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Abstract
BACKGROUND
High tibial osteotomy (HTO) is a well-known procedure for the correction of knee varus. The purpose of this study was to compare the radiological results and accuracy of deformity correction performed using two different techniques: acute opening wedge correction using a plate and gradual correction with a monolateral external fixator.

AIM
To compare of the radiological results of two different techniques: acute opening wedge correction (a plate and screw) and gradual correction (external fixator).

METHODS
A total of 43 patients with plates and 36 patients with external fixators were included. All patients had moderate uniplanar varus deformities. We measured radiographic parameters, including the mechanical axis deviation (MAD), medial proximal tibial angle (MPTA), Caton-Deschamps Index (CDI), posterior proximal tibial angle, and joint line obliquity angle (JLOA). The accuracy of MAD correction was calculated based on a correction goal of neutral or overcorrection for medial compartment arthritis.

RESULTS
Demographics including age, body mass index, sex, and preoperative deformities were similar between the groups. The MAD significantly improved from 23.6 mm medial to the midline (SD = 8.2 mm) to 6.9 mm lateral to the midline (SD = 5.4 mm) (P < 0.001). The accuracy of MAD correction did not differ between the groups and was 96.1% (SD = 8.1%) in the plate group and 98.2% (SD = 5.2%) in the external fixator group (P = 0.18). The MPTA significantly improved from 83.9° (SD = 2.9°) to 90.9° (SD = 3.3°) (P < 0.001), and the change was similar between the groups. Differences were noted in patella height, with a CDI change of -19.2% (SD = 13.7%) and 3.1% (SD = 8.0%) for the plate and external fixator groups, respectively (P < 0.001). The change in JLOA was 1.6 degrees (SD = 1.1 degrees) and 0.9 degrees (SD = 0.9 degrees) for the plate and external fixator groups, respectively (P = 0.04).

CONCLUSION
Reliable correction of moderate varus alignment was achieved with both the acute opening wedge technique with a plate and the gradual monolateral external fixator technique. The patellar height decreased with the open wedge plate technique. Joint line obliquity decreased to a greater degree with the open wedge plate technique, perhaps as a result of medial collateral ligament release. The appropriate technique should be selected based on surgeon and patient preferences; however, external fixation may be a better choice when the preservation of patellar height is deemed important.
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Core Tip: Open wedge high tibial osteotomy with plate and screw fixation is feasible and an appealing operation for surgeons. Overcorrection or under correction of the deformity leads to the persistence of pain. Patellar height changes affect patients with patellofemoral injuries. With the external fixator technique, the residual deformity can be corrected after surgery, and patellar height changes can be prevented. This is a retrospective study that was conducted to compare the accuracy and radiological outcomes of monolateral external fixation and internal fixation for proximal tibial varus deformity correction.

INTRODUCTION
High tibial osteotomy (HTO) is a well-known procedure for the correction of knee deformities. This operation was introduced by Jackson in 1958 for the treatment of knee osteoarthritis (OA)[1]. In genu varum deformities, the load is transferred to the medial compartment of the knee, thus leading to the progression of medial compartment deterioration. HTO realigns the mechanical axis of the lower extremity, and this realignment decreases the load on the medial compartment and slows the progression of OA[2,3].
An abnormal biomechanical axis of the lower extremity not only causes damage to the cartilage of the knee but also affects the outcome of knee ligament reconstruction surgery. The degree of pain relief experienced after varus deformity correction depends on the accuracy of deformity correction. Inaccurate correction may cause pain to persist[4].
There are different techniques for genu varum knee deformity correction, including gradual correction with monolateral external fixation and acute opening wedge correction with internal fixation. HTO with monolateral external frame fixation is a minimal incision technique where the fibula and lateral cortex of the tibia are left intact during the osteotomy[5]. Gradual distraction of the medial cortex is performed with hinging on the intact lateral cortex, leading to realignment.
HTO with internal fixation and acute deformity correction may be performed with different approaches. Closing wedge HTO (CWHTO) and opening wedge HTO (OWHTO) are the two most well-known techniques for knee deformity correction. With OWHTO, patellar height changes can occur, which may adversely affect the patellofemoral cartilage[2,6]. Changes in the posterior tibial slope (PTS) are another possible problem of OWHTO[7-11]. Although CWHTO does not seem to affect the posterior slope, achieving an accurate correction is more difficult with CWHTO than with OWHTO, and there is an increased risk for peroneal nerve injury[12,13]. There is no consensus on which technique is superior.
In this study, we compared OWHTO with a plate to gradual correction with a monolateral fixator in a group of patients with moderate varus deformities of less than 10 degrees. In our practice, complex deformities (greater than 11 degrees or multiplanar deformities) are usually approached with a hexapod frame. The radiological outcome data included the accuracy of coronal plane realignment and the effect on patella height and posterior slope.

MATERIALS AND METHODS
This study was a retrospective, nonrandomized study (level III). The study was reviewed and approved by our institutional review board. We identified 79 consecutive patients who underwent genu varum deformity correction surgery either by internal fixation with opening wedge correction (43 patients) or a monolateral external fixator (36 patients). The inclusion criteria were patients who required less than 11 degrees of correction, patients aged 18 years or older, and patients who did not have an accompanying femoral deformity. Patients with Blount disease and those undergoing revision surgery were excluded from the study. All the surgeries were performed by the senior authors. The different approach for similar patients represents an evolution of practice with a move away from external fixation to OWHTO with a locked plate.
We used the Kellgren-Lawrence classification (KL) system for OA[14]. The severity of arthritis was graded by X-ray as follows (KL): 0, no narrowing of the joint space or reactive changes; 1, doubtful narrowing of the joint space with possible osteophyte formation; 2, possible narrowing of the joint space with definite osteophyte formation; 3, definite narrowing of the joint space, moderate osteophyte formation, some sclerosis, and possible deformity of the bony ends; and 4, large osteophyte formation, severe narrowing of the joint space with marked sclerosis, and definite deformity of bone ends.
Our goal was to correct the mechanical axis in the patients without OA (KL ≤ 2) to normal anatomical alignment and to overcorrect the axis to 10 mm valgus in the patients with OA (KL > 2)[15].
Each patient obtained a bilateral hip-to-ankle X-ray, anteroposterior (AP) view of the knee, and lateral view of the knee both before surgery and six months after surgery. mechanical axis deviation (MAD) and medial proximal tibial angle (MPTA) measurements were performed before and six months after the operation to evaluate the status of deformity correction in the coronal plane. The other radiological parameters used for the evaluation included posterior proximal tibial angle (PPTA), and joint line obliquity angle (JLOA).
To quantify MAD, we measured the distance of the mechanical axis (center-of-hip to center-of-ankle line) from the center of the tibial plateau either laterally or medially. The lateral knee X-ray was used to measure the patellar height. We used the Caton-Deschamps Index (CDI) to evaluate the patella height before and 6 mo after the surgery (Figure 1). On the lateral view, the CDI was calculated as the distance from the upper part of the tibial plateau to the inferior pole of the patella divided by the length of the patella from the upper pole to the lower pole (Figure 1). All the measurements were performed by limb reconstruction fellowship-trained surgeons.
We measured PPTA to evaluate the PTS in the lateral view before and 6 mo after the surgery. We drew a line from the center of the diameter of the tibia in the lateral view and a line tangent to the tibial plateau. The angle between these lines was the PTS.

Surgical technique
Acute genu varum deformity correction using OWHTO and plate and screw fixation was performed through an incision over the medial surface of the proximal tibia. After incising the pes anserine insertion over the tibia, the superficial fibers of the medial collateral ligament (MCL) were released from the tibia. An oblique wire was inserted from the medial cortex toward the head of the fibula 1.5 cm distal to the lateral tibial plateau. The osteotomy was done along the wire making sure to leave the lateral cortex intact. The posterior half of the osteotomy ended near the tibial tuberosity. This region was connected to the anterior half of the osteotomy, which was performed in an oblique fashion below the tibial tuberosity and continued to the anterior cortex of the proximal tibia. The lateral cortex was left intact, and the cut was stopped 1 cm medial to the lateral cortex. A laminar spreader was used in the posterior part of the osteotomy site to retract the two parts, stretching the soft tissue for several minutes and gradually opening the gap to achieve the preplanned measurement. A metal trial was inserted with a base height matching the preoperative plan. Care was taken to ensure that the opening wedge height was equal between the anterior and posterior parts to avoid unintentional flexion. The alignment of the lower extremity was confirmed during the surgery with a long rod from the hip to the ankle and C-arm fluoroscopy. A tri-cortical allograft was then inserted into the gap after the trial wedge was removed. The graft was not tapped into the osteotomy site to avoid graft fracture. The osteotomy site was then fixed with the plate and screws consisting of four 5-mm locking screws in the proximal segment and three to four locking and nonlocking 4.5- to 5-mm screws in the distal segment. The remaining space in the opening wedge was filled with freeze-dried allograft chips and demineralized bone matrix putty. In the postoperative follow-up period, the OWHTO patients were evaluated in the clinic 2 wk and 6 wk after surgery, and monthly thereafter for 6 mo after surgery (Figure 2). The patients were non weight bearing for 6 wk after surgery and then they were transferred to the partial weight bearing.
Gradual genu varum deformity correction with a monolateral external fixator procedure was performed through a small incision over the medial surface of the tibia just below the tibial tubercle. A monolateral frame external fixator with a hinge at the osteotomy level was placed over the medial side of the tibia and connected to the bone with two half-pins proximally and three half-pins distally. The hinge was carefully oriented in the coronal plane. The fixator was positioned parallel to the tibia in the sagittal plane to avoid unintentional flexion during distraction. The 6 mm pins were made of stainless steel and covered with hydroxyapatite. An osteotomy in the tibia was made with multidirectional drilling in a direction perpendicular to the axis of the tibia. A narrow osteotome was used to complete the osteotomy at the medial side. The lateral cortex and fibula remained intact. Distraction at the osteotomy site was started 7 d after the surgery with a rate of 0.25 mm four times a day. Adjustment was evaluated by X-ray 1 wk after starting the distraction, and the distraction gap was reassessed by the senior authors. After the adjustment schedule was completed, a new hip-to-ankle X-ray was taken for the final alignment measurement. For patients with residual malalignment, a new schedule was created to continue correction; this process was continued until the intended final result was achieved.
The patients were non weight bearing for 2 wk after surgery, and then transferred to the partial weight bearing. These patients were evaluated in the clinic every month until frame removal. After frame removal, they were seen 6 mo after surgery (Figure 3).

RESULTS
There were 43 patients in the plate and screw group and 36 patients in the external fixator group, and these groups were further subdivided based on whether the intraoperative correction goal was neutral alignment or overcorrection.
Age, body mass index, and sex were similar between the plate and external fixator groups (Table 1). We also compared the subgroups of each arm of this study as well as the subgroups within each arm (Table 2). The intra-arm comparison demonstrated several significant results, leading us to conclude that subgrouping and intergroup comparisons were appropriate.
For the MAD measurements, we included 40 patients in the plate and screw group and 36 patients in the external fixator group. In all the patients who underwent plate and screw fixation, the mechanical axis was transferred from the medial side to the lateral side. The patients who underwent external fixation were divided into two subgroups. In the external fixator group with an overcorrection goal, the mechanical axis of 1 of the 13 cases remained on the medial side. In the external fixator group with a neutral goal, the mechanical axis of all the cases shifted to the lateral side or neutral position (Table 3).
Among all patients, the MAD significantly improved from 23.6 mm medial to the midline (SD = 8.2 mm) to 6.9 mm lateral to the midline (SD = 5.4 mm) (P < 0.001, results not shown in the table). The mean MAD before surgery in the plate and screw group with a neutral goal was 24.5 mm medially and 4.3 mm laterally after surgery (Table 3). In the plate and screw group with an overcorrected goal, the MAD was 25.9 mm medially preoperatively and 12.7 mm laterally postoperatively. For the external fixator group, the patients with a neutral goal had an average MAD of 21.3 mm medially preoperatively and 3.5 mm postoperatively (no medial vs lateral because average of absolute value). The overcorrected subgroup of patients with external fixators had 23.0 mm of medial MAD before surgery with 9.5 mm after. The results between the two groups were not significantly different.
Among all patients, the MPTA significantly improved from 83.9° (SD = 2.9°) to 90.9° (SD = 3.3°) (P < 0.001, results not shown in the table). The changes in MPTA between the plate and screw patients vs the external fixator patients were not significantly different between the subgroups (Table 4). The plate and screw patients’ MPTA increased 6.8 degrees in the neutral group compared to 5.7 degrees in the external fixator’s neutral group. For the respective overcorrected subgroups, these changes were 9.6 degrees and 6.2 degrees.
To determine the accuracy of correction, we first defined the error. The error of the correction was calculated as a ratio. The acceptable range from the MAD goal was considered 5 mm. The numerator was the distance from the limits of the acceptable range: 5 mm medial to 5 mm lateral for the neutral goal and 5 mm lateral to 15 mm lateral for the overcorrected goal (15). The denominator was the difference between the MAD preoperatively and the median of the acceptable MAD range postoperatively: 0 mm in the neutral subgroup vs 10 mm lateral in the overcorrection subgroup. The accuracy for each patient was calculated by subtracting the error from 1[5,16,17].
The accuracy was quite high for every subgroup (Table 5). There were no statistically significant differences between the two arms’ respective subgroups.
The mean preoperative CDI for the patients in the plate and screw group was 1.1, and that for the patients in the external fixator group was 1.0 (Table 6). This difference was not statistically significant. The postoperative measurements were 0.9 for the plate and screw group and 1.1 for the external fixator group, which was statistically significant. The absolute changes for the two groups were a decrease of 0.2 and an increase of 0.02 respectively for the two groups, and the percent changes were a decrease of 19.2% and an increase of 3.1%. These differences were statistically significant.
The average change of the plate and screw patients’ PPTA was a decrease of 3.3 degrees vs a mean decrease of 1.7 degrees of external fixator patients’ change in PPTA (Table 7). The percent changes were -4.1% vs -2.0%. None of these results were statistically significant.
The mean absolute value of the change in JLOA preoperatively to postoperatively was an increase of 1.6 degrees for the plate and screw group and a 0.9 degree increase for the external fixator group (Table 8). This difference was statistically significant.
There was a major complication in the external fixator group with one patient with loss of reduction and collapse in the regenerated bone at the osteotomy site after the removal of the external fixator. Subsequent open reduction and internal fixation with plates and screws were performed for this patient. Some of the patients in the external fixation group had discharge and superficial infections around the half-pin that were successfully treated with oral antibiotics. There were no cases of neurovascular injury, neuropraxia, nonunion, deep infection, or osteomyelitis in either group. There was no significant change in knee range of motion in either group at the last follow-up as compared to the pre-operative baseline measurement.

DISCUSSION
HTO is an appropriate procedure for genu varum deformity correction to correct MAD. The procedure alleviates pain in patients with OA of the medial compartment of the knee. In this study, we compared the results of acute correction with OWHTO to those of gradual correction with an external fixator for knee varus deformities. The reported indication for HTO surgery is varus alignment of the knee combined with any of the situations, such as medial compartment OA, medial compartment overloading (such as post medial meniscectomy), knee instability or osteochondral lesions[18].
The indications for HTO surgery in our study were a varus deformity greater than 5 degrees and knee pain. If there was radiographic medial joint space narrowing, then the goal was overcorrection. If there was no radiographic medial joint space narrowing, then the goal was neutral alignment.
Our results showed that while the re-alignment was substantial, there were not significant differences between the two groups in MAD and MPTA changes, and the accuracy of correction. The PPTA changed less in the external fixator group than the plate and screw group, but this change was not significant.
Patella baja may be a concern after OWHTO[19]. Patella baja causes anterior knee pain and crepitus[4,20]. Because of the transfer of the tibial tuberosity distally and laterally, the biomechanical axis of the patellofemoral joint changes after surgery[8]. One biomechanical study showed that OWHTO tilts the patella medially and increases the pressure over the lateral surface of the patella[21]. It has also been reported that the pressure over the patellar cartilage increases after OWHTO[6].
The literature has shown that there is a significant increase in patellofemoral joint pressure with genu varum knee deformity correction of more than five degrees[6]. Previous work has evaluated the effect of shortening the patellar height over the patellofemoral articular cartilage[7,22]. Researchers have demonstrated that shortening the patellar tendon after OWHTO accelerates the development of patellofemoral OA. Chondral lesions increased in long-term follow-up and likely causes anterior knee pain[23].
In our external fixator group, the patellar tendon height changed less than that in the plate group after surgery. The osteotomy performed in the external fixator group at the distal tibial tuberosity did not affect the patellar height. Additionally, when a varus deformity is gradually corrected, the soft tissue around the knee lengthens gradually, and the patellar tendon length does not change after varus deformity correction. For this reason, this technique may be preferred for genu varum deformity patients with OA of the patellofemoral joint. Also, the JLOA changed less in the external fixator group compared to the plate and screw group. Gradual correction of the deformity may allow the ligaments to stretch more slowly, having less of an effect on the JLOA. Additionally, the medial collateral ligament is released during the acute correction of OWHTO, which may decrease the JLOA. The clinical outcomes were similar between the two groups.
Correction of the knee genu varum deformity is important before anterior cruciate ligament (ACL) reconstruction[13]. The PTS is one of the factors that affects the outcome of ACL reconstruction. Increasing the PTS results in a transfer of the loading to the anterior part of the knee, and this overload may affect the outcome of ACL reconstruction surgery. OWHTO has been shown to increase the PTS[12,24]. Every 10-degree increase in the PTS causes a 6-mm translation of the anterior tibial load axis[4]. Our results show that there was a smaller change in the PTS in the external fixator group than in the OW group. However, the difference in PPTA change between the groups was not significant.
The results of some modifications of open wedge HTO have been reported. One study showed no differences in patellar height or PTS between an ascending vs descending OWHTO, a technique requiring leaving the tuberosity attached to the distal tibia or proximal tibia, respectively[23]. Some surgeons advise releasing the posterior soft tissue to prevent an increase in PTS[4]. Another study recommends against the release of the soft tissue and medial ligament[25]. In this biomechanical study, it was shown that cutting the anterior fiber of the MCL affects the stability of the medial side in HTO[25].
Evaluation of the changes in the MAD and MPTA in both groups showed there was no significant difference in correction of the genu varum deformity between the both groups. The accuracy of the correction was 96.1% (60%-100%) in the plate and screw group and 98.2% (79%-100%) in the external fixator group. Both techniques led to accurate genu varum deformity correction, and there was no significant difference between the two groups.
Undercorrection, or sometimes overcorrection, may compromise the outcome of genu varum deformity correction surgery[4]. Preoperative measurement planning is helpful to achieve optimal alignment correction. However, sometimes, the laxity around the knee that appears on weight-bearing X-rays is not as obvious when the patient is in the supine position intraoperatively[26]. With our external fixator technique, we have the opportunity to continually correct residual deformities after surgery, making it a helpful procedure in patients with soft tissue laxity in the knee. Additionally, because the external fixator allows gradual correction, the formation of bone is well controlled, the rate of lengthening can be adjusted, and nonunion or malunion can be prevented[16,17,27,28].
There are some limitations of our study. First, these operations were performed by experienced surgeons, which may affect the results of the operations and may have reduced the rate of complications after the operations. External fixator adjustments require experience and expertise; thus, these results may be hard to generalize to a large variety of practices. Second, this study is a retrospective study with a limited number of patients. As mentioned above, there were some demographic differences between some subgroups, and we evaluated the radiological outcomes of the two techniques. Future works would be helpful if they evaluate these results in a larger number of patients. Third, this study was a radiological comparison of the two techniques, and a study comparing the early and late clinical outcomes in both groups in a larger number of patients would be helpful to determine the clinical performance of these techniques. Fourth, our patients were confined to those with varus deformities of less than ten degrees. We suggest future studies evaluating patients with larger-degree varus deformity corrections.

CONCLUSION
Reliable degrees of correction of moderate varus alignment were achieved with both the acute opening wedge technique with a plate and the gradual monolateral external fixator technique in patients undergoing HTOs. The appropriate technique should be selected on the basis of the surgeon and patient preferences; however, external fixation may be a better choice when maintenance of patellar height is deemed important.

ARTICLE HIGHLIGHTS
Research background
High tibial osteotomy (HTO) for the correction of painful varus knee deformities is a known surgery. Different HTO techniques have been reported in the literature, including open and closed wedge osteotomies. In this study, the radiological efficacy of the gradual and acute correction of varus deformities with two different fixation methods (external fixator and plate screw) was evaluated.

Research motivation
We aimed to compare the radiological accuracy of the gradual correction of varus deformities with HTO with an external fixator and that of acute correction with a plate and screw.

Research objectives
The changes in radiological parameters (mechanical axis deviation, medial proximal tibial angle, posterior proximal tibial angle, joint line obliquity angle, Caton-Deschamps Index) were evaluated after both acute and gradual correction to determine the accuracy of correction achieved with the two techniques.

Research methods
Retrospective, nonrandomized study (level III).

Research results
Both acute correction (opening wedge and plate and screw) and gradual correction (external fixator) yield reliable degrees of correction of moderate varus alignment. The changes in the radiological parameters achieved with and accuracy of the two techniques are reasonable. There were changes in the patellar height after acute correction with a plate and screw.

Research conclusions
Both techniques (HTO with plate and screw and external fixator) are reliable for the correction of varus deformities, and external fixation may be a better choice when the preservation of patellar height is important.

Research perspectives
Studies with a larger number of patients and evaluations of the early and late clinical outcomes of both techniques are suggested.
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Figure Legends
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Figure 1 Knee X-ray images. A: Caton-Deschamps Index (a/b) for evaluation of the patella height; B: Posterior proximal tibial angle.
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Figure 2 High tibial osteotomy with plate and screws. A: Pre-operation; B: Post-operation.
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Figure 3 High tibial osteotomy with external fixator. A and B: Before correction medial proximal tibial angle: 82, joint line obliquity angle: 2, mechanical axis deviation: 33 mm, lateral distal femoral angle: 90; C: After correction with external fixator; D: After removal of external fixator.

Table 1 Patients demographic
	Demographics
	Plate and screw (n = 43)
	External fixator (n = 36)
	P value

	
	n
	Mean (range)
	n
	Mean (range)
	

	Age (yr)
	43
	46.3 (19-68)
	36
	42.1 (24-67)
	0.14

	BMI (kg/m2)
	39
	26.0 (18.7-35.0)
	11
	30.0 (20.3-39.1)
	0.08

	Sex (female)
	43
	32.6%
	36
	47.2%
	0.16


BMI: Body mass index.

Table 2 Patients demographic
	Demographics
	Plate and screw (n = 43)
	External fixator (n = 36)
	P value

	
	N1 (n = 25)
	O (n = 18)
	N (n = 23)
	O (n = 13)
	N vs N
	O vs O
	N vs O (plate and screw)
	N vs O (ex fix)

	
	n
	Mean (range)
	n
	Mean (range)
	n
	Mean (range)
	n
	Mean (range)
	
	
	
	

	Age (yr)
	25
	41.7 (19-68)
	18
	52.7 (32-67)
	23
	39.9 (24-55)
	13
	46.1 (30-67)
	0.61
	0.12
	< 0.01
	0.11

	BMI (kg/m2)
	23
	24.1 (18.7-33.5)
	16
	28.8 (22.4-35.0)
	8
	27.6 (20.3-39.1)
	3
	36.4 (33.1-38.4)
	0.15
	0.03
	< 0.001
	0.01

	Sex (female)
	25
	36.0%
	18
	27.8%
	23
	47.8%
	13
	46.2%
	0.41
	0.25
	0.57
	0.92


1In this table and all subsequent ones. T: Total group; N: Neutral goal; O: Overcorrected; BMI: Body mass index.
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Table 3 Mechanical axis deviation changes
	MAD
	Plate and screw
	External fixator
	P value

	
	N
	O
	N
	O
	N vs N
	O vs O

	
	Mean (range)
	Mean (range)
	Mean (range)
	Mean (range)
	
	

	MAD pre-op (mm)
	24.5 med (14 med to 42 med)
	25.9 med (11 med to 37 med)
	21.3 med (9 med to 42 med)
	23.0 med (11 med to 42 med)
	0.15
	0.38

	MAD post-op (mm)
	4.3 lat (1 lat to 13 lat)
	12.7 lat (3 lat to 20 lat)
	3.5 (7 med to 10 lat)
	9.5 (5 med to 20 lat)
	0.40
	0.08


MAD: Mechanical axis deviation; N: Neutral goal; O: Overcorrected; op: Operation.
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Table 4 Medial proximal tibial angle changes
	MPTA
	Plate and screw
	External fixator
	P value

	
	N
	O
	N
	O
	N vs N
	O vs O

	
	Mean (range)
	Mean (range)
	Mean (range)
	Mean (range)
	
	

	ΔMPTA (degree)
	6.8 (0-13)
	9.6 (3-14)
	5.7 (2-10)
	6.2 (-4 to 15)
	0.25
	0.05


MPTA: Medial proximal tibial angle; N: Neutral goal; O: Overcorrected.

Table 5 Accuracy of mechanical axis deviation correction
	Accuracy
	Plate and screw
	External fixator
	P value

	
	T
	N
	O
	Total
	N
	O
	T vs T
	N vs N
	O vs O

	
	Mean (range)
	Mean (range)
	Mean (range)
	Mean (range)
	Mean (range)
	Mean (range)
	
	
	

	Accuracy (%)
	96.1 (60 to 100)
	94.8 (60 to 100)
	97.7 (87 to 100)
	98.2 (79 to 100)
	98.2 (82 to 100)
	98.2 (79 to 100)
	0.18
	0.17
	0.82


T: Total group; N: Neutral goal; O: Overcorrected.

Table 6 Changes in Caton-Deschamps Index
	CDI
	Plate and screw
	External fixator
	P value

	
	Mean (range)
	Mean (range)
	

	CDI pre-op (unitless)
	1.1 (0.7-1.6)
	1.0 (0.8-2.1)
	0.77

	CDI post-op (unitless)
	0.9 (0.4-1.1)
	1.1 (0.8-1.9)
	0.01

	ΔCDI (unitless)
	-0.2 (-0.5 to 0.2)
	0.02 (-0.2 to 0.2)
	< 0.001

	%ΔCDI (%)
	-19.2 (-47.0 to 21.9)
	3.1 (-8.1 to 25.0)
	< 0.001


CDI: Caton-Deschamps Index.

Table 7 Posterior proximal tibial angle changes
	PPTA
	Plate and screw
	External fixator
	P value

	
	Mean (range)
	Mean (range)
	

	ΔPPTA (degree)
	-3.3 (-9 to 1)
	-1.7 (-11 to 4)
	0.14

	%ΔPPTA (%)
	-4.1 (-11.3 to 1.3)
	-2.0 (-12.8 to 5.1)
	0.11


PPTA: Posterior proximal tibial angle.

Table 8 Joint line obliquity angle changes
	JLOA
	Plate and screw
	External fixator
	P value

	
	Mean (range)
	Mean (range)
	

	ΔJLOA (degree)
	1.6 (4 med to 3 lat)
	0.9 (3 med to 2 lat)
	0.04


JLOA: Joint line obliquity angle.
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