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Different Deformity Origins and Morphological
Features in Subtypes of Valgus Knees:
A Radiological Classification System
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Objective: To analyze the deformity origins and distribution among valgus knees to individualize their morphological
features.

Methods: Radiographic images of 105 valgus knees were analyzed. Long-film radiographs and computed tomography
were collected for every knee. A malalignment test was performed on standing long-film radiographs. The hip-knee-
ankle angle (HKA), the anatomical lateral distal femoral angle (aLDFA), and the anatomical medial proximal tibial angle
(aMPTA) were measured on long-film radiographs. The distal condylar angle and posterior condylar angle on distal
femur were further measured on computed tomography scans. The tibial bone varus angle was measured on long-film
radiographs as well. All the valgus knees were sorted into different subtypes according to the origins of bony defor-
mity, and the prevalence of each subtype was reported. Finally, to examine the inter-observer reproducibility of this
classification system, two observers measured the deformities and did the classification for all the 105 knees inde-
pendently and then the intraclass correlation coefficient (ICC) was calculated.

Results: Among the 105 knees, 48 knees (45.7%) had apparent deformity from the tibial plateau, and 62 knees
(59.0%) had apparent deformity from the supracondylar region of the femur. Eighteen knees (17.1%) had distal condy-
lar angle >7�, among which 11 knees had posterior condylar angle >3� simultaneously. Valgus knees had five sub-
types of bone deformity origins—the supracondylar part of the femur, the distal aspect of the lateral femoral condyle,
both distal and posterior aspects of the lateral femoral condyle, the tibial plateau, or the metaphyseal segment of the
tibia. A valgus knee could be labeled as only one subtype, or a combination of two or more subtypes. Labeling
105 knees with origin of the most severe deformity, the prevalence of each subtype was 40.0%, 5.7%, 9.5%, 28.6%,
and 16.2%, respectively. The intra-observer and inter-observer ICC of this classification system was 0.992 and 0.976,
respectively.

Conclusions: Valgus knees can be classified into different subtypes according to deformity origins. This radiological
classification system has satisfactory reproducibility. It helps surgeons better individualize morphological features of
valgus knees.
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Introduction

Deformity correction and soft-tissue balancing remain
technically challenging in total knee arthroplasty (TKA)

for knees with severe valgus deformity. Severe preoperative

valgus deformity has been shown to be a predictor of inferior
clinical outcome, higher incidence of residual deformity, and
patellar maltracking after surgery1,2. Karachalios et al. reported
38.2% of the severe valgus knees had residual deformity after
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TKA, and they confirmed that worse clinical results were
related to residual deformities1. Yang et al. reported a similar
rate (35.9%) of residual deformity for valgus knees after TKA
and they further revealed that different origins of valgus defor-
mity had different risk on residual deformity2.

Morphological varieties in valgus knees consist of bone
loss or hypoplasia from the lateral femoral condyle or the
lateral tibial plateau, with or without valgus angulations at
metaphyseal level, and concurrent soft-tissue imbalance,
including tight lateral structures, an attenuated medial collat-
eral ligament, or both. Accordingly, different surgical tech-
niques should be used for different sets of specific
pathological changes3–7. Severe extra-articular deformities
could be corrected easily by wedged osteotomies but it is
usually difficult to correct during TKAs. Even when
corrected thoroughly by navigation-guided cutting, an extra-
articular deformity could lead to severe soft tissue imbalance
and thus constrained prosthesis might be necessary in TKAs.
Different soft tissue balancing technique would be needed
for different type of valgus knees. Medial and lateral collat-
eral ligaments are the major stabilizers for soft tissue balance
in coronal plane. Medial collateral ligament attenuation in
some severe valgus knees usually necessitates constrained
prosthesis or medial epicondylar advancement procedures.
Lateral soft tissue contracture is more frequently seen in val-
gus knees than medial soft tissue attenuation. Different lat-
eral releasing techniques had been recommended but lateral
collateral ligament was seldom released. Lateral collateral lig-
ament status plays an important role in lateral soft tissue
contracture and determines the efficiency of lateral releasing.
Categorizing the bony deformities of the femur and tibia will
guide clinical decisions about deformity correction.

Some reports have revealed a difference in patterns of
bony deformities and clinical results after TKA in valgus
knees as compared with knees with neutral or varus align-
ment8–10. Eckstein et al. confirmed that the medial-to-lateral
rate of femorotibial cartilage/bone loss depended on align-
ment, which contributed to the intra-articular deformity8.
Griffin et al. found posterior condylar deformity was associ-
ated with valgus alignment rather than varus or neutral
alignment10. Some authors have reported various morphol-
ogy of the distal femur in addition to different deformity ori-
gins in coronal plane11,12. Katz et al. reported various
angulation deviations between the transepicondylar axis and
the posterior condylar line in cadaver knees without evidence
of degenerative arthritis11. Yoshioka et al. also reported large
variations of the condylar twist angle in normal cadaver
femur12. However, few studies have focused on radiological
differences among subtypes of valgus knees. This informa-
tion would be valuable to establish algorithms to aid choos-
ing specific surgical procedures for valgus knees. So far, even
though many classification systems of valgus knees are avail-
able, almost all of them are focused on the severity of valgus
alignment and the status of medial collateral ligament7,13,14.
There is still a lack of classification system to pinpoint bony
deformity origins for valgus knees.

Radiological measurements and deformity analysis
were performed on standing long-film radiographs and com-
puted tomography (CT). The purpose of study is to: (i) ana-
lyze bone deformity origins of valgus knees; (ii) propose a
new radiological classification system for valgus knees;
(iii) assess the reproducibility of this new classification
system.

Methods

Patients
Approval for this study had been obtained from the institu-
tional ethics committee.

One hundred and five consecutive valgus knees of
105 patients underwent TKAs performed by the senior sur-
geon’s team from August 2007 to July 2013. During that
period of time, CT scan was routinely taken for every TKA
patients with valgus knees for preoperative deformity evalua-
tion and three-dimensional surgical planning, in addition to
plain X-rays and standard standing long-film radiographs.
The inclusion criteria for selecting the patients was set as
knees operated between August 2007 and July 2013, with val-
gus deformity defined as a hip-knee-ankle angle (HKA, the
angle between the mechanical axes of femur and tibia) >3�

valgus on standing long-film radiographs. The exclusion
criteria were: knees without CT data available; or knees with
flexion contracture >20�, which might significantly impede
the measurement on long-film radiographs.

Radiographic Evaluation
A standardized operating procedure was followed when tak-
ing long-film radiographs with the patients in full standing
position. The limb rotation was controlled by placing the
patella pointing anteriorly and regularly re-checked by a
senior technician. Axial CT scans were performed with 0.5-
to 0.8-mm slice intervals.

Measurement and Classification
A malalignment test (MAT) was performed on long-film
radiographs using the method described by Paley and
Tetsworth15. The HKA, the anatomical lateral distal femoral
angle (aLDFA), and the anatomical medial proximal tibial
angle (aMPTA) were measured on long-film radiographs
(Fig. 1)15. A deformity more than 3� was defined as an
apparent deformity. The whole valgus deformity of the knee
(recorded as S) was equal to the measured HKA minus 3�,
which might come from the femoral side, the tibial side, or
both sides.

The total valgus deformity from the femoral side
(recorded as Sf) was defined as 81� minus the aLDFA, which
might come from the supracondylar area or the femoral con-
dyle, or both. To further differentiate between intra-articular
and extra-articular valgus deformity from the femoral side,
the distal condylar angle (DCA) and posterior condylar angle
(PCA) were measured (Fig. 2). Measurement was performed
on CT with Mimics software (version 13.0; Materialize,
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Leuven, Belgium), and re-slice process was used to relocate
the images to a standard view. DCA was the angle between
the surgical transepicondylar axis and the distal femoral joint
line, while PCA was the angle between the surgical trans-
epicondylar axis and the posterior femoral joint line. A nor-
mal DCA was defined as 4�, and a normal PCA as 3�12,16,17.
Intra-articular valgus deformity from femoral side (recorded
as Sif) was defined as the measured DCA subtracting 4�,
while extra-articular valgus deformity from femoral side
(recorded as Sef) was defined as the Sf minus the Sif. A devi-
ated PCA indicated intra-articular deformity in knee flexion
(in axial plane) from the femoral side, and an increased PCA
(PCA > 3�) hinted dysplasia or defect of posterior lateral
femoral condyle.

In our measurement, if the surgical transepicondylar
axis of the distal femur was not identifiable, the clinical
transepicondylar axis was used instead; in this situation, the
condylar twist angle (CTA) was converted into the PCA for
uniform analysis. The difference between the PCA and CTA

has been reported to be 3.2� to 3.4�, so the difference
between the PCA and the CTA in this study was defined as
3.3�17,18.

The total valgus deformity from the tibial side
(recorded as St) was defined as 87� minus the measured
aMPTA. The tibial bone varus angle (TBVA) was measured
to further differentiate between intra-articular and extra-
articular deformitites (Fig. 2). On average, the TBVA in well-
aligned knees was previously reported to be 2.8� varus (SD,
2.7�)19. Extra-articular valgus deformity of the tibia
(recorded as Set) was defined as 2.8� minus the measured
TBVA. Therefore, intra-articular valgus deformity (recorded
as Sit) of the proximal tibia was then equal to St minus Set.

After distinguishing intra- vs extra-articular deformi-
ties for both the femur and the tibia, the prevalence and
severity of valgus deformity was calculated for each part of
the knee. In the frontal plane, deformity could originate from
four distinct segments—extra-articular femoral (Sef), intra-
articular femoral (Sif), intra-articular tibial (Sit), and extra-
articular tibial segment (Set)—that could be isolated or com-
bined. A deformity >3� was defined to be apparent deformity
in this study, as a deformity <3� might be not clinically rele-
vant. If apparent deformities originated from two or more

Fig 1 In the malalignment test (MAT), the hip-knee-ankle angle (HKA),

the anatomical lateral distal femoral angle (aLDFA), and the anatomical

medial proximal tibial angle (aMPTA) were measured.

A C

B

Fig 2 The tibial bone varus angle (TBVA) (A) was measured on long-film

radiographs. TBVA was the angle between the axis of the tibia and the

axis of the epiphysis. The axis of the tibia was from the middle of the

proximal tibial joint line to the middle of the ankle. The axis of the

epiphysis in adults was a line passing the middle of the proximal tibial

joint line and the middle of the fused growth plate. The distal condylar

angle (DCA) (B) and the posterior condylar angle (PCA) (C) were

measured on CT scans. DCA was the angle between the distal femoral

joint line and the transepicondylar axis. PCA was the angle between the

posterior femoral joint line and the transepicondylar axis.
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segments, the contribution percentage of each one (dividing
into S) was calculated, and the one contributing the most
was taken as the most severe deformity (severest in S).

Assessment of the Reproducibility
To examine the inter-observer reproducibility of this classifi-
cation system, two observers measured the deformities and
did the classification for all the 105 knees independently.
The intraclass correlation coefficient (ICC) was calculated.
For those cases with disagreement from the two observers, a
senior doctor was assigned to bring an agreement on the
classification. The final prevalence of each subtype we
reported in this study was calculated after an agreement was
achieved for every knee. To examine the intra-observer
reproducibility of the system, one of the two observers was
assigned to re-measure and re-classify all the 105 knees after
blinded processing of the basic information on radiographs
and waiting for an interval time of more than 2 weeks for
every case. The ICC was also calculated to evaluate the intra-
observer reproducibility. An ICC > 0.75 was considered to be
with good consistency.

Results

Measurement
The average age was 62.4 � 8.6 years (range, from 41 to
84 years). Thirteen were male and 92 were female. The aver-
age HKA of 105 knees was 12.7 � 6.2� (range, from 4.2� to
30.8�). Apparent deformities (>3�) and the most severe
deformities (contributing the most in whole-knee deformity)
commonly originated from tibial plateau and the
supracondylar portion of the femur (Table 1). Forty-eight
knees (45.7%) had apparent deformity from the tibial pla-
teau, and 62 knees (59.0%) had apparent deformity from the
supracondylar region of the femur. Intra-articular deformity
of the distal femur had different sub-subgroups according to
different combinations of DCA and PCA (Table 2). Ninety-
one knees (86.7%) had DCA >4�, of which 56 knees had
PCA >3� simultaneously; and 18 knees (17.1%) had DCA
> 7�, among which 11 knees had PCA >3� simultaneously.

Classification
All the 105 knees were first sorted to four subgroups
according to four distinct patterns of origin of their most
severe deformity in frontal plane (Sef, Sif, Sit, and Set). Fur-
ther, the subgroup with the intra-articular femoral deformity
could be divided into two sub-subgroups according to the
status of posterior aspect of the lateral femoral condyle: nor-
mal posterior femoral offset (increased DCA + normal
PCA) vs decreased posterior femoral offset (increased DCA
+ increased PCA). No instances of an apparently increased
PCA (increase of >3�) were found coexisting with a
normal DCA.

Valgus deformities could be classified into five sub-
types according to the deformity origin on radiological
analysis—the supracondylar region of the femur (F2), the
distal lateral femoral condyle (F1a), both distal and posterior
lateral femoral condyle (F1b), the tibial plateau (T1), or the
metaphyseal segment of the tibia (T2) (Table 3) (Fig. 3).
Each valgus knee could be labeled with a single subtype or a
combination of them.

According to the current classification system, F2 and
T1 (40.0% and 28.6%, respectively) were the most common
two subtypes of valgus deformities (Table 4). On the femoral
side, extra-articular deformity (F2) was more common than
intra-articular femoral deformity (F1a and F1b) (40.0% vs
15.2%). Intra-articular tibial deformity (T1) was much more
common than extra-articular deformity (T2) (28.6% vs

TABLE 1 Prevalence of deformity in the frontal plane from different segments around the knee

Segment in the front plane >0� >3� Severest in S

Sef 86 (81.9%)† 62 (59.0%) 42 (40.0%)
Sif 91 (86.7%) 18 (17.1%) 16 (15.2%)
Sit 95 (90.5%) 48 (45.7%) 30 (28.6%)
Set 54 (51.4%) 18 (17.1%) 17 (16.2%)

S, the whole valgus deformity of the knee; Sef, valgus deformity from the extra-articular portion of the femur; Sif, valgus deformity from the intra-articular portion of
the femur; Sit, valgus deformity from the intra-articular part of the tibia; Set, valgus deformity from extra-articular part of tibia.; Severest in S means the cases in
which deformity of the correspondent segment contributes the most to the whole valgus deformity of the knee.; †Number of knees (percentage in 105).

TABLE 2 Sub-subtypes of intra-articular deformity of the distal
femur

Sub-subtypes >0� >3� Severest in S

Increased DCA + Normal PCA 35 7† 6
Increased DCA + Increased PCA 56 11 (3)‡ 10
Normal DCA + Increased PCA 0 0 0
Normal DCA + Normal PCA 14§ - -

DCA, distal condylar angle; PCA, posterior condylar angle.; S, the whole
valgus deformity of the knee.; †DCA >7� and PCA ≤3�.; ‡DCA >7� and
PCA >3� (DCA >7� and PCA >6�).; §No intra-articular deformity of the dis-
tal femur.
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16.2%). Of all the 105 valgus knees, 56.2% had extra-articular
deformities (F2, T2) as the severest deformity.

There were 49 knees (46.7%) with apparent deformities
(>3�) originating from two or three parts around the knee.
The most common combination was F2 + T1, which
occurred in 24 knees.

Intra-observer and Inter-observer Reproducibility
The intra-observer ICC of this classification system was
0.992 (95% CI, 0.989–0.995), and inter-observer ICC was
0.976 (95% CI, 0.965–0.984).

Discussion

Among patients undergoing TKA, 10% to 17% have val-
gus knees20. Valgus knees could have worse clinical out-

comes than well-aligned knees or even varus knees15.
Thorough knowledge of the pathological changes in bone
and soft tissue is critical for surgeons to pursue good out-
comes. Bone deformities originating from different segments
usually need different correction strategies and different soft
tissue balancing accordingly1,3,7,21,22. Pinpointing the origins
of deformity and understanding morphological features of
valgus knees helps to personalize a valgus knee, predict the
soft tissue conditions, and thus, determines the deformity
correction and soft tissue balancing strategies and techniques
in TKAs.

According to deformity origins and morphological fea-
tures, valgus deformities were classified into five subtypes.
This classification system has high level of reproducibility if
preformed on the same radiographic images. It is a reliable

tool for surgeons to label and sort valgus knees both in diag-
nosis and surgical planning. This classification helps person-
alize valgus knees in terms of deformity origins, and based
on that, the status of the lateral collateral ligament (LCL)
and lateral joint capsule can be sequentially predicted
(Fig. 4). Several other classification systems could help to sort
valgus knees based on the severity of angular deformity or
medial collateral ligament status, but they cannot give
detailed descriptions about the bone deformity location or
anticipations of lateral soft-tissue status7,21,22. Furthermore,
medial collateral ligament deficiency only exists in about
17%–20% of all the valgus knees, which could strongly indi-
cate utility of constrained prosthesis in TKA but only repre-
sent the minority in practice. Our classification system is
able to further personalize about 80%–83% of the valgus
knees, which would play a dominant role in guiding soft tis-
sue balancing2,7.

Supra-condylar valgus deformity (F2) is the most com-
mon origin of valgus deformities. In TKA for a valgus knee
with significant extra-articular deformity, a simple bone cut
perpendicular to mechanic axis would lead to severe soft tis-
sue imbalance and unnecessary use of constrained prosthesis.
The high incidence of extra-articular deformity in valgus
knees could probably be responsible for high incidence of
residual valgus deformity and sub-optimal clinical results
after TKA2. One- or two-stage corrective osteotomy is rec-
ommended for these subtypes of valgus knees. In some cir-
cumstances, surgeons could recruit an epicondylar sliding
osteotomy to transform an extra-articular deformity of the
femur to a partially defected lateral femoral condyle with a
balanced mediolateral gap.

Different subtypes of intra-articular valgus deformi-
ties were also found from the femoral side. Dysplasia or
defect of distal lateral femoral condyle leads to intra-
articular valgus deformity. However, the posterior offset of
lateral femoral condyle may or may not be reduced
according to the condition of posterior aspect of lateral
femoral condyle (F1b or F1a). Differentiating the condition
of posterior lateral condyle is clinically relevant. A well-
preserved posterior offset prevents LCL and postero-lateral
joint capsule from contraction. In contrast, a decreased
posterior offset hints a potential tight LCL and contracted
lateral joint capsule. Further, taking posterior condylar axis
as the reference for femoral component rotation will be
inaccurate and lead to malrotation (internal rotated) of the
femoral component, which would compromise the patella
tracking. These subtypes are also associated with different
clinical signs of valgus knees. Provided the deformity
comes only from femoral side, it presents no matter if the
knee extends or flexes when posterior femoral condyle is
compromised whereas it only presents when the knee
extends if posterior femoral condyle is well-maintained. A
swing test has been developed to detect deformity in flex-
ion clinically23. Prior to a CT scan, swing test would aid in
revealing a decreased posterior offset of lateral femoral
condyle.

TABLE 3 Classification system and terminology for five sub-
types of valgus knees

Subtypes Descriptions

Femoral deformity
F1a Intra-articular deformity (in the distal aspect of the

lateral condyle)
The LCL is relatively loose when the knee extends,

with normal tension when the knee flexes.
F1b Intra-articular deformity (in the distal and posterior

aspects of the lateral condyle)
LCL is tight through all the range of motion.

F2 Extra-articular deformity (in the supracondylar
portion)

LCL remains at normal length and tension through
the entire range of motion†.

Tibial deformity
T1 Intra-articular deformity (in lateral tibial plateau)

LCL is tight through all the range of motion.
T2 Extra-articular deformity (in metaphysic part)

LCL remains at normal length and tension through
the entire range of motion.

LCL, lateral collateral ligament.; For ease of use, the terminology of F1b
and F2 had been modified from the primitive version firstly raised in
2010.; †Speculation regarding LCL status in type F1b or T2 is made on
the condition that little or minimal deformities of other patterns exist.
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In an F1a deformity, the LCL length would be well-
maintained, because the LCL could remain at normal tension
and length in knee flexion due to a normal height of poste-
rior aspect of lateral condyle. In an F1b deformity, the offset
is consistently decreased no matter when the knee extends or
flexes, indicating that contracture of the posterior lateral soft
tissues (especially LCL) may bring difficulties in gap

balancing. For the F2 subtype, the deformity is located supe-
rior to the collateral ligament frame, so the posterior lateral
soft tissues would be well-preserved. For the T1 subtype,
there is bone defect on lateral plateau, and the posterior lat-
eral soft tissues should be in contracture similar with the F1b
type. And for a T2 deformity, posterior lateral soft tissues
would be normal such as in F2. If apparent deformities

A B C

D E

Fig 3 Case examples: (A) a subtype F1a valgus knee has an increased aLDFA (76.1�), an increased DCA (7.5�), and a normal PCA (3.0�); (B) a
subtype F1b valgus knee has an increased aLDFA (77.0�), an increased DCA (8.0�), and an increased PCA (6.5�); (C) a subtype F2 has an increased

aLDFA (72.6�), a normal DCA (4.8�), and a normal PCA (3.6�); (D) a subtype T1 has an increased aMPTA (92.0�) and a normal TBVA (2.8�); (E) a
subtype T2 has an increased aMPTA (96.9�) and a negtive/decreased TBVA (�3.3�).
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originate from two or three segments simultaneously around
the knee, it will increase the complexity of deformity correc-
tion and soft-tissue balancing. For these knees, a combina-
tion or integration of surgical solutions would be needed to
correct the bone deformity for such kind of valgus knee. This
classification system based on deformity origin helps not
only individualize bone defect location and soft tissue status,
but also indicate different morphology of the cutting surface
and aspect ratios of resected distal femurs24.

There are some limitations in this study and the new
classification system. First, being a radiographic analysis

based on X-ray and CT, our study only revealed different
patterns of bone deformities and allows only for speculation
about soft tissue status. Thus, further intra-operative gap and
tense measurement is needed to confirm the soft tissue varia-
tions in different subtypes. Second, our study was based on
CT scanning, which has limitations in detecting cartilage
defects that can also contribute to intra-articular deformities.
Third, the bony landmarks such as epicondylar axis and the
normal alignment we used in this study are not in agreement
with a few other studies25–27. Those authors suggested other
definitions of distal femoral rotation axis and normal

TABLE 4 Prevalence of each subtype and descriptions of the distinguished manifestations of deformity (n = 105)

Subtypes* N (%) DCA/� PCA/� Sef/� Sit/� Set/�

Femoral deformity
F1a 6 (5.7) 6.5 � 0.6 2.6 � 0.5 0.4 � 1.0 0.8 � 1.0 0.3 � 0.8
F1b 10 (9.5) 7.8 � 1.3 6.1 � 1.9 0.5 � 2.1 1.3 � 1.1 0.5 � 0.8
F2 42 (40.0) 6.3 � 2.5 3.9 � 1.7 7.6 � 4.8 2.1 � 3.2 0.2 � 2.2

Tibial deformity
T1 30 (28.6) 5.8 � 1.3 4.6 � 1.7 2.8 � 2.6 6.4 � 2.2 �1.2 � 1.6
T2 17 (16.2) 5.2 � 1.1 3.4 � 1.3 2.1 � 2.3 1.3 � 1.4 6.3 � 2.7

ANOVA test
P 0.007 0.000 0.000 0.000 0.000

DCA, distal condylar angle; PCA, posterior condylar angle.; Manifestation of deformity was shown as mean � standard deviation. Positive value indicated valgus
deformity and negative value is for varus deformity. Value with underline hinted the most significant manifestation of that subtype.; * If two or more subtypes of
deformity co-existed in the same knee, the most severe one was counted in.

Fig 4 An overview of a new

classification system for valgus knees

defining five distinct subtypes of bone

deformity origins (dotted line). F1a

had bone defect in the distal aspect

of the lateral condyle; F1b had bone

defect in both the distal and posterior

aspects of the lateral condyle; F2 had

extra-articular valgus deformity in the

supracondylar portion; T1 had bone

defect in lateral tibial plateau; T2 had

extra-articular valgus deformity in

metaphysic part of the tibia. The

status of the LCL can be reasonably

predicted in each subtype both when

the knee extends and flexes. The LCL

contracts (lightning in red) in subtypes

F1b and T1 but not in subtypes F1a,

F2, and T2.
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alignment of the knee, which would affect our principles in
knee reconstruction and prosthesis design, but no matter
what measurement reference we used, the fact of different
patterns of bone deformities and reasonable speculations on
soft tissue status will still play an important role to label dif-
ferent valgus knees and guide our surgical techniques. And
what is more, this is just a descriptive presentation of the
morphological features of different valgus knees, but the
effectiveness of this classification system in anticipation of
clinical outcome still needs to be proved.

In conclusion, there are five subtypes of valgus defor-
mities according to a new radiological classification system
of valgus knees. This classification system has high

reproducibility and helps to pinpoint deformity origins, dis-
play morphological features of the knee, and thus personalize
a valgus knee and guide clinical treatments.
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