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Abstract

Stability of the knee depends on the alignment of the long bones, the structure of the articular cartilage or the soft
tissue structures surrounding the knee mainly the ligaments and the capsule. Varus deformity of the knee increases
the load on the medial compartment causing progressive degenerative changes leading to medial compartmental
osteoarthritis. Julies Wolff in the early 19th century defined Wolff's Law which states that bone in a healthy organism
will adapt to the loads under which it is placed. This means that biological responses can be mathematically
determined in relation to mechanical forces in remodelling.
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Introduction
Stability of the knee depends on the alignment of the long bones, the

structure of the articular cartilage or the soft tissue structures
surrounding the knee mainly the ligaments and the capsule. Varus
deformity of the knee increases the load on the medial compartment
causing progressive degenerative changes leading to medial
compartmental osteoarthritis. Julies Wolff in the early 19th century
defined Wolff’s Law which states that bone in a healthy organism will
adapt to the loads under which it is placed. Hence, mechanical forces
acting on the knee joint are directly related to the biological responses
with regards to remodelling. This summary is aimed to critically
evaluate the role of combining biological management along with
biomechanical management in medial compartment lesions of the
knee. The primary goal of performing this procedure is to defer the
need for arthroplasty as the longevity of the implant is finite. This
procedure adds to the health economic burden of revision surgeries
with an ever-increasing ageing population. The increased demands of
an athletic young population also manifest a need to explore
regenerative methods rather than an arthroplasty.

Factors Involved in Varus Knee
In a varus knee, there is a failure of the biological component, i.e.

the cartilage or the biomechanical component which is the mechanical
axis of the lower limb. Change in either of the two components
predisposes the other and leads to the progression of the pathology.

Biological Failure
Articular Cartilage is an aggressively specialised connective tissue

without any blood supply, lymphatics or nerves with limited healing
potential. Since it is viscoelastic, when there is constant compressive

stress, its deformation increases which is progressive until a plateau is
attained [1]. These forces if progressive over extended periods of time
finally give way breaking the collagen fibrils and the matrix causing
cartilage degradation.

Cartilage oligomeric matrix protein (COMP) which is extracellular
matrix glycoprotein, is released into the joint which further stimulates
the release of pro-inflammatory cytokines like interleukin’s,
transforming growth factor α (TNF-α) which leads to further
progression of the disease process [2].

Managing Biological Failure with Cartilage
Regeneration
This can be attempted by any of the procedures either by using

autologous chondrocyte implantation (ACI), micro-scaffold induced
chondrogenesis (MSIC) among others. ACI is a two-staged procedure
were chondrocytes harvested during the first procedure are cultivated
in-vitro to be implanted as a second procedure after 4-6 weeks;
whereas MCIC is a single stage arthroscopic procedure where
mesenchymal cells harvested from the patient’s iliac crest and
implanted at the defect site using a scaffold. Smaller the size and
localised the lesion better is the outcome of surgery. ACI is still
considered to be the gold standard in the treatment of cartilage
regeneration.

Biomechanical Failure
Because of the increased wear on the medial compartment of the

knee, there is a shift in the mechanical axis of the lower limb. In the
varus knee, the axis shifts medially increasing the lever arm. The body
tries to compensate this by increasing adduction of the femur and
external rotation of the foot with further contributes to the associated
pain and deformity.
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Managing Biomechanical Failure with High Tibial
Osteotomy (HTO)

Popularised in 1965, HTO was introduced in 1961 to address this
issue by realigning the mechanical axis and transfer the weight to the
unaffected lateral compartment and reduce the strain and stop the
degeneration in the medial compartment. It can be attained either with
a medial opening wedge or a lateral closing wedge osteotomy both with
its merits and demerits [3,4].

The most common method of determining the angle of correction
required used the one described by Dugdale et al. according to whom
the weight-bearing line which connects the center of the femoral head
and the center of the tibiotalar joint is located at 62.5% between the
medial and lateral compartment of the proximal tibia, slightly lateral to
the lateral tibial spine [5]. Another popular method was described by
Fujisawa et al. is to align the mechanical axis to pass through a point 30
to 40% lateral to the midpoint [6].

Managing Biomechanical Failure with Computer-
Assisted-Navigated HTO

Traditional intra-operative measurement technique showed
frequently intra-observer variations. Also, there was a significant
amount of rotational mal-alignment which was not addressed. Keeping
in mind these problems of HTO, computer-assisted navigated HTO
seemed to gain preference in a few centers with encouraging early
results. Lorio et al. [7] in 2011 published a randomised control trial of
patients undergoing conventional or computer-assisted HTO who were
followed up for an average period of 39 months. This showed
significant difference favouring computer-assisted HTO with a higher
amount of reproducibility both in the mechanical axis and tibial slope
compared to pre-operative assessment.

Combining Biological and Biomechanical Processes
Since there is involvement of both the biological and biomechanical

components, it seems logical to address both these components to
achieve sustained benefit. A literature search was performed by using
keywords ‘high tibial osteotomy’, ’cartilage regeneration’, ‘cartilage
repair’, ‘varus knee’. A total of 90 articles were found which after
evaluation by Shield’s technique (SQ3R technique) were critically
analysed.

HTO with Cartilage Regeneration
Feruzzi et al. [8] published a retrospective study of patients who

underwent cartilage repair Procedures associated with HTO who were
followed up for 11 years.8 Data from 138 patients were taken who were
operated for varus deformity with medial compartment OA from 1999
in 2002. They found satisfactory results in both the groups at 11-year
follow-up with n statistically significant evidence of the superiority of
the addition of ACI to isolated HTO. A total of 56 patients who
matched the criteria were included in the study. This can however not
rule out possible deliberate exclusion since it is a retrospective study.
No mention regarding an ethical committee, clearance is mentioned
throughout the study. There is neither mention of the number of
operating surgeons involved in the study. The patients were evaluated
post-operatively only based on the Hospital for Special Surgery (HSS)
knee assessment instrument and Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) Rating score and X-rays.
No repeat MRI or arthroscopy was done in any patient to evaluate the

status of cartilage growth. There were 6 cases which failed in the course
of the follow-up and were converted to arthroplasty, the cause and the
timing of revision not Explained. The strengths of the study were the
strong emphasis on the inclusion criteria like including only patients
with medial compartment OA and age less than 60 years. MRI was
taken in all the operative cases pre-operatively to evaluate the cartilage
status. ACI was performed arthroscopically in all the 18 cases.

A study was reported by Franceschi et al. [9] in 2008 of 8 patients
who were evaluated for a period of 28 months after simultaneous ACI
and HTO for chondral defects in varus knee. Their patients showed
improvement post-operatively compared to similar studies. However,
the study was conducted from January 2002 to February 2003 and
published after five years.

The sample size of 8 was quite small with no associated control
group to draw credible conclusion from the study. The angle of
osteotomy to be done was considered to a center the point at 50% of
the tibia which was not consistent with most other publications with
HTO who considered the Dugdale method or the Fugisawa method.
The strengths were all patients were treated with a medial opening
wedge and the ACI was done arthroscopically.

Patients were evaluated for more than 2 years (25-31 months) with
no known complications or revisions. MRI was done postoperatively at
5 weeks, the reason for which an early MRI or the results were not
explained. However though interesting a paper, the credibility of the
results should be analysed carefully considering all these limitations.

A systematic review was published in 2012 by Harris et al. which
survival and clinical outcome of HTO with cartilage regeneration
techniques. A total of 69 studies were included in this. The study which
was selected between 1998 and 2012. They found that the survival of
HTO combined with cartilage repair was significantly higher with only
HTO or HTO in combination with the meniscal transplant. Majority
of the cases (almost 75%) were of low level of evidence i.e. level III or
IV. There was no mention regarding conflicts of interest in almost half
of the cases making it difficult to exclude case selection bias in the
study [10]. The different studies had adopted different methods of
HTO, either a closing wedge or opening wedge making it difficult to
compare the studies. The cartilage regeneration treatment varied from
ACI, OATS, osteochondral allograft and other marrow-stimulation
techniques. The methods of patient  selection in the studies were quite
arbitrary and most of the patients in the HTO only group had a mean
age of 60 years whereas in the HTO with cartilage group were younger
and more active giving rise to a suspicion of clinical bias and treatment
offered based on the patient's clinical activity and age.

A non-randomized clinical trial done in year 2013, by Bode et al.
showed outcomes of OWHTO (medial open wedge high tibial
osteotoy) and ACI in 43 patients (mean age 39.14 years) and revealed a
higher graft survival rate of 89.5% in the combined treatment group
based on MRI findings and the need for revision surgery (compared to
58.3% in the ACI alone group) [11].

Results
The benefits of combining cartilage regeneration with HTO seem to

have a slight benefit over Only HTO with better short-term survival.
Long-term survival of both the treatment options is comparable at 10
years with similar survival rates. No publications have been found
which study the outcome of cartilage regeneration techniques with
high tibial osteotomy using navigation techniques which highlights the
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need for more clinical information to draw definitive conclusions.
Navigated surgery is also a niche surgery performed in few centers. It
also adds to the cost of combination treatment making the procedure
very expensive.

Conclusion
The spectrum of medial compartment lesions is quite broad and is

difficult to group patients into a category. The ideal way to proceed
with such situations is to optimize treatment with patient specific target
therapy. There is no concrete high level evidence available regarding
asurgical procedure which outweighs another. It is likely that a
combination of the procedures  is a logical management option and
there is a need for more evidence. Cartilage regeneration with
computer assisted HTO seems to be an ideal option, but there are no
studies available to evaluate the outcome. The cost economics of this
might need to be considered as  navigation adds a significant cost to
the procedure. There is a need for future research and high level
evidence to shed light and evaluate its benefits on a long-term
outcome.
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