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ARTICLE — CLINICAL STUDY

Results of surgical treatment of peripheral nerve injuries

in upper extremities

Matejcik V

Neurosurgical Department, Faculty of Medicine, Comenius University, Bratislava, Slovakia.bll@fmed.uniba.sk

Abstract

Outline: This study presents the results of surgical treatment of nerves in upper extremities performed
in our clinic over 15 years, from 1985 to 1999. Basic lines of surgical treatment of various injuries of
nerves in upper extremities are presented and evaluated in the study.

Synopsis and methods: 140 nerves in 123 patients were treated within this period. 95 reconstruction
operations were performed by a microtechnique in 95 patients. All reconstruction surgeries were per-
formed in cases characterized by complete and persisting neurological deficit and by the absence of
action potentials in relevant nerves. In 42 patients, 45 nerves were reconstructed by an autotransplant.
In 53 patients, reconstruction surgery was performed by suture of peripheral nerve that included treat-
ment of 65 nerves. In this group, 10 patients were treated by suturation of 2 nerves and 3 nerves were
suturated in one patient. In 28 patients, external neurolysis was the final surgical therapeutic treatment.
In this group, neurolysis of 2 nerves was performed in 2 patients. The presence of action potential was
always an important criterion in the determination of the type of surgical intervention. The analysis of
the effectiveness of surgical intervention was performed with respect to: the period elapsed between
injury and operation, age of the patient, character of injury, location of injury, category of injured
nerve, type of surgical intervention.

Results: The best results were observed for external neurolysis and for n. medianus. Evaluation of the
effectiveness of neural suture did not reveal any significant differences between neural grafts and classi-
cal suture. Similar results were obtained for surgical treatment of isolated nerve injuries and for cases
involving the reconstruction of more than one nerve. Good or excellent results were typical for early
treatment, for distal injuries and for clean incised wounds, especially in young patients.

Conclusion: Early surgical revision combined with neurolysis and reconstruction surgery (if necessary)
are crucial factors determining the outcome of operation in indicated cases. With respect to reconstruc-
tion operations we did not observe any significant difference between classical suture and suture using
nerve graft. (Tab. 7, Ref. 13.)

Key words: traumatic lesion of peripheral nerve, nerve graft, suture, neurolysis, reconstruction opera-
tions of peripheral nerve.

Every loss of motor or sensory functions of arms has severe
consequences for the professional and recreational activities of
the patient. In a relatively large collection of available literature
dealing with the problem of nerve injuries in upper extremities (2,
4,7,8,9, 11) we were not able to find any report that would be
aimed specifically at comparison of various types of surgical tre-
atment and evaluation of their outcomes. In this retrospective stu-
dy we present our experience with surgical treatment of nerve in-
juries in upper extremities. We inform about basic clinical
characteristics of treatment. The aim of this work is to provide
elementary recommendation for surgical treatment of patients with
injuries of nerves in upper extremities.

Kazdy vypadok motorickej, alebo senzitivnej funkcie ruky je
pre pracovnu aj sikromnu aktivitu pacienta zavazny. V pomerne
rozsiahlej literatre (2,4, 7, 8, 9, 11) z problematiky poraneni ner-
vov hornych koncatin sme za posledné roky nenasli pracu, v kto-
rej by sa porovnavali rozne typy ich chirurgickych lie¢ebnych metod
aich vysledky. V tejto retrospektivnej $tudii prezentujeme nase
skusenosti s chirurgickym lie¢enim poraneni nervov hornych kon-
catin. Informujeme o klinickych charakteristikach lie¢enia chorych.
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LFUK, Limbova 5, SK-833 05 Bratislava 37, Slovakia.
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Patients and methods

685 patients with injuries of peripheral nerves of upper extre-
mity were treated in the Neurosurgical Clinic of Faculty of Medi-
cine, Comenius University in Bratislava, within the period from
1985 to 1999. Surgical intervention of peripheral nerves was exe-
cuted in 123 patients (17.9 %).

Total sample of 123 surgically treated patients included 80
males and 43 females with the average age of 36 years. The avera-
ge period between the primary treatment and operation in the Ne-
urosurgical clinic was 8.4 months. In 24 patients, this period was
extremely long (extending 12 months). The primary treatment was
provided in our clinic only in 9 cases.

latrogenic injuries were present in 13 cases (10.5 %). They
included in most cases attachment of the nerve to the tendon, bin-
ding of a nerve into a suture and only occasionally attachment of
anerve to another nerve. Nerve injuries were almost always ac-
companied by tendon lesions. An isolated injury of peripheral nerve
was present only in three cases.

Secondary surgeries were performed in 4 cases: re-suturation
was necessary in 1 case, post-operational hematoma was the rea-
son for secondary operation in one case, outer neurolysis was ne-
cessary in 2 cases.

Surgical treatments were performed by a microtechnique. Since
the degree of neuronal damage can be estimated best by neuroly-
sis, treatments were always initiated by this procedure.

Exact and timely treatment of nerve injury performed usually
by external neurolysis constitutes fundamental condition for reduc-
tion of the period necessary for functional reconstitution of the ner-
ve after post-traumatic axonotmesis. When the treatment was per-
formed after a longer time period, fibrotic tissue proliferated in the
vicinity of the nerve. This tissue was sometimes of cartilaginous
consistency and impeded the identification of the nerve. A thicke-
ning in the form of neuroma was frequently present after the release
of nerve. The presence of a firm — “stony” — neuroma is always
the indication for resection followed by reconstitution surgery.

From the clinical viewpoint, indication for the neurolysis was
based on the cessation of mobility, strength and sensitivity reco-
very. In cases of nerve injuries by elongation, we observed various
functional changes but often no apparent macroscopic changes.

External neurolysis was indicated because of development of
post-traumatic fibrosis that caused nerve damage by persisting
compression. In such cases, neurolysis is the procedure resulting
in nerve reconstitution. This procedure is frequently used as the
major surgical treatment in cases where the nerve continuity is
preserved.

Neurolysis was performed in 28 patients: in 11 cases neurolysis
of n. medianus (39.2 %), in 9 cases neurolysis of n. ulnaris (32.1
%), in 6 cases neurolysis of n. radialis (21.4 %), 2 cases were neuro-
lysis of more than one nerve (n. medianus and n. ulnaris)

Reconstruction surgery was performed in cases of a complete
and persisting neurological deficit and in the absence of nerve ac-
tion potentials. Reconstruction surgery was often difficult as ner-
ve endings were hard to identify in cicatrized tissue.

Reconstruction surgery was performed in 95 patients and a to-
tal number of 110 nerves were reconstructed by this treatment.

45 peripheral nerves were reconstructed by nerve graft in 42
patients. This number included: 12 reconstruction operations of

Ciel'om tejto préace je podat’ zakladné odporucenia pre chirurgické
liecenia pacientov s poraneniami nervov hornych koncatin.

Pacienti a metodika

Na Neurochirurgickej klinike LFUK v Bratislave sme v ob-
dobi r. 1985—1999 osetrili 685 pacientov s poraneniami perifér-
nych nervov ruky. 123 pacientom (17,9 %) sme urobili operacie
na periférnych nervoch.

Z celkového poctu 123 pacientov bolo 80 muzov a 43 Zzien.
Ich priemerny vek bol 36 rokov. Priemerna doba medzi prvym
osetrenim a operaciou na nasej klinike bola 8,4 mesiaca. Extrém-
ne dlha (vySe 12 mesiacov) bola u 24 pacientov. Len v 9 pripa-
doch boli pacienti prvotne oSetreni na nasej klinike.

latrogénne poSkodenia sa vyskytli v 13 pripadoch (10,5 %).
Najcastejsie iSlo o nasitie nervu na §l'achu, vzatie nervu do stehu,
zriedkavejsie bolo nasitie na iny nerv. Poranenie periférnych ner-
vov bolo takmer vzdy sprevadzané léziami §liach. Len v 3 pripa-
doch islo o izolované poranenie periférneho nervu. Reoperécie boli
v 4 pripadoch (v 1 pripade bola potrebna resutura, v 1 pripade bol
pri¢inou reoperacie pooperacny hematdm, v 2 pripadoch bola pot-
rebna vonkajsia neurolyza).

Operacie boli vykonané mikrotechnikou a vzdy sa zacinali neu-
rolyzou, lebo iou moze byt najlepsie uréeny stupen poskodenia nervu.

Presné a v€asné osetrenie poSkodenia nervu, ktoré sa najcas-
tejSie vykondva vonkajSou neurolyzou, vytvara zdkladné pod-
mienky na skratenie doby potrebnej k funk¢nej uprave nervu po
pourazovej axonotméze. Pri operaciach s va¢$im ¢asovym od-
stupom sa namnozilo fibrotické tkanivo okolo nervu, ktoré malo
niekedy az chrupavkovita konzistenciu, ¢im zhorSovalo identifi-
kaciu vlastného nervu. Po uvolneni nervu sa casto vyskytoval
zhrubnuty neurém. Indikaciou vnutornej neurolyzy, bola pritom-
nost’ makkého neurému. Pritomnost’ tvrdého ,,kamenistého* ne-
uromu je vzdy dovodom pre jeho resekciu a naslednt rekonstruk-
¢nu operaciu.

Z klinického pohl'adu bolo indikaciou na neurolyzu zastave-
nie upravy hybnosti, sily a citlivosti. Pri poskodeni nervu elonga-
ciou sme pozorovali rozne funkéné zmeny, ale ¢asto ziadne zjavné
makroskopické zmeny.

Vonkajsia neurolyza bola ordinovana kvoli rozvoju potirazovej
fibrozy, ktora pokracujicou kompresiou spdsobovala poskodenie
nervu. Neurolyza je v tychto pripadoch procedurou veducou k res-
taurovaniu nervu. V pripadoch, ked’ je zachovana kontinuita nervu,
je neurolyza vel'mi €asto hlavnym chirurgickym vykonom.

Neurolyza bola vykonana 28 pacientom, z toho 11 pacientom
neurolyza n. medianus (39,2 %), 9 pacientom neurolyza n. ulnaris
(32,1 %), 6 pacientom neurolyza n. radialis (21,4 %), v 2 pripa-
doch islo o neurolyzu viac ako 1 nervu (n. medianus a n. ulnaris).

Rekonstrukéné operacie boli vykonané v pripadoch komplet-
ného a perzistujuceho nerologického deficitu a absencii nervovych
akénych potencialov. Rekonstrukéné operécie boli ¢asto proble-
matické, lebo nervové konce byvaja tazko identifikovatel'né v jaz-
vovitom tkanive.

Rekonstrukéné operacie sme vykonali 95 pacientom, ktorym
sme rekonstruovali 110 nervov. 42 pacientom sme rekonstruovali
45 periférnych nervov, pomocou nervového transplantatu. Z toho
bolo 12 rekonstrukénych operéacii n. medianus (26,7 %), 22 re-
konstrukénych operacii n. ulnaris (48,9 %), 8 rekonstrukénych
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nervus medianus (26.7 %), 22 reconstruction operations of nervus
ulnaris (48.9 %), 8 reconstruction operations of nervus radialis
(17.8 %), in 3 cases, two nerves (n. ulnaris and n. medianus) were
reconstructed simultaneuously (6.7 %).

In all cases, n. suralis was used as autotransplant.

Reconstruction surgery was performed by suture in cases where
suturation was possible after mobilisation of the nerve or extremi-
ty without creating substantial tension. Separation and “end-to-
end” suture was used in 53 patients which was more frequent than
suture using nerve graft (42 patients).

65 nerves in 53 patients were treated by means of suture. This
number included: 10 operations of n. medianus (15.4 %), 22 opera-
tions of n. ulnaris (33.8 %), 10 operations of n. radialis (15.4 %).

More than 1 nerve was reconstructed in 11 cases. This inclu-
ded 10 cases involving 2 nerves (n. ulnaris and n. medianus, 30.8
%) and 1 case involving 3 nerves (4.6 %).

All operations were performed by a microsurgery technique.
Nerve grafts were deposited loosely between two nerve endings in
such a way that an overlap of 5 to 10 mm (depending on the length
of graft) with nerve endings was achieved. Number of grafts varied
between 2 and 4. The number of fascicles was from 2 to 4. Fascicles
or fascicle groups were connected by sewing material of the value
“8.0” and usually 3—+4 stitches were used per one fascicle.

All patients were subjected to several post-operational tests
with the aim to determine degree of recovery of sensory and motor
activities. The evaluation was carried out according to the classifi-
cation of Seldon (1975). Motor improvement was evaluated by
a 5-point scale and the degree of sensitivity recovery by a 4-point
scale. As “excellent” and “very good” were considered the impro-
vements classified as M4 and S3 or higher. M3 and S2 improve-
ments were classified as “good”. Results classified as M0-M2 and
S0-S1 were considered to be insufficient.

Classification of motor functions:

M 0 — no contractions, M 1 — recovery of perceptible con-
traction in proximal muscles, M 2 — recovery of perceptible con-
traction in proximal and distal muscles, M 3 — recovery of function
in both proximal and distal muscles to such an extent that all impor-
tant muscles are capable of sufficient response against resistance, M
4 — the same as M3 with addition that all synergy and independent
exercises/movements are possible, M 5 — full improvement.

Classification of sensitive functions:

S 0 — absence of sensitivity in nerve area, S 1 — recovery of
deep cutaneous sensitivity to pain within nerve area, S 1+—reco-
very of superficial cutaneous sensitivity, S 2 — recovery of super-
ficial cutaneous sensitivity to pain and partial tactile sensitivity,
S 2+ — the same as S 2 with slight additional response, S 3 —
recovery of both superficial sensitivity to pain and tactile sensiti-
vity in nerve area and disappearance of paraesthesia, S 3+ — the
same as S 3 plus a partial improvement in two-point discrimina-
tion sensitivity, S 4 — full improvement.

EMG examination before the operation revealed denervation
in all patients that were treated by reconstruction surgery and in
15 patients (53.6 %) that were subjected to external neurolysis as
the final and definite surgical treatment. Follow-up EMG exami-
nation was performed in all patients. All patients were monitored

operacii n. radialis (17,8 %), v 3 pripadoch sme rekonstruovali 2
nervy (n. ulnaris a n. medianus) (6,7 %).

Vo vsetkych pripadoch sme ako autotransplantat pouzili n.
suralis.

Rekonstrukéné operacie boli uskutocnené suttiirou v pripadoch,
ked’ po mobilizacii nervu alebo koncatiny bolo mozné nerv sutu-
rovat’ bez napitia. Separacia a sutura ,,koniec ku koncu* (53 pa-
cientov) bola Castejsia ako sutiira pomocou nervového transplan-
tatu (42 pacientov). 53 pacientom sme oSetrili 65 nervov za pomoci
sutury. Z toho bolo 10 operacii n. medianus (15,4 %), 22 operacii
n. ulnaris (33,8 %), 10 operacii n. radialis (15,4 %).

V 11 pripadoch sme rekonstruovali viac ako 1 nerv. Z toho
v 10 pripadoch 2 nervy (n. ulnaris a n. medianus) 30,8 %. V1
pripade sme rekostruovali 3 nervy (4,6 %).

Vsetky operacie boli vykonané mikrotechnikou. Nervové trans-
plantaty boli vol'ne ulozené medzi oba konce nervu tak, aby ich pre-
sahovali v zavislosti od dizky transplantatu o 5—10 mm. Pocet trans-
plantatov bol 2—4. Fascikuly, alebo skupiny fascikulov, sme spajali
Sicim materialom hodnoty 8.0 a spravidla sme davali 2—3 stehy.

Vsetkym pacientom sme vykonali viacero poopera¢nych tes-
tov, ktorymi sme urc€ili stupeni navratu citlivosti a motorickej tipravy.
Pri vlastnom hodnoteni sme postupovali podl'a Sedonovej klasifi-
kacie (1975). Motoricku upravu sme hodnotili podl'a 5-bodove;j
Skaly a stupen Upravy citlivosti podl'a 4-bodovej skaly. Za vybor-
né a vel'mi dobré vysledky sme povazovali upravu M4, resp. S3
a vyssie, za dobré M3 a S2. Vysledky MO—M2 a SO0—S1 sme
povazovali za nedostato¢né.

Klasifikacia motorickych funkcii:

M 0 — ziadne kontrakcie, M 1 — navrat hmatnej kontrakcie
v proximalnych svaloch, M 2 — navrat hmatnej kontrakcie v pro-
ximalnych a distalnych svaloch, M 3 — navrat funkcii v proxi-
malnych a distadlnych svaloch takého stupnia, ze vSetky dolezité
svaly su schopné dostatoc¢nej akcie voci odporu, M 4 — ndvrat
funkcie do M 3 s doplnenim, ze su mozné vsetky synergické
a samostatné pohyby, M 5 — kompletna néprava.

Klasifikdcia senzitivnych funkcii:

S 0 — absencia citlivosti v zone nervu, S 1 — névrat hlboke;j
koznej bolestivej citlivosti v zone nervu, S 1+ — navrat povrcho-
vej koznej citlivosti, S 2 — navrat povrchovej koznej bolestivej
citlivosti a Ciastocnej taktilnej citlivosti, S 2+—ako S 2 ale mier-
na odpoved’ navyse, S 3 — ndvrat povrchovej bolestivej a taktil-
nej citlivosti v zéne nervu a vymiznutie parestézii, S 3+ — ako
S 3 a ¢iasto¢na Uprava dvojbodovej diskriminacnej citlivosti, S 4
— kompletna naprava.

Vysetrenie EMG pred operaciou ukazovalo denervaciu u vset-
kych pacientov, ktorym bola nasledne vykonana rekonstrukénd ope-
racia au 15 pacientov (53,6 %), ktorym bola vykonana vonkajsia
neurolyza ako rozhodujuci a koneény chirurgicky vykon. Opakované
EMG vysetrenie sa robilo vSetkym pacientom. Doba sledovania bola
minimalne 1 rok. Véacsinu pacientov sme sledovali 3 a viac rokov.

Uplny alebo tazky motoricky deficit pri absencii spontannej
upravy v priebehu niekol’kych mesiacov (2—3) bol jednozna¢nou
indikéciou k operacii.

latrogénne, rezné alebo bodné poranenia boli osetrené spra-
vidla v priebehu prvych dni po uraze.
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Tab. 1. Dependence of the outcome of surgical treatment of peripheral nerves in upper extremities on the period between injury and operation.
Tab. 1. Zavislost’ vysledkov chirurgickej liecby periférnych nervov hornych kon¢atin od doby opericie po uraze.

Time Number Number s Neurolysis Suture Nerve graft
(months) of pts of nerves

Cas Pocet Pocet Neurolyza Sutara Nervovy
(mesiace) pacientov nervov transplantat
0-3 43 48 8/8 23/21 17/15

4 and more 80 92 22/18 42/37 28/24

Total 123 140 30/26 65/58 45/39

Values are expressed as number of treated cases/number of cases with recovery classified as M3 and better.
Hodnoty su vyjadrené ako pocet lieCenych pripadov/pripady s uzito¢nou tipravou M3 a viac.

Tab. 2. Dependence of the outcome of surgical treatment of peripheral nerves in upper extremities on patient age.
Tab. 2. Zavislost’ vysledkov chirurgickej liecby periférnych nervov hornych koncatin od veku pacienta.

Age Number of Number of

(years) patients nerves Neurolysis Suture Nerve graft
Vek Pocet Pocet Neurolyza Sutara Nervovy

(v rokoch) pacientov nervov transplantat
up to 20 20 22 5/5 11/11 6/6

over 20 103 118 25/21 54/47 39/33
Total 123 140 30/26 65/58 45/39

Tab. 3. Dependence of the outcome of surgical treatment of peripheral nerves in upper extremities on the length of autotransplant.
Tab. 3. Zavislost’ vysledkov chirurgickej liecby periférnych nervov hornych koncatin od dlzZky autotransplantatu.

Lenght Number Number of Results

of pts nerves
Dizka Pocet Pocet Vysledky
(cm) pacientov nervov MO-M1 M2 M3 M4 M5 S0-S1 S2 S3 S4
<5 31 31 1 1 4 10 15 1 8 10 12
6-10 6 8 4 2 2 4 2 2
>10 5 6 4 1 1 4 1 1
Total 42 45 5 1 9 13 17 5 13 13 14

for at least one year, monitoring period was extended for three and
more years for majority of them.

Complete or severe motor deficit with the absence of sponta-
neous recovery in the period of 2—3 months was the definite indi-
cation for the operation.

latrogenic damage, incisions or penetrating wounds were tre-
ated usually within first few days after the injury.

The presence of nerve action potentials played a significant
role in determination of the type of surgical intervention. Absence
of nerve action potentials for 2—3 months after the injury indica-
ted a neurotmesia with a minimal chance of spontaneous recovery
without an operation.

The analysis of the results of post-operational examinations of
patients was preformed in confrontation with general factors af-
fecting the result of operation with respect to: time period betwe-
en injury and operation (Tab. 1), patient age (Tab. 2), length of the
autotransplant (Tab. 3), character of the injury (Tab. 4), location
of the injury (Tab. 5 and 6), type of injured nerve (Tab. 7).

Pritomnost nervovych akénych potencialov mala dolezita lo-
hu pri urovani typu opera¢ného vykonu. Absencia nervovych
akénych potencidlov 2—3 mesiace po Uraze poukazovala na neu-
rotmézu s minimalnou $ancou na Gpravu bez operacie.

Vysledky poopera¢nych vysetreni pacientov sme analyzovali
v konfrontécii so v§eobecnymi faktormi ovplyviiujucimi vysledok
operacie v zavislosti od doby operdcie od urazu (tab. 1), veku pa-
cienta (tab. 2), dizky autotransplantatu (tab. 3), charakteru pora-
nenia (tab. 4), vysky poranenia (tab. 5, 6), druhu poraneného ner-
vu (tab. 7).

Vysledky

Z celkového poctu 123 pacientov sme u 58 (47,1 %) pozoro-
vali uplna Gpravu hybnosti, sily a EMG nalezu — klasifika¢ny
stupeit M5. Poopera¢nu Gplntl upravu hybnosti, sily, ale netiplni
upravu EMG néalezu sme zaznamenali v 17 pripadoch (56,7 %),
vonkajs$ej neurolyzy, v 34 pripadoch (52,3 %) rekonstrukénych
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Tab. 4. Dependence of the outcome of surgical treatment of

peripheral nerves in upper extremities on the character of

injury.

Tab. 4. Zavislost’ vysledkov chirurgickej lie¢by periférnych nervov hornych koncatin od charakteru poranenia.

Type of Number of Number of Neurolysis Suture Nerve graft
injury patients nerves

Druh Pocet Pocet Neurolyza Sutira Nervovy
poranenia pacientov nervov transplantat
incisions

rezné 92 106 14/12 59/55 33/32
others

iné 31 34 16/14 6/3 12/7
Total 123 140 30/26 65/58 45/39

Tab. 5. Dependence of the outcome of surgical treatment of peripheral nerves in upper extremities on the localisation of injury.
Tab. 5. Zavislost’ vysledkov chirurgickej lie¢by periférnych nervov hornych kon¢atin od vy$ky poranenia.

Location  Nerve Number
of injury of nerves Nerve graft
Vyska Nerv Pocet Neurolysis Suture Nervovy transplantat
poranenia nervov M0O-1 M-2 M-3 M4 M-5 MO-1 M-2 M-3 M-4 M-5 M0O-1 M-2 M-3 M4 M-5
Arm Median. 5 1 1 1 2
Rameno Ulnaris 7 1 1 1 1 1 1 1
Radialis 14 1 3 1 2 2 2 1 1 1
Fore.arm  Median. 11 1 2 1 1 3 3
predlaktie  Ulnaris 39 1 3 5 4 1 7 1 4 7 6
Radialis 13 3 1 1 4 1 1 2
Wrest Median. 32 2 1 5 4 2 12 1 2 3
Zapastie Ulnaris 19 1 2 4 4 6 2
Radialis
Total 140 3 1 4 5 17 2 5 14 10 34 5 1 9 13 17
Results operacii pomocou sutiry a v 17 pripadoch (37,8 %) rekonstruk¢-

Out of 123 treated individuals, 58 patients (47.1 %) experien-
ced full recovery of motor activity, strength and EMG recording
and were classified as M5. Full recovery of post-treatment motor
activity and strength but only partial recovery of EMG was regis-
tered in 17 cases (56.7 %) of external neurolysis, in 34 cases
(52.3 %) of reconstruction surgery by suture and in 17 cases
(37.8 %) of reconstruction surgery by nerve graft. Recovery of
sensitivity (classification S4) was registered in 16 cases (53.3 %)
of external neurolysis, in 31 cases (47.7 %) of suturation of perip-
heral nerves and in 14 cases (31.1 %) of reconstruction surgery by
nerve graft.

Results of surgical treatment were evaluated as good and ex-
cellent when the treatment was performed within the period of
first three months after injury (classification M3 and higher in 44
cases, i.e. 91.7 %). Extending the period between injury and treat-
ment generally reduced the outcome of surgical treatment (Tab. 1).

With respect to the age, best results were observed for young
patients aged below 20 years. We can state that recovery was ex-
cellent in all cases in this age category (Tab. 2).

There was a negative correlation between autotransplant length
and outcome of the transplantation. For nerve grafts up to 5 cm

nych operacii pomocou nervového transplantatu. Upravu citlivos-
ti (S4) sme pozorovali v 16 pripadoch (53,3 %), vonkajSej neuro-
lyzy v 31 pripadoch (47,7 %) oSetreni periférnych nervov pomocou
sutiry a v 14 pripadoch (31,1 %) rekonstrukciou nervovym trans-
plantatom.

Pri operaciach do 3 mesiacov boli dobré a vyborné vysledky,
klasifika¢ny stupent M3 a viac v 44 pripadoch (91,7 %). S narasta-
jucim ¢asom od urazu boli vysledky horsie (tab. 1).

Z hl'adiska veku sme najlepsie vysledky pozorovali u mladych
pacientov vo veku do 20 rokov. Mozno konstatovat’, ze vSetky
vysledky v tejto vekovej skupine boli vyborné (tab. 2).

Dizka autotransplantitu ma negativny vplyv na uspesnost’ trans-
plantécie. Pri nervovych transplantatoch do 5 cm dizky boli vy-
sledky vyborné (80,6 %), ale pri dizke nad 10 cm bola tspesnost’
len 16,7 % (tab. 3).

Druh poranenia ma svojim charakterom vel’ky vplyv na vysle-
dok restaurovania nervovej &innosti v poranenen;j konéatine. Cis-
té, napriklad rezné poranenie vytvara ovel'a priaznivejsie podmien-
ky pre upravu (99 zo 106 pripadov — 93,4 %) ako iné, ovela
komplikovanejSie poranenie (napr. trzné, pomliazdeniny a pod.)
(tab. 4).

Daliimi faktormi majucimi vplyv na vysledok operacie si:
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Tab. 6. Dependence of the recovery of sensitivity on the location of injury.

Tab. 6. Zavislost’ vysledkov tipravy citlivosti od vySky poranenia.

Location ~ Nerve Number
of injury of nerves Nerve graft
Vyska Nerv Pocet Neurolysis Suture Nervovy transplantat
poranenia nervov S0-1 S-2 S-3 S-4  SO-1 S-2 S-3 S-4 SO-1 S-2 S3 S-4
Arm Median. 5 1 1 1 2
Rameno Ulnaris 7 1 1 1 1 1 1 1
Radialis 14 2 1 1 1 2 2 2 2 1
Fore-arm  Median. 12 1 1 1 1 2 3 3
Predlaktie  Ulnaris 39 1 3 6 1 3 7 8 7 3
Radialis 12 3 1 1 3 1 1 2
Wrest Median. 32 1 1 1 5 1 2 6 9 1 2 3
Zapastie Ulnaris 19 1 2 6 2 6 2
Radialis
Spolu 140 7 3 4 16 9 14 11 31 5 13 13 14

Tab. 7. Dependence of the outcome of surgical treatment of peripheral nerves in upper extremities on the type of injured nerve.
Tab. 7. Zavislost’ vysledkov chirurgickej liecby periférnych nervov hornych koné¢atin od druhu poraneného nervu.

Nerve Number
of nerves Nerve graft

Nerv Pocet Neurolysis Suture Nervovy transplantat

nervov MO0-2 M-3 M4-5 MO-2 M-3 M4-5 MO0-2 M-3 M4-5
Medianus 48 1 2 9 4 17 1 3 11
Ulnaris 65 2 2 7 5 9 19 1 5 15
Radialis 27 1 6 2 1 8 4 1 4
Total 140 4 4 22 7 14 44 6 9 30

long, results were excellent in 80.6 % of treatments, however, the
success rate for graft length over 10 cm was only 16.7 % (Tab. 3).

The character of injury exerted a major effect on the outcome
of reconstruction of neural activity in injured extremities. Clean
wounds, e.g. incisions, set more favorable conditions for the reco-
very (99 from 106 cases — 93.4 %) when compared to more com-
plicated injuries (e.g. contusions) — (Tab. 4).

Other factors affecting the outcome of operation included:
— location of injury (upper part of arm, arm — proximal injury

forearm, wrist — distal injury),

— type of injured nerve (n. medianus, ulnaris, radialis)

Our results show that proximal injuries have significantly in-
ferior recoveries (Tables 5 and 6)

Comparing the results of motor and sensory recoveries we
have found no significant differences between reconstruction tre-
atment by means of suture and nerve grafts. The best results were
obtained with external neurolysis which might reflect preferen-
tial use of this technique for less severe nerve injuries. Similarly
no significant differences were observed when motor and senso-
ry recoveries were compared for individual injured nerves (Tab.
7). Probably the poorest results were seen for injuries of nervus
ulnaris with respect to both motor and sensory components. Bet-
ter results were observed for more distal injuries. For injuries of
nervus medianus and nervus ulnaris in the wrist area, recoveries
in 50 cases (98 %) were classified as M3 and better. Tables 5 and

— vyska poranenia (horné cast’ ramena, rameno — vysSie pora-
nenie, predlaktie, zapastie — nizSie poranenie),
— nerv, ktory je poSkodeny (medianus, ulnaris, radialis).

Podra nasich zisteni davali vyssie situované poranenia zretel-
ne horsie vysledky (tab. 5, 6)

Pri porovnévani vysledkov motorickej a senzitivnej upravy
sme nezaznamenali vyraznej$i rozdiel medzi rekonstrukénymi
operaciami pomocou sutiry alebo nervového transplantatu. Naj-
lepsie vysledky boli pri vonkajsich neurolyzach, ¢o je zrejme
dané zavaznostou poskodenia nervu. Pri porovnavani vysled-
kov motorickej a senzitivnej ipravy sme nezaznamenali podstatny
rozdiel medzi jednotlivymi nervami (tab. 7). Azda najhorsie vy-
sledky boli pri nervus ulnaris, a to v motorickej, ako aj v senzi-
tivnej zlozke. Lepsie vysledky sme pozorovali pri distalnejsich
poraneniach. Pri poraneniach nervus medianus a nervus ulnaris
bola v oblasti zapédstia uspesnost’ M3 a viac v 50 pripadoch (98
%). V tabul’kach 5 a 6 st vysledky operacii hornych koncatin
z tohto pohladu.

Diskusia

Operacie nervov hornych koncatin st priamou, ale ¢asto ¢aso-
vo naro¢nou procedurou vediicou k rieSeniu portich hybnosti sp6-
sobenych poskodenim periférneho nervu.
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6 show the evaluation of results of upper extremity surgeries form
this aspect.

Discussion

Surgery of nerves in upper extremities are a straightforward,
but often time-consuming procedure aimed at resolving of defec-
tive motility caused by injury of peripheral nerves.

Deliberation and reconstruction operations provide good con-
ditions for restoration of motor and sensory functions.

Altogether 95 reconstruction operations were performed in the
group of 123 patients treated in our clinic. Out of this 45 nerves in
42 patients were reconstructed by autotransplant. Nervus suralis
was used as autograft in all cases.

Reconstruction by classical suture was performed in 53 pa-
tients. In 10 of them, reconstruction involved 2 nerves and in 1
patient even 3 nerves.

External neurolysis was performed in 28 patients, in 2 of them
neurolysis was carried out for more than 1 nerve.

All patients passed a thorough clinical examination before the
operation. Indication for the treatment included a complete or se-
vere neurological deficiency and the absence of spontaneous re-
covery over the period of 2—3 months. Pre-treatment EMG exa-
mination revealed a denervation in all cases selected for
reconstruction surgery and in 15 cases (50 %) selected for delibe-
ration surgery.

Results of completed examinations were processed by com-
monly used standard procedures (Sedon classification). In 96 ca-
ses (68.6 %) a significant improvement of the condition could be
demonstrated both by objective and subjective evaluation (classi-
fication grade M4, M5). In 17 cases (12.1 %) none or just minimal
improvement was observed (classification grade M0, M2).

Best results (grade M4/MS5 in 73.3 % of cases) were obtained in
cases where external neurolysis was the definite surgical treatment.

Good results were observed in reconstruction operations invol-
ving suturation of peripheral nerve — 44 cases (67.7 % success rate).

The least favourable results were obtained in reconstruction
operations by nerve grafts — 30 cases (66.7 % success rate).

With respect to reconstruction operations, we did not observe
any significant difference between the classical suture and suture
performed by means of nerve graft. Post-operational EMG exami-
nation was performed in all patients. In several cases objective
examination as well as subjective feeling of the patient indicated
improvement of the condition, however, EMG examination did
not reveal any change compared to previous condition.

Restoration of sensory and motor functions depends much on
the time period between the injury and operation. Outcome of the
treatment declined with increasing length of this period. Early ope-
rations up to 3 months after the injury brought good and very good
results (classification grade M3 and more) in 44 cases (91.7 %).

The best results were obtained in young patients up to 20 ye-
ars old (20 of 20 cases — 100 % success rate) and for injuries by
clean incisions (93.4 % success rate).

Particularly good results were obtained for operations invol-
ving short grafts up to 5 cm where successful treatment (classifi-
cation grade M4, M5) represented 25 out of 31 cases (80.6 %).

Some of deliberation operations showed first recovery symp-
toms already after several days. Recovery symptoms for recon-

Delibera¢né a rekonstrukéné operacie poskytuji dobré pod-
mienky pre upravu motorickych a senzitivnych funkcii.

123 pacientom bolo vykonanych 95 rekonstrukénych opera-
cii. 42 pacientom bolo rekonsStruovanych 45 periférnych nervov
s pouzitim autotransplantatu. Vo vsetkych pripadoch sme ako auto-
transplantat pouzili nervus suralis. 53 pacientom boli vykonané
rekonstrukéné operacie pomocou klasickej sutary. Z toho 10 pa-
cientom boli rekonstruované 2 a 1 pacientovi 3 nervy. Vonkajsia
neurolyza bola vykonana 28 pacientom, z toho v 2 pripadoch islo
o neurolyzu viac ako 1 nervu.

Pri vonkajsej neurolyze byvaju lie¢ené najmenej zavazné tra-
umatické zmeny, ale naopak rekonstrukéné operacie nervovymi
transplantatmi najzavaznej$ie poranenia nervov so stratou nervo-
vych tkaniv.

Vsetci pacienti boli pred operaciou detailne klinicky vysetre-
ni. Indikaciou pre operaciu bol uplny, alebo tazky neurologicky
deficit, pri absencii spontannej upravy v priebehu 2—3 mesiacov.
Predopera¢né EMG vysetrenie ukazovalo denervaciu vo vsetkych
pripadoch rekonstrukénych operacii a v 15 pripadoch (50 %) de-
libera¢nych operacii.

Vysledky vykonanych vySetreni sme objektivizovali Standar-
dnymi postupmi, bezne pouzivanymi vo svete (Sedonova klasifi-
kacia). V 96 pripadoch (68,6 %) sme zaznamenali objektivne, aj
subjektivne vyrazné zleps$enie stavu (klasifika¢ny stupenn M4, M5).
V 17 pripadoch (12,1 %) sme nezaznamenali ziadnu, alebo len
minimalnu tpravu (klasifika¢ny stupeit M0, M2).

Najlepsie vysledky — (stupen tpravy M4—5 v 73,3 % pripa-
doch) sme pozorovali tam, kde vonkajsia neurolyza bola konec-
nym chirurgickym vykonom.

Dobr¢ vysledky boli pri rekonstrukénych operaciach sutirou
periférneho nervu — 44 pripadov (67,7 % tspesnost)).

Najmenej priaznivé vysledky boli pri rekonstrukénych opera-
ciach nervovym transplantatom — 30 (66,7 % Gspesnost)).

Pri rekonstrukénych operaciach, sme nepozorovali podstat-
nejsi rozdiel medzi klasickou suttrou a suturou pomocou ner-
vového transplantatu. Pooperacné EMG vySetrenie sme robili
vsetkym pacientom. Vyskytli sa pripady, ked” objektivnym vy-
Setrenim a aj subjektivne pacienti udévali zlepSenie, ale EMG
vySetrenie v porovnani s predchadzajucim neukazovalo ziadnu
zmenu.

Uprava senzitivnych a motorickych funkcii zavisi od doby
operacie po Uraze. S narastajucim ¢asom boli vysledky horsie.
Pri v€asnych operaciach do 3 mesiacov boli dobré a vel'mi dobré
vysledky, klasifika¢ny stupeft M3 a viac v 44 pripadoch
(91,7 %).

Najlepsie vysledky sa dosiahli u mladych pacientov vo veku
do 20 rokov (20 z20 — 100 % tuspesnost) a pri Cistych reznych
poraneniach (93,4 %).

Skutocne dobré vysledky sa dosahuju pri transplatatoch do 5
cm (80,6 %), ked’ z 31 operacii bolo 25 tspesnych (klasifikacny
stupeit M4, M5).

Pri delibera¢nych operaciach sa nickedy prvé priznaky tpravy
pozorovali uz po niekol’kych dioch.

Pri rekonstrukénych operaciach v zévislosti od r6znych fakto-
rov sa prvé priznaky mohli objavovat’ 3—12 mesiacov po operacii.

latrogénne poskodenia nervu sa vyskytli v 10 pripadoch
(10,5 %). Vcasné chirurgické osetrenie v tychto pripadoch malo
70 % tuspesnost’. Pri iatrogénnych poskodeniach bolo najéastej-
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struction operations might appear 3 to 12 months after the treat-
ment, depending on various factors.

latrogenic nerve injuries were present in 10 cases (10.5 %).
Early surgical treatment resulted in 70 % success rate here. The
most frequent cases in iatrogenic injuries included bandage of the
nerve in a suture and attachment of the nerve to the tendon or
eventually to another nerve.

It is difficult to compare the results of reconstitution of motili-
ty and sensitivity of upper extremities for the whole complex of
different operation techniques. In fact, we were not able to find
any similar reports to compare with. However, our results in re-
constitution surgery are comparable to results reported from other
hospitals (3, 7, 10, 11) throughout the world.

Conclusion

Early surgical revision associated with neurolysis and with re-
construction surgery (if necessary) is a fundamental factor in indi-
cated cases that affects the final outcome of the treatment and the
further social performance of patients. With respect to reconstruc-
tion operations, we did not observe any major differences between
classical suturation and the suturation by nerve grafts. This con-
slusion was valid also in cases involving a simultaneous recon-
struction of several nerves.
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Abstrakt

Matejcik V.:
Chirurgické lie¢enie poraneni periférnych nervov hornych koncatin
Bratisl. lek. Listy, 102, 2001, ¢. 4, s. 187-195

Vychodisko: Praca prezentuje vysledky operacii nervov hornych koncatin urobenych na nasom pracovisku
pocas 15 rokov (1985—1999). V praci uvddzame a hodnotime zékladné linie chirurgického liecenia roznych
poraneni nervov hornych koncatin.

Metody: 123 pacientom sme oSetrili 140 nervov hornych koncatin. 95 pacientom sme urobili 95 rekonstruk¢-
nych operacii mikrotechnikou. Vsetky rekonstrukéné operéacie sme urobili v pripadoch kompletného a perzis-
tujiceho neurologického deficitu, pri absencii nervovych akénych potencialov. 42 pacientom sme rekonstruo-
vali 45 nervov autotransplantatom. 53 pacientom sme urobili rekonstrukéné operacie suturou periférneho
nervu, pri ktorych sme oSetrili 65 nervov. Z toho 10 pacientom sme suturovali 2 nervy a 1 pacientovi 3 nervy.
28 pacientom sme urobili vonkaj$iu neurolyzu koneénym chirurgicko-liecebnym vykonom. Z toho 2 pacien-
tom sme urobili neurolyzu 2 nervov. Pri urovani typu operacného vykonu bola vzdy délezita pritomnost
nervovych akénych potencidlov. Analyzu Efektivnost’ operaéného vykonu sme analyzovali v zavislosti od:
doby od trazu po operaciu, veku pacienta, charakteru poranenia, vys§ky poranenia, druhu poraneného nervu,
typu operacného vykonu.

Vysledky: Najlepsie vysledky sme pozorovali pri vonkajSich neurolyzach a pri n. medianus. Pri hodnoteni
efektivnosti neurosutlry, sme nepozorovali vyraznejsi rozdiel medzi nervovymi transplantatmi a klasickou
sutirou. Rovnaké vysledky sme pozorovali pri hodnoteni operacii izolovaného poskodenia nervu a pripadov,
ked’ bolo rekonstruovanych viac ako 1 nerv. Dobré a vyborné vysledky boli typické pri v€asnych operaciach,
pri distalne lokalizovanych poraneniach a ¢istych reznych poraneniach, najmé v$ak u mladych pacientov.
Zaver: Vcasna chirurgicka revizia spojena s neurolyzou a v pripade potreby rekonstrukéna operacia je v indi-
kovanych pripadoch rozhodujicim faktorom ovplyviujicim vysledok operacie. Pri rekonstrukénych opera-
ciach sme nepozorovali podstatnejsi rozdiel medzi klasickou sutiirou a sutrou pomocou nervového trans-
plantatu. (Tab. 7, lit. 13.)

Krlacové slova: traumatickd 1ézia periférneho nervu, nervovy transplantat, sutira, neurolyza, rekonstrukéné
operacie periférneho nervu.
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