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Objective: To evaluate the microfracture intervention with tibial valgus osteotomy associated

in  the treatment of varus gonarthrosis.

Methods: From November 2005 to May 2013, 129 patients with medial gonarthrosis, varus

deformity (8◦–12◦), and range of movement greater than 90◦ were evaluated. Patients with

advanced gonarthrosis (Alhbäck 3, 4, and 5), Outerbridge lesion inferior to IV, previous knee

surgery, body mass index greater than 35 kg/m2, and/or cruciate ligament injuries were

not  included. All patients were treated with videoarthroscopy followed by tibial valgus

osteotomy. In the group osteotomy associated with microfracture (n = 56, mean age = 39.3),

tibial valgus osteotomy and microfracture techniques to address chondral defects were used.

In  the isolated osteotomy group (n = 73, mean age = 41.4), only this procedure was performed.

Post-surgical follow-up was 24 months, with four evaluations in the first 6 months, proceed-

ing  to biannual twice-a-year evaluation in the subsequent period. The Lysholm scale was

used  for functional monitoring.

Results: There was a significant improvement in the pain, limping, and squatting domains of

the  Lysholm scale but only in the isolated osteotomy group. A greater variance of results was

observed in the osteotomy group associated to microfracture, in addition to an increased

risk  of functional deterioration (OR = 8.64).

Conclusion: The association of microfractures and tibial valgus osteotomy was correlated to

lower functional outcomes than tibial valgus osteotomy alone, and may be related to the

risk  of worsening in the first two postoperative years.
©  2018 Published by Elsevier Editora Ltda. on behalf of Sociedade Brasileira de Ortopedia

e  Traumatologia. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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O  papel  das  microfraturas  associadas  a  osteotomia  tibial  no  tratamento
da  gonartrose  com  geno  varo

Palavras-chave:

Osteoartrite do joelho

Geno varo

Osteotomia

Artroscopia

Escore de Lysholm para joelho

r  e  s  u  m  o

Objetivo: Avaliar a intervenção de microfratura associada a osteotomia tibial valgizante no

tratamento de gonartrose medial com geno varo.

Métodos: Entre novembro de 2005 e maio de 2013, foram avaliados 129 pacientes portadores

de  gonartrose medial, geno varo entre 8◦ e 12◦ e arco de movimento superior a 90◦. Não

foram incluídos pacientes com gonartrose avançada (Alhbäck 3, 4 e 5), lesão Outerbridge

inferior a IV, cirurgia prévia na articulação, índice de massa corpórea superior a 35 kg/m2

e/ou lesão de ligamentos cruzados. Todos os pacientes foram submetidos a videoartroscopia

do  joelho seguida de osteotomia tibial valgizante. No grupo osteotomia tibial valgizante

associado a microfratura (n = 56, média de idade = 39,3) foram associadas as técnicas de

osteotomia tibial valgizante e microfratura nos defeitos condrais. No grupo osteotomia tibial

valgizante isolada (n = 73, média de idade = 41,4), apenas esse procedimento foi feito. O

acompanhamento pós-cirúrgico foi de 24 meses, com quatro avaliações ambulatoriais nos

primeiros seis meses, passou-se a avaliações semestrais no período subsequente. A escala

de  Lysholm foi usada no acompanhamento funcional.

Resultados: Uma melhoria significativa nos domínios dor, claudicação e agachamento da

escala de Lysholm foi observada apenas no grupo osteotomia tibial valgizante isolada. Maior

variância de resultados foi observada no grupo osteotomia tibial valgizante associada a

microfratura e uma razão de chances de pioria de 8,64.

Conclusão: A associação das microfraturas e osteotomia tibial valgizante tem resultado fun-

cional inferior à osteotomia tibial valgizante isolada, pode ainda estar relacionada ao risco

de  pioria nos primeiros dois anos de pós-operatório.

© 2018 Publicado por Elsevier Editora Ltda. em nome de Sociedade Brasileira de

Ortopedia e Traumatologia. Este é um artigo Open Access sob uma licença CC BY-NC-ND
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steoarthrosis is among the main diseases responsible for
educing the quality of life in the elderly, and the knee is
he most affected joint.1,2 Risk factors for the development of
his pathology include heredity, obesity, fractures, and angu-
ar deviations.3 The disease commonly begins in the medial
ompartment and is closely related to limb alignment.4 The
resence of varus of the lower limb, for example, is not only an

solated risk factor for the onset of gonarthrosis but also accel-
rates disease progression among those patients who already
resent joint degeneration and have a limb misalignment.5

Changes in the medial compartment are observed early in
oung adults who  will develop the disease. In these patients,
he presence of varus associated with focal joint defects, joint
nstability, and/or medial meniscectomy may accelerate joint
eterioration in an active phase of life, when the joint is still
uite biomechanically required.4,5

Despite the advances in unicompartmental arthroplasty
echniques, studies have shown that young adults with
n active lifestyle who present medial gonarthrosis obtain
reater long-term benefits from joint-sparing procedures.6,7
t has also been well-established that good joint align-
ent is paramount for the success of joint preservation

echniques, such as osteochondral transplantation, autolo-
ous chondrocyte transplantation, abrasion arthroplasty, and
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

microfractures.8,9 Thus, in patients with varus in whom it
is desirable to postpone the arthroplasty, realignment is an
important step in the surgical treatment.

Many studies have evaluated the results of tibial valgus
osteotomy (TVO) for genu varum with early signs of medial
compartment arthrosis, and have reported that the good
results obtained postpone the need for arthroplasty.9–13 How-
ever, there are few reports in the literature that assess the
functional outcome of the TVO technique in the short and
medium-terms.5

This study was aimed at evaluating the clinical and
functional benefits of the intervention of the microfracture
technique in patients who underwent TVO for the treatment
of angular deviations in varus and gonarthrosis of the medial
compartment.

Methods

This is a retrospective cohort study in which patients with
genu varum and medial gonarthrosis underwent knee video
arthroscopy, followed by TVO with or without microfracture.
The patients were operated between November 2005 and May
2013. The study was approved by the Research Ethics Com-

mittee of the Center for Biological Sciences and Health of this
institution under CAAE No. 51547415.5.0000.5258.

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


756  r e v b r a s o r t o p . 2 0 

Table 1 – Sample selection criteria.

Inclusion criteria Exclusion criteria

Medial gonarthrosis Advanced gonarthrosis
(Alhback 1 and 2) (Alhback 3, 4, and 5)
Genu varum between 8◦ and 10◦ Prior surgery in the joint

Range of motion >90◦ Body mass index >35 kg/m2

Age between 18 and 70 years Injury of crossed ligaments

Case  selection

A total of 129 patients between 18 and 70 years of age were
included in the study, and the selection criteria listed in Table 1
were observed. The information contained in the medical
charts and the images were obtained from the institution’s
image bank.

The radiographic classification of Ahlbäck and Rydberg,14

modified by Keyes et al.,15 was used for gonarthrosis classifi-
cation. Panoramic orthostatic radiographs were used to assess
the lower limb axis and to quantify the varus deviation.

Surgical  technique

In the selected cases, knee arthroscopy was performed before
TVO. Parapatellar portals were used for joint inspection. Chon-
dral lesions were identified and graded by the Outerbridge
classifications.16 Patients with cruciate ligament injuries,
Outerbridge chondral lesions graded less than 4, and full-
thickness chondral lesions without a border were excluded
from the study. Degenerative meniscal lesions were duly
addressed and stabilized when necessary.17

The microfracture technique described by Steadman
et al.18 was used. In this procedure, peripheral fragments of
the chondral lesion are removed, as well as the entire resid-
ual calcified cartilage layer; 3–4-mm deep holes are made in
the subchondral bone, with an average distance of 4–5 mm
from each other. Patients who underwent the microfracture
technique were included in the TVO + microfracture group.

All study participants underwent TVO, with medial ver-
tical access in the proximal tibia between the anterior tibial
tuberosity and its posterior medial border, followed by perios-
teum en bloc dissection until the posterior tibial cortex could
be visualized. Guidewires (2.5 mm Steinmann wires) are posi-
tioned approximately 4 cm from the articular surface, towards
the superior portion of the proximal fibular head, with radio-
scopic aid. The osteotomy is then performed, preserving the
lateral cortex because its integrity functions as a fulcrum for
the osteotomy. The opening is previously calculated using the
Dugdale et al.19 method, and a second preoperative control
is made using a tuning fork that keeps the osteotomy open
and with the aid of radioscopy and a metal wire positioned
from the centre of the femoral head to the centre of the ankle
through the point of Noyes et al.,20 located in the lateral com-
partment of the knee (point corresponding to 62.5% assessed
from the medial proximal tibia). A hydroxyapatite graft is

placed, followed by the Tomofix plate (AO Synthes
®

) with eight
®

locking screws. A Hemovac drain was used in all patients,
who  were discharged 24 h after surgery with partial weight-
bearing and a long knee immobilizer for analgesia during the
first week; after that, knee range of motion exercises were
1 8;5 3(6):754–760

indicated. Patients who underwent only the TVO procedure
were included in the isolated TVO group in this study.

Postoperative  follow-up

In the postoperative period, patients were regularly followed-
up at outpatient appointments for 2 years. In the first 6
months after the procedure, four appointments were carried
out, and half-yearly evaluations were performed thereafter.
The Lysholm functional score21 was used to follow-up the clin-
ical and functional evolution at four moments: at the time
of admission to the surgical treatment, and at 6, 12, and
18 months postoperatively. Radiographs were systematically
used to confirm bone consolidation; this was the criterion
for authorizing weight-bearing on the operated knee. All the
patients selected evolved with osteotomy consolidation before
the first clinical and functional evaluation in the postoper-
ative period, with a correction of 5 degrees of valgus of the
mechanical axis.

Results

Among the selected patients, 32 were female and 97 were
male. The age ranged from 18 to 67 years in the isolated
TVO group (mean of 39.3) and in the TVO + microfracture
group, from 18 to 62 years (mean of 41.4). No  differences were
observed between the groups in relation to the age group (p-
value: 0.280, Student’s t-test).

The Lysholm score results and the statistics used in the
total score and its domains are listed in Table 2. The coeffi-
cients of variation demonstrated that the variability of scores
was relatively higher in the TVO + microfracture group. In all
evaluations, in both groups, the variables did not follow a nor-
mal  distribution, as all normality tests resulted in p-values
lower than 0.001.

The difference between the mean values of total
Lysholm scores and its domains, preoperatively, between
the TVO + microfracture and isolated TVO groups, was not
statistically significant (p > 0.05 by Mann–Whitney’s test). A
significant improvement in the scores was observed in both
groups after surgery (Table 2) and during the postoperative
period (p < 0.05 by Mann–Whitney’s test), with higher values
in the isolated TVO group. Comparing the studied groups in
the postoperative period, it was observed that the improve-
ment obtained was significant in the total values, but only for
the limping, pain, and squatting domains (Table 3 and Fig. 1).

A study of frequency distribution of the mean postoper-
ative Lysholm score classification (poor, fair, good, excellent)
was also assessed. In the isolated TVO group, between the 6th
and 12th month, 90.4% of the patients remained in the same
categories, 8.2% improved, and 1.4% worsened, a statistically
significant difference (p-value: 0.03; McNemar test; Table 4). In
the TVO + microfracture group, in the same period, 89.3% of the
patients remained in the same categories, 1.8% improved, and
8.9% got worse, a statistically significant difference (p-value:

0.049; McNemar test; Table 5).

The odds ratio for improvement in the TVO + microfracture
group was 0.2, i.e.,  a patient who underwent microfracture
had a reduced chance of improvement when compared with
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Table 2 – Statistics used in Lysholm score analyses.

Lysholm Statistics Isolated TVO group TVO + microfracture group

Preop 6th m 12th m 18th m Preop 6th m 12th m 18th m

Limping

Mean  3.4 4.8 4.8 4.8 3.5 4.2 4.2 4.2
Md. 3 5 5 5 3 5 5 5
� 0.8 0.6 0.6 0.6 0.9 1.1 1.1 1.1
Min. 3 3 3 3 3 0 0 0
Max. 5 5 5 5 4 5 5
CV 0.24 0.11 0.11 0.12 0.25 0.27 0.26 0.27

Support

Mean 4.8 4.9 4.9 4.8 4.1 4.7 4.7 4.6
Md. 5 5 5 5 5 5 5 5
� 0.8 0.4 0.4 0.7 1.1 0.9 0.9 1
Min. 2 2 2 2 2 2 2 2
Max. 5 5 5 5 5 5 5 5
CV 0.17 0.09 0.09 0.15 0.24 0.2 0.2 0.22

Locking

Mean 7.3 14.2 14.3 14.2 8.6 13.9 13.9 13.7
Md. 6 15 15 15 10 15 15 15
� 2.7 1.9 1.7 1.9 2.6 2.4 2.4 2.5
Min. 2 10 10 10 6 6 6 6
Max. 10 15 15 15 15 15 15 15
CV 0.37 0.13 0.12 0.13 0.3 0.17 0.17 0.18

Instability

Mean 17.1 23.8 23.8 23.8 18.5 23.1 23.1 23.1
Md. 20 25 25 25 20 25 25 25
� 3.5 2.2 2.1 2.1 2.7 3.8 3.8 3.8
Min. 10 20 20 20 15 10 10 10
Max. 20 25 25 25 25 25 25 25
CV 0.21 0.09 0.09 0.09 0.15 0.16 0.16 0.16

Pain

Mean 13.2 21.7 21.8 21.7 13.3 19.7 19.3 19.2
Md. 15 20 20 20 15 20 20 20
� 2.7 3.8 3.9 4 2.4 5.1 5.3 5.4
Min. 10 10 10 10 10 5 5 5
Max. 15 25 25 25 15 25 25 25
CV 0.2 0.18 0.18 0.18 0.18 0.26 0.28 0.28

Swelling

Mean 6.3 9.3 9.3 9.5 7.6 9.1 8.8 8.7
Md. 6 10 10 10 6 10 10 10
� 2.9 1.7 1.6 1.5 2.5 1.8 2 2
Min. 2 2 2 2 2 2 2 2
Max. 10 10 10 10 10 10 10 10
CV 0.46 0.18 0.17 0.16 0.33 0.2 0.23 0.23

Climbing
stairs

Mean 5.9 8.1 8.6 8.8 6 7.9 8.1 8.2
Md. 6 10 10 10 6 10 10 10
� 0.7 2 1.9 1.8 0.76 2.3 2.3 2.3
Min. 2 6 6 6 2 2 2 2
Max. 6 10 10 10 10 10 10 10
CV 0.11 0.25 0.22 0.21 0.13 0.29 0.28 0.28

Squatting

Mean 3.3 4.7 4.7 4.7 3.5 4.4 4.4 4.5
Md. 4 5 5 5 4 5 5 5
� 1.1 0.7 0.7 0.7 0.9 0.9 0.9 0.8
Min. 2 2 2 2 2 2 2 2
Max. 4 5 5 5 4 5 5 5
CV 0.34 0.16 0.16 0.16 0.26 0.2 0.2 0.17

Total
value

Mean 60.8 91.5 92.3 92.3 65.5 87.1 86.5 86.3
Md. 64 95 95 95 67 90 89 89
� 7 7.7 8 8.8 5.2 12.1 12.7 12.8
Min. 46 65 65 62 51 48 48 50
Max. 70 100 100 100 73 100 100 100
CV 0.12 0.08 0.09 0.09 0.08 0.14 0.15 0.15

aximu

a
i
s
o
g

�, standard deviation; CV, coefficient of variance; m, month; Max., m

 patient who  underwent isolated TVO, but the confidence
nterval of the odds ratio for improvement does not show its

ignificance, as it contains the value 1 (0.02; 1.7). In turn, the
dds ratio for worsening was 8.64 in the TVO + microfracture
roup, and the confidence interval of the odds ratio for
m value; Md., median; Min., minimum value.

worsening shows its significance, as it does not include the
value 1 (1.1; 74.0).
Analyzing the frequency distribution of 129 patients
between the 12th and 18th months, 95.3% (123 patients)
remained in the same classification, only 0.8% (one patient)
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Table 3 – Comparison of the means of the Lysholm score in the postoperative period by the Mann–Whitney test.

Lysholm scale domains 6th month 12th month 18th month

Limping 0 0 0
Support 0.059 0.059 0.261
Locking 0.579 0.329 0.297
Instability 0.659 0.539 0.539
Pain 0.023 0.006 0.006
Swelling 0.637 0.066 0.007
Climbing stairs 0.713 0.329 0.159
Squatting 0.024 0.009 0.018
Total score 0.022 0.004 0.002
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Fig. 1 – Comparison between groups in the postoperative period.
*Statistically significant differences by the Mann–Whitney test.

The literature describes different strategies for the treatment
2

improved from good to excellent, and 2.3% (three patients)
worsened from good to regular. These changes were not sta-
tistically significant (p-value: 0.112; McNemar test). The most
significant changes in patient status were observed between

the 6th and 18th months, especially in the isolated TVO
group.
Discussion
of chondral defects. These include the creation of microfrac-
tures in the defective bed, which has been frequently used
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Table 4 – Distribution of categorical frequencies between the 6th and 12th months in the isolated TVO group.

First evaluation (6th month)

Second evaluation (12th month)

Excellent Good Regular Total

Excellent 39 0 0 39
53.40% 0.00% 0.00% 53.40%

Good 6 17 1 24
8.20% 23.30% 1.40% 32.90%

Regular 0 0 10 10
0.00% 0.00% 13.70% 13.70%

Total 45 17 11 73
61.60% 23.30% 15.10% 100.00%

Table 5 – Distribution of categorical frequencies between the 6th and 12th months in the TVO + microfracture group.

First evaluation (6th month)

Second evaluation (12th month)

Excellent Good Regular Poor Total

Excellent 19 0 0 0 19
33.90% 0.00% 0.00% 0.00% 33.90%

Good 1 20 5 0 26
1.80% 35.70% 8.90% 0.00% 46.40%

Regular 0 0 7 0 7
0.00% 0.00% 12.50% 0.00% 12.50%

Poor 0 0 0 4 4
0.00% 0.00% 0.00% 7.20% 7.20%

i
k
fi
s
n

m
t
i
p
s
a
s

v
u
c
u
b
t

u
T
fi
y
a
m
d
fi

Total 20 20 

35.70% 35.70% 

n the management of symptomatic chondral defects of the
nee joint.2,4,5,7,8,18 This technique induces the formation of
brocartilage through mesenchymal cells migrated from the
ubchondral space.18 It is a simple and reproducible tech-
ique, with low morbidity.

The prevalence of chondral lesions of the medial compart-
ent in patients with genu varum is high11,12; they are related

o the pathophysiological process of medial gonarthrosis. TVO
s a proven technique for the treatment of genu varum in
atients who  do not yet meet criteria for TKA.9–11,13,19,20 Recent
tudies have associated the TVO and microfracture techniques
iming to delay the onset of medial gonarthrosis and improve
hort and medium-term joint function.5

In this case series, only patients with symptomatic genu
arum with medial chondral lesion were selected. All patients
nderwent TVO aiming to reduce the overload on the medial
ompartment. Patients from the TVO + microfracture group
nderwent microfractures in the areas of chondral defects;
etter results were expected with the association of the two
echniques, but this outcome was not observed.

There are few reports in the literature that have eval-
ated the functional outcomes of the association between
VO and microfracture.22–25 Akizuki et al.23 concluded that
brocartilage formation occurs within the first postoperative
ear and has limited functional benefits; the clinical short
nd medium-term outcome is associated with an improve-

ent in the dynamic factors related to TVO. Much has been

iscussed about the correlation between the formation of
brocartilage after the creation of microfractures and the
12 4 56
21.40% 7.20% 100.00%

functional improvement observed postoperatively,22,23,26,27

but to date, it has not been possible to associate the
clinical and functional benefits with the correction of a
chondral defect (Jung et al.28). The present study did not
assess fibrocartilage formation, but it was clear that the
association of microfracture with TVO had a deleterious
effect, increasing the chances of functional worsening,
especially for the domains of limping, pain, and squat-
ting.

The authors believe that the functional improvement
observed in both groups was due to limb realignment, which
reduces the impact on the subchondral bone, reducing the
intravenous pressure, which in turn reduces the microfracture
of the subchondral bone. The present results are consistent
with those of other authors who assessed the role of TVO in
the progression of gonarthrosis.10,19,20,26

In the present study, no difference was observed between
the groups in relation to age, but the variance within each
group was significant and may have interfered in this out-
come; nonetheless, both groups presented better results when
compared with the preoperative period, confirming the impor-
tance of limb realignment in clinical short and medium-term
improvement.

The Lysholm score is a subjective evaluation; ideally, it
should be associated with other methods to increase the
predictive value. The Lysholm score was used because it was

the only one validated for the Brazilian population at the
beginning of this research. The present authors agree with
Albuquerque et al.29 that this evaluation system has a low
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negative predictive value and underestimates the score of
patients with normal knees.

The retrospective design, the small number of patients,
and the lack of radiographic and arthroscopic evaluation of
the chondral defects in the postoperative period are limita-
tions of the present study, especially in defining the benefits
of TVO + microfracture.

Conclusion

The TVO + microfracture group presented a lower functional
benefit than the isolated TVO group and had a greater chance
of getting worse in relation to preoperative conditions.
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