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Etiology and Management of Nonunion

Kyeong-Hyeon Park, M.D., Joon-Woo Kim, M.D., Ph.D., and Chang-Wug Oh, M.D,, Ph.D.”

Department of Orthopaedic Surgery, Kyungpook National University School of Medicine, Daegu, Korea

Nonunion is caused by various factors related to fracture characteristics, patient characteristics, treatment, and infection. Aseptic nonunion,
is divided into three categories in accordance with the biological activity of the fracture: atrophic nonunion, oligotrophic nonunion, and
hypertrophic nonunion. Treatment of nonunion depends on the cause and classification. Here, we report our experiences and review the

various causes of nonunion and treatment methods available.

Key words: fracture, nonunion, aseptic nonunion, atrophic nonunion, oligotrophic nonunion, hypertrophic nonunion
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Figure 1. (A) A nonunion of distal humeral
shaft with screw breakage was shown
after internal fixation. (B) With the
resection of bone with of poor vitality,
compression plating was performed. (C)
Union was achieved uneventfully.

Figure 2. (A) Proximal tibia shaft fracture was fixed with a thin intramedullary
nail. (B) Although an abundant callus was seen, hypertrophic nonunion
occurred with breakage of interlocking screws. A small diameter nail
might result in insufficient mechanical stability.
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Figure 3. (A, B) For a segmental tibial shaft fracture, plate fixation was
performed; however, hypertrophic nonunion occurred with insufficient
numbers of screws and relatively short length of plate. (C) With the
correction of alignment, more numbers of screws and a longer length of
plate were fixed. (D) Complete bony union was achieved at 10 months
later.
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Figure 4. (A, B) A nonunion occurred after
intramedullary nailing of proximal humeral
shaft, probably from the unstable fixation
with one interlocking screw at the distal
segment. (C) The increase of isotope
uptake shows the viability of fracture
site. Compression plating was performed
without bone graft (D), and bony union
was achieved (E).
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Figure 5. (A) A plate was fixed for a segmental fracture of tibia shaft. (B)
Due to the relatively short length of medial plate, hypertrophic nonunion
occurred with the implant loosening. (C) Reamed intramedullary nailing
was performed after removal of previous plate without bone graft. (D)
Bony union was achieved after one year.

Figure 6. (A) Distal shaft fracture of the femur showed the hypertrophic
nonunion with abundant callus formation, at 6 months after nailing.
(B) To obtain additional stability, an additional interlocking screw and
interference screws were added to the distal femur. (C) Complete bone
union was achieved without bone graft, after 9 months.
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Figure 7. (A, B) After intramedullary nailing for a distal femoral shaft
fracture, a hypertrophic nonunion of the femur was observed, probably
from insufficient working length of distal fixation. (C) An augmentation
plate with the minimally invasive technique was fixed to add stability,
without bone graft. (D) Solid bone union was achieved with bridging of
the callus.

Figure 8. (A, B) An atrophic nonunion developed after static
intramedullary nailing of femoral shaft fracture with a gap at the fracture
site. (C) The procedure of dynamization was performed with removing
the static interlocking screw at the proximal segment. (D) A complete
bony union was achieved.
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Figure 9. (A) A nonunion with segmental bone defect occurred after the management of open tibia fracture. (B, C) Bone transport over the plate was
performed. (D) After the completion of bone transport, screws were fixed at the transported segment through empty holes of plate followed by the
bone graft at the docking site and the removal of external fixator. (E) At 8 months, radiograph showed the consolidation at the distraction area and

union at the docking site.
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Figure 10. Nailing was done in open fracture of the distal tibia (A); however, the atrophic nonunion occurred without callus formation on the radiograph
(B). Bone defect was observed at the fracture site (C), and autogenous bone graft was performed (D). (E) After 7 months, complete bone union was

achieved.

Figure 11. Plate fixation was performed for open fracture of the distal
femur (A), and nonunion occurred (B). (C) Osteosynthesis was performed
with bone Graft substitutes (Ca-Phosphate ceramics) and autologous
bone graft. (D) Complete bone union was achieved in the nonunion site.
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