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Abstract
Background: The role of stem cell during the whole life of human constricted into two stages. First stage 
occurred during prenatal life when stem cell take part in formation of organ in process called embryogenesis. 
Second stage occurred in postnatal life when these cells contribute in regeneration of damaged or old tissue 
as repairing or substituting cell in adults.

Patient and Method: 150 male volunteers who work in different industries with traumatic finger of the right 
or left hand (33 right thumb,25 right middle finger ,22 right little finger,28 left thumb,26 left middle fingers 
16 left little finger) were taken on from the Department of surgery, Baghdad Hospital, Baghdad; Iraq from 
February 2019 to October 2019.

Results: Anatomical results showing that The grip was affected only in case of traumatic thumb. Vimentin 
rich-stem cells were highly positive in the proximal epidermal areas of traumatic fingers more than the stem 
cells in the distal areas of the same fingers.

Conclusion: there is a little hope in the near future that the injured or even amputated finger or any part of 
the body could be replaced by new one made by culturing stem cells in laboratories.
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Introduction
 The hands of the human and some apes had 

significant manual functions in nearly most of human 
daily manual works. Hand injury without doubt will 
affect the life style of manual workers as well as affect 
the social life too. So study of anatomy and histology 
of the hand will gave the scientists the clue to solve 
many problems that occurred during hand injury. Any 
part of the hand which include bone or muscle or nerve 
will cause tremendous hand dysfunction, therefore the 

main goal of hand treatment was restoring the main hand 
functions depend on the knowledge of hand anatomy 
which represented by griping function (1).

In present day, plastic surgeons repair and reconstruct 
many tissue damage and defect. Technological 
improvements in plastic surgery department increase 
the rate of success in repair fingers injuries. Despite 
the availability of many high centers of hand surgery, 
permanent hand dysfunction could occurred till now (2).

Tissue transplantation being the second choice 
for limb injures but this part of management need 
immunosuppressive therapy because there was a chance 
of tissue rejection (3,4).

Another solution for compensate tissue loss was the 
Cosmetic prostheses in this case, patient couldn’t use all 
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of his skills in daily manual wok (5). Therefore, to solve 
this dilemma, researchers suggest regenerative methods 
by aid of tissue engineering (6,7,8).

 Tissue engineering now consider as a hopeful field 
that in future can generate and construct limbs, fingers in 
the clinical laboratories (9).

 Salamanders as a good example of urodeles had 
wondrous ability to substitute any injured or even 
amputated part in their bodies. Human as example of 
mammals had no this ability except in prenatal life (10).

 In postnatal life, this ability will be limited for some 
organs like liver or skin (11,12,13).

 Ability of substitution of body parts depend on 
regeneration of stem cells. This kind of cell had major 
function in keep the biological balance in human body 
in addition to developing of the body during life (14,15).

 The role of stem cell during the whole life of human 
constricted into two stages. First stage occurred during 
prenatal life when stem cell take part in formation of 
organ in process called embryogenesis. Second stage 
occurred in postnatal life when these cells contribute 
in regeneration of damaged or old tissue as repairing or 
substituting cell in adults (16).

Patients and Methods
 150 male volunteers who work in different 

industries with traumatic finger of the right or left hand 
(33 right thumb,25 right middle finger ,22 right little 
finger,28 left thumb,26 left middle fingers 16 left little 
finger) were taken on from the Department of surgery, 
Baghdad Hospital, Baghdad; Iraq from February 2019 to 
October 2019. Their age and jobs were recorded. Age of 
the male volunteers rounded between 20 to 38.

 They didn’t complain from any dermatological or 
systemic diseases. Skin specimens was obtained under 
local anesthesia by making superficial surgical excision 
of an epidermal graft from distal and proximal areas 
(proximal area which was near the traumatic area of 
finger and the distal which was far from traumatic area 
of the finger), fixed in 40% formalin and as soon as 
possible embedded in paraffin section. Histochemical 
staining were performed in the laboratory of department 
of anatomy in the medical college of Baghdad university 
on skin samples.

 After immersion of all samples throughout the 
night in a fixative with 3.5% paraformaldehyde in saline 
solution. Samples dehydrated in ethanol toward xylene 
successions then embedding was made as a paraffin wax.

 Staining by aid of a streptavidin -biotin technique. 
Sections with thickness about 2 to 5 mm sliced and putted 
on positive charged - slides. At last all of the sections 
were stained for vimentin and putted in autoclave for 13 
min.

Treatment of sections with 6% H2O2 mixed with 
methanol for 12 minutes . Again incubation was done all 
over the night at degree of about 50 C with diluted anti-
vimentin antibody (Bio Connect ,USA).

The positive cell mean that vimentin protein was 
appear in the cell as brown color and , the negative 
cell means that the stem cell had no vimentin which 
appear blue in color. The vimentin protein found in 
cytoskeleton of stem cell cytoplasm, so the cytoplasm 
appear as brown (17)

Estimation with light microscope at X10,X20,X40 
and X100 was done in optimal conditions . Recording of 
percentage scores were based on the amount of positive 
signals tacked by the protein .Counting of cell depend 
score categories: Score(1)=1-25% , Score(2)=26-50%, 
Score(3)>50% (18).

Result
 Anatomical results showing that The grip was 

affected only in case of traumatic thumb which represent 
the highest percentage among cases while other fingers 
not showing any affect even if they were injured all 
regardless which type of finger was injured .

 Histochemical results showing that vimentin, the 
cytoskeleton marker of skin stem cells was detected 
in this study in order to recognized the stem cell 
which contained this protein . As appeared during the 
laboratory work ,vimentin staining was clear in the 
basal layer as showed in table (1) and figures (1,2and 
3). Vimentin rich-stem cells were highly positive in 
the proximal epidermal areas of traumatic fingers more 
than the stem cells in the distal areas of the same fingers 
.Proximal and distal was decided according to the site 
of injury. Vimentin-histochemical stain clearly showing 
cytoskeleton staining. No differences were appeared 
regarding the side of limb(right or left) , age and the type 
of fingers between the samples of volunteers.
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Table(1): Number of stem cell in different type of fi ngers injury.

Type of fi nger
Number of stem cell

Total
Proximal % Distal %

Thumb (Rt. &Lt.) 48 79% 13 21% 61

Middle fi nger(Rt. &Lt.) 41 80% 10 20% 51

Little fi nger(Rt. &Lt.) 29 76% 9 23% 38

Total 118 79% 32 21% 150

 
Figure(1): Epidermal layer of injured middle fi nger in proximal (A) and distal (B) areas X20.

 
Figure(2): Epidermal layer of injured thumb showing basal stem cell in proximal (A) and distal (B) areas. X100.

Figure(3): Epidermal layer of injured thumb showing the thickness of epidermal layer in proximal (A) and distal (B) areas. 
X40.
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Discussion
 In the hand of the human, thumb is consider as the 

most significant part. Significances of thumb came from 
its important role in a grip.

 First anatomist called Napier in 1956 was interested 
in understanding the mechanism of grips. Napier was 
tried to understand the biomechanical anatomy of the 
hand in order to increase his knowledge more about 
compensation of hand injuries. This anatomist divided 
the grips into two types, precision and power grip. Power 
grip done by using the fingers, thumb as well as the palm 
together like grip the hammer. The precision grip done 
by using only the distal parts of thumb and fingers like 
writing with a pen (19).

 Clearly, there was no doubt that the thumb had 
the major role in control the function of griping in 
both types. Therefore, any kind of trauma to the thumb 
which may complicated or not or sometimes leading to 
amputation of thumb will lead to dysfunction of this 
vital and significant part of the hand (20,21)

 Traumatic injuries to the hand increased with 
increasing the age with frequency ranged from 2nd to 
fifth decade. Controversially, some epidemiologists 
conveyed that most of the trauma occurred during the 
early decades of life (2nd to 4th decades )who works 
manually in factories (22).

 Other epidemiologists believed that the higher risk 
was founded in the late decades(6th to 8th decades ) (23).

 All of these decades from 2nd to 8th were workers 
while, in non-worker people also observed high risk of 
hand trauma among children and aging people(24) .

 In worker group, 60% of them worked in industries 
or farms (25). Boyle et al , Onuba and and Stanbury et al 
agree with this percentage (26,27,28) .

 In non-worker group most of causes of trauma were 
by car or motor vehicle accident (24%) (29, 24).

 Many trials in the last decades try to minimize or 
even terminate the dysfunction or paralysis of fingers 
especially the thumb that result from trauma to the hand 
or any part of the body. This was done by made many 
public programs all over the world for education of the 
people who works in farms or factories by making them 
aware about the most precautions that help them to be 
save during the time of work (25).

 The usual period of epidermal turnover was nearly 
(311 hour more or less)depend on optimal conditions. 
Mitosis of cells usually happened by stem cells located 
in the most basal part of epithelial layer of skin. Usually 
in most of cases the stem cells had a growth rate which 
might consider as slow rate , in addition to their capacity 
to made different type of cells (differentiation processes)

( 30,31,32).

 The aim of existing such type of stem cell was to 
make balance between the lost and newly formed cells 
as a compensatory mechanisms to maintain the layers 
of skin within usual manner in case of injury to tissues. 
So, it’s very important for the scientists to look for the 
good conditions and optimal mechanisms that may help 
in developing or even accelerate the proliferation and 
differentiation of his kind of cells after creating a simple 
and good manner to isolate these cells in laboratories(33).

 Franssen et al, suggested different type of markers 
that may be useful in detecting the stem cell in their 
tissues.one of these markers was the vimentin (34).

 In spite of the huge and tremendous development 
in different branches that have to do with detection and 
isolation of stem cells ,working in such branches carry 
many and unexpected difficulties (35)

 Unfortunately, regeneration in case of amputated 
finger was restricted only in distal part rather than 
proximal and some experiment done on mice showing 
that complete regeneration not happen if the percentage 
of remaining proximal tissue was less than 60% after 
amputation (36).

 Many studies demonstrate that regeneration came 
after period of healing injury by aid of epidermal stem 
cells (37).

 The motivation of fibroblastic and neural cells in 
remaining parts also had significant role in regeneration 
of smooth muscle, blood vessel and nerves (38).

Conflict of Interest: Nil

Source of Funding: Self

Ethical Clearance: None

References
1.	 SternPJ. “Subspecialty certification in hand 

surgery,” Clinical Orthopaedics and Related 
Research, 2006 vol. 449, pp. 165–168..



1178      Indian Journal of Forensic Medicine & Toxicology, July-September 2020, Vol. 14, No. 3

2.	 Melvin JL. “Roles and functions of occupational 
therapy in hand rehabilitation,” The American 
Journal of Occupational Therapy, vol. 39, no. 12, 
1985. pp. 795–798.

3.	 Alolabi N, Chuback J, Grad S, & Thoma A. The 
utility of hand transplantation in hand amputee 
patients. J Hand Surg Am, 2015. 40, 8–14,

4.	 Shores JT, Brandacher G, & Lee WA, Hand and 
upper extremity transplantation: an update of 
outcomes in the worldwide experience. Plast 
Reconstr Surg, 2015.vol, 135, 351e–360e,.

5.	 Ostlie K, LesjoIM, Franklin RJ, Garfelt B, 
Skjeldal OH, & Magnus P.. Prosthesis use 
in adult acquired major upper-limb 
amputees: patterns of wear, prosthetic skills 
and the actual use of prostheses in activities of daily life. 
Disabil Rehabil Assist Technol, 2012. 7, 479–493.

6.	 Mennen U, & Wiese A, Fingertip injuries 
management with semi-occlusive dressing. J Hand 
Surg Br, 18, 1993. 416–422.

7.	 Vidal P, & Dickson MG, Regeneration of the 
distal phalanx. A case report. J Hand Surg Br, 18, 
(1993).230–233.

8.	 Lee LP, Lau PY, & Chan CW, A simple and 
efficient treatment for fingertip injuries. J Hand 
Surg Br, 20, 1995. 63–71.

9.	 Shieh SJ, & Vacanti JP. State-of-the-art tissue 
engineering: from tissue engineering to organ 
building. Surgery, 137.2005,pp: 1–7.

10.	 Colwell AS, M. Longaker T, 
and Lorenz HP “Fetal wound 
healing,” Frontiers in Bioscience, 2003. vol. 8, no. 
6, pp. s1240–s1248,.

11.	 Michalopoulos GK, “Liver 
regeneration,” Journal of Cellular 
Physiology, 2007 vol. 213, no. 2, pp. 286–300,.

12.	 Chan R J, and Yoder MC, “The multiple facets of 
hematopoietic stem cells,” Current Neurovascular 
Research,2004 vol. 1,no. 3, pp. 197–206.

13.	 Oates PS, and West AR, “Heme 
in intestinal epithelial cell 
turnover, differentiation, detoxification, 
inflammation, carcinogenesis, absorption and 
motility,” World Journal of Gastroenterology,2006 
vol. 12, no. 27, pp. 4281–4295.

14.	 Guan K, Nayernia K, Maier LS, Wagner S, Dressel 
R, Lee JH, Nolte J, Wolf F, Li M, Engel W: 

Pluripotency of spermatogonial stem cells from 
adult mouse testis. Nature 2006;440:1199.

15.	 Amidi F, Nejad NA, Hoseini MA, Nayernia 
K, Mazaheri Z, Yamini N, Saeednia S: In vitro 
differentiation process of human Wharton’s jelly 
mesenchymal stem cells to male germ cells in the 
presence of gonadal and non-gonadal conditioned 
media with retinoic acid. In Vitro Cell Dev Biol 
Anim;2015. vol51:1093-1101.

16.	 Bankaitis ED, Ha A, Kuo CJ, Magness ST: Reserve 
Stem Cells in Intestinal Homeostasis and Injury.
Gastroenterology;2018155:1348-1361.

17.	 Pai SA, and Patil PU, Immunohistochemistry: 
some more benefits. Natl Med J India;2008 21(2): 
100-101.

18.	 Alizi S, Mukhlis F and Abdul-Majeed B .Detection 
of Human papillomavirus in surface epithelial 
ovarian carcinoma using in situ hybridization 
technique. Fac Med Baghdad; 2012,54(1),

19.	 J. R. Napier, “The prehensile movements of the 
human hand,”The Journal of Bone and Joint 
Surgery,1956 vol. 38 B, no. 4, pp. 902–913.

20.	 “Occupational Injury and Illness Classification 
Manual U.S. Department of Labor Bureau 
of Labor Statistics,” December. 1992, http://
www.bls.gov/iif/oshwc/oiicm.pdf Accessed on 
8th July, 2011.

21.	  “The Electronic Textbook of Hand SurgeryFinger 
Amputation Codes,” January 2009,http://www.
eatonhand.com/coding/ kome025a.htm. Accessed 
on 8th July 2011.

22.	 Liang HW, Chen SY, Hsu J H, and Chang, 
C W “Work-related upper limb amputations 
in Taiwan, 1999–2001,” American 
Journal of Industrial Medicine,2004 
vol.46,no.6,pp. 649–655.

23.	 Dillingham TR, Pezzin LE, and Mackenzie EJ, 
“Extremity amputation and limb deficiency,” 
Southern Medical Journal,vol.2002 95, no. 8, pp. 
875–883.

24.	 Conn J M, Annest J L, Ryan G W and 
BudnitzD S, “Nonwork-related finger 
amputations in the United States, 2001- 
2002,” Annals of Emergency Medicine, vol.2005. 
45, no. 6, pp. 636–638.

25.	 Janmohammadi N, “Epidemiological 
features of extremity 
traumatic amputation in Babol, 



Indian Journal of Forensic Medicine & Toxicology, July-September 2020, Vol. 14, No. 3      1179

North of Iran,” Journal of 
Orthopaedics,2008 vol. 5, no. 2, p. e14.

26.	 Boyle D, Parker DC, Larson, and Pessoa-
Brandao L, “Nature, incidence, and cause of 
work-related amputations in 
Minnesota,” American Journal of 
Industrial Medicine, 2000 vol. 37, no. 5, pp. 542–
550.

27.	 Onuba O, “Traumatic finger amputations in 
Bulawayo,” Central African Journal of Medicine, 
1993.vol. 39, no. 3, pp. 49–52,

28.	 Stanbury M, Reilly MJ, and Rosenman 
KD, “Workrelated amputations in 
Michigan, 1997,” American Journal of 
Industrial Medicine,2003 vol. 44, no. 4, pp. 359–
367.

29.	 Livingston DH, Keenan D, Kim J, Elcavage,A and 
Malangoni, MA “Extent of disability following 
traumatic extremity amputation,” Journal of 
Trauma,1994. vol. 37, no. 3, pp. 495–499.

30.	 Iizuka H, Takahashi H. Psoriasis, involucrin and 
protein kinase C. Int J Dermatol;1993, 32: 333–
338.

31.	 Valdimarsson h, Baker BS, Jónsdóttir I, Powles 
A, Fry l. Psoriasis: a T-cell-mediated autoimmune 
disease induced by streptococcal superantigens? 
Immunol Today;1995 16: 145–149.

32.	 Iizuka H, Ishida-Yamamoto A, Honda H . Epidermal 
remodelling in psoriasis. Br J Dermatol;1996, 135: 
433–438.

33.	 Galvin S, loomis C, Manabe M, Dhouailly D, 
Sun TT.The major pathways of keratinocyte 
differentiation as defined by keratin expression: an 
overview. Adv Dermatol; 1989.4: 277–300,

34.	 Franssen ME, Zeeuwen Pl, Vierwinden G, van de 
Kerkhof PC, Schalkwijk J, van Erp PE. Phenotypical 
and functional differences in germinative 
subpopulations derived from normal and psoriatic 
epidermis. J Invest Dermatol; 2005,124: 373–383.

35.	 Potten C S, Schofield R. & Lajtha L G Biochip. 
Biophys. Acta560, 281–299, 1979.

36.	 Chamberlain C S, Jeffery, J J, Leiferman E M, et 
al., “Level-- specific amputations and resulting 
regenerative outcomes in the mouse distal phalanx,” 
Wound Repair and Regeneration, vol. 25, no. 3, 
2017pp. 443–453.

37.	 Rinkevich, Y P Lindau H,Ueno M T, Longaker, and 
I. L. Weissman, “Germ-layer and lineage-restricted 
stem/progenitors regenerate the mouse digit tip,” 
2011, vol. 476, no. 7361, pp. 409–413.

38.	 SimkinJ, Sammarco, MC, Dawson L A, Schanes P P, 
Yu,L. and MuneokaK. “The mammalian blastema: 
regeneration at our fingertips,” Regeneration,2015 
vol. 2, no. 3, pp. 93–105.


