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ABSTRACT

The successful treatment of forearm non-unions, which occur as a complication in 2-10% of all forearm
fractures, poses a significant challenge in reconstructive surgery. Current treatment often involves revision
fixation with non-vascularized bone grafts for atrophic non-unions. Large bony defects in both forearm bones,
however, necessitate advanced reconstructive techniques. In isolated reconstructions of the radius or ulna,
the vascularized medial femoral condyle (MFC) flap has gained popularity, achieving 98-100% union rate.
Allogenic bone grafts have also been described for reconstruction of large bone defects, potentially reducing
donor site morbidity and operation time.

This two-case report investigates the performance of vascularized MFC cortico-cancellous flap for ulna recon-
struction and tricortical allogenic bone graft of the iliac crest for radius reconstruction in excessive, post-traumatic,
atrophic non-union of the forearm diaphysis. In May and June 2021, a 62-year-old and a 56-year-old male
received reconstruction surgery 9 and 13 months after initial plate osteosynthesis after a motorcycle accident.
The MFC flap showed successful bony union of the ulna after 3 months as well as consecutive remodeling.
However, the reconstruction of the radius showed a recurrent non-union, which even led to plate breakage
in one case.

In both cases, ulnar reconstruction with a vascularized MFC flap achieved successful union. However, radial
reconstruction using structural allograft did not achieve union, causing recurrent non-union, likely reflecting
limited biological incorporation.
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Introduction o
bone grafts — most commonly harvested from the iliac crest are

In forearm fractures, non-unions occur in 2-10% of all forearm frac-
tures [1]. The Food and Drug Administration (FDA) defines a no-union
as‘a fracture that persists for a minimum of 9 months without signs of
healing for 3 months’ [2]. Weber and Cech classify non-unions into
atrophic, oligotropic, and hypertropic non-union [3]. Due to the com-
plex mechanism of fracture healing and its dysfunctions resulting in
non-union, the’Diamond Concept’was introduced, emphasizing cellu-
lar environment, the growth factors, the bone matrix, and the mechan-
ical stability [4]. More advanced non-union classifications have since
been developed [5, 6], although Calori et al. summarize the difficulty in
the diagnosis and further successful treatment of non-union ‘as no two
cases of non-union are apparently alike’ [6]. While atrophic non-union
is considered to be caused by poor vascularity, histological analyses do
not completely support this radiological finding [7, 8].

In isolated ulnar or radial diaphyseal non-unions, effective
treatment includes debridement of avital bone tissue, removal of
failed hardware, restoration of length, alignment, and rotation, as
well as stable fixation using compression osteosynthesis methods
(e.g. 3.5 mm plates] [9]. For defects up to 6 cm of length, autologous

recommended [9, 10]. However, treating non-unions of both the
radius and the ulna poses a significant surgical challenge in achieving
the aforementioned mechanical objectives while ensuring enough
biological healing properties. For the treatment of forearm non-
unions, current literature supports reconstruction using compression
plating with autologous bone grafts in large bone loss (3-5 cm) [1],
while vascularized bone grafts should be considered in defects larger
than5-6 cm[11]. Arecent scoping review reports that the vascularized
fibula graft is most utilized in diaphyseal osseous gap reconstruction
in the upper extremity [12]. Recently, the vascularized medial femoral
condyle (MFC) flap, first described by Sakai in 1991, has gained
increasing popularity in bony defect reconstructions [13]. MFC flap
offers several advantages including a constant pedicle anatomy [14],
a maximal flap length up to 13 cm, and a stable cortical bone with
various contouring options [15]. In upper extremity reconstructions,
the MFC flap yielded an overall flap failure rate of 2% in recent meta-
analysis [16]. In terms of isolated reconstructions of either the radius
or the ulna using a MFC cortico-cancellous or periosteal flaps, a recent
systematic review reported a union rate of 100% [11].
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Alternatively, allogenic bone grafts have been suggested as an
option for addressing large bone defects of the radius in patients
with infected non-unions and after tumor excision [17, 18].
Considering the higher rates of recurring non-unions at single
allograft-host bone junctions, this option appears attractive for the
simultaneous reconstruction of both forearm bones: If a MFC
reconstruction for the ulna is performed, radius reconstruction using
a bone allograft aims to reduce donor site morbidity and operation
time.

No reports exist in the literature describing simultaneous
reconstruction of both forearm bones using a vascularized MFC
graft for the ulna combined with a structural graft for the radius in
extensive atrophic diaphyseal non-union.

Case presentation

The first case includes a 62-year-old male patient, who suffered an
open forearm diaphysis fracture including a two-level ulna fracture, a
radial head and a coronoid process fracture following a motorcycle
accident. Initial treatment was performed at another clinic using a
12-hole Variable Angle Locking Compression Plate (VA-LCP) for the
radius and a 14-hole VA-LCP plate for the ulna including each one lag
screw. Due to persistent delayed bony union until 6 months postoper-
atively, high-energy extracorporeal shockwave therapy was applied.
However, CT imaging 9 months postoperatively showed a persistent
bony defect zone of at least 2 cm for the radius and 3 cm for ulna with
no signs of bony consolidation. Due to the presence of an atrophic
non-union, reconstruction surgery was performed 9 months after the
initial trauma in May 2021: Excision of the non-union resulted in a bony
defect of 3 and 4 cm for the ulna and the radius, respectively. The
defects were reconstructed using a MFC flap for the ulna and a sizem-
atched structural allograft for the radius, both stabilized with a 10-hole
and an 8-hole VA-LCP (see Figure 1). Following reconstructive surgery,
pain and swelling at the harvest site were managed through partial
weight-bearing and local treatment. Bony union of the MFC flap could
be achieved 3 months postoperatively, while complete remodeling
was observed 7 months postoperatively (see Video 1). Twenty months
after reconstructive surgery, the patient presented with plate break-
age due to a recurrent non-union of the radius (see Figure 1). This
patient has no known risk factor for impaired bony healing with arte-
rial hypertension as the only pre-existing condition.

The second case involves a 56-year-old male polytrauma patient
who was transferred to our clinic after a motorcycle accident. He
showed an open, comminuted fracture of the radius and ulna diaphysis,
while he also suffered a traumatic amputation of the left lower leg, rib
fractures, and a fracture of the coracoid process. Initial treatment
included a 7-hole VA-LAP osteosynthesis of the ulna, while no

compression of the fracture site could be achieved due to a
comminution zone of 1 cm. The radius was treated using an 8-hole
plate osteosynthesis and one lag screw. A concomitant soft tissue
defect necessitated seven wound revisions including Vacuum Assisted
Closure cycles before being ultimately covered with a vascularized
muscle flap and split skin-grafting 20 days after the accident.
Postoperative radiographic imaging showed no signs of bony
consolidation resulting in a defect zone of 3 and 4 cm of the radius and
ulna, which was verified in a CT scan 10 months postoperatively. Due to
atrophic forearm non-union, reconstructive surgery was performed
13 months after the accident in June 2021. This procedure involved the
excision of a bony defect of approximately 5 cm in both the radius and
the ulna. The defects were again reconstructed using a MFC flap for the
ulna and a size-matched structural allograft for the radius, both
stabilized with a 10-hole and a 9-hole VA-LCP (see Figure 2). Bony union
of the MFC flap could be achieved 3 months postoperatively. While
CT scans taken 9 and 19 months after the reconstruction surgery
revealed a complete remodeling of the MFC flap, recurrent atrophic
non-union of the radius with significant lysis of the allogeneic graft was
observed (see Figure 2 and Video 2). This patient showed chronic
alcohol abuse and chronic obstructive pulmonary disease as pre-
existing conditions in his medical history.

Surgical technique

Reconstructive surgery involved excision of the non-union area until
bleeding cortical margins are achieved. Ulna reconstruction involved a
vascularized, cortico-cancellous MFC flap from the contralateral knee.
Flap harvesting was aided by a 3D printed model of the defect [19, 20].
The pedicle of the flap was anastomosed to the ulnar artery and vein
(see Figure 3). For radius reconstruction, a tricortical allogenic bone
graft of the iliac crest was used. Re-osteosynthesis was performed
using a 3.5 mm VA-LCP, while excentric drilling was performed on both
sides of the graft-host junctions. The tricortical iliac crest allograft was
obtained from a certified musculoskeletal tissue bank and processed
according to standardized sterilization protocols. Postoperative care
involved immobilisation with an upper-arm plaster cast for 4 weeks,
followed by a forearm cast for additional 2 weeks. X-ray controls were
performed immediately postoperatively, 3 weeks, 6 weeks, 12 weeks,
6 months, 12 months, and 18 months postoperatively.

Ethics

This retrospective case report was approved by the regional ethical
review committee (EK 1093/2023). Patients provided written informed
consent for inclusion.
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Figure 1. Case 1 Radiographs. Radiographs obtained preoperatively (a) after splint removal (b) as well as 20 months after reconstruction surgery (c).


https://doi.org/10.2340/jphs.v61.45795
https://doi.org/10.2340/jphs.v61.45795

JOURNAL OF PLASTIC SURGERY AND HAND SURGERY 93

Figure 3. Intraoperative images: An intraoperative photograph of the cortico-cancellous medial femur condyle flap harvesting (a), the dimension of the graft
with its pedicle (b), and its anastomosis to the ulnar artery and vein after flap inset and osteosynthesis (c).

Discussion and conclusions

The procedure examined in this case report includes a simultaneous
reconstruction of large bony defects of the ulna and the radius using
a vascularized cortico-cancellous MFC flap and an iliac crest allo-
graft for post-traumatic, atrophic non-union of the forearm. Bony
union of MFC flap was achieved within 3 months, which is at the
lower end of reported healing times [21]. The rapid union observed
in our cases is consistent with previous reports indicating thatdiabe-
tes mellitus, a body mass index greater than 30 kg/m? and more
than one previous surgery are associated with longer healing times
[21].

Recent systematic reviews show an overall bony union of MFC
flaps of 98 to 100% [11, 16]. In 2009, de Smet was one of the first
authors who reported solid union of four non-unions of the ulna
and two non-unions of the radius with prior surgeries that were
successfully treated with MFC flaps [22]. In contrast, revision fixation
using a bone allograft not only failed to achieve union at the
allograft-host junctions, whose occurrence was described between
30 and 50% in large bone defects of the radius [18, 17], but even
resulted in an entire failure of allograft incorporation in both cases.
The ulna is generally considered to have poorer regenerative
properties compared to the radius [23]. Despite comparable sizes of
the bone defects in the forearm diaphysis, reconstruction using
vascularized MFC flap appeared biologically superior in these cases
compared to the iliac crest allograft in all aspects. The absence of
intrinsic vascularity, cellularity and growth factors in combination
with the high mechanical strain of the forearm during movement
pose essential drawbacks of the allograft [4]. Hence, the critical
defect size for achieving bony union seemed to be exceeded in
these two cases.

The main limitation of this retrospective case report is the sample
size including two patients, which may be caused by the rare
occurrence of extensive, atrophic non-unions of the forearm. From a
technical standpoint, the two cases also differed in fixation strategy,

as the radial allograft was secured with one fixed-angle screw in the
first patient and with three fixed-angle screws in the second. This
variation likely affected construct rigidity and may have influenced
graft stability and biological incorporation. The choice of allograft for
radius reconstruction failed its intended aim of reducing donor site
morbidity and shortening surgical time for simultaneous forearm
reconstruction, instead necessitating another complex revision
surgery.

For extensive, atrophic forearm non-unions, we conclude that the
MFC cortico-cancellous flap represents a favorable option for ulna
reconstruction. For simultaneous radius reconstruction, an
autologous bone flap seems necessary to provide sufficient biological
healing properties, with the defect length determining the necessity
for either a vascularized or non-vascularized option. Another surgical
option would be a double-barrel vascularized fibular graft for the
reconstruction of both forearm bones, while flap trimming and the
positioning of the pedicle mightimply a surgical challenge [24]. While
forearm shortening osteotomy in a case with 1.5 cm resection was
reported with satisfactory results, recent studies report considerable
loss of range of motion in pronation and supination and in finger
flexion in shortening of more than 3 c¢cm [25-27]. Because the
vascularized MFC flap significantly outperformed the iliac bone
allograft, a vascularized graft seems recommended whenever
possible in large bone defects resulting from forearm non-union [28].
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