
SURGICAL TECHNIQUE

The Use of a Sliding Bone Graft in the Upper
Extremity for Long Bone Nonunions

Emily Jewell, BA, Greg Merrell, MD

Nonunions of the upper extremity are a source of significant morbidity and can be difficult
to treat. This paper describes a sliding bone graft technique that offers several significant
advantages over other techniques for nonunions. (J Hand Surg Am. 2015;40(5):1025e1027.
Copyright ! 2015 by the American Society for Surgery of the Hand. All rights reserved.)
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R ECALCITRANT NONUNIONS OF THE upper extrem-
ity, particularly those where primary shortening
at the nonunion site is undesirable, represent

a management challenge. Often in these situations,
the iliac crest provides a structural bridge and appro-
priate biology to encourage healing. However, a sliding
graft is locally available, avoiding the morbidity of an
iliac crest harvest, and is naturally contoured for the
nonunion site. The premise of the sliding graft is that
union of 100% of the cortical diameter may not be
necessary to achieve structural rigidity, particularly
in upper extremity diaphyseal nonunions, which are
not under a constant weight-bearing load. In addition,
placement of naturally contoured sliding grafts with lag
screwsmayprovide awell-opposed compressed surface
of healthy bone outside the zone of the nonunion to
encourage healing potential. Such sliding grafts were
described in the lower extremity in the 1950s prior to
more modern fixation methods.1 Here we describe a
similar technique with case examples for use in the
upper extremity.

INDICATIONS
Patients who have failed treatment for upper extre-
mity fracture fixation where direct compression and

cancellous grafting techniques are not possible owing
to concerns with long bone shortening are potential
candidates for a sliding graft.

CONTRAINDICATIONS
Patients with a nonunion defect larger than 6 to 8 cm,
or if the tissue had been irradiated, would not be
candidates for a nonvascularized sliding graft. Also,
owing to hardware implantation, this bone graft tech-
nique would not be ideal if a current infection exists.

SURGICAL TECHNIQUE
After bone debridement back to healthy bone ends,
determine the length of the sliding graft needed that
would allow 2 lag screws placed through the sliding
graft on either side of the nonunion gap. The sliding
bone graft will be harvested from the longer end of
the nonhealed bone. Resect the longitudinal sliding
graft with a well-irrigated sagittal saw. The sliding
graft should be approximately one-third of the cross-
section of the bone to avoid a potential fragility
fracture at the graft site.2 Carefully free up the sliding
graft with a small osteotome. This section of bone
is referred to as “A” (Fig. 1). Perform the same
sequence as described earlier on the opposite side of
the nonunion to allow a receiving area for the sliding
graft. The receiving area needs to be long enough to
accommodate at least 2 lag screws in the sliding graft.
The section of bone produced is referred to as “B.”

Slide bone graft “A” across the nonunion site and
into the cavity created by the removal of bone graft
“B” (Fig. 2). Secure bone graft “A” by placing 2 lag
screws through the proximal and distal ends of the
graft and into the adjacent diaphyseal bone. Make
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sure to maintain appropriate length of the long bone.
Either bone graft “B” can be fixed into the donor site
with lag screws, or it may be more appropriate to
morcellize if it is small. If morcellized, mix with dbx
putty or distal radius cancellous graft. Place in both
the defect of the nonunion site not taken up by the
sliding graft and the defect left in the donor site from
sliding graft “A” across. Place a long bridging plate
that spans not only the nonunion but also extends to
full-diameter cortical bone on either side of the
sliding graft (Fig. 2).

REHABILITATION AND POSTOPERATIVE CARE
The patient should be treated as if having undergone
a simple open reduction and internal fixation for
fracture nonunion.

CASES
Case 1
The first patient is a 44-year-old man with a history
of chronic triangular fibrocartilage complex tears and
no previous surgery on his left wrist. After an accident,
he presented with persistent ulnar-sided pain. He
was found to have ulnar-positive variance, so a trian-
gular fibrocartilage complex debridement and ulnar-
shortening osteotomy were performed. There were
no complications during surgery, but 3 weeks after
surgery, he presented with cellulitis. He was placed on

antibiotics, but the wound began to progressively
dehisce. He underwent a thorough debridement of the
wound, and at that time, the hardware was secure.
Despite debridement and appropriate antibiotic treat-
ment, the patient developed a nonunion of the left ulna.
The patient underwent an open reduction and internal
fixation of the ulna nonunion with a compression plate
and distal radius bone graft. There were no intra-
operative complications, and no infection developed
after surgery. Despite this, the patient developed a
nonunion (Fig. 3). Next, a sliding bone graft proce-
dure as described was performed. The nonunion site
healed based on radiographs, computed tomography,
and clinical examination (Fig. 3).

FIGURE 1: A Original fracture nonunion. B Appearance of bone
graft after cuts have been completed. Bone graft segments have
been labeled A and B as described in the surgical technique
description. Inset is a cross-section of bone showing the sliding
graft being one-third of the cross-section. (All images illustrated
by Katheryn Pourcho.)

FIGURE 2: A Cuts for creation of the sliding bone graft. B Bone
graft in end location with screw fixation. C Bridging plate with
screw fixation. Bone graft segments have been labeled A and B as
described in the surgical technique description. The segments are
labeled the same as in Figure 1. (All images illustrated by
Katheryn Pourcho.)

FIGURE 3: A Nonunion despite compression plating and
cancellous bone graft. B Healed ulna after sliding bone graft.

1026 SLIDING BONE GRAFT FOR LONG BONE NONUNIONS

J Hand Surg Am. r Vol. 40, May 2015

SurgicalT
echnique



Case 2
The second patient is a 53-year-old man who initially
presented after a motor vehicle crash with a distal
radial shaft fracture. This was treated with reduction
and plate fixation. The patient developed a nonunion.
This was treated with plate removal, debridement
of nonunion, and revision plating with bone graft.
The nonunion persisted despite the revision surgery
(Fig. 4). There was no evidence of infection. Treat-
ment followed with a sliding bone graft and plate.
Healing was documented by radiographs, computed
tomography scan, and clinical evaluation (Fig. 4).

PEARLS AND PITFALLS
Beware of cutting more than 33% of the cross-section
of the bone. It has been found that if more than 50%
of the original circumference remains intact (in cases
of metastasis to diaphyseal bone), the incidence of
fracture is approximately 2%.2 Ensure that the edges
of the nonunion are properly debrided back to viable
bleeding bone. This increases the likelihood of union.
Take care when making the sliding graft cuts on either
side of the nonunion to ensure that they line up
properly to allow for full apposition between the
corticocancellous graft and the diaphyseal bone with
wide-open medullary canals.

COMPLICATIONS
Proper patient selection is paramount to avoid
surgical complications with this technique. Owing
to the nonvascularized nature of this graft, defects
that are over the 6- to 8-cm threshold may require
a vascularized bone graft or Ilizarov technique.3,4

In a severely compromised tissue bed, the Mas-
quelet technique may be a better choice because
it provides the formation of a biological membrane,
improved vascularity, and growth factors and
prevents graft resorption.5 Even with good patient
selection, continued nonunion and infection are still
possible.
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FIGURE 4: A Nonunion despite plating. B Healed radius after sliding bone graft.
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