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Unicompartmental knee osteoarthritis (UKOA) is the early stage of knee joint degeneration, which is characterized
by unicompartmental degeneration and mostly occurs in medial compartment. Pain and limited motion are main
symptoms, which affect patients’ life quality. Periarticular knee osteotomy (PKO) for lower extremity alignment cor-
rection is an effective treatment for UKOA with abnormal alignment, which could relieve pain and improve joint func-
tion by adjusting lower extremity alignment. At present, no clinical guidelines are available for the treatment of
UKOA by PKO for lower extremity alignment correction. Experts from the Clinical New Technology Application Commit-
tee of the Chinese Hospital Association, Joint Surgery Study Group of the Chinese Orthopaedic Association of the
Chinese Medical Association, and Osteoarthritis Study Group of the Chinese Association of Orthopaedic Surgeons
of the Chinese Medical Doctor Association formulated these guidelines. The Grading of Recommendations Assess-
ment, Development, and Evaluation (GRADE) grading system and the Reporting Items for Practice Guidelines in
Healthcare (RIGHT) were adopted to select 25 most concerning questions. Finally, 25 recommendations were formu-
lated through evidence retrieval, evidence quality evaluation, and the determination of directions and strength of rec-
ommendations. Recommendation items 1–5 are indications and contraindications for PKO for lower extremity
alignment correction, items 6–21 are surgical methods and principles, item 22 describes 3D printing corrective
osteotomy technique, and items 23–25 address the perioperative period, follow-up management, and other content.
These guidelines are designed to improve the normalization and standardization of KOA treatment by PKO for lower
extremity alignment correction.
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Formulation Background

Osteoarthritis (OA) is a degenerative joint disease charac-
terized by pain and limited joint mobility. With the

aging of the population and the exposure to risk factors
(e.g. obesity, osteoporosis) leading to OA, the incidence of
OA has been increasing gradually. To date, more than 300
million people worldwide have OA1. Among the joints
affected by OA, the prevalence is the highest in the knee joint
at 9.5%–38.4%2, followed by the hip joint (4.2%–10.0%)3–5

and ankle joint (1%)6. According to a research report from
China in 2020, the number of patients with knee OA in
China increased from 26.1 million in 1990 to 61.2 million in

20177. The pathological features of knee OA mainly include
articular cartilage degeneration, subchondral sclerosis or cys-
tic degeneration, articular hyperosteogeny and synovitis, joint
capsule contracture, ligament relaxation or contracture, and
muscle atrophy8. Health economics research on knee OA also
confirmed that the diagnosis and treatment of knee OA, as
well as related costs, increased year on year, resulting in a
serious economic burden on patients and society7.

The diagnosis and treatment of knee OA are one of
the hotspots in clinical research and practical work in the
field of orthopaedics. According to preliminary statistics,
21 sets of influential guidelines for the diagnosis and
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treatment of knee OA are currently available, including 16 in
English and five in Chinese. Among them, three sets of
guidelines are widely used. The 2019 American College of
Rheumatology/Arthritis Foundation Guideline for the Man-
agement of Osteoarthritis of the Hand, Hip, and Knee is a
set of evidence-based guidelines for the comprehensive treat-
ment of OA that summarizes the advantages and disadvan-
tages of education, behavior, society, psychology, physics,
mind and body, as well as drug therapy9. The 2019 Osteoar-
thritis Research Society International Guidelines for the
Non-surgical Management of Knee, Hip, and Polyarticular
Osteoarthritis elaborates in detail on the application princi-
ples and treatment outcomes of drugs with different mecha-
nisms of action (non-steroidal anti-inflammatory drugs,
corticosteroids, hyaluronic acid, chondroitin, diacerein, glu-
cosamine, duloxetine, opioids, etc.) for the treatment of knee
OA10. The 2013 American Academy of Orthopaedic Sur-
geons Evidence-Based Guideline on the Treatment of Osteo-
arthritis of the Knee 2nd Edition11 evaluates body mass
index, diabetes, chronic pain, depression and/or anxiety, and
liver cirrhosis and/or hepatitis C as risk factors and makes
suggestions regarding preoperative physical therapy, peri-
articular local infiltration anesthesia, peripheral nerve block,
central nervous system block, tourniquet, tranexamic acid,
antibiotic bone cement, polyethylene components, etc. Thus,
it is a set of clinical guidelines focusing on the surgical treat-
ment of knee OA.

Osteotomy is an effective method for treating uni-
compartmental knee OA. Unicompartmental knee OA usually
manifests as significant degeneration of a unicompartmental
knee joint, while other compartments have relatively mild
degeneration. For patients with unicompartmental knee OA
accompanied by abnormal lower extremity alignment, choos-
ing a scientific and targeted treatment method is worthy of
attention. Periarticular knee osteotomy for lower extremity
alignment correction can relieve knee joint pain and improve
knee joint function by adjusting lower extremity alignment
and thus transferring pressure from the affected compart-
ment to the normal compartments or resulting in a normal
alignment position. In 1965, Coventry12 first reported the
use of high tibial osteotomy (HTO) to treat varus knee
OA. Subsequently, distal femoral osteotomy (DFO) and proxi-
mal fibular osteotomy (PFO) were successively applied in
clinical practice. With the continuous advancement in
surgical techniques and internal fixation devices, as well as the
deepening of the concepts of digital medicine and enhanced
recovery after surgery (ERAS), periarticular knee osteotomy
for lower extremity alignment correction has become the
mainstream surgical method for treating unicompartmental
knee OA. However, at present, some controversies remain
regarding the treatment of knee OA by periarticular knee
osteotomy.

Currently, there are no clinical guidelines for the treat-
ment of unicompartmental knee OA by periarticular knee
osteotomy for lower extremity alignment correction. To fur-
ther standardize the clinical diagnosis and treatment of

unicompartmental knee OA by periarticular knee osteotomy,
the Clinical New Technology Application Committee of the
Chinese Hospital Association, Joint Surgery Study Group of
the Chinese Orthopaedic Association of the Chinese Medical
Association, and Osteoarthritis Study Group of the Chinese
Association of Orthopaedic Surgeons of the Chinese Medical
Doctor Association successively organized several seminars
on guidelines in Nanjing, Tianjin, and elsewhere since
November 2020. A total of 25 questions that orthopaedic
surgeons are most concerned about were selected. Finally,
25 recommendations were formulated through evidence
retrieval, evidence quality evaluation, as well as the determi-
nation of the directions and strength of the recommenda-
tions. Recommendation items 1–5 are indications and
contraindications for periarticular knee osteotomy for lower
extremity alignment correction, items 6–21 are surgical
methods and principles of intraoperative treatment, item
22 describes a 3D printing corrective osteotomy technique,
and items 23–25 address the perioperative period, follow-up
management, and other content. These guidelines are
designed to improve the normalization and standardization
of knee OA treatment using periarticular knee osteotomy for
lower extremity alignment correction.

Definitions

Periarticular Knee Osteotomy for Lower Extremity
Alignment Correction
Lower extremity alignment is corrected through osteotomy
of the distal femur, proximal tibia, and/or proximal fibula,
and the pressure is transferred from the affected compart-
ment to the normal compartments, or a normal alignment
position is achieved to relieve knee joint pain and improve
joint function. Periarticular knee osteotomy includes HTO,
DFO, and PFO.

HTO
Based on preoperative imaging measurement, wedge osteo-
tomy of the proximal tibial tubercle is used to correct lower
extremity alignment and redistribute the pressure on the
knee joint to delay the degeneration of the knee joint. HTO,
including closed wedge osteotomy and open wedge osteo-
tomy, is a common surgical method for treating uni-
compartmental knee OA.

DFO
Based on preoperative imaging measurement, medial or lat-
eral supracondylar wedge osteotomy of the femur is used to
correct lower extremity alignment so that the pressure on
the knee joint is transferred from the affected compartment
to the normal compartments or to achieve a normal align-
ment position, thus relieving pain and improving the func-
tion of knee joint. DFO includes closed wedge osteotomy
and open wedge osteotomy.
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PFO
Through PFO, the fibula’s support to the lateral tibial plateau
is reduced, the lower extremity alignment is transferred from
the medial to the lateral compartment of the knee joint, and
the pressure on the medial knee joint is reduced, thus
delaying the degeneration of the medial compartment of the
knee joint.

3D-Printed Corrective Osteotomy Guide
Based on Digital Imaging and Communications in Medicine
(DICOM) data of preoperative computed tomography
(CT) scans of the affected limb, the position and degree of
alignment restoration during surgery are determined by
computer-simulated osteotomy, and the guider with osteo-
tomy and orthopaedic guiding functions are performed by
3D printing to achieve accurate correction of lower extremity
alignment.

Clinical Questions

Clinical Question 1: What Is the Applicable Age Range
for Periarticular Knee Osteotomy for Lower Extremity
Alignment Correction?
Recommendation 1: Patients undergoing periarticular knee
osteotomy for lower extremity alignment correction should
be <65 years for men and <60 years for women (evidence
level and recommendation strength: 1C).

Age is an important factor affecting the clinical out-
come and failure period of surgery. Older patients often have
multicompartmental OA, which may increase the
intraarticular pressure in the contralateral compartment and
the risk of osteotomy failure; thus, osteotomy is not rec-
ommended in these patients.

Evidence from the literature: To analyze the influence
of age on the postoperative outcomes of HTO, Trieb et al.13

enrolled 94 patients who underwent HTO and divided them
into two groups according to age (<65 and ≥65 years). The
results showed that patients older than 65 years had a higher
proportion of knee replacement surgery after HTO, and the
replacement surgery was performed earlier than in patients
younger than 65 years. Bonasia et al.14 retrospectively ana-
lyzed 123 patients who underwent medial open HTO.
Through a univariate logistic regression model, it was found
that age >56 years was significantly correlated with a poor
prognosis after HTO (knee joint replacement), and the risk
of a poor prognosis in patients older than 56 years was five
times higher than that in patients younger than 56 years.
Similarly, Flecher et al.15 followed up 313 patients (average
age, 42 years) who had undergone HTO for an average of
18 years and defined revision after HTO as surgical failure.
A Cox regression model analysis showed that age >50 years
was a risk factor for HTO failure.

However, some scholars believe that HTO is equally
effective for older people. Goshima et al.16 divided 57 patients
who underwent HTO into two groups according to age (<65
or ≥65 years). The results of the last follow-up showed that

the Oxford Knee Score or postoperative femorotibial angle
was not significantly different between the two groups, and it
was considered that age would not affect the function and
imaging indexes after HTO. Therefore, old age should not be
an absolute contraindication of HTO; however, considering
the potential risk of surgical failure in older patients, it is rec-
ommended that the age of patients undergoing periarticular
knee osteotomy for lower extremity alignment correction
should be <65 years for men and <60 years for women.

Clinical Question 2: What Are the Limitations of Body
Mass Index (BMI) for Patients Undergoing Periarticular
Knee Osteotomy for Lower Extremity Alignment
Correction?
Recommendation 2: The BMI of patients undergoing peri-
articular knee osteotomy for lower extremity alignment cor-
rection should be <27.5 kg/m2 (evidence level and
recommendation strength: 1D).

The higher the BMI, the greater the pressure on the
knee joint, and the higher the risk of meniscus injury and
cartilage wear. Therefore, patients with a high BMI have a
low tolerance for pressure transfer to the contralateral com-
partment, and the risk of surgical failure is high.

Evidence from the literature: Akizuki et al.17 enrolled
132 patients with an average BMI of 25.8 kg/m2 (range:
19.4–37.9 kg/m2) who underwent HTO. Postoperative failure
of HTO was defined as total knee arthroplasty (TKA) or a
Hospital for Special Surgery (HSS) score <70. The results
showed that a BMI >27.5 kg/m2 was related to the postoper-
ative failure of HTO; thus, it was suggested that the BMI of
patients undergoing HTO should not exceed 27.5 kg/m2. In
a 9-year follow-up study by Giagounidis and Sell18 of
112 patients undergoing HTO, the average BMI of women
was 27.1 kg/m2 (range: 20.1–40.0 kg/m2) and that of men
was 26.8 kg/m2 (range: 18.2–37.6 kg/m2). The results showed
that patients with a lower BMI could achieve a longer joint
pain-free period. Yokoyama et al.19 divided 47 patients
undergoing open wedge HTO into two groups, namely the
early-cure group (complete recovery within 9 months) and
late-cure group (complete recovery requiring 12 months).
The results showed that the average BMI of the early-cure
group was significantly lower than that of the late-cure
group, and patients with a higher BMI had a longer postop-
erative recovery time. Therefore, these guidelines recommend
that the BMI of patients undergoing periarticular knee osteo-
tomy for lower extremity alignment correction should be
<27.5 kg/m2. Thus far, there has been no research on the
correlation between BMI and the prognosis of HTO in Chi-
nese people.

Clinical Question 3: What Are the Requirements for the
Classification of Knee OA for Periarticular Knee
Osteotomy for Lower Extremity Alignment Correction?
Recommendation 3: The Kellgren–Lawrence (K-L) classifica-
tion of the affected knee joint compartment of patients
undergoing periarticular knee osteotomy for lower extremity
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alignment correction should be below Grade III, and the
joint space of the contralateral compartment should be
relatively normal (evidence level and recommendation
strength: 1D).

The principle of periarticular knee osteotomy for lower
extremity alignment correction is to correct lower extremity
alignment and transfer the pressure from the affected com-
partment to the normal compartments or achieve a normal
alignment position to relieve knee joint pain and improve
knee joint function.52 After osteotomy, the high pressure in
the affected compartment is relieved. If the cartilage of the
contralateral compartment is severely worn, the pressure in
the contralateral compartment will increase further with the
adjustment of the alignment after surgery, which will reduce
the survival rate of the osteotomy. Therefore, preoperative
assessment of the degrees of cartilage degeneration in the
medial and lateral compartments is essential for the progno-
sis of patients.53

Evidence from the literature: The K-L grading system
is an X-ray grading method to evaluate the severity of knee
OA that is divided into Grade 0 (normal knee joint),
Grade I, Grade II, Grade III, and Grade IV, ranging from
mild to severe. To explore the correlation between knee OA
with different K-L grades and postoperative failure of HTO
(TKA), Efe et al.20 retrospectively analyzed 199 patients
(98 cases of Grade I, 96 cases of Grade II, and five cases of
Grade III); among them, 36 patients had undergone TKA at
the last follow-up. The Kaplan–Meier method was used to
analyze the postoperative survival rate of HTO, with failure
of HTO as the outcome indicator. It was found that patients
with K-L Grade III had the lowest postoperative survival
rate. Sohn et al.21 included 140 patients who underwent
HTO, including 114 patients with K-L Grade I-III and
26 patients with Grade IV. The Knee Society Score (KSS)
was used to evaluate the patients’ satisfaction (a score <20
was considered to indicate dissatisfaction with the postopera-
tive effect of HTO). Multivariate logistic regression analysis
confirmed that preoperative K-L Grade IV was a risk factor
for patients’ dissatisfaction with HTO. Kuwashima et al.22

retrospectively included 144 patients (16 cases of K-L Grade
II, 81 cases of K-L Grade III, and 47 cases of K-L Grade IV)
undergoing HTO surgery and pointed out that the severity
of preoperative OA was closely related to the clinical treat-
ment outcomes and failure period of HTO surgery.

Clinical Question 4: For What Degree of Joint Deformity
Is Periarticular Knee Osteotomy for Lower Extremity
Alignment Correction Suitable?
Recommendation 4: Periarticular knee osteotomy for lower
extremity alignment correction is indicated for patients with
varus deformity >5� or valgus deformity >10� (evidence level
and recommendation strength: 1D).

Periarticular knee osteotomy for lower extremity
alignment correction can not only relieve the pain caused
by unicompartmental knee joint wear but also correct the
extraarticular deformity. The bone deformity in most patients

with genu varus originates from the proximal tibia, for which
HTO is suitable, whereas DFO is appropriate for genu varus
originating from the femur. However, the degree of deformity
for which osteotomy is indicated remains controversial.

Evidence from the literature: Rudan and Simurda23

included patients with varus knee OA with a varus deformity
<15� to analyze the relationship between the degree of pre-
operative knee deformity and the prognosis of HTO. Poor
prognosis after HTO was defined as (i) undergoing TKA;
(ii) revision surgery of HTO; and (iii) an HSS score <64
points. The statistical analysis results showed that a tibia vara
<5� was associated with a high risk of postoperative failure;
thus, it was considered that a varus deformity >5� is a surgi-
cal indication of HTO. However, some scholars hold differ-
ent views. Na et al.24 retrospectively included patients with
varus knee OA and divided them into the mild varus group
(31 cases) and severe varus group (40 cases) according to
whether the varus exceeded 4�. After surgery, the American
Knee Society (AKS) scores in both groups were significantly
improved; thus, HTO was also considered to result in satis-
factory results in patients with mild varus deformity (<4�).
Based on the above research findings, these guidelines rec-
ommend that a varus deformity >5� is an indication of
HTO; DFO can be selected when the valgus deformity
is >10�.

Clinical Question 5: What Are the Requirements
Regarding Knee Joint Range of Motion before
Periarticular Knee Osteotomy for Lower Extremity
Alignment Correction?
Recommendation 5: For patients undergoing periarticular
knee osteotomy for lower extremity alignment correction,
the preoperative knee joint range of motion should be >100�,
and flexion contracture should be <15� (level of evidence
and recommendation strength: 1D).

The knee joint range of motion is an important index
for preoperative evaluation of osteotomy. Osteotomy is
aimed at correcting lower extremity alignment; however, its
treatment outcomes for joint motion limitations caused by
soft tissue contracture or severe joint degeneration are lim-
ited. If the patient’s knee joint range of motion is severely
limited, it is difficult to achieve satisfactory recovery of the
joint range of motion even after alignment correction.

Evidence from the literature: To analyze the factors
influencing the long-term treatment outcomes after HTO,
Akizuki et al.17 prospectively followed up 132 patients for an
average of 16.4 years after HTO; the Kaplan–Meier survival
analysis model confirmed that preoperative knee joint range
of motion <100� and flexion contracture >15� were risk fac-
tors for early surgical failure. Naudie et al.25 followed up
85 patients for more than 10 years after HTO and analyzed
the correlation between preoperative joint range of motion
and HTO prognosis. Cox regression showed that a preopera-
tive range of motion <120� and flexion contracture >5� were
correlated with early failure of HTO. Combining currently
available evidence from the literature with China’s national
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conditions and social factors, knee joint range of motion
>100�, and flexion contracture <15� are recommended as rel-
ative indications for periarticular knee osteotomy for lower
extremity alignment correction.

Clinical Question 6: What Is the Principle of Choosing
Lateral Closed Wedge or Medial Open Wedge HTO for
Varus Knee OA?
Recommendation 6: Lateral closed wedge HTO and medial
open wedge HTO have similar imaging corrections, postop-
erative joint functions, and risks of complications in the
treatment of varus knee OA. Medial open wedge osteotomy
may reduce the patella height and increase the tibial plateau
declination, whereas lateral closed wedge HTO takes a long
time to heal and reduces the posterior inclination of the tib-
ial plateau. Therefore, the osteotomy method should be
selected according to the actual needs and comprehensively
judged according to the lengths of both lower extremities
(evidence level and recommendation strength: 1D).

HTO can achieve the goal of corrective osteotomy
regardless of the medial or lateral approach. Imaging correc-
tion, postoperative joint function, and risk of complications
are similar between the medial and lateral approaches. How-
ever, medial open wedge HTO osteotomy takes a long time
to heal, and bone grafting may be needed during surgery; lat-
eral closed HTO requires fibular osteotomy; thus, there is a
potential risk of common peroneal nerve injury.

Evidence from the literature: Smith et al.26 systemati-
cally reviewed 324 patients undergoing medial open wedge
HTO and 318 patients undergoing lateral closed wedge HTO
to compare the safety of the two surgical procedures. The
results showed that there was no significant difference in
postoperative infection rate, revision rate, deep vein throm-
bosis, peroneal nerve paralysis, or risk of nonunion between
the two groups. Therefore, the two surgical procedures were
considered to be safe and effective intervention measures for
the treatment of varus knee OA. Sun et al.27 included eight
randomized controlled trials and 15 observational studies for
meta-analysis. The results showed that there was no signifi-
cant difference in postoperative imaging indexes (posterior
tibial slope and alignment correction), Lysholm knee joint
function score, knee joint range of motion, or visual analog
scale (VAS) between the two surgical procedures; however,
lateral closed wedge HTO took a longer time to heal. Based
on results in the literature, it can be concluded that both lat-
eral closed wedge osteotomy and medial open wedge osteo-
tomy can achieve satisfactory clinical outcomes in the
treatment of varus knee OA. Medial open osteotomy may
reduce the height of the patella; thus, it should be avoided
for patients with a low patella before surgery. Alternatively,
in coronal osteotomy, the osteotomy direction should be
inclined anteroinferiorly, and the tibial tubercle should be
kept at the proximal osteotomy block to avoid further aggra-
vating the low patella position and affecting joint mobility
after the surgery. Closed lateral wedge osteotomy may reduce
the posterior inclination of the tibial plateau, whereas open

medial wedge osteotomy may increase the posterior declina-
tion. Therefore, the osteotomy approach should be personal-
ized according to actual needs, and the lengths of both limbs
should be comprehensively assessed.

Clinical Question 7: What Is the Principle of Choosing
Medial Closed Wedge or Lateral Open Wedge DFO for
Valgus Knee OA?
Recommendation 7: Medial closed wedge and lateral open
wedge DFO have similar effects in the treatment of valgus
knee OA. The healing time of the stump of medial closed
wedge DFO is shorter than that of lateral open wedge DFO
(evidence level and recommendation strength: 2D).

Regardless of the medial or lateral approach, DFO can
achieve the goal of corrective osteotomy; thus, it can alleviate
knee joint pain and improve joint function after surgery. The
effectiveness of the two surgical procedures in treating valgus
knee OA has been proven. Open lateral wedge osteotomy
takes a long time to heal, and bone grafting may be needed
during surgery.

Evidence from the literature: Chahla et al.28 systemat-
ically evaluated the related research on medial closed wedge
DFO and lateral open wedge DFO for the treatment of
lateral unicompartmental knee OA; they pointed out that
the mean survival rate of the two osteotomy procedures
at 10 years after surgery was 80%, and the incidence of
complications was low; thus, DFO could effectively delay
TKA. Zhang et al.29 retrospectively analyzed 50 patients
who underwent DFO using lateral open wedge osteotomy
and medial closed wedge osteotomy of the distal femur and
examined the Knee Injury and Osteoarthritis Outcome
Score (KOOS), subjective satisfaction index, femorotibial
angle, knee joint range of motion, fracture healing time,
surgical complications, and other indexes. The results
showed that the fracture healing time of lateral open wedge
osteotomy of the distal femur was longer, whereas the other
indexes did not differ according to the approach. Therefore,
it was considered that both surgical procedures could
achieve ideal treatment outcomes. Wylie et al.30 systemati-
cally evaluated the treatment outcomes and complications
of the two osteotomy procedures and pointed out that there
was no difference in the postoperative quality of life score,
complications, or risk of revision between the two proce-
dures for valgus knee OA.

Clinical Question 8: Is it Effective to Use Dual-Site
Osteotomy for Unicompartmental Knee OA Originating
from Dual-Site Deformities of the Femur and Tibia?
Recommendation 8: Dual-site periarticular knee osteotomy
is a safe and effective method for the treatment of uni-
compartmental knee OA with femoral and tibial deformities
(evidence level and recommendation strength: 1D).

Lower extremity alignment abnormalities in some
patients with knee OA are not caused by a single deformity;
two or even three deformities are common. The most com-
mon clinical deformity combination is distal femur
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deformity plus proximal tibia deformity. If only one of the
deformities has been identified before surgery, correction
according to the predetermined target alignment may be
achieved; however, the abnormally inclined joint line will
often remain, or the original normal joint line will be exces-
sively inclined after surgery, which will lead to increased hor-
izontal shear stress between the articular cartilage, secondary
chronic joint instability, or even subluxation, ultimately
affecting the long-term outcome of osteotomy.

Evidence from the literature: Ji et al.31 retrospectively
analyzed the clinical outcomes in 15 patients with knee OA
accompanied by dual-site deformity treated using dual-site
osteotomy of the distal femur and proximal tibia. No compli-
cations such as perioperative infections, nerve and blood ves-
sel injury, postoperative joint stiffness, and deep vein
thrombosis of the lower extremities occurred. The HSS score,
VAS score, femorotibial angle, inclination of the joint line, as
well as the position of the intersection point between the
mechanical axis of the lower extremity and the tibial plateau
were improved. Therefore, they believed that dual-site peri-
articular knee osteotomy is safe and effective for uni-
compartmental knee OA with femoral and tibial deformities.
Schröter et al.32 retrospectively analyzed 33 patients with
severe genu varus (medial proximal tibial angle <87� and lat-
eral distal femoral angle >90�) who underwent dual-site oste-
otomy with an average follow-up period of 18 months. At
the last follow-up, the medial proximal tibial angle increased
from 84� � 3� before surgery to 89� � 2�, and the lateral
distal femoral angle decreased from 92� � 2� to 87� � 2�.
The Lysholm score and International Knee Documentation
Committee (IKDC) score were significantly improved.
Therefore, dual-site osteotomy was considered to effectively
correct lower extremity alignment in patients with severe
genu varus and improve knee joint function. Nakayama
et al.33 retrospectively analyzed 33 patients who underwent
dual-site osteotomy. On arthroscopic exploration, more than
90% of the medial femoral condyles and medial tibial pla-
teaus and 12.8% of patellofemoral joints had cartilage repair
to some extent, and the KOOS and IKDC scores were signifi-
cantly improved compared with those before surgery. This
suggests that dual-site osteotomy can improve the cartilage
repair of the affected compartment. At present, dual-site
osteotomy still has some problems, such as preoperative
planning (it is difficult to harmonize the alignment correc-
tion and joint line balance) and is a challenging surgical pro-
cedure. In the future, further research on preoperative
planning should be performed to simplify the dual-site oste-
otomy procedure and improve the accuracy of the deformity
correction.

Clinical Question 9: What Are the Outcomes of PFO for
the Treatment of Varus Unicompartmental Knee OA?
Recommendation 9: The short-term treatment outcomes of
PFO for varus unicompartmental knee OA are positive,
whereas the long-term treatment outcomes still need to be
verified (evidence level and recommendation strength: 1D).

In recent years, with the concept of “knee preserva-
tion” being put forward, periarticular knee osteotomy for
lower extremity alignment correction has been increasingly
applied in the treatment of knee OA. HTO is a convenient
surgical procedure, and its treatment outcomes are positive;
this has been verified by clinical studies in China and other
countries. PFO is a surgical method proposed by Chinese
scholars. PFO can reduce the pressure in the medial com-
partment to delay the progression of OA. Although the the-
ory underlying PFO is widely accepted, it has been
performed for a short time in clinical practice; thus, its treat-
ment outcomes and adverse reactions have not been widely
clinically verified.

Evidence from the literature: To study the mechanism
of PFO in the treatment of medial compartment knee OA
and the related factors affecting the clinical treatment out-
comes, Qin et al.34 retrospectively analyzed 45 patients with
medial compartment knee OA accompanied by varus defor-
mity, all of whom were treated with PFO. The results showed
that the HSS score, VAS score, and knee joint range of
motion were significantly improved at 6 weeks, and 3, 6,
12, 18, 24, and 36 months after surgery. Multiple linear
regression was used to screen for factors related to clinical
treatment outcomes after PFO. The results showed that five
factors (the change in vertical distance between the fibular
head and tibial plateau, the K-L grading of tibiofibular arthri-
tis, BMI, tibiofibular joint inclination, and preoperative HSS
score) were correlated with the HSS score after PFO. To
compare the clinical treatment outcomes of PFO and HTO
for medial compartment knee OA, Guo et al.35 retrospec-
tively analyzed 52 patients with medial compartment knee
OA, among whom, 23 patients were treated with medial
open wedge HTO and 29 patients with PFO. The results
showed that the HSS score was higher and the VAS score
lower in the HTO group at 12 months after surgery; thus,
the postoperative treatment outcomes of HTO were consid-
ered to be better than those of PFO. To compare the clinical
outcomes of the two surgical procedures for the treatment of
unicompartmental knee OA, Qiu et al.36 retrospectively ana-
lyzed the data of 63 patients undergoing osteotomy, includ-
ing 37 patients undergoing HTO and 26 patients undergoing
PFO. The results suggested that the Lysholm score and
Western Ontario and McMaster Universities Arthritis Index
(WOMAC) of HTO at 12 months after surgery were signifi-
cantly better than those of PFO. Therefore, HTO is consid-
ered to result in better knee joint function.

Although PFO causes less trauma, during weight-
bearing after surgery, the degree of lateral shift of the main
weight-bearing area of the knee joint is less than that after
HTO, and the center of gravity still tends to the medial com-
partment. If medial meniscus and cartilage injuries are pre-
sent, the corresponding symptoms will still exist after the
surgery. Considering that patients with varus knee OA can
achieve better knee joint function after HTO, it is suggested
that patients with varus knee OA without serious medical
contraindications should first undergo HTO.
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Clinical Question 10: Can Computer Navigation Assist
in Improving the Treatment Outcomes of Periarticular
Knee Osteotomy for Lower Extremity Alignment
Correction?
Recommendation 10: The alignment accuracy of periarticular
knee osteotomy assisted by computer navigation is better
than that of traditional osteotomy (evidence level and recom-
mendation strength: 1C).

Determining the osteotomy line in periarticular knee
osteotomy for lower extremity alignment correction mainly
depends on preoperative planning, and the correction angle
and dimensions of opening or closing are adjusted according
to intraoperative fluoroscopy assisted by grid lines, alignment
rods, etc. However, these methods are affected by the
patient’s position, viewing angle of fluoroscopy, measure-
ment error, and other factors, and are thus inherently
unreliable. Computer navigation-assisted osteotomy can
improve the accuracy of the correction angle and opening or
closing dimensions.

Evidence from the literature: To compare the accuracy
and treatment outcomes of traditional osteotomy and
navigation-assisted osteotomy, a meta-analysis by Kim
et al.,37 which included seven clinical studies that compared
computer navigation-assisted and traditional medial open
HTO, confirmed that the rates of satisfaction with imaging
alignment correction were 83.7% and 62.1% in the naviga-
tion and traditional groups, respectively. KSS score, Lysholm
score, or the risk of complications were not significantly dif-
ferent between the two groups. A meta-analysis by Shi
et al.38 showed that compared with the traditional group,
lower extremity alignment in the navigation group was closer
to the Fujisawa point after surgery, the increase in the degree
of posterior inclination of the tibial plateau was smaller, and
the mechanical femorotibial angle was more accurate after
surgery, with statistical significance. However, there was no
statistically significant difference between the two groups in
Lysholm score, knee joint range of motion, incidence of del-
ayed healing of tibial osteotomy, or incidence of surgical site
infection.

Therefore, at present, evidence shows that computer-
assisted osteotomy can improve the accuracy of osteotomy,
but the long-term treatment outcomes and imaging results of
the two methods still need to be further clarified by random-
ized controlled studies with large sample sizes and long-term
follow-up.

Clinical Question 11: Can Tranexamic Acid Reduce
Blood Loss during the Perioperative Period?
Recommendation 11: The combined use of tranexamic acid
through multiple routes can significantly reduce periopera-
tive blood loss during periarticular knee osteotomy for lower
extremity alignment correction (evidence level and recom-
mendation strength: 1D).

Knee OA occurs mostly in older patients with poor
bone marrow hematopoietic function, and intraoperative and
postoperative bleeding often affect the postoperative recovery

of patients. Therefore, the application of safe and effective
hemostatic drugs is particularly important. Tranexamic acid
is widely used in orthopaedic surgeries because of its good
hemostatic effect. Its mechanism of action involves inhibiting
the fibrinolytic system to stop bleeding.

Evidence from the literature: To evaluate the hemo-
static effect of tranexamic acid in HTO, Chen et al.39 retro-
spectively analyzed 100 patients who underwent open wedge
HTO. The length of hospital stay (days), hemoglobin level,
and blood transfusion rate in the group receiving an intrave-
nous infusion of 1 g of tranexamic acid during surgery plus
local application of 1 g of tranexamic acid before the end of
the surgery were better than those in the group without tran-
examic acid during surgery. Therefore, the intraoperative use
of tranexamic acid is considered to have a definite hemo-
static effect during HTO. To confirm the safety of the peri-
operative use of tranexamic acid in HTO, Ma et al.40

conducted a systematic review and meta-analysis. The results
showed that the risk of postoperative thrombotic complica-
tions such as deep vein thrombosis and pulmonary embo-
lism, as well as infectious complications, after using
tranexamic acid was the same as that of the control group.
However, considering postoperative immobilization, combin-
ing tranexamic acid with low-molecular-weight heparin
sodium is recommended to reduce the influence of tran-
examic acid on thrombosis. At present, the routes of admin-
istration and dosage of tranexamic acid remain controversial;
thus, multi-center and high-quality randomized controlled
trials with large sample sizes are needed to confirm its effi-
cacy and safety. Clinically, we can refer to the following pro-
tocol for the intraoperative use of tranexamic acid in TKA:
intravenous tranexamic acid once intraoperatively or com-
bined with local application, or intravenous tranexamic acid
at least once after surgery.

Clinical Question 12: Does the Healing of Allogeneic
Bone Graft and Autogenous Iliac Bone Graft Osteotomy
Differ?
Recommendation 12: The healing of allogeneic bone graft
and autogenous iliac bone graft in medial open wedge HTO
is similar (evidence level and recommendation strength: 2D).

Generally, bone grafting is not needed for medial open
wedge HTO. However, when the medial opening height is
large (>12 mm), there is a fracture at the lateral “hinge,” or
the patient has high-risk factors for fracture nonunion
(e.g. obesity, smoking), bone grafting should be performed at
the same time as rigid internal fixation to ensure fracture
healing, reduce the loss of orthopaedic angle, and promote
early postoperative functional recovery. Because wedge bone
defects will be present after medial osteotomy, the larger the
opening angle, the larger the volume of bone defects, and the
higher the possibility of potential nonunion. The nonunion
rate of the osteotomy site in HTO is reportedly 0%–35%,41

and bone grafting is an effective method to fill bone defects
and reduce the nonunion rate in HTO.
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Evidence from the literature: To compare the differ-
ences between autologous bone graft and allogeneic bone
graft, Kuremsky et al.42 compared 19 HTO patients with
allogeneic bone graft and 51 cases of autologous iliac bone
graft and analyzed the healing rate of the broken end and
the risk of postoperative complications. The above indexes
were similar between the two groups, with the same healing
effect; however, the length of hospital stay of patients under-
going allogeneic bone grafting was significantly shorter than
that of patients undergoing autologous bone grafting. To
compare the treatment outcomes of the two bone grafting
methods, Ren et al.43 included three randomized controlled
trials and seven observational studies in a meta-analysis. The
results showed that the duration of surgery in patients
undergoing allogeneic bone graft during HTO was shorter;
however, the risk of postoperative complications, the osteo-
tomy correction angle, and the healing rate did not differ
between the two groups, and both methods of bone implan-
tation were safe and reliable. Cho et al.44 followed up
29 patients with autologous bone grafting and 23 patients
with allogeneic bone grafting for 2 years and found that
postoperative imaging indicators or clinical outcomes were
not significantly different between the two bone grafting
methods; however, allogeneic bone grafting could avoid the
trauma caused by iliac bone grafting. At present, there are
no high-quality literature reports on the effect of various
artificial bone graft materials in osteotomy, and related basic
and clinical studies are needed.

Clinical Question 13: What Type of Steel Plate Should
Be Selected for Fixation in Periarticular Knee Osteotomy
for Lower Extremity Alignment Correction?
Recommendation 13: The clinical outcome of the ana-
tomical locking plate in periarticular knee osteotomy for
lower extremity alignment correction is better than that of
the compression plate (evidence level and recommendation
strength: 1D).

The screw control force of the compression plate is
limited; thus, achieving stable fixation is difficult when used
in periarticular knee osteotomy for lower extremity align-
ment correction. The angular stability of the anatomical
locking plate depends on the special locking mechanism of
the locking screws. This greatly simplifies the internal fixa-
tion surgery, better matches the shape of the proximal lateral
tibia, does not require bending of the plate during surgery,
and has the advantages of high strength and good stability;
therefore, the anatomical locking plate can maximally main-
tain the correction effect after osteotomy.

Evidence from the literature: To compare the biome-
chanical characteristics of the anatomical locking and com-
pression plates, Raja et al.45 used DICOM data of patients’
postoperative CT scans to simulate osteotomy and fixed
models for finite element analysis and collected the simula-
tion data produced by fretting, displacement, and implant
stress. The results showed that under specific loads, the max-
imum displacement of the compression plate was higher

than that of the anatomical locking plate, and the average
stress was significantly lower than that of the anatomical
locking plate; thus, it was considered that the stability of the
compression plate is worse than that of the anatomical
locking plate. To compare the treatment outcomes of the
anatomical locking and compression plates in open wedge
HTO, the meta-analysis of Han et al.46 revealed that the
osteotomy healing rate of the two plates was similar, but the
correction retention rate of the compression plate was lower
and the angle of correction loss was larger, whereas the
improvement of knee joint function with the anatomical
locking plate was more significant. Therefore, the biome-
chanical performance of the anatomical locking plate is bet-
ter than that of the compression plate, and better clinical
outcomes can be obtained with reduced loss of the long-term
correction angle.

Clinical Question 14: Should Negative Pressure Drainage
Be Routinely Inserted after Periarticular Knee
Osteotomy for Lower Extremity Alignment Correction?
Recommendation 14: Negative pressure drainage after peri-
articular knee osteotomy for lower extremity alignment cor-
rection has no significant effect on postoperative blood loss
and early complications (evidence level and recommendation
strength: 2D).

Blood loss and early complications after osteotomy are
common in the clinical setting, and whether to place a drain-
age tube during surgery is generally decided by the surgeon
based on experience. Previous research has shown that
drainage in the surgical field can drain hematomas; however,
it also eliminates the tamping effect of the hematoma, which
can increase the risk of postoperative blood loss. Although
the overt blood loss of patients without drainage is reduced,
it is necessary to correctly estimate the hidden blood loss
and replenish blood volume timeously after surgery to pre-
vent anemia.

Evidence from the literature: To analyze the influence
of negative pressure drainage on postoperative blood loss, Xu
et al.47 included patients with medial compartment knee OA
undergoing HTO to conduct a retrospective study on
whether to place drainage. The results showed that hemoglo-
bin, hematocrit, and total blood loss were not different, and
knee joint function or pain improvement also did not differ
between the groups with and without negative pressure
drainage. Li et al.48 conducted a randomized controlled trial
on whether to insert negative pressure drainage in patients
undergoing HTO. The results showed that total blood loss
and hemoglobin after surgery were similar between the
groups with and without negative pressure drainage; how-
ever, knee joint range of motion was higher, and the inci-
dence of incision complications was lower after inserting
drainage.

With the improvement of surgical techniques, as well
as the application of hemostatic drugs and ERAS in the peri-
operative period, not inserting drainage after alignment cor-
rection has been gradually accepted. However, the influence
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of drainage on joint function after surgery remains contro-
versial, and high-quality, multi-center randomized controlled
trials are needed to provide further evidence.

Clinical Question 15: Is Analgesic Therapy Required
after Periarticular Knee Osteotomy for Lower Extremity
Alignment Correction?
Recommendation 15: Early application of multi-mode com-
bined analgesia after periarticular knee osteotomy for lower
extremity alignment correction can significantly relieve pain
and reduce the use of opioids in the perioperative period
(evidence level and recommendation strength: 1D).

Although alignment correction can significantly relieve
the pain associated with knee OA, restore the function of the
knee joint, and improve the quality of life, patients may
experience pain caused by the osteotomy in the early postop-
erative period. Multi-mode analgesia refers to the combina-
tion of analgesic methods and drugs with different
mechanisms of action that result in a synergistic or additive
analgesic effect. At the same time, the dosage of each drug
can be reduced and, correspondingly, the adverse reactions
can be reduced to achieve the best analgesic effect. Periopera-
tive analgesia can reduce postoperative complications, relieve
pain, and facilitate early functional exercise, which is espe-
cially important for the rehabilitation of orthopaedic
patients.

Evidence from the literature: To study the treatment
outcomes of multi-mode combined analgesia in peri-
articular knee osteotomy for lower extremity alignment cor-
rection, Jung et al.49 conducted a randomized controlled
trial on multi-mode combined analgesia (periarticular cock-
tail injection therapy: bupivacaine 200 mg, morphine
hydrochloride 10 mg, epinephrine 200 mg, and 0.9%
sodium chloride 19.8 mL). The results showed that the
application of this analgesic therapy could significantly
relieve pain and reduce morphine use. Besides, it is easy to
administer. Clinicians can master it with little training,
leading to a new concept in postoperative preemptive anal-
gesia. However, the best formulation of the “cocktail”
remains controversial, and the best drug types, concentra-
tions, and proportions need to be verified. To evaluate the
application value of femoral nerve block in multi-mode
combined analgesia, Ren et al.50 conducted a randomized
controlled trial on femoral nerve block based on epidural
analgesia, and the results showed that femoral nerve block
could significantly relieve patients’ perioperative pain. Sim
et al.51 observed the analgesic effect of ultrasound-guided
adductor canal block in patients undergoing HTO under
the condition of postoperative morphine analgesia; they
achieved a good analgesic effect and could reduce the dose
of morphine used in the perioperative period. Therefore,
“cocktail” therapy and multi-mode analgesia mainly based
on block therapy are considered to be effective for pain
management after HTO. In the future, a horizontal com-
parison of various multi-mode analgesia therapies is
needed, and the best analgesia scheme for periarticular knee

osteotomy for lower extremity alignment correction needs
to be determined using larger-scale research and multi-
dimensional comprehensive evaluations.

Clinical Question 16: What Are the Adverse Effects of
Periarticular Knee Osteotomy for Lower Extremity
Alignment Correction on Subsequent TKA?
Recommendation 16: The difficulty of performing TKA and
the risk of revision after periarticular knee osteotomy for
lower extremity alignment correction are significantly higher,
and the function of the knee joint will be decreased (evidence
level and recommendation strength: 1C).

Although HTO can restore normal lower extremity
alignment, relieve knee joint pain, and improve knee joint
function, approximately 60% of patients still require TKA
10–15 years after surgery. In patients with HTO failure, it
becomes more difficult to perform subsequent TKA because
of problems such as low patella position, shortening of the
patellar ligament, change in the Q angle, internal and exter-
nal rotation of the tibial tubercle, reduced posterior tibial
slope, and contracture or relaxation of the soft tissue.

Evidence from the literature: To evaluate TKA after
the failure of HTO, Sun et al.54 conducted a meta-analysis.
The results showed that TKA after HTO required a longer
duration of surgery, with a higher postoperative infection
rate and reduced knee flexion angle. A meta-analysis by
Chen et al.55 showed that the complexity of TKA and the
revision rate after HTO were higher, and the loosening and
impingement rates of the tibial prosthesis were higher after
surgery. Therefore, although HTO provides satisfactory pain
relief and functional improvement for patients with a high
activity demand, the technical requirements of TKA after
HTO failure are more complex, and the risk is significantly
higher than when TKA is performed as the initial surgery.

Clinical Question 17: When Can Partial Weight-Bearing
Be Performed after Periarticular Knee Osteotomy for
Lower Extremity Alignment Correction?
Recommendation 17: Early partial weight-bearing after peri-
articular knee osteotomy for lower extremity alignment cor-
rection will not affect postoperative recovery or increase the
risk of complications (evidence level and recommendation
strength: 2C).

Early weight-bearing after osteotomy is an important
part of postoperative rehabilitation; however, the best time
for weight-bearing remains controversial among orthopaedic
surgeons. Early postoperative weight-bearing can promote
lower extremity movement and muscle strength recovery
and reduce the risk of thrombosis. However, fracture and
lower extremity correction angle loss may occur in the weak
area of the osteotomy site. With the continuous improve-
ment of rigid internal fixation materials and the quality of
perioperative management, it is possible to further advance
the timing of postoperative weight-bearing.

Evidence from the literature: To explore the effect of
different timings of weight-bearing on the postoperative
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outcomes of HTO, Lansdaal et al.56 randomly divided
48 patients into two groups after HTO: early partial weight-
bearing (the day after surgery) and delayed weight-bearing
(2 months after surgery). At the 2-month follow-up, IKDC
score, imaging parameters, or pain degree were not signifi-
cantly different between the two groups; thus, it was consid-
ered that partial weight-bearing as early as possible after
surgery would not affect functional recovery. Moreover, the
postoperative complications of the two groups were com-
pared, which proved that partial weight-bearing as early as
possible after osteotomy would not increase the risk of post-
operative complications. To evaluate the safety of early
weight-bearing after bilateral HTO, Takeuchi et al.57 ana-
lyzed 10 patients who underwent bilateral HTO at the same
time. They started active and passive training for lower
extremity muscle strength on the second day after surgery.
The patients were able to stand up and walk with partial
weight-bearing 1 week after surgery and started full weight-
bearing 3 weeks after surgery. No complications such as del-
ayed union of fracture, infections, or loosening of the pros-
thesis were found after surgery. Therefore, it was considered
that early postoperative weight-bearing can promote postop-
erative rehabilitation without increasing the risk of adverse
events. Lee et al.58 evaluated six clinical controlled trials
related to early complete weight-bearing (2 weeks after sur-
gery) and delayed complete weight-bearing (6–8 weeks after
surgery) after HTO in a meta-analysis, which showed that
Lysholm score, femorotibial angle, and the incidence of post-
operative complications did not differ between the two
groups.

Therefore, for patients with reliable bone grafting, reli-
able internal fixation, and no hinge fracture, early partial
weight-bearing can be considered. Immediately after recov-
ery from anesthesia, the patients were instructed to carry out
ankle joint dorsiflexion and plantarflexion of the affected
limb. On the second day after surgery, knee joint flexion and
extension of the affected limb as well as standing on the
affected limb without weight-bearing with bedside assistance
were allowed. Usually, patients can bear some weight with
crutches on the third day after surgery and gradually increase
the weight at 4 weeks after surgery. At 6–8 weeks postopera-
tively, they are allowed to walk without crutches with
weight-bearing depending on X-ray findings. Many factors
may affect the weight-bearing timing after surgery, such as
age, internal comorbidities, and types of internal fixation.
Therefore, the extensive promotion of early postoperative
partial weight-bearing needs further study.

Clinical Question 18: What Are the Risk Factors for
Infections after Periarticular Knee Osteotomy for Lower
Extremity Alignment Correction?
Recommendation 18: Male sex, old age (>65 years),
smoking, diabetes, long anesthesia time (>3.5 hours),
oblique skin incision, and artificial bone grafting materials
may be risk factors for infections after periarticular knee

osteotomy for lower extremity alignment correction (evi-
dence level and recommendation strength: 1C).

Infections are a common and serious complication
after periarticular knee osteotomy for lower extremity align-
ment correction. According to reports, the incidences of
superficial and deep infections after HTO were 1%–9.6% and
0.5%–4.7%, respectively, and some patients needed multiple
surgical interventions. The methods to treat postoperative
infections include dressing change, debridement, and
removal of internal fixation, which not only affect the post-
operative outcome but also increase the hospital stay and
costs. Therefore, determining the high-risk factors leading to
infections is important for guiding infection prevention and
treatment.

Evidence from the literature: To evaluate the risk fac-
tors for surgical site infection after HTO, Kawata et al.59 ret-
rospectively analyzed the data of 12,853 patients undergoing
HTO from 2010 to 2017 in a Japanese national database and
found that 195 patients had surgical site infections, and
50 patients had deep infections. Male sex, old age
(>50 years), long anesthesia time (>3.5 hours), and the use of
artificial bone graft materials were independent risk factors
for postoperative infections of HTO. Anagnostakos et al.60

systematically reviewed 26 clinical research articles and con-
cluded that the type of skin incision, specifically oblique inci-
sion, was significantly correlated with postoperative
infections. Liu et al.61 followed up 59 patients for 4 years
after medial HTO and found that age >65 years and previous
diabetes history were risk factors for surgical site infections
after HTO. Although a high BMI is considered to be a risk
factor for postoperative infections after various orthopaedic
operations, literature to support that it is a risk factor for
postoperative infections at the surgical site after HTO is not
available. Because of the small sample size and low research
quality of most studies, the evidence of risk factors for infec-
tions after periarticular knee osteotomy for lower extremity
alignment correction is insufficient at present. However,
most scholars still suggest that antibiotics should be routinely
used in the perioperative period of HTO to prevent postop-
erative infections62.

Clinical Question 19: Which Measures during HTO Are
Beneficial for Knee Cartilage Regeneration?
Recommendation 19: Moderate lateral displacement of the
alignment and inclination of the joint line <4� are beneficial
for cartilage regeneration of the knee joint after HTO (evi-
dence level and recommendation strength: 2D).

With the popularization of the concept of knee preser-
vation, periarticular knee osteotomy for lower extremity
alignment correction has been widely used in clinical prac-
tice. For a long time, it was thought that articular cartilage
lacks regeneration ability; however, recent research has found
that osteotomy can not only delay TKA but also result in the
regeneration of the cartilage in the worn compartment to
some extent. Therefore, clarifying the factors related to
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postoperative cartilage regeneration is of great significance
for clinical treatment.

Evidence from the literature: Kim et al.63 analyzed
104 patients with lower extremity alignment corrected from
6.0� � 2.2� varus preoperatively to 1.8� � 3.2� valgus after
HTO and classified them by knee arthroscopy examination
of the cartilage status combined with the International Carti-
lage Repair Society Hyaline Cartilage Lesion Classification
System (four-grade method). The results showed that 51.9%
of medial femoral condyle and 34.6% of medial tibial plateau
cartilage injuries were improved; thus, accurate valgus cor-
rection was beneficial for cartilage regeneration. Koshino
et al.64 treated 115 patients (146 knees) with HTO. At
2 years postoperatively, arthroscopy confirmed that 46 out of
the 132 knees with a valgus angle ≥5� after surgery showed
complete cartilage regeneration, whereas only one out of the
14 knees with a valgus angle ≤4� showed complete cartilage
regeneration. Therefore, the authors speculated that correc-
tion to valgus >5� after HTO is of great significance for carti-
lage regeneration after surgery. To determine whether the
inclination of the articular line caused by unilateral osteo-
tomy will affect the regeneration of cartilage after HTO, Kim
et al.65 retrospectively analyzed the data of 61 patients
(62 knees) who underwent HTO and measured the inclina-
tion of the articular line at the follow-up 22 months on aver-
age after surgery. Knee arthroscopy showed that the knee
joints with an inclination of the articular line <5� showed
better cartilage regeneration. It is unclear whether age and
sex will affect cartilage regeneration after HTO.

Clinical Question 20: What Is the Effect of Periarticular
Knee Osteotomy for Lower Extremity Alignment
Correction on Inflammatory Factors in the Joint?
Recommendation 20: Periarticular knee osteotomy for lower
extremity alignment correction can reduce the level of
inflammatory factors in the joint and provide a good internal
environment for cartilage regeneration (evidence level and
recommendation strength: 2D).

The pathogenesis of OA is considered to be a compli-
cated and multifactorial process caused by genetic, mechani-
cal, and environmental factors, and the disorder of
inflammatory factors and the pathogenesis at a molecular
level have attracted increasing attention.

Evidence from the literature: Inflammatory factors can
disrupt the balance of chondrocyte synthesis and decomposi-
tion. Interleukin (IL)-1β, IL-6, and IL-17 can damage the
articular cartilage, and their levels in the plasma and knee
joint synovial fluid of patients with knee OA are significantly
higher than those in healthy people. Bai et al.66 treated
26 patients with HTO and detected the levels of IL-1β, IL-6,
and IL-17 in the plasma and synovial fluid of the affected
knee joint before surgery and 6 months postoperatively and
compared them with those in normal people. The results
showed that the level of inflammatory factors was signifi-
cantly higher before surgery in patients than in normal peo-
ple, and although it had decreased significantly at 6 months

postoperatively, the level was still higher than that in normal
people. Nevertheless, proteoglycan epitope, fibroblast growth
factor-2, and procollagen peptide in the knee joint increased
after HTO, and these factors are beneficial for cartilage
regeneration67. At the molecular level, microRNAs are a type
of non-coding ribonucleic acid that can regulate gene expres-
sion after transcription and are correlated with cartilage
degeneration. Kwak et al.68 found that the expression of two
microRNAs (microR-30c-5p and microR-23a-3p) in the
synovial fluid of patients after HTO was different from that
before surgery, and both microRNAs were correlated with
the progression of OA. Therefore, changes in the
intraarticular environment after HTO may play a positive
role in cartilage regeneration.

Clinical Question 21: What Are the Indications for Knee
Arthroscopic Exploration and Cleaning in Periarticular
Knee Osteotomy for Lower Extremity Alignment
Correction?
Recommendation 21: If symptomatic meniscus injury (tear),
intraarticular loose bodies, or intercondylar fossa stenosis are
definitively diagnosed before periarticular knee osteotomy
for lower extremity alignment correction, knee arthroscopy
is recommended (evidence level and recommendation
strength: 1D).

Arthroscopy has important application value in the
diagnosis and treatment of knee OA. Arthroscopy can repair
the damaged meniscus and remove unstable cartilage and
loose bodies. Drilling into the subchondral sclerotic bone can
effectively relieve intraosseous pressure. Under the arthro-
scope, all types of impurities and pain-causing factors can be
removed from the joint, and synovium with significant
inflammation or thickening can be removed, which can
effectively relieve joint pain. Therefore, it is suggested that
arthroscopic exploration should be routinely performed for
patients who are definitively diagnosed with symptomatic
meniscus injury (tear), intraarticular loose bodies, or inter-
condylar fossa stenosis before operation69,70.

Evidence from the literature: To analyze the treatment
outcomes of arthroscopy combined with HTO for the treat-
ment of medial compartment knee OA, Yoo and Shin71 ret-
rospectively analyzed the data of patients with varus knee
OA before and after surgery. The results showed that the
hip-knee-ankle angle, femorotibial angle, and medial proxi-
mal tibial angle were significantly improved postoperatively.
The Lysholm score, AKS score, and knee joint range of
motion were also significantly improved. Therefore, knee
arthroscopy combined with HTO is an effective method for
the treatment of medial compartment knee OA. Kim et al.72

retrospectively analyzed 88 patients with varus knee OA who
were divided into two groups: the single treatment group
(HTO) and the combined treatment group (knee arthroscopy
+ HTO), according to different surgical procedures. The
postoperative imaging results and pain score did not differ
between the two groups. Therefore, both surgical schemes
could improve the symptoms and signs of patients in a short
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time. Moreover, HTO combined with arthroscopic surgery
could simultaneously treat intraarticular lesions, and the
postoperative pain relief and joint function improvement
were better than with HTO alone.

Clinical Question 22: Can the Application of a
3D-Printed Corrective Osteotomy Guide Improve the
Accuracy of Periarticular Knee Osteotomy for Lower
Extremity Alignment Correction?
Recommendation 22: A 3D-printed corrective osteotomy
guide has the functions of guiding, osteotomy, and correc-
tion and can improve the accuracy of lower extremity align-
ment correction (evidence level and recommendation
strength: 1D).

During periarticular knee osteotomy for lower extrem-
ity alignment correction, repeated adjustments relying on the
surgeon’s operating experience and multiple fluoroscopies by
C-arm X-ray machine are often needed to obtain the ideal
osteotomy position, which may lead to more bone loss, a
prolonged duration of surgery, increased intraoperative
blood loss, and an increased risk of postoperative complica-
tions. In addition, intraoperative fluoroscopy is unreliable
because of the influences of body position, the viewing angle
of fluoroscopy, and measurement error, which reduces the
accuracy of alignment correction, while accurate control of
the target alignment is key to the success of osteotomy. Pre-
operative planning error or intraoperative surgical error may
lead to poor lower extremity alignment. 3D-printed individu-
alized corrective osteotomy can utilize DICOM data of pre-
operative CT scans to create the knee joint model, simulate
the opening after osteotomy during surgery, correct the
alignment, and accurately locate the Fujisawa point; it can
use 3D printing technology to print out an individualized
corrective osteotomy guide plate, assist in intraoperative
osteotomy and correction, predict the correction results, and
reduce intraoperative fluoroscopy, which helps to reduce the
duration of surgery and complications.

Evidence from the literature: Ma et al. retrospectively
analyzed 241 patients who underwent medial open HTO
with 3D-printed individualized corrective osteotomy guide
and 100 patients undergoing traditional medial open HTO.
The former group underwent an average of 2.8 fluoroscopies,
which was 75% less than that of the traditional medial open
HTO group. The average duration of surgery in the 3D-
printed group (24 min) was 63% shorter than that in the tra-
ditional medial open HTO group. The risks of osteotomy-
related fractures and implant-related infections after surgery
with a 3D-printed individualized corrective osteotomy guide
were lower. Therefore, compared with traditional osteotomy,
the application of a 3D-printed individualized corrective
osteotomy guide significantly reduces the number of fluoros-
copies by C-arm X-ray machine, shortens the duration of
surgery, reduces intraoperative blood loss, and improves the
accuracy of alignment control and the safety of the surgery.

Clinical Question 23: Which Measures Promote
Postoperative Rehabilitation of Patients during the
Perioperative Period?
Recommendation 23: ERAS can promote the rehabilitation
of patients after periarticular knee osteotomy for lower
extremity alignment correction. Postoperative rehabilitation
measures include physical therapy, cold compression, lym-
phatic return manipulation, muscle strength training, joint
loosening manipulation, and continuous passive functional
training (evidence level and recommendation strength: 1C).

The concept of ERAS was introduced in the late 1990s.
It is a multi-mode and multi-system intervention measure
based on evidence-based medicine. It can alleviate the physi-
ological and psychological stress responses of patients during
the perioperative period and achieve the goals of rapid post-
operative rehabilitation, pain relief, and early recovery of
normal life. At present, ERAS is widely used in all sub-
specialties of orthopaedics. Periarticular knee osteotomy for
lower extremity alignment correction combined with ERAS
can not only relieve pain symptoms on the premise of pre-
serving the knee but also greatly shorten the average hospital
stay and improve patient satisfaction.

Evidence from the literature: Early rehabilitation ther-
apy adopted by Wang et al.73 included physical therapy, cold
compression, lymphatic return manipulation, muscle
strength training, joint loosening manipulation, and continu-
ous passive functional training. The results confirmed that
early rehabilitation therapy based on ERAS could effectively
improve the joint range of motion after HTO, relieve pain,
and promote the recovery of the overall function of the knee
joint. Yu et al.74 selected patients with knee OA accompanied
by varus deformity and anterior cruciate ligament injury
who underwent arthroscopic anterior cruciate ligament
reconstruction combined with HTO and provided them with
routine nursing and ERAS-based nursing interventions,
respectively. The results showed that the VAS score of the
routine nursing group at each time point after surgery was
higher than that of the ERAS group; the time required for
active flexion and extension to 30�, 45�, 60�, 90�, and 120�

was longer than that of the ERAS group; and the patient sat-
isfaction was worse. Therefore, nursing interventions based
on ERAS can alleviate pain after arthroscopic anterior cruci-
ate ligament reconstruction combined with HTO, shorten
the time required for active knee flexion to reach the same
angle after surgery, and accelerate the rehabilitation process.

Clinical Question 24: What Are the Key Factors of the
Perioperative Management of Periarticular Knee
Osteotomy for Lower Extremity Alignment Correction?
Recommendation 24: Nutritional support, anemia manage-
ment, postoperative blood glucose monitoring, and thrombus
management are key factors that should be managed during
the perioperative period of periarticular knee osteotomy for
lower extremity alignment correction (evidence level and rec-
ommendation strength: 1D).
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Periarticular knee osteotomy for lower extremity align-
ment correction is mostly used in middle-aged and older
patients who often have cardiovascular and cerebrovascular
diseases, diabetes, and other underlying diseases. Moreover,
older patients have a poor tolerance for surgery, the hemato-
poietic reserve capacity of their bone marrow is reduced, and
postoperative complications such as malnutrition, anemia,
and poor wound healing can easily occur. Good periopera-
tive management is essential to improve the surgery outcome
and reduce the risk of complications.

Evidence from the literature: A preoperative diet high
in protein and vitamins combined with a high-nutrition ele-
mental diet if necessary could rapidly increase the level of
plasma albumin to over 35 g/L. On the basis of adequate
nutritional support, patients with postoperative anemia
should be treated with erythropoietin combined with iron to
correct anemia. The specific method for patients with hemo-
globin <95 g/L is as follows: subcutaneous injection of 10,000
units of erythropoietin and intravenous infusion of 100–200
mg of iron sucrose, once every day or every other day;
patients with hemoglobin >95 g/L can be given 300 mg/day
of oral iron only.75 Based on a preoperative blood glucose
control program for patients with diabetes, blood glucose
should be monitored every 2–4 hours on the day of surgery;
it should be monitored on an empty stomach and 2 hours
after the three meals on the first day after surgery, and the
glucose-lowering program should be adjusted according to
the blood glucose level to control the blood glucose at 6.0–
11.1 mmol/L. Postoperative thrombus management should
follow the basic principles in the Chinese Guidelines for Pre-
vention of Venous Thromboembolism in Major Orthopaedic
Surgery and adopt physical preventive measures (e.g. plantar
venous pump and intermittent inflation pressure device) to
reduce the incidence of postoperative deep vein thrombosis
of the lower extremities; if there are no contraindications, it
is recommended to use physical preventative measures in
combination with prophylactic medication.76

Clinical Question 25: Which Factors Should Be
Evaluated in the Follow-Up of Periarticular Knee
Osteotomy for Lower Extremity Alignment Correction?
Recommendation 25: Healing of the osteotomy site, lower
extremity alignment, joint function, and cartilage regenera-
tion should be evaluated regularly, and follow-up results
should be combined to guide subsequent treatment and
rehabilitation (evidence level and recommendation
strength: 1D).

Follow-up is one of the postoperative steps of peri-
articular knee osteotomy for lower extremity alignment cor-
rection. Postoperative follow-up includes the evaluation of
the surgical outcome, the necessary intervention measures
for the problems that have occurred, and guiding patients to
perform rehabilitation training. Postoperative recovery of
patients with osteotomy is a staged process; thus, regular
postoperative follow-up, detailed medical history collection,
physical examination, and imaging examination are

necessary. (i) Follow-up time: The recommended follow-up
times for rigid internal fixation are 6 weeks, 3 months, and
6 months after surgery; the recommended follow-up times
for internal fixation are 2 weeks, 6 weeks, 3 months, and
9 months after surgery. (ii) Imaging examination: Except for
2 weeks after surgery, at all follow-up time points, patients
should be examined using local and full-length X-rays of the
lower extremities to understand the status of fracture
healing, measure lower extremity alignment, and determine
whether osteotomy angle loss or joint deformity has
occurred. If necessary, CT scanning and 3D reconstruction
can be performed to evaluate the joint space between the
medial and lateral compartments to indirectly evaluate carti-
lage regeneration and OA progression, and, if necessary,
magnetic resonance examination can be performed.
(iii) Functional evaluation: At present, quantitative evalua-
tion methods such as HSS, KSS, KOOS, and the WOMAC
osteoarthritis index can be used to evaluate knee joint func-
tion after knee osteotomy for alignment correction.77-79 (iv)
Guiding rehabilitation exercise: Postoperative rehabilitation
focuses on improving lower extremity muscle strength, train-
ing for normal walking, and increasing the knee joint range
of motion. (v) If the patient requires removal of the internal
fixation, local and full-length X-ray films of both lower
extremities should be taken 12–18 months after surgery. If
lower extremity alignment has been corrected accurately and
the fracture is completely healed, the internal fixation can be
removed at a scheduled time point.80,81

Formulation Methods of these Guidelines

Methodology
The formulation of these guidelines conforms to the concept
and process framework of clinical practice guidelines
established by the Institution of Medicine (IOM), the
Appraisal of Guidelines Research and Evaluation (AGREE
II), and the World Health Organization Handbook for
Guideline Development. The formulation process of these
guidelines is strictly in accordance with the pre-established
plan, and the reporting process of these guidelines refers to
the Reporting Items for Practice Guidelines in Healthcare
(RIGHT) (Supplemental Table 1).

Populations Indicated for these Guidelines
These guidelines are suitable for patients with uni-
compartmental knee OA and poor alignment but not for
patients with multicompartmental end-stage knee OA, knee
OA with normal alignment, and inflammatory arthritis.

Users of these Guidelines
Specialized medical personnel in secondary and tertiary med-
ical institutions in China, including orthopaedic doctors,
pain management doctors, rehabilitation doctors, and spe-
cialized nurses.
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Initiators of these Guidelines
These guidelines were initiated and formulated by the Clini-
cal New Technology Application Committee of the Chinese
Hospital Association, the Joint Surgery Study Group of the
Chinese Orthopaedic Association of the Chinese Medical
Association, and the Osteoarthritis Study Group of the Chi-
nese Association of Orthopaedic Surgeons of the Chinese
Medical Doctor Association. The editorial department of the
Chinese Journal of Orthopaedics organized methodological
experts in the field of orthopaedics to provide guideline for-
mulation methodology and evidence evaluation support. The
starting time was November 27, 2020, and the finalization
time was November 10, 2021.

Registration of the Plan and Guidelines
These guidelines have been posted on the Practice Guidelines
Registration Platform (www.guidelines-registry.cn; IPGRP-
2021CN309). The compilation of the plan was completed
before the formulation of these guidelines.

Statement and Handling of Conflicts of Interest
All the members who participated in the formulation of
these guidelines made a statement regarding any relation-
ships related to these guidelines and completed the conflicts
of interest statement form.

Identification and Evaluation of the Importance of
Clinical Questions
The process of formulating the clinical questions was per-
formed in strict accordance with the methods for formulat-
ing clinical questions of guidelines and combined with
evidence-based thinking using the Delphi method. The main
steps include drawing up consultation items and outlines,
determining the members of the expert group, consulting by
letter and revising the items multiple times, and statistical
analysis and feedback of the survey results.

The working group of these guidelines collected
25 questionnaires with 78 clinical questions in the first round
of the open questionnaire survey, and the survey respondents
were doctors at all levels in hospitals of various grades in

several provinces and cities in China. Then, the collected
clinical questions were summarized, and 36 clinical questions
were finally obtained. Next, the second round of investiga-
tion was conducted to evaluate the importance of the clinical
questions (the importance of each clinical question was
divided into five levels, namely, very important, relatively
important, generally important, not very important, and
uncertain). By assigning values to and summarizing each
level of importance, 30 clinical questions were finally ranked
in terms of importance. Subsequently, in the third round of
discussion, the important clinical questions were dec-
onstructed, deleted, and synthesized again, and the final
25 clinical questions to be included in these guidelines were
determined (Supplemental Figure 1).

Clinical Question Selection and Evidence Retrieval
The clinical questions were deconstructed according to the
evidence-based medical literature retrieval format (i.e. the
PICO principle: populations, intervention measures, controls,
and outcome indicators) (Supplemental Table 2). According
to the deconstructed clinical questions, evidence retrieval was
carried out. (i) The databases and platforms searched
included PubMed, Embase, the Cochrane Library, CNKI,
and Wanfang database. (ii) Types of studies searched: the
retrieval of systematic reviews, meta-analyses, and random-
ized controlled trials published within 5 years was priori-
tized, and the retrieval of related studies published more
than 5 years ago was increased when the latest evidence was
insufficient or the level of evidence was low. (iii) The
retrieval time was from the establishment of the database to
December 25, 2020. (iv) Further searches of recently publi-
shed evidence were performed before drafting the main body
of these guidelines, and the updated final date for searching
was July 31, 2021.

Evaluation of Evidence Quality and Formation of
Recommendation Opinions
For systematic reviews and meta-analyses, the methodologi-
cal quality evaluation tool for systematic reviews was used to
evaluate methodological quality82; the Cochrane risk bias
evaluation tool was used to evaluate randomized controlled
trials83; for observational research, the Newcastle–Ottawa

TABLE 1 Classification and definition of evidence quality in
these guidelines

Evidence
level Definition

High (A) It is quite certain that the observed value is close to the
true value

Moderate
(B)

Moderate confidence in the observed value: the
observed value may be close to the true value, but it
may also be quite different

Low (C) Limited grasp of the observed value: the observed value
may be quite different from the true value

Very low
(D)

There is little certainty about the observed value: there
may be a great difference between the observed
value and the true value

TABLE 2 Recommendation strength classification and defini-
tion in these guidelines

Recommendation
strength Definition

Strong (1) Clearly show that the benefits of intervention
outweigh the disadvantages

Weak (2) The advantages and disadvantages are
uncertain, or the advantages of intervention
measures may outweigh the disadvantages

Good practice
statement (3)

Recommendations based on indirect evidence
or expert opinions and experience
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TABLE 3 List of recommendations in the clinical guidelines for the treatment of knee osteoarthritis by periarticular knee osteotomy for
lower extremity alignment correction in China

Recommendation
number Content

Evidence level and
recommendation strength

Recommendation 1 Patients undergoing periarticular knee osteotomy for lower extremity alignment correction should be
<65 years for men and <60 years for women

1C

Recommendation 2 The body mass index of patients undergoing periarticular knee osteotomy for lower extremity alignment
correction should be <27.5 kg/m2

1D

Recommendation 3 The Kellgren–Lawrence classification of the affected knee joint compartment of patients undergoing
periarticular knee osteotomy for lower extremity alignment correction should be below Grade III, and

the joint space of the contralateral compartment should be relatively normal

1D

Recommendation 4 Periarticular knee osteotomy for lower extremity alignment correction is indicated for patients with a
varus deformity >5� or a valgus deformity >10�

1D

Recommendation 5 For patients undergoing periarticular knee osteotomy for lower extremity alignment correction, the
preoperative knee joint range of motion should be >100�, and flexion contracture should be <15�

1D

Recommendation 6 Lateral closed wedge high tibial osteotomy (HTO) and medial open wedge HTO have similar imaging
correction, postoperative joint function, and risk of complications in the treatment of varus knee

osteoarthritis. Medial open wedge osteotomy may reduce the patella height and increase the tibial
plateau declination, whereas lateral closed wedge HTO takes a long time to heal and reduces the
posterior inclination of the tibial plateau. Therefore, the osteotomy method should be selected

according to the actual needs and comprehensively judged according to the lengths of both lower
extremities

1D

Recommendation 7 Medial closed wedge and lateral open wedge distal femoral osteotomy (DFO) have similar effects in the
treatment of valgus knee osteoarthritis. The healing time of the stump of medial closed wedge DFO

is shorter than that of lateral open wedge DFO

2D

Recommendation 8 Dual-site periarticular knee osteotomy is a safe and effective method for the treatment of
unicompartmental knee osteoarthritis with femoral and tibial deformities

1D

Recommendation 9 The short-term treatment outcomes of proximal fibular osteotomy (PFO) for varus unicompartmental
knee osteoarthritis are positive, whereas the long-term treatment outcomes still need to be verified

1D

Recommendation 10 The alignment accuracy of periarticular knee osteotomy assisted by computer navigation is better than
that of traditional osteotomy

1C

Recommendation 11 The combined use of tranexamic acid through multiple routes can significantly reduce perioperative
blood loss during periarticular knee osteotomy for lower extremity alignment correction

1D

Recommendation 12 The healing of allogeneic bone graft and autogenous iliac bone graft in medial open wedge HTO is
similar

2D

Recommendation 13 The clinical outcomes of the anatomical locking plate in periarticular knee osteotomy for lower
extremity alignment correction are better than those of the compression plate

1D

Recommendation 14 Negative pressure drainage after periarticular knee osteotomy for lower extremity alignment correction
has no significant effect on postoperative blood loss and early complications

2D

Recommendation 15 Early application of multi-mode combined analgesia after periarticular knee osteotomy for lower
extremity alignment correction can significantly relieve pain and reduce the use of opioids in the

perioperative period

1D

Recommendation 16 Total knee arthroplasty after periarticular knee osteotomy for lower extremity alignment correction is
significantly more difficult to perform and results in a higher risk of revision and reduced function of

the knee joint

1C

Recommendation 17 Early partial weight-bearing after periarticular knee osteotomy for lower extremity alignment correction
will not affect postoperative recovery or increase the risk of complications

2C

Recommendation 18 Male sex, old age (>65 years), smoking, diabetes, long anesthesia time (>3.5 hours), oblique skin
incision, and artificial bone grafting materials may be risk factors for infections after periarticular

knee osteotomy for lower extremity alignment correction

1C

Recommendation 19 Moderate lateral displacement of the alignment and inclination of the joint line <4� are beneficial for
cartilage regeneration of the knee joint after HTO

2D

Recommendation 20 Periarticular knee osteotomy for lower extremity alignment correction can reduce the level of
inflammatory factors in the joint and provide a good internal environment for cartilage regeneration

2D

Recommendation 21 If symptomatic meniscus injury (tear), intraarticular loose bodies, or intercondylar fossa stenosis are
definitively diagnosed before periarticular knee osteotomy for lower extremity alignment correction,

knee arthroscopy is recommended

1D

Recommendation 22 The 3D-printed corrective osteotomy guide assists with guiding, osteotomy, and correction and can
improve the accuracy of lower extremity alignment correction

1D

Recommendation 23 Enhanced recovery after surgery can promote the rehabilitation of patients undergoing periarticular
knee osteotomy for lower extremity alignment correction. The postoperative rehabilitation measures
include physical therapy, cold compression, lymphatic return manipulation, muscle strength training,

joint loosening manipulation, and continuous passive functional training

1C

Recommendation 24 Nutritional support, anemia management, postoperative blood glucose monitoring, and thrombus
management are recommended during the perioperative period of periarticular knee osteotomy for

lower extremity alignment correction

1D

Recommendation 25 Healing of the osteotomy site, lower extremity alignment, joint function, and cartilage regeneration
should be evaluated regularly, and follow-up results should be combined to guide subsequent

treatment and rehabilitation

1D
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scale was used to evaluate the methodological quality of
corresponding types of research.84 The literature rating stan-
dards adopted in these guidelines refer to the relevant
methods of the working group of the Grading of Recommen-
dations Assessment, Development, and Evaluation (GRADE)
and other working groups to evaluate the quality of the
research.85,86 The evidence level (Table 1) and recommenda-
tion strength (Table 2) of the research were comprehensively
judged by combining the research design and other evidence
features. The directions and strength of the recommenda-
tions were established using the three-round Delphi method.
These guidelines contain 25 questions, and 25 recommenda-
tions were formulated. See Table 3 for a summary of the
recommendations.

External Review of these Guidelines
Before the publication of these guidelines, peer review was
conducted; review comments were replied to, and revisions
were made accordingly.

Release and Updating of these Guidelines
The full text of these guidelines was first published in the
Chinese Journal of Orthopaedics. The guideline formulation
team plans to update these guidelines every 2–3 years.

Implementation and Dissemination of these Guidelines
After publication, these guidelines will be disseminated
through academic conferences or workshops. Specific ways
of dissemination include (i) dissemination for 1–2 years at

orthopaedic conferences and knee preservation training clas-
ses; (ii) publication and dissemination of the text in newspa-
pers, periodicals, pamphlets, manuals, and other forms of
media; and (iii) publication in both Chinese and English and
dissemination on Orthonline, AllinMD Orthopaedics, and
other websites. (4) Regarding the implementation and evalu-
ation of these guidelines, the implementation of these guide-
lines will be further promoted by publishing relevant
interpretation articles of these guidelines.

List of Names of Consultant Specialists
Xin-long Ma, Yong-cheng Hu, Kun-zheng Wang, Lun-hao
Bai, Li Cao, De-sheng Chen, Wei-min Fan, Jing-min Huang,
Wei Huang, Qun-hua Jin, Qi Liao, Ai-feng Liu, Guang-yao
Liu, Jun Liu, Wei Liu, Song-cen Lv, Tie-bing Qu, Bin Shen,
Zhan-jun Shi, Jie Sun, Shui Sun, Xiao-bin Tian, Jian-zhong
Xu, Jin-li Zhang, Qiu-jian Zheng, Zong-ke Zhou.

Supporting Information
Additional Supporting Information may be found in the
online version of this article on the publisher’s web-site:

Supplemental Figure 1 The selection process of important
clinical questions

Supplemental Table 1 The checklist of RIGHT

Supplemental Table 2 The 25 deconstructed important clin-
ical questions (PICO principle)
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