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Sažetak
Reginalna anestezija se razvija veoma brzo i postaje sve popularnija. 
Razlog tome je što je regionalna anestezija široko integrirana u terapiji 
bola, u toku pre, intra i postoperativnog perioda. Blokade perifernih nerava 
se koriste kod sportskih ozljeda, a injiciranje lokalnih anestetika u blizini 
nerava ima primjenu i za dijagnosti ke i terapijske svrhe u sportskoj medi-
cini. Me utim, regionalna anestezija nosi odre eni rizik od nervne ozljede, 
prouzrokovane intraneuralnom injekcijom. Za njihovu prevenciju danas 
su u upotrebi nekoliko razli itih metoda, ali ozljede nerava se još uvijek 
dešavaju. 
Cilj ovog rada je ustanoviti vrijednosti pritisaka koji se javljaju tokom in-
traneuralnih i perineuralnih aplikacija lokalnog anestetika, i usporediti te 
vrijednosti kako bi se izbjegli slu ajevi intraneuralnih injekcija u klini koj 
praksi sa posljedi nim komplikacijama.
U ovoj eksperimentalnoj studiji koristi smo 12 Wistar pacova. Nakon op e 
anestezije, ishijadi ni nervi (n = 24) su bili izloženi bilateralno. Pod direkt-
nom vizualnom kontrolom, igla je plasirana intraneuralno ili perineuralno, 
a 3 ml 2% lidokaina je ubrizgano koriste i automatsku infuzionu pumpu 
(3 ml/min). Podaci o pritisku su dobiveni pomo u manometra spojenim 
za kompjuter. Nakon aplikacije i bu enja iz op e anestezije životinje su 
podvrgnute neurološkom pregledu tokom narednih 7 dana.
Iako su sve perineuralne injekcija rezultirale pritiskom  27,92 kPa, ve ina 
intraneuralnih injekcija su bile udružene sa injekcionim pritiskom  69,8 
kPa. Razlika izme u prosje nih vrijednosti intra i perineuralnih injekcija 
(sa 95% sigurnosnim intervalom) je bila signifikantna (t= 3,14; df = 6, 
P = 0,02). Tako er, rezidualni neurološki deficit bio je prisutan samo na 
onim stražnjim ekstremitetima nakon intraneuralnih injekcija udruženih sa 
injekcionim pritiskom > 69,8 kPa.
Injekciona aplikacija u razli ita tkiva rezultira razli itim vrijednostima injek-
cionog pritiska, što ovisi o strukturi, kompaktnosti i elasti nosti tkiva. Sve 
dok je injekcioni pritisak nizak, injekcija u slabo popustljivo tkivo može biti 
izbjegnuta, a neurološka ozljeda prevenirana. 

Klju ne rije i: sportske ozljede, nervne blokade, injekcioni pritisak 

Abstract
The Regional anesthesia is evolving rapidly and becoming increasingly 
popular. The reason is that conductive anesthesia is widely integrated 
in the treatment of pain, during the pre, intra and postoperative period. 
Nerve blocks are available for the management of sports related injuries 
and injection of local anesthetics in the vicinity of nerve is used for both 
diagnostic and therapeutic purpose in sports medicine. However, regional 
anesthesia carries certain risk from nerve injury, caused by intraneural 
injection. For their prevention today are in use few different methods, but 
the nerve injury can still occur.
The purpose of this work is to determine the values of pressures which 
appear during intraneural and perineural application of local anesthetic, 
and to compare those values in order to avoid cases of intraneural injec-
tions in clinical practice with consequential complications.
In this experimental study there have been used 12 Wistar rats. After 
general anesthesia, the sciatic nerves (n=24) were exposed bilater-
ally. Under the direct visual control, the needle was placed intraneural 
or perineural and 3 ml of lidocaine 2% was injected using an automated 
infusion pump (3 ml/min). Injection pressure data were acquired using a 
manometer coupled to a computer. After application and awakening from 
general anesthesia, the animals were subjected to neurological examina-
tion during the next 7 days.
Even though all perineural injections resulted with the pressure  27,92 
kPa, the majority of intraneural injections were combined with the injec-
tion pressure  69,8 kPa. The difference between average values of intra 
and perineural injections (with 95% safe interval) was significant (t=3,14; 
df=6; P=0,02). Also, residual neurologic impairment was present only 
in those hind limb after intraneural injections which was associated with 
injection pressures > 69,8 kPa.
Injection application in different tissues results in different values of injec-
tion pressures, which depends on structure, compactness and elasticity 
of tissue. As long as the injection pressure is low, injection into poorly 
compliant tissue can be avoided and the neurological damage can be 
prevented. 
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Introduction 

Regional anesthesia is evolving rapidly and increasing in popular-
ity as evidences by the large number of publication on the topic 
(1,2,3). This is because conductive anesthesia is widely integrat-
ed in the treatment of pain, during the pre, intra and postoperative 
period. With its application, we can suppress pain from various 
injuries, sprains, dislocations, bone fractures, pain caused by 
nerve root compression or pain due to inflammatory processes. 

Peripheral nerve block is commonly performed to provide sur-
gical anesthesia and postoperative analgesia. Nerve blocks are 
available for the management of sports related injuries and injec-
tion of local anesthetics is used for both diagnostic and therapeu-
tic purpose in sports medicine (4,5). 

Nerve damage after regional anesthesia is appropriately regarded 
as a major complication. There are many possible causes for 
such injuries. One causative factor that has been the subject of 
intense discussion involves the direct intraneural injection of local 
anesthetics. The deleterious effect of such injuries was demon-
strated by Salander nearly 30 years ago (6). Since that time, we 
have been advised to avoid direct contact between the needle 
and nerve. 

Scientists have been searching for a method which would pre-
vent intraneural injection. Today are in use few different methods: 
paresthesia, peripheral nerve stimulator and ultrasound.  However 
the injury can still occur, independent from the used techniques.



HOMO SPORTICUS ISSUE 1 201218

Injection application in different tissues results in different values 
of injection pressures, which depends on structure, compactness 
and elasticity of tissue. 

The purpose of this work is to determine the values of pressures 
which appear during intraneural and perineural application of local 
anesthetic, and to compare those values in order to avoid cases 
of intraneural injections in clinical practice with consequential 
complications.

Materials and Methods

In experimental study there have been used 12 Wistar rats (300-
350 g, 3 months old). Animals were housed in central animal 
care facility and given rat chow and water ad libitum. The study 
was performed at the Faculty of Medicine in collaboration with 
Columbia University from New York. All study procedures were 
approved by the Ethical Committee of the Faculty of Medicine 
University of Sarajevo.

On the day of experiment, the rats were anesthetized with pen-
tobarbital sodium (30 to 50 mg per kilogram of body weight) 
administered intraperitoneally. The sciatic nerves (n=24) were 
exposed bilaterally through a gluteal muscle-splitting incision us-
ing aseptic technique. Under the direct visual control, the needle 
(Becton Dickinson Microlance 000800), with the diameter 27 G 
(gauge), 12,7 mm long cut, under the angle of 45°, in the direc-
tion distal - proximal was placed intraneural (subperineural) into 
sciatic nerve on one side, and then perineural (subepineural) to 
the other side of both examination groups. Using the automatic 
syringe charger (PHD2000; Harvard Apparatus, Holliston, MA), 
which regulates the volume and the speed of applied solution, in 
previously mentioned structures we applied 3 ml of 2% lidocaine 
(Bosnalijek, Sarajevo), with speed of 3ml/min.
In this study the following methods have been used: 
1. Measuring and analyzing of intraneural and perineural injec-

tion pressure
2. Evaluation of neurological status of the animals

- The data of achieved pressures during intraneural and perineu-
ral applications we registered using the manometer (PG5000; 
PSI-Tronics Technologies Inc, Tulare, CA) (Figure 1.) connected 
to the computer by analogue digital converter (DAQ card 6023; 
National Instruments, Austin, TX), The data of pressures we ana-
lyzed using the special software package BioBench 1,2; National 
Instruments, Austin, TX, intended for registration and analysis of 
data which are obtained in various medical researches, as well 
for educational needs. In this study we used BioBench program 
in order to register and analyze the values of pressures during 
intraneural and perineural application, registering also the time 
interval needed for the application.

After executed injection application and awakening of animals 
from general anesthesia the methodic neurological examination 
has been implemented, in certain time intervals (immediately after 
awakening, each two hours during the 12 hours of first day, and 
one time during next 7 days). Neurological examination has been 
conducted by Thalhammer’s neurological examination (7), and 
included assessment for the proprioception, motor function and 
nociception by the following criteria:

• Proprioception was evaluated  by testing postural reactions 
(tactile placing response - the rat was kept in a normal rest-
ing posture, toes of one foot were flexed with their dorsal 

placed onto the supporting surface, and the ability to repo-
sition the toes was evaluated). The functional deficit was 
graded as: 0 - normal; 1 - slightly impaired; 2 - severely 
impaired; 3 - absent.

• Motor function was evaluated by measuring the extensor 
postural thrust: the rat was held upright with the hind limb 
extended so that the body’s weight was supported by the 
distal metatarsus and toes, and the extensor postural thrust 
could be measured as the force applied to the digital bal-
ance, the force that resists contact of the platform balance 
by the heel. The reduction in the force, representing reduced 
extensor muscle tone, was considered as a deficit of motor 
function and expressed as a percentage of the control force.

• Nocoception was evaluated by observing the withdrawal of 
the limb in response to a noxious stimulation as:
4 - normal withdrawal reaction, brisk withdrawal of the paw, 
vocalization, bites the forceps;
3 - slower withdrawal reaction, weaker withdrawal of the 
pinched extremity, vocalization, no attempts to bite the for-
ceps;
2 - slow withdrawal reaction, no vocalization, no attempts 
to bite the forceps;
1 - barely perceptible withdrawal, no vocalization, no at-
tempts to bite the forceps;
0 - no withdrawal, no vocalization, no attempts to bite the 
forceps;
The lasting of block is defined as time which passes until the 
response returns to score 3 (75 % of normal).

Statistics: Statistical analysis has been executed by using SPSS 
program, version 11.5. Maximum pressure value during intra-
neural and perineural injection has been compared using paired 
t-test. The occurrence of neurological injuries is compared be-
tween intraneural and perineural injections using McNemar’s test 
for paired proportions. P value  0.05 is considered significant.

Figure 1. Manometer
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Results

The results of acquired application pressures
All injections were characterized by increase of pressure in the 
beginning of application, resulting in maximum pressure, which 
was then followed by significantly lower pressure during the re-
maining part of application. 

Even though all perineural injections resulted with the pressure  
27,92 kPa, the majority of intraneural injections were combined 
with the injection pressure  69,8 kPa.

In rats, during intraneural applications, the maximum pressure 
was 124,13 kPa, while the minimum pressure was 69,8 kPa, 
achieved in peak effect. Maximum pressure reached in all peri-
neural applications was 26,52 kPa and minimum was 13,26 kPa, 
also achieved in peak effect (Charts 1, 2).

The average value of maximum pressure achieved in peak effect 
for intraneural injection was 94,23±30,01 kPa (the average val-
ue ± standard deviation), in comparison to 23,03±5,58 kPa for 
perineural injection (P  0,05). The difference between average 
values of intra and perineural injections (with 95% safe interval) 
was significant ( t=3,14; df=6; P=0,02).

Results of neurological examination of experimental animals
After executed neurological exam, it has been established that all 
intraneural injections joined with high application pressure result-
ed with failings which lasted more than 24 hours, and neurologi-
cal deficits were evident yet at the end of experiment, after 7 days, 
which clearly shows that intraneural injection caused the nerve 
damage.On the contrary, all injections combined with low injec-
tion pressure, whether they intraneural or perineural didn’t result 

with neurological sequels at the end of experiment. Furthermore, 
in most cases neurological deficit has withdrawn within first 24 
hours of experiment, (Charts 3,4,5).

     

Discussion    

In the last few decades there has been a great development of 
regional anesthesia; all the postulates are defined and all the tech-
niques of usage are perfected. The world trend of favoring various 
techniques of regional anesthesia is a result of the advantages 
that the regional anesthesia comes with, especially in comparison 
with the general anesthesia, like avoiding hemodynamic instabil-
ity and lung complications and enabling faster mobilization and 
earlier release of the patients to their homes (8). In this healthcare 
environment, continual assessment of the safety and efficacy of 
clinical practice is critical. Neurologic complications of regional 
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Chart 1. Intraneural application in rats
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anesthesia can result in disability and are feared by patients and 
clinicians. Our study shows that detection of pressure during pe-
ripheral nerve blocks is unique as a nerve localizing technique in 
terms of being able to avoid needle-nerve contact and potentially 
prevent direct trauma to nerves. 

The incidence of permanent nerve damages during periphery 
nerve blocks varies between 0,02% and 0,04%, depending on 
the type of damage and the amount of time spent observing (9). 
The incidence of persistent neurological damage decreases with 
time. The proofs of neurological abnormality can be found in 19 
% of patients in first 24 hours, then they are decreasing to 3-8% 
through 4-6 weeks, and in 1 year they are reduced to 1% (10). 

Based on the available data it can be noticed that so far none of 
the methods of prevention of unwanted complications of regional 
anesthesia can insure the avoidance of intraneural injection of lo-
cal anesthetic. There are many discussions about how to prevent 
intraneural injection and nerve damage coupled with periphery 
nerve block, and all debates are focused on methods of nerve 
localization (paresthesia, nerve stimulator and ultrasound). 

The oldest method in detection of nerve structures during pe-
ripheral nerve blockade is method of paresthesia. Many anes-
thesiologists intentionally cause paresthesia during the execution 
of periphery nerve blockade in order to reliably localize nerve 
structures. But causing paresthesia can represent a direct trauma 
with needle and theoretically increased risk of neurological in-
jury. Selander and associates reported a high incidence of nerve 
damages in patients that had parasthesia that was intentionally 
caused during the axillary block (11). Aurory and associates no-
ticed that all cases of radiculopathy, after blockade of periphery 
nerve, were coupled either with paresthesia during the placement 
of the needle or with painful response to injection and they had 
the same topographic distribution like connected paresthesia 
(12). Does causing parasthesia present direct needle trauma, 
which increases the risk of nerve injury, still remains question-
able. However today there is a tendency toward the abandonment 
of this method in many centers. 

In present clinical practice for the detection of nerve structures 
most often are used periphery nerve stimulators. However, it 
should be pointed out that the nerve stimulators used in block-
ade of peripheral nerves quite vary in their characteristics, like 
stimulating frequencies, maximal production of voltage, duration 
of stimulus and their preciseness (13,14). 

Today’s progress of ultrasound technology enables visualization 
of nerve before the insertion of a needle, which represents one 
new, not invasive method in localization of nerve structures in 
procedures of regional anesthesia. Observing the advancement 
of a needle in real time under ultrasound navigation improves the 
preciseness and safety of the procedure of peripheral nerve block.  
Ultrasound apparatus sends sound waves with the frequency 
greater than 20,000 cycles per second (20 kHz). Ultrasound con-
trols the beam under the laws of reflection and refraction. How-
ever, the quantity of ultrasound reflection depends on acoustic 
mismatch. Propagation through dense objects, like bone for ex-
ample which is filled with almost all reflected rays of ultrasound, 
produces hyperechoic (bright) image, as a strong signal returned 
to the emitter. In the contrary, fatty tissue and tendons have low 
reflection, therefore they produce hypoechoic (dark) images. The 
contours of structures are best delineated when the ultrasound 
beam is used under the angle of 90 degrees. Generally speaking, 
in transversal presentation the nerves can be seen as round or 

oval structures which are nodular and hypoechoic, usually with 
centrally located hyperechoic shadow (15,16,17). 

So far the experience of using ultrasound in procedures of region-
al anesthesia showed to be useful for the following: visualization 
of nerves which helps in defining the best place for the insertion 
of a needle, placement and advancement of a needle securing 
the real time navigation of the needle towards the targeted nerve, 
which avoids or at least minimizes unnecessary randomized 
movements by executor in trying to achieve wanted level of anes-
thesia and observation of spreading of local anesthetic during the 
injection securing its deposit around the nerve.

Contrary to high successfulness in achieving wanted level of an-
esthesia and even higher safety during the procedure of regional 
anesthesia, the use of ultrasound method has also some impor-
tant disadvantages (high price of ultrasound apparatus, making 
it less accessible, and its big size, making it less portable). This 
is exactly what distinguishes our methods, detection of nerve 
structures using application pressure. Also, presently available 
ultrasound technology does not differentiate between peripheral 
nerves and tendon fibers, which with sometimes poor picture 
resolution presents additional disadvantage of this method.

Anesthesiologists often rely on subjective estimate of abnormal 
resistance to injection during the performance of periphery nerve 
block, knowing that intraneural injection results with bigger resis-
tance to injection. Hadzic and associates showed that the percep-
tion of the resistance can rather vary among the anesthesiologists 
and that this method is inconsistent and can be affected by dif-
ferent designs of needles (18). The earlier studies carried out on 
rabbits showed that generally higher pressure (higher than 76,78 
kPa) is needed in order to inject local anesthetic into intraneural 
space, in comparison to paraneural application (19). Also the 
injection of local anesthetic into sciatic nerve of a dog resulted 
in high application pressure (20,21). In our study the majority 
of intraneural injections into sciatic nerve of rats were combined 
with injection pressure greater then 69,8 kPa, while not even one 
perineural injection resulted in pressure greater then 27,92 kPa. 

As in previous studies, in our study as well all perineural injec-
tions of local anesthetic (appropriate doses and concentrations) 
have not resulted with significant damage of nerve fibers.

In contrast to perineural injections, the intraneural injections of 
local anesthetic may result with nerve damage. In summary, high 
injection pressure during intraneural injection may be indicative of 
intrafascicular injection and predicts development of neurologic 
injury.

Conclusion 

Based on our research it is obvious that the measuring of pres-
sure during the nerve blockade is very important in order to 
decrease the risk of neurological complications. It is also clear 
that a small, mobile, and financially quite available apparatus for 
pressure measurement can help in differentiation between para-
neural and intraneural injection. Avoiding high injection pressure 
prevents from lodging the needle into intraneural space followed 
by consequential complications.

The usage of this apparatus can find its application in other block-
ades of periphery nerves, and in other branches of medicine as 
well, for example in everyday practice of giving intramuscular 
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injections of different medicines (antibiotics-penicillin, cortico-
steroids and similar) into gluteal or deltoid region, because the 
application into different tissues results with different values of 
injection pressures, which greatly depends on structure, com-
pactness and extensibility of the tissue. 

The method of monitoring application pressure in detection of 
neural structures is still in its developmental stage, and the clinical 
experience of its usage is limited. However this study shows that 
there exist a great potential in improvement of block performance 
resulting in better successfulness and lesser risk of lesions of 
nerves and blood vessels. In the near future the monitoring of 
injection pressure might exist in order to avoid intraneural injec-
tion and to more objectively document the procedure of periphery 
nerve block. Applying these results to clinical practice, during pe-
riphery nerve blocks, the risk of unwanted complications can be 
reduced. It should be pointed out that none of the techniques can 
be a substitute to a good knowledge of anatomic relations. 
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