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			Abstract

			Purpose: This study aims to compare CTDR and ACDF functional outcomes and to determine whether our criterion to exclude patient from the CTDR cohort positively affects the results.

			Methods: We have conducted a single-center, prospective, observational study of two cohorts: CTDR n=88, and ACDF n=90. The choice of the method for the particular patient was not fully random – it depended on the assumed disqualification criterion for CTDR the lack of intra-operatively determined mobility. Both cohorts were clinically followed over the long-term (average: 8 years). Our results were summarized with the results of large randomized studies subjected by our team to a meta-analysis reported in full in separate paper. 

			Results: The patient-reported clinical evaluations similarly improved in both cohorts at follow-ups. The only noteworthy difference is EQ-5Dindex at 6 months: CTDR=0.79 in compare to ACDF=0.85, correllating with the difference in mean sum of VAS neck pain intensity and frequency scores: CTDR=7,1 and ACDF=5,6. However, the difference was not significant (p>0,05). The frequency of reoperation related to ASD in our study was 1.9%/level/year in ACDF and 0.6%/level/year in CTDR. The comparison of all these results with the results of the meta-analysis did not show any statistically or clinically significant differences. 

			Conclusion: Our study reveals that both methods are functionally effective. On the other hand, the assumed thesis that the lack of intra-operatively observed mobility of the index segment was to constitute a contraindication to CTDR cannot be considered true according to the comparison of our own study and meta-analysis results.

			Keywords: Cervical total Disc Replacement; Cervical disc arthroplasty; Anterior cervical discectomy and fusion; Cervical degenerative disc disease; Cervical discectomy; Smith-robinson; Qualification criterion; Demographically; Hypothetical qualification; Neck; Important difference; Same evaluation

			Abbreviations: CDTR: Cervical total Disc Replacement; CDA: Cervical disc arthroplasty; ACDF: Anterior cervical discectomy and fusion, CDDD: Cervical Degenerative Disc Disease; ASD: Adjacent Segment Disease

		

		
			Introduction

			Cervical Degenerative Disc Disease (CDDD) leads to neural structure compression, which may eventually result in radiculopathy. The most common CDDD-related symptom includes neck pain, which is typically associated with shoulder pain. Degenerative disc disease is also one of the main causes of cervical radiculopathy. It is the result of annulus fibrosus degeneration related to aging, which leads to perforations and tears within the disc. The indications for surgery in these cases include adequate visualization with diagnostic imaging, symptoms persistence for 

six weeks, and resistance to conservative treatment and/or progressive motor deficit that affects normal functioning [1,2].

			Anterior Cervical Discectomy and Fusion (ACDF) has been regarded as the standard technique used in the surgical treatment of Cervical Degenerative Disc Disease (CDDD) since 1955 at which point it was first introduced and then described by Smith and Robinson [3]. With a few modifications, it has become the gold standard among spine surgeons [1]. The fusion can be achieved in various ways, including auto- or heterogeneous bone grafts and/or the use of intervertebral implants made of various materials. An interesting modification of ACDF is the resorbable cage application. The resorbable cages, which are usually made of calcium lactate, are often filled with bone graft substitutes (such as calcium phosphate and/or hydroxyapatite). The mode of one of these cage’s action is to support the segment height while bony fusion is promoted through the central void filled with grafting material [4]. However, ACDF, as with any surgery regardless of the way it is performed, involves possible adverse effects [5]. 

			One of the most well-known adverse effects appears to be Adjacent Segment Disease (ASD). This effect is a degeneration of the segment adjacent to the level that underwent the operation and is likely due to changes in the distribution of biomechanical forces after fusion [6-8]. The incidence of ASD requiring further surgery ranges from 2% to 4%/year/level [9]. During the last two decades, so called Cervical Disc Total Replacement (CDTR) or Cervical Disc Arthroplasty (CDA) with mobile prostheses has become another very promising alternative for ACDF. It maintains the operated segment’s mobility and could probably protect it from ASD [10]. In order to compare the results of treatment after using both modern techniques, we planned a single-center, prospective, observational cohort study. Our study aimed to prospectively investigate the functional outcomes of Cervical Disc Total Replacement (CDTR) versus anterior cervical discectomy and fusion (ACDF) using resorbable intervertebral cages for the treatment of one or two levels of symptomatic CDDD at early to mid- to long-term follow-up. After that, our results were compared to RCTs meta-analyzed in the literature.

			Material and Methods

			This prospective cohort study consisted of two series of patients with one or two levels of CDDD who underwent surgery at one center during the period between November 2004 and March 2009. All of the patients were operated on by the same group of surgeons using the standard Smith-Robinson anterior approach and a microsurgical technique for discectomy in all cases. Each patient received either a Solis (Stryker, USA) resorbable cage implant (ACDF group) or a Prestige LP (Medtronic, USA) cervical disc prosthesis (CDTR group). A total of 178 patients were included in one of two cohorts and who had been treated either with a Prestige LP cervical disc prosthesis (up to 88 patients) or Anterior Cervical Discectomy and Fusion (ACDF) using a Solis resorbable cage implant (up to 90 patients). The choice of the method was not fully random; it depended on the assumed qualification criterion for arthroplasty in which lack of mobility found intra-operatively excluded the patient from the CDTR cohort and forced the surgeon to perform fusion. That is probably the reason that the cohorts were not equal demographically. 

			The ACDF group was almost ten years older, and patients qualified to enter this cohort probably presented with the more rigid, spondylotic CDDD variation. This difference between our series and fully randomized series from RCTs available in literature and reported by our team in a separate paper [11] prompted us to compare results to look for an answer to the question of whether our results are better for demonstrating that the hypothetical qualification criterion for CDTR applied at our institution was properly achieved. Both cohorts were clinically followed and compared at three, six, 12, and 48 months and afterwards surveyed by mail for long-term evaluation (>8 years). Functional evaluation included the Neck Disability Index (NDI), visual Analog Scale (VAS) scores for neck and/or arm pain, and EuroQol measurements (either EQ-VAS or EQ-5D3L). We also analyzed the differences in the resulting parameters in relation to their corresponding baselines to be compared with the values of the smallest change in the clinical parameters that the patient would consider significant (Minimal Clinically Important Difference [MCID]) derived from literature [12-15].

			Compliance with this follow-up in the CDTR and ACDF groups at three, six, 12, and 24 months was 93.2% (82/88) and 85.6% (77/90), 78.4% (69/88) and 46.6% (42/90), 70.5% (62/88) and 43.3% (39/90), 59% (52/88) and 41.1% (37/90), respectively. The long-term survey at a mean of eight post-operative years was answered by 55.7% (49/88) and 48.9% (44/90) of patients in the CDTR and ACDF groups, respectively Table 1. 

			Table 1: Summary of patients’ demographic characteristics in both cohorts.
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			There were 19 male and 69 female patients in the CDTR group, and the average age of the cohort was 41.9 years ±7.2 years. One level CDDD was treated in 79 patients, and two levels in nine patients. Sixty-two patients received surgery at the C5/C6 level, 27 at the C6/C7 level, six at the C4/C5 level, and two at the C3/C4 level. There were 36 male and 54 female patients in the ACDF group, and the average age of the cohort was 51.2 years ± 5.8 years. Seventy-two patients received treatment for one level while 18 patients underwent treatment for two levels. Fifty-five patients underwent an operation at the C5/C6 level, 38 patients underwent one at the C6/C7 level, 12 patients underwent an operation at the C4/C5 level, and three patients underwent one at the C3/C4 level. Over the course of the follow-up period, we have registered 17 re-operations due to adjacent segment disease. Fourteen of these patients came from the ACDF group, and the average interval between operations was 24.0 months. The remaining three patients belonged to the CDTR group and underwent subsequent surgeries at an average interval of 82.5 months after the primary operations. We tested the data statistically using the Shapiro-Wilk test. Further analyses were performed using the Mann-Whitney test.

			Results

			The patient-reported outcomes were similar in both cohorts, particularly with respect to the EQ-VAS and neck/arm VAS scores. All of the patients exhibited statistically significant improvement during all of routine 3-, 6-, 12-, and 24-month follow-up evaluations and at the long-term follow-up. Favorable outcomes were observed with either the EQ-5D index or EQ-VAS and NDI. The only noteworthy difference in functional outcomes between the CDTR and ACDF groups was the EQ-5D index at six months, which was 0.79 for CDTR compared with 0.85 for the ACDF group. The difference was not statistically significant (p >0.05). The difference in the mean value of VAS neck pain intensity and frequency scores over the same evaluation period was also not statistically different (7.1 and 5.6, respectively) (p >0.05) (Figure 1).
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			Twenty-four months after the operation, nine ASD cases out of the 90 ACDF patients and no ASD cases in the CDTR group were observed in our series. The resulting odds ratio was 0.05 with 95% confidence Interval (CI) equal (0.00; 0.94). This result was in line with the majority of prospective randomized trials analyzed by our group and in those reported in a separate meta-analysis [11] in which the odds ratio was <1 and should be interpreted as a lower chance of ASD in the CDTR than ACDF group (Figure 2). Most CIs of the analyzed papers and the total result of the meta-analysis exceeded line one, so the real effects could have a value above one [16-23]. Papers with narrower confidence intervals, including larger samples, also indicated a lower chance of ASD in the ACDF group although among them, line 1 was exceeded.

			During the long-term follow-up at our institution (up to eight years), we conducted 13 secondary surgeries at adjacent levels in the ACDF group and four secondary surgeries at adjacent levels in the CDTR group (Figure 2). The resulting odds ratio had a value of 0.28 with a 95% CI equal to (0.09; 0.91). This result was also in line with the majority of the examined RCTs in which the odds ratio was <1, which should be interpreted as a lower chance of developing ASD in the CDTR group than in the ACDF group [18, 24-26]. Apart from one case [24], the Cis of the analyzed reports and the total meta-analysis result did not exceed the one line. In comparison to the analyzed ASD 24 months after surgery, for data >60 months, a clear advantage of the CDTR with respect to ASD was observed (Figure 2).
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			Twenty-four months after the operation, the average difference between CDTR and ACDF for the NDI parameter was 1.18 with a 95% CI of –2.18; 4.54 (Figure 3). This resulted in higher NDI values for the CDTR; therefore, the patients treated with ACDF presented greater NDI benefits. This result was not consistent with the results obtained on the basis of the RCTs’ analysis and combined effects of the meta-analysis [16,18,23,27,28]. In most of the analyzed papers, the average difference was <0, which would indicate an advantage to using the CDTR method. An accurate analysis was complicated by wide and overlapping CIs. 
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			In our data for long-term observation, the average difference between CDTR and ACDF cohorts for the NDI parameter was –4.17 with a 95% CI of –8,90; 0.56 (Figure 3). This resulted in higher NDI values for the ACDF method; therefore, the patients treated with CDTR presented greater benefits with respect to the NDI. This result was in line with the results obtained on the basis of RCT analysis, for which the CIs did not exceed the zero line [17, 29]. It should be mentioned that the work of Radcliff et al. included two-segment operations [29]. An accurate analysis was complicated by wide and overlapping CIs and the small number of included papers.

			Twenty-four months after the operation, the average difference between CDTR and ACDF cohorts for the VAS neck parameter was –0.47 with a 95% CI of –1.77; 0.83 (Figure 4). This resulted in higher VAS neck values for the ACDF; therefore, the patients treated with CDTR presented greater benefits with respect to NDI. This result was in line with the results obtained on the basis of the collected RCT analysis and the combined effect of their meta-analysis [16, 18, 23, 28]. In most papers, the average difference was <0, which would indicate an advantage of using the CDTR method. An accurate analysis was complicated by wide and overlapping CIs. In our long-term observation data, the mean difference between CDTR and ACDF cohorts for the VAS neck parameter was –1.10 with a 95% CI of –2.75; 0.54 (Figure 4). This resulted in higher VAS neck values for the ACDF; thus, the patients treated with CDTR benefited more from using the VAS neck score for the evaluation. This result was in line with the results obtained on the basis of the analysis of two analyzed RCTs; for them, the CIs did not exceed the zero line [17, 29]. 
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			Twenty-four months after the operation, the average difference between CDTR and ACDF cohorts for the VAS arm parameter was 0.83 with a 95% CI of –0.35; 2.01 (Figure 5). This resulted in higher VAS neck values for the CDTR method; therefore, the patients treated with ACDF had greater benefits with respect to the VAS arm. This result was not consistent with the results obtained on the basis of the analysis of the collected works and the combined effect of the meta-analysis [16,18,23,28]. In most studies, the average difference was <0, which would indicate an advantage to using the CDTR method. An accurate analysis was complicated by wide and overlapping CIs.
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			In our long-term observation data, the average difference between CDTR and ACDF for the VAS arm parameter was –1.24 with a 95% CI equal to –2.75; 0.27 (Figure 5). Such a result indicated higher VAS arm values for the ACDF; therefore, the patients treated with CDTR benefited more from the VAS arm. This result was in line with the results obtained on the basis of the analysis of the two collected works [17,29]. It should be mentioned that the work of Radcliff et al. included two-segment operations, and only for this work did the CI exceed the zero line [29]. An accurate analysis was complicated by wide and overlapping CIs and the small number of included papers.

			In our series, the mean difference between the values of the NDI parameter in the pre- and post-operative CDTR and ACDF groups was –2.88 with the 95% CI equal to –9.36; 3.60 (Figure 6). This resulted in higher NDI differences for the ACDF; therefore, the patients treated with ACDF presented greater NDI benefits. This result was not consistent with the results obtained on the basis of the RCT analysis and the combined effect of their meta-analysis [24,28,30,31]. In most papers, the average difference in differences was >0, which would indicate an advantage to using the CDTR method. The difference between pre- and post-operative values in the NDI parameter range for the group did not exceed the MCID threshold determined on the basis of data from the literature [12–15].
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			In our series, the mean difference between the values of the VAS neck pre- and post-operative parameters in the CDTR and ACDF groups was –0.89 with a 95% CI of (-2.30; 0.52) (Figure 6). Such a result indicated higher values of differences for the CDTR; therefore, the patients treated with ACDF had greater benefits with respect to the VAS neck score. This result was not consistent with the results obtained on the basis of the analysis of the collected RCTs and the combined effect of their meta-analysis [24,28,31]. In most papers, the average difference in differences was >0, which would indicate an advantage to using the CDTR method. The difference obtained for the group did not exceed the MCID threshold determined on the basis of data from the literature [12-15]. 

			In our series, the average difference between the VAS arm parameter values in the pre- and post-operative CDTR and ACDF cohorts was found to be 0.97 with a 95% CI equal to –0.47; 2.41 (Figure 6). Such a result indicated higher values of differences for the CDTR method; therefore, the patients treated with CDTR presented greater benefits than those treated with ACDF. This result was in line with results obtained on the basis of the collected RCT analysis and meta-analysis effects [24,28,31]. In most papers, the average difference in differences was >0, which would indicate an advantage to using the CDTR method. 

			In all of the above assays, accurate analyses were complicated by wide and overlapping CIs.

			Discussion

			To the best of our knowledge, our series is the largest prospective series originating within a single center that compared CDTR with ACDF with results available in the literature until the end of 2017. Our series was the only one comparing CDTR to ACDF with the use of resorbable cages. As previously mentioned, anterior cervical discectomy and fusion is considered by some to be the gold standard for the surgical treatment of cervical disc herniation [1, 32]. Its efficacy varies from 70% to 90% regardless of the method used for the fusion [1]. In this study, we used the clinical data from post-ADCF patients who had received resorbable cages, which was proposed in the last decade and was regarded as equally effective as standard cages, as a referral tool to evaluate the efficacy of CDTR [4]. Permanent fusion of degenerated segment changes biomechanical conditions and shifts the distribution of forces to adjacent segments, which most likely leads to their accelerated degeneration and the occurrence of ASD [8, 9, 33]. CDTR, in turn, is a technique that is expected to retain mobility in the segment that underwent surgery, which in theory, should reduce the probability of complications such as ASD [10]. Despite the use of artificial disc prostheses over the last several years, there has been no clear evidence that such prostheses are preferable to classic ACDF [34]. The superiority of CDTR versus ACDF has been an issue of great controversy for years. Recently, a number of studies have suggested better results after using CDTR in some aspects (such as better functional outcomes, fewer adverse events, and fewer secondary surgical procedures) [35-49]. It should be noted that the differences between both methods were quite small, and the follow-up duration of the analyzed papers was up to five years. 

			We were also unable to demonstrate without any doubt the superiority of either of these two surgical techniques according to clinical parameters evaluated at the follow-ups. In this regard, our observation is consistent with the previously described publications. The only difference between our series’ cohorts was noted in the functional outcome expressed as the EQ-5D index at six months (Table 1) in favor of ACDF. In an analogous manner, the same is valid for the VAS neck (neck pain intensity and frequency) scores at 6 months (Figure 1). A plausible explanation might be the relative hypermobility of the segment that underwent the operation, which might lead to transient increase in neck pain. As the segment that underwent the operation heals over time, poorer outcomes were not observed at longer follow-up durations. We have to admit that we did not find a similar phenomenon in a review of the literature.

			The frequency of re-operation related to the appearance of ASD in our study was 1.9%/level/year in the ACDF group, which is slightly lower than that in the classic study of Hilibrand, which was 2.9%/level/year [9]. This difference in the findings is likely due to the evolution of surgical techniques and imaging methods over the past 20 years. In the case of CDTR, we achieved a significantly lower frequency of 0.6% /level/year. A lower incidence of ASD after using CDTR has also been demonstrated in a meta-analysis of Jiang et al. [50], but the authors point out that the quality of included studies was of low quality. A meta-analysis of eight prospective studies by Luo et al. drew similar conclusions [51]. These authors showed that the frequencies of ASD in the ACDF and CDTR groups were 1.31% and 0.49%/year, respectively. However, the follow-up time was only 24 months. In a recent meta-analysis of six prospective studies, Verma et al. [52] showed that the occurrence of ASD after ACDF was 2.4%/year (SD = 1.7), and the occurrence of ASD after CDTR was 1.1%/per year (SD = 1.5). In this case, the follow-up time was five years. This difference was statistically insignificant, which indicates that the frequency of ASD in both groups was the same. 

			 The apparent disadvantage of our cohort survey is the lack of full patient randomization. When qualifying for individual cohorts, we assumed that the lack of mobility in the segment that underwent surgery should be a criterion to exclude a patient from the arthroplasty group. We also established that the lack of this mobility should be assessed intraoperatively rather than on the basis of pre-operative functional radiographs, which may give false negative results due to strong neck muscle tension in acute neck pain syndromes. However, it is precisely this difference between the two cohorts resulting from the assumed criterion that enabled us to formulate the assumption that the combination of our results with the results of randomized trials could confirm that our criterion for disqualification from CDTR was the correct choice. 

			As early as the 24-month follow-up in our series, nine ASD cases requiring the next operation in the ACDF group and none in the CDTR group were recorded (odds ratio [OR] = 0.5, 95% CI [0.00; 0.94]) and this result was more favorable for CDTR compared to the result of the meta-analysis (OR = 0.63, 95% CI [0.44; 1.03]). 

			This trend was maintained over 60 months in which the distinct advantage of ASD over ACDF was observed both for our own series and in all of the analyzed publications. Unfortunately, in our opinion, it seems that these differences do not allow us to make a conclusion about the correctness of our assumption. It is more likely that the above result was influenced by demographic data, which included the criterion of excluding patients with intraoperative segment immobility, and also the fact that patients in the ACDF cohort were on average 10 years older than in the ACDF cohort. This finding makes it appear that patients are more vulnerable to ASD resulting from natural causes. Also, the comparison of our series’ results within the scope of other clinical questionnaire parameters with the results from the meta-analysis does not indicate significant differences in the evaluated clinical parameters and therefore does not allow any conclusions to be drawn; however, with respect to the hypothesis that there are no indications for arthroplasty in patients in which we find intraoperative lack of mobility in the segments that underwent surgery, this hypothesis seems exceptionally attractive. Perhaps further, better-designed studies will be able to confirm this hypothesis.

			Conclusion	

			Our study reveals that CDTR and ACDF are very functionally effective for the treatment of symptomatic CDDD in terms of either early or long-term outcomes. This fact confirms the concept that decompression is the most important factor in the surgical treatment of this disorder. In our study, it was possible to show a statistically significant importance of CDTR for the prevention of ASD, which still remains to be proven in the literature. We hope that such evidence will arrive soon with the publications of long-term results of high quality clinical trials. Based on the comparison of our material with the results of the meta-analysis, we were not able to absolutely prove the correctness of our hypothesis in which the lack of motion in the segment that underwent surgery is a contraindication to CDTR.
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Figure 3: NDI in 24-month (left panel) and 60-month follow-up (right panel).
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Figure 4: VAS neck at the 24-month (left panel) and 60-month follow-ups (right panel).
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Figure 1: Comparisons of pre- and post-operative outcome factors examined in both cohorts at follow-up time points.
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Figure 5: VAS arm in the 24- (left panel) and 60-month follow-ups (right panel)
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Figure 6: Differences in pre- and postoperative NDI (left panel), VAS neck (middle), and VAS arm (right panel) at the 24-month follow-up
evaluation
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Figure 2: Symptomatic ASD in 24-month follow-up (left panel) and 60-month follow-up (right panel)
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