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Abstract
Introduction  Medial opening wedge high tibial osteotomy has been associated with an unintentional increase in the posterior 
tibial slope angle. We aimed to evaluate the effectiveness of a novel bone spreader angle rod to maintain the native posterior 
tibial slope angle in medial opening wedge high tibial osteotomy.
Materials and methods  Data from 92 consecutive knees in 83 patients who underwent medial opening wedge high tibial 
osteotomy for knee osteoarthritis between March 2015 and June 2016 were analysed. The osteotomy was performed without 
the use of a bone spreader angle rod in the first 50 cases (control group) and with the use of the angle rod in the subsequent 
42 cases (angle rod group). The wedge insertion angle, defined as the angle between a line drawn along the posterior aspect 
of the wedge spacer and a line tangential to the posterior aspect of the femoral condyles, and the posterior tibial slope angle 
were evaluated on pre- and postoperative lateral knee radiographs and postoperative computed tomography images.
Results  Wedge insertion angle showed that wedge spacers were inserted in a more direct horizontal direction in the angle 
rod group than in the control group (16.0 ± 8.8° and 23.0 ± 10.0°, respectively, P < 0.001). The pre- to postoperative change 
in posterior tibial slope angle was significantly smaller in the angle rod group (0.6 ± 1.6°) compared to that in the control 
group (3.2 ± 3.2°; P < 0.0001). A change of posterior tibial slope angle > 3° (outlier) was identified in 1 case (2.4%) in the 
angle rod group compared to 27 cases in the control group (54.0%).
Conclusions  The direct horizontal insertion of wedge spacers with the assistance of our novel bone spreader angle rod 
maintains the native posterior tibial slope angle better than conventional methods.
Level of evidence  IV.

Keywords  High tibial osteotomy · Posterior tibial slope · Wedge insertion angle · Osteoarthritis · Anterior cruciate 
ligament

Introduction

Medial opening wedge high tibial osteotomy (OWHTO) is 
indicated for relatively young, active individuals with knee 
osteoarthritis (OA) of the medial compartment with varus 
malalignment [1]. However, OWHTO has been associated 
with an unintentional increase in the posterior tibial slope 
angle (PTSA) [2–5]. Satisfactory outcomes after surgery 

require optimal realignment [6] both in the sagittal and 
coronal planes; poor realignment may lead to unsatisfac-
tory clinical outcomes [7–11]. An increase in the PTSA 
produces an anterior translation of the tibial plateau with 
overloading of the anterior cruciate ligament (ACL) [12–17], 
which consequently may result in degradation of the articu-
lar cartilage and progression of knee OA [8, 11]. Thus, an 
unintentional change of the PTSA in OWHTO is a cause for 
concern, while an intentional change can be used in ACL- or 
PCL-deficient knees [15].

Song et al. [18] reported that a normal tibial posterior 
slope can be maintained with an anterior opening gap of 
approximately 67% of the posterior opening gap. This 
method is easy to use, but may not be sufficiently exact due 
to individual differences in the thickness and width of the 
unosteotomized tibial tuberosity. Thus, the exact change 
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in the PTSA is hard to control using current techniques. 
Recently, it has been reported that the change in PTSA 
depends on the direction and position in which wedge spac-
ers are inserted in the osteotomy gap, and that wedge spac-
ers inserted directly horizontal would maintain the native 
PTSA [19]. Therefore, we developed a surgical instrument, 
a bone spreader angle rod, which assists surgeons in control-
ling the direction of the wedge spacer, thereby maintain-
ing the native PTSA. We hypothesized that the use of our 
bone spreader angle rod would result in less unintentional 
decrease in the PTSA compared to that using conventional 
techniques without the angle rod [20]. The aim of the present 
study was to test this hypothesis, and establish a new angle 
rod-assisted technique to exactly control the change of the 
PTSA in OWHTO.

Methods

This study was approved by the institutional review board 
of our university and informed consent for the use of their 
medical information was obtained from all patients. Data 
from 92 consecutive knees in 83 patients (62 women and 
21 men; mean age at the time of surgery, 63.0 ± 7.8 years; 
age range, 37–80 years) who underwent OWHTO for knee 
OA between March 2015 and June 2016 were analysed. The 
first 50 consecutive knees underwent OWHTO without the 
use of the bone spreader angle rod (control group), and the 
subsequent 42 cases underwent OWHTO with the use of the 
angle rod (rod group). All surgeries were performed by one 
of two surgeons (H.O. and K.M.). The clinical indications 
for OWHTO were the presence of medial compartment knee 
OA, with varus malalignment of the lower extremity. Exclu-
sion criteria for OWHTO were the presence of severe OA 
of the patellofemoral joint, a flexion contracture of the knee 
more than 15°, and abnormal ligamentous laxity (insufficient 
anterior or posterior cruciate ligament).

Surgical procedures using a bone spreader angle 
rod

The preoperative planning and main surgical procedures 
have been previously described [19, 20]. Briefly, the tar-
get postoperative %weight-bearing line (%WBL) was set at 
62.5% using Miniaci’s method [19, 21]. Prior to OWHTO, 
an arthroscopic microfracture was performed at an articu-
lar cartilage lesion in all the patients. Then, the knee was 
extended and the lower leg was set horizontally, and a 
biplanar OWHTO was performed as in previously reported 
studies [22–24]. The osteotomy gap was carefully opened, 
and a bone spreader attached to a custom-made angle rod 
(Olympus Terumo Biomaterials, Tokyo, Japan) was inserted 
directly horizontal into the osteotomy gap to maintain the 

opening gap with the knee extended and facing upward 
(Figs. 1a–d, 2a). Knee position was confirmed via an image 
intensifier and was maintained for the exact control of the 
bone spreader angle rod. The exact upright position of the 
angle rod with the knee facing upward was carefully con-
firmed from the viewpoint of the patients’ feet by at least two 
surgeons (Fig. 2b). Two β-TCP wedge spacers (Osferion60, 
Olympus Terumo Biomaterials, Tokyo, Japan) were used for 
the initial axial and rotational stability at the osteotomy site 
[25] and were shaped to the size of the gap during surgery. 
The posterior part of the bone spreader was then detached 
(Fig. 2c), and the first wedge spacer was inserted into the 
posterior gap along the inserted bone spreader (Fig. 2d). 
Then, the remaining part of the bone spreader was removed, 
and the second wedge spacer was inserted into the anterior 
gap along the first wedge spacer (Fig. 2e, f). Finally, the 
medial osteotomy site was rigidly fixed using a Tris medial 
HTO Plate system (Olympus Terumo Biomaterials, Tokyo, 
Japan).

Based on the standard postoperative rehabilitation pro-
gram, active and passive range of motion exercises were 
started on postoperative day 3, with partial weight-bearing 
initiated on postoperative day 7, progressing to full weight-
bearing on postoperative day 14. All patients obtained full 
extension of the knee within 3 weeks postoperatively.

Radiographic evaluation

While patients stood with equal weight-bearing on both 
lower extremities, full-length anteroposterior (AP) radio-
graphs, with the patella facing anteriorly, were obtained 
preoperatively and at 6 months postoperation. From the 
full-length AP radiographs, the %WBL was calculated as 
the horizontal distance from the WBL to the medial edge 
of the tibial plateau divided by the width of the tibial pla-
teau [26, 27]. The hip–knee–ankle (HKA) angle, defined 
as the angle between the mechanical axes of the femur and 
the tibia (varus, negative values; valgus, positive values), 
was also measured on the full-length AP radiographs. The 
medial proximal tibial angle (MPTA) [28] defined as the 
angle between the tibial plateau and mechanical axis of the 
tibia, was measured on the AP radiographs of the knee. To 
ensure reproducibility of the MPTA, which is known to be 
sensitive to variation in the projection angle, the AP view 
of the knee was consistently obtained with the knee in full 
extension, with the centre of the joint aligned with the cen-
tre of the X-ray beam, and in a standardized position of the 
lower limb with the patella facing anteriorly [28]. A CT 
scan of the knee was obtained within 1 week after surgery. 
The wedge insertion angle (WIA) was defined as the angle 
between a line drawn along the posterior edge of the inserted 
wedge spacer and a line tangential to the posterior edge of 
the femoral condyles on the axial view (Fig. 3a, b). The 
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PTSA could then be defined for lateral radiographs of the 
knee as the angle between a line perpendicular to the poste-
rior cortex of the tibia and the joint line of the proximal tibia 
(Fig. 3c). The change in PTSA (ΔPTSA) was calculated by 
subtracting the postoperative PTSA from the preoperative 
PTSA (ΔPTSA = postoperative PTSA − preoperative PTSA), 
with ΔPTSA values of > 3° judged as “outliers”. Opening 
gap height on the CT coronal view and loss of correction on 
the AP radiographs were also assessed. Arthritic changes 
in the knee joint were evaluated using Kellgren–Lawrence 
(KL) grades.

Statistical analysis

All radiographic measurements were performed by two 
independent observers in a blinded manner. The intra- and 
inter-observer reliabilities were expressed as intra-class 
correlation coefficients (ICC), which varied from zero (no 
agreement at all) to one (total agreement). The values of the 
ICCs were characterized as follows: poor agreement (less 

than 0.40), fair to good agreement (0.40–0.75) and excellent 
agreement that is beyond chance (bigger than 0.75) [29].

Statistical comparisons were performed using SPSS 
version 13.0 software (SPSS Inc., Chicago, IL). Tests for 
normality and distribution were performed using the Kol-
mogorov–Smirnov test. Student’s t tests and Mann–Whitney 
U tests were used to analyse parametric and non-parametric 
data, respectively. An F test was used to evaluate between-
group differences in the distribution of WIA and ΔPTSA. A 
post hoc power analysis was conducted with use of G*Power 
(version 3.0.3) for the group comparisons. The level of sig-
nificance was set at p < 0.05.

Results

Bone union of the osteotomy was obtained in all patients, 
and there were no delayed unions or required corrections 
in any of the cases during the follow-up period (mean, 
16.2 ± 9.9 months). Evaluation of the severity of osteoarthri-
tis in the medial compartment showed that 42 and 35 knees 

Fig. 1   Bone spreader angle 
rod. a The bone spreader angle 
rod attached to a bone spreader 
(Olympus Terumo Biomaterials, 
Tokyo, Japan) is shown, with 
a conventional bone spreader 
shown in the left upper panel. 
b The length of the angle rod is 
25 cm. c Formal theory shows 
that a 1-cm shift in the angle 
rod tip in the projection from 
the patients’ feet is indicative of 
a 2.3° inclination in the angle 
rod and bone spreader in the 
axial plane. d A lateral inclina-
tion of the tip of the angle rod 
is indicative of an increase in 
PTSA, with a medial inclination 
being indicative of a decrease 
in PTSA
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could be classified as KL grade 3, 8 and 7 as KL grade 4, in 
the control and angle rod groups, respectively. Radiographic 
measurements are summarized in Table 1. There were no 
significant between-group differences in preoperative and 
postoperative %WBL, HKA angle, MPTA, and opening 
gap height. There was no apparent loss of correction in any 
patient during the study period.

The WIA was significantly larger in the control group 
(23.0 ± 10.0°) compared to that in the angle rod group 

(16.0 ± 8.8°) (P < 0.001); however, the distribution of 
the WIA did not significantly differ between the groups 
(F = 0.436, Fig. 4). Although there was no significant group 
difference in the preoperative PTSA (5.2 ± 3.0°, control 
group; 6.1 ± 3.9°, rod group; P = 0.215), the postopera-
tive PTSA was significantly bigger in the control group 
(8.4 ± 3.9°) than in the rod group (6.7 ± 3.9°; P = 0.034). The 
ΔPTSA was consequently different between the two groups 
(3.2 ± 3.2°, control group; 0.6 ± 1.6°, rod group; P < 0.0001), 

Fig. 2   Wedge spacer inser-
tion with the assistance of a 
bone spreader angle rod. a A 
bone spreader attached to an 
angle rod was inserted into 
the osteotomy gap with the 
knees facing upright under an 
image intensifier. b The upright 
angle rod is confirmed via the 
projection from the viewpoint 
of patients’ feet by at least two 
surgeons, suggesting a direct 
horizontal insertion of the bone 
spreader. c The posterior part of 
the bone spreader is detached. 
d A wedge spacer is inserted 
along the directly horizontally 
inserted bone spreader. e The 
inserted wedge spacer is shown 
after removal of the bone 
spreader. f The second wedge 
spacer is inserted in the anterior 
gap along the first spacer

Fig. 3   Radiographic assessment. a, b The wedge insertion angle 
(WIA), defined as the angle between the direction of wedge insertion 
and a line tangential to the posterior edge of the femoral condyles on 

the axial view. c The posterior tibial slope angle (PTSA), defined as 
the angle between a line perpendicular to the posterior cortex of the 
tibia and the joint line of the proximal tibia on the lateral view



303Archives of Orthopaedic and Trauma Surgery (2018) 138:299–305	

1 3

with a significant group difference in the distribution of 
ΔPTSA (F = 0.00010, Fig. 5). Outliers with a ΔPTSA > 3° 
were identified in one case in the angle rod group (2.4%) 
compared to 27 cases in the control group (54%; Fig. 5). A 
post hoc power analysis (effect size, 0.5) revealed that the 
group comparison had a statistical power of 0.66.

The intra-class correlation coefficient (ICC) of the radio-
graphic parameters is shown in Table 2. In all measurements, 
the ICCs were categorized as excellent.

Discussion

The most important finding in the present study was that 
the unintentional decrease in the PTSA was less with the 
use of a bone spreader angle rod compared to that with con-
ventional techniques. An adjustment in the direction of the 
wedge spacer with the assistance of a bone spreader angle 
rod exactly controlled the change in the PTSA, based on the 

Table 1   Radiographic 
parameters

WBL weight-bearing line, HKA hip–knee–ankle, MPTA medial proximal tibial angle, WIA wedge insertion 
angle, PTSA posterior tibial slope angle

Control group (N = 50) Angle rod group 
(N = 42)

P value

WBL% Preop. 11.1 ± 19.1 15.8 ± 15.5 0.215
Postop. 60.8 ± 9.4 59.1 ± 7.9 0.411

HKA angle (deg.) Preop. − 8.7 ± 4.1 − 7.6 ± 3.5 0.194
Postop. 3.5 ± 2.0 2.6 ± 2.6 0.087

MPTA (deg.) Preop. 84.8 ± 2.6 84.4 ± 2.9 0.537
Postop. 94.0 ± 3.2 92.4 ± 3.8 0.079

WIA (deg.) 23.0 ± 10.0 15.2 ± 8.3 < 0.001
PTSA (deg.) Preop. 5.2 ± 3.0 5.8 ± 3.9 0.408

Postop. 8.4 ± 3.9 6.5 ± 4.0 0.027
ΔPTSA (deg.) 3.2 ± 3.2 0.6 ± 1.7 < 0.0001
Opening gap height (mm) 12.6 ± 2.9 11.6 ± 1.4 0.638

Fig. 4   Group differences in wedge insertion angle. The effect of the 
angle rod on the wedge insertion angle (WIA) is shown. The WIA is 
significantly lower in the angle rod group (16.0 ± 8.8°) compared to 
that in the control group (23.0 ± 10.0°; P < 0.001)

Fig. 5   Group differences in the posterior tibial slope angle. The effect 
of the angle rod on the posterior tibial slope angle (PTSA) is shown. 
The ΔPTSA is significantly lower in the angle rod group (0.6 ± 1.6°) 
compared to that in the control group (3.2 ± 3.2°; P < 0.0001). The 
incidence rate of outliers, defined by a ΔPTSA > 3°, is shown, with 1 
case in the angle rod group (2.4%) compared to 27 cases in the con-
trol group (54%)

Table 2   Intra-class correlation coefficient (ICC) of radiographic 
parameters

WBL weight-bearing line, HKA hip–knee–ankle, MPTA medial proxi-
mal tibial angle, PTSA posterior tibial slope angle

% Intra-observer Inter-observer

WBL% 0.98 0.95
HKA angle (°) 0.99 0.98
MPTA (°) 0.99 0.89
WIA (°) 0.95 0.94
PTSA (°) 0.92 0.90
Opening gap height (mm) 0.98 0.96
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high correlation between the ΔPTSA and WIA as previously 
reported [19].

Previous studies have reported unintentional PTSA 
increases of 2.9–7.0° in OWHTO [4, 30, 31]. In the cur-
rent study, a bone spreader angle rod assisted surgeons in 
inserting the wedge spacers more horizontally, resulting in 
less change in the native PTSA compared to that for con-
ventional procedures without an angle rod. Previous studies 
have reported that an approximately 15° WIA is identical 
to a direct horizontal insertion of wedge spacers and pre-
serves the native PTSA [19], which explains the ability of a 
bone spreader angle rod to assist surgeons in the exact direct 
horizontal insertion of the wedge spacers. With regard to the 
accuracy of the angle rod assistance, a 1-cm lateral shift of 
the tip of the 25-cm angle rod is indicative of an approxi-
mately 2.3° in the inclination of the bone spreader in the 
projection from the viewpoint of patients’ feet (Fig. 1c). If 
the wedge spacer is inserted along the bone spreader within 
this 2.3° inclination, the change in the PTSA corresponds to 
an approximately 0.7°, according to a previously validated 
formula [19].

A close connection between the PTSA and loading on 
the ACL has been reported [14, 16]. Webb et al. reported 
the risk for ACL injury to be highest for a posterior tibial 
slope ≥ 12° [12, 14]. Because an increase in the PTSA can 
lead to an anterior translation of the tibial plateau and con-
sequent overload on the ACL [12–17] and posterior tibial 
plateau [32–34], the native PTSA should be maintained to 
prevent OWHTO-related ACL injuries. Dejour et al. [15] 
reported satisfactory results for second-revision ACL recon-
struction combined with a tibial deflexion osteotomy. The 
authors recommended correction of the tibial slope if it 
exceeds 12°, to reduce the risks of retearing the ACL graft. 
Thus, preserving the PTSA during OWHTO, particularly 
in cases with combined ACL reconstruction, is critical to 
reduce the risk of ACL re-injury. However, there are no 
established methods to accurately control the PTSA during 
OWHTO. The present findings confirm the utility of our 
bone spreader angle rod in this regard, with an increase in 
the PTSA of 0.7° for every 1-cm lateral inclination in the 
position of the tip of the rod, and a decrease in the PTSA of 
0.7° for every 1-cm medial inclination of the rod (Fig. 1c, 
d). Therefore, the angle rod would also be useful for accurate 
control of intentional changes in the PTSA based on the 
native slope of the tibial plateau, balancing the sagittal plane 
of the knee, as well as the loading on the ACL and posterior 
cruciate ligament.

There are several limitations in the present study to 
acknowledge. (1) This was not a randomized control study 
and the follow-up period was short. It is unclear how a 
change in the PTSA after OWHTO influences long-term 
knee function, stability, range of motion, and mechanical 
strain on the cruciate ligaments. Thus, the long-term effects 

of a change in the PTSA should be clarified. (2) The number 
of patients was relatively small, and the statistical power 
was 0.66. Thus, a randomized control study with a larger 
cohort of patients should be performed. (3) The reliability 
in the confirmation of the angle rod inclination is limited. 
However, confirmation of the angle rod inclination from the 
viewpoint of the patients’ feet by two surgeons was shown to 
be adequate for the direct horizontal insertion of the wedge 
spacers. (4) The change in the PTSA may affect the correc-
tion angle in the coronal plane as well; therefore, the effect 
of the WIA on the coronal alignment of the lower extremity 
needs to be elucidated. (5) Although the direct horizontal 
insertion of the wedge spacers maintained the native PTSA 
in the present study, the relationship between different WIAs 
and the PTSA needs to be further clarified. (6) We only 
evaluated the PTSA in lateral radiographs. Thus, a three-
dimensional analysis of the PTSA, using weight-bearing 
magnetic resonance imaging [35] is necessary.

Conclusion

OWHTO involves a risk of an increase in the PTSA due 
to inadequate surgical procedures, which may result in the 
degradation of the articular cartilage and progression of knee 
OA [8, 11]. The present results suggest that the direct hori-
zontal insertion of wedge spacers, with the assistance of a 
bone spreader angle rod, maintains the native PTSA better 
than conventional methods.

Compliance with ethical standards 

Funding  None.

Conflict of interest  All authors declare that they have no conflict of 
interest.

Ethical approval  All procedures performed in studies involving human 
participants were in accordance 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.

Informed consent  Informed consent was obtained from all individual 
participants included in the study.

References

	 1.	 Brinkman JM, Lobenhoffer P, Agneskirchner JD, Staubli AE, 
Wymenga AB, van Heerwaarden RJ (2008) Osteotomies around 
the knee: patient selection, stability of fixation and bone healing 
in high tibial osteotomies. J B Jt Surg Br 90:1548–1557. https://
doi.org/10.1302/0301-620X.90B12.21198

	 2.	 Noyes FR, Barber-Westin SD, Hewett TE (2000) High tibial oste-
otomy and ligament reconstruction for varus angulated anterior 
cruciate ligament-deficient knees. Am J Sports Med 28:282–296

https://doi.org/10.1302/0301-620X.90B12.21198
https://doi.org/10.1302/0301-620X.90B12.21198


305Archives of Orthopaedic and Trauma Surgery (2018) 138:299–305	

1 3

	 3.	 Brouwer RW, Bierma-Zeinstra SM, van Koeveringe AJ, Ver-
haar JA (2005) Patellar height and the inclination of the tibial 
plateau after high tibial osteotomy. The open versus the closed-
wedge technique. J B Jt Surg Br 87:1227–1232. https://doi.
org/10.1302/0301-620X.87B9.15972

	 4.	 LaPrade RF, Oro FB, Ziegler CG, Wijdicks CA, Walsh MP (2010) 
Patellar height and tibial slope after opening-wedge proximal tibial 
osteotomy: a prospective study. Am J Sports Med 38:160–170. 
https://doi.org/10.1177/0363546509342701

	 5.	 Noyes FR, Goebel SX, West J (2005) Opening wedge tibial oste-
otomy: the 3-triangle method to correct axial alignment and tibial 
slope. Am J Sports Med 33:378–387

	 6.	 Agneskirchner JD, Hurschler C, Stukenborg-Colsman C, Imhoff 
AB, Lobenhoffer P (2004) Effect of high tibial flexion osteotomy 
on cartilage pressure and joint kinematics: a biomechanical study in 
human cadaveric knees. Winner of the AGA-DonJoy Award 2004. 
Arch Orthop Trauma Surg 124:575–584. https://doi.org/10.1007/
s00402-004-0728-8

	 7.	 Dugdale TW, Noyes FR, Styer D (1992) Preoperative planning for 
high tibial osteotomy. The effect of lateral tibiofemoral separation 
and tibiofemoral length. Clin Orthop Relat Res 274:248–264

	 8.	 Hernigou P, Medevielle D, Debeyre J, Goutallier D (1987) Proximal 
tibial osteotomy for osteoarthritis with varus deformity. A ten to 
thirteen-year follow-up study. J B Jt Surg Am 69:332–354

	 9.	 Marti CB, Gautier E, Wachtl SW, Jakob RP (2004) Accuracy of 
frontal and sagittal plane correction in open-wedge high tibial 
osteotomy. Arthroscopy 20:366–372. https://doi.org/10.1016/j.
arthro.2004.01.024

	10.	 Giffin JR, Vogrin TM, Zantop T, Woo SL, Harner CD (2004) Effects 
of increasing tibial slope on the biomechanics of the knee. Am J 
Sports Med 32:376–382

	11.	 Rodner CM, Adams DJ, Diaz-Doran V, Tate JP, Santangelo SA, 
Mazzocca AD, Arciero RA (2006) Medial opening wedge tibial 
osteotomy and the sagittal plane: the effect of increasing tibial slope 
on tibiofemoral contact pressure. Am J Sports Med 34:1431–1441. 
https://doi.org/10.1177/0363546506287297

	12.	 Webb JM, Salmon LJ, Leclerc E, Pinczewski LA, Roe JP (2013) 
Posterior tibial slope and further anterior cruciate ligament injuries 
in the anterior cruciate ligament-reconstructed patient. Am J Sports 
Med 41:2800–2804. https://doi.org/10.1177/0363546513503288

	13.	 Arun GR, Kumaraswamy V, Rajan D, Vinodh K, Singh AK, Kumar 
P, Chandrasekaran K, Santosh S, Kishore C (2016) Long-term fol-
low up of single-stage anterior cruciate ligament reconstruction and 
high tibial osteotomy and its relation with posterior tibial slope. 
Arch Orthop Trauma Surg 136:505–511. https://doi.org/10.1007/
s00402-015-2385-5

	14.	 Christensen JJ, Krych AJ, Engasser WM, Vanhees MK, Collins 
MS, Dahm DL (2015) Lateral tibial posterior slope is increased 
in patients with early graft failure after anterior cruciate liga-
ment reconstruction. Am J Sports Med 43:2510–2514. https://doi.
org/10.1177/0363546515597664

	15.	 Dejour D, Saffarini M, Demey G, Baverel L (2015) Tibial slope 
correction combined with second revision ACL produces good knee 
stability and prevents graft rupture. Knee Surg Sports Traumatol 
Arthrosc 23:2846–2852. https://doi.org/10.1007/s00167-015-3758-6

	16.	 Zeng C, Yang T, Wu S, Gao SG, Li H, Deng ZH, Zhang Y, Lei GH 
(2016) Is posterior tibial slope associated with noncontact anterior 
cruciate ligament injury? Knee Surg Sports Traumatol Arthrosc 
24:830–837. https://doi.org/10.1007/s00167-014-3382-x

	17.	 Sonnery-Cottet B, Mogos S, Thaunat M, Archbold P, Fayard JM, 
Freychet B, Clechet J, Chambat P (2014) Proximal tibial anterior 
closing wedge osteotomy in repeat revision of anterior cruciate liga-
ment reconstruction. Am J Sports Med 42:1873–1880. https://doi.
org/10.1177/0363546514534938

	18.	 Song EK, Seon JK, Park SJ (2007) How to avoid unintended 
increase of posterior slope in navigation-assisted open-wedge high 
tibial osteotomy. Orthopedics 30:S127–S131

	19.	 Ogawa H, Matsumoto K, Ogawa T, Takeuchi K, Akiyama H 
(2016) Effect of wedge insertion angle on posterior tibial slope in 
medial opening wedge high tibial osteotomy. Orthop J Sports Med 
4:2325967116630748. https://doi.org/10.1177/2325967116630748

	20.	 Ogawa H, Matsumoto K, Ogawa T, Takeuchi K, Akiyama H (2016) 
Preoperative varus laxity correlates with overcorrection in medial 
opening wedge high tibial osteotomy. Arch Orthop Trauma Surg. 
https://doi.org/10.1007/s00402-016-2521-x

	21.	 Miniaci A, Ballmer FT, Ballmer PM, Jakob RP (1989) Proximal 
tibial osteotomy. A new fixation device. Clin Orthop Relat Res 
246:250–259

	22.	 Staubli AE, De Simoni C, Babst R, Lobenhoffer P (2003) TomoFix: 
a new LCP-concept for open wedge osteotomy of the medial proxi-
mal tibia—early results in 92 cases. Injury 34(Suppl 2):B55–B62

	23.	 Staubli AE, Jacob HA (2010) Evolution of open-wedge high-tibial 
osteotomy: experience with a special angular stable device for inter-
nal fixation without interposition material. Int Orthop 34:167–172. 
https://doi.org/10.1007/s00264-009-0902-2

	24.	 Lobenhoffer P, Agneskirchner JD (2003) Improvements in sur-
gical technique of valgus high tibial osteotomy. Knee Surg 
Sports Traumatol Arthrosc 11:132–138. https://doi.org/10.1007/
s00167-002-0334-7

	25.	 Takeuchi R, Bito H, Akamatsu Y, Shiraishi T, Morishita S, Koshino 
T, Saito T (2010) In vitro stability of open wedge high tibial oste-
otomy with synthetic bone graft. Knee 17:217–220. https://doi.
org/10.1016/j.knee.2009.09.002

	26.	 Bito H, Takeuchi R, Kumagai K, Aratake M, Saito I, Hayashi R, 
Sasaki Y, Aota Y, Saito T (2009) A predictive factor for acquiring an 
ideal lower limb realignment after opening-wedge high tibial oste-
otomy. Knee Surg Sports Traumatol Arthrosc 17:382–389. https://
doi.org/10.1007/s00167-008-0706-8

	27.	 Fujisawa Y, Masuhara K, Shiomi S (1979) The effect of high tibial 
osteotomy on osteoarthritis of the knee. An arthroscopic study of 
54 knee joints. Orthop Clin N Am 10:585–608

	28.	 Paley D, Herzenberg JE, Tetsworth K, McKie J, Bhave A (1994) 
Deformity planning for frontal and sagittal plane corrective oste-
otomies. Orthop Clin N Am 25:425–465

	29.	 Landis JR, Koch GG (1977) The measurement of observer agree-
ment for categorical data. Biometrics 33:159–174

	30.	 Ozel O, Yucel B, Mutlu S, Orman O, Mutlu H (2015) Changes in 
posterior tibial slope angle in patients undergoing open-wedge high 
tibial osteotomy for varus gonarthrosis. Knee Surg Sports Traumatol 
Arthrosc. https://doi.org/10.1007/s00167-015-3571-2

	31.	 Sterett WI, Miller BS, Joseph TA, Rich VJ, Bain EM (2009) Poste-
rior tibial slope after medial opening wedge high tibial osteotomy 
of the varus degenerative knee. J Knee Surg 22:13–16

	32.	 Marouane H, Shirazi-Adl A, Adouni M, Hashemi J (2014) Steeper 
posterior tibial slope markedly increases ACL force in both active 
gait and passive knee joint under compression. J Biomech 47:1353–
1359. https://doi.org/10.1016/j.jbiomech.2014.01.055

	33.	 Marouane H, Shirazi-Adl A, Hashemi J (2015) Quantification of 
the role of tibial posterior slope in knee joint mechanics and ACL 
force in simulated gait. J Biomech 48:1899–1905. https://doi.
org/10.1016/j.jbiomech.2015.04.017

	34.	 Li Y, Hong L, Feng H, Wang Q, Zhang J, Song G, Chen X, Zhuo 
H (2014) Posterior tibial slope influences static anterior tibial trans-
lation in anterior cruciate ligament reconstruction: a minimum 
2-year follow-up study. Am J Sports Med 42:927–933. https://doi.
org/10.1177/0363546514521770

	35.	 Barrance PJ, Gade V, Allen J, Cole JL (2014) American society 
of biomechanics clinical biomechanics award 2013: tibiofemoral 
contact location changes associated with lateral heel wedging—a 
weight bearing MRI study. Clin Biomech (Bristol Avon) 29:997–
1002. https://doi.org/10.1016/j.clinbiomech.2014.08.014

https://doi.org/10.1302/0301-620X.87B9.15972
https://doi.org/10.1302/0301-620X.87B9.15972
https://doi.org/10.1177/0363546509342701
https://doi.org/10.1007/s00402-004-0728-8
https://doi.org/10.1007/s00402-004-0728-8
https://doi.org/10.1016/j.arthro.2004.01.024
https://doi.org/10.1016/j.arthro.2004.01.024
https://doi.org/10.1177/0363546506287297
https://doi.org/10.1177/0363546513503288
https://doi.org/10.1007/s00402-015-2385-5
https://doi.org/10.1007/s00402-015-2385-5
https://doi.org/10.1177/0363546515597664
https://doi.org/10.1177/0363546515597664
https://doi.org/10.1007/s00167-015-3758-6
https://doi.org/10.1007/s00167-014-3382-x
https://doi.org/10.1177/0363546514534938
https://doi.org/10.1177/0363546514534938
https://doi.org/10.1177/2325967116630748
https://doi.org/10.1007/s00402-016-2521-x
https://doi.org/10.1007/s00264-009-0902-2
https://doi.org/10.1007/s00167-002-0334-7
https://doi.org/10.1007/s00167-002-0334-7
https://doi.org/10.1016/j.knee.2009.09.002
https://doi.org/10.1016/j.knee.2009.09.002
https://doi.org/10.1007/s00167-008-0706-8
https://doi.org/10.1007/s00167-008-0706-8
https://doi.org/10.1007/s00167-015-3571-2
https://doi.org/10.1016/j.jbiomech.2014.01.055
https://doi.org/10.1016/j.jbiomech.2015.04.017
https://doi.org/10.1016/j.jbiomech.2015.04.017
https://doi.org/10.1177/0363546514521770
https://doi.org/10.1177/0363546514521770
https://doi.org/10.1016/j.clinbiomech.2014.08.014

	New angle measurement device to control the posterior tibial slope angle in medial opening wedge high tibial osteotomy
	Abstract
	Introduction 
	Materials and methods 
	Results 
	Conclusions 
	Level of evidence 

	Introduction
	Methods
	Surgical procedures using a bone spreader angle rod
	Radiographic evaluation
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


