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A b s t r a c t  A morphomet r i ca l  analysis  o f  the extent  of  he-  
mos ide r in  deposi ts  in 71 human  skin wounds  with post-  
inf l ic t ion intervals  be tween  2 days  and 7 months  was per-  
formed.  Ear l ies t  pos i t ive  f indings  were  de tec table  in a le- 
sion aged 3 days,  and with increas ing  wound  age an in- 
crease in the amount  of  hemos ide r in  occurred.  A va lue  o f  
more  than 20% of  the mic roscop ic  f ie ld  with hemos ide r in  
deposi ts  was found ear l ies t  8 days  after wound ing  and 
therefore  the detec t ion  of  cons iderab le  amounts  o f  hemo-  
s iderin (arbi t rar i ly  def ined  as 20% or more  of  the evalu-  
ated area) indicates  a m i n i m u m  wound  age of  approxi -  
ma te ly  1 week.  Since  the extent  of  hemos ide r in  fo rmat ion  
depends  upon  the extent  o f  the ini t ial  hemor rhage  and a 
"phys io log ica l "  reduct ion  in the amount  of  this p igmen t  
wi th  advanced  wound  age,  s l ight  or absent  hemos ide r in  
deposi ts  cannot  p rovide  informat ion  on the pos t - inf l ic t ion  
interval .  
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Introduction 

In addi t ion  to immunoh i s tochemica l  techniques [5] the 
rout ine h is to logica l  de tec t ion  of  hemos ide r in  deposi ts  in 
wounds  provides  informat ion  on pos t - inf l ic t ion  intervals  
of  at least  a few days  [1-4,  7, 9, 10]. As  a wound-age -de -  
pendent  increase  in the act ivi ty  of  the hemog lob in -de -  
grading enzyme  mic rosomal  heme  oxygenase  [11, 12] 
was shown in an exper imenta l  s tudy [8], an increase  in the 
amount  of  hemos ide r in  dependent  on wound  age also 
seems to be probable .  Therefore ,  we inves t iga ted  whether  
a morphomet r i c  analys is  could  p rov ide  informat ion  on the 
pos t - inf l ic t ion  interval  in addi t ion  to that  which  can be ob-  
ta ined by  the ear l ies t  appearance  of  hemosider in .  
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Materials and methods 

A total of 71 human skin wounds (stab wounds, lacerations, surgi- 
cal wounds) with post-infliction intervals between 2 days and 7 
months was investigated. The individual age of subjects ranged be- 
tween 20 and 73 years, and the postmortem interval did not exceed 
3 days in any case. No substances such as cytostatic agents or glu- 
cocorticoids, which can influence wound healing, were adminis- 
tered during medical treatment. Furthermore, no severe diseases 
such as metabolic disorders or malnutrition, which could also have 
influenced the results, were recorded in our series. 

From each skin wound, at least two specimens were fixed in 
4% formaldehyde solution and then embedded in paraffin. Sec- 
tions 3-5 gm thick were prepared and stained with Perls' Prussian 
blue. A morphometric analysis of 10 randomly selected micro- 
scopic fields of the wound area was performed in each specimen 
using a 100-square grid (magnification 200 x). Each of the 100 
squares of the grid in which hemosiderin could be localized was 
scored as 1% and the mean value of all evaluated microscopic 
fields of one skin wound and the maximum value found in a single 
microscopic field were recorded. A wound-age-dependent rela- 
tionship and a possible influence of individual age on the extent of 
hemosiderin deposits were investigated. 

Results. 

Earl ies t  pos i t ive  f indings  were  detec table  in a lesion aged 
3 days.  In this specimen,  however ,  the mean  value  was 
0.1% since hemos ider in  deposi ts  were found in only 1 out 
of  1000 eva lua ted  squares.  A s ignif icant  increase  in the 
extent  of  hemos ide r in  deposi ts  was observed  with increas-  
ing wound  age, but  in some cases  only low amounts  of  he-  
mos ide r in  or none  at all  were found in spite of  longer  
pos t - inf l ic t ion  intervals.  A hemos ider in  level  o f  more  than 
20% of  the eva lua ted  area was first  de tec table  in a wound  
aged 8 days  (see Fig. 1). In this specimen,  a m a x i m u m  
value  of  37% was found in one mic roscop ic  f ield (see Fig.  
2) c lear ly  exceed ing  those o f  the spec imens  with shorter  
pos t - inf l ic t ion  intervals.  The per iod  be tween  8 days  and 1 
month  was charac ter ized  by  cons iderab le  in ter individual  
variabi l i ty ,  and a mean  value  o f  40% of  the eva lua ted  area  
showing hemos ide r in  deposi ts  was first exceeded  in a 
spec imen  aged 11 days  ( m a x i m u m  single value:  77%).  
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Fig.  1 Exten t  (x ....... ) o f  h e m o s i d e r i n  depos i t ion  in h u m a n  skin  
w o u n d s  (n = 71) in re la t ion to w o u n d  age (t pos t - inf l ic t ion  interval ,  
d days ,  nl mon ths ,  % percen tage  o f  eva lua ted  area with h e m o -  
siderin deposi t s )  
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Fig.  2 Ex ten t  (Xmax) o f  h e m o s i d e r i n  depos i t ion  in h u m a n  skin 
w o u n d s  (n = 71) in relat ion to w o u n d  age  

The maximum mean and single values in our series were 
detected in a 19-day-old lesion (Xmean: 77.4% - Xmax: 
96%). In wounds with post-infliction intervals of  more 
than 19 days, a decrease in the extent of hemosiderin de- 
posits was observed and the oldest wound investigated 
(wound age: 7 months) showed a mean value of 3.4% and 
a maximum single value of 7%. 

No relevant differences in the amount of hemosiderin 
exceeding the interindividual variability were found be- 
tween younger and older individuals. A differentiation be- 
tween the time intervals in which extra- or intracellular 
hemosiderin deposits were detectable also provided no 
further information on wound age since both forms could 
be found in wounds with shorter and longer post-infliction 
intervals. 

Discussion 

The detection of hemosiderin, a pigment formed in local 
blood extravasations [13], using Perls' Prussian blue is a 
simple routine histological technique and has the add°- 
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tional advantage of a good contrast between blue-stained 
hemosiderin and slightly red-colored surrounding connec- 
tive tissue. Furthermore, in an experimental study [6] it 
was shown that the identification of hemosiderin using the 
Prussian blue reaction was relatively unaffected by putre- 
faction, indicating that this staining method can also pro- 
vide information on wound age in skin specimens re- 
moved from corpses showing signs of advanced putrefac- 
tion. With regard to these practical aspects, the detection 
of hemosiderin is an important parameter for wound age 
estimation, and the possibility of obtaining information on 
the post-infliction interval exceeding that provided by the 
earliest appearance of this pigment approximately 3 days 
after wounding would be a great advantage. 

The morphometric analysis revealed time-dependent 
differences in the extent of hemosiderin deposits, which 
can be useful for a forensic wound age estimation. The re- 
sults provide evidence for an increase of hemosiderin with 
advanced post-infliction intervals, which can easily be ex- 
plained by an increase in the activity of the hemoglobin- 
degrading microsomal heme oxygenase as reported by 
Laiho and Tenhunen [8]. In our series, hemosiderin de- 
posits exceeding 20% of the evaluated area were de- 
tectable earliest in a wound aged 8 days. A mean value 
exceeding 40% was first observed 11 days after wounding 
but with regard to the considerable variation found in a 
rather limited time interval of 3 days, a reliable differenti- 
ation of wound age between 8 and 11 days seems to be 
doubtful under forensic aspects. This rapid increase in the 
amount of hemosiderin found in this period of post-inflic- 
tion interval is in good accordance with the findings of 
Laiho and Tenhunen [8], who described a ten-fold in- 
crease in the activity of the microsomal heme oxygenase 
between 2 and 9 days after infliction of the hematoma. 

On the other hand, slight or no hemosiderin deposits 
were found up to a wound age of approximately 18 days 
providing evidence for a considerable interindividual 
variability as frequently observed in biological processes 
such as wound healing. The observation of rather limited 
amounts of hemosiderin or even the lack of this pigment 
in the area of the lesion could - in addition to method- 
ological factors - be explained at least in part by slight 
initial traumatic bleeding, since it is easily conceivable 
that the extent of hemosiderin formation depends on the 
extent of the hemorrhage. The rather low values found in 
some wounds aged one month or more, however, could be 
explained by a transportation of hemosiderin by sidero- 
phages migrating from the wound area or by an extracel- 
lular degradation of hemosiderin. With regard to such a 
"physiological" reduction in hemosiderin deposits of 
older skin wounds, no further conclusions on wound age 
can be drawn from low values or even by negative find- 
ings. The morphometrical analysis of hemosiderin de- 
posits, however, provides information on postqnfliction 
intervals of at least approximately 1 week in cases with ex- 
tensive hemosiderin deposits arbitrarily defined as involv- 
ing 20% or more of the evaluated wound area. Therefore, 
such an analysis is useful for a forensic wound age esti- 
mation since further information can be obtained exceed- 
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ing that provided by the earliest appearance of hemo- 
siderin approximately 3 days after wounding.  

References 

1. Berg S (1972) Die Altersbestimmung von Hautverletzungen. Z 
Rechtsmed 70 : 121-135 

2. Berg S (1975) Vitale Reaktionen und Zeiteinsch~itzungen. In: 
Mueller B (ed) Gerichtliche Medizin, Vol. 1. Springer, Berlin 
Heidelberg New York, pp 327-340 

3.Berg S, Ebel R (1969) Altersbestimmung subcutaner Blutun- 
gen. Mtinch Med Wochenschr 111 : 1185-1190 

4. Betz P (1994) Histological and enzyme histochemical parame- 
ters for the age estimation of human skin wounds. Int J Legal 
Med 107:60-68 

5. B etz P (1995) Immunohistochemical parameters for the age es- 
timation of human skin wounds. Am J Forensic Pathol Med 
16 : 203-209 

P. Betz et al.: Hemosiderin and wound age 

6. Hausmann R, Schellmann B (1994) Behaviour of hemosiderin 
in decomposing lung tissue. Rechtsmedizin 5:15-19 

7. Hueck W (1912) Pigmentstudien. B err Pathol Anat 54 : 68-232 
8. Laiho K, Tenhunen R (1984) Hemoglobin-degrading enzymes 

in experimental subcutaneous hematomas. Z Rechtsmed 93: 
193-198 

9. Lalonde JMA, Ghadially FN, Massey KC (1978) Ultrastructure 
of intramuscular haematomas and electron probe x-ray analysis 
of extracellular and intracellular iron deposits. J Pathol 125: 
17-23 

10.Mueller B (1964) Zur Frage der Unterscheidung yon vitalen 
bzw. agonalen und postmortalen Blutungen. Acta Med Leg Soc 
(Liege) 17 : 43-46 

11. Pimstone NR, Tenhunen R, Seitz PT, Marver HS, Schmid R 
(1971) The enzymatic degradation of hemoglobin to bile pig- 
ments by macrophages. J Exp Med 133:1264-1281 

12. Tenhunen R, Marver HS, Schmid R (1969) Microsomal heme 
oxygenase. J Biol Chem 244 : 6388-6394 

13.Virchow R (1847) Die pathologischen Pigmente. Arch Pathol 
Anat Physiol Klin Med 1 : 379-486 


