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ABSTRACT

Background: Patients with medial compartment os-
teoarthritis of the knee may be treated nonoperatively
with adjustable valgus bracing.
Hypothesis: Valgus bracing reduces load on the me-
dial compartment through the application of an external
valgus moment about the knee, resulting in pain relief.
Study Design: Prospective cohort study.
Methods: Eleven patients were tested using an instru-
mented brace and three-dimensional gait analysis. We
measured the valgus moment applied by the adjust-
able valgus brace and determined the compressive
load in the medial compartment. We also documented
the effects of increased valgus alignment of the brace
and increased strap tension on load sharing. Pain and
activity levels were also recorded.
Results: Pain and activity level improved in all sub-
jects with valgus bracing. During gait, valgus bracing
reduced the net varus moment about the knee by an
average of 13% (7.1 N�m) and the medial compartment
load at the knee by an average of 11% (114 N) in the
calibrated 4° valgus brace setting. Increasing valgus
alignment with the adjustable brace had a greater ef-
fect on the medial compartment load than did increas-
ing strap tension.
Conclusion: Adjustable valgus bracing was effective
in reducing medial compartment load and subsequent
pain while also improving knee function in a group of
patients with osteoarthritis.

Osteoarthritis is the most common form of the articular
disorders that affect tens of millions of United States

citizens.16 It has recently been reported that 6% of United
States adults 30 years of age or older, or approximately 9.7
million people, have symptomatic osteoarthritis of the
knee.4 When the knee joint is affected, osteoarthritis ap-
pears to be more prevalent in the medial compartment
than in the lateral compartment.1,5,7 During normal gait,
except for the occurrence of a brief valgus moment after
initial contact, the knee joint is subjected to an external
varus moment throughout the stance phase.24 The exter-
nal varus moment is responsible for shifting the load from
the lateral to the medial compartment and can occur even
in the presence of a valgus deformity at the knee.6,12,19

The predominance of a varus moment and the concomi-
tant increased medial compartment joint loads are
thought to be responsible, in part, for the greater inci-
dence of osteoarthritis in this knee joint compartment.

The external varus moment about the knee depends on
mechanical alignment of the knee as well as on the ground
reaction force. In patients with medial compartment os-
teoarthritis, the medial joint space narrows as a result of
articular cartilage degeneration and as the mechanical
alignment shifts toward varus. This shift can result in an
even greater external varus moment about the knee than
is seen on the unaffected side or in a control population6,12

unless the patient develops a compensatory gait pattern
that involves toeing out.23 Furthermore, a reduction in
proprioception,2 which can predispose the joint to abnor-
mal kinematics, combined with this increased external
varus moment, which shifts more load to the affected
compartment, may further facilitate joint degeneration in
patients with osteoarthritis.

Patients who have a diagnosis of isolated medial com-
partment osteoarthritis of the knee are confronted with a
variety of treatment options. Nonsurgical mechanical in-
terventions include the use of canes, lateral shoe wedges,
and valgus knee bracing. Valgus bracing was devised to
provide medial compartment pain relief by reducing the
load on the medial compartment through the application
of an opposing external valgus moment about the knee
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joint. Several studies investigating the clinical efficacy of
valgus bracing have reported that patients experience sig-
nificant pain relief and improvement in physical func-
tion.8–10,13,14,17,18,20 Functional pain improvement dur-
ing walking or on stairs has been reported at 1 week,9 9
weeks,8 12 weeks,9 and 12 months.8 Significant improve-
ments in pain and function assessed with validated knee
instruments have been reported at 3 months,13 6
months,14 and 12 months.18 Finally, significant reduction
of pain during activities of daily living has been reported
at 4 weeks,17 6 weeks,10 9 weeks,8 and 12 months.8

Previous gait studies of patients treated with valgus
bracing have measured alterations in the external mo-
ment but have not quantified the load taken up by the
brace or determined the changes in medial compartment
force.3,8,17,22 Biomechanical results, depending on the en-
gineering design of the knee brace, range from no differ-
ences in dynamic gait parameters8 and no significant dif-
ference in varus moment between sham bracing (no
valgus correction) and valgus bracing20 to a significant
improvement in gait symmetry3 and a reduction in exter-
nal varus moments.17,21,22 In addition, no previous study
has quantified the effect of adjustable valgus brace align-
ment on changes in medial compartment load. A study
using fluoroscopy during treadmill gait demonstrated ar-
ticular surface separation at heel strike in 12 of 15 sub-
jects wearing valgus knee braces, with an average change
in condylar separation of 1.2 mm and condylar separation
angle of 2.2°.15

Because valgus bracing results in a valgus moment
being applied to the knee joint, in theory the treatment
should reduce the varus moment or adduction moment at
the knee and, therefore, reduce medial compartment load.
The contribution of the brace to the loads at the knee joint
has not been documented. The magnitude of the brace
moment compared with the load that routinely occurs in
the osteoarthritic knee joint is also unknown, as is the
effect of increasing the valgus correction in these adjust-
able braces.

Therefore, the primary objectives of this study were to
quantify the valgus moment produced by the brace and to
calculate the change in medial compartment load as a
result of valgus bracing in the standard clinical brace
setting. The secondary objective was to determine the
effect of increased valgus alignment of the brace and the
effect of increased strap tension on both load sharing by
the brace and on medial compartment load at the knee.
The final objectives were to document the external and net
knee moments in all conditions and to document pain and
function in subjects with osteoarthritis before bracing and
with routine use of a valgus brace.

MATERIALS AND METHODS

Subjects

Ten men and one woman, with a mean age of 53.2 � 9.8
years, mean height of 1.79 � 8.9 meters, and mean body
mass of 83.0 � 6.6 kg were enrolled in the study and
underwent pain and activity assessment and gait analy-

sis. Inclusion criteria were a diagnosis of isolated medial
compartment osteoarthritis, a neutral or varus (0° to 10°)
knee alignment, and no evidence of ligamentous instabil-
ity. Criteria for exclusion were a history of tibial or fem-
oral fracture, a history of knee surgery other than arthro-
scopic debridement or meniscectomy, skin or peripheral
vascular disease that would prevent brace application, or
a fixed flexion contracture. Institutional Review Board
approval was obtained for the study, and informed consent
was obtained from each participant before testing.

Materials

Custom-manufactured valgus braces (Generation II Un-
loader ADJ brace, Generation II USA, Inc., Bothell, Wash-
ington) were used in the study. The brace is designed to
apply a valgus moment about the knee through two mech-
anisms (Fig. 1). The first is through the angulation of the
brace hinge components, which induces a bending mo-
ment at the hinge (MH) when the valgus alignment of the
brace is greater than that of the lower limb. The second
mechanism for applying a valgus moment is provided by a
three-point bending system via the Dynamic Force Strap
that spirals around the knee and applies a medially di-
rected force to the lateral aspect of the knee (F1). The
brace incorporates adjustment screws on the hinge just
proximal and just distal to the knee joint, which permit
the valgus alignment of the brace to be set using a special
driver not available to the patient. One full turn of an
adjustment screw corresponded to 4° of valgus alignment
when the brace was unloaded. Changes in valgus align-
ment can be made to accommodate patient symptoms of
pain. The braces were instrumented with strain gauges on

Figure 1. Schematic of the Generation II Unloader brace on
a limb with the upper and lower cuff supports and the Dy-
namic Force Strap. MH represents the valgus moment con-
tribution due to the hinge. F1, F2, and F3 represent the
three-point bending forces generated by the tension in the
force trap. The isolated view shows the lower tibial support
with a single strain gauge attached at level 1 and two strain
gauges attached at level 2.
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the medial support bracket to allow determination of the
brace loads during walking, and a buckle transducer was
used on the force strap to measure strap tension. The force
strap, in conjunction with the upper and lower cuffs (F2

and F3) which apply laterally directed forces to the thigh
and calf, creates three-point bending about the knee joint.

For each subject, a cast of the affected leg, which in-
cluded the proximal two-thirds of the calf and the distal
two-thirds of the thigh, was made by a certified orthotist
and shipped to the manufacturer for custom fabrication of
the brace. The adjustable braces were set at the factory
with a valgus alignment 4° greater than that of the sub-
ject’s alignment during casting. Two degrees were applied
proximal to the knee and 2° distal. In this study, use of the
brace with the factory-set alignment and a comfortable
strap tension was defined as the “normal” mode of use. On
receipt of the brace, the orthotist confirmed proper brace
fit and instructed the patient on the application of the
brace. Patients were instructed to wear their braces
throughout each day and particularly during any physical
activities. Each patient used the brace for a minimum of 2
weeks before undergoing gait analysis and completing the
visual analog scales.

Brace Instrumentation

The hinge was not amenable to being instrumented at the
knee joint line because of a plastic cap and the complex
hinge geometry; thus, bending moments were measured
at two locations distal to the knee joint line (Fig. 1). The
bending moment at the knee joint line was calculated from
those two measurements. Two strain gauges (Model #EA-
06-062AQ-350; Measurements Group, Inc., Raleigh, North
Carolina) were attached to the distal portion of the hinge,
and a single strain gauge was attached to the proximal
portion of the tibial support. The number and location of
the gauges used was determined by the geometry of the
hinge and the tibial support. Each patient’s brace was
instrumented with strain gauges on the day of testing and
bench-calibrated just before testing by using known loads.
These strain gauges permit determination of the bending
moment at each of the two locations distal to the knee. The
bending moment at the knee joint line was then extrapo-
lated from the bending moments at these two locations.

The contribution of the force strap to the brace moment
at the knee joint line was determined by measuring the
strap tension and orientation of the strap as it crossed the
knee joint line. The tension in the strap was measured
using a buckle transducer (Fig. 2), which was fabricated
in-house and calibrated with dead weights before each
test. Strap orientation was recorded for each walking trial
by using a rigid array with two reflective markers aligned
with the strap as it crossed the lateral aspect of the knee
joint. This method yielded the magnitude, location, and
direction of the strap force vector with respect to the knee
joint center. The two components of strap force that con-
tribute to a valgus moment about the knee joint center are
the projection of the strap load, which is parallel with the
shank segment on the lateral side, and the compressive
force through the hinge on the medial side. The strap

contribution was then added to the bending moment from
the brace hinge to determine the total brace moment
about the knee joint center. For the braced conditions, the
net moment about the knee was then calculated by sub-
tracting the moment applied by the brace from the exter-
nal varus moment calculated about the braced knee as a
result of the ground reaction force.

Gait Measurement

The instrumented brace permitted the measurement of
the brace moment at the knee joint line while simulta-
neously collecting kinematic and kinetic measurements
during gait. In addition to the unbraced trials and the

Figure 2. The orientation of the dynamic force strap at the
knee joint line was determined by using a marker set that
consisted of a pair of reflective markers on a plate. The
marker set was aligned with the strap at the lateral aspect of
the knee at the level of the joint line.
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normal mode braced trials, three additional conditions
were tested. The clinician had the ability to change the
valgus alignment of the brace by adjusting the screws at
the hinge, and the patient had the ability to adjust the
brace by changing the strap tension. Therefore, the effects
of increasing these two parameters were investigated to
determine whether nominal changes in adjustment pro-
duced a measurable effect on load sharing between the
brace and the knee. With the braces in their normal mode
of use, the subjects self-selected a comfortable strap ten-
sion, based on instructions from their fitting orthotist,
which was defined as a firm tension without soft tissue
binding or pinching. Once it was selected, the strap length
in the normal mode was marked so that it could be
reproduced.

For the additional three conditions studied, the valgus
alignment procedure took advantage of the instrumented
brace to align the brace directly to the patient’s alignment,
instead of being referenced to the cast. With the subject
sitting, the force strap loose, and the knee near full exten-
sion, the adjustment screws were loosened to completely
remove the valgus load from the brace. The screws were
then readjusted until the strain gauges showed the first
indication that valgus load was being applied. This was
considered the 0° valgus setting for the three remaining
conditions. At this setting, the brace and knee valgus
alignments were matched; that is, there was no valgus
load applied by the brace. Two conditions employing a
normal strap tension setting, a 4° mode and an 8° mode,
were defined, with 4° and 8° of valgus, respectively, added
to the 0° baseline. One-half of the adjustment was applied
proximally and one-half distally to the knee. The last
condition, the “4° tight” mode, was a modification of the 4°
mode in which the patient increased the strap tension
beyond the normal setting. Tension was increased without
limiting knee flexion or extension motion.

Knee kinematics and kinetics were collected using a
six-camera video-based, passive marker gait analysis sys-
tem (Motion Analysis Corporation, Santa Rosa, Califor-
nia) and two force platforms (Bertec Medical, Columbus,
Ohio). Reflective markers were placed over anatomic lo-
cations on the pelvis and lower extremities to estimate the
locations of the hip, knee, and ankle joint centers and
subsequently to allow for the computation of joint kine-
matics during walking. Two force platforms, recording at
1000 Hz and embedded in the center of the walkway,
measured the ground reaction forces. Patients were not
aware of the force platform locations. An inverse dynamics
approach (Orthotrak, Motion Analysis Corporation) was
used to calculate the external moments generated about
the knee as a result of the ground reaction force in all
three planes. Each patient was asked to walk at a self-
selected speed wearing the brace and without it. Patients
were not coached or instructed on how fast or slow to walk.
For kinematic data, three trials were normalized to the
entire gait cycle and averaged. Kinetic data were similarly
analyzed, but for the stance phase only.

For each patient, the peak external varus moment (MV)
about the knee was calculated during the unbraced con-
dition and in the four braced conditions. In addition, the

brace valgus moment (MB) was also calculated for each of
the four braced conditions using the instrumented braces.
The net knee moment was calculated for each braced
condition, which was essentially the external varus mo-
ment minus the brace valgus moment (MV – MB). Without
the use of a valgus brace, the knee would have to coun-
teract the entire external varus moment, so essentially
the net knee moment would be equal to the external varus
moment. However, with the use of valgus bracing, the net
knee moment is reduced with the addition of the opposing
valgus moment at the knee of the brace.

Compartment Loads

Medial compartment loads were estimated for the un-
braced and braced conditions by using an analytical
model. The model factored in the contributions of the
ground reaction force, mass moment of inertia of the
shank and foot segments, and the brace valgus load. Lig-
ament forces, joint contact points, intercondylar distance,
muscle moment arms, and directions of muscle pull were
assumed to be constant for the unbraced and braced con-
ditions and between subjects. A schematic of the analyti-
cal model is shown in Figure 3. An intercondylar distance
of 6 cm was assumed. In this equilibrium model, the
external knee flexion moment, MF, was balanced by the
quadriceps force, FQ, acting with a 4-cm moment arm at
the knee joint. An external extension moment was bal-
anced by a hamstring muscle force also acting with a 4-cm
moment arm. Quadriceps and hamstring muscle forces
contributed in their entirety to the joint compressive force;
no adjustment was made for flexion angle. The force along
the tibial axis, FT, was equal to the component of the
ground reaction force directed axially through the shank
minus the inertial component of the shank and foot seg-
ments. This force was computed in Orthotrak as the com-
ponent of the joint reaction force normal to the tibial
plateau that would be present if there were no muscle or
ligament forces across the joint.

The external varus moment at the knee joint, MV, com-
puted in Orthotrak, acted to shift load from the lateral to
the medial compartment. It was assumed that neither
compartment was distracted such that collateral ligament
forces were not significant and that cruciate ligament
forces were the same across all conditions. Shear forces at
the knee joint were assumed to pass through the points of
contact in the compartments so that they did not contrib-
ute to the moments about the knee. The brace applied an
external valgus moment, MB, that acted to shift load from
the medial to the lateral compartment. Thus, we esti-
mated the compartment loads by using the kinematic and
kinetic gait analysis data and the measured brace mo-
ments. Each subject served as his or her own control when
the change in medial compartment loads between the
unbraced and braced trials was assessed.

Pain and Activity Assessment

Pain and activity levels were assessed using a 100-mm
visual analog scale11 anchored at each end with terms
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describing the amount of pain felt: “no pain” to “worst
pain possible.” The subject made a mark on the line
corresponding to the amount of pain felt, and the dis-
tance from the “no pain” end of the scale to the marker
was measured in millimeters. The same scale was used
for an activity level scale ranging from 0% on the left
anchor to 100% on the right anchor. A 0% choice indi-
cated complete limitation in performing usual daily
activities and 100% indicated no limitation in perform-
ing usual daily activities. The scales were completed at
the time of gait testing and after the patient had worn
the brace for 2 weeks to obtain scores for both the
prebracing condition and for the normal mode braced
condition.

Statistical Analysis

Repeated-measures analysis of variance with post hoc
testing was used to confirm that walking speed was not
different across conditions and to assess differences in
moments and loads among all conditions, including the
additionally corrected settings. All repeated-measures
analyses of variance were corrected for multiple mea-
sures. Scores for pain and activity level were analyzed
using the Mann-Whitney test. Alpha was set at 0.05 for all
statistical tests.

RESULTS

Walking Speed

Walking speed remained constant regardless of condition.
There was no difference between the unbraced condition
and the normal mode of use (132 � 10 cm/sec and 128 � 10
cm/sec, respectively). The average walking speeds with
the brace in the 4°, 8°, and 4° tight modes were 128 � 8
cm/sec, 130 � 9 cm/sec, and 129 � 9 cm/sec, respectively.
No significant difference in self-selected walking speeds
existed among the conditions.

Brace Valgus Moment (MB)

Brace valgus moment (MB) averaged from a minimum of
5.9 N�m for the normal mode of brace use to a maximum of
11.0 N�m for the 8° mode (Table 1). The brace valgus
moment was not different for the normal mode of use and
the 4° setting. Application of additional valgus correction
either by increasing the valgus angle (8°) or increasing the
strap tension (4° tight) resulted in a significantly greater
brace valgus moment.

Medial Compartment Load

There was a significant reduction in the average medial
compartment load for the normal mode of use condition
compared with the unbraced condition (Table 2). Increas-
ing the brace valgus angulation from 4° to 8° had a sig-
nificant effect on reducing the medial compartment load.
However, increasing the strap tension in the 4° condition
did not have an effect on the medial compartment load.
Additionally, the 4° mode, 8° mode, and the 4° tight mode
all demonstrated significant decreases in the medial com-
partment load when compared with the unbraced condi-

Figure 3. Diagram of the analytical model used to estimate
medial compartment force. FT depicts the component of the
ground reaction force directed axially through the tibia. MF

depicts the external flexion moment and FQ the quadriceps
muscle force required to counteract the external flexion mo-
ment. FM and FL represent the medial and lateral compart-
ment forces, respectively. MV represents the external varus
moment arising from the ground reaction force and MB the
valgus moment generated by the brace.

TABLE 1
Comparisons of Average Brace Valgus Moments

Brace mode
comparisons

Brace valgus
moment

(N�m)

Difference
(N�m) % change Significance

Normal vs. 4° 5.9 � 3.1 1.7 29 No significance
7.6 � 3.4

4° vs. 8° 7.6 � 3.4 3.4 45 P � 0.0009
11.0 � 2.8

4° vs. 4° tight 7.6 � 3.4 2.5 33 P � 0.015
10.1 � 3.3
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tion. The greatest reduction, of 179 N, was seen when
comparing the 8° mode with the unbraced condition.

Maximum Net Knee Moment (MV – MB)

The maximum net knee moment was not different for the
unbraced and normal mode of bracing (Table 3); however,
when valgus angulation was increased from 4° to 8°, a
significant reduction in maximum net knee moment was
observed. Increasing the strap tension in the 4° mode did
not have a significant effect on the maximum net knee
moment. However, when compared with the unbraced
condition, the 4° and 8° modes, as well as the increased
strap tension mode, resulted in a significant decrease in
the maximum net knee moment.

External Varus Knee Moment (MV)

The maximum external varus knee moment was not dif-
ferent for the unbraced and normal mode of use condi-
tions, and averaged 55.3 � 18.6 N�m and 54.8 � 17.7 N�m,
respectively. There was no difference in the external varus
knee moments for any of the conditions. The maximal
external knee varus moments for the remaining condi-

tions were 52.6 � 17.9 N�m (4°), 51.7 � 16.9 N�m (8°), and
51.1 � 16.9 N�m (4° tight).

Pain and Function (Visual Analog Scale)

The mean scores before bracing and with bracing in the
normal mode are listed in Table 4. No pain and activity
assessment was performed in any of the other braced
conditions. Using the Mann-Whitney test, both the pain
and activity level scores demonstrated significant im-
provements between the prebracing condition and the nor-
mal bracing mode condition.

DISCUSSION

Valgus bracing is designed to reduce the load on the me-
dial compartment through the application of an external
valgus moment about the knee joint. This external valgus
moment in turn reduces the varus or adduction moment
responsible for excessive compartment loading seen in
medial tibiofemoral osteoarthritis. Studies of the clinical
efficacy of valgus bracing have shown significant pain
relief and improvement in function using a number of

TABLE 2
Difference in Average Medial Compartment Load between the Different Brace Conditions

Brace mode
comparisons

Compartment
load (N)

Difference
(N) % change Significance

Unbraced vs. normal 1048 � 277 �84 �8 P � 0.039
964 � 274

4° vs. 8° 934 � 258 �65 �7 P � 0.025
869 � 234

4° vs. 4° tight 934 � 258 �38 �4 No significance
896 � 257

Additional comparisons with the unbraced condition
Unbraced vs. 4° 1048 � 277 �114 �11 P � 0.006

934 � 258
Unbraced vs. 8° 1048 � 277 �179 �17 P � 0.0007

869 � 234
Unbraced vs. 4° tight 1048 � 277 �152 �15 P � 0.0009

896 � 257

TABLE 3
Changes in Maximum Net Knee Moment between the Different Brace Conditions

Brace mode
comparisons

Net knee
moment (N�m)

Difference
(N�m) % change Significance

Unbraced vs. normal 55.3 � 18.6 3.1 6 No significance
52.2 � 16.3

4° vs. 8° 48.1 � 17.2 3.9 8 P � 0.004
44.2 � 15.7

4° vs. 4° tight 48.1 � 17.2 3.4 7 No significance
44.7 � 17.5

Additional comparisons with the unbraced condition
Unbraced vs. 4° 55.3 � 18.6 7.1 13 P � 0.004

48.1 � 17.2
Unbraced vs. 8° 55.3 � 18.6 11.1 20 P � 0.0008

44.2 � 15.7
Unbraced vs. 4° tight 55.3 � 18.6 10.6 19 P � 0.001

44.7 � 17.5
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validated test methods.8–10,13,14,17,18,20 However, most
investigators have only either examined the clinical ef-
fects of bracing10,14,18 or the effects of bracing on gait
parameters.3,8,17,20–22

The present study examined in detail the biomechanical
effects of valgus bracing on the knees of patients with
osteoarthritis. The effects that valgus bracing has on both
gait and on load sharing during level walking were inves-
tigated. The brace instrumentation allowed the determi-
nation of the load applied by the brace across the knee to
unload the affected compartment. In addition, compart-
ment loads were also estimated using the gait data, in-
strumented brace data, and a generic analytical knee
model.

In one previous study, researchers analyzed the effect of
valgus bracing in vivo using fluoroscopy during a tread-
mill gait.15 This study demonstrated an average change in
condylar separation angle of 2.2° and an average change
in condylar separation of 1.2 mm at heel strike.15 Three of
the subjects who were overweight and considered to have
suboptimal brace fixation demonstrated no change in con-
dylar separation.

In another study of 11 patients with medial gonarthro-
sis who were treated with custom valgus bracing and who
underwent gait analysis, investigators reported a 10%
decrease in the mean adduction (varus) moment at the
knee.17 The authors suggested that the benefits of these
braces occurred as a result of an altered gait pattern,
which included a reduced varus thrust (or external varus
moment). However, only the external adduction moment
at the knee was reported, and the authors did not deter-
mine the contribution of the brace to the varus moment
about the knee. Furthermore, the study did not take into
consideration the contribution of altered knee extensor
and flexor moments, which affect the compartment loads
at the knee. Although the extension and flexion moments
for the group were dismissed as not being significantly
different when wearing the brace, their effects on an in-
dividual basis need to be considered, as do the individual
brace contributions to medial compartment force.

In our group of patients, we also saw a trend toward
reduction in the external knee varus moment (or varus
thrust), as was seen in previous studies. However, when
we took into account the counteracting brace valgus mo-
ment, the net knee moment was significantly reduced
when most of the brace modes were compared with the
unbraced knee. This result shows that the brace shares a
portion of the external varus load with the knee, which in

turn reduces medial compartment load. With the brace in
the normal mode, the net knee moment was not signifi-
cantly different for the unbraced knee, even though it was
reduced by 6%. But the net knee moment was decreased
by as much as 20% in the 8° mode, which was significant.
This reduction in the net knee moment with the valgus
brace also significantly affected medial compartment
loads. In the normal mode the medial compartment force
was significantly reduced by 8%, and in the 8° mode, the
medial compartment load was reduced on average by 179
N, or 17%. Therefore, one of the possible reasons why
patients experience symptomatic pain relief with valgus
bracing is as a result of reduced load on the affected
compartment.

Investigation of the effects of increased hinge angula-
tion and strap tension revealed results that may alter the
fitting process of these braces. The normal mode that the
braces are placed into by the orthotist did not significantly
decrease the net knee moment and also had the lowest
percentage reduction in the medial compartment load.
The normal mode is intended to be aligned in 4° of valgus
relative to each subject’s alignment. However, when we
placed the braces into our 4° mode relative to the instru-
mented zero baseline, we found significant reductions in
the net knee moment and greater reduction in the medial
compartment load.

When we investigated the increased valgus alignment
with the 8° mode compared with the 4° mode, we found
that the brace moment significantly increased and the net
knee moment and medial compartment load decreased.
Thus, the greater the amount of valgus correction incor-
porated into the brace, the greater the amount of unload-
ing of the affected compartment that was achieved. We
were concerned that shifting the load from the medial
compartment to the lateral compartment might be injuri-
ous. In this population of patients, the small increase in
the lateral compartment load was not significant and
likely remains at a physiologic level similar to that before
onset of the arthritic condition.

Increasing the strap tension did not have as great an
effect as increasing the valgus angulation. The brace mo-
ment did significantly increase in the 4° tight mode as
compared with the 4° mode, but increasing the strap ten-
sion reduced neither the net knee moment nor the medial
compartment load. We believe that this phenomenon is
partly a result of the coupling of the Dynamic Force Strap
and the hinge. As the strap becomes tighter, the load on
the brace from the strap becomes greater, which in turn
tends to reduce the contribution of the brace hinge. There-
fore, the optimization between strap tension and valgus
angulation needs to be investigated further.

We also measured the alterations in pain and activity
level resulting from valgus bracing. The visual analog
scales demonstrated significant relief of pain and im-
provement in function with valgus bracing for the 11 sub-
jects. The scores illustrated the clinical benefits of valgus
bracing for this group and were consistent with the results
of other studies.8–10,14,18 A limitation of this study was
that the prebrace scale was completed after use of the
brace; this scale was completed retrospectively based on

TABLE 4
Visual Analog Scores before and after Knee Bracing

Scalea Before bracing
After

bracing in
normal mode

Significance

Pain (mm) 7.9 � 2.2 4.4 � 2.7 P � 0.0012
Activity level (%) 36 � 26 61 � 23 P � 0.0010

a Pain was measured along a 100-mm line from no pain (0) to
worst pain possible (100). Activity level was measured as percent-
age along the line, with 0% being complete limitation of activities
of daily living and 100% as no limitation.
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the subject’s ability to recall their prebrace status. The
effect of this limitation is difficult to assess, as the pa-
tients were able to visualize both scales simultaneously
and score their prebrace scale relative to scoring of their
current postbrace condition.

In conclusion, this study, in addition to providing a
clinical assessment of patient outcomes, has provided in-
sight into the biomechanical mechanism associated with
valgus bracing. Previous studies have not quantified the
varus load taken up by the brace or its effect on compart-
ment load. In this study, we have documented those loads
and determined, with use of an analytical model and mea-
sured kinematics and kinetics, the change in medial com-
partment load that occurs with bracing. The data support
the theory that valgus bracing can significantly reduce
medial compartment loads, which is consistent with pa-
tient reports regarding pain relief and improved function
with the use of valgus bracing. Therefore, valgus bracing
with adjustable alignment remains an effective therapeu-
tic treatment modality for reducing pain and increasing
function in patients with medial tibiofemoral osteoarthri-
tis of the knee.
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