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As DD tissue extends to the digits, the diseased cords that develop from the PF have 

specific names (figure 1.3.2). The cords around the joints of the digits create digital 

contracture. This diseased tissue is excised during surgery and as highlighted in figure 

1.3.2, great care is taken so as not to damage underlying neuro’ vascular structures.  

Figure 1.3.2: Extensive anatomy of normal fascia and DD 
This figure (Green’s Operative Hand Surgery 6th Edition) shows the normal anatomy and diseased anatomy (Hurst 
2011).  
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1.3.2 Histopathology of DD 

The cell responsible for digital contracture in DD is the myofibroblast. The 

myofibroblast has a contractile protein, " smooth muscle actin. It is this cell which 

typically causes contraction (Tomasek, Gabbiani et al. 2002). Histologically, DD 

fascia is more cellular with an increased amount of extracellular matrix in comparison 

to non diseased fascia (figure 1.3.3) (Shih and Bayat 2010). In the DD nodule, 

fibroblasts are not aligned. In DD cord cellular mass decreases and fibroblasts are 

more aligned (figure 1.3.3) (Shih and Bayat 2010). 

Figure 1.3.3: Histology of DD 
(Shih and Bayat 2010). 
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Figure 1.5.1: Global distribution of DD 
Distribution of prevalence rates globally, figures extracted from table 1.5.2. 
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Table 1.5.2: Published epidemiological studies of Dupuytren’s disease 
Listed in chronological order. 

Prevalence or incidence 
rate 

 

Age group Author Date 
 

Geographical 
Location 

Study Design & 
Analysis score 

Data 
Collector 

Total Male Female Male  Femal
e 

Presence 
of 

heritabil
ity 

Significant risk 
factors 

Herzog EG 
(Herzog 
1951) 

1951 North 
England 

Cross-sectional 
study of 1434 
manual laborers 
and clerks.  
Score: 6 

Author 4.25% 4.25% - > 40 years - No 
mention 

No significant 
difference in 
prevalence of DD in 
manual workers (4.5%) 
and clerks (3.8%). 

Gordon S 
(Gordon 
1954) 

1954 Canada Cross-sectional 
study of 2705 
hospital 
inpatients. 
Score: 8  

Author - 26% 33% 66-75 
years 

66-75 
years 

No 
mention 

No mention 

Yost J (Yost, 
Winters et al. 
1955) 

1955 New York, 
USA 

Cross-sectional 
study of 5062 
hospital 
inpatients. 
Score: 11 

Author 3.4% 4.3% 2.3% 37-100 
years 

37-
100 
years 

One case 
with 
definite 
family 
history – 
early age 
at onset 
in 
offspring
. 

No significant 
correlation with hand 
trauma.  

Hueston JT 
(Hueston 

1960 Australia Cross-sectional 
study of 3700 

Author - 23% 22% > 60 years > 60 
years 

No 
mention 

No mention 
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1985) people in 
community. 
Score: 8 

Early PF 
(Early 1962) 

1962 Lancashire, 
UK 

Cross- sectional 
study of 6979 
people in 
community. 
Score: 7 

Author 3.5% 3.8% 2.3% 15- >75 
years 

15- 
>75 
years 

No 
mention 

Strong association 
between epilepsy. No 
relationship between 
DD and manual work.  

Chaunt JC 
(Chanut 
1963) 

1963 France Cross sectional 
study of 180stone 
masons. 
Score: 10 

Author 2.1% - - > 45 years - No 
mention 

DD associated with 
manual work.  

Mikkelson 
OA 
(Mikkelsen 
1972) 

1972 Haugesund, 
Norway 

Cross- sectional 
study of 16,000 
inpatients. 
Score: 11 

Author / 
Surgeon 

- 9.4% 2.8% >16 years 
70to74yrs
=36.8% 
(max 
prev’) 

>16 
years 
85to8
9yrs=
25% 
(max 
prev’) 

No 
mention 

No mention 

Critchley EM 
(Critchley, 
Vakil et al. 
1976) 

1976 Preston, UK Cross-sectional 
study of chronic 
epileptics. 
Score: 9 

Author 56% 57% 56% 35 - >75 
years 

35- 
>75 
years 

No 
mention 

Link to anti-
convulsants to DD due 
to peripheral 
stimulation of growth 
factors 

Stuhler T 
(Stuhler, 
Stankovic et 
al. 1977) 

1977 Germany Cross-sectional 
study of 524 
epileptics. 
Score: 8 

Author 21.6% - - - - Genetic 
aspect 
must be 
taken 
into 

Idiopathic epilepsy is 
most associated with 
DD 



! "#!

consider
ation 

Ravid M 
(Ravid, Dinai 
et al. 1977) 

1977 Israel Cross-sectional 
study of 959 
diabetics: 
Score: 7 

Author 17.6% - - - - No 
mention 

Increased risk of DD in 
older diabetic patients 

Mikkelsen O 
(Mikkelsen 
1978) 

1978 Norway Observational 
study of 6888 
men and 4120 
women. 
Score: 11 

Author 9% 10% 6% >40 years > 40 
years 

No 
mention. 

Linked to manual 
labour.  

Mackenney 
RP 
(Mackenney 
1983)  

1983 Cotswolds & 
Chilterns, 
England 

Cross- sectional 
study of 919 
patients attending 
the orthopaedic 
clinic. 
Score: 6 

Surgeon - 5% 3.5% - - No 
mention 

Positive correlation 
between stretching of 
palm and DD 

Bennet et al 
(Bennett 
1982) 

1982 UK Cross-sectional 
study of 216 
manual workers. 
Score: 14 

Physician 8% - - - >30 
years 

No 
mention. 

Positive correlation 
with manual work.  

Arafa M 
(Arafa, 
Noble et al. 
1992) 

1984 Manchester, 
UK 

Cross-sectional 
study of 392 
patients with 
Rheumatoid 
Arthritis (RA): 
Score: 7 

Rheumatol
ogist 

6.4% 
with 
RA. 
16% 
withou
t RA 

7.6% 
with 
RA.  
16.1% 
withou
t RA 

5.7% 
with 
RA. 
15.9% 
without 
RA 

30- 
>70years 

30- 
>70ye
ars 

Genetic 
factor in 
RA as a 
protectiv
e factor 
against 
DD? 

No mention 

Noble J 1984 UK Cross-sectional Authors 18% 25% 13% > 16 years >16 No Increased risk of DD in 
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(Noble, 
Heathcote et 
al. 1984) 

study of 
273diabetic 
patients. 
Score: 7 

(physician 
& hand 
surgeon) 

when 
exami
ned by 
physic
ian, 
42% 
when 
exami
ned by 
hand 
surgeo
n 

when 
exami
ned by 
physic
ian, 
41% 
when 
exami
ned by 
hand 
surgeo
n 

when 
examine
d by 
physicia
n, 42% 
when 
examine
d by 
hand 
surgeon 

years mention diabetic patients 

Egawa T 
(Egawa 
1985) 

1985 Japan Cross sectional 
study of 3383 
patients attending 
orthopaedic 
clinic. 
Score: 6 
 

Author 1.8% - - 40-59 
years 

40-59 
years 

No 
mention 

No mention 

Laplane D 
(Laplane and 
Carydakis 
1985) 

1985 France Cross-sectional 
study of 197 
epileptic patients. 
Score: 5 

Author 8% - - - - No 
mention 

No evidence to suggest 
increased risk of DD in 
epileptics.  

Stewart HD 
(Stewart, 
Innes et al. 
1985) 

1985 UK Cross-sectional 
study of 235 
patients with 
Colles’ fracture. 
Score: 7 

Author 6.8% - - 18 – 86 
years 

18- 86 
years 

No 
mention 

Mild disease in patients 
who developed DD 
after fracture. No DD 
progression after 20 
months. 

Patri B (Patri 1986 France Cross-sectional Author 9% - - 20-90 20-90 No Increased prevalence of 
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and Gatto 
1986) 

study of 155 
patients. 
Score: 6  

years years mention DD with increasing age 

Attali P et al 
(Attali, Ink et 
al. 1987) 

1987 France Cross sectional 
study of 432 
patients with liver 
disease. 
Score: 10 

Physician 18% - - >40 years > 40 
years 

No 
mention 

DD associated with 
manual work and liver 
disease. 

Cocco PL et 
al (Cocco, 
Frau et al. 
1987) 

1987 Italy Case- control 
study of 14557 
vibration workers.  
Score: 14 

Author 1.2% - - > 40 years > 40 
years 

No 
mentions 

Positive correlation 
with vibration 
exposure.  

Guitian AQ 
(Guitian 
1988) 

1988 Spain Cross sectional 
study of 1455 
undergoing 
general medical 
examinations. 
Score: 7 

Author 9.9% 
 
25.5% 

- - 45-54 yrs 
 
>75 years 

45-54 
yrs 
 
>75 
years 

No 
mention 

No mention 

Eadington 
DW 
(Eadington, 
Patrick et al. 
1989) 

1989 Edinburgh, 
UK 

Cross-sectional 
study of 266 type 
1 diabetic 
patients. 
Score: 9 

Author 24% 
smoke
rs 

- - 36- 84 
years 

36 – 
84 
years 

No 
mention 

Increased risk of DD in 
diabetics and smokers 

Egawa T 
(Egawa, 
Senrui et al. 
1990) 

1990 Japan Cross sectional 
study of 1154 
nursing home 
patients. 
Score: 7 

Author - 19.7% 9% Over 60 
years 

Over 
60 
years 

No 
mention 

No mention 

French PD 1990 London, UK Cross- sectional Genito- - 6% - 23-56 - No No significance of HIV 
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(French, 
Kitchen et al. 
1990) 

study of 50 male 
AIDS patients. 
Score: 6 

Urinary 
Physician 

years mention on DD. 

Bower M 
(Bower, 
Nelson et al. 
1990) 

1990 London, UK Cross- sectional 
study of 50 male 
HIV infected 
patients.  
Score: 6 

Physician - 36% - 19-54 
years 

- No 
mention 

Significant impact of 
HIV on DD. 

Eadington 
DW 
(Eadington, 
Patrick et al. 
1991) 

1991 Edinburgh, 
UK 

Cross-sectional 
study of 200 type 
2 diabetic 
patients. 
Score: 7 

Experienc
ed 
observer 

24% - - 36-84 
years 

36-84 
years 

No 
mention 

Increased risk of DD in 
diabetes and in smokers 

Thomas PR 
(Thomas and 
Clarke 1992) 

1992 Middlesbroug
h, UK 

Cross- sectional 
study of 500 
claimants with 
vibration white 
finger.  
Score: 8 

Author 13.6% - - > 45 years > 45 
years 

No 
mention 

Positive correlation 
between DD and 
vibration white finger. 

Arafa M 
(Arafa, 
Noble et al. 
1992) 

1992 Manchester, 
UK 

Cross-sectional 
study of 484 
patients in 2 
epileptic centers. 
Score: 7 

Author 12% 
and 
38% 

13% 
and 
44% 

11% and 
28% 

<30 to 
>70 years 

<30 
to 
>70 
years 

No 
mention 

Increased prevalence of 
DD with increasing 
age. No evidence to 
link DD and epilepsy 

Noble J 
(Noble, 
Arafa et al. 
1992) 

1992 Manchester 
UK 

Cross-sectional 
study of 50 
patients with liver 
disease. 
Score: 7 

Author 28%  - - <30 to 70 
years 

<30 
to 70 
years 

No 
mention 

Increased risk of DD in 
patients with liver 
disease 
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Kelly SA 
(Kelly, Burke 
et al.) 

1992 Derby, UK Cross-sectional 
study of 235 
patients with 
Colles’ fracture. 
Score: 8 

Author 8.5% - - 47-79 
years 

47-79 
years 

15% had 
a 
positive 
family 
history 

25% consumed large 
amounts of alcohol; 5% 
taking anticonvulsant 

Lennox IAC 
(Lennox, 
Murali et al. 
1993) 

1993 Aberdeen, 
Scotland 

Cross-sectional 
study of 200 
nursing home 
patients over 60 
years. 
Score: 7 

Author 30% 39% 21% >60 years >60 
years 

No 
mention 

No mention 

Bergenudd H 
(Bergenudd, 
Lindgarde et 
al. 1993) 

1993 Malmo, 
Sweden 

Longitudinal 
study of 574 
people in 
community. 
Score: 6 

Author 6% 10% 2% 55 years 55 
years 

No 
mention 

Non-except poor 
peripheral pulses. 

Bovenzi M 
(Bovenzi 
1994) 

1994 Italy Cross-sectional 
study of 570 
quarry drillers 
and stonecarvers. 
Score: 14 

Author 10% - - Mean age 
– 39 years 

- No 
mention 

Increased risk in 
vibration exposed 
manual workers 

Renard E 
(Renard, 
Jacques et 
al.) 

1994 France Cross-sectional 
study of 120 
diabetic patients. 
Score: 12 

Author 35% 
type 1, 
30% 
type 2 
diabet
es 

- - - - No 
mention 

Increased prevalence of 
DD in diabetics 

Niezborala M 
et al 

1995 France Case control 
study of 324 

Author 5.3% - - - - No 
mention 

Positive correlation 
with manual work.  
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manual workers. 
Score: 11 

Chammas M 
(Chammas, 
Bousquet et 
al. 1995) 

1995 France Cross-sectional 
study of 120 
diabetic patients. 
Score: 12 

Author 35% 
type 1 
diabeti
cs, 
28% 
type 2 

- - - - No 
mention 

Increased prevalence of 
DD in diabetics, risk 
increases with longer 
duration of diabetes. 

Arkilla PE 
(Arkkila, 
Kantola et 
al.) 

1996 Finland Longitudinal 
study of 207 type 
1 diabetic 
patients. 
Score: 14 

Author 4% - - 21-39 
years 

21-39 
years 

No 
mention 

DD risk increases with 
patients age and 
duration of DM.  

Dasgupta AK 
(Dasgupta 
and Harrison 
1996) 

1996 India Cross-sectional 
study of manual 
workers. 
Score: 13 

Author 4% - - >21 years - No 
mention 

Vibration exposure 
increases risk of DD. 

Arkilla PE 
(6) 

1997 Finland Cross-sectional 
study of 139 type 
2 diabetic 
patients. 
Score: 13 

Author 14% - - 49-73 
years 

49-73 
years 

No 
mention 

DD risk greater in 
diabetic patients. 
Prevalence equal in 
males & females.  

Gudmundsso
n KG (41) 

1999 Reykjavik, 
Iceland 

Cohort study of 
2165 inpatients. 
Score: 9 

Physician 13.3% 19.2% 4.4% 45-74 
years 

45-74 
years 

No 
mention 

Significant association 
between DD and 
manual work, smoking, 
fasting glucose level. 

Gudmundsso
n  (40) 

2000 Reykjavik, 
Iceland 

Cohort study of 
1297 males in the 
community. 

Physician - 19.2% - 45-74 
years 

- No 
mention 

Negative association 
between DD and joint 
complaints.  
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Score:  16 
Kilian O (49) 2001 Germany Cross-sectional 

study of 172 
patients with 
shoulder 
pathology. 
Score: 11 

Author 2.9% - - - - No 
mention 

Similar histology in 
DD and frozen 
shoulder 

Smith SP 
(Smith, 
Devaraj et al. 
2001) 
 
 
 

2001 UK Cross-sectional 
study of 58 
patients with 
frozen shoulder. 
Score: 11 

3 surgeons 52% - - Mean 54.9 
years 

Mean 
54.9 
years 

7% of 
people 
with DD 
had first 
degree 
relative 
with DD. 

Increased prevalence of 
DD in frozen shoulder 
patients 

Omari A 
(Omari and 
Bunker 2001) 

2001 UK Cross-sectional 
study of 75 
patients with 
frozen shoulder. 
Score: 9 

Author 1.3% - - - - No 
mention 

No mention for DD 

Finsen V 
(Finsen, 
Dalen et al. 
2002) 

2002 Finnmark, 
Norway 

Cross-sectional 
study 456 people 
in community.  
Score: 16 

Surgeon 7.5% 11.9% 1.5% > 50 years > 50 
years 

Higher 
prevalen
ce in 
family 
members 
in same 
niche  

No mention 

White HA 
(White, 
Alcolado et 

2003 Wales Observational 
study of 197 
inpatients. 

Physician 6.6% - - 19-101 
years 

19-
101 
years 

No 
mention 

No mention 
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al. 2003) 
(103)  
(Gudmundss
on, Arngr 
msson et al. 
2000) 

Score: 10 

Ardic F 
(Ardic, 
Soyupek et 
al. 2003) 

2003 Turkey Cross-sectional 
study of 78 type 
II diabetics. 
Score: 14 

Author 21.8% - - 46-70 
years 

46-70 
years 

No 
mention 

Diabetes is risk factor 
for DD 

Zerajic D 
(Zerajic and 
Finsen 2004) 

2004 Bosnia Cross- sectional 
study of 1207 
people in 
community 
appearing to look 
over 50 years. 
Score: 16 

Medical 
student 

25% 31% 16% >50 years >50 
years 

No 
mention 

Significant higher 
prevalence in diabetics.  

Geohagan 
JM 
(Geoghegan, 
Forbes et al. 
2004) 

2004 West 
Midland, UK 

Cross-sectional 
study of 383,000 
GP patients. 
Score: 14  

GP 0.2% 0.15% 0.05% 24-97 
years 

24-97 
years 

No 
mention 

Diabetes is a strong risk 
factor for DD 

Khan AA 
(Khan, Rider 
et al. 2004) 

2004 Oxford, UK Review of 
National 
Morbidity Survey 
of 502,493 men. 
Score: 14 

GP Incide
nce 
rate 
34.3 
per 
100,00
0 men 

- - 40-84 
years 

- No 
mention 

No mention 
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Godtfredsen 
NS 
(Godtfredsen, 
Lucht et al. 
2004) 

2004 Denmark Cohort study of 
7254 subjects. 
Score: 14 

Trained 
nurse/med 
student 

11% 16% 7% 20-93 
years 

20-93 
years 

No 
mention 

Alcohol & smoking 
risk factors 

Logan AJ 
(Logan, 
Mason et al. 
2005) 

2005 UK Questionnaire 
survey of 1100 
climbers. 
Score: 12 

Patient 19.5% 19.5% - 23-93 
years 

- No 
mention 

No mention 

Burke FD 
(Burke, 
Proud et al. 
2007) 

2007 UK Cross-sectional 
study of 97537 
miners. 
Score: 13 
 

Trained 
doctors 

8.1% 8.1% - 25-99 
years 

- No 
mention 

Increased risk of DD in 
diabetics and increased 
age 

Lucas G 
(Lucas, 
Shroyer et al. 
1997) 

2008 France Cross-sectional 
study of 2406 
male civil 
servants. 
Score: 14 

Physician - 8.8% - Mean age 
50.7 years 

- 20% had 
family 
history 
of DD 

Manual work exposure 
appears to be 
associated with DD 

Degreef I et 
al (Degreef 
and De Smet 
2010) 

2010 Belgium Observational 
study 500 people 
in the market 
place over the age 
of 50 years. 
Score: 14 

Hand 
specialist 

32% 39% 24% Mean age 
65 years 

- No 
mention 

Similar high prevalence 
of DD in Belgium as 
the rest of Northern 
Europe.  

Dibenedetti 
DB et al 
(Dibenedetti, 
Nguyen et al. 

2011 USA Population based 
study of 23,103 
people on internet 
online survey. 

Self-
reported 

0.5% - - Mean age 
50 years 

- 18% 
positive 
family 
history 

- 
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2011) Score: 12 
Weinstein 
AL et al 
(Weinstein, 
Haddock et 
al. 2011) 

2011 USA Retrospective 
study of Hispanic 
population in 
New York. 
Score: 14 

Plastic 
Surgeons 

0.53% - - Mean age 
58.3 
unilateral 
disease 
and 65 
years 
bilateral 
disease 

- No 
mention 

Smoking, hypertension, 
alcoholism, diabetes 
and 
hypercholestrolaemia 
observed in greater 
frequency in DD 
patients.  

Ferry N et al 
(Ferry, 
Lasserre et 
al. 2012) 

2012 France Comparative 
study looking at 
DD in women. 
Score: 13  

Orthopaed
ic surgeon 
- 

- - - Mean age 
58 years 

- No 
mention 

The prognosis of DD 
was worse in women.  

Descatha A 
et al 
(Descatha, 
Bodin et al. 
2012) 

2012 France Cross sectional 
study of DD in 
2161 manual 
workers.  
Score: 15 

Occupatio
nal 
physicians 

1.3% 1.3% - Mean age 
47.1 years 

- No 
Mention 

Vibration exposure and 
diabetes significantly 
associated with DD.  

Lanting R et 
al (Lanting, 
van den 
Heuvel et al. 
2013) 

2013 Netherlands Cross sectional 
study of DD in 
1360 random 
inhabitants over 
50 years in 
Groningen, 
Netherlands.  
Score: 15 

Upper 
limb 
plastic 
surgeons 

22.1% 26.4% 18.6% 50-90 
years 

50-90 
years 

23.7% 
with 
positive 
family 
history.  

Hand injury, excess 
alcohol consumption 
and positive family 
history were 
significantly associated 
with DD.  
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Findings from the literature review (table 1.5.2) were further sub-classified into age 

and gender.  Prevalence rates of DD ranged from 0.2% to 56% in varying age groups 

and depended on methods of data collection. The prevalence of DD increased with 

age (table 1.5.2, figures 1.5.2-1.5.3) The highest prevalence rate (56%) was seen in a 

study group of epileptic (Critchley, Vakil et al. 1976) patients.  

Figure 1.5.2 The worldwide prevalence of DD 
Comparing worldwide prevalence rates in males and females. The diagnosis of DD in 
each study was standard. Prevalence rates in this figure have been taken from table 
1.5.2.  
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Figure 1.5.3 Mean global DD prevalence 
Comparison of prevalence of DD between males and females. Data extrapolated from table 1.5.2.  

 

There is conflicting data on the significance of HIV and DD (Bower, Nelson et al. 

1990). There is more consistent data in the findings for a link between DD, diabetes 

mellitus and epilepsy, with many studies finding a higher prevalence of DD in the 

diabetic population (Arkkila, Kantola et al. ; Arafa, Noble et al. 1992; Arkkila, 

Kantola et al. 1997). The prevalence of DD in global epileptic (figure 1.5.4) and 

diabetic cohorts (figure 1.5.5) was compared. All studies showed a positive 

association between DD, epilepsy and diabetes.  
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Figure 1.5.4 Prevalence of DD in epileptics 
Comparison of prevalence rates in epileptics. Data extrapolated from table 1.5.2. 

 

 

Figure 1.5.5 Prevalence of DD in diabetics 
Prevalence of DD within diabetic communities. Data extrapolated from table 1.5.2. 

 

 

1.5.6 Prevalence rates calculated in a clinical and community setting 

Of the 62 studies evaluated 24 were conducted in a hospital setting and 38 studies 

carried out in the community of which 2 were performed in a nursing home. Studies 

carried out in the nursing home identified a higher prevalence rate of DD compared to 
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Figure 1.5.6 Varying prevalence rates among different communities 
in the same country 
Comparison of prevalence rates of DD in different communities/ regions in Bosnia, Norway and the UK. Data 
extrapolated from table 1.5.2. 
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More recently genome wide array studies have been carried out. Unfortunately most 

of these studies have small sample sizes as shown in table 1.6.1. One study does have 

a large sample size and conveys an important pathway in the potential development of 

DD (Dolmans, Werker et al. 2011). The large sample size from different European 

geographical locations makes this study the most accurate to date. Eleven SNPs in 9 

DD risk loci were identified of which 4 candidate genes implicated the WNT 

pathway. The WNT proteins that bind to specific receptors result in the reduction of ! 

catenin degradation (figure 1.6.1) and have been shown to have a genetic influence on 

what may be an abnormal pathological pathway in DD.  

Figure 1.6.1 Signaling pathways of WNT and ! catenin WNT signaling and DD study 
(Dolmans, Werker et al. 2011). 9 loci were identified including one containing genes coding for the frizzled 
receptor and RSPO2. All loci contained candidate genes coding ! catenin were over expressed increasing risk of 
fibromatosis.  
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Table 1.6.1: Genetic Studies 

Author Date Study Design Type of genetic 
identification 

Scientific relevance Clinical relevance 

Tait BD et al (Tait 
and Mackay 1982) 

1982 HLA typing methods. 
Experimental study of DD 
tissue biopsies.  

HLA-DR4 presence in DD 
tissue.  

Further study required to 
identify definite HLA 
DR4 antigen. 

Possibility that HLA-DR3 
may be used as prognostic 
biomarker. 

Williams PL et al 
(Williams, Dann 
et al. 1983) 

1983 HLA typing in 40 DD 
patients undergoing DD 
release.  

No MHC antigens found. No association between 
MHC and DD tissue.  

MHC not associated with 
DD.  

Spencer JD 
(Spencer and 
Walsh 1984) 

1984 HLA typing in 37 DD 
patients.  

HLA-DR associated with 
DD development.  

Further study required to 
identify definite HLA 
DR antigen.  

Possible role of DD as an 
autoimmune condition.  

Pereira RS et al 
(Pereira, Black et 
al. 1986) 

1986 HLA typing methods from 
sera of 16 patients with 
DD.  

Increase in IgG antibody 
formation to type II collagen 
but no increase in HLA-
DR4.  

No increase in HLA-
DR4 in DD tissue 
compared to control.  

HLA-DR4 not specific as 
biomarker for DD. 

Bonnici AV et al 
(Bonnici, Birjandi 
et al. 1992) 

1992 Chromosomal analysis of 
cell cultures from DD 
tissue 

Trisomy 8 in DD and 
control tissue 

Chromosomal instability 
in pathway of fibrosis 

Suggestion that cancer 
biomarkers (c-myc) may 
have a role in 
pathogenesis of DD 

Neumuller J et al 
(Neumuller, 
Menzel et al. 
1994) 

1994 HLA typing in 46 patients 
with DD.  

HLA-DR3 associated with 
increased risk of developing 
DD. 

Further study required to 
identify definite HLA 
DR3 antigen. 

Possibility that HLA-DR3 
may be used as prognostic 
biomarker.  

Badalamente MA 
et al 
(Badalamente, 
Sampson et al. 

1996 Role of TGF !1 and !2 in 
DD via immunologically 
marking cultured cells.  

Both TGF !1 and !2 play a 
role in DD pathogenesis. 

TGF !2 plays are more 
important role in 
myofibroblastic 
proliferation. 

TGF !2 is a potent 
biomarker for active DD 
and may be used to plan 
surgical treatment.  

Not true - not in this reference

Not true - not significant

IgG not significant 

No statistical analysis



! "#!

1996) 
Pilato G et al 
(Pilato, Viotto et 
al. 1997) 

1997 FISH analysis of DD cell 
cultures  of 26 patients.  

No evidence of high 
frequency of trisomy 8.  

Chromosomal 
abnormalities exist in 
DD but exact 
malfunction is uncertain. 

Clinical staging and 
prognostic indication is 
still best predictor of 
outcome.  

Casalone R et al 
(Casalone, 
Mazzola et al. 
1997) 

1997 FISH analysis of DD cell 
cultures in 26 cases.  

Chromosomal instability in 
DD tissue but no trisomy 8. 
Chromosomal changes seen 
in 18 cases. 

Chromosomal 
abnormalities exist in 
DD but exact 
malfunction is uncertain. 

Clinical staging and 
prognostic indication is 
still best predictor of 
outcome.  

Dal Cin P et al 
(Dal Cin, De Smet 
et al. 1999) 

1999 Cytogenetic analysis of 
DD cell cultures in 36 
patients with DD.  

Evidence of trisomy 7 and 8 
in over half samples 
including non-dividing 
cells.  

Quantification and 
validation of these 
genetic abnormalities 
required. 

Trisomy 8 may be a 
predictor of recurrence 
following surgical 
management.  

Bayat A et al 
(Bayat, Alansar et 
al. 2002) 

2002 Role of variable 
expressions of TGF !1 on 
DD pathology in cultured 
cells in 135 patients.  

No significant difference 
between TGF !1 
polymorphisms. 

Common TGF !1 
polymorphisms are not 
associated with DD.  

Results only look at a 
specific polymorphism of 
TGF !1 and thus TGF !1 
should not be ruled out as 
a biomarker for DD.  

Bayat A et al 
(Bayat, Alansar et 
al. 2002) 

2002 Role of variable 
expressions of TGF !2 on 
DD pathology in cultured 
cells. 

No significant -difference 
between TGF !2 
polymorphisms. 

Common TGF !2 
polymorphisms are not 
associated with DD. 

Results only look at a 
specific polymorphism of 
TGF !2 and thus TGF !2 
should not be ruled out as 
a biomarker for DD. 

Bisson MA et al 
(Bisson, 
McGrouther et al. 
2003) 

2003 DD proliferation on 
stimulation of TGF !1 in 
cultured cells. 

TGF !1 treatment increases 
myofibroblastic 
proliferation. 

TGF !1 plays a crucial 
role in active DD. 

TGF !1 may be an 
important biomarker in 
predicting recurrence of 
DD.  

Pan D et al (Pan, 
Watson et al. 

2003 Microarray analysis of DD 
tissue in 6 DD patients.  

23 susceptible genes, 5 over 
and 18 under expressed.  

9 genes were further 
expressed and verified 

Links to these genes and 
associated risks of DD 
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2003) using QRT-PCR.  such as alcohol and male 
gender. Small sample 
size.  

Bayat A et al 
(Bayat, Watson et 
al. 2003) 

2003 Case control association of 
Zf9 transcription factor 
gene using qPCR 

Significant difference in 
allele frequencies for Zf9 
gene polymorphism. 

Expression of Zf9 may 
down regulate or 
deactivate TGF !1. 

Possibility of Zf9 as a 
genetic treatment or 
biomarker for DD.  

Shin SS et al 
(Shin, Liu et al. 
2004) 

2004 Role of Bone 
Morphogenetic proteins in 
DD via qPCR and Western 
blotting. 

Over expression of certain 
BMPs. 

BMPs are likely to play 
a role in 
fibroproliferative 
disorders. 

Use of BMPs as a 
biomarker for DD 
requires further study.  

Hu FZ (Hu, 
Nystrom et al. 
2005) 

2005 Mapping of an autosomal 
dominant gene in one DD 
pedigree 

Linkage analysis established 
on chromosome 16q.  

One family with an 
identified locus with 
LOD score >3.  

Result maybe specific for 
this pedigree only and not 
for DD patients as a 
whole.  

Bayat A et al 
(Bayat, Walter et 
al. 2005) 

2005 Denaturing high 
performance liquid 
chromatography (DHPLC) 

Mitochondrial 
heteroplasmic mutation 

Identification of 
significant biomarker in 
maternally transmitted 
DD.  

Maternal transmission of 
DD may require 
alternative mode of 
therapy 

Augoff K et al 
(Augoff, 
Ratajczak et al. 
2006) 

2006 Role of MMP-2 in DD 
pathogenesis in cultured 
cells 

MMP-2 over expressed in 
DD tissue. 

Suggestion of abnormal 
function of MMP-2 in 
DD activation. 

Unsure of role of MMP-2 
as a biomarker for active 
DD.  

Lee LC et al (Lee, 
Zhang et al. 2006) 

2006 Identification of novel 
MafB gene via microarray 
analysis.  

Up regulation of tissue 
development protein MafB. 

Uncertainty regarding 
exact role of MafB in 
fibroproliferative 
disorders.  

Unable to use a 
biomarker. 

Kaur S et al 
(Kaur, Forsman et 
al. 2008) 

2008 Array Comparative 
Genomic Hybridization 
(aCGH) to identify 

No evidence of changes of 
DNA copy number 
sequences.  

Gene amplifications or 
deletions not involved in 
DD pathology. 

Significant genes 
identified in pathogenesis 
but further confirmation 
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chromosomal imbalances.  required.  
Rehman S et al 
(Rehman, Salway 
et al. 2008) 

2008 Gene expression analysis 
and transcriptome 
profiling.  

Identification of several up 
and down regulated genes.  

Transcriptome profiling 
of disease phenotype. 

Transcriptions not 
correlated with disease 
severity and therefore 
require further evaluation.  

Satish L  et al 
(Satish, 
LaFramboise et al. 
2008) 

2008 Microarray analysis of DD 
tissue with validation 
using RT-PCR in 6 DD 
patients.  

40 differentiated gene 
transcripts identified.  

Identification of 3 
significant down 
regulated genes involved 
pathology of DD. 

A number of candidate 
genes identified which 
may be pathognomonic in 
DD but functional 
analysis needs to confirm 
this.  

Zhang AY et al 
(Zhang, Fong et 
al. 2008) 

2008 Gene expression analysis 
of TGF ! from DD tissue 
biopsies.  

20 genes were found to be 
up regulated, some of which 
have been previously 
reported. TGF !2 was 
significantly up regulated.  

TGF !1 and !3 were not 
up regulated where as !2 
was.  

TGF !2 appears to play 
are more important role in 
the development of DD. 

Forsman M et al 
(Forsman, 
Paakkonen et al. 
2008) 

2008 Microarray analysis and 
identification of 
myoglobin and ROR2 in 
DD.  

Under expression of 
myoglobin and over 
expression of ROR2 
associated with increased 
DD severity.  

Myoglobin and ROR2 
pathways may be linked 
to cellular biology of 
DD. May be linked to 
hypoxic damage.  

Use of myoglobin and 
ROR2 as possible 
prognostic indicators in 
DD.  

Johnston P et al 
(Johnston, Larson 
et al. 2008) 

2008 MMP gene expression  MMP gene expression use 
in clinical outcome 

Need for further study 
and treatment related to 
MMPs.  

MMP gene expression 
may predict clinical 
outcome.  

Brown JJ et al 
(Brown, Ollier et 
al. 2008) 

2008 Role of MHC genes in DD 
development 

HLA-DRB1 presence 
increases the risk of DD 
development. 

Further study to 
investigate role of other 
MHC genes necessary.  

Possible use of screening 
of MHC genes in high 
risk individuals. HLA-
DR4 not significant.   

Ulrich D et al 2009 Role of MMPs and TIMPs Imbalance between MMPs Further study to Scientific relevance may 
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(Ulrich, Ulrich et 
al. 2009) 

in DD pathogenesis using 
PCR profiling. 

and TIMPs causing 
increased collagen 
deposition 

elucidate down 
regulation of TIMPs and 
up regulation of MMP 
required. 

provide future treatment 
for DD. 

Townley WA et al 
(Townley, 
Cambrey et al. 
2009)  

2009 Role of MMP inhibitor on 
cultured fibroblastic cells. 

Down regulation of MMP 
on treatment with ilomastat. 

Scope for development 
of further MMP 
inhibitors. 

Possible role of MMP 
inhibitor in treatment of 
DD.  

Degreef I et al 
(Degreef and De 
Smet 2009) 

2009 Over expression of ! 
catenin as a biomarker for 
disease recurrence using 
PCR 

Over expression of ! 
catenin not a predictor of 
recurrence. 

Still do not have 
accurate biomarker for 
predicting recurrence.  

Best way to predict 
recurrence is still by 
clinical methods.  

Shih BB et al 
(Shih, Brown et 
al. 2009) 

2009 Differential gene 
expression of DD tissue 
modalities in 5 DD 
patients.  

6 candidate genes 
(ADAM12, ALDH1A1, 
IRX6, periostin, osteoblast 
specific factor, proteoglycan 
4 and tenascin C.  

ADAM12,ALDH1A1 
and IRX6 greatly 
expressed in DD fat. 

Fat may play a role in the 
pathogenesis of DD.  

Shih BB et al 
(Shih, Tassabehji 
et al. 2010) 

2010 High resolution genome-
wide screening for whole 
genome DNA variation 
analysis in 4 DD patients.  

3 copy number variations on 
10q22,16p12.1 and 17p12 
were identified.  

3 further susceptible 
genetic regions 
identified in DD. 

Chromosome 16 
identified as having 
significant genetic loci 
possibly responsible for 
DD.  

Mosakhani N et al 
(Mosakhani, 
Guled et al. 2010) 

2010 microRNA profile of DD 
fibroblasts in 29 patients 
and their regulation of 
known susceptible DD 
genes.  

5 miRNA’s were found to 
regulate genes in the ! 
catenin pathway: WNT5a, 
ZIC1 and TGF !1. No 
difference of expression in 
familial and non-familial 
cases.   

" catenin pathway again 
identified in DD 
development with 
involvement of a WNT 
protein.  

Further miRNA 
expression may confirm 
further susceptible genes 
in DD and aid in 
development of future 
therapy.  
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Ojwang JO et al 
(Ojwang, 
Adrianto et al. 
2010) 

2010 Genome wide association 
scan of DD in 40 unrelated 
patients. 

Significant regions 
identified on chromosomes 
1,3-6,11,16,17 and 23. 
Linkage disequilibrium 
analysis identified ancestry 
regions in chromosomes 
2,6,8,11,16 and 20.  

Bi-analyses revealed 
susceptible SNPs on 
chromosomes 6,11, and 
16.  

In comparison to previous 
familial studies 
chromosome 16 may 
harbor significant SNPs 
relating to the 
pathogenesis of DD.  

Satish L et al 
(Satish, Gallo et 
al. 2011) 

2011 Expression of TGF ! and 
interaction with cAMP 
signaling in DD.  

Increased cAMP levels 
inhibit the formation of 
myofibroblasts  and 
accumulation of ECM 
proteins.  

cAMP signaling is a 
protein which may be 
aberrant in the 
development of DD 
tissue.  

Drug therapy that can 
increase the levels of 
cAMP in DD may slow 
progression or recurrence 
of DD.  

Krause C et al 
(Krause, Kloen et 
al. 2011) 

2011 Expression of TGF ! in 
DD treated fibroblasts 
with BMP6 and  SB-
431532 in 3 DD patients.  

Increased expression of 
TGF ! in DD fibroblasts 
treated with BMP6 and SB-
431532. 

TGF ! pathway involved 
in DD. This study 
confirms the findings of 
previous work.  

TGF ! plays a role in the 
pathogenesis of DD.  

Dolmans GH et al 
(Dolmans, Werker 
et al. 2011) 

2011 Genome wide association 
study in 2325 DD patients.  

Loci identified associated 
with WNT signaling 
pathway. 11 SNPs at 9 loci. 
6 involved in WNT 
pathway.   

Potential pathological 
pathway identified in 
DD. First study to 
confidently identify 
significant genetic SNPs 
in the pathogenesis of 
DD.  

Identity of pathological 
proteins can lead to future 
therapy. Abnormal WNT 
pathway are possible 
causes of fibromatosis in 
DD.  

Shih et al (Shih, 
Tassabehji et al. 
2012) 

2012 Genomic array study to 
identify DNA copy 
number variations in DD, 
in 25 DD patients.  

5 common copy number 
variations identified on 
chromosomes 1,7,14,17 and 
20.  

Potential genetic targets 
which require further 
investigation.  

Results of this study 
cannot be related to 
clinical practice.  

Wilkinson JM et 
al (Wilkinson, 

2012 Gene expression study of 
MMP-1,-2,-3,-13,-14, 

Fibroblasts at passage 5 
under constant contraction. 

Identity of key collagen 
proteins involved in DD 

These identified proteins 
can be targets for future 
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Davidson et al. 
2012) 

ADAMTS1,-2,TIMP1,-2,-
3 in 4 DD patients. 

Low expression of MMP1,-
3,-13. Knockdown of 
MMP2,-14 inhibited 
contraction. 

contraction. drug therapies and be 
used as biomarkers. 

Ratajczk-
Wielgomas K et al 
(Ratajczak-
Wielgomas, Gosk 
et al. 2012) 

2012 Gene expression study of 
MMP-2,TIMP-2,TGF !1, 
DCN and periostin in 50 
DD patients.  

MMP-2 elevated in DD 
tissue. MMP-2,TIMP-
2,TGF !1, DCN and 
periostin highly expressed 
in DD tissue. 

Balance of MMP-2 and 
TIMP-2 disrupted in 
DD. TGF !1, DCN and 
periostin involved in the 
ECM balance in DD.  

Results of this study 
confirm that of previous 
studies and link to the 
scientific basis of 
collagenase therapy in 
DD.  

Satish L (Satish, 
LaFramboise et al. 
2012) 

2012 Cell cultured microarray 
analysis from tissue 
biopsies of 6 DD patients. 

Difference of gene 
expression of DD 
fibroblasts and healthy 
controls.  

Transcriptomic profiles 
of DD fascia and healthy 
fascia of same individual 
are similar but different 
to fibroblasts from CT 
controls.  

Observations allow to 
consider the progression 
and recurrence of DD in a 
model based on the two 
hit hypothesis.  

Ratkaj I et al 
(Ratkaj, Bujak et 
al. 2012) 

2012 Microarray analysis of DD 
cells and expression of 
stem cell markers in 45 
DD patients.  

Cells were also treated with 
TGF-!1. P38MAPK 
signaling pathway genes 
identified in DD cells and 
normal fibroblasts treated 
with TGF-!1. CD90 
positive cells expressed 
CD34 and CD117. 

P38MAPK pathway 
significant in the 
pathology of DD. Sub-
population of stem cells 
in DD tissue modalities 
may play an important 
role in disease 
pathogenesis.  

Identifying disease 
biology pathway and stem 
cell populations can 
provide a direction for 
future studies.  

Jonsson T et al 
(Jonsson, 
Gudmundsson et 
al. 2012) 

2012 Association of HLA-
DRB1*01 of 121 males 
with DD and 51 controls.  

HLA-DRB1*01 allele 
frequency higher in DD 
versus controls.  

HLA-DRB1*01 maybe 
associated with DD. 

Cannot use this as a 
biomarker. Observational 
results only. Further study 
required to confirm 
association.  
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Satish L et al 
(Satish, O'Gorman 
et al. 2013) 

2013 Gene expression study of 
CCT-eta and !-SMA in 6 
DD patients and 6 CT 
patients as control using 
siRNA transfection. Tissue 
biopsies.  

CCT-eta expression 
increased in active DD and 
normal palmar fascia of 
same patient compared to 
CT patients. !-SMA 
expression increased only in 
DD cells.  

CCT-eta marker for 
latent and active disease.  

Maybe used as a 
biomarker to predict 
future prognosis in other 
digital rays of the same 
patient.  

Zyluk A et al 
(Zyluk, Debniak 
et al. 2013) 

2013 SNP frequencies of the 
ALDH2 and DHDH genes 
in 300 DD patients and 
300 matched controls. 
Blood samples. 

No difference of SNP 
frequency between DD and 
controls for ALDH2. Higher 
frequency of DHDH gene in 
DD patients with a positive 
family history.  

ALDH2 not associated 
with increased 
susceptibility for DD.  

ALDH2 and DHDH 
linked with malignancies. 
Unable to use these genes 
as biomarkers for DD. 

Verhoekx JS et al 
(Verhoekx, 
Beckett et al. 
2013) 

2013 5 DD patients and 5 CT 
controls. Tissue biopsies. 
Expression of MMP 
1,2,9,13 and TIMP 1,2 
following force tension.  

Increase of all markers in 
the DD nodule.  

Nodule cells more 
contractile than cord 
cells.  

Treatment should be 
targeted at nodule to 
reduce degree of 
contracture.  
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2.3 Results 

2.3.1 Family description 

The cohort consisted of 118  (87%) males and 17 (13%) females. For the 135 

probands a total of 1156 relatives were assessed of which there were 302 siblings. The 

mean age of the probands was 66 ± 10 years (range 37-88 years) with a mean age at 

onset of DD of 51 ± 11 years (range 16-77 years) (figure 2.3.1). 

Figure 2.3.1 Age at onset of DD 
Histogram showing the age at onset of DD among probands examined. The x-axis gives the age at onset of disease 
in years and the observed frequency on the y-axis.  

 

 

 

The mean age at onset of 51.7 years has an element of recall bias. DD is a gradual and 

progressive disease. The disease is usually painless and develops with a thickened 

cord or palmar nodule. Given that a patient may not accurately remember this early 

stage of disease and recollect age at onset at the time of digital contracture, it is likely 

that the actual age at onset of DD is lower than described here.  

 

~ 
C 
Q) 
::J 

20 

15 

C" 10 
~ 

LL 

5 

o :---,:: I I I I I I 7 

10 20 30 40 so 

AgeOnset 

60 70 80 

Mean= 51.74 
Std. Dev. = 11.553 
N = 135 



!
"#
!

Th
e 

fa
m

ily
 q

ue
st

io
nn

ai
re

 d
is

tri
bu

te
d 

to
 p

ro
ba

nd
s 

to
 d

et
er

m
in

e 
th

e 
D

D
 s

ta
tu

s 
of

 

re
la

tiv
es

. 
46

 p
at

ie
nt

s, 
w

ho
 i

de
nt

ifi
ed

 4
30

 r
el

at
iv

es
, 

co
m

pl
et

ed
 t

hi
s 

qu
es

tio
nn

ai
re

.  

Pr
ob

an
ds

 
re

po
rte

d 
12

2 
(2

8%
) 

of
 

re
la

tiv
es

 
ha

d 
po

si
tiv

e 
D

D
 

st
at

us
. 

Fo
llo

w
in

g 

ex
am

in
at

io
n 

of
 1

08
 re

la
tiv

es
 it

 w
as

 fo
un

d 
th

at
 4

1 
(3

8%
) o

f r
el

at
iv

es
 h

ad
 p

os
iti

ve
 D

D
 

st
at

us
. P

ro
ba

nd
-d

ia
gn

os
is

 w
as

 c
or

re
ct

 in
 7

7 
of

 1
08

 (7
1%

) o
f c

as
es

. M
ild

 d
is

ea
se

 w
ith

 

m
in

im
al

 o
r n

o 
co

nt
ra

ct
ur

e 
ap

pe
ar

ed
 to

 h
av

e 
be

en
 m

is
se

d 
af

te
r e

xa
m

in
at

io
n 

of
 th

e 
10

8 

re
la

tiv
es

, g
iv

in
g 

th
e 

im
pr

es
si

on
 th

at
 D

D
 p

re
va

le
nc

e 
is

 li
ke

ly
 to

 b
e 

un
de

re
st

im
at

ed
. 

 2.
3.

2 
Pa

tt
er

n 
of

 in
he

ri
ta

nc
e 

of
 D

D
 

Fo
llo

w
in

g 
an

al
ys

is
 o

f 
al

l 
as

ce
rta

in
ed

 p
ed

ig
re

es
 (

ap
pe

nd
ix

 2
.4

) 
th

e 
in

he
rit

an
ce

 w
as

 

co
m

pa
tib

le
 w

ith
 a

 d
om

in
an

t p
at

te
rn

 in
 5

9/
63

 (9
4%

) o
f c

as
es

. T
he

 re
m

ai
ni

ng
 fa

m
ili

es
 

sh
ow

ed
 a

 d
om

in
an

t 
pa

tte
rn

 w
ith

 v
ar

ia
bl

e 
pe

ne
tra

nc
e.

 T
he

se
 p

ed
ig

re
es

 m
ay

 h
ar

bo
r 

m
an

y 
ca

nd
id

at
e 

ge
ne

s 
on

 v
ar

yi
ng

 s
us

ce
pt

ib
le

 lo
ci

 c
au

si
ng

 D
D

 a
nd

 th
er

ef
or

e,
 a

lth
ou

gh
 

sh
ow

in
g 

ne
ar

 M
en

de
lia

n 
in

he
rit

an
ce

, t
he

y 
ar

e 
lik

el
y 

to
 b

e 
po

ly
ge

ni
c.

  

 O
f 

11
56

 r
el

at
iv

es
 id

en
tif

ie
d 

by
 q

ue
st

io
nn

ai
re

 3
10

 (
27

%
) 

ha
d 

po
si

tiv
e 

D
D

 s
ta

tu
s. 

O
f 

th
os

e 
ex

am
in

ed
 th

er
e 

w
as

 a
n 

un
de

re
st

im
at

e 
of

 D
D

 s
ta

tu
s 

by
 1

0%
 (2

.3
.1

). 
Th

is
 s

ho
w

s 

as
ce

rta
in

m
en

t 
bi

as
 i

n 
th

at
 D

D
 i

s 
un

de
rr

ep
or

te
d.

 A
s 

a 
re

su
lt,

 t
he

 t
ot

al
 n

um
be

r 
of

 

re
po

rte
d 

ca
se

s h
as

 b
ee

n 
in

cr
ea

se
d 

fr
om

 2
7%

 to
 3

7%
 (4

28
 a

ff
ec

te
d 

fa
m

ily
 m

em
be

rs
) t

o 

al
lo

w
 f

or
 th

is
 a

sc
er

ta
in

m
en

t b
ia

s. 
Th

e 
nu

m
be

r 
of

 a
ff

ec
te

d 
fa

m
ily

 m
em

be
rs

 h
as

 b
ee

n 

in
cr

ea
se

d 
an

d 
al

so
 re

fle
ct

ed
 in

 th
e 

qu
an

tif
ic

at
io

n 
of

 p
en

et
ra

nc
e 

ca
lc

ul
at

io
ns

 in
 s

ec
tio

n 

2.
3.

4.
   

   



!
"#
!

2.
3.

3 
A

ss
es

sm
en

t 
of

 e
nv

ir
on

m
en

ta
l 

ri
sk

 f
ac

to
rs

 o
n 

fa
m

ily
 h

is
to

ry
 o

f 

D
D

 

A
ss

oc
ia

te
d 

ris
k 

fa
ct

or
s o

f D
D

 w
er

e 
as

ce
rta

in
ed

 b
y 

en
qu

iry
 a

nd
 ta

bu
la

te
d.

  

T
ab

le
 2

.3
.1

: F
re

qu
en

cy
 o

f a
ss

oc
ia

te
d 

ri
sk

 fa
ct

or
s 

am
on

g 
pr

ob
an

ds
. 

A
ss

oc
ia

te
d 

ri
sk

 
Fr

eq
ue

nc
y 

Pe
rc

en
ta

ge
 

Si
gn

ifi
ca

nc
e 

in
 

re
la

tio
n 

to
 p

os
iti

ve
 

fa
m

ily
 h

is
to

ry
 

Si
gn

ifi
ca

nc
e 

in
 

re
la

tio
n 

to
 a

ge
 

on
se

t 
M

an
ua

l j
ob

 
97

 
71

.9
 

p=
0.

51
 

p=
0.

11
 

In
su

lin
 d

ep
en

de
nt

 
di

ab
et

ic
 

6 
4.

4 
p=

0.
52

 
p=

0.
60

 

N
on

-I
ns

ul
in

 
de

pe
nd

en
t d

ia
be

tic
 

15
 

11
.1

 
p=

0.
77

 
p=

0.
81

 

Ep
ile

ps
y 

1 
0.

7 
p=

0.
25

 
p=

0.
55

 
C

ar
pa

l T
un

ne
l 

Sy
nd

ro
m

e 
4 

3.
0 

p=
0.

81
 

p=
0.

90
 

Fr
oz

en
 S

ho
ul

de
r 

23
 

17
.0

 
p=

0.
37

 
p=

0.
16

 
H

yp
er

te
ns

io
n 

47
 

34
.8

 
p=

0.
25

 
p=

0.
86

 
R

he
um

at
oi

d 
A

rth
rit

is
 

3 
2.

2 
p=

0.
62

 
p=

0.
67

 

Le
dd

er
ho

se
’s

 
di

se
as

e 
12

 
8.

9 
p=

0.
97

 
p=

0.
88

 

G
ar

ro
d’

s p
ad

s 
20

 
14

.8
 

p=
0.

05
 

p=
0.

35
 

Pe
yr

on
ie

s D
is

ea
se

 
0 

0 
- 

- 
Sm

ok
er

 o
r e

x 
sm

ok
er

 
79

 
58

.5
 

p=
0.

42
 

p=
0.

61
 

H
an

d 
In

ju
ry

 
10

 
7.

4 
p=

0.
81

 
p=

0.
05

 
 A

lc
oh

ol
 c

on
su

m
pt

io
n 

am
on

g 
pr

ob
an

ds
 w

as
 d

oc
um

en
te

d 
as

 a
 c

on
tin

uo
us

 v
ar

ia
bl

e 

(f
ig

ur
e 

2.
3.

2)
. W

ith
 a

 m
ea

n 
al

co
ho

l c
on

su
m

pt
io

n 
of

 1
4.

3 
un

its
 p

er
 w

ee
k 

th
er

e 
w

as
 n

o 

si
gn

ifi
ca

nt
 r

el
at

io
n 

to
 a

ge
 a

t 
on

se
t 

of
 d

is
ea

se
 (

p=
0.

07
) 

an
d 

po
si

tiv
e 

fa
m

ily
 h

is
to

ry
 

(p
=

0.
63

). 
A

s 
ca

n 
be

 s
ee

n 
fr

om
 t

he
 a

bo
ve

 t
ab

le
, 

in
te

re
st

in
gl

y,
 t

he
 o

nl
y 

fa
ct

or
s 

si
gn

ifi
ca

nt
 i

n 
as

so
ci

at
io

n 
w

ith
 a

 p
os

iti
ve

 f
am

ily
 h

is
to

ry
 o

f 
D

D
 a

re
 t

he
 p

re
se

nc
e 

of
 

G
ar

ro
d’

s 
pa

ds
 a

nd
 th

e 
fa

ct
 th

at
 D

D
 c

an
 b

e 
se

en
 a

t a
 y

ou
ng

 a
ge

 a
t o

ns
et

 in
 th

os
e 

w
ho

 

ha
ve

 su
st

ai
ne

d 
a 

ha
nd

 in
ju

ry
.  

 



! "#!

Figure 2.3.2 Alcohol consumption in DD 
Histogram showing the distribution of alcohol consumption among probands. The x axis shows the total number of 
alcohol units consumed in one week and the y axis the observed frequency.  

 

 

 

The mean number of digits (out of 10) affected among the probands was 3.17 ± 2.2 

SD (figure 2.3.3). There was no correlation between the number of digits affected and 

alcohol consumed (p=0.07). However there was a significantly greater chance of a 

proband having more digits affected in the presence of a positive family history 

(p=0.04). 
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Figure 2.3.3 Distribution of digits affected with DD 
Histogram showing the distribution of digits affected with DD among probands. The x axis shows the total number 
of digits affected and the y axis the observed frequency.  
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Figure 3.3.1. Pedigree of the Icelandic family  
The individual ID is at the top left; the age (years) of the family member at the bottom left. Squares represent males and circles females. 
Shaded shapes represent affected individuals and a diagonal line means the individual is deceased.  

Dup_4 Dup_9 

72 66 88 87 86 83 81 

Dup_22 Dup_S Dup_ 16 

70 66 60 50 39 43 55 62 64 59 51 54 53 51 49 

Dup_ 12 

44 46 47 
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Table 3.3.1 Icelandic pedigree clinical demographics 

Pedigree ID Age Gender DD present Palmar 
disease only/ 
contracture 

Ledderhose’s 
disease 

Garrod’s 
pads 

Photograph 
(appendix 3.4) 

Dup_20 72 Male Yes Palmar No No Yes 
Dup_8 66 Male Yes Palmar No No Yes 
Dup_4 88 Male Yes Contracture Yes No Yes 
Dup_14 87 Male Yes Contracture No No Yes 
Dup_18 86 Male Yes Contracture No No Yes 
Dup_9 83 Female Yes Palmar No No Yes 
Dup_25 81 Male Yes Contracture Yes No Yes 
Dup_19 70 Male Yes Palmar No No Yes 
Dup_6 66 Male Yes Contracture No No Yes 
Dup_1 60 Male No - - - Yes 
Dup_7 50 Female No - - - Yes 
Dup_11 39 Female No - - - Yes 
Dup_24 43 Female No - - - No 
Dup_22 55 Female Yes Contracture No No Yes 
Dup_15 62 Male Yes Palmar No No Yes 
Dup_10 64 Male No - - - Yes 
Dup_5 59 Female Yes Palmar No No Yes 
Dup_16 51 Female No - - - Yes 
Dup_3 54 Male Yes Contracture No Yes Yes 
Dup_2 53 Male Yes Contracture No No Yes 
Dup_26 51 Male Yes Contracture Yes No No 
Dup_23 49 Male Yes Contracture Yes No No 
Dup_13 44 Male Yes Palmar No No Yes 
Dup_12 46 Male Yes Palmar No No Yes 
Dup_21 47 Female No - - - Yes 
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3.3.3.1 Linkage analysis results for chromosome 1 

The highest LOD score was 1.8 and the lowest -2.4. As seen in figure 4.3.3 the 

majority of this chromosome represents a negative LOD score.  

Figure 3.3.3 Representative graph for chromosome 1 
The y-axis represents the LOD score and the x-axis the chromosome position in cM. 

  

Table 3.3.3 highlights those areas which are less than -2 and those areas which are the 

highest for this chromosome.  

Table 3.3.3 Areas on chromosome 1 to exclude and consider  

Chromosome Position / 
position range 

LOD range Affy SNP ID 
or number of 

SNPs 

Area to 
exclude / 
consider 

1 67.0-77.0 -2.4 – -2.0 1069 SNPs Exclude 
1 270.0 1.8 29 SNPs Consider 
 

Although the LOD score of 1.8 may not be significant, this  narrow area of 29 SNPs is 

considered. NetAffx batch query of the 29 SNPs revealed that all these SNPs coded 

for the kinesin family member 26B. Kinesins are microtubule-dependent molecular 

motors which play a part in intracellular transport and cell division (Bandyopadhyay, 

Chiang et al. 2010).  
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3.3.3.2 Linkage analysis results for chromosome 2 

The highest LOD score was 0.8 and the lowest -2.4. It is highly unlikely that there are 

any areas of linkage on this chromosome. The highest LOD scores on this 

chromosome will not be considered.  

Figure 3.3.4 Representative graph for chromosome 2 
The y-axis represents the LOD score and the x-axis the chromosome position in cM. 

 

 

Table 3.3.4 highlights those areas which are less than -2.  

 

Table 3.3.4 Areas on chromosome 2 to exclude and consider  

Chromosome Position / 
position range 

LOD range Affy SNP ID 
or number of 

SNPs 

Area to 
exclude / 
consider 

2 161.6-255.6 -2.4 - -2.0 3705 SNPs Exclude 
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3.3.3.3 Linkage analysis results for chromosome 3 

The highest LOD score was 0.8 and the lowest -2.4. It is highly unlikely that there are 

any areas of linkage on this chromosome. The highest LOD scores on this 

chromosome will not be considered.  

Figure 3.3.5 Representative graph for chromosome 3 
The y-axis represents the LOD score and the x-axis the chromosome position in cM. 

 

 

Table 3.3.5 highlights those areas which are less than -2.  

Table 3.3.5 Areas on chromosome 3 to exclude and consider  

Chromosome Position / 
position range 

LOD range Affy SNP ID 
or number of 

SNPs 

Area to 
exclude / 
consider 

3 96.2-155.7 -2.4 - -2.0 1962 SNPs Exclude 
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3.3.3.4 Linkage analysis results for chromosome 4 

The highest LOD score was 1.8 and the lowest -2.4. The highest LOD scores on this 

chromosome will be considered.  

Figure 3.3.6 Representative graph for chromosome 4 
The y-axis represents the LOD score and the x-axis the chromosome position in cM. 

 

 

Table 3.3.6 highlights those areas, which are less than -2, and those areas that are the 

greatest for this chromosome.  

 

Table 3.3.6 Areas on chromosome 4 to exclude and consider  

Chromosome Position / 
position range 

LOD range Affy SNP ID 
or number of 

SNPs 

Area to 
exclude / 
consider 

4 97.8-175.2 -2.4 - -2.0 3123 SNPs Exclude 
4 3.7-4.1 1.8 51 SNPs Consider 
 

Although the LOD score of 1.8 may not be significant, this area of 51 SNPs is 

considered. NetAffx batch query of the 47 SNPs were found to be codes for the genes; 
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3.3.3.5 Linkage analysis results for chromosome 5 

The highest LOD score was 0.8 and the lowest -2.4. It is highly unlikely that there are 

any areas of linkage on this chromosome.  

Figure 3.3.7 Representative graph for chromosome 5 
The y-axis represents the LOD score and the x-axis the chromosome position in cM. 

 

 

 

Table 3.3.7 highlights those areas which are less than -2.  

Table 3.3.7 Areas on chromosome 5 to exclude and consider  

Chromosome Position / 
position range 

LOD range Affy SNP ID 
or number of 

SNPs 

Area to 
exclude / 
consider 

5 25.7-206.5 -2.4 - -2.0 7788 SNPs Exclude 
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3.3.3.6 Linkage analysis results for chromosome 6 

The highest LOD score was 0.7 and the lowest -1.9. It is highly unlikely that there are 

any areas of linkage on this chromosome. The highest LOD scores on this 

chromosome will not be considered. The lowest LOD score cannot be excluded as it 

does not reach a significance level of -2. 

Figure 3.3.8 Representative graph for chromosome 6 
The y-axis represents the LOD score and the x-axis the chromosome position in cM. 
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3.3.3.7 Linkage analysis results for chromosome 7 

The highest LOD score was 0.8 and the lowest -2.4. It is highly unlikely that there are 

any areas of linkage on this chromosome. The highest LOD scores on this 

chromosome will not be considered.  

Figure 3.3.9 Representative graph for chromosome 7 
The y-axis represents the LOD score and the x-axis the chromosome position in cM. 

 

 

Table 3.3.8 highlights those areas which are less than -2.  

 

Table 3.3.8 Areas on chromosome 7 to exclude and consider  

Chromosome Position / 
position range 

LOD range Affy SNP ID 
or number of 

SNPs 

Area to 
exclude / 
consider 

7 15.5-173.3 -2.4 - -2.0 10826 SNPs Exclude 
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3.3.3.8 Linkage analysis results for chromosome 8 

The highest LOD score was 1.8 and the lowest -2.1. It is unlikely that there are any 

areas of linkage on this chromosome. The highest LOD scores on this chromosome 

will be considered.  

Figure 3.3.10 Representative graph for chromosome 8 
The y-axis represents the LOD score and the x-axis the chromosome position in cM. 

 

 

 

Table 3.3.9 highlights those areas which are less than -2.  

Table 3.3.9 Areas on chromosome 8 to exclude and consider  

Chromosome Position / 
position range 

LOD range Affy SNP ID 
or number of 

SNPs 

Area to 
exclude / 
consider 

8 59.1-165.2 -2.1 - -2.0 2180 SNPs Exclude 
8 7.1-7.4 1.8 72 SNPs Consider 
8 14.1-14.5 1.8 58 SNPs Consider 
8 17.8-18.6 1.8 159 SNPs Consider 
8 23.1-26.2 1.8 664 SNPs Consider 
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3.3.3.9 Linkage analysis results for chromosome 9 

The highest LOD score was 0.8 and the lowest -2.4. It is highly unlikely that there are 

any areas of linkage on this chromosome. The highest LOD scores on this 

chromosome will not be considered.  

Figure 3.3.11 Representative graph for chromosome 9 
The y-axis represents the LOD score and the x-axis the chromosome position in cM. 

 

 

Table 3.3.10 highlights those areas which are less than -2.  

Table 3.3.10 Areas on chromosome 9 to exclude and consider  

Chromosome Position / 
position range 

LOD range Affy SNP ID 
or number of 

SNPs 

Area to 
exclude / 
consider 

9 19.4-126.1 -2.4 - -2.0 4322 SNPs Exclude 
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3.3.3.10 Linkage analysis results for chromosome 10 

The highest LOD score was 1.8 and the lowest -2.4. It is highly unlikely that there are 

any areas of linkage on this chromosome. The highest LOD scores on this 

chromosome will be considered.  

Figure 3.3.12 Representative graph for chromosome  
The y-axis represents the LOD score and the x-axis the chromosome position in cM. 

10  
Table 3.3.11 highlights those areas which are less than -2 and those areas which are 

the greatest for this chromosome.  

Table 3.3.11 Areas on chromosome 10 to exclude and consider  

Chromosome Position / 
position range 

LOD range Affy SNP ID 
or number of 

SNPs 

Area to 
exclude / 
consider 

10 119.4-138.8 -2.4 - -2.0 298 SNPs Exclude 
10 136.4-136.5 1.8 29 SNPs Consider 
 

The 29 SNPs considered on chromosome 10, code for pancreatic lipase-related 

protein 3 (PNLIPRP3) which is responsible for the manufacture of pancreatic 

lipase(Davis, Diep et al. 1991). No family member in this pedigree was known to 

have lipase deficiency.  
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3.3.3.11 Linkage analysis results for chromosome 11 

The highest LOD score was 1.8 and the lowest -2.0. It is unlikely that there are any 

areas of linkage on this chromosome. The highest LOD scores on this chromosome 

will be considered.  

Figure 3.3.13 Representative graph for chromosome 11 
The y-axis represents the LOD score and the x-axis the chromosome position in cM. 

 

 

Table 3.3.12 highlights those areas which are less than -2.  

Table 3.3.12 Areas on chromosome 11 to exclude and consider  

Chromosome Position / 
position range 

LOD range Affy SNP ID 
or number of 

SNPs 

Area to 
exclude / 
consider 

11 115.4-115.8 -2.0 73 SNPs Exclude 
11 25.9-43.6 1.8 1700 SNPs Consider 
11 57.5-58.2 1.8 180 SNPs Consider 
11 89.2-89.3 1.8 78 SNPs Consider 
 

Between position 25.9 and 43.6, 1700 SNPs were represented along varying positions 

of this section of the chromosome. A number of genes were identified and these are 

summarised in table 3.3.13. 
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3.3.3.12 Linkage analysis results for chromosome 12 

The highest LOD score was 0.8 and the lowest -2.4. It is highly unlikely that there are 

any areas of linkage on this chromosome. The highest LOD scores on this 

chromosome will not be considered.  

Figure 3.3.14 Representative graph for chromosome 12 
The y-axis represents the LOD score and the x-axis the chromosome position in cM. 

 

 

 

Table 3.3.14 highlights those areas which are less than -2.  

Table 3.3.14 Areas on chromosome 12 to exclude and consider  

Chromosome Position / 
position range 

LOD range Affy SNP ID 
or number of 

SNPs 

Area to 
exclude / 
consider 

12 39.1-172.1 -2.4 - -2.0 985 SNPs Exclude 
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3.3.3.13 Linkage analysis results for chromosome 13 

The highest LOD score was 1.8 and the lowest -2.4. It is unlikely that there are any 

areas of linkage on this chromosome. The highest LOD scores on this chromosome 

will be considered.  

Figure 3.3.15 Representative graph for chromosome 13 
The y-axis represents the LOD score and the x-axis the chromosome position in cM. 

 

 

Table 3.3.15 highlights those areas which are less than -2.  

Table 3.3.15 Areas on chromosome 13 to exclude and consider  

Chromosome Position / 
position range 

LOD range Affy SNP ID 
or number of 

SNPs 

Area to 
exclude / 
consider 

13 2.9-12.2 & 
120.0-130.0 

-2.0 - -2.4 614 SNPs Exclude 

13 71.9-104.9 1.8 645 SNPs Consider 
 

Although there are a number of spikes on figure 3.3.15 identifying several areas 

which may be considered with a LOD score of 1.8, as they are in close proximity to 

one another they will be considered together. The SNPs coded for glypican 5 (GPC5) 
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3.3.3.14 Linkage analysis results for chromosome 14 

The highest LOD score was 0.8 and the lowest -2.0. It is highly unlikely that there are 

any areas of linkage on this chromosome. The highest LOD scores on this 

chromosome will not be considered.  

Figure 3.3.16 Representative graph for chromosome 14 
The y-axis represents the LOD score and the x-axis the chromosome position in cM. 

 

 

Table 3.3.16 highlights those areas which are less than -2.  

Table 3.3.16 Areas on chromosome 14 to exclude and consider  

Chromosome Position / 
position range 

LOD range Affy SNP ID 
or number of 

SNPs 

Area to 
exclude / 
consider 

14 113.5-117.0 -2.0 200 SNPs Exclude 
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3.3.3.15 Linkage analysis results for chromosome 15 

The highest LOD score was 0.8 and the lowest -2.0. It is highly unlikely that there are 

any areas of linkage on this chromosome. The highest LOD scores on this 

chromosome will not be considered.  

Figure 3.3.17 Representative graph for chromosome 15 
The y-axis represents the LOD score and the x-axis the chromosome position in cM. 

 

 

Table 3.3.17 highlights those areas which are less than -2.  

Table 3.3.17 Areas on chromosome 15 to exclude and consider  

Chromosome Position / 
position range 

LOD range Affy SNP ID 
or number of 

SNPs 

Area to 
exclude / 
consider 

15 133.1-133.7 -2.0 45 SNPs Exclude 
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3.3.3.16 Linkage analysis results for chromosome 16 

The highest LOD score was 1.8 and the lowest -2.0. The highest LOD scores on this 

chromosome will be considered.  

Figure 3.3.18 Representative graph for chromosome 16 
The y-axis represents the LOD score and the x-axis the chromosome position in cM. 

 

 

Table 3.3.18 highlights those areas which are less than -2 and those areas which are 

the greatest for this chromosome.  

Table 3.3.18 Areas on chromosome 16 to exclude and consider  

Chromosome Position / 
position range 

LOD range Affy SNP ID 
or number of 

SNPs 

Area to 
exclude / 
consider 

16 86.7 -2.0 1 SNPs Exclude 
16 68.5 1.8 5 SNPs Consider 
The 5 SNPs with the highest LOD score were coding for the colorectal neoplasia gene 

(CRNDE)(Graham, Pedersen et al. 2011).  
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3.3.3.17 Linkage analysis results for chromosome 17 

The highest LOD score was 1.8 and the lowest -1.8. The highest LOD scores on this 

chromosome will be considered.  

Figure 3.3.19 Representative graph for chromosome 17 
The y-axis represents the LOD score and the x-axis the chromosome position in cM. 

 

 

Table 3.3.19 highlights those areas which are 1.8.  

Table 4.3.19 Areas on chromosome 17 to exclude and consider  

Chromosome Position / 
position range 

LOD range Affy SNP ID 
or number of 

SNPs 

Area to 
exclude / 
consider 

17 7.3 1.8 22 SNPs Consider 
 

The 22 SNPs code for the Smg-6-homolog (SMG6) gene which is involved in the 

telomerase ribonucleoprotein complex and thought to be involved in mRNA decay 

(Kashima, Jonas et al. 2010). 
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3.3.3.18 Linkage analysis results for chromosome 18 

The highest LOD score was 1.8 and the lowest -1.9. The highest LOD scores on this 

chromosome will be considered. None of the SNPs on this chromosome can be 

excluded. 

Figure 3.3.20 Representative graph for chromosome 18 
The y-axis represents the LOD score and the x-axis the chromosome position in cM. 

 

 

Table 3.3.20 highlights those which are the greatest for this chromosome.  

Table 3.3.20 Areas on chromosome 18 to exclude and consider  

Chromosome Position / 
position range 

LOD range Affy SNP ID 
or number of 

SNPs 

Area to 
exclude / 
consider 

18 61.7-62.2 1.8 104 SNPs Consider 
 

The 104 SNPs with the highest LOD scores coded for the RAS-like without CAAX 

(RIT2) gene which has been shown to have a response to disease modifying drugs for 

the treatment of rheumatoid arthritis (Wang, A et al. 2012).  
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3.3.3.19 Linkage analysis results for chromosome 19 

The highest LOD score was 0.8 and the lowest -2.4. It is highly unlikely that there are 

any areas of linkage on this chromosome. The highest LOD scores on this 

chromosome will not be considered.  

Figure 3.3.21 Representative graph for chromosome 19 
The y-axis represents the LOD score and the x-axis the chromosome position in cM. 

 

 

Table 3.3.21 highlights those areas which are less than -2.  

Table 3.3.21 Areas on chromosome 19 to exclude and consider  

Chromosome Position / 
position range 

LOD range Affy SNP ID 
or number of 

SNPs 

Area to 
exclude / 
consider 

19 70.8-101.5 -2.4 - -2.0 1723 SNPs Exclude 
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3.3.3.20 Linkage analysis results for chromosome 20 

The highest LOD score was -0.1 and the lowest -2.4. It is highly unlikely that there 

are any areas of linkage on this chromosome. The highest LOD scores on this 

chromosome will not be considered.  

Figure 3.3.22 Representative graph for chromosome 20 
The y-axis represents the LOD score and the x-axis the chromosome position in cM. 

 

 

Table 3.3.22 Areas on chromosome 20 to exclude and consider  

Chromosome Position / 
position range 

LOD range Affy SNP ID 
or number of 

SNPs 

Area to 
exclude / 
consider 

20 8.2-113.5 -2.4 - -2.0 1002 SNPs Exclude 
 

As can be seen from the range of a LOD score of at least -2.0 the majority of this 

chromosome can be excluded.  
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3.3.3.21 Linkage analysis results for chromosome 21 

The highest LOD score was 0.8 and the lowest -2.0. It is highly unlikely that there are 

any areas of linkage on this chromosome. The highest LOD scores on this 

chromosome will not be considered.  

Figure 3.3.23 Representative graph for chromosome 21 
The y-axis represents the LOD score and the x-axis the chromosome position in cM. 

 

 

Table 3.3.23 highlights those areas which are less than -2.  

Table 3.3.23 Areas on chromosome 20 to exclude and consider  

Chromosome Position / 
position range 

LOD range Affy SNP ID 
or number of 

SNPs 

Area to 
exclude / 
consider 

21 3.6-12.8 -2.0 531 SNPs Exclude 
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3.3.3.22 Linkage analysis results for chromosome 22 

The highest LOD score was 0.6 and the lowest -2.4. It is highly unlikely that there are 

any areas of linkage on this chromosome. The highest LOD scores on this 

chromosome will not be considered.  

Figure 3.3.24 Representative graph for chromosome 22 
The y-axis represents the LOD score and the x-axis the chromosome position in cM. 

 

 

Table 3.3.24 highlights those areas which are less than -2.  

Table 3.3.24 Areas on chromosome 22 to exclude and consider  

Chromosome Position / 
position range 

LOD range Affy SNP ID 
or number of 

SNPs 

Area to 
exclude / 
consider 

22 2.8-74.6 -2.4 - -2.0 2427 SNPs Exclude 
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Figure 4.2.1 Method of DD tissue collection 
Tissue was dissected at the time of operation and the nodule and cord were separated. The peri-nodular fat was 
identified and a further biopsy of fat from the palm away from the disease process was taken. Carpal tunnel 
patients underwent biopsies of the palmar fascia, palmar fat and skin. All tissue was placed into 3 different types of 
media; formalin for immunohistochemical analysis, RNA later for QRT-PCR and media for FACS analysis.  

 

 

 
 
4.2.3 Selection of stem cell markers to be investigated 

In the absence of published studies investigating the role of stem cells in DD, we 

selected specific stem cell markers based upon previous studies that had investigated 

the role of stem cells in similar fibrotic disorders such as keloid disease (Akino, Akita 

et al. 2008; Moon, Kwak et al. 2008). Five MSC and 2 HSC markers were selected for 

the purpose of this study (table 4.2.1). 

  

 
 
 
 
 
 

► 

Cell media Formalin 

RNAL 



!
"#
$!

T
ab

le
 4

.2
.1

. D
es

cr
ip

tio
n 

of
 m

ar
ke

rs
 u

se
d 

to
 in

ve
st

ig
at

e 
st

em
 c

el
ls

 in
 

D
D

 
 M

ar
ke

r 
D

es
cr

ip
tio

n 
M

et
ho

d 
of

 
de

te
ct

io
n 

R
el

ev
an

ce
 to

 
D

D
 

R
ef

er
en

ce
s 

C
D

13
 

M
SC

 m
ar

ke
r. 

A
di

po
cy

te
 

m
ar

ke
r. 

A
ls

o 
de

sc
rib

ed
 a

s a
 

m
ye

lo
id

 a
nt

ig
en

 c
om

m
on

ly
 

fo
un

d 
to

 b
e 

ex
pr

es
se

d 
in

 
fib

ro
bl

as
ts

 a
nd

 e
nd

ot
he

lia
l 

ce
lls

. 

FA
C

S,
 

qP
C

R
, 

im
m

un
o-

st
ai

ni
ng

 

K
no

w
n 

to
 b

e 
ex

pr
es

se
d 

in
 

sk
in

 d
er

iv
ed

 
st

em
 c

el
ls

. 

(H
un

ya
di

 J 
19

93
; 

D
el

or
m

e 
B

 2
00

7)
  

(H
un

ya
di

 J 
19

93
) 

C
D

29
 

M
SC

 m
ar

ke
r. 

A
di

po
cy

te
 

m
ar

ke
r. 

A
ls

o 
kn

ow
n 

as
 

in
te

gr
in

 b
et

a-
1.

 K
no

w
n 

to
 b

e 
in

vo
lv

ed
 in

 c
el

l a
dh

es
io

n 
an

d 
re

co
gn

iti
on

.  

FA
C

S,
 

qP
C

R
, 

im
m

un
o-

st
ai

ni
ng

 

In
vo

lv
ed

 in
 th

e 
ad

he
si

on
 o

f 
ex

tra
-c

el
lu

la
r 

m
at

rix
. 

(W
ei

tz
m

an
 JB

 
19

95
; D

el
or

m
e 

B
 

20
07

) 

C
D

34
 

H
SC

 a
nd

 v
as

cu
la

r e
nd

ot
he

lia
l 

tis
su

e 
m

ar
ke

r. 
Im

po
rta

nt
 

ad
he

si
on

 m
ol

ec
ul

e.
  

FA
C

S,
 

qP
C

R
, 

im
m

un
o-

st
ai

ni
ng

 

C
lin

ic
al

 u
se

 a
s a

 
va

sc
ul

ar
 a

nd
 

cu
ta

ne
ou

s 
ne

op
la

sm
 

m
ar

ke
r. 

(F
in

a 
L 

19
90

; 
Tr

aw
ee

k,
 

K
an

da
la

ft 
et

 a
l. 

19
91

; A
ib

a,
 

Ta
ba

ta
 e

t a
l. 

19
92

; A
be

no
za

 P
 

19
93

; D
re

w
 E

 
20

05
; D

el
or

m
e 

B
 

20
07

)  
C

D
44

 
M

SC
 m

ar
ke

r. 
Im

po
rta

nt
 fo

r 
ce

ll 
ad

he
si

on
 a

nd
 c

el
l-c

el
l 

in
te

ra
ct

io
n.

 C
er

ta
in

 is
of

or
m

s 
as

so
ci

at
ed

 w
ith

 m
al

ig
na

nc
y.

  

FA
C

S,
 

qP
C

R
, 

im
m

un
o-

st
ai

ni
ng

 

Im
po

rta
nt

 
m

ar
ke

r f
or

 
ce

llu
la

r m
at

rix
 

ad
he

si
on

 w
hi

ch
 

en
co

ur
ag

es
 c

el
l 

m
ig

ra
tio

n 
in

 th
e 

ex
tra

 c
el

lu
la

r 
m

at
rix

. 

(L
es

le
y,

 H
ym

an
 

et
 a

l. 
19

93
; N

ao
r, 

Si
on

ov
 e

t a
l. 

19
97

; Z
hu

 H
 

20
06

) 

C
D

90
 

M
SC

 m
ar

ke
r. 

A
ls

o 
kn

ow
n 

as
 

Th
y-

1.
 S

ho
w

n 
la

ck
 o

f 
ex

pr
es

si
on

 in
 v

as
cu

la
r 

m
al

ig
na

nc
ie

s a
nd

 so
ft 

tis
su

e 
fib

ro
se

s, 
m

ar
ke

r f
or

 n
ec

ro
si

s. 
 

FA
C

S,
 

qP
C

R
, 

im
m

un
o-

st
ai

ni
ng

 

R
eg

ul
at

or
 o

f 
ce

ll-
ce

ll 
in

te
ra

ct
io

ns
 in

 
ap

op
to

si
s. 

(R
eg

e 
an

d 
H

ag
oo

d 
20

06
; 

M
aj

et
i R

 2
00

7)
 

C
D

11
7 

H
SC

 m
ar

ke
r. 

A
ls

o 
kn

ow
n 

as
 

c-
ki

t. 
K

no
w

n 
on

co
ge

ne
 fo

r 
fib

ro
us

 tu
m

ou
rs

.  

FA
C

S,
 

qP
C

R
, 

im
m

un
o-

st
ai

ni
ng

 

U
se

d 
as

 a
 

tu
m

ou
r m

ar
ke

r 
in

 b
re

as
t c

an
ce

r. 

(S
ar

lo
m

o-
R

ik
al

a,
 

K
ov

at
ic

h 
et

 a
l. 

19
98

; D
el

or
m

e 
B

 
20

07
; L

or
en

z 
K

 
20

08
) 

C
D

16
6 

M
SC

 m
ar

ke
r. 

In
vo

lv
ed

 in
 

an
gi

og
en

es
is

 a
nd

 tu
m

ou
r 

m
et

as
ta

si
s. 

 

FA
C

S,
 

qP
C

R
, 

im
m

un
o-

st
ai

ni
ng

 

H
as

 b
ee

n 
fo

un
d 

on
 a

di
po

se
 

de
riv

ed
 

fib
ro

bl
as

ts
.  

(D
el

or
m

e 
B

 2
00

7;
 

Lo
re

nz
 K

 2
00

8;
 

Jo
yc

e 
an

d 
Po

lla
rd

 
20

09
) 



!
"#
$!

4.
2.

4 
Im

m
un

oh
is

to
ch

em
is

tr
y 

(I
H

C
) 

D
D

 ti
ss

ue
 b

io
ps

ie
s 

w
er

e 
im

m
er

se
d 

in
 1

0%
 b

uf
fe

re
d 

fo
rm

al
in

 a
nd

 fi
xe

d 
fo

r 2
4 

ho
ur

s.
  

Sa
m

pl
es

 in
 fo

rm
al

in
 w

er
e 

pa
ra

ff
in

 w
ax

 e
m

be
dd

ed
 in

to
 b

lo
ck

s 
w

hi
ch

 w
er

e 
se

ct
io

ne
d 

to
 

pr
ov

id
e 

5!
m

 a
nd

 p
la

ce
d 

on
 S

up
er

fr
os

t 
pl

us
 s

lid
es

 (
Th

er
m

o 
Sc

ie
nt

ifi
c,

 U
K

). 
Sl

id
es

 

w
er

e 
fir

st
 d

e-
w

ax
ed

 i
n 

xy
le

ne
 (

Fi
sh

er
 S

ci
en

tif
ic

, 
U

K
) 

fo
r 

th
irt

y 
m

in
ut

es
 a

nd
 t

he
n 

gr
ad

ua
lly

 r
e-

hy
dr

at
ed

 i
n 

50
%

, 7
0%

, 8
5%

, 9
5%

 a
nd

 1
00

%
 e

th
an

ol
. S

lid
es

 w
er

e 
th

en
 

w
as

he
d 

in
 d

e-
io

ni
se

d 
w

at
er

, t
is

su
e 

w
as

 id
en

tif
ie

d 
on

 e
ac

h 
sl

id
e 

an
d 

en
ci

rc
le

d 
w

ith
 a

 

D
ak

o 
pe

n.
 

 Ti
ss

ue
 s

ec
tio

ns
 w

er
e 

th
en

 i
nc

ub
at

ed
 i

n 
a 

pe
ps

in
 b

as
ed

 s
ol

ut
io

n 
m

ad
e 

up
 o

f; 
20

m
g 

pe
ps

in
, 

5m
l 

de
-io

ni
se

d 
w

at
er

 a
nd

 1
00

µl
 h

yd
ro

ch
lo

ric
 a

ci
d.

  
Ti

ss
ue

 i
nc

ub
at

io
n 

tim
e 

w
as

 4
5 

m
in

ut
es

 a
t 

37
°C

. 
 S

ec
tio

ns
 w

er
e 

w
as

he
d 

in
 D

ul
be

co
’s

 p
ho

sp
ha

te
 b

uf
fe

re
d 

sa
lin

e 
(P

B
S)

 (
Si

gm
a 

A
ld

ric
h,

 U
K

), 
in

cu
ba

te
d 

in
 1

%
 b

lo
ck

in
g 

se
ru

m
 a

nt
ig

en
 f

or
 2

0 

m
in

ut
es

 a
nd

 w
as

he
d 

ag
ai

n 
w

ith
 P

B
S.

 S
lid

es
 w

er
e 

th
en

 in
cu

ba
te

d 
in

 p
rim

ar
y 

an
tib

od
y;

 

ei
th

er
 C

D
13

, 
C

D
29

, 
C

D
34

, 
C

D
44

, 
C

D
90

, 
C

D
11

7 
or

 C
D

16
6 

(B
D

 b
io

sc
ie

nc
e,

 U
K

). 

Th
es

e 
se

ct
io

ns
 w

er
e 

le
ft 

ov
er

ni
gh

t a
t 4

°C
 fo

r a
de

qu
at

e 
an

tib
od

y 
ex

po
su

re
. S

lid
es

 w
er

e 

w
as

he
d 

ag
ai

n 
w

ith
 P

B
S 

an
d 

se
co

nd
ar

y 
flu

or
es

ce
nt

 a
nt

ib
od

y 
an

ti-
m

ou
se

 F
IT

C
 o

r a
nt

i-

ra
bb

it 
(J

ac
ks

on
 i

m
m

un
od

ia
gn

os
tic

s,
 U

SA
) 

ap
pl

ie
d 

to
 e

ac
h 

sl
id

e 
fo

r 
a 

to
ta

l 
of

 4
5 

m
in

ut
es

. 
Fo

llo
w

in
g 

a 
fu

rth
er

 w
as

h 
w

ith
 P

B
S,

 t
is

su
e 

se
ct

io
ns

 w
er

e 
so

ak
ed

 i
n 

4’
6-

di
am

id
in

o-
2-

ph
en

yl
in

do
le

 (
D

A
PI

) 
(I

nv
itr

og
en

, U
K

) 
to

 a
cc

ur
at

el
y 

st
ai

n 
D

N
A

 in
 e

ac
h 

ce
ll.

  

 Sl
id

es
 w

er
e 

ex
am

in
ed

 b
y 

flu
or

es
ce

nt
 m

ic
ro

sc
op

y 
at

 a
 m

ag
ni

fic
at

io
n 

of
 4

0x
. 

Ph
as

e 

co
nt

ra
st

 im
ag

es
 to

 id
en

tif
y 

th
e 

st
ru

ct
ur

e 
of

 th
e 

tis
su

e 
w

er
e 

ta
ke

n 
in

 a
dd

iti
on

 to
 im

ag
es

 

of
 a

nt
ib

od
y 

an
d 

D
A

PI
 s

ta
in

in
g.

  



!
"#
"!

4.
2.

5 
Q

ua
lit

at
iv

e 
re

al
-t

im
e 

po
ly

m
er

as
e 

ch
ai

n 
re

ac
tio

n 
(Q

R
T

-P
C

R
) 

Ea
ch

 b
io

ps
y 

sa
m

pl
e 

pl
ac

ed
 in

 R
N

A
la

te
r 

(A
m

bi
on

, U
K

) w
as

 s
to

re
d 

ov
er

 n
ig

ht
 a

t 4
°C

. 

A
ll 

R
N

A
 e

xp
er

im
en

ta
l w

or
k 

w
as

 c
ar

rie
d 

ou
t i

n 
a 

la
bo

ra
to

ry
 u

se
d 

ex
cl

us
iv

el
y 

fo
r R

N
A

 

w
or

k 
an

d 
w

ith
in

 a
 s

te
ril

e 
tis

su
e 

ca
bi

ne
t. 

 T
is

su
e 

bi
op

sy
 s

am
pl

es
 w

er
e 

m
in

ce
d 

an
d 

ap
pr

ox
im

at
el

y 
10

m
m

3  o
f t

is
su

e 
w

as
 im

m
er

se
d 

in
 1

m
L 

of
 T

riz
ol

 (I
nv

itr
og

en
, U

K
) i

n 
a 

2m
L 

Ep
pe

nd
or

f 
tu

be
 c

on
ta

in
in

g 
an

 a
lc

oh
ol

 f
la

m
ed

 s
te

ril
iz

ed
 s

te
el

 b
al

l 
be

ar
in

g.
 T

he
 

tis
su

e 
w

as
 h

om
og

en
is

ed
 a

t 
35

 o
sc

ill
at

io
ns

 p
er

 s
ec

on
d 

fo
r 

a 
to

ta
l 

of
 1

5 
m

in
ut

es
. T

he
 

re
su

lti
ng

 s
us

pe
ns

io
n 

w
as

 t
ra

ns
fe

rr
ed

 t
o 

a 
se

co
nd

 E
pp

en
do

rf
 t

ub
e 

an
d 

ce
nt

rif
ug

ed
 a

t 

13
,6

04
g 

fo
r 

10
 m

in
ut

es
. 

Th
e 

su
pe

rn
at

an
t 

w
as

 c
ar

ef
ul

ly
 t

ra
ns

fe
rr

ed
 t

o 
a 

fu
rth

er
 

Ep
pe

nd
or

f t
ub

e 
an

d 
m

ix
ed

 w
ith

 0
.2

m
L 

of
 c

hl
or

op
ho

rm
 a

nd
 le

ft 
to

 s
ta

nd
 fo

r 2
 m

in
ut

es
 

at
 r

oo
m

 t
em

pe
ra

tu
re

. 
Th

is
 m

ix
tu

re
 w

as
 c

en
tri

fu
ge

d 
at

 1
3,

60
4g

 f
or

 1
5 

m
in

ut
es

. 
Th

e 

up
pe

r 
m

os
t 

pa
rt 

of
 t

he
 s

up
er

na
ta

nt
 (

R
N

A
) 

w
as

 c
ar

ef
ul

ly
 t

ra
ns

fe
rr

ed
 t

o 
a 

th
ird

 

Ep
pe

nd
or

f 
tu

be
 c

on
ta

in
in

g 
an

 a
pp

ro
xi

m
at

e 
eq

ua
l 

vo
lu

m
e 

of
 7

0%
 e

th
an

ol
. 

Th
is

 w
as

 

pr
oc

es
se

d 
us

in
g 

th
e 

R
N

Ea
sy

 m
in

i k
it 

(Q
ia

ge
n,

 U
K

) 
ac

co
rd

in
g 

to
 th

e 
m

an
uf

ac
tu

re
r’

s 

in
st

ru
ct

io
ns

 f
ol

lo
w

ed
 b

y 
D

N
A

 t
re

at
m

en
t 

w
ith

 D
N

A
se

 u
si

ng
 t

he
 D

N
A

 f
re

e 
ki

t 

(A
m

bi
on

, 
U

K
) 

as
 p

er
 t

he
 m

an
uf

ac
tu

re
r’

s 
pr

ot
oc

ol
. 

R
N

A
 w

as
 e

st
im

at
ed

 u
si

ng
 t

he
 

N
an

o 
dr

op
 1

00
0 

U
V

 s
pe

ct
ro

ph
ot

om
et

er
 (L

ab
te

ch
 In

te
rn

at
io

na
l, 

U
K

). 
R

N
A

 w
as

 s
to

re
d 

at
 -8

0°
C

 u
nt

il 
us

ed
 fo

r c
D

N
A

 s
yn

th
es

is
.  

 C
om

pl
em

en
ta

ry
 

D
N

A
 

(c
D

N
A

) 
w

as
 

sy
nt

he
si

se
d 

us
in

g 
Su

pe
rS

cr
ip

t 
II

 
R

ev
er

se
 

Tr
an

sc
rip

ta
se

 k
it 

(I
nv

itr
og

en
, U

K
). 

 A
 t

ot
al

 r
ea

ct
io

n 
vo

lu
m

e 
of

 2
0µ

l 
w

as
 m

ad
e 

an
d 

in
cl

ud
ed

 c
D

N
A

 s
up

er
m

ix
 (

co
nt

ai
ni

ng
 p

rim
er

, d
eo

xy
nu

cl
eo

tid
e 

tri
ph

os
ta

te
s 

(d
N

TP
s)

, 

m
ag

ne
si

um
 c

hl
or

id
e 

an
d 

bu
ff

er
), 

R
N

A
 a

nd
 n

uc
le

as
e-

fr
ee

 w
at

er
 (

A
m

bi
on

, U
K

). 
To

ta
l 

R
N

A
 w

as
 n

or
m

al
is

ed
 t

o 
1 

m
g 

in
 e

ac
h 

re
ac

tio
n.

 F
in

al
ly

 R
ev

er
se

 T
ra

ns
cr

ip
ta

se
 w

as
 



!
"#
$!

ad
de

d 
an

d 
in

cu
ba

te
d 

fo
r 

5 
m

in
ut

es
 a

t 
25

°C
, 

th
en

 a
t 

42
°C

 f
or

 6
0 

m
in

ut
es

 a
nd

 

in
ac

tiv
at

ed
 a

t 7
0°

C
 fo

r 5
 m

in
ut

es
.  

 R
ea

l 
tim

e 
qu

an
tit

at
iv

e 
po

ly
m

er
as

e 
ch

ai
n 

re
ac

tio
n 

(R
T-

qP
C

R
) 

w
as

 c
ar

rie
d 

ou
t 

us
in

g 

th
e 

St
ep

O
ne

 p
la

tfo
rm

 (A
pp

lie
d 

B
io

sy
st

em
s, 

U
SA

). 
Ea

ch
 R

T-
qP

C
R

 re
ac

tio
n 

w
as

 d
on

e 

w
ith

 a
 to

ta
l v

ol
um

e 
of

 1
0µ

l (
4µ

l c
D

N
A

, 0
.2

µl
 f

or
w

ar
d 

pr
im

er
, 0

.2
µl

 r
ev

er
se

 p
rim

er
, 

0.
1µ

l 
pr

ob
e 

ob
ta

in
ed

 
fr

om
 

th
e 

U
ni

ve
rs

al
 

Pr
ob

e 
Li

br
ar

y 
(R

oc
he

 
D

ia
gn

os
tic

s, 

G
er

m
an

y)
, 

5µ
l 

of
 p

ro
be

 M
as

te
rm

ix
 a

nd
 0

.5
µl

 o
f 

nu
cl

ea
se

 f
re

e 
w

at
er

. 
Fo

rw
ar

d 
an

d 

re
ve

rs
e 

pr
im

er
s f

or
 e

ac
h 

pr
ob

e 
w

er
e 

ta
bu

la
te

d 
(ta

bl
e 

5.
2.

2)
. E

ac
h 

re
ac

tio
n 

w
as

 d
on

e 
in

 

tri
pl

ic
at

e 
an

d 
du

pl
ic

at
ed

 in
 9

6 
w

el
l p

la
te

s. 
H

um
an

 R
pl

2 
w

as
 u

se
d 

as
 a

 h
ou

se
ke

ep
in

g 

ge
ne

 to
 d

em
on

st
ra

te
 e

qu
al

 lo
ad

in
g 

of
 R

N
A

 a
nd

 to
 n

or
m

al
is

e 
ge

ne
 e

xp
re

ss
io

n.
  

 T
ab

le
 4

.2
.2

: G
en

es
 u

se
d 

fo
r 

Q
R

T
-P

C
R

 a
nd

 r
es

pe
ct

iv
e 

fo
rw

ar
d 

an
d 

re
ve

rs
e 

pr
im

er
 s

eq
ue

nc
es

. A
t t

he
 ti

m
e 

of
 s

tu
dy

, s
ui

ta
bl

e 
pr

im
er

 
se

qu
en

ce
s 

w
er

e 
no

t a
va

ila
bl

e 
fo

r 
C

D
11

7 
 

G
en

e 
Fo

rw
ar

d 
Pr

im
er

 
R

ev
er

se
 P

ri
m

er
 

C
D

13
 

5’
 C

A
TC

C
A

TC
A

G
A

G
A

TG
G

C
A

G
A

C
 3

’ 
3’

 T
G

C
TG

A
A

G
A

G
A

TC
G

TT
C

TG
G

 5
’ 

C
D

29
 

5’
 C

A
G

TT
A

C
TG

A
A

G
A

A
TT

TC
A

G
C

C
TG

T 
3’

 
3’

G
C

A
G

A
TA

A
TG

TT
C

C
TA

C
TG

C
TG

A
C

 5
’ 

C
D

34
 

5’
 A

C
TC

G
G

TG
C

G
TC

TC
TC

TA
G

G
 3

’ 
3’

 G
TC

A
A

G
A

C
TC

A
TG

A
A

C
C

C
A

G
A

A
 5

’ 
C

D
44

 
5’

 T
C

A
A

C
A

G
A

C
C

C
C

C
TC

TA
G

A
A

A
T 

3’
 

3’
 C

A
G

A
TA

A
A

TA
G

C
TT

C
A

C
C

C
TT

TG
G

 5
’ 

C
D

90
 

5’
 A

G
G

A
C

G
A

G
G

G
C

A
C

C
TA

C
A

C
 3

’ 
3’

 G
C

C
C

TC
A

C
A

C
TT

G
A

C
C

A
G

TT
 5

’ 
C

D
16

6 
5’

 A
A

TC
G

TT
A

G
G

G
A

A
TG

G
C

A
A

C
 3

’ 
3’

 T
TA

TT
C

C
TT

C
G

G
G

C
TG

TC
C

T 
5’

 
 4.

2.
6 

Fl
uo

re
sc

en
ce

 a
ct

iv
at

ed
 c

el
l s

or
tin

g 
(F

A
C

S)
 

C
el

ls
 w

er
e 

ex
tra

ct
ed

 f
ro

m
 t

is
su

e 
af

te
r 

D
is

pa
se

 I
I 

(R
oc

he
 D

ia
gn

os
tic

s, 
U

K
) 

an
d 

C
ol

la
ge

na
se

 A
 tr

ea
tm

en
t (

R
oc

he
 D

ia
gn

os
tic

s, 
U

K
). 

2x
10

5  c
el

ls
 w

er
e 

pl
ac

ed
 in

 F
A

C
S 

tu
be

s 
af

te
r 

be
in

g 
rin

se
d 

tw
ic

e 
w

ith
 5

%
FB

S/
H

B
SS

, a
nd

 w
er

e 
in

cu
ba

te
d 

w
ith

 p
rim

ar
y 

an
tib

od
y 

(1
:5

0 
di

lu
tio

n)
 c

on
ju

ga
te

d 
to

 f
lu

or
op

ho
re

s 
fo

r 
30

m
in

 o
n 

ic
e.

 C
el

ls
 w

er
e 

w
as

he
d 

on
ce

 w
ith

 5
%

FB
S/

H
B

SS
 a

nd
 r

es
us

pe
nd

ed
 i

n 
th

e 
sa

m
e 

bu
ff

er
. 

Pr
op

id
iu

m
 

io
di

de
 (P

I)
 w

as
 a

dd
ed

 to
 th

e 
de

te
rm

in
e 

ce
ll 

vi
ab

ili
ty

. T
o 

as
se

ss
 n

on
-s

pe
ci

fic
 b

in
di

ng
, 



!
"#
$!

is
ot

yp
e-

m
at

ch
ed

 p
rim

ar
y 

an
tib

od
ie

s 
co

nj
ug

at
ed

 to
 r

es
pe

ct
iv

e 
flu

or
op

ho
re

s 
w

er
e 

us
ed

 

as
 c

on
tro

ls
, 

as
 s

um
m

ar
is

ed
 i

n 
ta

bl
es

’ 
4.

2.
3 

an
d 

4.
2.

4.
 C

el
l 

vi
ab

ili
ty

 i
n 

al
l 

m
ul

tip
le

 

la
be

lle
d 

ex
pe

rim
en

ts
 w

as
 d

et
er

m
in

ed
 th

ro
ug

h 
Sy

to
x 

bl
ue

 (I
nv

itr
og

en
, U

K
) e

xc
lu

si
on

. 

A
na

ly
si

s 
w

as
 d

on
e 

on
 B

D
 B

io
sc

ie
nc

e 
FA

C
SA

ria
 e

qu
ip

pe
d 

w
ith

 3
 la

se
rs

. T
he

 d
at

a 
w

as
 

an
al

yz
ed

 u
si

ng
 F

A
C

SD
iv

a 
5.

1 
so

ftw
ar

e 
(B

D
 B

io
sc

ie
nc

e,
 U

K
). 

 T
ab

le
 4

.2
.3

: P
ri

m
ar

y 
an

tib
od

ie
s 

us
ed

 fo
r 

FA
C

S 
an

al
ys

is
 

Pr
im

ar
y 

A
bs

 
Fl

uo
ro

ph
or

e 
C

lo
ne

 
D

ilu
tio

n 
So

ur
ce

 
C

at
 n

o.
 

M
s 

an
ti 

H
u 

C
D

13
 

FI
TC

 
W

M
-1

5 
1:

50
 

eB
io

sc
ie

nc
es

 
11

-0
13

8-
73

 
R

at
 a

nt
i H

u 
C

D
29

 
PE

 
TS

2/
16

 
1:

50
 

eB
io

sc
ie

nc
es

 
12

-0
29

9-
73

 
M

s 
an

ti 
H

u 
C

D
34

 
A

PC
 

- 
1:

50
 

B
D

 P
ha

rm
in

ge
n 

55
58

24
 

R
at

 a
nt

i H
u 

C
D

44
 

A
PC

 A
le

xa
 F

lu
or

 7
50

 
IM

7 
1:

50
 

eB
io

sc
ie

nc
es

 
27

-0
44

1-
82

 
M

s 
an

ti 
H

u 
C

D
90

 
Pe

rC
P-

C
y5

.5
 

eB
io

5E
10

 
1:

50
 

eB
io

sc
ie

nc
es

 
45

-0
90

9-
73

 
M

s 
an

ti 
H

u 
C

D
11

7 
PE

-C
y5

.5
 

- 
1:

50
 

In
vi

tro
ge

n 
C

D
11

71
8 

M
s 

an
ti 

H
u 

C
d1

66
 

PE
 

- 
1:

50
 

B
D

 P
ha

rm
in

ge
n 

55
92

63
 

 T
ab

le
 4

.2
.4

: I
so

ty
pe

 c
on

tr
ol

 a
nt

ib
od

ie
s 

us
ed

 fo
r 

FA
C

S 
an

al
ys

is
 

Is
ot

yp
e 

A
bs

 
Fl

uo
ro

ph
or

e 
C

lo
ne

 
D

ilu
tio

n 
So

ur
ce

 
C

at
 n

o.
 

M
s 

Ig
G

1 
FI

TC
 

- 
1:

50
 

Im
m

un
os

te
p 

IC
IG

IF
-1

00
T 

M
s 

Ig
G

1 
PE

 
- 

1:
50

 
B

D
 P

ha
rm

in
ge

n 
55

57
87

 
M

s 
Ig

G
2a

 
A

PC
 

- 
1:

50
 

Im
m

un
os

te
p 

IC
IG

G
2A

A
-1

00
T 

M
s 

Ig
G

1 
PE

-C
y5

.5
 

P3
 

1:
50

 
eB

io
sc

ie
nc

es
 

35
-4

71
4-

73
 

M
s 

Ig
G

1 
Pe

rC
P-

C
y5

.5
 

P3
 

1:
50

 
eB

io
sc

ie
nc

es
 

45
-4

71
4-

82
 

R
at

 Ig
G

2 
A

PC
 A

le
xa

 F
lu

or
 7

50
 

eB
14

9/
10

H
5 

1:
50

 
eB

io
sc

ie
nc

es
 

27
-4

03
1-

81
 

 4.
2.

7 
St

at
is

tic
al

 a
na

ly
si

s 

D
at

a 
ob

ta
in

ed
 f

ro
m

 t
he

 t
hr

ee
 l

ab
or

at
or

y 
te

ch
ni

qu
es

; 
im

m
un

oh
is

to
ch

em
is

try
, 

FA
C

S 

an
d 

Q
R

T-
PC

R
 w

er
e 

tra
ns

cr
ib

ed
 o

nt
o 

a 
da

ta
 s

he
et

. S
tu

de
nt

’s
 t-

te
st

 w
as

 u
se

d 
to

 a
ss

es
s 

th
e 

si
gn

ifi
ca

nc
e 

of
 t

he
 d

at
a 

ob
ta

in
ed

. 
St

at
is

tic
al

 a
na

ly
se

s 
w

er
e 

ca
lc

ul
at

ed
 u

si
ng

 t
he

 

SP
SS

 so
ftw

ar
e 

pa
ck

ag
e 

(S
PS

S 
In

c.
, C

hi
ca

go
, I

L)
.  

    



!
"#
$!

4.
3 

R
es

ul
ts

 

4.
3.

1 
D

D
 

tis
su

e 
is

 
ob

se
rv

ed
 

to
 

ha
ve

 
m

ar
ke

rs
 

co
ns

is
te

nt
 

w
ith

  

m
es

en
ch

ym
al

 a
nd

 h
ae

m
at

op
oi

et
ic

 s
te

m
 c

el
l p

op
ul

at
io

ns
 

 Re
su

lts
 fr

om
 F

AC
S 

an
al

ys
is

 

Th
e 

fin
di

ng
s 

ob
ta

in
ed

 f
ro

m
 th

e 
FA

C
S 

an
al

ys
is

 a
re

 p
re

se
nt

ed
 in

 f
ig

ur
es

 4
.3

.1
 to

 4
.3

.5
. 

Th
e 

tw
o 

m
ar

ke
rs

 t
o 

be
 l

ea
st

 p
re

va
le

nt
 a

cr
os

s 
al

l 
an

at
om

ic
al

 s
ite

s 
w

er
e 

C
D

11
7 

an
d 

C
D

16
6.

 A
s 

se
en

 i
n 

fig
ur

es
 4

.3
.1

-4
.3

.5
 t

he
 f

re
qu

en
cy

 o
f 

ob
se

rv
ed

 m
ar

ke
rs

 i
n 

th
e 

pe
rin

od
ul

ar
 a

nd
 d

is
ta

nt
 p

al
m

ar
 f

at
 a

pp
ea

re
d 

to
 b

e 
si

m
ila

r 
fo

r 
C

D
13

, 
11

7 
an

d 
16

6.
 

Th
er

e 
ap

pe
ar

ed
 to

 b
e 

a 
hi

gh
er

 p
re

va
le

nc
e 

of
 C

D
29

, 3
4,

 4
4,

 a
nd

 9
0 

po
si

tiv
e 

ce
lls

 in
 th

e 

pe
ri-

no
du

la
r f

at
 c

om
pa

re
d 

to
 d

is
ta

nt
 p

al
m

ar
 fa

t. 
 

 Th
e 

m
os

t p
re

va
le

nt
 m

ar
ke

rs
 in

 D
D

 s
ki

n 
w

er
e 

C
D

29
 a

nd
 C

D
34

. T
he

 h
ig

h 
nu

m
be

r 
of

 

C
D

34
 p

os
iti

ve
 c

el
ls

 is
 c

on
si

st
en

t w
ith

 th
e 

Q
R

T-
PC

R
 f

in
di

ng
s 

(s
ee

 b
el

ow
). 

Le
ve

ls
 o

f 

m
ar

ke
rs

 i
n 

th
e 

co
rd

 a
nd

 n
od

ul
e 

ap
pe

ar
ed

 s
im

ila
r 

w
ith

 t
he

 m
os

t 
pr

ev
al

en
t 

m
ar

ke
rs

 

be
in

g 
C

D
29

 a
nd

 C
D

44
. R

es
ul

ts
 fr

om
 th

is
 o

bs
er

va
tio

n 
ar

e 
fo

r s
in

gl
e 

m
ar

ke
rs

 a
nd

 n
ot

 a
 

co
m

bi
na

tio
n 

of
 m

ar
ke

rs
 a

nd
 th

us
 c

on
cl

us
io

ns
 f

ro
m

 th
is

 s
et

 o
f 

da
ta

 h
av

e 
to

 b
e 

vi
ew

ed
 

w
ith

 c
au

tio
n.

 A
 fu

rth
er

 re
as

on
 fo

r d
ra

w
in

g 
co

nc
lu

si
on

s 
w

ith
 c

au
tio

n 
fr

om
 th

is
 d

at
a 

se
t 

is
 t

he
 a

bs
en

ce
 o

f 
co

nt
ro

l 
m

ea
su

re
s 

fr
om

 c
ar

pa
l 

tu
nn

el
 b

io
ps

ie
s 

as
 t

he
re

 w
er

e 
no

t 

en
ou

gh
 li

ve
 c

el
ls

 to
 a

na
ly

se
 v

ia
 F

A
C

S.
  

 Re
su

lts
 fr

om
 im

m
un

o-
hi

st
oc

he
m

is
tr

y 

Th
e 

hi
gh

 e
xp

re
ss

io
n 

of
 C

D
29

 i
n 

th
e 

pe
rin

od
ul

ar
 f

at
 i

n 
co

m
pa

ris
on

 t
o 

ca
rp

al
 t

un
ne

l 

co
nt

ro
l 

w
as

 o
bs

er
ve

d 
w

ith
 i

m
m

un
o-

st
ai

ni
ng

. 
Th

er
e 

w
er

e 
fe

w
er

 p
os

iti
ve

 c
el

ls
 f

or
 

C
D

11
7 

an
d 

16
6 

in
 D

D
 ti

ss
ue

 a
cr

os
s 

al
l a

na
to

m
ic

al
 s

ite
s.

 C
D

90
 w

as
 o

bs
er

ve
d 

to
 s

ho
w

 



!
"#
$!

a 
lo

w
er

 n
um

be
r 

of
 p

os
iti

ve
 c

el
ls

 in
 c

om
pa

ris
on

 to
 C

D
13

, 2
9,

 3
4 

an
d 

44
 p

os
iti

ve
 c

el
ls

 

ac
ro

ss
 a

ll 
an

at
om

ic
al

 s
ite

s 
(ta

bl
es

 4
.3

.1
, 

fig
ur

es
 4

.3
.1

-4
.3

.5
). 

 I
t 

m
us

t 
be

 n
ot

ed
 t

ha
t 

re
su

lts
 fr

om
 im

m
un

o-
st

ai
ni

ng
 a

re
 q

ua
lit

at
iv

e 
ra

th
er

 th
an

 q
ua

nt
ita

tiv
e.

 

                                     



! "##!

Figure 4.3.1 FACS and IHC data for DD Cord 
Expression of all seven stem cell markers investigated using FACS and IHC in DD cord. Each graph shows the 
number of cells counted and those that were found to be positive for each marker. The y-axis demonstrates the cell 
count and the x-axis the fluorophore marker. The top left graph shows the percentage of live cells selected as sytox 
blue; in this case 55%. The subsequent graphs give the percentage of live cells positive for that particular marker 
(e.g. 8% live DD cord cells positive for CD13). The immunohistochemistry pictures identify individual cells 
(DNA marked with DAPI coloured blue) and those cells positive highlighted green or red (for CD117) 
fluorescence. Arrows indicate cells that were deemed positive for the selected marker. 

 

 

 

 

 

 
 

 
 

 
 
 
 

!!
"#

!

$%
&!

$"#

!

'("
)!

!

%$
"#

'(*
+!

&!
"#

!

'()
$!

&'
"#

!

'($
$!

(!
"#

!

'(+
%!

!

'("",!

)*'
"# )"#

!

'("##!

DD Cord Viable Cells Cord CD13 Cord C029 Cord CD34 

P5 

Q Cord C044 Cord CD166 

P1 2 

P16 



! "#$!

Figure 4.3.2 FACS and IHC data for DD Nodule 
Expression of all seven stem cell markers investigated using FACS and IHC in DD nodule. Each graph shows 
number of cells counted and those that were found to be positive for each marker. The y-axis demonstrates the cell 
count and the x-axis the fluorophore marker. The top left graph shows the percentage of live cells selected as sytox 
blue; ion this case 55%. The subsequent graphs give the percentage of live cells positive for that particular marker 
(e.g. 13% live DD nodule cells positive for CD13). The immunohistochemistry pictures identify individual cells 
(DNA marked with DAPI coloured blue) and those cells positive with highlighted green or red (for CD117) 
fluorescence. Arrows indicate cells that were deemed positive for the selected marker. 
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Figure 4.3.3 FACS and IHC data for DD peri-nodular fat 

Expression of all seven stem cell markers investigated using FACS and IHC in DD peri-nodular fat. Each graph 
shows number of cells counted and those that were found to be positive for each marker. The y-axis demonstrates 
the cell count and the x-axis the fluorophore marker. The top left graph shows the percentage of live cells selected 
as sytox blue; ion this case 64%. The subsequent graphs give the percentage of live cells positive for that particular 
marker (e.g. 33% live peri-nodular fat cells positive for CD13). The immunohistochemistry pictures identify 
individual cells (DNA marked with DAPI coloured blue) and those cells positive with highlighted green or red (for 
CD117) fluorescence. Arrows indicate cells that were deemed positive for the selected marker. 
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Figure 4.3.4 FACS and IHC data for DD distant palmar fat 
Expression of all seven stem cell markers investigated using FACS and IHC in DD distant palmar fat. Each graph 
shows number of cells counted and those that were found to be positive for each marker. The y-axis demonstrates 
the cell count and the x-axis the fluorophore marker. The top left graph shows the percentage of live cells selected 
as sytox blue; ion this case 75%. The subsequent graphs give the percentage of live cells positive for that particular 
marker (e.g. 28% live DD distant palmar fat cells positive for CD13). The immunohistochemistry pictures identify 
individual cells (DNA marked with DAPI coloured blue) and those cells positive with highlighted green or red (for 
CD117) fluorescence. Arrows indicate cells that were deemed positive for the selected marker. 
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Figure 4.3.5 FACS and IHC data for DD skin 
Expression of all seven stem cell markers investigated using FACS and IHC in DD skin. Each graph shows 
number of cells counted and those that were found to be positive for each marker. The y-axis demonstrates the cell 
count and the x-axis the fluorophore marker. The top left graph shows the percentage of live cells selected as sytox 
blue; in this case 50%. The subsequent graphs give the percentage of live cells positive for that particular marker 
(e.g. 82% live DD skin cells positive for CD13). There were not enough live cells to carry out FACS analysis for 
CD117 and CD166. The immunohistochemistry pictures identify individual cells (DNA marked with DAPI 
coloured blue) and those cells positive with highlighted green or red (for CD117) fluorescence. Arrows indicate 
cells that were deemed positive for the selected marker. 
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Figure 4.3.6 Relative gene expression of each of the 6 markers 
investigated in the diseased and control tissue 
Bar graph showing relative expression (RQ; y-axis) for each tissue modality (x-axis) 
for 6 of the stem cell markers. There were no primers available for CD117. DD 
nodule and cord was compared with CT (carpal tunnel) fascia. DD distant palmar fat 
(DPF) and peri-nodular fat (PNF) was compared with CT fat and DD skin with CT 
skin.   
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Chondrogenic Differentiation of Adult MSCs 
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Abstract: Chondrogenesis i.s a ,~tal part of adult life, as carttlage is important not only for articulation of joints but also 
maintenance functions of the body. Chondrogenesis is a five way process of intricate events controlled by specific genes 
and cell-cell interactions which has been documented over recent years. This review highlights the current literanrre re­
garding the process of endochondral 055ification and covets the different level of control at agent level Due to the prolif­
erative nattrre of chondrogenesis and using chondroC}~es for self renewal and repair, current research involves finding 
ways in which to improve and replicate expansion of chondrocyies. The review summarises ways in which ex vitro ex­
pansion can be manipulated using growth factors, external sources and scaffolds. 

Keywords: Cartilage, chondroq1es, choudrogenesis, enclochondral offi.fication, mesenchyma.l stem cell 

CTIRODUCTION 

Cartilage is a type of connective tissue that is composed 
of a collagen and proteoglycau matrix with a spare popula­
tion of chondrocytes [I , 2]. Chondrogenesis, the. formation 
of chondrocytes is a vital part of embryogenesis as well as in 
adult life. Chrondrogenesis lead5 to the establishment of dif­
ferent types of cartilage including hyaline, fibrous and elastic 
cartilage [2]. 

Cartilage is a connective tissue that is comprised primar­
ily of matrix (mainly collagens and proteoglycans) contain­
ing relatively sparse populations of chondrocytes, which 
perform matrix-generation and maintenance functions [2]. 
Cartilage is also useful for the articulation of joints and 
maintains the loading capacity of the iniervertebra.l discs [2]. 
Choudrogenic precursors are involved in the formation of 
mature connective tissue cartilage, which is evenmally re­
placed by bone, which is achieved through a sequence of 
events called endochondral ossification. 1his process, is 
closely regulated by specific genes and cell-to-cell and cell­
matri.x interactions [1, 2). 

Toe endochondral ossification process can be divided 
into five main stages. Firstly the Mesenchymal Stem Cells 
(MSCs) are commined to become cartilage by certain 
paracrine factors becoming chondroblasts in the process 
called condensation [3]. Secondly, the lv!SCs then develop 
into adult chondrOC)-1es under the influence of transcription 
factors specifically SOX9 during the process of differentia­
tion [3]. Then the rapid division of chondrocytes causes the 
production of the Extracellular Matrix (ECM) [3]. Toe pro­
liferation stage of the chondrocytes is then overtaken by hy­
pertrophy, in which stage the ECM is mineralised with 

*Address ~01re.spowLmc:e to this author at the Deputment of Pl.tstk Sur­
geiy, Wlmton Hospira~ Wmington Road, L355DR, UK; 
E-mail: Hindo<halOO l@~'>hoo.<om 
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calcium salis [3]. Then the invasion of blood vessels takes 
place as the hypertrophic chondrocytes die by apoptosis [3]. 
Toe osteoblasts precursors then invade the tissue and start 
fonning bone by replacing the cartilaginous matrix with a 
mineralized matrix [3]. 

1his review aims to explain the regulatory mechanisms 
that occur during developmental chondrogenesis including 
the control at both extrinsic and intrinsic levels. Furthermore 
the review will briefly explain ex-vitro expansion of chon­
drocytes and the ways in which it can be mauipulaied. 

~II.SEJliCHYMAL STEM CELL CONDENSATION 
AND DETERADNATION OF CHONDROPROGEl\"J­
TORS 

Chondrogenesis can only begin when MSCs have been 
recruited effectively. 

Mesenchymal cells for chondrogenesis are recmiied from 
three main ~ites: 

1) the neural crest cells that form the craniofacial bones [4]. 

2) the scleotime of the paraxial mesoderrn forming the axial 
skeleton [4]. 

3) the somatopleur of the lateral plate mesoderm forming 
the skeleton of the long bones [ 4]. 

After recmitrnent the MSCs aggregaie into chondropro­
genitor mesenchymal cells to form precartilage condensa­
tions [5]. To form mesenchymal condensations the MSCs 
increase their cellular interaction with the ECM and the sur­
rounding cells as well as increasing their cell adhesion and 
formation of gap junctions and changes in the cytoskeletal 
architecture [SJ. 

Condensation is initiated due to cell-to cell matri.x inter­
actions [6]. Before condensation, lv!SCs produce extracellu­
lar matrix which contains hylauran and collage type I as well 

€ 2012 Beuth.am Scieuu Publishen 
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Recent Surgical and l\lledical Advances in the Treatment of Dupuytren's 
Disease - A Systematic Review of the Literature 

R. Mafi1, S. Hindocha'.2 and W. Khan3 

1 nui Hull York Medical School, Hertford Building, Hull, HU6 7RX, UK 
1Department of Plastic Surgery, Whi.ston General Hospital, Liverpool, L355DR, UK 
1University College London ln.stitute of Orthopaedics and Mu.scziloskeletal Sciences, Royal National Orthopaedic 
Hospital, Stanmore, Middlesex, HA7 4LP, UK 

Abstract: Dupuytren' s disease (DD) is a type offibromatosis which progressively results in the .shortening and thickening 
of the fibrous tissue of the pahnar fascia. This condition which predominantly affects white-northern Europeans has been 
identified since 1614. DD can affect certain activities of daily living .such as race washing, combing hair and putting hand 
in a glove. The origin of Dupuytren ' s contracture is still unknown, but there are a number of treatments that doctors have 
come across throughout the years. Hi~torica.Ily surgery has been the. mainstay treatment for DD but oot the. only one. The 
objective i~ to make a structured review of the most recent advances in treabnent of DD inc luding the surgical aod 
medi.cal interventions. We have looked at th e most relevant published anicles regarding the various treatment options for 
DD. This review ha; taken 55 articles into consideration which have met the inclusion criteria. The most recent treatments 
used are multi-needle aponeurotomy, exiensive percutaneous aponeuroiomy and lipografting, injecting collagenase 
Closiridium histolyticmn, INF-gamma and shockwave therapy as well as radioiherapy. Each of the,;e treatments has 
certain advantages and drawbacks and cannot be used for every patient. In order to prevent this condition, spending more 
time and money in the topic is required to reach better and more consistent treatments and ultimately t-o eradicate this 
disease. 

Keywords: Dupuytren contraclure, dupuytren disease, medical, surgical, treatment, advances. 

BACKGROUND INFOR..t\IATION 

The first doctor who came across this condition was 
Plater in 1614 [I]. In 1831 a French military surgeon called 
Guillaume Dupuytren became famous for describing and 
operating on palmar fibromatosis, which is now commonly 
known as Dupuytren's disease. The disease is described as a 
type of fibromatosis characterized by nodular and/or 
distributed aggregates of imman1re fibroblasts dispersed i11 a 
dense collagen [2]. The progressive and irreversible flexiou 
contracn1res of the phalangeal joints of the hand are the 
nature of thi5 di5ease. These flections which predominantly 
affect the small and ring finger are due to the proliferation of 
myofibroblasts in the fascia of the hand. Myofibroblasts 
were the fust responsible cause for contracture in this 
disease. It was first due to their ultrastrnctural identification 
in transmission electron-microscopic studies but later on 
scientists showed that the rontraclure was mainly due to the 
expression of Alpha-smooth muscle actin (S1"1A) in cells 
from tissue explants. Furthennore, it was shov.rn that 
myofibroblasts can generate contractile force (3, 4). 

I.PIDEMIOWGY 

Looking at the incidence of Dupuytren's disease (DD), 
white-northern Europeans have the highest rate whereas 

* Address .corre;poudl!llCe to this autb.or at the Depa.1tmen.t of Plastic 
Stu-gery, \\!biston Hospital, \Vanington Roa.d, L35 5DR, UK.; Tel: 
01244366265; Fax: 01244366265; E-mail: hindocba200l@yaboo.com 
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dark-skinned individuals have the lowest number of 
occurrences [S, 6]. Twin studies have shov.rn lhat there is 
some evidence supporting the theory that this disease could 
be a familial disorder [7). It is still uncertain whether 
Dupuytren • s disease is a monogenic or a polygenic condition 
as this condition has variable inheritance patterns and 
different level5 of gene expression. 

Scandinavians and people with Northern European 
ancest1y were mainly re.!>ponsible for the spread of this 
disease hence it is being called the "Viking disease" (8). Toe 
theory of Nordic origin of the disease can be supported by 
the high incidence rate among the people in Denmark as well 
as in the northern part of the UK [9]. 

Both age and sex, have an effect 011 the occurrence of 
Dupuytren 's cli~ease. The incidence is very low among teens 
and people in their twenties but the risk of having this 
condition increases each decade. According to Mikkelsen et 
al. the onse.t of Dupuytreu · s contraclure (DC) is indirectly 
proportional to the recurrence and progression of this 
disease. In other words the earlier the onset of ihe disease the 
more likely the recurrence and progression of Dupuytren' s 
contrac.nire in the future [10, 11) Men are up to 15 times 
more likely to suffer from this disease. DC however, is less 
sever in women and may even remain unnoticed. During the 
8 .. and 9th decade of life the ratio between affected men and 
women is equal [ 11). 

There is mixed evidence a5 to what the causes and 
consequences of Dupuytren' comraclure may be. Scient.ists 
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Characteri.zation of stem cells in Dupuytren's disease 

S. Hindocha 1, S. A. Iqbal1, S. Farhatullah1, R. Paus2•4 and A. Bayat1,2 ,3 
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' Dcpartmcntof Plastic and Rcconstructivc Snrgory, Sood, Manchester Uni,.,,rsicy Hospiml Foundation Trust, W1thonsh,wc Hospita~ Manchester, UK, 
and 4Departmenr ofDenna rology, Un.ivcrsiry of Lue beck, Luebeck, Germany 
C0tresponde1.u to: Dr A. Bay.it, Plastic and Rcconstructive Surg,,,y Research , Manchester lnrcrdiscipLinary Bioccntr<, Uoi,-crsity of Mooch.ester, nt 
Princess Str<er, Manchester Ml 7DN, UK (e-mail : ardesbir.b,y:11®maocbestcr.ac.uk) 

Background: Dupuyuen's diseose (DD) is a oommon 6broproliferative diseose of unknown origin. The 
source of abnonna.1 oells leading to DD formation fflllains undere.xplored. In addition to fuscfa, palmar 
skin a.ad fat-de1·ived oells may be a porentia.l souroe of cells causing DD. Th.is smdy aimed to profile 
baematopoietic and mesencbynlllJ stem cells in different DD tissue components compa.red with tissue 
retnoved at carpal m1mel surgery (control). 
Methods: Biopsies were taken from rbe diseased cord, nodule, perinodular fat and skin overlying 
the nodule of ten patients witlt DD and compared with control tissue from seven patients ha,ing 
surge1y for carpel runnel syndrome. Fluoresoenoe-activated cell sorting (FACS), immunobistocbemistty 
,md quantitative real -time polymerase dtain reaction (QRT-PCR) were used to identify a-pression of 
seleeted st:em oell mm·kers. 
Results: FACS and QRT-PCR analysis identified the highest RNA exprnssion a.ad number of ceJls 
posithse for adipocyre st:em oell miu·ke1-s (CDB and CD29) in the DD nodule in comparison widt carpal 
tlJJlnel control tissue (P = 0,053). CD34 RNA was ove.rexpressed, and a higher percentage of these ceJls 
wos present i.n DD skin compared wid1 carpa.l tu.noel ski.n (P- 0,001). 
Conclusion: Each Structural oompouent of DD (col'd, nodule, perinodulal' fat and skin) boo distinct 
st:em cell populations. TI1ese findings support the bypotl1esis d1at DD may result from mesend1yma.I 
progenitor cell e.xponsion. 

Paper accepted 2 September 2010 

Published online ll Na,'Ctnber 2010 in Wiley Online Libra,y (www.bjs.co.uk). DOI: 10.1002/bjs.730 

Introduction 

Dupuytrcn's cliscasc (DD) is a benign fibroprolifcrativc 
disease of unknown aetiology affecting the palmar 
fascia 1• It is one of the most common connective 
tissue disorders, affecting over 4 per cent of the UK 
populacion2, and over 25 per cent of the cclcic population 
over the age of 60 yc:ars3. Several environmental factors 
arc associated with DD, including alcohol4•5, smoking4, 
diabctcs6•7, cpilepsy8, hypcrcholcstcrolacmia and injury or 
microtrauma9• Although these factors appear to have a 
significant association with the aetiology of DD, none has 
convincingly been shown to be causative. 

The typical clinical progression of DD is the devel­
opment of palmar nodules and pits leading to a gradual 
contractw-e of the affected digit LO. The treatment is surgi­

cal , where the digital contractmeis released by fascicctomy, 
yet this common operation is associated with a high rate of 

e 1010 British Journal of Surs-•ry Sodety Ltd 
Published by Johe w ney & Soos Ltd 

1·ccurrence11 , which may reach 75 per cent in individuals 
with a positive family history, ectopic DD (Dupuytren­
likc tissue found in other anatomical sites), young age 
at onset and bilateral discase11 • Dermofascicctomy is an 
alternative tt·eatment that involves excision of the skin 
overlying the diseased fascia along with the subdcrmal fat, 
which is then replaced with a full-thlcknc~ skin graft. This 
method has reduced recurrence rates, below 12 per cent in 
the most severe cases12• The palmar fat has been impli­
cated in the pathogenesis of 0D 13 - 15 , although the exact 
roles of aclipocytcs and fat stromal cells remain unclear. 
Therefore, the skin overlying the diseased palmar fascia , 
as well as the surrouuding palmar fat, is of scientific and 
clinical relevance. 

Myofibroblasts, which have combined properties of 
smooth muscle cells and fibroblasts, are thought to be 
involved in the pathogenesis ofDD14- 17• The proliferation 
of myofibroblasts is believed to cause the nodular lesions 

Brdish J«11w.1J of Surgery 2011; 98: 308- 315 
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Tissue Engineering for Bone Production- Stem Cells, Gene Therapy and 
Scaffolds 

E.G. Khaled1, M. Saleh1, S. Hi.ndocha•,2,3, M. Gt-iffm3 and Wasim S. Khru14 

Department of Plastic Surge,y, Ain Shams University, Plastic Surgery department, Ramsis Street, Abbassia Square, 
Cairo, Postcode 11566, Egypt 
1Department of Plastic S11rge1y, Whiston Hospital, Wan'ington Road, Live1pool, L35 5DR, UK 
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4UniVersity College London lnsrifute of Orthopaedics and Musailoskeletal Sciences, Royal National Orthopaedic 
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Abstract: A bone graft has been the gold standard treatment for repairing bone defe-ets. However, due to bone grafts 
associated donor site morb idity several alternative bone substi rutes options have been made available but with their added 
e;,,.'])ense and limited osteoinductive. properties they are. not ideal Therefore, research has be.gun in tissue engineering to 
inve,tigale stem cells, which are one of the body's own mechanisms used to repair bone. Stem cells are clonogenic 
\mdifferentiated cells capable of self-renewal. Readily available from numerous of souroe., stem cells have the potential to 
differentiale in oste.oblasts and chrondrocytes showing capability lo repair both bone and cartilage. The known 
immunologic properties of stem cells further enhance their therapeutic appeal. Stem cells have shown to be excellent 
carriers for gene. transfer having the. capability io be transduced. Gene transfer could enable growth faciors and bone 
morphogentic protein, to enhance bone repair. Stem cells are implanted onto scaffolds, which are. stmciures capable of 
supporting ti,sue fonnation by allowing cell migration, proliferation and differentiation. Research aims to produce 
scaffolds that deliver and retain celfa, allow for cell attachment has adequate biodegradability, biocompatlo ilily and non­
immunogenicity. However, having tried and testing numerom materials including synthetic and natural products research 
into the perfect scaffold product continues . This revie.w aims to explain how stem celfa were discovered, the techniques 
used to isolate stem cells, identify and manipulate them down different cell lineages and di,cuss the research into using 
stem cells to reconstmct bone using genetic modification and scaffolds. 

Ke},l'ords: Adult stem cells, bone marrow, bone reconstruction, gene therapy, scaffolds, tissue engineering. 

Bone defects exceeding critical size usually heal with 
fibrous tissue (scar), missing complete bone re-llllion. Toe 
critical size is defined as intraosseous deficiency that will not 
heal with more than 10% new bone fonuation within life 
expectancy of the patient (human or nonhuman) [1 ]. 

Recom.1mction of bone defects is dependent on certain 
mechanisms, which can be summarized into o5teoconduc.t­
ion, osteoinduction and osteogenesis mechanism'>. Osteo­
genesis is the fom1ation of new bone from osteocompetent 
cells. Osteoconduction is the formation of bone along the 
scaffold of a biologic or alloplastic substance where the bone 
forming cells originate from pre-existing host osteo­
competent cells. Osteoinduction is the fonnation of new 
bone by differentiation and 5timulation of mesenchymal cells 
by bone inductive proteins (2]. 

In principle, bone grafts contain all the key elements 
required for bone repair; as they provide osteoconductive 
scaffold., gfO'wth factors for osteoinduction, and cells with 
osteogenic potential [3]. The use of bone grafts in the 

• AddJ-ess corre,1>oudeu.ce to this author at the Depa,1ment of Plastic 
Stu-gay , V-1lmton Hospital, Warrington Road, Liverpool, L3 5 5DR, UK; 
Tel: 0 1244366265; Fax: 01244366277; E-mail: hindocha200l @yaboo.cow 
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clinical practice presents several major inconveniences (4]. 
Although the percentage of success is high, complications as 
resoiption, fracture, infection and non-union are still present 
(5]. Additionally ha!vesting of autologous bone often results 
in donor site morbidity, the extent of which may vary 
according to the location and the intervention technique 
including hemorrhage, nerve damage, cosmetic disability, 
pain, infection, and loss of function [ 6] . 

Toe use of human cadaver or animal bone izrafts from 
bone banks prevents the problem of the donor sitt morbidity, 
but presents the potential .risk of viral or bacterial infections 
and an immune response of the ho51 tissue towards the 
iniplant. However, the continuous amelioration of the 
proc.essing proce.dures for grafts is significantly reducing the 
risk of infection [7]. 

Altemat.ively, guide.cl bone regeneration and several 
biomaterials have been comridered and used as bone 
substitutes, including calcium phosphate ceramics , polymers 
and bioglasses. All have the advantage of unlimited 
availability and good osteoconductive properties. On the 
other hand, they are not osteoinduc.tive, thus limiting their 
application to repair large bone defects [8]. On the contrary, 
bone distraction takes the advantage of bone regeneration 
potential; avoiding the troubles associated with the graft 

!O 11 B•ntham Open 



! "#$!

!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!
!

!

I1ie Op,11 On/1opndic, Jo11mal !Oil, 5, (Suppl ?-M4) ?53-260 253 

tiJ,j§,f;\3§4-1-1 
Adult Mesenchymal Stem Cells ancl Cell Surface Characterization - A 
Systematic Review of the Literature 
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Abstract: Human aduli mesenchymal stem oells (MSCs) were first identified by Friedenstein el aL when ob.serving a 
group of cells !hat developed into fibroblastic colony fomiing cells (CFU-F). Ever since, !he therapeutic ll';es and clinical 
applications of these cells have increased research and interest in !his field. MSCs have the potential to be used in tissue 
enginee.ring, gene lherapy, iransplants and tis.sue injuries. However, identifying tb.e.s.e cells can be a challenge. Moreover, 
there are no articles bringing togelhes and summarizing the cell surface marker:s of MSCs in adults. The ptupo.se of this 
sh1dy is to summarize all the available information about the. cell surface characterization of adult human MSCs by 
identifying and evaluating all the published literature in this field. We have fotmd that the mo.st commonly reported 
positive markers are CD105, CD90, CD44, CD73, CD29, CD13, CD34, CDl46, CD106, CD54 and CDl66. Tue mo.st 
frequently reported negative marl<ers are CD34, CD14, CD45, CDllb, CD49d, CDI06, CDlO and CD31. A number of 
other c.ell surface markers including STRO-1 , SH2, SH3, SH4, HLA-A, HL<\-B, HL<\-C, HLA-DR, HU\.-!, DP, EMA, 
DQ (MHC Class II), CD IO5, Oct 4, Oct 4A, Nanog, Sox-2 , TERT, Siat-3, fibrobla5! surface antigen, smooth muscle 
alpha-actin, vimentin, inlegrin subunits alpha4, alpba5 , beta! , inlegrins alphavbeia3 and alphavbeta5 and ICA .. 1\t-1 have 
also be.en reported. Nevertheless, there i1 great discrepancy and inconsistency concerning the information available on the 
cell surface profile of adult MSCs and we ,ugge:st that further research i~ needed in this field to overcome the problem. 

Keywords: Bone marrow derived multipotent progenitor cells; cell surface profile; mesenchymal ~tem cells ; surface markers. 

Il'ffRODUCTION 

About 130 years ago, the German pathologist Colmeim 
proposed the e.xi5ience of non-hemaiopoietic stem cell5 in 
the bone marrow. He suggested that these cell5 could 
contribute to wound healing as they can be a source of 
fibrobla.5ts [l ]. Later, Friedenstein et al. identified human 
adult mesenchylllal stem cells when obseiving a group of 
cells that developed into fibroblastic colony fonning cells 
(CFU-F) [2]. Friedenstein provided strong evidence for the 
self-renewal potential of ~tem celL5 by demonstrating their 
ability to regenerate heterotropic bone tissue. These finding,s 
have been confirmed and expanded by many further 
laboratory smc\ies which have shown that the cells isolated 
by Frieclenstein can also be found in htunan bone marrow 
and could differentiate into a range of different mesenchymal 
line.age cells including chondrocytes, adipocyies , myoblasts 
and osteoblasts [I , 3-6]. 

Simmons ,et al. found that stromal cells supporting 
hematopoiesis were different to hematopoietic cells by 
showing that sexmismatched !ILA-identical cells from 
patients solely expressed the host genoty-pe [7] . This again 
supports Friendenstein' s findings showing hematopoietic 

* Address c.o1Tespondence to this author at the Manchestar lnterdisc:iplin21y 
Biooouire, Univ•t>iiy of:Manchest<r, 131 Princess Street, Ml7DN, UK; 
Tel: 01244366265; Fax: 01244366277; E-mail: bindocha200l @yahoo.cow 
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stem cells were physically different from transplanted 
sexmismatched cells capable of heterotropic osseous tissue 
fonnatio11 [8]. Now that these cells are foUl.ld to be different, 
research is being done to identify whe.ther there exist specific 
cell surface antigens to identify phenotypic differences 
between mese11chy1nal and hematopoietic ~1em cells. Even 
though many mesenchymal stem cell surface antigens have 
been cultured, there have been very few in vivo phenotypic 
characterization of MSCs [9]. Bianco et al. conducted one of 
the fo:~1 studies with ihe intention of characterizing l\.1SC­
like cells both histologically and phenotypically. 
Interestingly, it has been sho,,11 that a wide range of non­
hematopoietic stem cells exist in the bone marrow and that 
MSC are merely a subset of this population. These include 
"multipotent adult progenitor cells" (l'viAPCs), "endothelial 
progenitor cells" (EPCs), "marrow-isolated adult mutilinease 
inducible cells" (MIAMI)," very small embryonic-like stem 
cells" (VSEI.s) [9-13]. 

Crisan et al. has fotmcl that multipotent mesenchymal 
stem cells exist in many different human organs [14]. To 
support this fact, it has been shown that MSCs are not 
confined to bone marrow and can also be found in placenta, 
dental pulp, tendons, skele.tal muscle, fat, umbilical cord 
blood and amniotic fluid [1 4-22]. Despite the collllllon belief 
that mesenchymal stem cells are derived from the embryonic 
mesoderm, a recent study by Takashima and colleagues 
showed that the earliest lineage of MSC-like cells are 

?OU B•ntham Open 
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Dupuytren's Diathesis Revisited: Evaluation 

of Prognostic Indicators for Risk 

of Disease Recurrence 

Sandip Hindocha, MBChB, John K. Stanley, MChOrth, 

Stewart Watson, MBChB, Ardeshir Bayat, PhD 

From Plastic & Reconstructive Surgery Research, The Manchester Interdisciplinary Biocentre, University of 

Manchester, Manchester, UK; the Centre for Hand & Upper limb Surgery, Wigan, Leigh and Wrightington 

NHS Trust, Wigan, Lancashire, UK; and the Department of Plastic, Reconstructive and Hand Surgery, South 

Manchester University Teaching Trust, Wythenshawe Hospital, Wythenshawe, Manchester, UK. 

Purpose: The term diathesis relates to certain features of Dupuytren's disease (DD) and 

dictates an aggressive course of disease. The initial description of DD diathesis included 4 

factors: (1) ethnicity, (2) family history, (3) bilatera l DD, and (4) ectopic lesions (DD outside 

the palm). The degree of diathesis is considered important in predicting recurrence and 

extension of DD after surgica l management. Prognostic indicators of risks associated with 

surgery are important. We aimed to evaluate these 4 factors and known associated risk factors 

to formulate a statistica l predictive value for DD diathesis. 

Methods: Caucasian patients diagnosed with DD between the ages of 25 and 90 years (n = 
322) from Northwest England were assessed for DD diathesis with a clinical history and 

examination. DD diathesis assessment was analyzed by calculating the odds ratios of 

developing recurrent DD using logistic regression. 

Results: The observed recurrence rates in the presence of notable risk factors and corre­

sponding odds ratios of recurrent DD were calcu lated. Of note, recurrent disease was 

observed in 121 (46%) males, 105 (47%) with bilateral DD, 68 (48%) with a family history 

of DD, 75 (47%) with age at onset younger than 50 years, 35 (52%) in those with ectopic 

lesions, and in 26 (63%) with Garrod's pads. 

Conclusions: The original DD diathesis factors have been evaluated and modified. The 

original factors of family history, bilateral DD, and ectopic lesions now include 2 add itional 

factors: male gender and age at onset of younger than 50 years. Family history and ectopic 

disease have now been modified to specify family history with one or more affected 

siblings/parents and ectopic lesions in the knuckles (Garrod's pads) alone. The presence of all 

new DD diathesis factors in a patient increases the risk of recurrent DD by 71 % compared 

with a baseline risk of 23% in those DD patients with none of the earlier-described factors. 

(J Hand Surg 2006;31 A:1626-1634. Copyright© 2006 by the American Society for Surgery 

of the Hand.) 

Type of study/level of evidence: Prognostic II . 

Key words: Disease prognosis, Dupuytren's disease, Dupuytren's contracture, Dupuytren's 

diathesis, ectop ic Dupuytren's disease, risk factor, recurrence. 

D upuytren's disease (DD) i s a benign, progres­

sive, fibroproliferative disorder that results in 

the development of abnormal scar- like tissue 

in the palmar fascia of the hand extending to any 

digit. 1 In its advanced stages, DD finally leads to an 

irreversible, permanent, and progressive contrac-

1626 The Journal of Hand Surgery 

ture of the involved digits. Dupuytren' s disease in 

the hands i s commonly bilateral, but Dupuytren' s­

like fibrotic ti ssue also can occur in the dorsum of 

the hand over the knuckles (Ganod's pads), feet 

(Lederhose's disease), and penis (Peyronie's dis­

ease) of the same individual. 2 
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The Heritability of Dupuytren's Disease: 
Familial Aggregation and Its Clinical 

Significance 

Sandip Hindocha, MBChB, Sally John, PhD, John K. Stanley, MBChB, 

Stewart J. Watson, MBChB, Ardeshir Bayat, PhD 

From the Centre for Inregrated Genomic Medical Research, University of Manchester, Manchesrer; the 

University of Manchester Centre for Hand and Upper Limb Surgery, Wigan, Leigh and Wrightington NHS 

Trusr, Wigan, Lancashire; and Plastic and Reconstrucrive Surgery Research, Sourh Manchester University 

Teaching Trust, Wyrhenshawe Hospital, Manchesrer, United Kingdom. 

Purpose: Dupuytren's disease (DD) is a benign, fibroproliferative disease affecting the hands. The 

fam ilial occurrence of DD and its presence in identica l twins suggests a genetic basis for the 

condition. Our aims in this study were (1) to provide evidence for familia l aggregation of DD by 

estimating the sibling recurrence-risk ratio and (2) to link previously associated environmental risk 

factors with family history of DD. 

Methods: Patients diagnosed with DD between the ages of 58 and 81 years (N = 92) were 

interviewed to assess potential risks and the severity of their conditions. A clinical history and 

examination were performed and we attempted to interview every family member either in 

person or through a postal questionnaire. 

Results: The sibling recurrence-risk ratio (A5) equa led 2.9 and ranged from 2.6 to 3.3 based on the 

95% confidence intervals for the population prevalence. This suggests a high genetic basis for the 

causation of DD. A lower age of onset and greater severity of DD were associated significantly 

with a positive family history of DD. Other factors showed no statistica l significance w ith familial 

aggregation of DD. 

Conclusions: The familial clustering observed in DD likely is clue to genetic influence rather than 

shared environment, as shown by the lack of association with exposure to environmental risk 

factors and fami ly history. Understanding the genetic basis of DD is important for developing 

novel diagnostic, preventative, and therapeutic regimens in the future. (J Hand Surg 2006;31 A: 

204-210. Copyright© 2006 by the American Society for Surgery of the Hand.) 

Type of study/level of evidence: Prognostic, Level II. 

Key words: Dupuytren's disease, famil ial aggregation, genetics, her itability, sibling recur­

rence risk. 

)

upuytren's disease (DD) is a benign fibropro­

liferative disorder that results in the character­

istic formation of thick, scar-like tissue in the 

mar fascia of the hand extending to any digit. 1 In its 

,anced stages DD leads to an irreversible, permanent, 

i progressive contracture of the involved digits. Du­

ftren 's disease in the hands is commonly bilateral but 

puytren-like fibrotic tissue also can occur in the 

·sum of the hand over the knuckles (Garrod 's nodes), 

t (also known as Lederhose's disease), and penis 

;o known as Peyronie's disease) of the same indi­
ual.1 

European whites. It is considered to be one of the · 

commonly inhe1ited connective-tissue disorders af 

ing whites of no1them European descent. The pi 

lence of DD is more than 4% in the male populati, 

England, with an incidence of more than 25% it 

Celtic population aged over 60 years .2 

Many environmental factors have been assoc 

with the etiology of DD including a history of smol 

frozen shoulder, epilepsy, diabetes mellitus, and a 

lipid profile. This mysterious etiology has kept I 
subject of immense interest, leading to many ge 

and molecular studies trying to discover the under] 
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