
KNEE

Complication rate following high tibial open-wedge osteotomy
with spacer plates for incipient osteoarthritis of the knee
with varus malalignment

Michael Osti • Alexander Gohm • Bernd Schlick •

Karl Peter Benedetto

Received: 19 April 2013 / Accepted: 28 October 2013 / Published online: 6 November 2013

� Springer-Verlag Berlin Heidelberg 2013

Abstract

Purpose Medial open-wedge high tibial osteotomy

(HTO) with spacer plates is recommended to correct varus

malalignment of the knee with symptomatic overload of

the medial compartment.

Methods Fifty-five knees in 50 patients were assessed.

Intra- and post-operative complications were recorded, and

Tegner, Lysholm and IKDC scores were used to evaluate

functional results. Radiological parameters consisted of

medial proximal tibial angle (aMPTA), femorotibial angle

(aFTA), posterior proximal tibial angle, lateral distal femur

angle, mechanical axis deviation (MAD) and osteoarthritis

score (Jäger and Wirth).

Results Duration of follow-up was 5.0 ± 1.4 years.

Overall and implant-related complication rates were 27.3

and 10.9 %, respectively. No statistical association could

be detected between overall and implant-related compli-

cation rates and age, gender, wedge size, angle of correc-

tion or body mass index. Mean improvement in Lysholm

score was 26.8. Overall IKDC scores at follow-up were

A25, B26, C2 and D2. Post-operative correction of MPTA

and FTA averaged to 89.6� and 173� and to 89� and 173.5�
at follow-up, respectively. Initial MAD of 21.8 mm was

corrected to 11.8 mm at follow-up. Osteoarthritis score

increased from 1.4 ± 0.9 to 1.9 ± 0.9 points.

Conclusions HTO with spacer plates improves knee

function and is an effective procedure in selected patients.

Overall and implant-related complication rates should be

considered and seem to be lower with a smaller angle of

correction corresponding to incipient osteoarthritis and less

varus deformity.

Level of evidence Retrospective case series, Level IV.
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Introduction

Medial open-wedge high tibial osteotomy (HTO) has been

established as an effective surgical procedure in selected

patients with symptomatic unicompartmental medial

overload and osteoarthritis of the knee [3–11, 25]. To avoid

the complications associated with closing-wedge osteoto-

mies (infection, thromboembolic event, opposite cortex

and intra-articular fractures, neurovascular complications,

under-correction and recurrence of deformity, non-union

and delayed union have been reported), HTO has become

widely accepted as the treatment of choice in young and

active patients to prevent progression to partial or total

joint replacement and allow for unrestricted activity levels

[9]. The decompressive effect on the cartilage of the medial

compartment following correction of alignment decreases

the risk of progression of osteoarthritic changes and

improves knee function [3–11, 13, 17, 24]. Several studies

have demonstrated the importance of adequate surgical

correction of malalignment for a successful outcome [9,

20]. Loss of correction and functional outcome correlate

with the type of fixation, the degree of correction [9, 25]

and the period to osseous union. Numerous implants and

techniques have been described for open-wedge HTO, but

spacer plates and plate fixators seem to be prevalent. Plate

fixators yield increased stability in clinical and experi-

mental studies [19, 21] and decrease the necessity of

M. Osti (&) � A. Gohm � B. Schlick � K. P. Benedetto
Department for Trauma Surgery and Sports Traumatology,

Academic Hospital Feldkirch, Carinagasse 47, 6800 Feldkirch,

Austria

e-mail: michael.osti@lkhf.at

123

Knee Surg Sports Traumatol Arthrosc (2015) 23:1943–1948

DOI 10.1007/s00167-013-2757-8

http://crossmark.crossref.org/dialog/?doi=10.1007/s00167-013-2757-8&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00167-013-2757-8&amp;domain=pdf


autologous or artificial bone grafting. Depending on the

implant utilized for the medial opening HTO procedure,

several authors have reported variable complication rates

[1, 15, 17, 18, 22–24].

This study reports the complication rate as well as

clinical and radiological results following HTO with spacer

plates in patients with varus malalignment of the knee and

symptomatic incipient medial osteoarthritis. The hypothe-

sis was that HTO using spacer plates is associated with

similar complications and subjective and objective out-

come measures comparable to other open-wedge tech-

niques and implants.

Materials and methods

Fifty-five knees in 50 patients who had undergone HTO

with a non-locking spacer plate (Puddu I, Arthrex Inc.,

Naples, FL, USA) for incipient medial unicompartmental

osteoarthritis of the knee and concomitant varus mala-

lignment between 2001 and 2005 were evaluated. Out of

110 osteotomies performed at the Department of Trauma

Surgery and Sports Traumatology, Academic Hospital

Feldkirch, Austria, a total of 33 male (66 %, mean age

53.8 ± 13.6, range 19.8–79.9 years) and 17 female (34 %,

mean age 57.3 ± 9.3, range 41.7–71.6 years) patients were

included. Osteotomies performed for post-traumatic

deformities and in combination with ligament reconstruc-

tion surgeries as well as patients with a history of other

diseases or severe trauma involving the knee were exclu-

ded. Post-operative rehabilitation included partial weight

bearing for 4–6 weeks and physiotherapeutic exercises

with unlimited range of motion. Twenty-four patients

(48 %) were operated for the right, 21 (42 %) for the left

and five (10 %) for both knees. The mean age of the

patients at the time of osteotomy was 54.7 ± 12.6 years

(range 19.8–79.9 years). Mean body mass index (BMI) was

26.8 ± 3.6 (range 21.4–34.8). All patients initially pre-

sented with symptoms of unicompartmental medial over-

load originating from varus malalignment of the leg with

incipient medial femorotibial osteoarthritis. Preoperative

and follow-up assessment of clinical parameters was per-

formed using Tegner score, Lysholm score and IKDC

score. For radiological evaluation, anteroposterior, lateral

and tangential standard knee radiographs and standing

long-cassette radiographs of the lower limbs were obtained

preoperatively, post-operatively, at the time of implant

removal and at follow-up. Radiological measurements

included anatomical medial proximal tibia angle (aMPTA,

angle between tibial anatomical axis and the articular

surface of the proximal tibia and anteroposterior images),

anatomical femorotibial angle (aFTA, angle between the

anatomical axis of femur and tibia), anatomical posterior

proximal tibia angle (aPPTA, angle between the tibial

anatomical axis and the articular surface of the proximal

tibia on lateral images), anatomical lateral distal femur

angle (aLDFA, angle between anatomical axis of femur

and the articular surface of the distal femur), mechanical

axis deviation (MAD, distance between the centre of the

knee joint and the mechanical femorotibial angle) and the

classification of osteoarthritic changes according to the

system described by Jäger and Wirth [12]. Complications

occurring intra- or post-operatively or in the course of

follow-up examination were recorded. For a retrospective

analysis of patient data and images, IRB approval was not

required.

Statistical analysis

Paired t test for matched variables was used to compare

continuous data before and after intervention. To analyse

contingency tables, two-tailed Fisher’s exact test and to

compare continuous and categorical data of subgroups one-

way analysis of variance (ANOVA) were applied. To

Fig. 1 a Preoperative standing long-cassette radiograph demonstrat-

ing the plotted mechanical axis after osteotomy and the resulting

angle of correction. b Uneventful osseous consolidation of the

osteotomy gap after fixation with spacer plate. c Loss of correction

after delayed union with implant failure requiring revision surgery

(left). Conversion to a plate fixator (Tomofix) resulted in stable

osseous union (right)
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compare ordinal scale values, the nonparametric Wilcoxon

signed-rank test was used. Statistical significance was

defined as p\ 0.05.

Results

The mean follow-up period was 5.0 ± 1.4 years (range

2.6–7.8 years). The overall complication rate was 27.3 %.

Four implant failures (two plate breakages and two patients

with screw loosening) and two delayed unions resulted in

an implant-related complication rate of 10.9 %, which

required revision surgery with conversion to a different

fixation system. All other osteotomies healed uneventfully

(Fig. 1). Specific complications and accordant treatment

are demonstrated in Table 1. Infection occurred in four

cases (7.3 %). Three were treated with debridement and

antibiotics, and one required septic implant removal and

restabilization with an external fixator. The non-implant-

related complication rate was 16.4 %.

No statistical association was detected between BMI and

overall or implant-related complication. Wedge sizes

according to the spacer bar of the osteotomy plate averaged

5.9 ± 2 mm (range 3–12 mm) and yielded no statistically

significant correlation either with overall or with implant-

related complications. The majority of patients (n = 42,

76.4 %) received implant size 5 and 7.5 mm. Subgroup

comparison between wedge sizes equal to or below 5 mm

and equal to or above 7.5 mm and overall and implant-

related complication rate showed no statistically significant

association. The mean angle of correction between pre- and

post-operative measurements in this series was

3.8� ± 3.3�. Analysis of correction angle and overall or

implant-related complication rate revealed no statistically

significant correlation. Subgroup analysis of correction

angles equal to or below 4� and above 4� yielded no sta-

tistically significant association with overall or implant-

related complication rate. Age and gender did not correlate

with overall complications. Implant-related complications

and age or gender yielded no statistical association. One

knee (1.8 %) was converted to a total knee arthroplasty

after 3.2 years.

Implant removal was performed in 30 patients (54.5 %)

on average 1.2 ± 0.7 years (range 0.5–3.6 years) after the

initial operation. All of them felt uncomfortable with the

implant causing pseudo-bursitis on the medial tibial head.

The classification of osteoarthritis according to the system

described by Jäger and Wirth is presented in Table 2.

Additional arthroscopic surgery was necessary in 36

patients (65.5 %) and is displayed in Fig. 2. To fill the

osteotomy gap, 48 patients underwent cancellous bone

autografting from the anterior iliac crest, two had a bovine

hydroxylapatite graft, and five did not have any graft (the

latter were cases with a low correction angle).

The results of preoperative and follow-up clinical

evaluation utilizing Tegner, Lysholm and IKDC scores are

demonstrated in Table 3. Post-operative MAD and FTA

were concordant with the preoperatively planned angle of

correction and mechanical axis (Fig. 1). Preoperative

radiological findings, post-operative angle of correction

and corresponding values at the time of implant removal

and follow-up examination are displayed in Fig. 3. Pre-

operative MAD of on average 21.8 ± 15.3 mm (range

-10–50 mm) was corrected to a follow-up value of

11.8 ± 15.9 mm (range -30–50 mm).

Discussion

The most important finding of the present study was that

medial open-wedge HTO with spacer plates yields a lower

Table 1 Complications and treatment after HTO

Persistent pain after HTO 2/55

(3.6 %)

Infection 4/55

(7.3 %)

Debridement, implant

removal, external fixator

Palsy of superficial branch

of the peroneal nerve

1/55

(1.8 %)

No adverse effect on

outcome

Deep vein thrombosis 1/55

(1.8 %)

Medicamentous and

conservative therapy

Tibial head fracture 1/55

(1.8 %)

Stabilization with

proximal tibia plate

Implant failure 4/55

(7.3 %)

Refixation with TomoFix-

System

Delayed union 2/55

(3.6 %)

Refixation with TomoFix-

System

Non-implant-related 16.4 %

(9/55)

Implant-related 10.9 %

(6/55)

Table 2 Results of preoperative and follow-up osteoarthritis score according to Jäger and Wirth

Grade 0 Grade I Grade II Grade III Mean

Preoperative 8 (14.5 %) 29 (52.7 %) 10 (18.2 %) 8 (14.5 %) 1.4 ± 0.9 n.s.

Follow-up 2 (3.6 %) 21 (38.2 %) 12 (21.8 %) 20 (36.4 %) 1.9 ± 0.9 n.s.

Absolute and relative values with mean ± SD

n.s. not significant
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complication rate compared to previous reports and can be

considered a safe and effective procedure in selected and

active patients with slight varus malalignment and incipient

osteoarthritis of the medial compartment requiring only

minor correction of the leg axis.

Complication rates after HTO range between 2 and

50 % in literature [1, 4, 15–17, 22–24, 27]. A variety of

implant types have been investigated in a comparable

population to that of our study with the exception of our

tendency towards smaller correction values. This series

included patients with slight varus deformities and incipi-

ent symptoms of medial knee compartment overload. Most

previous reports in literature analysing functional and

radiological results and complication rates after HTO with

spacer plates used consistently larger angles of correction

[15, 17, 23] and found a significant correlation between

wedge size and complication rate. An adverse effect on

subjective and objective outcome measures is not always

notable, however. The comparably smaller osteotomy gap

size of 5.84 mm in our patients is likely to account for the

lower complication rate. Most authors define the threshold

osteotomy wedge size at 10 mm. In an analysis of 85

patients, Spahn reported the failure rate of spacer plates at

14.4 % compared to 0 % with the use of a C-plate [23].

Miller et al. [15] reviewed 46 patients after HTO with

spacer plates and noted a statistical association between

fixation device and loss of correction. The authors con-

cluded that second-generation implants of spacer plates

will probably improve the mechanical stability of

osteotomy fixation and, moreover, that the aetiology of

complications is likely multifactorial and should not be

attributed to the device alone. Regarding a selected group

of patients, we agree with this statement. Non-locking

spacer plates allow for a stable fixation if additional bone

graft is performed and osteotomy gap sizes are small. As a

matter of course, the use of locking implants with increased

stability must be recommended. Existing literature reports

a correlation between age, gender, BMI, wedge size or

angle of correction and complication rates [15, 17]. We

could only indirectly confirm this observation with our

investigation. With smaller angles of correction, the com-

plication rates are likely to decrease. In early and accu-

rately timed corrective surgery, smaller osteotomy gap

sizes seem to be sufficient. A positive influence on func-

tional and radiological outcome as well as on complication

rates is conceivable. In a retrospective analysis of 45

patients, Nelissen et al. [17] report an overall complication

rate of 45 % following HTO with spacer plates. The

authors conclude that the spacer plate they surveyed pro-

vides inadequate stability. In contrast to our investigation,

the mean osteotomy wedge size was 10.7 mm and the

defect was filled with artificial bone substitutes. In addition

to a lower correction gap, the autologous bone graft might

be a reason for a significantly reduced complication rate in

this series. Bone grafting seems to be essential in osteot-

omy gaps with larger wedge sizes and especially if con-

ventional non-locking implants are used. The subsequent

generation of spacer plates (Puddu II, Open wedge plate,

Arthrex Inc., Naples, FL, USA) was not applied in this

series. Successful osseous consolidation without bone

grafts regardless of the wedge size and with an early

weight-bearing rehabilitation protocol is reported in asso-

ciation with locking plate fixators [18].

In a recent report, Pape et al. [19] utilized radiostereo-

metric analysis to investigate the fixation stability of spacer

plates and plate fixators in vivo and found both signifi-

cantly increased subsidence of the tibial head and increased

micromotion in the osteotomy gap for the spacer plate. The

authors concluded that a weight-bearing rehabilitation

protocol after 6 weeks might alter the stability of the bone–

implant construct following this modality of fixation. This

confirms the results of biomechanical studies [21], certi-

fying an improved stability for plate fixators and might also

Fig. 2 Frequency of additional surgery (ME partial medial menis-

cectomy, MF microfracturing or smoothening of flaps and fibrilla-

tions, DBR combined joint debridement)

Table 3 Results of preoperative and follow-up Tegner (median with range) and Lysholm scores

Tegner Lysholm* IKDC A IKDC B IKDC C IKDC D

Preoperative 3.0 (range 1–4) 55.7 ± 15.3 – – – –

Follow-up 3.0 (range 1–7) 82.5 ± 17.9 25 26 2 2

Mean ± SD and follow-up IKDC score

* p\ 0.05 between preoperative and follow-up values
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explain implant failure and delayed union following early

weight-bearing rehabilitation in our series. In addition,

utilizing a plate fixator resulted in uneventful osseous

consolidation in all patients requiring revision surgery. A

report about a different biomechanical implant design that

reduces the necessity of additional bone graft and further

reduces complication rate by Niemeyer et al. [18] found a

significant number of patients with local irritation caused

by the implant. Miller et al. [15] found only two cases in a

series of 46 patients following HTO with spacer plates,

which complained about painful hardware and required

implant removal. The advantage of a smaller implant

design regarding local irritation was not visible from our

data. In our series the majority of patients underwent

implant removal. The additional adverse effect on local

irritation of a longer and bulkier implant remains unknown.

The infection rate of 7.3 % in our series is in accordance

with literature. Even though Anagnostakos et al. [1] found

oblique skin incision and one-day hospitalization to be risk

factors for infection emergence, we did not notice an

immoderate infection rate utilizing the same surgical

approach.

Stability of the implant and bone–implant anchorage

seems to be an important factor for successful outcome [9,

17]. The relative risk of HTO compared to total knee

arthroplasty and medial unicompartmental replacement has

been outlined by Sikorski et al. [22]. The authors found

HTO to be the most likely to produce local technical

problems. Nevertheless, HTO is a potent treatment option

to prevent progress of degeneration of the joint and avoid

or delay partial or total knee replacement [11, 26].

The target value for correction is controversially dis-

cussed [3–11, 20]. Since this series consisted of athletic

and demanding patients in terms of sportive activity who

did not present with extensive varus deformities, we

specified a corrected leg axis between neutral and slightly

valgus as appropriate to release the medial compartment.

An average follow-up MAD of 11.8 ± 15.9 mm reflects

this target value. Overcorrection to a valgus position might

negatively influence the patients’ ability to proceed in their

sport-specific and demanding leisure activity levels. The

preoperative classification of degenerative changes

according to Jäger and Wirth [12] revealed an average

osteoarthritis score of 1.4 ± 0.9, also indicating an early

onset of therapeutic intervention in this series.

The functional and radiological results of this investi-

gation are comparable to literature with significant

improvement in the Tegner and Lysholm scores and a

normal and almost normal knee function in 92.3 %

according to IKDC score. aPPTA and aLDFA yielded only

marginal alteration following HTO, excluding a negative

influence on functional outcome and knee kinematics [2,

13, 14]. aMPTA and aFTA measurements suggest only a

slight and statistically no significant sintering of the oste-

otomy gap. This indicates sufficient stability of the fixation

device in our investigation. Tegner score of 3.7 ± 1.2 at

follow-up reflects a high maximum age (79.9 years) in this

sample. However, corresponding to their lower biological

age, these patients are reported to benefit from HTO [4].

In fact, there are several limitations to this investigation:

the retrospective approach to a small study population, the

use of a non-locking implant and the almost routinely

performed bone grafting. Angular stability might further

reduce the necessity of bone grafting. Stable fixation of the

osteotomy gap and low complication rates without addi-

tional bone graft are well documented for larger plate fix-

ators, but not for spacer plates, yet.

Conclusion

In consistency with existing literature, the functional and

radiological medium-term results after HTO with spacer

plates are predictable. Complication rates seem to be lower

in patients with early symptoms of medial femorotibial

overload due to varus malalignment of the knee requiring

an osteotomy gap size equal to or less than 7 mm. Addi-

tional bone graft and a non-weight-bearing rehabilitation

protocol seem to be necessary, however.

89.6 89.5 89

86

79.180.4
80.4

79.8

82.2 82.2 82.2

81.8

173

176.1

173.5 173.5

79

81

83

85

87

89

91

pre OP post OP Implant removal follow up
170
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174
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 aMPTA aFTA aPPTA * aLDFA * 

Pre OP 86° ± 2.8° 176.1° ± 2.9° 80.4° ± 3.8° 82.2° ± 2° 

Post OP 89.6° ± 3° 173° ± 2.8° 80.4° ± 3.4° 82.2° ± 1.9° 

Implant removal 89.5° ± 3.1° 173.5° ± 3.1° 79.1° ± 3.7° 82.2° ± 1.7° 

Follow-up 89° ± 3.4° 173.5° ± 3.3° 79.8° ± 3.8° 81.8° ± 2.1° 

Fig. 3 Pre-, post-operative, implant removal and follow-up values for

aMPTA (filled square), aFTA (filled triangle), aPPTA (filled

diamond) and aLDFA (filled circle) (mean ± SD, * not significant)
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