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Abstract
Background: One of the option for treating unicompartmental osteoarthritis (OA) is high tibial osteotomy
(HTO). HTO which can shift the mechanical axis to the lateral compartment, can performed with
microfracture which provides cells capable of producing cartilage. And this procedure is one of the
common combinations that orthopaedic surgeons are in practice recently. The purpose of this study was
to evaluate the degree of regeneration of cartilage after performing microfracture (MF) with high tibial
osteotomy (HTO) after 2- year follow up and identify the factors in�uencing the regeneration of cartilage
after the procedure. We also evaluated whether the regenerated cartilage status affects clinical outcomes.
Methods: A total of 81 cases that underwent second-look arthroscopy at the time of plate removal after
MF and HTO with a minimum two-year follow-up were included. The patients were divided into two
groups according to femoral cartilage regeneration. Multivariable logistic regression analyses were
performend to identify independent factors that in�uence cartilage regeneration. We also compared
differences in functional outcomes between the two groups. Results: On the femoral side, grade I
cartilage regeneration was found in seven (8.6%), grade II in 19 (23.5%), grade III in 26 (32.1%), and grade
IV in 29 cases (35.8%), resulting in 26 (32.1%) patients belonging to well regenerated group (group A) and
55 (67.9%) to the poorly regenerated group (group B). Among factors, the size of the cartilage lesion
(P=.011) and the presence of kissing lesions (P=.027) signi�cantly affected cartilage regeneration. There
were no statistically signi�cant differences between group A and group B in terms of KSS and WOMAC
scores. Conclusions: A large cartilage defect and the presence of kissing lesions are associated with poor
cartilage regeneration after combined MF and HTO surgery. However, the quality of regenerated cartilage
does not affect functional outcomes in patients with MF and HTO. Keywords: High tibial osteotomy,
Microfracture, Second-look arthroscopy, Cartilage regeneration, risk factor

Background
One of the option for treating unicompartmental osteoarthritis (OA) is high tibial osteotomy (HTO)[1]. As
the literature has shown comparable results for both UKA and HTO[2,3], the latter has its own advantages
in preserving native joints. Because of its simplicity, medial opening wedge HTO (OWHTO) has been
increasingly used in recent years[4,5].

Cartilage damage of the knee joint due to OA, is a challenging task for orthopaedic surgeons. While
performing HTO, concurrent arthroscopic procedures like shaving, microfracture, drilling, and abrasion
chondroplasty are introduced[6]. The microfracture is simple and the most common way to bring bone
marrow cells to the articular surface for the regeneration of cartilage[6]. High tibial osteotomy which can
shift the mechanical axis to the lateral compartment, can performed with microfracture which provides
cells capable of producing cartilage. This procedure is one of the common combinations that orthopaedic
surgeons are in practice recently. Meanwhile, there are a few studies that have examined the nature of
regenerated cartilage after microfracture together with HTO[7,8,9]. Their results are con�icting with regard
to the success of this combination in cartilage regeneration and functional outcomes.
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In this study, we evaluted the status of regenerated cartilage based on second-look arthroscopic �ndings
in patients with medial OA of the knee, treated with combination of arthroscopic microfractures (MF) and
HTO. The purpose of this study was to evaluate the degree of regeneration of cartilage after performing
microfracture (MF) with high tibial osteotomy (HTO) after 2- year follow up and identify the factors
in�uencing the regeneration of cartilage after the procedure. We also analyzed whether regenerated
cartilage affects clinical outcomes. We hypothesized that the regeneration of cartilage is affected by
several factors and that regenerated cartilage affects clinical outcomes.

Methods
This retrospective study was approved by institutional review board prior to commencement of the study.
Total 182 patients underwent medial open wedge HTO and microfracture from 2007 to 2015 for medial
unicompartmental OA (grade III and IV by the International Cartilage Research Society (ICRS) grading
system during index arthroscopic �nding) with varus deformity more than 5 degrees of Hip-Knee-Ankle
(HKA) angle. Microfracture was done in both femoral and tibial side with ICRS grade III and IV. Among
them, 137 patients underwent the plate removal and second-look arthroscopy. We excluded the patients
with post-traumatic arthritis, combined ligament surgery or combined femoral osteotomy, or plate
removal and patients who were followed-up less than 2 years, which left 81 patients. At the time of
second-look arthroscopy, we evaluated the status of cartilage regeneration and reviewed patient records
to analyze the factors affecting cartilage regeneration. All patients were operated at a single institute by
two senior orthopaedic surgeons specialized in knee. A �owchart displaying the inclusion of patients in
the study is shown in Figure 1.

Surgical procedure and rehabilitation

The subjects were operated in the supine position. Before performing HTO, a diagnostic arthroscopy was
performed in all patients. Associated unrepairable meniscal tear was treated with partial or subtotal
meniscectomy until the peripheral rim was stabilized. The cartilage defect was noted and categorized by
ICRS grading. After arthroscopic shaving, the cartilage defect was debrided by using a small ring curette
until an intact homogeneous peripheral rim was obtained. The central defect was then microfractured by
a perforating owl with a 3 to 4 mm distance between the holes. After releasing the tourniquet pressure, we
con�rmed active bleeding from the microfracture holes before completing the surgery. Through
anteromedial incision, a biplanar medial opening wedge osteotomy was carried out using a saw blade
directed to the tip of the �bular head. Under �uoroscopic guidance, the opening of the deformity
correction was targeted to achieve three to �ve degrees of a mechanical valgus postoperatively. The
osteotomy was �xed with a MediFix locking plate (Medyssey., Jechon, Korea). The postoperative
physiotherapy protocol consisted of a range of motion and muscle-strengthening exercises from the �rst
postoperative day on, without weight-bearing mobilization, accompanied by the help of crutches from the
second day, partial weight-bearing mobilization after 4 weeks, and full weight-bearing mobilization after 8
weeks. A knee brace was used until full weight bearing was initiated.
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When the osteotomy was healed completely, at about two years after index surgery, the plate was
removed and second-look arthroscopy performed at the same time to examine the regenerated cartilage’s
characteristics. The cartilage regeneration was then classi�ed according to the Cartilage Repair
Assessment of ICRS Cartilage Injury Evaluation Package by the same orthopaedic surgeon who
performed the previous osteotomy surgery. To investigate in�uential factors on cartilage regeneration, the
patients were divided into two groups according to their cartilage status on second-look arthroscopy:
group A (Well regenerated: grades I or II, Figure 2) and group B (Poorly regenerated: grades III or IV, Figure
3). The patients, radiological and articular factors affecting cartilage regeneration were then assessed in
those two groups. Functional assessment was carried out using Knee Society Score (KSS) and the
Western Ontario and McMaster Universities Osteoarthritis Index score (WOMAC), recorded preoperatively
and at the last follow-up to compare the group A and group B.

Assessment of factors

We retrospectively assessed patient factors, including age, sex, body mass index (BMI), radiologic factors
(pre- and postoperative HKA angle, correction angle, pre- and postoperative tibial slope), and articular
factors (meniscectomy, root tear of meniscus, size of cartilage lesion, presence of kissing lesions) with
regard to their association with cartilage regeneration.

The radiological factors were measured digitally on PACS (Picture Archiving and Communication System;
INFINITT Healthcare, Seoul, Korea). Preoperative and postoperative HKA angles were measured as the
angle between the mechanical axis of the femur and the tibia with negative values for varus and positive
values for valgus. The tibial slope angle was calculated as described by Brandon et al.[10] on a standard
lateral knee radiograph as the angle subtended between the tibial anatomical long axis, in the line
between the center of the anteroposterior diameter measured just below the tibial tuberosity and the
center of the anteroposterior diameter measured 5 cm distal to the former, and a line drawn from the
medial tibial plateau. The number of patients who underwent either partial or subtotal meniscectomy was
recorded. The size of the cartilage lesion (defect ≥ 2.5 cm2 or less), and the presence of a kissing lesion
were noted on intraoperative arthroscopic �ndings at the time of index surgery.

Statistical analysis

Statistical analysis was carried out using SPSS Statistics for Windows (version 22; IBM, Armonk, NY). A
univariate and multivariate logistic regression model was employed to analyze the factors affecting
cartilage regeneration. Postoperative functional improvement was assessed using paired sample t tests.
To compare functional outcomes between the two groups, an independent sample t-test was calculated.
A P value < .05 was considered statistically signi�cant.

Results
The demographic data are shown in Table 1. There were 73 patients (22 male and 51 females) with eight
bilateral cases for a total of 81 cases.
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The distribution of cartilage lesions on femoral and tibial articular surfaces as per ICRS classi�cation at
the time of index surgery is shown in Table 2. The status of cartilage regeneration on second-look
arthroscopy according to the Cartilage Repair Assessment of ICRS evaluation package system is shown
in Table 3. On the femoral side, grade I cartilage regeneration was found in 7 cases (8.6%), grade II in 19
cases (23.5%), grade III in 26 cases (32.1%), and grade IV in 29 cases (35.8%), resulting in 26 cases
(32.1%) belonging to group A and 55 subjects (67.9%) to group B.

On the tibial side, grade I cartilage regeneration was present in 47 cases (58.0%), grade II in 20 cases
(24.7%), grade III in 6 cases (7.4%), and grade IV in 8 cases (9.9%) which led to group A of 67 cases
(82.7%) and 14 cases (17.3%) in group B. Meniscectomy was performed 11 cases in group A and 26
cases in group B. Root tear of meniscus was accompanied 3 cases in group A and 19 cases in group B.

Assessment of factors

In terms of in�uential factors (patients, radiological and articular factors) for cartilage regeneration on the
femoral side, univariate logistic regression analysis is shown in Table 4.  and multivariate logistic
regression analysis is shown in Table 5.

The two most important factors affecting cartilage regeneration were the size of cartilage lesions (≥ 2.5
cm2 ) (P = .011) and the presence of a kissing lesion (P = .027).

Functional Assessment

The mean preoperative KSS and WOMAC scores were 67.5 ± 11.2 and 33.1 ± 15.4, respectively. At the
most current follow-up, KSS and WOMAC scores improved to 87.4 ± 9.2 and 11.4 ± 7.7, respectively. The
pre- and postoperative values’ difference was signi�cant at the last follow-up (P < .001). There was no
statistically signi�cant difference between the groups A and B in terms of postoperative functional scores
(KSS, P = .65; WOMAC, P = .89).

Discussion
The most important �nding of our study is that although Cartilage Repair Assessment grade III or IV
cartilage regeneration could be found in about one third of all cases, there were no functional bene�ts
compared to poor cartilage regeneration. The main focus of this research was to determine the factors
associated with cartilage regeneration and we found that cartilage lesions ≥2.5 cm2 and the presence of
a kissing lesion were strongly associated with poor cartilage regeneration, compared with age, sex, BMI,
pre- and postoperative HKA angle, correction angle, pre- and postoperative tibial slope, meniscectomy, and
root tear of the meniscus. Although there are a few studies to examine factors associated with cartilage
regeneration after HTO, microfracture under arthroscopy was not performed. Recently, Kumagai et al.
reported that the factors that affected cartilage regeneration after HTO,  were such as postoperative limb
alignment, preoperative cartilage degeneration grade, and BMI, but not by age or gender[11].  Kim et al.
found that regeneration of articular cartilage was associated with a smaller mean preoperative varus
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mechanical tibiofemoral angle and lower BMI for the medial femoral condyle[12].  Bae et al. performed a
study of microfracture in an OA knee with a minimum 10-year follow-up and reported that cartilage
lesions >2 cm2 and a preoperative mechanical axis which bisected the total width of the tibia more than
25% were associated with poor results. But BMI and partial meniscectomy was not contributing
factors[13].

According to the patient factors, consistent with Bae et al.[13], we could not �nd any effect of BMI on
cartilage regeneration, contrary to Kumagai et al.[11] and Kim et al.[12]. The relatively low BMI of our
study sample might have been the reason why there was no association with cartilage regeneration. In a
study of arthroscopic abrasion arthroplasty combined with HTO, Akizuki et al. showed that age was the
only factor in�uencing tibial cartilage[14]. Though some studies have demonstrated a better cartilage
regeneration in younger individuals, especially < 35 years, our investigation revealed no age effect since
we had included patients with high-grade OA, all of them above 40 years of age[6].

A large varus deformity as determined by the preoperative HKA angle is also one of the contributing
factors for the regeneration of the cartilage in most studies. Kumagai et al. and Koshino et al. have also
shown that mature regeneration was observed more frequently in the knees with more than 1° of
mechanical valgus angulation after osteotomy than in those with less than 1°[15]. However, Tsukada and
Wakui recently reported no signi�cant differences in the ratio of cartilage repair between overcorrected
(de�ned as knees with mechanical valgus angulation ≥8°) and moderately corrected (de�ned as knees
with mechanical valgus angulation ≤8°) knees[16]. Our study did not show any association between
clinical outcome and cartilage regeneration with pre- and postoperative HKA angles as well as the
correction angle. The goal of our corrective osteotomy was to achieve three to �ve degrees valgus
angulation and hence most of our patients had overcorrected knees. It is well known that an open wedge
HTO tends to increase, and a closed wedge HTO tends to decrease the postoperative slope[17,18].
Although the tibial slope increased after surgery, neither the preoperative tibial slope nor its change
affected cartilage regeneration postoperatively.

Meniscal root tear is commonly associated with high-grade degenerative arthritis. Menisci are important
for resisting axial load by generating hoop stresses. Meniscal root tear alters the knee’s
biomechanics[19,20,21,22]. A root tear of the meniscus is almost equivalent to total meniscectomy,
increasing tibiofemoral contact pressure as demonstrated by Allaire et al.[19]. Takahashi et al. showed
that tears in the posterior root of the medial meniscus were independent risk factors for cartilage
degeneration as shown on T1p MRI scans[14]. Though statistically not signi�cant, most cases with poor
cartilage regeneration in our study had a root tear of the medial meniscus. Krych et al. reported that non-
operative management of the medial meniscus root tear is associated with worsening arthritis and poor
functional outcomes at a �ve-year follow-up[23]. Most of the root tears in our study were managed with
either partial or subtotal meniscectomy to obtain a stable peripheral rim. Sterett et al. reported that
patients with a tear of the medial meniscus at the time of chondral resurfacing were 9.2 times more likely
to undergo TKA than those without tear[24]. But similar to Bae et al.[13], our study also showed that
meniscectomy in general does not affect cartilage regeneration.
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Among all factors, the most signi�cant were the size of the cartilage lesion and the presence of a kissing
lesion. In our study, a cartilage defect ≥ 2.5 cm2 was the most consistent factor associated with poor
cartilage regeneration. Moreover, when the kissing lesions is present, it can possibly affect cartilage
regeneration by disturbing the stable position of marrow stem cells during the regeneration process. Like
in our study, most investigations assessing cartilage regeneration have shown that a larger cartilage
defect is associated with poor cartilage regeneration[11,13,24].

 

Similar to Schuster et al.[25], our study revealed that there were no statistically signi�cant differences in
functional outcomes between well regenerated and poorly regenerated groups. This can be interpreted
that postoperative functional improvement is mainly due to the medial compartment’s unloading after
HTO.

Limitations

This study had several limitations. First, it was a retrospective study with limited cases. Second, tibial
cartilage regeneration was not taken into account. Third, cartilage factors were not treated in detail.
Fourth, we did not compare with the control group which patients who had undergone HTO without MF.

Conclusions
A large cartilage defect (≥ 2.5cm2) and the presence of a kissing lesion are associated with poor
cartilage regeneration after combined HTO and MF surgery. The quality of regenerated cartilage does not
affect functional outcomes. Therefore, surgeons should determine the necessity of microfracture based
on risk factors, especially with respect to the size of the cartilage defect and the presence of a kissing
lesion at the time of HTO.
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Tables

Table 1. Characteristics of Patients
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Characteristic Value  

  Number of Cases 81

  Male 25

  Female 56

  Age (yr), mean ± SD 55.7 ± 5.2

  mean ± SD 25.8 ± 3.3

  Time to plate removal and second-look arthroscopy (mo), mean ± SD 25.6 ± 5.5

  Follow-up (mo), mean ± SD 38.5 ± 20.1

  Preoperative HKA angle (degrees), mean ± SD -6.0 ± 2.1

  Postoperative HKA angle (degrees), mean ± SD 3.5 ± 1.0

  Correction angle (degrees), mean ± SD 9.4 ± 1.9

  Preoperative tibial slope (degrees), mean ± SD 7.0 ± 2.2

  Postoperative tibial slope (degrees), mean ± SD

       

The values are expressed as the mean ± standard deviation, unless stated otherwise.
Negative values indicate varus angulation

SD: standard deviation, HKA angle: Hip-Knee-Ankle angle

 

 
ICRS Grades at the Time of Diagnostic Arthroscopy

  Grade IGrade IIGrade IIIGrade IVTotal

Femoral side0 0 32 49 81

Tibial side 45 19 6 11 81

Body mass index (kg/m2), 

7.7 ± 2.2

Table 2. Frequency of ICRS Grades in Articular Cartilage at the Time of Diagnostic Arthroscopy (1st)
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The values are the number of cases.

ICRS: International Cartilage Repair Society

 
Cartilage Repair Assessment

  Grade IGrade IIGrade IIIGrade IVTotal

Femoral side7 19 26 29 81

Tibial side 47 20 6 8 81

The values are the number of cases.

 

Table 4. Univariate Logistic Regression of Factors Affecting Cartilage Regeneration
 

Factors Odds ratio95 % confidence intervalP value

Age 0.672 0.794-1.095 .726

Gender 0.825 0.019-0.850 .062

1.573 1.151-2.150 .004

Preoperative HKA angle 0.611 0.055-6.786 .384

Postoperative HKA angle 0.305 0.019-3.452 .120

Correction angle 1.677 0.149-18.904 .343

Preoperative tibial slope 0.976 0.059-3.849 .115

Postoperative tibial slope 1.719 0.230-0.825 .027

Meniscectomy 0.304 0.056-1.644 .187

Root tear of meniscus 0.381 0.035-4.107 .511

Size of cartilage defect ≥ 2.5 cm 5.024 0.442-57.099 .048

Kissing lesions 0.009 0.017-0.110 .000

 

Table 5. Multivariate Logistic Regression of Factors Affecting Cartilage Regeneration
 

Table 3. Cartilage Repair Assessment after Second-Look Arthroscopy (2nd)

Body mass index

2
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Factors Odds ratio95 % confidence intervalP value

1.455 0.674-3.138 .339

Preoperative tibial slope 0.976 0.452-2.104 .851

Postoperative tibial slope 1.719 0.393-7.516 .472

Size of cartilage defect ≥ 2.5 cm 3.071 1.291-7.306 .011

Kissing lesions 2.483 1.107-5.569 .027

 

Figures

Figure 1

Body mass index

2



Page 14/16

Flowchart of this study

Figure 2

Fifty-�ve year-old female with right knee medial compartmental OA included in the normal cartilage
group. A = Preoperative Teleroentgenography, B = Postoperative Teleroentgenography, C =
Teleroentgenography after plate removal, D = Arthroscopic microfracture done on the medial femoral
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condyle, E = near-normal cartilage regeneration on second-look arthroscopy. Note the size of the cartilage
lesion at the time of microfracture (< 2.5 cm2) on diagnostic arthroscopy.

Figure 3

Fifty-nine year-old female with right knee medial compartmental OA included in the abnormal cartilage
group. A = Preoperative Teleroentgenography, B = Postoperative Teleroentgenography, C =
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Teleroentgenography after plate removal, D = Kissing lesion on the medial femoral condyle, E = Abnormal
cartilage regeneration on second-look arthroscopy.


