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ABSTRACT

Proximal Tibia Biplanar Anterior and Lateral Closing 
Wedge Osteotomy with Concomitant Revision 
Anterior Cruciate Ligament Reconstruction: 
A Case Report

This report documents a unique, successful strategy to manage a failed anterior cruciate ligament reconstruction 
(ACLR) in the setting of coronal and sagittal plane malalignment. The patient is a 38-year-old man with a history 
of a failed ACLR who presented with recurrent knee instability. Imaging revealed a posterior tibial slope (PTS) of 
17° complicated by a varus malalignment of 10°. A single-stage anterior and lateral closing wedge tibial osteotomy 
(biplanar) with simultaneous revision anterior cruciate ligament reconstruction was performed. Final radiographic 
evaluation revealed that the tibial osteotomy healed with correction of coronal alignment to a physiologic 3° varus 
and a PTS of 7°. The patient returned to an active lifestyle without limitations.
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INTRODUCTION
The combination of clinically significant varus and 
posterior tibial slope (PTS) malalignment presents a 
difficult scenario in the presence of a failed anterior 
cruciate ligament (ACL) graft and recurrent knee 
instability. Excessive PTS and varus malalignment have 
both been shown to increase the forces placed on the 
ACL, thereby increasing the potential for graft failure, 
which makes surgical correction and graft protection 
necessary in properly indicated patients.1,2 

Biplanar tibial osteotomies and their impact on 
posterior tibial slope and varus alignment of the knee 
have been previously researched and documented.3,4 

However, correction in both planes, along with a 
simultaneous or staged ACL reconstruction, is a newer 
treatment option. A literature search identified only a 
handful of articles published within the past three 
years, none of which used the same technique used for 
this patient.5-8

Additional considerations in the setting of a revision 
ACL reconstruction (rACLR) include the evaluation of 
non-bony structures to mitigate factors that may 
contribute to postoperative knee instability. Medial and 

lateral meniscus tears, improper tunnel placement and 
size, and other soft-tissue deficiencies are among the 
many factors that can affect the success of a rACLR.9-11 

This case report discusses the authors’ experience with 
a patient who returned to their pre-injury level of 
athletics following a biplanar anterior and lateral closing 
wedge high tibial osteotomy (Bi-PlanarClosingWedge 
HTO or bpcwHTO) for slope and varus correction, 
along with a simultaneous rACLR using autograft 
quadriceps tendon. 

The patient was informed that information about this 
case would be submitted for publication and they 
provided consent.

CASE REPORT
The patient is a 38-year-old man with a history of a left 
knee ACL tear and reconstruction with medial 
meniscectomy seven years prior. Three years before 
presentation, he reinjured the knee while playing 
tennis, resulting in a rupture of the left ACL graft. 
Preoperative physical examination revealed a positive 
Lachman with soft endpoint, positive pivot shift with 
clunk, negative posterior drawer, and negative varus 
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and valgus stress testing at both 0° and 30°. The 
patient rated his pain at a 7 out of 10 on the Numeric 
Pain Rating Scale (NPRS). Imaging confirmed a 17° 
PTS, 10° varus deformity, 6.66 millimeters of anterior 
tibial subluxation, complete ACL graft rupture, and 
progression of medial compartment arthritis compared 
to imaging performed seven years prior (Figures 1A-1D).

A paper template developed by the surgical team, 
including senior authors LN and RCS, illustrated an 
asymmetrical osteotomy wedge needed for concomitant 
varus and slope correction (Figures 2A & 2B). The 
Fujisawa Point was identified and used for coronal 
alignment correction due to its documented use for 
patients with medial compartment degeneration and 
ligamentous instability.12,13

The lateral bpcwHTO was performed using two infra-
tubercular tibial cuts to reduce the risk of fibular nerve 

Figure 1. A) Preoperative weight bearing full-length radiograph 
demonstrates varus deformity of nearly 10° with hardware from 
the primary ACLR; B) Anteroposterior radiograph of the knee 
shows varus alignment and mild medial joint space narrowing 
with intact hardware from prior bone tendon bone autograft 
ACL reconstruction; C) Preoperative lateral weight bearing 
radiograph of the left knee displaying a PTS of nearly 17°; D) 
Preoperative anterior tibial subluxation (ATS) measured 6.66 
millimeters on lateral radiographs.

palsy. An asymmetrical biplanar tibial osteotomy was 
performed and required for correction in two planes, 
along with a fibular osteotomy to allow for reduction 
(Figures 3A & 3B). Final fixation of the tibial osteotomy 
was achieved with a TOMOFIX®  (Synthes, USA) plate 
(Figure 4). An ipsilateral quadricep tendon autograft 
with bone plug soaked in vancomycin was selected as 
the graft choice, given the prior bone tendon bone 
autograft harvest.14,15 Graft placement used the 
previously drilled graft tunnels, which were in an 
acceptable position.

Postoperative instructions included weight bearing as 
tolerated immediately following the surgery. At two 
months postoperative, radiographs demonstrated 
secure fixation with PTS corrected to 7° and varus 
neutralized to 3° (Figures 6A & 6B). The patient 

Figure 2. Preoperative paper template demonstrating the 
asymmetrical bony cut via a bpcwHTO followed by plate fixation 
and tunnel positioning for placement of rACLR with quadriceps 
autograft. 

Figure 3. Placement of two osteotomes demonstrating the 
two-cut technique for a bpcwHTO with radiographic imaging 
confirming placement and subsequent bone wedge removal 
with remaining flat opposing surfaces.

Figure 4. Placement of two 
osteotomes demonstrating 
the two-cut technique for a 
bpcwHTO with radiographic 
imaging confirming 
placement and subsequent 
bone wedge removal with 
remaining flat opposing 
surfaces.

Figure 5. Lateral radiograph 
with the knee in extension 
taken immediately following 
the procedure demonstrates a 
correction of the ATS from 
6.66 millimeters to 1.59 
millimeters. 
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completed six months of physical therapy before 
slowly transitioning back to tennis. At three years 
postoperative, the patient had a NPRS score of 0, an 
International Knee Documentation Committee score of 
86.2, Lysholm knee score of 94, and returned to 
brace-free tennis without limitations or instability. 

DISCUSSION
This case illustrates the successful use of a biplanar 
anterior and lateral closing wedge osteotomy to reduce 
PTS and correct varus deformity with a simultaneous 
rACLR. There are limited surgical technique descriptions 
in the literature to guide biplanar osteotomies in the 
setting of ACL rupture.3,6,12 Indications for osteotomies 
after failed ACLR include both varus and posterior 
slope corrections when there is more than 10° of varus 
deformity with simultaneous medial degeneration and 
12° of posterior slope.1,16,17 Large varus deformities 
greater than or equal to 10° substantially increase 
forces across the ACL, and when this deformity is 
isolated in the setting of a failed ACLR, coronal correction 
is indicated.18 Similarly, current literature indicates that a 
PTS greater than 12° increases the risk of graft failure in 
a reconstructed ACL.19-23 The authors considered 
additional surgical techniques and focused on 
identifying the properly indicated patient, as both 
factors contribute to a positive outcome. 

Müller et al3 highlight a different approach to address 
the same pathology in the form of a biplanar medial 

opening wedge high tibial osteotomy (mowHTO). The 
described technique corrected varus deformity and 
PTS in patients with symptomatic medial osteoarthritis 
and biplanar deformity. When rACLR was indicated, it 
was recommended to wait six months following the 
osteotomy and perform the procedure in a staged 
fashion to allow for bone consolidation. Müller et al3 
concluded that while a biplanar mowHTO is useful for 
addressing complex anatomy, as presented in this case, 
further research is needed to evaluate the long-term 
efficacy of this procedure. In the authors’ experience, 
mowHTO is a useful procedure, but due to the 
potential complication of increasing the already large 
PTS of 17° seen in this patient, the bpcwHTO used in 
this case was a better fit for the patient’s pathology. 

Price et al5 discussed a similar biplanar mowHTO 
approach for the correction of coronal and sagittal 
plane malalignment. The patient was a 38-year-old 
woman with a history of polytrauma who presented 
with an ACL rupture, varus deformity, and increased 
PTS. The biplanar osteotomy was performed first to 
correct the slope and varus malalignment, followed by 
staged ACLR 23 months later.5 In the bpcwHTO 
approach used in this case, the authors avoided 
increasing the PTS with an opening wedge osteotomy 
and avoided potential non-union complications, 
allowing for immediate weight bearing and, most 
importantly, avoiding the need for a staged approach 
and the associated social pressures.

In a biomechanical cadaver study, Imhoff et al1 
indicated that the goal of achieving a perpendicular 
tibial plateau in the setting of an ACLR led to the 
greatest reduction in stress on the ACL (33.0% 
reduction in graft force at 200N and 58.0% at 400N) 
and a significant reduction in anterior tibial translation 
compared to native alignment. This research supports 
biplanar correction in the setting of a previous ACL 
graft failure, as seen in this case. 

Biplanar high tibial osteotomy procedures have been 
shown to be effective in correcting PTS and varus 
malalignment. Literature searches demonstrate that 
although proximal tibial biplanar corrections are a 
newer technique, they show promise at effectively 
decreasing stress on native and reconstructed ACLs. 
This case documents a novel approach to correcting 
both varus and PTS in the setting of a simultaneous 
rACLR with a three-year follow-up and a good 
outcome. Further studies are needed to determine the 
efficacy of different surgical techniques for the 
treatment of coronal and sagittal plane malalignment 
during simultaneous rACLR. However, in the presence 
of ACL failure and significant varus and PTS, this 
appears to be a useful approach for patient care.  

Figure 6. A) Full-length weight bearing radiograph; B) lateral 
radiograph showing final fixation at two months post operation. 
Postoperative PTS was corrected from ~ 17° to ~ 7°. Postoperative 
coronal alignment improved from a varus measurement of ~ 10° 
to ~ 3°. 

B

A

CASE REPORTS • WJO VOL. 14 • 2025 69



REFERENCES
1.	 Imhoff FB, Comer B, Obopilwe E, et al. Effect of 

slope and varus correction high tibial osteotomy in 
the ACL-deficient and ACL-reconstructed knee on 
kinematics and ACL graft force: a biomechanical 
analysis. Am J Sports Med. 2021;49(2):410-416. doi: 
10.1177/0363546520976147.

2.	 Shen X, Qin Y, Zuo J, et al. A systematic review of 
risk factors for anterior cruciate ligament 
reconstruction failure. Int J Sports Med. 
2021;42(8):682-693. doi: 10.1055/a-1393-6282.

3.	 Müller S, Frosch KH, Frings J, et al. Biplanar high 
tibial osteotomy for the combined correction of 
varus and posterior tibial slope malalignment. 
Orthop Traumatol Surg Res. 2023;109(4):103339. 
doi: 10.1016/j.otsr.2022.103339.

4.	 Presutti M, Goderecci R, Palumbo P, et al. A novel 
biplanar medial opening-wedge high tibial 
osteotomy: the Z-shaped technique. A case series 
at 7.2 years follow-up. J Orthop Traumatol. 
2021;22(1):53. doi: 10.1186/s10195-021-00617-4.

5.	 Price RC, Helmig KC, Richter DL, Jr RCS. A Novel High 
Tibial Biplanar Osteotomy Technique for 
Simultaneous Coronal and Sagittal Correction: A Case 
Example. Western Journal of Orthopaedics. 2021.

6.	 Koga H, Nakamura T, Nakagawa Y, et al. 
Simultaneous correction of varus deformity and 
posterior tibial slope by modified hybrid closed-
wedge high tibial osteotomy. Arthrosc Tech. 
2022;11(11):e2081-e2089. doi: 10.1016/j.
eats.2022.08.007.

7.	 Deng FY, Liu JC, Li Z. Osteotomy combined with 
anterior cruciate ligament reconstruction for 
anterior cruciate ligament injury and biplanar 
deformity. World J Clin Cases. 2024;12(22):4897-
4904. doi: 10.12998/wjcc.v12.i22.4897.

8.	 Klek M, Dhawan A. The role of high tibial 
osteotomy in ACL reconstruction in knees with 
coronal and sagittal plane deformity. Curr Rev 
Musculoskelet Med. 2019;12(4):466-471. doi: 
10.1007/s12178-019-09589-9.

9.	 Robb C, Kempshall P, Getgood A, et al. Meniscal 
integrity predicts laxity of anterior cruciate 
ligament reconstruction. Knee Surg Sports 
Traumatol Arthrosc. 2015;23(12):3683-3690. doi: 
10.1007/s00167-014-3277-x.

10.	 Wolfson TS, Mannino B, Owens BD, et al. Tunnel 
management in revision anterior cruciate ligament 
reconstruction: Current Concepts. Am J Sports 
Med. 2023;51(2):545-556. doi: 
10.1177/03635465211045705.

11.	 Byrne KJ, Hughes JD, Gibbs C, et al. Non-anatomic 
tunnel position increases the risk of revision 
anterior cruciate ligament reconstruction. Knee 
Surg Sports Traumatol Arthrosc. 2022;30(4):1388-
1395. doi: 10.1007/s00167-021-06607-7.

12.	 Herman BV, Giffin JR. High tibial osteotomy in the 
ACL-deficient knee with medial compartment 
osteoarthritis. J Orthop Traumatol. 2016;17(3):277-
285. doi: 10.1007/s10195-016-0413-z.

13.	 Wade R, Shah S, Sujith BS, et al. High tibial 
osteotomy in a lax knee: A review of current 
concepts. J Orthop. 2019;19:67-71. doi: 10.1016/j.
jor.2019.10.023.

14.	 Costa-Paz M, Muscolo DL, Ayerza MA, et al. 
Mucormycosis osteomyelitis after anterior cruciate 
ligament reconstruction: treatment and outcomes 
of 21 reported cases. Bone Jt Open. 2021;2(1):3-8. 
doi: 10.1302/2633-1462.21.BJO-2020-0153.R1.

15.	 Schuster P, Schlumberger M, Mayer P, et al. 
Soaking of the graft in vancomycin dramatically 
reduces the incidence of postoperative septic 
arthritis after anterior cruciate ligament 
reconstruction. Knee Surg Sports Traumatol 
Arthrosc. 2020;28(8):2587-2591. doi: 10.1007/
s00167-020-05882-0.

16.	 Won HH, Chang CB, Je MS, et al. Coronal limb 
alignment and indications for high tibial osteotomy 
in patients undergoing revision ACL reconstruction. 
Clin Orthop Relat Res. 2013;471(11):3504-3511. doi: 
10.1007/s11999-013-3185-2.

17.	 Tollefson LV, Rasmussen MT, Guerin G, et al. Slope-
reducing proximal tibial osteotomy improves 
outcomes in anterior cruciate ligament 
reconstruction patients with elevated posterior 
tibial slope, especially revisions and posterior tibial 
slope ≥12. Arthroscopy. 2024:S0749-
8063(24)00901-0. doi: 10.1016/j.arthro.2024.10.048.

18.	 Rossi R, Bonasia DE, Amendola A. The role of high 
tibial osteotomy in the varus knee. J Am Acad 
Orthop Surg. 2011;19(10):590-599. doi: 
10.5435/00124635-201110000-00003.

19.	 Nelson JA, Richter DL, Treme G, et al. Tibial supra-
tubercular deflexion osteotomy in the management of 
failed anterior cruciate ligament reconstruction: a 
surgical technique. Arthrosc Tech. 
2022;11(8):e1425-e1430. doi: 10.1016/j.eats.2022.03.032.

20.	 Webb JM, Salmon LJ, Leclerc E, et al. Posterior tibial 
slope and further anterior cruciate ligament injuries 
in the anterior cruciate ligament-reconstructed 
patient. Am J Sports Med. 2013;41(12):2800-2804. 
doi: 10.1177/0363546513503288.

21.	 DePhillipo NN, Kennedy MI, Dekker TJ, et al. 
Anterior closing wedge proximal tibial osteotomy 
for slope correction in failed ACL reconstructions. 
Arthrosc Tech. 2019;8(5):e451-e457. doi: 10.1016/j.
eats.2019.01.001.

22.	 Neyret P, Zuppi G, Aït Si Selmi T. Tibial deflexion 
osteotomy. Oper Tech Sports Med. 2000;8(1):61-
66. doi:10.1016/S1060-1872(00)80027-1

23.	 Dejour H, Bonnin M. Tibial translation after anterior 
cruciate ligament rupture. Two radiological tests 
compared. J Bone Joint Surg Br. 1994;76(5):745-749.

CASE REPORTS • WJO VOL. 14 • 202570


