
The Re la tion ship Be tween the Re cov ery of Bal ance and 
Cog ni tive Func tions Dur ing Phys io ther apy in Pa tients
with Trau matic Brain Injury

E. Lendraitienë
U. Buraitytë
D. Petruðevièienë
L. Varþaitytë

Lith u a nian Uni ver sity
of Health Sci ences,
De part ment of Re ha bil i ta tion

IN TRO DUC TION

In re cent years, stud ies fo cus ing on trau matic brain in jury
(TBI) have been at tract ing in creas ing at ten tion world wide
[1]. Ac cord ing to var i ous au thors, TBI will be come the
main cause of death and dis abil ity by 2020 [2]. Ac cord ing
to Almeida T et al., TBI may cause limb pa ral y sis, mus cle
tone al ter ations, ataxia, and sen sory and bal ance dis or ders.
TBI may also im pair speech and cog ni tive func tions caus -
ing changes in at ten tion and fo cus ing abil ity, learn ing ca -
pac ity, ob ject rec og ni tion, and spe cial per cep tion [3]. Ac -
cord ing to Massenzo T and Pidcoe P, early re ha bil i ta tion is

nec es sary to pre vent such im pair ments [4]. The re cov ery
of cog ni tive and mo tor func tions af ter TBI has at tracted
sig nif i cant at ten tion. Dis tur bances in bal ance and pos ture
con trol are com mon causes of falls in post-TBI pa tients
lim it ing such pa tients’ au ton omy and in de pend ence in
daily ac tiv i ties. For this rea son, the re cov ery of bal ance is
one of the first goals of pri mary re ha bil i ta tion in post-TBI
pa tients [5]. Cog ni tive dys func tion is an equally im por tant
prob lem in such pa tients. Ac cord ing to Chen A, cog ni tive
dys func tion is the most com mon im pair ment af ter TBI [6].
For these rea sons, cog ni tive re ha bil i ta tion in volv ing both
the re cov ery and the com pen sa tion of the lost func tions is
es sen tial in post-TBI pa tients [7]. The re sults of some stud -
ies in di cate that cog ni tive and mo tor func tions are in ter re -
lated [8–10]. How ever, we failed to find any con crete ev i -
dence prov ing the in ter re la tion ship be tween bal ance and
cog ni tive func tions. There fore, in this study, we searched
for as so ci a tions be tween the re cov ery of bal ance and cog -
ni tive func tions dur ing phys io ther apy in post-TBI pa tients. 
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Sum mary. Back ground. There is grow ing ev i dence that cog ni tive and mo tor func tions af ter
trau matic brain in jury (TBI) are ac tu ally re lated. How ever, we failed to find any con crete ev i -
dence prov ing the in ter re la tion ship be tween bal ance and cog ni tive func tions there fore the ef -
fects of TBI on cog ni tive and mo tor func tions re main not fully eval u ated.

Ob jec tive. The aim of the study was to eval u ate the re la tion ship be tween the re cov ery of
bal ance and cog ni tive func tions dur ing phys io ther apy in pa tients with TBI.

The Meth ods of the study. The study in cluded 25 in di vid u als who had sus tained TBI. The
sub jects were dis trib uted into two groups: Group 1 con sisted of 15 sub jects with mod er ate
TBI, and Group 2 – of 10 sub jects with se vere TBI. The cog ni tive func tions were eval u ated
us ing the Mini Men tal State Ex am i na tion, the level of cog ni tive func tion ing (con scious ness)
was eval u ated us ing the Rancho Los Ami gos scale, and bal ance was as sessed with the help of
the Fullerton Ad vanced Bal ance Scale.

Re sults and con clu sions. Af ter phys io ther apy, im prove ment was ob served in the bal ance 
of sub jects with mod er ate and se vere TBI. Phys io ther apy im proved cog ni tive func tions in
sub jects with mod er ate and se vere TBI. The search for cor re la tions be tween in di vid ual items
on the Fullerton Ad vanced Bal ance Scale and Mini Men tal State Ex am i na tion re vealed re la -
tion ship be tween some items in both groups.

Keywords: trau matic brain in jury, bal ance, cog ni tive func tions, phys io ther apy.
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The re sults of this study may be im por tant in de ter min ing
the re la tion ship be tween bal ance and cog ni tive func tions
as well as the strength and sig nif i cance of this as so ci a tion
in the re ha bil i ta tion pro cess.

OB JEC TIVE

The aim of the study was to eval u ate the re la tion ship be -
tween the re cov ery of bal ance and cog ni tive func tions dur -
ing phys io ther apy in pa tients with TBI.

MA TE RIAL AND METH ODS

The study was per formed at the Hos pi tal of the Lith u a nian
Uni ver sity of Health Sci ences (with the per mis sion of the
Bioethics Cen ter No. BEC-KH(B)-23). The study in -
cluded 25 sub jects who had sus tained TBI and had re sid ual
mod er ate or mild cog ni tive dys func tion ac cord ing to the
Mini Men tal State Ex am i na tion (MMSE). By the se ver ity
of the in jury, the sub jects were dis trib uted into two groups:
Group 1 con sisted of 15 sub jects with mod er ate TBI (mean
age – 66.4±12.3 years) and Group 2 – of 10 sub jects with
se vere TBI (mean age – 45.8±20.5 years). In both groups,
the study was con ducted in three stages. Dur ing the first
stage, the sub jects’ con di tion was eval u ated prior to phys -
io ther apy, us ing the Fullerton Ad vanced Bal ance (FAB)
Scale, the MMSE, and the Rancho Los Ami gos (RLA)
scale for eval u at ing the level of cog ni tive func tion ing
(con scious ness).

Dur ing the sec ond stage of the study, tools and meth ods 
for the de vel op ment of bal ance and cog ni tive func tions
were ap plied in both groups of pa tients. Dur ing bal ance
im prove ment, the pa tients per formed such ex er cises as
stand ing with feet to gether and eyes open or closed, stand -
ing on one leg, var i ous ex er cises on un sta ble sur faces and
balls, walk ing over ob sta cles, and var i ous ma nip u la tion
move ments per formed while walk ing – such as throw ing
balls, car ry ing weight in one hand, and reach ing for an ob -
ject in dif fer ent lo ca tions, con tin u ously chang ing the pace.
Dur ing phys io ther apy, de pend ing on the type of cog ni tive
dys func tion, var i ous gram mar, math e matic, ver bal, log i -
cal, and prac ti cal tasks were used, thus grad u ally teach ing
and train ing the pa tients to think in de pend ently and to per -
form cer tain ac tions. Each pa tient un der went phys io ther -
apy pro ce dures once daily, five times per week. The du ra -
tion of each pro ce dure was 30 min.

Dur ing the third stage, the eval u a tion of bal ance and
cog ni tive func tions was re peated us ing the same meth ods
that were ap plied prior to phys io ther apy.

Cog ni tive func tions were eval u ated us ing the MMSE
de signed for the eval u a tion of the gen eral level of cog ni -
tive func tions. This tool eval u ates ori en ta tion, mem ory,
cal cu la tion, read ing and writ ing, vi sual-spa tial, and lan -
guage abil i ties. The test con sists of 11 tasks with the to tal
max i mal score of 30 points. De pend ing on the fi nal score,

the fol low ing lev els of cog ni tive im pair ment are iden ti -
fied:

• 0 – 10 – se vere cog ni tive im pair ment;
• 11 – 20 – mod er ate cog ni tive im pair ment;
• 21 – 24 – mild cog ni tive im pair ment;
• ³ 25 – no cog ni tive im pair ment [11–14].
We also eval u ated the level of cog ni tive func tion ing

(con scious ness) us ing the RLA scale. The scale con sists
of 8 lev els and is de signed for the eval u a tion of post-TBI
pa tients’ over all level of con scious ness, cog ni tive func -
tions, and be hav ior. The lev els of the test are the fol low -
ing:

1. No re sponse;
2. Gen er al ized re sponse;
3. Lo cal ized re sponse;
4. Con fused, ag i tated re sponse;
5. Con fused, in ap pro pri ate re sponse;
6. Con fused, ap pro pri ate re sponse;
7. Au to matic, ap pro pri ate re sponse;
8. Pur pose ful, ap pro pri ate re sponse [1, 16].
To eval u ate the sub jects’ bal ance, the Fullerton Ad -

vanced Bal ance (FAB) scale was se lected. The FAB scale
is de signed for the eval u a tion of static and dy namic bal -
ance. The test con sists of 10 tasks, each of which is eval u -
ated from 4 to 0 points, where 0 points mean that the pa tient 
is un able to per form the task, and 4 points – nor mal move -
ment and pos tural con trol. The max i mal pos si ble score is
40 points. The FAB scale is used to eval u ate such skills as
the abil ity to stand with feet to gether and eyes closed, to
reach for ward to re trieve an ob ject, to turn 360 degrees in
left and right di rec tions, to step onto and over a bench, to
per form tan dem walk, to stand on one leg, to stand on foam
with eyes closed, to per form a two-footed jump, to walk
with head turns, and to main tain re ac tive pos tural con trol
[17].

Sta tis ti cal data anal y sis was per formed us ing SPSS.21
for Win dows sta tis ti cal soft ware pack age and Microsoft
Ex cel 2010 soft ware. Two de pend ent sam ples were an a -
lyzed by ap ply ing the non-para met ric Wilcoxon cri te rion,
and the lin ear re la tion ship be tween the vari ables was de ter -
mined by cal cu lat ing Spearman’s cor re la tion co ef fi cient.
The re la tion ship was con sid ered to be weak when r<0.2,
mod er ate – when 0.2£r£0.06, and strong – when r>0.6.
The data were pre sented as mean ± stan dard de vi a tion.
When com par ing dis tri bu tions, the dif fer ence was con sid -
ered to be sta tis ti cally sig nif i cant when p<0.05.

RE SULTS

The re sults of the Fullerton Ad vanced Bal ance scale
in Group 1

Be fore phys io ther apy, the mean score of the FAB scale in
Group 1 was 20.1±7.9 points, and af ter phys io ther apy –
30.3±6.3 points. A sta tis ti cally sig nif i cant (Z=-3.4;
p=0.001) im prove ment in bal ance was ob served. The eval -
u a tion of the scores in in di vid ual tasks of the FAB scale in
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Group 1 showed a sta tis ti cally sig nif i cant dif fer ence
(p<0.05) be tween the scores of all tasks, ex cept for “Re ac -
tive pos tural con trol” (Fig. 1).

The re sults of the Mini Men tal State Ex am i na tion
in Group 1

Be fore phys io ther apy, the score of the MMSE in Group 1
was 20.2±3.7 points, and af ter phys io ther apy –
24.8±3.5 points. Af ter phys io ther apy, MMSE scores in pa -
tients with mod er ate TBI im proved sta tis ti cally sig nif i -
cantly (Z=-3.432; p=0.001). The eval u a tion of the scores
in in di vid ual tasks of the MMSE in Group 1 showed that
af ter phys io ther apy, sta tis ti cally sig nif i cant dif fer ences
emerged only in the scores of some tasks. Sta tis ti cally sig -
nif i cant dif fer ences were found only be tween the scores of
the tasks “Ori en ta tion to time”, “At ten tion and cal cu la -
tion”, and “Re call” (p<0.05). The score of “Ori en ta tion to
time” be fore phys io ther apy was 3.33±1.2 points and af ter
phys io ther apy – 4.0±1.4 (Z=-2.4; p=0.015), the score of
“At ten tion and cal cu la tion” be fore phys io ther apy was
1.8±0.9 points and af ter phys io ther apy – 3.47±0.9 points

(Z=-3.1; p=0.002), and the score of “Re call” be fore phys -
io ther apy was 0.53±0.8 points and af ter phys io ther apy –
1.47±0.7 points (Z=-2.8; p=0.005) (Fig. 2).

Changes in the lev els of the Rancho Los Ami gos scale 
in Group 1 af ter phys io ther apy

In Group 1, the sub jects’ level of cog ni tive func tion ing
(con scious ness) ranged from 5 (con fused, in ap pro pri ate
re sponse) to 8 (pur pose ful, ap pro pri ate re sponse). Be fore
phys io ther apy, one re spon dent dem on strated con fused, in -
ap pro pri ate re sponse (level 5); af ter phys io ther apy, he re -
mained con fused but the re sponse was ap pro pri ate – i.e., he 
reached level 6. In ad di tion, one sub ject was at level 6 be -
fore phys io ther apy, while af ter phys io ther apy, his level of
cog ni tive func tion ing (con scious ness) in creased to level 7
(au to matic, ap pro pri ate re sponse). The ma jor ity of the sub -
jects (10 pa tients) were at level 7 (au to matic, ap pro pri ate
re sponse) be fore phys io ther apy and reached level 8 (pur -
pose ful, ap pro pri ate re sponse) af ter phys io ther apy, while
3 sub jects who were at level 8 be fore phys io ther apy re -
mained at the high est level af ter phys io ther apy pro ce dures.
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Fig. 1. Scores of in di vid ual tasks on the Fullerton Ad vanced Bal ance (FAB) scale in Group 1 be fore and af ter phys io ther apy
(*p<0.05, when com par ing dis tri bu tions)



As so ci a tions be tween the re cov ery of bal ance and
cog ni tive skills in Group 1

Be cause of the small sam ple size, no as so ci a tions be tween
FAB and MMSE scores were de tected af ter phys io ther apy. 
How ever, when search ing for as so ci a tions be tween in di -
vid ual FAB and MMSE tasks, a sta tis ti cally sig nif i cant re -
la tion ship was de tected be tween some of them. Af ter phys -
io ther apy, a sta tis ti cally sig nif i cant mod er ately strong lin -
ear cor re la tion was de tected be tween the scores of the tasks 
“Stand with feet to gether and eyes closed” and “At ten tion
and cal cu la tion” (r=0.53; p=0.044), “Stand with feet to -
gether and eyes closed” and “Draw ing” (r=0,53; p=0,042),
“Step onto and over a bench” and “Draw ing” (r=0.54;
p=0.039), and be tween “Tan dem walk” and “Re call”
(r=0.54; p=0.037). A sta tis ti cally sig nif i cant strong lin ear
cor re la tion was de tected be tween the scores of the tasks
“Stand with feet to gether and eyes closed” and “Rep e ti -
tion” (r=0.68; p=0.006), “Turn 360 de grees in left and right 
di rec tions” and “At ten tion and cal cu la tion” (r=0,62;
p=0,013), be tween the scores of the tasks “Turn 360 de -
grees in left and right di rec tions” and “Draw ing” (r=0.65;
p=0.008), “Tan dem walk” and “Draw ing” (r=0.65;

p=0.009), and “Stand on one leg” and “Draw ing” (r=0.67;
p=0.006), and be tween the scores of the tasks “Re ac tive
pos tural con trol” and “Draw ing” (r=0.68; p=0.005) (Ta -
ble 1). The lin ear cor re la tion found be tween these tasks
sug gests that an im prove ment in scores of these tasks on
the FAB scale also im proves the scores of the MMSE tasks.

The re sults of the Fullerton Ad vanced Bal ance scale
in Group 2

The mean score of the FAB scale in Group 2 be fore phys io -
ther apy was 13.3±6.7 points and af ter phys io ther apy –
26.3±7.3 points. A sig nif i cant im prove ment in the bal ance
of pa tients with se vere TBI was ob served af ter phys io ther -
apy (Z=-2.807; p=0.005). The eval u a tion of the scores in
in di vid ual tasks of the FAB scale in Group 2 showed a sta -
tis ti cally sig nif i cant (p<0.05) im prove ment in the scores of 
all tasks af ter phys io ther apy. The score of the task “Stand
with feet to gether and eyes closed” be fore phys io ther apy
was 1.5±0.9 points, and af ter phys io ther apy – 2.4±0.9
(Z=-2.5; p=0.011). Be fore phys io ther apy, the score of the
task “Reach for ward to re trieve an ob ject” in Group 2 sub -
jects was 3.0±1.05 points and af ter phys io ther apy –
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Fig. 2. Scores of in di vid ual tasks on the Mini Men tal State Ex am i na tion (MMSE) in Group 1 be fore and af ter phys io ther apy
(*p<0.05, when com par ing dis tri bu tions)
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Ta ble 1. Cor re la tion be tween scores on in di vid ual tasks of the Fullerton Ad vanced Bal ance (FAB) scale and the Mini Men tal
State Ex am i na tion (MMSE) in Group 1 af ter phys io ther apy
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Stand with feet to gether
and eyes closed

p>0.05 p>0.05 p>0.05 r=0.53* p>0.05 p>0.05 r=0.68** p>0.05 p>0.05 p>0.05 r=0.53*

Reach for ward to re trieve
an ob ject

p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05

Turn 360 de grees in left
and right di rec tions

p>0.05 p>0.05 p>0.05 r=0.62* p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 r=0.65**

Step onto and over a bench p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 r=0.54*

Tan dem walk p>0.05 p>0.05 p>0.05 p>0.05 r=0.54* p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 r=0.65**

Stand on one leg p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 r=0.67**

Stand on foam with eyes
closed

p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05

Two-footed jump p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05

Walk with head turns p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05

Re ac tive pos tural con trol p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 r=0.68**

*Sta tis ti cally sig nif i cant cor re la tion when p<0.05;
**Sta tis ti cally sig nif i cant cor re la tion when p<0.01

Fig. 3. Scores of in di vid ual tasks on the Fullerton Ad vanced Bal ance (FAB) scale in Group 2 be fore and af ter phys io ther apy
(*p<0.05, when com par ing dis tri bu tions)



3.7±0.5 points (Z=-2.1; p=0.038). The score of the task
“Turn 360 de grees in left and right di rec tions” be fore phys -
io ther apy was 2.0±1.4 points and af ter phys io ther apy –
3.1±0.9 points (Z=-2.6; p=0.009). The score of the task
“Step onto and over a bench” be fore phys io ther apy was
0.9±1.4 points and af ter phys io ther apy, the score was
3.2±0.4 points (Z=-2.8; p=0.005). The score of the task
“Tan dem walk” be fore phys io ther apy was 0±0 points and
af ter phys io ther apy – 1.8±1.7 points (Z=-2.2; p=0.026).
The score of the task “Stand on one leg” be fore phys io ther -
apy was 0.8±0.8 points and af ter phys io ther apy –
2.1±0.7 points (Z=-2.9; p=0.004). The score of the task
“Stand on foam with eyes closed” be fore phys io ther apy
was 0.6±1.3 points  and af  ter phys io ther apy –
1.6±1.2 points (Z=-2.2; p=0.026). The score of the task
“Two-footed jump” be fore phys io ther  apy was
1.3±1.2 points and af ter phys io ther apy – 2.9±1.1 points
(Z=-2.7; p=0.007). The score of the task “Walk with head

turns” be fore phys io ther apy was 0±0 points and af ter
phys io ther apy – 1.8±1.0 points (Z=-2.8; p=0.006). Fi -
nally, the score of the task “Re ac tive pos tural con trol” be -
fore phys io ther apy was 3±1.2 points and af ter phys io ther -
apy – 3.8±0.4 (Z=-2.3; p=0.023) (Fig. 3).

The re sults of the Mini Men tal State Ex am i na tion
in Group 2

In Group 2, the mean to tal score of the MMSE be fore phys -
io ther apy was 15.9±5.2 and af ter phys io ther apy –
21.6±6.1 points. A sta tis ti cally sig nif i cant im prove ment in
the men tal state of pa tients with se vere TBI was ob served
(Z=-2.829; p=0.005). The eval u a tion of the scores in in di -
vid ual tasks of the MMSE in Group 2 af ter phys io ther apy
re vealed sta tis ti cally sig nif i cant dif fer ences (p<0.05) in
the scores of the same tasks as in Group 1 (“Ori en ta tion to
time”, “At ten tion and cal cu la tion”, and “Re call”); in ad di -
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Fig. 4. Scores of in di vid ual tasks on the Mini Men tal State Ex am i na tion (MMSE) in Group 2 be fore and af ter phys io ther apy
 (*p<0.05, when com par ing dis tri bu tions)



tion, a sta tis ti cally sig nif i cant (p<0.05) im prove ment was
ob served in the score of the task “Ori en ta tion to place”,
which was not ob served in Group 1. The score of the task
“Ori en ta tion to time” be fore phys io ther apy was
2.1±1.6 points and af ter phys io ther apy – 3.1±1.6 points
(Z=-2.5; p=0.011), the score of the task “Ori en ta tion to
place” be fore phys io ther apy – 2.9±1.4 points and af ter
phys io ther apy – 3.7±1.2 points (Z=-2.8; p=0.005), the
score of the task “At ten tion and cal cu la tion” be fore phys -
io ther apy was 1.2±0.9 points and af ter phys io ther apy –
2.9±1.7 points (Z=-2.6; p=0.01), and the score of the task
“Re call” be fore phys io ther apy was 0.1±0.3 points and af -
ter phys io ther apy – 1.6±0.9 points (Z=-2.7; p=0.007). No
sta tis ti cally sig nif i cant changes (p³0.05) were ob served in
the scores of tasks “Reg is tra tion”, “Lan guage”, “Rep e ti -
tion”, “Com pre hen sion”, “Read ing”, “Writ ing”, and
“Draw ing”. The score of the task “Reg is tra tion” be fore
phys io ther apy was 2.8±0.4 points and af ter phys io ther -
apy – 2.9±0.3 points (Z=-1.0; p=0.317), the score of the
task “Lan guage” be fore phys io ther apy was 1.8±0.6 points
and af ter phys io ther apy – 2.0±0 points (Z=-1.0; p=0.317),
and the score of the task “Rep e ti tion” be fore phys io ther apy 
was 0.7±0.5 points and af ter phys io ther apy – 1.0±0 points
(Z=-1.7; p=0.083). The score of the task “Com pre hen sion” 
re mained the same be fore and af ter phys io ther apy –
2.7±0.7 (Z=-0.0; p=1.0). The score of the task “Read ing”
be fore phys io ther apy was 0.8±0.4 points and af ter phys io -
ther apy – 0.7±0.5 points (Z=-1.0; p=0.317), the score of
the  task “Writ  ing” be  fore  phys  io  ther  apy was
0.4±0.5 points and af ter phys io ther apy – 0.5±0.5 points
(Z=-1.0; p=0.317), and the score of the task “Draw ing” be -
fore phys io ther apy was 0.4±0.5 points and af ter phys io -
ther apy – 0.5±0.5 points (Z=-1.0; p=0.317) (Fig. 4).

Changes in the lev els of the Rancho Los Ami gos scale 
in Group 2 af ter phys io ther apy

Be fore phys io ther apy, four sub jects in Group 2 dem on -
strated con fused, in ap pro pri ate re sponse (level 5), while
af ter phys io ther apy, three of them reached level 6 (con -
fused, ap pro pri ate re sponse) and one – level 7 (au to matic,
ap pro pri ate re sponse). Of three pa tients who were at level
6 (con fused, ap pro pri ate re sponse) be fore phys io ther apy,
one reached level 7 (au to matic, ap pro pri ate re sponse) and
two – level 8 (pur pose ful, ap pro pri ate re sponse). The ma -
jor ity of the sub jects (3) were at level 7 (au to matic, ap pro -
pri ate re sponse) be fore phys io ther apy and they reached
level 8 (pur pose ful, ap pro pri ate re sponse) of cog ni tive
func tion ing (con scious ness) af ter phys io ther apy.

As so ci a tions be tween the re cov ery of bal ance and
cog ni tive skills in Group 2

Af ter phys io ther apy, sta tis ti cally sig nif i cant strong lin ear cor -
re la tions in Group 2 were found be tween the scores of the
tasks “Stand with feet to gether and eyes closed” and “Ori en -
ta tion to place” (r=0.63; p=0.04), “Stand with feet to gether
and eyes closed” and “Re call” (r=0,78; p=0,01), “Stand with
feet to gether and eyes closed” and “Draw ing” (r=0.66;
p=0.039), be tween the scores of the tasks “Turn 360 de grees
in left and right di rec tions” and “Re call” (r=0.72; p=0.019),
“Step onto and over a bench” and “At ten tion and cal cu la tion”
(r=0.64; p=0.047), “Tan dem walk” and “Re call” (r=0.75;
p=0.012), “Stand on one leg” and “Re call” (r=0.72;
p=0.019), “Two-footed jump” and “Re call” (r=0.76;
p=0.011), and be tween the scores of the tasks “Re ac tive pos -
tural con trol” and “Reg is tra tion” (r=0.67; p=0.035) (Ta ble 2).
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Ta ble 2. Cor re la tion be tween scores of in di vid ual tasks on the Fullerton Ad vanced Bal ance (FAB) scale and the Mini Men tal
State Ex am i na tion (MMSE) in Group 2 af ter phys io ther apy
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Stand with feet to gether
and eyes closed

p>0.05 r=0.63* p>0.05 p>0.05 r=0.78** p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 r=0.66*

Reach for ward to re trieve
an ob ject

p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05

Turn 360 de grees in left
and right di rec tions

p>0.05 p>0.05 p>0.05 p>0.05 r=0.72* p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05

Step onto and over a bench p>0.05 p>0.05 p>0.05 r=0.64* p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05

Tan dem walk p>0.05 p>0.05 p>0.05 p>0.05 r=0.75* p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05

Stand on one leg p>0.05 p>0.05 p>0.05 p>0.05 r=0.72* p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05

Stand on foam with eyes
closed

p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05

Two-footed jump p>0.05 p>0.05 p>0.05 p>0.05 r=0.76* p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05

Walk with head turns p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05

Re ac tive pos tural con trol p>0.05 p>0.05 r=0.67* p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05 p>0.05

*Sta tis ti cally sig nif i cant cor re la tion when p<0.05;
**Sta tis ti cally sig nif i cant cor re la tion when p<0.01



DIS CUS SION

The eval u a tion of the sub jects’ con di tion af ter phys io ther -
apy us ing all three clin i cal tests showed a sta tis ti cally sig nif -
i cant (p<0.05) im prove ment in FAB and MMSE scores in
both Group 1 and Group 2. The anal y sis of the RLA scores
also showed that the level of cog ni tive func tion ing (con -
scious ness) im proved in all sub jects af ter phys io ther apy. In
the ma jor ity of our sub jects, phys io ther apy was ap plied for
at least 5 days, and a sta tis ti cally sig nif i cant (p<0.05) im -
prove ment in MMSE scores was ob served within this pe -
riod. Our re sults are in line with those pre sented in sci en tific
lit er a ture – the re sults of the pub lished stud ies showed that
the re cov ery of cog ni tive func tions oc curs within the first
few weeks or months af ter TBI [17]. The anal y sis of the
changes in the lev els of the RLA scale be fore and af ter
phys io ther apy showed that the ma jor ity of the sub jects in
the group of pa tients with mod er ate TBI were at level 7 on
the RLA scale be fore phys io ther apy, and all these sub jects
reached level 8 (the high est level) of cog ni tive func tion ing
(con scious ness) af ter phys io ther apy. Mean while, in the
groups of pa tients with se vere TBI, the ma jor ity of the sub -
jects be fore phys io ther apy were at level 5 (3 sub jects) and
level 7 (3 sub jects). Pa tients who be fore phys io ther apy
were at level 5, reached level 6 af ter phys io ther apy and sub -
jects with level 7 at base line reached level 8 (the high est
level) af ter phys io ther apy. The gen er al ized sur vey of the
ob tained re sults showed that in pa tients af ter se vere TBI, the 
level of cog ni tive func tion ing (con scious ness) was lower
and func tional re cov ery took lon ger and was more com pli -
cated than in pa tients with mod er ate TBI. How ever, se vere
trauma does not al ways re sult in se vere func tional im pair -
ment, as in di cated by the pres ence of sub jects with level 7
on the RLA scale in the group of pa tients with se vere TBI,
while such level of cog ni tive func tion ing (con scious ness)
should be more char ac ter is tic of pa tients with milder TBI.
How ever, we failed to find any stud ies that would an a lyze
changes in the lev els of the RLA scale prior to and af ter
phys io ther apy in post-TBI pa tients, and thus we can not
com pare our re sults with those of other au thors. The scores
on the FAB scale im proved sta tis ti cally sig nif i cantly
(p<0.05) in both Group 1 and Group 2 af ter phys io ther apy.
The eval u a tion of the scores in in di vid ual tasks of the FAB
scale in Group 1 af ter phys io ther apy showed a sta tis ti cally
sig nif i cant dif fer ence (p<0.05) be tween the scores of all
tasks, ex cept for “Re ac tive pos tural con trol” – there was no
sta tis ti cally sig nif i cant im prove ment (p³0.05) in the score
of this task af ter phys io ther apy. We think that this is be -
cause TBI af fects CNS cen ters that con trol mus cle syn er -
gies re spon si ble for body re sponse and pos ture as well as for 
re spec tive move ments of the head, eyes, torso, and ex trem i -
ties. The gen er al ized sur vey of data of Group 2 showed a
sta tis ti cally sig nif i cant (p<0.05) dif fer ence in the scor ing of
all tasks af ter phys io ther apy. We failed to find any stud ies
that ap ply the FAB scale in post-TBI pa tients, but this tool is 
suc cess fully ap plied in the eval u a tion of pa tients with other
types of neu ro log i cal dis or ders – e.g. in post-stroke pa tients
or those with Par kin son’s dis ease [17].

The anal y sis of the cor re la tion be tween bal ance and
cog ni tive func tions af ter phys io ther apy re vealed no sta tis -
ti cally sig nif i cant re la tion ship be tween these mark ers
(p³0.05). How ever, a more de tailed anal y sis of cor re la -
tions be tween in di vid ual tasks of the FAB and MMSE
scales showed sta tis ti cally sig nif i cant (p<0.05) mod er ate
or even strong cor re la tions be tween some tasks of the
afore men tioned tests. Such dis tri bu tion of the data may be
ex plained by the small size of the sam ple. Per haps the
study on the cor re la tion be tween bal ance and cog ni tive
func tions should be car ried out in sev eral healthcare units
and for a lon ger pe riod of time. The sur vey of lit er a ture
sources shows that sev eral au thors state that mo tor and
cog ni tive func tions are in ter re lated [8, 9]. Dur ing re cent
years, an in creas ing body of ev i dence has sug gested that
nerve re gions as so ci ated with cog ni tive func tions may also 
be in volved in the per for mance of mo tor tasks [8]. Ex ec u -
tive func tions and at ten tion may also be re lated to mo tor
func tions in post-TBI pa tients [10]. Spitz G et al. per -
formed a study to de ter mine the re la tion ship be tween pa -
tients’ cog ni tive func tions and func tional re sults. The re -
sults of the study showed that dur ing the first years af ter
TBI, func tional re sults were more af fected by cog ni tive
func tions than by de mo graphic char ac ter is tics or the se ver -
ity of the trauma and that the ex ec u tive func tions had the
stron gest ef fect on the pa tients’ func tional re sults [19].
Saverino A et al. per formed a study with the aim of de ter -
min ing the re la tion ship be tween cog ni tive func tions (es pe -
cially ex ec u tive func tions) and bal ance and the risk of falls
in pa tients with neu ro log i cal dis eases. The re sults of the
study showed that ex ec u tive func tions were more as so ci -
ated with the risk of falls, whereas the im pair ment of cog -
ni tive func tions in gen eral was as so ci ated with bal ance im -
pair ment [19]. Even though the stud ies found in lit er a ture
do not an a lyze the re la tion ship be tween bal ance and cog ni -
tive func tions, and thus we can not com pare our re sults with 
those of other au thors, the re sults of the anal y sis of lit er a -
ture and other stud ies sug gest that the re la tion ship be tween 
cog ni tive and mo tor func tions is at tract ing re search ers’ in -
creas ing at ten tion not only in the stud ies on TBI, but also in 
those on other neu ro log i cal dis or ders. For this rea son, our
re search as well as other stud ies in this field may serve as
an en cour age ment for fur ther more de tailed stud ies on the
as so ci a tion be tween the re cov ery of bal ance and cog ni tive
func tions.

CON CLU SIONS

1. Af ter phys io ther apy, im prove ment was ob served in the 
bal ance of sub jects with mod er ate and se vere trau matic 
brain in jury.

2. Phys io ther apy im proved cog ni tive func tions in sub -
jects with mod er ate and se vere trau matic brain in jury.

3. The search for cor re la tions be tween in di vid ual items
on the Fullerton Ad vanced Bal ance Scale and Mini
Men tal State Ex am i na tion re vealed re la tion ship be -
tween some items in both groups.
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PUSIAUSVYROS IR PAÞINIMO FUNKCIJØ ATGAVIMO 
SÀSAJA, TAIKANT KINEZITERAPIJÀ ASMENIMS,
PATYRUSIEMS GALVOS SMEGENØ TRAUMÀ

Santrauka

Ty ri mo tiks las. Nu sta ty ti pu siau svy ros ir pa þi ni mo funk ci jø at ga -
vi mo sà sa jà, tai kant ki ne zi te ra pi jà as me nims, pa ty ru siems gal -
vos sme ge nø trau mà.

Ty ri mo me to dai. Ty ri me da ly va vo 25 as me nys, pa ty ræ gal vos 
sme ge nø trau mà. Ti ria mie ji pa gal trau mos sun ku mà bu vo su -
skirs ty ti á dvi gru pes: pir mà jà gru pæ su da rë 15 ti ria mø jø, pa ty ru -
siø vi du ti nio sun ku mo gal vos sme ge nø trau mà, o ant rà jà – 10 ti -
ria mø jø, pa ty ru siø sun kià trau mà. Vi si ti ria mie ji tu rë jo pa þi ni mo
funk ci jø ir pu siau svy ros su tri ki mø. Bu vo ver ti na mos pa þi ni mo
funk ci jos pa gal trum pà já pro ti nës bûk lës ty ri mo tes tà (MMSE),
pa þi ni mo (sà mo nin gu mo) ly gis – pa gal Ran cho Los Ami gos
(RLA) ska læ ir pu siau svy ra – pa gal Ful ler ton tes tà. Sta tis ti në duo -
me nø ana li zë at lik ta nau do jant SPSS.21 for Win dows sta tis ti ná
pro gra mø pa ke tà ir Mic ro soft Exel 2010 pro gra mà.

Ty ri mo re zul ta tai ir ið va dos. 1. Po ki ne zi te ra pi jos pa ge rë jo
as me nø, pa ty ru siø vi du ti nio sun ku mo ir sun kià gal vos sme ge nø
trau mà, pu siau svy ra. 2. Ki ne zi te ra pi ja pa ge ri no as me nø, pa ty ru -
siø vi du ti nio sun ku mo ir sun kià gal vos sme ge nø trau mà pa þi ni -
mo funk ci jas. 3. As me nims, pa ty ru siems vi du ti nio sun ku mo ir
sun kià gal vos sme ge nø trau mà, ne nu sta ty tas sta tis tið kai reikð -
min gas ry ðys tarp pu siau svy ros ir pa þi ni mo funk ci jø at si ga vi mo.
4. Ieð kant ko re lia ci jos tarp at ski rø Ful ler ton pu siau svy ros tes to ir
trum po jo pro ti nës bûk lës ty ri mo tes to uþ duo èiø, abie jo se gru pë se 
tarp kai ku riø ið jø gau tas sta tis tið kai pa ti ki mas ry ðys.

Rak ta þo dþiai: gal vos sme ge nø trau ma, pu siau svy ra, pa þi ni -
mo funk ci jos, ki ne zi te ra pi ja.
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