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SUMMARY - The aim of this study was to investigate the mechanisms and etiologic factors of
forearm nerve injuries. This retrospective survey included all patients treated surgically in Clinical
Department of Neurosurgery, Clinical Center of Serbia, from January 1, 2000 to December 31,
2010. All relevant data were collected from medical records. Statistical procedures were done using
the PASW 18 statistical package. Our study included 104 patients that underwent surgery after fo-
rearm nerve injury. The majority of admitted patients were male (n=84; 80.8%) and only 20 (19.2%)
were female. Ulnar nerve injury predominated with 70 cases, followed by median nerve with 54
(51.9%) cases and radial nerve with only 5 cases. Transection was the dominant mechanism of injury
and it occurred in 84.6% of cases. Injury by a sharp object was the most frequent etiologic factor and
it occurred in 62 (59.6%) patients, while traffic accident and gunshot injuries were the least common
etiologic factor of forearm nerve injury, occurring in 7 (6.7%) and 6 (5.8%) cases, respectively. Asso-
ciated injuries of muscles and tendons, bones and blood vessels occurred in 20 (19.2%), 16 (15.4%)
and 15 (14.4%) patients, respectively. The etiology and mechanism of peripheral nerve injury are of
great importance when choosing the right course of treatment in each individual patient because

timing and type of treatment are closely related to these factors.

Key words: Forearm injuries — epidemiology; Median nerve — injury; Radial nerve — injury; Ulnar
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Introduction

Injuries of peripheral nerves are a significant cause
of disability™?. Forearm nerve injuries are relatively
uncommon; however, they can be severe and associ-
ated with injuries of other tissues. Injury caused by
fall and hard object blow is often associated with bone
fracture. Sharp object lacerations due to close struc-
tural proximity are mostly associated with vascular
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lesions. Gunshot injuries can be associated with both
bone fractures and blood vessel injuries. Vascular
gunshot injuries often arise as a consequence of shock
waves caused by a projectile®*.

As hand has essential role in everyday life, loss of its
function is horrifying experience for patients. In many
cases, injury of peripheral nerve leads to disability and
loss of job, and since these injuries occur mostly in ac-
tive population, it is a big socioeconomic problem’™.
According to the level of injury, they can be roughly
divided into proximal and distal forearm nerve inju-
ries. Proximal nerve injuries often have worse prog-
nosis and poorer surgical outcome in comparison with
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distal forearm nerve injuries'>?. The reason for this is
alonger distance of the site of injury from the end mo-
tor organ which axon has to bridge to regenerate nerve
in proximal forearm injuries. Also, proximal forearm
nerve injuries affect a greater number of muscles caus-
ing a higher degree of disability.

'The aim of this paper is to present the etiology and
mechanisms of forearm nerve injuries in 104 patients
treated at Clinical Department of Neurosurgery,
Clinical Center of Serbia, during an 11-year period,
from January 1, 2000 until December 31, 2010.

Patients and Methods

This retrospective study included 104 patients
operated on for forearm nerve injury at Clinical De-
partment of Neurosurgery, Clinical Center of Serbia,
during an 11-year period, from January 1, 2000 until
December 31, 2010. The study included only patients
in whom nerve injury occurred as a consequence of
trauma, while patients that underwent surgery due to
the nerve entrapment syndrome or peripheral nerve

Table 1. Distribution of forearm nerve injuries according to injured nerve and injury
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patients from different
age groups.

sheath tumor were excluded from the study. All rele-
vant data were obtained from medical records of these
patients.

Statistical analysis was performed using the PASW
18 statistical package. For description of the param-
eters of interest, we used the methods of descriptive
statistics: measures of central tendency (mean value),
range, percentages and tabulation.

The study was approved by the relevant Ethics
Committee and it was part of a doctoral thesis proj-
ect.

Results

Out of 104 treated patients, 84 (80.8%) were male
and 20 (19.2%) female. In our patient group, the most
frequently injured nerve was ulnar nerve. This nerve
was injured in 70 patients, however, 23 patients had
both ulnar and median nerve injury and one patient
had injuries of all three forearm nerves, ulnar, median
and radial nerve. The least frequently injured nerve
was radial nerve, which was injured in five patients,
with four patients having
isolated radial nerve injury.
The average age of study

localization
patients was 32 years. The
Nerve n (%) Left/Right | Proximal/Distal ~ youngest one was 8 and the
Ulnar 46 (44.2%) 25/21 12/34 oldest 56 years old. 'The ma-
Median 30 (28.8%) 11/19 7/23 jority (67.3%) of injured pa-
Radial 4(3.8%) 13 4/0 tients were aged between 21
Median and ulnar 23 (22.1%) 15/8 5/18 and 50 years (Fig. 1). ‘There
i i was no significant differ-
Median, ulnar and radial 1 (1%) 1/0 0/1 b . . 1
, ence between injured sides;
Total 104 (100%) 53/51 28/76 53 patients had injury of the
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Table 2. Distribution of the mechanism and etiology of  Tuble 4. Associated injuries in study patients

forearm nerve injures in study patients

Mechanism of injury

88 (84.6%)
16 (15.4%)

Transection

Traction and contusion

Etiology of injury

62 (59.6%)
11 (10.6%)
12 (11.5%)

Injury by sharp object
Injury by chainsaw or grinder

Fall

Gunshot injury 6 (5.8%)
Traffic accident 7 (6.7%)
Other 6 (5.8%)

left and 51 of the right forearm. From the topographic
point of view, injury of the distal part of the forearm
was 2.7-fold more often recorded than injury of the
proximal part of the forearm (Table 1).

There were two mechanisms of injury in our study:
1) transection; and 2) traction and contusion.

Transection was more than 5 times more frequent
mechanism of injury than traction and contusion
(Table 2). Nerve injuries of the forearm were mostly
caused by sharp object (59.6%) or by fall (11.5%). Gun-
shot injuries and traffic accidents were not so frequent
cause of forearm nerve injury in our group (Table 2).
Falls, traffic accidents and gunshot injuries caused in-
jury of the nerve by both mechanisms, while injury by
sharp object, chainsaw or grinder caused only transec-
tion of the nerve in our study patients (Table 3). Of 62
patients injured by a sharp object, four were injured

Table 3. Cross-table: mechanism and etiology of forearm
nerve injury

Mechanism of injury
Transec- Traction and
tion contusion

Inj.ury by sharp 62 0

B~/ object

% Injur.y by chainsaw 1 0

& | or grinder

g Fall 5 7

':‘; Gunshot injury 3 3

& | Traffic accident 3 4
Other 4 2
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. . nof % of
Associated injuries . .
patients patients
Cranial injuries 1 0.96%
Thoracic traumas 3 2.88%
Abdomen traumas 1 0.96%
Vascular injures 15 14.42%
Long bone fractures 16 15.38%
Muscle and tendon injuries 20 19.23%

*Total percent of patients with associated injuries is different from
the sum of percentages in the table because many patients had
more than one associated injury

during suicide attempt by cutting the forearm blood
vessels.

Concerning associated injuries, 20 (19.23%) pa-
tients had muscle or tendon injury of the forearm, but
forearm bone fracture and vascular trauma were also
frequent, observed in 16 (15.38%) and 15 (14.42%)
cases, respectively (Table 4). The total number of pa-
tients with associated injuries was 47 or 45.2% of the
total number of patients.

Distribution of nerve injuries among patients of
different age groups is shown in Figure 1. A high
prevalence of injury was recorded in patients aged 16-
55. The mean time elapsed from injury to surgery was
4.95+3.49 months. In 74% of cases, surgery was per-
formed in the first 6 months after injury and 37 pa-
tients (35.6% of all patients) were operated in the first
3 months. In just 3 cases, surgical treatment was per-
formed 12 months after injury. In 48.4% of patients
injured by a sharp object, surgical reconstruction was
performed in the first 3 months of injury. Delayed
treatment (more than three months after injury) was
performed in 85.7% of patients injured in traffic ac-
cidents, 83.3% of those injured on fall and 66.7% of
those with gunshot injury.

Discussion

Depending on the severity of the injury and as-
sociated injuries, forearm nerve injuries can be life
threatening, especially in cases with associated vascular
trauma. Although associated injuries are mainly suc-
cessfully repaired, injury of the nerve itself can leave
permanent consequences in terms of the ability to use
the arm, hand or fingers. Most studies dealing with in-
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juries of peripheral nerves, especially nerves of upper
extremities, are concentrated on the results of surgery,
in the form of motor and sensory recovery, and even-
tually the time of the recovery plateau. In previously
published studies on the epidemiology of nerve injuries,
forearm nerve injuries are presented just as a fragment
of studies, and they are not presented in detail'®"". The
lack of epidemiological studies of peripheral nerve in-
juries in general, and specifically of forearm nerve inju-
ries, can be explained by the relatively small percent of
these injuries in relation to the total number of trauma,
and due to the relatively small number of specialized
centers that deal with surgical reconstruction of injured
peripheral nerves. In one large epidemiological study
which covered a 15-year period and included 16 753
patients, 219 patients had injuries of peripheral nerves,
yielding a prevalence of 1.3%. The most common loca-
tion of nerve injury was forearm'.

In another study which dealt with the prevalence of
peripheral nerve injuries of upper and lower extremi-
ties in multi trauma patients, 162 of a total of 5777 pa-
tients had nerve injury, yielding a prevalence of 2.8%.
One hundred and twenty-one of these 162 patients
had injury of the nerves of upper extremities”. The
prevalence of forearm nerve injuries is much higher
than the prevalence of upper arm and brachial plexus
nerve injuries. The higher prevalence of forearm nerve
injuries can be explained by the superficial position of
nerves in the forearm region, which is often in con-
tact with or near sharp objects we handle on a daily
basis®.

In our study, there were 84 (80.8%) male and 20
(19.2%) female patients and their average age was 32
years. Distribution of peripheral nerve injuries accord-
ing to gender and mean age of patients in previously
published papers on the topic of peripheral nerve in-
juries is comparable to our study. Soheil e a/. in their
comprehensive epidemiological study had 83.1% of
male and 16.9% of female patients, average age of 33
years'®. In his retrospective study that included 456
patients with peripheral nerve injuries, Kouyoumdjian
had 74% of male and 26% of female patients, mean
age 32.4 years, age range from 4 to 79 years'. The av-
erage age of patients in the study by Ciaramitaro ez
al. was somewhat higher, 37 years, but gender distri-
bution of nerve injuries was comparable to our study,
i.e. 75% of male and 25% of female patients*. In our
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study, age range was 8-56, with the highest prevalence
in active population aged 16-55 (Fig. 1). Because of
the disabling effects in active population, this particu-
lar pathology carries long-term socioeconomic conse-
quences, inability to perform previous job, or losing
working ability altogether’.

According to the published literature, number
one cause of peripheral nerve injury is traffic ac-
cident'®»*21, When it comes to the etiology of pe-
ripheral nerve injuries of the forearm, the dominant
etiologic factor is cutting, mostly by sharp or broken
objects that we use in everyday life?>?*. In our study,
also, the dominant etiologic factor was cutting by a
sharp object, which was the cause of 59.6% of all in-
juries of forearm nerves. The remaining 40.4% of in-
juries were caused by fall (11.5%), chainsaw or grinder
(10.6%), gunshot injuries (5.8%), traffic accidents
(6.7%) and other (5.8%) (Table 3). In our study, four of
62 patients injured by sharp object were injured dur-
ing suicide attempt.

Injuries of forearm nerves can be roughly divided
into injuries of proximal and of distal forearm. This
topographic division has practical importance from
the perspective of potential nerve recovery and func-
tionality of the hand, since it has already been shown
that distal injuries have better prognosis of recov-
ery'?™®. Patients with proximal nerve injuries of the
forearm have significantly less chances to return to
their previous job as compared with patients with dis-
tal forearm nerve injuries’. In our study, distal fore-
arm nerve injuries occurred more frequently in com-
parison to proximal forearm nerve injuries, 76 to 28
patients. The exception was radial nerve, which was
more often injured in the proximal part of the fore-
arm (Table 1). Other studies assessing injuries of the
median and ulnar nerve of the forearm also showed a
higher frequency of injuries of these nerves in distal
forearm?*?. The explanation for different prevalence
in topography of median and ulnar nerves in com-
parison to radial nerve and its branches lies in their
anatomical location and etiology of injury. In contrast
to radial nerve, median and ulnar nerves are located
anteriorly, and as a consequence handling with sharp
objects is more likely to injure these nerves than the
one located posteriorly.

Associated forearm nerve injuries are common and
almost every other patient in our study had it. As-
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sociated injury in our study included injury of fore-
arm muscles and tendons, bone fracture and vascular
trauma. Head and body injuries occurred only in 5
(4.81%) cases (Table 4). The etiology and mechanism
of the most frequent type of injury in our study, injury
by a sharp object, may explain the high frequency of
associated injuries of the surrounding muscles, ten-
dons and blood vessels.

In 74% of cases, surgery was performed in the
first 6 months and 37 patients (35.6% of all patients)
were operated in the first 3 months after injury. In
just 3 cases, surgical treatment was performed after
12 months of injury. Opinions about timing of the
surgery are divided among experts in peripheral nerve
surgery. Some experts believe that patients with evi-
dent nerve transection should be operated immedi-
ately. Others, however, believe that it is better to wait
for 3 weeks, when the process of Wallerian degenera-
tion is over. The majority of surgeons agree that nerve
reparation procedure should be executed within the
first 6 months after injury, at the latest within a year.
After that period of time, results of surgical treatment
are poorer. However, in the last years, ever more in
peripheral nerve surgery advise additional examina-
tion for late referrals. The claim is that if there are
fibrillations present in the muscle, surgical treatment
is indicated even one or more years after injury, and
the results are satisfactory®.

The etiology and mechanism of injury are among
the most significant factors in treatment modality de-
cision making. Timing of the surgery is determined by
it, as previously explained. Also, the choice of treat-
ment depends on these factors. In transection injuries,
and especially in cases where the injury of the nerve
is evident from the moment of injury, surgery will be
performed earlier. With this in mind, nerve tissue
will not be contracted, so direct suture of the nerve
usually can be accomplished. And with this, chances
for full recovery are high. However, in traction and
contusion injuries, although continuity of the nerve is
macroscopically intact, a larger portion of the nerve is
affected. Surgery is usually performed between 3 and
6 months after injury, and in this period nerve stumps
are retracted. During the surgery, particular portion
of the nerve is found “empty”, so together with retrac-
tion of nerve stumps and resection of the damaged
nerve, a large defect is present. There is no possibility
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for direct suture, so nerve grafting or neurotization
must be performed. Results of these types of treat-
ment are usually poorer?®.

Conclusion

Traumatic injury of peripheral nerves is a world-
wide problem and it is particularly important because
it affects younger population and can result in signifi-
cant disability. Our study showed that transection was
more than 5-fold more frequent mechanism of injury
than traction and contusion, and that it was mostly
inflicted by a sharp object. For this reason, this pa-
thology is also a great socioeconomic problem. The
importance of etiology and mechanism of peripheral
nerve injury is great when selecting the right course
of treatment for each individual patient because tim-
ing and type of treatment are closely related to these
factors.
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Sazetak
EPIDEMIOLOGIJA OZLJEDA ZIVACA PODLAKTICE - RETROSPEKTIVNA STUDIJA
L. Rasuli¢, V. Puzovié, K. Rotim, M. Jovanovié, M. Samardzic, B. Zivkoviéi A. Savié

Cilj ovoga rada bio je procijeniti mehanizme i etioloske ¢imbenike ozljeda perifernih Zivaca podlaktice. Ova retrospek-
tivna studija je obuhvatila sve bolesnike kirurski lije¢ene u Klinici za neurokirurgiju Klini¢kog centra Srbije u razdoblju od
1. sije¢nja 2000. do 31. prosinca 2010. godine. Svi relevantni podaci su dobiveni iz medicinske dokumentacije. Statisticka
obrada podataka je na¢injena primjenom statistickog paketa PASW 18. U nasoj studiji koja je ukljucivala 104 bolesnika
operirana zbog povrede perifernog Zivca podlaktice veéinu su ¢inili muskarci (n=84; 80,8%), dok je bilo samo 20 (19,2%)
zena. Najeesce ozlijedeni Zivac bio je ulnarni Zivac u 70 sluajeva, potom medijani Zivac u 54 (51,9%) slucaja, dok je najrjede
bio ozlijeden radijalni Zivac i to u 5 slu¢ajeva. Transekeija Zivca je bila dominantni mehanizam ozljede Zivca, a utvrdena je
u 84,6% bolesnika. Lezija Zivca ostrim predmetom je bila najceséi etiologki ¢imbenik utvrden kod 62 (59,6%) bolesnika,
dok su prometni traumatizam i ozljeda vatrenim oruzjem bili najrjedi etioloski ¢imbenici ozljede perifernog Zivca podlak-
tice 1 javili su se u 7 (6,7%) odnosno 6 (5,8%) slucajeva. Udruzene ozljede misica i tetiva, kostiju i krvnih Zila nadene suu
20 (19,2%), 16 (15,4%) odnosno 15 (14,4%) slucajeva. Etiologija i mehanizam ozljede perifernih Zivaca veoma su vazni za
odabir pravog nacina lije¢enja kod svakog pojedinog bolesnika, jer su vrijeme i vrsta kirur§ke operacije usko vezani za ove
¢imbenike.

Kljuéne rije¢i: Podlaktica, ozljede — epidemiologija; Nervus medianus — ozljeda; Nervus radialis — ozljeda; Nervus ulnaris —
ozljeda
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