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Abstract Most surgeons believe that varus deformity
leads to progressive tightness of the medial soft tissue
envelope and laxity on the lateral side. It is, however,
unclear at what stage of the deformity such ligament
alterations occur, and whether these are the consequence of
intrinsic alterations in the ligaments themselves, or rather
due to extrinsic factors such as osteophytes, adhesions to
the underlying bone, or other factors which may cause a
tightening effect. Thirty-five varus knees that were sched-
uled for TKA were investigated. Ligament status was
evaluated after temporary correction of alignment and
removal of osteophytes, using varus/valgus testing with
computer navigation technology. Knees with <10° varus
deformity were easily correctable to neutral after correction
of the extrinsic factors that could cause medial tightness,
and these knees maintained normal mediolateral laxity
during varus/valgus stress testing. When coronal plane
deformity exceeded 10°, progressive shortening of the
medial collateral ligament was noted, as well as progres-
sive stretching of the lateral structures (P < 0.001). This
study, therefore, demonstrates that the medial collateral
structures become intrinsically shortened when preopera-
tive varus deformity exceeds 10°. Likewise, the lateral soft
tissues become stretched. None of these occur when the
preoperative deformity is <10°.
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Introduction

Restoration of neutral limb alignment and establishing an
adequate soft tissue balance are two important criteria for
obtaining a successful total knee arthroplasty (TKA).

In knees with minimal deformity, this can usually be
achieved relatively easy using modern TKA instrumenta-
tion and a standardized surgical technique.

Knees with limited preoperative deformation are likely
to have an unaltered soft tissue envelope, and therefore do
not require corrective soft tissue work in most of the cases.

The situation may however be different in cases where
the preoperative deformity is more important, since the
deformity itself may have induced an abnormality in the
soft tissue envelope around the knee [2, 11, 15-17, 25].

In the varus knee for example, many surgeons believe
that progressive shortening or contraction of the soft tissue
structures on the medial side may occur, whereas the lateral
structures may become stretched [10, 12, 16, 17, 26].

Performing a TKA in this situation may therefore
require some type of mediolateral soft tissue balancing in
order to provide a stable soft tissue envelope with sym-
metric laxity both on the medial and lateral side [6, 10, 12,
18, 26-28].

Although it is generally believed that the development of
medial tightness and lateral laxity is correlated with the
severity of the arthritic deformity, little or no data exist on
the question at which degree of deformity such alterations
start to occur, and whether these alterations are the con-
sequence of intrinsic changes in the ligaments themselves,
or rather due to factors extrinsic to the ligament quality,
such as the formation of osteophytes, adhesions to the
underlying bone, or other factors that may cause a tight-
ening effect. Our hypothesis was that such correlation
between varus deformity and mediolateral ligament status
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exists and starts to occur after a certain degree of deformity.
The purpose of the study was to examine this hypothesis.

Materials and methods

Thirty-five consecutive patients with varus malalignment
that were scheduled for TKA were included in our study.
Only patients with degenerative osteoarthritis were con-
sidered. Patients were included in the protocol when pre-
operative full leg standing radiographs demonstrated a
mechanical varus alignment.

After consenting the patient to the study, standard
femoral and tibial fiducial navigation pins were inserted for
the navigation system (Vectorvision®, Brainlab, Munich,
Germany) and a standard midline incision and medial
arthrotomy for performing a total knee replacement was
performed.

All necessary landmarks for identification of the
mechanical axes and generation of the individualized 3D
model of the patient’s anatomy were collected and stored
into the system.

Once the degree of mechanical malalignment had been
registered, all medial osteophytes on the femoral condyle
and intercondylar notch were removed.

Next, the deep medial collateral ligament was carefully
liberated form the underlying osteophytes on the medial
tibia, and these were subsequently removed from anterior
to posterior, while leaving any remnants of the medial
meniscus untouched. The deep portion of the medial col-
lateral ligament was therefore released from the underlying
tibial bone up to 5 mm distal at maximum and using sharp
dissection.

Specific attention was paid to remove of all reachable
osteophytes, especially these on the most posterior aspect
of both the femur and tibia. Both cruciate ligaments were
left untouched, but hypertrophic patches of synovial
fibrosis were removed when encountered.

Next, a specially developed intercalary shim with
0.5 mm increments in thickness was interposed into the
medial tibiofemoral compartment until neutral mechanical
alignment was obtained on the navigation screen (Fig. 1).

Once neutral alignment was obtained, maximal manual
varus-valgus stress was applied with the knee in extension
and the shim still in situ, and the maximal mechanical axis
deviation was recorded both for varus- as well as valgus-
stress (Fig. 2).

These measurements were performed after partial clo-
sure of the arthrotomy, and were rounded off towards 0.5°.
Based upon data available from literature, 1°-3° laxity

Fig. 1 Graphical demonstration
of steps 1 and 2 in the study; (1)
recording of preoperative varus
deformity using computer
navigation technology, (2) after
osteophyte removal a specially
developed intercalary shim with
0.5 mm increments in thickness
was interposed into the medial
tibiofemoral compartment until
neutral mechanical alignment
was obtained on the navigation
screen
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Fig. 2 Next, maximal manual varus-valgus stress was applied with
the shim in situ, and the maximal mechanical axis deviation was
recorded both for varus- as well as valgus-stress

under valgus stress, and 2°-4° under varus stress were
considered normal [1, 8, 19, 20, 23].

In knees with a flexion contracture, the measurements
were performed at maximal extension.

Once the data were obtained, the knee was opened again
and a standard TKA was performed.

In all cases, the procedure and measurements were
performed by the same surgeon (JB), who has an operative
experience longer than 10 years in TKA.

Results

The average varus deformity of the studied cases was 8.7°
(range 2°-18°). After correction to neutral alignment an
average of 0.6° (range 3°—4°) of maximal laxity on valgus
stress was noted, whereas an average of 4.1° (range 2°-8°)
of maximal laxity on varus stress was measured.

Figure 3 summarizes the measurements obtained under
maximal varus and valgus stress as function of the preop-
erative deformity (positive indicates valgus, negative
indicates varus).

For knees with a varus deformity of 10° or greater, a
strong negative correlation was noted with maximal laxity
on valgus stress (R2 = 0.92, P <0.001), and a strong
positive correlation with maximal laxity on varus stress
(R* = 0.80, P < 0.001).

No such correlation existed for knees with deformity
smaller than 10° (R* < 0.01, P > 0.5).

Knees with preoperative varus deformity smaller than
10° had an average of 1.7° (range 1°-3°) laxity on maximal
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Fig. 3 Maximal mechanical axis deviation under varus and valgus
stress as function of the preoperative deformity (positive indicates
valgus, negative indicates varus)

valgus stress, compared to —1.3° (range 1.5° to —4°) for
knees with a varus deformity of 10° or greater (P < 0.001).

Knees with preoperative varus deformity of 10° or
greater had an average of 5.8° (range 3.5°-8°) laxity on
maximal varus stress calculated from the neutral mechan-
ical alignment, compared to 3.1° (range 2°-7.5°) for knees
with a varus deformity smaller than 10° (P < 0.001).

All knees with deformity smaller than 9° had laxity
values on maximal varus and valgus stress that were in the
normal range (1°-3° for valgus stress, 2°-4° for varus
stress), whereas all of the knees with deformity more than
10° had greater than normal laxity on varus stress, and
were on valgus stress tighter than normal in all of the cases
studied.

Discussion

The most important finding of this study was that preop-
erative varus deformity is associated with changes in the
collateral soft tissues as soon as the deformity reaches
approximately 10°. Once such deformity is present, short-
ening of the medial collateral structures seems to occur,
together with stretching on the lateral side. Knees with less
severe deformity do not demonstrate such alterations in the
surrounding soft tissue sleeve, and seem to have an unal-
tered soft tissue envelope comparable to the normal knee.
Based upon our findings, it seems logical to conclude that
intrinsic shortening of the medial soft tissues starts to occur
when a varus deformity exceeds 10°, whereas no such
alteration occurs in knees with less deformity.

Likewise, stretching of the lateral structures starts to
occur at the same magnitude of deformity, approximately
10°. In knees with less varus deformity, no such stretching
or elongation of the lateral structures could be noted based
upon our measurements.
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The findings from our study have some important
implications.

First of all, our data suggest that ligament balancing
should usually not be necessary in varus knees when the
preoperative deformity is limited and smaller than 9° or
10°. These knees have a normal mediolateral soft tissue
envelope without intrinsic shortening or stretching on
either the medial or lateral side, and therefore should not
require any soft tissue work in order to properly balance the
joint during TKA. In such case a perfect soft tissue balance
should indeed be achieved automatically, at least when the
standard principles of matched resection are used, meaning
that the surgeon aims at resecting the exact amount of bone
that will be replaced by the implant (taken into consider-
ation the eroded surface).

Second, our data also suggest that so-called ligament
referenced TKA instrumentation systems can be safely
used in varus knees as long as the deformity does not
exceed 9° or 10°. Proponents of these systems, such as the
LCS school, have traditionally determined the femoral
component’s rotational position dependent to the proximal
tibial cut (which is made first) and the collateral ligament
tension [5, 7, 14, 30].

Several tensioning devices have been made available for
this purpose, with or without the combination of an intra-
or extramedullary femoral alignment system.

These ligament instrumentation systems are, however,
primarily used with the knee in 90° of flexion, and since our
data were recorded with the knee in extension only, it is
unclear whether our findings are also valid with the knee in
flexion.

This study also demonstrates however that in knees with
greater deformity, the ligament status is no longer reliable
for this purpose. Perfect restoration of correct soft tissue
tension becomes therefore necessary in these cases in order
to obtain a correct position of the femoral resection guide,
and the surgeon should be aware of this. Practically
speaking, this would usually indicate the necessity to per-
form a release of the tightened medial collateral structures
until a balanced situation in equilibrium with the stretched
lateral structures is achieved. Based upon our data, the
surgeon can expect these measures to become proportional
with the severity of the preoperative varus deformity.

Another finding from our study is that so-called soft
tissue guided knee arthroplasty could be possible in knees
with an arthritic varus deformity up to 9° or 10°. The
concept of soft tissue guided knee arthroplasty derives
from the philosophy that the periarticular soft tissues
function as an envelope for the joint, where the periartic-
ular soft tissues work together with the osteoarticular
configuration in balanced harmony. Using the soft tissues
to guide the knee implant position three dimensionally
throughout the whole range of motion is therefore an

appealing concept, but may be questionable in case of
deforming osteoarthritis with subsequent alterations in the
soft tissues. Our study, however, demonstrates that soft
tissue integrity is maintained in most cases until the
deformity exceeds 10°, and that soft tissue guidance
therefore could be used for TKA cases with less deformity.

Despite the fact that the findings of our study on the
influence of coronal plane deformity on mediolateral lig-
ament status are interesting to TKA surgeons, these data
are new and to our knowledge no comparable material
currently exists in literature on this matter.

One of the reasons for this is the absence of adequate
measurement methods to quantify mediolateral laxity
intraoperatively. Recently however, the use of latest gen-
eration computer navigation technology has made such
evaluation possible. Modern navigation systems have an
accuracy of 0.19° for rotations and 0.35 mm for transla-
tions, and can be used to measure the mediolateral joint
line opening during varus and valgus stress testing, or any
other laxity test [1, 3, 4, 17, 23, 24].

Normative laxity data that were obtained using com-
puter navigation technology in normally aged, nonarthritic
knees have been published in the past [1, 23].

The study we report here has been performed using the
same technology, and despite the fact that this method has
been validated, our study set-up has a number of
limitations.

Manual stress testing was performed to assess medio-
lateral laxity, and despite the fact that such was per-
formed by an experienced surgeon, some degree of
variability in the forces exerted during testing can not be
excluded. Also, all measurements were performed with
the knee in full extension (0° flexion), but such was not
possible in all cases. Cases with flexion contracture were
analyzed with the knee in maximal extension. These were
all knees with greater than 10° of varus deformity, which
could be explained by potentially contracted posterome-
dial structures, as previously reported by Whiteside et al.
[27].

This study also did not determine exactly the relative
influence of the different extrinsic and intrinsic factors that
theoretically could influence the soft tissue status [9, 13,
21, 22, 26-29]. Well-known extrinsic factors contributing
to soft tissue tightness are the presence of osteophytes and
hypertrophic synovial fibrosis, and none of these were
quantitatively analysed with respect to their influence on
the soft tissue sleeve.

Further research is therefore necessary in order to
determine the relative importance of all these contributing
factors. In our study the extrinsic factors were corrected by
surgically removing them, which allowed us to determine
the remaining influence of intrinsic factors. For surgeons
this is important, since intrinsic factors are surgically only
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correctable by some type of lengthening or release
procedure.

Despite these two weaknesses, the results of this study

are valid and useful to the surgeon when dealing with the
varus knee.

Conclusion

When a varus deformity exceeds 10°, the surgeon should
be aware that the medial collateral structures become
intrinsically shortened and the lateral soft tissues stretched.
In knees with less severe deformity, no such alterations
occur in the surrounding soft tissue sleeve.
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