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Abstract

Purpose: To investigate the effect of the ratio of the medial tibial plateau width to the total tibial plateau width on
the therapeutic efficacy of high tibial osteotomy (HTO) on the medial side for the treatment of knee osteoarthritis.

Methods: In this study, we retrospectively analyzed information of 278 patients who underwent medial HTO for knee
osteoarthritis with varus deformity. The Tinetti Gait and Balance Assessment Tool, the Visual Analog Scale (VAS), and
the Knee Society Scoring System (KSS) were used to comprehensively evaluate the function of the knee joint after
HTO.

Results: After adjusting for potential confounding factors (i.e., age, gender, body mass index/BMI, and surgical site),
the Tinetti assessment score was optimized when the degree of correction was 53.67%, with the 3-value on the left
and right sides of the inflection point of 0.49 (confidence interval, Cl: 0.20, 0.78, P=0.0009) and— 0.26 (95% Cl: — 0.30,
— 0.22,P<0.0001), respectively. The KSS score was optimized when the degree of correction was 55.45%, with the
B-value on the left and right sides of the inflection point of 2.77 (95% Cl: 1.64, 3.90, P <0.0001) and — 1.18 (95% Cl:

— 146, — 091, P<0.0001), respectively. The VAS score was the lowest when the degree of correction was 55.00%, with
the B-value on the left and right sides of the inflection point of — 0.16 (95% Cl: — 0.29, — 0.03, P=0.0146) and 0.08
(95% CI: 0.05,0.10, P <0.0001), respectively. Stratified analysis showed that the BMI affected the Tinetti assessment
score (3= — 0.14,95% Cl: — 0.24, — 0.04, P=0.0071). According to the smooth-curve fitting results, when the BMI
was > 28, the Tinetti assessment score showed a negative trend.

Conclusion: The degree of lower-limb mechanical axis correction correlated with the functional status of the knee

joint after MOW HTO. When the ratio of the medial tibial plateau width to the total tibial plateau width was approxi-

mately 55%, the post-MOW HTO outcomes were optimized and the patients experienced the highest satisfaction. In
addition, very high BMI was not conducive for the postoperative recovery of the knee joint function.

Level of evidence: Il Case—control study/Retrospective comparative study.
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Introduction

Osteoarthritis is one of the most common joint dis-

eases in adults, with the main pathological features of
gradual degradation of articular cartilage, osteophyte
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the direction of external force and limb orientation
produce knee adduction moments during walking
in humans, knee osteoarthritis with varus deformity
is the most prevalent form of osteoarthritis [1]. The
knee adduction torque is closely related to the occur-
rence and progression of knee osteoarthritis, which is
the theoretical basis for the strategy of treating knee
osteoarthritis with varus deformity by correcting the
lower-limb mechanical axis under the premise of pre-
serving the knee joint [2].

Since the high tibial osteotomy (HTO) was first
reported by Jackson et al. in 1961, many orthopedic
surgeons have started to perform this surgery [3]. It
is a preferred procedure for patients with knee oste-
oarthritis with varus deformity at a relatively young
age and with higher exercise needs [4]. The specific
implementation of HTO includes a variety of surgical
methods, among which a relatively common method
is medial opening wedge high tibial osteotomy (MOW
HTO) [5]. MOW HTO is a valgising procedure to cor-
rect a varus deformity of the knee. The point where
the lower-limb mechanical axis intersected the tibial
plateau tangent line was called the Mikulicz point[6].
MOW HTO adjusts the position of the Mikulicz point,
thereby alleviating the medial gap pressure on the knee
joint and delaying the progression of osteoarthritis.
Many orthopedic surgeons choose MOW HTO for
moving the Mikulicz point to the lateral edge of the
midpoint of the tibial plateau tangent line. There is
differing opinion of the ideal intended correction with
suggested corrections for Mikulicz point adjusted to
Fujisawa’s point (67.5%), Dugdale (62%), Feller (58%)
or neutral at (50%) or other target ranges[7, 8]. At best
these varying target points or ranges are based upon
opinion without any reference to patient recorded
outcomes. The literature revealed that the Fujisawa
point is still controversial and lacks clinical evidence
[9]. Amis et al. indicated that it is impossible to find
sufficient mechanical principles and evidence to sup-
port the Fujisawa point, which seems to be a subjective
judgment [10].

Based on the above controversy, in this study, we col-
lected the medical reports of 278 patients with knee
osteoarthritis with varus deformity. Three outcome
measures were recorded: the preoperative and postop-
erative Tinetti Gait and Balance Assessment Tool, the
Visual Analog Scale (VAS), and the Knee Society Scor-
ing System (KSS). We explored how the corrected lower
limb mechanical axis influenced these outcome meas-
ures and explored the influence of BMI on the outcome
scores as a secondary aim. The correction degree in this
study refers to the ratio of medial tibial plateau width to
the total tibial plateau width.
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Information and methods

General information

The present study retrospective observed 278 patients
(113 males and 165 females) who underwent HTO for
knee osteoarthritis (see Fig. 1 for the screening process)
in the Department of Orthopedic Surgery, Affiliated
Hospital of Jining Medical University from January 2014
to December 2018. The inclusion criteria of this study
were as follows: (1) Patients with knee osteoarthritis
with varus deformity of the lower limbs (varus deformity
originating within the tibia); (2) patients with knee joint
pain caused by osteoarthritis with VAS > 6; (3) patients
with restricted knee joint function due to osteoarthritis,
leading to <500 m walking distance on level ground; and
(4) patients with restricted knee joint flexion and exten-
sion function, leading to inability to squat normally and
climb stairs (up and down); thus, seriously affecting their
daily life. The exclusion criteria of this study were as fol-
lows: (1) patients with varus deformity of the lower limbs
originating within the knee joint (joint line convergence
angle > 3°); (2) patients with inflammatory knee joint dis-
eases (e.g., rheumatoid arthritis); (3) patients with exces-
sively lose knee joint or another underlying disease (s)
that would affect the postoperative joint exercise; (4)
patients that fail to or poorly follow the medical instruc-
tions; and (5) patients with lateral closing wedge high tib-
ial osteotomy(LCW HTO). The research protocol of this
study was approved by the Ethics Committee of Affiliated
Hospital of Jining Medical University (approval number:
2021C015).

Surgical methods
After the patient entered the operation room, the anes-
thesiologists, surgeons, and itinerant nurses together

Patients with high
tibial osteotomy
N-329

Exclusion criteria:
Lateral tibial osteotomy
N=18

V

{ Patients with knee

varus underwent high
tibial osteotomy
N=311
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Patients with basic diseases
affecting rehabilitation
N=19
Do not cooperate with follow-up
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Y
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in the analysis
N=278

Fig. 1 Screening protocol of the research subjects in this study
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evaluated the patient information and the correctness of
the surgical site. Patients were positioned supine for gen-
eral anesthesia combined with peripheral nerve blocks.
After the successful induction of anesthesia, routine
skin disinfection, surgical draping, and the application
of adhesive membrane were performed to prevent post-
operative infection at the surgical site. The conventional
medial and lateral parapatellar portals were employed
for arthroscopy to explore the morphology and ten-
sion of the synovium, articular cartilage, medial and
lateral menisci, and the anterior and posterior cruciate
ligaments. Any lesions identified at arthroscopy were
removed or repaired. An incision of the proximal medial
lower leg was performed, followed by the separation of
the tissues in layers, to expose the proximal tibia. Two
positioning K-wires were inserted from the upper edge of
the pes anserinus to the tip of the fibular head. The loca-
tions of the positioning wires were confirmed by intraop-
erative fluoroscopy, followed by cutting the bone along
the cross-section of the positioning wires to save approx-
imately 1 cm of the lateral cortical hinge. A coronal oste-
otomy was subsequently performed behind the tibial
tubercle. A lamina spreader was used to open the cross-
section of the osteotomy gap successively and slowly for
the determination of the lower-limb mechanical axis, fol-
lowed by inserting a locking plate into the medial tibial
region and securing four screws at the proximal end and
another four screws at the distal end. Based on the practi-
cal expansion angle, the autogenous iliac crest bone graft
was placed, and fluoroscopy was performed again with
alignment rod to evaluate the internal fixation position
and the lower-limb mechanical axis. After washing with
normal saline, the incisions were sutured in layers. The
operation conducted in the present study was performed
by only one surgeon (Dr. Wang).

Observation indexes
The primary index observed in this study was the Tinetti
Gait and Balance Assessment score, with the scoring
content including sitting balance, rises from the chair,
attempts to rise, standing balance (first 5 s), standing bal-
ance, nudged (the assessment subject should stand with
feet as close together as possible, after which the exam-
iner pushes the subject lightly three times), eyes closed
(same as in the previous step), turning 360 degrees, sit-
ting down, an indication of a gait, step length and height,
step symmetry, step continuity, path (walking distance is
approximately 3 m), trunk stability, and walking stance.
The maximum score of the Tinetti Gait and Balance
Assessment is 28 points; the higher the total score, the
better is the gait and balance function of the knee joint.
The secondary indices were (1) VAS—VAS assessment
of a patient’s pain by scoring, with the maximum score
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of 10 points, where the score 0 represents painless and
the score 10 represents unbearable and severe pain, while
(2) KSS—KSS assesses the postoperative recovery of the
knee joint function in the following aspects: knee pain,
range of motion, stability, flexion deformity, hyperexten-
sion, the position of the lower-limb mechanical axis, and
resting pain. The maximum score of KSS is 100 points;
the higher the total score, the better is the overall func-
tion of the knee joint.

Statistical analysis

Continuous variables were expressed as mean =+ stand-
ard deviation (normal distribution) or median (quar-
tile) for a skewed distribution, and categorical variables
were expressed as frequency or percentages. One-way
analysis of variance (ANOVA) (normal distribution),
the Kruskal-Wallis H test (skewed distribution), and the
Chi-square test (categorical variables) were employed
to compare the means and proportions between three
groups which were selected by the analysis software as
an equal division of continuous variables. A univariate
linear regression model was applied to evaluate the asso-
ciations between the correction degree and the Tinetti
assessment score/ VAS/KSS. We also used the generalized
additive model (GAM) to determine non-linear relation-
ships. If a non-linear correlation was recorded, a piece-
wise linear regression model was used to calculate the
threshold effect of the correction degree on the Tinetti
assessment score/VAS/KSS. When the ratio between the
correction degree and the Tinetti assessment score/VAS/
KSS appeared to be in a smoothed curve, the recursive
method automatically calculated the inflection point.
Subgroup analyses were performed using stratified linear
regression models. The modifications and interactions of
the subgroups were inspected by the likelihood-ratio test.
All analyses were performed using the R language (http://
www.R-project.org, The R Foundation) and the statistical
software EmpowerStats (http://www.empowerstats.com,
X&Y Solutions, Inc., Boston, MA). P<0.05 (two-sided)
was considered to indicate statistical significance.

Results

General results

Among the 278 patients included in this study, the
mean age was 56.51+8.60 years; the mean BMI was
27.01+£2.67 kg/m% and 60.9% of the patients were
females. Table 1 presents the baseline characteristics
of the patients. No significant differences in age, body
mass index (BMI), gender, surgical site (left/right knee),
or medial proximal tibial angle (MPTA) were found
between the groups of different angles (This is Empow-
erStats’ automatic equal division of continuous variables
into 3 groups based on its software internal protocol).
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Table 1 Baseline characteristics of participants (N=278)
Characteristic The correction degree tertiles (%) P-value
T1(>50.01-<54.98) T2 (>54.98-<59.56) T3 (>59.56-<86.02)
No. of participants 87 96 95
Age (years, mean = sd) 58.024+9.01 5541 +854 56.24+8.15 0.112
BMI(kg/m?, mean = sd) 27014267 27374335 27324348 0.724
Gender (n, %) 0.682
Female 53 (60.9%) 59 (61.5%) 53 (55.8%)
Male 34 (39.1%) 37 (38.5%) 42 (44.2%)
Leg (n, %) 0.882
Right 44 (50.6%) 45 (46.9%) 46 (48.4%)
Left 43 (49.4%) 51 (53.1%) 49 (51.6%)
MPTA(°) 8236+3.12 83.574+2.05 82.554+3.38 0673

BMI body mass index, MPTA medical proximal tibial angle

Univariate analysis

As presented in Table 2, the results of the univariate anal-
ysis indicated significant differences in BMI and degree
of correction among the patients with different Tinetti
assessment scores. BMI was not significantly different
between patients with Tinetti assessment scores Mid-
dle and Low (P=0.5506). The BMI of patients with score
High was lower than the BMI of patients with score Low
by 1.10 (95% CI: — 1.90, — 0.30, P=0.0071), which sug-
gests a non-linear relationship between BMI and Tinetti

Table 2 Univariate analysis for Tinetti assessment score/VAS/KSS

assessment score and no correlation between the BMI,
VAS and KSS scores. The degree of correction of patients
with score Middle was higher than that of the patients
with score Low by 1.01 (95% CI: 0.42, 1.60, P =0.0009).
The degree of correction of patients with score High was
lower than that of the patients with score Low by 3.44
(95% CI: — 4.03, — 2.85, P <0.0001), which indicates that
the degree of correction and the Tinetti assessment score
had a segmented effect. The KSS score was similar to the
Tinetti assessment score with respect to its relationship

Covariate Statistics Tinetti Assessment Score VAS KSS
B (95%ClI) P-value 3 (95%ClI) P-value 3 (95%Cl) P-value
Age (years, mean =+ sd) 5651+860 0.01 (= 0.03,0.04) 0.7846 0.02 (— 0.00, 0.04) 0.0599 — 0.01 (— 0.22,0.21) 0.9543

Low (n, %) 93 (33.45%)  Ref. Ref. Ref.

Middle (n, %) 88(31.65%) 0.29(—0.53,1.11) 04887 0.24 (— 0.19,0.67) 0.2790 3.83 (— 0.74,8.39) 0.1014

High (n, %) 97 (34.89%) 040 (— 0.40,1.20) 0.3282 049 (0.06,0.91) 0.0251 — 0.20 (— 4.65,4.25) 0.9299
BMI(kg/m2, mean = sd) 2724+£319 —0.14(—0.24,— 0.04) 0.0071 0.03 (— 0.02,0.09) 0.2591 0.28 (— 0.86, 0.30) 0.3384

Low (n, %) 90 (32.37%)  Ref. Ref. Ref.

Middle (n, %) 92 (33.09%) — 0.25(— 1.05,0.56) 0.5506 0.15 (— 0.28,0.59) 04888 — 4.26 (— 8.80,0.29) 0.0676

High (n,%) 96 (34.53%) —1.10 (— 1.90, — 0.30) 0.0071 041 (- 0.02,0.84) 0.0618 — 3.80 (— 8.30,0.70) 0.0993
Gender (n, %)

Female 165 (59.35%) Ref. Ref. Ref.

Male 113 (40.65%) — 0.27 (— 0.94,0.40) 0.4232 0.06 (— 0.30,0.42) 0.7613 2.79 (— 0.97,6.54) 0.1467
Leg (n, %)

Right 135 (48.56%) Ref. Ref. Ref.

Left 143 (51.44%) 0.29 (— 0.36,0.95) 0.3808 — 0.19 (— 0.54,0.16) 0.2946 0.17 (— 3.53,3.87) 0.9297
Corrrection degree (%, 59.02+740 —022(—0.26,—0.18) <0.0001 0.05 (0.03,0.08) <0.0001 —0.68 (— 091, — 0.44) <0.0001
mean £ sd)

50.01-54.97% 87 Ref. Ref. Ref.

54.98-59.55% 96 1.01 (042, 1.60) 0.0009 —0.87 (— 1.24,—0.50)  <0.0001 15.83(12:49,19.18) <0.0001

59.56-86.02% 95 — 344 (—4.03,—285) <0.0001 1.02(0.64,1.39) <0.0001 —9.69 (— 13.04, — 6.33) <0.0001
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with the degree correction. However, the VAS score of
patients with Tinetti assessment score Middle was lower
than that of the patients with Tinetti assessment score
Low by 0.87 (95% CI: — 1.24, — 0.50, P <0.0001). The VAS
score of patients with Tinetti assessment score High was
higher than that of the patients with Tinetti assessment
score Low by 1.02 (95% CI: 0.64, 1.39, P <0.0001). No sig-
nificant differences in age, gender, or surgical site (left/
right knee) were observed among patients with different
Tinetti assessment, VAS, or KSS scores.

Stratified analysis

As shown in Fig. 2, stratified analyses of age, BMI, gender,
and surgical site (left/right knee) revealed that the Tinetti
assessment score was stable among the abovementioned
four variables (P values for interaction were 0.5956,
0.7644, 0.0958, and 0.1720, respectively). The results of
the accompanying assessment indexes, VAS score, and
KSS score, were equally stable across each layer (P values
for interactions were 0.2436, 0.7369, 0.7657, and 0.8360;
0.6873, 0.3034, 0.0808, and 0.7340, respectively).

Smooth-curve fitting and analysis of threshold effects
Figure 3 presents the results of smooth-curve fitting,
and Fig. 3 presents the fitting curve of the degree cor-
rection and the Tinetti assessment score, VAS and KSS.
The trend of the curve was consistent with the results
of univariate analysis and regression analysis. An analy-
sis of threshold effect is presented (Table 3) where the
Tinetti assessment score was highest at 53.67%, the KSS
was highest at 55.45% and the VAS pain score was lowest
at 55.00%. The results were mutually complete with the
univariate analysis and the regression analysis. Figure 3b
presents the smooth-curve fitting between the BMI and
the Tinetti assessment score.

Discussion

The main findings of this paper were improved outcome
measures when the mechanical axis was corrected to
53.67-55.45%. For simplicity we would recommend a
correction with Mikulicz point at 55% of the tibial width.
Knee osteoarthritis is a global health problem with no
cure. The degenerative changes in the articular cartilage
due to aging are the leading cause of knee osteoarthritis.
Osteoarthritis severely impairs quality of life and carries
a significant economic burden [5]. Various studies have
reported that MOW HTO has a significant therapeutic
effect in medial knee osteoarthritis. MOW HTO corrects
varus deformity, improves clinical symptoms and may
delay the requirement for knee arthroplasty (partial or
total) [11]. A minor change in the position of the lower-
limb mechanical axis can lead to a significant change
in the load distribution on the knee joint. Therefore,
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( Tinetti assessment score )
No. of B (95% CI) P for
participants interaction

Age 0.5956
<52 93 -0.23(-0.29,-0.17) — .
52-58 88 -0.22(-0.30,-0.14) —.
259 97 -0.21(-0.26,-0.16) ——
BMI 0.7644
<25.86 90 -0.23(-0.28,-0.18) ——
25.86-28.01 92 -0.26 (-0.31, -0.20) ——
228.02 96 -0.18(-0.25,-0.11) ——
Gender 0.0958
Female 165 -0.19 (-0.24, -0.13) ——
Male 113 -0.26 (-0.30, -0.21) ——

Leg 0.172

Right 135 -0.20 (-0.25, -0.15) ——
Left 143 -0.25 (-0.29, -0.20) ——
03 02 01 0
( VAS )
No. of B (95% CI) P for
participants interaction
Age 0.2346
<52 93 0.08(0.05,0.11) ——
52-58 88 0.05(0.00, 0.10) R
59 97 0.03(-0.01, 0.07) ——
BMI 0.7369
<25.86 90 0.09(0.06, 0.13) ——
25.86-28.01 92 0.04 (-0.00, 0.07) ———
228.02 96 0.04 (-0.01, 0.08) —_
Gender 0.7657
Female 165 0.06 (0.03, 0.09) ——
Male 113 0.05(0.01, 0.09) ——
Leg 0.836
Right 135 0.05 (0.02, 0.08) ——
Left 143  0.05 (0.02, 0.09) ——
0.025 0 0.0250.05 0.075 0.1 0.125
( KSS )
No. of B (95% CI) P for
participants interaction
Age 0.6873
<52 93 -0.75(-1.06, -0.43) — .
52-58 88 -0.53(-1.13, 0.06) — L
259 97 -0.68 (-1.03, -0.32) — .
BMI 0.3043
<25.86 90 -1.08(-1.46,-0.70) — ®———1
25.86-28.01 92  -0.51 (-0.96, -0.05) —_——
228.02 96 -0.52(-0.91,-0.14) ——
Gender 0.0808
Female 165 -0.50(-0.83,-0.17) —
Male 113 -0.93 (-1.27, -0.60) —.—
Leg 0.734
Right 135 -0.67 (-0.98, -0.35) —a—
Left 143 -0.69 (-1.06, -0.33) ——
15 1 05 0

Fig. 2 Stratified analysis forest plot

over-correction or under-correction can lead to unfa-
vourable outcomes and reduced survival [1, 12]. How-
ever, it is the surgeon’s responsibility to select an intended
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Fig. 3 Association between the correction degree and Tinetti assessment score/VAS/KSS and association between the BMI and Tinetti assessment
score. In each plot, the solid red line represents the smooth curve fit between the variables, while the blue bands represent the 95% confidence
interval from the fit. a A threshold, nonlinear association between the correction degree and Tinetti assessment score was detected (P<0.001) in a
generalized additive model (GAM). Adjusted for age, gender; BMI, and leg. b A threshold, nonlinear association between BMI and Tinetti assessment
score was detected (P <0.001) in the GAM. Adjusted for age, gender, the correction degree, and leg. ¢ A threshold, nonlinear association between
the correction degree and VAS was detected (P <0.001) in the GAM. Adjusted for age, gender, BMI, and leg. d A threshold, nonlinear association
between the correction degree and KSS was detected (P <0.001) in the GAM. Adjusted for age, gender, BMI, and leg.

correction for each individual patient [13]. A study by
Mitsuaki Kubota suggests that adjusting the lower-limb
mechanical axis to pass through the Fujisawa point is the
ideal degree of osteotomy. A study by Staubli suggests that
only a slight correction of varus deformity is required, and
the degree of correction should not exceed 5% and the
Fujisawa point. A study by Sung-SahnLee reported that
the lower-limb mechanical axis could pass through the
lateral edge of the tibial intercondylar eminence to achieve
satisfactory surgical outcomes and also simplify the pro-
cess of assessing the position of the lower-limb mechani-
cal axis [10, 14—-16]. Therefore, the degree of correction is
still controversial in the existing literature. This paper is
the first to show evidence of improved patient outcomes
at the specific correction of 55%

The performance-oriented mobility assessment has
become a widely used evaluation tool for assessing bal-
ance and mobility in the elderly since its introduction in
1986 by Tinetti et al. [17]. The advantages of the perfor-
mance-oriented mobility assessment are that it includes
both balance and gait components and its reliability and
effectiveness have been clinically recognized in vari-
ous neurological diseases [18]. Parveen et al. used the
performance-oriented mobility assessment in patients
with knee arthritis, which lead to high interrater reliabil-
ity; thus, confirming the suitability of the assessment for
increasing the movement and balance ability in patients
with knee arthritis [19]. In this study, the Tinetti assess-
ment score, VAS and KSS are all outcomes scores. To
better improve the generalisabilityof the research results,
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Table 3 Threshold effect analysis of the correction degree
and Tinetti assessment score/VAS/KSS using piecewise linear
regression

Infection point Effect size (B) 95%ClI P-value
Tinetti assessment score

<5367 049 (0.20,0.78) 0.0009

>53.67 —0.26 (=030, —0.22) <0.0001

VAS

<55 —0.16 (=029, —0.03) 0.0146

>55 0.08 (0.05,0.10) <0.0001
KSS

<5545 277 (1.64,3.90) <0.0001

>5545 —1.18 (=146, —091) <0.0001

Effect: The correction degree. Cause: Tinetti assessment score/VAS/KSS

All adjusted for age, gender, BMI, and leg

this study also collected the VAS and KSS of all patients
to reevaluate the postoperative satisfaction and knee
joint function of all patients.

In this study, the position of the lower-limb mechanical
axis had a significant impact on the Tinetti assessment
score, the VAS score, and the KSS score of the patients.
Adjustment of the lower-limb mechanical axis to the lat-
eral side in patients with osteoarthritis combined with
varus deformity in the knee helped to shift the pressure
of the knee joint to the lateral compartment; thus achiev-
ing the purpose of the treatment [20, 21]. If the degree
of adjustment of the lower-limb mechanical axis to the
lateral side was under-correction, the pressure load of
the medial compartment would not be fully relieved,
and the postoperative pain and the postoperative knee
joint function of the patients would not achieve satisfac-
tory results. However, if the degree of adjustment of the
lower-limb mechanical axis to the lateral side was over-
correction, the wedge-shaped osteotomy designed intra-
operatively would be wider, causing the hinge points to
become extremely weak; thus, greatly increasing the risk
of tibial fracture during osteotomy [22]. Over-correction
would abnormally increase the pressure on the lateral
compartment of the knee joint. The patients can develop
lateral compartment osteoarthritis [23] and obvious val-
gus deformity of the knee joint. Patients tend to dislike
the aesthetics of a valgus deformity.

The present study also reported that the BMI of the
patients affected the Tinetti assessment score. How-
ever, no significant relationship was observed between
the patient’s BMI, the VAS score, and the KSS score.
In patients with obesity, due to their excess weight, the
pressure in the medial compartment of the knee joint
is relatively high, which may limit the movement of the
affected limb after surgery and not be conducive to the
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postoperative functional recovery of the knee joint [24].
In one study the oxford knee scores of obese patients
(BMI>30) were reduced, and in the present study the
Tinsetti assessment score was reduced for patients with
BMI > 28 [25].

The present study has some limitations. First, since this
was a retrospective observational cross-section study, we
only observed the relationship between the lower-limb
mechanical axis position and the knee joint function but
did not determine whether there was a causal relation-
ship between the two. Second, this study was based upon
a specific localized population and so the generalizability
of the results is currently not defined, we would suggest
that this study be repeated on other study populations.
Future research is required to expand the sample size
and population range. Finally, this study did not discuss
the patient’s education level, genetic factors, and envi-
ronmental factors, which need to be considered in future
research.

Conclusion

The lower-limb mechanical axis position had a non-lin-
ear correlation with the functional status of the knee joint
after MOW HTO. When the ratio of the medial tibial
plateau width (the distance between the medial edge of
the tibial plateau and the intersection point of the tibial
plateau tangent line and the lower-limb mechanical axis)
to the total tibial plateau width was approximately 55%
(instead of 67.5%), the postoperative outcomes of MOW
HTO were optimized and the patients had the highest
satisfaction. In addition, high BMI was not conducive for
the postoperative recovery of the knee joint function.

Acknowledgements

The manuscript has been read and approved by all the authors, the require-
ments for authorship as stated earlier in this document have been met, and all
authors believe that the manuscript represents honest work.

Author contributions

[LY], Formal analysis and investigation, Writing-original draft preparation; [SSN],
[CXZ], Formal analysis and investigation; [SL], [JCB], Methodology; [XWZ],
[YMZ], Resources, Supervision; [GDW], Writing-review and editing, Funding
acquisition. All authors read and approved the final manuscript.

Funding

This study was supported by The National Natural Science Foundation of
China (81871814) and the Key Research and Development Plan of Jining
(2020YXNS022).

Availability of data
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This research protocol of this study was approved by the Ethics Committee of
Affiliated Hospital of Jining Medical University (approval number: 2021C015).
We obtained the consent of all study participants, albeit it was verbal consent.



Yuan et al. BMC Surgery (2022) 22:177

Because this study is a retrospective study and not an actual human trial and
no harm was caused to the study participants, the need for written approval
of the Ethics Committee of Affiliated Hospital of Jining Medical University was
waived off. All procedures performed in studies involving human participants
were in accordance with the ethical standards of the Institutional and National
Research Committee and with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards.

Consent for publication
All participants agreed to the publication of this manuscript.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Clinical, Jining Medical University, Jining, Shandong, China.
’Department of Orthopedics and Joints, Affiliated Hospital of Jining Medical
University, Jining, Shandong, China.

Received: 4 September 2021 Accepted: 4 May 2022
Published online: 13 May 2022

References

1. LiuX, Chen Z GaoY, Zhang J, Jin Z. High tibial osteotomy: review of
techniques and biomechanics. J Healthc Eng. 2019;2019:8363128.

2. Reeves ND, Bowling FL. Conservative biomechanical strategies for knee
osteoarthritis. Nat Rev Rheumatol. 2011;7(2):113-22.

3. Jackson JP Waugh W.Tibial osteotomy for osteoarthritis of the knee. J
Bone Joint Surg Am. 1961. https://doi.org/10.1302/0301-620X.43B4.746.

4. Day M, Wolf BR. Medial opening-wedge high tibial osteotomy for medial
compartment arthrosis/overload. Clin Sports Med. 2019;38:331-49.

5. SunH, Zhou L, Li F, Duan J. Comparison between closing-wedge and
opening-wedge high tibial osteotomy in patients with medial knee
osteoarthritis: a systematic review and meta-analysis. J Knee Surg.
2017;30:158-65.

6.  Elson DW, Petheram TG, Dawson MJ. High reliability in digital planning
of medial opening wedge high tibial osteotomy, using Miniaci’s method.
Knee Surg Sports Traumatol Arthrosc. 2015;23(7):2041-8.

7. Van den Bempt M, Van Genechten W, Claes T, Claes S. How accurately
does high tibial osteotomy correct the mechanical axis of an arthritic
varus knee? A systematic review. Knee. 2016;23(6):925-35.

8. Fujisawa Y, Masuhara K, Shiomi S. The effect of high tibial osteotomy on
osteoarthritis of the knee. An arthroscopic study of 54 knee joints. Orthop
Clin North Am. 1979;10(3):585-608.

9. YinY,LiS, Zhang R, Guo J, Hou Z, Zhang Y. What is the relationship
between the “Fujisawa point”and postoperative knee valgus angle? A
theoretical, computer-based study. Knee. 2020,27(1):183-91.

10. Amis AA. Biomechanics of high tibial osteotomy. Knee Surg Sports Trau-
matol Arthrosc. 2013;21(1):197-205.

11. Hankemeier S, Mommsen P, Krettek C, Jagodzinski M, Brand J, Meyer C,
Meller R. Accuracy of high tibial osteotomy: comparison between open-
and closed-wedge technique. Knee Surg Sports Traumatol Arthrosc.
2010;18:1328-33.

12. Sprenger TR, Doerzbacher JF. Tibial osteotomy for the treatment of varus
gonarthrosis: survival and failure analysis to twenty-two years. JBJS.
2003;85(3):469-74.

13. Feucht MJ, Minzlaff P, Saier T, Cotic M, Stidkamp NP, Niemeyer P,

Imhoff AB, Hinterwimmer S. Degree of axis correction in valgus high
tibial osteotomy: proposal of an individualised approach. Int Orthop.
2014,38(11):2273-80.

14. Kubota M, Ohno R, Sato T, Yamaguchi J, Kaneko H, Kaneko K, Ishijima M.
The medial proximal tibial angle accurately corrects the limb alignment
in open-wedge high tibial osteotomy. Knee Surg Sports Traumatol
Arthrosc. 2019;27(8):2410-6.

15. Staubli AE, Jacob HAC. Evolution of open-wedge high-tibial osteotomy:
experience with a special angular stable device for internal fixation with-
out interposition material. Int Orthop. 2010;34(2):167-72.

Page 8 of 8

16. Lee SS, Lee HI, Cho ST, Cho JH. Comparison of the outcomes between
two different target points after open wedge high tibial osteotomy: the
Fujisawa point versus the lateral tibial spine. Knee. 2020;,27:915-22.

17. Tinetti ME, Williams TF, Mayewski R. Fall risk index for elderly patients
based on number of chronic disabilities. Am J Med. 1986;80:429-34.

18. Kegelmeyer DA, Kloos AD, Thomas KM, Kostyk SK. Reliability and validity
of the tinetti mobility test for individuals with Parkinson disease. Phys
Ther. 2007,87:1369-78.

19. Parveen H, Noohu MM. Evaluation of psychometric properties of Tinetti
performance-oriented mobility assessment scale in subjects with knee
osteoarthritis. Hong Kong Physiother J. 2016;36:25-32.

20. Bartholomeeusen S, Van den Bempt M, van Beek N, Claes T, Claes S.
Changes in knee joint line orientation after high tibial osteotomy are
the result of adaptation of the lower limb to the new alignment. Knee.
2020;27(3):777-86.

21. Black MS, d'Entremont AG, McCormack RG, Hansen G, Carr D, Wilson DR.
The effect of wedge and tibial slope angles on knee contact pressure and
kinematics following medial opening-wedge high tibial osteotomy. Clin
Biomech. 2018;51:17-25.

22. Goshima K, Sawaguchi T, Shigemoto K, Iwai S, Nakanishi A, Inoue D,
Shima Y. Large opening gaps, unstable hinge fractures, and osteotomy
line below the safe zone cause delayed bone healing after open-
wedge high tibial osteotomy. Knee Surg Sports Traumatol Arthrosc.
2019;27(4):1291-8.

23. Prakash J, Song E-K, Lim HA, Shin YJ, Jin C, Seon J-K. High tibial osteotomy
accelerates lateral compartment osteoarthritis in discoid meniscus
patients. Knee Surg Sports Traumatol Arthrosc. 2018;26(6):1845-50.

24. Tuhanioglu U, Ogur HU, Seyfettinoglu F, Cicek H, Giltekin A. High tibial
osteotomy in obese patients: is successful surgery enough for a good
outcome? J Clin Orthop Trauma. 2019;10:5168-73.

25. Floerkemeier S. Does obesity and nicotine abuse influence the outcome
and complication rate after open-wedge high tibial osteotomy? A retro-
spective evaluation of five hundred and thirty three patients. Int Orthop.
2014;38:55-60.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1302/0301-620X.43B4.746

	Influence of lower-limb mechanical axis on the curative effect of medial high tibial osteotomy for knee osteoarthritis
	Abstract 
	Purpose: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Information and methods
	General information
	Surgical methods
	Observation indexes
	Statistical analysis

	Results
	General results
	Univariate analysis
	Stratified analysis
	Smooth-curve fitting and analysis of threshold effects

	Discussion
	Conclusion
	Acknowledgements
	References


