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Abstract

Study Design—Retrospective analysis.

Objectives—To examine complications and rates of subsequent surgery following lumbar spinal 

fusion (LF) and lumbar total disc arthroplasty (TDA) at up to 5 years follow-up.

Summary of Background Data—LF is commonly used in the management of degenerative 

disc disease causing pain refractory to nonoperative management. Lumbar TDA was developed as 

an alternative to fusion with the theoretical advantage of reducing rates of adjacent segment 

pathology and reoperation. Most prior reports comparing these two interventions have come from 

industry-sponsored investigational device exemption trials and no large-scale administrative 

database comparisons exist.

Methods—The California Office of Statewide Health Planning and Development discharge 

database was queried for patients aged 18 to 65 years undergoing lumbar TDA and LF for 

degenerative disc disease from 2004 to 2010. Patient characteristics were collected, and rates of 

complications and readmission were identified. Rates of repeat lumbar surgery were calculated at 

90-day and 1-, 3-, and 5-year follow-up intervals.

Results—A total of 52,877 patients met the inclusion criteria (LF = 50462, TDA = 2415). 

Wound infections were more common following LF than TDA (1.03% vs. 0.25%, p<0.001). Rates 

of subsequent lumbar surgery at 90-day and 1-year follow-up were lower with lumbar TDA than 
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LF (90-day – TDA: 2.94% vs. LF: 4.01%, p=0.007; 1-year – TDA: 3.46% vs. LF: 4.78%, 

p=0.009). However, there were no differences in rates of subsequent lumbar surgery between the 

two groups at 3-year and 5-year follow-up.

Conclusions—Lumbar TDA was associated with fewer early reoperations, though beyond one 

year, rates of reoperation were similar. Lumbar TDA may be associated with fewer acute 

infections, though this may be approach-related and unrelated to the device itself.
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INTRODUCTION

Lumbar fusion (LF) is commonly performed for the treatment of severe degenerative disc 

disease (DDD) causing pain refractory to nonoperative management.1 The preferred method 

of fusion has been interbody fusion via a posterior or an anterior approach, or both 

combined for a circumferential fusion. Fusions performed for degenerative disc disease, and 

associated diagnoses, have become increasingly common over the past two decades, 

increasing 220% from 1990 to 2001 and increasing 2.4-fold from 2000 to 2009.2,3

Despite the relative frequency with which they are performed, lumbar fusions have several 

potential issues, such as pseudarthrosis and adjacent segment pathology (ASP).2 These 

complications can contribute to persistent low back pain and costly revision surgeries.4–8 

ASP is thought to be related to loss of motion and altered biomechanics after spinal fusion 

and/or to the natural history of degenerative arthritis.9–12

Given the success of arthroplasty in other orthopaedic subspecialties, lumbar total disc 

arthroplasty (TDA) was proposed as an alternative to lumbar fusion for the treatment of 

DDD. The theoretical advantage of lumbar TDA is that it restores disc height and alleviates 

pain without eliminating motion at the diseased segment, which may minimize rates of 

reoperation due to ASP.13,14 Additionally, lumbar TDA may allow for earlier patient 

mobilization by negating the need for activity restrictions often required for fusion 

maturation.

The U.S. Food and Drug Administration (FDA) approved the CHARITÉ Artificial Disc 

(DePuy Spine Inc., Raynham, MA) in 2004 and the ProDisc-L Total Disc Replacement 

(Synthes Spine Inc., West Chester, PA) in 2006.15 Lumbar TDA is FDA-approved for 

skeletally mature patients with single-level DDD and no more than a grade 1 

spondylolisthesis who have failed at least six months of nonoperative management. Several 

studies have reported that TDA is a safe and effective treatment for lumbar DDD.16–20 

Lumbar TDA has been found to be equivalent, and in some studies superior, to fusion in 

improving patient-perceived outcomes such as disability, pain intensity, and quality of 

life.16–19,21 However, studies comparing the development of ASP and reoperation rates 

between lumbar TDA and fusion have produced mixed results.22
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Given the paucity of data reported outside of industry-sponsored investigational device 

exemption (IDE) trials in the United States, there remains a need to report both acute and 

mid-term results following these procedures. The objectives of this study were: 1) to 

compare rates of complications and subsequent lumbar surgeries following lumbar TDA 

versus lumbar fusion at up to 5-year follow-up and 2) to identify factors associated with 

subsequent lumbar surgery following these procedures.

MATERIALS AND METHODS

Data Source

Data was obtained from California’s Office of Statewide Health Planning and Development 

(OSHPD) patient discharge database, which contains codes for up to 24 diagnoses and 20 

inpatient procedures per hospitalization from all licensed nonfederal hospitals in California. 

The OSHPD database also includes several patient characteristics including age, gender, 

race/ethnicity, insurance type, and comorbidities. Patients were assigned unique identifiers 

to allow for longitudinal tracking across multiple hospitalizations. This data was also linked 

to the California State Death Statistical Master File (DSMF), which allowed for the tracking 

of patient mortality.

Inclusion and Exclusion Criteria

The OSHPD database was queried for patients aged 18 to 65 years from 01/01/2004 to 

12/31/2010. International Classification of Diseases, Ninth Revision, Clinical Modification 

(ICD-9-CM) procedure and diagnosis codes were used to identify patients undergoing the 

procedures of interest (lumbar TDA – 84.65; lumbar fusion – 81.06, 81.07 or 81.08) and to 

eliminate patients meeting the exclusion criteria. Only patients with diagnoses of DDD were 

included. Patients with additional, potentially confounding diagnoses such as traumatic 

injuries, pathologic fractures, malignant neoplasms, congenital musculoskeletal disorders, 

inflammatory arthridities, and infections were excluded. All patients underwent single-level 

treatment. Patients who had multi-level fusion surgery (81.62, 81.63, 81.64) and patients 

who had procedures on multiple sections of the spine (e.g., both cervical fusion and lumbar 

fusion) were excluded. Finally, patients who underwent revision procedures as their first 

procedure within the study period were excluded (Figure 1).

Outcomes Studied: Complications and Rates of Subsequent Lumbar Surgery

Following the index procedure, patients were identified as having complications using 

diagnosis and procedure codes, as previously described.23 Patients were identified for death 

within 30 days from the admission date of index hospitalization using the DSMF. Rates of 

subsequent lumbar surgery were calculated by examining the time periods at 90 days and 1, 

3, and 5 years following each index procedure for additional lumbar surgery procedure 

codes.

Time-to-Event Analysis: Associations with Subsequent Lumbar Surgery

Time-to-event analysis was performed to assess the protective effect of lumbar TDA versus 

lumbar fusion on subsequent lumbar surgeries. Patients were assigned into one of three 

categories following the index procedure – a) having a subsequent lumbar operation, b) 
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death, or c) neither by the end of the study period. Covariates analyzed included patient age, 

gender, race/ethnicity, comorbidities, and insurance type. Time-to-event analysis was 

performed by examining each of these covariates for potential associations with subsequent 

lumbar surgery.

Statistical Analysis

Student’s t-tests and chi-square tests were used to evaluate differences in patient 

demographics for continuous and categorical variables, respectively. Comparisons of rates 

of comorbidities, complications, and subsequent surgeries were performed using Fisher’s 

exact tests. Logistic regression was used to determine the effects of independent variables on 

various complications. Time-to-event analysis was conducted using a Cox proportional 

hazards model with subsequent lumbar surgery as the dependent variable. All statistical 

analyses were performed using STATA 13 (StataCorp LP, College Station, TX).

RESULTS

Trends

From 01/01/2004 to 12/31/2010, a total of 52,877 patients met the inclusion criteria. After 

TDA was FDA-approved in 2004, the procedure represented a small fraction of lumbar 

surgeries performed for DDD. 2005 marked the highest number and relative rate of lumbar 

TDAs performed in a single year. The number of lumbar TDA procedures performed 

compared to fusions steadily decreased from 2005 to 2010 (Table 1).

Patient Characteristics

Of the 52,877 patients that met the inclusion criteria, 2,415 underwent lumbar TDA and 

50,462 underwent lumbar fusion. The mean age of patients undergoing TDA was lower than 

that of LF patients (47.2 ± 8.8 vs. 51.8 ± 9.1). There was a higher proportion of males in the 

TDA group than the fusion group (56.9% (N=1375/2415) vs. 50.8% (N=25612/50462)). The 

mean number of total comorbidities per patient was higher in the fusion group than in the 

TDA group (0.8207 vs. 0.4605, p<0.0001) (Table 2). Specific patient comorbidities that 

were more frequent in the fusion group than the TDA group are listed in Table 3.

Postoperative Complications and Readmissions

The rate of all-cause readmissions following the index procedure was higher in the fusion 

group than the TDA group (6.04% vs. 4.76%, p=0.009). However, logistic regression 

analysis isolating the effect of individual variables on readmission demonstrated no 

difference in readmission rates between the two procedures (TDA OR 0.93, 95% CI 0.77–

1.13, p=0.456). There were 72 deaths in the fusion group and no deaths in the TDA group, 

but this difference was not significant. Wound infections were more common following LF 

(LF: 1.03%; TDA: 0.25%, p<0.001) (Table 4). This difference was confirmed by logistic 

regression analysis, which demonstrated a lower risk of infection following TDA (TDA OR 

0.29, 95% CI 0.13–0.66, p=0.003).
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Subsequent Lumbar Surgeries and Time-To-Event Analysis

Subsequent lumbar surgeries within 90 days of the index procedure were performed more 

frequently in the LF group (LF: 4.01%; TDA: 2.94%, p=0.007) (Table 4). Again, this 

difference was supported by logistic regression analysis, which demonstrated a lower risk of 

subsequent surgery within 90 days following TDA (TDA OR 0.78, 95% CI 0.61–0.99, 

p=0.049). At 1-year follow-up, subsequent surgery rates were lower following TDA (TDA: 

3.46%; LF: 4.78%, p=0.009). However, there were no significant differences in rates of 

subsequent lumbar surgeries between the two groups at 3-year and 5-year follow-up (3-year 

– TDA: 4.35% vs. LF: 5.3%, p=0.223; 5-year – TDA: 6.12% vs. LF: 5.54%, p=0.858) 

(Figure 2).

In the time-to-event analysis, Cox proportional hazard modeling revealed that older age (HR 

1.011, 95% CI 1.006–1.017, p<0.0001), Medicare insurance (HR 1.407, 95% CI 1.201–

1.650, p<0.0001), diabetes mellitus (HR 1.212, 95% CI 1.045–1.406, p=0.011) and 

psychiatric diagnoses (HR 1.358, 95% CI 1.059–1.742, p=0.0159) were associated with 

subsequent surgeries (Table 5). Finally, lumbar TDA was associated with a decreased need 

for subsequent lumbar surgery in the time-to-event analysis, but this did not reach statistical 

significance (HR 0.793, 95% CI 0.625–1.008, p=0.0577).

DISCUSSION

Substantial debate persists regarding the role of TDA in the treatment of lumbar DDD.24 LF 

is performed in select cases of DDD, although there is concern regarding the long-term 

consequences of lumbar arthrodesis. The discs adjacent to the fusion may degenerate and, in 

some cases, become a cause for reoperation. Additionally, LF is not always successful, with 

non-union rates reported as high as 36%.25,26 Lumbar TDA was developed as an alternative 

to LF, with the theoretical benefit of decreasing adjacent segment stresses by maintaining 

motion at the operated level. Studies comparing clinical outcomes and reoperation rates 

following fusion and TDA have produced mixed results and most reports in the United 

States come from IDE studies, limiting the generalizability of the results.27–31 Our study 

utilizes a statewide database to provide results that should be generalizable to the broader 

population of the United States, and the large sample size allows for the examination of rare 

adverse outcomes that might not otherwise be observed.

Our findings suggest that rates of complications following both LF and TDA are low. 

However, rates of wound infection and subsequent lumbar surgery at 90-day and 1-year 

follow-up were higher in patients undergoing LF than TDA. Rates of subsequent lumbar 

surgery did not differ significantly at 3- and 5-year follow-up between the groups. Finally, 

older age, Medicare insurance, diabetes mellitus, and psychiatric diagnoses were covariates 

associated with subsequent lumbar surgery in the time-dependent analysis.

Lumbar TDA has constituted only a small fraction of lumbar surgeries in the United States, 

and since its approval, there has been no significant increase in the utilization of TDA for 

lumbar DDD.3,32 Our findings reflected a steady decrease in the utilization of lumbar TDA 

in California from 2005 to 2010, as well as an increase in the number of lumbar fusion 
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procedures performed, mirroring the trends previously observed on a national level and 

supporting that our cohort is representative of the country.

Complication rates and the types of complications studied following lumbar TDA have 

varied in the literature. Tropiano et al. reported complications including vertebral body 

fractures, retrograde ejaculation, and incisional hernias following lumbar TDA.33,34 A 

recent meta-analysis examined complication rates in 5 different studies and found a higher 

rate of overall complications – including implant removal, major vessel injury, nerve 

damage, and death – associated with LF than with TDA (LF: 10.8%; TDA: 5.8%).20 On the 

other hand, several prior reports have found no differences in complications between LF and 

TDA.16,35 While we were unable to investigate all of the aforementioned complications 

using the OSHPD database, we found that rates of wound infection and overall readmission 

were higher in the fusion group. Regression analysis reaffirmed the difference in wound 

infection following these procedures irrespective of the differences in patient demographics; 

however, there was no difference in the logistic regression with regards to readmission.

Reoperation for persistent low back pain following lumbar surgery can be clinically 

challenging. Pseudarthrosis, implant bursitis, and ASP have all been implicated as possible 

contributors. However, studies examining the development of ASP after spinal fusion and 

TDA have been inconclusive. Some studies have cited a lower incidence of ASP in lumbar 

TDA patients compared to LF patients,6,36 while others have cited no clear decrease in ASP 

following lumbar TDA.10,19,37–39 Additionally, rates of subsequent lumbar surgery have 

varied in the literature, ranging from 6% to 11%.34,39 Of the few studies that have directly 

compared reoperation between lumbar TDA and fusion, none has cited significant 

differences in reoperation rates.16,20,35 The rates of subsequent lumbar surgery found in this 

study were higher in the fusion group than the TDA group at 90-day and 1-year follow-up 

though, overall, the rates in both groups were low (<5%). The fact that rates of subsequent 

lumbar surgery at 3- and 5- year follow-up did not differ between patients undergoing 

lumbar TDA or fusion in this study further supports the notion that ASP may occur as part 

of the degenerative process of the lumbar spine and not as a complication specific to fusion 

surgery, as early reoperation is unlikely to be due to adjacent segment pathologies, while 

surgeries further out are more likely due to ASP.

Several patient-specific variables – older age, Medicare insurance, diabetes mellitus, and 

psychiatric diagnoses – were found to have associations with subsequent lumbar surgery 

following TDA and fusion in the time-to-event analysis. Older patients are at a known 

increased risk for complications and reoperation following LF due to multiple comorbidities, 

poor bone quality, and reduced fusion potential.40,41 Multiple studies have also 

demonstrated similar adverse outcomes among diabetic patients undergoing lumbar spine 

surgery.42,43 The presence of psychiatric illness or poor emotional health has been 

demonstrated to adversely affect pain and function after spine surgery and may lead to more 

frequent reoperation.44,45

The OSHPD database has been successfully utilized to evaluate other orthopaedic 

procedures, though there are some limitations inherent in using this administrative database. 

Complications may be underreported, as we rely on ICD-9-CM coding for identification. 
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Some complications of interest may be treated in outpatient settings and, therefore, would 

not be recorded in this database, which only contains discharge abstracts for inpatient 

admissions. Thus, our reported rates of these complications may be lower than the true 

values. Additionally, some potential complicating factors, such as disease severity, 

concomitant presence of lumbar stenosis, and, most importantly, the physician’s rationale 

behind choosing which procedure to perform, are not recorded in the database. Furthermore, 

the demographics of the two patient groups studied were found to differ in several 

categories. Surgeons may have been more hesitant to perform TDA on older patients or 

those with osteoporosis due to fear of complications such as component subsidence. This is 

likely an inherent problem when comparing these two procedures retrospectively, as other 

studies have similarly shown differences in their respective patient populations.32 Our 

regression analyses did, however, control for patient-specific demographic variables, 

including age. Lumbar TDA is performed exclusively through an anterior approach, while 

LF may be performed from a number of approaches. It may be that a posterior approach is 

associated with higher rates of wound infection, making our conclusion inevitable. We were 

unable to control for approach with our design and approach may be the risk factor for any 

particular complication, rather than the device used. Finally, there is a possibility that some 

early reoperations may have been planned, staged fusion procedures, which may have 

falsely elevated the rates of subsequent lumbar surgeries in our study.46

Data comparing outcomes following lumbar TDA and fusion is necessary, as the utility of 

TDA continues to be a subject of debate. As many as 14.9% of patients who have undergone 

lumbar fusion are also candidates for TDA as they do not meet the IDE exclusion criteria for 

TDA, such as multiple level DDD, adjacent prior fusion, known fracture or trauma, severe 

spondylolisthesis or severe medical comorbidities.47 In a survey conducted at the 2007 

“Contemporary Update on Disorders of the Spine” conference, 64% of respondents reported 

that they were less likely to perform lumbar TDA compared to one year earlier, citing 

concerns about long-term outcomes and revision procedures.48 Our study demonstrates that 

the overall rates of complications following lumbar TDA and fusion are low. The rates of 

wound infection and subsequent lumbar surgery at 90-day and 1-year follow-up were higher 

in the fusion group than the TDA group; however, subsequent lumbar surgery rates did not 

differ between the two groups at 3- and 5-year follow-up. While the low rates of adverse 

outcomes following lumbar TDA may seem promising, the fact that there were no 

differences in the rates of lumbar surgery at 3 and 5 years following the index procedure 

suggest that TDA may not help to prevent subsequent lumbar surgeries at mid-term follow-

up. Further clinical studies are necessary to better characterize the long-term outcomes 

following lumbar TDA given the short time period over which the procedure has been 

available in the United States.
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Figure 1. 
Patient selection flow chart
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Figure 2. Rates of subsequent lumbar surgery over time
* Significant differences between groups determined based on Fisher’s exact tests (P<0.05).
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Table 1

Trends in lumbar total disc arthroplasty and fusion in California from 2004 – 2010

Year TDA Fusion

# of Cases Percentage (%) # of Cases Percentage (%)

2004 53 0.80 6601 99.20

2005 484 7.22 6221 92.78

2006 439 6.24 6591 93.76

2007 444 5.88 7109 94.12

2008 351 4.52 7412 95.48

2009 327 3.84 8193 96.16

2010 317 3.66 8335 96.34

Total 2415 4.57 50462 95.43

Percentage reflects the frequency of that procedure compared to all lumbar surgeries (TDA and fusion combined) for that year.
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Table 2

Demographics of patient sample

Characteristic TDA Fusion

Number of Patients

Count 2415 50462

Age (p <0.0001)a

Mean ± SD (years) 47.2 ± 8.8 51.8 ± 9.1

Min-Max (years) 21.2 – 65.0 21.3 – 65.0

Gender (p <0.0001)b

Male 56.94% 50.76%

Female 43.06% 49.24%

Race (p <0.0001)c

White 84.55% 80.88%

Black 3.69% 5.22%

Native American 0.25% 0.33%

Asian/Pacific Islander 2.69% 2.71%

Other 6.92% 9.61%

Unknown Race 1.90% 1.25%

Ethnicity (p <0.0001)c

Hispanic 17.81% 20.37%

Nonhispanic 79.17% 77.99%

Unknown Ethnicity 3.02% 1.64%

Payer Category (p <0.0001)c

Medicare 3.52% 7.19%

Medi-Cal 1.20% 5.96%

Private 41.95% 53.71%

Workers’ Compensation 43.52% 28.93%

Other Insurance 9.81% 4.21%

Mean Number of Comorbidities per Patient (p<0.0001)a

Comorbidities 0.4605 0.8207

a
Significant differences determined based on Satterthwaite t-tests (P<0.05).

b
Significant differences determined based on Fisher’s exact tests (P<0.05).

c
Significant differences determined based on chi-square tests (P<0.05).
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Table 4

Complication and subsequent lumbar surgery rates

Outcome TDA rate (%) Fusion rate (%) P-value^

Death 0 0.14 0.080

Myocardial infarction 0.04 0 0.131

Pulmonary embolism 0.21 0.20 0.819

Pneumonia 0.04 0.09 0.723

Septicemia 0.12 0.20 0.633

Surgical site bleeding 0.12 0.13 1

Wound infection* 0.25 1.03 <0.001

Periprosthetic joint infection 0.04 0 0.131

Mechanical complication 0.87 0.69 0.315

Readmission† 4.76 6.04 0.009

Subsequent surgery (within 90 days)* 2.94 4.01 0.007

^
Significant differences determined based on Fisher’s exact tests (P<0.05).

*
Outcomes with significant differences between groups, confirmed by logistic regression analysis.

†
Outcomes with significant differences between groups using Fisher’s exact tests, but not supported by logistic regression analysis.
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Table 5

Parameters associated with subsequent lumbar surgery

Parameter Hazard Ratio 95% Confidence Interval P-value^

Age 1.011 1.006 – 1.017 <0.0001

Diabetes mellitus 1.212 1.045 – 1.406 0.011

Medicare 1.407 1.201 – 1.650 <0.0001

Psychiatric Illness 1.358 1.059 – 1.742 0.0159

^
Significant differences determined based on chi-square tests (P<0.05).
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