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Introduction: Polyetheretherketone (PEEK) rods for lumbar fusion
have been available since 2007. However, literature about their utility
is sparse and of mixed outcomes.

Methods: A retrospective review of PEEK rod lumbar fusion cases
was performed. Data were analyzed from 108 patients of the senior
author Donald Ross who underwent PEEK lumbar fusion.

Results: There were 97 single and 11 2-level fusions. Rates of
tobacco use, diabetes mellitus, low bone density, depression,
and immunosuppression were 23.1%, 24.1%, 14.8%, 32.4%,
and 6.5%, respectively. In the study population, the mean age
was 60.2 years, body mass index was 30.1, and there was a
mean 31.3 months for follow-up. There were no wound infec-
tions or new neurologic deficits. Of 81 patients with > 11 months
of follow-up, 70 (86.4%) had an arthrodesis, 8 (9.9%) had no ar-

throdesis, and 3 (3.7%) were indeterminate. No patients had re-
vision fusion surgery and 2 patients had adjacent level fusions at
27 and 60 months. One patient had an adjacent segment lami-
nectomy at 18 months and one a foraminotomy at 89 months,
resulting in a 3.7% adjacent segment surgery rate. Mean preop-
erative Short Form-36 (SF-36) physical functioning (PF) score and
Oswestry Disability Index (ODI) score were 28.9 and 24.8, respec-
tively. Mean SF-36 PF postoperative score at 1 and 2 years were
59.3 and 65, respectively. Mean ODI postoperative score at 1 year
was 14.5.

Conclusions: In a large patient cohort lumbar fusion with PEEK
rods can be undertaken with low complication rates, satisfactory
clinical improvements, low rates of hardware failure or need for revi-
sion surgery. Longer follow-up is needed to confirm findings.

urgical treatment of degenerative lumbar

spine disease has been rising steadily in

the United States, and an increasing frac-
tion of surgery involves lumbar fusion.'? Various
techniques are used to accomplish a lumbar
fusion, including noninstrumented fusion, an-
terior lumbar interbody fusion (ALIF), lateral
lumbar interbody fusion (XLIF, OLIF), posterior
pedicle screw fusion, posterior cortical screw
fusion, posterior interbody fusion (TLIF, PLIF),
and interspinous process fusion. Rigid, metallic
fusion hardware provides high stability and fu-
sion rates, but it likely leads to stress shielding
and adjacent segment disease.® There is inter-
est in less rigid and dynamic stabilization tech-
niques to reduce the risk of adjacent segment
disease, such as polyetheretherketone (PEEK)
rods, which have been available since 2007.
However, literature regarding PEEK rod utility
is sparse and of mixed outcomes.®* Additional
patient reported outcome (PRO) information
would be useful to both surgeons and patients.
Using institutional data, this review was de-
signed to examine our experience with PEEK
rod lumbar fusion and to document PROs.

METHODS

The study was approved by the institutional
review board at the US Department of Veter-
ans Affairs (VA) Portland Health Care System
(VAPHCS) in Oregon with a waiver of authori-
zation. In this retrospective, single center study,

data were queried from the senior author’s (DAR)
case logs from VA Computerized Patient Record
System (CPRS). Electronic medical records, im-
aging, and PROs of all consecutive patients
undergoing lumbar fusion at 1 or 2 levels with
PEEK rods for degenerative disease were ret-
rospectively reviewed. Cases of trauma, malig-
nancy, or infection were excluded. From March
2011 through October 2019, 108 patients under-
went lumbar fusion with PEEK rods.

Surgeries were conducted on a Mizuho OSI
Jackson Table via bilateral 3 to 4 cm Wiltse in-
cisions using the Medtronic Quadrant retractor
system. Medtronic O-Arm images were acquired
and delivered to a Medtronic Stealth Station for
navigation of the screws. Monopolar coagulation

TABLE 1 Patient Demographics (N =108)

Characteristics Results
Male, No. (%) 88 (81.5)
Age, mean, y 60.2
Current tobacco usage, No. (%) 25 (23.1)
Body mass index, mean 30.1
Diagnoses, No. (%)
Diabetes mellitus 26 (24.1)
Osteoporosis 16 (14.8)
Depression 35 (32.4)
Immunosuppression 7 (6.5)
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Lumbar Fusion

FIGURE 1 Anteroposterior and Lateral
X-rays

A typical L4-5 fusion construct for spondylolisthesis. The
top image shows an anteroposterior polyetheretherketone
rods with metal fiducial marker caps at the ends and robust
intertransverse fusion bone bilaterally. The bottom image is
a lateral view showing the polyetheretherketone rods with
metal fiducial marker caps protruding rostral and caudal to
the screw heads. The spondylolisthesis is visible at L4-5.

was not used. PEEK pedicle screws were placed
and verified with a second O-Arm spin before
placing lordotic PEEK rods in the screw heads.
No attempt was made to reduce any spondylo-
listhesis, but distraction was used to open the fo-
ramina and indirectly decompress the canal. An
interbody device was placed only in treatment
of multiply recurrent disc protrusion. After de-
cortication of the transverse processes and fac-
ets, intertransverse fusion constructs consisting
of calcium hydroxyapatite soaked in autologous
bone marrow blood and wrapped in 6-mg bone
morphogenetic protein-soaked sponges were
placed on the bone. If canal decompression was
indicated, a Medtronic Metrx retractor tube was
then placed through one of the incisions and de-
compression carried out. Wounds were closed
with absorbable suture. No bracing was used
postoperatively. Figure 1 shows a typical single
level PEEK rod fusion construct.

Patient pre- and postoperative Short Form-
36 (SF-36) physical function (PF) scores and Os-
westry Disability Index (ODI) scores had been
obtained at routine clinic visits.

Static radiographs were used to assess the
fusion. Dynamic films and/or computed to-
mography (CT) scans were obtained only when
symptomatic pseudarthrosis was suspected.
Some patients had abdominal or lumbar CT
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FIGURE 2 Postoperative Sagittal
Lumbar Computed Tomography

Imaging shows solid facet fusion from polyetheretherketone
rod arthrodesis.

scans for other indications, and these were re-
viewed when available. Particular care was taken
to assess facet fusion as an indicator of arthrod-
esis (Figure 2).5

Statistical Analysis

Pre- and postoperative pairwise t tests were
completed for patients with a complete data,
using SAS 9.2 statistical package. Data are
presented as standard deviation (SD) of the
mean.

RESULTS

Following application of the inclusion/exclu-
sion criteria, 108 patients had undergone lum-
bar fusion with PEEK rods. Mean (SD) patient
age was 60.2 (10.3) years and 88 patients were
male (Table 1). Most surgeries were at L5-S1
and L4-5. There were 97 single-level fusions
and 11 bilevel fusions. Seventy-four proce-
dures were for spondylolisthesis, 23 for foram-
inal stenosis, 5 for degenerative disc disease,
3 for coronal imbalance with foraminal steno-
sis, 2 for pseudarthrosis after surgery elsewhere,
and 1 for multiple recurrent disc herniation
(Table 2). Twenty-five patients (23.1%) were cur-
rent tobacco users and 28 (25.9%) were for-
mer smokers, 26 (24.1%) had diabetes mellitus
(DM), 16 (14.8%) had low bone density by dual
energy X-ray absorptiometry (DEXA) imaging,
35 (32.4%) had depression, and 7 (6.5%) were
taking an immunosuppressive agent (chronic
steroids, biological response modifiers, or meth-
otrexate). Mean body mass index was 30.1.



FIGURE 3 Images Showing Arthrodesis

A, anteroposterior lumbar x-ray showing a solid arthrod-
esis bilaterally at L4-5 and a forming arthrodesis at the
more recently operated L3-4 level. B, coronal computed
tomography showing a solid arthrodesis bilaterally at L4-5
and a forming arthrodesis at the more recently operated
L3-4 level.

Surgical Procedure

Of the 108 patients, the first 18 underwent a
procedure with fluoroscopic guidance and the
Medtronic FluoroNav and Stealth Systems. The
next 90 patients underwent a procedure with
O-Arm intraoperative CT scanning and Stealth
frameless stereotactic navigation. The mean
(SD) length of stay was 1.7 (1.3) days. There
were no wound infections and no new neuro-
logic deficits. Mean (SD) follow up time was
30.3 (21.8) months.

Imaging

Final imaging was by radiograph in 73 patients,
CT in 31, and magnetic resonance imaging
(MRI) in 3 (1 patient had no imaging). Sixty-
seven patients (62.0%) had a bilateral arthrod-
esis, and 15 (13.9%) had at least a unilateral
arthrodesis. MRI was not used to assess ar-
throdesis. Eight patients (7.4%) had no definite
arthrodesis. Seventeen patients had inade-
quate or early imaging from which a fusion de-
termination could not be made. Of 81 patients
with > 11 months of follow up, 58 (71.6%) had
a bilateral arthrodesis, 12 (14.8%) had a unilat-
eral arthrodesis, 8 (9.9%) had no arthrodesis,
and 3 (3.7%) were indeterminate.

TABLE 2 Surgical Characteristics

Characteristics Results

Reasons for surgery, No.
Spondylolisthesis 74
Foraminal stenosis 23
Degenerative disc 5
Coronal imbalance 3
Pseudarthrosis 2
Recurrent herniation of the nucleus 1

pulposus

Spine level, No.
L5-S1 51
L4-5 39
L3-4 5
L2-3 1
L4-S1 9
L3-L5 3

Length of stay, mean (SD) [range] 1.7 (1.6),

[0-7]
Wound infections, No. 0
New neurologic deficits, No. 0

No patient had any revision fusion sur-
gery at the index level during follow up. Two
patients had adjacent level fusions at 27 and
60 months after the index procedure. One pa-
tient had a laminectomy at an adjacent seg-
ment at 18 months postfusion, and 1 had a
foraminotomy at an adjacent segment 89
months post fusion (Figure 3). Overall, there
were 4 (3.7%) adjacent segment surgeries at a
mean of 48.5 months after surgery. One patient
had a sacro-iliac joint fusion below an L5-S1
fusion 17 months prior for persisting pain after
the fusion procedure.

Patient Reported Outcomes

Preoperative SF-36 PF and ODI scores were
available for 81 patients (Table 3). Postopera-
tive SF-36 PF scores were obtained at 3 months
for 65 of these patients, and at 1 year for 63 pa-
tients. Postoperative ODI scores were obtained
at 3 months for 65 patients, and at 1 year for
55 patients. Among the 65 patients with com-
pleted SF-36 scores at 3 months, a mean in-
crease of 22.4 (95% Cl, 17-27; P < .001) was
noted, and for the 63 patients at 1 year a mean
increase of 30.3 (95% CI, 25-35; P < .001) was
noted. Among the 65 patients with completed
ODI scores at 3 months, a mean decrease of
6.8 (95% Cl, 4.9-8.6; P < .001) was noted, and
for the 55 patients with completed ODI scores at
1 year a mean decrease of 10.3 (n = 55; 95% Cl,
8.4-12.2; P < .001) was noted.

Lumbar Fusion
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TABLE 3 Primary Outcomes

Outcomes Results

Follow up, mo

Mean, (SD) 29.3 (21.5)
Median 24
Arthrodesis, bilateral/unilateral, No. (%) 70/81 (86.4)
Score, mean (SD) Preoperative  Postoperative at 1y
SF-36 physical function score 28.9 (19.0) 59.3 (21.3)
ODI score 24.8 (7.9) 14.5 (7.6)

Abbreviations: ODI, Oswestry Disability Index; SF-36, short form-36

Cost

We compared the hardware cost of a single
level construct consisting of 4 pedicle screws,
4 locking caps, and 2 rods using a PEEK sys-
tem with that of 2 other titanium construct sys-
tems. At VAPHCS, the PEEK system cost was
about 71% of the cost of 2 other titanium con-
struct systems and 62% of the cost when com-
pared with Medtronic titanium rods.

DISCUSSION

PEEK is useful for spine and cranial implants.
It is inert and fully biocompatible with a mod-
ulus of elasticity between that of cortical and
cancellous bone, and much lower than that
of titanium, and is therefore considered to be
semirigid.®>+® PEEK rods are intermediate in
stiffness between titanium rods (110 Gigapas-
cals) and dynamic devices such as the Zim-
mer Biomet DYNESYS dynamic stabilization
system or the Premia Spine TOPS system.?
Carbon fiber rods and carbon fiber reinforced
PEEK implants are other semirigid rod alterna-
tives.”® PEEK rods for posterior lumbar fusion
surgery were introduced in 2007. Li and col-
leagues provide a thorough review of the bio-
mechanical properties of PEEK rods.?

PEEK is thought to have several advantages
when compared with titanium. These advan-
tages include more physiologic load sharing and
reduction in stress shielding, improved durability,
reduced risk of failure in osteoporotic bone, less
wear debris, no change in bone forming environ-
ment, and imaging radiolucency.*® Spinal PEEK
cages have been reported to allow more uni-
form radiation dose distribution compared with
metal constructs, an advantage that also may
pertain to PEEK rods.'® Disadvantages of PEEK
rods include an inability to detect rod breakage
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easily, lack of data on the use in more than min-
imally unstable clinical situations, and greater
expense, although this was not the authors’
observation.34"

Importantly, it has been reported that PEEK
rods permit a greater range of motion in all
planes when compared with titanium rods.®
Polyetheretherketone rods unload the bone
screw interface and increased the anterior col-
umn load to a more physiologic 75% when
compared with titanium rods.®® However, in
another biomechanical study that compared
titanium rods, PEEK rods, and a dynamic sta-
bilization device, it was reported that ante-
rior load sharing was 55%, 59%, and 75%,
respectively.’? This indicated that PEEK rods
are closer to metal rods than truly dynamic de-
vices for anterior load sharing. The endurance
limit of a PEEK rod construct was similar to
that of clinically useful metal systems.® PEEK
rods resulted in no increase in postfatigue mo-
tion compared with titanium rods in a biome-
chanical model.™ Intradiscal pressures at PEEK
instrumented segments were similar to unin-
strumented segments and greater than those
with titanium rod constructs.' Intradiscal pres-
sures at adjacent segments were highest with
dynamic devices, intermediate with semirigid
rods, and lowest with rigid constructs; however,
stress values at adjacent segments were lower
in PEEK than titanium constructs in any direc-
tion of motion.™s1®

Fusion Rates

The use of PEEK rods in lumbar fusion has been
reported previously.®+'7'® However, these stud-
ies featured small sample sizes, short follow up
times, and contradictory results.* Of 8 outcome
reports found in a systematic review, 2 studies
reported on procedures designed to create non-
fusion outcomes (a third similar trial from 2013
was not included in the systematic review), and
1 study reported only on the condition of PEEK
rods removed at subsequent surgery.®'9?" Re-
ported fusion rates varied from 86 to 100%.

In 42 patients with PEEK rod fusions who
were followed for a mean of 31.4 months, 5 pa-
tients required adjacent segment surgery and
3 patients were treated for interbody cage mi-
gration and nonunion.'” Radiographic fusion rate
was 86%. These authors concluded that PEEK
rod fusion results were similar to those of other
constructs, but not better, or perhaps worse
than, metal rods.



Other studies have reported better results
with PEEK."":1819.22-24 Highsmith and colleagues
reported on 3 successful example cases of the
use of PEEK rods." De lure and colleagues re-
ported on 30 cases up to 5 levels (mean, 2.9)
using autograft bone, with a mean follow up of
18 months.?® Results were reported as satisfac-
tory. Three patients had radiographic nonunions,
1 of which required revision for asymptomatic
screw loosening at the cranial end of the con-
struct. Qi and colleagues, reported on 20 pa-
tients with PEEK rods compared to 21 patients
with titanium alloy rods.?* Both groups had simi-
lar clinical outcomes, structural parameters, and
100% fusion rates. Athanasakopoulos and col-
leagues reported on 52 patients with up to 3 level
fusions followed for a mean of 3 years.? There
were significant improvements in PROs: at 1 year
96% had radiographic union. Two patients had
screw breakage, 1 of whom required revision to
a metal rod construct. Colangeli and colleagues
reported on 12 patients treated with PEEK rods
compared with 12 who were treated with a dy-
namic system.'® They reported significant im-
provements, no complications, and 100% fusion
at 6 months. Huang and colleagues reported on
38 patients intended to undergo a nonfusion pro-
cedure with 2 years of follow up.'® They reported
good outcomes and 1 case of screw loosening.
As no fusion was intended, no fusion outcomes
were reported. All these studies suggested that
longer follow up and more patients would be
needed to assess the role of PEEK rods in lum-
bar fusion.®

Our results show a radiographic fusion rate
of 86.4% and a radiographic nonunion rate of
9.9% in patients followed for at least 12 months.
There was no clinical need for revision fusion at
the index level. In our retrospective review, pa-
tients had high levels of smoking, DM, depres-
sion, immunosuppression, and obesity, which
may negatively influence radiographic fusion
rates when compared with other studies with
100% reported fusion rates. There was no in-
stance of construct breakage or screw breakout,
indicating that PEEK rods may allow enough
flexibility to avoid construct failure under stress
asin afall.

Patient Reported Outcomes

Recent large studies were reviewed to assess
the pre- and postoperative patient PROs re-
ported in comparison with our study population
(Table 4). In the Swedish Spine Registry analysis

TABLE 4 Study Score Comparisons?5:26

Studies Preoperative

Lumbar Fusion

Postoperative, at 1y

Swedish 2017, mean (95% CI)?

SF-36 physical component 37.0 (36-38) 46.0 (44-47)

ODI 41.0 (40-43) 21.0 (19-23)
SPORT 2009, mean (SD)°

SF-36 physical function 30.4 (21.9) 58.5 (1.6)

ODI 45.5 (16.9) 19.2 (1.3)
This study, mean (SD)

SF-36 physical function 28.9 (19.0) 59.3 (21.3)

ODI 24.8(7.9) 14.5 (7.6)

Abbreviations: ODI, Oswestry Disability Index; SF-36, short form-36; SPORT, Spine

Patient Outcomes Research Trial.
aPosterolateral fusion with instrumentation group.
PPosterolateral instrumented fusion with pedicle screws group.

of 765 patients with 3 different types of lumbar
fusion, the mean preoperative ODI score was
37 and mean SF-36 physical component
score (PCS) was 35 for the most similar ap-
proach (posterolateral fusion with instrumenta-
tion).2° At 1 year postoperation, the mean ODI
was 26 and mean SF-36 PCS was 43. In the
Spine Patient Outcomes Research Trial (SPORT)
spondylolisthesis trial of 3 fusion types, the
mean preoperative ODI was 41.2 and mean
SF-36 PF score was 31.2 for the most simi-
lar approach (posterolateral instrumented fu-
sion with pedicle screws).?® Postoperative
ODI scores at 1 year decreased by a mean
20.9 points and mean SF-36 PF scores in-
creased by 29.9.

We report a mean preoperative SF-36 PF
score of 28.9, which is lower than the SPORT
study score for posterolateral fusion with in-
strumentation and the Swedish Study score for
posterolateral instrumented fusion with ped-
icle screws. Similarly, our mean ODI score of
24.8 was better than the scores reported in
the Swedish and SPORT studies. Our mean
SF-36 PF score at 1 year postoperation was
59.3, compared with 58.5 for the SPORT study
group and 46.0 in the Swedish study group.
Mean ODI score at 1 year postoperatively was
14.5, which is better than the scores reported
in the Swedish and SPORT studies.

Minimally clinically important difference
(MCID) is a parameter used to gauge the ef-
ficacy of spine surgery. The utility of the MCID
based upon PROs has been questioned in
lumbar fusion surgery, as it has been thought
to measure if the patient is “feeling” rather
than “doing” better, the latter of which can be
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better measured by functional performance
measures and objective, external socioeco-
nomic anchors such as return to work and
health care costs.?” Nevertheless, validated
PROs are reported widely in the spine surgery
literature. The MCID in the SF-36 is not well
established and can depend upon whether the
scores are at the extremes or more in the cen-
tral range and whether there is large variabil-
ity in the scores.?® Rheumatoid arthritis was
estimated to be 7.1 points on the PF scale
and 7.2 on the physical component sum-
mary (PCS).?° For total knee replacement, it
has been estimated to be 10 points on the
SF-36 PCS.%° Lumbar surgery was estimated
to be 4.9 points for the SF-36 PCS and 12.8
points for the ODI.3' And the SPORT trial it
has been estimated that a 30% change in the
possible gain (or loss) may be an appropriate
criterion.?®

With a preoperative mean SF-36 PF of 28.9,
a 30% improvement in the available range
(70.1) would be 21 points, making our data
mean improvement of 30 points above the
MCID. With a mean preoperative ODI of 24.6, a
30% improvement in the available range (25.4)
would be 7.6 points, making our data mean im-
provement of 10.3 points better than the MCID.
Therefore, our outcome results are compara-
ble with other lumbar fusion outcome studies
in terms of degree of disability prior to surgery
and amount of improvement from surgery.

Adjacent Segment Disease
The precise factors resulting in adjacent seg-
ment disease are not fully defined.®% In reviews
of lumbar adjacent segment disease, reported
rates ranged from 2.5% at 1 year up to 80 to
100% at 10 years, with lower rates with non-
instrumented fusions.**23 Annual incidence of
symptomatic adjacent segment disease follow-
ing lumbar fusion ranges from 0.6 to 3.9% per
year.%2353¢ Mismatch between lumbar lordosis
and pelvic incidence after fusion is thought to
lead to higher rates of adjacent segment dis-
ease, as can a laminectomy at an adjacent seg-
ment.®?3¢ Percutaneous fusion techniques or use
of the Wiltse approach may lower the risk of ad-
jacent segment disease due to avoidance of
facet capsule disruption.”8

Dynamic stabilization techniques do not ap-
pear be clearly protective against adjacent seg-
ment disease, although biomechanical models
suggest that they may do s0.333%40 A review by

S14 - FEDERAL PRACTITIONER SPECIAL ISSUE « APRIL 2021

Wang and colleagues pooled studies to assess
the risk of lumbar adjacent segment disease in
spinal fusion to compare to disc arthroplasty
and concluded that fusion carried a higher risk
of adjacent segment disease.*' Definitive data
on other types of motion preservation devices is
lacking.®

We show 3 adjacent segment fusions and
1 laminectomy have been needed in 108 pa-
tients and at a mean of 46 months after the
index procedure and over 2.5 years of mean
overall follow up. This is a low adjacent segment
surgery rate compared to the historical data
cited above, and may suggest some advantage
for PEEK rods over more rigid constructs.

Strengths and Limitations

Strengths of this study include larger numbers
than prior series of PEEK rod use and use in
a population with high comorbidities linked
to poor results without reduction in good out-
comes. PEEK rods as used at the VAPHCS do
not result in higher instrumentation costs than
all metal constructs.

Study limitations include the retrospective na-
ture with loss of follow up on some patients and
incomplete radiographic and PROs in some pa-
tients. The use of 100% stereotactic guidance,
the avoidance of interbody devices, and the off-
label use of bone morphogenetic protein as part
of the fusion construct introduce additional vari-
ables that may influence comparison to other
studies. To avoid unnecessary radiation expo-
sure, flexion extension films or CT scans were
not routinely obtained if patients were doing
well.®2 Additionally, the degree of motion on dy-
namic views that would differentiate pseudar-
throsis from arthrodesis has not been defined.®

CONCLUSIONS

The results presented show that lumbar fusion
with PEEK rods can be undertaken with short
hospitalization times and low complication rates,
produce satisfactory clinical improvements,
and result in radiographic fusion rates similar to
metal constructs. Low rates of hardware failure
or need for revision surgery were found. Prelim-
inarily results of low rates of adjacent segment
surgery are comparable with previously pub-
lished metal construct rates. Longer follow up is
needed to confirm these findings and to inves-
tigate whether semirigid constructs truly offer
some protection from adjacent segment disease
when compared to all metal constructs.
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