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Abstract

Background: Open wedge high tibial osteotomy (OWHTO) is commonly utilized to correct genu varum. To decrease various
complications of OWHTO, some modifications are needed.

Methods: In a parallel randomized controlled clinical trial, 42 patients were divided into two groups: conventional OWHTO (control
group) and OWHTO with the cut in the sagittal plane or distal tubercle osteotomy (OWHTO/DTO) (intervention group). Evaluation of
the following items was conducted pre- and post-operatively: Knee Society Score (KSS) questionnaire, incidence of postoperative
complications, patellar height by Blackburne-Peel (BP) ratio and Insall-Salvati Index (ISI), posterior tibial slope (PTS), tibiofemoral
angle (TFA), Q-angle, medial proximal tibial angle (MPTA), three joint alignment radiography, and union radiological parameters.
Results: The differences between preoperative and postoperative variables including the KSS, PTS, TFA, BP Index (BPI), ISI, MPTA, and
Q-angle within the intervention and control groups were not statistically significant. In four cases (3 in the control group and 1 in
the intervention group), the delayed union was observed but the complete union was achieved after a mean of 23 weeks. No

nonunion was observed.

Keywords:Genu Varum; Osteotomy; Techniques

Conclusion: Our results showed equal effectiveness for OWHTO/DTO compared with the conventional OWHTO.
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Background

Genu varum is considered to be a common cause of
medial knee pain, particularly while walking. Varus knee
results in thinned articular surfaces, reduced articular
space in the medial side, and the lateral deviation towards
the mechanical axis. Ultimately, it leads to osteoarthritis
(OA) (1).

In this condition, surgery is carried out to shift the
pressure from the affected side to the other one. Thus, to
conduct an effective surgery, at least there should be one
healthy side in the medial or lateral knee compartment
(2). Preoperatively, Ahlback classification should be used
to determine the degree of articular cartilage injury. A
grade 3 or higher implies the benefits of the osteotomy.
The improvement level for varus correction varies from
3-5 to 7-9 degrees (3). During a 5-year follow-up study,
Brinkman et al., showed a 87% survival rate with a
correction value of more than 8 degrees (1). Increased pain
and the probable patella baja, fracture, infection, and knee
stiffness have been mentioned as the common
postoperative complications for open wedge high tibial
osteotomy (OWHTO). When the patella baja, also known as
patella infera, is present, converting the osteotomy to total
knee arthroplasty (TKA) is difficult (4, 5).

On the other hand, there is not a comprehensive
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understanding of the biomechanics of patella baja after
OWHTO. The patella tendon scarring and subsequent
shortening of the patellar tendon are postulated as
possible causes (6). Thus, other methods should be
employed to reduce these complications. In limbs with
varus alignment, the highest pressure (65%) is on the
medial side, compared with the 60% pressure on the
normal knee alignment (1). Besides, increased posterior
tibial slope (PTS) is strongly related to the anterior tibial
translation. Increased PTS in the OWHTO results in the
restriction of knee extension and increased pressure on
the anterior cruciate ligament (ACL) (3). Given the lower
tibial tubercle position following open wedge osteotomy,
reduced patellar height could be the important source of
patient dissatisfaction (6).

In this study, we attempted to assess the outcome of
OWHTO with and without the cut in the sagittal plane or
distal tubercle osteotomy (OWHTO/DTO). Also, the
consequence of changes in the patellar height and quality
of life in these patients was evaluated.

Methods
This parallel randomized study was performed as a

controlled clinical trial that was registered under
registration number of IRCT20180904040954N1 at the
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Iranian Registry of Clinical Trials (IRCT) center. The study
population included patients with genu varus deformity
presented to Taleghani Hospital, Kermanshah, Iran, from
March 2019 to September 2019.

We used inclusion criteria proposed by the
International Society of Arthroscopy, Knee Surgery, and
Orthopaedic Sports Medicine (ISAKOS) (1), as follows:
patients under 50 years old, isolated pain in the medial
articular area, malalignment of less than 20 degrees, normal
knee movements, lack of flexion contracture, normal
patellofemoral component, and normal ligament balance.
Patients with the following conditions were excluded:
fractures in other parts of the body, open wounds or
infections, changes resulted from knee arthritis, OA in
lateral and medial compartments, flexion contracture more
than 25 degrees, obesity, and meniscectomy in the target
compartment (1).

The patients were randomly categorized into the
conventional OWHTO group (control group) and
OWHTO/DTO (intervention group). Randomization was
performed by a random number table. Once the informed
consent was obtained (code: IR.KUMS.REC.1398/947), the
patients were incorporated into the study (Figure 1).

Pre- and post-operative evaluation of the following
items were conducted: the assessment of patients with
Knee Society Score (KSS) questionnaire, incidence of
postoperative complications such as fracture, infection
determined by positive culture and laboratory tests like C-
reactive protein(CRP), nonunion and nerve damage, the
assessment of the patellar height by Blackburne-Peel (BP)
ratio and Insall-Salvati Index (ISI), PTS, tibiofemoral angle
(TFA), Q-angle, medial proximal tibia angle (MPTA), three
joint alignment radiography, and union radiological
parameters.

The conventional OWHTO surgery involved retaining an
attachment between the tibial tubercle and the distal tibial
segment. At first, the patient lay on the supine position,
inflating the tourniquet. Then, an incision was made at the

proximal tibial anteromedial surface, the fascia was cut, and
the pes anserinus was identified. Once a posterior third of
the medial collateral ligament (MCL) was dissected, the
anterior two-third was transversely incised. Then, two
2.4-mm k-wires were placed parallel to the osteotomy line,
being examined by fluoroscopy at the lateral and
posteroanterior (PA) view. The protection of the posterior
neurovascular and patellar tendon was performed with a
retractor. Before the saw reaches the lateral cortex,
osteotomy is accomplished, then using a 3.2 mm drill bit,
2 holes are created in the lateral cortex. Then wedge or bone
graft was inserted into the osteotomy site. After that,
osteotomy fixation was performed using a 4.5-mm plate,
TomoFix, or T-plate.

In OWHTO|/DTO, an attachment was made between the
tibial tubercle and the proximal tibial segment. Therefore,
the possibility of changing the patella height decreased.
Unlike the previous method, keeping at least 2.5 cm of the
tubercle length is needed for low corrections and the longer
in the further correction. Then, an osteotomy was
conducted in the posterior of the tibial tubercle. To start the
osteotomy, the tibial tubercle was cut in the sagittal and
distal planes through the anterior tibial cortex in an
overlapping manner with the distal tibial segment (at least
2 cm of tubercle length is needed to prevent intra-operative
fracture after OWHTO/DTO). After osteotomy and fixation by
a plate, the tubercle was attached to the tibia with a
bicortical screw (Figure 2a).

To evaluate the union, two methods of clinical
examination [pain during weight-bearing (WB) and
movement, warmth, and tenderness of the osteotomy site]
as well as radiology signs (increased graft density and
trabecular bridging in the osteotomy place) were employed.
In the absence of the aforementioned indicators three
months after surgery and the creation of sclerotic margins
in the osteotomy site, it was interpreted as nonunion. The
postoperative visits were held at intervals of 1, 2, 4, 6, and 8
weeks and 3, 6, and 12 months (Figure 2b).

Enrollment Assessed for eligibility (n=57)
Excluded (n=15)
»| Notmeeting inclusion criteria(n=15)
Declining to participate (n=0)
\ 4 Other reasons (n=0)

Randomized (n = 42)

Allocated to intervention, open wedge high
tibial osteotomy (OWHTO) (n =21)

Allocated to intervention, OWHTO with cut

Al in the sagittal plane (n=21)

Receiving allocated intervention (n=21)
Not receiving allocated intervention (n=0)

Lost to follow-up (n=0)
Discontinued intervention (n=0)

v

Analysed (n=21)
Excluded from analysis (n=0)

Figure 1. Flowchart of study enrolment
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Receiving allocated intervention (n = 21)
Not receiving allocated intervention (n=0)

A

Cortex Lost to follow-up (n=0)

Follow-up Discontinued intervention (n=0)

isruption in internal oblique view

v

Analysis Analysed (n=21)
Excluded from analysis (n=0)
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Figure 2. Open wedge high tibial osteotomy (OWHTO) with the cut in the
sagittal plane; (a) surgical incision and osteotomy in the sagittal plane in
left knee, (b) plain radiographic appearance after 8 weeks

On the first day after surgery, straight leg raise (SLR) was
allowed. On the second day, the patient was discharged and
instructed to do touch-down WB with crutches. Within the
first week after surgery, knee flexion should be achieved up
to 90 degrees.

Radiographic examinations were Eerformed in the 2™,
4™ 8" and 12 week. Between the 6 and 8" week, when
union signs observed, patients were allowed progressive WB.
Receiving anticoagulants for up to 6 weeks is recommended.

To conduct data analysis, Stata software (version 14.2,
Stata Corporation, College Station, TX, USA) was used. Data
description was performed through numerical indices such
as mean, standard deviation (SD), etc. The normality of data
was tested with the Shapiro-Wilk test. The Mann-Whitney U
test was employed to compare the means of the
quantitative variables pre- and post-operatively. Moreover,
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the chisquare test was applied for comparing the
categorized variables. In the present study, P < 0.05 was
considered as significant.

Results

Out of 57 enrolled patients, 15 were excluded due to the
lack of inclusion criteria. Finally, 42 patients were included
(21in each control and intervention groups). The mean age
of patients was 29.50 + 5.75 years (28.42 + 5.46 years in the
intervention and 30.57 + 5.97 years in the control group,
P =0.090). There were no statistically significant differences
between the control and the intervention groups in terms
of gender distribution (P = 0.747), smoking status (P = 0.627),
and diabetes (P = 0.549) (Table 1). Based on the Shapiro-Wilk
test, the variables in the two groups were not normally
distributed (P = 0.020) and data analysis was carried out
using nonparametric tests.

Table 1. Comparison of demographic variables in intervention and control
groups by Pearson's chi-square test

Variable Control  Intervention ) 3 R

(n=21) (n=21) value

Gender Female 13 14
Male 8 7 0.103 0.747

Smoking Nonsmoker 18 16
Smoker 3 17 0236 0.627

Non diabetic 20 19
Diabetes ~ Diabeticorwith 0359  0.549

impaired glucose 1 2

tolerance

In both groups, most patients obtained complete
union osteotomy within 3 months, but in 4 cases (3 in the
control group and 1 in the intervention group), the
delayed union was observed with a complete union being
achieved after a mean of 23 weeks. However, a comparison
of the union between the two groups was not statistically
significant (P = 0.293). None of the two groups showed
nonunion. No patient showed complications such as
infection, intra-articular fracture during surgery, and
peroneal nerve injury.

The mean left distal femur angle (DFA) at the baseline
showed the values of 88.50 + 0.45 and 88.65 + 0.56 in the
control and intervention groups, respectively.

The difference between pre- and post-operative variables
including the KSS, PTS, TFA, BP Index (BPI), ISI, MPTA, and Q-
angle within the intervention and control groups was not
statistically significant (Table 2, Figures 3-7).

Table 2. Comparison of variables in intervention and control groups by
Mann-Whitney U test

Variable Score before P Score after P
surgery value surgery value
(mean+5SD) (mean 1 SD)
KSS Control 80.90+479  0.060 87.57£4.75 0.820
Intervention 78.33£3.65 88.04+3.29
BPI Control 0.81+0.04 0.130 0.79+0.04 0.060
Intervention 0.82+0.03 0.81+£0.03
Control 1.05£0.09 0.830 110+ 0.09 0.240
15t Intervention 1.05+0.08 1.06 £ 0.91
Control -6.95 £1.39 0.970 5.09 £0.88 0.920
TFA Intervention -6.05 £1.49 5.04+0.80
Control 837+3.11 0.240 9.57+£2.99 0.900
FIS Intervention 3.12+8.00 8.20+3.11
Control 13.39£1.52 0.130 15.06 +1.53 0.050
Qangle | ervention  13.96£176 1574158
Control 81.26 +1.65 0.430 94.69 + 0.64 0.160
MPTA Intervention 80.52 £1.50 94.74+0.97

KSS: Knee Society Score; BPI: Blackburne-Peel Index; ISI: Insall-Salvati Index;
PTS: Posterior tibial slope; TFA: Tibiofemoral angle; MPTA: Medial proximal tibial
angle; SD: Standard deviation
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Figure 3. Comparison of the mean pre- and post-operative medial
proximal tibial angle (MPTA) in intervention and control groups

The mean MPTA angle in both control and intervention
groups increased after surgery, but this difference was not
statistically significant (Figure 3).

@ CoONtrol group
95 Intervention group

87.57.-__ 88.04

78.33

KSS Pre KSS Post

Figure 4. Comparison of the mean pre- and post-operative Knee
Society Score (KSS) in intervention and control groups

g CONtrol group
Intervention group
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ISI Pre ISI Post

0.8

Figure 5. Comparison of the mean pre- and post-operative Insall-
Salvati Index (ISI) in intervention and control groups
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Figure 6. Comparison of the mean pre- and post-operative
Blackburne-Peel (BP) score in intervention and control groups
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Figure 6. Comparison of the mean pre- and post-operative
Blackburne-Peel (BP) score in intervention and control groups
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Discussion

Various studies have suggested changes in the patellar
tendon length and PTS after OWHTO, and increasing forces
on the patellofemoral tendon at the beginning of flexion
(0 to 10°). Such studies consider these changes as a reason
for the modification of the conventional OWHTO (7-9). The
most important step of the OWHTO/DTO technique is to
cut the attachment between the tibial tubercle and the
proximal segment in the sagittal plane. So, changing the
patellar tendon’s length through this procedure is less
possible (8).

Despite increasing the PTS in both methods, larger
posterior gaps than anterior ones have been made in
some studies to avoid increasing tibial slopes. Moreover,
using OWHTO/DTO method has been considered in many
papers for correction of genu varum with varus above 10
degrees (9-12). Since correction angles in most of our
patients were 10 degrees, we were not able to examine
this matter in our research.

In the present study, the KSS questionnaire for quality of
life showed no significant difference between the two study
groups. However, both groups had KSS values higher than
the baseline. Unlike our study, previous studies found
significant differences between the two groups in the scores
of knee evaluation tests such as Oxford Knee Score (OKS) and
Lysholm score. The ISI, BPI, and Caton-Deschamps (CD) index
were employed to evaluate changes in the patellar tendon’s
length in most studies and reported significant differences
(79, 13, 14). In our study, ISI and BP indices showed changes
in postoperative mean values which were not statistically
and significantly different from preoperative values. Given
the concurrent changes of CD and BP with the tibial slope,
other indices such as ISI and Miura-Kawamura (MK) should
be used in proximal tibial osteotomy with increased tibial
posterior slope (10). Park et al. suggested using MK index as
a better method to examine the patella height (9).

On the other hand, the postoperative Q-angle increase
in both groups was not statistically significant and the
patella lateralization did not change ultimately.

Based on previous reports, patients with OWHTO had
increased mean PTS (9, 12). In both of our study groups, a
slightly increasing trend in PTS changes was detected. In
OWHTO/DTO group, the trend was less than the OWHTO
group. However, this difference between the two groups
was not statistically significant. Therefore, the result of the
present study was not following previous studies.

In this study in line with other studies, the genu varus
correction osteotomy was expected to obtain an average
TFA angle of 6 and an MPTA of at least 95 (13). However,
changes in the MPTA angle and TFA angles were compared
in both groups in pre- and post-operative periods, finding
no statistically significant difference.

Based on previous clinical experience, nonunion was
considered as one of the complications of tubercle
osteotomy (13, 14). The union rate seemed to be different
between the two osteotomy groups. Three patients from
the control group and one from the intervention group
showed delayed union (with an average of 23 weeks).
However, consistent with previous studies (9, 13, 14), we did
not find nonunion in any of our patients.

Incomplete evaluation of the patella inclination was
one of our limitations. In the study of Park et al., the
patellar tilt was measured employing the computed
tomography (CT) scan (axial cut) and despite their
expectations, the lateralization of the patellar tendon
decreased after OWHTO/DTO in both groups (9). Our study
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had other limitations including the lack of pre-osteotomy
arthroscopic examination, short follow-up duration, and
small sample size.

Conclusion

Although we could not prove the superiority of
OWHTO/DTO in comparison to the conventional OWHTO,
our results indicated equal effectiveness. Therefore, it can
be used for varus correction based on the surgeon's
preference for selected patients. Further clinical trials are
needed to explore the advantages and disadvantages of
these approaches.
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