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It is important to analyze the alignment in the frontal plane 
but also in the sagittal plane, mainly the posterior tibial slope.
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3 types of varus malalignment in chronic knee instability

Triple Varus

Additional lateral opening
(Varus thrust)

Double Varus

Tibiofemoral geometry

Primary Varus

Osteotomy in ACL-Deficient Patients

Additional posterolat deficiency
(Hyperextension-varus thrust)



High Tibial Osteotomy for Unloading Osteochondral Defects in the 
Medial Compartment of the Knee
C. Mina, W.E. Garrett, R. Pietrobon, R. Glisson, L. Higgins
Am J Sports Med 2008; 36: 949-55

Principles: Weight Bearing Line
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Results HTO  - 1970

Proximal tibial osteotomy for osteoarthritis with varus deformity.
A ten to thirteen-year follow-up study

P Hernigou, D Medevielle, J Debeyre and D Goutallier
J Bone Joint Surg Am. 1987;69:332-354

n = 93, 60 years ow (iliac crest)  
FU 11.5 years

Survival rate: 5y: 90% 10y: 45%

20 x perfect à 3 - 6 ° Valgus
5 x > 6° Valgus à lateral OA

68 x < 3° Valgus à slow detoriation of OA

Dresden,  1912

>> the importance of 3-6°valgus



Survival and clinical outcome of isolated high tibial osteotomy
and combined biological knee reconstruction

Joshua D. Harris, Ryan McNeilan, Robert A. Siston, 
David C. Flanigan

• Systematic review
• 69 studies (4557 subjects)

• 5 year survival of HTO: 92.4%

• 10 year survival of HTO: 84.5%

Harris, The Knee, 2013

Results HTO  - 2013
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s u m m a r y

Objective: To examine the relationship of knee malalignment with occurrence of incident and enlarging
bone marrow lesions (BMLs) and regression of BMLs.
Methods: Subjects from the Multicenter Osteoarthritis Study aged 50e79 years with or at high risk of
knee osteoarthritis were studied. Full-limb radiographs were taken at baseline and hipekneeeankle
mechanical axis was measured. Baseline and 30-month magnetic resonance imaging (MRI) of knees
(n ¼ 1782) were semiquantitatively assessed for BMLs. Outcome was defined as a change in BML score in
femoral/tibial condyle in medial/lateral compartments. Medial compartment in varus alignment and
lateral compartment in valgus alignment were combined to form ‘more loaded’ compartment, while
lateral compartment in valgus and medial compartment in varus were combined to form ‘less loaded’
compartment. Relative risk (RR) of BML score increase or decrease in relation to malalignment was
estimated using a log linear regression model with the Poisson assumption, adjusting for age, gender,
body mass index, physical activity scale for the elderly, race and clinic site. Further, results were stratified
by ipsilateral meniscal and cartilage status at baseline.
Results: Baseline varus alignment was associated with higher risk of BML score increase from baseline to
follow-up in the medial compartment [adjusted RRs (95%CI): 1.5 (1.2e1.9)] and valgus alignment in the
lateral compartment [1.4 (1.0e2.1)]. Increase in BML score was more likely in the more loaded
compartments [1.7 (1.4e2.0)] in malaligned knees. Regardless of ipsilateral cartilage or meniscus status,
adjusted RR for BML score increase was higher in the more loaded compartments of malaligned knees
than those with neutral alignment. Decrease in BML score was less likely in the more loaded compart-
ments in malaligned knees [0.8 (0.7e1.0)].
Conclusion: Knee malalignment is associated with increased risk of incident and enlarging BMLs in the
more loaded compartments of the tibiofemoral joint.

! 2012 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.

Introduction

Subchondral bone marrow lesions (BML), defined by magnetic
resonance imaging (MRI) as ill-defined signal alterations directly
adjacent to cartilage, are a common feature of knee osteoarthritis.
Although understanding of BML pathophysiology is limited, the
importance of BMLs for structural progression in OA, as well as
associations with pain, has been recognized1e4. Recent studies
showed that changes in MRI-detected subchondral BMLs are
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Radiology, Boston University School of Medicine, 820 Harrison Avenue, FGH
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2.4 times more frequent than valgus alignment (19.7%). Corre-
spondingly, at follow-up, there was a larger number of both inci-
dent (158 vs 94) and enlarging (202 vs 70) BMLs in the medial
compartment than the lateral compartment at follow-up. Overall,
BML score increase was 2.2 times more likely to occur in the medial
compartment compared to the lateral compartment (19.2% vs 8.7%).
These figures support our hypothesis that the increasedmechanical
load will lead to development and progression of BMLs in the
affected (i.e., “more loaded”) compartment. Our finding is in line
with a recent study by Segal et al. which demonstrated that
elevated TF articular contact stress predicts risk for BML worsening
at 30-month follow-up in persons with or at high risk of knee OA21.
In that study, the peak (maximum) and mean spatial contact
stresses acting on each compartment of each knee were calculated
from the discrete element analysis-computed contact stress
distributions. While this approach offers more direct way of
assessing mechanical load at the TF joint, influence of the meniscal
status was not taken into account in their analytic model.

Studies by Englund et al. showed that varus alignment is a risk
factor for the development of medial meniscal pathology20 and that
meniscal pathology is a risk factor for both incident and enlarging
subchondral BMLs13. Their findings support the hypothesis that
abnormal biomechanical loading patterns created by knee mala-
lignment may lead to meniscal pathology and increased focal stress
on articular cartilage, which in turn results in cartilage loss22,23,
bone alterations including trabecular bone changes24, increased
bone mineral density25 and the development of BMLs13. Although
association between malalignment and incident/enlarging BMLs

was not the primary focus in this study, the authors also assessed
the effects of malalignment on the development of incident or
enlarging BMLs in the medial and lateral compartments of the TF
joint. Their data showed that the frequency of increased BML score
in the medial compartment was much higher in varus knees
(183/280, 66%) compared with neutral knees (65/280, 24%). Like-
wise, in the lateral compartment, BML score increase was more
frequently seen in valgus knees (47/125, 38%) than in neutral knees
(34/125, 27%). However, in this publication authors did not report
RRs of incident/enlarging BMLs in regard to alignment of the lower
limb. Also, this study did not consider regressing BMLs.

In the present study, we calculated adjusted RRs for inci-
dent/enlarging and regressing BMLs with respect to alignment of
the lower limb. Our analyses were adjusted for age, sex, BMI, level
of physical activity, race, clinic site, and MRI selection status. We
then stratified our analyses according to the presence or absence of
meniscus and/or cartilage pathology (Table IV). Although adjusted
RR for BML score increase in the more loaded compartment was
greater than 1.0 regardless of ipsilateral meniscal or cartilage status,
we have only found borderline significance for knees without any
meniscal or cartilage pathology, or those with both meniscal and
cartilage pathology. This is despite the fact that there were a large
number of BMLs in the latter group to have sufficient statistical
power for the analysis. Overall, it seems that the association of
alignment with incident or enlarging BML is not much influenced
by the status of meniscus and cartilage. With regard to BML
regression, we have shown that it is less likely to occur in the more
loaded compartment. This finding is in accordance with our finding

Table IV
Adjusted RR of BML score increase in the more loaded compartment, stratified by the presence of meniscus and/or cartilage pathology at baseline

Compartment No ipsilateral meniscal or
cartilage pathology

Ipsilateral meniscal pathology
only

Ipsilateral cartilage pathology only Both ipsilateral meniscal and
cartilage pathology

N n (%) aRR* (95%CI) N n (%) aRR* (95%CI) N n (%) aRR* (95%CI) N n (%) aRR* (95%CI)

More loaded 336 22 (6.6) 1.7 (0.9e3.1) 31 6 (19.4) N/Ay 390 77 (21.0) 1.4 (1.0e1.8) 484 172 (35.5) 1.2 (0.9e1.6)
Less loaded 662 30 (4.5) 1.1 (0.6e1.9) 16 1 (7.1) N/Ay 475 49 (10.3) 0.7 (0.5e1.0) 86 20 (23.3) 0.8 (0.5e1.3)
Neutral 556 22 (4.0) 1.0 (ref) 39 2 (5.1) 1.0 (ref) 483 68 (14.1) 1.0 (ref) 193 53 (27.5) 1.0 (ref)

* Adjusting for age, sex, BMI, and PASE, race and clinic site, MRI selection status.
y Due to very small numbers of lesions available for analysis, our statistical model did not converge.

Table III
Adjusted RR of BML score increase (i.e., occurrence of incident or enlarging BMLs) using different cut-offs for malalignment and the HKA angle as a continuous variable

Definition of varus/valgus Compartment BML score increase

Nie n (%) Crude RR (95%CI) aRR* (95%CI)

Varus <179! , valgus >181! More loaded 1243 278 (22.4) 2.0 (1.6e2.4) 1.7 (1.4e2.0)
Neutral 1273 145 (11.4) 1.0 (ref) 1.0 (ref)
Less loaded 1243 101 (8.1) 0.7 (0.6e0.9) 0.6 (0.5e0.8)

Varus<178! , Valgus>182! More loaded 873 208 (23.8) 2.0 (1.7e2.4) 1.7 (1.4e2.0)
Neutral 2013 244 (12.1) 1.0 (ref) 1.0 (ref)
Less loaded 873 72 (8.3) 0.7 (0.5e0.9) 0.6 (0.4e0.8)

Varus<177! , valgus>183! More loaded 557 142 (25.5) 2.0 (1.7e2.3) 1.6 (1.4e1.9)
Neutral 2645 342 (12.9) 1.0 (ref) 1.0 (ref)
Less loaded 557 40 (7.2) 0.6 (0.4e0.8) 0.5 (0.3e0.6)

Varus<176! , valgus>184! More loaded 367 102 (27.8) 2.1 (1.8e2.5) 1.7 (1.4e2.1)
Neutral 3025 399 (13.2) 1.0 (ref) 1.0 (ref)
Less loaded 367 23 (6.3) 0.5 (0.3e0.7) 0.4 (0.3e0.6)

Varus<175! , valgus>185! More loaded 227 74 (32.6) 2.5 (2.0e3.0) 2.0 (1.6e2.4)
Neutral 3305 435 (13.2) 1.0 (ref) 1.0 (ref)
Less loaded 227 15 (6.6) 0.5 (0.3e0.8) 0.4 (0.2e0.7)

HKA angle indicating loadingy e e 1.1 (1.1e1.2) 1.1 (1.1e1.2)

Nie ¼ number of knees without BMLs at baseline þ number of knees with BMLs (WORMS score >0) at baseline excluding those with highest WORMS score (which cannot
worsen at follow-up).
Nr ¼ number of knees with BMLs (WORMS score >0) at baseline.

* Adjusting for age, sex, BMI, PASE, race and clinic site, MRI selection status.
y Malalignment indicating loading was defined as the degrees of HKAmeasurement away from neutral (180!) toward the compartment of interest (toward varus for medial

compartment, and toward valgus for lateral compartment). HKA <180 indicates varus, while HKA >180 indicates valgus. Mathematically, malalignment indicating loading
was defined as 180 $ HKA for medial compartment, and HKA $ 180 for lateral compartment.
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2.4 times more frequent than valgus alignment (19.7%). Corre-
spondingly, at follow-up, there was a larger number of both inci-
dent (158 vs 94) and enlarging (202 vs 70) BMLs in the medial
compartment than the lateral compartment at follow-up. Overall,
BML score increase was 2.2 times more likely to occur in the medial
compartment compared to the lateral compartment (19.2% vs 8.7%).
These figures support our hypothesis that the increasedmechanical
load will lead to development and progression of BMLs in the
affected (i.e., “more loaded”) compartment. Our finding is in line
with a recent study by Segal et al. which demonstrated that
elevated TF articular contact stress predicts risk for BML worsening
at 30-month follow-up in persons with or at high risk of knee OA21.
In that study, the peak (maximum) and mean spatial contact
stresses acting on each compartment of each knee were calculated
from the discrete element analysis-computed contact stress
distributions. While this approach offers more direct way of
assessing mechanical load at the TF joint, influence of the meniscal
status was not taken into account in their analytic model.

Studies by Englund et al. showed that varus alignment is a risk
factor for the development of medial meniscal pathology20 and that
meniscal pathology is a risk factor for both incident and enlarging
subchondral BMLs13. Their findings support the hypothesis that
abnormal biomechanical loading patterns created by knee mala-
lignment may lead to meniscal pathology and increased focal stress
on articular cartilage, which in turn results in cartilage loss22,23,
bone alterations including trabecular bone changes24, increased
bone mineral density25 and the development of BMLs13. Although
association between malalignment and incident/enlarging BMLs

was not the primary focus in this study, the authors also assessed
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joint. Their data showed that the frequency of increased BML score
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(183/280, 66%) compared with neutral knees (65/280, 24%). Like-
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frequently seen in valgus knees (47/125, 38%) than in neutral knees
(34/125, 27%). However, in this publication authors did not report
RRs of incident/enlarging BMLs in regard to alignment of the lower
limb. Also, this study did not consider regressing BMLs.

In the present study, we calculated adjusted RRs for inci-
dent/enlarging and regressing BMLs with respect to alignment of
the lower limb. Our analyses were adjusted for age, sex, BMI, level
of physical activity, race, clinic site, and MRI selection status. We
then stratified our analyses according to the presence or absence of
meniscus and/or cartilage pathology (Table IV). Although adjusted
RR for BML score increase in the more loaded compartment was
greater than 1.0 regardless of ipsilateral meniscal or cartilage status,
we have only found borderline significance for knees without any
meniscal or cartilage pathology, or those with both meniscal and
cartilage pathology. This is despite the fact that there were a large
number of BMLs in the latter group to have sufficient statistical
power for the analysis. Overall, it seems that the association of
alignment with incident or enlarging BML is not much influenced
by the status of meniscus and cartilage. With regard to BML
regression, we have shown that it is less likely to occur in the more
loaded compartment. This finding is in accordance with our finding

Table IV
Adjusted RR of BML score increase in the more loaded compartment, stratified by the presence of meniscus and/or cartilage pathology at baseline
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cartilage pathology
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only
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* Adjusting for age, sex, BMI, and PASE, race and clinic site, MRI selection status.
y Due to very small numbers of lesions available for analysis, our statistical model did not converge.
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Nie ¼ number of knees without BMLs at baseline þ number of knees with BMLs (WORMS score >0) at baseline excluding those with highest WORMS score (which cannot
worsen at follow-up).
Nr ¼ number of knees with BMLs (WORMS score >0) at baseline.

* Adjusting for age, sex, BMI, PASE, race and clinic site, MRI selection status.
y Malalignment indicating loading was defined as the degrees of HKAmeasurement away from neutral (180!) toward the compartment of interest (toward varus for medial
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Malalignment is associated with increased risk of incident + enlarging BMLs in the more loaded comp.
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ABSTRACT
Objective Varus and valgus alignment are associated 
with progression of knee osteoarthritis, but their role in 
incident disease is less certain. Radiographic measures 
of incident knee osteoarthritis may be capturing early 
progression rather than disease development. The 
authors tested the hypothesis: in knees with normal 
cartilage morphology by MRI, varus is associated with 
incident medial cartilage damage and valgus with incident 
lateral damage.
Methods In MOST, a prospective study of persons 
at risk of or with knee osteoarthritis, baseline full-limb 
x-rays and baseline and 30-month MRI were acquired. 
In knees with normal baseline cartilage morphology in 
all tibiofemoral subregions, logistic regression was used 
with generalised estimating equations to examine the 
association between alignment and incident cartilage 
damage adjusting for age, gender, body mass index, 
laxity, meniscal tear and extrusion.
Results Of 1881 knees, 293 from 256 persons met the 
criteria. Varus versus non-varus was associated with 
incident medial damage (adjusted OR 3.59, 95% CI 1.59 
to 8.10), as was varus versus neutral, with evidence of 
a dose effect (adjusted OR 1.38/1° varus, 95% CI 1.19 
to 1.59). The fi ndings held even excluding knees with 
medial meniscal damage. Valgus was not associated 
with incident lateral damage. Varus and valgus were 
associated with a reduced risk of incident lateral and 
medial damage, respectively.
Conclusion In knees with normal cartilage morphology, 
varus was associated with incident cartilage damage 
in the medial compartment, and varus and valgus with 
a reduced risk of incident damage in the less loaded 
compartment. These results support that varus increases 
the risk of the initial development of knee osteoarthritis.

In persons with established knee osteoarthritis, 
varus alignment is associated with subsequent pro-
gression of medial tibiofemoral osteoarthritis and 
valgus with progression of lateral osteoarthritis.1–6 
Varus alignment has also been found to be associ-
ated with incident radiographic knee osteoarthritis 
in the two cohort studies evaluating this4 6 but not 
in a case–control study;7 the association between 
valgus alignment and incident radiographic 
osteoarthritis was borderline4 or not evident.6 
The role of alignment in the initial development 
of knee osteoarthritis is less certain, in large part 
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The role of varus and valgus alignment in the initial 
development of knee cartilage damage by MRI: the 
MOST study
Leena Sharma,1 Joan S Chmiel,2 Orit Almagor,1 David Felson,3 Ali Guermazi,4 
Frank Roemer,4,5 Cora E Lewis,6 Neil Segal,7 James Torner,8 T Derek V Cooke,9 
Jean Hietpas,10 John Lynch,10 Michael Nevitt10

due to inherent limitations of radiography to defi ne 
incident osteoarthritis.

The established radiographic defi nition of 
incident knee osteoarthritis (Kellgren/Lawrence 
(K/L) grade ≥2, presence of defi nite osteophytes) 
cannot fully capture the magnitude of the effect of 
a risk factor like varus alignment, which potentially 
stresses one compartment (medial tibiofemoral) 
while off-loading the other (lateral) compartment. 
Osteophyte development is an early but not com-
partment-specifi c event in osteoarthritis; this defi -
nition cannot distinguish incident medial versus 
lateral osteoarthritis. Also, radiography is insensi-
tive to early cartilage damage. Cartilage damage 
may already be present in knees defi ned as ‘at risk’ 
of incident radiographic osteoarthritis, ie, knees 
graded K/L 0 or 1,8 particularly in individuals at 
higher risk of developing knee osteoarthritis, beg-
ging the question: does a radiographic measure 
of incident knee osteoarthritis capture the initial 
development of disease or worsening of early, 
established disease? In contrast to radiography, 
MRI allows the identifi cation of knees that are free 
of any cartilage damage at baseline for prospective 
study and provides a compartment-specifi c out-
come measure.

The load-bearing axis, femoral head centre to 
ankle joint centre, passes medial to knee centre in 
a varus knee, increasing force across the medial 
compartment and lateral to knee centre in a valgus 
knee, increasing force across the lateral compart-
ment. In a healthy knee during normal gait, load 
distribution is not equal between medial and lat-
eral compartments: 70% of load passes through the 
medial compartment, primarily due to an external 
knee adduction moment.9 10 With greater varus, the 
proportion of load distributed medially increases 
further.11 12 With greater valgus, load distribution 
shifts from greater medial, to equal, to greater lat-
eral (with more severe valgus).13–15 It is likely that 
in a healthy knee, the mechanical impact of varus 
on the medial compartment exceeds that of valgus 
on the lateral compartment.

We identifi ed knees with normal cartilage mor-
phology by MRI in all tibial and femoral subregions 
at baseline to test the hypothesis: varus alignment 
is associated with incident medial cartilage damage 
and valgus alignment is associated with incident 
lateral damage.
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DISCUSSION
In knees without MRI evidence of cartilage damage in any 
tibiofemoral subregion, varus alignment at baseline was asso-
ciated with an increased risk of incident medial tibiofemoral 
cartilage damage over the subsequent 30 months, whether 
compared with knees without varus alignment as a whole or 
specifi cally with neutral knees. Greater varus angle was associ-
ated with a greater risk of incident medial damage and a reduced 
risk of incident lateral damage. Valgus was not associated with 
an increased risk of lateral tibiofemoral cartilage damage, com-
pared either with knees without valgus as a whole or with 
neutral knees. Greater valgus angle was not associated with a 
greater risk of incident lateral damage but was associated with a 
reduced risk of incident medial damage.

Previous studies of osteoarthritic knees support a relation-
ship between varus and subsequent medial progression and 
between valgus and lateral progression, using radiographic and 
MRI outcome measures.1–6 However, a key question has not as 
yet been addressed: does varus or valgus alignment preceding 
osteoarthritis infl uence the risk of osteoarthritis development? 
Radiographic studies employing the established defi nition of 
incident osteoarthritis (ie, new development of K/L ≥2 in knees 
K/L 0 or 1 at baseline) cannot answer this question, as K/L 0–1 
knees may already have osteoarthritis, given the insensitivity 
of x-ray to early disease.8 The possibility that a K/L 0 or 1 knee 
has cartilage damage may be greater in persons at higher risk 
of Osteoarthritis (such as in MOST or the osteoarthritis initia-
tive) than in the general population. MRI affords an excellent 
means of identifying knees with normal cartilage morphology 
at baseline. Only knees with normal cartilage morphology in 
every tibiofemoral subregion at baseline, both medial and lat-
eral, were eligible for this study. This approach provided an 
outcome measure to capture the initial development of cartilage 
damage, the transition at the core of the diffi cult question about 

the impact of alignment preceding osteoarthritis. With only two 
time points, it was not possible for us to evaluate whether any 
alignment effect on subsequent cartilage damage is via changes 
to other tissues such as subchondral bone or synovium, an inter-
esting question for future longer follow-up studies.

These results, an association of varus with an increased risk 
of incident medial cartilage damage and a reduced risk of lat-
eral damage, support the theory that the mechanism of action 
of varus relates to load distribution. The low frequency of valgus 
and of incident lateral damage in the current study reduced our 
power to detect their relationship. On the other hand, a stronger 
fi nding for varus than for valgus is not surprising. Due to a stance 
phase knee adduction moment, greater load passes medially 
than laterally even in neutral, healthy knees.9 10 The adduction 
moment magnitude increases as varus increases.11 The adduc-
tion moment magnitude predicted knee osteoarthritis progres-
sion24; it may lie in the causal pathway between varus and knee 
osteoarthritis progression. Varus further increases total load 
passing medially.11 12 Although valgus alignment is associated 
with an increase in lateral compartment peak pressures,13 more 
load is still borne medially until more severe valgus is present.14 

15 In keeping with a less potent effect of valgus, cohort studies 
have found that varus but not valgus (vs neutral) increased the 
risk of incident radiographic osteoarthritis.4 6

Our study has limitations. Individuals in the MOST cohort 
without knee osteoarthritis were at higher risk of developing 
it. However, the population at higher risk of developing knee 
osteoarthritis is of public health importance and the deliber-
ate focus of the MOST study design.16 The size of this group, 
already large, will grow as the ageing segment expands, and it 
is essential to understand the impact of alignment in them. The 
MOST substudy sampling design to select knees for MRI read-
ing may limit generalisability to the entire MOST cohort; how-
ever, our sensitivity analyses did not reveal evidence of bias in 

Table 2 Varus alignment (baseline) and incident medial cartilage damage (outcome variable) between baseline and 30-month follow-up (n=293 
knees with normal cartilage morphology at baseline)

Alignment
Knees without any cartilage 
damage at baseline (293 knees)

(Row %) knees with incident 
medial cartilage damage at 
30 months (34 knees, 11.6%)

OR (95% CI) adjusted for age, 
gender, BMI, lateral laxity

OR (95% CI) adjusted for age, 
gender, BMI, lateral laxity, medial 
meniscal tear, medial meniscal 
extrusion

Non-varus (reference) 183 14 (7.7%) Reference Reference
Varus 110 20 (18.2%) 3.53 (1.61 to 7.76) 3.59 (1.59 to 8.10)
Neutral (reference) 128 14 (10.9%) Reference Reference
Varus 110 20 (18.2%) 2.32 (1.07 to 5.05) 2.42 (1.08 to 5.44)
Varus (continuous), OR per 1° 

of greater varus
293 – 1.40 (1.21 to 1.61) 1.38 (1.19 to 1.59)

BMI, body mass index.

Table 3 Valgus alignment (baseline) and incident lateral cartilage damage (outcome variable) between baseline and 30-month follow-up 
(n=293 knees with normal cartilage morphology at baseline)

Alignment
Knees without any cartilage 
damage at baseline (293 knees)

(Row %) knees with incident 
lateral cartilage damage at 
30 months (15 knees, 5.1%)

OR (95% CI) adjusted for age, 
gender, BMI, medial laxity

OR (95% CI) adjusted for age, 
gender, BMI, medial laxity, lateral 
meniscal tear, lateral meniscal 
extrusion

Non-valgus (reference) 238 11 (4.6%) Reference Reference
Valgus  55  4 (7.3%) 1.49 (0.40 to 5.50) 0.97 (0.26 to 3.70)
Neutral (reference) 128  8 (6.3%) Reference Reference
Valgus  55  4 (7.3%) 0.97 (0.25 to 3.83) 0.62 (0.14 to 2.77)
Valgus (continuous), OR per 1° 

of greater valgus
293 – 1.31 (1.04 to 1.66) 1.18 (0.94 to 1.48)

BMI, body mass index.
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DISCUSSION
In knees without MRI evidence of cartilage damage in any 
tibiofemoral subregion, varus alignment at baseline was asso-
ciated with an increased risk of incident medial tibiofemoral 
cartilage damage over the subsequent 30 months, whether 
compared with knees without varus alignment as a whole or 
specifi cally with neutral knees. Greater varus angle was associ-
ated with a greater risk of incident medial damage and a reduced 
risk of incident lateral damage. Valgus was not associated with 
an increased risk of lateral tibiofemoral cartilage damage, com-
pared either with knees without valgus as a whole or with 
neutral knees. Greater valgus angle was not associated with a 
greater risk of incident lateral damage but was associated with a 
reduced risk of incident medial damage.

Previous studies of osteoarthritic knees support a relation-
ship between varus and subsequent medial progression and 
between valgus and lateral progression, using radiographic and 
MRI outcome measures.1–6 However, a key question has not as 
yet been addressed: does varus or valgus alignment preceding 
osteoarthritis infl uence the risk of osteoarthritis development? 
Radiographic studies employing the established defi nition of 
incident osteoarthritis (ie, new development of K/L ≥2 in knees 
K/L 0 or 1 at baseline) cannot answer this question, as K/L 0–1 
knees may already have osteoarthritis, given the insensitivity 
of x-ray to early disease.8 The possibility that a K/L 0 or 1 knee 
has cartilage damage may be greater in persons at higher risk 
of Osteoarthritis (such as in MOST or the osteoarthritis initia-
tive) than in the general population. MRI affords an excellent 
means of identifying knees with normal cartilage morphology 
at baseline. Only knees with normal cartilage morphology in 
every tibiofemoral subregion at baseline, both medial and lat-
eral, were eligible for this study. This approach provided an 
outcome measure to capture the initial development of cartilage 
damage, the transition at the core of the diffi cult question about 

the impact of alignment preceding osteoarthritis. With only two 
time points, it was not possible for us to evaluate whether any 
alignment effect on subsequent cartilage damage is via changes 
to other tissues such as subchondral bone or synovium, an inter-
esting question for future longer follow-up studies.

These results, an association of varus with an increased risk 
of incident medial cartilage damage and a reduced risk of lat-
eral damage, support the theory that the mechanism of action 
of varus relates to load distribution. The low frequency of valgus 
and of incident lateral damage in the current study reduced our 
power to detect their relationship. On the other hand, a stronger 
fi nding for varus than for valgus is not surprising. Due to a stance 
phase knee adduction moment, greater load passes medially 
than laterally even in neutral, healthy knees.9 10 The adduction 
moment magnitude increases as varus increases.11 The adduc-
tion moment magnitude predicted knee osteoarthritis progres-
sion24; it may lie in the causal pathway between varus and knee 
osteoarthritis progression. Varus further increases total load 
passing medially.11 12 Although valgus alignment is associated 
with an increase in lateral compartment peak pressures,13 more 
load is still borne medially until more severe valgus is present.14 

15 In keeping with a less potent effect of valgus, cohort studies 
have found that varus but not valgus (vs neutral) increased the 
risk of incident radiographic osteoarthritis.4 6

Our study has limitations. Individuals in the MOST cohort 
without knee osteoarthritis were at higher risk of developing 
it. However, the population at higher risk of developing knee 
osteoarthritis is of public health importance and the deliber-
ate focus of the MOST study design.16 The size of this group, 
already large, will grow as the ageing segment expands, and it 
is essential to understand the impact of alignment in them. The 
MOST substudy sampling design to select knees for MRI read-
ing may limit generalisability to the entire MOST cohort; how-
ever, our sensitivity analyses did not reveal evidence of bias in 

Table 2 Varus alignment (baseline) and incident medial cartilage damage (outcome variable) between baseline and 30-month follow-up (n=293 
knees with normal cartilage morphology at baseline)

Alignment
Knees without any cartilage 
damage at baseline (293 knees)

(Row %) knees with incident 
medial cartilage damage at 
30 months (34 knees, 11.6%)

OR (95% CI) adjusted for age, 
gender, BMI, lateral laxity

OR (95% CI) adjusted for age, 
gender, BMI, lateral laxity, medial 
meniscal tear, medial meniscal 
extrusion

Non-varus (reference) 183 14 (7.7%) Reference Reference
Varus 110 20 (18.2%) 3.53 (1.61 to 7.76) 3.59 (1.59 to 8.10)
Neutral (reference) 128 14 (10.9%) Reference Reference
Varus 110 20 (18.2%) 2.32 (1.07 to 5.05) 2.42 (1.08 to 5.44)
Varus (continuous), OR per 1° 

of greater varus
293 – 1.40 (1.21 to 1.61) 1.38 (1.19 to 1.59)

BMI, body mass index.

Table 3 Valgus alignment (baseline) and incident lateral cartilage damage (outcome variable) between baseline and 30-month follow-up 
(n=293 knees with normal cartilage morphology at baseline)

Alignment
Knees without any cartilage 
damage at baseline (293 knees)

(Row %) knees with incident 
lateral cartilage damage at 
30 months (15 knees, 5.1%)

OR (95% CI) adjusted for age, 
gender, BMI, medial laxity

OR (95% CI) adjusted for age, 
gender, BMI, medial laxity, lateral 
meniscal tear, lateral meniscal 
extrusion

Non-valgus (reference) 238 11 (4.6%) Reference Reference
Valgus  55  4 (7.3%) 1.49 (0.40 to 5.50) 0.97 (0.26 to 3.70)
Neutral (reference) 128  8 (6.3%) Reference Reference
Valgus  55  4 (7.3%) 0.97 (0.25 to 3.83) 0.62 (0.14 to 2.77)
Valgus (continuous), OR per 1° 

of greater valgus
293 – 1.31 (1.04 to 1.66) 1.18 (0.94 to 1.48)

BMI, body mass index.
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DISCUSSION
In knees without MRI evidence of cartilage damage in any 
tibiofemoral subregion, varus alignment at baseline was asso-
ciated with an increased risk of incident medial tibiofemoral 
cartilage damage over the subsequent 30 months, whether 
compared with knees without varus alignment as a whole or 
specifi cally with neutral knees. Greater varus angle was associ-
ated with a greater risk of incident medial damage and a reduced 
risk of incident lateral damage. Valgus was not associated with 
an increased risk of lateral tibiofemoral cartilage damage, com-
pared either with knees without valgus as a whole or with 
neutral knees. Greater valgus angle was not associated with a 
greater risk of incident lateral damage but was associated with a 
reduced risk of incident medial damage.

Previous studies of osteoarthritic knees support a relation-
ship between varus and subsequent medial progression and 
between valgus and lateral progression, using radiographic and 
MRI outcome measures.1–6 However, a key question has not as 
yet been addressed: does varus or valgus alignment preceding 
osteoarthritis infl uence the risk of osteoarthritis development? 
Radiographic studies employing the established defi nition of 
incident osteoarthritis (ie, new development of K/L ≥2 in knees 
K/L 0 or 1 at baseline) cannot answer this question, as K/L 0–1 
knees may already have osteoarthritis, given the insensitivity 
of x-ray to early disease.8 The possibility that a K/L 0 or 1 knee 
has cartilage damage may be greater in persons at higher risk 
of Osteoarthritis (such as in MOST or the osteoarthritis initia-
tive) than in the general population. MRI affords an excellent 
means of identifying knees with normal cartilage morphology 
at baseline. Only knees with normal cartilage morphology in 
every tibiofemoral subregion at baseline, both medial and lat-
eral, were eligible for this study. This approach provided an 
outcome measure to capture the initial development of cartilage 
damage, the transition at the core of the diffi cult question about 

the impact of alignment preceding osteoarthritis. With only two 
time points, it was not possible for us to evaluate whether any 
alignment effect on subsequent cartilage damage is via changes 
to other tissues such as subchondral bone or synovium, an inter-
esting question for future longer follow-up studies.

These results, an association of varus with an increased risk 
of incident medial cartilage damage and a reduced risk of lat-
eral damage, support the theory that the mechanism of action 
of varus relates to load distribution. The low frequency of valgus 
and of incident lateral damage in the current study reduced our 
power to detect their relationship. On the other hand, a stronger 
fi nding for varus than for valgus is not surprising. Due to a stance 
phase knee adduction moment, greater load passes medially 
than laterally even in neutral, healthy knees.9 10 The adduction 
moment magnitude increases as varus increases.11 The adduc-
tion moment magnitude predicted knee osteoarthritis progres-
sion24; it may lie in the causal pathway between varus and knee 
osteoarthritis progression. Varus further increases total load 
passing medially.11 12 Although valgus alignment is associated 
with an increase in lateral compartment peak pressures,13 more 
load is still borne medially until more severe valgus is present.14 

15 In keeping with a less potent effect of valgus, cohort studies 
have found that varus but not valgus (vs neutral) increased the 
risk of incident radiographic osteoarthritis.4 6

Our study has limitations. Individuals in the MOST cohort 
without knee osteoarthritis were at higher risk of developing 
it. However, the population at higher risk of developing knee 
osteoarthritis is of public health importance and the deliber-
ate focus of the MOST study design.16 The size of this group, 
already large, will grow as the ageing segment expands, and it 
is essential to understand the impact of alignment in them. The 
MOST substudy sampling design to select knees for MRI read-
ing may limit generalisability to the entire MOST cohort; how-
ever, our sensitivity analyses did not reveal evidence of bias in 

Table 2 Varus alignment (baseline) and incident medial cartilage damage (outcome variable) between baseline and 30-month follow-up (n=293 
knees with normal cartilage morphology at baseline)

Alignment
Knees without any cartilage 
damage at baseline (293 knees)

(Row %) knees with incident 
medial cartilage damage at 
30 months (34 knees, 11.6%)

OR (95% CI) adjusted for age, 
gender, BMI, lateral laxity

OR (95% CI) adjusted for age, 
gender, BMI, lateral laxity, medial 
meniscal tear, medial meniscal 
extrusion

Non-varus (reference) 183 14 (7.7%) Reference Reference
Varus 110 20 (18.2%) 3.53 (1.61 to 7.76) 3.59 (1.59 to 8.10)
Neutral (reference) 128 14 (10.9%) Reference Reference
Varus 110 20 (18.2%) 2.32 (1.07 to 5.05) 2.42 (1.08 to 5.44)
Varus (continuous), OR per 1° 

of greater varus
293 – 1.40 (1.21 to 1.61) 1.38 (1.19 to 1.59)

BMI, body mass index.

Table 3 Valgus alignment (baseline) and incident lateral cartilage damage (outcome variable) between baseline and 30-month follow-up 
(n=293 knees with normal cartilage morphology at baseline)

Alignment
Knees without any cartilage 
damage at baseline (293 knees)

(Row %) knees with incident 
lateral cartilage damage at 
30 months (15 knees, 5.1%)

OR (95% CI) adjusted for age, 
gender, BMI, medial laxity

OR (95% CI) adjusted for age, 
gender, BMI, medial laxity, lateral 
meniscal tear, lateral meniscal 
extrusion

Non-valgus (reference) 238 11 (4.6%) Reference Reference
Valgus  55  4 (7.3%) 1.49 (0.40 to 5.50) 0.97 (0.26 to 3.70)
Neutral (reference) 128  8 (6.3%) Reference Reference
Valgus  55  4 (7.3%) 0.97 (0.25 to 3.83) 0.62 (0.14 to 2.77)
Valgus (continuous), OR per 1° 

of greater valgus
293 – 1.31 (1.04 to 1.66) 1.18 (0.94 to 1.48)

BMI, body mass index.
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DISCUSSION
In knees without MRI evidence of cartilage damage in any 
tibiofemoral subregion, varus alignment at baseline was asso-
ciated with an increased risk of incident medial tibiofemoral 
cartilage damage over the subsequent 30 months, whether 
compared with knees without varus alignment as a whole or 
specifi cally with neutral knees. Greater varus angle was associ-
ated with a greater risk of incident medial damage and a reduced 
risk of incident lateral damage. Valgus was not associated with 
an increased risk of lateral tibiofemoral cartilage damage, com-
pared either with knees without valgus as a whole or with 
neutral knees. Greater valgus angle was not associated with a 
greater risk of incident lateral damage but was associated with a 
reduced risk of incident medial damage.

Previous studies of osteoarthritic knees support a relation-
ship between varus and subsequent medial progression and 
between valgus and lateral progression, using radiographic and 
MRI outcome measures.1–6 However, a key question has not as 
yet been addressed: does varus or valgus alignment preceding 
osteoarthritis infl uence the risk of osteoarthritis development? 
Radiographic studies employing the established defi nition of 
incident osteoarthritis (ie, new development of K/L ≥2 in knees 
K/L 0 or 1 at baseline) cannot answer this question, as K/L 0–1 
knees may already have osteoarthritis, given the insensitivity 
of x-ray to early disease.8 The possibility that a K/L 0 or 1 knee 
has cartilage damage may be greater in persons at higher risk 
of Osteoarthritis (such as in MOST or the osteoarthritis initia-
tive) than in the general population. MRI affords an excellent 
means of identifying knees with normal cartilage morphology 
at baseline. Only knees with normal cartilage morphology in 
every tibiofemoral subregion at baseline, both medial and lat-
eral, were eligible for this study. This approach provided an 
outcome measure to capture the initial development of cartilage 
damage, the transition at the core of the diffi cult question about 

the impact of alignment preceding osteoarthritis. With only two 
time points, it was not possible for us to evaluate whether any 
alignment effect on subsequent cartilage damage is via changes 
to other tissues such as subchondral bone or synovium, an inter-
esting question for future longer follow-up studies.

These results, an association of varus with an increased risk 
of incident medial cartilage damage and a reduced risk of lat-
eral damage, support the theory that the mechanism of action 
of varus relates to load distribution. The low frequency of valgus 
and of incident lateral damage in the current study reduced our 
power to detect their relationship. On the other hand, a stronger 
fi nding for varus than for valgus is not surprising. Due to a stance 
phase knee adduction moment, greater load passes medially 
than laterally even in neutral, healthy knees.9 10 The adduction 
moment magnitude increases as varus increases.11 The adduc-
tion moment magnitude predicted knee osteoarthritis progres-
sion24; it may lie in the causal pathway between varus and knee 
osteoarthritis progression. Varus further increases total load 
passing medially.11 12 Although valgus alignment is associated 
with an increase in lateral compartment peak pressures,13 more 
load is still borne medially until more severe valgus is present.14 

15 In keeping with a less potent effect of valgus, cohort studies 
have found that varus but not valgus (vs neutral) increased the 
risk of incident radiographic osteoarthritis.4 6

Our study has limitations. Individuals in the MOST cohort 
without knee osteoarthritis were at higher risk of developing 
it. However, the population at higher risk of developing knee 
osteoarthritis is of public health importance and the deliber-
ate focus of the MOST study design.16 The size of this group, 
already large, will grow as the ageing segment expands, and it 
is essential to understand the impact of alignment in them. The 
MOST substudy sampling design to select knees for MRI read-
ing may limit generalisability to the entire MOST cohort; how-
ever, our sensitivity analyses did not reveal evidence of bias in 

Table 2 Varus alignment (baseline) and incident medial cartilage damage (outcome variable) between baseline and 30-month follow-up (n=293 
knees with normal cartilage morphology at baseline)

Alignment
Knees without any cartilage 
damage at baseline (293 knees)

(Row %) knees with incident 
medial cartilage damage at 
30 months (34 knees, 11.6%)

OR (95% CI) adjusted for age, 
gender, BMI, lateral laxity

OR (95% CI) adjusted for age, 
gender, BMI, lateral laxity, medial 
meniscal tear, medial meniscal 
extrusion

Non-varus (reference) 183 14 (7.7%) Reference Reference
Varus 110 20 (18.2%) 3.53 (1.61 to 7.76) 3.59 (1.59 to 8.10)
Neutral (reference) 128 14 (10.9%) Reference Reference
Varus 110 20 (18.2%) 2.32 (1.07 to 5.05) 2.42 (1.08 to 5.44)
Varus (continuous), OR per 1° 

of greater varus
293 – 1.40 (1.21 to 1.61) 1.38 (1.19 to 1.59)

BMI, body mass index.

Table 3 Valgus alignment (baseline) and incident lateral cartilage damage (outcome variable) between baseline and 30-month follow-up 
(n=293 knees with normal cartilage morphology at baseline)

Alignment
Knees without any cartilage 
damage at baseline (293 knees)

(Row %) knees with incident 
lateral cartilage damage at 
30 months (15 knees, 5.1%)

OR (95% CI) adjusted for age, 
gender, BMI, medial laxity

OR (95% CI) adjusted for age, 
gender, BMI, medial laxity, lateral 
meniscal tear, lateral meniscal 
extrusion

Non-valgus (reference) 238 11 (4.6%) Reference Reference
Valgus  55  4 (7.3%) 1.49 (0.40 to 5.50) 0.97 (0.26 to 3.70)
Neutral (reference) 128  8 (6.3%) Reference Reference
Valgus  55  4 (7.3%) 0.97 (0.25 to 3.83) 0.62 (0.14 to 2.77)
Valgus (continuous), OR per 1° 

of greater valgus
293 – 1.31 (1.04 to 1.66) 1.18 (0.94 to 1.48)

BMI, body mass index.
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DISCUSSION
In knees without MRI evidence of cartilage damage in any 
tibiofemoral subregion, varus alignment at baseline was asso-
ciated with an increased risk of incident medial tibiofemoral 
cartilage damage over the subsequent 30 months, whether 
compared with knees without varus alignment as a whole or 
specifi cally with neutral knees. Greater varus angle was associ-
ated with a greater risk of incident medial damage and a reduced 
risk of incident lateral damage. Valgus was not associated with 
an increased risk of lateral tibiofemoral cartilage damage, com-
pared either with knees without valgus as a whole or with 
neutral knees. Greater valgus angle was not associated with a 
greater risk of incident lateral damage but was associated with a 
reduced risk of incident medial damage.

Previous studies of osteoarthritic knees support a relation-
ship between varus and subsequent medial progression and 
between valgus and lateral progression, using radiographic and 
MRI outcome measures.1–6 However, a key question has not as 
yet been addressed: does varus or valgus alignment preceding 
osteoarthritis infl uence the risk of osteoarthritis development? 
Radiographic studies employing the established defi nition of 
incident osteoarthritis (ie, new development of K/L ≥2 in knees 
K/L 0 or 1 at baseline) cannot answer this question, as K/L 0–1 
knees may already have osteoarthritis, given the insensitivity 
of x-ray to early disease.8 The possibility that a K/L 0 or 1 knee 
has cartilage damage may be greater in persons at higher risk 
of Osteoarthritis (such as in MOST or the osteoarthritis initia-
tive) than in the general population. MRI affords an excellent 
means of identifying knees with normal cartilage morphology 
at baseline. Only knees with normal cartilage morphology in 
every tibiofemoral subregion at baseline, both medial and lat-
eral, were eligible for this study. This approach provided an 
outcome measure to capture the initial development of cartilage 
damage, the transition at the core of the diffi cult question about 

the impact of alignment preceding osteoarthritis. With only two 
time points, it was not possible for us to evaluate whether any 
alignment effect on subsequent cartilage damage is via changes 
to other tissues such as subchondral bone or synovium, an inter-
esting question for future longer follow-up studies.

These results, an association of varus with an increased risk 
of incident medial cartilage damage and a reduced risk of lat-
eral damage, support the theory that the mechanism of action 
of varus relates to load distribution. The low frequency of valgus 
and of incident lateral damage in the current study reduced our 
power to detect their relationship. On the other hand, a stronger 
fi nding for varus than for valgus is not surprising. Due to a stance 
phase knee adduction moment, greater load passes medially 
than laterally even in neutral, healthy knees.9 10 The adduction 
moment magnitude increases as varus increases.11 The adduc-
tion moment magnitude predicted knee osteoarthritis progres-
sion24; it may lie in the causal pathway between varus and knee 
osteoarthritis progression. Varus further increases total load 
passing medially.11 12 Although valgus alignment is associated 
with an increase in lateral compartment peak pressures,13 more 
load is still borne medially until more severe valgus is present.14 

15 In keeping with a less potent effect of valgus, cohort studies 
have found that varus but not valgus (vs neutral) increased the 
risk of incident radiographic osteoarthritis.4 6

Our study has limitations. Individuals in the MOST cohort 
without knee osteoarthritis were at higher risk of developing 
it. However, the population at higher risk of developing knee 
osteoarthritis is of public health importance and the deliber-
ate focus of the MOST study design.16 The size of this group, 
already large, will grow as the ageing segment expands, and it 
is essential to understand the impact of alignment in them. The 
MOST substudy sampling design to select knees for MRI read-
ing may limit generalisability to the entire MOST cohort; how-
ever, our sensitivity analyses did not reveal evidence of bias in 

Table 2 Varus alignment (baseline) and incident medial cartilage damage (outcome variable) between baseline and 30-month follow-up (n=293 
knees with normal cartilage morphology at baseline)

Alignment
Knees without any cartilage 
damage at baseline (293 knees)

(Row %) knees with incident 
medial cartilage damage at 
30 months (34 knees, 11.6%)

OR (95% CI) adjusted for age, 
gender, BMI, lateral laxity

OR (95% CI) adjusted for age, 
gender, BMI, lateral laxity, medial 
meniscal tear, medial meniscal 
extrusion

Non-varus (reference) 183 14 (7.7%) Reference Reference
Varus 110 20 (18.2%) 3.53 (1.61 to 7.76) 3.59 (1.59 to 8.10)
Neutral (reference) 128 14 (10.9%) Reference Reference
Varus 110 20 (18.2%) 2.32 (1.07 to 5.05) 2.42 (1.08 to 5.44)
Varus (continuous), OR per 1° 

of greater varus
293 – 1.40 (1.21 to 1.61) 1.38 (1.19 to 1.59)

BMI, body mass index.

Table 3 Valgus alignment (baseline) and incident lateral cartilage damage (outcome variable) between baseline and 30-month follow-up 
(n=293 knees with normal cartilage morphology at baseline)

Alignment
Knees without any cartilage 
damage at baseline (293 knees)

(Row %) knees with incident 
lateral cartilage damage at 
30 months (15 knees, 5.1%)

OR (95% CI) adjusted for age, 
gender, BMI, medial laxity

OR (95% CI) adjusted for age, 
gender, BMI, medial laxity, lateral 
meniscal tear, lateral meniscal 
extrusion

Non-valgus (reference) 238 11 (4.6%) Reference Reference
Valgus  55  4 (7.3%) 1.49 (0.40 to 5.50) 0.97 (0.26 to 3.70)
Neutral (reference) 128  8 (6.3%) Reference Reference
Valgus  55  4 (7.3%) 0.97 (0.25 to 3.83) 0.62 (0.14 to 2.77)
Valgus (continuous), OR per 1° 

of greater valgus
293 – 1.31 (1.04 to 1.66) 1.18 (0.94 to 1.48)

BMI, body mass index.
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DISCUSSION
In knees without MRI evidence of cartilage damage in any 
tibiofemoral subregion, varus alignment at baseline was asso-
ciated with an increased risk of incident medial tibiofemoral 
cartilage damage over the subsequent 30 months, whether 
compared with knees without varus alignment as a whole or 
specifi cally with neutral knees. Greater varus angle was associ-
ated with a greater risk of incident medial damage and a reduced 
risk of incident lateral damage. Valgus was not associated with 
an increased risk of lateral tibiofemoral cartilage damage, com-
pared either with knees without valgus as a whole or with 
neutral knees. Greater valgus angle was not associated with a 
greater risk of incident lateral damage but was associated with a 
reduced risk of incident medial damage.

Previous studies of osteoarthritic knees support a relation-
ship between varus and subsequent medial progression and 
between valgus and lateral progression, using radiographic and 
MRI outcome measures.1–6 However, a key question has not as 
yet been addressed: does varus or valgus alignment preceding 
osteoarthritis infl uence the risk of osteoarthritis development? 
Radiographic studies employing the established defi nition of 
incident osteoarthritis (ie, new development of K/L ≥2 in knees 
K/L 0 or 1 at baseline) cannot answer this question, as K/L 0–1 
knees may already have osteoarthritis, given the insensitivity 
of x-ray to early disease.8 The possibility that a K/L 0 or 1 knee 
has cartilage damage may be greater in persons at higher risk 
of Osteoarthritis (such as in MOST or the osteoarthritis initia-
tive) than in the general population. MRI affords an excellent 
means of identifying knees with normal cartilage morphology 
at baseline. Only knees with normal cartilage morphology in 
every tibiofemoral subregion at baseline, both medial and lat-
eral, were eligible for this study. This approach provided an 
outcome measure to capture the initial development of cartilage 
damage, the transition at the core of the diffi cult question about 

the impact of alignment preceding osteoarthritis. With only two 
time points, it was not possible for us to evaluate whether any 
alignment effect on subsequent cartilage damage is via changes 
to other tissues such as subchondral bone or synovium, an inter-
esting question for future longer follow-up studies.

These results, an association of varus with an increased risk 
of incident medial cartilage damage and a reduced risk of lat-
eral damage, support the theory that the mechanism of action 
of varus relates to load distribution. The low frequency of valgus 
and of incident lateral damage in the current study reduced our 
power to detect their relationship. On the other hand, a stronger 
fi nding for varus than for valgus is not surprising. Due to a stance 
phase knee adduction moment, greater load passes medially 
than laterally even in neutral, healthy knees.9 10 The adduction 
moment magnitude increases as varus increases.11 The adduc-
tion moment magnitude predicted knee osteoarthritis progres-
sion24; it may lie in the causal pathway between varus and knee 
osteoarthritis progression. Varus further increases total load 
passing medially.11 12 Although valgus alignment is associated 
with an increase in lateral compartment peak pressures,13 more 
load is still borne medially until more severe valgus is present.14 

15 In keeping with a less potent effect of valgus, cohort studies 
have found that varus but not valgus (vs neutral) increased the 
risk of incident radiographic osteoarthritis.4 6

Our study has limitations. Individuals in the MOST cohort 
without knee osteoarthritis were at higher risk of developing 
it. However, the population at higher risk of developing knee 
osteoarthritis is of public health importance and the deliber-
ate focus of the MOST study design.16 The size of this group, 
already large, will grow as the ageing segment expands, and it 
is essential to understand the impact of alignment in them. The 
MOST substudy sampling design to select knees for MRI read-
ing may limit generalisability to the entire MOST cohort; how-
ever, our sensitivity analyses did not reveal evidence of bias in 

Table 2 Varus alignment (baseline) and incident medial cartilage damage (outcome variable) between baseline and 30-month follow-up (n=293 
knees with normal cartilage morphology at baseline)

Alignment
Knees without any cartilage 
damage at baseline (293 knees)

(Row %) knees with incident 
medial cartilage damage at 
30 months (34 knees, 11.6%)

OR (95% CI) adjusted for age, 
gender, BMI, lateral laxity

OR (95% CI) adjusted for age, 
gender, BMI, lateral laxity, medial 
meniscal tear, medial meniscal 
extrusion

Non-varus (reference) 183 14 (7.7%) Reference Reference
Varus 110 20 (18.2%) 3.53 (1.61 to 7.76) 3.59 (1.59 to 8.10)
Neutral (reference) 128 14 (10.9%) Reference Reference
Varus 110 20 (18.2%) 2.32 (1.07 to 5.05) 2.42 (1.08 to 5.44)
Varus (continuous), OR per 1° 

of greater varus
293 – 1.40 (1.21 to 1.61) 1.38 (1.19 to 1.59)

BMI, body mass index.

Table 3 Valgus alignment (baseline) and incident lateral cartilage damage (outcome variable) between baseline and 30-month follow-up 
(n=293 knees with normal cartilage morphology at baseline)

Alignment
Knees without any cartilage 
damage at baseline (293 knees)

(Row %) knees with incident 
lateral cartilage damage at 
30 months (15 knees, 5.1%)

OR (95% CI) adjusted for age, 
gender, BMI, medial laxity

OR (95% CI) adjusted for age, 
gender, BMI, medial laxity, lateral 
meniscal tear, lateral meniscal 
extrusion

Non-valgus (reference) 238 11 (4.6%) Reference Reference
Valgus  55  4 (7.3%) 1.49 (0.40 to 5.50) 0.97 (0.26 to 3.70)
Neutral (reference) 128  8 (6.3%) Reference Reference
Valgus  55  4 (7.3%) 0.97 (0.25 to 3.83) 0.62 (0.14 to 2.77)
Valgus (continuous), OR per 1° 

of greater valgus
293 – 1.31 (1.04 to 1.66) 1.18 (0.94 to 1.48)

BMI, body mass index.
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Varus was associated with incident cartilage damage in the medial compartment



Same is true for valgus malalignment.....

Felson et al. (2013) Arthritis Rheum

Conclusion: 

Valgus malalignment increases the risk of knee OA radiographic

progression and incidence as well as the risk of lateral cartilage

damage.



Results



Case E.A. *1986: X-ray preop planning



Case E.A. *1986:  X-ray postop



Case E.A. *1986:  X-ray long leg postop

Surgery
2 level osteotomy

1. DFO ow 4°
biplanar, 
bone grafting

2. HTO cw 5°
Slope reduction 4°
Tuberosity OT distally



Retro OATS Lateral Tibia



Case: 36y male, Long Distance Runner (marathon)

• No trauma
• Pain lateral compartment
• Conservative tx unsucessful (insoles, special shoes)
• First consultation 10/2010



Case: 36y male 2008

2008



Case: 36y male 2009



Case: 36y male 2010



Case: 36y male 2010



Ueblacker P, Burkart A, Imhoff AB: Retrograde cartilage 
transplantation on the proximal and distal tibia. Arthroscopy; 2004

Case: 36y male Arthroscopy



Ueblacker P, Burkart A, Imhoff AB: Retrograde cartilage transplantation on the proximal and distal tibia. Arthroscopy; 2004

Retro OATS Arthroscopic Tx

Drilling under
x-ray and arthroscopic control
ACL drill guide



Retro OATS Arthroscopic Tx

• OATS Recipient side instrumentation
• Cancelous bone cylinder, temporarly



• OATS Donor side instrumentation
• Femoral condyle superolateral
• à CAVE: Radius and curvature

Ueblacker P, Burkart A, Imhoff AB: Retrograde cartilage transplantation on the proximal and distal tibia. Arthroscopy; 2004

Retro OATS Arthroscopic Tx



Retro OATS Arthroscopic Tx

• Implantation retrograde



Retro OATS Arthroscopic Tx



Ueblacker P, Burkart A, Imhoff AB: Retrograde cartilage transplantation on the proximal and distal tibia. Arthroscopy; 2004

Retro OATS Arthroscopic Tx

• Closing with the bony graft
• Final fixation by interference screw retrograde



OCL lateral tibia is very rare 

• tibiaplateau proximal – medial+lateral
• tibiaplateau distal

Ueblacker P, Burkart A, Imhoff AB: Retrograde cartilage 
transplantation on the proximal and distal tibia. Arthroscopy; 2004
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