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ABSTRACT

PURPOSE OF THE STUDY

The treatment of long bone diaphyseal fracture-nonunion is challenging. While taking into account biological needs,
a stable mechanical environment is pertinent for fracture healing. This work aims at evaluating the surgical management
of stubborn ununited fractures using orthogonal double plating of diaphyseal fractures with limited periosteal stripping and
soft tissue dissection.

PATIENTS AND METHODS

Retrospective analysis in a level | trauma center. Between the years 2007-2009, 22 patients were treated with double
plating due to nonunion of long bone fractures. Long bones included three clavicles, six humeri, three femora, seven ulnae,
two tibiae and one radius. The mean period between index procedures (if existed) and revision procedures was 53.35
weeks (range 6 months-3 years). The same surgical technique, independent on the anatomical location was utilized. Peri-
operative intravenous antibiotics were withheld until intraoperative cultures were obtained in all patients. An approach to
the fracture site was performed with removal of all previous existing hardware, including aggressive debridement of the
nonunion site while keeping stripping to the necessary minimum. After primary plate fixation of the fracture with adequate
compression, a second plate, with at least two well spaced screws on each side, was placed at a ninety degree angle to
the primary plate. Autologous bone graft or bone graft substitute was placed in most, but not all cases. All procedures and
assessment of union were done by fellowship trained trauma surgeons. In the infected cases, culture specific intravenous
antibiotics were administered for six weeks. Quality of life measures included DASH score of the upper extremity, lower
extremity functional score (LEFS) for the lower extremity and Short From 12 (SF-12) for all patients.

RESULTS

Union was achieved in all patients, with an average time to union of 5.8 months (range 2—-24 months). One patient healed
after a repeat double plating, since the first procedure was unsuccessful. Tissue culture were positive in 11 out of 22 pa-
tients. One clavicular plate was removed, due to irritation. No hardware failure was noted in these cases. Mean LEFS was
59%, quick DASH score —18.5 20 and SF-12 MCS and PCS were 50.37 15.22 and 49.96 8.5 receptively.

CONCLUSION
Double plating is a biomechanically sound option for treating long bone fracture nonunion with reasonable results, pro-
vided adequate biological conditions are met including eradication of infection.

Key words: plate fixation, long bone nonunion, double plate technique.
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INTRODUCTION

Nonunion of long bone fractures is a major therapeu-
tic challenge for trauma surgeons, being a debilitating
unacceptable condition (19). Advances in fracture care
and modern implant designs have lead to a marked re-
duction of the diaphyseal nonunion rate over the past
decades (10, 13, 26, 32).

The sucessful treatment of nonunions requires the
utilization of numerous resources (4), especially when
infection is concerned. The desired primary treat-
ment outcome of a long bone nonunion is restoration
of a functional, painless, well-aligned, infection-free
limb. Meticulous soft tissue handling and preservation
of the periosteal blood supply in conjunction with rigid
fixation are thought to increase union rates and minimize
complications (5, 6).

Unlike acute, lower-extremity long bone fracture
cases, when intramedullary fixation can be extremely
successful (30), the use of extramedullary (plate) fixa-
tion for nonunions can be advantageous. The potential
benefits of plating include adequate exposure of the
fracture site allowing thorough debridement of fibrous
tissue, a better control over limb alignment and axis, and
direct application implants creating rigid fixation and
interfragmentary compression. Thus, adequate direct
bony contact under stable conditions can be obtained.
Furthermore, newer studies have reported lower healing
rates for intramedullary fixation of non-unions than pre-
viously expected (29). However, even with plate fixa-
tion, failures can occur.

Theoretically, the use of orthogonal double plating
can provide a much stiffer construct than a single plate
especially in resistance to torsion (24). Unlike parallel
plating, the orthogonal position of the plates and the use
of a smaller secondary plate can reduce the amount of
soft-tissue stripping and de-vascularization of the bone
while maintaining the mechanical advantage of double
plating.

The aim of this study was to report our results and pa-
tient outcome following a single stage therapeutic proto-
col consisting of orthogonal double plating in a variety
of long bone non-unions including the humerus, fore-
arm, femur, proximal tibia and clavicle.

PATIENTS AND METHODS

Study design: retrospective cohort study. Between
2005 to 2009, 22 consecutive cases of long bone frac-
ture nonunion treated with double plating were per-
formed in an academic, level-I trauma center. Inclu-
sion criteria included a diagnosis of an established
nonunion of a long bone shaft, treatment with defini-
tive internal fixation using orthogonal double plat-
ing, and adequate radiographic and clinical follow-up
of a one year minimum. Nonunion was defined as
an unstable fracture with a lack of progressive heal-
ing following three consecutive radiographs, or the
persistence of an obvious non-united fracture a mini-
mum of six months from initial injury or surgery (17,
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18). Non-union of bones was classified according to
criteria of Weber and Cech (28); and included five
oligotrophic nonunions while the remainder were
atrophic nonunions.

The study group consisted of 16 male and six female
patients, with an average age of 40.82 years (range
13-81 years).

Injury mechanisms included 13 falls, six motor ve-
hicle collisions, one gunshot, crush injury and one iat-
rogenic fracture following limb lengthening procedure
of the femur. One of the injuries was initially an open
fracture. Two patients were smokers. Four patients had
multiple medical co-morbidities, including non-insulin
dependent diabetes, and HCV cirrhosis. The mean time
from index procedure/initial fracture to revision sur-
gery was 11 months. The number of index procedures
performed prior to the double plating one included six-
teen open reductions and internal fixations with plate
and screw constructs for fractured clavicle, humerus,
ulna, radius, femur, tibia; one tension band for proxi-
mal ulna fracture, one intramedullary femoral nail, and
two closed reduction of humerus. Two humerus and
one clavicle fractures were treated initially non-oper-
atively.

Bone gap indicating either inadequate compression or
segmental bone loss at the index surgery was observed
in six patients, with mechanical failure occurring alto-
gether in 9 cases (Table 1).

TREATMENT PROTOCOL

Prior to surgery, in all cases known to be infect-
ed, antibiotic treatment was halted at least ten days
prior to the surgical procedures in order to increase
the yield of intraoperative cultures. In all cases, re-
gardless of documented infection or not, prophylac-
tic intravenous antibiotic was withheld until at least
four intraoperative tissue cultures were obtained.
Antibiotic treatment was initiated intraoperatively
after obtaining cultures, based on previous cultured
microorganism if any; otherwise first generation in-
travenous cephalosporin prophylaxis (cefazolin i. v.
1 g tid) was initiated. Previous incisions were utilized
whenever possible. All existing hardware, if present,
was removed. A thorough debridement of the fracture
site, until bony surfaces were exposed and nonun-
ion and fibrous tissues were sharply resected. Sinus
tracts were sharply excised. The fracture ends were
mobilized enough for reduction purposes but care
was taken to avoid excessive stripping. Bone was
spared as much as possible and bone resection was
avoided or was minimal. The medullary canal was
drilled. Open reduction and internal fixation with cor-
rection of deformity, if existed and alignment in both
the coronal and sagittal planes were performed next.
Fixation was undertaken using a primary plate on the
tensile side of the bone. An additional, usually smaller
plate was then placed in orthogonal position to the
primary plate. Plate types are specified in Table 1.
Bone graft, either as autologous iliac crest cancel-
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Fig. 1. Radiographs of a 32-year-old male who was injured in a motorcycle accident and was operated twice for his clavicle
fracture elsewhere and presented with a nonunion (A). All hardware were removed and the fracture was fixed with a long 2.7
reconstruction plate and a 2.7 mm DCP plate with iliac crest bone grafting (B). Intraoperative cultures were positive for Propio-
nibacterium acnes and the patient was treated for six weeks with intravenous antibiotics. At one year (C and D) postoperatively

the patient is totally asymptomatic and is back to full activity including surfing.

lous bone or demineralized bone matrix (Allomatrix,
Wright Medical Technology, Arlington TN) was ap-
plied to the nonunion site in most cases in the absence
of gross infection. Postoperative care was tailored to
the treated bone, with restricted weight bearing for
six weeks for the lower extremity and initiation of ac-
tive and active assisted range of motion in two-weeks
postoperatively for upper extremity nonunions. All
patients received intravenous antibiotics pending the
results of intraoperative cultures. In cases of positive
intraoperative cultures, organism specific intravenous
antibiotics were administered under the direction of
the infectious disease service for six weeks.

All patients were followed in the outpatient clinic at
two weeks, six weeks, three months, six months and one
year postoperatively.

Radiographic evaluation: Fracture healing was de-
fined as painless weight bearing (lower extremity) and
bridging of 3 out of 4 cortices, assessed by a fellow-
ship trained orthopedic trauma surgeon, blinded to the
patients’ results. Shortening was assessed by meas-
uring the differences in length of the operated bone
using a CAD software (TraumaCAD, Voyant Health
Israel), after calibrating the image for known screw
diameters.

Evaluation: Patients with upper limb fractures rated
the functional outcome by using the shortened Disabil-
ities of the Arm, Shoulder and Hand (Quick-DASH)
questionnaire. Lower limb patient group rated their
functional outcome according to the Lower Extrem-
ity Functional Scale (LEFS) (3). General health survey
score was evaluated using the short form (SF-12) ques-
tionnaire (1).

RESULTS

Results are summarized in Table 1. Long bones in-
cluded: three clavicles, six humeri, three femora, five
ulnae, two proximal tibia and one radius shaft. Time to
union averaged 7 months (range 2—39 months).

Altogether, 11 cases out of 22 were infected according
to intraoperative cultures results. Infective agents were
Staphylococcus species coagulase negative in four cas-
es, Propionibacterium acnes in two cases, Pseudomonas
aeruginosa in one case, Enterobacter cloacae in one
case, Enterobacter faecalis in one case. Two cases had
polymicrobial growths. In five cases which were clini-
cally suspicious for infection, biopsies of tissues were
sent to pathology. In those cases, regenerative changes,
fibrosis, necrotic bone and chronic inflammation were
observed.

All patients healed except for one patient who under-
went another procedure of double plating and iliac crest
bone grafting and healed 4 months subsequently. Aver-
age time for union was 5.8 months (range 2—24).

Complications included: Local irritation necessitating
removal of implants form one clavicle, transient sensory
ulnar nerve palsy, one case of ulna fracture resolved at
three months postoperatively; and one case of transient
radial palsy in humeral shaft fracture that completely re-
solved at four months.

One case of an infected forearm nonunion required
skin grafting and had a sensory radial deficit. Also, due
to postoperative distal radio-ulnar joint (DRUJ) insta-
bility required a Sauve-Kapandji procedure.

The average amount of shortening required to attain
compression of the fractured ends following debride-
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Fig. 2. Radiographs of a 73-year-old woman suffering from non-union following open reduction and internal fixation of a proxi-
mal humerus shaft fracture (4). Following removal of hardware and debridement, double plate construct of proximal humerus
locking plate and an additional 3.5 mm locking plate was applied (B & C). At 6 months follow-up solid union and normal func-
tion were seen (D and E). Intraoperative cultures were negative for infection.

Fig. 3. Radiographs (A and B) of a 13-year-old girl who suffered a fractured femur following elongation procedure after osteo-
myelitis in childhood. Prior fixation with a 4.5 mm LCP had failed. Patient was taken into the OR and after removal of hardware
a repeat fixation with 4.5 mm locking plate with an additional 3.5 mm reconstruction plate (B and C). Intraoperative cultures
were positive for Staphylococcus aureues and intravenous cefazolin and rifampin therapy was administered for 6 weeks. At nine
months following surgery (D and E) fracture healed and the patient returned to full function and remains asymptomatic.

ment was 3.34 2.34 mm (range 0—22 mm). However, no
attempt was made to span a defect with graft, and instead
great effort was made to ensure compression across the
fracture site.

At time of evaluation the mean Quick-DASH score
for upper limb function outcome was 18.5 (range, 0—64),
with O the best and 100 the worst score. The mean LEFS
was 59% with 100% the best and 0 the worst, SF-12
MCS and PCS was 50.37 15.22 and 49.96 8.5 recep-
tively.

DISCUSSION

This study demonstrated an outcome of successful
open reduction and internal fixation with orthogonal
double plate constructs of nonunion long bones dia-
physes. Although we dealt with revision surgery in
mainly atrophic and infected patients, revision surgery
complications were low. Functional outcome scoring

for site specific, LFES and Quick DASH were accept-
able, albeit not ideal. However, the general health sur-
vey (SF12) for both physical and mental scoring was
within the healthy population norm. Also, limb short-
ening was minimal.

Several studies have highlighted the importance of
double plate fixation technique especially in primary
comminuted intra-articular fractures such as distal hu-
merus. (16, 22, 23), and proximal ulna (20). Additional-
ly, several mechanical studies of comminuted fracture of
both humerus shaft distal humerus emphasized the supe-
riority of double plate fixation in providing more stable
fixation than any other constructs (8, 24). This concept
is even more relevant in revision cases and non-unions,
since in these, bone healing is slower and more com-
promised. Thus, the maintenance of a stable mechanical
environment is necessary.

Given that concept, as rigidity is desired in many non-
union cases to allow the slow biological process to “kick
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in” prior to hardware failure, we adopted this concept in
the hope of providing a favorable environment for frac-
ture healing, since mechanical stability is known to be
beneficial for the eradication of bone infection (7, 31);
In our series, all but one case healed with no mechanical
failures. In this one case, the initial fixation was done
with a secondary non-rigid (3.5 reconstruction) plate for
the femur and healed by applying a second stiffer plate.
Still, additional evidence to support our assumption is
needed.

Some additional evidence for the advantages of dou-
ble plating, especially in humerus nonunion was pre-
viously reported by Rubel et al. (21), however, double
plating was not the sole method of fixation involved in
this series, so no direct conclusions of its superiority
over a single plate could be drawn.

Our treatment protocol was single stage in all the cas-
es since none of them were macroscopically and grossly
infected, and all infections were subclinical and detected
in intraoperative cultures only. Despite our results, a sin-
gle stage protocol of treating grossly infected, purulent
bone should be seriously considered before applied. In
these cases, a multiple stage procedure might be more
advisable.

Despite the use of multiple plates, we tried to mini-
mize stripping and preserve blood supply as much as
possible. Although applied in compression mode across
the fracture site, the use of locking plates, when applied
correctly, can minimize periosteal blood supply damage
(27). Our results implicate the important role of locked
plates in the treatment of nonunion. Besides providing
a stiffer construct than non-locking plates, locking plates
can, can provide more resistance against infection in ex-
perimental models (11, 14). Also, stable fixation can be
achieved with locking plates in cases of unicortical bone
loss (11, 14).

There are some unique features in our protocol relat-
ed to specific bones. As clavicular non union has been
widely investigated in the literature utilizing various
implant types (9, 12, 15, 25), no previous descriptions
of single staged internal fixation of low grade infected
clavicle non union have ever been described. In our se-
ries, two infected cases of clavicle nonunions were suc-
cessfully treated.

As for forearm infected non-unions, Barbieri and col-
leagues reported their experience in a case series of 12
patients treated by iliac crest bone block grafting and
compression plating and reported a recurrent infection
rate as high as 30% (2). Recently, an additional, staged
protocol of treating infected forearm nonunion was de-
scribed (18). In our series, all forearm nonunion, mostly
infected, were successfully healed following our single
stage protocol.

Our study has several shortcomings: the small num-
ber of subjects with various types of fractures and sites,
variety of implants used and the retrospective nature
of the study. However, given the not so common epi-
demiology of long bone nonunion and the use of al-
ternative fixation options in many cases (especially in
the lower limb where intramedullary nailing prevail),
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a much larger series would be hard to obtain from a sin-
gle center.

As long bone nonunion, especially infected cases is
still a major operative challenge, we believe that im-
proved treatment protocols can be of an aid to the ortho-
pedic trauma surgeons. Double, orthogonal plating with
preservation of blood supply with or without bone graft-
ing provide such a solution. The same principles can be
applied to various anatomical locations.

CONCLUSION

Orthogonal plate fixation is a viable option for
treating stubborn non-union cases including chroni-
cally infected ones. The mechanical and biological
advantages especially when using locking plates are
numerous and should be applied with proper surgical
technique.
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