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Abstract: Objective: Study on the effect and safety of open high osteotomy in the repair of medial compartment os-
teoarthritis. Method: From January 2015 to January 2017, 126 patients with medial compartment knee osteoarthri-
tis were admitted to Shanxi Provincial People’s Hospital. According to the age ≤60 years old, they were divided into 
64 patients in the middle-aged group (MG) and 62 patients in the older group (OG). The operation time, intraopera-
tive blood loss, total amount of postoperative negative pressure drainage, hospitalization days and other indicators 
of patients was recorded in both groups. KSS scoring was used to evaluate the knee joint function before and after 
operation. Range of motion (ROM) score scale and Tegner joint motion score scale were used to evaluate knee joint 
function recovery by knee joint motion score. FTA was measured to evaluate the degeneration degree of articular 
cartilage in each compartment of knee joint. Results: There was no significant difference between the MG and OG in 
some aspects (P>0.05). However, the amount of negative pressure drainage in MG was significantly lower than that 
in OG. The difference was statistically significant (P<0.05). In the KSS total score, there was no statistical difference 
from after operation and 12 months, while after 24 months, the total score in OG was significantly lower than that in 
MG (P<0.05). After operation for 24 months, ROM and Tegner joint motion scores in OG were significantly lower than 
those in MG (P<0.05). The total incidence of complications in MG was 21.88%, which was significantly lower than 
that in OG (38.71%, P<0.05). Conclusion: High osteotomy was more suitable for middle-aged patients. Although HTO 
had some shortcomings, its clinical effect was positive and it was still an effective surgical method for KOA.
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Introduction

Osteoarthritis (OA) is one of the most common 
chronic diseases in the elderly [1]. It often 
develops in places with heavy loads, and the 
knee joint is more common, which is called 
knee osteoarthritis (KOA) [2]. The female 
patients are more significant than the male 
patients. The lesion initially damages the carti-
lage part, and then continues to invade sur-
rounding tissues such as subchondral bony 
plates and synovium. Osteophyte are formed 
around the joints in late stage, and joint defor-
mity can be found in severe cases [3]. However, 
the original mechanism of KOA is still not clear.

Knee arthritis is the most common lower limb 
arthritis. It is a degenerative disease of bone 
and joint. It is caused by many factors such as 
aging, osteoporosis, obesity, strain, trauma, 

congenital abnormalities of joints and joint 
deformities. The main pathological changes are 
degenerative changes of articular surface carti-
lage, hyperosteogeny of articular margin and 
subchondral bone, which lead to clinical mani-
festations such as joint pain, rigidity, deformi-
ties and dysfunction [4].

In clinical practice, knee arthritis deformity is 
mostly varus deformity. Studies by Fujisawa and 
others [5] have shown that the medial compart-
ment pressure of normal knee joint is about 
60%~65%. The rest of the load pressure is sup-
ported by the lateral joint. Therefore, medial 
compartment KOA is often characterized by 
genu varus deformity. However, the instability 
of genu varus deformity will aggravate the col-
lateral ligament damage, anterior and posterior 
cruciate ligament injury, and cause the relax-
ation of the collateral ligament after the disap-

http://www.ijcem.com


Open high osteotomy can improve the clinical effect

1353 Int J Clin Exp Med 2020;13(3):1352-1360

pearance of cartilage wear, thus aggravating 
KOA lesions.

In 1961, Jackson [6] and his team studied the 
postoperative results of 10 patients and beli- 
eved that distal knee osteotomy could success-
fully correct varus and valgus deformity of KOA 
patients. A few years later, Coventry [7] pro-
posed the surgical method of lateral closed 
wedge osteotomy above the tibial tuberosity, 
and suggested for the first time that the proxi-
mal tibia should be given internal fixation sup-
port after osteotomy. However, no matter how 
the surgical technique and internal fixation are 
changed, the basic principle of osteotomy 
remains unchanged: by changing the force line 
of the affected limb, it is transferred from the 
medial side to the lateral side of the tibial pla-
teau intercondylar eminence, reducing the load 
of the medial compartment of the joint, reliev-
ing pain and improving blood circulation to 
delay or eliminate degenerative changes of 
medial compartment and avoid or delay knee 
replacement. 

Although there have been many studies on the 
treatment of osteoarthritis with open high oste-
otomy in the past, there are relatively few stud-
ies on the effect of open high osteotomy on the 
repair of medial compartment osteoarthritis, 
and we have done a more detailed study on its 
safety, in order to provide more clinical data for 
the treatment of patients with medial compart-
ment osteoarthritis.

Materials and methods

Baseline data

From January 2015 to January 2017, 126 
patients with medial compartment knee osteo-

years, with an average age of 75.89±6.21 
years old. The weight was 53.7-83.7 kg, with an 
average of 69.42±10.01 kg. The course of dis-
ease was 1.5-7.3 years, with an average of 
4.0±1.5 years. All patients complained of knee 
joint pain without obvious inducement before 
operation, which worsened during exercise and 
eased slightly during rest. Medial pain was the 
main factor, which seriously affected daily life 
and rest. Conventional anteroposterior and lat-
eral radiographs (weight bearing position) of 
both knees of all patients before operation 
showed degenerative changes of knee joint, 
medial cartilage damage and narrowing of gap. 
There were no statistically significant differenc-
es in the general data except age, which could 
be compared. More details are shown in Table 
1.

Exclusion and inclusion criteria

Inclusion criteria: (1) Patients with single medi-
al interarticular solid osteoarthritis of knee 
joint were included; (2) Patients with knee joint 
flexion ≥90°, joint movement limited varus 
<10° and flexion contracture ≤10° were includ-
ed; (3) Patients with tibial varus deformity >5° 
and MPTA <85° were included; (4) Clinical 
symptoms and signs are consistent with imag-
ing examination. 

Exclusion criteria: (1) Patients with incomplete 
structure and function of anterior cruciate liga-
ment and medial collateral ligament were 
excluded; (2) Patients with body mass index 
(MBI) ≥28 kg/m2 were excluded; (3) Patients 
with severe obesity were excluded; (4) Patients 
with other diseases that severely affected post-
operative functional exercise were excluded; 
(5) Patients with special types of arthritis were 

Table 1. Baseline data 
Factors MG (n=64) OG (n=62) t/X2 P
Course 4.5±1.2 4.2±1.5 1.242 0.2167
Gender 0.012 0.9724
    Male 26 (40.63%) 24 (38.71%)
    Female 38 (59.37%) 38 (61.29%)
BMI 24.1±1.8 23.4±1.2 2.560 0.096
Weight (kg) 70.3±9.8 69.42±10.01 0.4713 0.6383
Registered resident 0.0423 0.8370
    City 28 (43.75%) 26 (41.94%)
    Rural 36 (56.25%) 36 (58.06%)

arthritis were admitted to Shanxi 
Provincial People’s Hospital. Accor- 
ding to age ≤60 years, they were 
divided into MG and OG. There 
were 64 cases in MG, including 26 
males and 38 females, aged 
43-60 years, with an average age 
of 51.74±7.2 years old. The weight 
was 54 kg-88 kg, with an average 
of 70.3±9.8 kg. The course of dis-
ease was 1.5~8.0 years, with an 
average of 4.5±1.2 years. There 
were 62 cases in OG, including 25 
male and 37 female, aged 61-82 
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excluded; (6) Patients who were not active and 
unwilling to participate in this study were ex- 
cluded. This study was approved by our Hospital 
Ethics Committees. All the patients participat-
ing in this study have signed informed consent 
forms and are willing to cooperate to complete 
clinical follow-up for more than 24 months.

Methods of treatment

All the operations were performed by experi-
enced doctors in the same group. The opera-
tion was performed under combined spinal-
epidural anesthesia or general anesthesia. The 
patient was in the supine position. An inflatable 
airbag tourniquet was applied to the patient. 
The patient’s knee joint was kept at 90 degrees 
of flexion. A 6 cm oblique incision was made on 
the medial side of tibial tubercle of the knee 
joint to carefully protect the pes anserinus and 
nerve to found the tibia. Then, the osteotomy 
point was found according to the preoperative 
design, and the bone was cut obliquely upward, 
but not amputated. After supporting to a proper 
angle with a spreader, the steel plate was 
placed to fix it, and then the incision was 
sutured to complete the operation.

Outcome measures

The operation time, intraoperative blood loss, 
total amount of postoperative negative pres-
sure drainage, hospitalization days and other 
indicators of patients were recorded in both 
groups.

KSS scoring [8] was used to evaluate the kn- 
ee joint function before and after operation: 
85~100 was excellent, 70~84 was good, 
60~69 was fair and <60 was poor. KSS score 
was divided into clinical score (100 points) and 
functional score (100 points). The clinical score 
included three parts: pain (50 points), active 
degree (25 points) and stability (25 points). The 
functional score included two parts: walking 
distance (50 points) and up and down stairs 
(50 points). The patients were followed up regu-
larly at 6 weeks, 6 months, 1 year and 2 years. 
Range of motion (ROM) score scale and Tegner 
joint motion score scale [9] were used to evalu-
ate knee joint function recovery by knee joint 
motion score.

FTA was measured to evaluate the degenera-
tion degree of articular cartilage in each com-
partment of knee joint.

Comparison of the incidence of postoperative 
complications of patients in both groups

Complications of HTO included nonunion, de- 
layed union, recurrence of malformation, post-
operative infection, common peroneal nerve 
injury, rigidity or instability of knee joint, intra-
articular fracture, deep venous thrombosis, 
compartment syndrome and patella downward 
shift. Postoperative complications were record-
ed at follow-up for 6 months, 12 months and 
24 months.

Statistical methods

The experimental data were analyzed by 
spss20.0 (Shanghai yuchuang network tech-
nology co., ltd). The measurement data were 
expressed by mean ± standard deviation. The 
comparison of counting data was conducted by 
X2 test. GraphPad Prism 6 (Hangzhou Amy 
Green Biotechnology Co., Ltd.) was used to 
draw the experimental pictures. The difference 
was statistically significant with P<0.05.

Results

Comparison of surgical indexes of patients be-
tween the two groups

There were no statistically significant differenc-
es between MG in operation time (153.99± 
23.16), intraoperative blood loss (145.43± 
56.18) and hospitalization days (11.84±4.39) 
and OG in operation time (152.03±20.14), 
intraoperative blood loss (152.03±53.53) and 
hospitalization days (12.61±4.78) (P>0.05). 
However, the amount of negative pressure 
drainage (339.97±64.83) in MG was signifi-
cantly lower than that in OG (365.58±56.95). 
The difference was statistically significant 
(P<0.05). More details are shown in Figure 1.

Comparison of KSS score of patients between 
the two groups

The function scores and clinical scores of 
patients in the two groups were evaluated 
before operation, 6 months after operation, 12 
months after operation and 24 months after 
operation. The results were as follows. In the 
total score, there was no statistical difference 
between 6 months and 12 months after opera-
tion, while after 24 months, the total score in 
OG was significantly lower than that in MG, and 
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Figure 1. Comparison of surgical indexes of patients between the two 
groups. A. There was no statistical difference in operation time between the 
MG and OG. B. There was no statistical difference in intraoperative blood 
loss between the MG and OG. C. The negative pressure drainage in MG was 
significantly lower than that in OG, and the difference was statistically signifi-
cant. D. There was no statistical difference in hospitalization days between 
the MG and OG. *indicates P<0.05.

Table 2. Functional score and total score of patients in MG before 
and after operation

Time
Function score

Total scoreWalking 
distance

Up and down 
stairs

Before surgery 31.25±7.19 31.56±10.12 62.81±13.03
After surgery for 6 months 38.13±5.44 39.38±6.80 77.50±8.56
After surgery for 12 months 47.42±3.72 42.25±6.24 83.47±7.32
After surgery for 24 months 45.02±2.03 43.24±5.79 84.88±6.55

the difference was statistically significant (P< 
0.05). More details are shown in Tables 2-6 
and Figure 2.

Comparison of ROM score, Tegner joint motion 
score and FTA of patients between the two 
groups

The ROM score, Tegner joint motion score and 
FTA of patients in the two groups were evaluat-
ed before operation, 6 months after operation, 

ly involved, and the most obvious ones are 
medial compartments [10]. In patients with 
knee osteoarthritis, no significant degenerative 
changes were found in the single medial com-
partment. In patients, the single medial com-
partment involvement can account for 1/4 [11]. 
For patients with knee joint medial compart-
ment osteoarthritis and lateral compartment 
with obvious degenerative changes, bilateral 
unicondylar knee arthroplasty or total knee 
replacement will inevitably lead to “over-treat-

12 months after operation 
and 24 months after opera-
tion. The results were as fol-
lows. According to the total 
score, there was no statistical 
difference between 6 months 
and 12 months after opera-
tion, but ROM score and Te- 
gner joint motion score in OG 
were significantly lower than 
those in MG after 24 months, 
and the difference was sta- 
tistically significant (P<0.05). 
FTA had no statistical differ-
ence before or after operation 
(P>0.05). More details are 
shown in Figure 3.

Comparison of complications 
of patients in both groups

Patients in both groups re- 
ceived HTO during follow-up 
from 6 months to 12 months 
after surgery. The total inci-
dence of complications in MG 
was 21.88%, which was sig-
nificantly lower than that in  
OG (38.71%, P<0.05), and the 
difference was statistically 
significant.

Discussion

Osteoarthritis of knee joint 
has become one of the most 
common diseases in ortho-
paedics. Research showed 
that in the three compart-
ments of knee joint, one com-
partment is often obviously 
involved, while the other two 
compartments are only slight-
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ment” and damage the normal lateral compart-
ment of knee joint. This not only increases the 
surgical trauma, but also increases the inci-
dence of potential complications.

However, high tibial osteotomy corrects the 
lower limb force line through extra-articular 
osteotomy to reduce the medial compartment 
pressure [12], thus obtaining clinical effects 
such as pain relief [13, 14]. Tibial osteotomy 
can be divided into lateral closed osteotomy 
and medial open osteotomy. However, due to 
the high incidence of complications and com-
mon peroneal nerve injury after lateral closed 
osteotomy, medial open wedge osteotomy has 
gradually received attention. Osteoarthritis of 
the medial compartment of the knee joint with 
varus deformity is an ideal indication for medial 
open wedge osteotomy. The locking compres-
sion osteotomy plate TomoFix4 is used for fixa-
tion, which has higher stability. In addition, the 
plate has certain elasticity, which can promote 
osteogenesis and reduce the need for bone 
grafting in open space. In recent years, with the 
development of the concept of “knee protec-
tion”, high tibial osteotomy has been recog-

nized by experts at home and abroad and 
developed rapidly. Previous reports indicated 
that high tibial osteotomy was not satisfactory. 
With the maturity of surgical techniques and 
the improvement of internal fixation instru-
ments, recent reports showed that follow-up 
results were satisfactory.

It is generally believed that elderly patients with 
joint varus deformity <10° and medial interven-
tricular articular cartilage grade IV injury and 
above (with no upper limit on specific age) are 
indications of UKA [15]. However, elderly pa- 
tients (generally <65 years old) with varus 
deformity >5° and medial compartment articu-
lar cartilage grade IV or below injury are indica-
tions of HTO [16]. To this end, this study took 
≤65 years old as the grouping standard and 
divided them into the MG (≤65 years old) and 
OG (>65 years old). Patients in the two groups 
were followed up for recovery after HOT. The 
results showed that all indexes began to decline 
24 months after operation, showing significant 
differences compared with the patients in MG. 
HTO transfers the force line from the medial 
compartment of knee joint with inflammation 

Table 3. Clinical score and total score of patients in MG before and after operation

Time
Clinical score

Total score
Active degree Stability Pain

Before surgery 16.63±4.03 20.63±4.03 24.69±2.13 61.94±5.74
After surgery for 6 months 19.25±1.73 21.88±3.10 34.38±4.43 75.50±4.62
After surgery for 12 months 20.13±1.02 23.13±2.50 36.88±3.10 80.13±3.97
After surgery for 24 months 20.50±1.41 21.56±2.40 35.31±4.64 77.38±6.46

Table 4. Functional score and total score of patients in OG before and after operation

Time
Function score

Total score
Walking distance Up and down stairs

Before surgery 30.08±5.27 32.24±9.04 61.51±11.93
After surgery for 6 months 37.13±3.84 40.28±5.80 78.39±7.89
After surgery for 12 months 44.42±5.72 38.95±5.24 80.34±8.12
After surgery for 24 months 39.02±3.03 40.24±5.79 75.88±6.55

Table 5. Clinical score and total score of patients in OG before and after operation

Time
Clinical score

Total score
Active degree Stability Pain

Before surgery 17.13±3.83 21.33±4.81 24.02±1.76 60.94±4.74
After surgery for 6 months 20.47±1.12 22.04±3.10 34.38±4.43 75.50±4.62
After surgery for 12 months 18.83±1.92 22.13±2.30 34.14±2.87 77.63±3.02
After surgery for 24 months 17.50±1.31 19.56±2.40 3231±5.24 70.38±4.36
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Table 6. Comparison of the total incidence of complications after follow-up for 6 months in the two groups of patients

Grouping Nonunion Delayed 
union

Recurrence of 
malformation

Postoperative 
infection

Common peroneal 
nerve injury

Rigidity or instability 
of knee joint

Intra-articular 
fracture

Deep venous 
thrombosis

Compartment 
syndrome

Patella 
downward 

shift
Total

MG (n=64) 2 0 1 1 1 3 1 3 1 1 14 (21.88%)
OG (n=62) 4 2 1 2 3 4 2 2 2 2 24 (38.71%)
X2 0.768 2.098 0.000 0.375 1.100 0.186 0.374 0.969 0.375 0.000 4.237
P 0.381 0.147 0.982 0.540 0.294 0.665 0.540 0.325 0.540 0.982 0.039
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and abrasion to the relatively normal lateral 
compartment through proximal tibial osteoto-
my. It is generally believed that it has good 
effect on young and old patients with mild artic-
ular cartilage wear and extraarticular deformity, 
but the age of patients is limited to below 65 
years old. The results of this study indicated 
that among the patients in the “cross areas” 
with high requirements for functional activities 
and acceptable bone quality, high tibial osteot-
omy can relieve pain and improve function for 
both young and old patients (>65 years old). It 
can delay the further development of osteoar-
thritis and achieve an effect equivalent to joint 
replacement.

Common postoperative complications of HTO 
include  postoperative infection, thromboem-
bolism disease, osseous fascia compartment 
syndrome, fracture, delayed union and non-
union, neurovascular complications, deformity 
correction and recurrence, rigidity or instabili- 
ty of knee joint, reduction of low patella and 
tibial plateau angle, etc. [17, 18]. According to 
reports, the recurrence rate of genu varum 
caused by insufficient correction of deformity 
during operation is 5%~30%. Coventry [7] stud-
ied 213 patients who underwent HTO. The most 
common complication after operation was the 
recurrence of genu varum deformity. The author 
thought that the main cause of recurrence was 
related to the lack of valgus correction during 
operation, and suggested that appropriate over 
correction can be adopted. The degree of cor-

dary factors. They were the effect of tourniquet 
on nerve and the effect of knee flexion and 
extension on nerve during orthopedic surgery. 
However, the most important influence was the 
possible mechanical injury during the opera-
tion. Because according to the anatomical loca-
tion of the common peroneal nerve and its 
branches, CWHTO is most likely to damage the 
peroneal nerve. Therefore, lateral osteotomy 
can be performed at 6~8 cm below the fibula. 
However, Polat [22] and others believed that 
osteotomy within 15 cm below the fibula will 
increase the risk of peroneal nerve injury, and 
suggested that distal tibiofibular joint or fibular 
osteotomy was used to avoid common perone-
al nerve injury. Most patients gradually showed 
obvious low patella after receiving proximal tib-
ial osteotomy. The possible causes of this com-
plication were the new osteogenesis in the 
osteotomy area at the patellar tendon inser-
tion, and shortening of patellar tendon and 
fibrosis of patellar tendon ligament caused by 
long-term fixation after operation. Meta analy-
sis by Bin et al. [23] showed that the patella 
height decreased after OWHTO, but there was 
no obvious change in the patella height after 
CWHTO. Polat et al. [22] believed that this com-
plication will not reduce the postoperative joint 
function, but may increase the difficulty of knee 
arthroplasty in the future. In addition, numer-
ous studies have shown that HTO may cause 
changes in tibial slope [24-27]. Ducat et al. 
found that the tibial slope increased by 3~4° 
after OWHTO operation, but decreased by 3~5° 

Figure 2. Comparison of KSS clinical score and function score of patients in 
the two groups before and after operation. A. Comparison of function scores 
of patients between the MG and OG from before surgery to 24 months; B. 
Comparison of clinical scores of patients between the MG and OG from be-
fore surgery to 24 months.

rection should be based on 
the specific situation of the 
patient. Generally, 5 degrees 
greater than the normal val-
gus angle can effectively 
reduce the recurrence of ge- 
nu varum. Common peroneal 
nerve injury is the most com-
mon neurovascular complica-
tion in CWHTO, with incidence 
ranging from 0% to 20% [19, 
20]. Bauer et al. [21] found 
two direct factors leading  
to this complication: fibular 
osteotomy at a higher position 
can directly damage nerves, 
and incomplete hemostasis  
is easy to cause high compart-
ment pressure. In addition, 
they also found two secon- 
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after CWHTO. The change of PTS also affects 
the success or failure of the operation.

HTO is suitable for patients with early medial 
knee arthritis and varus deformity. According to 
the principle of biomechanics, the lower limb 
force line is adjusted to relieve the varus defor-
mity of the knee joint and further reduce the 
pressure between the medial articular surface 
of femur and tibia and the patella articular sur-
face. HTO can obviously relieve joint pain and 
improve the quality of life. Therefore, although 
HTO had some shortcomings, its clinical effect 
was positive and it was still an effective surgi-
cal method for KOA.
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