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Amount of Weight-Bearing During Tilt Table
Inclination, With Neutral and Unilateral Knee
Flexion Postures

Jung Hyun Yang, MD', Tae Wan Kim, MD', Sang Hun Kim, MD', Byeong Ju Lee, MD',
Jin A Yoon, MD', Nam Hoon Moon, MD?, Myung Jun Shin, MD', Yong Beom Shin, MD'
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Objective To analyze the amount of weight-bearing during tilt table increments, with a review of neutral and
unilateral knee flexion postures.

Methods There were 17 healthy participants enrolled in this study. The subjects were tilted from 10° to 90°, and
their body weight was measured at each 10° increment. In the first test, both plantar pressures, with the subjects
in neutral posture, were recorded. During the second and third tests, the angle of inclination was thus recorded
and increased, with the subjects in unilateral knee flexion posture; flexion was maintained at 25° by attaching a
cylindrical support to the tilt table at the level of the popliteal fossa.

Results The study was divided into two types of postures: neutral and unilateral knee flexion. The percentage
of body weight (%BW) between each leg during neutral posture was noted as not being statistically significant.
The %BW of one side during tilt table inclination was significantly different between the two postures at 10° to
80° (p<0.05). The weight during unilateral knee flexion posture was lower as analyzed, regardless of tilt table
inclination compared with that in neutral posture. We note that fifty percent of the ratio of %BW was noted at
33.12° and 38.76° in neutral and flexion postures, respectively.

Conclusion The unilateral knee flexion could induce the effect of decreased body weight compared with non-
flexion side. The results of this study will help in setting a safe and quantitative percentage of weight-bearing on
the lower extremity during tilt training.
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INTRODUCTION

The incidence of lower extremity fractures has in-
creased due to the increasing rates of traumatic injuries
[1]. After an injury, the patient has to remain on bed rest
for a certain period depending on type of fracture and
operation method. Traditionally, once the bone remod-
eling has progressed, a gradual increase in lower-leg
weight-bearing is needed to optimize fracture healing
[2,3]. If weight-bearing is not performed, chronic compli-
cations, including joint contracture, muscle atrophy, gait
disturbance, and osteoporosis, may result as a complica-
tion for the patient after an injury of this type.

To illustrate, it is important to understand that weight-
bearing can be divided into five types: non-weight-bear-
ing, toe-touch weight-bearing, partial weight-bearing
(PWB), weight-bearing-as-tolerated (WBAT), and full
weight-bearing (FWB) [4,5]. Although a weight-bearing
procedure after surgery is performed using the above-
mentioned sequence, doctors who prescribe rehabili-
tation therapy often do not know how much weight is
applied on the injured leg during rehabilitation [2,6,7].
Therefore, the physical therapist checks the patient’s pain
level and proceeds with the next weight-bearing step
using parallel bars or walker [2]. Although the need for
accurate weight-bearing measures has been discussed
previously, there are currently no quantitative weight-
bearing strategy system to date, because of the difficulty
in measuring it objectively [6], and depending on the sur-
gical site and, method, general condition of the patient,
skin condition of the surgical site, and level of pain the
weight-bearing may need to be adjusted for a patient on
an individual basis [2].

The process of tilt table standing is an accessible weight-
bearing method for patients with musculoskeletal disor-
ders as well as brain damage and spinal cord injury to be
reviewed and analyzed [8,9]. This passive standing serves
not only to increase weight-bearing, but also to help pre-
vent joint contracture, muscle atrophy, and osteoporosis.
In patients with lower extremity injury, the degree of PWB
can be adjusted by increasing the angle.

In previous studies, it has been shown that, patients
who performed tilt table standing evaluated the percent-
age of body weight-bearing according to angle change
with the patient in neutral posture and with both knees
flexed [8-10]. We have noted that both the unilateral and

bilateral injuries are observed in real clinical practice and
the patients with bilateral injuries have different degrees
of severity in each side. However, in contrast, there were
no references that we decided to apply neutral posture on
one knee and unilateral knee flexion on the other knee.
Therefore, we affirm that the aim of this study was to
analyze the amount of body weight during tilt table incre-
ments, with neutral and unilateral knee flexion posture
in normal adults.

MATERIALS AND METHODS

Subjects

In this study, there were 17 healthy subjects (10 men
and 7 women) who were recruited as volunteers. The
participants comprised young adults with no medical
history, such as the incidence of musculoskeletal or cen-
tral/peripheral nervous system abnormality. The base-
line demographic characteristics in this study were as fol-
lows: average age, 28.59+2.79 years; height, 170.84+9.53
cm; body weight, 65.37+12.64 kg, respectively. The sub-
jects, were reviewed when wearing same simple clothes
and barefooted, were positioned on the tilt table with
anatomical neutral posture.

Study procedure
A tilt table and two simple digital weighing scales of 0.2-
kg unit with zero-point-adjustment function and result-

Fig. 1. Unilateral knee flexion posture during tilt table
standing.
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fixing function were used as the basis of measurement
during this study. Before the test, each subject’s body
weight was recorded and tilt table standing was started.
As the table was tilted upward, each foot of a subject was
placed, in parallel, on two simple digital weighing scales
for 10 seconds. At that time, the subject was tilted, from
10° to 90°, and his/her body weight was measured at each
10° increments. The tilt table standing was performed
three times per subject; with the first test noted as being
performed with the subject in neutral posture, and in the
second and third tests, both knees were alternately flexed
(Fig. 1). To maintain a fixed flexion of 25°, a cylindrical
support was attached to the tilt table at the level of the
popliteal fossa. In this case, the cylindrical support was
designed to be practical for the patient during weight
bearing treatment and was made by wrapping five elas-
tic bandages. As the tilt table inclined, we utilized the
electronic scales which were placed side by side and the
subject’s gaze was directed toward the front, which mini-
mizes compensatory actions such as center of gravity
change when the participant looks elsewhere, and a strap
was used on chest.

The test results were divided into two categories of pos-
tures: which were the neutral and flexion, with each type
of posture having 34 results on both sides. The weight
was measured in each 10° in neutral and unilateral knee

flexion postures, and then converted into measurable
percentage. The percentage of body weight (%BW) was
thereafter calculated by dividing the patient’s measured
body weight on one leg by his or her full body weight at
each 10° of inclination. In this study, it was measured that
while the tilt table rises at 10° intervals, the weight-bear-
ing ratio in neutral posture [(average %BW during neutral
posture)/(average %BW at 90° during neutral posture)]
and flexion posture [(average %BW during flexion pos-
ture)/(average %BW at 90° during neutral posture)] was
measured. The ratios during neutral and flexion postures
were measured as ratios 1 and 2, respectively.

Statistical analysis

In this study, all values are expressed as meantstandard
deviation. The SPSS version 18.0 program (SPSS Inc.,
Chicago, IL, USA) was used for data analysis and process-
ing. The mean and standard deviation of the variables
between the two postures were calculated and compared
using independent t-test analysis. We noted that dur-
ing the timeframe of tilt table standing, with progressive
10° to 90° inclination at 10° intervals, nine average %BW
results were obtained from the neutral and flexion pos-
tures, their differences between the two postures were
compared. A linear regression was used at this time to
estimate the %BW from the angle of the tilt table.

Table 1. Average %BW and ratio in neutral and unilateral knee flexion postures and their differences

. Neutral posture Flexion posture (25°) Mean difference
Angle of tilt 9 (°) - -

Average %BW Ratio 1 (N) Average %BW Ratio 2 (F) (N-F)
10 10.03+2.68 20.21 8.51+3.00 17.15 3.06*
20 16.61+3.61 33.47 14.12+4.00 28.45 5.02*
30 23.33+3.56 47.01 19.70+5.02 39.69 7.32%
40 30.56%3.56 61.58 27.70£5.27 55.82 5.76*
50 36.48+5.65 73.50 32.57+5.92 65.62 7.88*
60 41.074£5.10 82.76 37.70£6.84 75.96 6.80*
70 45.35+5.78 91.37 41.97+6.36 84.56 6.81*
80 48.15+5.35 97.02 44.78+5.73 90.22 6.80*
90 49.6315.67 100.00 46.8316.08 94.35 5.65

Values are presented as meanztstandard deviation.

%BW, percentage of body weight; N, neutral posture; F, knee flexion posture.
*Statistically significant difference of %BW between the two postures.

Average %BW on neutral posture
Ratio 1 = Average %BW on upright posture (49.63)

. Average %BW on flexion posture
Ratio 2 =", -
verage %BW on upright posture (49.63)
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RESULTS

In this study, there were a total of 17 subjects who were
recruited. The average %BW between each leg in neutral
posture was not statistically significant as measured in
the analysis. The %BW at tilt table inclination was sig-
nificantly different between the two postures at 10° to 80°
(p<0.05) (Table 1). We noted that the weight in unilateral
knee flexion posture was lower, regardless of the degrees
of inclination of the tilt table compared with that in neu-
tral posture. The average %BW at 90° was 49.6315.67. As
a result, during tilt table inclination up to 10° to 80°, the
difference between ratios 1 and 2 was found between
3.06 and 7.88 and statistically significant. The angle with
the largest difference was noted and measured at 50°.
Fifty percent of the ratios 1 and 2 were noted at 33.12°
and 38.76°, respectively. The tilt table angle between 10%
and 50% of %BW of two postures are listed in Table 2.

Table 2. Tilt table angle between 10%BW and 50%BW in
neutral and unilateral knee flexion postures

Average Tilt table angle (°)
%BW Neutral posture Flexion posture (25°)
10% 4.22 9.11
20% 23.73 29.12
30% 43.24 49.13
40% 62.75 69.15
50% 82.25 89.16

%BW, percentage of body weight.
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The linear regression equations for estimating %BW from
the angle of the tilt table were %BW=(angle of the tilt ta-
ble)x0.5126+7.8369, R°=0.9675 in the neutral posture and
%BW=(angle of the tilt table)x0.4997+5.4478, R’=0.9762
in the flexion posture (Fig. 2A and 2B, respectively).

DISCUSSION

The present study described the %BW on the neutral
and unilateral knee flexion postures, as reviewed and
analyzed during tilt table inclination, while using simple
digital weighing scales in normal young adults. The result
of PWB in the two types of postures was noted as being
significantly different at 10° to 80°, and the exact weight
loading for each angle in the tilt table was determined
and analyzed.

We note in this study, that the surgical treatment after
femoral fracture and osteoarthritis on the lower extrem-
ity, may increase the incidence of joint contracture re-
sulting from bed rest, with unilateral lower limb flexion
posture for pain relief or postoperative stabilization [11].
If there are cases of aggravated non-union fracture, de-
layed unions, infections, and skin defects in the injured
area, the likelihood of a risk of incidence will increase
in that case [6,12]. In this situation, if rehabilitation
treatment is being pursued, and if the result is includ-
ing weight-bearing on the affected side, once the pro-
cedure is started, the difference in weight-bearing will
be different between the normal leg and the injured leg,
which can then be determined. The study of Morgan et
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Fig. 2. Regression equation describing the relationship between percentage of body weight (%BW) and tilt table angle
in the neutral posture (A) and the unilateral knee flexion (25°) posture (B).
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al. [9] reported %BW decreases as the knee flexion angle
increases due to increased quadriceps activity, which
counteracts the flexion moment on flexed knees with the
joint angle increase. However, as similarly noted in their
paper, the flexion posture was performed on both knees
simultaneously. Meanwhile, we noted and adjusted that
in the present study utilized unilateral knee flexion, the
results are characteristic and considered more similar to
the condition of the patients in the former paper.

As we have mentioned earlier, the step of weight-bear-
ing progresses gradually from toe-touch weight-bearing,
PWB, WBAT, and FWB. When the patient begins to stand
and walk, the direct FWB to the affected side may cause
a burden of weight issues on the injury site of a patient.
For this reason, there are the utilization of biofeedback
systems and force plates which are used for objective
evaluation [6,8]. However, during actual rehabilitation
treatment, the exercise intensity is determined accord-
ing to the patient’s and physical therapist’s perspectives,
and the level of daily life performance, which may have a
wide variety of results [13]. Hence, the quantitatively de-
termination of the necessary amount of weight-bearing is
significant and important, but it is difficult to accurately
evaluate precisely in any case. There are many ways to in-
crease weight-bearing, but this study performed a simple
and inexpensive evaluation method using digital weigh-
ing scales and tilt table, which are widely used in treat-
ment rooms. At present, the utilization of aqua therapy
can be considered as PWB treatment 3 weeks after sur-
gery in patients with unstable pelvic bone fracture, but
not all hospitals are capable of carrying out this therapy
because of lack of personnel or resources [14]. The use of
effective quantitative weight-bearing during early reha-
bilitation therapy can make better health outcome for the
patient, and help to prevent complications such as joint
contracture and deep vein thrombosis while the patient
manages recovery from an injury.

The trigonometrically determined value used to predict
the degree of weight-bearing in the tilt table is greater
than the measured %BW. The study of Sheldon [10] found
that it was effectively applied at over 10°. An approximate
degree of weight-bearing in neutral posture can be ex-
pected during treatment in upright posture. We note that
the difference between predicted value and measured
value was 2.8% to 14.2% during tilt table inclination with
more than 10°. This predicted value had a difference of

350

WWWw.e-arm.org

0.74% to 4.43% when compared to the measured value of
the present study. Although the two studies are similar in
that the measured values are greater than the predicted
values, we are able to assume that the increased weight-
bearing on non-flexion leg has led to greater measured
value in the patients with unilateral knee flexion.

The noted friction force during tilt table inclination is
known to increase with increasing body weight. However,
this study did not measure friction force directly because
we measured the ratio of body weight to tilt inclination.
The friction force defined in general physics is indepen-
dent of contact area and is known to be proportional to
anti-gravity force as applied [15].

Our results also indicated that the angles corresponding
to 50%BW were different between the two postures which
is in agreement with the results of the Morgan et al. [9],
i.e., weight-bearing at the same angle decreases as knee
flexion increases. With the utilization of linear regres-
sion equations (Fig. 2A, 2B), the doctor can determine
the degree of PWB by adjusting the inclination of the tilt
table. In like manner, the difference between ratios 1 and
2 was statistically significant during tilt table inclination
between 10° to 80°. We noted that during tilt table incli-
nation, mean differences (N-F) at 30° and 50° are high
relatively. However, this result was not clinically signifi-
cant as a matter of fact, because only a small difference
was observed along with the increase of %BW during tilt
inclination.

We understand that the present study has several limi-
tations. First, the flexion angle was fixed at only one angle
of 25°. The angle of 25° was made by wrapping five elastic
bandages together for the purpose of use in our study. It
was designed to be easy and convenient to apply in real
clinical settings. Second, it was noted that since the flex-
ion posture used in this study was designed for normal
subjects, it was thus unavoidably distributed the same
level of strength to both sides, unlike the weight applied
by actual patients with knee flexion posture due to injury.
When standing with an asymmetric posture at different
knee angles, the weight-bearing tends to be higher to-
ward the normal lower limb than the injured side. This
result showed that the same result not only for musculo-
skeletal patients but also for hemiplegic patients due to
cerebrovascular disease [16,17]. Thus we have come to an
understanding that further study in this area with the use
of actual patients is necessary.
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Overall, we note that a unilateral knee flexion could
induce a decrease in body weight ratio on that side of the
patient, up to about 8%, as compared with non-flexion
side. In this study, we calculated and were able to obtain
a quantitative value for increasing the weight-bearing in
normal young adults with knee flexion posture, which al-
lowed us to increase the weight-bearing to patients with
a higher incidence of safely during treatment. The results
of this study will be useful to increase the step of mea-
suring the weight-bearing characteristics quantitatively
reviewed, and to suggest that the patient will be able to
walk afterwards as a result of following this procedure.
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