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Background: The study objective was to assess clinical outcomes and gait biomechanics in
patients after 6 and 18 months after varus deformity (VD) surgical correction at knee joint
(KJ).
Method: The study included 20 patients with medial osteoarthritis (OA) of the knee of
grade 2-3 and a VD of >4°. A total of 21 surgeries were performed on the patients. Full
length weight bearing (FLWB) X-ray and K] assessments were done using the KSS, KOOS
and VAS scoring systems were obtained from all the patients. Biomechanical gait parame-
ters were captured using an inertial sensor system at timepoints before, and 6 and
18 months after surgery. Temporal and kinematic parameters of walking were analyzed.
Results: The radiological parameters showed a stable VD correction. According to the
KOOS, KS and VAS scores, there was a moderate dynamic improvement in the operated
knee function during the study. The biomechanical parameters remained virtually
unchanged throughout the entire follow-up period. In the following year, there were some
subjective improvements but without any significant changes in gait biomechanics or knee
kinematics.
Conclusions: Thus, the main changes in the joint clinical condition and function occur in the
first 6 months after surgery. According to the study data—assessments by VAS, KOOS, and
KSS—there was a moderate clinical improvement during the long-term follow-up period,
however, the biomechanical changes were minor.

© 2022 Elsevier B.V. All rights reserved.

1. Introduction

Osteoarthritis (OA) of the medial knee compartment is a common consequence of a varus deformity of the lower limb
[1,2]. Varus deformity changes not only the knee loading, but also the biomechanics of the joint [3].

* Corresponding author.

E-mail addresses: skvortsov.biom@gmail.com (D. Skvortsov), aprizov@yandex.ru (A. Prizov), kaurkins@bk.ru (S. Kaurkin), altukhova.aa@bk.ru
(A. Altukhova), zagorodniy51@mail.ru (N. Zagorodniy), fedor_lazko@mail.ru (F. Lazko), rol-naa@yandex.ru (A. Nikitin).

https://doi.org/10.1016/j.knee.2022.12.013
0968-0160/© 2022 Elsevier B.V. All rights reserved.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.knee.2022.12.013&domain=pdf
https://doi.org/10.1016/j.knee.2022.12.013
mailto:skvortsov.biom@gmail.com
mailto:aprizov@yandex.ru
mailto:kaurkins@bk.ru
mailto:altukhova.aa@bk.ru
mailto:zagorodniy51@mail.ru
mailto:fedor_lazko@mail.ru
mailto:rol-naa@yandex.ru
https://doi.org/10.1016/j.knee.2022.12.013
http://www.sciencedirect.com/science/journal/09680160

D. Skvortsov, A. Prizov, S. Kaurkin et al. The Knee 41 (2023) 1-8

Corrective knee osteotomy is used as a joint-preserving surgery for varus deformity [4,5]. One of the ways to correct such
deformities is by open wedge high tibial osteotomy (OWHTO). The main objective of corrective osteotomy is to relieve the
stress on the affected medial part of the joint by correcting the limb axis towards valgus, thereby restoring normal biome-
chanics of the joint [6-8]. Elimination of excessive medial knee loading reduces the pain syndrome and slows down OA pro-
gression [9].

There is an important issue of changes in knee biomechanics due to varus deformity, as well as after OWHTO. Some
authors report the absence of significant changes in gait parameters at 12 months after surgery, although they note improve-
ment in patients’ subjective assessment of their walking function by the KOOS, WOMAC and Lysholm scores [10]. Others
report normalization of some parameters at 12 months after surgery. These include: walking speed, stride length, knee flex-
ion amplitude and knee flexion moment. The varus angle and the adduction moment of the operated knee also decrease
[11,12]. According to Liu [13], WOHTO improves walking speed, stride length, knee range of motion, and knee adduction
moment.

A study by Bode [14] showed positive functional results 5 years after surgical treatment. According to Da Silva [15], knee
pain, maximum flexion amplitude, walking speed and knee adduction moment after OWHTO are the key indicators of its
effectiveness. A study by Da Cunha [16] in subjects with bilateral VD showed improved walking biomechanics after OWHTO.
In particular, the knee torque in the frontal plain decreased. Our previous study [17] showed some significant changes in gait
biomechanics and affected knee kinematics within 6 months after OWHTO. At the same time, as noted by Liu [13], there is
not enough information about changes in the KJ biomechanics caused by osteoarthritis and the following surgical treatment.

The study objective was to assess longer-term functional, clinical, X-ray outcomes and gait biomechanics in patients after
OWHTO at 6 and 18 months post-surgery.

The main hypothesis of the study is that basic functional changes occur in the first six months after OWHTO. During the
following 12 months, the joint function and walking improve further.

2. Material and methods
2.1. Subject characteristics

This work presents a further study in patients with Grade Il medial compartment knee osteoarthritis (OA) with a varus
deformity, whom we earlier evaluated pre-surgery [18] and 6 months after OWHTO [17].

The study was carried out in accordance with the ethical principles of the Declaration of Helsinki, with obtaining the sub-
ject’s written informed consent, and was approved by the Independent Interdisciplinary Committee for Ethics Review of
Clinical Trials (No. 6 of 07.04.2017).

The study was conducted at the FNCC FMBA (Moscow) and at Buyanov Clinical Hospital. The study included 25 patients
assessed before surgery. However, post-surgery data was obtained for 20 patients only (nine males and 11 females; 21 oper-
ated knee joints) with medial OA of the knee and a varus deformity due to extra-articular tibial deformity of more than 4
degrees. A total of 21 OWHTO surgeries were performed on the patients. The patient demographics and the mean body mass
index (BMI) are presented in Table 1.

Inclusion criteria: medial compartment OA II-III st. according to Kellgren&Lawrence without bone defects; medial com-
partment chondromalacia according to Outerbridge from second to fourth; hip-knee-ankle (HKA) angle more than 4° and
less than 14° varus; moderate or high physical activity patient; body mass index (BMI) less than 35 kg/m2; patient age from
30 to 70 years; knee flexion more than 90°; extension deficiency less than 10°; chondromalacia in the lateral compartment
and patellofemoral articulation less than 0-1st. according to Outerbridge; changes in the lateral meniscus no more than 2st.
according to Stoller; without ligamentous instability; ineffectiveness of previous conservative treatment methods; pain
intensity according to visual analog scale (VAS) > 40 mm.

Varus deformity of the lower limb was 6.9° £ 2.1° (range: 4-12°). The target level of correction was 2-3° of valgus.

Functional, clinical, X-ray, and biomechanical assessments were made at three timepoints: just before surgery, 6 and
18 months after surgery.

2.2. Surgical technique

The surgery was performed under spinal anesthesia. The first stage included arthroscopic lavage and debridement of the
KJ. Used the technique described in [19] from an oblique 5-6 cm incision in projection of tibial medial condyle. The bone was

Table 1

Patient demographics.
Parameter Pre-op 6 months 18 months
Number 25 20 20
Age (yrs) 54.7 (39-66) 55.8 (46-65) 54.3 (39-65)
Height (cm) 168 (153-183) 162.1 (153-165) 166.9 (153-183)
Weight (kg) 86.9 (62-123) 88.4 (68-104) 87.1 (62-123)
BMI (kg/m2) 31.34 (19.8-44.4) 32.8 (25.2-34.4) 30.8 (22.6-37.9)
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cut till lateral cortical, without cutting the cortex. The osteotomy wedge was opened to a certain size at the preoperative
period corresponding to the size of the tricalcium phosphate block. After that an electron-optical converter control was per-
formed. Fixation of the osteotomy zone was done by using locking plate (Otis + SBM, France).

If a distal femoral osteotomy had to be performed, it was done as the first stage in order to avoid errors when correcting
the limb mechanical axis according to the procedure described in [19] with the use of a locking plate system (DePuy Synthes
Tomofix, USA). Four patients in the study had a marked deformity that required a two-level osteotomy.

Pooling somewhat different patient groups in the study, we were driven by the fact that, although being different, the
surgical operations were, in the first place, aimed to restore the limb axis and reduce the load on the medial compartment
of the joint, as well as to improve the joint alignment, an important factor influencing the stereotyped gait pattern. A similar
approach has been described in the literature [20].

2.3. Clinical assessment

FLWB X-rays were obtained from all the patients. The varus angle of the affected limb [Huang, J.; 2020] was measured
using X-ray images and ranged 4° to 10.3° (mean = 6.52°).

The major mechanical angles were calculated: mLDFA (mechanical lateral distal femoral angle), MPTA (medial proximal
tibial angle) and HKA [21].

Knee assessments were done using the scoring systems KSS (Knee Society Score) and KOOS (Knee injury and Osteoarthri-
tis Outcome Score) [22,23]. We used two parts of the KSS, clinical (KSS 1) and functional (KSS 2). The pain syndrome was
assessed using a Visual Analogue Scale (VAS) [24].

2.4. Gait analysis

Biomechanical gait parameters were captured using an inertial sensor system (Nevrocor Ltd., Moscow). Five sensors were
applied: at the sacrum, the middle third of the thigh and the outer ankles of both legs. The assessment was performed while
walking on a flat surface (floor) at an arbitrary pace. The test lasted 30-60 s to capture the necessary number (20-30) of gait
cycles to calculate mean parameters with a relatively small standard deviation. Defective strides, stops and turns were
excluded from the analysis. Temporal and kinematic parameters were recorded. The temporal parameters included the gait
cycle duration (GC, in seconds) and the reciprocity parameter, the beginning of the other leg’s GC - second double stance
(SDS) at % of GC. The kinematic parameters were the amplitudes and phases of hip and knee movements and were measured
in the primary movement direction, i.e., in the sagittal plane (flexion-extension).

For the hip joint, we recorded maximum flexion amplitude at the start of stance phase (a1, degrees) and its phase (x1, % of
GC), maximum extension amplitude at the end of stance phase (a2, degrees) and its phase (x2, % of GC) (Figure 1).

For the knee joint, we measured the amplitudes and phases of the first flexion (a1 and x1, respectively), extension (a2 and
x2, respectively), and those of the second flexion (in the swing period) (a3 and x3, respectively) (Figure 1).

2.5. Statistical analysis

The obtained data were analyzed using ANOVA in the Statistica 12 software. The medians and quartiles (the 25th and
75th percentiles) were calculated. The data distribution differed from normal, therefore the significance of differences
was assessed using the nonparametric Wilcoxon test at p < 0.05. Comparisons were made between different timepoints:
before surgery versus 6 months after surgery, 6 vs 18 months after surgical treatment. Asymmetry was assessed by
comparing the same parameters between the two limbs.

= x2
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F

Figure 1. Amplitudes (a) and phases (x) in the hip (left graph) and knee (right graph) goniograms.
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3. Results

No loss of correction was found in the follow-up period (see Table 2).

Comparative analyses of clinical and X-ray data obtained at the two timepoints, i.e., 6 and 18 months after surgery, show
significant differences in all parameters (p < 0.05). All parameters have moderately improved, with the greatest improve-
ments being in VAS pain and knee extension deficit. The absence of MPTA and mLDFA changes shows preservation of the
segment correction achieved by the surgery. The range of motion in the operated knee has increased significantly
(p < 0.05) over this follow-up period, the same being true for flexion and extension.

The over-time changes in the clinical outcomes are presented in Figure 2.

Changes of each parameters in the analyzed time periods were statistically significant (p < 0.05). Thus, all four parameters
improved with time after surgery.

The results of biomechanical assessments are presented in Tables No. 3-5.

The GC duration at 6 months after surgery did not differ significantly from the pre-op value, but it became significantly
shorter at 18 months. SDS did not change (Table 3). There were no significant asymmetries (differences in same parameters
between the two limbs).

Table 2
Clinical and X-ray findings at 6 and 18 months after OWHTO.
Parameter Pre-op 6 months 18 months
MPTA, ° 84.5 91.3° 91.3°
(80-87.4) (88.6°-95.1°) (88.5°-95.4°)
p <0.001% p=0.82"
mLDFA, ° 89.1 88.5° 88.5°
(85.9-96) (85.9°-91.0°) (85.9°-91.0°)
p <0.001% p = 0.149"
Flexion amplitude, ° 116.6° 111.4° 121.8°
(90°-130°) (80°-125°) (100°-130°)
p <0.001% p <0.001"
Extension deficit, ° 2.7° 0.95° 0.4°
(0°-10°) (0°-5°) (0°-2.5°)
p = 0.005% 0.04*

*# Difference between pre-op and 6 months’ values.
" Difference between 6 and 18 months’ values.

Clinical outcomes by scoring system
100
%0 86.9

80
74.8

70.6
70
65.4
60
50 27 481
40
30
20
10
0
K00S KSS 1 KSS 2

M Pre-op . 6 months [ 18 months

Figure 2. Clinical outcomes at pre-op, 6 and 18 months after OWHTO.
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Table 3
Gait cycle duration and the beginning of the other leg GC, SDS.
Parameter Pre-op 6 months 18 months
Intact Affected Intact Affected Intact Affected
GC 1.2 [1.1; 1.3] 1.2[1.1; 1.3] 1.2[1.2;1.3] 1.2[1.2;1.3] 1.1[1.1;1.2] 1.1[1.1;1.2]
p = 0.846% p=1" p =0.758% p = 0.002* p = 0.002*
p=1° p=1%
SDS 49.8 49.7 49.9 49.9 49.7 49.9
[49.2;50.3] [49.3;50.2] [49.4;50.1] [49.6;50.3] [49.4;50.4] [49.6;50.3]
p=072% p =0.956" p =0.522% p = 0.779* p = 0.638"
p=09% p =0.516%

# Difference between pre-op and 6 months’ values.
" Difference between 6 and 18 months’ values.
& Difference between intact and affected limb.

Table 4
Hip amplitudes and phases.
Parameter Pre-op 6 months 18 months
Intact Affected Intact Affected Intact Affected
x1 3.8 3.8 4.9 4.1 4.6 4.2
[2.3;5.7] [2;4.6] [2.4;6.6] [3.3;4.9] [3.2;6.3] [3;4.8]
p =0461% p = 0.6597 p = 0.066" p =0.741" p=0.531"
p =0.597% p =0.338%
al 19 18.3 20 17.5 23.6 21.8
[16.3;24.1] [16.3;20] [17.2;26.4] [16.2;22.7] [17.5;26.5] [18.9;24.4]
p =0.322% p = 0.825% p = 0.034" p = 0.095" p = 0.063*
p=0.274% p=0.237%
x2 58.3 59.3 58.2 59 57.5 58.3
[56.9;60.8] [56.9;60.1] [56.2;61.6] [57.6;61.1] [55.3;60.1] [57.3;60.1]
p =0.801% p =0.834" p =0.170" p=0.1" p=0.01*
p = 0.346% p=0.125%
a2 -9.8 -13 -11.4 -11 -8.6 -11.8
[-12.5; -8.8] [-14.9; —10] [-13.4; -8.1] [-13.2; -7.4] [-13.6; —6.9] [-13.3; —6.8]
p = 0.024% p=0.326" p=0.061" p = 0.085* p = 0.972*
p = 0.505% p = 0.345%

* Difference between pre-op and 6 months’ values.
" Difference between 6 and 18 months’ values.
& Difference between intact and affected limb.

Six months after surgery, there was a significant increase in the flexion amplitude of the affected limb at the beginning of
the stance phase (al) (p = 0.034) (Table 4). The hip extension amplitude (a2) showed no significant changes.

The hip amplitudes and phases almost did not change at 18 months versus 6 months, except for improved symmetry of
the full extension phase on the affected side (x2).

Before surgery, a significant asymmetry was noted in one parameter only, a2 (extension).

Knee motions, amplitudes and phases are presented in Table 5.

According to the obtained data, the knee joint function at 6 months after surgery did not differ significantly from that
before surgery. Moreover, comparison between values obtained at 6 and 18 months showed no significant changes as well.

Table 5 demonstrates an interesting peculiarity of the knee joint function. Before surgery, the function of both K] was
symmetric. We did not get a single statistically significant difference between the same parameters. Six months after sur-
gery, the first flexion amplitude (a1) at the beginning of GC, i.e., when the body weight is being transferred from one limb
to the other, was smaller than before surgery. Thus, this amplitude became asymmetric. Eighteen months after the operation,
the differences are statistically unreliable. Thus, the symmetry has been restored. The mean a1l returned to the pre-op level.

4. Discussion

The achieved surgical correction remained stable 6 and 18 months after surgery.

The assessments of the OWHTO clinical outcomes with the KOOS, KSS 1, KSS 2, and VAS scores showed a significant
improvement in the function of the operated knee over the periods from pre-op to month 6 and from month 6 to month
18 after surgery. All the scores showed improvement, with the largest one being in the KSS 2 assessment of the knee func-
tion. The KSS 1 and KOOS scores also showed positive dynamics, although not as great as 6 months after the corrective sur-
gery. These data suggest that maximum improvement in knee function and VAS pain reduction occurred during the first

5



D. Skvortsov, A. Prizov, S. Kaurkin et al. The Knee 41 (2023) 1-8

Table 5
Knee amplitudes and phases.
Parameter Pre-op 6 months 18 months
Intact Affected Intact Affected Intact Affected
x1 16 16 16.8 16.8 16.8 16.6
[14.5;18.2] [14.8;18.3] [15.1;18.8] [15.5;18.9] [14.3;19.1] [13.8;17.9]
p=1% p=1% p = 0.402% p = 0.709* p=0.151"
p=0.92¢% p =0.597%
al 174 144 16.9 131 174 14.7
[13.7;21.2] [9;19.13] [15;26.3] [10.4;19.2] [12.2;21.2] [10.4;18.1]
p = 0.056% p = 048" p = 0.099% p = 0.099* p = 0.867"
p =0.014% p =0.195%
x2 43.9 41.7 429 399 41.6 36.6
[42.4;45.6] [37.3;46.2] [38.1;46.8] [33.9;43.8] [38.8;44.7] [32.6;43.1]
p=0318% p=0.851" p = 0.295" p = 0.526" p = 0.867"
p=0.116% p = 0.083%
a2 9 8.9 9.8 9.6 9.8 10.4
[5.8;11.3] [4;12.1] [8.7;11.9] [6.2;12.1] [8;11] [8.7;11.6]
p=093% p =0.152% p =0.421" p = 0.889" p=0.313"
p = 0.458% p =0421%
x3 75.8] 75.6 75.5 75.3 75.4 74.8
74.9;77.2] [74.5;76.3) [74.6;77] [74.7;76] [73.1;76] [73;76.4]
p=0461% p=093% p =0.574% p =0.016" p=0.113"
p = 0.385% p=0831%
a3 62 64 66.1 66.9 64 62.6
[57.7;68.1] [55.2;69] [58.3;71.4] [57.1;70.2] [53.9;69.3] [60;66.1]
p = 0.985% p = 0.332% p = 0.427% p=0.52" p = 0.566"
p=091% p =0.538%

*# Difference between pre-op and 6 months’ values.
" Difference between 6 and 18 months’ values.
& Difference between intact and affected limb.

6 months after OWHTO; however, the knee function continued to restore, although more slowly, during the period of 6-
18 months after surgery. Similar score-based results are described by Odum and Habib [23,25].

Studies by Keyt; Thompson; and Sawaguchi; assessed the results of valgus producing correction osteotomies 24 months
after surgery [26-28]. Although the follow-up period in those studies was longer than in ours, the results are consistent in
terms of clinical outcome assessments by the scoring systems and the VAS pain syndrome assessment. Lawrence et al.
obtained similar results at 12 months after surgery; they also found a significant slight decrease in the range of motion
10 years after surgery [29].

Thus, the long-term clinical outcomes of our study are consistent with those of other authors [25,30,26-29]. First of all,
they include a reduction in VAS pain and improvements in the knee function as assessed by KOOS and KSS at 6 and 18 months
after OWHTO.

The main finding of the biomechanical part of the study is that the K] function almost did not change either 6 or 18 months
after surgery.

A slight reduction of the GC duration at 18 months post-surgery, along with unchanged hip and knee amplitudes, suggests
that the walking speed could have increased. The study by Morin [10] found that the key spatiotemporal gait parameters
remained unchanged at one year after correction surgery, but there were no data on the joint kinematics. Another study
by van Egmond [31] also confirmed the absence of changes in the spatiotemporal parameters one year after surgery versus
before surgery. Six months after surgery, however, the operated knee kinematics showed a decrease in the first flexion (de-
noted here by a1) and extension amplitudes (a2), while the swing flexion amplitude (a3) remained the same. In their paper
[31], van Egmond noted some deterioration in the function of the operated joint 12 months after surgery compared with pre-
surgery. There were also some minor improvements over the following 12 months. These findings are consistent with the
study by Lind [11], which reports similar changes in the operated knee kinematics at 12 months after surgery.

In our study, we have found that the period of 6 months after surgery is not enough for the knee joint to recover. Its func-
tion remains slightly asymmetric due to the decreased amplitude al. During the following year, however, al increases to
preoperative values.

While the clinical data demonstrates apparent improvement in several clinical parameters, the biomechanical data shows
only minor, though also positive, functional changes.

Thus, we can see some difference in the assessment of recovery dynamics based on clinical versus biomechanical param-
eters. While the clinical scores demonstrated significant improvement, gait analysis and knee kinematics showed almost no
changes over the follow-up period. As the reported improvement was mainly based on subjective assessment scores (VAS,
KOOS and KSS2), completed by the patients themselves, it can be mostly attributed to a significant psychological
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improvement and increased load tolerance of the operated limb rather than to some clinical (objective) improvement. When
assessed by KSS1, the improvement was mostly related to an increase in the flexion amplitude in the supine position.

The study hypothesis has not been confirmed. The functional biomechanical parameters remained virtually unchanged
after OWHTO.

This study has certain limitations. Individual clinical features of patients may have a strong effect on biomechanical
parameters sensitive to peculiarities in the knee function. Therefore, the inter-individual variability of the functional result
of surgical treatment has been quite high. Almost all patients enrolled in our study were overweight and hence with addi-
tional load on their K]Js.

Although there were no postoperative complications, the individual rehabilitation treatment varied both quantitatively
and qualitatively among the patients. It was technically not possible for us to provide all patients with rehabilitation accord-
ing to a single standard. Another limitation of the study was the lack of assessment of the function and OA grade of the con-
tralateral K]J.

This study suggests that biomechanical gait analysis should play a more important part in routine clinical assessments of
patients, both before surgery and, the more so, in the first months of rehabilitation.

5. Conclusion

According to the study data, there was a moderate clinical improvement, as assessed by VAS, KOOS and KSS, in the long-
term follow-up period. The biomechanical changes were minor and manifested in decreased GC duration, which indirectly
indicates an increase in walking speed.

Thus, we have found an inconsistency between the dynamics of clinical and biomechanical parameters. While the clinical
parameters continued to improve beyond 6 months after surgery, the functional biomechanical parameters remained virtu-
ally unchanged throughout the entire follow-up period.

The observed changes in gait biomechanics suggest that intensive rehabilitation with monitoring of biomechanical
parameters is most needed during the first 6 months after surgery.
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