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Abstract 

Background  During medial opening wedge high tibial osteotomy (MOWHTO), sometimes the plate tends to be 
positioned anteromedially. The plate position can affect the length of the proximal screw, which significantly affects 
stability after osteotomy. Therefore, research on the correlation among plate position, screw length, and clinical out‑
comes is needed.

Methods  This retrospective review examines 196 knees in 175 patients who underwent MOWHTO from May 2012 
to December 2018, for symptomatic medial compartment osteoarthritis with a varus alignment of > 5°. We evalu‑
ated the anteroposterior plate position, length of proximal screw, and postoperative computed tomography (CT). 
We reviewed patients’ clinical outcome scores, presence of lateral hinge fracture, neurovascular complications, and 
infection. The correlation among proximal plate position, proximal screw length, and clinical outcomes was evaluated 
using Pearson’s correlation analysis. A subgroup analysis by screw angle (> 48 ° or < 48 °) was also performed using 
chi-square test and Student t-test.

Results  The mean proximal plate position was 16.28% (range, 5.17–44.74) of the proximal tibia’s anterior-to-posterior 
distance ratio, and the proximal screw length averaged 63.8 mm (range, 44–80 mm). Proximal posteromedial plate 
position and proximal screw length were significantly correlated (r2 = 0.667, P < .001), as were screw angle and length 
(r2 = 0.746, P < .001). Medial plating (< 48°) can use a longer proximal screw; nevertheless, no significant difference 
occurred in clinical outcomes between the two groups. Also, no differences occurred in complication rate, including 
hinge fracture.

Conclusion  With more medially positioned plating during MOWHTO, we can use longer proximal screws. However, 
there was no significant difference in clinical outcomes and the incidence of lateral hinge fractures regardless of plate 
position and screw length.
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Background
High tibial osteotomy (HTO) is an effective surgical 
treatment option for mild-to-moderate medial com-
partment osteoarthritis (OA) of the knee and varus 
deformity [1, 2]. The objective of HTO is to realign the 
mechanical axis to delay the progression of arthritis [3, 
4]. Currently, medial opening wedge HTO (MOWHTO) 
is performed more often than is lateral closing wedge 
HTO [5], because it offers benefits such as easier modi-
fication for alignment, a lesser likelihood of developing 
complications (e.g., peroneal nerve injury), and preserva-
tion of bone stock [6]. However, various issues have been 
reported, including failure to relieve arthritic pain, cor-
rection loss, plate or screw breakage, lateral hinge frac-
ture, and nonunion [7–10].

Early rehabilitation after MOWHTO has been encour-
aged to prevent deep vein thrombosis, recover range of 
motion (ROM), and prevent disuse osteoporosis which is 
associated with the patient’s rapid return to daily life [11–
14]. For early full-weight bearing without hinge fracture 
or screw breakage, the mechanical stability of the plate 
fixation must be achieved [15].

Although some biomechanical studies and finite-
element analyses were reported [16], there were only 
a few clinical studies about the plate position, screw 
length, and clinical outcomes. These clinical studies have 
reported different results for stability and clinical out-
come after MOWHTO depending on the location of the 
plate [17, 18]. Lee et al. reported no significant difference 
in clinical results despite the change in plate position 
using various plate designs [17]. Meanwhile, Nakamura 
et  al. reported that the medial plating with sufficient 
proximal screw length could support the fibula tip and 
increase mechanical stability for decreasing over-time 
posterior slope change and complications [18].

However, there is no study on clinical outcomes accord-
ing to the plate position using the same plate design and 
gap-filling methods. Therefore, the aim of this study was 
to evaluate the clinical outcomes correlated with plate 
position and screw length. If there is a strong relationship 
between the plate position and the length of the proximal 
screw, it can be used as a reference for determining the 
exact plate position during operation. We hypothesize 
that the medial positioned plate allows for longer proxi-
mal screws than the anteromedial plate, and it can lead to 
better clinical outcomes.

Methods
Study patients
This retrospective review included 266 knees in 231 
patients who underwent MOWHTO from May 2012 to 
December 2018, for symptomatic medial compartment 
OA with varus alignment of > 5°. Inclusion criteria were 

as follows: (1) primary degenerative medial compartment 
OA (≦ Kellgren-Lawrence (K-L) grade 3) and (2) varus 
deformity of the lower extremity more than 5 degrees of 
hip-knee-ankle (HKA) angle. Exclusion criteria were as 
follows: (1) MOWHTO related to ligament reconstruc-
tion (9 knees), (2) revision MOWHTO (2 knees), (3) 
K-L grade IV with cartilage regeneration procedure (11 
knees), (4) previous osteomyelitis history (1 knee), (5) No 
postoperative CT images (34 knees), (6) The follow-up 
period of < 2 years (13 knees) (Fig. 1).

This study protocol was approved by the Institu-
tional Review Board of Samsung Medical Center (IRB 
No.2020–02–062-002). For this retrospective study, 
informed consent was exempted by investigational 
review board of Samsung Medical Center.

Surgical techniques and postoperative rehabilitation 
protocols
The surgical technique followed the procedure previously 
described by Kyung and Ryu et  al. [19, 20]. Two senior 
expert surgeons (JHW and DHL) performed all MOW-
HTO procedures. The targeted postoperative mechanical 
axis was 2–3° valgus [21]. The amount of coronal cor-
rection was determined preoperatively planning on the 
base of the standing whole leg, varus, and valgus stress 
radiograph [20, 22]. All osteotomies were performed 
in a biplanar fashion. The distal portion of the superfi-
cial medial collateral ligament (MCL) was transected 
along the planned osteotomy line at the tibia. After the 
mechanical axis was corrected by the navigation moni-
toring system (OrthoPilot Navigation System HTO 
version 2.1, Aesculap, Tuttlingen, Germany), and the 
proximal tibia was fixed using a TomoFix locking plate 
(Depuy Synthes, Bettlach, Switzerland) the medial oste-
otomy gap was filled with an allograft cancellous chip 
bone (Korea Bone Bank, Seoul, South Korea).

The patients were allowed to walk with crutches and 
toe-touch weight bearing on the operated limb immedi-
ately after the operation, and full ROM exercises began 
on postoperative Day 2. From postoperative Week 2, the 
patients were instructed to increase the amount of weight 
bearing on the operated limb gradually throughout the 
next 4 weeks [10, 23]. The patients visited the outpatient 
clinic at 6 weeks, 3 months, 6 months, and 1 year after 
the operation and annually thereafter. Radiography was 
taken at every visit, and standing whole leg radiographs 
were obtained after the patients could bear weight fully at 
3 months postoperatively.

Analysis of plate position and proximal screw length 
with CT
Postoperative CT scans were achieved at 3 days after 
surgery. All CT data were acquired using the same CT 
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scanner (LightSpeed VCT; GE Medical Systems, Mil-
waukee, WI, USA) slice thickness was 0.625 mm, and the 
collimation was 16 × 0.625 mm. Two trained orthopedic 
surgeons (DJR and SJP) evaluated the plate position in 
the proximal fragment and the screw angle in the axial 
CT views. We selected the axial cut where the three 
proximal screw heads and the plate junction were most 
visible. Proximal screw length was reviewed using the 
operative document. To estimate the proximal plate posi-
tion and screw angle, we used the calculation method 
introduced by Lee et al. [17] (Fig. 2).

To measure the proximal plate position, the axial CT 
image was represented as a percentile from 0 (anterior) 
to 100 (posterior). (Fig.  2a) A posterior line (b) cross-
ing the posterior cortex of the proximal tibia was drawn 
and a second line (a) parallel to the posterior line and 
crossing the anterior surface of the proximal tibia was 
drawn. We evaluated the anteroposterior position of the 
plate by calculating the ratio between the distance of the 

anterior line to the plate center(d), (d) and the distance 
of the anteroposterior proximal tibia length (c) was meas-
ured from the posterior line (b) to the anterior line (a). 
The screw angle was measured from the proximal tibia 
using the axial CT images (Fig. 2b). One line was drawn 
(b) through the posterior cortex, and a second line was 
drawn (a) crossing the center screw of the plate; the 
screw angle was formed by these two lines.

We divided the patients into two groups for subgroup 
analysis according to screw angle based on previous 
studies [17, 18]: the small-screw-angle group (< 48°, 
medial plating) and the large-screw-angle group (> 48°, 
anteromedial plating).

Clinical outcomes
To examine the clinical outcomes, we evaluated the mean 
Lysholm score, International Knee Documentation Com-
mittee (IKDC) subjective score, and Tegner activity score 

Fig. 1  Flowchart of the study patients
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preoperatively and at the final 2-year follow-up. We also 
reviewed the medical record and postoperative CT and 
X-rays during the follow-up period to investigate lateral 
hinge fracture, neurovascular injury, and infection.

Statistical analysis
Two independent trained orthopedic surgeons (DJR and 
SJP) measured the radiographic parameters at intervals 
of three weeks between the measurements. We used 
the intraclass correlation coefficient (ICC) to determine 
intra- and inter-observer reliability, considering ICC 
values of > 0.75 to be good [24]. We used the average 
value of the measurements in the analysis. We adopted 
ICC > 0.8 for the reliability of the statistical analysis. All 
the parameters showed a good correlation.

To analyze the correlation among proximal plate posi-
tion, proximal screw length, and clinical outcomes, we 
performed Pearson’s correlation analysis. In addition, we 
used a 2 × 2 chi-square test and Student t-test to evalu-
ate the differences between the subgroups according 
to plate position (screw angle, 48°) [18]. We performed 
a post-hoc power analysis of subgroup analysis using 
G power 3.1. The examined statistical power was 0.97 
(effect size: 1.124, α-error, 0.05). Statistical significance 
was considered at P < .05 at a confidence interval of 95%. 
We used SPSS version 25.0 (SPSS, Chicago, IL, USA) for 
the data analysis.

Results
Detailed patient demographics are summarized in 
Table  1. The mean proximal plate position was 16.28% 
(range, 5.17–44.74) of the proximal tibia’s anterior-to-
posterior distance ratio. The mean screw angle was 
48.9° (range, 18–78°), and the proximal screw length was 

averaged at 63.8 mm (range, 44–80 mm). Proximal plate 
position and screw length were significantly correlated 
(r2 = 0.667, P < .001), as were screw angle and length 
(r2 = 0.746, P < .001).

Clinical outcomes improved in all patients compared 
to preoperative measurements. The mean Lysholm, 
IKDC subjective, and Tegner activity scores were 
46.4 ± 22.8, 37.3 ± 18.2, and 2.6 ± 1.5, respectively, pre-
operatively and were 73.3 ± 21.0, 61.2 ± 19.0, 3.7 ± 1.4, 
respectively, at final follow-up (Table  2). The changes 
in clinical scores were significantly greater than the 
minimal clinically important difference (MCID) of each 
score (Lysholm: 10.1, IKDC subjective:11.1, Tegner 

Fig. 2  Measurement of plate position and screw angle in the proximal fragment. a A posterior line (b) crossing the posterior cortex of the proximal 
tibia was drawn and a second line (a) parallel to the posterior line and crossing the anterior surface of the proximal tibia was drawn. Anteroposterior 
(AP) position of the plate was evaluated by calculating the ratio between the distance of the anterior line to the plate center (d) and distance of AP 
proximal tibia length (c) was measured from the posterior line (b) to the anterior line (a). The plate position on the axial CT image was represented 
as a percentile from 0 (anterior) to 100 (posterior). b Measurement of the plate position in the screw angle. (a) The angle between the proximal 
central screw and the posterior cortex line (b)

Table 1  Patient Demographics

Values are shown as n or mean ± standard deviation. BMI, body mass index

Patients (knees) 175 (196)

Age (years) 53.5 ± 8.1

Sex, male: female (n) 56: 119

Weight (kg) 70.8 ± 12.9

Height (cm) 161.3 ± 8.5

BMI (kg/m2) 27.1 ± 3.7

Table 2  Pre- and Postoperative Clinical Outcomes

Values are shown as mean ± standard deviation. All outcomes, p < .001. IKDC, 
International Knee Documentation Committee

Preoperative Final Follow-up

Lysholm score 46.4 ± 22.8 73.3 ± 21.0

IKDC subjective score 37.3 ± 18.2 61.2 ± 19.0

Tegner activity score 2.6 ± 1.5 3.7 ± 1.4
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activity score:1) [25]. In all patients, no conversion to 
arthroplasty was necessary, and no varus recurrence 
(HKA axis varus > 1°) or broken screws occurred at the 
2-year follow-up.

We divided the patients into two groups for subgroup 
analysis on the basis of 48° of screw angle. We found 
no demographic differences between these groups. The 
proximal screw length was significantly longer in the 
medial plating group (< 48°); nevertheless, we found no 
significant differences in clinical outcomes between the 
groups (Table 3). In addition, no differences occurred in 
the complication rate, including hinge fracture.

Discussion
The most important finding of this study is that there 
were no differences in clinical outcomes, including 
clinical scores and lateral hinge fractures, regardless of 
plate position or proximal screw length. Therefore, our 
hypothesis was not validated.

Previously, several biomechanical studies have been 
conducted examining the effect of plate position. 
Takeuchi et al. [5] performed biomechanical tests using 
28 sawbones tibia models with anteromedial and medial 
plate positions estimating the changes in tibial posterior 
slope angle and stress on the plate. These authors found 
that changes in both were significantly larger in an 
anteromedial plate group than in a medial plate group. 
Albornoz et  al. [26] also conducted a biomechanical 
study using 15 sawbones tibia models with the anterior, 
anteromedial, and medial positions of the plate in the 
sagittal plane, demonstrating that stability increased as 
the plate was positioned in the medial. These studies 
suggest that medial plating is biomechanically superior, 

and a longer proximal screw length can maintain a more 
stable fixation [27].

However, clinical studies reported different results. 
Lee et  al. have reported no significant clinical or radio-
logical outcomes regardless of plate position and screw 
length [17]. However, this study used different plate con-
tour designs. The plate with contours matched to the 
post- osteotomy condition was the most medial posi-
tioned and applied longer screw; however, there was no 
significant difference in clinical results. On the other 
hand, Nakamura et al. reported that medial plating using 
bone-substitute with deeper screw insertion reinforces 
the opening gap for better angular stability than antero-
medial plating without bone-substitute [18]. However, 
as the bone substitute also contributes to stability [5], it 
is difficult to interpret it as a difference depending only 
on the plate position. In this study, the clinical results 
according to the plate position were evaluated under the 
same conditions, such as plate type and bone substitute. 
As a result, there was no significant difference. This result 
can be explained by the mechanical stability provided by 
the locking plate system, which is enough for the main-
tenance of the correction [17]. In previous biomechani-
cal studies, the failure loads of the Tomofix plate were 
reported to be 2881 N, which is greater than the axial 
compressive force generated in the adult knee joint dur-
ing level walking [28].

Inserting the proximal screw in the direction of the lat-
eral hinge can reduce the stress on this lateral hinge [17, 
29, 30]. In this study, we observed that medial plating sig-
nificantly reduced the screw angles that indicate a screw 
direction toward the lateral hinge area. (Fig.  3) Thus, 
medial plating with the direction of the proximal screw 
facing the lateral hinge can offer mechanical stability 

Table 3  Subgroup Analysis Results According to Screw Angle

Values are shown as mean ± standard deviation except those for sex. IKDC, International Knee Documentation Committee

Screw angle < 48° 
Medial plating
(108 knees)

Screw angle ≥48° 
Anteromedial plating
(88 knees)

P value

Age (years) 52.8 ± 7.7 54.7 ± 8.7 n.s.

Sex, male: female (n) 34: 74 27: 61 0.904

BMI (kg/m2) 27.3 ± 3.8 25.9 ± 3.4 n.s.

Proximal screw length (mm) 66.8 ± 6.2 59.0 ± 7.6 < 0.001

Lysholm score 72.9 ± 20.8 73.8 ± 21.7 0.116

IKDC subjective score 61.7 ± 19.1 60.9 ± 18.8 0.227

Tegner activity score 3.6 ± 1.4 3.9 ± 1.3 0.435

Complications

Hinge fracture 15 (13.9%) 17 (19.3%) 0.39

Neurovascular injury 0 0 n.s

Infection 0 0 n.s
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after MOWHTO [17]. In addition, the screw direction 
toward the lateral hinge, not the posterolateral side can 
avoid neurovascular injury caused by proximal screw 
drilling [31]. Nevertheless, our study found no differences 
in complication rate according to plate position. With the 
comprehensive care during proximal screw drilling and 
the sufficient mechanical strength of the Tomofix plate 
may have resulted in the absence of observable differ-
ences in complications between the groups.

However, it is not easy to fix the plate by contour-
ing it towards the medial side of the proximal tibia. 
Because of the inherent mismatch between the proxi-
mal and distal centers in the osteotomized tibia, it 
was difficult to position the conventional T-shaped 
plate medially [32]. Also, for the medial positioned 
plate, we should consider the more aggressive release 
of MCL [18]. There is still concern about the com-
plete release of the superficial MCL, however, in a 
previously reported our study, the transection of the 
superficial MCL during MOWHTO does not increase 
valgus laxity [33].

Our study has several limitations. First, because of 
the retrospective design, the anatomical data of the 
patients who did not have a postoperative CT was una-
vailable; therefore, selection bias may have affected 
the results. Second, two senior surgeons performed 
the surgeries. Although both used the same surgical 
method, one of the senior authors used navigation, and 
the other performed the MOWHTO in a conventional 
way. Although there is not much effect on mechanical 
stability, there may be some effect on the clinical score 
[34]. Third, CT data could have a metal artifact; how-
ever, we used metal artifact reduction with optimizing 
threshold value. Fourth, we did not consider the ana-
tomical variations of the tibia in the study patients, 
including shape, degree of tibia vara, and length of 
tibia plateau.

Conclusions
With more medially positioned plating during MOW-
HTO, we can use longer proximal screws. The plate is 
likely positioned anteriorly when the proximal locking 
screw length is quite shorter than the pre-operative 
plan. In this case, we consider adjusting the plate posi-
tion more medially. However, there was no significant 
difference in clinical outcomes and the incidence of 
lateral hinge fractures regardless of plate position and 
screw length.

Abbreviations
HTO	� High tibial osteotomy
OA	� Osteoarthritis
MOWHTO	� Medial opening wedge high tibial osteotomy
ROM	� Range of motion
K-L	� Kellgren-Lawrence
HKA	� Hip-knee-ankle
MCL	� Medial collateral ligament
IKDC	� International Knee Documentation Committee
ICC	� Intraclass correlation coefficient
MCID	� Minimal clinically important difference

Acknowledgments
Not applicable.

Authors’ contributions
DJR. SJP, DHL and JHW were major contributors in writing and revising the 
manuscript. KBK and GHC set form of study and collected data. ISK and SJP 
interpreted the data. All authors read and approved the final version of the 
manuscript.

Funding
This work was supported by the Korea Medical Device Development Fund 
grant funded by the Korea government (the Ministry of Science and ICT, 
the Ministry of Trade, Industry and Energy, the Ministry of Health & Welfare, 
the Ministry of Food and Drug Safety) (Project Number: 1415181807, RS-
2021-KD000001 & RS-2020-KD000297).

Availability of data and materials
The datasets used and analysed during the current study are available from 
the corresponding authors upon reasonable request.

Fig. 3  3D reconstruction images showing that (a) the plate is in the medial and the screw is long. in this position, the proximal screw can hold 
lateral lateral hinge area, (b) the plate is in the anterior and the screw is short



Page 7 of 8Ryu et al. BMC Musculoskeletal Disorders           (2023) 24:14 	

Declarations

Ethics approval and consent to participate
The study was done in agreement with the ethical standards of the insti‑
tutional and/or national research committee and with the 1964 Helsinki 
declaration and its later amendments or comparable ethical standards. 
This study was approved by the investigational review board of Samsung 
medical center (SMC IRB No. 2020–02–062-002). For this retrospective 
study, informed consent was exempted by investigational review board of 
Samsung Medical Center.

Consent for publication
Not applicable.

Competing interests
The authors have no conflicts of interest relevant to this study to disclose.

Author details
1 Department of Orthopaedic Surgery, Inha University Hospital, Inha University 
school of Medicine, Incheon, South Korea. 2 Department of Orthopaedic 
Surgery, Cheongju Micro Hospital, Cheongju‑si, Chung‑cheong bukdo, 
South Korea. 3 Department of Orthopaedic Surgery, Samsung Medical Center, 
Sungkyunkwan University School of Medicine, Seoul 06351, South Korea. 
4 Department of Orthopaedic Surgery, Samsung Bone Hospital, Osan‑si, 
Gyeonggi‑do, South Korea. 5 Department of Orthopaedic Surgery, Samsung 
Maditop hospital, Sungnam‑si, Gyeonggi‑do, South Korea. 6 Department 
of Health Sciences and Technology, SAIHST, Sungkyunkwan University, Seoul, 
South Korea. 7 Department of Medical Device Management and Research, 
SAIHST, Sungkyunkwan University, Seoul, South Korea. 

Received: 10 August 2022   Accepted: 12 December 2022

References
	1.	 Altay MA, Ertürk C, Altay N, Mercan AŞ, Sipahioğlu S, Kalender AM, et al. 

Clinical and radiographic outcomes of medial open-wedge high tibial 
osteotomy with Anthony-K plate: prospective minimum five year follow-
up data. Int Orthop. 2016;40:1447–54.

	2.	 Hui C, Salmon LJ, Kok A, Williams HA, Hockers N, van der Tempel WM, 
et al. Long-term survival of high tibial osteotomy for medial compart‑
ment osteoarthritis of the knee. Am J Sports Med. 2011;39:64–70.

	3.	 Kim H-J, Shin J-Y, Lee H-J, Park K-H, Jung C-H, Kyung H-S. Can medial sta‑
bility be preserved after open wedge high tibial osteotomy? Knee Surg 
Relat Res. 2020;32:51.

	4.	 Yoon J-R. Some considerations in high Tibial osteotomy. Knee Surg Relat 
Res. 2018;30:273–4.

	5.	 Takeuchi R, Woon-Hwa J, Ishikawa H, Yamaguchi Y, Osawa K, Akamatsu 
Y, et al. Primary stability of different plate positions and the role of bone 
substitute in open wedge high tibial osteotomy. Knee. 2017;24:1299–306.

	6.	 Agarwala S, Sobti A, Naik S, Chaudhari S. Comparison of closing-wedge 
and opening-wedge high tibial osteotomies for medial compartment 
osteoarthritis of knee in Asian population: mid-term follow-up. Journal of 
Clinical Orthopaedics and Trauma. 2016;7:272–5.

	7.	 Miller BS, Downie B, McDonough EB, Wojtys EM. Complications 
after medial opening wedge high tibial osteotomy. Arthroscopy. 
2009;25:639–46.

	8.	 Otsuki S, Murakami T, Morikura R, Nakagawa K, Okamoto Y, Neo M. Back 
out of locking pin with hinge fracture after high Tibial osteotomy. Knee 
Surg Relat Res. 2018;30:171–5.

	9.	 Takeuchi R, Ishikawa H, Kumagai K, Yamaguchi Y, Chiba N, Akamatsu Y, 
et al. Fractures around the lateral cortical hinge after a medial opening-
wedge high tibial osteotomy: a new classification of lateral hinge 
fracture. Arthroscopy. 2012;28:85–94.

	10.	 Lee S-S, Kim JH, Kim S, Jung EY, Ryu DJ, Lee DK, et al. Avoiding overcor‑
rection to increase patient satisfaction after open wedge high Tibial 
osteotomy. Am J Sports Med. 2022;50:2453–61.

	11.	 Lansdaal JR, Mouton T, Wascher DC, Demey G, Lustig S, Neyret P, et al. 
Early weight bearing versus delayed weight bearing in medial opening 

wedge high tibial osteotomy: a randomized controlled trial. Knee Surg 
Sports Traumatol Arthrosc. 2017;25:3670–8.

	12.	 Schröter S, Ateschrang A, Löwe W, Nakayama H, Stöckle U, Ihle C. Early full 
weight-bearing versus 6-week partial weight-bearing after open wedge 
high tibial osteotomy leads to earlier improvement of the clinical results: 
a prospective, randomised evaluation. Knee Surg Sports Traumatol 
Arthrosc. 2017;25:325–32.

	13.	 Takeuchi R, Aratake M, Bito H, Saito I, Kumagai K, Ishikawa H, et al. 
Simultaneous bilateral opening-wedge high tibial osteotomy with 
early full weight-bearing exercise. Knee Surg Sports Traumatol Arthrosc. 
2008;16:1030–7.

	14.	 Takeuchi R, Ishikawa H, Aratake M, Bito H, Saito I, Kumagai K, et al. Medial 
opening wedge high tibial osteotomy with early full weight bearing. 
Arthroscopy. 2009;25:46–53.

	15.	 Brinkman J-M, Luites JWH, Wymenga AB, van Heerwaarden RJ. Early 
full weight bearing is safe in open-wedge high tibial osteotomy. Acta 
Orthop. 2010;81(2):193–8.

	16.	 Chen Y-N. Biomechanical investigation of the type and configuration of 
screws used in high tibial osteotomy with titanium locking plate and 
screw fixation. J Orthop Surg Res. 2019;14:35.

	17.	 Lee ES, Kim TW, Jo IH, Lee YS. Comparative analysis of fixation configura‑
tions and their effect on outcome after medial open-wedge high tibial 
osteotomy. J Orthop Sci. 2020;25:627–34.

	18.	 Nakamura R, Komatsu N, Fujita K, Kuroda K, Takahashi M, Okano A, 
et al. Anteromedial plating without filling the gap in open wedge high 
tibial osteotomy may increase the risk of screw breakage, which can be 
reduced by medial plating and bone-substitute insertion. J Orthop Sci. 
2022;22:S0949–2658.

	19.	 Kyung BS, Kim JG, Jang K-M, Chang M, Moon Y-W, Ahn JH, et al. Are 
navigation systems accurate enough to predict the correction angle 
during high tibial osteotomy? Comparison of navigation systems with 
3-dimensional computed tomography and standing radiographs. Am J 
Sports Med. 2013;41:2368–74.

	20.	 Ryu DJ, Lee S-S, Jung EY, Kim JH, Shin TS, Wang JH. Reliability of pre‑
operative planning method that considers latent medial joint laxity in 
medial open-wedge proximal Tibial osteotomy. Orthop J Sports Med. 
2021;9:23259671211034150.

	21.	 Kang BY, Lee DK, Kim HS, Wang JH. How to achieve an optimal alignment 
in medial opening wedge high tibial osteotomy? Knee Surg Relat Res. 
2022;34:3.

	22.	 Matsushita T, Watanabe S, Araki D, Nagai K, Hoshino Y, Kanzaki N, et al. 
Differences in preoperative planning for high-tibial osteotomy between 
the standing and supine positions. Knee Surg Relat Res. 2021;33:8.

	23.	 Na YG, Lee BK, Choi JU, Lee BH, Sim JA. Change of joint-line convergence 
angle should be considered for accurate alignment correction in high 
tibial osteotomy. Knee Surg Relat Res. 2021;33:4.

	24.	 Koo TK, Li MY. A guideline of selecting and reporting Intraclass correlation 
coefficients for reliability research. J Chiropr Med. 2016;15:155–63.

	25.	 Boo H, Howe T, Koh JS. Effect of leg dominance on early functional out‑
comes and return to sports after anterior cruciate ligament reconstruc‑
tion. J Orthop Surg (Hong Kong). 2020;28:230949901989623.

	26.	 Martinez de Albornoz P, Leyes M, Forriol F, Del Buono A, Maffulli N. 
Opening wedge high tibial osteotomy: plate position and biomechan‑
ics of the medial tibial plateau. Knee Surg Sports Traumatol Arthrosc. 
2014;22:2641–7.

	27.	 Nejima S. Risk of interference between the tibial tunnel and locking 
screws in medial meniscus posterior root repair and open wedge high 
tibial osteotomy. J Exp Orthop. 2022;10:25.

	28.	 Kuster MS, Wood GA, Stachowiak GW, Gächter A. Joint load considera‑
tions in total knee replacement. J Bone Joint Surg (Br). 1997;79:109–13.

	29.	 Spahn G. Complications in high tibial (medial opening wedge) oste‑
otomy. Arch Orthop Trauma Surg. 2004;124:649–53.

	30.	 Yoo OS, Lee YS, Lee MC, Elazab A, Choi DG, Jang YW. Evaluation of the 
screw position and angle using a post-contoured plate in the open 
wedge high tibial osteotomy according to the correction degree and 
surgical technique. Clin Biomech (Bristol, Avon). 2016;35:111–5.

	31.	 Chun KC, So BJ, Kang HT, Chun C-H. Pseudoaneurysm formation due to 
popliteal artery injury caused by drilling during medial opening wedge 
high Tibial osteotomy. Knee Surg Relat Res. 2018;30:364–8.



Page 8 of 8Ryu et al. BMC Musculoskeletal Disorders           (2023) 24:14 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	32.	 Yoo OS, Lee YS, Lee MC, Park JH, Kim JW, Sun DH. Morphologic analysis 
of the proximal tibia after open wedge high tibial osteotomy for proper 
plate fitting. BMC Musculoskelet Disord. 2016;17:423.

	33.	 Kim J-H, Ryu DJ, Lee S-S, Jang SP, Park JS, Kim WJ, et al. Does transection 
of the superficial MCL during HTO result in progressive Valgus instability? 
Am J Sports Med. 2022;50:142–51.

	34.	 Song SJ, Bae DK. Computer-assisted navigation in high Tibial osteotomy. 
Clin Orthop Surg. 2016;8:349–57.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Does the anteromedial plate position affect proximal screw length and worsen the clinical outcomes in medial opening wedge high tibial osteotomy?
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Study patients
	Surgical techniques and postoperative rehabilitation protocols
	Analysis of plate position and proximal screw length with CT
	Clinical outcomes
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgments
	References


