

  std-13-00006




std-13-00006







Surg. Tech. Dev. 2024, 13(1), 87-96; doi:10.3390/std13010006




Article



What Are the Risk Factors for Mechanical Failure in Spinal Arthrodesis? An Observational Study



Vincenzo Peccerillo 1,*, Antonio Culcasi 1, Riccardo Ruisi 1, Francesca Amaducci 1, Maria Grazia Benedetti 2, Marco Girolami 3, Andrea Evangelista 1 and Mattia Morri 1





1



Servizio di Assistenza Infermieristica, Riabilitativa e Tecnica (SAITeR), IRCCS Istituto Ortopedico Rizzoli, Via G.C.Pupilli, 1-40136 Bologna, Italy






2



Struttura Complessa di Medicina Fisica e Riabilitativa, IRCCS Istituto Ortopedico Rizzoli, Via G.C.Pupilli, 1-40136 Bologna, Italy






3



Struttura Complessa di Chirurgia Vertebrale, IRCCS Istituto Ortopedico Rizzoli, Via G.C.Pupilli, 1-40136 Bologna, Italy









*



Correspondence: vincenzo.peccerillo@ior.it







Citation: Peccerillo, V.; Culcasi, A.; Ruisi, R.; Amaducci, F.; Benedetti, M.G.; Girolami, M.; Evangelista, A.; Morri, M. What Are the Risk Factors for Mechanical Failure in Spinal Arthrodesis? An Observational Study. Surg. Tech. Dev. 2024, 13, 87–96. https://doi.org/10.3390/std13010006



Academic Editors: Ralph Mobbs and Egidio Riggio



Received: 18 October 2023 / Revised: 20 February 2024 / Accepted: 2 March 2024 / Published: 7 March 2024



Abstract

:

Background: The aim of this study was to identify the incidence of early mechanical failure in the first post-surgical year in patients who had undergone spinal surgery and to assess the related risk factors. Methods: A retrospective observational study was conducted examining all patients who consecutively underwent arthrodesis surgery. The incidence of postoperative mechanical failure during the first year was calculated as the primary outcome. Results: A total of 237 patients were identified for statistical analysis. The median age of the group of patients was 47 years (IQR of 44), and 66.6% were female. The incidence of mechanical failure in the first postoperative year was 5.1% overall, with 12 events, and the median time between surgery and the need for revision surgery was 5 months (IQR = 7.75). ASA score (OR = 2.39; p = 0.134), duration of the surgical procedure (OR = 1.27; p = 0.118), and inability to walk at discharge (OR = 7.86; p = 0.007) were independent risk factors associated with the mechanical failure. Conclusions: A higher ASA score and longer duration of surgery were risk factors for mechanical failure in the first year in patients who had undergone spinal surgery and must be carefully considered when planning spinal surgery. Early recovery of ambulation must be encouraged to prevent mechanical failure.
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1. Introduction


In recent decades, thanks to improvements in the surgical techniques and instrumentation available, there has been a considerable increase in the use of spinal fusion surgery for the treatment of degenerative spinal pathologies [1,2].



In recent decades, the focus of instrumented spinal surgery has shifted from a method to correct deformities to a method to restore stability and maintain natural balance. The development of materials and techniques has evolved, and today, fixation systems can include different modalities and techniques. The surgeon may approach the spine from the back (posterior), the front (anterior), or the side (lateral). The approach depends on the level of the spine that will be fused and other factors [1].



Such surgery seeks to limit the movement of spinal segments that cause pain after spinal fusion. The main pathologies in which this procedure is indicated are adult scoliosis, kyphosis, disc herniation, vertebral fractures, spinal stenosis, and spondylolisthesis [3,4]. Spinal fusion is surgery to connect two or more bones in any part of the spine using metal plates, screws, or rods that might hold the bones together.



The outcomes following such procedures, which often vary widely in terms of the type and number of vertebrae involved, are not clear and, to date, no true postoperative care best practice has been identified to achieve the best results. A survey conducted in two European countries showed that the care provided in the preoperative, operative, and postoperative phases is provided very differently for patients undergoing lumbar spine fusion [5].



In the postoperative period, a significant number of patients may experience postoperative mechanical complications such as implant breakage and proximal or distal junctional syndrome, i.e., degeneration of the vertebral segment adjacent to the stabilized district.



This condition often requires revision surgery with intra- and peri-operative complication risks of 18% and 39%, respectively [6]. Proximal junctional failure and rod fracture are cited by Yasuda et al. [7] as the main causes of revision surgery following a mechanical failure problem, although the risk factors for this event should not be looked for in mechanical problems alone. In a 2021 systematic review, Noh et al. reported an overall incidence of rod breakage of 12%, with a variability from 7 to 18% [8]. Such an event has a negative impact on the patient’s health and often makes new instrumental revision necessary [9,10]. Mohi Eldin et al. reported that, in procedures using pedicle screws in the lumbar region, mechanical failure occurs early, within the first six months after surgery [11]. Therefore, an understanding of the relative risk factors associated with the mechanical failure of the systems used is increasingly important [12,13,14]. The most frequently investigated risk factors are related to patient demographics and radiological and surgical techniques [15,16,17]. Old age, a higher body mass index (BMI), prior spinal surgery, and pedicle subtraction osteotomy were the risk factors identified by Noh et al. [8].



Early recovery of ambulation after such surgeries is encouraged in clinical practice [18], but is not always an easy goal to achieve. To date, a ‘best practice’ for the post-surgical treatment of patients undergoing larger arthrodesis has not been defined and the rehabilitation approach appears to be implemented very heterogeneously [19]. Currently, early mobilization programs—understood as transfer and ambulation training—are playing an increasing role in managing pain symptoms and preventing complications after spinal surgery [20,21,22]. In contrast, the role of such recovery in relation to possible mechanical failure in the first year after surgery is poorly described in the literature.



The aim of this study was to identify the incidence of early mechanical failure in the first post-surgical year in patients who had undergone spinal surgery for degenerative disease and to assess the related risk factors.




2. Materials and Methods


2.1. Study Design


The article is designed as a retrospective observational study.




2.2. Setting and Patients


This study was conducted at a spinal surgery unit of an Italian single-specialty orthopedic hospital, examining all patients who consecutively underwent surgery between March 2018 and March 2019. A computerized system was used to identify the patients who could be possible candidates for the study. The inclusion criteria were: patients who had undergone, for the first time, spinal arthrodesis for degenerative disease involving the use of some form of instrumentation (rods or screws). All patients were included, irrespective of the diagnosis that led to the need for such surgery. The exclusion criteria were: patients who had undergone a spinal procedure without the application of any instrumentation—i.e., herniectomy, vertebroplasty, and laminectomy—and subjects admitted for mechanical dysfunction and undergoing revision surgery for a previous failed surgery.



The study was approved by the Ethics Committee with the protocol number 0007166 and was registered on the Clinicaltrials.gov database (NCT04983576). Last data access is on 1 March 2024.




2.3. Surgical Procedure


The posterior arthrodesis procedure consisted of applying a high screws density inside the pedicles, which were then connected with a rod, and securing nuts to ensure the implant’s biomechanical tightness and promote vertebral fusion. The screw size was 6.0 mm and 2 rods were used in the construction. Based on the clinical evaluation and biomedical imaging, a team of experienced orthopedic surgeons determined the most appropriate surgical modalities, such as the number of levels to be stabilized and the best surgical approach (screw size and number of rods). The surgical procedure was discussed and planned by orthopedic surgeon teams that were the same for all patients who had undergone surgery enrolled in the study. This aspect ensured a similar surgical approach for all the enrolled patients.




2.4. Postoperative Care and Rehabilitation


In the postoperative phase, the patients were followed by a multidisciplinary team of orthopedic surgeons, physiatrists, nurses and physiotherapists. This team was tasked with discussing any problems that may have arisen during the course of postoperative treatment and monitoring of the patient’s recovery, establishing the timing of discharge and any orthosis prescription. On the basis of the patient’s clinical condition and home care network, the post-discharge care pathway was decided. Before discharge from the hospital, X-rays were checked.



Physiotherapy started the day after surgery and included two exercise sessions per day, Monday through Friday, and an additional session on Saturday morning. Each physiotherapy session lasted 30 min and was delivered by a physiotherapist experienced in orthopedic spine surgery. The aim of rehabilitation was to recover basic autonomy and early walking. The physiotherapy session included two steps. The first step included bed exercises performed independently by the person and an assessment of muscular or sensory deficit. The second step of treatment included assistance with verticalization maneuvers to sit up and stand upright, walking, and training on climbing stairs. Furthermore, the physiotherapist instructed on postures and movements allowed or not. The patient was encouraged to repeat the learned exercises independently, to get out of bed, and to ambulate. Training was also provided to the caregiver in order to help the patient with recovery of autonomy.



The routine follow-up was 3 and 9 months after discharge from the hospital. After the first visit, the patient was free to have full mobility and physical activity. To check for bone healing, the CT scan was at 9 months.




2.5. Outcomes


The primary outcome was the incidence of postoperative mechanical failure during the first year, and was calculated as the ratio between the number of diagnoses of mechanical failure and the total number of arthrodesis procedures performed. The diagnosis of mechanical failure included the diagnosis of rod and/or screw breakage (bilateral or unilateral), vertebral fracture proximal or distal to the instrumentation, mobilization of the fixation device without breakage thereof, and junctional syndrome for which the instrumentation required revision. The diagnoses were collected by the physiotherapist in charge of the research by consulting the patient’s medical records. The diagnosis had to be made during the first year after surgery. The secondary outcome was the assessment of the time elapsed between the date of surgery and the diagnosis of mechanical failure.




2.6. Variables Collected


Possible risk factors were identified through the literature and multidisciplinary discussion among professionals (nurses, physiotherapists, physiatrist, and orthopedic surgeon) [13]. The variables collected were summarized in three groups:




	
Demographic variables: age, sex, body mass index (BMI), smoking, diagnosis of diabetes, diagnosis of depression, diagnosis of osteoporosis, anesthesiologic risk defined preoperatively with the ASA score, anamnesis of previous spinal surgery but not arthrodesis, the diagnosis that led to surgery.



	
Surgical and postoperative variables: number of spinal levels involved in the stabilization, involvement of the lumbosacral vertebrae, length of surgery (calculated at 15 min intervals), surgical approach (posterior and other), bone graft surgery procedure, ability to walk more than 10 m at hospital discharge without aids, time of immobilization after surgery, time between surgery and walking recovery and length of stay.








The data were collected by consulting the patients’ clinical records, available on the computer system. From each file, information was gathered starting from the day of admission to the ward up to the day of discharge and any subsequent re-admissions or outpatient visits. The research physiotherapists were in charge of collecting the data and recording them in a computer database.




2.7. Statistical Analysis


A descriptive analysis of the data was performed using the central trends, frequencies, and relative dispersion measures for the individual outcomes and variables. The relationship between the primary outcome and the other variables was investigated using an ordinal logistic regression model and the independent variables were selected applying a backward procedure, first limiting any confounding by including all variables in the model and then adjusting the effects for all the factors analyzed. The variables were then removed individually at each step, starting with those with the highest p-value. The selection process was suspended until all the variables included in the model proved significant. The level of significance was set at p < 0.157. A receiver operator characteristic (ROC) curve analysis was used to check the logistic regression model. Statistical interpretation of the data was performed using SPSS software.



A post hoc power calculation was undertaken, as a convenience sample was being used. In the unmatched cohort, assuming a type I error of 0.05, as well as the rate of primary outcome and study group size as that reported in the results, the analysis had 95% power, adequate to undertake and report on the analyses of interest. With a sample size of 250 patients eligible for inclusion in the study and with the expected incidence of mechanical problems according to data available in the literature ranging from 7 to 12%, 18 to 30 events are to be expected.





3. Results


In total, 306 patients eligible for the study were identified. Of these, 7 could not be enrolled for data loss, 26 were lost to the study as they did not show up for their follow-up visits, and 36 were admitted for mechanical dysfunction and undergoing revision surgery for a previous failed surgery. The statistical analysis was, therefore, conducted on a total of 237 patients. Figure 1 shows the relevant flow chart.



The mean age of the group of patients was 47 years (IQR of 42), and 66.2% were female. The baseline characteristics and the variables gathered for all patients enrolled are summarized in Table 1.



The incidence of mechanical failure in the first postoperative year was 5.06% overall with 12 events. If considering implant breakage alone, the incidence was 2.2%, for screws loosening, it was 1.6%, and for junctional fracture it was 1.3%. The median time between surgery and the need for revision surgery following the diagnosis of mechanical failure was 5 months (IQR = 7.75). Among the 12 patients diagnosed with mechanical failure undergoing a first surgical revision, a second surgical revision was required for 4 patients (or 33.3%). From the multivariate analysis (Table 2), the ASA score (OR = 2.396; p = 0.134), duration of the surgical procedure (OR = 1.27; p = 0.118), and achievement of walking (OR = 7.86; p = 0.007) were the independent risk factors for mechanical failure.




4. Discussion


The incidence of mechanical failure in the first year after surgery was 5.06%, with the time to diagnosis of the issue from the time of surgery being a median of 5 months. This is below the overall incidence presented by Noh et al. [8] in their systematic review of the literature, which reported a rate of 12% for implant breakage alone. This difference can be explained by a much longer follow-up for the studies selected by Noh et al., where the average time to breakage was calculated to be 23.4 months after surgery.



The comprehensive data collection, the enrolment of all consecutive patients, the standardized treatment provided by the same team of healthcare professionals, and the different variables also collected regarding postoperative care were the strengths of the study and ensured its robustness, despite the low number of mechanical failures collected.



The independent risk factors for mechanical failure revealed by the multivariate analysis were ASA score, duration of surgery, and failure to recover ambulation without aids during hospitalization.



Lynch et al. [23] showed a result in the opposite direction. In patients who underwent single-level lumbar spine fusion surgery, the ASA score was not a significant risk factor for the possible complications or functional recovery of patients in the first two postoperative years. This difference in outcome could be explained precisely by the population considered. In the present study, the median number of spinal levels involved in the surgery was 5, with a range from 2 to 12, thus, with a type of surgery certainly more important than and different from the Lynch study. In line with this hypothesis, it should be noted that, also in the study by Phan et al. [24], it was shown that, for patients undergoing cervical arthrodesis, the American Society of Anesthesiologists (ASA) score could be a valuable tool in identifying patients most at risk of hospital readmission in the first 30 days after surgery. Among the independent predictors of implant-related complications identified by Soroceanu et al. [14], the ASA score was also significant.



Among the surgical variables, a longer length of the arthrodesis and a longer length of the surgical procedure were risk factors for mechanical failure. Specifically, in our study, length of surgery (calculated at 15 min intervals) increased the risk of rupture by more than twofold after a certain threshold. Several authors [16,17,25] have reported this association in the literature. Aldebayan et al. [25] reported that operations lasting at least 4 h and 19 min were associated with poorer functional outcomes at discharge, thus, it was more likely that the patient would be discharged to a healthcare facility rather than to their own homes. Demura et al. [17], in a pediatric population, identified a slightly higher cut-off with a surgery duration greater than 5 h as a predictor of postoperative complications.



A closer follow-up may be considered in patients who have a high ASA score and in those undergoing a long surgery. These patients are at a higher risk of mechanical failure and should be encouraged to be more aware of this complication and alert for possible signs and symptoms.



In the present study, other surgical variables were not found to be risk factors for mechanical failure. Based on the systematic review of Noh et al. [8], Bae [26] highlighted that fusion level, rod diameter, rod material, and change in sagittal parameters were not effective for rod fracture. Advancements in surgical planning, techniques, and surgeon experience could explain the reduction in the role of surgical procedures in causing mechanical complications [27].



Among the variables involving postoperative care, the inability to regain ambulation has proved to be a significant risk factor. The importance of the early recovery of ambulation after spine surgery has been reported by several authors [20,21]. Lovecchio et al. [22], considering a population of adults diagnosed with spinal deformity, reported, in a multivariate analysis, the recovery of ambulation as a protective factor for postoperative complications. In the present study, recovery of ambulation also played an important role in the medium and long term. It can be assumed that early verticalization provides mechanical stress on the vertebral bony tissue, thus stimulating the calcification process, and this most likely facilitates the stabilization of the instrumentation inserted during the arthrodesis procedure. The importance of loading in healing after stabilization surgery has already been highlighted in other types of interventions, such as stabilization after tibial diaphysis fracture [28,29,30,31]. Further studies on a specific population such as those undergoing spinal arthrodesis surgery are needed to better understand the role of loading in the postoperative calcification process. In addition, the possibilities and timing of ambulation recovery for these patients have not been fully explored.



In clinical practice, the data from this study seem to support the need to implement care aimed at the early recovery of ambulation without aids in all arthrodesis patients, regardless of diagnosis or the number of vertebral levels stabilized. Patients should be encouraged to walk several times a day and for progressively longer distances from the early stages of postoperative care. The data show that patients with a higher incidence of mechanical failure are also those with a longer immobilization time in bed. This indication should be taken into account when planning the postoperative course of care and implementing physiotherapy treatment. Several authors have pointed out the risk for patients to develop a reduced walking ability and less than what might be expected after lumbar spine surgery [32,33]. For more complex spinal procedures—those involving multiple spinal sections and multiple levels—the suitability of early mobilization approaches is unclear, and the factors that may play a role in delaying the early recovery of ambulation are not described.



In order to improve our knowledge about mechanical failure in the future, studies must be planned taking into account a number of elements that have emerged. Firstly, in order to achieve a consistent sample size with respect to an event with a limited incidence such as mechanical failure, the planning of multicentric studies will be encouraged. Secondly, studies should be prospective, with the possibility of prolonged follow-up over time, so that mechanical failure events occurring over time can also be intercepted. The longevity of arthrodesis implants is an aspect that will have to be investigated in order to really assess the impact of this type of intervention. Finally, not only the aspects related to surgical procedures and clinical characteristics will have to be taken into account as risk factors, but also all aspects related to lifestyle, occupation, and functional capacity, which, in the long term, may have a positive or negative impact on the longevity of the instrumentation. Certain repeated movements over time or certain stressful activities for the spine over time could be the cause of instrument failure and will have to be taken into account.



Limits: the study does have some limitations. First of all, the relatively low incidence of the primary outcome did not allow for an analysis within the individual diagnostic categories (scoliosis, discopathy, stenosis, spondylolisthesis, and others). This was not one of the objectives of this study, but on the basis of the reported incidence data for each category, further studies will be needed. The study sample size was in line with the published studies in the literature, where it ranged from 30 to 526 [8], and, according to the authors, nevertheless allowed for a consistent answer to the study’s research question. Specific studies for different types of diagnosis are necessary to verify if the results found can be generalized for all patients undergoing arthrodesis.



Secondly, this is a retrospective study and data were collected by consulting the patients’ medical records, which were available on the computer system. Clinical records and follow-up data were not available for 7 and 26 patients, respectively. The retrospective nature of the study made it impossible to provide data about patients who did not return for postoperative routine follow-up. The reasons for this choice by patients may vary, but it cannot be excluded that they were also related to postoperative complications, including mechanical failures. On the other hand, missed data were limited and the collected data were carefully checked and are comprehensive, therefore, they allowed for an adequate statistical analysis of the primary outcome.



The results of this study may form the basis for planning prospective studies. The patient’s lifestyle in the postoperative period is a factor that should be considered as a possible predictor. Repetitive bending or twisting movements of the trunk during activities of daily living or work could cause stress for the arthrodesis and facilitate mechanical failure.




5. Conclusions


Mechanical failure is an important postoperative complication after spinal arthrodesis in the first year after surgery. A higher ASA score and longer duration of surgery are risk factors for mechanical failure and must be carefully considered when planning spinal surgery. During hospitalization, the recovery of ambulation must be encouraged, showing a positive association with a reduced risk of mechanical failure. Early verticalization can put mechanical stress on the vertebral bony tissue, thus stimulating the calcification process, and this most likely facilitates the stabilization of the instrumentation inserted during the arthrodesis procedure.



All these factors will be useful for better identifying patients, and a closer follow-up is needed.
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Figure 1. Enrollment process. 
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Table 1. Patient’s characteristics. Data were n (%) for categorical variables and median (IQR: interquartile range) for continuous variables.
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	Variables
	Total

N = 237
	Not Mechanical Failure

N = 225
	Mechanical

Failure

N = 12





	Age, median (IQR)
	47 (40)
	46 (42)
	60.5 (35)



	Sex, Female, n (%)
	157 (66.2)
	151 (67.1)
	6 (50)



	Body Mass Index (BMI), median (IQR)
	23 (7)
	23 (7)
	26 (12)



	Smoking, n (%)
	64 (27)
	60 (26.7)
	4 (33.3)



	Diabetes, n (%)
	14 (5.9)
	12 (5.3)
	2 (16.7)



	Depression, n (%)
	25 (10.5)
	23 (10.2)
	2 (16.7)



	Osteoporosis, n (%)
	26 (11)
	23 (10.2)
	3 (25)



	ASA Score, median (IQR)
	2 (1)
	2 (1)
	2.5 (1)



	Anamnesis of previous spine surgery, n (%)
	48 (20.3)
	42 (18.7)
	6 (50)



	Diagnosis, n (%)
	
	
	



	
	-

	
Scoliosis






	112 (47.3)
	107 (47.6)
	5 (41.7)



	
	-

	
Discopathies






	45 (19.0)
	43 (19.1)
	2 (16.7)



	
	-

	
Stenosis






	26 (11.0)
	25 (11.1)
	1 (8.3)



	
	-

	
Spondylolisthesis






	27 (11.4)
	26 (11.6)
	1 (8.3)



	
	-

	
Other (fractures/..)






	27 (11.4)
	24 (10.7)
	3 (25)



	Length of surgery (hours), median (IQR)
	4 (1)
	4 (1)
	3.5 (4)



	Posterior surgery access
	221 (93.2)
	211 (93.8)
	10 (83.3)



	Nr fused levels, median (IQR)
	5 (10)
	5 (10)
	8 (10)



	Bone graft, n (%)
	158 (66.7)
	151 (67.1)
	7 (58.3)



	Lumbosacral arthrodesis
	81 (34.2)
	77 (34.2)
	4 (33.3)



	Not free walking recovery at discharge
	50 (21.1)
	41 (18.2)
	9 (75)



	Time of immobilization after surgery, median (IQR)
	1 (2)
	1 (2)
	2.5 (3)



	Time from surgery to recovery ambulation, median (IQR)
	3 (3)
	3 (3)
	4.5 (6)



	Length of stay, median (IQR)
	11 (5)
	11 (5)
	17 (14)










 





Table 2. Logistic regression for 1-year failure. Factors included according to a backward * procedure with a p-for removal fixed at 0.157.
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Variables

	
B

	
E.S.

	
Wald

	
p-Value

	
OR

	
95% CI for OR




	
Lower

	
Upper






	
Length of surgery

	
0.241

	
0.155

	
2.442

	
0.118

	
1.273

	
0.940

	
1.723




	
ASA score

	
0.874

	
0.583

	
2.250

	
0.134

	
2.396

	
0.765

	
7.506




	
Not free walking recovery at discharge

	
2.062

	
0.761

	
7.351

	
0.007

	
7.863

	
1.771

	
34.914








* Included variables of the regression model: Age, BMI, Sex, Smoking, Diabetes, Depression, Anamnesis of previous spine surgery, Osteoporosis, Length of surgery, ASA score, Posterior surgery access, Nr fused levels, Lumbosacral arthrodesis, Bone graft, Diagnosis, Free walking, Time of immobilization after surgery, Time from surgery to recovery ambulation, Length of stay.
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