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Abstract

:

Background: The femoral neck system (FNS) was introduced as a minimally invasive fixation device for managing femoral neck fractures. Objective: To compare radiographic, clinical, and patient-reported outcome measures (PROMs) of femoral neck fracture patients following FNS compared to dynamic hip screw (DHS) implantation combined with an anti-rotational screw. Methods: Patients who underwent closed reduction and internal fixation of a femoral neck fracture between 2020 and 2022 were retrospectively included. We measured leg length, femoral offset, and centrum–collum–diaphyseal (CCD) angle in plain radiographs. Scar length, Harris Hip Score, short-form health survey 36-item score (SF-36), and Numeric Rating Scale (NRS) were assessed during follow-up visits. Results: We included 43 patients (22 females) with a median age of 66 (IQR 57, 75). In both groups, leg length differences between the injured and the contralateral side increased, and femoral offset and CCD angle differences were maintained over time. FNS patients had shorter scars and reported fewer emotional problems and more energy. There were no differences between groups regarding the remaining SF-36 sub-scores, Harris Hip Score, and NRS. Conclusions: The FNS allows for a comparable leg length, femoral offset, and CCD angle reconstruction while achieving similarly high functional and global health scores to the DHS.
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1. Introduction


In 2018, the femoral neck system (FNS) was introduced as a percutaneous system for the treatment of femoral neck fractures [1,2]. Osteosyntheses of the femoral neck require rotational stability and compression [3], which can be ensured by the design of the FNS [4]. Correspondingly, a biomechanical study has shown that the FNS is a reliable alternative to the commonly used dynamic hip screw (DHS) combined with an anti-rotational screw [5].



Clinical studies have shown that applying the FNS in femoral neck fracture treatment can improve functional outcomes [6,7,8,9,10,11] while reducing patients’ perioperative complication risk [1,2,12]. The most frequently observed complications following FNS treatment are a shortening of the femoral neck and the development of avascular necrosis of the femoral head [6,13,14]. Previous studies have reported severe pain in daily activities due to avascular necrosis development [15,16], which may lead to revision surgery and hip arthroplasty [6,9,17].



Though studies reporting patient-reported outcome measures (PROMs) following FNS treatment have been published, most compared the FNS to multiple cannulated screws [6,7,8,10,18,19]. Reported PROMs were mainly satisfactory in both groups, with the FNS obtaining superior results in most cases [6,7,8,9,10,11]. Thus far, data on PROMs comparing the DHS and the FNS have not been published.



We recently reported our first perioperative experiences of femoral neck fracture patients following FNS treatment compared to DHS treatment combined with an anti-rotational screw [20]. We observed a significantly shorter operating room time and a lower dose area product in the FNS group. There were no differences in length of stay or changes in perioperative hemoglobin concentration between groups.



Following the completion of regular outpatient follow-up visits, this study aims to assess radiographic and functional results and PROMs following femoral neck fracture treatment employing the DHS combined with an anti-rotational screw or the FNS. Further, general and surgical site complications were evaluated.




2. Methods


We examined our hospital’s electronic medical data system SAP (SAP ERP 6.0 EHP4, SAP AG, Walldorf, Germany) for femoral neck fracture patients treated between January 2020 and December 2022. Patients were included if the treatment was closed reduction and internal fixation using either the DHS (dynamic hip screw, DePuy Synthes, Warsaw, IN, USA) combined with an anti-rotational screw or the FNS (femoral neck system, DePuy Synthes). Inclusion was independent of fracture complexity and pre-existing medical conditions. Local institutional review board approval was obtained before study initiation (application number EA4/141/21).



The electronic medical data system SAP was used to perform a retrospective chart review for patients’ characteristics. These included age, gender, the American Society of Anesthesiologists (ASA) physical status classification system, Charlson Comorbidity Index [21], body mass index (BMI), mechanism of injury, and length of stay. Fracture morphology was classified according to Pauwels [22] and Garden [23].



Follow-up visits were regularly scheduled in our outpatient department six months after surgery. Besides the standard clinical investigation protocol and radiographic follow-up, we offered patients a more detailed analysis of their clinical function. For this, we used the Harris Hip Score [24], the short-form health survey 36-item score (SF-36) [25], and the Numeric Rating Scale (NRS), as long as patients had not been converted to a total hip arthroplasty. The Harris Hip Score and the SF-36 range from 0 to 100, with higher scores indicating better function or lower impairment. The NRS ranges from 0 to 10, with higher scores indicating more pain. Last, scar lengths were measured, and the rate of and reasons for revision surgeries were noted.



We assessed radiographic parameters in plain anterior–posterior radiographs of the pelvis using the MERLIN Diagnostic Workcenter (MERLIN Diagnostic Workcenter for Microsoft Windows, Version 5.8.1, Phönix-PACS GmbH, Freiburg im Breisgau, Germany). As previously described, Pauwels and centrum–collum–diaphyseal (CCD) angles were measured in the last preoperative and first postoperative radiographs [20]. Also, CCD angles, femoral offset, and leg length were evaluated using the earliest postoperative and follow-up radiographs at six months (Figure 1).



Statistical analysis was performed using GraphPad Prism (GraphPad Prism 10 for macOS, Version 10.0.2, GraphPad Holdings, LLC, San Diego, CA, USA). Data distribution was assessed using histograms and Q–Q plots. For discrete and continuous variables, the Mann–Whitney U test was used for independent samples, and the Wilcoxon signed-rank test for dependent samples. Comparisons between healthy and injured extremities and repetitive measurements within the same extremity were defined as dependent measures. For categorical variables, Fisher’s exact test was used. We performed outlier detection in indicated analyses using the ROUT method with Q = 0.1% [26]. Unless stated otherwise, discrete and continuous variables are represented as the median and interquartile range (IQR), and categorical variables as frequencies and portions of a whole (%). All p-values are two-tailed, and p-values < 0.05 were considered statistically significant.




3. Results


3.1. Demographics


Between January 2020 and December 2022, 46 patients (22 (47.83%) female) with a median age of 66 years (IQR 57, 75) were treated due to a femoral neck fracture at our clinic. Most patients (35 (76.09%)) reported low-impact injuries (falls from standing height). Six patients (13.04%) had bicycle accidents, three (6.52%) had motorized scooter accidents, one (2.17%) had an inline skate accident, and one (2.17%) patient was involved in a car accident. Of these, 23 patients (50.0%) received the DHS combined with an anti-rotational screw, and 23 (50.0%) received the FNS. Most DHS patients (22/23 (95.65%)) received a two-hole blade, and one patient (4.35%) received a four-hole blade due to the surgeon’s intraoperative decision. All FNS patients received a one-hole blade. Median ASA and Charlson Comorbidity Index were 2 (IQR 2, 3) and 3 (IQR 1, 5), respectively. Due to the expected perioperative risk, three patients (13.04%) of the DHS group and six patients of the FNS group (26.09%) received an in situ fixation. There were no differences regarding age, gender, ASA, Charlson Comorbidity Index, BMI, or fracture morphology distribution between groups.




3.2. Follow-Up


The scheduled follow-up visits were completed by 32 (69.57%) of the patients, which included 18 (78.26%) in the DHS group and 14 (60.87%) in the FNS group.




3.3. Radiographic Outcomes


Radiographic outcomes were assessed using the postoperative radiograph at 6-month follow-up (last follow-up) compared to the earliest postoperative radiograph (first follow-up).



In DHS patients, leg length did not differ at the first follow-up (injured: 69.80 mm [IQR 64.13, 74.54]; healthy: 72.99 mm [IQR 68.09, 78.02]; p = 0.12), but did at the last follow-up (injured: 69.15 mm [IQR 64.47, 71.76]; healthy: 73.01 mm [IQR 68.01, 79.94]; p < 0.01) (Figure 2a,b). In FNS patients, leg length differed at the first (injured: 67.53 mm [IQR 62.53, 72.49]; healthy: 69.44 mm [IQR 66.48, 75.67]; p < 0.01) and last follow-up (injured: 66.06 mm [IQR 60.70, 74.14]; healthy: 72.02 mm [IQR 67.62, 80.80]; p < 0.01) (Figure 2c,d). Leg length differences increased over time in both groups (DHS: −1.94 mm [IQR −4.98, 1.60] to −5.02 mm [IQR −10.88, −1.70], p < 0.01; FNS: −2.48 mm [IQR −7.46, 0.12] to −5.40 mm [IQR −12.57, −0.38], p = 0.05).



In DHS patients, femoral offset of the injured side was lower at first (injured: 37.72 mm [IQR 31.44, 41.34]; healthy: 46.74 mm [IQR 41.15, 51.69]; p < 0.01) and last follow-up (healthy: 38.69 mm [IQR 36.55, 41.56]; injured: 51.08 mm [IQR 41.05, 53.34]; p < 0.01) (Figure 2e,f). In FNS patients, femoral offset of the injured side was also lower at first (injured: 32.42 mm [IQR 29.33, 37.10]; healthy: 39.41 mm [IQR 36.10, 44.09]; p < 0.01) and last follow-up (injured: 35.21 mm [IQR 33.05, 41.36]; healthy: 39.65 mm [IQR 36.68, 46.21]; p < 0.01) (Figure 2g,h). Differences in femoral offset were stable over time in both groups (DHS: −9.60 mm [IQR −14.97, −4.86] to −12.27 mm [IQR −13.19, −3.88], p = 0.89; FNS: −6.86 mm [IQR −9.62, −2.73] to −5.63 mm [IQR −7.64, −1.46], p = 0.27).



DHS patients had more valgus initially (injured: 135.41° [IQR 127.35, 139.92]; healthy: 130.48° [IQR 127.00, 133.92]; p = 0.03), which was not observed at the last follow-up (injured: 132.54° [IQR 125.28, 138.77]; healthy: 129.11° [IQR 122.28, 133.94]; p = 0.39) (Figure 2i,j). Similarly, FNS patients had more valgus initially (injured: 137.60° [IQR 131.15, 141.61]; healthy: 132.64° [IQR 126.86, 135.82]; p = 0.02), which was not observed at the last follow-up (injured: 134.94° [IQR 127.72, 138.43]; healthy: 131.75° [IQR 126.39, 137.96]; p = 0.35) (Figure 2k,l). Over time, CCD angle differences stabilized in both groups (DHS: 3.33° [IQR −2.67, 8.53] to 0.06° [IQR −2.71, 7.77], p = 0.15; FNS: 4.96° [IQR −1.07, 8.56] to 2.70° [IQR −2.23, 5.90], p = 0.06).



As depicted in Figure 1, radiographic assessments were conducted in a standardized fashion using MERLIN Diagnostic Workcenter. Figure 3 provides an illustrative representation of the respective measurements for femoral offset, the CCD angle, and the radiographic leg length associated with each incorporated implant. The outcomes of each evaluation were directly annotated by the software within the radiograph.




3.4. Scar Lengths and PROM Assessment


The median scar length was 9.5 cm (IQR 8.5, 10.0) in the DHS group and 4.5 cm (IQR 4.0, 7.0) in the FNS group at the 6-month follow-up visit (p < 0.01) (Figure 4).



At the follow-up, the FNS patients reported significantly better emotional satisfaction and significantly more energy/less fatigue than DHS patients. There were no further significant differences between groups for Harris Hip Score, the remaining sub-domains of the SF-36, or NRS. See Table 1 for detailed results and comparisons between groups.




3.5. Revision and Mortality Rate


Eleven patients (47.83%) in the DHS group and two (8.70%) in the FNS group required revision surgery after a median follow-up of 31.00 (IQR 3.00, 73.00) and 34.00 weeks (IQR 10.00, 58.00), respectively. In the DHS group, reasons for revision were implant-related pain (N = 3 (27.27%)), femoral neck shortening (N = 3 (27.27%)), avascular necrosis (N = 1 (9.09%)), impaired wound healing (N = 2 (18.18%)), persistent local hematoma (N = 1 (9.09%)), and peri-implant fracture (N = 1 (9.09%)). The latter was a patient who fell from a standing height three weeks post surgery with no previous discomfort. In the FNS group, reasons for revision surgery were implant-related pain (N = 1 (50.00%)) and femoral neck shortening (N = 1 (50.00%)). No further revision surgeries were observed. There were no implant failures, including breaking or cut-out, in either of the groups.




3.6. Management of Complications


Patients with femoral neck shortenings and avascular necrosis underwent conversion total hip arthroplasty. Impaired wound healing was treated with local wound debridement and implant retention, local hematomas were treated with surgical evacuation, the peri-implant fracture received a conversion proximal femoral nail, and implants solely causing pain were removed.



One patient (4.35%) died 25 months after implantation of a DHS due to urosepsis. Another patient (4.35%) died nine months after FNS implantation from natural causes. Neither event was considered an adverse event related to the previous fracture management. The mortality rate did not differ between groups (p = 1).



Only a few patients had complications when treating their femoral neck fracture with a DHS with an anti-rotational screw. For example, a 57-year-old female patient was transferred to our hospital following a fall from standing height. She had a Pauwels type 3, Garden type 4 fracture (Figure 5a) and was treated with a DHS with an anti-rotational screw (Figure 5b). Despite an initially satisfactory follow-up, she presented with an avascular necrosis of the femoral head six months following surgery (Figure 5c), which required conversion to total hip arthroplasty. However, most patients treated with a DHS with an anti-rotational screw had a satisfactory outcome. For instance, a 40-year-old male patient also presented with a Pauwels type 3, Garden type 4 fracture (Figure 5d) and received a DHS with an anti-rotational screw (Figure 5e). The follow-up result was inconspicuous, and the fracture healed (Figure 5f).



A minority of patients had complications when femoral neck fractures were treated with an FNS. A 67-year-old male patient was transferred to our hospital following a fall from standing height. He had a Pauwels type 2, Garden type 3 fracture (Figure 6a) and was treated with an FNS (Figure 6b). Despite an initially satisfactory follow-up, he presented with a consecutive cutting-out of the implant at six months following surgery (Figure 6c). However, most patients treated with an FNS had a satisfactory outcome. For instance, a 62-year-old male patient presented with a Pauwels type 2, Garden type 2 fracture (Figure 6d) and received an FNS (Figure 6e). The follow-up result was inconspicuous, and the fracture healed (Figure 6f).





4. Discussion


This study assessed radiographic and functional follow-up data of patients treated for a femoral neck fracture using one of two minimally invasive systems—DHS or FNS. At the 6-month follow-up, radiographic leg length and femoral offset were significantly reduced on the previously injured side compared to the contralateral healthy side in both groups. Further, patients in both groups tended to have more varus in the CCD angle at follow-up. Still, patients who received the FNS had significantly shorter scars, fewer emotional problems, and more energy than those receiving the DHS. This has, thus far, not been described in the literature.



With globally rising life expectancies [27], the incidence of femoral neck fracture is similarly expected to keep increasing [28]. These injuries commonly constitute a life-changing event that frequently ends a previously independent lifestyle [29], as most patients do not reach pre-injury function and health-related quality of life [30]. There is a strong need for straightforward and standardized treatment concepts [31,32] to avoid fracture- and surgery-related adverse events [33]. In the case of femoral neck fracture, treating physicians must decide between osteosynthesis (FNS and DHS) and joint replacement surgery using hemi- or total arthroplasty. Especially for fracture patterns with presumably intact femoral head perfusion and fractures in patients for whom, due to comorbidities or concomitant injuries, a comparably more invasive arthroplasty is not appropriate [34].



Since its introduction, the FNS has added to the spectrum of osteosynthesis systems for femoral neck fracture management. These previously included multiple cannulated screws and the DHS. The additional anti-rotational screw accompanies the latter for increased rotational stability [5]. Within the last year, several meta-analyses have been published that compared the FNS and multiple cannulated screws [35,36,37,38,39]. The studies found less femoral neck shortening [36,38,39] and higher postoperative Harris Hip Score values [37,38,39] in patients treated with the FNS. However, most of the analyses were solely based on retrospective studies, and heterogeneity was high between studies.



Several single-center studies have provided data regarding applying the FNS in femoral neck fracture treatment [6,7,8,10,18,19,40,41,42]. In our previous analysis [20], we discussed Stassen et al.’s study, which reported an incision length of 45.3 ± 8.8 mm [40], which matches the observed scar length in our data set. They noted the following complications in thirty-four patients treated with the FNS: eight patients presented with persisting pain within the first year after surgery; four patients suffered from an avascular necrosis; two suffered from a cut-out of the blade; and two suffered from implant-related pain, which was resolved following implant removal [40]. Another study observed a revision rate of 8% within 18 months after surgery due to avascular necrosis, cut-out of the blade, or fracture non-union [41]. Stoffel et al. recently provided follow-up data on 125 femoral neck fracture patients treated with the FNS [42]. Patients’ age was similar to our cohort’s median age, as was the operating room time. However, most patients showed fewer comorbidities (mean Charlson Comorbidity Index of 1) and a different distribution of fracture complexity according to Garden (41.6%, 28%, 28%, and 2.4% of Garden I, II, III, and IV, respectively) compared to our cohort (4.35%, 73.91%, 17.39%, and 4.35% of Garden I, II, III, and IV, respectively). Revision rates of 6.4% at three months and 8.8% at 12 months were reported, mainly due to cut-out of the blade (1.6%), implant failure (1.6%), loss of reduction (1.6%), implant telescoping (0.8%), and non-union (0.8%) [42]. Compared to these studies, the reported revision rates of our cohort were higher, as we also considered implant removals due to implant-related pain as complications.



Studies comparing the application of the FNS and the DHS for the management of femoral neck fracture reported a reduction in intraoperative fluoroscopy [20,43], shorter operating room time [9,20,43,44], and shorter length of stay [43,44] when using the FNS. The authors did not observe any differences in revision rates between the two systems [9,44], proving the FNS to be a competitive system compared to the DHS. Further, the cut-out rate of the blade was comparable to that of the DHS system (12.4% vs. 10.2%) [44]. This observation is supported by a recent biomechanical analysis that observed no differences regarding axial stiffness, failure load, varus collapse, or axial screw migration between FNS and DHS [45]. Thus far, poor blade positioning is the only significant predictor for a cut-out of the blade [44]. We did not observe any implant failure or cut-out in our cohort.



Two of the most common adverse events following osteosynthesis of a femoral neck fracture are femoral neck shortening and avascular necrosis development, as patients frequently need conversion arthroplasty [13,14]. Schuetze et al. did not observe statistically significant differences in femoral neck shortening between the two systems over a follow-up period of 13 months (FNS: 5.3 ± 1.9 mm; DHS: 4.8 ± 2.1 mm) [45]. Similarly, Vazquez et al. reported 5.6 ± 5.9 mm vs. 5 ± 6.7 mm shortening relative to the femoral neck length and 4.9 ± 7.9 mm vs. 6.7 ± 4.0 mm shortening relative to the acetabular roof over six months when comparing the DHS and FNS, respectively [9]. In the present study, we compared leg lengths, femoral offset, and CCD angles to those on the contralateral site. This decision was made because osteosyntheses usually aim to restore the pre-injury anatomy, which is commonly assumed to some extent to match the contralateral side. In our study, leg length was more likely to be reconstructed in the DHS than in the FNS group. Leg length decreased in both groups over time, leading to rising length differences between injured and contralateral sides. Differences in femoral offsets were stable over the study period but lowered on the injured compared to the contralateral healthy site in both groups. CCD angles had more valgus after implantation of either an FNS or a DHS, an effect which then decreased over time. Previous articles have not reported femoral offsets and CCD angles comparing the DHS and FNS.



Stoffel et al. examined patients who had received the FNS. PROMs were overall satisfactory at 12 months post surgery, even though they were lower than the retrospectively assessed pre-injury scores [42]. In our analysis, the Harris Hip Score was comparably high in both groups. Contrary to Stoffel et al., we did not use the EQ-5D-5L Index but all domains of the SF-36. Patients who received an FNS rarely reported emotional problems but did report more energy than those who received a DHS with an anti-rotational screw. Despite no further statistically significant differences, most sub-scores of the SF-36 were higher in FNS patients. Also, both groups had low overall pain. The Harris Hip Score was also highly comparable to that reported by previous authors comparing the FNS and multiple cannulated screws [6,8,10,18,19]. In summary, the FNS provides highly satisfactory physical function and general health scores, which are not inferior to the results obtained when using the DHS.



Our study has a few limitations. First, the study cohort was small. More patients per examined group would have improved the power for statistical analyses. Authors have recently begun publishing their experiences using the FNS [6,7,8,10,18,19] but have primarily compared it to multiple cannulated screws. Accordingly, comparative data on the usage of the DHS and the FNS are still limited, so we compared follow-up data, including laboratory data, clinical data, radiographic measures, and PROMs. Second, the follow-up period was limited. The FNS was introduced in 2018 but first used in our clinic in 2021. This limits the follow-up period achievable up until now. We collected all available data, but some patients still missed follow-up visits. Future studies should aim to prolong follow-up periods to compare both systems for long-term outcome measures and complications. Third, we had a low follow-up rate regarding the PROMs assessment and, to a lower extent, the radiographic follow-up. Still, we observed statistical differences between some of the assessed outcome measures. However, the absence of significant differences concerning the remaining measures in a few patients might not necessarily lead to a judgment of equality between the examined groups. Larger cohorts might make it possible to detect relevant but minor differences between groups in the future. Last, we did not set age limits for study inclusion. However, most of our patients were rather old. Therefore, we cannot conclude any observations on young people with femoral neck fractures. Different age groups typically require different treatment strategies due to highly varying treatment goals. Future studies might need to focus on younger patients as well in order to conclude the optimal treatment strategy for these patients, as they represent the majority of multiple-injured patients. These highly volatile patients require individualized treatment concepts. Further, there were more highly unstable Garden type IV fractures in the DHS group. These highly unstable fractures may have a higher risk when managed using an FNS, but sufficient data to allow us to recommend a treatment strategy is, thus far, lacking. Yet, we have provided highly relevant outcome data and assessed several important factors following osteosynthesis treatment of the proximal femur. As previously described [20], we had no strict exclusion criteria concerning fracture complexity or patients’ comorbidities, which may have added to the ‘noise’ and should be considered in future study plans.




5. Conclusions


The FNS is a highly efficient and minimally invasive system for the management of femoral neck fractures. Compared to the DHS, the FNS allows for a comparable leg length, offset, and CCD angle reconstruction while achieving high functional and global health scores.







Author Contributions


Conceptualization, M.N. and S.M.; Methodology, M.N. and S.M.; Formal Analysis, M.N. and S.M.; Investigation, M.N. and S.M.; Resources, T.M., M.J., K.S., K.F.B., F.G., U.S. and S.M.; Data Curation, M.N. and S.M.; Writing—Original Draft Preparation, M.N. and S.M.; Writing—Review and Editing, T.M., M.J., K.S., K.F.B., F.G., U.S. and S.M.; Visualization, M.N.; Supervision, S.M.; Project Administration, M.N. and S.M. All authors have read and agreed to the published version of the manuscript.




Funding


There was no funding for this study.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the local institutional ethics board, Ethikkommission Charité (application number EA4/141/21, approved on 17 June 2021).




Informed Consent Statement


Patient consent was waived due to the retrospective nature of the study.




Data Availability Statement


The data presented in this study are available on request from the corresponding author. The data are not publicly available due to local institutional ethics board regulations.




Acknowledgments


Tazio Maleitzke is a participant in the BIH Charité Clinician Scientist Programme funded by the Charité—Universitätsmedizin Berlin, and the Berlin Institute of Health at Charité (BIH). We acknowledge the exceptional support of Erik Olm concerning the identification of eligible patients. Further, we thank those at the Institute of Biometry and Clinical Epidemiology, Charité—Universitätsmedizin Berlin, who helped us exceptionally with effect size calculations and statistical analyses.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



DePuy Synthes. Femoral Neck System (FNS). 2019. Available online: https://www.jnjmedicaldevices.com/sites/default/files/user_uploaded_assets/pdf_assets/2019-09/FNS Value Brief.pdf (accessed on 4 January 2022).

	



DePuy Synthes. Femoral Neck System Operationstechnik. 2018. Available online: http://synthes.vo.llnwd.net/o16/LLNWMB8/INT Mobile/Synthes International/Product Support Material/legacy_Synthes_PDF/DSEM-TRM-0614-0098-3a_LR.pdf (accessed on 4 January 2022).

	



Märdian, S.; Tsitsilonis, S.; Ahmad, S.; Culemann, U.; Duda, G.; Heyland, M.; Stöckle, U. What constitutes a good osteosynthesis? Chirurg 2021, 92, 863–872. [Google Scholar] [CrossRef] [PubMed]

	



Cha, Y.; Song, J.-U.; Yoo, J.-I.; Park, K.H.; Kim, J.-T.; Park, C.H.; Choy, W.-S. Improved control over implant anchorage under the use of the femoral neck system for fixation of femoral neck fractures: A technical note. BMC Musculoskelet. Disord. 2021, 22, 621. [Google Scholar] [CrossRef] [PubMed]

	



Stoffel, K.; Zderic, I.; Gras, F.; Sommer, C.; Eberli, U.; Mueller, D.; Oswald, M.; Gueorguiev, B. Biomechanical evaluation of the femoral neck system in unstable Pauwels III femoral neck fractures: A comparison with the dynamic hip screw and cannulated screws. J. Orthop. Trauma 2017, 31, 131–137. [Google Scholar] [CrossRef]

	



He, C.; Lu, Y.; Wang, Q.; Ren, C.; Li, M.; Yang, M.; Xu, Y.; Li, Z.; Zhang, K.; Ma, T. Comparison of the clinical efficacy of a femoral neck system versus cannulated screws in the treatment of femoral neck fracture in young adults. BMC Musculoskelet. Disord. 2021, 22, 994. [Google Scholar] [CrossRef]

	



Hu, H.; Cheng, J.; Feng, M.; Gao, Z.; Wu, J.; Lu, S. Clinical outcome of femoral neck system versus cannulated compression screws for fixation of femoral neck fracture in younger patients. J. Orthop. Surg. Res. 2021, 16, 370. [Google Scholar] [CrossRef]

	



Tang, Y.; Zhang, Z.; Wang, L.; Xiong, W.; Fang, Q.; Wang, G. Femoral neck system versus inverted cannulated cancellous screw for the treatment of femoral neck fractures in adults: A preliminary comparative study. J. Orthop. Surg. Res. 2021, 16, 504. [Google Scholar] [CrossRef]

	



Vazquez, O.; Gamulin, A.; Hannouche, D.; Belaieff, W. Osteosynthesis of non-displaced femoral neck fractures in the elderly population using the femoral neck system (FNS): Short-term clinical and radiological outcomes. J. Orthop. Surg. Res. 2021, 16, 477. [Google Scholar] [CrossRef]

	



Zhou, X.-Q.; Li, Z.-Q.; Xu, R.-J.; She, Y.-S.; Zhang, X.-X.; Chen, G.-X.; Yu, X. Comparison of early clinical results for femoral neck system and cannulated screws in the treatment of unstable femoral neck fractures. Orthop. Surg. 2021, 13, 1802–1809. [Google Scholar] [CrossRef]

	



Mehraj, M.; Khurana, S.; Joshi, U.R.; Jain, A.; Kumar, B.; Prakash, B.B.; Shah, I. Early results of internal fixation with femoral neck system in young patients with femoral neck fracture. Ortop. Traumatol. Rehabil. 2022, 24, 305–309. [Google Scholar] [CrossRef]

	



Schopper, C.; Zderic, I.; Menze, J.; Müller, D.; Rocci, M.; Knobe, M.; Shoda, E.; Richards, G.; Gueorguiev, B.; Stoffel, K. Higher stability and more predictive fixation with the Femoral Neck System versus Hansson Pins in femoral neck fractures Pauwels II. J. Orthop. Transl. 2020, 24, 88–95. [Google Scholar] [CrossRef]

	



Nanty, L.; Canovas, F.; Rodriguez, T.; Faure, P.; Dagneaux, L. Femoral neck shortening after internal fixation of Garden I fractures increases the risk of femoral head collapse. Orthop. Traumatol. Surg. Res. 2019, 105, 999–1004. [Google Scholar] [CrossRef] [PubMed]

	



Linde, F.; Andersen, E.; Hvass, I.; Madsen, F.; Pallesen, R. Avascular femoral head necrosis following fracture fixation. Injury 1986, 17, 159–163. [Google Scholar] [CrossRef] [PubMed]

	



Moya-Angeler, J.; Gianakos, A.L.; Villa, J.C.; Ni, A.; Lane, J.M. Current concepts on osteonecrosis of the femoral head. World J. Orthop. 2015, 6, 590–601. [Google Scholar] [CrossRef]

	



Konarski, W.; Poboży, T.; Śliwczyński, A.; Kotela, I.; Krakowiak, J.; Hordowicz, M.; Kotela, A. Avascular necrosis of femoral head-overview and current state of the art. Int. J. Environ. Res. Public Health 2022, 19, 7348. [Google Scholar] [CrossRef] [PubMed]

	



Cintean, R.; Pankratz, C.; Hofmann, M.; Gebhard, F.; Schütze, K. Early results in non-displaced femoral neck fractures using the Femoral Neck System. Geriatr. Orthop. Surg. Rehabil. 2021, 12, 21514593211050153. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, Y.-Z.; Lin, Y.; Li, C.; Yue, X.-J.; Li, G.-Y.; Wang, B.; Zhu, Z.-Q. A comparative analysis of Femoral Neck System and three cannulated screws fixation in the treatment of femoral neck fractures: A six-month follow-up. Orthop. Surg. 2022, 14, 686–693. [Google Scholar] [CrossRef]

	



Lin, H.; Lai, C.; Zhou, Z.; Wang, C.; Yu, X. Femoral Neck System vs. four cannulated screws in the treatment of Pauwels III femoral neck fracture. J. Orthop. Sci. 2022, in press. [CrossRef] [PubMed]

	



Niemann, M.; Braun, K.F.; Ahmad, S.S.; Stöckle, U.; Märdian, S.; Graef, F. Comparing perioperative outcome measures of the Dynamic Hip Screw and the Femoral Neck System. Medicina 2022, 58, 352. [Google Scholar] [CrossRef]

	



Charlson, M.; Szatrowski, T.P.; Peterson, J.; Gold, J. Validation of a combined comorbidity index. J. Clin. Epidemiol. 1994, 47, 1245–1251. [Google Scholar] [CrossRef]

	



Pauwels, F. Der Schenkelhalsbruch. In Gesammelte Abhandlungen zur Funktionellen Anat des Bewegungsapparates; Springer: Berlin/Heidelberg, Germany, 1965; pp. 1–138. Available online: https://link.springer.com/chapter/10.1007/978-3-642-86841-2_1 (accessed on 2 February 2022).

	



Garden, R.S. Low-angle fixation in fractures of the femoral neck. Bone Jt. J. 1961, 43-B, 647–663. [Google Scholar] [CrossRef]

	



Harris, W.H. Traumatic arthritis of the hip after dislocation and acetabular fractures: Treatment by mold arthroplasty. An end-result study using a new method of result evaluation. J. Bone Jt. Surg. 1969, 51, 737–755. [Google Scholar] [CrossRef]

	



Ware, J.E.; Sherbourne, C.D. The MOS 36-item short-form health survey (SF-36). I. Conceptual framework and item selection. Med. Care 1992, 30, 473–483. [Google Scholar] [CrossRef] [PubMed]

	



Motulsky, H.J.; Brown, R.E. Detecting outliers when fitting data with nonlinear regression—A new method based on robust nonlinear regression and the false discovery rate. BMC Bioinform. 2006, 7, 123. [Google Scholar] [CrossRef] [PubMed]

	



Riley, J.C. Rising Life Expectancy: A Global History; Cambridge University Press: Cambridge, UK, 2015; pp. 1–243. Available online: https://www.cambridge.org/core/books/rising-life-expectancy/5CACDE4BC65980FBFC28337C8F4E2C84 (accessed on 5 January 2023).

	



Gullberg, B.; Johnell, O.; Kanis, J.A. World-wide projections for hip fracture. Osteoporos. Int. 1997, 7, 407–413. [Google Scholar] [CrossRef] [PubMed]

	



Dyer, S.M.; Crotty, M.; Fairhall, N.; Magaziner, J.; Beaupre, L.A.; Cameron, I.D.; Sherrington, C. A critical review of the long-term disability outcomes following hip fracture. BMC Geriatr. 2016, 16, 158. [Google Scholar] [CrossRef] [PubMed]

	



Slobogean, G.P.; Sprague, S.; Bzovsky, S.; Scott, T.; Thabane, L.; Heels-Ansdell, D.; O’Toole, R.V.; Howe, A.; Gaski, G.E.; Hill, L.C.; et al. Fixation using Alternative Implants for the Treatment of Hip fractures (FAITH-2): The exploratory health-related quality of life and patient-reported functional outcomes of a multi-centre 2 × 2 factorial randomized controlled pilot trial in young femoral neck fracture patients. Injury 2021, 52, 3051–3059. [Google Scholar]

	



Fischer, H.; Maleitzke, T.; Eder, C.; Ahmad, S.; Stöckle, U.; Braun, K.F. Management of proximal femur fractures in the elderly: Current concepts and treatment options. Eur. J. Med. Res. 2021, 26, 86. [Google Scholar] [CrossRef]

	



Bhandari, M.; Swiontkowski, M. Management of acute hip fracture. N. Engl. J. Med. 2017, 377, 2053–2062. [Google Scholar] [CrossRef] [PubMed]

	



Klestil, T.; Röder, C.; Stotter, C.; Winkler, B.; Nehrer, S.; Lutz, M.; Klerings, I.; Wagner, G.; Gartlehner, G.; Nussbaumer-Streit, B. Impact of timing of surgery in elderly hip fracture patients: A systematic review and meta-analysis. Sci. Rep. 2018, 8, 13933. [Google Scholar] [CrossRef]

	



Zelle, B.A.; Salazar, L.M.; Howard, S.L.; Parikh, K.; Pape, H.C. Surgical treatment options for femoral neck fractures in the elderly. Int. Orthop. 2022, 46, 1111–1122. [Google Scholar] [CrossRef]

	



Tian, P.; Kuang, L.; Li, Z.J.; Xu, G.J.; Fu, X. Comparison between femoral neck systems and cannulated cancellous screws in treating femoral neck fractures: A meta-analysis. Geriatr. Orthop. Surg. Rehabil. 2022, 13, 21514593221113533. [Google Scholar] [CrossRef] [PubMed]

	



Wu, Z.F.; Luo, Z.H.; Hu, L.C.; Luo, Y.W. Efficacy of the femoral neck system in femoral neck fracture treatment in adults: A systematic review and meta-analysis. World J. Clin. Cases 2022, 10, 11454–11465. [Google Scholar] [CrossRef] [PubMed]

	



Gupta, G.K.; Rai, A.; Mandal, S.; Rani, S.; Shekhar, S.; Halder, S.; Prasad, P.; Kumar, A.; Haque, Z.U. Comparison of Femoral Neck System versus cannulated cancellous screws for the fixation of femoral neck fracture in young adults: A systematic review and meta-analysis. Cureus 2022, 14, e32011. [Google Scholar] [CrossRef]

	



Lu, Y.; Huang, Z.; Xu, Y.; Huang, Q.; Ren, C.; Li, M.; Li, Z.; Sun, L.; Xue, H.; Zhang, K.; et al. Femoral neck system versus cannulated screws for fixation of femoral neck fracture in young adults: A systematic review and meta-analysis. Am. J. Transl. Res. 2022, 14, 5480–5490. Available online: https://pubmed.ncbi.nlm.nih.gov/36105033/ (accessed on 2 January 2023). [PubMed]

	



Patel, S.; Kumar, V.; Baburaj, V.; Dhillon, M.S. The use of the femoral neck system (FNS) leads to better outcomes in the surgical management of femoral neck fractures in adults compared to fixation with cannulated screws: A systematic review and meta-analysis. Eur. J. Orthop. Surg. Traumatol. 2022, 33, 2101–2109. [Google Scholar] [CrossRef]

	



Stassen, R.C.; Jeuken, R.M.; Boonen, B.; Meesters, B.; de Loos, E.R.; van Vugt, R. First clinical results of 1-year follow-up of the femoral neck system for internal fixation of femoral neck fractures. Arch. Orthop. Trauma Surg. 2021, 142, 3755–3763. [Google Scholar] [CrossRef] [PubMed]

	



Davidson, A.; Blum, S.; Harats, E.; Kachko, E.; Essa, A.; Efraty, R.; Peyser, A.; Giannoudis, P.V. Neck of femur fractures treated with the femoral neck system: Outcomes of one hundred and two patients and literature review. Int. Orthop. 2022, 46, 2105–2115. [Google Scholar] [CrossRef]

	



Stoffel, K.; Michelitsch, C.; Arora, R.; Babst, R.; Candrian, C.; Eickhoff, A.; Gebhard, F.; Platz, A.; Schmid, F.A.; Weschenfelder, W.; et al. Clinical performance of the Femoral Neck System within 1 year in 125 patients with acute femoral neck fractures, a prospective observational case series. Arch. Orthop. Trauma Surg. 2022, 143, 4155–4164. [Google Scholar] [CrossRef]

	



Xu, X.; Fan, J.; Zhou, F.; Lv, Y.; Tian, Y.; Ji, H.; Zhang, Z.; Guo, Y.; Yang, Z.; Hou, G. Comparison of femoral neck system to multiple cancellous screws and dynamic hip screws in the treatment of femoral neck fractures. Injury 2022, 54 (Suppl. S2), S28–S35. [Google Scholar] [CrossRef]

	



Schuetze, K.; Burkhardt, J.; Pankratz, C.; Eickhoff, A.; Boehringer, A.; Degenhart, C.; Gebhard, F.; Cintean, R. Is new always better: Comparison of the femoral neck system and the dynamic hip screw in the treatment of femoral neck fractures. Arch. Orthop. Trauma Surg. 2022, 143, 3155–3161. [Google Scholar] [CrossRef]

	



Moon, J.-K.; Lee, J.-I.; Hwang, K.-T.; Yang, J.-H.; Park, Y.-S.; Park, K.-C. Biomechanical comparison of the femoral neck system and the dynamic hip screw in basicervical femoral neck fractures. Sci. Rep. 2022, 12, 7915. [Google Scholar] [CrossRef] [PubMed]








[image: Life 13 02073 g001] 





Figure 1. Plain anterior–posterior radiographs of the pelvis visualizing leg length and femoral offset measurements. Two parallel bisections of the femoral shaft (a, b) determined the longitudinal femoral shaft axis (c). Perpendicular to (c), the leg length (d) was measured between the femoral head centre (e) and the tip of the lesser trochanter (f). The femoral offset (g) was measured between the femoral head center (h) perpendicular to (c). 
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Figure 2. Radiographic comparison of injured and healthy sides. Leg lengths of DHS patients at (a) first and (b) last postoperative follow-up, and FNS patients at (c) first and (d) last postoperative follow-up. Femoral offset of DHS patients at (e) first and (f) last postoperative follow-up, and FNS patients at (g) first and (h) last postoperative follow-up. CCD angle of DHS patients at (i) first and (j) last postoperative follow-up, and FNS patients at (k) first and (l) last postoperative follow-up. Abbreviations: DHS, dynamic hip screw; FNS, femoral neck system; CCD, centrum–collum–diaphyseal. 
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Figure 3. Measurements of radiographic outcome measures: (a) displays the measurement of a femoral neck fracture treated with a DHS, and (b) with an FNS. Abbreviations: *, femoral offset; **, centrum–collum–diaphyseal angle; ***, leg length. 
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Figure 4. Comparison of scar lengths between DHS and FNS groups. While DHS patients had a median scar length of 9.5 cm (IQR 8.5, 10.0), FNS patients had a significantly shorter (p < 0.01) median scar length of 4.5 cm (IQR 4.0, 7.0). Abbreviations: DHS, dynamic hip screw; FNS, femoral neck system. 
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Figure 5. Outcomes of femoral neck fractures when treated with a DHS with anti-rotational screw: (a) A 57-year-old female patient presented with a highly unstable femoral neck fracture, (b) which was treated with a DHS with an anti-rotational screw, but (c) developed an avascular necrosis of her hip. In comparison, (d) a 40-year-old male patient presented with a comparable fracture morphology, (e) underwent analogous treatment, and (f) demonstrated favorable postoperative results. 
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Figure 6. Outcomes of femoral neck fractures when treated with an FNS: (a) A 67-year-old male patient presented with an unstable femoral neck fracture, (b) which was treated with an FNS, but (c) presented with implant cut-out following surgery. In comparison, (d) a 62-year-old male patient presented with a comparable fracture morphology, (e) was treated in the same manner, and (f) had a favorable postoperative outcome. 
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Table 1