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Abstract

Management of tibia fractures by internal fixation, particularly intramedullary nails,
has become the standard for diaphyseal fractures. However, for metaphyseal fractures or
those at the metaphyseal-diaphyseal junction, the choice of fixation device and technique s
controversial. For distal tibia fractures, nailing and plating techniques may be used, the
primary goal for each being to achieve acceptable alignment with minimal complications.
Different techniques for reduction of these fractures are available and can be applied
with either fixation device. Overall outcomes appear to be nearly equivalent, with minor
differences in complications. Proximal tibia fractures can be fixed using nailing, which is
associated with deformity of the proximal short segment. A newer technigue—suprapatellar
nailing—may minimize these problems, and use of this method has been increasing in
trauma centers. However, most data are stil] largely based on case series.
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Fractures of the tibia are common and
historically have been treated with cast-
ing and functional bracing. Because of
the availability of newer implants and

techniques for fracture fixation, surgical

management has increased during the
past few decades. The primary goal in
the management of tibial fractures is
to achieve acceptable alignment with

minimal complications and allow early
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mobilization of the patient until healing
has occurred.

The use of intramedullary (IM) nails
has become the standard of cate for tib-
ial shaft fractures. However, proximal
or distal metaphyseal fractures, with
or without extension into the articular
surface, can be treated in a variety of
ways, including nailing, plating, and
the use of external fixators. Similarly,
open fractures or those with significant
soft-tissue loss may require the use of

nontraditional techniques or implants.

Proximal Tibia Fractures

Although closed treatment and defin-
itive external fixation remain options
in the management of extra-articular
proximal tibia fractures, the prevalent
approach for most surgeons is internal
fixation. The choice between plating
and IM nailing when either may be ap-
plicable is a matter of debate. Although
IM nailing of the tibia has become the
standard of care for most tibial diaphy-
seal fractures, treating proximal tibia

fractures with IM nails has proved to be
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Figure 1
tion plating. Careful plate application allows for secure fixation of an unstable
proximal tibia fracture before nailing.

particularly difficult.* Poor results with
these fractures have led some authors to
recommend against nailing in favor of
plating. Some limitations may remain,
but several adjunct techniques have
been developed by expert surgeons to
improve the results and further expand
the indications for nailing to include
these proximal fractures."”?
Kuntschet® described two positions
for nailing tibial fractures: with the
knee flexed to 90° and with the knee
only slightly flexed. Currently, the most
common technique and position used
are infrapatellar nailing with the knee
in a fully flexed position. This allows
access to the optimal starting point for
nail insertion.” With proximal fractures,
increased tension on the knee exten-
sor mechanism in the flexed position
exaggerates the deforming forces. The
anterior pull on the tibial tubercle re-
sults in a flexion and an anterior trans-
lation deformity. A valgus deformity
is commonly seen as well, likely the
result of imbalance associated with the
hamstring and anterior compartment

musculature.®
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AP (A) and lateral (B) radiographs demonstrating bicortical reduc-

In 1995, two simultaneously pub-
lished series reported high incidences
of proximal tibia malreduction with
nailing. Freedman and Johnson' noted
a malreduction rate of 58%, and Lang
et al” described a malreduction rate of
84%. Contrarily, Cole et al’ noted ac-
ceptable alignment in 92.3% of prox-
imal tibia fractures treated with nail
fixation. Over the next 15 years, refined
techniques and improved implants have
resulted in the authors of multiple clini-

3,10-13

cal series reporting outcomes more

consistent with those of Cole et al.’

Reduction Techniques

and Tips

Supplemental Plates

The most invasive approach involves
reducing the fracture in an extended
position and applying a unicortical plate
that does not impede the passage of an
IM nail >'*" This allows for subsequent
flexed-position nailing, and the plate
can then be removed or left in place.
This often requires open exposure of
the fracture and release of the frac-

ture hematoma as well as periosteum

stripping, which may compromise the
healing potential, especially in the set-
ting of an IM implant. In open frac-
tures, additional exposure may not
be necessary. Percutaneous plate ap-
plication is possible in some settings.
There is a theoretic increased risk of
infection and wound healing complica-
tions. Careful soft-tissue technique will
mitigate some of these risks. Bicortical
plates are occasionally applicable in set-
tings in which the screws can be aimed

around the nail (Figure 1).

Reduction Forceps

Less invasive options may also allow for
the provisional reduction of the frac-
ture and temporarily resist deforming
forces during the insertion of the im-
plant. Alignment can be achieved and
secured using percutaneously applied
reduction forceps.™™* This technique
requires careful attention to soft-tissue
compromise and the location of neuro-
vascular structures. Oblique and spiral
fractures are typically more amenable to
this technique. The clamp application is
generally determined with multiplanar
fluoroscopic assistance. Proximally ap-
plied clamps may not be strong enough
to resist the forces associated with
nail insertion in more proximal tibial

fractures.

Blocking Screws

Blocking screws are another option to
help prevent displacement and direct
the nail. Krettek et al* showed im-
proved mechanical stability with this
technique, and several clinical series
demonstrated satisfactory results with
the use of blocking screws.>”'>!° Screws
placed adjacent to the nail from anterior
to posterior help prevent coronal plane
deformity (Figure 2, A). Screws placed

posterior to the nail in the coronal plane
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A

Figure 2

A, Lateral radiograph demonstrating blocking screws in the

sagittal plane in the treatment of a proximal tibial fracture. The medial screw
prevents a more unusual varus deformity. The screw narrows the effective
endosteal canal diameter. B, AP radiograph demonstrating blocking screws in
the coronal plane. The posterior screw maintains sagittal alignment and keeps

the nail positioned anteriorly.

help prevent procurvatum or flexion
(Figure 2, B). These screws must be
accurately placed to be effective and
must have sufficiently secure placement
to resist the forces of nail insertion.
Osteopenic bone or proximal fracture
extension may diminish the efficacy of

this technique.

Schanz Pins/Femoral Distractor

Percutaneous use of Schanz pins as
joysticks may aid in the reduction of
the fracture. Use of a femoral distrac-
tor is an extension of this concept. The
distractor is commonly applied medi-
ally with posterior positioning of the
Schanz pins (Figure 3). The proximal
pin can serve as a temporary blocking
screw if desired." Because multiplanar

pins cannot be used with the distractor,

adjunct techniques may be necessary
to achieve an anatomic reduction. An
external fixator device with multiple
pins placed proximal to and distal to
the fracture may allow for better frag-

ment control.

Nail Starting Point and Design

In addition to understanding that the
fracture must be reduced before the in-
troduction of the nail, the surgeon must
appreciate the additional challenges
presented by the nailing technique. If
the surgeon does not accurately intro-
duce the nail in the proximal fragment,
directly in line with the diaphyseal ca-
nal, the alignment will be impossible
to maintain. Furthermore, achieving
stable fixation is not a trivial challenge

because the proximal segment is short
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Figure 3 Intraoperative photo-
graph demonstrating use of the
femoral distractor in the treatment of
a proximal tibial fracture. The pins
are applied medially and posteriorly
to the nail. This allows unimpeded
passage of the nail, while a varus
moment corrected the tendency to
valgus angulation. Flexion deformity
correction was facilitated with op-
erating room towels stacked distal
posterior. The fracture reduction

is completed without the need for
manual assistance.

and locking screws are secured in meta-
physeal cancellous bone.

Surgical reduction techniques de-
scribed to date include the use of a
more proximal and lateral starting
point.” This allows for more anterior
and lateral positioning of the nail, and
when the implant is directed properly,
may help prevent iatrogenic fracture
displacement. A more medial starting
point will exaggerate valgus deformity,
and a more distal starting point will
cause procurvatum.

Early nail design did not address
the problems associated with nailing
proximal fractures and may have ex-
acerbated them. A distal Herzog bend
had a tendency to create a wedge effect,

177



Trauma

pushing the distal fragment posteri-
16

orly." Proximal locking holes were rel-
atively limited and oriented in a single
plane, with no fixed-angle options. Nail
manufacturers in more recent designs
have addressed many of these design
parameters. Guided blocking screw
insertion has been introduced to an
instrument platform. Furthermore, in-
strumentation has been developed to
facilitate the insertion of IM nails in the

extended (or semiextended) position.

Suprapatellar Nailing
Recognizing the flexed position of the
knee as contributory to the deformity,
Tornetta and Collins' revisited nailing
in the semiextended position in 1996.
In their clinical study, a consecutive
group of fractures was treated with
the standard tibial nailing technique;
the technique was changed to nailing
in the semiextended position, with an
extended parapatellar approach. The
postoperative alignment seen in this
nonmatched, consecutive series showed
considerable improvement. Although
limited clinical series exist and not ev-
ery author has had equal success with
this technique,” surgeons have begun
to see advantages in this approach.
Combining nailing in the semiextended
position with the various techniques al-
ready mentioned can be very effective.
Other advantages to semiextended
nailing have been reported. Although
no published study to date has exam-
ined the differences in surgeon radi-
ation exposure between suprapatellar
and traditional tibial nailing, propo-
nents of the suprapatellar technique
report advantages. In addition, true
in-plane, orthogonal fluoroscopy is less
challenging, especially in establishing
a proper starting point. Also, with the
leg fully supported in the semiextended
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Figure 4
nail proximal to the patella.

position, the effort in obtaining a re-
duction and maintaining alignment
throughout the procedure may be fa-
cilitated (Figure 4). It has been sug-
gested that this may diminish the need
for an assistant surgeon. These hypoth-
eses warrant further investigation. The
availability of alternative surgical sites is
a reported advantage. This can be par-
ticularly useful in the setting of trauma-
tized infrapatellar skin."” Furthermore,
applicability of the technique to other
challenging fracture patterns, such as
segmental and distal metaphyseal frac-
tutes, is noted.

Knee pain after tibial nailing re-
mains an unresolved issue. The inci-
dence of postoperative anterior knee
pain following traditional nailing
has been reported to be as high as
86%."%%" Various potential sources of
anterior knee pain are hypothesized
with little clarity, and multiple factors
are probably contributory. Morandi et
al*! indicated that theoretic advantages
may exist that mitigate knee pain with
the suprapatellar technique, including
limiting superficial surgical dissection
in the region of the proximal tibia
and the avoidance of the infrapatellar

branch of the saphenous nerve.

Intraoperative photograph demonstrating incision placement for a

Three outcomes studies have been
published to date. Jones et al** published
a retrospective, therapeutic level 111 ev-
idence study that looked at 74 consecu-
tive traumatic (n = 64) or reconstructive
(n = 10) nailing cases. Suprapatellar
nailing was performed in 36 cases and
infrapatellar nailing in 38. Follow-up
was available in 59 of 74 patients. There
was improved coronal alignment and
improved entry point location with su-
prapatellar nailing, although there was
no difference in knee pain between the
two groups. Restoration of accurate
length was more reliable with suprapa-
tellar nailing.*

In a therapeutic level 111 retrospec-
tive cohort study, Ryan et al*’ looked
at 84 patients with proximal or dis-
tal metaphyseal tibia fractures and
101 patients with diaphyseal fractures,
all treated with tibial nailing. The meta-
physeal fractures were nailed in the
semiextended position, whereas the
diaphyseal fractures were nailed with
the standard infrapatellar technique.
Average follow-up was 2.3 years. There
was no statistical difference in knee
pain between the semiextended and

flexed-knee infrapatellar groups.”
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Finally, in a prospective, nonran-
domized, nonconsecutive (level 1V)

1,>* outcomes were

study by Sanders eta
tracked at a minimum of 1 year in 37
of 56 tibia fractures treated with supra-
patellar nailing. The authors reported
minimal knee pain associated with
the suprapatellar surgical procedure.
Based on these outcomes studies,?** it
appears that the suprapatellar nailing
technique allows for an alternative ap-
proach that does not result in increased
knee pain and may yield advantages.

Contrarily, the approach and possi-
ble transarticular introduction of the
tibial nail presents theoretic disadvan-
tages or risks specific to the nature of
the procedure. These concerns include
risk of injury to patellar or femoral
trochlear cartilage, risk of iatrogenic in-
jury to other intra-articular structures,
risk of joint sepsis or of intra-articular
retained reaming debris, and the chal-
lenge of nail removal. Clinical reports
are sparse.

The risk of iatrogenic damage to
the patellar and femoral articular
surfaces has been the primary concern
for many surgeons in performing this
technique, particularly with a transar-
ticular approach. This has prompted
studies of articular damage, both in the
laboratory and clinical settings. Gelbke
et al®® showed in a cadaver biomechan-
ical study that the forces engendered
in transarticular suprapatellar nailing
exceeded the forces in the patello-
femoral joint with infrapatellar tibial
nailing. The forces measured remained
below the reported threshold for chon-
drocyte death and below the contact
pressures measured with simple knee
flexion. Postprocedural macroscopic®
and arthroscopic®” assessment of the
articular surfaces for chondral dam-

age has shown no evidence of injury

in cadavers. Initial clinical evidence of
trochlear or patellar cartilage injury in
clinical series had been limited to two
cases in the first series.'”” More recently,
in the series by Sanders et al,** 15 of
their 56 patients underwent arthros-
copy before and subsequent to the
nailing procedure; Outerbridge grade
11 chondromalacia changes were iden-
tified in two patients (13.3%). Thir-
ty-three of 37 knees were assessed
with 1-year MRI scans. Although two
patients had MRI scans showing patel-
lofemoral changes, neither patient with
an abnormal MRI study had abnormal
arthroscopic findings, and neither had
clinical adverse results. The clinical in-
cidence may be technique dependent
because patella-subluxating techniques
may result in lesser forces through the
patellofemoral joint.

The risk of damage to other intra-
articular structures has been studied
with regard to both the infrapatellar

28,29

technique and the suprapatellar

technique,?*

ies. 27!

and in comparison stud-
These studies revealed the risk of
injury to other intra-articular structures
as well, such as the intermeniscal liga-
ment, the menisci, the antetior cruciate
ligament footprint, and the medial and
lateral proximal tibial articular surfaces.
The comparative studies yielded unclear
results regarding any advantage in this
regard with respect to the surgical
approach.

There are no published reports to
date of joint sepsis or complications re-
lated to intra-articular reaming debris

following transarticular tibial nailing.

Plating Versus Nailing

Clinical series comparing the outcomes
of proximal tibia nail versus plate fix-
12 pet-

formed a retrospective comparative

ation are limited. Lindvall et a
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study with 22 patients in the IM nail
group and 34 patients in the percu-
taneous locked plate group. Nailing
was performed in the flexed position.
The authors were unable to show any
statistical difference between groups
with respect to union rates, malunion
or malreduction, infection, or need for
implant removal. However, small num-
bers may have contributed to the lack
of statistical significance, and hardware
removal was necessary three times more
frequently for plates (15%) than for nails
(5%) in this series. There is limited clin-
ical evidence to show a clear advantage
with plating or nailing of proximal tibia
fractures; both options remain valid.
Surgeon familiarity with the technical
aspects of each approach, implant lim-
itations, and soft-tissue factors may be
contributory in the decision-making

process.

Distal Tibia Fractures

Distal tibia fractures are managed
with either nailing or plating in the
metaphyseal region, with or without
extension into the articular surface.
Treatment of fractures occurring in
this region is fraught with pitfalls, and
complications may arise from using any
one technique.

The difficulty in treating distal tibia
fractures is related to the ability to at-
tain and hold reduction of the fracture
while maintaining adequate fixation
until healing has occurred. Other fac-
tors that may play a role are the dis-
crepancy between the diaphyseal and
metaphyseal bone diameters and the
short-segment distal fragment, which
makes achieving and holding the re-
duction difficult. Various techniques
are used to achieve the reduction, as
described later.
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A few randomized studies compare
nailing and plating and show equivocal
results, with some differences noted in
the functional outcome and infection

rates.>*38

In their study on the radio-
graphic comparison of tibias treated
by one of the two techniques, Vallier
et al”’ showed that delayed union, mal-
union, and secondary procedures were
more frequent after nailing, with no
difference in functional outcomes. In
addition, it was noted that there was a
higher incidence of ankle and knee pain
with nailing, and both groups did worse
than the normal population. Mauffrey
etal,”in alater trial, conversely showed
that there were more secondary pro-
cedures in the plating group, although
they had only 24 patients in their study.
Interestingly, Im and Tae,’ in a larger
trial, found that shorter surgical times
with improved function and decreased
complications were seen in the nailing
group.

Some of the disadvantages of open
plating (for example, periosteal strip-
ping, soft-tissue breakdown) have been
mitigated with the use of minimally in-
vasive plating, which has expanded the
use of plates for distal tibia metaphyseal
fractures. The advantages of nailing,
which include minimal soft-tissue dis-
section or exposure at the fracture site,
may now be diminished with these min-
imally invasive techniques. Excellent
healing rates and union rates have been
reported using this technique.”*’

The role of fibula plating in achieving
and maintaining fracture reduction of
the tibia while nailing or plating is also
controversial.**** Egol et al** showed
that fibula plating helped in complex/
comminuted fractures intraoperative-
ly to stabilize and hold the reduction
of the tibia by creating a lateral strut.
The study by Vallier et al’” comparing
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Figure 5
radiograph of a distal tibia fracture
treated with an intramedullary nail.
The fibula was plated to aid in the
reduction of the fracture.

Postoperative AP

plating versus nailing, with or without
fibula fixation, demonstrated a higher
rate of nonunion in patients who un-
derwent fibula plating, although the
plating was helpful in reduction of the
tibia fracture (Figures 5 and 6).
Biomechanical studies have demon-
strated that reamed nails may be
stronger than unreamed locked nails
or locked plating in fixation of these
injuries.” These results potentially sup-
port the use of nails for weight bearing,
although this may ultimately be decided
by fracture comminution, proximity to
the articular surface, and extension into
the joint. A recent study showed no dif-
ference in fracture healing or compli-
cations with early weight bearing after
tibial nailing.** In nailing, there is no
change in the starting entry point at the
proximal end; however, certain maneu-
vers, as described here, are useful for
distal fractures. Initial external fixation
may be useful for soft-tissue manage-
ment or intraoperative manipulation
and as an aid to reduction. Nailing can

be performed acutely; however, if the

Figure 6
radiograph of a distal tibia fracture
treated with a medial locking plate.
The fibula has been fixed using an
intramedullary nail.

Postoperative AP

plan is for plating, it is advisable to wait
for swelling to diminish.

The starting point of the nail is
similar to that for any other tibial nail;
however, the ending point of the guide-
wire must be center-center on both AP
and lateral fluoroscopy views to prevent
deformity. Unlike diaphyseal fractures,
nail insertion in distal metaphyseal frac-
tures does not result in fracture reduc-
tion. Eccentric reaming or failure to
control the distal fragment can lead to
notable malalighment and deformity.

If intra-articular extension is noted,
it should be reduced and stabilized first,
before reaming; the goal is to prevent
displacement of the articular surface
while attempting nailing. Kirschner
wires for use with cannulated screws

are inserted to capture the articular
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Figure 7
radiograph demonstrating the use
of screws for articular reduction in
the distal tibia, which is done before
nail insertion to avoid disruption of
the articular surface.

Postoperative AP

fragments and are placed such that they
do not block the path of the nail (usually
distal). If this is not possible, then plat-
ing should be considered (Figure 7).
Use of blocking screws may be re-
quired to guide passage of the nail into
the desired location by blocking passage
of the nail into an undesirable location.
Blocking screws are typically inserted
on either side of the nail to guide its
passage to the center-center position.
Bone reduction clamps may be used
for percutaneous application to reduce
and hold the fracture; small incisions
for the tines of the clamps are prefera-
ble to poking through the skin; this al-
lows closure at the end and will prevent
drainage of hematoma through these
so-called poke holes (Figure 8).
Performing the distal locking firstis

recommended to hold reduction; care

Figure 8
strating an intraoperative bone reduction clamp used to allow for fracture
reduction in the distal tibia. Use of the clamp is important to allow passage of
the guidewire and nail into the desired location in the distal segment.

should be taken to reassess the frac-
ture because it is possible to displace the
fracture (usually into valgus) as a result
of pressure from the drilling and screw
insertion unless the fracture is held with
a bone-reduction clamp or plate.

Use of three (or the maximum
number possible) distal locking screws
is helpful in increasing the fixation
strength and holding the reduction.

The following surgical tips are useful
in managing these difficult fractures.
Either one or multiple techniques may
be applied to achieve and maintain re-
duction of the fracture and can be used
for either nailing or plating.

Inserting a Schanz pin parallel to
the joint in the distal tibia posterior to
the midline will allow both traction and
fracture reduction in conjunction with
an external distractor and a proximal
tibial pin.

Use of percutaneous, pointing
bone-reduction clamps will allow re-
duction, especially in spiral/oblique
fractures.

Blocking screws can be inserted
percutaneously and act to decrease the
width of the metaphyseal medullary

canal, facilitate reduction, prevent nail
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Intraoperative AP (A) and lateral (B) fluoroscopic views demon-

translation, and increase the strength
of the fixation construct.*

Applying additional small plates
for provisional reduction is helpful for
both plating and nailing. This can easily
be done when nailing open fractures,
where the open wound allows place-
ment of a small fragment plate for re-
duction.” Care must be taken to insert
unicortical screws to allow for passage
of reamers and the nail.

Application of a uniplanar external
fixator or femoral distractor for align-
ment and length, especially in commi-
nuted or segmental fractures, is useful
for both nailing and plating.

Multiple distal fixation points in
nailing (three locking screws) or plat-
ing (multiple screws) is recommended
to hold the reduction to healing,

Use of an incisional vacuum-assisted
closure dressing may be helpful in de-
creasing edema and wound complica-

tions, especially after plating.”®

Summary

Fractures of the metaphyseal region
of the tibia can be treated satisfacto-
rily at the distal end using a plate or a
nail. At the proximal end, the use of a
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suprapatellar technique for nailing of-

fers a viable and safe alternative to other

techniques for metaphyseal fractures.

Reduction and stabilization of these

injuries demand an exacting technique

and attention to detail to avoid mal-

union, nonunion, and wound compli-

cations. However, the outcomes can be

improved with use of the techniques

described, appropriate soft-tissue man-

agement, and management of patient

expectations.

References

1.

182

Freedman EL, Johnson EE: Radio-
graphic analysis of tibial fracture
malalignment following intramed-
ullary nailing. Clin Orthop Relat Res
1995;315:25-33.

Lang GJ, Cohen BE, Bosse M]J,
Kellam JF: Proximal third tibial shaft
fractures. Should they be nailed? Clin
Orthop Relat Res 1995;315:64-74.

Ricci WM, O’Boyle M, Borrelli J,
Bellabarba C, Sanders R: Fractures of
the proximal third of the tibial shaft
treated with intramedullary nails

and blocking screws. | Orthop Trauma
2001;15(4):264-270.

Krettek C, Miclau T, Schandelmaier
P, Stephan C, Méhlmann U, Tscherne
H: The mechanical effect of blocking
screws (“Poller screws”) in stabilizing
tibia fractures with short proximal

or distal fragments after insertion of
small-diameter intramedullary nails.

] Orthop Tranma 1999;13(8):550-553.

Dunbar RP, Nork SE, Barei DP, Mills
WJ: Provisional plating of Type 111
open tibia fractures prior to intra-
medullary nailing. | Orthop Trauma
2005;19(6):412-414.

Kuntscher G: The Marrow Nailing
Method. Germany, Stryker, 20006.

McConnell T, Tornetta P I11, Tilzey
J, Casey D: Tibial portal placement:
The radiographic correlate of the
anatomic safe zone. | Orthop Trauma
2001;15(3):207-209.

Hiesterman TG, Shafiq BX, Cole
PA: Intramedullary nailing of
extra-articular proximal tibia

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

fractures. | Am Acad Orthop Surg
2011;19(11):690-700.

Cole JD, Ansel L], Schwartzberg R: A
sequential protocol for management
of severe open tibial fractures. Clin
Orthop Relat Res 1995;315:84-103.

Benirschke SK, Henley MB, Ott JW:
Proximal one-third tibial fracture
solutions. Orthopaedic Transactions
1995;18:1055-1056.

Nork SE, Barei DP, Schildhauer TA,
et al: Intramedullary nailing of prox-
imal quarter tibial fractures. | Orthop
Tranma 20006;20(8):523-528.

Tornetta P 111, Collins E: Semi-
extended position of intramedullary
nailing of the proximal tibia. C/in
Orthop Relat Res 1996;328:185-189.

Vidyadhara S, Sharath KR: Prospec-
tive study of the clinico-radiological
outcome of interlocked nailing in
proximal third tibial shaft fractures.
Injury 2006;37(6):536-542.

Forman JM, Urruela AM, Egol KA:
The percutaneous use of a pointed
reduction clamp during intramed-
ullary nailing of distal third tibial
shaft fractures. Acta Orthop Belg
2011;77(6):802-808.

Krettek C, Stephan C, Schandelmaier
P, Richter M, Pape HC, Miclau T:
The use of Poller screws as blocking
screws in stabilising tibial fractures
treated with small diameter intra-
medullary nails. | Bone Joint Surg Br
1999;81(6):963-968.

Henley MB, Meier M, Tencer AF:
Influences of some design parameters
on the biomechanics of the unreamed
tibial intramedullary nail. | Orthop
Trauma 1993;7(4):311-319.

Jakma T, Reynders-Frederix P, Raj-
mohan R: Insertion of intramedullary
nails from the suprapatellar pouch
for proximal tibial shaft fractures:

A technical note. Acta Orthop Belg
2011;77(6):834-837.

Court-Brown CM, Gustilo T, Shaw
AD: Knee pain after intramedullary
tibial nailing: Its incidence, etiol-
ogy, and outcome. | Orthop Trauma
1997;11(2):103-105.

Toivanen JA, Viisté O, Kannus P,
Latvala K, Honkonen SE, Jarvin-
en MJ: Anterior knee pain after

20.

21.

22.

23.

24.

25.

26.

27.

28.

intramedullary nailing of fractures
of the tibial shaft: A prospective,
randomized study comparing two
different nail-insertion techniques.
] Bone Joint Surg Am 2002;84(4):
580-585.

Keating JF, Orfaly R, O’Brien PJ:
Knee pain after tibial nailing. | Orthop
Tranma 1997;11(1):10-13.

Morandi M, Banka T, Gaiarsa GP,
et al: Intramedullary nailing of tibial
fractures: Review of surgical tech-
niques and description of a percuta-
neous lateral suprapatellar approach.

Orthgpedies 2010;33(3):172-179.

Jones M, Parry M, Whitehouse M,
Mitchell S: Radiologic outcome
and patient-reported function after
intramedullary nailing: A compar-
ison of the retropatellar and infra-
patellar approach. | Orthop Trauma
2014;28(5):256-262.

Ryan SP, Steen B, Tornetta P I11:
Semi-extended nailing of metaphyseal
tibia fractures: Alignment and inci-
dence of postoperative knee pain.

] Orthop Tranma 2014;28(5):263-269.

Sanders RW, DiPasquale TG, Jordan
CJ, Arrington JA, Sagi HC: Semiex-
tended intramedullary nailing of the
tibia using a suprapatellar approach:
Radiographic results and clinical
outcomes at a minimum of

12 months follow-up. | Orthop Trauma
2014;28(5):245-255.

Gelbke MK, Coombs D, Powell S,
DiPasquale TG: Suprapatellar versus
infra-patellar intramedullary nail in-
sertion of the tibia: A cadaveric model
for comparison of patellofemoral
contact pressures and forces. | Orthop
Tranma 2010;24(11):665-671.

Eastman |G, Tseng SS, Lee MA, Yoo
BJ: The retropatellar portal as an
alternative site for tibial nail insertion:
A cadaveric study. | Orthop Tranma
2010;24(11):659-664.

Gaines R, et al: Suprapatellar versus
infra-patellar intramedullary nail in-
sertion of the tibia: A cadaveric model
for comparison of patellofemoral con-
tact pressures and forces. Orthopaedics
2013;36:e1115-¢1118.

Hernigou P, Cohen D: Proximal
entry for intramedullary nailing of
the tibia: The risk of unrecognised

© 2015 AAOS Instructional Course Lectures, Volume 64



Controversies in the Intramedullary Nailing of Proximal and Distal Tibia Fractures

29.

30.

31.

32.

33.

34.

articular damage. | Bone Joint Surg Br
2000;82(1):33-41.

Tornetta P 111, Riina ], Geller ],
Purban W: Intraarticular anatomic
risks of tibial nailing. | Orthop Trauma
1999;13(4):247-251.

Beltran MJ, Collinge CA, Patzkowski
JC, Masini BD, Blease RE, Hsu JR;
Skeletal Trauma Research Consortium
(STReC): Intra-articular risks of su-
prapatellar nailing. A | Orthop (Belle
Mead NJ) 2012;41(12):546-550.

Bible JE, Choxi AA, Dhulipala S,
Evans JM, Mir HR: Quantification
of anterior cortical bone removal and
intermeniscal ligament damage at the
tibial nail entry zone using parapatel-
lar and retropatellar approaches.

] Orthop Tranma 2013;27(8):437-441.

Lindvall E, Sanders R, Dipasquale

T, Herscovici D, Haidukewych

G, Sagi C: Intramedullary nailing
versus percutaneous locked plating
of extra-articular proximal tibial frac-
tures: Comparison of 56 cases.

J Orthop Tranma 2009;23(7):485-492.

Miller ME, Nazarian S, Koch

P, Schatzker J: The Comprebensive
Classification of Fractures of Long Bones.
Springer-Vetlag, Berlin, Germany,
1990.

Im GI, Tae SK: Distal metaphyseal
fractures of tibia: A prospective
randomized trial of closed reduc-
tion and intramedullary nail versus
open reduction and plate and screws

35.

36.

37.

38.

39.

40.

fixation. | Tranma 2005;59(5):1219-
1223, discussion 1223.

Vallier HA, Cureton BA, Patter-
son BM: Randomized, prospective
comparison of plate versus intra-
medullary nail fixation for distal
tibia shaft fractures. | Orthop Tranma
2011;25(12):736-741.

Vallier HA, Cureton BA, Pat-
terson BM: Factors influencing
functional outcomes after distal
tibia shaft fractures. | Orthop Tranma
2012;26(3):178-183.

Vallier HA, Le T'T, Bedi A: Radio-
graphic and clinical comparisons of
distal tibia shaft fractures (4 to

11 cm proximal to the plafond): Plat-
ing versus intramedullary nailing.

] Orthop Tranma 2008;22(5):307-311.

Mauffrey C, McGuinness K,
Parsons N, Achten J, Costa ML: A
randomised pilot trial of “locking
plate” fixation versus intramedullary
nailing for extra-articular fractures
of the distal tibia. | Bone Joint Surg Br
2012;94(5):704-708.

Helfet DL, Shonnard PY, Levine
D, Borrelli ] Jr: Minimally inva-
sive plate osteosynthesis of dis-

tal fractures of the tibia. Injury
1997;28(suppl 1):A42-A48.

Oh CW, Kyung HS, Park IH, Kim
PT, Ihn JC: Distal tibia metaphyseal
fractures treated by percutaneous
plate osteosynthesis. Clin Orthop Relat
Res 2003;408:286-291.

© 2015 AAOS Instructional Course Lectures, Volume 64

41.

42.

43.

44,

45.

Chapter 14

Kumar A, Charlebois §J, Cain EL,
Smith RA, Daniels AU, Crates JM:
Effect of fibular plate fixation on
rotational stability of simulated distal
tibial fractures treated with intramed-
ullary nailing. | Bone Joint Surg Am
2003;85(4):604-608.

Egol KA, Weisz R, Hiebert R,
Tejwani NC, Koval KJ, Sanders RW:
Does fibular plating improve align-
ment after intramedullary nailing of

distal metaphyseal tibia fractures?
J Orthop Trauma 2006;20(2):94-103.

Hoegel FW, Hoffmann S, Weninger
P, Bihren V, Augat P: Biomechanical
comparison of locked plate osteosyn-
thesis, reamed and unreamed nailing
in conventional interlocking tech-
nique, and unreamed angle stable nail-
ing in distal tibia fractures. | Trauma
Acute Care Surg 2012;73(4):933-938.

Gross SC, Taormina D, Egol K, Tej-
wani NC: Can all tibial shaft fractures
bear weight following intramedullary
nailing? A randomized clinical trial.
Presented at the 29th Annual Meeting
of the Orthopaedic Trauma Asso-
ciation, Phoenix, Arizona, October
9-12, 2013. http://www.hwbf.org/
ota/am/otal3/otapa/OTA13063.htm.
Accessed August 8, 2014.

Stannard JP, Volgas DA, McGwin G
111, et al: Incisional negative pressure
wound therapy after high-risk lower

extremity fractures. | Orthop Trauma
2012;26(1):37-42.

183






