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ORIGINAL ARTICLE

Does Provisional Plating of Closed Tibia Fractures Have
Higher Complication Rates?

Justin M. Haller, MD,* Michael Githens, MD,† John Scolaro, MD,‡ and Reza Firoozabadi, MA, MD†

Objectives: To compare infection and nonunion rates after pro-
visional plating (PP) with standard reduction (SR) techniques for
closed tibia fractures treated with an intramedullary nail.

Design: Retrospective comparative study.

Setting: Level 1 academic trauma center.

Patients/Participants: Of the 348 closed tibia fractures (Ortho-
paedic Trauma Association/Arbeitsgemeinschaft für Osteosynthese-
fragen 42) treated using an intramedullary nail from January 2007
through June 2015, 231 (40 PP and 191 SR) patients met inclusion/
exclusion criteria.

Intervention: The patients received either a provisional plate or an
SR before intramedullary nail placement.

Main Outcome Measurement: Infection and nonunion.

Results: The PP cohort had a significantly higher proportion of
high-energy injury mechanism and a significantly higher proportion
of diabetes than the SR cohort. We were unable to demonstrate
a difference in rates of infection [PP cohort (1/40, 2.5%) vs. SR
cohort (6/191, 3.1%), P = 1.0], nonunion [PP cohort (3/40, 7.5%) vs.
SR cohort (9/191, 4.7%), P = 0.44], or malunion [PP cohort (0/40,
0%) vs. SR cohort (8/191, 4.2%), P = 0.36]. Symptomatic implant
removal was similar between the 2 groups [PP cohort (4/40, 10%)
vs. SR cohort (27/191, 14%), P = 0.61].

Conclusion: PP can be used for complex, closed tibia fractures
without an increased risk of infection, nonunion, and malunion
compared with standard closed reduction techniques.

Key Words: intramedullary nail, segmental tibia, high-energy tibia
fracture, provisional fixation, provisional plate, tibia fracture

Level of Evidence: Therapeutic Level III. See Instructions for
Authors for a complete description of levels of evidence.

(J Orthop Trauma 2017;31:554–558)

INTRODUCTION
Complex tibia fractures including comminuted and

segmental fractures are typically high-energy fractures with
a wide zone of injury. It can be difficult to obtain and maintain
fracture reduction in these fractures, given the instability of the
associated extremity. Reduction techniques for complex tibia
fractures include percutaneous or open clamping, nail start
point adjustment, use of block of blocking screws, concurrent
fibular fixation, and use of a femoral distractor or an external
fixator.1–3 Provisional plating (PP) is another useful adjunct to
an intramedullary nailing of complex tibia fractures. This tech-
nique was originally described using a 3.5-mm dynamic com-
pression plate (DCP) or limited contact dynamic compression
plate (LC-DCP) in the setting of open fracture. PP allows for an
accurate reduction to be maintained during reaming and place-
ment of an intramedullary nail.4 This technique is particularly
helpful while instrumenting metaphyseal and metadiaphyseal
tibia fractures where coronal and sagittal alignments are more
difficult to maintain given the larger canal width. Furthermore,
PP can be advantageous when surgeons do not have additional
assistants available to help maintain the reduction during ream-
ing and instrumentation.

However, the literature is limited about outcomes of the
patients who undergo PP for closed tibia fractures. Theoretically,
the concern is that patients treated in this manner are at a risk of
nonunion or infection, compared with routinely practiced closed
or percutaneous reduction techniques. The primary study out-
come was to compare infection rates after PP with standard
reduction (SR) techniques for closed tibia fractures. Additional
study outcomes were nonunion and secondary surgeries between
patients receiving PP and patients receiving SR techniques.

PATIENTS AND METHODS
After an institutional review board approval, patients

with closed tibia fractures (OTA 42) treated using an intra-
medullary nail from January 2007 through June 2015 were
identified in our prospectively collected orthopedic trauma
registry.5 Patients were excluded if they died during their
initial hospital course, had incomplete radiographs, were skel-
etally immature, sustained a vascular injury, or had less than 6
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months of follow-up. During this period, there were 347
closed tibia fractures that underwent intramedullary nailing,
with 48 patients receiving PP and 299 patients receiving SR
techniques. Twelve patients (1 PP and 11 standard) died dur-
ing hospitalization, and 1 patient (1 PP) had a vascular injury.
This left 46 PP patients and 288 SR patients.

Medical records were reviewed for demographic data
including age, sex, comorbidities, and mechanism of injury.
All tibia fractures were initially managed with closed
reduction and splinting in the emergency department. Oper-
ative reports and fluoroscopic images were reviewed to
document reduction strategy. SR techniques included closed
reduction, percutaneous clamp application, open clamp
application, and the use of a femoral distractor or an external
fixator. PP was performed based on the surgeon discretion
and was primarily used in the setting of comminution,
segmental fractures, and/or compromised bone. All PP was
performed before reaming. The surgical approach to place the
provisional plate was either along the posteromedial edge of
the tibia or along the anterolateral edge of the tibia, so there
was adequate soft tissue coverage. PP along the anteromedial
aspect of the tibia was always avoided. Careful dissection and
full-thickness flaps were always maintained in the surgical
approach, and additional periosteal stripping was avoided
during fracture reduction. The plating consisted of a plate
with at least 2 unicortical screws on each side of the fracture
(Fig. 1A–C). Postoperative plate retention was based on over-
all construct stability and was at the discretion of the treating
surgeon. Patients were made non–weight bearing for at least 2
weeks for soft tissue rest and wound healing. Weight bearing
was then advanced based on additional injuries and fracture
characteristics. In general, patients with simple diaphyseal
fracture patterns began weight bearing at 1–2 weeks, whereas
patients with more complex fractures began weight bearing at
6–12 weeks. Provisional plate retention did not affect surgeon
decision to begin earlier weight bearing.

Patients were routinely followed up at 2, 6 weeks, 3, 6
months, and 1 year postoperatively. At the final follow-up,
additional surgical procedures and any complications were

recorded including infection, implant removal, and nonunion.
Immediate postoperative radiographs were assessed for mala-
lignment. 5 degrees in the coronal and sagittal planes. Radio-
graphs at the final follow-up were assessed for malunion .5
degrees in the coronal or sagittal plane. Union was defined as
healing on at least 3 cortices on orthogonal radiographs without
pain at the fracture site during full weight bearing.6 Radio-
graphic union was assessed by 2 orthopedic trauma fellows
(J.H. and M.G.) who were not involved in the patients’ care.

Statistical Analysis
The Pearson x2 test and Fisher exact test were used for

the categorical variables between the PP and control groups
including sex, tobacco use, infection, nonunions, etc. A 2-
tailed Student t test was used for continuous variables. A P
value less than 0.05 was considered to be significant.

RESULTS
During this period, 104 patients (6 PP and 98 standard)

had insufficient follow-up. This left 40 patients in our PP
cohort and 191 patients in our standard cohort. Mean patient
age, sex, and tobacco usage was similar between the PP and
SR cohorts (see Table, Supplemental Digital Content 1,
http://links.lww.com/BOT/A989, Patient demographics).
There were significantly more patients with diabetes in the
PP group (13%, 4/40) as compared to the SR group (3%, 6/
191) (P = 0.02). Mean follow-up was not statistically different
between the 2 groups. Pedestrian versus automobile was the
most common mechanism of injury in the PP group, and
ground-level fall and pedestrian versus auto were the most
common mechanisms of injury in the SR group (see Table,
Supplemental Digital Content 2, http://links.lww.com/BOT/
A990, Mechanism of Injury). When the mechanisms of injury
were grouped into high energy (motor vehicle crash, motor-
cycle crash, pedestrian vs. auto, crush, fall from height, etc)
and low energy (ground-level fall, sport, assault, etc), there
was a significantly higher proportion of high-energy

FIGURE 1. A, Forty-two-year-old man with closed comminuted distal tibia fracture. B, Open reduction and PP with a 2.0-mm
plate and 2.4-mm screws along the posterior medial aspect of the distal tibia. C, Final anteroposterior radiograph with retained
provisional plate and intramedullary nail.
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mechanisms treated in the PP group (88%, 35/40) as com-
pared to the SR group (63%, 120/191) (P = 0.003).

Tibia fracture location was not evenly distributed
between the 2 groups with PP having a higher percentage
of proximal tibia and segmental tibia fractures, and SR having
a higher percentage of middle and distal tibia fractures (Table
1). The 2 study groups had similar rates of associated fibula
fracture. In addition, there was no difference in the rate of
fibula fixation between the PP and SR groups. We were
unable to detect a difference in compartment syndrome rates
between the 2 groups (Table 1).

The 2.7-mm LCDC plate (60%, 24/40) was the most
common plate used in the PP group followed by the 3.5-mm
LCDC plate (27.5%, 11/40), 1/3 tubular plate (7.5%, 3/40),
and 2.0-mm plate (5%, 2/40). The plate was removed after
completion of intramedullary nail and interlock screw place-
ment in half of patients (50%, 20/40). Closed reduction with
manual manipulation was the most common reduction
maneuver in the SR cohort (42%, 80/191) (see Table, Sup-
plemental Digital Content 3, http://links.lww.com/BOT/
A991, Tibia fracture reduction methods). None of the patients
treated with PP had postoperative malalignment .5 degrees
in any plane on immediate postoperative radiographs. Eight
patients (8/191, 4.2%) in the SR group had malalignment on
immediate postoperative radiographs: 2 patients had sagittal
plane deformity between 5 and 10 degrees, 5 patients had
coronal plane deformity between 5 and 10 degrees, and 1
patient had both coronal and sagittal plane deformities
between 5 and 10 degrees.

We were unable to detect a difference in postoperative
infection between the PP cohort (1/40, 2.5%) and the standard
cohort (6/191, 3.1%) (P = 1.0). When comparing patients
with high-energy injury, the infection rates between groups
remained similar (PP 1/35, 2.8% vs. SR 4/120, 3.3%) (P =
1.0). The average time to union was similar between the PP
group (mean 7 months, range 3–16 months) and SR group
(mean 8 months, range 3–28 months) (P = 0.51). We were
unable to detect a difference in nonunion rate between the PP
cohort (3/40, 7.5%) and the standard cohort (9/191, 4.7%) (P
= 0.44). When comparing patients with high-energy injury,

the nonunion rates between groups remained similar (PP 3/35,
8.6% vs. SR 8/120, 6.7%) (P = 0.71). There were 7 patients in
the SR group who developed a delayed union between 6 and
12 months postoperatively and did not return for follow-up.
Of the 3 patients who developed a nonunion in the PP group,
1 patient with segmental tibia fracture had the provisional
plate removed during the initial operation, and the 2 other
patients (one proximal fracture and one segmental fracture)
retained the provisional plate. Malunion rates were similar
between the PP (0/40, 0%) and standard groups (8/191,
4.2%) (P = 0.36). Finally, implant removal was similar
between the PP (4/40, 10%) and standard groups (27/191,
14%) (P = 0.61). In comparing the distribution of complica-
tions to fracture location, segmental fractures had signifi-
cantly more nonunions (P , 0.001) and cases of
compartment syndrome (P = 0.012) than the other fracture
locations (Table 2).

DISCUSSION
The goals of surgical treatment in complex tibia

fractures include correction of coronal and sagittal plane
deformities and restoring length and rotation while limiting
local soft tissue trauma. An intramedullary implant is ideal
because it is a load-sharing implant that spares the periosteal
blood supply and avoids soft tissue disruption. However,
obtaining and maintaining an adequate reduction for fractures
with extensive comminution or segmentation can be chal-
lenging. Useful reduction techniques include altering nail start
point, placing blocking screws, stabilizing an ipsilateral fibula
fracture, using a femoral distractor or an external fixator, and
applying a provisional plate.

Originally described by Dunbar et al,4 the provisional
plate technique was used in type III open proximal third tibia
fractures to help maintain the fracture reduction during ream-
ing and nail placement. More recently, several other studies
included PP of both open and closed tibia fractures; however,
the patient numbers in these studies were relatively small.7–9

It could be argued that PP in open type III tibia fractures
makes sense, as plating uses exposed bony surfaces where
periosteal stripping has already occurred. However, using
a provisional plate for a closed tibia fracture may be consid-
ered counterintuitive, unnecessary, and too high a risk for
some surgeons.

There are several theoretical concerns for applying a pro-
visional plate to a closed tibia fracture. First, the application of
the plate requires soft tissue stripping of a traumatized area, and
this could place the fracture at a greater risk of nonunion. Further
stripping of the periosteum near the fracture could be harmful for
a reamed intramedullary nail because the fracture healing relies

TABLE 1. Fracture Characteristics

PP SR P

Fibula fracture 90% (36/40) 90% (172/191) 1.0

Fracture location ,0.001

Proximal 32.5% (13/40) 7% (13/191)

A-type B-type A-type B-type

6 7 9 4

Middle 27.5% (11/40) 34% (65/191)

A-type B-type A-type B-type

6 5 37 28

Distal 22.5% (9/40) 56% (107/191)

A-type B-type A-type B-type

5 4 72 35

Segmental 17.5% (7/40) 3% (6/191)

Compartment
syndrome

7.5% (3/40) 4.2% (8/191) 0.42

TABLE 2. Complications Based on Tibia Fracture Location

Proximal Middle Distal Segmental P

Nonunion 4 1 3 4 ,0.001

Infection 1 2 3 1 0.264

Compartment
syndrome

1 4 3 3 0.012
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significantly on periosteal blood flow for healing. Second,
violating the closed fracture space releases the fracture hema-
toma that contains growth factors that could play a role in
fracture healing. Although a theoretical risk, the loss of the
fracture hematoma impairing fracture healing has not been
substantiated in the literature, and its clinical relevance is
unknown. Third, placing an incision near the traumatized zone
of injury could place the patient at a greater risk for post-
operative infection. Finally, if the provisional plate is left on the
tibia after placing the nail, the plate could stiffen the overall
construct and limit fracture motion. With the goal of secondary
bone healing in a tibia stabilized with an intramedullary nail,
limited fragmentary motion could lead to nonunion.

The authors realized these theoretical concerns and
were careful to respect the soft tissue envelope in the zone of
injury. All incisions were located over the anterolateral leg or
posteromedial leg to avoid high-risk incisions directly over
the bone in the traumatized zone. In this study, the treating
surgeons were careful not to strip additional periosteum
during plate application. Sharp drill bits and drilling under
constant saline irrigation were commonly performed to
minimize bony thermal necrosis. Finally, placing a plate with
unicortical 2.7- or 3.5-mm screws was not felt to be too stiff
in these complex tibia fractures. Overall construct rigidity was
considered after nail interlock screws were placed, and the
provisional plate was removed at the surgeon’s discretion.
Provisional plates that were used in the diaphysis were gen-
erally removed, and provisional plates that were used in the
metaphysis were generally retained. An additional benefit of
PP compared with SR techniques is potentially fewer tibial
malunions. In our study, we report fewer malunions in the PP
group, but this failed to reach statistical significance with the
numbers in our series.

Postoperative infection was a primary concern with
performing PP in closed tibia fractures. The rate of
infection for closed tibia fractures is relatively low,
ranging from 1% to 4%.10–13 However, making incisions
near the zone of injury for provisional plate placement
certainly raises concerns about increasing the possibility
of postoperative infection. Our overall infection rate was
comparable with rates previously published in other series.
Based on our available numbers, we were unable to detect
a difference in infection rates between the provisional plate
and SR groups. It was also interesting that the provisional
plate group had a similar infection rate as the SR group,
despite the plate group having significantly more patients
with diabetes. We attribute our low infection rate to the
meticulous soft tissue handling during provisional plate
application.

Tibial nonunion after performing PP in closed fractures
was another possible complication. As previously mentioned,
the loss of the closed fracture hematoma, the periosteal
stripping that can happen with plate application, and the
additional rigidity of a retained provisional plate could all
increase the nonunion rate. Tibial nonunion after closed
fracture ranges from 2.4% to 10%.10,11,13 Our nonunion rate
for injuries that received a provisional plate was slightly high-
er than the SR group, but this failed to reach statistical sig-
nificance. Although this increased nonunion rate could be

a result of the provisional plate, the authors believe that the
more likely reason is that the provisional plate group was
composed of patients with higher energy injuries as demon-
strated by the higher percentage of high-energy mechanism
and the higher percentage of segmental tibia fractures. Also,
the provisional plate group had more patients with compart-
ment syndrome, which has been associated with higher rates
of tibial nonunion.14 Overall, we were unable to demonstrate
a difference in tibial nonunion for patients who PP as com-
pared to SR techniques.

There are several limitations to this study including its
retrospective design and inclusion of multiple treating
surgeons. The greatest limitation of our current series was
that the minimum follow-up in this study was 6 months. We
felt that this follow-up period was adequate to identify one of
our primary outcome measures of infection, as this is similar
to the criteria set forward by the Centers for Disease Control
for postoperative infections related to the actual procedure. In
addition, although we present the largest series of closed tibia
fractures treated with provisional plate fixation, our PP cohort
was relatively small and may have limited our ability to
demonstrate a difference in complications, if one truly
existed. After performing a post hoc power analysis using
our nonunion rates for PP and SR in closed tibia fractures, we
determined that 641 PP patients and 3077 SR patients would
be required for a power of 0.8 (assuming a = 0.05). A post
hoc power analysis using our infection rates required 10,613
PP patients and 50,942 SR patients for a power of 0.8 (assum-
ing a = 0.05). To reach these enrollment numbers would be
challenging and require significant funding. Finally, we did
not report on any patient-reported functional outcomes data,
which may have been helpful in demonstrating return of over-
all patient function.

In conclusion, PP can be a useful adjunct for obtaining
and maintaining reduction during intramedullary nailing of
tibia fractures. The authors do not advocate for the routine
use of PP in closed tibia fractures; rather, their recommen-
dation is that this technique be reserved for complex tibia
fractures. PP is particularly helpful for fractures that have
cortical reads that allow for accurate reduction so that the
surgeon can restore length, alignment, and rotation. Sur-
geons should avoid PP techniques in the setting of
comminuted fractures with unreliable cortical reads. Careful
incision planning and meticulous soft tissue handling are
key to successful plate application and minimizing compli-
cations. In this setting, the study suggests that PP can be
used for complex, closed tibia fractures without an increased
risk of infection, nonunion, and malunion compared with
standard closed reduction techniques.
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