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CONGENITAL LIMB DEFORMITY: REPLACE, 
REPAIR OR REMOVE 

By 

Professor Dr Ahmad Hata Rasit 

Professor of Orthopaedics Surgery 

1.0. Introduction 

The word congenital refers to a condition existing since birth. It is important 
to distinguish the concepts of congenital and genetic, the two terms that 
are often confusing to many people. Congenital abnormality indicates that 
the feature is present at birth and can be caused by genetic or non-genetic 
disorder. Hence ̀ congenital deformity', also known as the birth defect, is 
a condition that exists at or before birth regardless of the causes, while the 
term ̀ congenital anomalies' specifically indicates the structural deformities 

and normally involved structural defects in a developing fetus. 

Congenital deformities occur in approximately 3% of live newborns. The 
incidence of congenital deformity causing deaths is almost 632,000 cases 
in 2013. The type of deformities that most contributed to the death tolls 
is congenital heart defect, followed by neural tube defects (GBD, 2014). 
Congenital limb deformities occur in approximately 6 per 10,000 live 
births, with the upper limb affected more as compared to the lower limb. 
The congenital limb deformities usually associated with other congenital 
deformities such as cardiovascular, nervous or genitourinary system 
(Canfield, 2006). 
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2.0. Orthopaedic Surgery 

The word Orthopaedic was derived from the combination of two Greek 

words; "orthos" meaning correct and "paedion" meaning a child. This word 
was coined by Nicolas Andry, a professor in Medicine at the University of 
Paris in 1741, when he published the Orthopaedia (Kohler, 1999). Although 

orthopaedic surgeon is generally known as "The Bone Doctor", this does not 
mean that he only treats bone diseases. In the ancient days, the orthopaedic 
surgeon mainly managed the deformed child; however nowadays they have 

to deal with a wider range of diseases affecting the musculoskeletal system. 
The advancement of orthopaedics practice has rapidly changed, whereby 
accident and musculoskeletal fracture and dislocation have become the 

main aspect of the practice. Currently, the orthopedics practice has becomes 

one of the major disciplines in all modem hospital in developed countries. 

Orthopaedic surgery is defined by the American Academy of Orthopedic 

Surgeon as a medical discipline or specialty that investigates, preserves and 

restores the structures and functions of the musculoskeletal system which 
include the extremities (upper limb, lower limb) and the spine. The main 
duty of an orthopaedic surgeon lies in managing the following conditions: 

i. Congenital and developmental deformities of limb and spine 
ii. Infection and inflammation of musculoskeletal system 

iii. Degenerative disorder of joint and spine 
iv. Metabolic and endocrine disorders affecting the 

musculoskeletal system 
v. Tumours and lesions of musculoskeletal system 

vi. Sensory disturbance and muscle weakness affecting the 

musculoskeletal system 

vii. Injury, fracture, dislocation and mechanical derangement of 

musculoskeletal system 
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3.0. The Genes and Chromosome Theory 

Genes are basic physical and functional unit of heredity. Humans have 

approximately 23,000 genes specifically arranged on 46 chromosomes 
(Figure 1). Generally, the human somatic cell contain 23 homologous pairs 

of chromosomes to form the diploid number of 46 chromosomes. Out 

of these 23 pairs of matching chromosomes, 22 pairs are the autosomes 

and I pair is the sex chromosomes. If the sex pair is XX, the individual 

is genetically female; if the pair is XY, the individual is genetically male. 
During fertilization, one chromosome from each pair is derived from the 

maternal gamete, the oocyte, and another from the paternal gamete, the 

sperm. During fertilization, the maternal and paternal gamete will unite to 
form the zygote and this process resulted in the restoration of the diploid 

number of 46 chromosomes (Figure 3) (Sadler, 2012). 

Figure 1: Diagram shows the relationship of gene and chromosome. 
I Source: htip. //www2. le. a(-. uk/departments/genetics/vgec/diagrams/36%20chromosome%20 

unravel jpg/image preview) 
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4.0. Human Development 

In the Th century, The Quran mentions that Man was created in phases 

(Surah Al-Mukminun; verse 12-14) (Figure 2). In the 19th century, the 

study of this phenomenon was established and known as embryology. 

Embryologists explained that the human development occurs in three 

phases; Gamete, Embryo and Fetus. The first phase of human development 

occurs from the first day of fertilization until end of the second weeks of 

gestation (the carrying of a gamete, embryo or fetus inside the womb) and 

is known as the Gamete phase. The second phase is embryonic phase. This 

phase occurs from the beginning of third to the eighth weeks of gestation. 

In the embryonic phase, most of the main organ systems are established. 

The final phase is the fetal phase which occurs from the ninth weeks to 

birth. The fetal phase is characterized by the maturation of tissues and 

organs, along with rapid growth of the fetus. 

"And indeed We brought man into being from an extract of clay 

(water and soft earthy matter). Thereafter, We created him from a 

nutfa (a gamete) (which we embedded) in a safe, secure lodging (the 

womb). Then We made the nutfa (develop) into a 'alaqa (leech-like 

clot), then We made the 'alaqa (develop) into a mudgha (chewed-up 

morsel), then We made the mudgha (develop) into bones, then We 

clothed the bones with flesh. Out of this We developed a different 

creation. Glorified be Allah and extolled be His glorious attributes; 

He is the Unique Creator" 

Figure 2: Translated Surah AI-Mukminun, 12-14. 

4.1. Gamete Phase 

The Gamete phase begins with fertilization, the process by which the male 

gamete, the sperm, and the female gamete, the oocyte, unite to give rise to 

a zygote (Figure 3). From one single cell of a zygote, it differentiates into 2 

layers of germ cells at the end of the second week of gestation. 

4 
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Figure 3: Formation of zygote in gamete phase. 

(Source: irirx. hbc. co. uk/schools/gcsebilesize/science/add edexce//cells/milosisrev2. shtm/) 

4.2. Embryonic Phase 

The embryonic phase occurs from the third to the eighth weeks of 

gestation. The most characteristic events occur in this phase is gastrulation. 
In gastrulation, all of the three germ layers (ectoderm, mesoderm and 

endoderm) are established in the embryo. Each of these germ layers 

contributes growth to a number of specific tissues and organs (Figure 4). 
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Figure 4: Germ layer theory 

(Source. mudnmemonics. hlogspot. nw/1015/06/the-three-primnrv-germ-lat'ers. hind) 

The major organ system development completed at the end of the embryonic 

phase. During this phase, embryo reaches the length of 30 mm at the eighth 

weeks from only 5 mm at the fifth weeks of gestation (Table 1). 
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Table 1: Embryo length correlated with approximate age in weeks (Sadler, 

2012) 

Length of Embryo (mm) Approximate Age (weeks) 
5 

-- --- -- 10-14 6 

17-22 7 
28-30 8 

The ectodermal germ layer contributes growth to the organs and structures 

that maintain contact with the outside world which include (1) central 

nervous system, (2) peripheral nervous system; (3) sensory epithelium 

of ear, nose and eye; (4) skin, including hair and nails; and (5) pituitary, 

mammary and sweat glands and enamel of the teeth. 

The mesoderm germ layer is grouped into paraxial, intermediate and lateral 

plate mesoderm. Paraxial mesoderm forms somitomeres, which contribute 

growth to the mesenchyme of the head and organize into tissues in the 

occipital (head) and caudal (tail) segments (Figure 5). 

6 



  

Axis elongation 

  
Figure 5: Early stage of the embryo; somite formation (Sadler, 2012) 

Somites contributes growth to the myotome (muscle tissue), sclerotome 
(cartilage and bone) and dermatome (subcutaneous tissue of the skin), 

which are all supporting tissues of the body. Mesoderm contributes growth 

to the vascular system that is the heart, arteries, veins, lymph vessels and all 
blood and lymph cells. Mesoderm also contributes growth to the urogenital 

system; kidneys, gonad and their ducts. 

The endodermal germ layer provides the epithelial lining of the 

gastrointestinal tract, respiratory tract and urinary bladder. It also forms the 

parenchyma of the thyroid, parathyroids, liver and pancreases. 
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The embryonic phase is the most sensitive time for risk of birth defect 

(Figure 6). 

ý Death of embryo may occur 

LJ Malformation of embryo may occur (e. g-, heart defect) 

M Functional disturbance of fetus may occur (e g., mental deficiency) 

Figure 6: Risk of birth defects being induced (Sadler, 2012). 

4.3. Fetal Phase 

The fetal phase starts from the beginning of the ninth week to the end of 
intrauterine life. It is characterized by maturation of tissues and organs 

and speedy growth of the body (Table 2). Growth in length is remarkable 
during the third, fourth and fifth month, while increase in weight is most 

prominent during the last 8 weeks of gestation. 

0 
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Table 2: Growth in length and weight of fetus (Sadler, 2012) 

rTI7iCZ 1TLU1 

9-12 5-8 10-45 

13-16 

17-20 

9-14 

15-19 

21-24 20-23 

25-28 

29-32 

33-36 

37-38 

24-27 

28-30 

31-34 

35-36 

60-200 

"50-450 

5U0-820 

900-1300 

1400-21100 

2200-2900 

3000-3400 

A few structural birth defects are known to be induced during this period. 
Even though deformations and disruptions may occur during this time, 

the risk for gross structural defects being induced is decreased, however 

organ systems may still be affected (Figure 7). During this time, prenatal 

screening techniques can detect the birth defects. 
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Figure 7: Risk of Birth Defect versus the Gestation Age (Moore, 1988) 
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5.0. Limb Development 

All connective tissues, including cartilage, bones, tendons, ligaments and 

skeletal muscle arise from the embryonic mesoderm. 

Limb development occurs at different times for the upper limbs and the 

lower limbs. In the mid-4th week of gestation, human upper limb buds first 

form and followed by the lower limbs about 2 days later. The limbs form 

along the body wall determined by Homeobox (HOX) genes adjacent to 

the specific spinal segmental levels C5-T2 (upper limbs) and L2-S2 (lower 

limbs). The tissues of the limb buds are derived from two main sources: 

mesoderm and ectoderm (Figure 8). 

The apical ectodermal ridge (AER) at the distal border of the limb regulates 

limb outgrowth by secreting fibroblast growth factors (FGFs) that maintain 

a region of rapidly dividing cells immediately adjacent to the ridge called 

the progress zone. The zone of polarizing activity (ZPA) located at the 

posterior border of the limb secretes sonic hedgehog (SHH) and control 

anterior-posterior patterning (thumb to little finger). The limb buds elongate 

by proliferation of the mesenchyme within them. 

In the 511 week of gestation, hand and footplates appear at the ends of limb 

buds and ridges form digital rays. The cells between the digital rays are 

subsequently removed by apoptosis (programmed cell death). 
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Figure 8: Human limb development 
(Sour(e http. hwolul{r Jorums. com gui/ert, /33_28_116_11_9 44_! 1 Jpeg) 

Bones of the limb formed by endochondral ossification (the process of laying 

down new bone material by cells called osteoblasts that takes place from 

centers arising in cartilage) and are derived from the parietal (wall of organ/ 

cavity) layer of the lateral plate mesoderm. Limb muscles are derived from 

mesenchyme (myogenic precursor cells) originating in the somites. The 

muscle-forming cells (myoblasts) form dorsal and ventral muscle masses. 
Later fusion and splitting of these groups into different muscles distorts the 

original segmental pattern. Nerves grow into the limb buds after the muscle 

masses are formed. Most blood vessels of the limb buds arise as buds from 

the intersegmental arteries and drain into the cardinal veins. 

In the beginning, the developing limbs are directed caudally (directed 

toward the tail); later they project ventrally (directed toward front) and 
lastly, they rotate on their longitudinal axes. At 8"' weeks, the upper and 
lower limbs rotate in the opposite directions and to different degrees, thumb 

and toe rostral, knee and elbow face outward, upper limb rotates dorsally 

(directed toward back) and lower limb rotates ventrally (directed toward 

front) (Figure 9). 

Digits form when apoptosis (programmed cell death) occurs in the AER 

to separate this structure into five separate ridges. 
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Figure 9: Rotational of Upper and Lower Limb 
(Source. https: //embryology. med. unsw. edu. au/embryology/images/thumb/2/2b/ 
Slagel9-_limb_rotation 

. 
jpg/400px-Stagel9-_/imb_rotation jpg) 

6.0. Category of Congenital Deformity 

Medical geneticists divide birth defects into four major categories: 
malformations, deformations, disruptions and dysplasias. 

6.1. Malformation. 

Malformations effect from intrinsic (inherent) abnormalities in one 
or more genetic programs operating in the development. An example 

of a malformation is the extra fingers disorder known as Greig 

Cephalopolysyndactyly Syndrome (Figure 10). This syndrome results 
from the mutations in a gene encoding a transcription factor, GL13, which is 

one component of a complex network of transcription factors and signaling 

molecules that interact to cause the distal end of the human upper limb bud 

to develop into a hand with five digits. 
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