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Introduction: A non-union after intra-medullary nailing requires careful consideration of the different possibilities of treatment.
In the following we discuss the pros and cons when more than one valuable solution exists (7). For this purpose, we use cases
from the ICUC database as well as some anecdotal cases. The literature proposes exchange-nailing, plate augmentation (2)
and dynamization as treatment options for delayed or non-healing after intra-medullary nailing (Fig. 1-5) (3—6). An essential
argument in such a consideration is surgical invasiveness (7).

Discussion of the literature: There is good evidence for intramedullary nails as preferred treatment for the majority of femoral
shaft fractures. Healing complications, however, are not rare (8, 9). Nonunion is significantly correlated with distal fracture,
unsatisfactory reduction and the use of unreamed nails. Treatment tactic for these cases remains controversial. Exchange
nailing with or without bone grafting, compression plating, plate augmentation, with or without cerclage and grafting and the
so-called dynamization are proposed, both for femur and tibia (9, 710). Some of these treatments are quite invasive.
Dynamization is technically simple and not expensive but only promising for special cases, and biomechanically hard to
understand, since removal of locking screws not only allows axial sliding over the nail, but generates at the same time
rotational instability. The following clinical examples show alternatives.

Documents, especially intra-operative images, of surgical cases are often scarce. A complete intraoperative image
documentation allows a deepened secondary analysis and is a valuable source of learning (7, 11).

Fig. 1: Hypertrophic non-union after femur nailing: healing after “reamed exchange-nailing”, considered the standard solution for a short oblique
fracture at the isthmus. An alternative. Is shown in Eig. 2-5. It is difficult to decide which procedure is less invasive, considering that usually
exchange nailing includes reaming, considered to be advantageous for healing. Medullary reaming, however, has been shown to have
considerable general effects (12). Using special techniques, reamer debris are not wasted and their osteo-inductive elements (stem cells and
growth factors), wasted during exchange nailing, enhance healing (13).
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Fig. 2: Delayed Healing of a wedge fracture of the femur shaft after nailing, 65y old patient. 25 weeks after nailing, despite some
callus formation pain persisted and the fracture was not consolidated (cf. Fig. 3). Healing after application of an additional internal
fixator and a cerclage. ICUC® App Case ID: 32-WE-042.

Fig. 3: Evolution of femur fracture of Fig. 2. X-ray at 29 weeks shows a breakage of the distal locking screw as
symptom of persisting instability and cyclic load on the screw. ICUC® App Case ID: 32-WE-042, image 57 of
288).
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Fig. 4: Second surgery of femur fracture of Fig. 2 and 3: A bridge plate (left image) was slid onto the bone through two small incisions and a MIO cerclage
(right image) was added and the nail left in place. Uneventful healing and good function followed. (cf. Fig. 5). ICUC® App Case ID: 32-WE-042, image 78 and 148

of 288.
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Fig. 5: result after second surgery of femur fracture of Fig. 2-4. Uneventful healing after addition of a plate and a cerclage by minimally invasive technique.
ICUC® App Case ID: 32-WE-042, image 172 and 173 of 288.

The technique shown in Fig. 2-5 is technically simple. Plate augmentation is an alternative to reamed exchange nailing (3-5)
for a short oblique fracture at the isthmus.
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Fig. 6: Plate-nail combination to correct a technically unsatisfactory nailing in this case in a infra-isthmus short oblique
fracture where exchange nailing is not an option. Plate augmentation was used after this technically insufficient nailing: removal
of distal locking screws, correction of reduction leaving the old nail and adding a plate led to uneventful consolidation. This old
case illustrates an alternative to more complex and invasive techniques.
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Short Oblique isthmal Fracture

Fig. 7: Exchange nailing should only be a valid option in short oblique fractures at the isthmus (A). A thicker nail improves the contact

with both main fragments, achieving a higher construct stiffness (B). This is not true for all other fracture types and locations, where plate
augmentation is a better option (C and D).

Summary: Nailing is the preferred treatment of femur shaft fractures. For delayed unions or non-unions “reamed exchange
nailing” and plate augmentation, used as tools to increase construct stiffness, seem to be the treatment of choice.
Dynamization should not be considered anymore. In view of the general effects of medullary reaming, possibly less invasive
alternatives might be interesting. Simply adding an internal fixator — by minimally invasive techniques - leaving the nail in place
could be such a technically simple alternative.
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