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The treatment of the burned hand has been a sub
ject of special interest during the last decades. In order to 
obtain a better understanding of the parameters involved in 
the long-term functional outcome of hand burns, a retrospec
tive study was performed on 88 consecutive patients with 
hand burns (143 hands), treated according to a standardised 
protocol. Patients were followed for at least 12 months post-
burn. Hand function was assessed by the seven objective test 
criteria (7-OTC) described by Jebsen. Logistic regression analy
sis produced five parameters that were found to have a signif
icant predictive value for long-term hand function. In order of 
predictive value, these were finger amputations, age on ad
mission, impaired autograft take, the full-thickness hand 
burn surface area and the full-thickness total body burn sur
face area. By fitting these five variables into an equation, a 
probability model was obtained. This could be applied to esti
mate a prognosis concerning the final hand function of an 
individual patient with a hand burn. 

No relationship was found between the post-burn day of oper
ation and the long-term hand function. This finding is incon
sistent with the current consensus that functional outcome is 
improved by early excision and grafting. In practice, it sug
gests that hand function is well preserved when burns of 
uncertain depth are treated expectantly, followed by selective 
debridement and grafting. Advantages include reduced blood 
loss, no loss of vital tissue and a reduction of the need for 
donor sites. 
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Introduction 
The impact of a thermal injury to such a refined anatomical and 
functional system as the hand can have enormous consequences for 
its function and cosmetic appearance. It will have consequences 
concerning the patient's independence for activities of the daily liv
ing and quality of life. 
The approach to treatment is guided by the depth of burn. With ade
quate topical therapy, partial thickness wounds will heal with min
imal tendency of scarring and loss of function. However, conserva
tive treatment of a full-thickness injury is associated with poor 
functional and cosmetic outcomes and excision of the burn eschar 
and skin grafting are therefore indicated. 
The treatment of hands with burns of uncertain depth is less well 
defined. Since 1984 in this hospital, all patients with hand burns 
were treated following a protocol that included daily dressing 
changes and the application of local antimicrobial agents (silver sul-
phadiazine cream or cerium nitrate-silver sulphadiazine cream). 
Hands, which had sustained superficial injuries, were allowed to 
heal spontaneously, while hands that had clearly sustained full-
thickness injury were treated by early excision and grafting. Hands 
with injuries of uncertain depth were treated expectantly, followed 
by selective debridement and grafting as soon as demarcation 
became apparent. 

A retrospective study has been carried out to assess the results of 
this protocol, with the aim of identifying predictive parameters and 
their influence on hand function. Special interest was focused on 
the timing of operative interventions, as this parameter might have 
practical consequences for the future treatment of the burned hand. 
Reliable and validated tests for measuring the disability of the hand 
during daily activities after a thermal injury are lacking. Most stud
ies involving hand function assess the impairment of separate 
joints by estimating the range of motion of each finger joint. In this 
study the function of the hand was scored by means of tests resem
bling activities of the daily routine: the seven objective test criteria 
(7-OTC) first described by Jebsen'. Firstly, the internal consistency 
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of the 7-OTC for hand disability was determined. Secondly, by using 
the 7-OTC's the disability of the hand could be assessed and the fac
tors that influenced the final hand function were identified. 

Patients and Methods 
During the period 1985-1991, 267 patients were admitted to the burn 
centre of our hospital with burn injuries involving one or both 
hands. 133 Patients required skin grafts to one or both hands result
ing in 215 operated hands. All patients who sustained a thermal 
injury of the hand were treated according to the following protocol. 
On admission, the depth and surface area of the burned hand were 
determined, as well as the depth and extent of the total body surface 
area burn. Circular burns of the hand or digits were treated by 
escharotomy. Silver sulphadiazine cream or cerium nitrate-silver 
sulphadiazine cream was applied as local antimicrobial treatment 
and dressings were changed daily. The hands were nursed in splints 
in a functional position and physical therapy was started as soon as 
possible. Burns diagnosed on admission as full-thickness were gen
erally treated by excision and grafting in the primary period, defined 
for this paper as less than eight days post-burn. Removal of the 
eschar was performed by sequential excision or avulsion. Spht-skm 
graft was harvested from a non-burned area, perforated by means of 
the mesh-technique2, applied on the wound bed, and secured with 
SurfaSoft® (Mediprof, Bleiswijk, The Netherlands) and staples3. 
Surgery was delayed beyond the eighth post-burn day if the diagno
sis full-thickness depth of the burn was uncertain, to allow time for 
the wound to demarcate. Hand surgery was also occasionally 
delayed in patients with extensive full thickness burns, when the 
first goal was to reduce size of the total surface area wound. 
Parameters recorded for each patient included age on admission, 
total burn surface area (TBSA) burn, full thickness TBSA burn (TBSA3), 
total burned hand surface area (HSA), full thickness HSA burn (HSA3), 
post burn day of operation, survival of the grafted skin (graft take, 
estimated five to seven days post-surgery), number of amputations of 
(parts of) fingers and the need for reconstructive surgery. 

73 



Perspectives on burn scar evaluation and artificial skin 
Section 2: Clinical and microscopic aspects of scar tissue 

Figurei Two objective test criteria 

The performance of two Objective Test 
Criteria six years postoperative of a thirty-
nineyear old male patient who sustained 
a flame injury including his hands due to 
a car accident, total body surface area 
involved was 64%: ia) stacking checkers; 
ib) lifting up a large heavy object. 

The long term functional outcome was determined at a maximum of 
seven years post-burn by means of the 7-OTC. The test criteria were: 
1 writing: the patient is asked to write words as quickly and clear

ly as possible (with dominant and with non-dominant hand); 
2 turning over five 3 x 5 inch index cards (simulated page turning),' 
3 picking up small common objects: the patient was asked to pick 

up a coin and a paperclip, placed on a desk; 
4 simulated feeding: the patient had to pick up peas from a plate 

with a teaspoon and bring it to his/her mouth; 
5 stacking checkers: a stack had to be made with five small wood

en checkers, placed in front of the patient; 
6 picking up large light objects: the patient was asked to pick up 

an empty can with a diameter of 10 centimetre; 
7 picking up large heavy objects: the patient was asked to pick up 

a full can (600 grams) with a diameter of 10 centimetre. 
Figure ia and ib demonstrate the performance of two of the OTC's of 
a burned hand six years post-burn. 

The function for each test was scored following a four-step scale from 
normal through total disablement. The internal consistency of the 7-
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OTC was calculated by means of the Kuder-Richardson coefficient 
(SPSS for Windows 7.5, SPSS Inc., Chicago IL USA). This analysis com
pares the correlation of each separate OTC with the other six tests. 
To evaluate the long term result of hand function after skin graft
ing, a logistic regression analysis (SPSS for Windows 7-5) was per
formed on the data, comparing the group with an impaired func
tion for one or more OTC and the group with no disability for any 
OTC. The logistic regression model is an appropriate procedure for 
analysing the influence of all separate parameters in a non-experi
mental model4. Thus parameters with a significant relation regard
ing the variable of interest, like hand function in this study, can be 
identified. The regression coefficient of the parameters that were 
related to final hand function were used to create a probability 
model4: probability = l/{l+e-^^*^-^% where 'e' = 2.718, and 
stands for the base of the natural logarithm. For each patient the 
values of the variables that significantly influence the dependent 
variable hand function (Xi through Xp), the regression coefficients 
of these variables (Bi through Bp), and the constant allow calcula
tion of the probability of a good hand function (scored by 7-OTC) in 

this model. 
The regression analysis was performed by means of a stepwise back
ward elimination procedure. The backward elimination is superior 
to other forms of logistic regression analysis because it is allows the 
identification of relationships that might otherwise be masked. 
As suggested in the literature4, the usual 0.05 criterion for statistical 
significance was relaxed to 0.10 for inclusion and 0.20 for removal of 
parameters to prevent the exclusion of important relationships. 

Results 
Of the 133 patients who had undergone operations for 215 hand burns, 
88 patients (143 burned hands) were available for the long-term 
evaluation of the hand function. The mean age and standard devia
tion (SD) was 30.6 years (SD:i7.i), TBSA was 3i-3 percent (SD:22.2), 
TBSA3 was 16.8 percent (SDtr/.i), HSA was 78.9 percent (SD:26.7), and 
HSA3 was 40.0 percent (SD:32.6). 
Most hands sustained a flame burn injury (11=133). Other causes were 
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chemical burns (hydrogen fluoride, n=4), scalds (n=3), contact injuries 
(n=2) and electricity injury (n=i). 
The 7-OTC were found to be highly consistent according to the 
Kuder-Richardson coefficient (0.95). 
The 7-OTC test identified two groups of hands: one group (n=29) 
consisted of those hands with an impaired function for one or more 
OTC; the other group (11=114) consisted of the hands without im
paired function for any OTC. This dichotomous variable, impaired or 
normal hand function, was applied as the dependent variable for 
logistic regression analysis. The covariates were the variables which 
might have an influence in the long term function of the hand- age 
TBSA, TBSA3, HSA, HSA3, the day of operation, take-rate, amputa
tion of (parts of) fingers and the necessity of reconstructive surgery. 
The means and standard deviations of these parameters for the 
group with a normal and impaired function are listed in Table 1. The 
results of the logistic regression method before the exclusion of 
non-significant parameters are listed in Table 2a. Table 2b shows 
the outcome after a backward stepwise exclusion of all parameters 
that did not reach the significance criterion. The results identify five 
covariates that have a significant influence on the final outcome of 
the 7-OTC. In descending order these were: amputation, age, take, 
HSA3 and TBSA3. Interestingly, no significant influence was 'found 
for the day of operation. 

The goodness of fit of this model was assessed by SPSS for Windows 
7-5, which compared the predictions of the model to the observed 
outcomes. The applied model classified 93.7% of the final hand func
tions correctly; this stands for a more than acceptable goodness of fit 
The regression coefficients of these five parameters and the con
stant listed in Table 2b enabled us to create a probability model 
regarding hand function for an individual patient of a comparable 
population treated following a similar protocol. The equation to 
assess the probability of good hand function was-1/(1+ e "(4-3°3 + ("2982 in 

case of amputation» + (-0.057 « age) + (,.387 (in case of take higher than „ % ) , * (-0.020 x HSA3) • (-0.028 x TBSAjh 

The following two case reports will clarify the interpretation of the 
probability model. As first clinical example serves a 47 year old male 
patient who sustained severe burn injuries resulting in 40% full 
thickness skin defects of the total body surface area. Only his left 
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hand was involved and 85% of the total hand surface area sustained 
a full-thickness burn. One finger finally had to be amputated. The 
take of the split-thickness graft one week post-operative was poor. 
The probability for a normal^function ^ ^ ^ ^ S S S ^ m 

probability model is 1/(1+ e ' 
i/(i+ e*"8) - 1/(1+65-235) = 1/66.235 = 0.015. This means that this hand 
has a poor prognosis, less than 2%, to obtain a normal hand function. 

Normal function 

(114 hands) 

Impaired function 

(29 hands) 

Continuous data 

Age 

TBSA 

TBSA3 

HSA 

HSA3 

average (SD) 

267J16J) 

28.7 (22.5) 

137 054) 

75-5 (274) 

Day of operation 

Categorical data 

Take > 75% 

Amputat ions 

Reconstructive surgery 

32.9J28.3) 

15.0 (11.6) 

number (%) 

107 (93-8%) 

3(2-6%) 

34 (29-8%) 

average (SD) 

43-1 (15-V . 

41.6 (i6.8)_ 

29.1 (i8x>) 

9 2 4 (17-7) 

67.6 (340) 

17.2 (18.2) 

number (%) 

20 (68.9%) 

16(55-2%) 

24 (82.7%) 

Table 1 Characteristics of the population according to the seven Objective Test Criteria 

amputated (parts of) f ingers; Reconstructive surgery = number of hands that requ.red 

surgical reconstruction. 
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Regression 

Coefficient (B) 

Table 2a 

Table 2b 

Amputat ion 

Age 

Take>75% 

HSA3 

TBSA3 

Reconstructive surgery 

TBSA 

HSA 

Day of operat ion 

Constant 

Amputat ion 

Age 

Take>75% 

HSA3 

TBSA3 

Constant 

Table 2 Logistic regression analysis 

-2.702 

•0.056 

1.330 

-0.027 

-0.039 
-0.882 

0.026 

0.006 

-0.011 

3703 

-2.' 

-O.057 

1.387 

-0.020 

-O.O28 

4303 

O.946 

O.725 

0.015 

O.O28 

O.742 

O.025 

O.O18 

O.035 

I.472 

O.801 

O.Oig 

O.716 

O.Oig 

1.175 

tef CriteTlfn a n a ' y
t
S i S : ? e d e p e n d e n t V 3 r i a b l e i s t h e r e 5 u l t o f the 7 Objective Test Criteria. All parameters have one degree of freedom J 

Explanation of the table: Regression Coefficient = the logistic regression coefficient 
(B) p-value of W = statistical significance of the Wald statistic; Part a Co relation 
partial correlation between the dependent and the independent va fable (R " 
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Statistic (W) 

Partial 

Correlation (R) 

8.158 

6.908 

3365 

3-154 

2.038 

1.414 

1.085 

0.129 

0.100 

0.004 

0.009 

0.067 

0.076 

0.153 

0.234 

0.298 

0.720 

0.752 

-0.207 

-0.185 

0.097 

-0.090 

-0.016 

0.000 

0.000 

0.000 

0.000 

0.067 

0.946 

3.782 

0973 

0.962 

0.414 

1.026 

1.006 

0.989 

6.327 

13.852 

8.465 

3-747 
3.464 
2.282 

13.42 

<o.ooi 

0.004 

0.053 

0.063 

0.131 

-0.101 

-0.044 

0.051 

0.945 

4.001 

0.980 

0.972 

Table 2a The result of the Enter method: all covariates are ranked following an 
increased significance criterion. 

Table 2b The equation after a backward stepwise regression: the parameters with 
significant relationships remained after a stepwise exclusion based on a statistical 
significant criterion of p<o.20. Amputation, age, take, HSA3 and TBSA3 were found 
to have a significant influence on the test result. 
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A ten year old girl who has a small burn represents the second clini
cal case. Only the right hand was injured by flames and resulted in a 
full-thickness defect of 20% of the hand surface area, which is a 0.5 
% TBSA3. The take of the autograft was good and no amputations of 
parts of fingers had to be performed. For prognosis of a normal hand 
function of this girl, the following calculation is made: 1/(1+ e -(43°3+<-

°'s)) = 0.991. The probability model demon
strates that hands in such cases have a good prognosis concerning 
their function. 

Discussion 

In this study, the evaluation of the functional outcome was done by 
means of seven objective tests, simulating activities of the hand 
during the daily living. In most comparable studies, hand function 
has been measured by means of goniometry of the finger joints5"9. 
However, goniometry reflects the functional outcome of single joints 
and does not measure the integral function of the hand. The authors 
believe that the success of treatment and its impact on the patient 
preferably has to be represented by tests simulating activities of the 
daily living. Although the functional outcome of a burned hand 
measured by the 7-OTC's is strongly related to joint mobility, it also 
depends on less well-defined parameters such as co-ordination, 
strength, skin sensibility and pliability. The internal consistency of 
the seven tests was found to have a very high coefficient, indicating 
that the 7-OTC's are suitable tests for the assessment of hand func
tion regarding activities of the daily living. 

Almost eighty percent of the hands regained a normal function in 
the long term for the seven daily activities tested with the 7-OTC. 
The test results were negatively influenced by amputations, ad
vanced age, poor autograft take, extensive HSA3 and TBSA3. Because 
of the dominating influence of amputations, the regression analysis 
was repeated after exclusion of the hands with finger amputations. 
However, this did not influence the significance of the remaining 
parameters on hand function (data not shown). 
The majority of these findings are self-evident. For example: a nega
tive correlation between the percentage of third degree hand sur-
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face area and the final hand function both expected and unremark
able. However, no relationship was found between the timing of 
operation and long-term hand function. This finding is inconsistent 
with the current consensus that early excision and grafting is the 
method of choice for treating hand burns'0''2. In our experience, topi
cal wound therapy, particularly the use of cerium nitrate-silver 
sulphadiazine cream'*1'4, prevents deterioration of the wound bed, 
allowing surgical treatment to be delayed without compromising 
the long-term outcome. Three other reports6'71'2 on burn injuries of 
the hand support our findings. In all studies a protocol was used 
involving topical antimicrobial treatment of the hand. However, 
these studies comprised small populations71'5 or a short-term follow-
up only61'5. The functional outcome was evaluated by means of 
goniometry6 or not specified at all'5. The present paper provides fur
ther evidence that a 'wait and see' approach to hand burns of uncer
tain depth is valid. 

Poor hand function was the principle indication for reconstructive 
surgery. Although a correlation between the necessity for reconstruc
tive surgery and an impaired function of the hand was expected, it 
was not observed in this study. This finding suggests that reconstruc
tive surgery probably was effective in restoring hand function. 
However, the actual progress of function was not measurable since 
the OTC's were only performed after reconstructive surgery. 
The study has justified the approach to hand burns in our centre: if 
the diagnosis is a clear-cut full thickness burn of the hand, a prima
ry excision and transplantation is advocated. Rehabilitation is com
menced as early as possible and the length of hospital stay is 
reduced resulting in improvements in cost-effectiveness for those 
patients with a small TBSA'6. If the assessment of the burn depth is 
difficult the operation can be postponed to prevent excision of vital 
tissue, allowing those areas with partial thickness burns to heal 
spontaneously. Moreover, our data suggest that the function of the 
hand is not adversely affected by delayed surgical treatment in 
those patients with extensive burns in whom early large area 
wound closure takes priority. 

The application of logistic regression analysis not only resulted in 
subdivision of the variables that influenced the final hand function 
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and those that did not, also the extent of their influence could been 
calculated. With these variables a probability equation was formu
lated to allow assessment of the functional outcome after surgery 
for individual cases of full-thickness hand burns. It should be men
tioned that this model is only applicable for cases of a correspond
ing population that receive a treatment comparable to the protocol 
that is described in this manuscript. 
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