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The correlation between the mechanism of the
peripheral nerve injury of the upper and lower
extremities and indicated time and modality of
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! Clinic for reconstructive and plastic surgery, Clnical University Center Sarajevo, Bosnia and Herzegovina,
2 Faculty of Health Studies, University of Sarajevo, Bosnia and Herzegovina.

Abstract

Introduction: The peripheral nerve injuries of
the upper and lower extremities are result of the in-
fluence of different mechanisms , with potentially
diverse range of the nerve destruction, which signifi-
cantly affects the time and modality of the peripheral
nerve reconstruction. The combination of the nerve
damage with lesions of the other anatomical struc-
tures often disables reconstruction immediately af-
ter injury. The consideration of each individual case,
with evaluation of the motor and senzitive outage,
determines the most optimal modality of the periph-
eral nerve reconstruction. The type of the peripheral
nerve reparation has to be considered regarding pos-
sible benefit and succesfull rehabilitation.

Patients and methods: We have evaluated
postoperative results of the peripheral nerve inju-
ries of the upper and lower extremities in 60 cases
treated on the Clinic for reconstructive and plastic
surgery University Clinical Center Sarajevo dur-
ing five-years period (2011.-2016) The analysis
has been conducted using SPSS v13.0 program
with the package for Medical Research.

Results: The correlation between the mechanism
of the peripheral nerve injury and the indicated time
of reconstruction has been evident in our research.
Laeceration of the peripheral nerves have represent-
ed in the most cases the indication for the reconstruc-
tion within 3 months after injury (47 cases; 78.3%).
Traction and contusion of the peripheral nerve have
been related to postponed reconstructions ( 7 cases;
11.6%), due to the impossibility of the proper evalu-
ation of the level of injury and the potential nerve
scarification. The correlation between the time in-
terval from moment of the injury to the the term of
operation and the operative modality selection has
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also been evident. The peripheral nerve injuries have
been treated by primary reparation within 6 months
in the most cases (47 cases; 78.3%) comparing with
nerve transplantantion which has been applied in 8
cases (13.3%) during first 6 months and in 5 cases
(8.3%) after that period.

Conclusion: The mechanism of the peripheral
nerve injuries has the infuence to the time and mo-
dality of reconstructive procedure

Key words: mechanism of injury, peripheral
nerve, modality of reconstruction

Introduction

Peripheral nerve injuries represent an important
segment of traumatology. Timely identification of
peripheral nerve lesion, with testing of motor and
sensory function, is guideline for the futher treat-
ment. Unrecognized and inadequately treated pe-
ripheral nerve injury results in often severe func-
tional sequelae and permanent disability. During
the selection of the time and modality of peripheral
nerve reconstruction, we have to consider some im-
portant factors, such as mechanisms of injury, level
of the injury and associated injuries of the other
anatomical structures. Peripheral nerve injuries are
common in the setting of complex upper extremity
trauma. When evaluating patients with significant
limb trauma, it is critical to identify and manage the
concomitant nerve injuries. Without restoration of
motor and sensory function, the salvaged limb be-
comes an insensate, and often painful, inanimate
prosthetic. Injury mechanism determines the ap-
propriate evaluation and management strategy. An
open and sharp transection nerve injury demands a
very different approach from a closed crush or gun-
shot wound injury pattern. Defining the nerve injury
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will also predict potential recovery of function. Un-
derstanding timing is critical to successfully treat-
ing peripheral nerve injuries. There are advantages
and disadvantages to acute versus subacute surgery
("). Direct repair remains the current standard of
care for the repair of peripheral nerve lacerations.
In large nerve gaps, in which direct repair is not
possible, grafting remains the most viable option
Nerve scaffolds include autologous conduits, artifi-
cial nonbioabsorbable conduits, and bioabsorbable
conduits and are options for repair of digital nerve
gaps that are <3 cm in length. Experimental studies
suggest that the use of allografts may be an option
for repairing larger sensory nerve gaps without as-
sociated donor-site morbidity (*). Peripheral nerve
repair with an initial motor nerve babysitter with 40
percent neurectomy of the donor nerve can achieve
high efficacy in functional and structural recovery
of the recipient system. Nerve babysitter by motor
nerve with an epineural window was less effective
(®). Although autografts are the gold standard for
failed primary nerve repairs, they result in donor-
site morbidity. Nerve conduits and decellularized
allografts are a novel solution for improved func-
tional outcomes and decreased donor-site morbid-
ity (*). Current repair options for peripheral nerve
injuries where tension-free gap closure is not pos-
sible include allograft, processed nerve allograft,
and hollow tube conduit. Nerve allografts had sig-
nificantly improved and more consistent functional
sensory outcomes compared with hollow conduits
(°). Patient age, mechanism of injury and associated
vascular and soft tissue injuries strongly influence
the extent of recovery of the injured nerve. These el-
ements are of great importance and are the primary
details collected in the clinical history. A detailed ex-
amination includes evaluation of pain and muscular
strength and sensory testing in the territory of the
injured nerve (°).

Patients and methods

We have evaluated the results of the operative
treatment of peripheral nerve injuries in 60 cases,
treated on the Clinic for reconstructive and plastic
surgery, Univeristy Clinical Center for the period
2011- 2016. The results have been presented by
charts and also have been shown textually thor-
ough absolute number of cases and percentage. X

4

-square test with Yates correction for small sam-
ples and Fischer's exact test have been used for
the testing of the statistical significance of the dif-
ferences. The results of y-square test with p<0,05
have been considered statistically significant. The
analysis has been conducted using SPSS v13.0
program with the package for Medical Research.

Results

3%

. 43%
2% 2%
12%

23% 15%
M 1. brachial plexus
M 2. median nerve
m 3. ulnar nerve
M 4. radial nerve
M 5. peroneal nerve
M 6. common digital palmar nerves
m 7. proper digital palmar nerves

x’=52,371; p=0,0001

Figure 1. The percentage distribution of the pe-
ripheral nerve injuries of the upper and the lower
extremity

The high percentage of the palmar digital nerve
injuries has been evaluated during the estimation
of the 60 cases of the peripheral nerve injuries of
the upper and lower extremities, according to the
our results (26 cases; 43.3%) represented in the
Figure 1. We had only 1 case of the plexus brachi-
alis injury (1.7%), which is the most complex case
from the prognostic standpoint. In our sample, the
peripheral nerve injuries of the lower extremity
have been related only to the peroneal nerve injury
(1 case; 1.7%). There is a statistically significant
deviation from the normal distribution (p<0,05).

The morphology of the tissue defects, caused
by the different mechanisms and with resulting pe-
ripheral nerve injuries, has been very diverse (Fig-
ure 2). The analysis of the type of injury within the
tested sample has showed that the laceration of the
peripheral nerves had been the most common type
of injury (36 cases; 60%). The incised wounds had
been represented in the lesser percentage (6 cases;
10%). The other cases with peripheral injuries of
the upper and lower extremities had a total partici-
pation of 18%, with statistically significant differ-
ence (p<0,05).
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B Humerus fracture

m Ulnar fracture
M Fibula fracture
M Lacerated and contused wounds

M Incised wounds

M Penetration wounds

W neurorraphy

M nerve transplantation

x2=61,417; p=0,0001

Figure 2. The morphological characteristics of
the soft tissue defects and bone fractures with re-
sulting peripheral nerve injuries.

m complete transection

M partial transection

x33,75=2; p=0,0001
Figure 3. Peripheral nerve destruction presented
in percentages

The functional outage, as the result of the pe-
ripheral nerve injury (Figure 3), has been associ-
ated in the most cases with the complete nerve
transection (53 cases; 88.3%), while the partial
nerve transection has been evaluated in the lesser
percentage (7 cases; 11.7%), with statistically sig-
nificant difference (p<0,05).

The neurorraphy, one of the peripheral nerve
reconstruction modality, has been evaluated in our
tested sample in the highest percentage (47 cases;
78.3%) in the relation to the nerve transplantation,
which has been evaluated in the lesser percentage
(13 cases; 21.7%), with statistically significant
deviation from the normal distribution (p<0,05).
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x18,15=2; p=0,0001
Figure 4. The representation of the peripheral
nerve reconstruction modalities

| —

Nerve transplantation

Neurorraphy
H Time period < 6 months

m time period > 6 months

x2=15,007; p=0,0001

Figure 5. The correlation between the time inter-
val from peripheral nerve injury to the surgery on
the operative modality selection

Analyzing our results presented on the Figure 5,
it was evident that the neurorraphy has been indi-
cated in all cases within 6 months from the moment
of peripheral nerve injury (47 cases; 78.3%) in our
tested group of 60 patients. The evaluation of the
results of the remaining 13 cases (21.7% of the total
number of 60 cases) has confirmed that all patients
with peripheral nerve injuries had been operated by
the nerve transplantation. Of that number, 8 patients
have been operated within 6 months from injury
(61.5%) and also 5 patient have been operated after
6 months from the moment of the peripheral nerve
injury (38.5%). This selection of the operative mo-
dality has been in correlation with no possibility of
the direct nerve approximation. The nerve trans-
plantation represented indication in all these cases,
with statistically significant difference ( p<0,05).
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M Time period <3 months

H Time period >3 months

x’=23,663; p=0,0001

Figure 6. The correlation between the mecha-
nism of the peripheral nerve injury and the indi-
cated time of the peripheral nerve reconstruction

The laceration of the peripheral nerve injury
(Figure 6) has represented the indication for the
nerve reconstruction within 3 months from the
moment of injury (47 cases; 78.3% of the total
number of 60 cases). After 3 months, 13 patients
with peripheral nerve injuries have been operated
(21.7% of the total number of 60 cases), 6 cases
with laceration of the peripheral nerve (46.2%)
and 7 cases with contusion and traction of the pe-
ripheral nerves (53.8%). We have confirmed that
there had been statistically significant difference
comparing the mechanism of the injury and the
indicated time of the peripheral nerve reconstruc-
tion (p<0,05). We have evaluated no ischaemia
and compression as the mechanism of peripheral
nerve injury in 60 evaluated cases.

25 23

20

15
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5
1 2

0

Bone Glass Machine

fragments

Blade of sharp  Peak of sharp
objects objects

M Neurorraphy

u Nerve transplantation
x2=2,097; p=0,147

Figure 7. The correlation between the mechanism
of the peripheral nervfe injury and operative mo-
dality selection

When comparing the mechanism of the pe-
ripheral nerve injury with operative modalities,
we could evaluate that the neurorraphy had been
indicated in the most cases of nerve laceration (43

cases; 71.7% of the total number of 60 cases), while
the nerve transplantation had been indicated in the
10 cases of the nerve laceration (16.6% of the total
number of cases). Traction and contusion of the pe-
ripheral nerves (7 cases; 11.7%) have represented
the indication for the neurorraphy (4 cases; 6.7%)
and for the nerve transplantation at about the same
percentage (3 cases; 5%). We have evaluated no
ischaemia and compression as the mechanism of
the peripheral nerve injury. There is no statistically
significant difference between the mechanism of
injury and operative modalities (p>0,05).
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Blade of sharp  Peak of sharp Glass Machine

objects objects

x2=14,253; p=0,0324

Figure 8. Correlation between specified type of
the etiological factor and resulting defect in the
peripheral nerve continuity

The resulting defect in peripheral nerve conti-
nuity has been directly correlated with the specified
type of the etiological factor. During data analysis
(Figure 8) it has been evident that different speci-
fied types of etiological factors had resulted in dif-
ferent lenghts of defects in the peripheral nerve
continuity. The sharp objects have mainly resulted
in the defects smaller than 2 cm (38 cases; 63.4%),
as well as bone fragments (4 cases; 6.7%), which
had allowed the direct approximation and repara-
tion of the peripheral nerve. Machines have result-
ed in the defects in the nerve continuity smaller
than 2 cm ( 5 cases; 8.3%), as well as larger de-
fects than 2 cm (9 cases; 15%). This local findings
have presented the indication for the nerve trans-
plantation. The larger defects in the nerve continu-
ity have also been evaluated in the smaller number
of cases caused by the injury with glass (2 cases;
3.4%) and by the blade of sharp objects (1 case;
1.7%). There is a statistically significant differ-
ence in the type of etiological factor and selected
modality of the operative treatment (p<0,05).
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W sural nerve

B cutaneous forearm nerves

x2=54,15; p=0,00001
Figure 9. The types of the used autografts in pe-
ripheral nerve reconstruction

The nerve transplantation, as the operative mo-
dality, in our tested group, has been applied in 13
cases (21.7% of the total number of cases). Ac-
cording to our results (Figure 9), the sural nerve
has been used as autograft in the most cases (12
cases; 92.3%), while the cutaneous forarm nerve
has been used only in 1 case (7.7%), with statisti-
cally significant difference (p<0,05).

Discussion

Perpheral nerve injuries are clinically manifest-
ed by motor and sensitive outage, with range cor-
related with the level of nerve injuries and degree
of tissue destruction. The functional recovery after
peripheral nerve lesions is suboptimal, despite ad-
equate and timely reconstruction (’). The first at-
tempt of nerve coaptation has been recorded 600
years BC. Galen has spoken about a possibilty of
the nerve regeneration, but it has been proven in
1860 by Augustus Waller (®).

Surgery of the nervous system, but first of all
the surgery of the peripheral nerves, had began to
develop in the first half of the 19" century, but sig-
nificant progress has been recorded in the last thirty
years. The turning point in this field of surgery is the
introduction of the operating microscope by Smith
and Kurze. The usual etiology of acute traumatic
injury of peripheral nerve includes laceration, con-
tusions, tractions, ishemic injury and, rare mecha-
nisms of injury such as electric, radiation, percus-
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sion and vibration damage. The usual etiology of
acute peripheral nerve trauma includes lacerations,
contusions, traction injury, ischemic injury and rare
mechanisms of injury such as electric, radiation,
percussion and vibration damage. The treatment
of these type of injuries implies a good knowledge
of anatomy, pathology, pathophysiology, surgical
principles, approaches and interests (°). Data from
the literature correlate with evaluated mechanisms
of nerve injury from our research. Laceration are
the most common mechanism of nerve injury. Trac-
tion and contusion have been evaluated in a smaller
number of cases. The statistical analysis with ex-
clusion of ischemia and compression has confirmed
that there had no statistical significant difference
between the mechanism of the peripheral nerve in-
jury and applied operative modalities (p>0,05).

The analysis of our statistical data has con-
firmed the high percentage of the peripheral nerve
injuries in the level of the hand and wrist, had been
associated with complete nerve transection .

The machanism od the nerve injury has sig-
nificant influence on the time of reconstruction
(p<0,05), as well as the time from the moment of
nerve injury to the selected time of reconstructive
procedure. The mechanism of the injury has also
a significant inflence on the operative modelity
selection (p<0,05). All the specified etiological
factors, with sharp edges, have resulted with the
possibility of direct approximation of transected
nerve and the neurorraphy, but the other types of
the etiological factors have resulted with higher
degree of the nerve destruction and thus with no
possibilty of the direct nerve repair.

The direct suture of peripheral nerves repre-
sents, so-called ,,end-to-end* neurorraphy, and if
it is possible, represents the most optimal modality
of reconstruction. This type of reparation is ideal
for the acute phase of pure cutting of the nerve,
when the distance between the cut ends of nerve
is determined only by longitudinal excursions of
the joints beside internal nerve elasticity. When
the gap between cut ends of peripheral nerve is
longer than 2cm and with no possibility of nerve
approximation without tension at the suture line,
despite the application of assisted methods, the
nerve transplantation was indicated ().

The peripheral nerves of the upper extremities
have been injuried in 87% of the cases, comparing
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with the injuries of the peripheral nerves of the low-
er extremities in 13% of the cases ('?). The results of
the study have confirmed the predominance of the
lesion of peripheral nerve of the upper extremities
in relation to the lower extremities (59:1 or 98.3%:
1.7%). In our estimated group of patients, the pre-
dominance of the peripheral nerve injuries of the
upper extremities has been evident. Digital palmar
nerves have been injuried in the most of the cases
("®). Our findings are consistent with data from the
literature (26 patients or 46.3%).

All surgical procedures elected after half a year
from the moment of injury, have considered the
application of the free nerve transplants as the
most optimal modality. The tendon transposition,
indicated in the all cases with no possibilty of the
peripheral nerve recovery, has not been indicated
in the our tested group.

Conclusion

During the assesment of the peripheral nerve
injury, we have to consider a several important fac-
tors: mechanism and time of injury, anatomical lo-
calisation of the injury with potential involvement
of peripheral nerve, functional outage which may
be result of compression of bone fragments or re-
sult of the partial or complete nerve transection.
The traction, as the mechanism of injury, can po-
tentially results with the higher degree of nerve de-
struction, while ischemia and contusion can result
only with localized block of conduction and with
spontaneous recovery. Evaluation of the soft tissue
cover and tissue equilibrium is important factor for
the timing of reconstruction. All mechanisms of
injury which jeopardize the vitality of surrounding
tissue preclude the primary reparation. Injury with
suspect lesion of peripheral nerve is indication for
exploration. Evaluation of the degree of nerve and
surrounding tissue destruction determine the opera-
tive modality. The most of peripheral nerve lesions
caused by transection have been surgically treated
within 3 months from the moment of injury. After
that period, nerve lesions caused by traction and
contusion have been reconstructed with defined de-
gree of intra and perineural scarification. All nerve
lesions caused by laceration (transection) have been
treated by direct reparation due to smaller degree of
intraneural destruction. We are not allowed to ing-

nore the influence of etiologic factors of injury or to
indicate reconstruction in the incorrect time due to
potential compromising of fuctional recovery and
probable indications for reoperation.
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Abstract

Life in the XXI century, the rapid development
of science and technology leads to major changes
in all spheres of life. Existing educational - edu-
cation system is also a consequence of the many
social changes. However, it is still a lot of work
and effort to make the existing educational - edu-
cational system was unable to all children, without
exception, to enable independent living in the XXI
century. Lately, in the world and in our country,
is very topical issue of children with barriers to
learning and participation. In many countries, in-
cluding ours, are being explored flexible models
of organization total workload at school with only
one goal: to better understand the difficulties that
children face during their education. To achieve its
educational - educational function, modern school
should be comprehensive, flexible enough and
able to meet the cognitive needs and interests of
young people and adults, regardless of their differ-
ences. Recently, the current issue of inclusion. It
was created as the need to terminate the exclusion
and segregation of children. Inclusion of today has
a large number of supporters, but there are still a
large number of those who think segregation of
children with special needs. Therefore, this study
is dedicated to the opinions of teachers of chil-
dren with learning disabilities and participation
which are already included or to be included in
the regular educational - educational institutions.
Part of the work was paid to the acceptance of
such children in the group, department, because
precisely that need to show a sense of inclusion.
If these children are accepted by their peers not

10

only to achieve good for them, but we will achieve
the generations who have developed a feel for the
needs of others and tolerance for diversity. Done
and research Lijesce Primary School and Primary
School Sveti Sava in Brod, where teachers ex-
pressed their opinions about inclusive education.

Keywords: Special Needs, students with dis-
abilities, inclusive teaching.

Sazetak

Zivot u XXI vijeku, nagli razvoj nauke, tehnike
1 tehnologije dovodi do velikih promjena u svim
sferama zivota. Postojeci vaspitno - obrazovni si-
stem je takode posljedica brojnih drustvenih pro-
mjena. Medutim, potrebno je jo§s mnogo rada i tru-
da da bi postojeci vaspitno - obrazovni sistem bio
u stanju da svu djecu, bez izuzetka, osposobi za
samostalan zZivot u XXI vijeku. U poslednje vrije-
me, u svijetu 1 kod nas, je veoma aktuelno pitanje
djece sa preprekama u ucenju i u¢es¢u. U mnogim
zemljama svijeta, pa i kod nas, istrazuju se fleksi-
bilniji modeli organizacije ukupnog rada u Skoli
s jednim jedinim ciljem, da se bolje shvate tes-
koce na koje djeca nailaze tokom Skolovanja. Da
bi ostvarila svoju vaspitno - obrazovnu funkciju,
savremena Skola treba da bude sveobuhvatna, do-
voljno fleksibilna i sposobna da zadovolji saznajne
potrebe 1 interesovanja mladih 1 odraslih bez obzi-
ra na njihove razli¢itosti. U poslednje vrijeme je
aktuelno pitanje inkluzije. Ona je nastala kao po-
treba da se prekine sa ekskluzijom i segregacijom
djece. Inkluzija danas ima veliki broj zagovornika,
ali jos uvijek je i veliki broj onih koji segregacijski
razmisljaju o djeci sa posebnim potrebama. Zbog
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toga je ovaj rad i posvecen misljenjima nastavnika
prema djeci sa teSkocama u ucenju i uc¢es¢u koja
su ve¢ ukljucena ili trebaju da budu ukljucena u
redovne vaspitno - obrazovne ustanove. Istrazi-
vanje je radeno u dvije osnovne osnovne Skole.
Istrazivanjem je obuhvacen uzorak od 47 ispita-
nika. Ispitanici su iznosili svoja misljenja, stavove
1 prijedloge oko realizacije inkluzivne nastave, te
njene prednosti i nedostatke, odnosno stvaranje
prijedloga za izvodjenje nastavnog procesa u cilju
efikasnije nastave, te bolje pozicije svih ucenika.

Dio rada smo posvetili i prihvacenosti takve
djece u grupi, odjeljenju, jer upravo u tome treba
da se pokaze smisao inkluzije. Ukoliko ta djeca
budu prihvaéena od svojih vr§njaka ne¢emo samo
posti¢i dobro za njih, ve¢ ¢emo postici i narastaje
koji su razvili osjec¢aj za tude potrebe i toleranci-
ju prema razlicitostima. Uradeno je i istrazivanje
u Osnovnoj Skoli Lijes¢e 1 Osnovnoj skoli Sveti
Sava na podrucju Opstine Brod, gdje su nastavnici
iskazali svoja misljenja oko inkluzivne nastave.

Kljuc¢ne rijeci: Posebne potrebe, ucenici sa
teSkocama, inkluzivna nastava.

Uvod

Nastava ranijih godina se pretezno odnosila na
ucenje i poucavanje prosje¢nih ucenika. Ucenici
sa potesko¢ama u razvoju, u nastavnom procesu
su bili zapostavljeni u smislu daljeg napredova-
nja. Cesto su bili prepusteni sami sebi. Nisu bili
u mogucnosti da zadovoljavaju svoje individualne
potrebe. Bili su odbacivani, te im se nije poklanja-
la dovoljna paznja. Nakon dugo vremena javlja se
ideja za specijalnim Skolstvom, medutim nije bilo
puno nastavnika koji su bili obuceni za izvodenje
tog tipa nastave. U vezi s tim nedostatkom javlja
se jo$ jedna ideja, odnosno uvodenje inkluzije u
nase Skole, Sto predstavlja pozitivan stav prema
ovim ucenicima, a tako i prema skolstvu uopste.
Za inkluzivnu nastavu mozemo izmedu ostalog
re¢i, da je to inkluzivna $kola, odnosno mjesto
gdje svako pripada, svako je prihvacen, podrzava
1 biva podrzavan od strane svojih vr$njaka i drugih
¢lanova Skolske zajednice kako bi se izaslo u su-
sret njegovim obrazovnim potrebama. Svi ucenici,
bez obzira na razli¢itosti, bi trebali da imaju jed-
nake Sanse da budu ukljuceni u redovan vaspitno
obrazovni sistem skolovanja.
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Istorijski osvrt na djecu sa posebnim

potrebama i specijalno Skolstvo

Odnos prema djeci sa preprekama u ucenju i
ucescu se kroz istoriju mijenjao. Taj odnos je vije-
kovima bio segregacijski. Stara pedagoska nasto-
janja na naSim prostorima bila su viSe usmjerena
na kategorizaciju 1 razdvajanje djece na sposobnu
i nesposobnu, na vrijednu i lijenu itd. To je bio dug
put, od veoma surovog odnosa i fizicke likvida-
cije, preko odbacivanja, segregacije, integracije,
do danasnje ideje o inkluziji. Ne postoje pouzdani
podaci o tome kakav je bio odnos prema djeci sa
preprekama u ucenju i uc¢eséu u prvobitnoj zajed-
nici. Prvi istorijski izvori i zapisi pokazuju da lica
koja nisu bila sposobna da sama obezbijede hranu
i da se brinu o sebi, morali su biti zrtve samog na-
¢ina zivota. Ova Cinjenica se donekle moze obja-
sniti proizvodnim odnosima koji su vladali u tom
periodu. Proizvodni odnosi su bili na tom nivou da
produktivni dio stanovni$tva nije mogao obezbije-
diti visak osnovinih zivotnih namirnica za sve, $to
se posebno odnosi na nesposobne za privredivanje
i djecu sa teSko¢ama u ucenju i ucescu (1).

U antickim robovlasni¢kim drzavama