Clin Orthop Relat Res (2015) 473:3133-3142
DOI 10.1007/s11999-015-4343-5

Clinical Orthopaedics
and Related Research’

APublication of The Association of Bone and Joint Surgeons®

PN
@ CrossMark

SOCIETY

SYMPOSIUM: 2014 ANNUAL MEETING OF THE LIMB LENGTHENING AND RECONSTRUCTION

Fixator-assisted Technique Enables Less Invasive Plate
Osteosynthesis in Medial Opening-wedge High Tibial Osteotomy:

A Novel Technique

Dong Hoon Lee MD, PhD, Keun Jung Ryu MD,
Hae Hwa Kim MD, PhD, Sahyun Soung MD,
Soowan Shin BS

Published online: 29 May 2015
© The Association of Bone and Joint Surgeons® 2015

Abstract

Background Opening-wedge high tibial osteotomy is a
well-established procedure in the management of medial
osteoarthritis of the knee and correction of proximal tibia
vara. Recently, surgical approaches using less invasive
plate osteosynthesis have been used with the goal of
minimizing complications from more extensive soft tissue
exposures. However, to our knowledge, less invasive
fixator-assisted plate osteosynthesis has not been tested in
the setting of opening-wedge high tibial osteotomy.
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Questions/purposes The purposes of this study were (1)
to assess the complications associated with use of a fixator-
assisted less invasive plate osteosynthesis technique to
stabilize an opening-wedge high tibial osteotomy in the
treatment of proximal tibial vara; and (2) to evaluate the
ability of this technique to achieve correction of the
proximal tibial deformity and achieve osseous union.
Methods From June 2011 to June 2013, a total of 157
limbs in 83 patients who underwent fixator-assisted high
tibial osteotomy for (1) idiopathic genu vara; or (2)
osteoarthritis of the knee with proximal tibia vara were
initially enrolled. Of these, eight limbs (5%) were excluded
on the way; thus, 149 limbs in 77 patients were evaluated.
During the period in question, no other techniques were
used for proximal tibial osteotomy. The surgical proce-
dures included less preparation of soft tissue, proximal
tibial osteotomy, application of a temporary external fixa-
tor, correction of alignment, and final fixation with the help
of an external fixator. Complications were assessed by
chart review and the alignment in both coronal and sagittal
planes was compared pre- and postoperatively. Radio-
graphic review to confirm osseous union and alignment
was performed by two of the authors not involved in
clinical care of the patient. Delayed union was described as
union occurring later than 4 months.

Results  Thirty limbs out of 149 tibiae (20%) showed
complications, all of which were resolved without leaving
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any sequela. Twenty-seven limbs out of 149 limbs (18%)
showed lateral cortical hinge fracture and three limbs out of
149 limbs (2%) showed soft tissue complications (two
superficial infections, one wound hematoma). The overall
completeness of reaching the target correction was excel-
lent. In the coronal plane, the difference between the
amount of real correction and the amount of target cor-
rection was 0.3° & 0.7° (p < 0.001). In the sagittal plane,
the difference between pre- and postoperative posterior
proximal tibial angle was —0.1° & 0.2° (p < 0.001). All
osteotomies healed before 4 months.

Conclusions Fixator-assisted high tibial osteotomy is a
valid option for medial opening-wedge high tibial osteoto-
my, which enables less invasive surgery with excellent
coronal/sagittal/rotational alignment control. However,
future studies should compare this approach with other
approaches for proximal tibial osteotomy to ascertain
whether indeed this procedure is less invasive or more
reliable.

Level of Evidence Level 1V, therapeutic study.

Introduction

Opening-wedge high tibial osteotomy is a well-established
procedure in the management of medial osteoarthritis of
the knee and correction of proximal tibia vara. Conven-
tional opening-wedge high tibial osteotomy is associated
with complications including implant breakage, lateral
cortical fracture, fracture of the lateral tibial plateau,
increased posterior tibial slope, delayed union or nonunion,
delayed would healing, and deep infection [2, 4, 9, 15, 25,
26]. Since angle-stable locking plates were introduced,
implant-related complications have been reduced consid-
erably [2, 12]. However, soft tissue problems, delayed
union or nonunion, and deep infection still are reported to
be relatively frequent [9, 12, 15, 23, 25] in conventional
opening-wedge high tibial osteotomy, which may result
from extensive soft tissue exposure to protect posterior
neurovascular structures or to apply the plate while main-
taining a distractor in place during the surgery.

Recently, surgical approaches using less invasive plate
osteosynthesis have been used in various fracture surgeries to
diminish soft tissue complications and promote biologic bone
healing [3, 17, 28]. Although the less invasive technique has
shown to have fewer soft tissue complications, faster union, and
better cosmesis [6, 17, 19, 21, 28], it has never been devised to
use in opening-wedge high tibial osteotomy.

The purposes of this study were (1) to assess the com-
plications associated with use of a fixator-assisted plate
osteosynthesis technique to stabilize an opening-wedge
high tibial osteotomy in the treatment of proximal tibial
vara; and (2) to evaluate the ability of this technique to
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achieve correction of the proximal tibial deformity and
achieve osseous union.

Patients and Methods

This was a retrospective study. This study was approved by
the institutional review board at our institution. From June
2011 to June 2013, we performed 157 limbs’ high tibial
osteotomies. All high tibial osteotomies were done with
this technique if that was the case during the study period.
A total of 157 limbs in 83 patients (74 bilateral, nine
unilateral) who underwent fixator-assisted high tibial
osteotomy for idiopathic genu vara (proximal tibia vara) or
osteoarthritis of the knee with proximal tibia vara of
mechanical axis deviations greater than 20 mm with the
following inclusion/exclusion criteria were initially
enrolled. Inclusion criteria were (1) correction angle less
than 15°; (2) skeletally mature patients; (3) long bone
radiographs, which show mechanical femorotibial angle
(mFTA) and posterior proximal tibial angle both pre- and
postoperatively; (4) postoperative tibial plain radiographs
(AP and lateral) with a 1-month interval; and (5) medical
records describing detailed postoperative complications.
Among them, 149 limbs in 77 patients were eligible, but
eight limbs in six patients could not be included because
they (1) were lost to followup (four limbs); and (2) had
insufficient data in the record (four limbs); three limbs in
this group showed no mention on complications in their
medical records; however, it was confirmed there were no
complications at the most recent outpatient visit. Therefore,
a total of 149 limbs (95%) out of 157 limbs were analyzed
for this study. During the period in question, no other
techniques were used for proximal tibial osteotomy.

The mean age at the time of surgery was 35 + 12 years
and a female-to-male ratio of 79:70 (Table 1). The mean
duration of followup was 24 £+ 6 months (range, 16—40
months). Preoperative mFTA was 7° + 2° varus.

Table 1. Demographics of the patients who underwent fixator-as-
sisted high tibial osteotomy

Demographic data Total 149
tibiae

Age (years) 35 £ 12

Sex (female:male) 79:70

Body mass index (kg/cm?) 23 +£3

Smoking history (yes:no) 45:104

Duration of followup (months) 24 + 6

Preoperative mechanical femorotibial angle 7 £ 2 varus

(degrees)

Values are expressed as means with ranges in parenthesis without
“smoking history”.
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In an earlier study, we evaluated the simultaneous me-
dial opening-wedge high tibial osteotomy and modified
Magquet procedure for combined medial compartmental and
patellofemoral osteoarthritis of the knee [16]. Indications
and surgical techniques were different between the studies,
and none of the patients in the current report were included
in that earlier report.

Surgical Technique and Postoperative Protocol
Preparation of Soft Tissue

All surgeries were performed by one senior surgeon
(DHL). All patients were under general anesthesia and
were operated on in the supine position on a routine
operating table. First, a 2.5-cm oblique incision is made
midway between the center of the tibial tuberosity and the
posteromedial border of the proximal tibia, starting from
1 cm below the upper margin of the pes anserinus tendon
extending proximally in parallel with the posteromedial
border of tibia (Fig. 1A-B). Careful dissection follows to

Fig. 1A—C (A) This intraoperative clinical image shows the patient’s
operated leg at the early stage of fixator-assisted high tibial
osteotomy. A 2.5-cm oblique incision is made midway between the
center of the tibial tuberosity and the posteromedial border of the
proximal tibia. p = 2.5-cm oblique incision; q = center of the tibial
tuberosity; r = posteromedial border of the proximal tibia. (B) The
oblique skin incision starts from 1 cm below the upper margin of the
pes anserinus tendon and extending proximally in parallel with the
posteromedial border of the tibia. p = 2.5-cm oblique incision; q =
center of the tibial tuberosity. (C) Multiple drill holes are made along
the superior margin of the two guidewires before osteotomy.

expose the deep fascia over the pes anserinus and anterior
margin of superficial fibers of the medial collateral liga-
ment (MCL) (Fig. 2). After a sharp L-shaped incision is
made along the anterior border of the MCL and upper
margin of the semitendinosus tendon, the MCL is raised
and peeled off with a periosteal elevator. The amount of
subperiosteal release of the MCL depends on the amount of
correction planned. The first guidewire is inserted toward a
“safe zone” [13] with a starting point of 3 mm beneath the
upper margin of the semitendinosus tendon and anterior
one-third of the medial surface of the tibia. The second
guidewire is inserted from 1 cm posterior to the first
guidewire completely parallel with the first one under
fluoroscopic guidance so that the osteotomy plane could be
parallel with the plane of the posterior tibial slope. Then, a
Mini-Hohmann retractor (DePuy, Synthes, West Chester,
PA, USA) is inserted underneath the MCL, around the
posteromedial border of the proximal tibia, and multiple
drill holes are made along the superior margin of the two
guidewires (Fig. 1C).

Proximal Tibial Osteotomy
The serial osteotomies are performed with osteotomes and
a hammer. The first tibial osteotomy is performed by

locating the 10-mm-wide osteotome at the center of medial
cortex, flush to and preferably proximal to the guidewire.

Superficial
/ MCL

Pes anserinus

Ryu, MD

Fig. 2 A schematic illustration shows soft tissue dissection after
incision of the skin. A sharp L-shaped incision is made along the
anterior border of superficial medial collateral ligament and upper
margin of the semitendinosus tendon. These are released
subperiosteally.
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Frequently, the osteotomizing procedure is confirmed using
a fluoroscopy to ensure that it goes on the right direction
with depth (up to 1 cm medial to the lateral cortex of tibia).
The second osteotomy is for the posterior cortex. The knee
is flexed to 70° to 90° to release posterior neurovascular
structures from the posterior cortex. Then the osteotomy is
performed using the same osteotome from the posterome-
dial to posterolateral border in sequence to get a complete
transverse cut of the posterior cortex (Fig. 3A). In each
step, the depth of the osteotomy can be confirmed using
fluoroscopy. With experience, it can be done safely without
fluoroscopy, because the surgeons can feel the exact time
point of the complete cut of the posterior cortex. The third
osteotomy is for the anterior cortex to make a biplanar
osteotomy. The direction of osteotomy can be either
proximal or distal to the tibial tuberosity (Fig. 3B). We do
not use powered oscillating saws to minimize heat injury to
the surrounding bone.

Fig. 3A-B (A) Proximal tibial osteotomy is performed. When
performing osteotomy for the posterior cortex, the knee is flexed to
70° to 90° to release posterior neurovascular structures from the
posterior cortex and the osteotomy is performed from the postero-
medial to posterolateral border. (B) When proximal tibial osteotomy
is performed, the osteotomy for the anterior cortex can be either
proximal or distal to the tibial tuberosity. This C-arm image shows
anterior cortical osteotomy distal to the tibial tuberosity.
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Application of the External Fixator

After complete biplanar osteotomy, two 6-mm half pins are
inserted at the medial aspect of the proximal tibia for tempo-
rary fixation. The proximal half pin is located 1 to 1.5 cm distal
to the joint line and parallel in line with the posterior cortex of
the tibial shaft (Fig. 4A). It should be advanced to 1 cm medial
to the lateral cortex and parallel to the knee. The distal pin is
located just anterior to the posterior cortex of the tibia. Pos-
teriorly located half pins are important in this technique,
because it enables plating providing space at the medial sur-
face of the tibia and helps maintain the posterior tibial slope.
These half pins can also be used to check on the changes in
rotational alignment after varus correction (Fig. 4B). After
confirming proper location of the half pins, the leg is fully
extended. The wedge-shaped spreader (TomoFix Bone
Spreader; DePuy, Synthes) is then gently inserted into the
osteotomy site and advanced 1 cm medial to the lateral cortex.
Using this wedge-shaped spreader, the gap is widened cor-
recting varus deformity. This procedure should be performed
slowly and carefully to prevent fracture at the lateral cortex
and lateral tibial plateau. During this procedure, keeping the
knee fully extended is important to avoid unwanted changes in
posterior tibial slope. After confirming that the gap is widened
easily without forceful manipulation, the wedge-shaped
spreader can be removed. A 15-cm carbon rod with three
Schanz pin clamps (Khan Medical, Seoul, Korea) is connected
to the two half pins on the tibia.

Correction of Alignment and Fixation

A bone spreader forceps (Bone Spreader, soft lock; DePuy,
Synthes) is engaged into the posteromedial corner of the
gap to spread the osteotomy. The spreader is locked when
sufficient varus correction is obtained grossly (Fig. SA).
Precise correction with fine tuning to accomplish preop-
eratively planned alignment is possible using the external
fixator and bone-holding forceps (self-centering bone-
holding forceps with a speed lock; DePuy, Synthes;
Fig. 5B-D). Several methods have been introduced to
check the degree of alignment correction. Although it
depends on a surgeon’s preference, we prefer the grid
method (Fig. 5). The target alignment was 5 mm of
mechanical axis deviation for idiopathic genu vara and Fu-
jisawa point [10] for osteoarthritis of the knee. The
temporary external fixator is firmly fixed when the corrected
alignment is satisfactory. Keeping the fixator in place, the
gap is filled with hydroxyapatite or B-tricalcium phosphate
graft (Bongros®; CGBio, Seongnam-si, South Korea) or
allograft cancellous chip bone graft (OSG-DualPor®;
OssGen, Gyungsan-si, South Korea) (Fig. 6A). Then, a plate
(TomoFix®, TomoFix Medial High Tibial Plate; DePuy,
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Fig. 4A-B (A) Location of two half pins is shown. Posteriorly
located half pins are important, because they enable plating providing
space at the medial surface of the tibia and help maintain posterior

Fig. SA-D (A) Correction of alignment is performed. Precise
correction with fine tuning to accomplish preoperatively planned
alignment is possible using the external fixator and bone-holding
forceps. (B) During the alignment correction, the grid method can be
useful. A predetermined line on the grid should be at the center of the
femoral head of the affected leg. (C) During alignment correction, the
grid method can be useful. Once the predetermined line on the grid

tibial slope. (B) The two half pins for application of external fixation
can also be used to check the changes in rotational alignment.

was set to be at the femoral head center proximally and at the ankle
center distally, the surgeon can determine where the same line on the
grid should pass through the knee, which can be determined
intraoperatively by fine tuning using the external fixator and the
bone-holding forceps. (D) During alignment correction, the grid
method can be useful. The same line that passed the femoral head
center should also pass through the ankle center in the AP view.

@ Springer
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Fig. 6A-B (A) Fixation with a plate (TomoFix®, TomoFix Medial
High Tibial Plate; DePuy, Synthes) is performed. A plate is inserted
into the anteromedial surface of the tibia and fixed with 5.0-mm
locking screws. (B) The skin incision for the distal half pin can also
be used for distal locking screws.

Synthes; Fig. 6B) is inserted into the anteromedial surface of
tibia and fixed with 5.0-mm locking screws using a less
invasive plating method. The skin incision for the distal half
pin can also be used for distal locking screws (Fig. 6). The
wound is irrigated and a suction drain is inserted. From
postoperative day 1, gentle active ROM of the knee and full
weightbearing are allowed as tolerated. Immediate full
weightbearing was allowed for all patients except the
patients with lateral cortical hinge fracture. They were
allowed to ambulate with crutches 3 weeks postoperatively
and then allowed full weightbearing thereafter.

Postoperative Evaluations

For assessment of complications after fixator-assisted high
tibial osteotomy, all patients were followed up regularly
(each day during the hospital stay, 3 weeks, 6 weeks, 3
months, 6 months, and 1 year) both clinically and radio-
graphically. All complications related to the index surgery
were recorded and categorized into three groups by chart
review: (1) soft tissue complications such as superficial/
deep infections, wound hematoma, impaired wound heal-
ing, etc; (2) union-related complications such as non- or
delayed union; and (3) other complications such as lateral

@ Springer

cortical hinge fracture, lateral tibial plateau fracture,
hardware failure, symptomatic deep venous thrombosis,
complex regional pain syndrome, etc.

For assessment of completeness of reaching target correc-
tion, pre- and postoperative standing long bone radiographs
were compared. In coronal plane, the amount of target correc-
tion planned preoperatively and the amount of real correction
obtained postoperatively were compared. In the sagittal plane,
pre- and postoperative posterior proximal tibial angle were
compared to find any changes in the posterior tibial slope.
Radiographic review to confirm osseous union and alignment
was performed by two of the authors (SS, JHK) not involved in
clinical care of the patients. Delayed union was described as
union occurring later than 4 months.

Statistics

All continuous variables were expressed as mean with a
range. Two authors (JHK, SS) participated in radiographic
image measurements, and they showed almost perfect
interrater agreement (intraclass correlation coefficients,
0.992-0.999) with a measurement error less than 1° for
mFTA, posterior proximal tibial angle, and the amount of
real correction. All continuous variables were tested for their
normal distribution by Shapiro-Wilk test and were confirmed
as such. Paired t-test was used to compare pre- and postop-
erative posterior proximal tibial angle. A one-sample paired
t-test was used to find the difference between the preop-
eratively planned target correction and the amount of real
correction in the coronal plane. The statistical software, R
(Version 2.12 Comprehensive R Archive Network, GNU
General Public License) was used for all statistical analysis.

Results

Among 149 limbs operated on with fixator-assisted high
tibial osteotomy, 30 limbs (20%) showed complications, all
of which were resolved without leaving any sequela.
Twenty-seven limbs (18%) showed lateral cortical hinge
fracture, all of which were treated successfully without any
surgical intervention. Lateral cortical hinge fracture was
discovered intra-operatively with help of a C-arm for 20
limbs and postoperatively with plain radiographs for seven
limbs. Because we routinely use one cortical screw for plate
compression to the bone, there was no limb that showed a gap
at the hinge fracture sites. Three limbs (2%) developed soft
tissue complications (two superficial infections, one wound
hematoma), which were treated well with administering oral
antibiotics and observation of the wound, respectively. There
were no other complications (Table 2).



Volume 473, Number 10, October 2015

Fixator-assisted High Tibial Osteotomy 3139

Table 2. Summary of complications encountered in fixator-assisted
high tibial osteotomy

Complications Number Treatment
of limbs (%)
Soft tissue complications
Superficial infection 2 (1.3) Oral
antibiotics
Deep infection 0 (0) -
Wound hematoma 1(0.7) Observation
Impaired wound healing 0 (0) -
Other problems 0 (0) -
Union-related complications
Nonunion 0 (0) -
Delayed union 0 (0) -
Other complications
Lateral cortical hinge fracture 27 (18) Observation
Lateral tibial plateau fracture 0 (0) -
Hardware failure 0 (0) -
Symptomatic deep venous 0 () -
thrombosis
Complex regional pain syndrome 0 (0) -

Table 3. Completeness of reaching target correction after fixator-
assisted high tibial osteotomy

Radiographic results Total 149
tibiae
Coronal plane
Amount of target correction (degrees) 8.0+ 0.6
Amount of real correction (degrees) 8.1+ 0.8
Mean difference (degrees) 0.3 £0.7
p value < 0.001
Mean absolute difference < 2° 98%

Sagittal plane
Preoperative posterior proximal tibial angle (degrees) 80 £ 3

Postoperative posterior proximal tibial angle (degrees) 80 + 3

Mean difference (degrees) —0.1 £ 0.2
p value < 0.001
Mean absolute difference < 1° 100%

Values are expressed as mean with a SD.

The desired amount of correction in the coronal plane was
achieved without causing changes in posterior tibial slope. In
the coronal plane, the mean difference between the amount
of target correction and the amount of real correction was
0.3° £ 0.7° (p < 0.001). In the sagittal plane, the mean dif-
ference between pre- and postoperative posterior proximal
tibial angle was —0.1° & 0.2° (p < 0.001) (Table 3; Fig. 7
A-C). All osteotomies healed before 4 months.

Discussion

Medial opening-wedge high tibial osteotomy is a common
surgical technique for the management of medial com-
partment knee osteoarthritis and correction of the proximal
tibia vara.

However, to our knowledge, a less invasive approach
has not been studied in opening-wedge high tibial
osteotomy. We aimed to introduce our technique: fixator-
assisted high tibial osteotomy, which characterizes less soft
tissue exposure, assess the complications associated with
this technique, and evaluate the ability to achieve the
desired correction and osseous bony union from our series
of 149 limbs that underwent the index surgery.

Several limitations should be mentioned. First, most of
the patients in this study are relatively young (mean, 35
years; range, 20—67 years) compared with other studies
reporting complications in conventional opening-wedge
high tibial osteotomy. Because patients in their mid-30s
have the potential for better wound healing and better bone
quality than older patients, this could affect relatively less
complications than other studies [2, 9, 15, 26]. Second, this
study was based on retrospectively collected data on
postoperative complications from chart review, which
might decrease the level of evidence of the study. How-
ever, we think that it provided helpful information on the
advantages of the fixator-assisted technique. Third, this is
not a comparative study between fixator-assisted high tibial
osteotomy and conventional opening-wedge high tibial
osteotomy, which we think is necessary to confirm our
results.

In addition, concerns on several methodological biases
such as selection bias, transfer bias, and assessor bias
should be raised as possible limitations of this study. There
is no selection bias because no other surgical techniques
were used for proximal tibial osteotomy during the study
period. Transfer bias exists in this study, because eight
limbs (5%) out of 157 limbs were dropped out on the way.
Among them, four limbs were confirmed to have no
complications on their recent visits. The other four limbs
were lost to followup; thus, complications of them were
still unknown. However, these four limbs occupy only 4%
(four of 149); the transfer bias would be small if any. This
should be further clarified. There is no assessor bias
because clinical data collection by chart review and
radiographic evaluations after the surgery was performed
by two of the authors (SS, JHK) not involved in clinical
care of the patients and the index surgery.

Although  hardware-related  complications  have
decreased after the development of the angle-stable plate,
complications such as nonunion, delayed union, or soft
tissue problems are commonly encountered [2, 9, 26]
(Table 4). There have been several large clinical series
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Fig. 7A-C (A) Preoperative stand-
ing long bone radiograph shows
proximal tibia vara. The medial
proximal tibial angle (MPTA) was
82° and the mFTA was varus 5° for
both legs. (B) Postoperative standing
long bone radiograph shows correc-
tion of the proximal tibia vara. The
MPTA was 88° and the mFTA was
neutral for both legs. (C) This tech-
nique leaves less scar and enables
less invasive surgery in medial open-
ing wedge high tibial osteotomy.

Table 4. Reported complications of angular stable plate (TomoFix®) in high tibial osteotomy

Study Number Nonunion (%) Soft tissue Deep Change of tibial Fracture of
of cases problems (%) infection (%) slope > 2° (%) tibial plateau (%)
Floerkemeier et al. [9] 533 1.5 6 2.7 - -
Meidinger et al. [26] 186 54 - - - -
Jung et al. [15] 92 0 - 1 - 3
Brosset et al. [2] 51 4 - 2 - -

regarding opening-wedge high tibial osteotomy with a
conventional surgical technique using the angle-stable
plate. Floerkemeier et al. [9] in their multicenter study of
533 segments reported that there was a very small per-
centage of implant breakage (0.2%) but a relatively large
percentage of soft tissue problems (6%) such as wound
hematoma, infection, and impaired wound healing. Brosset
et al. [2] reported 6% of surgical revisions resulting from
deep infection and incomplete union. The less invasive
plating technique has been developed in an effort to reduce
the incidence of surgical complications caused by iatro-
genic soft tissue injury and damage to the vascularity of the
bone. The less invasive technique offers low risk of non-
union, delayed union, or soft tissue problems [15, 18, 20,
26] by reducing iatrogenic damage to the surrounding soft
tissues during the surgery. In this study, we observed few
soft tissue-related complications such as union-related
problems (0%), deep infection (0%), and other soft tissue
complications (2%). Lateral tibial plateau fracture during
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opening-wedge high tibial osteotomy is uncommon, but it
is a severe complication when it occurs. Marti et al. [25]
reported a 3% of incidence in series of 323 segments. We
experienced no tibial plateau fracture in our case series. We
believe the proximal half pin, which is inserted deeply up
to 1 cm medial to the lateral tibial cortex, can help prevent
accidental fracture of the lateral tibial plateau when
applying valgus force.

The fixator-assisted technique showed advantages in
controlling alignment in fracture and/or deformity correc-
tion surgeries [6-8, 22]. Our study showed that this fixator-
assisted technique achieved accurate target correction in
the coronal plane while maintaining posterior tibial slope in
the sagittal plane. Conventional opening-wedge high tibial
osteotomy has several technical pitfalls that can result in
increased posterior tibial slope, internal torsion of the tibia,
etc [14, 15, 24]. Although the tibial slope is important in
knee kinematics and proper function of the knee ligaments,
maintaining constant tibial slope after opening-wedge high
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tibial osteotomy still remains an unsolved problems [1, 11,
24, 27]. Several surgical methods were recommended to
avoid an increase in posterior tibial slope in conventional
opening-wedge high tibial osteotomy: sufficient release of
posterior soft tissues, complete osteotomy of the posterior
tibial cortex, avoidance of an intact cortical hinge on the
posterolateral side, and full extended position of the knee
during fixation with plating, all of which showed limita-
tions [5, 27, 29]. In our technique, we applied various
surgical considerations to prevent an increase in posterior
tibial slope: posteriorly located half pins, positioning of the
spreader at the posteromedial corner of the osteotomy gap,
and pushing down on the knee to make the knee fully
extended during plating. In the current study, the mean
absolute difference between pre- and postoperative poste-
rior proximal tibial angle was less than 1° in all patients
(100%). Among these surgical considerations, we believe
that the posteriorly located half pins for temporary external
fixation provided strong resistant force against an increase
in the posterior tibial slope during the surgery. Changes in
tibial rotation in opening-wedge high tibial osteotomy and
how to control it have not been fully investigated in the
literature. Jacobi et al. [14] demonstrated significant
changes in tibial rotation (> 5°) occurred in 11.9% in a
cadaver model. This fixator-assisted technique can also
have another benefit in controlling tibial rotation during
surgery, because the two half pins for temporary external
fixation can be used to maintain or even intentionally
create a certain amount of rotation.

We found that less invasive plating through the fixator-
assisted technique in opening-wedge high tibial osteotomy
has the following two benefits: (1) the less invasive tech-
nique showed low risk of nonunion, deep infection, soft
tissue complications, and minimized accidental fracture of
the lateral tibial plateau; and (2) the fixator-assisted tech-
nique provided easy control of coronal and sagittal
alignment and showed the ability to control rotational
alignment as well.

In conclusion, the authors’ technique is a valid option
for medial opening-wedge osteotomy, which enables less
invasive surgery with relatively accurate coronal/sagittal/
rotational alignment control. However, future studies
should compare this approach with other approaches for
proximal tibial osteotomy to ascertain whether indeed this
procedure is less invasive and more reliable. Several dis-
advantages of this fixator-assisted technique should be
considered carefully. It requires additional surgical time
and more radiation exposure to the operating surgeon to
ensure proper location of the half pins. However, easy
control of the alignment and the firm temporary fixation
during plating can help reduce the overall surgical time for
experienced surgeons.
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