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Abstract

Purpose This study aimed at determining the variables

that may prove useful in predicting clinical outcomes fol-

lowing lumbar disc arthroplasty.

Methods Pre- and post-operative imaging assessments

were obtained for 99 single-level lumbar disc arthro-

plasty patients from a prospective IDE study. The

assessments and patient demographics were tested to

identify variables that were significantly associated with

clinical outcomes.

Results Clinical outcome data were available for 85 % of

patients at the 5-year follow-up. Numerous assessments

made from the pre-operative imaging were found to have

statistically significant associations with clinical outcomes

at 2 and 5 years. The most notable factors were related to

the amount of degeneration at the index level, with patients

achieving better outcome scores at 5 years if they have

higher grades of degeneration preoperatively.

Conclusions Several variables may prove effective at

optimizing clinical outcomes including a preoperative disc

height\8 mm, Modic type 2 changes adjacent to the target

disc, a low amount of lordosis present at the treatment

level, low levels of fatty replacement of the paraspinal

musculature, a prominent amount of facet joint or disc

degeneration, and the presence of flat or convex vertebral

endplates. There were also post-operative findings associ-

ated with better patient outcomes including a larger percent

of the endplate covered with the implant, larger implant

heights, greater increases in disc space heights, and a larger

increase in index level lumbar lordosis. These variables

could be explored in other clinical studies to facilitate

meta-analyses that could identify effective strategies to

optimize clinical outcomes with lumbar disc arthroplasty.

Keywords Lumbar disc arthroplasty � Predicting

outcomes � Disc height � Disc degeneration � Modic

changes � Lordosis � Endplates

Introduction

Previous research has provided evidence for potential

benefits of lumbar disc replacements, although clinical

adoption of the technology is currently limited [1].

Uncertainty about guidelines for patient selection may be

partially responsible for the limited adoption of this tech-

nology. Surgeons must consider many patient characteris-

tics when offering treatment options, and clinical research

data are essential to determining the optimal treatment for

each patient. If disc arthroplasty is chosen, they must select
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the specific device design, size of the disc arthroplasty

device, the amount of lordosis, and other factors.

The predictive efficacy of baseline patient demograph-

ics, standardized clinical assessment scores, and psycho-

logical characteristics has been examined in several studies

[2–5]. The importance of evidence-based medicine in the

field of disc arthroplasty has been addressed, and the

inability to draw definitive conclusions from existing data

has been recognized [5]. There is currently only limited

evidence to support decisions about using preoperative

imaging for patient selection and limited evidence

explaining the individual technical details of implanting

disc arthroplasties. It may be possible to overcome this

limitation and to optimize the benefits of motion preserving

technologies for the lumbar spine through a better under-

standing of patient selection and operative techniques.

Meta-analyses of the literature can be of great benefit in

assessing the evidence for disc arthroplasty, but require

consistent reporting of data between studies. Consistent

reporting is also difficult given the paucity of data indi-

cating the most important variables to select for analysis.

With a goal of identifying strategies to optimize patient

benefits and identify variables that might be reported in

future studies, comprehensive clinical and imaging data for

99 patients from a single site were analyzed to identify the

factors associated with clinical outcomes.

Materials and methods

The data for the current study are for patients from a single

site that was part of an ongoing Investigational Device

Exemption (IDE) study [6]. The MAVERICK (Medtronic,

Memphis, TN) lumbar disc replacement is an Investiga-

tional Device and is limited by Federal or United States law

to investigational use. The inclusion and exclusion criteria

are described in detail in a prior publication [6]. Briefly,

patients were 18- to 70-year-old, with degenerative disc

disease and associated back pain, a Preoperative Oswestry

Disability Index (ODI) C30, and had failed 6 months of

conservative treatment. Patients were followed for up to

7 years. Clinical outcomes were recorded using numerical

pain rating scales evaluating frequency and duration of

back and leg pain, the ODI (as implemented in the Lumbar

Spine Questionnaire Copyright 2000 AAOS/NASS/SRS/

CSRS/ORA/ASIA/COSS), and the SF-36 for general

health. Data were collected pre-operatively and at 6 weeks,

3 months, 6 months, 1 year, 2 years, and continuing for a

maximum of 7 years. Neutral–lateral, flexion–extension,

and anterior–posterior radiographs were also obtained at

each time point.

The current single-site study is based on data for 99

patients where a MAVERICK lumbar disc replacement

was implanted at a single level (38 at L4–L5 and 61 at L5–

S1). Clinical outcomes data and radiographic assessments

from preoperative, 2- and 5-year time points were ana-

lyzed. Multiple measurements were obtained from the

radiographs using previously validated software (Quanti-

tative Motion Analysis—QMA�, Medical Metrics, Inc.)

[7]. The measurements are summarized in Table 1.

In addition to the X-rays, CT and MRI exams were

obtained preoperatively and used to qualitatively assess

the variables described in Table 2. The qualitative

assessments were made by two radiologists with a third

radiologist to adjudicate disagreements. All of the radi-

ologists had extensive experience in systematic assess-

ment of lumbar disc replacements in IDE studies, and all

worked independent of each other and independent of the

enrolling site. All three radiologists received a compre-

hensive training program prior to performing any assess-

ments. The training program included multiple examples

of each grade and addressed potential sources of reader

disagreement. Image atlases based on original publica-

tions, and exception handling rules were also used by the

readers for the assessments of adjacent level degeneration

[8, 9].

Logistic regressions, analysis of variance, and Kruskal–

Wallis equality of means tests were used to identify vari-

ables that may help to predict whether patients had a good

clinical outcome (Stata Ver 11, College Station, TX). Two

definitions of a ‘‘good’’ clinical outcome were used: (1) a

15-point improvement in the ODI score relative to the

Table 1 Quantitative measurements collected and analyzed for

associations with preoperative and postoperative clinical outcome

scores

Variable Details Radiographs

Disc

height

Measured at the anterior and posterior

edges of the disc space. The average of

the anterior and posterior disc heights

was also measured

Neutral–

lateral

Disc angle Angle between endplates Neutral–

lateral

Global

lordosis

Measured as the angle between the

superior endplate of L1 and the

superior endplate of S1

Neutral–

lateral

Angular

motion

Relative sagittal plane intervertebral

rotation between flexion and extension

Flexion–

extension

Translation Sagittal plane translational motion

between vertebrae. The translation per

degree of rotation was also calculated

Flexion–

extension

All measurements were collected at the treatment level. All mea-

surements were made at preoperative, 2 years, and 5 years. All

measurements were made using previously validated [7] computer-

assisted technology (QMA�, Medical Metrics, Inc., Houston, TX).

The change in these parameters was also calculated at postoperative

time-points relative to preoperative
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Preoperative ODI score (commonly used in clinical stud-

ies) and (2) a substantial clinical benefit (SCB), identified

as a post-operative ODI score that was \31.3 [10].

Results

Summary of clinical outcomes

Clinical outcomes were obtained for 90 % of patients at

2 years, and 85 % at 5 years. The preoperative ODI scores

were normally distributed and averaged 56.5 (SD 12.7). In

contrast, the ODI scores were strongly distributed toward the

low end of the ODI scale after surgery. The shift in the cumu-

lative frequency of ODI scores also illustrates the effect of

surgery on these patients (Fig. 1). A 15-point improvement in

the ODI score relative to the preoperative ODI was observed in

76.1 % of patients at 2 years, and 84.3 % at 5 years. An SCB,

defined as an ODI\31.3, was achieved in 65.9 % of patients at

2 years and 78.3 % at 5 years. There was no difference

between postoperative time-points with respect to the median

change in ODI score (Fig. 2, P = 0.6 Kruskal–Wallis test),

suggesting a stable clinical benefit over time. The preoperative

ODI score was not associated with whether the patients

achieved a 15-point improvement in the ODI score at 2 years

(P = 0.69) or at 5 years (P = 0.13). However, patients were

less likely to achieve an SCB at 2 years if the preoperative ODI

score was high (odds ratio = 0.94, P = 0.001). Preoperative

ODI was not associated with SCB at 5 years. Siepe et al. [3] also

reported an association between preoperative and postoperative

outcome scores, as did Deutsch [11], who suggested a very high

preoperative ODI may suggest a psychological overlay.

Reliability of quantitative and qualitative imaging

assessments

The accuracy and reliability of the quantitative assessments

(collected using QMA�, Medical Metrics, Inc., Houston,

Table 2 Summary of qualitative assessments collected and analyzed

Parameter Description j
Reader 1

j
Reader 2

References

Fatty replacement Amount of fat interspersed within muscles posterior to the

spine at the L4–L5 level

0.64 0.71 [25]

Modic change Changes in MRI signal characteristics in the marrow adjacent

to the vertebral endplates, relative to normal marrow signal

for the patient disc at the treatment level

0.79 0.84 [26]

Index level disc

degeneration from MRI

Changes in the disc height and MRI signal characteristics in

the intervertebral disc at the treatment level relative to

normal adjacent discs

0.91 0.92 [9]

Adjacent level disc

degeneration

Changes in disc height, extent of osteophytes and endplate

sclerosis at the intervertebral discs adjacent to the treatment level

0.80 0.90 [8]

Facet degeneration Amount of facet degeneration at the treatment level 0.55 0.77 [27]

Endplate morphology Morphology of the endplates at the treatment level 0.67 0.51 [28]

The assessments were collected from imaging obtained preoperatively and two and five years postoperatively. The level of agreement above

chance, calculated using j statistics (Stata Ver. 11, Stata Corp., College Station, TX), between each of the two primary readers and the final tie-

broken result that was analyzed for predicting outcomes, is provided in the first column. Since a multi-grade difference between readers is far

more significant than a single grade difference, quadratic weighted j was used for most assessments, except Modic and endplate morphology

where unweighted j is provided since a single-grade difference is equally as important as a multi-grade difference

Fig. 1 The cumulative frequency of ODI scores shows the shift in

ODI scores that resulted from disc arthroplasty surgery. Note that no

patient had an ODI score\30 prior to surgery, whereas 65 % had an

ODI \30 2-years after surgery

Fig. 2 Median change in the ODI score relative to PreOp. The error

bars show the inter-quartile range. The data support that the clinical

improvement was sustained out to 7 years
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TX) have been previously described [7, 12, 13]. Briefly, the

accuracy of intervertebral rotation measurements at levels

implanted with a disc arthroplasty was determined by

comparison to optoelectronic motion measurements meth-

ods [14]. The limits of agreement (Bland-Altman test)

between QMA� and optoelectronic measurements was

±1.0�. The reproducibility, calculated as the adjusted

percent agreement between two observers, was reported by

Pearson et al. [12] as [0.8 for intervertebral rotation,

translation, and disc height change.

The reliability of the qualitative assessments was

determined using kappa statistics by analyzing the assess-

ments of each of the two primary readers compared to the

adjudicated results. The levels of agreement were consis-

tent with or better than has been described in a prior study

[15]. The reliability results are included in Table 2.

Predictive efficacy of quantitative measurements

To determine the preoperative imaging assessments that

were associated with the preoperative clinical outcome

scores, every available demographic and preoperative

radiographic imaging parameter was tested for an asso-

ciation with preoperative ODI, with the goal of identi-

fying potential subgroups of patients that might be

considered outliers, and to help identify potential sources

of the patient’s symptoms. Only a few parameters had

statistically significant associations with the preoperative

ODI score. All significant associations were weak, and

although significant, they explained only a small amount

of the variation between patients in preoperative ODI

scores. Note that these associations are for all 99

patients. It can be hypothesized that there is a proportion

of patients where individual parameters were very

important to that patient, whereas in other patients, the

parameter was not important, yielding the appearance

that the parameter is only modestly important. This

hypothesis is difficult to validate and would require a

larger sample size to test for subpopulations that do and

do not benefit.

The preoperative ODI was higher for patients with a

small (low lordosis) disc angle at the treated level

(P = 0.04, R2 = 0.042). This was not simply due to the

propensity for patients with low back pain to stand with

reduced lordosis, since there was no significant associa-

tion with the L1–S1 global lordosis angle (measured

from the neutral-lateral standing X-ray, P = 0.99). These

results were consistent with a study by Siepe et al. [16],

in which there was no association between the preoper-

ative disc height and the preoperative ODI score

(P = 0.6). There was a weak (R2 = 0.04) but significant

(P = 0.033) association between preoperative sagittal

plane angular range-of-motion at the treatment level and

the preoperative ODI score. Patients with a higher ROM

had a lower ODI score. Higher levels of intervertebral

translation per degree of rotation in the sagittal plane

during flexion-to-extension were associated with a higher

preoperative ODI score (P = 0.019, R2 = 0.056). This

higher level of translation per degree of rotation is an

indicator of instability [17]. The preoperative ODI score

was highest for patients with the greatest amount of fatty

replacement in the posterior muscles (P = 0.024; Fig. 3).

Preoperative Modic changes, Pfirrmann grade of disc

degeneration, or the amount of facet degeneration were

not generally associated with the preoperative ODI score

(P [ 0.42).

Preoperative parameters associated with postoperative

outcome scores

There was no evidence that the 2-year ODI scores depen-

ded on whether the patient was male or female (P = 0.1),

or whether they smoked (P = 0.44). Worker’s compensa-

tion patients had significantly less improvement in the ODI

score at 2 and 5 years (P = 0.0009 at 2 years, P = 0.013

at 5 years; Fig. 4). Younger patients were more likely to

have achieved a 15-point improvement at 2 years

(P = 0.047), but the strength of the association was weak

(odds ratio = 0.94). This relationship did not exist at

5 years (P = 0.99).

Several imaging parameters assessed preoperatively

were predictive of whether the patient achieved a 15-point

improvement in the ODI or whether they had an ODI\31.3

at follow-up, and are summarized below. A variable that

was nearly predictive included intervertebral rotation,

which was just out of the range of being associated with an

ODI \31.3 at follow-up (P = 0.06 at 2 years). The trend

was for more motion in patients with good outcomes. This

finding was similar to the results reported by Siepe et al.

[16].

Fig. 3 The average ODI score at PreOp was significantly

(P = 0.024) associated with the amount of fatty substitution in the

muscles posterior to the L4–L5 level. The error bars show the

standard error
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Preoperative Pfirrmann grade and disc height at the index

level

Patients with a low Pfirrmann [9] grade of intervertebral

disc degeneration (mildly degenerated disc) had a signifi-

cantly higher ODI score at 5 years than patients with more

degenerated discs (P = 0.04, one-way ANOVA). Patients

with the most degenerated disc had the greatest improve-

ment in ODI scores at 5 years postoperative (P = 0.018,

one-way ANOVA; Fig. 5). An association was also found

between the preoperative disc height and whether the

patient achieved a 15-point improvement in the ODI

(P = 0.033 at 2 years, P = 0.027 at 5 years), with those

patients achieving good outcomes having thinner discs

preoperatively. The preoperative grade (Kellgren–Law-

rence) of disc degeneration at the adjacent levels was not a

significant predictor of clinical outcomes (P = 0.88 at

2 years).

Preoperative vertebral marrow changes (Modic)

At 5 years before surgery, patients who had Modic 2

changes in the marrow adjacent to the endplates preoper-

atively had lower ODI scores than patients with no Modic

changes or type 1 Modic changes (P = 0.037, Kruskal–

Wallis test for equality of distributions, P = 0.043, one-

way ANOVA). The median ODI at 5 years was 24 in

patients with no preoperative Modic changes, 21 for

patients with type 1 changes, and 14 for patients with type

2 changes.

Preoperative facet degeneration

At 2 years postoperative, patients who had the most severe

facet degeneration at preoperatively also had the greatest

improvement in their ODI score (P = 0.025, one-way

ANOVA; Fig. 6).

Endplate width

Patients who did not achieve an improvement in ODI of

C15 at 2 years had slightly larger (in the AP direction)

endplate width (31.3 ± 3.13 versus 29.5 ± 3.0 mm,

P = 0.024, one-way ANOVA). Endplate measurements

were also larger on average in patients who did not have an

ODI \31.3 at 2 years (P = 0.018, one-way ANOVA).

Endplate morphology

The change in the ODI score at 2 years after surgery was

significantly associated with the preoperative morphology

of the vertebral endplates at the treatment level (P = 0.04

one-way ANOVA; Fig. 7). Patients with flat or convex

endplates tended to do better than patients with hooked or

concave endplates.

Percent of overall lordosis at the treatment level

The average overall lordosis was slightly greater at 5 years

compared to preoperative lordosis (60.8 versus 56.7,

Fig. 4 The average changes in non-Worker’s Compensation patients

and Worker’s Compensation patients at 2 and 5 years. Worker’s

compensation patients had less improvement in the ODI scores at

2 years (P = 0.0009) and at 5 years (P = 0.013). The error bars

provide the standard errors

Fig. 5 The average change in ODI scores at 5 years PostOp was

significantly (P = 0.018) greater for patients who had the most

degenerated discs at PreOp. The error bars show the standard error

Fig. 6 The average change in the ODI score, measured at 24 months

after surgery relative to before surgery, grouped by the amount of

facet degeneration at PreOp at the treatment level. These data show

greater improvement in patients who had more severe degenerative

changes of the facet joints. The error bars show the standard error
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P = 0.02). Those patients where a larger percent of the

overall (L1–S1) lumbar lordosis was found at the treatment

level preoperatively were less likely to have an ODI\31.3

at 5 years (P = 0.044, logistic regression), and were less

likely to have at least a 15-point improvement in the ODI

score at 5 years (P = 0.0.024, logistic regression). Patients

who did not achieve at least a 15-point improvement in the

ODI score had on average 32 ± 8.1 % of the overall lor-

dosis at the treatment level preoperatively compared with

24.9 ± 10.9 % in patients who did improve (P = 0.018,

one-way ANOVA).

Fatty replacement

Patients who did not achieve at least a 15-point improvement

in the ODI score at 2 years tended to have more fatty

replacement in the muscles posterior to the L4–L5 level

preoperatively (average fatty replacement score 1.25 ± 0.55

versus 0.98 ± 0.58, P = 0.075 one-way ANOVA).

Variables that can be controlled at surgery and may

influence clinical outcomes

There are multiple variables that are at least partially under

the control of the surgeon at the time of surgery and may

influence clinical outcomes.

Percent of endplate covered by the implant

The percent of the vertebral endplate that was covered by

the implant, as measured in the sagittal plane from neutral–

lateral radiographs, had a significant association with

whether the patient had an ODI score \31.3 at 2 years

(P = 0.024; Fig. 8). The association was also evident in

the 5-year ODI data (P = 0.014). Patients with a larger

percent covered were more likely to have an ODI\31.3 at

2 years (odds ratio 1.07, P = 0.028). The percent of the

endplate covered varied from 66 to 109 % (average 87 %).

Disc distraction

The patients who achieved a 15-point improvement in the

ODI score at 2 years tended to have a greater increase in

disc space at the treatment level (measured as the average

of the disc heights at the anterior- and posterior-most extent

of the disc space), measured at 6 weeks relative to preop-

erative (P = 0.019; Fig. 9). The difference is \2 mm, but

the data suggest that the modest extra distraction may

benefit the patient.

Implant height relative to vertebral size

The implant height that was implanted into each patient,

measured as a percent of the vertebral endplate width, was

significantly greater in those patients who had achieved at

least a 15-point improvement in ODI at 2 years

(P = 0.022, one-way ANOVA; Fig. 10).

Treatment level lordosis The patients who achieved a

15-point improvement in the ODI score tended to have a

greater increase in lordosis at the treatment level, measured

at 6 weeks relative to preoperative (P = 0.049; Fig. 11).

Patients with greater improvement in treatment level lor-

dosis were also significantly (P = 0.044) more likely to

have an ODI \31.3 at 2 years.

Discussion

The improvement criteria in this study included a 15-point

improvement in the ODI and a postoperative ODI score

\31.3. These criteria were adopted based on prior studies

Fig. 7 The average change in the ODI score at 2 years relative to

before surgery, grouped by the morphology of the vertebral endplates

at the treatment level. These data support greater improvement in

patients with flat or convex endplates than in those patients with

hooked or concave endplates. Similar data from a study by Oetgen

et al. [24] are also included. The error bars show the standard errors

Fig. 8 The average percent of the vertebral endplate covered by the

implant was significantly greater (P = 0.024) in patients who had and

ODI score \31.3 at 2 years. The error bars show the standard error
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that used the 15-point ODI improvement threshold and a

prior validation study of what defined a SCB as an ODI

\31.3.

The clinical outcomes following lumbar disc arthro-

plasty in the current study are similar to clinical outcomes

reported in prior studies of lumbar disc arthroplasties. At

2 years, 76.1 % of patients had achieved a 15-point

improvement in the ODI score. In the Depuy Charite disc

IDE study, 64 % achieved this improvement at 2 years

[18]; in the Prodisc-L IDE, 67.8 % achieved this

improvement at 2 years [19], and 82.2 % of patients

achieved this improvement in the multi-site Maverick IDE

[6].

Data from the current study point to several radiographic

assessments that might be considered in subsequent regis-

try studies to test specific hypotheses that might lead to

treatment optimization guidelines for lumbar disc arthro-

plasty. These parameters, the associated hypotheses, and

any comparable reference data from prior publications

include (and are summarized in Table 3):

The amount of preoperative disc degeneration

at the treatment level

Hypothesis: patients do better if they have grade 3 or 4 disc

degeneration preoperatively, measured using the Pfirrmann

grading system [9]. Siepe et al. [20] found an association

between the histological grade of disc degeneration at

Preoperative and the ODI score several years later in their

study of the Prodisc II disc arthroplasty. The results from

the current study are also consistent with the findings of

Siepe et al. that the severity of disc degeneration was not

associated with the preoperative ODI score.

Preoperative disc height at the treatment level

Hypothesis: patients will do better if the disc height is

\8 mm. The preoperative disc height as measured from

neutral–lateral radiographs as the average of the anterior

and posterior disc heights was also a significant predictor

of 24- and 60-month outcomes. When pre and postopera-

tive disc height and Pfirrmann grade were included in

logistic regression analysis, only preoperative disc height

was significant. Disc height was under 8 mm in only 11 %

of the patients that did not have an ODI \31.3 at 5 years.

However, 54 % of patients who did have an ODI\31.3 at

5 years also had a preoperative disc height [8 mm. Thus,

although a significant predictor of outcomes, the sensitivity

as a single parameter is suboptimal. Siepe et al. [16]

observed that patients with more advanced narrowing

Fig. 9 Average disc distraction achieved by implantation of the disc

arthroplasty, measured as the change in disc height (average of the

anterior- and posterior disc space height) 6 weeks after surgery

relative to before surgery, grouped by whether the patient achieved at

least a 15-point improvement in the ODI score at 24 months. The

error bars show the standard error

Fig. 10 The height of the implanted disc arthroplasty, expressed as a

percentage of the vertebral endplate width, grouped by whether the

patient had achieved at least a 15-point improvement in ODI at

24 months. Greater implant height was associated with greater patient

improvement. The error bars show the standard errors

Fig. 11 The average change in the treatment level lordosis achieved

at surgery, measured as the lordosis at 6 weeks minus lordosis at

PreOp, grouped by whether the patient’s ODI score had improved at

24 months by at least 15 points, relative to preoperative ODI. Patients

with a greater change in the amount of lordosis at the treated level

improved more than those patients with less of an increase in lumbar

lordosis. The error bars show the standard error
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reported greater postoperative satisfaction after disc

arthroplasty.

Preoperative facet degeneration

Hypothesis: patients with more severe facet degeneration

will experience greater improvements in the postoperative

ODI score. A study by Le Huec et al. [21] would support

that the null hypothesis. Our data support that the greater

the facet degeneration, the greater the patient improvement

when measured at 2 years. Clearly, additional data are

needed on this issue. Observations by Zweig et al. [22]

would support that patients with posterior element changes

that create or will create radicular symptoms are a subset

that will not benefit from disc arthroplasty.

Preoperative Modic changes at the treatment level

Hypothesis: patients with type 2 changes will do somewhat

better. Hellum et al. [4] also found this association.

Preoperative lordosis at the treatment level relative

to overall lordosis in the lumbar spine

Hypothesis: Patients do worse when preoperatively,[32 %

of the overall lordosis is found at the treatment level. The

importance of lordosis was also observed by Le Huec et al.

[23].

Preoperative fatty replacement

Hypothesis: Patients do worse when higher levels of fatty

replacement are observed preoperatively. This was also

observed by Le Huec et al. [21].

Preoperative endplate morphology at: Hypothesis:

patients with hooked or concave endplates will do worse

than patients with flat or convex endplates. It is likely that

this association will depend on the interaction between

implant design and endplate morphology.

Percent of endplate covered by the implant

Hypothesis: patients do worse when at least 85 % of the

vertebral endplates are not covered by the implant.

The increase in disc height achieved at surgery

Hypothesis: patients do better with at least 3 mm increase

in disc height. The implanted device height, normalized to

the endplate width, may be related and a threshold level of

34 % may be an appropriate target.

Increase in treatment level lordosis achieved at surgery

Hypothesis: patients do better if lordosis at the treatment

level is improved by at least 3� at surgery.

Overall, there are many factors that may contribute

toward an optimal outcome in patients undergoing lumbar

intervertebral disc arthroplasty surgery including a preop-

erative disc height\8 mm, Modic type 2 changes adjacent

to the target disc, \32 % of the overall lordosis present at

the treatment level, a low level of fatty replacement of the

paraspinal musculature, a prominent amount of facet joint

degeneration, a more advanced degree of intervertebral

disc degeneration, and the presence of flat or convex ver-

tebral endplates. There were also post-operative findings

that were associated with a better patient outcome includ-

ing a larger percent of the endplate covered with the

implant, larger implant heights, greater postoperative

increases in disc space heights, and a larger change in the

amount of postoperative lumbar lordosis.

Although data from a single-site study are not sufficient

to validate patient selection criteria, the results of the

current study provide evidence in support of variables that

should be considered in future studies. Consistent reporting

of variables between studies can facilitate more meaningful

meta-analyses. The statistically significant associations

imaging variables and clinical outcomes that were found in

the current study were generally modest. The relative

Table 3 Summary of the pre-operative and intra/post-operative

radiographic parameters that may be significant in clinical trials of

lumbar disc arthroplasty

Parameter Potential treatment level criteria

Pre-operative

Disc degeneration Outcomes better if disc is Pfirrmann grade 3 or

4

Disc height Outcomes better if disc height is \8 mm

Facet degeneration Outcomes better in patients with degenerated

facets

Modic changes Outcomes better if Modic 2 changes

Lordosis Outcomes worse when [32 % of overall

lordosis is at the treatment level

Fatty replacement

in muscle

Outcomes worse with high level of fat in

muscles

Endplate

morphology

Outcomes worse with hooked or concave

endplates

Intra/Post-operative

Endplate covered

by implant

Outcomes worse when \85 % of endplate is

covered

Increased disc

height

Outcomes better with C3 mm increase in disc

height

Increased lordosis Outcomes better if lordosis improved by at

least 3�

Additional studies, designed specifically to test these parameters,

would be required to verify or refute the significance observed in the

current study
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predictive value of each individual parameter or the effi-

cacy of predictive models that include multiple parameters

can be studied in large registry studies. Registry studies

may prove a more powerful source of data to validate

predictive equations, since inclusion and exclusion criteria

can be expected to be less rigorous than in IDE studies.

Large studies will enable testing for possible associations

and thereby validation of guidelines that may subsequently

help to avoid application of lumbar disc replacements in

patients least likely to benefit. Large enough studies would

enable validation of equations to provide a probability of

success individualized to each patient.
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