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Abstract

Split  hand / Split  foot  malformation  (SHFM)  is  a  rare  developmental  disorder  

of  the  limbs  in  which  usual  clinical  manifestations  include  presence  of  

congenital  syndactyly,  median  clefts  of  hands  and  feet,  along  with  hypoplasia  

or  aplasia  of  carpal,  tarsal,  metacarpal,  metatarsal  and  phalangeal  bones.  Feet  

are  less  commonly  involved  and  bilateral  involvement  of  hands  and  feet  is  

often  associated  with  positive  family  history. SHFM  can  occur  as  isolated  or  

non  syndromic  form   and  syndromic  form  i.e.  SHFM  associated  with  other  

congenital  anomalies.   It  is  mainly  inherited  as  autosomal  dominant form  but  

autosomal  recessive  and  X linked  forms  occur  rarely. 

We  report  a  rare  case  of  syndromic  form  (short stature,  prognathism,  mixed  

deafness,  microcephaly ,  mental  retardation  and  dental  abnormalities)  of   SFM  

with  autosomal  dominant  inheritance  and  discuss  in  detail  the  types  and  

genetic  aspects  of  this  rare  limb defect.
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Introduction

ctrodactyly now  known  as  split Ehand / split foot  malformation, is  a  

rare  developmental  disorder  sometimes  

associated  with  other  malformations. It  

is  sporadic  in  onset  with  autosomal  

dominant  transmission  and  runs  in  
1family.   It  is  a  congenital  anomaly  of  

human limb development  first  described  
2in  1936.  The  incidence  of  SHFM  is  

3about  1:18000.  The  hands  and  feet  of  

people  with  ectrodactyly  are  often  

described  as  "claw-like"  and   may  

include  only  the  thumb  and  one  finger  

(usually  either  the  little  finger,  ring  

finger,  or  a  syndactyly  of  the  two)  with  
4similar  abnormalities  of  the  feet.   Two  

expressions  of  SHFM  occur, one  with  

isolated  involvement  of  the  limbs, 

known  as  the  non-syndromic  form, and  

the  second,  the   syndromic  form  with  

associated  anomalies  such  as  tibial  

aplasia,  mental retardation,  ectodermal  

and  craniofacial findings,  orofacial  
5clefting  and  deafness.

We  report  a  case  of  syndromic  form  

of ectrodactyly involving the feet  

a ssoc ia t ed  w i th  shor t  s ta ture ,  

p r o g n a t h i s m ,  m i x e d  d e a f n e s s ,  

microcephaly, mental retardation (mild) 

and dental  abnormalities.  

Case  Report

 A  12  year  old  girl  was  brought  by  her  uncle  

with  mild  difficulty  in  walking  due  to  deformed  

feet  since  birth. There  was  history  of  left  sided  

ear  discharge  which  according  to  the  uncle  was  

a  recurrent  occurrence  since  a  few  years  

involving  both  the  ears.  Her uncle  also  said  that  

she  could  not  hear  clearly  right  since  birth. She  

had  studied   till  standard  3 with  great  difficulty  
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and  could  not  cope  up  with  further  studies.  She  

was  born  of  a  non consanguineous  marriage  in  a  

village  hospital.  Her  detailed  birth  history   was  

apparently  normal.  Her  father  too  had  split  feet. 

He  was  also  deaf  mute. Her  mother and  younger  

brothers  were  normal.

On  examination,  she  was  short  with  a  
rdheight  of  131 cms  which  was  less  than  3  

percentile.  Her   head  appeared  small  and  the  

head  circumference  measured  47 cms  which   was  
rdbelow  the  3   percentile. She  had  a  protruding  

jaw. Few  malpositioned  teeth  were  seen  in  the  

oral  cavity. Examination  of  hair,  nails,  skin and  

mucosae  did  not  reveal  any  abnormality. Both  

her  feet  had  a  deep  midline  cleft   with  absence  

of  multiple  metatarsals  and  phalanges. 

We had  her  complete  evaluation  done.  AP  

and  Lateral  view  of  Xray  of  the  feet  revealed  the  

following  findings:

All  the  tarsal  bones  are  seen  on  both  sides. 

Hallux  valgus  is  seen on  either  side.

Left - Oligodactyly  is  noted  with  only  two  toes  
ndon  either  side. There  is  non  development  of  2  

rd thand  3  metatarsal. The  4   metatarsal  is  
nd rd thhypoplastic  and  malformed. The  2 , 3  and 4   

phalanges  are  not  developed. 
nd rdRight - 1st  metatarsal  is  normal. 2 , 3  and  

th4    metatarsals  are  hypoplastic  and  malformed. 
th th4  and 5   metatarsals  are  well  formed  and  seen  

to  form  a  joint  with  proximal  phalynx  of  5th toe. 
nd rd thThe 2 , 3  and 4   phalanges  are  not  developed.

X-ray  skull  confirmed  maxillary  and  

mandibular prognathism and few  malpositioned  

teeth. 

Nothing  abnormal  was  found  on  

X-ray  of  chest,  spine  and  on   routine  laboratory 

investigations. USG   Abdomen  and  pelvis  and  2D 

Echo  were  done  to  check  for  any  congenital   

abnormalities  in  the  cardiovascular, GIT  and  

urogenital  systems  and  were  found  to  be  normal. 

Her ophthalmological  evaluation was not 

significantly  contributory. Her MRI brain was  

suggestive  of  mild  cerebral  atrophy. We  got  her  

psychiatric  and  psychological  evaluation. She  was 

found to be  mentally  subnormal  with  an  IQ  of  

around 70.  ENT  evaluation  revealed  an  active  left  

sided otitis  media. Pure  tone  audiometry  revealed 

bilateral profound sloping  mixed  hearing  loss  with  

profound  sensory neural  and  mild  conductive  

component.  

Karyotyping  was  done  which  showed 46XX 

pattern  with  no  structural  aberrations.           

Thus this was a rare case of  syndromic  form  of  

ectrodactyly  of  the  feet associated with short 

stature,  prognathism, profound sensory neural  

hearing  loss,  microcephaly,  mild  mental  

retardation  and  ectodermal  involvement  in  the  

form  of  dental   defects.  

The  inheritance  was  most  likely  autosomal  

dominant  in  view  of  her  father being similarly 

affected  i.e  having   bilateral  split feet. Her  father  

in  addition  was deaf mute. His karyotyping revealed  

46XY chromosomal pattern with no  structural  

aberrations.

Discussion

Ectrodactyly  or  Split hand / foot 
6malformation (SHFM)  results  from  

failure  of  formation   of  parts  of  hands, 

feet  or  both  due  to  a  variable  

deficiency  of  central  rays  of  the   
7autopad.    It  is  also  known  variably  as  

8lobster  claw  syndrome  but the most  

acceptable term  nowadays  is  'congenital  

central  limb  ray  deficiency'. 

Ectrodactyly  is  frequently  seen  with  

other  congenital  anomalies  or  other  

birth  defects, and  may  be  caused  by  

genetic  factors  or  by  exposure  of  the  
9embryo  to  environmental  factors.  

Inherited as an autosomal dominant  

trait  (most common),  both  sporadic  and  
10familial  cases  have  been  described.     

Autosomal  recessive and  X-linked  forms  
9occur  more  rarely.    

11,12The  types  of  SHFM  are: 

lIsolated  SHFM   (Non- Syndromic )

lSyndromic  forms  of  SHFM,  

including

SHFM with other  skeletal  anomalies,  

including:

o Long  bone  deficiency  (SHFLD)

o T r i p h a l a n g e a l  t h u m b   
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( t r i p h a l a n g e a l  t h u m b -  

brachyectrodactyly  syndrome)

o Ectrodactyly - Fibular  Aplasia / 

Hypoplasia  (EFA)  syndrome

o Ectrodactyly - Polydactyly

 -Other  syndromes:

o E c t r o d a c t y l y -  e c t o d e r m a l  

dysplasia- cleft ing  (EEC)  

syndrome.

o Ectrodacty ly  -  Ectodermal   

Dysplasia - Macular  Dystrophy  

(EEM)  syndrome.

o Ectrodactyly - Cleft  Palate  (ECP)  

syndrome.

o SHFM  with  sensorineural  

hearing  loss.

o SHFM  with  microphthalmia,  

colobomas,  or  other  eye  defects. 

o Microcephaly - microphthalmia  - 

ectrodactyly - prognathism  

syndrome.

o Any  other  syndrome  with  SHFM  

as  a  feature

Ectrodactyly can be caused by  

deletions, translocations,  and  inversions  
13in  chromosome  7 (7q).    The  deletions  

in  7q  can  result  in  a  contiguous  gene  

syndrome that  inc ludes growth  

impairment, microcephaly, craniofacial  

manifestations,  hernias,  hearing loss,  

and  mental  retardation. Translocations  

in  7q  do  not  have  as  many  

abnormal i t ies but are general ly   

associated with most  hearing  loss  cases. 

Ectrodactyly  can  be  caused  by  various  

mutations  to  7q. When  7q  is  mutated  

by deletion  or translocation,  ectrodactyly 

can sometimes be associated with  hearing  

loss. Ectrodactyly,  or  split hand / split 

foot  malformation  (SHFM)  type 1  is  the  

only  form  of  split hand /  malformation  

associated  with  sensorineural  hearing  
13loss.   Five  SHFM  gene  loci  have  been  

established for SHFM1-5. SHFM1  

(chromosome 7q21-22),  SHFM2 (Xq26),  

SHFM3  (10q24),  SHFM4  (3q27), and   

SHFM5  (2q31)  and  at  least  one  more  
11,14locus  exists,  SHFM6.   The  gene  p63  

(also  called  TP63) on  chromosome  3 has  

been  identified  as  a  cause   of  SHFM.  

Recently,  rearrangements  involving  the  

SHFM 3  locus  on  chromosome  10q24  

have  also  been  associated  with   
11 15SHFM.  In 2006, Gurnett et al  suggested  

an additional locus in the  chromosomal  

region 8q21. 11-q22.3,  and  Naveed  et  
16a1  detected  novel  susceptibility  loci  for  

split hand / foot  malformation  with  long-

bone deficiency (SHFLD)  on chromosomes 

1q42 .2 -q43  and  6q14 .1 .  O ther  

chromosomal  regions  and  candidate 

genes have also been  implicated. Known  

SHFM  loci  refer  to  non-syndromic 

ectrodactyly; however, approximately 40% 

of SHFM patients  have  associated  on-

limb  congenital  anomalies. On  the  basis  

of  the  Human  Cytogenetic  Database  

(HCD),   further  evidence  for  at  least  

two  additional  loci  for  SHFM  on  4q32-
3q35 and 6q16-q22  have  been  presented.

11The  methodologies  and  testing  

utilized  in  the  genetic  study  of  this  

defect  include: 

lMarker  analysis  to  localise  SHFM  

genes  in  families  or  test  for  linkage  

to  known  SHFM  loci.

lSingle -strand  conformation  

polymorphism (SSCP)  and  sequence  

analysis  of   p63  and  other  

candidate  SHFM  genes.

lPulsed  field  gel  electrophoresis  
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(PFGE)  and  Southern  analysis.

lReal-time  quantitative  PCR  and  

Real Time -PCR.

lHigh- resolution  chromosome  

analysis  and   fluorescent  in  situ  

hybridisation  (FISH)

Most patients need no surgical  

intervention,  as  there  is  no  functional  

problem  except  for  the  unsightly  

appearance of  the  malformation  causing  

cosmetic embarrassment  especially in  
17childhood.  Ectrodactyly  can  be  treated  

surgically  in  order  to  improve  function  

and  appearance.  Prosthetics  may  also  
18be  used. 

Parents  should  be  counselled  

regarding  the  possibility  of  recurrence  

of  the  disease  in  the  future  siblings  

a n d  a n t e n a t a l  d i a g n o s i s  b y  
2,5ultrasonography  should  be  offered.  

Prenatal  diagnosis  of  ectrodactyly  

was  first  reported  in  1980  and  most  of  

them  live  normal  life  with  very  little  
19functional  impairment  of  limbs.

The  functional  utility  of  the  

malformed  limbs  is  discussed  in  issue  

2481 of  The  British  Medical  Journal. 

The  affected  persons  can  perform  work  

that  requires  skillful  manipulation,  
20regardless  of  their  handicap.    Those  

with  ectrodactyly  are  contributing  

members  of  society  with  their  own  jobs  
8and   careers.

Conclusion

Thus  ours  is  a  rare  case  of  

syndromic  type  of  ectrodactyly  of  feet. 

The  associated  features  include  short 

stature, prognathism, mixed deafness  

(predominant ly  sensory neural ) ,   

microcephaly,  mild  mental  retardation  

and  also  ectodermal  defects  in  the  

form  of  defective  and  malpositioned  

teeth. This  case  would  give  us  a  better  

understanding  of  this    congenital  limb  

defect  and  thus  enable   us  provide  

appropriate  and  timely  care  to  these  

patients. 
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Personalised medicine for asthma management in pregnancy

The use of exhaled nitric oxide as an inflammometer to adjust asthma drugs in the management of 
asthma.

A previous study by Green and colleagues showed that adjustment of inhaled corticosteroid dose on 
the basis of level of sputum eosinophils contributed to a reduction of asthma exacerbations by 50%. 
Several attempts have been made to substitute measures of exhaled nitric oxide for measurements of 
sputum eosinophils. So far, studies using exhaled nitric oxide have produced mixed results in 
reduction of asthma exacerbations. The key finding in Powell and colleagues' study is that 
applicaiton of the algorithm to adjust therapy resulted in an increased use of inhaled corticosteroids 
(68.5% of women vs 42.2%), a lower average inhaled corticosteroid dose (not statistically significant), 
and an increased use of longacting â-adrenergic agonist (40.5% vs 17.4%) during pregnancy 
compared with the conventional treatment approach.

The study by Powell and colleagues should prompt a reassessment of the conventional approach to 
management of asthma in pregnancy and a reassessment of techniques to apply exhaled nitric oxide 
measurements to clinical practice.

The Lancet, 2011; 963-964378; 
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