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Abstract
Traumatic brain injury caused car accidents is the one of the most common causes of diffuse
axonal injury typically located at the grey-white matter junction, in the corpus callosum. A
58-year-old female patient Caucasian race was admitted to the Orthopedic and Rehabilitation
Unit with head injury, broken right ulnar bone, numerous broken ribs and broken right iliac
crest. Neurological examination resulted in right-sided hemiparesis. There were also
coordination and balance disorders while sitting and standing. The patient was unable to walk.
After physiotherapy treatment included external load application (ankle weights and rucksack
with weights) in gait and posture reeducation, patient has improved balance, locomotion and
body posture. However, application of external loads during walk and posture reeducation
needs to be further investigated with greater number of participants and control group.
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Introduction
Traumatic brain injury is the one of the most common causes of death and disability in
adults living in industrialized countries. Closed head trauma arising from falls and motor
vehicle crashes is a common cause of diffuse axonal injury typically located at the grey-white
matter junction, in the corpus callosum [1]. The corpus callosum (CC) is the principal white
matter fiber bundle connecting two hemispheres. There is a strong postulation that the motor
CC is important for bimanual coordination and learning of bimanual motor skills [2] and
callosal disconnection may cause a limb-kinetic and ideomotor apraxia [3], motor
impersistence (an inability to sustain a certain position or movement due to isolated corpus
callosal lesion) caused more often by right hemisphere than left hemisphere lesions [4],
nondominant limb agraphia, apraxia, dominant limb constructional apraxia, and intermanual
conflict [5].
As the CC primary function in mediating interhemispheric communication, callosal
pathway disruptions can have a profound impact on cognitive functioning, including the speed
of information processing [6]. Symptoms of CC injury may lead to functional independence,
locomotion problems and rising risk of falling.
Case Description
A 58-year-old female patient Caucasian race was admitted to the Orthopedic and
Rehabilitation Unit in our hospital in February 2018. In December 2017 the patient was
admitted to the Intensive Care Unit because of injuries suffered as a result of a car accident. A
cranial CT scan of the head revealed diffuse axonal injury of CC. The patient had also broken
right ulnar bone, numerous broken ribs and broken right iliac crest.
Neurological examination resulted in right – sided hemiparesis, right – sided sensation
disorders, right – sided positive Babinski sign and symptoms of facial nerve damage. There
were also coordination and balance disorders while sitting and standing. Further examination
revealed stated limited consciousness, hypertension, bowel and urinary incontinence,
insomnia as well as anxiety and mood disorders. At this time the patient was able to perform
sit-to-stand with high walker with assistance. The patient was unable to walk.
At the time of the initial medical examination in our department she had a height of
176cm, body weight of 62.0 kg.
The patient stayed on our ward for eleven weeks. Physiotherapy treatment program included:






Upper and lower limb resistance exercises,
Core stability exercises
Coordination exercises
Proprioceptive neuromuscular facilitation exercises for upper and lower limbs (PNF
concept)
Walking re – education with the use of high walker, 4 – wheeled walker, walking with
the Nordic walking sticks, walking with the walker and with the 1 kg load placed in
the lower limbs (2kg altogether), and walking with the walker and with the 2 kg load
(placed in the rucksack in front of the chest) (Figure 1).

Hydrotherapy (whirlpool bath) for upper and lower limbs, low frequency magnetic
field for pelvis area, TENS for right iliac crest and laser (scanner) for right iliac crest were
included in the physiotherapy treatment program.
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At the discharge the patient was able to walk independently with a walker or with
assistance without aids. Timed Up&Go Test (TU&GT) was then performed. The results
were:




53s for walking with a walker
52s for walking with the walker and with the 2 kg load in the chest
59s for walking with 1kg load in the both lower limbs (2 kg altogether) and 2kg
load in the chest

Figure 1. The patient while walking: A- with the walker without external load; B- with the
walker and 2 kg load placed in the rucksack in front of the chest; C- with the 1 kg ankle
weights (2kg altogether) and 2 kg load placed in the rucksack in front of the chest;
Management and Outcome
The Formetric 4D system by Diers Medical Systems has been used for body posture
and foot pressure examination. This tool is a surface topography system, which projects
stripes of white light on the back of standing patient and captures digital photos to assess
pinpoint surface asymmetry and identify bony landmarks. System utilizes a complex
algorithm to quickly create a three dimensional representation of the patient’s spine without
exposing them to harmful radiation. Video rasterstereography (Formetric-system) is already
used successfully for quality management—especially in the analysis of result quality in the
rehabilitation of patients with scoliosis and Scheuermann’s disease [7,8].
At the day of discharge (April 2018) the patient was asked to participate in the body
and foot posture evaluation. The written consent to participate in the study was given by the
patient before the measurements were taken.
Measures were taken over a 6-second interval, taking 2 pictures per second. The 12
images acquired are evaluated and averaged by the machine’s software (Figure 2). The
evaluation of body posture and foot pressure included standing with additional load placed in
the rucksack and without external load. There were three measurements taken (no load,
rucksack in right hand and in left hand) for posture evaluation (Table 1). There is no
possibility to evaluate posture using Diers Formetric 4D when rucksack is placed on the
patient’s chest or back.
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Figure 2. One of 12 photos captured by Formetric 4D system (Diers Medical Systems) which
presents patient position during evaluation and projected stripes of white light on the back of
standing patient.
The pressure difference between the legs was measured using Pedoscan device, which
is a device for measuring the pressure distribution under both feet during standing. This
device contains pressure sensors and records the foot pressure to be displayed quickly and
precisely (using DICAM program) as a pressure map with colors for each sensor or area on
the computer screen.
The foot pressure recording allows the pressure distribution, pressure peaks, and
body's center of gravity displacement to be captured while standing. This device measures the
difference in pressure (difference of maximum pressure, difference of average pressure,
difference of support area) between both lower limbs during standing.
In this study, 5 measurements were taken while subject stood on the plate of the device
with both feet. Patient was asked to stand in her normal, comfortable posture. The examiner
did not position the participant. Participant was asked to step away from the machine between
measurements. No data sets were excluded. In the first trial the patient was examined with no
additional load. Additional load (2 kg, placed in the rucksack) was added in the next trials. In
the second trial the rucksack was held by patient in front of their chest, in the third trial the
rucksack was held on patient’s back, in the fourth trial the rucksack was held in the right hand
and in the fifth trial the rucksack was held in the left hand.
Because measurements were quite difficult and exhausting for patient there was no
repetition of any measurement.
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Table1. Back posture measurements.

Parameter
lateral deviation (symmetry line) _ VPDM _ (rms) _ [mm]
lateral deviation (symmetry line) _ VPDM_(max)_[mm]
lateral deviation ( amplitude)_[mm]
Trunk inclination [deg]
Trunk inclination (mm)+ forward; - backward
trunk imbalance (mm)+ to the right side; - to the left side
Pelvic tilt (mm) + left side higher than right side, - right
side is higher than left side
Thoracic Kyphosis maximal angle
Lumbar Lordosis maximal angle
Trunk torsion

Without
additional
load
15.83
23.05
32.14
1.42
11.42
36.5

Rucksack
in right
hand
8.94
17.67
28.39
4.05
32.64
-1.26

Rucksack
in left
hand
22.49
34.59
38.21
2.12
15.76
50.05

30.00

15.49

20.07

41.74
26.84
10.41

39.58
22.01
9.81

43.74
23.25
9.52

RMS - root mean square; VPDM- Line between points: vertebra prominens (C7) point and midpoint between
lumbar dimples.

Figure 3. Changes of back posture: A-without additional load, B- rucksack in right hand,
C-rucksack in left hand.
Holding additional load in right hand resulted in patient’ back posture improvement.
Lateral deviation and trunk imbalance decreased during holding rucksack in the right hand in
comparison to the left- hand-loading. The trunk inclination increased and pelvic tilt decreased
when patient held additional load in the right hand. In figure 3. patient posture has been
showed.
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Table 2. Foot pressure measurements

Parameter

Front
loading
(%)
Rear
loading
(%)
Total
loading
(%)
Maximum
pressure
(N/cm2)
Average
pressure
(N/cm2)

No additional load

Rucksack in front of Rucksack on the
the chest
back

Rucksack in the
right hand

Rucksack in the left
hand

L

R

L

R

T

L

R

T

L

R

T

L

R

T

17.64

11.47

22.22

13.01

35.23

21.38

17.98

39.36

17.74

13.75

31.49

19.41

13.17

32.58

46.4

24.49

41.99

22.78

64.77

46.64

14

60.64

44.86

23.64

68.5

51.09

16.33

67.42

64.04

35.96

100

64.21

35.79

68.02

31.98

100

62.61

37.39

100

70.5

29.5

100

18.23

56.36

40.53

15.82

56.35

31.84

10.23

42.07

36.15

15.18

51.33

38.63

2.64

7.77

5.38

2.87

8.25

4.7

2.31

7.01

4.7

2.64

7.34

4.98

131.41

251.97 122.8

38.13

5.13

Support
120.56
area (cm2)

T
29.11

70.89

100

128.42 251.22

154.25 147.89 302.14 141.52 150.51 292.03

150.13

9.37

48

2.09

7.07

149.76

299.89

L – left leg, R – right leg, T – total

In patient’s normal position (no additional load) more pressure was put on the left
heel. Standing with the rucksack in front of the chest resulted in changes of pressure
distribution. More pressure were put on the front loading (both feet). Standing with the
rucksack on the back resulted in increasing front loading and movement of the center of the
gravity (more changes in the right foot pressure distribution). Holding additional load in the
right hand did not result in significant changes in the feet distribution. Holding additional load
in the left hand resulted in increasing left foot loading.
Holding additional loading in the back, in the right and left hand increased also
support area.

In figure 4. the changes of the patient feet distribution have been showed.
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Figure 4. Changes of feet pressure distribution: A – no additional load, B – rucksack in front
of the chest, C – rucksack on the back, D – rucksack in the right hand, E – rucksack in the left
hand.
Discussion
Patients after traumatic brain injury may continue to have impairments in their
postural control and motor control abilities [9]. They may demonstrate increased sway while
standing and have difficulty processing sensory information. During the gait, the reductions in
the whole-body center of mass displacement may be observed as a result of a slower walking
speed and a shorter stride length. Basford et al. suggest that subjects with brain injury reduced
their sagittal plane movement during gait to maintain their balance [10].
Rehabilitation after brain injury is important period of recovery. Many previous
studies was looking for the best rehabilitation protocol after head trauma [11,12]. As
Hugentobler et al. suggest, general postural control, balance and motor control exercises
should be incorporated for all patients after traumatic brain injury [9]. Cheng et al. proved that
symmetrical body-weight distribution training may improve sit-to-stand performance and,
consequently, decrease the number of falls by stroke patients [13].
WHO guideline inform that falls are the second leading cause of accidental or
unintentional injury deaths worldwide. Each year an estimated 646 000 individuals die from
falls globally. Prevention strategies should emphasize education, training, creating safer
environments, prioritizing fall-related research and establishing effective policies to reduce
risk [14] WHO 2018).
Falls are usually caused by an interaction of a number of risk factors. The more risk
factors there is, the greater risk of falling. Therefore falls prevention and investigating body
balance is very important to reduce the risk. Poor balance affecting unsteadiness on the feet is
one of the risk factors of the fall. It may be caused by patient health condition such as stroke,
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Parkinson’s disease and other neurological conditions [15]. In this study external load was
used to improve posture and balance during walking and to reduce risk of fall.
Previous studies confirm that there are significant three-dimensional changes in the
back shape in response to asymmetrical loading [16,17]. Changes in the ground reaction
forces when carrying loads have been found as well (18). Body posture regulation is
modulated by the central nervous system, which, through the action of postural reflexes,
adjusts posture, balance and body displacement [19]. Treadmill walking therapy with
additional load was used previously to improve locomotion of subjects with Parkinson’s
disease [20–22]. It has been suggested that treadmill training of Parkinson’s disease can be
enhanced by the addition of load, which seems to promote improvement of the
proprioception. There is evidence that the increase in body load during treadmill walking in
healthy subjects improves reflex activity and leg extensor muscle activity [23]. Load
information is used to modify the reflex response and to achieve the desired posture during
walking [24].
Conclusion
Diers posture measuring device is helpful in assessment of desired trunk position
during rehabilitation after cerebral injury. Programmed differences seen on the body posture
and foot pressure distribution of the patient with CC diffuse axonal injury while holding
additional loads could be beneficial, however this study needs to be further investigated.
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