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ABSTRACT
Purpose. To compare various treatment modalities
(plating, Ilizarov external fixation, and non-vascular
fibular cortical strut grafting) for non-union of
humeral shaft fractures.
Methods. Records of 9 women and 26 men aged 24 to
71 (mean, 42) years who presented with non-union of
humeral shaft fractures were reviewed. The humeral
shaft fractures were secondary to low-energy trauma
(n=22) or vehicular accidents (n=13) and involved
the proximal (n=9), middle (n=15), and distal (n=11)
regions. 13 of the fractures were open. Infection
was evident in 8 of the non-unions. For non-unions
with infection (n=8), a 2-stage procedure entailing
temporary Ilizarov fixation followed by plating was
used. For non-unions without infection (n=23), onestage plating and cancellous bone grafting was used.
For non-unions of osteoporotic bone (n=4), one-stage
non-vascularised fibular strut grafting was used.
Outcome was measured using the Disabilities of the
Arm, Shoulder and Hand (DASH) scoring system.
Results. The 35 patients were followed up for a

mean of 16 (range, 6–60) months. All achieved bone
union except for one (who had persistent infection).
Respectively for non-unions with infection, nonunions without infection, and non-unions of
osteoporotic bone, the mean times to bone union
were 6.5 (range, 4–10), 5 (range, 4–8), and 10 (range,
6–14) months, the mean improvement in DASH score
was 30, 43, and 18, and malalignment was noted in 5,
2, and one patient. Three patients had a preoperative
radial nerve palsy for which standard tendon transfer
was performed 6 weeks after treatment for non-union.
Conclusion. Compression plating achieved the best
results. An external fixator may be used temporarily
for infected non-unions. Fibular strut grafting may be
used when non-unions warrant additional stability.
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INTRODUCTION
The incidence of non-union of humeral shaft fractures
is 2 to 10% after conservative treatment and up to 15%
after open reduction and internal fixation.1–10 Delayed
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union and non-union are deﬁned as the absence
of bone union after 3 and 6 months, respectively.1
The goals of treatment are mechanical stabilisation,
biologic stimulation, and early joint mobilisation to
optimise function.8 The most successful treatment for
non-union is open reduction and internal fixation with
a compression plate in conjunction with autologous
bone grafting.2,11–14 Vascularised bone grafting and
intramedullary allografting can also achieve some
success but are technically challenging.15–18 This study
compared various treatment modalities (plating,
Ilizarov external fixation, and non-vascular fibular
cortical strut grafting) for non-union of humeral shaft
fractures in terms of technical difficulties, union time,
complications, and functional outcomes.
MATERIALS AND METHODS
Records of 9 women and 26 men aged 24 to 71 (mean,
42) years who presented with non-union of humeral
shaft fractures (defined as no clinical and radiological
signs of healing for at least 6 months) between 2005
and 2011 were reviewed. Patients with pathological
fractures were excluded, as were those with comorbidity that prevented surgery.
The humeral shaft fractures were secondary to
low-energy trauma (n=22) or vehicular accidents
(n=13) and involved the proximal (n=9), middle
(n=15), and distal (n=11) regions. 24 of the patients
injured the dominant hand. 13 of the fractures were
open. Infection was evident in 8 of the non-unions.
Based on the presence of infection and/or
osteoporotic bone, non-unions were treated using 3
different modalities. For non-unions with infection

(a)

(b)

(n=8), a 2-stage procedure entailing temporary
Ilizarov fixation followed by plating was used. The
anterolateral approach was used for non-unions at
the proximal and middle third of the shaft, and the
posterior approach for non-unions at the distal third
of the shaft. Treatment protocols included thorough
debridement of the non-union site, removal of
avascular bone, excision of sinus tracts, exploration of
the radial nerve, removal of previous implants, and
culture of tissue and pus and antibiotic sensitivity
testing. In 4 of the patients, a temporary Ilizarov
fixator was applied with pins in the safe zones
(avoiding the nerves and vessels), and antibioticimpregnated cement bead chains were inserted. In
another 4 patients, a temporary humeral brace was
used. Intravenous antibiotics were given for one
week, followed by oral antibiotic for 5 weeks. Patients
were monitored weekly until the total leukocyte
count, C-reactive protein level, and erythrocyte
sedimentation rate were within normal limits. The
mean immobilisation period was 36 (range, 29–43)
days. The second-stage procedure involved removal
of the Ilizarov fixator and splinting until the pin tracks
healed, followed by freshening of the non-union site,
shingling of the bony ends, and internal fixation
with a low-contact dynamic compression plate (n=4)
for strong bones or a locking compression plate
(n=4) for osteoporotic bones, along with autologous
cancellous bone grafting (harvested from the anterior
or posterior iliac crest). The drain was kept for 2 days;
antibiotics were given intravenously for 2 days and
then orally for 5 days.
For non-unions without infection (n=23), onestage plating and cancellous bone grafting was
used. This involved freshening of the non-union site,

(c)

Figure 1 (a) Non-union with nail in situ, (b) treatment with compression plating and bone grafting, and (c) bone union within
5 months.
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shingling of the bone end, and internal fixation with
a low-contact dynamic compression plate (n=17) for
strong bones or a locking compression plate (n=6) for
osteoporotic bones, along with autologous cancellous
bone grafting (Figs 1 and 2). The drain was kept for 2
days; antibiotics were given intravenously for 2 days
and then orally for 5 days.
For non-unions of osteoporotic bone (n=4), onestage non-vascularised fibular strut grafting was
used. The graft was harvested from the contralateral
fibula using a power drill and osteotome. It was
inserted into the medullary canal and fixed with at
least 4 screws through the plate (Fig. 3).
Bone union was defined as no pain and tenderness
at the fracture site and union at 3 of the 4 cortices
on radiographs. Outcome was measured using the
Disabilities of the Arm, Shoulder and Hand (DASH)
scoring system.
RESULTS
The 35 patients were followed up for a mean of 16
(range, 6–60) months. All achieved bone union except
(a)

(b)

for one (who had persistent infection). Respectively
for non-unions with infection, non-unions without
infection, and non-unions of osteoporotic bone, the
mean times to bone union were 6.5 (range, 4–10), 5
(range, 4–8), and 10 (range, 6–14) months, the mean
improvement in DASH score was 30, 43, and 18, and
malalignment was noted in 5, 2, and one patient.
Three patients had a preoperative radial nerve
palsy for which standard tendon transfer was
performed 6 weeks after treatment for non-union.
One of them had undergone surgical exploration and
neurolysis at the time of primary fixation.
DISCUSSION
The quality of the soft-tissue envelope, the blood
supply around the fracture, mechanical stability at the
fracture site, and biologic revitalisation are important
for deciding the treatment modality.11 Poor bone
quality or bone stock, scar tissue near neurovascular
structures, and anatomic boundaries are challenges
for treating non-unions.
Plate ﬁxation is the gold standard for treating
(c)

(d)

Figure 2 (a) Exploration of the non-union, (b) shingling and freshening of the non-union ends, (c) dynamic compression
plating, and (d) morcellised bone grafting around the non-union site.

(a)

(b)

Figure 3 (a) Non-union
with avascular sclerotic
middle fragment of the
humerus
with
implant
failure, and (b) bone union
after plating and fibular strut
grafting.
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non-unions. It enables compression,14,19 correction of
axis malalignment, and stimulation of osteogenesis
(shingling, grafting) in a single procedure. Its union
rate is reported to be 83 to 100%, with high subjective
satisfaction.13,20 Among various plating techniques,
compression plating with autogenous grafting has
yielded 92 to 100% healing rates.11,21,22 Nonetheless,
compression plating involves extensive soft-tissue
dissection and leads to devitalisation of the bony
fragments. Plate ﬁxation is also associated with the
risk of radial nerve injury (3 to 29%),21 as at least 6
cortical screws are fixed on either side of the nonunion.20 Such a large dissection is sometimes morbid.
In some distal shaft non-unions, there is insufficient
space to engage 6 cortices. This technique is not
advised for non-unions with infection, osteoporotic
bones, long spiral and large segmented fracture
lines, and especially distal metaphyseal non-unions,
as more than 6 cortices and/or augmentation with
strut grafts are required.21 To increase stability,
reconstruction with 2 plates at right angles has
been advocated, but clinical outcome was not
signiﬁcantly different between single- and doubleplate constructions.11
External ﬁxation conserves the soft-tissue
envelope and the vitality of remaining bone. This
technique can be applied to osteoporotic and/
or infected bones.23 The fixator enables gradual
compression of the non-union site, mimicking the
weight-bearing status of the lower extremity.24,25
Circular ﬁxators have been successful in treating all
types of non-unions including those of the humerus.26
This technique gradually corrects displaced,
angulated, shortened, and malunited fragments
during the treatment. With controlled periods of
compression and distraction, healing is stimulated
and the quality of regenerated bone is improved.
Gradual realignment and compression of the nonunion site are possible during the treatment,27,28
whereas reduction and static compression are
achieved in the second-stage plate ﬁxation. External
ﬁxation is superior to internal ﬁxation when the nonunion is complicated by deformity, infection, bone
loss, and length discrepancy. However, the bulkiness
of the frame and numerous wires are discomforting
to patients.24 Unilateral ﬁxators are widely used
in traumatic open fractures, but rarely in nonunions. External fixation enables temporary fixation
until infection heals, and is followed by definitive
treatment.
Non-vascular fibular strut grafting in conjunction
with compression plating achieves bone union
without the need of cancellous iliac crest grafts in
osteoporotic, atrophic humeral non-unions.29 This

technique is easy, economical, and associated with
less donor-site morbidity. The fibula acts as an
internal splint and adds stability for osteosynthesis,
and increases screw cortical purchase and thus
resistance to screw pull-out. It also shares the load
and helps bone growth and integration.29 Fixation
using a compression plate and a non-vascularised
fibular graft achieves good outcome for infected
non-union of the humerus despite prior multiple
failed surgeries.30 We recommend this technique for
atrophic non-unions and in osteoporotic bones.
Intramedullary locking nails are controversial
when it comes to treating humeral non-unions.23
Successful results with retrograde nailing for lower
limb non-unions have been reported.24,30 Nonetheless,
lack of weight bearing and inadequate compression
diminish the success rate in humeral shaft nonunions.31 Complaints related to the entry site can also
be a problem.
Shingling to stimulate osteogenesis is an
effective means of exposing the non-union without
considerable devascularisation.32 In diaphyseal nonunions, the periosteum is closely attached to the
adjacent muscles and the subperiosteal bone, which
receives its blood supply from the extra osseous
tissue. Circumferential shearing of the external
diaphyseal periphery preserves the blood supply
for the fragments and bridges the non-union. This
technique creates a well-irrigated bed to receive the
bone grafts.
Autologous bone grafts are osteogenic (a source of
living bone cells), osteoinductive (local recruitment of
mesenchymal cells), and osteoconductive (scaffolding
for growth of bone tissue). Biologically, it is superior
to allografts or bone substitutes. Nonetheless, pain
and haematomas ensue at harvest sites (commonly
the anterior and posterior iliac crest). Allografts of
demineralised bone matrix achieved similar results
in treating humeral non-unions, while also avoiding
donor-site morbidities.6
CONCLUSION
For non-infected non-unions, we recommend the
use of a low-contact dynamic compression plate
for strong bones and a locking compression plate
for osteoporotic bones, along with morcellised
bone grafting as a standard treatment. For infected
non-unions, we recommend temporary use of an
external fixator, followed by compression plating
and non-vascularised fibular strut grafting for
additional stability for gaps >3 cm and for extremely
osteoporotic bones. The drawback of this study
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was its retrospective nature and no comparison
with intramedullary nailing and vascularised strut
grafting.

DISCLOSURE
No conflicts of interest were declared by the authors.

REFERENCES
1. Jupiter JB, von Deck M. Ununited humeral diaphyses. J Shoulder Elbow Surg 1998;7:644–53.
2. Marti RK, Verheyen CC, Besselaar PP. Humeral shaft nonunion: evaluation of uniform surgical repair in ﬁfty-one patients. J
Orthop Trauma 2002;16:108–15.
3. Borus TA, Yian EH, Karunakar MA. A case series and review of salvage surgery for refractory humeral shaft nonunion
following two or more prior surgical procedures. Iowa Orthop J 2005;25:194–9.
4. Van Houwelingen AP, McKee MD. Treatment of osteopenic humeral shaft nonunion with compression plating, humeral
cortical allograft struts, and bone grafting. J Orthop Trauma 2005;19:36–42.
5. Wenzl ME, Porte T, Fuchs S, Faschingbauer M, Jürgens C. Delayed and non-union of the humeral diaphysis—compression
plate or internal plate ﬁxator? Injury 2004;35:55–60.
6. Ring D, Kloen P, Kadzielski J, Helfet D, Jupiter JB. Locking compression plates for osteoporotic nonunions of the diaphyseal
humerus. Clin Orthop Relat Res 2004;425:50–4.
7. te Velde EA, van der Werken C. Plate osteosynthesis for pseudarthrosis of the humeral shaft. Injury 2001;32:621–4.
8. Pugh DM, McKee MD. Advances in the management of humeral nonunion. J Am Acad Orthop Surg 2003;11:48–59.
9. Rosen H. The treatment of nonunions and pseudarthroses of the humeral shaft. Orthop Clin North Am 1990;21:725–42.
10. Sarmiento A, Zagorski JB, Zych GA, Latta LL, Capps CA. Functional bracing for the treatment of fractures of the humeral
diaphysis. J Bone Joint Surg Am 2000;82:478–86.
11. Rubel IF, Kloen P, Campbell D, Schwartz M, Liew A, Myers E, et al. Open reduction and internal fixation of humeral
nonunions: a biomechanical and clinical study. J Bone Joint Surg Am 2002;84:1315–22.
12. McKee MD, Miranda MA, Riemer BL, Blasier RB, Redmond BJ, Sims SH, et al. Management of humeral nonunion after the
failure of locking intramedullary nails. J Orthop Trauma 1996;10:492–9.
13. Kumar A, Sadiq SA. Non-union of the humeral shaft treated by internal fixation. Int Orthop 2002;26:214–6.
14. Otsuka NY, McKee MD, Liew A, Richards RR, Waddell JP, Powell JN, et al. The effect of comorbidity and duration of
nonunion on outcome after surgical treatment for nonunion of the humerus. J Shoulder Elbow Surg 1998;7:127–33.
15. Crosby LA, Norris BL, Dao KD, McGuire MH. Humeral shaft nonunions treated with fibular allograft and compression
plating. Am J Orthop (Belle Mead NJ) 2000;29:45–7.
16. Jupiter JB. Complex non-union of the humeral diaphysis. Treatment with a medial approach, an anterior plate, and a
vascularized fibular graft. J Bone Joint Surg Am 1990;72:701–7.
17. Muramatsu K, Doi K, Ihara K, Shigetomi M, Kawai S. Recalcitrant posttraumatic nonunion of the humerus: 23 patients
reconstructed with vascularized bone graft. Acta Orthop Scand 2003;74:95–7.
18. Wright TW. Treatment of humeral diaphyseal nonunions in patients with severely compromised bone. J South Orthop Assoc
1997;6:1–7.
19. Jupiter JB, Mullaji AB. Blade plate ﬁxation of proximal humeral non-unions. Injury 1994;25:301–3.
20. Ring D, Jupiter JB, Quintero J, Sanders RA, Marti RK. Atrophic ununited diaphyseal fractures of the humerus with a bony
defect: treatment by wave-plate osteosynthesis. J Bone Joint Surg Br 2000;82:867–71.
21. Barquet A, Fernandez A, Luvizio J, Masliah R. A combined therapeutic protocol for aseptic nonunion of the humeral shaft:
a report of 25 cases. J Trauma 1989:29:95–8.
22. Segonds JM, Alnot JY, Masmejean E. Aseptic non-union of humeral shaft fractures treated by plating and bone grafting [in
French]. Rev Chir Orthop Reparatrice Appar Mot 2003;89:107–14.
23. Martinez AA, Herrera A, Cuenca J. Good results with unreamed nail and bone grafting for humeral nonunion: a retrospective
study of 21 patients. Acta Orthop Scand 2002;73:273–6.
24. Dendrinos GK, Kontos S, Lyritsis E. Use of the Ilizarov technique for treatment of non-union of the tibia associated with
infection. J Bone Joint Surg Am 1995;77:835–46.
25. Fattah HA, Halawa EE, Shafy TH. Non-union of the humeral shaft: a report on 25 cases. Injury 1982;14:255–62.
26. Kocaoglu M, Cakmak M, Basturk S, Tuncay I. Ilizarov method in pseudoarthrosis of long tubular bones, treatment and
clinical results. Acta Orthop Traumatol Turc 1996;30:120–4.
27. Ilizarov GA. The tension-stress effect on the genesis and growth of tissues. Part 1. The influence of stability of fixation and
soft-tissue preservation. Clin Orthop Relat Res 1989;238:249–81.
28. Martinez AA, Herrera A, Perez JM, Cuenca J, Martínez J. Treatment of humeral shaft nonunion by external ﬁxation: a
valuable option. J Orthop Sci 2001;6:238–41.
29. Vidyadhara S, Vamsi K, Rao SK, Gnanadoss JJ, Pandian S. Use of intramedullary fibular strut graft: a novel adjunct to plating
in the treatment of osteoporotic humeral shaft nonunion. Int Orthop 2009;33:1009–14.
30. Gopisankar G, Justin AS, Nithyananth M, Cherian VM, Lee VN. Non-vascularised fibular graft as an intramedullary strut for
infected non-union of the humerus. J Orthop Surg (Hong Kong) 2011;19:341–5.
31. Lammens J, Baudin G, Driesen R, Moens P, Stuyck J, De Smet L, et al. Treatment of nonunion of the humerus using the
Ilizarov external ﬁxator. Clin Orthop Relat Res 1998;353:223–30.
32. Al Mukaimi A, Mokhtar A, Abo El Nass M. The use of locked nails in the treatment of humeral shaft: delayed union and
nonunion. Med Princ Pract 2005;14:245–9.

