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Abstract

Purpose: This study evaluates the radiological and functional results and complication rates following fixation of medial

open-wedge high tibial osteotomies (HTO) with a peek-carbon composite stabilizing system (PEEK Power plate).

Methods: 45 patients (mean age 47.7 £ 13.4 years) were included in a retrospective cohort study. Intra-, postoperative and
complications to follow-up were recorded and VAS-, KOOS-, Tegner-, Lysholm- and IKDC scores were used to evaluate
functional results, anatomical medial proximal tibial angle (aMPTA), anatomical femorotibial angle (aFTA) and anatomical
posterior proximal tibial angle (aPPTA) to evaluate pre-, postoperative, implant and follow-up radiographs. Perioperative
data were assessed directly during patient admittance; follow-up data were collected at visits to the outpatient clinic and pos-

tal questionnaires for at least one year postoperative.

Results: The implant related complication rate was 8.8%. Statistical analysis revealed significant mean improvements in
VAS-, KOOS-, Tegner-, Lysholm- and IKDC scores. Postoperative correction of aMPTA and aFTA averaged to 90.7 + 2.3°

©2026 The Authors. Published by the JScholar under the terms of the Crea-tive Com-
mons Attribution License http://creativecommons.org/licenses/by/3.0/, which per-
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and 3.9 * 2.2° valgus, respectively. The corresponding follow-up values were 89.09 + 1.6° and 3.2 + 1.7°, respectively.

Conclusions: The complication rate after HTO using a CR-PEEK plate is comparable to previous reports on other fixation

devices. Radiological results are favourable and functional improvements significant.

Keywords: high tibial osteotomy, open wedge, PEEK, complication rate, results

Introduction

Medial open-wedge high tibial osteotomy (HTO)
is a well-established and commonly used treatment option
in patients with symptomatic unicompartmental medial
overload and varus malalignment of the knee [1-5]. Since
the invention of the technique, various implants have been
developed including short locking and non-locking spacer
plates and larger plate fixators without spacer bars [6-11].
Differing complication rates and failure modes of these im-
plants have been described [9,10,12-16]. Angular stability in
large plate fixators decreased postoperative loss of correc-
tion and complications following HTO [6,14,17,18]. To
avoid implant failure and maintain the angle of correction,
smaller spacer plates require additional bone grafts [7,13].
A novel carbon fibre reinforced polyether-ether-ketone
(CR-PEEK) composite has been developed, yielded
favourable biomechanical properties and has therefore been
recommended for the wuse in orthopaedic implants
[8,19,20]. Compared to titanium plates, an increased static
flexural strength and increased lifetime curves at higher
load levels have been reported [18]. In vitro testing of PEEK
devices for fracture fixation showed similar characteristics
compared to commercially used stabilization systems
[21,22]. In addition, CR-PEEK implant simulations predict-
ed reduced stresses at the device-bone interface [19]. Prelim-
inary clinical and radiological results using PEEK implants
are rare, but tended towards a promising outcome [14,22].
In a clinical and radiological comparison between PEEK
and titanium plate fixators, Cotic et al. [8] noted a higher
complication rate after stabilisation of HTO with PEEK im-
plants but no difference in functional outcome between the
study groups. Nevertheless, the application of carbon rein-
forced PEEK for medical technologies has been approved
for years in spine surgery. The PEEK composites provide

biocompatibility and radiolucency to ensure a clear view on-

JScholar Publishers

to the fracture or osteotomy site during surgery and on post-

operative radiographic imaging [20,23].

The complication rates and the functional and ra-
diological results of CR-PEEK fixation plates for HTO still
remain a knowledge gap, having only been investigated by
Cotic et al., yet [8,24]. The purpose of this study was to as-
sess the preliminary outcome following open-wedge HTO
using the PEEK Power fixation plate (Arthrex Inc., Naples,
FL, USA). The hypothesis was that HTO fixation using the
CR-PEEK device is associated with similar complication
rates and functional and radiological outcome measures
comparable to other HTO fixation systems while offering
better radiologic assessment options and offering better bio-

compatiblity

Materials and Methods

Forty-five knees in 45 patients who had under-
gone HTO with a carbon fibre reinforced po-
lyether-ether-ketone plate (PEEK Power Plate, Arthrex Inc.,
Naples, FL, USA) for medial unicompartmental osteoarthri-
tis of the knee and concomitant varus malalignment be-
tween 2010 and 2012 were evaluated (Fig. 1 and 2). The
group included 35 male and 10 female patients with a mean
age of 47.7 £ 13.4 years (range, 17.6 to 74.0 years) at the
time of surgery. Twenty-three patients (51.1%) were operat-
ed for the right and 22 (48.9%) for the left knee. All patients
initially presented with symptoms of unicompartimental
medial overload originating from varus malalignment of the
leg with medial femorotibial osteoarthritis. For preoperative
and follow-up assessment of clinical parameters, visual ana-
logue scales (VAS), KOOS-scores, Tegner-activity levels,
Lysholm- and subjective IKDC-scores were obtained. Radio-
logical evaluation was conducted using anteroposterior and
lateral standard knee radiographs and standing long cas-

sette images of the lower limbs preoperatively, postopera-
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tively, at time of implant removal and at follow-up. In addi-
tion, computed tomography (CT) scans of the proximal
tibia including the knee joint were obtained on the second
day after surgery to evaluate postoperative results (Fig. 3).

Radiological measurements included anatomical medial

Figure 1: Anterposterior (left row) and lateral (right row) radiographs following HTO with P

proximal tibia angle (aMPTA), anatomical femurotibial an-
gle (aFTA) and anatomical posterior proximal tibia angle
(aPPTA, Fig. 1). Negative values indicate varus deviation,
positive values valgus deviation. Complications occurring in-

tra- and postoperatively or in the course to follow-up exami-

nation were recorded.
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EEK Power Plate, postoperative

(top) and after implant removal (bottom). Measurement method for aMPTA, aFTA and aPPTA.
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Figure 2: Intraoperative images of a right knee (medial view) demonstrating the osteotomy gap temporariliy expanded with

two spreading forceps (top), the PEEK Power Plate in situ and the osteotomy gap filled with corticocancellous graft cylinders

from the anterior iliac crest, with absorbable haemostatic gelatin sponges or both (middle) and the osteotomy site status after

implant removal (bottom).

Statistical analysis. Paired t-test for matched vari-
ables was used to compare continuous data before and after
intervention. To analyse contingency tables the two-tailed

Fisher’s exact test was applied. Statistical significance was

defined as p<0.05.

The study protocol is in accordance with all legal

requirements regarding ethics committee approval.
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Figure 3: Postoperatice coronar CT reconstruction of a left knee following HTO with fracture of the lateral tibial cortex.

Results

All fortyfive patients were invited for follow up ex-
ams by postal invitation. Patients not responding to follow
up invitations for at least 12 months were excluded from
the study Twenty-four patients (53.3%) were available for
follow-up after 2.1 + 1.1 years (range, 1.2 to 5.8 years)..
Mean body mass index was 27.6 + 5.0 kg/m’ (range, 16.6 to
38.8 kg/m’). Osteotomy wedge sizes ranged from 3° to 12°

(mean 5.7 + 2.4°). To fill the osteotomy gap, 33 patients
(73.3%) underwent autologous cancellous bone grafting. A
3 cm skin incision was performed over the anterior iliac
crest and two bone cylinders were harvested. Additional
arthroscopic surgery was necessary in 28 patients (62.2%).
Table 1 presents additional procedures in detail. Implant re-
moval was performed in 33 cases 0.8 + 0.3 years after the ini-

tial operation (Fig. 2).

12

10

|

|

ME MF

ME + MF ACL

Table 1: Frequency of additional surgery (ME partial medial meniscectomy, MF microfracturing, ME+MF partial medial

meniscectomy and microfracturing, ACL anterior cruciate ligament reconstruction)
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Complications

The not implant-related complication rate was cal-
culated with 4.4% (Table 2). On postoperative CT-scans a
fracture of the lateral cortex of the tibial head was docu-
mented in 11 (24.4%) cases (Fig. 3). Only 6 of them (54.5%)
were visible on plain standard radiographs (p>0.2). Additio-

nal lag screw fixation was performed in 5 cases (11.1%), 3 of

them (6.6%) presented with delayed union which, however,
had no adverse effect on final outcome. The implant-related
complication rate was 8.8% and arose from 3 delayed
unions and one patient (2.2%) who developed non-union
and required revision surgery with conversion to a Tomo-
Fix plate fixator. All other osteotomies healed uneventful.
Specific complications and accordant treatment are demons-

trated in Table 2.

Table 2: Complications and treatment after HTO (TKA total knee arthroplasty, UKA unicompartmental knee arthroplasty, n=45)

Complication Treatment
Infection 1/45(2.2%) Debridement
Haematoma 1/45(2.2%) Evacuation
Delayed union 3 /45 (6.6%) none

Non-union

1/45 (2.2%)

Refixation with TomoFix

Lateral cortex fracture

11/ 45 (24.4%)

Additional screw fixation in 5 cases

Implant loosening

2/ 45 (4.4%)

no adverse effect on outcome

Conversion to TKA /UKA

1/45(2.2%)

Not implant-related

4.4% (2/45)

Implant-related 8.8% (4 / 45)

aMFPTA aFTA aPPTA
Pre OP (n=45) 85.3+2.1° 2.8+23° 85.3 +2.9°
Post OP* (n=45) 90.7 £2.3° 3.9+2.2° 82.5+3.9°
Implant removal* (n=33) 90.1+2.5° 3.4+1.7° 82.3+4.3°
Follow-up* (n=24) 89.9+1.6° 32+1.7° 82.7+4.4°
92 -4
a0
+-2
88
+0
86
84 2
82
+ 4
3.9
80 r .

preoperative postoperative

IR follow up

Table 3: Pre-, postoperative, implant removal and follow-up values for aMPTA (=), aFTA (A) and aPPTA (¢) (Mean * SD,

n.s.not statistically significant between measurements)
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Radiological results

Preoperative radiological findings, postoperative
angle of correction and corresponding values at time of im-
plant removal and follow-up examination are displayed in
Table 3. The preoperative values for aMPTA, aFTA and aPP-
TA averaged to 85.3 + 2.1° (range, 79.2 to 88.8°), -2.8 + 2.3°
(range, -0.1 to -9.6°) and 85.3 + 2.9° (range, 78.5 to 89.7°),
respectively. The corresponding values on postoperative ra-

diographs were 90.7 + 2.3° (range, 86.5 to 97.4°), 3.9 + 2.2°

(range, 13.1 to 0.4°) and 82.5 + 3.9° (range, 70.2 to 89.1°), re-
spectively, and averaged to 90.1 + 2.5° (range, 86.2 to 98.5°),
3.4 £ 1.7° (range, 8.0 to 0.8°) and 82.3 + 4.3° (range, 70.6 to
88.2°) on radiographs after implant removal. Upon follow
up evaluation aMPTA, aFTA and aPPTA averaged to 89.9 +
1.6° (range, 87.1 t0 92.8°), 3.2 £ 1.7° (range, 7.0 to 0.0°) and
82.7 + 4.4° (range, 70.5 to 87.9°), respectively, revealing a
loss of correction of 0.7° for aMPTA, of 0.6° for aFTA and
of 0.2° for aPPTA, respectively (Table 3).

Table 4: Preoperative and follow-up values for Tegner- (median with range), VAS, Lysholm- and IKDC Score (mean + SD), * p<0.05 be-

tween measurements, n=24)

VAS* Tegner * Lysholm * IKDC, pjeciive *
Preoperative 6.3+22 3.5 (0-8) 50.6 +22.4 47.8 +19.5
Follow-up 26+26 5.0 (1-9) 76.7 £ 20.5 71.8 £20.4
100
87.0
80.8 BL8 -
80 e cal >
Y
~ 65.8
63.2 N
58.3 . e 617
-~ Y
60 — S
Se.. 503 .7 .
., . - ‘\‘
N
0 '\ 36.5
N T 30
20 r T T r )
Pain * Symptoms * ADL * Sports * QOL *

Table 5: Preoperative (=) and follow-up ( A) values for KOOS subscales (ADL activities of daily life, QOL quality of life, *

p<0.05 between measurements, n=24)

Functional results

The results for preoperative and follow-up clinical
evaluation utilizing VAS-, KOOS-, Tegner, Lysholm- and
subjektive IKDC-scores are demonstrated in Table 4. The
improvements averaged to 1.5 points for Tegner activity lev-
el, to 26.1 points for Lysholm-score, to 24.0 points for IKD-

C-score and to 3.7 points for VAS, respectively, between pre-
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operative and follow-up values, which represents a statisti-
cally significant difference for all scores (p<0.05). Preopera-
tive and follow-up subscales of KOOS are displayed in
Table 5.

No statistical significant correlation was detected
between BMI (below or above 30 kg/m2), age or gender and

overall or implant-related complication rate. Correction an-
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gles below or above 7° yielded no statistically significant cor-
relation neither to overall nor to implant-related complica-
tions. Statistically significant more fractures of the lateral
cortex of the tibial head were detected for an age above 60

years (p<0.03).

Discussion

The results of the present investigation provide
functional and radiological data to assess a novel fixation de-
vice for HTO regarding effectiveness and safety, which
seems to be mandatory for the use of innovations. Several re-
ports in literature detected the insufficiency of novel im-
plants and therefore recommended against their use """
The implant related complication rate in this study was
found to be acceptable with only 2.2% of patients requiring
revision surgery for malunion. Delayed union occurred in
6.6% without any impact on final functional and radiologi-
cal outcome. With the use of the PEEK plate, the not im-
plant related complications like infection or haematoma
were found to arise less often when compared to other fixa-
tion devices “'. This confirms the results of Cotic et al. *
who reported a higher infection rate with the use of larger
plate fixators compared to the Peek device. The advantage
of a small and slim implant design might not only positively
affect painful local soft tissue irritation * but also reduce the

risk of superficial or deep wound infection (Fig. 2).

Non-union rates following HTO are associated to
the type of system used for fixation. Small spacer plates with-
out bone graft yield a higher complication rate especially
when used for increased correction angles *'*"". On the
other hand, the bulky design of plate fixators might negative-
ly influence the risk for infection, which was reported to be
as high as 10% "**. Valkering et al. ' found a radiological
consolidation process of 10.4 months after Tomofix stabil-
ization of HTO. Non-union rates after HTO with plate fixa-
tors range between 0% and 7% in literature *'°. We did not
find risk factors for non-union associated to the use of the
presented CR-PEEK plate. The majority of patients under-
went cancellous bone grafting. Harvesting two bone cylin-
ders from the anterior iliac crest through a small skin inci-
sion was found to be simple and unproblematic and did not
result in any patient complaints. Filling the osteotomy gap

with bone autografts will certainly also account for the low
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non-union rate in this series. In a recent study, Cotic et al. *
directly compared Tomofix and PEEK-plates in a matched--
pair analysis and refused from recommending the PEEK
plate for clinical practice. Matched pairs were recruited
from as database of 160 HTO patients stabilizied with To-
mofix plates. The authors found an overall complication
rate of 19% and 12%, respectively and a non-union rate of
15% and 0%, respectively. Functional parameters improved
significantly in both groups and radiological mesurements
revealed a consistent and stabile fixation by both devices.
Our investigastion confirms the clinical and radiological re-
sults of Cotic et al. * and revises the potential complication
rate for PEEK implants, which was found to be 2.2% for

non-union and 6.6% for delayed union in this series.

Postoperative CT scans facilitated the detection of
occult fractures or fissures of the lateral cortex on plain ra-
diographs indicating a more frequent occurrence of a com-
plication potentially endangering osteotomy healing. All cas-
es with delayed union and non-union were associated to a
lateral cortex fracture. Nevertheless, no adverse effect on the
final functional or radiological outcome could be detected,
but a direct positive correlation between uneventful healing
in spite of lateral cortex fractures and the use of the PEEK
plate can not be drawn from our results. Equally, the use of

CT scans as a postoperative routine is not recommended.

The radiological and functional outcome follow-
ing HTO with PEEK plates is compareable to other fixation
devices **”*. The CR-PEEK implant is capable to maintain
correction angles during osteotomy healing indicating a per-
manent and stable fixation, which is reported to be a crucial
influencing factor in stabilizing osteotomy gaps *”'*.

The advantageous material characteristics of CR-
PEEK composites provide increased static flexural strength
and an increased lifetime curve at higher load levels result-
ing in favourable biomechanical properties for stable HTO
fixation °. Several authors concluded from histological exam-
inations on acute and chronic tissue inflammation that
PEEK plates could be safely used for HTO from a biological
point of view **’. The advanced concept of multidirectional
interlocking screws for plate fixation, the radiolucency of
the implant that facilitates intra- and postoperative evalua-

tion of the osteotomy gap and its osseous consolidation as
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well as anatomic and elaborate shape and design represent
further appreciated advantages for a novel HTO fixation de-

vice.

Several limitations of this study interfere with an
unconfined transfer of our results into clinical practice: we
conducted a prospective case series without a control group
and evaluated a relatively small sample size with only 45 pa-
tients available for baseline assessment and 24 cases for fol-
low-up. Nevertheless we belive in the informative and pre-
liminary quality of our report that might serve as a basis for
further research and support surgeons in their decision
which implant to choose for HTO fixation. Furthermore,
our data confirm the recent findings of Cotic et al. * who re-
ported also significant improvements in VAS, WOMAC,
and Lysholm scores after 24 months and no loss of correc-

taion regarding MPTA and PPTA at the time of implant re-

JScholar Publishers

moval in 28 patients following HTO with PEEK plates and
an osteotomy gap of 12 mm or less even without bone graft-
ing. The authors found a total complication rate of 4 %
caused by one non-union. The non-union rate in this series
was 2.2%, all other documented complications did not re-

quire revision surgery or were not implant-related.

The complication rate after HTO using a CR-
PEEK plate is comparable to previous reports on other fixa-
tion devices. Radiological results are favourable and functio-
nal improvements significant. Our results indicate that the
application of CR-PEEK plates is effective and reliable and

can be recommended for HTO fixation.
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