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Navigated intramedullary nailing for patients with intertrochanteric hip fractures is cost-effective at high-volume hospitals in mainland China: A markov decision analysis
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Objective: Previous studies have reported that navigation systems can improve clinical outcomes of intramedullary nailing (IMN) for patients with intertrochanteric fractures. However, information is lacking regarding the relationship between the costs of navigated systems and clinical outcomes. The present research aimed to evaluate the cost-effectiveness of navigated IMN as compared with traditional freehand IMN for patients with intertrochanteric fractures.



Methods: A Markov decision model with a 5-year time horizon was constructed to investigate the costs, clinical outcomes and incremental cost-effectiveness ratio (ICER) of navigated IMN for a 70-year-old patient with an intertrochanteric fracture in mainland China. The costs [Chinese Yuan (¥)], health utilities (quality-adjusted life-years, QALYs) and transition probabilities were obtained from published studies. The willingness-to-pay threshold for ICER was set at ¥1,40,000/QALY following the Chinese gross domestic product in 2020. Three institutional surgical volumes were used to determine the average navigation-related costs per patient: low volume (100 cases), medium volume (200 cases) and high volume (300 cases).



Results: Institutes at which 300, 200 and 100 cases of navigated IMN were performed per year showed an ICER of ¥43,149/QALY, ¥76,132.5/QALY and ¥1,75,083/QALY, respectively. Navigated IMN would achieve cost-effectiveness at institutes with an annual volume of more than 125 cases.



Conclusions: Our analysis demonstrated that the navigated IMN could be cost-effective for patients with inter-trochanteric fracture as compared to traditional freehand IMN. However, the cost-effectiveness was more likely to be achieved at institutes with a higher surgical volume.
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Introduction

Hip fractures are considered the most substantial public health problem faced by surgeons, health care systems and society with the ageing population (1). The economic burden of hip fractures is estimated to account for 72% of the total cost of all fractures (2), and the annual cost of hip fracture care in the United States will exceed 16 billion dollars by 2040 (3). In addition, hip fractures are associated with high mortality, which is reported to reach 27% in the first postoperative year (4).

More than half of hip fractures are intertrochanteric fractures, which are associated with older age and severe comorbidities (5), suggesting an enormous socio-economic health burden (6). This type of fracture is usually treated by internal fixation using intramedullary nailing (IMN) (7). However, the failure rate of IMN is suboptimal at 8% (8, 9). IMN failure is significantly related to the lag screw position, which is commonly assessed by the tip-apex distance (TAD). Several studies have recommended a TAD threshold of less than 20 mm for the lag screw in IMN to ensure secure fixation and avoid complications (10, 11). Nevertheless, this target is quite challenging for surgeons under fluoroscopic guidance.

As the implantation of an accurate and precise lag screw is essential for IMN, navigation systems have been developed and employed in this procedure to assist surgeons. It is reported that the systems enable surgeons to facilitate screw implantation. Previous studies have shown that the navigation systems have better accuracy of screw insertion than the traditional freehand method (12, 13). However, a natural disadvantage of this new technique is the high economic expenditure. The cost of computer-navigated devices in clinical application can reach £7,00,000 (14). It is therefore important to investigate whether the incremental costs incurred by the systems can be equated with the improved outcomes. To our knowledge, information is lacking regarding the relationship between the cost of navigated systems and clinical outcomes in intertrochanteric fractures. Thus, we aimed to evaluate the cost-effectiveness of navigated IMN as compared with traditional freehand IMN for patients with intertrochanteric fractures.



Materials and methods


Overview of the study

The present study was conducted according to the guideline of the Panel on Cost-Effectiveness Analysis in Health and Medicine (15). A pay perspective was employed to evaluate the cost and effectiveness. The unit of cost was 2020 Chinese Yuan (CNY, ¥) and the unit of effectiveness (utility) was the quality-adjusted life-year (QALY). The assessment of cost-effectiveness was based on the calculation of incremental cost-effectiveness ratio (ICER) and the willingness-to-pay (WTP) threshold. The ICER, which is the difference in costs between two procedures divided by the difference in utility, can be expressed as Δ Costs/Δ Utility. The WTP threshold represents how many economic expenditures a patient will pay to gain an extra QALY (14). If the ICER of a procedure was below the WTP threshold, the procedure was considered cost-effective. The World Health Organization has recommended that the WTP threshold be set at 1–3 times the gross domestic product per QALY (16). In our analysis, the WTP threshold was set at ¥1,40,000 following the Chinese gross domestic product (¥71,489) in 2020 (17)1. A theoretical 70-year-old patient with an intertrochanteric fracture was set for the reference case analysis. In order to calculate the future parameters during the time horizon given the economic growth, a discount rate of 3% was used for the cost and QALYs (18). It should be noted that though the discount rate could adjust and simplify the model, this simulation might not reflect the changes in operations, health utility and cost over the time horizon comprehensively.



Model design

Only the data from the vendor or published studies were used in the present research. We built a Markov decision model using the decision analysis software (TreeAge Pro 2019; TreeAge Software, Williamstown, MA) for two competing strategies: navigated IMN or traditional freehand IMN. The navigation system, analyzed in this study, was the TiRobot navigation system (TINAVI Medical Technologies, Beijing, China). The type of IMN was the Gamma3 trochanteric nail (Gamma3, Stryker, Mahwah, NJ, USA), as most of the published studies regarding the navigated IMN applied this type of implant. The value of each model parameter was listed in Table 1 and the parameters were described individually below. As previous publications comparing navigated IMN with traditional IMN had a short follow-up period (13, 25–27, 31–33), we used a 5-year time horizon for the present analysis. The model considered four states, which were categorized as follows: (1) successful IMN with the lag screw inside the safe zone, (2) successful IMN with the lag screw outside the safe zone, (3) salvage treatment of total hip arthroplasty (THA) after failed IMN and (4) death. The safe zone was defined as a lag screw TAD of <20 mm. At first, the patient would receive IMN with or without navigation. After the procedure, the patient would either have a successfully initial fixation of fracture, encounter the failure of fixation requiring salvage treatment of THA, or die of other causes each year. The patient was also at risk of perioperative death before the procedure of IMN and salvage treatment (Figure 1).
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FIGURE 1
The markov model for patients with intertrochanteric hip fractures. Each patient received in-tramedullary nailing (IMN), either with navigated or traditional assistance. The patient received the IMN procedure and the lag screw was possibly inside or outside the safe zone. If a patient survived the perioperative period, that patient would stay in the status of successful initial fixation with the lag screw inside or outside the safe zone, experience IMN failure requiring salvage treatment of total hip arthroplasty (THA) or die from other causes.



TABLE 1 Values of parameters used in the markov decision model.
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Assumptions

We made a few assumptions were made in constructing the model: (1) the probability of perioperative death and the mortality of other causes was the same in both navigated and traditional IMN; (2) the failure probability of IMN was the same in both navigated and traditional IMN; (3) salvage treatment of THA would not fail during the time horizon.



Probabilities

We set the perioperative mortality of IMN and THA at 6%, according to published data (19, 20). The mortality of IMN in the initial year postoperatively was set at 20% (19). After the first postoperative year of IMN, the mortality was assumed to return to the age-specific mortality reported by the China Populations Census 2020 (19, 21)2. The mortality after THA was also assumed to be the same as age-specific mortality.

According to an analysis of the Norwegian hip fracture register of 17,341 patients, the annual failure rate of IMN placed inside the safe zone was set at 2.7% (22). There were three available studies reporting the odds ratios of TAD (TAD > 20 mm VS TAD < 20 mm) with regard to the IMN failure (11, 23, 24). The pooled odds ratio was calculated to be 2.94 by the meta-analysis. Thus, we set the annual failure rate of IMN placed outside the safe zone at 7.5% using the above data and the method by Zhang et al. (34). Three studies compared the proportion of TAD < 20 mm in navigated IMN with that in traditional IMN, and the pooled results showed that navigated IMN could achieve 95.6% of safe IMN compared to 74.0% in traditional IMN (13, 25, 26). The two aforementioned rates were used when assigning the IMN inside or outside the safe zone.



Health utility (effectiveness)

There is no concrete value for the QALY of navigated IMN in intertrochanteric fractures. Only the study by Lan et al. has reported the comparison of Harris Hip Score between patients receiving the navigated IMN and those receiving the traditional IMN. The HHS was 86.7 in the navigated group and 82.7 in the traditional group (27). Therefore, we used the method of Shearer et al. to convert the HHS into corresponding QALYs by linear interpolation (35). Based on the transformation, the health utility was set at 0.82 QALYs for the navigated IMN and 0.79 QALYs for the traditional IMN. These values were within the range of the mean utilities reported by other studies of intertrochanteric fractures (36, 37). The salvage treatment of THA was assigned with a health utility of 0.6 QALYs according to previous studies (19, 20). A disutility of −0.15 (QALY loss) was assigned to the salvage procedure.



Costs

The cost of the IMN procedure in mainland China was set at ¥54,000 according to a national cost survey of 73 tertiary hospitals (28). The cost of the salvage THA (¥1,08,000) was set as twice the cost of the primary IMN according to previous studies (29, 30). The purchase and maintenance cost of navigation system were obtained from the vendor and integrated into the model. Cost per patient receiving the navigated IMN would be influenced by the surgical volumes. The base surgical volume of navigated IMN was set at 200 cases/year, low surgical volume at 100 cases/year and high surgical volume at 300 cases/year (38–41).



Analysis

We first performed the analysis for the reference case. Then one-way and two-way deterministic sensitivity analyses were conducted. In addition, the parameters related to the navigation system, including the purchase cost, the utility of navigated IMN and the probability of safe navigated IMN, were estimated in each surgical volume to calculate the corresponding thresholds.

We used the Monte Carlo simulation to perform the probabilistic sensitivity analysis to determine the overall effect of uncertainty parameters (Table 2). The distribution of each variable was determined by the mean and the standard deviation (if available or set as 10% of the mean). The ICER was calculated using a simulation for 1,000 samples. The cost-effectiveness acceptability curve was used to determine the proportion of samples who had an ICER below the given WTP threshold.


TABLE 2 Parameters for probabilistic sensitivity analysis with monte carlo simulation.
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Results


Reference case

For the reference case, the navigated IMN had a cumulative quality of life of 3.32 QALYs and a total cost of ¥74,963. The state rate for salvage procedures was 8.5%. As for the traditional IMN, this strategy had a cumulative quality of life of 3.18 QALYs and a total cost of ¥64,290. The state rate for salvage procedures was 11.1%. Thus, the navigated IMN yielded an ICER of ¥76,132.5/QALY and a reduction of salvage procedure by 23.4% compared with the traditional IMN.



Sensitivity analysis

In the scenarios with different surgical volumes, the navigated IMN was conditionally cost-effective (Table 3). It should be noted that at a low-volume institute, the navigated IMN could not be cost-effective even if all the IMN were placed inside the safe zone. An inverse relationship between volume and ICER of navigated IMN was observed (Figure 2). The navigated IMN showed cost-effectiveness at institutes with an annual volume of more than 125 cases. At a low-volume institute, the ICER of navigated IMN was ¥1,75,083/QALY. While at a high-volume institute, the ICER was ¥43,149/QALY.
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FIGURE 2
Sensitivity analysis reflected an inverse relationship between annual surgical volume of navigated surgery and incremental cost-effectiveness ratio (ICER).



TABLE 3 Thresholds for parameters related to the cost-efficiency of navigation in different volumes.
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Among other parameters that were not directly related to the navigation system, three (probability of safe traditional IMN, failure probability of safe IMN and utility of THA) showed a positive relationship with the ICER of navigated IMN, which indicated that the increase of these values would compromise the cost-effectiveness of the navigation system. Two parameters (cost of IMN procedure and failure probability of unsafe IMN) showed a negative relationship with the ICER of navigated IMN. The disutility of salvage procedure and the preoperative mortality seemed to be inconsequential (Supplementary Figure S1).

Two-way sensitivity analysis represented that the navigated IMN could be more possibly cost-effective when the cost of the navigation system was lower and the probability of safe IMN was higher (Figure 3).


[image: Figure 3]
FIGURE 3
Two-way sensitivity analysis demonstrated the relationship between the cost of the navigation system and the probability of navigated intramedullary nailing (IMN) with the lag screw inside the safe zone. The blue area indicated the profiles for which the navigated IMN was more cost-effective (the cost was below the willingness-to-pay [WTP] threshold of ¥140,000 per quality-adjusted life-year [QALY]) in institutes with a volume of 200 cases per year. The red area indicated that the profiles for which the traditional IMN was more cost-effective in the same settings. CAOS: computer-assisted orthopaedic system; IV: Inverse variance method; CI: confidence intervals; df: degrees of freedom.


The probabilistic sensitivity analysis by Monte Carlo simulation demonstrated an ICER of navigated IMN as ¥1,67,401/QALY, ¥69,066/QALY and ¥35,327/QALY at a low-volume, medium-volume and high-volume institute, respectively. The cost-effectiveness acceptability curves showed that 48.4% of simulations had an ICER lower than the WTP threshold of ¥1,40,000 at low-volume institutes, 60.4% at medium-volume institutes and 63.3% at high-volume institutes (Figure 4).
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FIGURE 4
The cost-effectiveness (CE) acceptability curves depicted the relationship between the willing-ness-to-pay (WTP) threshold (Chinese Yuan per quality-adjusted life-year) on the X axis and the proportion of simulations in monte carlo simulation that had an incremental cost-effectiveness ratio below the given WTP thresholds. (A–C) Indicated the simulations in institutes at which 300, 200 and 100 cases of navigated surgery, respectively.





Discussion

To our knowledge, there has been no economic analysis estimating the cost-effectiveness of a navigation system for the IMN procedure. Our research is the first cost-effectiveness analysis to investigate the cost-efficiency of the navigated IMN from a payer perspective based on data from mainland China. We found that the navigated IMN could be cost-effective in hospitals with medium or high surgical volumes. In hospitals with low surgical volumes, on the other hand, the purchase burden added by the system might not be equivalent to the additional gain in patient QALYs.

Our model showed that the cost-effectiveness of navigated IMN could be achieved with a volume of at least 125 cases per year. The higher the surgical volume, the lower the ICER of navigated IMN could be, indicating that this new-generation device was more likely to be cost-effective. Our Monte Carlo simulation also reflected that as the surgical volumes increased, the proportion of samples with an ICER below the WTP threshold also increased. These results were similar to those of studies examining the cost-effectiveness of navigation systems in other orthopaedic disciplines. Slover et al. used a Markov model to evaluate the cost-effectiveness of navigation in total knee arthroplasty. They found that the annual reduction in failure rate for navigated surgeries at low-volume institutes must be 13% for the navigation system to be cost-effective, while the reduction at medium-volume institutes was required to be 2.5% (42). Another study found that the navigated unicompartmental knee arthroplasty could only achieve cost-effectiveness unless the annual case volume exceeded 94 cases (43). Dea et al. reported that the navigated spinal surgery could be cost-saving in centers performing 254 surgeries per year (44). Generally, the average costs per patient added by navigation systems could be offset by higher case volumes.

Several researches have demonstrated that the lower surgical volumes were related to higher rates of complications and failures in hip fracture procedures and other orthopaedic surgeries (45–47). In IMN, experienced surgeons were able to insert screws more precisely than inexperienced surgeons (48). Therefore, the navigated system could allow providers with small surgical volumes to improve the clinical outcomes. Our findings highlighted a critical dilemma for low-volume institutes where the improved outcomes were not equated with the increased costs. The threshold analysis revealed that a 17.7% reduction in the price of the navigation system (from ¥70,00,000 to ¥57,59,057) was required for the system to be considered cost-effective in a center performing 100 cases per year. The current model could be used as a guide for hospital administrators to evaluate the economic investment of navigation systems and to negotiate the price of systems with vendors. Slover et al. recommended several non-purchase options, such as leasing or rental agreements or cost-sharing strategies for low-volume institutes to reduce the cost per case of employing this new technology (42). Another factor that could influence the balance between the surgical volume and the price of system was the ability of navigation systems to implant a safe IMN. Future studies on the development of navigation systems are appealed in this direction.

This study had some limitations. First, the model parameter values were obtained from published sources rather than from prospective collections. Due to the paucity of data, patients' QALYs after the interventions were converted from HHS based on published methods. However, the calculation of QALY was generally derived from patient-reported outcome scores such as EuroQol five dimensions questionnaire. Therefore, we performed a sensitivity analysis to explore the impact of parameters on the cost-effectiveness. It should be noted that the model results were sensitive to several parameters. Second, nearly all current studies focusing on the navigated IMN utilized the Gamma3 nail, which is of a single lag screw. Our study was based on these data. However, there are several other widely-accepted implants for the IMN procedures, such as Proximal Femoral Nail Anti-rotation (PFNA, Synthes, Oberdorf, Switzerland) and InterTAN (Smith & Nephew, Memphis, TN, USA) with twin lag screws. Our results could not represent all the types of IMN procedures and should be interpreted carefully. Third, we have simplified the calculation of the cost of navigation system in our model by integrating the purchase and maintenance costs, which might actually neglect the service life of the system itself and the running cost when using a new technique. We believe that the consideration of the system longevity is not compulsory since we have used a relatively short time horizon of 5 years. However, with a longer time horizon, such as life expectancy, the service life of system should be a concern. Fourth, as few studies have reported the 5-year mortality of IMN or intertrochanteric fractures, we adopted the method by Swart et al. to simplify the model by elevating the mortality of IMN in the first postoperative year (19). We assumed that after the first year of IMN, the mortality would return to age-specific mortality. However, a higher mortality after IMN would also influence the cost-efficiency of the navigation system (Supplementary Figure S2). Thus, our method of simplification might lead to bias. Fifth, THA was set as the only salvage treatment for failure after primary IMN, as it is the most common therapy after failed internal fixation in patients with hip fractures. Therefore, other salvage treatments such as re-IMN or conservative treatment were not reflected in the model. Sixth, we assumed that the salvage THA would not fail during the 5-year time horizon, based on a 7-year follow-up study that reported a 100% survival rate of THA in 107 cases after a failed IMN (49). Sixth, the Chinese monetary system might jeopardize the generalizability of the results.



Conclusions

Our early economic analysis demonstrated that the navigated IMN could be cost-effective in patients with intertrochanteric fractures as compared to traditional freehand IMN. However, the cost-effectiveness was more likely to be achieved at institutes with a higher surgical volume.



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 author/s.



Ethics statement

Ethical review and approval was not required for the study on human participants in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



Author contributions

All authors had full access to the data in the study and take responsibility for the integrity of the data and the accuracy of the data analysis. Conceptualization, LT and HL; Methodology, LT, CX and HL; Investigation, LT, XTY and CX; Formal Analysis, CX and TY; Resources, TY and XTY; Writing—Original Draft, LT and CX; Writing—Review & Editing, LT, CX, HL, XTY, TY and HL; Visualization, CX; Supervision, LT and HL. All authors contributed to the article and approved the submitted version.



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.



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.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fsurg.2022.1048885/full#supplementary-material.



References

1. Socci AR, Casemyr NE, Leslie MP, Baumgaertner MR. Implant options for the treatment of intertrochanteric fractures of the hip: rationale, evidence, and recommendations. Bone Joint J. (2017) 99-b:128–33. doi: 10.1302/0301-620x.99b1.Bjj-2016-0134.R1

2. Adeyemi A, Delhougne G. Incidence and economic burden of intertrochanteric fracture: a medicare claims database analysis. JB JS Open Access. (2019) 4:e0045. doi: 10.2106/jbjs.Oa.18.00045

3. Haentjens P, Autier P, Barette M, Boonen S. The economic cost of hip fractures among elderly women. A one-year, prospective, observational cohort study with matched-pair analysis. Belgian hip fracture study group. J Bone Joint Surg Am. (2001) 83:493–500. doi: 10.2106/00004623-200104000-00003

4. Panula J, Pihlajamäki H, Mattila VM, Jaatinen P, Vahlberg T, Aarnio P, et al. Mortality and cause of death in hip fracture patients aged 65 or older: a population-base-d study. BMC Musculoskelet Disord. (2011) 12:105. doi: 10.1186/1471-2474-12-105

5. Zhang Z, Qiu Y, Zhang Y, Zhu Y, Sun F, Liu J, et al. Global trends in intertrochanteric hip fracture research from 2001 to 2020: a bibliometric and visualized study. Front Surg. (2021) 8:756614. doi: 10.3389/fsurg.2021.756614

6. Fox KM, Magaziner J, Hebel JR, Kenzora JE, Kashner TM. Intertrochanteric versus femoral neck hip fractures: differential characteristics, treatment, and sequelae. J Gerontol A Biol Sci Med Sci. (1999) 54:M635–40. doi: 10.1093/gerona/54.12.m635

7. Yu J, Zhang C, Li L, Kwong JS, Xue L, Zeng X, et al. Internal fixation treatments for intertrochanteric fracture: a systematic review and meta-analysis of randomized evidence. Sci Rep. (2015) 5:18195. doi: 10.1038/srep18195

8. Barton TM, Gleeson R, Topliss C, Greenwood R, Harries WJ, Chesser TJ. A comparison of the long gamma nail with the sliding hip screw for the treatment of AO/OTA 31-A2 fractures of the proximal part of the femur: a prospective randomized trial. J Bone Joint Surg Am. (2010) 92:792–8. doi: 10.2106/jbjs.I.00508

9. Yam M, Chawla A, Kwek E. Rewriting the tip apex distance for the proximal femoral nail anti-rotation. Injury. (2017) 48:1843–7. doi: 10.1016/j.injury.2017.06.020

10. Baumgaertner MR, Solberg BD. Awareness of tip-apex distance reduces failure of fixation of trochanteric fractures of the hip. J Bone Joint Surg Br. (1997) 79:969–71. doi: 10.1302/0301-620x.79b6.7949

11. Lopes-Coutinho L, Dias-Carvalho A, Esteves N, Sousa R. Traditional distance “tip-apex” vs. New calcar referenced “tip-apex”—which one is the best peritrochanteric osteosynthesis failure predictor? Injury. (2020) 51:674–7. doi: 10.1016/j.injury.2020.01.024

12. Regling M, Blau A, Probe RA, Maxey JW, Solberg BD. Improved lag screw positioning in the treatment of proximal femur fractures using a novel computer assisted surgery method: a cadaveric study. BMC Musculoskelet Disord. (2014) 15:189. doi: 10.1186/1471-2474-15-189

13. Era M, Maeda J, Tomonaga T. Effect of a computer-assisted navigation system on the lag screw placement accuracy of less experienced surgeons. J Orthop Sci. (2020) 26:823–6. doi: 10.1016/j.jos.2020.07.018

14. Li H, Zhuang T, Wu W, Gan W, Wu C, Peng S, et al. A systematic review on the cost-effectiveness of the computer-assisted orthopaedic system. Health Care Sci. (2022) 1:173–85. doi: 10.1002/hcs2.23

15. Russell LB, Gold MR, Siegel JE, Daniels N, Weinstein MC. The role of cost-effectiveness analysis in health and medicine. Panel on cost-effectiveness in health and medicine. JAMA. (1996) 276:1172–7. doi: 10.1001/jama.1996.03540140060028

16. Murray CJ, Evans DB, Acharya A, Baltussen RM. Development of WHO guidelines on generalized cost-effectiveness analysis. Health Econ. (2000) 9:235–51. doi: 10.1002/(sici)1099-1050(200004)9:3%3C235::aid-hec502%3E3.0.co;2-o

17. China Statistical Yearbook (2021). Available at: http://www.stats.gov.cn/tjsj/ndsj/2021/indexch.htm (Accessed July 31, 2022).

18. Weinstein MC, Siegel JE, Gold MR, Kamlet MS, Russell LB. Recommendations of the panel on cost-effectiveness in health and medicine. JAMA. (1996) 276:1253–8. doi: 10.1001/jama.1996.03540150055031

19. Swart E, Makhni EC, Macaulay W, Rosenwasser MP, Bozic KJ. Cost-effectiveness analysis of fixation options for intertrochanteric hip fractures. J Bone Joint Surg Am. (2014) 96:1612–20. doi: 10.2106/jbjs.M.00603

20. Nherera LM, Trueman P, Horner A, Johnstone AJ, Watson TJ, Fatoye FA. Comparing the costs and outcomes of an integrated twin compression screw (ITCS) nail with standard of care using a single lag screw or a single helical blade cephalomedullary nail in patients with intertrochanteric hip fractures. J Orthop Surg Res. (2018) 13:217. doi: 10.1186/s13018-018-0923-x

21. China Population Census Yearbook (2020). Available at: http://www.stats.gov.cn/tjsj/pcsj/rkpc/7rp/indexch.htm (Accessed July 31, 2022).

22. Grønhaug KML, Dybvik E, Matre K, Östman B, Gjertsen JE. Intramedullary nail versus sliding hip screw for stable and unstable trochanteric and subtrochanteric fractures: 17,341 patients from the Norwegian hip fracture register. Bone Joint J. (2022) 104-b:274–82. doi: 10.1302/0301-620x.104b2.Bjj-2021-1078.R1

23. Zirngibl B, Biber R, Bail HJ. How to prevent cut-out and cut-through in biaxial proximal femoral nails: is there anything beyond lag screw positioning and tip-apex distance? Int Orthop. (2013) 37:1363–8. doi: 10.1007/s00264-013-1898-1

24. Fujii T, Nakayama S, Hara M, Koizumi W, Itabashi T, Saito M. Tip-Apex distance is most important of six predictors of screw cutout after internal fixation of intertrochanteric fractures in women. JB JS Open Access. (2017) 2:e0022. doi: 10.2106/jbjs.Oa.16.00022

25. Takai H, Mizuta K, Murayama M, Nakayama D, Kii S, Hayai C, et al. Comparing the usefulness of a fluoroscopic navigation system in femoral trochanteric fracture for orthopaedic residents with the conventional method. Injury. (2020) 51:1840–5. doi: 10.1016/j.injury.2020.06.001

26. Kuhl M, Beimel C. Does computer-assisted surgery improve lag screw placement during cephalomedullary nailing of intertrochanteric hip fractures? Clin Orthop Relat Res. (2020) 478:2132–44. doi: 10.1097/corr.0000000000001306

27. Lan H, Tan Z, Li KN, Gao JH, Liu TH. Intramedullary nail fixation assisted by orthopaedic robot navigation for intertrochanteric fractures in elderly patients. Orthop Surg. (2019) 11:255–62. doi: 10.1111/os.12447

28. Wang Y, Cui H, Zhang D, Zhang P. Hospitalisation cost analysis on hip fracture in China: a multicentre study among 73 tertiary hospitals. BMJ Open. (2018) 8:e019147. doi: 10.1136/bmjopen-2017-019147

29. Palmer SJ, Parker MJ, Hollingworth W. The cost and implications of reoperation after surgery for fracture of the hip. J Bone Joint Surg Br. (2000) 82:864–6. doi: 10.1302/0301-620x.82b6.9974

30. Thakar C, Alsousou J, Hamilton TW, Willett K. The cost and consequences of proximal femoral fractures which require further surgery following initial fixation. J Bone Joint Surg Br. (2010) 92:1669–77. doi: 10.1302/0301-620x.92b12.25021

31. Herzog J, Wendlandt R, Hillbricht S, Burgkart R, Schulz AP. Optimising the tip-apex-distance in trochanteric femoral fracture fixation using the ADAPT-navigated technique, a longitudinal matched cohort study. Injury. (2019) 50:744–51. doi: 10.1016/j.injury.2019.02.010

32. Lilly RJ, Koueiter DM, Graner KC, Nowinski GP, Sadowski J, Grant KD. Computer-assisted navigation for intramedullary nail fixation of intertrochanteric femur fractures: a randomized, controlled trial. Injury. (2018) 49:345–50. doi: 10.1016/j.injury.2017.12.006

33. Simcox T, Tarazona D, Becker J, Ayres E, Gould J. Improved implant positioning of cephalomedullary nail for trochanteric fractures using the stryker ADAPT navigation system. Injury. (2021) 52:3404–7. doi: 10.1016/j.injury.2021.07.021

34. Zhang J, Yu KF. What's the relative risk? A method of correcting the odds ratio in cohort studies of common outcomes. JAMA. (1998) 280:1690–1. doi: 10.1001/jama.280.19.1690

35. Shearer DW, Kramer J, Bozic KJ, Feeley BT. Is hip arthroscopy cost-effective for femoroacetabular impingement? Clin Orthop Relat Res. (2012) 470:1079–89. doi: 10.1007/s11999-011-2023-7

36. Tosteson AN, Gabriel SE, Grove MR, Moncur MM, Kneeland TS, Melton III LJ. Impact of hip and vertebral fractures on quality-adjusted life years. Osteoporos Int. (2001) 12:1042–9. doi: 10.1007/s001980170015

37. Borgström F, Zethraeus N, Johnell O, Lidgren L, Ponzer S, Svensson O, et al. Costs and quality of life associated with osteoporosis-related fractures in Sweden. Osteoporos Int. (2006) 17:637–50. doi: 10.1007/s00198-005-0015-8

38. Browne JA, Pietrobon R, Olson SA. Hip fracture outcomes: does surgeon or hospital volume really matter? J Trauma. (2009) 66:809–14. doi: 10.1097/TA.0b013e31816166bb

39. Wong JK, Kim TE, Mudumbai SC, Memtsoudis SG, Giori NJ, Howard SK, et al. Are case volume and facility complexity level associated with postoperative complications after hip fracture surgery in the veterans affairs healthcare system? Clin Orthop Relat Res. (2019) 477:177–90. doi: 10.1097/corr.0000000000000460

40. Yoo S, Jang EJ, Jo J, Jo JG, Nam S, Kim H, et al. The association between hospital case volume and in-hospital and one-year mortality after hip fracture surgery. Bone Joint J. (2020) 102-b:1384–91. doi: 10.1302/0301-620x.102b10.Bjj-2019-1728.R3

41. Okike K, Chan PH, Paxton EW. Effect of surgeon and hospital volume on morbidity and mortality after hip fracture. J Bone Joint Surg Am. (2017) 99:1547–53. doi: 10.2106/jbjs.16.01133

42. Slover JD, Tosteson AN, Bozic KJ, Rubash HE, Malchau H. Impact of hospital volume on the economic value of computer navigation for total knee replacement. J Bone Joint Surg Am. (2008) 90:1492–500. doi: 10.2106/jbjs.G.00888

43. Moschetti WE, Konopka JF, Rubash HE, Genuario JW. Can robot-assisted unicompartmental knee arthroplasty be cost-effective? A markov decision analysis. J Arthroplasty. (2016) 31:759–65. doi: 10.1016/j.arth.2015.10.018

44. Dea N, Fisher CG, Batke J, Strelzow J, Mendelsohn D, Paquette SJ, et al. Economic evaluation comparing intraoperative cone beam CT-based navigation and conventional fluoroscopy for the placement of spinal pedicle screws: a patient-level data cost-effectiveness analysis. Spine J. (2016) 16:23–31. doi: 10.1016/j.spinee.2015.09.062

45. Ottesen TD, Mercier MR, Brand J, Amick M, Grauer JN, Rubin LE. The case for decreased surgeon-reported complications due to surgical volume and fellowship status in the treatment of geriatric hip fracture: an analysis of the ABOS database. PLoS One. (2022) 17:e0263475. doi: 10.1371/journal.pone.0263475

46. Koltsov JCB, Marx RG, Bachner E, McLawhorn AS, Lyman S. Risk-Based hospital and surgeon-volume categories for total hip arthroplasty. J Bone Joint Surg Am. (2018) 100:1203–8. doi: 10.2106/jbjs.17.00967

47. Anis HK, Mahmood BM, Klika AK, Mont MA, Barsoum WK, Molloy RM, et al. Hospital volume and postoperative infections in total knee arthroplasty. J Arthroplasty. (2020) 35:1079–83. doi: 10.1016/j.arth.2019.10.044

48. Kho JY, Johns BD, Thomas GW, Karam MD, Marsh JL, Anderson DD. A hybrid reality radiation-free simulator for teaching wire navigation skills. J Orthop Trauma. (2015) 29:e385–90. doi: 10.1097/bot.0000000000000372

49. Morsi EMZ, Drwish AEE, Saber AM, Nassar IM, Zaki AEM. The use of standard cemented femoral stems in total hip replacement after failed internal fixation of intertrochanteric femoral fractures. J Arthroplasty. (2020) 35:2525–8. doi: 10.1016/j.arth.2020.04.021




1http://www.stats.gov.cn/tjsj/ndsj/2021/indexch.htm

2http://www.stats.gov.cn/tjsj/pcsj/rkpc/7rp/indexch.htm


OPS/images/fsurg-09-1048885-t002.jpg
Parameter Distribution

Annual failure probability of IMN with TAD <20 mm (inside the safe zone) 3505.43

Annual failure probability of IMN with TAD > 20 mm (outside the safe zone) 1139.91

Probability of navigated IMN inside the safe zone

Probability of traditional IMN inside the safe zone

Utility of navigated IMN (QALY)

Utility of traditional IMN (QALY)

Utility of THA (QALY) 26663

Costs of IMN procedure (¥) Gamma 1 0.000039 54,000

Costs of THA (¥) Gamma 0.00093 10,8000

SE: Staiaig deatici DN Samadali raling: TAD: He-se detuise: QR Gk adustes e THA, (ol e artlwselt





OPS/images/fsurg-09-1048885-t001.jpg
Parameter Value Reference

(reference case)

Probability
Perioperative mortality for 6% (19, 20)
IMN
Perioperative mortality for 6% (19, 20)
Mortality of IMN during the 20% (9
first postoperative year
Mortality after the first year Age-specific [e)
mortality
Annual failure probability of 2.7% @2)

IMN with TAD <20 mm
(inside the safe zone)

Annual failure probability of 7.5% (1,23, 24)
IMN with TAD >20 mm
(outside the safe zone)

Probability of navigated IMN 95.6% 13,25, 26)
inside the safe zone

Probability of traditional IMN 74.0% (13, 25, 26)
inside the safe zone

Utility (QALY)
Navigated IMN 082 [€2)
Traditional IMN 079 27)
Salvage treatment of THA 076 (19, 20)
Disutility for salvage treatment -0.15 (19)

Cost (¥)
IMN procedure 54,000 [ED)
Navigation system 70,00,000 Vendor (TiRobot)
Maintenance fees 5% of purchase costs | Vendor (TiRobot)
Salvage treatment 1,08,000 (29, 30)

Other
WTP threshold | 1,40,000 | (D)
Discount rate 3% (18)

IMN, nailing: THA, total hip TAD, tip-apex distance;

QAL il At She i WED Wil ignmos-so-m





OPS/images/fsurg-09-1048885-t003.jpg
Low Medium High volume
volume  volume (200 (300 cases/
(100 cases/  cases/year) year)
year)

Probability of safe | No values
navigated IMN

Utility of
navigation (QALY)

Costs of navigation <57,59,057 <1,15,18,114 <1,26,24,617
system (1)

MR, il s CIkLY. cxtalitadiistad: lif-jaar





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Navigated intramedullary nailing for patients with intertrochanteric hip fractures is cost-effective at high-volume hospitals in mainland China: A markov decision analysis

		Introduction



		Materials and methods



		Overview of the study



		Model design



		Assumptions



		Probabilities



		Health utility (effectiveness)



		Costs



		Analysis











		Results



		Reference case



		Sensitivity analysis











		Discussion



		Conclusions



		Data availability statement



		Ethics statement



		Author contributions



		Conflict of interest



		Publisher's note



		Supplementary material



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Surgery

Navigated intramedullary nailing for patients
with intertrochanteric hip fractures is
cost-effective at high-volume hospitals in
mainland China: A markov decision analysis









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/fsurg-09-1048885-g003.jpg
‘igation s o
navigated IMN
(volume=200, WTP=¥140000)

o

£

o000
250000

Probabliity of safe navigated IMN

as00000

g
o o ation saiad






OPS/images/logo.jpg
& frontiers | Frontiers in Surgery





OPS/images/fsurg-09-1048885-g002.jpg
Sensitlvity Analysis for surgical volume

0 Novigned
-






OPS/images/fsurg-09-1048885-g001.jpg
Failure requiring salvage:
treatment of THA

‘Saivege teatment of THA
Dead
Inside safe zone

Inside safe zone

Dead
Failure equiring salvage.

treatment of THA ‘Salvage veatment of THA

Desd

Navigated Ouside safe zone

Salvage treatment of
THA

Failure requiring salvage
treatment of THA

Salvage veatmentof THA

Intertrochaneric fracture

Failure equiring salvage
treatment of THA

L P ——

Dead -

Inital fixation

Outside safe zone.
Dead

Salvage treatment of i
el Salvage veament of THA

Desd





OPS/images/fsurg-09-1048885-g004.jpg
>

% Tharitions Cost-Effactive

e o B b i e G e scac b tod
to £l
i i

- g i L ae N,

e e d408 ik B ElEEE e

By gre qELL L m
i i
S -






