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Bone healing occurs in similar phases to those for skin but with some di ff erences ( Figure 3.3 ).
Most fractures heal by callus formation, which involves intramembranous and endo - chondral ossifi
cation. This is known as indirect or secondar y bone healing and typically occurs in non-operative
fracture management. A haematoma forms at the fracture site and - there is an infl ammatory
response. T he fracture haematoma is gradually replaced by a soft callus. This fibrocartilage callus
then undergoes endochondral ossifi cation to form hard callus, which is woven bone helping to
stabilise the fracture. Intramembranous ossifi cation also occurs directly adjacent to the distal and
proximal fracture ends. Hard callus formation is
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by lamellar bone. Primary bone healing is a direct bone union process involv ing intramembranous
ossifi cation without callus formation. It does not commonly occur in the natural process of healing
since it requires fracture ends to be directly apposed and rigidly fi xed with absolute stability . If a
gap exists, then secondary healing may lead to delay ed union, non-union or malunion. Primary
healing is therefore the aim of open reduction and internal fi xation surgery . (See also Chapter 32 )
. Augustus Volney Waller , 1816-1870, general practitioner of Kensington, London, UK (1842-1851),
subsequently worked as a physiologist in Bonn, Germany; Paris, France; Birmingham, UK; and
Geneva, Switzerland. Louis Antoine Ranvier , 1835-1922, physician and histologist who was a
professor in the College of France, Paris, France Peripheral nerve degeneration and regeneration
are - summarised in Figure 3.4 . Distal to nerve injury (neurotmesis), Wallerian degeneration
occurs. Proximally , the nerve su ff ers degeneration as far as the nearest node of Ranvier. The
regenerating nerve fi bres are attracted to their receptors by neur otropism, which is mediated by



growth factors, hormones and the extracellular matrix. Injury of the perineurium and inflammation
can lead to neuroma formation, where the disorganised nerve regeneration leads to a painful lump.

(a) Normal nerve (b) Wallerian degeneration (c) Phagocytosis and reconstruction (d) Axonal
regeneration and remyelination Myelin debris Schwann cell Macrophage Figure 3.4 Schematic
diagram illustrating the process of degeneration and regeneration after peripheral nerve injury.
When normal nerves (a) suffer a physical injury, the portion of the lesion site and its distal stump
undergo destruction and break down to produce myelin debris. This degenerative process is called
Wallerian degeneration (b) Schwann cells (SCs) recruit macrophages to scavenge degenerated
myelin fragments (c) . Meanwhile, SCs proliferate and migrate alone to the basal lamina to form
bands of Bungner, which guide the axon to reinnervate towards the corresponding target (d) .
(Adapted from Li R, Li DH, Zhang HY et al . Growth factor-based therapeutic strate gies and their
underlying signaling mechanisms for peripheral nerve regeneration. Acta Pharmacol Sin 2020; 41 :
1289-300. 2020. http:// creativecommons.org/licenses/by/4.0/)
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by lamellar bone. Primary bone healing is a direct bone union process involv ing intramembranous
ossifi cation without callus formation. It does not commonly occur in the natural process of healing
since it requires fracture ends to be directly apposed and rigidly fi xed with absolute stability . If a
gap exists, then secondary healing may lead to delay ed union, non-union or malunion. Primary
healing is therefore the aim of open reduction and internal fi xation surgery . (See also Chapter 32 )
. Augustus Volney Waller , 1816-1870, general practitioner of Kensington, London, UK (1842-1851),



subsequently worked as a physiologist in Bonn, Germany; Paris, France; Birmingham, UK; and
Geneva, Switzerland. Louis Antoine Ranvier , 1835-1922, physician and histologist who was a
professor in the College of France, Paris, France Peripheral nerve degeneration and regeneration
are - summarised in Figure 3.4 . Distal to nerve injury (neurotmesis), Wallerian degeneration
occurs. Proximally , the nerve su ff ers degeneration as far as the nearest node of Ranvier. The
regenerating nerve fi bres are attracted to their receptors by neur otropism, which is mediated by
growth factors, hormones and the extracellular matrix. Injury of the perineurium and inflammation
can lead to neuroma formation, where the disorganised nerve regeneration leads to a painful lump.

(a) Normal nerve (b) Wallerian degeneration (c) Phagocytosis and reconstruction (d) Axonal
regeneration and remyelination Myelin debris Schwann cell Macrophage Figure 3.4 Schematic
diagram illustrating the process of degeneration and regeneration after peripheral nerve injury.
When normal nerves (a) suffer a physical injury, the portion of the lesion site and its distal stump
undergo destruction and break down to produce myelin debris. This degenerative process is called
Wallerian degeneration (b) Schwann cells (SCs) recruit macrophages to scavenge degenerated
myelin fragments (c) . Meanwhile, SCs proliferate and migrate alone to the basal lamina to form
bands of Bungner, which guide the axon to reinnervate towards the corresponding target (d) .
(Adapted from Li R, Li DH, Zhang HY et al . Growth factor-based therapeutic strate gies and their
underlying signaling mechanisms for peripheral nerve regeneration. Acta Pharmacol Sin 2020; 41 :
1289-300. 2020. http:// creativecommons.org/licenses/by/4.0/)
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Bone healing occurs in similar phases to those for skin but with some di ff erences ( Figure 3.3 ).
Most fractures heal by callus formation, which involves intramembranous and endo - chondral ossifi
cation. This is known as indirect or secondar y bone healing and typically occurs in non-operative
fracture management. A haematoma forms at the fracture site and - there is an infl ammatory
response. T he fracture haematoma is gradually replaced by a soft callus. This fibrocartilage callus
then undergoes endochondral ossifi cation to form hard callus, which is woven bone helping to
stabilise the fracture. Intramembranous ossifi cation also occurs directly adjacent to the distal and
proximal fracture ends. Hard callus formation is
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Remodelling proceeds with osteoclasts and and eventually recreating the appropriate anatomical
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by lamellar bone. Primary bone healing is a direct bone union process involv ing intramembranous
ossifi cation without callus formation. It does not commonly occur in the natural process of healing
since it requires fracture ends to be directly apposed and rigidly fi xed with absolute stability . If a
gap exists, then secondary healing may lead to delay ed union, non-union or malunion. Primary
healing is therefore the aim of open reduction and internal fi xation surgery . (See also Chapter 32 )
. Augustus Volney Waller , 1816-1870, general practitioner of Kensington, London, UK (1842-1851),
subsequently worked as a physiologist in Bonn, Germany; Paris, France; Birmingham, UK; and
Geneva, Switzerland. Louis Antoine Ranvier, 1835-1922, physician and histologist who was a
professor in the College of France, Paris, France Peripheral nerve degeneration and regeneration
are - summarised in Figure 3.4 . Distal to nerve injury (neurotmesis), Wallerian degeneration
occurs. Proximally , the nerve su ff ers degeneration as far as the nearest node of Ranvier. The
regenerating nerve fi bres are attracted to their receptors by neur otropism, which is mediated by
growth factors, hormones and the extracellular matrix. Injury of the perineurium and inflammation
can lead to neuroma formation, where the disorganised nerve regeneration leads to a painful lump.

(@) Normal nerve (b) Wallerian degeneration (c) Phagocytosis and reconstruction (d) Axonal
regeneration and remyelination Myelin debris Schwann cell Macrophage Figure 3.4 Schematic
diagram illustrating the process of degeneration and regeneration after peripheral nerve injury.
When normal nerves (a) suffer a physical injury, the portion of the lesion site and its distal stump
undergo destruction and break down to produce myelin debris. This degenerative process is called
Wallerian degeneration (b) Schwann cells (SCs) recruit macrophages to scavenge degenerated
myelin fragments (c) . Meanwhile, SCs proliferate and migrate alone to the basal lamina to form
bands of Bungner, which guide the axon to reinnervate towards the corresponding target (d) .
(Adapted from Li R, Li DH, Zhang HY et al . Growth factor-based therapeutic strate gies and their
underlying signaling mechanisms for peripheral nerve regeneration. Acta Pharmacol Sin 2020; 41 :
1289-300. 2020. http:// creativecommons.org/licenses/by/4.0/)
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