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ABSTRACT

Objective: Upper extremity electrical burn can create severe sequela and debilitation if not treated properly. Immediate decompression with fasci-
otomy and carpal tunnel release seem to be the most promising choice of treatment. Neurologic functional loss can be avoided if median nerve is 
liberated. 

Material and Methods: During 6-year time interval, 50 out of 1158 burn patients underwent upper extremity decompressive fasciotomy with carpal 
tunnel release. Their hand motor function based on nerve innervation and daily usage questionnaire were followed in 12-month intervals.

Results: Average score rose markedly after 18th month and reached nearly normal at the end of 66th month. Median, ulnar and radial nerve function 
tests were all positive, and no irreversible nerve function loss observed. 

Conclusion: All compartments of the forearm should be explored and carpal tunnel release should be added into upper extremity decompressive 
fasciotomy after electrical burns. 
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INTRODUCTION

After the first record of death in 1879, electrical injury has been one of the worst caus-

ative burn factors (1). It is reported that an average of 3000 admissions with a death 

rate of one over three are seen in the United States (2). Workplace is the most en-

countered area, being the fourth work-related death reason (3). Victims are generally 

in the productive age group, and upper extremity and/or hands are involved in more 

than 50% of cases (3,4). Even both hands constitute not much than 3% total burned 

surface area (TBSA), it is accepted to be a major injury resulting dramatic disability.

Compartment syndrome after upper extremity burn can cause an additional dam-

age to the extremities up to 72-hours (5). It was first described by Matsen as “critical 

increase of pressure in a limited space which restricts perfusion and viability of tis-

sues in that space”.

Even fasciotomy is performed in nearly all full thickness extremity burns, carpal tun-

nel release (CTR) seems to be less performed in clinical practice. Beside of the lack 

of sufficient number of prospective clinical trials investigating the pros and cons of 

adding CTR in decompressive fasciotomy, some studies have reported 37% insuffi-

cient decompression rates (6).

The reason to avoid carpal tunnel release can be the fear of damaging the median 

nerve. We tried to evaluate the effect of CTR on post-burn hand function assessment.

MATERIAL and METHODS

During the time interval between May 2011 and 2016, there were 1158 moderate 

or severe burn patients hospitalized in İzmir Bozyaka Education and Research Hos-

pital Burn Treatment Center. Three forearm compartments and CTR are routine sur-

gical procedures in our center after upper extremity full thickness electrical burns. 
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Decompressive surgery decision is always made by clinical find-

ings of five “P’s” and/or surgeons feeling without instrument 

using. These five “P’s” of pain, pallor, paresthesia, paresis, and 

pulselessness are classical findings associated with elevated 

compartment pressure. We do not use instrumental methods 

such as intra-compartmental pressure monitoring, peripheral 

perfusion index et cetera.

Surgical anatomy and technique: Muscle component of dif-

ferent compartments is the primary target of the pathological 

process; where the nerves are the secondary targets. Following 

sustained vascular compromise, the muscle undergoes necrosis, 

fibrosis, and contracture. Associated nerve injury causes further 

muscle dysfunction, sensory deficits, or chronic pain. The result 

is a dysfunctional muscle compartment with local and distant 

manifestations.

The three forearm compartments are the flexor compartment 

which includes the finger; thumb, and wrist flexors, the lateral 

compartment containing the mobile wad of Henry which is rep-

resented by brachioradialis, extensor carpi radialis longus and 

brevis, and the extensor compartment containing finger, thumb 

extensors, and extensor carpi ulnaris.

The carpal tunnel is not a true compartment but may act as a 

closed space, and the median nerve may be subjected to the 

negative effects of increased pressure in case of which trans-

verse carpal ligament should be released with exploration of the 

nerve in proximal forearm.

An S shaped incision starting from the antecubital region is 

finished in the palm center. Incision line should be kept in the 

burned skin area as much as possible (Figure 1). Incision cross-

ing the joint region should not be straight. During upper limb 

fasciotomy, cutaneous nerve damage should be avoided while 

performing direct decompression of major nerves and/or ves-

sels (Figure 2). Monopolar cautery should not be used since 

electrical currency tends to follow unfavorably in new, burned 

conditions, and cautery may give extra damage. Using scalpel 

for incisions and bipolar cautery for hemostasis is safer. 

Functional outcome measurement after upper extremity de-

compressive surgery (UEDS) was performed with physical exam-

ination and questionnaire. We do not perform electromyogra-

phy since it is an invasive method and can create medicolegal 

and ethical consequences. Physical exam of the hands was per-

formed with the motor function tests of the muscle groups and 

corresponding nerve (Table 1). The questionnaire had 10 points 

giving chance to the patient comparing their hand function in 

daily and/or professional workup before and after the injury (and 

UEDS). The questions asked were nonspecific such as;

•	 How well did your hand(s) work from the last interview until 

now?

•	 How was the sensation (feeling) in your hand(s) from the 

last interview until now?

•	 How difficult was it for you to hold a hot object like a water 

filled glass during the last week? 

•	 How difficult was it for you to dress up from the last inter-

view until now? 

•	 Describe the pain in your hand(s)/wrist(s) during the last six 

months?

•	 Are you satisfied with the appearance of your hand(s) and 

forearm(s)? 

•	 Do you experience additional difficulty with the motion of 

your fingers and wrist?

Some specific conditions related to the patients’ job or habits 

are additionally considered. Habitual fishing, frequent keyboard 

Figure 1. Secondarily healing of right forearm fasciotomy and carpal tunnel release operation. 

Note that fasciotomy line has been kept in burned area and tissue gap will probably be closed 

secondarily without grafting.
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Table 1. Median and ulnar nerve motor function test chart

Instruction to the patient Checked muscle(s) Innervated (checked) nerve

Bend the tip of your thumb Flexor Pollicis Longus Median nerve

Bend the tip of your finger while stabilizing their PIP 
joint

Flexor Digitorum Profundus Median nerve (radial half ), Ulnar nerve 
(ulnar half )

Bend your finger at the middle joint while stabilizing 
their other fingers

Flexor Digitorum Superficialis Median nerve

Touch the thumb to the small finger Thenar Muscles (radial group) Recurrent branch of median nerve

Spread your fingers apart Interosseous Muscles Deep branch of ulnar nerve

Grasp a piece of paper forcefully between the 
thumb and radial side of the index proximal phalanx 
(Froment’s sign)

Adductor Pollicis Deep branch of the ulnar nerve

Bring your little finger away from the others Hypothenar Muscles Deep branch of ulnar nerve

Bring your thumb out to the side Abductor Pollicis Longus  

Extensor Pollicis Brevis

Posterior interosseous branch of the 

radial nerve

Lay your hand flat on a table and to “Lift only your 

thumb off the table”

Extensor Pollicis Longus Posterior interosseous branch of the 

radial nerve

Straighten your fingers Extensor Digitorum Communis Posterior interosseous branch of radial 
nerve

Point with your index finger with the rest of your 

hand in a fist

Extensor Indicis Proprius  

Extensor Digiti Minimi

Posterior interosseous branch of radial 
nerve

Make a fist and strongly bring your wrist back” and 
palpate over the tendons

Extensor Carpi Radialis Longus Radial nerve

Extensor Carpi Radialis Brevis Deep branch of radial nerve

Pull your hand up and out to the side Extensor Carpi Ulnaris Posterior interosseous branch of the 

radial nerve

Figure 2. Isolation and liberation of median nerve shown at the tip of the clamp.
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user, tailor, construction worker, farmer etc. are some examples 

for case specific additional question generation. After a 10 to 15 

minutes of conversation, patients were asked to give a number 

between one (the worst) to 10 (the best-same before injury) 

for any limitation using their hands for daily living activities or 

professional works including fine works. If both hand UEDS was 

performed, worse hand function was accepted as reference 

arm. The points were recorded in six-month intervals. Every six-

month interval groups were compared with themselves assum-

ing that their preinjury scores were 10.

We did not obtain an ethical committee approval since this study 

is a retrospective observational study based on routine laborato-

ry, imaging and physical examination findings which are man-

datory during diagnosis, treatment and follow-up periods of the 

patients. Patients’ (or his/her relatives when patient was uncon-

scious) informed consents were obtained. This study was con-

stricted under the considerations of Helsinki Declaration. 

Statistical analysis was carried out by using Statistical Package 

for the Social Sciences version 22.0 (SPSS Inc., Chicago, IL, USA). 

Differences between groups or within groups were assessed by 

using Student t test for parametric data. p values less than 0.05 

were accepted to be statistically significant.

RESULTS

During the six-year time interval between May 2011 and 2016, 

there were 1158 upper extremity burns. High voltage electric, 

as a causative factor, was found in 133 (11.4%) patients. We 

recruited 78 patients that underwent UEDS procedure. Upper 

extremity contact point was detected, and decompressive sur-

gery was performed in 67 (85.8%) patients. Of them, there were 

31 (46.2%) patients having contact point at both hands. Contact 

point other than upper extremity were identified in 33 (24.8%) 

patients. There were varying degrees of electric arc flame burns 

ranging between 2-44% (TBSA) at different sites of the body, 

mainly the anterior trunk and extremities. Patients with mental 

problems, having previous upper extremity motor or sensation 

deficits, Mangled Extremity Severity Score more than eight, not 

willing to participate, coexisting severe trauma other than ther-

mal or electrical burn, required death musculoskeletal tissue 

excision were exclusion criteria. Additional follow up resulted in 

50 patients leaving the study subject pool. Mean age was 43.2 

(14-67) years and female/male ratio was 5/45.

Time between injury to surgery was 14.6 (1-22) hours. Bilater-

al decompressive surgery was performed in 15 (30%) patients. 

CTR and median nerve visualization and liberation are sine qua 

non for UEDS. We do not routinely open Guyon’s channel. Loose 

retention sutures are put by using no:1 polypropylene sutures 

and further tightened after extremity swelling and tonus are 

reduced for primary closure preparation. By using this tech-

nique, 30 (60%) needed no grafting procedure, and thus pri-

mary closure could be achieved. There was no reoperation for 

postoperative complication and/or additional decompression 

requirement. Extremity elevation, low molecular weight hep-

arin prophylaxis, intravenous hydration based on urinary out-

put were routine follow up protocol. Length of hospital stay in 

decompressive surgery patients was 32.4 (18-56) days. Median 

operation duration was 46 (22-255) minutes for only UEDS and 

additional procedure (fascial excision, grafting, amputations 

etc.). The only UEDS performed patient number was 17 (34%).

Every patients’ hand function status point (HFSP) was record-

ed by using a questionnaire we created (Table 2). We assumed 

Table 2. Hand function survey chart

Hand function status point

Months

6 12 18 24 30 36 42 48 54 60 66 72

1

2

3 2

4 5

5 5 8

6 12 2

7 10 11 2

8 11 10 7 9 6 3 2 1 1

9 5 8 12 9 10 10 9 8 5 4 2 1

10 8 22 22 20 18 14 12 10 9 7 5

Total patient number 50 47 43 40 36 31 25 21 16 13 9 6

% not full recovery 100 83 49 45 44 42 44 43 38 30 20 17

1: I absolutely cannot use my hand for any time as if I lost my hand(s).
10: I can use my hand(s) as what before injury or UEDS as if they weren’t happened. 
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that HFSP was 10 before injury and UEDS and every 6-month 

interval, average rescoring points were compared (Table 3). The 

average HFSP from the beginning of the UEDS was 6.52 and rise 

to 7.68 at the end of 12. month. After 18 months, HFSP reached 

to 9.25 and followed a plateau until 72. month (Figure 3). We 

found that HFSP before and after injury and UEDS was statisti-

cally significant at sixth and 12. months (p= 0.03 and p= 0.04), 

respectively. The percentage of patients’ interpretation for not 

full recovery (points other than 10) were 100% at the first sicth 

month but decreased to half after 18. month. After drawing a 

plateau until the 48. month, second drop was detected down 

to 17% (Table 2).

Motor function assessment of the median and ulnar nerve 

based on the muscle group movement instructions (Table 2) 

were detected in all patients. Secondary healing, graft healing, 

hand stiffness due to interosseous connective tissue damage 

may reduce the strength and range of motion of the muscle 

groups but movements in definitive extend could be visualized. 

This showed us that nerve innervation to every expected mus-

cle of the hand was preserved after UEDS.

DISCUSSION

Upper extremities are prone to involve injury in more than 80% 

of burn cases (7). Although both hands burn constitutes less 

than 3% TBSA, their burn related sequela results very dramatic 

disabilities if not treated promptly (8).

Upper extremity nerve compression occurs in approximately 

2% of the patients with severe burns (9). Patients with thermal 

burns greater than 20% TBSA are also candidates for peripheral 

Table 3. Average scores of the questionnaires

Groups

Average score before injury 

and UEDS (assumed to be)

Average score after injury and 

UEDS p

72. month 10 9.83 NS

66. month 10 9.77 NS

60. month 10 9.69 NS

54. month 10 9.56 NS

48. month 10 9.52 NS

42. month 10 9.48 NS

36. month 10 9.22 NS

30. month 10 9.38 NS

24. month 10 9.32 NS

18. month 10 9.25 NS

12. month 10 7.68 0.04

6. month 10 6.52 0.03

NS: Not significant.
UEDS: Upper extremity decompressive surgery.

Figure 3. Average score progression during the 72-month period.
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nerve compression in acute or long term follow up period (10). 

Sheridan et al. have demonstrated that 81% of the patients op-

erated could have reached normal hand function when treated 

properly (11). 

There is no clear data about the incidence of Carpal Tunnel Syn-

drome (CTS), and scarcity of the literature raises the question 

whether this is an uncommon problem or overlooked. Fortu-

nately, some well documented large series exist and the inci-

dence is 2-41% after electrodiagnostic work up (9,10,12,13). Un-

fortunately, we did not perform any diagnostic tests to detect 

CTS so we cannot figure out the exact rate in our series. 

Electrical and nonelectrical burns are quite different entities. 

Demographically, electrical burns mostly occur in the male 

population according to the literature, and low voltage (<1000 

V) groups include more females and children whereas high 

voltage (>1000 V) group includes more male patients, which is 

relevant with our results. Upper extremity flame or scald burns 

effect the tissues from outside to inside in descending severi-

ty, whereas electrical burn excluding its arc burn, the most af-

fected part is the core of the extremity. One can easily fall in a 

mistake by looking at the living, bleeding skin of the extremity 

while deep muscle and compartment ingredients have been 

heavily burned in fact (Figure 4). Hand wrists have disadvanta-

geous anatomy where low resistant tissues are spared by high 

resistant tissues such as bone and tendons. Generation of high 

temperature from inside out fashion makes wrist region more 

than other body parts electric pass through. Skin is the main 

resistant organ to the electrical current. Wet, thin skin has low 

resistance and, in this case, internal tissues are much more ef-

fected than on the body with dry and thick skin coverage area. 

Five mechanisms of electrical burn damage are as follows: 1. 

Cell membrane resting potential alteration causing tetany of 

the muscles and tissue damage, 2. Conversion of electrical en-

ergy to thermal energy results coagulation necrosis, 3. Mechan-

ical trauma due to contractions and/or falls (muscle rupture, 

bone fractures, internal organ damages), 4. The arc flame which 

has a temperature of 2500-10000°C, 5. Blood flow obstruction 

resulting ischemic necrosis (14-16).

Normal intramuscular pressure ranges from 0 to 10 mmHg, 

and capillary perfusion threatens after pressure exceeds 30 

mmHg. Some authors suggest decompression for compart-

ment pressures greater than 30 mmHg (17-20) while some ac-

cepts 45 mmHg as a critical threshold pressure, below which 

compartment syndromes were not observed (8). Since most of 

the heavily burned patients are hypotensive in acute period, a 

lower threshold of 30 mmHg should be anticipated. Of course, 

there are several factors other than pressure elevation such 

as direct trauma, synovitis, wrist hyperextension, tight dress-

Figure 4. Burned deep muscle components shown at the tip of right angle clamp while skin 

and superficial muscles are intact.
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ing and fibrosis, vessel obstruction but duration of pressure 

elevation may be as important as the magnitude of pressure 

elevation (21-23). Muscle necrosis in a normotensive patient 

can occur after eight hours of exposure to pressures of only 30 

mmHg (21) and pressure between 40 and 50 mmHg presents 

a critical threshold beyond which nerve function is altered (24). 

The main symptoms are progressive onset of numbness in the 

median nerve distribution and pain in the fingers on passive 

extension in this case (25). Late onset nerve compression syn-

dromes can be caused by the formation of scar tissue or hetero-

topic bone (26).

Phillips et al. have demonstrated that the earliest and most 

reliable indicator of increased compartment pressure is alter-

ation in vibratory sensory testing using a 256-cps tuning fork 

in cooperative patients (27). There are several methods for 

compartment pressure prediction such as direct intramuscular 

monitoring, Xenon 133 scans, and et cetera, but these tests are 

not applicable neither for continuous monitoring nor multiple 

simultaneous screening.

After UEDS, a question rising how to evaluate hand function 

during follow up. Assessment methods such as Michigan Hand 

Outcomes Questionnaire (MHQ) and the Test d’Evaluation des 

Membres Supe´rieurs des Personnes Age´es (TEMPA) are not 

specifically designed for burned patients in which all the soft 

tissues and bony components are damaged in certain extend 

but instead, cover variety of patients including neuromuscular 

or rheumatologic disorders. They mainly deal with the range of 

motion and grip strength, but it is important to assess an indi-

vidual’s ability to use their hands in ordinary day life and profes-

sion for long follow up period. Patient generated scoring sys-

tem seems to be more useful for burned patients since all the 

tissues in the hand and wrist regions are damaged at different 

levels. Functional categorization of the patients based on a per-

formance is a good idea and challenged before (10). We, there-

fore, created a grading system of a 10-level scale for the patients 

for interpretation with the help of MHQ, TEMPA and Sheridan 

et al. (11,28-30). While checking motor functions of the median 

and ulnar nerves, we did not wait to see the precise and full 

power movements, instead motion or motor movements of 

corresponding muscle groups that were visible, sensible and 

sufficient to do patients’ needs were accepted. Factors such 

as secondary healing, graft healing, hand stiffness due to the 

interosseous connective tissue damage may be the reason for 

poor or imprecise motor functions. What they should give im-

portance during the tests and exact understanding of the ques-

tions were well understood by the patients since in hospital stay 

time was long enough for this.

We had no pre-burn values of the parameters, and test we stud-

ied in this trial and this will never be. Evaluation of success rate 

for the management of this kind of unexpected trauma will only 

have post-injury values. Patients may change their job, life style, 

habits and find some new ways to continue their daily life. This 

makes patients get accustomed to living in a new condition 

and forget their previous hand skills. Also, they may pretend to 

be normal, healthy, well skilled people as other unburned peo-

ple and subconsciously give high points to the questionnaire. 

We always tried to make patients to remember their pre-burn 

life, skills and jobs while doing the survey.

Patient mental status after trauma and/or changing the inter-

pretation criteria during late times are not studied in this study 

since we have no pre-burn mental examination, but most of the 

literature working on this showed no differences in mean score 

on mental functions between patients with burns and scores 

were found to be the similar with the healthy population (31). 

If we accept that the points between 1-9 reflect the problems 

with daily life, marked improvement trends were observed 

during 12. to 18. months and after 60. months. This, however, 

differs with the study carried out by Xiao et al, in which they 

have observed 12-14% of patients mean TBSA (4%) 15 weeks 

after discharge and in 3% of patients (mean TBSA 69%) at least 

two years after discharge (32). Their interpretation explains the 

relation between TBSA and daily life activity recovery rate in 

time.

The consensus of UEDS after electrical burn has been undis-

putable for a long time (33,34). Beside escharotomy, electrical 

burns require other decompressive therapies such as fasciot-

omies or nerve releases with the recommendation level of B 

(35). Neurological complication was the most common sequela 

(24). Peripheral neuropathy rates vary widely, from 2% to 84% 

(36-38). Since most of the electrical burns are work related and/

or has medicolegal consequences, malpractice considerations 

create a hesitation of including CTR to UEDS. Additional dam-

age to the median nerve will never be differentiated from burn 

related functional loss, and this puts the burn surgeon under 

the spotlight of compensation procedures. Our study does not 

contain a control group, i.e., no carpal tunnel opened group. If 

there was, there might be no difference found. This speculation 

is supported with the ulnar nerve functional preservation in our 

series even we did not open the Guyon’s canal routinely. How-

ever, it has been speculated that the release of the carpal tun-

nel will also reduce the Guyon’s canal pressure, and release of 

Guyon’s canal should not necessarily be done even ulnar nerve 

palsy is present (39). Likewise, decompression of the arm and 

forearm generally improves the digital perfusion, and digital es-

charotomy is not required in most of the cases (11).

CONCLUSION

Median and/or ulnar nerve palsy after electrical injury is un-

common but devastating. Whether or not the carpal tunnel 

and Guyon’s canal be released during UEDS is not answered 
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clearly in the literature (33,40). In clinical practice, these injuries 

are mostly work related and be a subject for medicolegal and 

compensation circumstances. Although the beneficial effect 

of such decompression has not been proven up to now, most 

surgeons would continue to decompress the carpal tunnel. Ot-

herwise, median or ulnar nerve palsies will be considered a se-

quela of incomplete, insufficient surgery i.e. leaving the nerves 

under compression and irreversible functional loss of the hand. 

On the other hand, liberation of the median nerve may cause 

inadvertent surgical damage. It will never be differentiated that 

nerve malfunction is whether from the injury or a malpractice at 

all. Since patient homogenization is difficult due to the diverse 

varieties of the patients and ethical issues of having informed 

consent from the patient at poor cooperation in early time of 

injury, a randomized study will probably not be possible (41). 

Our study has shown that performing CTR in UEDS is safe and 

leads no neurological palsies in expert hands providing that 

there is no acute and marked tissue (bone, muscle, tendon etc.) 

loss at the forearm, wrist and hand. 
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Elektrik yanıkları sonrası karpal tünel açılması güvenli midir? Altı yıllık deneyim
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ÖZET

Giriş ve Amaç: Üst ekstremite elektrik yanıkları, uygun şekilde tedavi edilmezse şiddetli sekel ve fonksiyon kaybı yaratabilir. Fasiyotomi ve karpal 
tünel açılması ile derhal dekompresyon, en umut verici tedavi seçeneği olarak görünmektedir. Median sinir serbestleştirilir ise, nörolojik fonksi-
yonel kayıptan kaçınılabilir.

Gereç ve Yöntem: Altı yıl arayla toplam 1158 yanık hastasının 50’sinde üst ekstremite dekompresif fasiyotomi ve karpal tünel serbestleştirilmesi 
yapıldı. Sinir innervasyonuna dayanan el motor fonksiyonu ve günlük el kullanım anketi 12 aylık aralıklarla takip edildi.

Bulgular: Ortalama skor 18. aydan sonra belirgin bir şekilde yükseldi ve 66. ayın sonunda normal seviyeye ulaştı. Median, ulnar ve radial sinir 
fonksiyon testi pozitifti ve geri dönüşü olmayan sinir fonksiyon kaybı gözlenmedi.

Sonuç: Ön kolun tüm bölümleri araştırılmalı ve elektrik yanıklarından sonra üst ekstremite dekompresif fasiyotomiye karpal tünel serbestleştiril-
mesi eklenmelidir.
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