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ABSTRACT

Background: Open wedge high tibial osteotomy (OWHTO) combined with anterior cruciate ligament reconstruction
(ACLR) has emerged as a promising surgical strategy for patients presenting with ACL deficiency and varus malalignment.
Traditionally, ACL injuries have been managed with isolated reconstruction; however, increasing evidence suggests that
uncorrected malalignment may compromise graft integrity and lead to suboptimal outcomes. In particular, varus deformity
and increased posterior tibial slope contribute to abnormal knee biomechanics, increased graft stress, and higher rates of
failure following isolated ACLR.

The aim of this review is to evaluate whether combining OWHTO with ACL reconstruction improves short-term clinical
and radiological outcomes compared to isolated procedures. Emphasis is placed on indications, surgical techniques, patient
selection, and early postoperative results, including stability, functional scores, and complication rates.

Biomechanically, OWHTO redistributes load from the medial to the lateral compartment and reduces excessive stress on
the ACL graft. Additionally, the procedure allows for modulation of posterior tibial slope, which plays a crucial role in
controlling anterior tibial translation. When performed in conjunction with ACLR, this combined approach addresses both
instability and malalignment, creating a more favorable environment for graft function and joint preservation.

Clinical studies have demonstrated that combined OWHTO and ACLR leads to improved knee stability, reduced pain, and
enhanced functional outcomes in the short term. Patients undergoing simultaneous procedures often experience better
restoration of mechanical alignment and lower rates of graft failure compared to those treated with isolated ACL
reconstruction. Furthermore, early outcomes suggest that a single-stage procedure offers advantages in terms of
rehabilitation efficiency and overall recovery time.

In conclusion, current evidence supports the use of combined OWHTO and ACL reconstruction in appropriately selected
patients with ACL deficiency and malalignment. While short-term outcomes are encouraging, further high-quality studies
are required to establish long-term benefits and refine surgical indications.
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INTRODUCTION

Anterior cruciate ligament (ACL) injuries are among the most common causes of knee instability, particularly in young and
active individuals. Although ACL reconstruction (ACLR) is widely regarded as the gold standard treatment, failure rates remain
clinically significant, especially in patients with underlying biomechanical abnormalities. One of the most important contributing
factors is lower limb malalignment, particularly varus deformity, which alters load distribution and increases stress on the ACL
graft. [1]

Open wedge high tibial osteotomy (OWHTO) has traditionally been used as a joint-preserving procedure for medial compartment
osteoarthritis associated with varus alignment. However, its role has expanded to include the management of ACL-deficient
knees with malalignment. By correcting the mechanical axis and redistributing joint loads, OWHTO can improve knee
biomechanics and provide a more favorable environment for ligament reconstruction. [2]

The combination of OWHTO and ACL reconstruction has gained increasing attention as a strategy to address both instability
and malalignment simultaneously. This approach is particularly relevant in patients with symptomatic instability and varus
alignment, where isolated ACL reconstruction may fail due to persistent abnormal loading conditions. [3]

In addition to coronal plane correction, OWHTO offers the ability to influence sagittal alignment, particularly posterior tibial
slope, which has been identified as a key factor in ACL biomechanics. Modifying the slope during osteotomy may further reduce
anterior tibial translation and improve graft protection, enhancing surgical outcomes. [4]

Despite growing interest in combined procedures, there remains debate regarding their indications, optimal surgical technique,
and clinical benefits compared to isolated ACL reconstruction. While several studies report favorable outcomes, the evidence is
still evolving, particularly with respect to short-term results and complication profiles. [5-7]

The aim of this review is to evaluate whether combining open wedge high tibial osteotomy with anterior cruciate ligament
reconstruction improves short-term clinical and radiological outcomes, with a focus on indications, surgical strategies, and early
postoperative results.

There is limited consolidated evidence specifically addressing short-term outcomes of combined OWHTO and ACL
reconstruction, and a lack of standardized guidelines defining optimal patient selection and surgical indications for this combined
approach

Biomechanical Rationale for Combining OWHTO with ACL Reconstruction

The coexistence of anterior cruciate ligament (ACL) deficiency and varus malalignment creates a complex biomechanical
environment that cannot be adequately addressed by isolated ligament reconstruction. In ACL-deficient knees, anterior tibial
translation and rotational instability are already present, and when combined with varus alignment, there is a significant increase
in medial compartment loading. This abnormal distribution of forces results in increased stress on both the native ACL and
reconstructed grafts, ultimately compromising joint stability and surgical outcomes. [8]

Varus malalignment shifts the mechanical axis medially, leading to excessive load concentration in the medial compartment of
the knee. This increased loading not only accelerates cartilage degeneration but also contributes to increased tensile stress across
the ACL, particularly during weight-bearing and dynamic activities. As a result, isolated ACL reconstruction in such knees often
fails to restore normal biomechanics due to persistent abnormal force transmission. [9]

Open wedge high tibial osteotomy (OWHTO) addresses this issue by realigning the mechanical axis of the lower limb. By
shifting the weight-bearing line laterally toward the lateral compartment, OWHTO reduces medial compartment overload and
decreases the pathological forces acting on the ACL. This biomechanical correction plays a crucial role in improving the
environment in which the reconstructed ligament functions. [10]

In addition to coronal plane correction, OWHTO has a significant impact on sagittal plane biomechanics, particularly through
its influence on posterior tibial slope (PTS). An increased PTS is associated with greater anterior tibial translation, which
increases strain on the ACL. Through careful surgical technique, OWHTO can be used to control or reduce PTS, thereby
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decreasing anterior shear forces and improving overall knee stability. [11]

The interaction between coronal and sagittal alignment is particularly important in ACL-deficient knees. When varus deformity
and increased PTS coexist, their combined effect results in significantly higher ACL strain compared to either deformity alone.
This synergistic relationship explains the high rates of graft failure observed in patients with uncorrected multiplanar deformities.
[12]

Biomechanical studies have demonstrated that correcting alignment through osteotomy reduces the load on the ACL graft and
improves joint kinematics. By restoring a more physiological alignment, OWHTO reduces excessive anterior tibial translation
and rotational instability, allowing the reconstructed ligament to function more effectively and with less mechanical stress. [13]

Another critical aspect of combined surgery is the restoration of the “functional envelope” of the knee. ACL reconstruction alone
restores ligamentous stability, but without correcting alignment, abnormal loading patterns persist. OWHTO complements
ligament reconstruction by addressing these underlying mechanical abnormalities, leading to a more balanced and stable joint
environment. [14]

The timing and sequencing of the combined procedure also contribute to biomechanical success. Performing the osteotomy first
allows correction of the mechanical axis before graft placement and tensioning. This ensures that the ACL graft is positioned
and tensioned within a corrected biomechanical framework, which is essential for long-term graft durability and optimal function.
[15]

Furthermore, alignment correction has been shown to reduce the risk of progressive joint degeneration. By unloading the medial
compartment and stabilizing knee kinematics, combined OWHTO and ACL reconstruction may slow the progression of
osteoarthritis, particularly in younger patients seeking joint preservation strategies. [16]

In summary, the biomechanical rationale for combining OWHTO with ACL reconstruction is well established. Addressing both
malalignment and instability simultaneously provides a more comprehensive treatment approach, improving graft survival,
restoring knee function, and enhancing overall clinical outcomes in the short term. [17]

Indications and Patient Selection for Combined OWHTO and ACL Reconstruction

Proper patient selection is a critical determinant of success when considering combined open wedge high tibial osteotomy
(OWHTO) and anterior cruciate ligament reconstruction (ACLR). Not all patients with ACL deficiency require alignment
correction, and identifying those who will benefit from a combined approach requires careful clinical and radiological evaluation.
The presence of symptomatic instability in conjunction with malalignment represents the primary indication for this combined
surgical strategy. [18]

One of the most widely accepted indications for OWHTO combined with ACL reconstruction is varus malalignment greater than
5°, particularly when associated with recurrent instability. In such cases, isolated ACL reconstruction is often insufficient due to
persistent abnormal loading conditions that place excessive stress on the graft. Correcting the mechanical axis is therefore
essential to restore joint biomechanics and improve surgical outcomes. [19]

Patient age and activity level also play an important role in decision-making. Ideal candidates are typically younger than 50 years
and maintain a high level of physical activity, as these individuals benefit most from joint-preserving procedures. Combined
OWHTO and ACL reconstruction allows such patients to return to demanding activities while delaying or avoiding the need for
joint arthroplasty. [20]

Another key factor in patient selection is the condition of the articular cartilage, particularly in the lateral compartment. Patients
with preserved lateral compartment cartilage are considered good candidates for OWHTO, as load redistribution toward this
compartment is a fundamental goal of the procedure. Conversely, advanced tricompartmental osteoarthritis is a contraindication,
as osteotomy alone cannot adequately address diffuse joint degeneration. [21]

Range of motion and knee function must also be carefully assessed preoperatively. Patients should have adequate knee motion,
typically greater than 90° of flexion without significant flexion contracture, to ensure favorable postoperative outcomes. Limited
range of motion may increase the risk of postoperative stiffness and compromise rehabilitation following combined procedures.
[22]

Sagittal alignment parameters, particularly posterior tibial slope, should also be evaluated during patient selection. Patients with
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increased slope may benefit from slope-modifying osteotomy in conjunction with ACL reconstruction, especially in cases of
recurrent instability or previous graft failure. Addressing both coronal and sagittal deformities enhances the biomechanical
success of the procedure. [23]

Body mass index (BMI) is another important consideration. Obesity has been associated with increased risk of complications,
including delayed healing, infection, and implant failure. Therefore, patients with a BMI greater than 35 are generally considered
less suitable candidates for combined OWHTO and ACL reconstruction. [24]

Contraindications to combined procedures include active infection, poor bone quality, severe ligamentous instability involving
multiple ligaments, and significant deformities requiring correction greater than 15°-20°. In such cases, alternative treatment
strategies or staged procedures may be more appropriate to minimize complications and optimize outcomes. [25]

Psychosocial factors and patient compliance should not be overlooked. Successful outcomes following combined surgery depend
heavily on adherence to rehabilitation protocols, which are often demanding and prolonged. Patients must be motivated and
capable of participating in structured rehabilitation to achieve optimal functional recovery. [26]

In summary, appropriate patient selection is essential for achieving successful outcomes in combined OWHTO and ACL
reconstruction. Careful evaluation of alignment, stability, cartilage status, and patient-specific factors allows for individualized
treatment planning, ensuring that this technically demanding procedure is reserved for those most likely to benefit. [27]

Surgical Techniques (OWHTO + ACL Reconstruction)

The combined procedure of open wedge high tibial osteotomy (OWHTO) and anterior cruciate ligament reconstruction (ACLR)
requires meticulous preoperative planning and precise surgical execution. The goal is to simultancously correct malalignment
and restore ligamentous stability within a single operative session. This approach demands a thorough understanding of both
osteotomy principles and arthroscopic reconstruction techniques to ensure optimal outcomes. [28]

Preoperative planning begins with full-length weight-bearing radiographs to assess mechanical axis deviation and determine the
required degree of correction. The target is typically to shift the weight-bearing line laterally to approximately 50—-62% of the
tibial plateau width, depending on patient-specific factors. Additionally, evaluation of posterior tibial slope is essential to
determine whether slope modification is required during osteotomy. [29]

Patient positioning is usually supine, allowing access for both arthroscopic and open procedures. Diagnostic arthroscopy is
commonly performed first to assess intra-articular pathology, including meniscal tears and cartilage status. This step also allows
for initial preparation of the ACL tunnels if the surgeon prefers a combined workflow before osteotomy correction. [30]

The osteotomy is typically performed through a medial approach to the proximal tibia. A longitudinal incision is made between
the tibial tuberosity and the posteromedial border of the tibia, followed by careful dissection to expose the osteotomy site. Under
fluoroscopic guidance, guide wires are inserted toward the fibular head to define the osteotomy plane while preserving the lateral
cortical hinge, which is critical for stability. [31]

The osteotomy cut is performed approximately 3—4 c¢cm below the joint line, extending obliquely toward the proximal tibiofibular
joint. Controlled opening of the osteotomy is achieved using gradual distraction until the desired correction is obtained, as
confirmed by intraoperative alignment assessment. Preservation of the lateral hinge is essential to prevent instability and loss of
correction. [32]

Once the desired alignment is achieved, the osteotomy is stabilized using a locking plate system, most commonly a TomoFix
plate. These modern fixation systems provide angular stability and allow early mobilization. Bone grafting or bone substitutes
may be used depending on the size of the osteotomy gap, although recent evidence suggests that stable fixation alone may be
sufficient for healing in many cases. [33]

Following osteotomy fixation, attention is turned to ACL reconstruction. Tunnel placement is performed using anatomical
landmarks to replicate the native ACL footprint. The femoral tunnel is typically positioned within the anteromedial bundle region
of the lateral femoral condyle, while the tibial tunnel is placed in the posterior aspect of the native footprint to avoid graft
impingement. [34]

Graft selection varies based on surgeon preference and patient characteristics, with common options including hamstring tendon,
bone—patellar tendon—bone, and quadriceps tendon autografts. Proper graft tensioning is performed after osteotomy correction
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to ensure that the graft is adapted to the new biomechanical alignment, reducing the risk of overconstraint or laxity. [35]

The sequence of performing OWHTO prior to ACL graft fixation is widely recommended, as it allows accurate graft tensioning
in the corrected alignment. This ensures that the reconstructed ligament functions within the new mechanical axis, thereby
optimizing stability and reducing graft stress during postoperative loading. [36]

In summary, combined OWHTO and ACL reconstruction is a technically demanding but highly effective procedure when
performed with careful planning and execution. Mastery of both osteotomy and ligament reconstruction techniques is essential
to achieve accurate alignment correction, stable fixation, and optimal restoration of knee biomechanics. [37]

Fixation Methods and Graft Considerations

Stable fixation is a fundamental requirement for successful open wedge high tibial osteotomy (OWHTO), particularly when it is
combined with anterior cruciate ligament reconstruction (ACLR) in the same surgical setting. Because the osteotomy must
maintain correction while allowing biological healing, the fixation construct must resist collapse, preserve the lateral hinge, and
tolerate early rehabilitation stresses. In combined procedures, this stability becomes even more important, as graft healing and
osteotomy union occur simultaneously and each can be adversely affected by mechanical instability. [38]

Modern locking plate systems have become the preferred fixation method for OWHTO because they provide angular stability
and strong resistance against loss of correction. Among these, the TomoFix plate is widely used and has demonstrated reliable
mechanical performance in maintaining coronal correction and supporting early mobilization. Locking constructs are especially
valuable in combined surgery because they reduce micromotion at the osteotomy site while preserving the alignment necessary
for proper ACL graft function. [39]

Alternative fixation systems, including spacer plates and anatomical locking metal block plates, have also been used in OWHTO
with acceptable results. However, differences in implant design may influence mechanical behavior, control of opening gap
geometry, and maintenance of posterior tibial slope. In the setting of simultaneous ACL reconstruction, the fixation system
should not only stabilize the osteotomy but also help preserve the intended sagittal alignment, as unintended slope changes may
increase graft stress. [40]

One of the most important technical concerns in fixation is control of posterior tibial slope during the opening process. Uneven
anterior and posterior distraction can unintentionally increase slope, thereby increasing anterior tibial translation and mechanical
load on the ACL graft. For this reason, fixation strategy and implant positioning must be carefully planned to maintain or
intentionally modify slope according to the surgical objective. [41]

Bone healing after OWHTO depends on multiple factors, including fixation stability, size of the osteotomy gap, bone quality,
and biological environment. Although bone grafts or substitutes were previously considered essential for large opening gaps,
long-term studies have shown that stable fixation with modern locking plates can allow successful healing even without gap
filling in many patients. This is particularly relevant in combined surgery, where minimizing additional surgical morbidity may
be beneficial. [42]

On the ligament side, graft choice remains one of the most important determinants of ACL reconstruction success. The selected
graft must provide adequate biomechanical strength, allow secure fixation, and match the patient’s functional demands. In
combined OWHTO and ACLR procedures, graft choice becomes even more relevant because the graft must function in a healing
knee that is simultaneously adapting to altered alignment and osteotomy healing. [43]

Hamstring tendon autografts are commonly used because of their lower donor-site morbidity, smaller incision, and reduced
anterior knee pain compared with patellar tendon grafts. These features can be advantageous in patients undergoing combined
surgery, where postoperative comfort and early rehabilitation are important. However, hamstring grafts have also been associated
with tunnel widening and potentially higher graft failure rates in some studies, which may be relevant in malaligned or high-
demand knees. [44]

Bone—patellar tendon—bone autografts remain an important option because of their strong fixation and reliable bone-to-bone
healing. They have historically been regarded as a benchmark graft for ACL reconstruction, particularly in active patients
requiring robust stability. Nevertheless, their use may be limited by donor-site morbidity, including anterior knee pain and
kneeling discomfort, which may complicate recovery in patients already undergoing osteotomy around the proximal tibia. [45]
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Quadriceps tendon autografts have gained increasing attention because of their favorable biomechanical properties and promising
clinical outcomes. They provide a large graft diameter and strong structural characteristics while avoiding some of the donor-
site problems associated with patellar tendon harvest. In combined OWHTO and ACLR, the quadriceps tendon may offer a
useful balance between graft strength and acceptable morbidity, particularly in revision settings or when hamstring preservation
is desired. [46]

Ultimately, fixation method and graft selection should be individualized according to deformity characteristics, bone quality,
patient activity level, and surgeon expertise. Successful combined surgery depends on achieving harmony between osteotomy
stability and ligament reconstruction biology. When the fixation construct preserves correction and the graft is appropriately
chosen and tensioned, OWHTO with ACL reconstruction can provide a mechanically sound and clinically durable solution in
the short term. [47]

Short-Term Clinical and Radiological Outcomes

Short-term outcomes following combined open wedge high tibial osteotomy (OWHTO) and anterior cruciate ligament
reconstruction (ACLR) have gained increasing attention, particularly in patients with varus malalignment and symptomatic
instability. Early clinical results suggest that addressing both alignment and ligament deficiency simultaneously leads to superior
functional outcomes compared to isolated ACL reconstruction in selected patients. Improvements are commonly observed in
pain relief, knee stability, and overall functional performance within the first 1-2 years postoperatively. [48]

Functional outcome scores, including Lysholm, International Knee Documentation Committee (IKDC), and Tegner activity
scales, have shown consistent improvement following combined procedures. Patients often report significant gains in daily
activities and sports participation, reflecting restoration of both mechanical alignment and ligamentous stability. These
improvements are particularly notable in active individuals who require a high level of knee function. [49]

Knee stability is one of the most critical parameters assessed in short-term outcomes. Clinical evaluations, including Lachman
and pivot shift tests, demonstrate significant reduction in anterior and rotational instability following combined OWHTO and
ACLR. Instrumented laxity measurements further confirm improved anterior tibial control, indicating effective load reduction
on the reconstructed ligament. [50]

Radiological outcomes also play a key role in evaluating the success of combined procedures. Postoperative imaging typically
demonstrates correction of the mechanical axis toward the desired target, often around 50—-62% of the tibial plateau width. This
shift in the weight-bearing line reflects successful unloading of the medial compartment and redistribution of joint forces. [51]

In addition to coronal correction, radiological assessment of posterior tibial slope is essential. Studies have shown that careful
execution of OWHTO can maintain or reduce slope, thereby contributing to improved sagittal stability. Maintaining appropriate
slope is particularly important in protecting the ACL graft from excessive anterior shear forces. [52]

Another important short-term outcome is the rate of graft survival and failure. Early evidence suggests that combined OWHTO
and ACL reconstruction is associated with lower graft failure rates compared to isolated ACLR in malaligned knees. This is
attributed to the improved biomechanical environment achieved through alignment correction, which reduces stress on the graft
during functional loading. [53]

Pain reduction is a consistent finding in short-term follow-up, largely due to unloading of the medial compartment and improved
joint mechanics. Patients often experience decreased activity-related pain and improved quality of life, which contributes to
higher satisfaction rates following combined surgery. [54]

Return to activity is another key indicator of success. Many patients are able to return to moderate or even high levels of physical
activity within the first year following surgery. Although return to elite sports may vary, the combined procedure provides a
more stable and reliable knee environment compared to isolated reconstruction in malaligned individuals. [55]

Despite these positive outcomes, complications may still occur in the short term, including delayed union of the osteotomy,
hardware irritation, and stiffness. However, most studies report complication rates comparable to those of isolated procedures,
suggesting that the combined approach does not significantly increase surgical risk when performed appropriately. [56]

In summary, short-term clinical and radiological outcomes of combined OWHTO and ACL reconstruction are highly
encouraging. The procedure provides significant improvements in stability, function, alignment, and pain, supporting its role as
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an effective treatment strategy for selected patients with ACL deficiency and malalignment. [57]
Complications and Limitations

Despite the encouraging short-term outcomes of combined open wedge high tibial osteotomy (OWHTO) and anterior cruciate
ligament reconstruction (ACLR), the procedure is not without potential complications. The dual nature of the surgery, involving
both bony correction and ligament reconstruction, inherently increases technical complexity and requires careful intraoperative
execution. Complications may arise from either component of the procedure or from their interaction, emphasizing the need for
meticulous planning and surgical expertise. [58]

One of the most common complications associated with OWHTO is delayed union or non-union at the osteotomy site. Although
modern fixation methods have significantly reduced this risk, factors such as large correction angles, poor bone quality, and
patient comorbidities may still impair healing. Delayed union can prolong rehabilitation and may necessitate additional
interventions, thereby affecting short-term outcomes. [59]

Loss of correction is another concern, particularly if the lateral cortical hinge is compromised during osteotomy. Disruption of
this hinge can lead to instability of the osteotomy construct and subsequent collapse, resulting in recurrence of varus deformity.
This not only affects mechanical alignment but also increases stress on the ACL graft, potentially compromising the overall
success of the combined procedure. [60]

Hardware-related complications, including irritation, prominence, and the need for implant removal, are also relatively common.
While these issues are generally manageable, they may contribute to patient discomfort and require secondary surgical
procedures. The use of low-profile locking plates has helped reduce these complications, but they remain a consideration in
postoperative management. [61]

From the ligament reconstruction perspective, graft-related complications such as elongation, failure, or improper tensioning
may occur. In combined procedures, these risks may be influenced by changes in alignment and loading conditions. Incorrect
graft tensioning in an improperly corrected limb can lead to either residual laxity or overconstraint, both of which negatively
impact functional outcomes. [62]

Infection, although relatively rare, represents a serious complication that can affect both the osteotomy and the reconstructed
ligament. Early recognition and management are critical to prevent long-term consequences, including graft failure or chronic
osteomyelitis. Combined procedures may carry a slightly increased infection risk due to longer operative times and greater
surgical exposure. [63]

Postoperative stiffness and limited range of motion are additional concerns, particularly when rehabilitation is delayed or overly
aggressive. The combination of osteotomy healing and ligament graft integration requires a carefully balanced rehabilitation
protocol to avoid stiffness while protecting surgical constructs. Failure to achieve this balance can compromise functional
recovery. [64]

Another limitation of combined OWHTO and ACL reconstruction is the steep learning curve associated with the procedure.
Surgeons must be proficient in both osteotomy techniques and arthroscopic ligament reconstruction, and errors in either
component can adversely affect outcomes. This may limit the widespread adoption of the technique to specialized centers with
sufficient expertise. [65]

Patient-related factors, including obesity, poor compliance, and high physical demands, may also influence outcomes and
complication rates. Non-adherence to rehabilitation protocols or premature return to activity can jeopardize both osteotomy
healing and graft integrity, leading to suboptimal results even in technically successful surgeries. [66]

In summary, while combined OWHTO and ACL reconstruction offers significant benefits, it is associated with a range of
potential complications and limitations. Careful patient selection, precise surgical technique, and structured rehabilitation are
essential to minimize risks and optimize short-term outcomes.

Conclusion

The combination of open wedge high tibial osteotomy and anterior cruciate ligament reconstruction represents a comprehensive
approach to managing ACL-deficient knees with underlying malalignment. By simultaneously addressing both mechanical axis
deviation and ligamentous instability, this strategy restores more physiological knee biomechanics, reduces graft stress, and
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improves short-term clinical and radiological outcomes. Current evidence consistently demonstrates enhanced knee stability,
functional improvement, and reduced failure rates compared to isolated ACL reconstruction in appropriately selected patients.

However, the success of this combined procedure depends heavily on accurate patient selection, meticulous surgical technique,
and well-structured rehabilitation protocols. Despite promising short-term results, further high-quality studies are needed to
establish long-term outcomes, refine surgical indications, and standardize treatment algorithms. As understanding of knee
biomechanics continues to evolve, combined OWHTO and ACL reconstruction is likely to play an increasingly important role
in the management of complex ACL-deficient knees.
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