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ABSTRACT

Background: Polyetheretherketone (PEEK) rods were clinically introduced in the mid-2000s as an alternative to
titanium (Ti) rods for posterior instrumented lumbar spine fusion, theorized to reduce the risk of adjacent segment
disease (ASD). However, few studies have follow-up beyond 2 years. Consequently, we conducted a matched cohort
study using data from Kaiser Permanente’s spine registry to compare the 2 rod systems and risk for outcomes.

Methods: Patients aged >18 undergoing first posterior lumbar fusion for a degenerative diagnosis from 2009 to
2018 using either a PEEK or a Ti rod were identified. Fusions using Ti rods were 2:1 propensity score matched to PEEK
rods on the following factors: patient age, body mass index, smoking, American Society of Anesthesiologists
classification, diagnosis, interbody use, bone morphogenic protein use, number of levels fused, fusion levels, and
operative year. The matched sample included 154 PEEK and 308 Ti fusions. We used Cox regression to evaluate ASD
and nonunion, and logistic regression to evaluate 90-day emergency department (ED) visit, readmission, and
complication.

Results: We did not observe a difference in risk for ASD (hazard ratio=1.02, 95% confidence interval [CI]=0.66—
1.59) or ED visit (odds ratio [OR]=0.88, 95% CI=0.48-1.59). A lower likelihood of readmission (OR =0.34, 95% CIl=
0.13-0.94) was observed following PEEK fusion compared with Ti. No nonunions or 90-day complications were
observed for the PEEK group; 5 (2-year cumulative incidence = 0.7%) nonunions and 4 (1.3%) complications were
observed for the Ti group.

Conclusions: Our multicenter study did not support the hypothesis that PEEK rods are associated with a lower
ASD risk. Reasons for readmission need to be identified to better understand the differences observed here. Further
study of patients with TLIF using Ti and PEEK rods and posterolateral fusion with Ti and PEEK rods is needed.

Clinical Relevance: The present study adds to the literature supporting their midterm effectiveness of PEEK rods

compared with Ti rods for both their safety and their effectiveness at the 5-7-year follow-up.

Level of Evidence: 3.

Lumbar Spine

Keywords: lumbar spine, fusion, polyetheretherketone rod, titanium rod, adjacent segment disease, readmission

INTRODUCTION

In 2005, polyetheretherketone (PEEK) rods
received United States regulatory clearance and
were clinically introduced for posterior lumbar
fusion.! However, they were also considered poten-
tially suitable for off-label indications, such as
dynamic stabilization.? In the following decade, as
clinical debate ensued about fusion versus dynamic
stabilization to address adjacent segment disease
(ASD), the originally cleared indication for PEEK
rods for fusion received little attention in the

literature.! Now, as fusion persists as a dominant
treatment of choice for degenerative lumbar spine
disorders, there has been a resurgence of interest in
PEEK rods for their initially cleared fusion indica-
tion.?

As adjuncts to fusion, the theoretical benefits of
PEEK rods include compatibility with diagnostic
imaging, radiolucency, and lower stiffness, which
may improve the rate of fusion and potentially
reduce ASD. In theory, a semirigid rod would be
superior to a relatively rigid metallic rod in
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preventing ASD, and numerous studies have tested
this hypothesis using biomechanical or animal- or
cadaver-based models.*® These ex vivo studies
suggest that segments instrumented with PEEK
more closely mimic intact physiologic loading in the
adjacent level, which may reduce the likelihood of
ASD.

Previous clinical studies of lumbar fusion using
PEEK rods are single center with small numbers of
patients and 1-3 years of follow-up.'**"¥ In a
recent meta-analysis, Selim et al® found no signif-
icant differences in clinical outcomes, including
rates of fusion, functional and pain outcome scores,
or device-related adverse events between PEEK and
metal rods, and concluded that PEEK rods ap-
peared to be clinically successful as adjuncts to
lumbar spine fusion. However, little is known about
the comparative effectiveness of PEEK versus
titanium (Ti) rods with respect to both 90-day
complications and longer-term outcomes, including
ASD. In particular, since PEEK rods were clinically
introduced more than 15 years ago, complications
and readmissions within 90 days have emerged as a
clinically significant benchmark for quality of care
for lumbar fusion surgery the United States,'* '
and previous literature on PEEK rods is silent on
this topic. Consequently, we conducted a multicen-
ter matched-cohort study using data from Kaiser
Permanente’s spine registry to compare PEEK
versus Ti rod systems and risk for 90-day compli-
cations, such as readmission, as well longer-term
outcomes, such as reoperation for nonunion and
ASD.

METHODS
Study Design, Setting, and Data Source

We conducted a matched retrospective cohort
study using data from Kaiser Permanente’s spine
registry. This large integrated health care system
covers more than 12 million members throughout 8
geographical (Colorado, Georgia, Hawaii, the Mid-
Atlantic, northern California, the Northwest, south-
ern California, and Washington) regions in the
United States.!” This patient population has been
shown to be demographically and socioeconomical-
ly representative of the geographic region it
covers. 51

Detailed information on the spine registry’s
coverage, data collection procedures, and quality
assurance has been previously published.”®?* In

brief, the registry is a surveillance tool for instru-
mented spine procedures performed within 4 regions
(Hawaii, northern California, the Northwest, and
southern California) of the health care system where
there are institution-owned hospitals. Patient, pro-
cedure, implant, surgeon, and hospital information
is prospectively collected using electronic intraoper-
ative forms that are completed at the time of the
index procedure by the operating surgeon, as well as
scanned implant bar codes. This information is then
supplemented using data from the integrated
electronic health record (EHR), administrative
claims data, membership data, and mortality
records. All patients included in the registry are
longitudinally monitored after the index spine
procedure for outcomes using electronic screening
algorithms, and all outcomes are manually validated
by trained research associates using the EHR. Once
added to the registry, all patients are prospectively
monitored for outcomes until death or health care
membership termination.

Inclusion and Exclusion Criteria

Patients aged >18 years undergoing first posteri-
or instrumented lumbar spine fusion with a Med-
tronic CD Horizon rod for the diagnosis of adult
deformity, spondylolisthesis, or stenosis were in-
cluded. Operative years 2009-2013 and 2016-2018
were included (the registry does not have informa-
tion on spine procedures for 2014-2015). Patients
with prior spine fusions, fusions including other
regions of the spine, or nondegenerative indications
were excluded. Lumbar fusions where rods from
other manufacturers were used were further exclud-
ed.

Exposure of Interest

The primary exposure was the use of a PEEK rod
compared to a Ti rod for posterior instrumented
fusion, identified using the spine registry. Implant
data are captured into the registry from the implant
module of the EHR. At the time of the procedure,
the product Global Trade Item Number for any
implant is scanned, and this information is linked to
a master item list maintained and validated by the
Global Data Synchronization Network to obtain
reference number, catalog number, implant descrip-
tion, manufacturer, and implant type to populate
the implant module.
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Outcome of Interest

The primary outcome of interest was reoperation
for ASD. All patients were continuously monitored
by the registry for reoperation following the index
spine procedure until death, being lost to follow-up
through health care membership termination, or
study end date (March 31, 2019). During the study
period, 302 (10.1%) patients were lost to follow-up
through membership termination. The reason for
reoperation was recorded by the operative surgeon
using operative forms and confirmed via chart
review by a trained clinical research associate to
ensure registry accuracy.

Secondary outcomes included reoperation for
nonunion and 90-day adverse postoperative events.
Ninety-day events evaluated were emergency de-
partment (ED) visit, readmission, and complication
(including deep infection, deep vein thrombosis, and
pulmonary embolism). ED visit included any ED
encounter, and readmission was defined as any
rehospitalization within the integrated health care
system in the 90 days following discharge. ED visits
and readmissions were identified using encounter
information in the integrated EHR. Complications
were defined according to the Agency for Health-
care Research and Quality indicators®® and identi-
fied using the EHR.

Covariates

Patient covariates consisted of age in years
(continuous), body mass index (BMI) in kg/m?
(continuous), smoking status (smoker, quit, and
never), American Society of Anaesthesiologists
(ASA) classification (1, 2, 3, and 4), and diagnosis
(adult deformity, spondylolisthesis, and stenosis).
Surgical characteristics included operative time in
minutes (continuous), interbody use, bone morpho-
genic protein (BMP) use, number of levels fused (1,
2, 3, and 4), fused level (L1-L2, L2-L3, L3-1L4, L4~
L5, and L5-S1), and operative year.

STATISTICAL METHODS

To evaluate the association between PEEK rod
utilization and outcomes, 2:1 pair matching of
instrumented lumbar spine fusions with a Ti rod
to procedures with a PEEK rod using propensity
scores was performed. The propensity score is
estimated by fitting a logistic regression model that
regresses treatment assignment on the measured
baseline covariates. We created separate levels for

nominal covariates with missing values and a
missing indicator variable for continuous variables
with missing data (ie, BMI) while also imputing the
mean.”* Matched pairs were formed using nearest-
neighbor pair matching on the logit of the
propensity score with a caliper width equal to 0.2
of the standard deviation of the logit. In order to
not omit patients who received PEEK rods, if a
match could not be found within the caliper, the
nearest match was found. The standardized differ-
ence for each covariate before (unbalance standard-
ized difference) and after (balanced standardized
difference) applying propensity score matching can
inform how well the application of propensity scores
balanced the distribution of covariates between
groups; a standardized difference <0.1 indicates
that balance is achieved.*>?¢

Crude cumulative incidence was calculated as 1
minus the Kaplan-Meier estimator for time-to-event
outcomes (operative ASD and nonunion) and the
proportion of events over the number at risk for 90-
day binary outcomes (ED visit, readmission, and
complication). Cox regression models were used to
evaluate time-to-event outcomes, and logistic re-
gression models were used to evaluate 90-day binary
outcomes. Follow-up time for time-to-event analy-
ses was defined as the time from the index spine
procedure to the date of reoperation, date of death,
date of membership termination, or study end date,
whichever came first; analysis censored patients who
died, terminated membership, or reached the study
end date. Variance estimation of the treatment effect
made use of an approach that accounts for
observations being nested within surgeon and
matched pairs using robust standard errors.”’ Data
were analyzed using R (version 3.6.0, R Foundation
for Statistical Computing, Vienna, Austria). All
tests were 2-sided, and an alpha of 0.05 was the
significance threshold for this study.

RESULTS

The identified sample comprised 2998 lumbar
spine fusion patients, 154 (5.1%) utilizing a PEEK
rod. Mean age and BMI for the PEEK group were
59.9 (standard deviation [SD] = 14.3) years and 28.2
(SD = 5.4) kg/m>. Most patients who underwent
PEEK rod lumbar spine fusion were female
(55.8%), never smokers (51.9%), and had an ASA
classification of 2 (63.6%); stenosis was the domi-
nant diagnosis (80.5%). Mean operative time was
220.3 (SD = 104.3) minutes; most procedures used
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Table 1. Patient and surgery characteristics of lumbar spine fusion patients by rod material (N = 2998) before and after propensity score matching (2009-2018).

Titanium Rod

Standardized Difference

Characteristic PEEK Rod Before Match After Match Unbalanced Balanced
Total N 154 2844 308
Patient characteristics
Age, in years, mean (SD) 59.9 (14.3) 63.2 (11.9) 60.3 (12.9) 0.249 0.027
BMI, in kg/m? mean (SD) 28.2 (5.4) 29.3 (5.6) 28.7 (5.0) 0.194 0.080
Female, n (%) 86 (55.8) 1686 (59.3) 157 (51.0) 0.070 0.098
Smoking status, n (%) 0.202 0.082
Never 80 (51.9) 1304 (45.9) 172 (55.8)
Quit 51 (33.1) 1161 (40.8) 96 (31.2)
Smoking 11 (7.1) 243 (8.5) 19 (6.2)
Missing 12 (7.8) 136 (4.8) 21 (6.8)
ASA classification, n (%) 0.204 0.084
1 5(3.2) 65 (2.3) 15 (4.9)
2 98 (63.6) 1637 (57.6) 195 (63.3)
3 48 (31.2) 1072 (37.7) 92 (29.9)
4 0 (0.0) 26 (0.9) 0 (0.0)
Missing 3(1.9) 44 (1.5) 6 (1.9)
Diagnosis
Adult deformity, n (%) 25 (16.2) 479 (16.8) 44 (14.3) 0.016 0.054
Spondylolisthesis, n (%) 64 (41.6) 1324 (46.6) 134 (43.5) 0.101 0.039
Stenosis, n (%) 124 (80.5) 2081 (73.2) 241 (78.2) 0.175 0.056
Surgical characteristics
Operative time, in minutes, mean (SD) 220.3 (104.3) 208.3 (70.8) 220.3 (104.3) 0.135 0.025
Interbody, n (%) 97 (63.0) 1704 (59.9) 186 (60.4) 0.063 0.053
BMP, n (%) 0.134 0.098
Yes 109 (70.8) 2071 (72.8) 231 (75.0)
No 39 (25.3) 600 (21.1) 638 (22.1)
Missing 6(3.9) 173 (6.1) 9(2.9)
Number of levels fused, n (%) 0.287 0.034
1 97 (63.0) 1709 (60.1) 197 (64.0)
2 48 (31.2) 776 (27.3) 93 (30.2)
3 4(2.6) 262 (9.2) 9(2.9)
4 5(3.2) 97 (3.4) 9(2.9)
Fused levels, n (%)
L1-L2 0 (0.0) 25(0.9) 0 (0.0) 0.133 <0.001
L2-L3 10 (6.5) 282 (9.9) 20 (6.5) 0.125 <0.001
L3-L4 34 (22.1) 872 (30.7) 63 (20.5) 0.196 0.040
L4-L5 104 (67.5) 2162 (76.0) 207 (67.2) 0.189 0.007
L5-S1 77 (50.0) 1094 (38.5) 156 (50.6) 0.234 0.013
Operative year, n (%) 0.673 0.092
2009 44 (28.6) 498 (17.5) 91 (29.5)
2010 42 (27.3) 582 (20.5) 86 (27.9)
2011 21 (13.6) 497 (17.5) 44 (14.3)
2012 5(3.2) 440 (15.5) 11 (3.6)
2013 9 (5.8) 424 (14.9) 17 (5.5)
2016 2(1.3) 107 (3.8) 2 (0.6)
2017 15(9.7) 148 (5.2) 30 (9.7)
2018 16 (10.4) 148 (5.2) 27 (8.8)

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; BMP, bone morphogenic protein; PEEK, polyetheretherketone; SD, standard

deviation.

interbody (63.0%) and BMP (70.8%). Single-level
procedures were most common (63.0%), the prima-
ry location being L4-L5 (67.5%). There was
imbalance for some of the covariates compared to
patients who underwent a Ti rod lumbar spine
fusion. After applying 2:1 propensity score match-
ing, the matched Ti rod group (N = 308) was similar
to the PEEK group for all covariates, and the
imbalance was reduced (standardized difference <
0.1 for all covariates) (Table 1).

Figure 1 presents the ASD-free probability
during postoperative follow-up with the number of

risk and number of events. At the 5-year follow-up,
the crude reoperation for ASD probabilities were
7.5% (95% confidence interval [CI] = 4.0-14.0) for
the PEEK lumbar spine group and 11.5% (95% CI
= 10.2-12.9) for the Ti lumbar spine group.
Incidence in the matched Ti group is reported in
Table 2. No reoperations for nonunion were
observed at the 2-year follow-up for the PEEK
group, while incidence was 1.3% (95% CI=0.9-1.8)
for the Ti group. After propensity score matching,
no difference was observed in risk for reoperation
due to ASD when comparing PEEK to Ti lumbar
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Figure 1. Reoperation due to adjacent segment disease (ASD)—free probability (left panel = overall, right panel = matched) following lumbar spine fusion using

polyetheretherketone (PEEK) rods compared to titanium (Ti) rods.

spine procedures (hazard ratio = 1.02, 95% CI =
0.66—1.59) (Table 3).

By 90 days postoperative, there were 16 (10.4%)
ED visits, 4 (2.6%) readmissions, and no complica-
tions for the PEEK group. Respective frequencies
for the Ti group were 422 (14.8%), 217 (7.6%), and
35 (1.2%). Incidence in the matched Ti group is
reported in Table 2. After the application of
propensity score matching, a lower likelihood for
readmission was observed for the PEEK group (OR
=0.34,95% CI=0.13-0.94) (Table 3). No difference
was observed in likelihood for ED visit when
comparing PEEK and Ti lumbar spine fusion
patients (OR = 0.88, 95% CI =0.48-1.59).

DISCUSSION

The results of this study did not support our main
hypothesis in that, after propensity score adjust-
ment, we did not detect a difference in risk of
reoperation for ASD following lumbar spine fusion
with PEEK rods as compared with Ti rods in
routine clinical use across a multicenter health care
network. Although PEEK rods, as an individual
component of a fusion construct, are more flexible
than Ti rods, the overall stiffness of an instrumented
level is influenced not only by the presence of PEEK
rods but also by the presence of anterior fusion,
which was employed in approximately 60% of the
cases of the present study. Interestingly, we also did

Table 2. Crude incidence of outcomes following lumbar spine fusion by rod material.

Titanium Rod

Outcome PEEK Rod Before Match After Match®
Total N 154 2844 308
Time-to-reoperation endpoint, % (95% CI)°
ASD 7.5 (4.0-14.0) 11.5 (10.2-12.9) 6.9 (4.3-11.1)
Nonunion 0 (0.0-0.0) 1.3 (0.9-1.8) 0.7 (0.2-2.9)
90-day endpoint, n (%)
ED visit 16 (10.4) 422 (14.8) 36 (11.7)
Readmission 4 (2.6) 217 (7.6) 22 (7.1)
Complication 0 (0.0) 35(1.2) 4(1.3)
Deep infection 0 (0.0) 19 (0.7) 3 (1.0)
Deep vein thrombosis 0 (0.0) 9(0.3) 0 (0.0)
Pulmonary embolism 0 (0.0) 10 (0.4) 1(0.3)

Abbreviations: ASA, American Society of Anesthesiologists; ASD, adjacent segment disease; BMP, bone morphogenic protein; CI, confidence interval; ED, emergency
department; PEEK, polyetheretherketone.

#2:1 propensity score matching titanium lumbar spine procedures to PEEK lumbar spine procedures on the following covariates: patient age, body mass index, smoking
status, ASA classification, adult deformity, spondylolisthesis, stenosis, operative time, interbody, BMP, number of levels fused, fused level, and operative year.
®Unadjusted 5-yr reoperation for adjacent segment discase and 2-yr reoperation for nonunion cumulative incidence probability, calculated as 1 minus the Kaplan-Meier
estimator.
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Table 3. Adjusted® association between rod material and outcomes following
lumbar spine fusion.

Outcome Estimate® (95% CI) P
Time-to-reoperation endpoint
Adjacent segment disease 1.02 (0.66-1.59) 929
Nonunion —° —
90-d endpoint
ED visit 0.88 (0.48-1.59) .662
Readmission 0.34 (0.13-0.94) .038
Complication —° —

Abbreviations: ASA, American Society of Anesthesiologists; BMP, bone
morphogenic protein; CI, confidence interval; ED, emergency department; PEEK,
polyetheretherketone.

“Model estimate obtained after 2:1 propensity score matching titanium lumbar
spine procedures to PEEK lumbar spine procedures on the following covariates:
patient age, body mass index, smoking status, ASA classification, adult deformity,
spondylolisthesis, stenosis, operative time, interbody, BMP, number of levels
fused, fused level, and operative year.

"Hazard ratio estimated for time-to-event endpoints and odds ratio estimated for
90-d binary endpoints.

“Reoperation for nonunion and 90-d complication was not evaluated in the
adjusted analysis due to no events for the PEEK rod group.

not observe any reoperations due to nonunion in the
PEEK group, complicating our ability to statisti-
cally compare this secondary outcome. In addition,
we will study the subgroup of patients who
underwent PEEK rod fusion with posterolateral
graft only and compare this group to the patients
who had use of interbody grafts to see if there is a
difference in ASD rates. The present study adds to
the body of clinical outcome studies of instrumented
lumbar fusion using PEEK rods® by broadly
supporting their midterm effectiveness compared
with Ti rods for both their safety and their
effectiveness at the 5—7-year follow-up.

We did find evidence in this study to support our
secondary hypothesis, that PEEK rods were associ-
ated with a difference in 90-day outcomes, specif-
ically, PEEK rods associated with a lower likelihood
of readmissions. Further, no complications were
observed in the PEEK group, though event rates
were too few to evaluate this outcome in adjusted
analysis. As health care reimbursement for spinal
procedures in the United States begins to shift from
fee-for-service to 90-day episodes of care, it is
important to understand the comparative effective-
ness of fusion technologies in the perioperative time
frame. Our findings should provide reassurance to
clinicians and payers that PEEK rods are associated
with fewer perioperative complications and read-
missions and no observed difference in ED visits
compared to Ti rods and do not appear to
negatively impact outcomes within a 90-day episode
of care. The reasons for return to care are not
collected by the registry and merit further consid-

eration in future research identifying reasons for
return to care, readmission particularly.

Because we included “all comers” during routine
clinical practice in our current study, the outcomes
reported here for lumbar fusion with PEEK rods are
difficult to quantitatively compare directly with
previous short-term studies due to differences in
study populations. For example, in the meta-
analysis by Selim et al,® interbody fusion was
employed in 94.4% of the aggregated, short-term
PEEK rod cases, whereas in our clinical population,
interbody fusion was used in only 63% of PEEK
rod cases. BMP was also routinely used in both the
PEEK and the Ti rod cohorts. Thus, the 100%
fusion rate for PEEK rods at 2 years in the present
study compares favorably with the 100% aggregate
fusion rate reported in the previous meta-analysis.
We found a 1.3% incidence of reoperation for
nonfusion with Ti rods, which is higher than the
aggregate 100% fusion rate reported for the Ti rod
group in the meta-analysis.

There are several limitations of this study we
would like to highlight for the reader. As a
retrospective study using data from a clinical
registry, our outcomes were limited to complications
and reoperations as measures of safety and effec-
tiveness and did not include patient-reported
outcomes, such as pain or Oswestry scores. In terms
of the overall study design, we employed propensity
score matching to develop statistically balanced
groups that specifically address our a priori research
hypotheses with an overall clinical population, and,
as such, the study design was not well suited to post
hoc subgroup analyses. Using our approach, eval-
uating subgroups would require completely rebuild-
ing the propensity score matching and statistical
balancing of the various subgroups to address these
new subgroup hypotheses and hence was beyond the
scope of our original study design. Although we
have employed propensity scores to address con-
founding associated with unbalanced factors be-
tween the PEEK and Ti cohorts, the observational
nature of the study naturally limits our ability to
attribute causation to the treatment, as there may be
unmeasured sources of confounding that we could
not address with our study design. The limitations
of this study are offset by several notable strengths,
including the use of an integrated health care
system’s spine registry that does not rely solely on
coding but instead prospectively collects detailed
information from the operating surgeon on all
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instrumented spine procedures and manually vali-
dates outcomes to ensure accuracy of the spine
registry. This allows for evaluation of PEEK rods in
a real-world clinical context, a relatively large
sample size, and midterm follow-up.

CONCLUSIONS

After correcting for confounding and statistical
adjustment, the present study observed no differ-
ence in the risk of reoperation for ASD between
PEEK and Ti rods at midterm follow-up. Both
cohorts exhibited similar safety profiles and mid-
term registry-based measures of clinical effective-
ness. Our preestablished study design was not
readily amenable to subgroup analysis to explore,
for example, the role of anterior fusion. Similarly,
there are unanswered questions regarding the
differences in 90-day outcomes that favored the
PEEK cohort and will be explored in future
research. Overall, based on the clinical outcomes
investigated in the present study, PEEK rods remain
a reasonably safe and effective treatment option for
lumbar fusion in a general patient population and
real-world clinical conditions.
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