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How to manage tibial shaft fractures? Current therapeutic options
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Abstract
Tibial  fractures  are the most common fractures  of the long bones. Complications  of tibial  shaft
fractures  potentially  include  neurovascular  compromise,  compartment  syndrome,  delayed  union,
nonunion, or malunion, and osteomyelitis. Therefore, the management of tibial shaft fractures is very
important for orthopedic surgeons. There are operative and non-operative options for the treatment
of tibial shaft fractures. Non-surgical treatment is applied on closed (not open) tibial shaft fractures,
naming as closed reduction and cast immobilization. Surgical treatments include external fixation,
intramedullary  nailing  (IMN),  and  percutaneous  locking  plate  (PLP).  Surgery  for  tibial  shaft
fractures seems to have many benefits, such as better appearance, less pain, and discomfort after
surgery, maintaining the length of the fractured bone, and faster recovery and return to work for the
patient. Although non-surgical methods also have advantages, such as lower initial cost of treatment,
no  need  for  anesthesia  and  inexistence  of  possible  complications  of  the  surgery,  the  surgical
procedure  has  better  clinical  results  and  better  acceptance  by  the  patients  and  it  is  more  cost-
effective and more affordable in terms of period of hospitalization and time to return to work. For
these reasons, it is recommended to be considered as a more acceptable and more common treatment
method. Concerning surgical options, IMN still  seems to be the main acceptable method for the
treatment of tibial shaft fractures, although PLP and external fixation have benefits too. Altogether,
the final choice of management for each patient is specifically related to his/her condition, fracture
type and the surgeon's decision.
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Introduction

Tibial  fractures  are  the  most  common
fractures  of  the  long  bones  due  to  its
location  and  being  a  subcutaneous  bone.

Every year, about 17 tibial fractures occur
in  every  100,000  people,  and  these
fractures are three times more common in
men than  in  women(1-3).  There  are  two
types of tibial fracture based on injury of
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the  skin  around  the  fracture,  including
closed  (intact  skin)  and  open  fractures
(punctured  skin).  Most  parts  of  the  tibia
bone are subcutaneous. For this reason, the
open fracture is also common in this bone.
The blood flow of tibia is also lesser than
the bones that are surrounded by muscles.
The presence of two hinge joints (knee and
wrist) at the above and below of tibia does
not  allow any rotational  deformity  at  the
fractured area of the bone and should be
considered during treatment(4, 5).

There  are  classifications  for  both  closed
and open tibia fractures. Regarding closed
fracture,  Oestern  and  Tscherne
Classification  is  mainly  used  with  four
grades  from  0  to  4(6).  Concerning  open
fracture,  Gustilo-Anderson  Classification
is principally used with three types from I
to  III  (including  IIIA,  IIIB,  IIIC)(7).  In
both  classifications,  the  grade  is  directly
associated with the severity of the injury.

It  has  long  been  acknowledged  in  many
medical  texts  and  articles  that  whenever
different  and  multiple  ways  of  treating
disease have been provided, the nature of
the disease may not be fully understood(8).
This issue is entirely applicable for tibial
fractures,  because  despite  significant
improvements  in  the  development  of
orthopedic  techniques  and  devices,  in
severe  and  comminuted  cases  of  tibial
fractures, many surgeons are still uncertain
about choosing between surgical and non-
surgical  methods(9,  10).  Each orthopedic
surgeon  sets  specific  criteria  for  the
acceptability of the outcome of a treatment
for fractures. In addition to the bone tissue,
soft  tissue (skin,  muscles,  nerves,  vessels
and  ligaments)  may  be  damaged  during
fracture(11). Both fractured bone and soft
tissue damage must be treated together. In
many cases,  surgery  is  needed to  restore
strength, movement and stability in the leg
and reduce the risk of arthritis. The bone

can  be  fractured  transversely,  spiral,
obliquely, or comminuted(12). Sometimes
these fractures extend to the knee joint and
divide the bone surface into several parts.
Complications  of  tibial  shaft fractures
potentially  include  neurovascular
compromise,  compartment  syndrome,
delayed union, nonunion, or malunion, and
osteomyelitis(13).  Therefore,  the
management  of  tibial  shaft fractures  is
very notable for orthopedic surgeons.

Regarding the  necessity  of  reviewing the
results  of  surgical  and  non-surgical
treatments  for  tibial  shaft fractures  and
identifying strategies to reduce exposure to
these fractures, this study aimed to review
the  surgical  and  non-surgical  treatments
for tibial shaft fractures.

2. Non-surgical treatments

Non-operative  treatment  is  applied  on
closed  (not  open)  tibial  shaft  fractures,
naming  as  closed  reduction  and  cast
immobilization(14).  Non-surgical
treatment  mainly  includes  the  use  of  a
Patellar  Tendon  Bearing  cast.  Its
indications are closed low energy fractures
with  acceptable  alignment  and/or  the
patients  who  may  be  non-ambulatory  or
those  who  are  suitable  for  surgery  (e.g.,
due to poor health conditions)(15, 16). In
this method, the cast is placed firstly, then,
it is converted to the functional brace at 4-
6 weeks.

Non-surgical  treatment  for  tibial  shaft
fractures  can  have  a  high  success  rate  if
acceptable  alignment  is  maintained,
however,  the  risk  of  nonunion  and
malunion  is  not  unexpected,  which  can
cause  disabilities.  In  the  majority  of  the
studies in which fixation and leg fracture
surgeries  performed  with  the
intramedullary  nail,  results  were  better
compared  to  studies  that  used  plaster
cast(17). As stated, the use of plaster cast
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or brace in the treatment of tibial fractures
is  limited  to  fractures  with  low  energy
trauma  in  young  people,  where  the
surgeon's inference is that he/she can open
the  plaster  as  soon  as  possible  after  a
fracture.  Younger  people’s  bones  will
union  sooner  and  less  often  they
experience  hindfoot  stiffens.  Generally,
heel pins for stretching or pin and plaster
cast  should  not  be  used in  treating tibial
fractures  unless  in  the  abovementioned
cases.

Other  non-operative  options  have  been
suggested,  including  the  electrical
stimulator/electromagnetic  fields  (through
stimulating  growth  factors)  and  the  low-
intensity  pulsed  ultrasound  (increase  in
osteoblastic response by low sine waves),
however,  conflict  results  exist  on  their
efficacy(18-21).

3. Surgical treatments

Surgery  may  be  recommended  for  open
fractures,  fractures  not  healed  with  non-
surgical  treatment,  fractures  with
displacement,  or  fragment  fractures.
Operative options for treatment of closed
tibia  fractures  include  external  fixation,
intramedullary  nailing  and  percutaneous
locking plate.

3.1. External fixation

In  this  technique,  after  reposition  of  the
broken  bone  pieces  (usually  by  closed
reduction)  into  their  normal  alignment,
metal screws and/or pins are transversely
inserted into the bone fragments above and
below the  fracture  site  and attached to  a
stabilizing  bar  structure  outside  the  skin.
This  method  can  keep  the  bones  in  the
proper position to be healed.

3.1.1. Indications

An external fixator can be used until  the
end  of  treatment,  usually  requiring  bone
grafting to obtain the union or converting
the  treatment  into  an  internal  fixator
(usually with an IMN) after a  period(22-
24).  External  fixation  can  be  useful  for
proximal  or  distal  metaphyseal  fractures
and/or in children with open physis(25).

3.1.2. Outcomes

A  common  complication  of  the  use  of
external  fixation  is  an  infection  of  the
tissue  around  the  pins,  which  requires
careful  pin  insertion  technique  and  post-
operative  care  of  pin  dressing to  prevent
infection(26).  Although  this  infection  is
usually  localized  and  rarely  causes
osteomyelitis,  the  intramedullary  rods
should  be  used  cautiously  if  infection
occurs at the pin area(26).

3.2. Intramedullary nailing (IMN)

IMN is currently the most method used for
the  treatment  of  tibia  fractures,  although
there are indications and contraindications
as  well.  During  this  procedure,  after  a
closed  or  open  reduction  of  bone
fragments,  an especial  metal  rod (usually
made of titanium) is placed into the canal
of  the  tibia.  The  intramedullary  rod  is
screwed to the bone at both ends, keeping
nail  and  bone  in  proper  position  during
healing.

3.2.1. Indications

IMN is used in both closed and open tibia
fractures.  About closed fractures,  IMN is
potentially  indicated  when  closed
reduction and casting were not efficient in
alignment.  This  method  is  also  used  for
segmental,  comminuted,  or  bilateral  tibia
fractures.  Another  indication  for  IMN  is
ipsilateral  limb  injury.  Contraindications
for  IMN  include  any  bone  deformities
preventing the procedure, and/or previous
total  knee  arthroplasty(27-29).  In  open
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tibia  fractures,  IMN  can  be  curative  for
most  fractures  within  24  hours.  A
contraindication  for  IMN  is  in  children
with  open  physis,  in  whom  external
fixation  is  indicated(30).  Surgeons
formerly  stated  that  tibia  proximal  end
fractures  are  not  suitable  for  using IMN,
and if  IMNs are used,  caution should be
exercised, because malunion may occur in
these  fractures(31,  32).  However,  recent
developments  and  modifications  in  nail
design  and  reduction  techniques  (e.g.,
interlocking  screws)  have  expanded  the
indications  for  IMN to  include  proximal
and distal third tibial fractures(32).

3.2.2. Outcomes

According to the existing results, IMN can
decrease malalignment and time to union.
Studies  have  also  shown  that  in  closed
tibia fractures, the use of canal reaming in
IMN insertion has better outcomes than in
cases where insertion of IMN is performed
without  canal  reaming(33).  It  has  been
mentioned  that  canal  reaming  with  IMN
insertion  increases  periosteal  blood  flow
and  reduces  endosteal  blood  flow  for  a
short  time,  although  its  clinical  effect  is
minimal. In relation to open tibia facture,
there  is  controversy  about  the  choice  of
reamed  or  unreamed  IMN.  Some  results
showed better  outcomes for  reaming,  but
some reports are in favor of unreaming(34,
35).  Altogether,  no  clear  indications  or
contraindications  exist  to  select  either
option. It  seems that the outcomes of the
insertion of reamed and unreamed IMN are
probably  similar  in  open  tibia  fractures.
However,  due  to  the  ease  of  performing
the technique and the decreased operative
time, unreaming method is recommended.
The most common complication of IMN in
fractures of the tibia is knee pain, which is
mild in most cases and it relieves when the

intramedullary  rod  is  removed(17).  A
recent  meta-analysis  showed  that
suprapatellar  IMN  decreases  total  blood
loss,  postoperative  knee  pain,  and
fluoroscopy  times  compared  to
infrapatellar approach(36). The reason for
this pain is not exactly understood, but it
may be because of  the prominent  end of
the rod and the anterior-posterior curve of
the proximal end of the rod or soft tissue
injury(23).

A recent meta-analysis by Giovannini et al.
(37), including five randomized controlled
trials  involving 239 patients  with Gustilo
type III open tibial shaft fractures, showed
that  infection  and  fracture  healing
problems  were  less  prevalent  following
IMN compared with external fixation. On
the  other  hand,  rates  of  other
complications,  such  as  vascular  injury,
revision  surgery,  soft  tissue  damage,
mechanical  failure,  and  tibial
malalignment, were not different between
the  two  methods.  Therefore,  IMN  was
recommended as the therapeutic choice for
Gustilo  type  III  fractures(37).  Another
meta-analysis  showed  that  superficial
infection  and  malunion  after  fixation  in
open  tibial  fractures  are  less  prevalent
following unreamed IMN compared with
external  fixation(38).  The  results  were
similar  for  both  methods  about
postoperative  deep  infection,  delayed
union and nonunion. Thus, unreamed IMN
was  recommended  to  be  superior  to
external fixation for the treatment of open
tibial fractures(38).

3.3. Percutaneous locking plate (PLP)

In this method, the bone fragments are first
repositioned by closed or open reduction.
Then, an incision is made on the skin and
the plates are entered through it, and then,
the plates are attached to the bone by some
screws to hold the bone segments together.
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3.3.1.  Indications: PLP  is  used  in
proximal/distal  tibia  fractures  with
insufficient fixation form IMN. Regarding
distal  fractures  of  the  leg  bone,  it  is
recommended that both the tibia and fibula
be fixed,  although there  is  a  controversy
between  some  orthopedic  surgeons(39,
40).  However,  in  many  cases,  poor  skin
and soft tissue conditions and poor blood
flow  can  complicate  the  decision  to
undergo surgery and may have numerous
complications.  In  elderly  patients  with
osteoporosis  and  comminuted  fractures
with  multiple  fragments,  lack  of  proper
volume and size of bone is a challenge for
firm fixation. In this method for fixing the
tibia, a locking plate and pro-fibula screws
can be used(41, 42).

3.3.2.  Outcomes: Non-union  or  delayed
union,  and  wound  infection  have  been
reported  as  potential  postoperative
complications  of  PLP(43).  There  are
limited and inconsistent studies comparing
outcomes  between  PLP  and  IMN.  A
recently  published  meta-analysis  showed
that PLP can shorten fracture healing time
and  lead  to  lower  rates  of  postoperative
delayed  union  and  pain  compared  with
interlocking IMN in the treatment of tibial
shaft fractures in adults(44). On the other
hand, no difference was found between the
two methods in the rates of excellent and
good  Johner-Wruh  scoring(44).
Altogether,  it  seems that there is roughly
equal  therapeutic  efficacy  between  PLP
and IMN, and PLP can be considered as an
effective alternative to nailing in selected
patients. However, more high quality and
multicenter  randomized  controlled  trials
need to be done to compare the outcomes
between  the  two  methods,  helping  for
better management of the patients.

4. Postoperative care

Tibial shaft fractures mostly heal within 4-
6  months,  however,  it  may  take  longer
especially  when  the  fracture  is  open  or
broken  into  several  pieces.  Overall,
postoperative  management  is  efficient  in
healing  the  fracture.  "Weight-bearing"  is
recommended to the patients early in the
recovery  period.  In  fact,  surgeons
encourage  the  patients  to  put  weight  on
their injured leg as much as possible after
surgery.  This  is  an  exercise  in  which
mechanical loading causes bone modeling
and remodeling by integrins, cytoskeleton,
membrane  channels,  and  auto-  and
paracrine  factors(45).  In  addition  to
weight-bearing,  "physical  therapy"  can
help  to  restore  normal  muscle  strength,
joint  motion  and  flexibility.  It  is  also
helpful  to  manage  postoperative  pain.
Physical  therapy  can  be  done  in  both
hospital and home, even by using crutches
or a walker.

5. Conclusion

The goal of surgical treatment is to return
the  patients  with  fractures  as  quickly  as
possible to their work and former life, with
full attention to principles. Nowadays, due
to injuries  caused by accidents,  falls  and
improper  high-energy  dynamic  exercises,
the  number  of  tibial  fractures  and
dislocation of tibial joints are on the rise.
Surgery for tibial shaft fractures seems to
have  many  benefits,  such  as  better
appearance, less pain and discomfort after
surgery,  maintaining  the  length  of
fractured  bone  and  faster  recovery  and
returning to work for the patient. Although
non-surgical  methods  also  have
advantages,  such  as  lower  initial  cost  of
treatment,  no  need  for  anesthesia  and
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inexistence  of  possible  complications  of
the  surgery,  the  surgical  procedure  has
better clinical results and better acceptance
by the patients and it is more cost-effective
and more affordable in terms of period of
hospitalization and time to return to work.
For these reasons, it is recommended to be
considered as a more acceptable and more
common  treatment  method.  With  respect
to surgical options, IMN still seems to be
the  main  acceptable  method  for  the
treatment of tibial shaft fractures, although
PLP  and  external  fixation  have  benefits
too.  Altogether,  the  final  choice  of
management for each patient is specifically
related to  his/her  condition,  fracture  type
and the surgeon's decision.
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