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Table 1. An analysis of duration of burial (unit: year, number)

Durationof ;4 17 20 21-30 31~40 41~50 Total
burial
Sample 13 13 15 6 4 51

Table 2. Summary of the Grades of burial hair damage

« Summary of the Grades of the hair cuticle layers(CuLa)
Grade Criteria
- CuLO: Intact cuticle layer, cuticle layer > 6 layers
- CuL1: Cuticlelayer > 5 layers
- CuL2: Remaining cuticle: 3~4 layers
- CuL3: Remaining cuticle < 2 layers

Summary of the Grades of the damage (vacuoles) of endocuticle

(Enva)

Grade Criteria

Encu 0: No damage of endocuticle

Encu 1: few vacuoles of endocuticle

Encu 2: several vacuoles of endocuticle

Encu 3: severely several vacuoles of endocuticle

Encu 4: severely several vacuoles of endocuticle, The cuticle
layer israrely seen.

Summary of the Grades of the aggregation of macrofibril (MaAg)

Grade Criteria

Elecu 0: No damage of macrofibril

Elecu 1: weak aggregation of macrofibril

Elecu 2: moderate aggregation of macrofibril

Elecu 3: severe aggregation of macrofibril

Elecu 4: severe aggregation of macrofibril, hollow formation in
cortex.

Final grade: CuLa grade+EnVagrade+MaAg grade
(eg, CuLal/EnVal/MaAg 2).
(eg, CuLa3/EnVad/MaAg 4).
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Fig. 1. Transmission electron micrograph (TEM) of a normal hair shaft (Control group). (a8) The cuticle layer was composed of A-layer,
exocuticle, endocuticle and CMC (A: A-layer, Exo: exocuticle, Endo: endcocuticle, CMC: cell membrane complex, Cu: Cuticle, Co: Cortex,
M: Melanin granule), (b) The macrofibril was irregular in diameter (about 1.4~ 10um) and definite boundary (Mac: macrofibril, White

arrow: boundary of macrofibril).
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Fig. 2. TEM of weathered hair shaft, until 10 years after burial. (8) The endocuticle had started to exhibits fewer vacuole and gradually
electoron-dense appearance (Cu: cuticle, Exo: exocuticle, Endo: endcocuticle, v: vacuole), (b) The aggregation of macrofibril membrane
had weakly started in cortex (M: melanin granule, Mac: macrofibril, White arrow: boundary of macrofibril)

Fig. 3. TEM of weathered hair shaft, from 11 to 20 years after burial. (a) Every endocuticle exhibits several vacuole, strong electoron-dense
appearance (A: A-layer, Exo: exocuticle, Endo: endcocuticle, v: vacuole), (b) Extended aggregation of macrofibril membrane was seenin
cortex and unclearly observe the boundary of macrofibril (M: melanin granule, Mac: macrofibril, White arrow: boundary of macrofibril)
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Fig. 4. TEM of weathered hair shaft, from 21 to 30 years after burial. (8) The thickness of cuticle was decreased by separation of its layer.
The endocuticle exhibits severely several vacuole, very strong el ectoron-dense appearance (Exo: exocuticle, Endo: endcocuticle, v: vacuole,
White arrow: detached appearance of cuticle layer), (b) Extended aggregation of macrofibril membrane was seen in cortex and observation
of boundary isimpossible(M: melanin granule, White arrow: Aggregation of macrofibril).

Fig. 5. TEM of weathered hair shaft, from 31 to 40 years after burial. (a) The cuticle layer were severely damaged. A dubitable boundary,
irregular thickness, severe cavities and separation of cuticle was seen (Cu: Cuticle, Co: Cortex, M: Melanin graunule, White arrow: Hole in
the cortex), (b) The spaced between macrofibrils broadly increased (Co: Cortex).



Fig. 6. TEM of weathered hair shaft, over 41 years after buria. (a) The cuticle layer is rarely seen(Cu: Cuticle, Co: Cortex, M: Melanin
graunule, White arrow: The edge of a cuticular cell are exfoliated), (b) The holes between microfibrils increased up to the cortex (Co: Cortex,

M: Melanin graunule, H: Hole).
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Fig. 7. Classification of the morphological changes of burial hair.
CuLa: The cuticle layers of human scalp hair. EnVa: The damage
(vacuoles) degrees of endocuticle. MaAg: The aggregation degrees
of macrofibril membrane.
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TEM Observation on the Weathering Human Scalp Hair after Burial
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Abstract : This study was undertaken to investigate the morphological changes of scalp hair according to weather-
ing after burial and to offer basic data for forensic science.

To examine the effect of weathering degree, the 51 human scalp hairs buried after death were taken from deceased
individuals in tombs in Korea. The morphological changes in weathering hair shafts of the scalp were investigated
using the transmission electron microscopes(TEM).

There were little morphological differences of weathering depending on the buria period. The weathering changes
includes detachment of cuticle layer, aggregation of macrofibril and hollow formation in the cortex according to
the burial period.

These results could provide basic data to the field of forensic medicine.
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