managed conservatively and not included in our analysis. As a result, we had a lower proportion of type VI fractures in our study. Second, some patients with type I fractures could not be systematically classified because the fracture was severely displaced and separated into very small fragments. In such patients, fracture morphology of type I is less complex than that of type I fractures, which is not captured by fracture-mapping technique. Finally, the isolated posteromedial + posteromedial group was not represented in our study population. This may be related to our insufficient number of patients, or other yet undefined mechanisms that need to be further elucidated.
CONCLUSION
In conclusion, the results of this morphologic study helps to further identify and recognize the characteristics of posterior-medial intertrochanteric fracture patterns, which may be strongly associated with different clinical outcomes. More prospective randomized controlled trials are needed to verify the effectiveness of this new classification system.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding authors.
ETHICS STATEMENT
The studies involving humans were approved by the Ethics Committee Shanghai Pudong Hospital. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.
AUTHOR CONTRIBUTIONS
HR: Writing–original draft. XZ: Data curation, Writing–original draft. YL: Writing–review and editing. CY: Writing–review and editing. DL: Writing–review and editing.
FUNDING
The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This work was supported by the Young Medical Talents Training Program of Pudong Health Committee of Shanghai (Grant No. PWRq 2022-17), the Health Industry Clinical Research Project of Shanghai Health Commission (Project No. 20224Y0393), the Outstanding Clinical Discipline Project of Shanghai Pudong (Grant No. PWYgy 2021-04), the Youth Science and Technology Project of Health Commission of Shanghai Pudong New Area (Project No. PW2020B-5), the Outstanding Leaders Training Program of Pudong Hospital affiliated to Fudan University (Grant No. LX202201), and the Project of Key Medical Specialty and Treatment Center of Pudong Hospital of Fudan University (Project No. Tszb 2023-05).
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
ABBREVIATIONS
3-D, three-dimensional; FNSA, femoral neck–shaft angle; TAD, tip–apex distance; HHS, hip harris score.
REFERENCES
 Bair, M. M., and Zafar Gondal, A. (2020). “Anatomy, shoulder and upper limb, forearm radius,” in StatPearls (Treasure Island, FL: StatPearls Publishing). 
 Ciufo, D. J., Zaruta, D. A., Lipof, J. S., Judd, K. T., Gorczyca, J. T., and Ketz, J. P. (2017). Risk factors associated with cephalomedullary nail cutout in the treatment of trochanteric hip fractures. J. Orthop. Trauma 31, 583–588. doi:10.1097/BOT.0000000000000961
 Ehrnthaller, C., Olivier, A. C., Gebhard, F., and Durselen, L. (2017). The role of lesser trochanter fragment in unstable pertrochanteric A2 proximal femur fractures - is refixation of the lesser trochanter worth the effort?Clin. Biomech. (Bristol, Avon) 42, 31–37. doi:10.1016/j.clinbiomech.2016.12.013
 Felton, J., Slobogean, G. P., Jackson, S. S., Della Rocca, G. J., Liew, S., Haverlag, R., et al. (2019). Femoral neck shortening after hip fracture fixation is associated with inferior hip function: results from the FAITH trial. J. Orthop. Trauma 33, 487–496. doi:10.1097/BOT.0000000000001551
 Frei, H. C., Hotz, T., Cadosch, D., Rudin, M., and Kach, K. (2012). Central head perforation, or "cut through," caused by the helical blade of the proximal femoral nail antirotation. J. Orthop. Trauma 26, e102–e107. doi:10.1097/BOT.0b013e31822c53c1
 Futamura, K., Baba, T., Homma, Y., Mogami, A., Kanda, A., Obayashi, O., et al. (2016). New classification focusing on the relationship between the attachment of the iliofemoral ligament and the course of the fracture line for intertrochanteric fractures. Injury 47, 1685–1691. doi:10.1016/j.injury.2016.05.015
 Haidukewych, G. J. (2009). Intertrochanteric fractures: ten tips to improve results. J. Bone Jt. Surg. Am. 91, 712–719.
 Haidukewych, G. J. (2010). Intertrochanteric fractures: ten tips to improve results. Instr. Course Lect. 59, 503–509.
 Huang, X., Leung, F., Liu, M., Chen, L., Xu, Z., and Xiang, Z. (2014). Is helical blade superior to screw design in terms of cut-out rate for elderly trochanteric fractures? A meta-analysis of randomized controlled trials. Eur. J. Orthop. Surg. Traumatol. 24, 1461–1468. doi:10.1007/s00590-014-1429-9
 Li, J., Tang, S., Zhang, H., Li, Z., Deng, W., Zhao, C., et al. (2019). Clustering of morphological fracture lines for identifying intertrochanteric fracture classification with Hausdorff distance-based K-means approach. Injury 50, 939–949. doi:10.1016/j.injury.2019.03.032
 Marmor, M., Liddle, K., Pekmezci, M., Buckley, J., and Matityahu, A. (2013). The effect of fracture pattern stability on implant loading in OTA type 31-A2 proximal femur fractures. J. Orthop. Trauma 27, 683–689. doi:10.1097/BOT.0b013e31828bacb4
 Norkin, C. C., and White, D. J. (1995). Measurement of joint motion. Philadelphia: FA Davies Company. 
 Ren, H., Ao, R., Wu, L., Jian, Z., Jiang, X., and Yu, B. (2020). Effect of lesser trochanter posteromedial wall defect on the stability of femoral intertrochanteric fracture using 3D simulation. J. Orthop. Surg. Res. 15, 242. doi:10.1186/s13018-020-01763-x
 Ren, H., Huang, Q., He, J., Wang, Y., Wu, L., Yu, B., et al. (2019). Does isolated greater trochanter implication affect hip abducent strength and functions in intertrochanteric fracture?BMC Musculoskelet. Disord. 20, 79. doi:10.1186/s12891-019-2457-8
 Sharma, G., Gn, K. K., Khatri, K., Singh, R., Gamanagatti, S., and Sharma, V. (2017). Morphology of the posteromedial fragment in pertrochanteric fractures: a three-dimensional computed tomography analysis. Injury 48, 419–431. doi:10.1016/j.injury.2016.11.010
 Sharma, G., Gn, K. k., Yadav, S., Lakhotia, D., Singh, R., Gamanagatti, S., et al. (2014). Pertrochanteric fractures (AO/OTA 31-A1 and A2) not amenable to closed reduction: causes of irreducibility. Injury 45, 1950–1957. doi:10.1016/j.injury.2014.10.007
 Shin, K. H., Hong, S. H., and Han, S. B. (2020). Posterior fully threaded positioning screw prevents femoral neck collapse in Garden I or II femoral neck fractures. Injury 51, 1031–1037. doi:10.1016/j.injury.2020.01.032
 Shoda, E., Kitada, S., Sasaki, Y., Hirase, H., Niikura, T., Lee, S. Y., et al. (2017). Proposal of new classification of femoral trochanteric fracture by three-dimensional computed tomography and relationship to usual plain X-ray classification. J. Orthop. Surg. Hong. Kong) 25, 230949901769270. doi:10.1177/2309499017692700
 Slagstad, I., Parkar, A. P., Strand, T., and Inderhaug, E. (2020). Incidence and prognostic significance of the segond fracture in patients undergoing anterior cruciate ligament reconstruction. Am. J. Sports Med. 48, 1063–1068. doi:10.1177/0363546520905557
 Slobogean, G. P., Stockton, D. J., Zeng, B. f., Wang, D., Ma, B., and Pollak, A. N. (2017). Femoral neck shortening in adult patients under the age of 55 years is associated with worse functional outcomes: analysis of the prospective multi-center study of hip fracture outcomes in China (SHOC). Injury 48, 1837–1842. doi:10.1016/j.injury.2017.06.013
 Socci, A. R., Casemyr, N. E., Leslie, M. P., and Baumgaertner, M. R. (2017). Implant options for the treatment of intertrochanteric fractures of the hip: rationale, evidence, and recommendations. Bone Jt. J. 99-B, 128–133. doi:10.1302/0301-620X.99B1.BJJ-2016-0134.R1
 Tan, L., Qi, B., Yu, T., and Wang, C. (2016). Incidence and risk factors for venous thromboembolism following surgical treatment of fractures below the hip: a meta-analysis. Int. wound J. 13, 1359–1371. doi:10.1111/iwj.12533
 Weil, Y. A., Khoury, A., Zuaiter, I., Safran, O., Liebergall, M., and Mosheiff, R. (2012). Femoral neck shortening and varus collapse after navigated fixation of intracapsular femoral neck fractures. J. Orthop. Trauma 26, 19–23. doi:10.1097/BOT.0b013e318214f321
 Xie, X., Zhan, Y., Dong, M., He, Q., Lucas, J. F., Zhang, Y., et al. (2017). Two and three-dimensional CT mapping of hoffa fractures. J. Bone Jt. Surg. Am. 99, 1866–1874. doi:10.2106/JBJS.17.00473
 Xiong, W. F., Zhang, Y. Q., Chang, S. M., Hu, S. J., and Du, S. C. (2019). Lesser trochanteric fragments in unstable pertrochanteric hip fractures: a morphological study using three-dimensional computed tomography (3-D CT) reconstruction. Med. Sci. Monit. 25, 2049–2057. doi:10.12659/MSM.913593
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2023 Ren, Zhang, Liang, Yi and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fbioe-11-1275204-g005.gif





OPS/images/fbioe-11-1275204-g006.gif





OPS/images/fbioe-11-1275204-g003.gif





OPS/images/fbioe-11-1275204-g004.gif





OPS/images/fbioe-11-1275204-t002.jpg
Description

Classification

[\
TAD (mm) 2045 + 542 1837 +5.77 17.81 + 4.51 1957 +297 1734 £372 18.11 £ 3.06 0251
Change of FNSA () 1044 + 624 813 £ 4.16 531 +297 554 +3.04 677 £ 390 182 % 151 0.007*
Sliding distance of cephalic nail (mm) 922+ 524 801 £ 471 6.30 £ 347 433£292 707 £279 132123 0.001*
HHS score 85.54 + 6.34 88.72 % 7.10 87.34 +4.79 90.01 £ 5.04 87.74 % 481 95.52 % 1.24 0.009*
Hip abduction ROM (°) 39311521 | 3911 +1207 40.21 £ 7.60 46.72 £ 446 4691 £ 322 4221 % 13.57 0.003*
» Hip adduction ROM () 19521305 2281 £ 1241 27.34 £ 878 2424 £7.90 21.86 + 1045 23.33 £ 7.87 0233
Hip flexion ROM () 93.41%2820 10210 2582 | 130222378 | 130.35+2405 = 10817 £2092 = 130.37 £ 14.44 0.002*
| Hip posterior extension ROM (°) 2011+ 1254 | 2181 + 1434 27.34 £ 9.87 2524 % 8.00 24.86 % 6.07 2633 £ 10.24 0.162
Hip internal rotation ROM () 2834+ 1180 | 27.65 + 1348 34.67 £ 12.33 35974874 3086 %841 37.85 % 7.64 0327
Hip external rotation ROM (*) 2272+ 1244 | 2450 £ 1173 28.34 £ 1321 3507 £ 7.89 35.78 % 891 34.33 £ 8.32 0.007*

TAD, tip-apex distance; FNSA, femoral neck-shaft angle.

*p < 0.05 was considered significant.






OPS/images/fbioe-11-1275204-g007.gif
E e
£
i
i






OPS/images/fbioe-11-1275204-t001.jpg
‘ Age (years) 735731

‘ Gender (male/female) 144/204
[wﬂgh: (kg) 6231 £ 11.27
‘ Length of stay (day) 693 £221

‘ follow-up (month) 1713 £4.33






OPS/xhtml/nav.xhtml
Contents

		Cover

		Morphological analysis of posterior-medial intertrochanteric fracture patterns using fracture-mapping technique		Background

		Methods		Subjects

		Bone block area

		Fracture mapping

		Radiography parameters and function

		Range of motion





		Results		Posterolateral + posteromedial + isolated fragment medial group (type I)

		Posterolateral + posteromedial + simple medial group (type II)

		Posterior lateral + medial group (type III)

		Isolated medial group (type IV)

		Posteromedial + medial group (type V)

		Isolated posterolateral group (type VI)

		Radiography parameters, function, and range of motion





		Discussion

		Conclusion

		Data availability statement

		Ethics statement

		Author contributions

		Funding

		Publisher’s note

		Abbreviations

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Bioengineering and Biotechnology






OPS/images/fbioe-11-1275204-g001.gif





OPS/images/fbioe-11-1275204-g002.gif
Medial isolated fragment










OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
P frontiers | Frontiers i

Bioengineering and Biotechnology





