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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 6™ 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, oo 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.

Author Date | Geographical | Study Design & Data Prevalence or incidence Age group Presence Significant risk
Location Analysis score Collector rate of factors
heritabil
Total | Male | Female | Male Femal ity
e
Herzog EG 1951 | North Cross-sectional Author 4.25% | 4.25% | - > 40 years | - No No significant
(Herzog England study of 1434 mention | difference in
1951) manual laborers prevalence of DD in
and clerks. manual workers (4.5%)
Score: 6 and clerks (3.8%).
Gordon S 1954 | Canada Cross-sectional Author - 26% 33% 66-75 66-75 | No No mention
(Gordon study of 2705 years years | mention
1954) hospital
inpatients.
Score: 8
YostJ (Yost, | 1955 | New York, Cross-sectional Author 34% |43% |2.3% 37-100 37- One case | No significant
Winters et al. USA study of 5062 years 100 with correlation with hand
1955) hospital years | definite | trauma.
inpatients. family
Score: 11 history —
early age
at onset
in
offspring
Hueston JT 1960 | Australia Cross-sectional Author - 23% 22% >60years | >60 | No No mention
(Hueston study of 3700 years | mention

36




1985) people in

community.

Score: 8
Early PF 1962 | Lancashire, Cross- sectional | Author 35% |3.8% |23% 15->75 15- No Strong association
(Early 1962) UK study of 6979 years >75 mention | between epilepsy. No

people in years relationship between

community. DD and manual work.

Score: 7
Chaunt JC 1963 | France Cross sectional Author 21% | - - > 45 years | - No DD associated with
(Chanut study of 180stone mention | manual work.
1963) masons.

Score: 10
Mikkelson 1972 | Haugesund, Cross- sectional Author / - 94% |2.8% >16 years | >16 No No mention
OA Norway study of 16,000 Surgeon 70to74yrs | years | mention
(Mikkelsen inpatients. =36.8% 85to8
1972) Score: 11 (max Oyrs=

prev’) 25%
(max
prev’)
Critchley EM | 1976 | Preston, UK Cross-sectional Author 56% 57% 56% 35->75 35- No Link to anti-
(Critchley, study of chronic years >75 mention | convulsants to DD due
Vakil et al. epileptics. years to peripheral
1976) Score: 9 stimulation of growth
factors
Stuhler T 1977 | Germany Cross-sectional Author 21.6% | - - - - Genetic | Idiopathic epilepsy is
(Stuhler, study of 524 aspect most associated with
Stankovic et epileptics. mustbe | DD
al. 1977) Score: 8 taken
into

37




consider

ation

Ravid M 1977 | Israel Cross-sectional Author 17.6% | - - - - No Increased risk of DD in
(Ravid, Dinai study of 959 mention | older diabetic patients
et al. 1977) diabetics:

Score: 7
Mikkelsen O | 1978 | Norway Observational Author 9% 10% 6% >40 years | >40 | No Linked to manual
(Mikkelsen study of 6888 years | mention. | labour.
1978) men and 4120

women.

Score: 11
Mackenney 1983 | Cotswolds & | Cross- sectional Surgeon - 5% 3.5% - - No Positive correlation
RP Chilterns, study of 919 mention | between stretching of
(Mackenney England patients attending palm and DD
1983) the orthopaedic

clinic.

Score: 6
Bennet et al 1982 | UK Cross-sectional Physician | 8% - - - >30 No Positive correlation
(Bennett study of 216 years | mention. | with manual work.
1982) manual workers.

Score: 14
Arafa M 1984 | Manchester, Cross-sectional Rheumatol | 6.4% | 7.6% 5.7% 30- 30- Genetic | No mention
(Arafa, UK study of 392 ogist with with with >T70years | >70ye | factor in
Noble et al. patients with RA. RA. RA. ars RA asa
1992) Rheumatoid 16% 16.1% | 15.9% protectiv

Arthritis (RA): withou | withou | without e factor

Score: 7 tRA tRA RA against

DD?

Noble J 1984 | UK Cross-sectional Authors 18% 25% 13% > 16 years | >16 No Increased risk of DD in

38




(Noble, study of (physician | when | when | when years | mention | diabetic patients
Heathcote et 273diabetic & hand exami | exami | examine
al. 1984) patients. surgeon) ned by | ned by | d by
Score: 7 physic | physic | physicia
ian, ian, n, 42%
42% 41% when
when | when | examine
exami | exami | dby
ned by | ned by | hand
hand | hand | surgeon
surgeo | surgeo
n n
Egawa T 1985 | Japan Cross sectional Author 1.8% |- - 40-59 40-59 | No No mention
(Egawa study of 3383 years years | mention
1985) patients attending
orthopaedic
clinic.
Score: 6
Laplane D 1985 | France Cross-sectional Author 8% - - - - No No evidence to suggest
(Laplane and study of 197 mention | increased risk of DD in
Carydakis epileptic patients. epileptics.
1985) Score: 5
Stewart HD 1985 | UK Cross-sectional Author 6.8% |- - 18 — 86 18- 86 | No Mild disease in patients
(Stewart, study of 235 years years | mention | who developed DD
Innes et al. patients with after fracture. No DD
1985) Colles’ fracture. progression after 20
Score: 7 months.
Patri B (Patri | 1986 | France Cross-sectional Author 9% - - 20-90 20-90 | No Increased prevalence of

39




and Gatto study of 155 years years | mention | DD with increasing age
1986) patients.
Score: 6
Attali Petal | 1987 | France Cross sectional Physician | 18% - - >40 years |>40 | No DD associated with
(Attali, Ink et study of 432 years | mention | manual work and liver
al. 1987) patients with liver disease.
disease.
Score: 10
CoccoPL et | 1987 | Italy Case- control Author 1.2% | - - >40years | >40 | No Positive correlation
al (Cocco, study of 14557 years | mentions | with vibration
Frau et al. vibration workers. exposure.
1987) Score: 14
Guitian AQ 1988 | Spain Cross sectional Author 9.9% |- - 45-54 yrs | 45-54 | No No mention
(Guitian study of 1455 yrs mention
1988) undergoing 25.5% >75 years
general medical >75
examinations. years
Score: 7
Eadington 1989 | Edinburgh, Cross-sectional Author 24% - - 36- 84 36- | No Increased risk of DD in
DW UK study of 266 type smoke years 84 mention | diabetics and smokers
(Eadington, 1 diabetic rs years
Patrick et al. patients.
1989) Score: 9
Egawa T 1990 | Japan Cross sectional Author - 19.7% | 9% Over 60 Over | No No mention
(Egawa, study of 1154 years 60 mention
Senrui et al. nursing home years
1990) patients.
Score: 7
French PD 1990 | London, UK | Cross- sectional Genito- - 6% - 23-56 - No No significance of HIV
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(French, study of 50 male | Urinary years mention | on DD.
Kitchen et al. AIDS patients. Physician
1990) Score: 6
Bower M 1990 | London, UK | Cross- sectional Physician | - 36% - 19-54 - No Significant impact of
(Bower, study of 50 male years mention | HIV on DD.
Nelson et al. HIV infected
1990) patients.
Score: 6
Eadington 1991 | Edinburgh, Cross-sectional Experienc | 24% - - 36-84 36-84 | No Increased risk of DD in
DW UK study of 200 type | ed years years | mention | diabetes and in smokers
(Eadington, 2 diabetic observer
Patrick et al. patients.
1991) Score: 7
Thomas PR 1992 | Middlesbroug | Cross- sectional Author 13.6% | - - >45years |>45 | No Positive correlation
(Thomas and h, UK study of 500 years | mention | between DD and
Clarke 1992) claimants with vibration white finger.
vibration white
finger.
Score: 8
Arafa M 1992 | Manchester, Cross-sectional Author 12% 13% 11% and | <30 to <30 No Increased prevalence of
(Arafa, UK study of 484 and and 28% >70 years | to mention | DD with increasing
Noble et al. patients in 2 38% 44% >70 age. No evidence to
1992) epileptic centers. years link DD and epilepsy
Score: 7
Noble J 1992 | Manchester Cross-sectional Author 28% - - <30to 70 | <30 No Increased risk of DD in
(Noble, UK study of 50 years to 70 | mention | patients with liver
Arafa et al. patients with liver years disease
1992) disease.

Score: 7
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Kelly SA 1992 | Derby, UK Cross-sectional Author 8.5% |- - 47-79 47-79 | 15% had | 25% consumed large
(Kelly, Burke study of 235 years years |a amounts of alcohol; 5%
et al.) patients with positive | taking anticonvulsant

Colles’ fracture. family

Score: 8 history
Lennox IAC | 1993 | Aberdeen, Cross-sectional Author 30% 39% 21% >60 years | >60 No No mention
(Lennox, Scotland study of 200 years | mention
Murali et al. nursing home
1993) patients over 60

years.

Score: 7
Bergenudd H | 1993 | Malmo, Longitudinal Author 6% 10% 2% 55 years 55 No Non-except poor
(Bergenudd, Sweden study of 574 years | mention | peripheral pulses.
Lindgarde et people in
al. 1993) community.

Score: 6
Bovenzi M 1994 | Italy Cross-sectional Author 10% - - Mean age | - No Increased risk in
(Bovenzi study of 570 — 39 years mention | vibration exposed
1994) quarry drillers manual workers

and stonecarvers.

Score: 14
Renard E 1994 | France Cross-sectional Author 35% - - - - No Increased prevalence of
(Renard, study of 120 type 1, mention | DD in diabetics
Jacques et diabetic patients. 30%
al.) Score: 12 type 2

diabet
es

Niezborala M | 1995 | France Case control Author 53% |- - - - No Positive correlation
et al study of 324 mention | with manual work.
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manual workers.

Score: 11
Chammas M | 1995 | France Cross-sectional Author 35% - - - - No Increased prevalence of
(Chammas, study of 120 type 1 mention | DD in diabetics, risk
Bousquet et diabetic patients. diabeti increases with longer
al. 1995) Score: 12 cs, duration of diabetes.
28%
type 2
Arkilla PE 1996 | Finland Longitudinal Author 4% - - 21-39 21-39 | No DD risk increases with
(Arkkila, study of 207 type years years | mention | patients age and
Kantola et 1 diabetic duration of DM.
al.) patients.
Score: 14
Dasgupta AK | 1996 | India Cross-sectional Author 4% - - >21 years | - No Vibration exposure
(Dasgupta study of manual mention | increases risk of DD.
and Harrison workers.
1996) Score: 13
Arkilla PE 1997 | Finland Cross-sectional Author 14% - - 49-73 49-73 | No DD risk greater in
(6) study of 139 type years years | mention | diabetic patients.
2 diabetic Prevalence equal in
patients. males & females.
Score: 13
Gudmundsso | 1999 | Reykjavik, Cohort study of Physician | 13.3% | 19.2% | 4.4% 45-74 45-74 | No Significant association
n KG (41) Iceland 2165 inpatients. years years | mention | between DD and
Score: 9 manual work, smoking,
fasting glucose level.
Gudmundsso | 2000 | Reykjavik, Cohort study of Physician | - 19.2% | - 45-74 - No Negative association
n (40) Iceland 1297 males in the years mention | between DD and joint
community. complaints.
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Score: 16

Kilian O (49) | 2001 | Germany Cross-sectional Author 29% | - - - - No Similar histology in
study of 172 mention | DD and frozen
patients with shoulder
shoulder
pathology.

Score: 11

Smith SP 2001 | UK Cross-sectional 3 surgeons | 52% - - Mean 54.9 | Mean | 7% of Increased prevalence of

(Smith, study of 58 years 54.9 people DD in frozen shoulder

Devaraj et al. patients with years | with DD | patients

2001) frozen shoulder. had first
Score: 11 degree

relative
with DD.

Omari A 2001 | UK Cross-sectional Author 1.3% | - - - - No No mention for DD

(Omari and study of 75 mention

Bunker 2001) patients with
frozen shoulder.

Score: 9

Finsen V 2002 | Finnmark, Cross-sectional Surgeon 7.5% |11.9% | 1.5% > 50 years | >50 | Higher No mention

(Finsen, Norway study 456 people years | prevalen

Dalen et al. in community. ce in

2002) Score: 16 family

members
in same
niche

White HA 2003 | Wales Observational Physician | 6.6% | - - 19-101 19- No No mention

(White, study of 197 years 101 mention

Alcolado et inpatients. years
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al. 2003) Score: 10
(103)
(Gudmundss
on, Arngr
msson et al.
2000)
Ardic F 2003 | Turkey Cross-sectional Author 21.8% | - - 46-70 46-70 | No Diabetes is risk factor
(Ardic, study of 78 type years years | mention | for DD
Soyupek et II diabetics.
al. 2003) Score: 14
Zerajic D 2004 | Bosnia Cross- sectional Medical 25% 31% 16% >50 years | >50 No Significant higher
(Zerajic and study of 1207 student years | mention | prevalence in diabetics.
Finsen 2004) people in

community

appearing to look

over 50 years.

Score: 16
Geohagan 2004 | West Cross-sectional GP 0.2% | 0.15% | 0.05% 24-97 24-97 | No Diabetes is a strong risk
M Midland, UK | study of 383,000 years years | mention | factor for DD
(Geoghegan, GP patients.
Forbes et al. Score: 14
2004)
Khan AA 2004 | Oxford, UK Review of GP Incide | - - 40-84 - No No mention
(Khan, Rider National nce years mention
et al. 2004) Morbidity Survey rate

of 502,493 men. 343

Score: 14 per

100,00
0 men
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Godtfredsen | 2004 | Denmark Cohort study of | Trained 11% 16% 7% 20-93 20-93 | No Alcohol & smoking
NS 7254 subjects. nurse/med years years | mention | risk factors
(Godtfredsen, Score: 14 student
Lucht et al.
2004)
Logan AJ | 2005 | UK Questionnaire Patient 19.5% | 19.5% | - 23-93 - No No mention
(Logan, survey of 1100 years mention
Mason et al. climbers.
2005) Score: 12
Burke FD | 2007 | UK Cross-sectional Trained 81% |81% |- 25-99 - No Increased risk of DD in
(Burke, study of 97537 doctors years mention | diabetics and increased
Proud et al. miners. age
2007) Score: 13
Lucas G | 2008 | France Cross-sectional Physician | - 8.8% |- Mean age | - 20% had | Manual work exposure
(Lucas, study of 2406 50.7 years family appears to be
Shroyer et al. male civil history associated with DD
1997) servants. of DD

Score: 14
Degreef 1 et | 2010 | Belgium Observational Hand 32% 39% 24% Mean age | - No Similar high prevalence
al  (Degreef study 500 people | specialist 65 years mention | of DD in Belgium as
and De Smet in the market the rest of Northern
2010) place over the age Europe.

of 50 years.

Score: 14
Dibenedetti 2011 | USA Population based | Self- 0.5% |- - Mean age | - 18% -
DB et al study of 23,103 reported 50 years positive
(Dibenedetti, people on internet family
Nguyen et al. online survey. history
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2011) Score: 12
Weinstein 2011 | USA Retrospective Plastic 0.53% | - - Mean age | - No Smoking, hypertension,
AL et al study of Hispanic | Surgeons 58.3 mention | alcoholism, diabetes
(Weinstein, population in unilateral and
Haddock et New York. disease hypercholestrolaemia
al. 2011) Score: 14 and 65 observed in greater
years frequency in DD
bilateral patients.
disease
Ferry N et al | 2012 | France Comparative Orthopaed | - - - Mean age | - No The prognosis of DD
(Ferry, study looking at | ic surgeon 58 years mention | was worse in women.
Lasserre et DD in women. -
al. 2012) Score: 13
Descatha A | 2012 | France Cross sectional Occupatio | 1.3% |[13% |- Mean age | - No Vibration exposure and
et al study of DD in nal 47.1 years Mention | diabetes significantly
(Descatha, 2161 manual physicians associated with DD.
Bodin et al. workers.
2012) Score: 15
Lanting R et | 2013 | Netherlands Cross sectional Upper 22.1% | 26.4% | 18.6% 50-90 50-90 | 23.7% Hand injury, excess
al (Lanting, study of DD in limb years years | with alcohol consumption
van den 1360 random plastic positive | and positive family
Heuvel et al. inhabitants over | surgeons family history were
2013) 50 years in history. significantly associated
Groningen, with DD.
Netherlands.
Score: 15
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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.

Comparing worldwide prevalence of DD (males)
70

Canada (1954)
%0 & —»—Australia (1960) =
50 S| UK (1962)
——Norway (1972)
40l Sweden(1993)
2 loeland (1999)
30 Bosna 2004) \
20

T
10 /7 /
e

2029 30-39 4049 50-59 60-69 70-79 >80
1524 25-34 3544 45-54 55-64 65-74 >75
1625 26-35 3645 46-55 56-65 66-75 >76

Age category
Comparing worldwide prevalence of DD (females)
40
35 4 —— Canada (1954) _
—=— Australia (1960)
30 4  UK(1962) —
25 1 Norway (1972) //
—x— Sweden (1993) / /
2 20 4—|—=—lesland (1999)
—+— Bosnia (2004) / /
15 ’/

) //\Z“
T 7 =
'/:(
0 . ~
20-29 30-39 | 4049 50-59 6069 70-79 >80
15-24 25-34 3544 4554 5564 65-74 >75
16-25 26-35 3645 46-55 5665 66-75 >76
Age category
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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.

Mean world prevalence of DD
35.0

—e— Male

30.0 1 —m— Females /
25.0
/ "

20.0 / =
15.0 / /
10.0 —

/ ‘__,_,.I"/"
5.0

0. 0 T T T T T T
15-24 25-34 35-44 45-54 55-64 65-74 >75

%

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.

Prevalence of DD in Epileptics in 3 countries

UK (1976) UK (1992) Germany (1977) France (1985)

Figure 1.5.5 Prevalence of DD in diabetics

Prevalence of DD within diabetic communities. Data extrapolated from table 1.5.2.

Prevalence of DD among diabetic communities

Isreal UK UK France France Finland Finland Turkey
(1977) (1984) (1989)  (1994) (1995) (1996) (1997) (2003)

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.

Prevalence of DD in 3 communities in Bosnia (male)

—e—Bosnia (Serbian)
—m— Bosnia (Croat)
Bosnia (Muslim)

50-59 60-69 70-79 >80
Age

Prevalence of DD in 2 communities in Norway (male)

—e— Norway (Sami)
—=— Norway (Norwegian)

50-59 60-69 70-79
Age

Prevalence of DD in 3 regions of UK (male)

—e— UK (Grampian)
—m— UK (Derby)
UK (Lancashire)

20-29 | 30-39 | 4049 | 50-59 | 60-69 | 70-79 >80
15-24 | 25-34 | 3544 | 4554 | 55-64 | 6574 >75
16-25 | 26-35 | 3645 | 46-55 | 56-65 | 66-75 >76

Age category

58
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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 B 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 3 catenin were over expressed increasing risk of
fibromatosis.

A Wnt Signaling Pathway Inhibited B Wnt Signaling Pathway Activated
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Table 1.6.1: Genetic Studies

Author Date Study Design Type of genetic Scientific relevance Clinical relevance
identification
Tait BD et al (Tait | 1982 HLA typing methods. HLA-DR4 presence in DD | Further study required to | Possibility that HLA-DR3
and Mackay 1982) Experimental study of DD | tissue. identify definite HLA may be used as prognostic
tissue biopsies. Not true - not in this reference| DR4 antigen. biomarker.
Williams PL etal | 1983 HLA typing in 40 DD No MHC antigens found. No association between | MHC not associated with
(Williams, Dann patients undergoing DD MHC and DD tissue. DD.
et al. 1983) release.
Spencer JD 1984 HLA typing in 37 DD HLA-DR associated with Further study required to | Possible role of DD as an
(Spencer and patients. DD development. identify definite HLA autoimmune condition.
Walsh 1984) Not true - not significant DR antigen.
Pereira RS et al 1986 HLA typing methods from | Increase in IgG antibody No increase in HLA- HLA-DR4 not specific as
(Pereira, Black et sera of 16 patients with formation to type II collagen | DR4 in DD tissue biomarker for DD.
al. 1986) DD. but no increase in HLA- compared to control.
DRA4.1gG not significant
Bonnici AV et al 1992 Chromosomal analysis of | Trisomy 8 in DD and Chromosomal instability | Suggestion that cancer
(Bonnici, Birjandi cell cultures from DD control tissue in pathway of fibrosis biomarkers (c-myc) may
et al. 1992) tissue No statistical analysis have a role in
pathogenesis of DD
Neumuller Jetal | 1994 HLA typing in 46 patients | HLA-DR3 associated with | Further study required to | Possibility that HLA-DR3
(Neumuller, with DD. increased risk of developing | identify definite HLA may be used as prognostic
Menzel et al. DD. DR3 antigen. biomarker.
1994)
Badalamente MA | 1996 Role of TGF Bl and B2 in | Both TGF B1 and B2 play a | TGF B2 plays are more | TGF B2 is a potent
et al DD via immunologically role in DD pathogenesis. important role in biomarker for active DD
(Badalamente, marking cultured cells. myofibroblastic and may be used to plan
Sampson et al. proliferation. surgical treatment.
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1996)

Pilato G et al 1997 FISH analysis of DD cell | No evidence of high Chromosomal Clinical staging and
(Pilato, Viotto et cultures of 26 patients. frequency of trisomy 8. abnormalities exist in prognostic indication is
al. 1997) DD but exact still best predictor of
malfunction is uncertain. | outcome.
Casalone R et al 1997 FISH analysis of DD cell | Chromosomal instability in | Chromosomal Clinical staging and
(Casalone, cultures in 26 cases. DD tissue but no trisomy 8. | abnormalities exist in prognostic indication is
Mazzola et al. Chromosomal changes seen | DD but exact still best predictor of
1997) in 18 cases. malfunction is uncertain. | outcome.
Dal Cin P et al 1999 Cytogenetic analysis of Evidence of trisomy 7 and 8 | Quantification and Trisomy 8 may be a
(Dal Cin, De Smet DD cell cultures in 36 in over half samples validation of these predictor of recurrence
et al. 1999) patients with DD. including non-dividing genetic abnormalities following surgical
cells. required. management.
Bayat A et al 2002 Role of variable No significant difference Common TGF B1 Results only look at a
(Bayat, Alansar et expressions of TGF B1 on | between TGF 1 polymorphisms are not specific polymorphism of
al. 2002) DD pathology in cultured | polymorphisms. associated with DD. TGF B1 and thus TGF B1
cells in 135 patients. should not be ruled out as
a biomarker for DD.
Bayat A et al 2002 Role of variable No significant -difference Common TGF B2 Results only look at a
(Bayat, Alansar et expressions of TGF B2 on | between TGF 2 polymorphisms are not specific polymorphism of
al. 2002) DD pathology in cultured | polymorphisms. associated with DD. TGF B2 and thus TGF 2
cells. should not be ruled out as
a biomarker for DD.
Bisson MA et al 2003 DD proliferation on TGF B1 treatment increases | TGF B1 plays a crucial TGF B1 may be an
(Bisson, stimulation of TGF B1 in myofibroblastic role in active DD. important biomarker in
McGrouther et al. cultured cells. proliferation. predicting recurrence of
2003) DD.
Pan D et al (Pan, | 2003 Microarray analysis of DD | 23 susceptible genes, 5 over | 9 genes were further Links to these genes and

Watson et al.

tissue in 6 DD patients.

and 18 under expressed.

expressed and verified

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 2003 Case control association of | Significant difference in Expression of Zf9 may Possibility of Zf9 as a

(Bayat, Watson et Z19 transcription factor allele frequencies for Zf9 down regulate or genetic treatment or

al. 2003) gene using qPCR gene polymorphism. deactivate TGF B1. biomarker for DD.

Shin SS et al 2004 Role of Bone Over expression of certain BMPs are likely to play | Use of BMPs as a

(Shin, Liu et al. Morphogenetic proteins in | BMPs. arole in biomarker for DD

2004) DD via qPCR and Western fibroproliferative requires further study.

blotting. disorders.

Hu FZ (Hu, 2005 Mapping of an autosomal | Linkage analysis established | One family with an Result maybe specific for

Nystrom et al. dominant gene in one DD | on chromosome 16q. identified locus with this pedigree only and not

2005) pedigree LOD score >3. for DD patients as a
whole.

Bayat A et al 2005 Denaturing high Mitochondrial Identification of Maternal transmission of

(Bayat, Walter et performance liquid heteroplasmic mutation significant biomarker in | DD may require

al. 2005) chromatography (DHPLC) maternally transmitted alternative mode of

DD. therapy

Augoff K et al 2006 | Role of MMP-2 in DD MMP-2 over expressed in Suggestion of abnormal | Unsure of role of MMP-2

(Augoff, pathogenesis in cultured DD tissue. function of MMP-2 in as a biomarker for active

Ratajczak et al. cells DD activation. DD.

2006)

Lee LC et al (Lee, | 2006 Identification of novel Up regulation of tissue Uncertainty regarding Unable to use a

Zhang et al. 2006) MafB gene via microarray | development protein MafB. | exact role of MafB in biomarker.

analysis. fibroproliferative
disorders.

Kaur S et al 2008 Array Comparative No evidence of changes of | Gene amplifications or Significant genes

(Kaur, Forsman et Genomic Hybridization DNA copy number deletions not involved in | identified in pathogenesis

al. 2008) (aCGH) to identify sequences. DD pathology. but further confirmation
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chromosomal imbalances.

required.

Rehman S et al 2008 Gene expression analysis | Identification of several up | Transcriptome profiling | Transcriptions not
(Rehman, Salway and transcriptome and down regulated genes. | of disease phenotype. correlated with disease
et al. 2008) profiling. severity and therefore
require further evaluation.
Satish L et al 2008 Microarray analysis of DD | 40 differentiated gene Identification of 3 A number of candidate
(Satish, tissue with validation transcripts identified. significant down genes identified which
LaFramboise et al. using RT-PCR in 6 DD regulated genes involved | may be pathognomonic in
2008) patients. pathology of DD. DD but functional
analysis needs to confirm
this.
Zhang AY et al 2008 Gene expression analysis | 20 genes were found to be TGF B1 and B3 were not | TGF B2 appears to play
(Zhang, Fong et of TGF B from DD tissue | up regulated, some of which | up regulated where as 2 | are more important role in
al. 2008) biopsies. have been previously was. the development of DD.
reported. TGF B2 was
significantly up regulated.
Forsman M et al 2008 Microarray analysis and Under expression of Myoglobin and ROR2 Use of myoglobin and
(Forsman, identification of myoglobin and over pathways may be linked | ROR2 as possible
Paakkonen et al. myoglobin and ROR2 in expression of ROR2 to cellular biology of prognostic indicators in
2008) DD. associated with increased DD. May be linked to DD.
DD severity. hypoxic damage.
Johnston P et al 2008 MMP gene expression MMP gene expression use | Need for further study MMP gene expression
(Johnston, Larson in clinical outcome and treatment related to | may predict clinical
et al. 2008) MMPs. outcome.
Brown JJ et al 2008 Role of MHC genes in DD | HLA-DRBI presence Further study to Possible use of screening
(Brown, Ollier et development increases the risk of DD investigate role of other | of MHC genes in high
al. 2008) development. MHC genes necessary. 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

in DD pathogenesis using

and TIMPs causing

elucidate down

provide future treatment

al. 2009) PCR profiling. increased collagen regulation of TIMPs and | for DD.
deposition up regulation of MMP
required.

Townley WA et al | 2009 Role of MMP inhibitor on | Down regulation of MMP Scope for development | Possible role of MMP
(Townley, cultured fibroblastic cells. | on treatment with ilomastat. | of further MMP inhibitor in treatment of
Cambrey et al. inhibitors. DD.
2009)
Degreef I et al 2009 Over expression of 3 Over expression of f3 Still do not have Best way to predict
(Degreef and De catenin as a biomarker for | catenin not a predictor of accurate biomarker for recurrence is still by
Smet 2009) disease recurrence using recurrence. predicting recurrence. clinical methods.

PCR
Shih BB et al 2009 Differential gene 6 candidate genes ADAMI12,ALDH1A1 Fat may play a role in the
(Shih, Brown et expression of DD tissue (ADAM12, ALDHI1ALI, and IRX6 greatly pathogenesis of DD.
al. 2009) modalities in 5 DD IRX6, periostin, osteoblast | expressed in DD fat.

patients. specific factor, proteoglycan

4 and tenascin C.

Shih BB et al 2010 High resolution genome- 3 copy number variations on | 3 further susceptible Chromosome 16
(Shih, Tassabehji wide screening for whole | 10g22,16p12.1 and 17p12 genetic regions identified as having
et al. 2010) genome DNA variation were identified. identified in DD. significant genetic loci

analysis in 4 DD patients. possibly responsible for

DD.

Mosakhani N et al | 2010 microRNA profile of DD | 5 miRNA’s were found to B catenin pathway again | Further miRNA
(Mosakhani, fibroblasts in 29 patients regulate genes in the 3 identified in DD expression may confirm

Guled et al. 2010)

and their regulation of
known susceptible DD
genes.

catenin pathway: WNTS5a,
ZICI1 and TGF B1. No
difference of expression in
familial and non-familial
cases.

development with
involvement of a WNT
protein.

further susceptible genes
in DD and aid in
development of future
therapy.
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Ojwang JO et al 2010 Genome wide association | Significant regions Bi-analyses revealed In comparison to previous
(Ojwang, scan of DD in 40 unrelated | identified on chromosomes | susceptible SNPs on familial studies
Adrianto et al. patients. 1,3-6,11,16,17 and 23. chromosomes 6,11, and | chromosome 16 may
2010) Linkage disequilibrium 16. harbor significant SNPs
analysis identified ancestry relating to the
regions in chromosomes pathogenesis of DD.
2,6,8,11,16 and 20.
Satish L et al 2011 Expression of TGF B and | Increased cAMP levels cAMP signaling is a Drug therapy that can
(Satish, Gallo et interaction with cAMP inhibit the formation of protein which may be increase the levels of
al. 2011) signaling in DD. myofibroblasts and aberrant in the cAMP in DD may slow
accumulation of ECM development of DD progression or recurrence
proteins. tissue. of DD.
Krause C et al 2011 Expression of TGF B in Increased expression of TGF B pathway involved | TGF B plays a role in the
(Krause, Kloen et DD treated fibroblasts TGF B in DD fibroblasts in DD. This study pathogenesis of DD.
al. 2011) with BMP6 and SB- treated with BMP6 and SB- | confirms the findings of
431532 in 3 DD patients. | 431532. previous work.
Dolmans GH etal | 2011 Genome wide association | Loci identified associated Potential pathological Identity of pathological
(Dolmans, Werker study in 2325 DD patients. | with WNT signaling pathway identified in proteins can lead to future
etal. 2011) pathway. 11 SNPs at 9 loci. | DD. First study to therapy. Abnormal WNT
6 involved in WNT confidently identify pathway are possible
pathway. significant genetic SNPs | causes of fibromatosis in
in the pathogenesis of DD.
DD.
Shih et al (Shih, 2012 Genomic array study to 5 common copy number Potential genetic targets | Results of this study
Tassabehyji et al. identify DNA copy variations identified on which require further cannot be related to
2012) number variations in DD, | chromosomes 1,7,14,17 and | investigation. clinical practice.
in 25 DD patients. 20.
Wilkinson IM et | 2012 Gene expression study of | Fibroblasts at passage 5 Identity of key collagen | These identified proteins
al (Wilkinson, MMP-1,-2,-3,-13,-14, under constant contraction. | proteins involved in DD | can be targets for future
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Davidson et al.
2012)

ADAMTSI,-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- 2012 Gene expression study of | MMP-2 elevated in DD Balance of MMP-2 and | Results of this study
Wielgomas K et al MMP-2, TIMP-2,TGF B1, | tissue. MMP-2, TIMP- TIMP-2 disrupted in confirm that of previous
(Ratajczak- DCN and periostin in 50 2,TGF B1, DCN and DD. TGF B1, DCN and | studies and link to the
Wielgomas, Gosk DD patients. periostin highly expressed periostin involved in the | scientific basis of
et al. 2012) in DD tissue. ECM balance in DD. collagenase therapy in
DD.

Satish L (Satish, 2012 Cell cultured microarray Difference of gene Transcriptomic profiles | Observations allow to
LaFramboise et al. analysis from tissue expression of DD of DD fascia and healthy | consider the progression
2012) biopsies of 6 DD patients. | fibroblasts and healthy fascia of same individual | and recurrence of DD in a

controls. are similar but different | model based on the two

to fibroblasts from CT hit hypothesis.
controls.
Ratkaj I et al 2012 Microarray analysis of DD | Cells were also treated with | P38MAPK pathway Identifying disease
(Ratkaj, Bujak et cells and expression of TGF-p1. P3EMAPK significant in the biology pathway and stem
al. 2012) stem cell markers in 45 signaling pathway genes pathology of DD. Sub- cell populations can
DD patients. identified in DD cells and population of stem cells | provide a direction for

normal fibroblasts treated in DD tissue modalities | future studies.

with TGF-31. CD90 may play an important

positive cells expressed role in disease

CD34 and CD117. pathogenesis.
Jonsson T et al 2012 Association of HLA- HLA-DRB1*01 allele HLA-DRB1*01 maybe | Cannot use this as a
(Jonsson, DRB1*01 of 121 males frequency higher in DD associated with DD. biomarker. Observational
Gudmundsson et with DD and 51 controls. | versus controls. results only. Further study
al. 2012) required to confirm

association.

79




Satish L et al 2013 Gene expression study of | CCT-eta expression CCT-eta marker for Maybe used as a
(Satish, O'Gorman CCT-eta and o-SMA in 6 | increased in active DD and | latent and active disease. | biomarker to predict
et al. 2013) DD patients and 6 CT normal palmar fascia of future prognosis in other
patients as control using same patient compared to digital rays of the same
siRNA transfection. Tissue | CT patients. o-SMA patient.
biopsies. expression increased only in
DD cells.
Zyluk A et al 2013 SNP frequencies of the No difference of SNP ALDH2 not associated | ALDH2 and DHDH
(Zyluk, Debniak ALDH2 and DHDH genes | frequency between DD and | with increased linked with malignancies.
et al. 2013) in 300 DD patients and controls for ALDH2. Higher | susceptibility for DD. Unable to use these genes
300 matched controls. frequency of DHDH gene in as biomarkers for DD.
Blood samples. DD patients with a positive
family history.
Verhoekx JSetal | 2013 5 DD patients and 5 CT Increase of all markers in Nodule cells more Treatment should be
(Verhoekx, controls. Tissue biopsies. | the DD nodule. contractile than cord targeted at nodule to
Beckett et al. Expression of MMP cells. reduce degree of
2013) 1,2,9,13 and TIMP 1,2 contracture.

following force tension.
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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.
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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.
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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.
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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.
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Table 3.3.1 Icelandic pedigree clinical demographics

Pedigree ID Age Gender DD present Palmar Ledderhose’s | Garrod’s Photograph
disease only/ | disease pads (appendix 3.4)
contracture

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.
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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 / LOD range Affy SNP ID Area to
position range or number of exclude /
SNPs consider
1 67.0-77.0 -24--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.
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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 / LOD range Affy SNP ID Area to
position range or number of exclude /
SNPs consider

2 161.6-255.6 -24--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.
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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 / LOD range Affy SNP ID Area to
position range or number of exclude /
SNPs consider

3 96.2-155.7 -24--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.
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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 / LOD range Affy SNP ID Area to
position range or number of exclude /
SNPs consider
4 97.8-175.2 -24--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.
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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 / LOD range Affy SNP ID Area to
position range or number of exclude /
SNPs consider

5 25.7-206.5 -24--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.
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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 / LOD range Affy SNP ID Area to
position range or number of exclude /
SNPs consider

7 15.5-173.3 -24--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.
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Table 3.3.9 highlights those areas which are less than -2.

150.0

Table 3.3.9 Areas on chromosome 8 to exclude and consider

Chromosome Position / LOD range Affy SNP ID Area to

position range or number of exclude /

SNPs 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

131




438

" 01 3eadyar sdeyrad q1e (8007 ‘T 10 Uy-[ULINon) ‘de[neq) SAINZIAS
o111qay pue AydonsAp remnosnw ‘uonedaidse 19[1e[d ur pajedoApe uaq sey i1 (8007
‘[e 39 0snjId ‘OULINY) XLOBW IB[N[[90-BNXd AU} PUB UOII[INYS0IAD ) UdIMIdq SuISpLIq
Ul PIAJOAUL ST yoIym surdjoxd g Jo ouo st urdjoid ©1az-uedA[3010es YL (ECELTTLIST

Al ST dNSIP €678¥CC-V dNS) 2uod ejoz-ueok[3010es oty 10§ A[YS1y popod sINS +99

Jo 3unsisuod z'9g pue ['¢g suonisod uoomiaq pajesnsaaul sNS Jo dnoid jsel ayJ,

'(600C ULOIN pue 3eN-e])
S[[90 g pue I20UBd UO[0d Ul PIssaIdxd 9q 03 punoj si ouad Y[, ‘spuens uonoun( jysn
Jo sjuouodwos pue urdjoid sueiquiow [eIFJUI UB I0J SAPOd €ZNATD (110Z ‘T8 10
[Z]91S ‘wedeAeurA ) uononpsues) [eUSIS JR[N[[S0BNUI UI PIA[OAUI ST duaF urwiderd oy,
"0ua3 (€ZNATD) € WIPNE[O ) puk ouds UIWFeld 10 ¢ZZOS Y} 10§ popod 9°g] pue

8,1 suonisod usomjaq §'[ JO 2103s QOT & YIm UOI32I SIY} MO[[0F 18} SINS 65T YL

(Troz 1830
AMYSHIM Y3uIS) [ ATeydooororu IseasIp JAISSI0I [ewOSOINE Ay} JO druowougoyyed
9Qq 0} pres dAeY QUdST SIY) JO suoneinjy ‘[ dseury judpuadap uroLo jo uoyrejAroydsoyd
Axonqmyur a3 ur o[o1 & sAe[d urojord oy po3sadsns st )] ‘urdjoid asuodsar oFewep
VN © sapodud dud3 [HIDIN UL (THdDIN) 2uad [ urjeydasordrw oy os[e pue oudd

QNSO Ul 10§ 9pod OS[e | Pue [y uonisod usamaq SINS 8§ SuIMO[[o} Sy

(Z10T ‘e 32 uodiznog ‘uopoqui]) uonounj 3un| Jo AUIodp
Jo sisouo3oyied U yIm MUI[ € 9ABY O} PIJR[OSI UG dABY pue (JQINSD) Surewiop

oldnnw ysng pue gnO Y} I0J 9pod & SINS Y} 'L pue [°L uonisod uoomidg



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.

4.0

2.0

0.0 | ft

-2.07

T T T

50.0 100.0 150.0

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 / LOD range Affy SNP ID Area to
position range or number of exclude /
SNPs consider

9 19.4-126.1 -24--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.
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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 / LOD range Affy SNP ID Area to
position range or number of exclude /
SNPs consider
10 119.4-138.8 -24--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.
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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 / LOD range Affy SNP ID Area to
position range or number of exclude /
SNPs 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.
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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 / LOD range Affy SNP ID Area to
position range or number of exclude /
SNPs consider

12 39.1-172.1 -24--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.
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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 / LOD range Affy SNP ID Area to
position range or number of exclude /
SNPs consider
13 29-122 & -20--2.4 614 SNPs Exclude
120.0-130.0
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 (GPCS)
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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.
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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 / LOD range Affy SNP ID Area to
position range or number of exclude /
SNPs 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.
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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 / LOD range Affy SNP ID Area to
position range or number of exclude /
SNPs 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.
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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 / LOD range Affy SNP ID Area to
position range or number of exclude /
SNPs 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.
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Table 3.3.19 highlights those areas which are 1.8.

120.0

Table 4.3.19 Areas on chromosome 17 to exclude and consider

Chromosome Position / LOD range Affy SNP ID Area to
position range or number of exclude /
SNPs 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.
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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 / LOD range Affy SNP ID Area to
position range or number of exclude /
SNPs 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.
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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 / LOD range Affy SNP ID Area to
position range or number of exclude /
SNPs consider

19 70.8-101.5 -24--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.
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Table 3.3.22 Areas on chromosome 20 to exclude and consider

Chromosome Position / LOD range Affy SNP ID Area to
position range or number of exclude /
SNPs consider

20 8.2-113.5 -24--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.
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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 / LOD range Affy SNP ID Area to
position range or number of exclude /
SNPs 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.
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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 / LOD range Affy SNP ID Area to
position range or number of exclude /
SNPs consider

22 2.8-74.6 -24--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.

. ised DD tissue

e | fefoon]

" | nodular fat

Fat away from
nodule

Normal Fascla

Formalin

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).
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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 CDI117)
fluorescence. Arrows indicate cells that were deemed positive for the selected marker.
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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
CDI117 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

M. Griffin’, S. Hindocha*” and W. Khan®

! dcademic Foundation Trainee, Kingstzon Upon Thames, London, UK; "Deparrmem of Plastic Surgery, Whiston Hospi-
tal, Warrington Road, L355DR, UK, ~University College London Institute of Orthopaedics and Musculoskeletal Sci-
ences, Royal National Orthopaedic Hospital, Stamnore, Middlesex, HA74LP, UK

Abstract: Chondrogenesis 1s a vital part of adult life. as cartilage 1s important not only for articulation of jomts 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 literature re-
garding the process of endochondral ossification and covers the different level of control at agent level. Due to the prolif-
erative nature of chondrogenesis and using chondrocytes for self renewal and repair, current research involves finding
ways in which to improve and replicate expansion of chondrocytes. The review summarises ways m which ex vitro ex-
pansion can be manipulated using growth factors, extemnal sources and scaffolds.

Keywords: Cartilage, chondrocytes, chondrogenesis, endochondral offification, mesenchymal stem cell.

INTRODUCTION

Cartilage is a type of connective tissue that is composed
of a collagen and proteoglycan matrix with a spare popula-
tion of chondrocytes [1, 2]. Chondrogenesis. the formation
of chondrocytes is a vital part of embryogenesis as well as in
adult life. Chrondrogenesis leads to the establishment of dif-
ferent types of cartilage including hyaline, fibrous and elastic
cartilage [2].

Cartilage 1s 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 intervertebral discs [2].
Chondrogenic precursors are involved in the formation of
mature connective fissue cartilage, which is eventually re-
placed by bone, which is achieved through a sequence of
events called endochondral ossification. This process. is
closely regulated by specific genes and cell-to-cell and cell-
matrix interactions [1. 2].

The endochondral ossification process can be divided
mto five main stages. Firstly the Mesenchymal Stem Cells
(MSCs) are committed to become cartilage by certain
paracrine factors becoming chondroblasts in the process
called condensation [3]. Secondly, the MSCs then develop
mto adult chondrocytes under the mfluence of transcription
factors specifically SOXO during the process of differentia-
tion [3]. Then the rapid division of chondrocytes causes the
production of the Extracellular Matrix (ECM) [3]. The pro-
liferation stage of the chondrocytes is then overtaken by hy-
pertrophy, in which stage the ECM 1s mineralised with
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calcium salts [3]. Then the invasion of blood vessels takes
place as the hypertrophic chondrocytes die by apoptosis [3].
The osteoblasts precursors then invade the tissue and start
forming bone by replacing the cartilaginous matrix with a
mineralized matrix [3].

This 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 manipulated.

MESENCHYMAL STEM CELL CONDENSATION
AND DETERMINATION OF CHONDROPROGENI-
TORS

Chondrogenesis can only begin when MSCs have been
recruited effectively.

Mesenchymal cells for chondrogenesis are recruited from
three main sites:

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

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

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

After recruitment the MSCs aggregate 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 [5].

Condensation 1s initiated due to cell-to cell matrix inter-
actions [6]. Before condensation, MSCs produce extracellu-
lar matrix which contains hylauran and collage type I as well
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Disease - A Systematic Review of the Literature

R. Mafi', S. Hindocha * and W. Khan®

! The Hull York Medical School, Hertford Building, Hull, HU6 7RX, UK
’Deparmment of Plastic Surgery, Whiston General Hospital, Liverpool, L355DR, UK

3University College London Institute of Orthopaedics and Musculoskeletal Sciences, Royal National Orthopaedic

Hospital, Stanmore, Middlesex, HA7 4LP, UK

Abstract: Dupuytren’s disease (DD) is a type of fibromatosis which progressively results m the shortening and thickening
of the fibrous tissue of the palmar fascia. This condition which predominantly affects white-northem Europeans has been
identified since 1614. DD can affect certain activities of daily living such as face washing, combing hair and putting hand
mn 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. Historically surgery has been the mainstay treatment for DD but not the only one. The
objective is to make a structured review of the most recent advances in treatment of DD including the surgical and
medical interventions. We have looked at the most relevant published articles regarding the various treatment options for
DD. This review has taken 55 articles into consideration which have met the inclusion criteria. The most recent treatments
used are multi-needle aponeurotomy. extensive percutaneous aponeurotomy and lipografting. injecting collagenase
Clostridium histolyticum, INF-gamma and shockwave therapy as well as radiotherapy. Each of these treatments has
certain advantages and drawbacks and cannot be used for every patient. In order to prevent this condition, spending more
time and money i the topic 1s required to reach better and more consistent treatments and ultimately to eradicate this

disease.

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

BACKGROUND INFORMATION

The first doctor who came across this condition was
Plater in 1614 [1]. In 1831 a French mulitary surgeon called
Guillaume Dupuytren became famous for describing and
operating on palmar fibromatosis, which 1s now commonly
known as Dupuytren’s disease. The disease is described as a
type of fibromatosis characterized by nodular and/or
distributed aggregates of immature fibroblasts dispersed i a
dense collagen [2]. The progressive and irreversible flexion
contractures of the phalangeal joints of the hand are the
nature of this disease. 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 first responsible cause for contracture in this
disease. It was first due to their ultrastructural identification
in transmission electron-microscopic studies but later on
scientists showed that the contracture was mainly due to the
expression of Alpha-smooth muscle actin (SMA) in cells
from tissue explants. Furthermore. it was shown that
myofibroblasts can generate contractile force [3, 4].

EPIDEMIOLOGY

Looking at the incidence of Dupuytren’s disease (DD).
white-northern Europeans have the highest rate whereas
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dark-skinned individuals have the lowest number of
occurrences [5. 6]. Twin studies have shown that 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 levels of gene expression.

Scandinavians and people with Northern European
ancestry were mainly responsible for the spread of this
disease hence it is being called the “Viking disease™ [8]. The
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 on the occurrence of
Dupuytren’s disease. 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 onset of Dupuytren’s contracture (DC) is indirectly
proportional to the recurrence and progression of this
disease. In other words the earlier the onset of the disease the
more likely the recurrence and progression of Dupuytren’s
contracture 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 9% decade of life the ratio between affected men and
women is equal [11].

There 1s mixed evidence as to what the causes and
consequences of Dupuyiren’ contracture may be. Scientists
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Characterization of stem cells in Dupuytren’s disease
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Background: Dupuytren’s disease (DD) is a common fibroproliferative disease of unknown origin. The
source of abnormal cells leading to DD formation remains underexplored. In addition to fascia, palmar
skin and fat-derived cells may be a potential source of cells causing DD. This study aimed to profile
haematopoietic and mesenchymal stem cells in different DD tissue components compared with tissue
removed at carpal tunnel surgery (control).

Methods: Biopsies were taken from the diseased cord, nodule, perinodular fat and skin overlying
the nodule of ten patients with DD and compared with control tissue from seven patients having
surgery for carpal tunnel syndrome. Fluorescence-activated cell sorting (FACS), immunohistochemistry
and quantitative real-time polymerase chain reaction (QRT-PCR) were used to identify expression of
selected stem cell markers.

Results: FACS and QRT-PCR analysis identified the highest RNA expression and number of cells
positive for adipocyte stem cell markers (CD13 and CD29) in the DD nodule in comparison with carpal
tunnel control tissue (P = 0.053). CD34 RNA was overexpressed, and a higher percentage of these cells
was present in DD skin compared with carpal tunnel skin (P = 0.001).

Conclusion: Each structural component of DD (cord, nodule, perinodular fat and skin) had distince
stem cell populations. These findings support the hypothesis that DD may resule from mesenchymal

progenitor cell expansion.

Paper accepted 2 September 2010

Published online 22 November 2010 in Wiley Online Library (www.bjs.co.uk). DOI: 10.1002/bjs.7307

Introduction

Dupuytren’s discasec (DD) is a benign fibroproliferative
discasc of unknown actiology affecting the palmar
fascial. It is onec of the most common connective
tissuc disorders, affecting over 4 per cent of the UK
population?®, and over 25 per cent of the celtic population
over the age of 60 years’. Several environmental factors
arc associated with DD, including alcohol*? smoking®,
diabetes®7, epilepsy®, hypercholesterolacmia and injury or
microtrauma®. Although thesc factors appear to have a
significant association with the actiology of DD, nonc 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
contracture of the affected digit'®. The treatment is surgi-
cal, where the digital contracture is released by fasciectomy,
yet this common operation is associated with a high rate of

@ 2010 British Journal of Surgery Society Led
Published by John Wiley & Sons Led

recurrence'!, which may reach 75 per cent in individuals
with a positive family history, cctopic DD (Dupuytren-
like tissue found in other anatomical sites), young age
at onset and bilateral discase!!. Dermofasciectomy is an
alternative treatment that involves excision of the skin
overlying the discased fascia along with the subdermal fat,
which is then replaced with a full-thickness skin graft. This
method has reduced recurrence rates, below 12 per cent in
the most severe cases'?. The palmar fat has been impli-
cated in the pathogenesis of DDY=1% | although the exact
roles of adipocytes and fat stromal cells remain unclear.
Therefore, the skin overlying the discased palmar fascia,
as well as the surrounding palmar fat, is of scientfic and
clinical relevance.

Mpyofibroblasts, which have combined propertics of
smooth muscle cells and fibroblasts, are thought to be
involved in the pathogenesis of DD'-17. The proliferation
of myofibroblasts is belicved to cause the nodular lesions

British Journal of Surgery 2011; 98: 308-315
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Abstract: Messchymal stees cells (MSCa) were lest discoverad by Fndmu.dlnmlhqnanl??& froes boae
marow. The umgue property of these cells was ther polential 1o develop mio fibrobl ) g cclix Smce
Mm:md‘uc&&MmdnhMS(thmmwbmm Nou-h;‘MS(nse
definad = undevelopal biolkogical cells capable of proliferstion, self mnowal sad regencratng tssues All these peopertios
of MSCs have bom &sooverad in the past 35 years MSCs can play & orecial role in lssee engisoerng, orgaogences,
pome hargpy, lmql.u-wen-u-cm;ma‘l\aecdhmmbamdh-haemb‘&aehm
boen addsonsl sowces for MSCs discoverad in the lsborstones mclad 4 trabecular bone, adiy

e, peniosicuss, parcyte, blood, synovial mesbeane and so foeth T\ednamen of the sicssative sowces of MSCs
helps widen the applacation of these cells = differest wem of madicne vaqd:ﬂmmamh-d-vmo-
fierapeulic purposes such & Lssee regenardion sad repsir = Josheletal & of fesscesd
bead, stmmulating growth in children wih cstoogenesis imperfocts, disc regenearstion, Mm =d dechone

musculsr dystroply. In order 1o fully comprehend the char

md teal of MSCs future stades o this Geld are

ol

| o

Keyword:: Mosenchymal stem colls, mmscular dyszophy, xmsculoskslotnal apphication:, tiuns sogmeering.

Ty e yoans 2go Fredamstm e al discovered
mesaachymal stem calls (MSCs)nduboumwhu‘
bo cberved a certain of cells that doveloped mto
fibroblastc colomy formung cells (CFU-F) [1]. MSCs
account for a very szxmll ratic of the bons marrow and it has
besa estimated that 1/10000 to 1/100000 of the bone marrow
nuclear cells are MSCs [2, 3]. Simco the ground breakmg
discovery of these cells, the intarest iz adult MSCs has been
growing and other sources of the adult MSC: have bean
identified by scientists. The new sources of adult MSC can
be wed for vamoms tharapemtic s such 2% tue

conditioms. In this systematic review, stmdis bhave been
sexrched for differamt sources of adult MSCs as well as the
recent musculoskelsnl spplications wing adul: MSCs Taess
smdies were prodommantly swearched miing AMED,
CINAKL, EMBASE, Medlng, PubMsd and ZETOC. The
aim of this stady & to summoarize all ®e available literatare
relating % sources of adult MSCs and thexr application in
musculodkelotal disoases.
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Sxm cells are defined a: undeveloped biclogical cells
capable of prolfiratiom, el moswal comversca to
differentiated cells, and reg tissnes. There amo two
mamn types of stem cells In mamemals [J]; embryomic stam
cells (ESC) are phopotent cslls darned Trom the inner cell
mass of blastocyn which are formed several days after an
ogg i fortlised, and nonembriomic stem cells (2ca-ESC)
alic kmown 23 adult stem cells as they are wsmally atnined
from e bons marow of adults. Thare are two fypes of stem
cells from &is sowce: Hacmopoietic, that difforsatiate into
blood cells, and MSCs. Less matare Sisue sources mchading

cells (FSCi) are rogarded as an imtarmediate cell oype
betwesn ESCs and adult stem cells. FSCs are obtained from
the gonads o the Srst timester of developmsnt [5, 6].
It ha: besa more San 130 years that the existence of noz-
%oc stem cells was proposed by the German
patbelogist Cobneam. He sugzgested at bone mamow can
healing process in various peripheral tissues
[7. 8]. This theory was confirmed by Frisdenstem in the
1970%:. He discoversd that the bone mamow comsisted of
fihrobliswoid cells with clomogsaic potential i woo which
are capable of forming colomies (CFU-F). Fartharmsors,
Frisdenstein proved that it was achiovable to rogenearate
beterotopic bone Sisus in differsat transplants. This way be
pcwﬂdwﬂu:onwofhulfm:lpoﬂmlof
these cells [1] Ever sunce, zameroms scientits have
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Abstract: A bone graft has been the gold standard treatment for repairing bone defects. However, due to bone grafts
associated donor site morbidity several altemative bone substitutes options have been made available but with their added
expense and limited osteoinductive properties they are not ideal. Therefore, research has begun in tissue engineermng to
mvestigate stem cells, which are one of the body’s own mechanisms used to repair bone. Stem cells are clonogenic
undifferentiated cells capable of self-renewal. Readily available from numerous of sources stem cells have the potential to
differentiate in osteoblasts and chrondrocytes showing capability to repair both bone and cartilage. The known
immunologic properties of stem cells further enhance their therapeutic appeal. Stem cells have shown to be excellent
camriers for gene transfer having the capability to be transduced. Gene transfer could enable growth factors and bone
morphogentic proteins to enhance bone repair. Stem cells are implanted onto scaffolds. which are structures capable of
supporting tissue formation by allowing cell migration, proliferation and differentiation. Research aims to produce
scaffolds that deliver and retain cells, allow for cell attachment has adequate biodegradability, biocompatibility and non-
immunogenicity. However, having tried and testing numerous materials including synthetic and natural products research
mto the perfect scaffold product continues. This review aims to explain how stem cells were discovered, the techniques
used to 1solate stem cells, identify and manipulate them down different cell lineages and discuss the research into using

stem cells to reconstruct bone using genetic modification and scaffolds.

Keywords: 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-union. The
critical size 1s defined as intraosseous deficiency that will not
heal with more than 10% new bone formation within life
expectancy of the patient (human or nonhuman) [1].

Reconstruction of bone defects is dependent on certain
mechanisms, which can be summarized into osteoconduct-
ion, osteoinduction and osteogenesis mechanisms. Osteo-
genesis is the formation 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. Osteomnduction is the formation of new
bone by differentiation and stimulation of mesenchymal cells
by bone mnductive proteins [2].

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

*Address comespondence to this author at the Department of Plastic
Surgery, Whiston Hospital, Wamngton Road, Liverpool, L35 SDR. UK:
Tel: 01244366265; Fax: 01244366277; E-mail: hmdocha2001@yahoo com

1874-3250/11

clinical practice presents several major inconveniences [4].
Although the percentage of success is high, complications as
resorption, fracture. infection and non-union are still present
[5]. Additionally harvesting 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].

The use of human cadaver or animal bone grafts from
bone banks prevents the problem of the donor site morbidity.
but presents the potential risk of viral or bacterial infections
and an immune response of the host tissue towards the
implant. However, the continuous amelioration of the
processing procedures for grafts is significantly reducing the
risk of infection [7].

Alternatively, guided bone regeneration and several
biomaterials have been considered 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 osteoinductive, 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
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Adult Mesenchymal Stem Cells and Cell Surface Characterization - A
Systematic Review of the Literature

P. Mafi’, S. Hindocha ** R Maﬁl, M. Griffin’ and W.S. Khan*

{The Hull York Medical School, Heslington, York YO10 5DD, UK
*Manchester Interdisciplinary Biocentre, University of Manchester, 131 Princess Street, MI7DN, UK
3Department of Plastic Surgery, Whiston General Hospital, Liverpool, L355DR, UK

"Universir_)' College London Institute of Orthopaedics and Musculoskeletal Sciences, Royal National Orthopaedic
Hospital, Stanmore, Middlesex, HA7 4LP, UK

Abstract: Human adult mesenchymal stem cells (MSCs) were first identified by Friedenstein e al. when observing a
group of cells that developed into fibroblastic colony forming cells (CFU-F). Ever since, the therapeutic uses and clinical
applications of these cells have mcreased research and interest m this field. MSCs have the potential to be used in tissue
engineenng, gene therapy, ransplants and tissue injuries. However, identifying these cells can be a challenge. Moreover.
there are no articles bringing together and summarizing the cell surface markers of MSCs m adults. The purpose of this
study 1s 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 found that the most commonly reported
positive markers are CD103, CD90, CD44, CD73, CD29, CD13, CD34, CD146. CD106, CD54 and CD166. The most
frequently reported negative markers are CD34, CD14, CD45, CD11b, CD49d, CD106. CD10 and CD31. A number of
other cell surface markers including STRO-1, SH2. SH3, SH4, HLA-A, HLA-B. HLA-C, HLA-DR, HLA-I, DP. EMA,
DQ (MHC Class II), CDIO3, Oct 4, Oct 4A, Nanog, Sox-2, TERT, Stat-3, fibroblast surface antigen. smooth muscle
alpha-actin, vimentin, integrin subunits alphad. alpha5. betal, integrins alphavbeta3 and alphavbeta5 and ICAM-1 have
also been reported. Nevertheless, there is great discrepancy and inconsistency conceming the information available on the
cell surface profile of adult MSCs and we suggest that further research is needed mn this field to overcome the problem.

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

INTRODUCTION

About 130 vears ago, the German pathologist Cohneim
proposed the existence of non-hematopoietic stem cells in
the bone marrow. He suggested that these cells could
contribute to wound healing as they can be a source of
fibroblasts [1]. Later, Friedenstein er al identified human
adult mesenchymal stem cells when observing a group of
cells that developed into fibroblastic colony forming cells
(CFU-F) [2]. Friedenstein provided strong evidence for the
self-renewal potential of stem cells by demonstrating their
ability to regenerate heterotropic bone tissue. These findings
have been confirmed and expanded by many further
laboratory studies which have shown that the cells isolated
by Friedenstein can also be found in human bone marrow
and could differentiate into a range of different mesenchymal
lineage cells including chondrocytes, adipocytes, myoblasts
and osteoblasts [1, 3-6].

Simmons er al. found that stromal cells supporting
hematopoiesis were different to hematopoietic cells by
showing that sexmismatched HLA-identical cells from
patients solely expressed the host genotype [7]. This again
supports Friendenstein’s findings showing hematopoietic

*Address comespondence to this author at the Manchester Interdisciplinary
Biocentre, University of Manchester, 131 Pnncess Saeet, M17DN, UK;
Tel: 01244366265; Fax: 01244366277; E-mail: hindocha2001@yzhoo.com

1874-325011

stem cells were physically different from transplanted
sexmismatched cells capable of heterotropic osseous tissue
formation [8]. Now that these cells are found to be different.
research 1s being done to identify whether there exist specific
cell surface antigens to identify phenotypic differences
between mesenchymal and hematopoietic stem 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 er al. conducted one of
the first studies with the intention of characterizing MSC-
like cells both histologically and phenotypically.
Interestingly, it has been shown 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™ (MAPCs), “endothelial
progenitor cells” (EPCs). “marrow-isolated adult mutilinease
inducible cells”™ (MIAMI), * very small embryonic-like stem
cells™ (VSELs) [9-13].

Crisan er al. has found 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. skeletal muscle, fat. umbilical cord
blood and amniotic fluid [14-22]. Despite the common 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
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Revised Tubiana’s Staging System for Assessment of Disease
Severity in Dupuytren’s Disease—Preliminary

Clinical Findings
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Abstract There e fw objective saging 5 ysiems 10 255685
seventy of Dupuyzren's disease (DD). Pmvious methods o
assess seventy of DD were based primani ly on $he degree of
contractum of mn affected digit measumd using 2 gomiom-
eter. Nonthdess, this method of assessment alone may be
incomplete, and other fictom should be considered. Whine
(n=92) patiemts diagnosed with DD fom norghwest of
Englnd wem assessed for DD. Objective cmteria for
evalating severity incorporsed qumtified vanables. The
revised seventy stige was comelited © a2 nown shgng
system of DD (Tubiama's saging system) which mensures
tomal flexion defommity fr a simgle affecsed digt. Toml
revised severity saging scoms mnged between 4 and 53
(mean—187) and mvenled significant positive correlation
to Tubiana's original stging system (¥ =0.8, p<0.001).
There was signifiant difference between severity saging
scores I those with 2 positive family history compared ©o
those withomt (<001} In cumnt practice, ofin, the
degree of contracta® in an affected digitis wsed soldy s a
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measare of disease severity. Addtional objctive dimical
mformation may provide useful pmgnostc indices for
disease pmgression as well as posiopentive ouwcome.

Keywords Dupuytmn's disease - Contractare -
Dup uyren diahesis - Ectopic dupuyren disease -
Carmd's pads - Disease prognosis - Risk factor -
Family history - Seventy

Introd uction

Dapuyren's dismse (DD) s a benign condition that can
prsent with varying severity. DD & a progressive fibro-
po liferative disorder resulting in abmormal “scar-like™
tissoe I the palmax fascia [6] leading to Tmvemible,
pemanmt, and progmssive contractwre of the mvolved
digns. DD 5 commonly bilmenl and “Dupuyzren-like™
fibrotic tissoe can oocur on the dorsum of the hand over the
odkles (Gamd's pads), feet (Ledarhose's disease), and
pais (Peymmniss disease) [28]. DD & not only physially
md psychologiaally dimabling [12], but can also be
aesthetcally displeasing.

The decision ®© cary omt surgcal correction & ofien
dependent upon the supeon'’s evalmtion o fclinical severity
ofthe dismse. Seventy is often based upon meaasaremant of
flexion deformity wsing 2 gomiometer. Another common
asessment of severity of dismse & the tble ©p sy
unfortmately, these methods of assessment may not be
sufficient in phoning swrgcal management, = fictom
which may affect recarrence of disease may not have been
considared. Severity of DD and oucome after sumery
based upon the measurement of contracture of an affected
dignt [10] (Table 3) [20] was a sysem mvodoced by
Tobizna and has been used by clinicans m aiding surgical
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radins removed © simul®e an ustble exn-atcular
facu=. Exh constact, with six plees fom each system,
was tesiad © faikwre m avial compression. Six sepamte
constrocts with exch phte fype hen undawent 10,000
cycles applymg 100N of compression to simm lee physio-
logic wrist motion and were $han tted to failare I axial
compression. Two phtes fom exch system were ako
mplated in fesh fozen cadaver wrists with a section of
distal radins =moved in an idmtcal fashion for eesting.
The caadaver wists wem %esied i axial bad © faikre for
companson © the awhones. The four plates used were the
Hand Inmovasions DVR-A, Avanta SCSV, Wright Medical
Lo-Con VLS, asnd Synthes volar plase.

Reswlis All groups wem baded © faikare. All faled withan
mpex volar mgulsion. The Hand Innovations DVR-A plse
demonstrated significantly more steagh in bad © fuilare
mnd falue after fatigoe cycling @=.000007 for smgle kad
md p=.0019 for ftigoe failare) in 2 swbones modd. In
adavers thare was no significant difforence among the
groups (p value=85) in axial compression faikare. The
adaveric model demonstred an idential faloe mode to
smawhones, bt forces were ppmximzdy a magnimde
higher © canse falue of e bome. The Avanta SCSV
plates were the only noted © have any amount of pallout of
the distal fixation, occuring I two of teehve plees.
Comclusions Volr foogion of unstble distal radins fac-
ares with a fived angle device & a rdisble means of
subilzaton. The Hand Imovations DVR-A phe fixasion
system was the most rigid of the systams tested.

Why Plate? Fractures of the Distal Radius: A Unique
Approach

Institation where the work was prepared: M Ather Mim
MD PC, Sethaoen, NY, USA

M. Ather Mirm, MD; Mary Kate Rembant, ONP; M. Asher
Mirza, MD, PC

Pwpose To asess the ndiographic, clinical and functional
ourome of patents with distal radms factwres sented with
a minimally mvasive, non-bnd ging extenal fixator.

Mahods Over s 18 month period, patents with distal
radios fracoares (DRF's) exvaarticolar; displaced, nom-
displaced and mtna-antiula; nondispliced, reduable dis-
phoed froowes were teated with 2 mmmally mvasive
cmas pm fixgion (CPX) system with = umobtmsive
hghtwaght non-brdging extemal foatorstat A remov-
able, custom splimt gpphed 57 days postopemtivdy
allwed exly mobilzaion of the wnst Radiographic
measamments radial haght radial mclmaton, and palmar
tilt were recorded post reduction, post removal of fixasion
md 2 6 months post-op. Oucome Imstrument scoms were
obtaimed $-10 days, 3, 6 and 12 months postop using the

&) springe

DASH and Patient Rzed WrnistHand Evaluson (PRW/
HE)Wnst rmge of motion (ROM), grip and pinch
stengths wem measured at specific imervak by =
OccupationalCertifiad Hand Thergpist

Resulzs 26 consecutive patients were treaed with the CPX
external non-bridging system. | patient was excloded in the
arrly postoperive period doe to noncomplance. The
=maming 25 patients, 19 females and 6 males, mean age
60 (range 28 -87) prsented as 11 right, 15 left/15 domimant,
10 non-dominans, | mixed dommance DRF's. Amatomic
mdoction was mamtaimed. Wrist ROM was compazd © the
contmlgeral side, 2 12 weeks domiflecion 77%, volarflex.
om 66%, pronation $4%., supination £3%, and at | year DF
925%, VF £7% pmmaton 9%, supmaton 102%, was
achieved. At 6 months, maan gnp steagh was $4% of e
contmleeral side and 98%at | yewr. Instument outcomes =
6 months and | yewr mverled mean scores respectively;
DASH 175and 943 PRWHE 22 and 15,

Concluston This stady demonstrates that éhe CPX external
nonbndging sysem & an effective mmmally invasive
surg il procedure for siabilzaton of DRF's. Radial height,
paimxr ok and mdial mclmaton a= mantimed. Good
climal and finctonal msults wem obtamed as well a
comparab e DASH and PRW/HE outcome scores.

Dupuytren's Nathes ks Revisited-Modi Sication
of an Important Prog nostic Indicator

Sandip Hindocha, MBCHB; John K. Stmley, MCh, Oréh,
FRCS; Stewan J. Wason, MRCP, FRCS; Ardeshir Bayz,
MD, PhD; Univemity of Manchester

Huoesston origmally comed the term “dighesis™ releing ©o
centan faatores of Dupuytm=a's disease (DD) dictating an
aggressive course of dismse. His mmial descaption of DD
dizghesis mchde Hur facors; edmiaty, family hisory,
bilateral DD and ectopic kesions. The degme of disthesis &
considered highly significant in predicting maumence (new
DD lsions in the same wen of surgery) and extens on (new
DD lkesions outnide the e of sugery) of DD following
sugal management However, to dae thae are no dear
dmx mgasding the accurme predictive valoe of varons
fxuxs of DD dishesis. Pognostic indicators of risks
asocated with surgery are mpostant. We aim © evaluase
the corent coteria and fommulite a steistical predictive
value or DD dishesis.

Cancasian patients diagnosed with DD between the ages
of 2590 years (o= 322) from Northwest of Englind were
asemsed for DD diathesis with a dimical history and
ecammaton. DD diathetis asessment was analysed by
akuleing odds mts of developing recument DD using

220



HAND 2007) 25133

55

shsodhable sutare anchor of comparable soe and bumton
frogion.

Mahods Fifeen frsh-fozen cadavenc hands wem used
The index, long, and nng finger were harvested for sesting.
Fifieen digits wes andomly asigned © each of the gree
foogion sechmiqos. Tendon-2o-bone =pair was done using
the bution, ahsorhable sutre anchor, and non-absodable
sutare mnchor techmiqoe. Specimens wem tesied © faikare
using the Bionex-MTS sysiem. Mode of falue snd oxeto
faloe of fixstion was recosded and statistically salyzed.
Rouls Foxe © fuhie was not signifcandy diffeent
among the theee fixation techniqoes (p=>0.05). The made of
falum for the button techmiqoe was sutue pu ll-out thoagh
ndon (100%) The mode of failare for the absorbable
sutare anchor was mptue at the anchorsuture mterface
(8079 and anchor pull-out 20%). The mode of failare for
the non-absodable summ anchor was suture pulloumt
swrough the indon @0%%) and rupture at the anchor-sutare
mterfice (40°%).

Discussion Bone quality, bone-anchor mterface, and sutare
matenal play an importmnt rolke i fiation stengh. An
msight 0 the mode of faikare suggests tha the best fixation
echnigoe I ostopomtic bone & the button technigoe or
the nonabsorbab le sume anchor

A New Scoring System for Assessing Severity
in Dupuytren's Disease

Instimation where the work was prepared: Umiversity of
Manchester, Manchester, United Kimgdom

Sandip Hindocha, MBChB; Jobn K. Stinkey, MCh, Onh,
FRCS; Ssewan J. Wasson, MRCP, FRCS; Ardeshir Baya,
MD, PhD; Univesity of Manchester

Many factors have been associated with severity in
Dupuyzen's discase (DD} Previous methods © assess
severity of DD am based on the degree of contractare
of an affectad digit We el these methods of assess
ment may be moomplets and et othe faicom should
be considered. We aim © devise a new scoring system,
which aan quantify $he severity of DD to predict post.
opemtive ouome.

Caxasin patents diggnosed with DD @=92) fom
Nothwest Englmd wem assesed for DD. Crieria for
evalmting seventy mcomporated gqmantified vamables m-
cdoding; age & onset, hihteal and ectopic dismse, fumily
history, frequancy of and recumence Bllowing sargery,
number of digis affected and combinad ol flexon
deformity (TFD) of all digis. Seventy scoms wem cor
reated to 2 known staging sysem of DD TFD for 2 simgle
affeceed digit

Total severity scom rmged batween 3 and 37 (mean—
14.1, SD=7.9) and mvealed significant positive cormhition
© a known staging system (r0.%, p<0.001)

Pmviously degree of contmctore i an affeced dign
was used to predict sugial oucome k s evident from
this smdy ®e other factors should also be considered
when grading severity that may mflomce post-opersive
msults. Thuos a new severity scoring system for DD has
been mtmduoced.

Severe Peripheral Vascular Disease of the Upper
Extremities. A case study

Ihsttution where $he work was pmpared: Povidence
HospmalMayagoe Medial Center, Somthfidd, MI, USA
Cusavo E. Bello Rojas, MD; Povidence Hospial

Extensive upper extremity tissoe kas usmlly msuls fom
sherosc erotic, vascular d sorders or distal sromboembol i
events. This then becomes a challenge for the vascular and
hand surgeons. Sahvage procedures soch as inema vem
gafting, aneriovenous revesmal or proximal o distal by-
pass procedures are necessary.

A 55 yearold female with a history of insulin-depend ent
dishetes mellims, chromic =nal fulue and cheomic hyper-
s ion presented with sodden onset of paim in both upper
exvemities with necwmais of the 3rd nght digit and the 3
and 44 left digits. There was no evidence of mfection bt
nxmsis extnded © the poximal phalanx. Distal pulses
were absent bilgerally.

A bil geral upper extremity angiognm showed occ hesion
of e ulnwr and radial aenes with dihtton of the
suparficial palmar arches.

Revemed saphenouns van gafts wem used as conduits n
both extremities. A right bachial © ulnar artery bypass was
perfommed mitially and four weeks lmer a leff brachial ©
adal bypass was performed. Both bypasses wem anasto-
mosed distally dose to the anigin of the comesponding arch.
Her postopenitive progess was mneventful. Finger syswolic
preswres ware measared and this showed signifiamt
mprovemant of flow. Amas of nacxe s become demaxased
nd the affected digits were amputated seven] weeks leer
At thme months, graf patency was evalmted with =
mgiogam of the upper exvemities, and flow © both deep
paimar arches was confimed.

Chonic sevem wchemia of $he upper etmmity & a
ax atity bamse of $he colhen] ntwok of the hmb.
Compared © the bwer extmmity, arerial reconstmction
of the upper extemity & rawely peformed. There we
few publimsons mgasiing bypass grafting of Se upper
exvemity and s bngtem resuls. Though ischamia of

L spenger
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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.

sive, fibroproliferative disorder that results in
the development of abnormal scar-like tissue
in the palmar fascia of the hand extending to any
digit.! In its advanced stages, DD finally leads to an
irreversible, permanent, and progressive contrac-

D upuytren’s disease (DD) is a benign, progres-

1626 The Journal of Hand Surgery

ture of the involved digits. Dupuytren’s disease in
the hands is commonly bilateral, but Dupuytren’s-
like fibrotic tissue also can occur in the dorsum of
the hand over the knuckles (Garrod’s pads), feet
(Lederhose’s disease), and penis (Peyronie’s dis-
ease) of the same individual >
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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 ). Watson, MBChB, Ardeshir Bayat, PhD

From the Centre for Integrated Genomic Medical Research, University of Manchester, Manchester; the
University of Manchester Centre for Hand and Upper Limb Surgery, Wigan, Leigh and Wrightington NHS
Trust, Wigan, Lancashire; and Plastic and Reconstructive Surgery Research, South Manchester University
Teaching Trust, Wythenshawe Hospital, Manchester, United Kingdom.

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." In its
sanced stages DD leads to an irreversible, permanent,
1 progressive contracture of the involved digits. Du-
ytren’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
50 known as Peyronie’s disease) of the same indi-
ual.!

European whites. It is considered to be one of the
commonly inherited connective-tissue disorders af
ing whites of northern European descent. The pi
lence of DD is more than 4% in the male populati
England, with an incidence of more than 25% 1
Celtic population aged over 60 years.”

Many environmental factors have been assoc
with the etiology of DD including a history of smo)
frozen shoulder, epilepsy, diabetes mellitus, and a
lipid profile. This mysterious etiology has kept T
subject of immense interest, leading to many ge
and molecular studies trying to discover the under
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O > O

58,ULLLR

Pedigree 112

88,H,10u,ExS(25) L
~ O

68,B,LL/LR/RL/RR
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Pedigree 113

TT

61,H,154 ExS(5).L
i ~ O

39,B,LL/LR/LM/RL/RR/RM/RT

Pedigree 114

£ 66,H.25%x8(‘5),L
~ i O

46,B,LL/LR/RL/RR
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Pedigree 115

65,02,H,5u,L
-~ O

45,B,LL/RL/RR,Rec

Pedigree 116

L e T

48,U,RL/RR
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Pedigree 117

LR T

54,U,RL/RR/RM/Rec

Pedigree 118

b & oz 5
O
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Pedigree 119

52,B,LL/LR/RR/RM

Pedigree 120

FL T L b=l

60,B,LL/LR/LM/LIRR/RM/RI,Rec
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Pedigree 121

L

62,H,10u.L
-~

50,ULL/LR

Pedigree 122

4p,45u,S L
~

39,U,RL/RR/RM
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Pedigree 123

65,25u,S.L
~ i O

50,B,LL/LR/RL/RR/RM

Pedigree 124

67,H,15u,ExS(15).L
-~ O

49,U LL/LR/LM,Rec
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Pedigree 125

76,H,D1,10u,S,Cl

Pedigree 126

66,H,Dp,FS,15,L
~ i

49,B,LL/LR/LM/RL/RR
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Pedigree 127

56,30u,S,L

~ i O

35,B,LL/LR/RL/RR,Rec

Pedigree 128

63,H,50u,L

o O

53,B,LL/LR/RL
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Pedigree 129

64,D2,H,Cl

~ i

60,U,RL

Pedigree 130

45,25u,S,L

-~

40,U,RL/RR/RM
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Pedigree 131

72,D2,H,FS,10u,ExS(15),

L
o O

63,B,LL/LR/RL
63,H,25u,S,L

~ O

49,U,RL/RR

Pedigree 132

298



Pedigree 133

68,D2,H,10u,S
~ O

45,U,RL/RR

Pedigree 134

79,H,5u,L
~ O

69,B,LL/RL/RR
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Pedigree 135

il T LT

72D2,H30uS L
-~
69, B,LLLR/LM/RL/RR/RM/RI,Rec,Gar

e ded
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