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INTRODUCTION
Fractures of the tibial condyles are common

fractures around the knee. They account for only 1.2%
of all fractures in adults. Most of these intra articular
fractures pose a challenging problem in management as
they are intra articular and lead on to early degenerative
arthritis if managed improperly. The problem of
management can be faced easily if the surgeon is well
conversed with the pathology and anatomy as well as
the technical details of the imp lants used. When both
the condyles are involved, the management is
complicated as to whether the fracture needs fixation of
both columns or one column fixation is sufficient. This
paper looks into the problems and tries to find a solution
from our experience supported by literature.

HISTORY (1):-
Sir Astley Cooper first described fractures of the

proximal tibia in 1825. Anger treated most minimally
displaced fractures with early knee traction mobilization.
Rasmussen introduced open reduction and internal
fixation (ORIF) of tibial condylar fractures, and
Sarmiento popularized functional cast bracing of most
tibial condylar fractures

CLASSIFICATIONS:-
In 1900, Muller proposed a classification system

for tibial plateau fractures that categorized fractures
according to the amount of articular involvement.

In 1956, Hohl and Luck proposed a classification
of plateau fractures that included undisplaced, local-
depression, split-depression, and splitting fractures. Hohl
later (1967) expanded the classification to include
comminuted fractures.In 1981, Moore proposed a
classification system for fracture-dislocation of the
tibial condyle that took into consideration soft-tissue
injury.

Schatzker et al proposed a classification system
of condyle fractures based on the fracture pattern and
fragment anatomy in 1979.(2) This classification system,
which is widely accepted and used today, divides these
fractures into the following six types:

• Type I - This is a wedge or split fracture of the
lateral aspect of the plateau, usually as a result of valgus
and axial forces; the wedge fragment is not compressed
(depressed), because the underlying cancellous bone is
strong; this pattern is usually seen in younger patients
• Type II - This is a lateral wedge or split fracture
associated with compression; the
mechanism of injury is similar to that of a type I fracture,
but the underlying bone may be osteoporotic and unable
to resist depression, or the force may have been greater
(see the first and second images below)
• Type III - This is a pure compression fracture of
the lateral plateau; as a result of an axial
force, the depression is usually located laterally or
centrally, but it may involve any portion of the articular
surface (see the third image below)
• Type IV - This is a fracture that involves the
medial plateau; as a result of either varus or axial
compression forces, the pattern may be either split alone
or split with compression; because this fracture involves
the larger and stronger medial plateau, the forces
causing this type are generally greater than those
associated with types I, II, or III (see the fourth image
below)
• Type V - This fracture includes split elements of
both the medial and the lateral condyles and may include
medial or lateral articular compression, usually as a
result of a pure axial force occurring while the knee is in
extension
• Type VI - This is a complex, bicondylar fracture
in which the condylar components
separate from the diaphysis; depression and impaction
of fracture fragments are the rule;
this pattern results from high-energy trauma and diverse
combinations of forces.

The other popular classification is by ASIF. In
this Type A is extra articular fracture, Type B is intra
articular fracture and Type C are intra articular fracture
with metaphyseal extension.

Recently, a new three-column classification
approach was proposed by Luo based on multiplanar
CT images. Three-Column classification provides a
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higher agreement among different surgeons and could
be popularized and widely practiced (3)

INVESTIGATIONS:-Radiography
Most tibial plateau fractures are easy to identify

on standard anteroposterior (AP) and lateral projections
of the knee.

Oblique projections should be added if a non
displaced tibial plateau fracture is suspected but not seen
on the standard projections. An AP projection of the
knee, angled 15° caudally (tibial plateau view), can
provide a more accurate assessment of the depth of
plateau surface depression.

Traction radiographs provide a clearer image of
the fracture configuration after anatomic alignment is
restored.Areas of bone loss resulting from comminution
can be mapped, and the appropriate size and length of
the necessary implants can be ascertained.

Corresponding views of the uninjured knee and
extremity are necessary for each patient to receive
accurate restoration of length and alignment of the leg.

Computed tomography
By acquiring thin axial slices through the knee

and reconstructing the image data in the sagittal and
coronal planes, computed tomography (CT) provides
more detailed information. The information obtained
from a CT scan can help determine the best surgical
approach based on the fracture planes seen on the
computer images. Three-dimensional spiral CT
reconstructions yield a better and more accurate
demonstration of the tibial plateau fracture. They
present the anatomy in the view the surgeon will see
when surgery is performed. Magnetic resonance
imaging

Magnetic resonance imaging (MRI) is
acknowledged as a reliable and accurate tool for
assessing meniscal, collateral, and cruciate ligamentous
injury, as well as for identifying occult fractures of the
tibial plateau.

MANAGEMENT:-
As these fractures are intra articular, it is ideal to

go for surgical management in the form of accurate
reduction, fixation followed by early mobilization.

Before planning surgery, it is essential to consider
the condition of soft tissues as there is bound to be
damage to the surrounding soft tissues in displaced
fractures and fracture dislocations.

Surgical management may be internal fixation or
external fixation.Internal fixation can be with buttress
plates and screws, locking plates and screws and in
some screws alone.

External fixation can be Ilizarov fixator or hybrid
fixators. Joint spanning fixators are used as temporary
measure. Minimally invasive articular realignment and
screw fixation can be combined with external fixation.

MATERIALS & METHODS
On a retrospective study of bicondyle fractures

of tibia operated from 2008 to 2014, there were 20 cases
in which there was follow up of more than a year. There
were 12 males and 8 females. The involvement of right
side was 8 and the left was 12. The age group was from
18 to 65 years (Average 42.4 years).
The mode of violence include the following
1. RTA - 12
2. Fall at home-. 8

The patients were operated following the routine
investigations under spinal anaesthesia. 5 patients
underwent CT scan. All other patients were operated
without CT scan.

The involvement of medial condyle was present
in all and specific posteromedial condyle involvement
was present in 6 patients.

There were 8 cases which were subjected to
open reduction and the remaining patients were
operated by minimally invasive technique. The fractures
were fixed with proximal tibial buttress plates and
screws in 6 patients and lateral proximal tibial locking
plates and screws in 14 patients. There were 4 patients
who had fixation on the medial side alone and 5 patients
had fixation from both sides.
All patients were operated under spinal anaesthesia.
Some patients were operated without
image intensifier. All the patients were operated under
tourniquet control. 6 patients underwent bone grafting
from iliac crest.
The co morbidities were
1. Diabetes mellitus - 5
2. Hypertension - 4
3. Anaemia - 2
4. Associated injuries
a. Clavicle fracture  - 1 b.
Lateral popliteal nerve palsy - 1 c.
Fibula neck fracture - 5

There were 3 open fractures.
The duration between injury and hospitalization

varied from 3 hrs to 5 days. The duration between
hospitalization and surgery was from 6 hrs to 3 days.
The reason for delay were1.   Control of co morbid
conditions

2.   Consent of the patient
3. Approval from insurance company
Post operatively the patients were mobilised in 48

hours and weight bearing was delayed till 6 weeks when
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partial weight bearing was allowed. All the fractures
were followed up periodically with radiographs till the
fractures united.
The follow up ranged from 14 months to 120 months
(Average 63 months)

RESULTS
There were no cases of superficial or deep

infections. All the wounds healed primarily. 3 patients
have undergone implant removal electively.

The results were analysed using Rasmussen
functional and anatomical grading as well as Lysholm
grading.

Rasmussen grading
FUNCTIONAL GRADING
A.  SUBJECTIVE
a.  PAIN
i.  No pain 6
ii. Occasional pain 5
iii.  Stabbing pain in

certain positions 4
iv. Intense, constant pain after activity 2
v.  Night pain/ Rest pain 0
b. WALKING CAPACITY
i.  Normal 6
ii. Walking outdoors  1 hour 4
iii.  Short walks outdoors 15 minutes 2
iv. Walking indoors only 1
v. Wheel chair/ Bedridden 0
B. CLINICAL SIGNS
a. EXTENSION
i.  Normal 6
ii. Lack of extension 10* 4
iii. Lack of extension > 10* 2
b. TOTAL RANGE OF MOVEMENT
i.     At least 140 6
ii.    At least 120 5
iii.   At least 90 4
iv. At least 60 2
v.    At least 30 1
vi.   0 0
c. STABILITY
i. Normal in extension and 20* flexion 6
ii. Abnormal in 20* flexion 5
iii. Instability in extension < 10* 4
iv. Instability in > 10* 2

EXCELLENT: 21 – 27 GOOD: 11 – 20
FAIR: 7 – 10 POOR: 6 AND BELOW

ANATOMICAL GRADING
A.  DEPRESSION

a.  Not present 6
b.   < 5 mm 4
c. 6 to 10 mm 2
d.   > 10 mm 0
B. CONDYLAR WIDENING
a.  Not present 6
b.   < 5 mm 4
c. 6 to 10 mm 2
d.   > 10 mm 0
C. ANGULATION
a. Not present 6
b. < 10 degrees 4
c. 10 to 20 degrees 2
d. > 20 degrees 0

EXCELLENT: 11 – 18 GOOD: 7 –12
FAIR: 1 - 6 POOR: 0

Lysholm grading
This questionnaire is designed to give information as to
how the knee problems have affected the ability of the
patient to manage in everyday life

LYSHOLM KNEE SCORING SCALE
1.Limp:
a) None 5
b) Slight or periodical 3
c) Severe and constant 0
2. Support:
a) None 5
b) Stick or crutch 2
c) Weight-bearing impossible 0
3. Locking:
a) No locking and no

catching sensations 15
b) Catching sensation but no locking 10
c) Locking occasionally 6
d) Locking frequently 2
e) Locked joint on examination 0
4. Instability:
a) Never giving way 25
b) Rarely during athletics or

other severe exertion 20
c) Frequently during athletics/other

severe exertion
(or incapable of participation) 15

d)Occasionally in daily activities 10
e) Often in daily activities 5
f) Every step 0

5. Pain:
a) None 25
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b) Inconstant and slight during
severe exertion 20

c) Marked during severe exertion 15
d) Marked on or after walking

more than 2 km 10
e) Marked on or after walking

less than 2 km 5
f) Constant 0

6. Swelling:
a) None 10
b) On severe exertion 6
c) On ordinary exertion 2
d) Constant 0

7. Stair-climbing:
a) No problems 10
b) Slightly impaired 6
c) One step at a time 2
d) Impossible 0

8. Squatting:
a) No problems 5
b) Slightly impaired 4
c) Not beyond 90° 2
d) Impossible 0

TOTAL POINTS
GRADE :-

Grading the Lysholm Knee Scoring Scale
<65 Poor 65-83 Fair             84-90  Good
>90 Excellent

The results according to Rasmussen criteria are as
follows

Functionalgrade:

EXCELLENT 15
GOOD 3
FAIR 2
POOR 0

Anatomicalgrade:

EXCELLENT 16
GOOD 2
FAIR 1
POOR 1

The results according to Lysholm grading are as
follows :

EXCELLENT 17
GOOD 2
FAIR            1
POOR 0

DISCUSSION
Bicondylar tibial plateau fracture management

remains therapeutically challenging, partly because of
multiplanar articular comminution.

The goal of treatment in these fractures is stable
well aligned congruent joint with painless range of
motion and function. The soft tissue envelope, fracture
pattern, bone stock and degree of comminution also
heavily influence the decision-making process and is
critically important to the surgical success.

These goals can be reached if we can analyse
the structure of the fracture pattern and plan the
treatment.

An algorithm of Scan? Span ? Plan is useful in
management of these fractures.

A CT scan, preferably 3 D, will be a useful tool
to assess the anatomy of the fracture, useful to
complete the classification which is essential for
management and prognosis and will throw light on
suspicious fragments.

Spanning the joint in the form of a joint spanning
external fixation system is useful to reduce the pain.
The post traumatic edema comes down dramatically. It
also reduces the soft tissue trauma till the definitive
fixation is done. Spanning makes the alignment better
and eases the technique of internal fixation. Calcaneal
pin traction also brings about similar advantages. In one
patient we used this to reduce the dislocation associated
with this fracture and also to allow the blebs to subside.
After this the planning has to be done with the following
in mind.
1. Assess the fragments anatomy2. Decide about
     medial/ lateral stabilisation
3. Decide about MIPO/ ORIF
4. Decide about the length of stabilisation
5. Decide about the post op protocol

The choice of fixation rests with
1. Plate and screws
2. External fixation
3. External fixation with screw supplementation (4)

The common observation in the proximal tibial
fractures is that the lateral tibial condyle is depressed
first and then split in the violence. On the medial side it
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is the split of the condyle first and then depression of the
fractured fragments. The medial tibial split occurs most
of the time in coronal plane.

The shape of the condyles may be one of the
contributing factors to cause the damage like this. The
split posteromedial fragment is an entity which if not
recognized may lead on to deformity and joint
incongruity.

According to Eggli et al most of the complex
bicondylar fractures follow a regular pattern in that the
medial compartment is split in a mediolateral direction
with a posteromedial main fragment, combined with
various amounts of multi fragmental lateral
compartment depression.(5)

An intact fibula may be predictive of less
comminution of the plafond. (6) In our series also we
found whenever the fibula was fractured the
comminution was more.

In the series of Tscherne et al, a stepwise
approach is used in complex knee trauma. Primary
treatment includes closed reduction, wound
debridement, if necessary, and external fixation of the
femur and lower leg. Plate fixation was done only
secondarily. (7)

Historically, displaced bicondylar fractures were
treated with separate lateral and medial plates. A single,
midline incision or a Mercedes Benz incision provided a
convenient approach to dual plating of these fractures.
However, the amount of soft tissue dissection needed to
adequately expose the fracture through this approach
devitalizes comminuted bone fragments and has been
shown to have a high complication rate. (8)

Barei et al described the benefits using two
incisions for dual plating. (9)

When the fracture of the medial tibial condyle is
part of the bicondylar fracture, any attempt to fix it from
the lateral aspect may not be always successful. This is
more true in cases where the fixed angle plates and
screws are used.

Single lateral plating has been advocated as a
means of decreasing the risk of skin damage, ligament
damage, operation time, surgical site infection and
shorter hospitalization period. Experimental and clinical
evidence reported by Mueller et al., Gosling et al. and
Higgins et al. established that a single lateral locked
plate ensured reliable fixation. In all these studies, the
main risk was secondary displacement. (10,
11)According to M. Ehlinger et al also single lateral
locking plate ensured stable reduction of tibial plateau
fractures with a medial component.(12,13)

Yoo et al. reported that standard dual plating
provided greater mechanical strength than a single
lateral locked plate. (14)

According to Rui Jiang, the medial double plates
technique is biomechanically the best fixation method
for fracture dislocations involving the proximal tibia,
while lateral locked plate technique is not indicated to
this kind of fracture due to its insufficient stability. (15)

The literature review also shows Barei DP et al
showed that forty-two of 57 injuries (74%)
demonstrated a postero medial fragment that comprised
a mean of 58% of the articular surface of the medial
tibial plateau (range, 19%-98%) and a mean of 23% of
the entire tibial plateau articular surface (range, 8%-
47%).(16)

According to Higgins et al, of 111 bicondylar tibial
plateau fractures analyzed, this fragment occurred in 65
cases (59% incidence) and on average accounted for 25%
of the total tibial plateau joint surface. There was greater
than 5 mm of articular displacement in 55% of cases. The
posteromedial fragment exhibits a vertical fracture pattern
(average sagittal angle 73 degrees), suggestive of shear
instability and vertical displacement. (17)

The displaced and depressed medial fragment
should be elevated well and stabilized preferably with a
medial buttress plate and screws rather than the
laterally placed locking compression plate (18).

When the medial condyle is involved as a whole,
it is safe to go for a lateral plate and if that fails to
establish the medial buttress then it is wise to go
medially and fix that also. This has been stressed well
by Meng- Hsuan Lee et al in the Journal of Orthopaedic
surgery and research, 2014.

The amount of depression and tilt acceptable has
been documented by Honkonen( 19) In 2010, Luo et al
introduced a floating position using 1 preparation and
drape for posteromedial and anterolateral approaches.
The patient was placed in the lateral decubitus position
with the injured leg up. The lower leg and pelvis were
first rotated to a prone position to perform posteromedial
approach to fix the posterior and medial tibial plateau
fractures with an inverted L-shaped incision. Then, the
lower leg and pelvis were rotated back to the lateral
position to perform an anterolateral approach to fix the
lateral tibial plateau (20).

Shi- Ming Chang et al used rotation of the healthy
lower leg and pelvis. By preparing and draping both legs,
the contra lateral healthy hip is flexed and adducted over
the injured leg. This maneuver makes the patient’s
lower trunk rotate and results in the injured limb rotated
laterally, providing better access and visualization of the
posterior coronal fragment in the medial plateau. This
floating supine position allows for a healthy-side
maneuver, which is safer than the injured- side
manipulation (21). The proximal buttressing effect of
various plates differs. The 5 mm systems which use just
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2 screws proximally have inadequate fixation for a
comminuted medial condyle. The 4 mm or 3,5 mm
systems which use the raft principle with 4 screws
proximally have diverging screws and may hold the
posteromedial fragment also.

We have used open reduction when we used non
locking implants for economical reasons. Bone graft was
done in such patients with depressed fragments which
were elevated under image control. Otherwise the same
technique is followed whichever implant is used.

The presence of blebs many times makes us
place screws closer to each other contradictory to the
principles of LCP. We were afraid to pass screws at the
site of blebs initially. Gradually we overcame the
apprehension and now keep them away according to
the principle. Similarly shorter implants were used
initially which was changed later days. The learning
curve could be realized in our work as we operated on
more patients and grew confident.

Post operative rehabilitation was definitely less
painful when we used smaller incisions. But the final
results match the same for both.

The results indicate that the poor results are due
to inadequate stabilisation resulting in early or late
collapse of the medial pillar.

CONCLUSION
1. Lateral plating is sufficient in most of the bicondylar
fractures
2. When there is an involvement of posteromedial
condyle it should be fixed first by preferably open
reduction
3. There is no significant difference in the long term
outcome between locking plates and buttress plates.
4. Medial collapse occurs if care is not taken in primary
reduction and fixation.
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AN INNOVATION FOR PERFECT REDUCTION IN

HYPEREXTENSION INJURY OF ISOLATED ANTEROMEDIAL TIBIAL

PLATEAU FRACTURE

Dr J Dheenadhayalan
Ganga hospital, Coimbatore

ABSTRACT
Objective:
Isolated anteromedial tibial plateau fracture following an hyperextension injury is a
rare fracture pattern.  Reduction and fixation using the conventional techniques is
difficult and less satisfactory. The aim of this report is to present a novel reduction and
fixation technique for such pattern of fracture.
Patients and methods:
Surgery involved a  novel indirect reduction technique followed by fixation using medial
LCP. Minimal soft tissue dissection and the fixation by raft technique, and there was
no need for bone grafting or bone substitutes.  Patient was followed to look for
radiological and functional outcome.
Results:
Perfect  Anatomical  reduction  was  achieved  by  indirect  means  with  minimal  soft
tissue dissection, and with early rehabilitation , excellent functional outcome was
achieved
Conclusion:The indirect hyperextension  reduction technique  is a novel reduction
manoeuvre and can provide anatomical reduction with good radiological and functional
outcome in patients with isolated depressed  anteromedial tibial condyle fracture
following hyperextension injury. Easy to use and reproducible.

INTRODUCTION
Tibial plateau fractures account for

approximately 1% of all fractures (1). With increasing
number of high velocity trauma, rare fracture patterns
of proximal tibia are becoming more frequent.
Management of tibial condyle fracture traditionally
involves direct open reduction and fixation, which is
dictated by the fracture pattern and morphology.
However, the conventional techniques of proximal tibia
fracture management may be less optimal for some rare
patterns. Isolated depressed anteromedial rim fracture
of medial tibial plateau following an hyperextension
injury is one such rare fracture pattern with only a small
number of case reports in the literature. Such injury is
caused by a posteriorly directed force on the
anteromedial aspect of the knee  resulting in
hyperextension or a twisting injury with external
rotation of the Knee(2). The hyperextension frequently

causes posterolateral (PL) corner injuries with high risk
for additional ligamentous injury, such as ACL or
PCL(3). However, less commonly such injuries may
also result in isolated depressed tibial
condylefractures(4). Owing to comminution and
depression of fracture fragments, recreating the tibial
slope becomes difficult. Careful assessment of CT scan
is required in understanding such pattern and  requires
fracture specific surgical approach and fixation strategy.
In this report, we present a novel technique of managing
such hyperextension injuries, using indirect reduction
technique, together with a literature review of this
condition.Although the overall incidence of these injuries
is relatively low, it is important for surgeons to recognize
these injury patterns and treat them appropriately to
optimize patient outcome. We believe this case report
introduces new insights into this unique fracture pattern
and help in better clinical outcome for these patients.
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Case Report
A 33 year old female presented with severe pain

and swelling of left knee and inability to bear weight on
left leg since two days following being struck by a car
resulting in hyperextension injury to left knee. Initial
treatment in the form of temporary splinting was done
on the day of injury.

On physical examination, patient had knee joint
effusion with severe tenderness over medial tibial
condyle. Overlying skin was healthy with no blisters or
wounds. Dorsalis pedis and posterior tibial pulses were
well felt and neurological examination was
unremarkable. Compartment syndrome was ruled out.
Initial radiographs and computerized

Tomography (CT) showed a displaced fracture
of the anteromedial margin of medial tibial plateau with
significant anterior depression(Fig 1,2).

Considering the displaced nature of fracture,
open reduction and internal fixation using a medial
locking plate was planned.

Fig.1. Preoperative radiographs showing medial
condyle fracture with depressed anterior fragments.

Fig.2. Preoperative CT scan images showing
depressed condylar fracture.

Surgical Technique
Under spinal anaesthesia, patient was positioned

supine on operating table. Under tourniquet control,
standard anteromedial incision of approximately 10 cms
is given over the left knee. After careful dissection of
soft tissues, the medial condylar fracture fragment is
exposed and everted open to visualise the underlying
depressed fracture fragments.Capsulotomy was done to
look for intra articular reduction and to rule out meniscial
tears(Fig3). Rather than the conventional method of
pushing the fragments through the everted medial
condyle, a novel technique was used to reduce this
fragments.

Fig.3. Depressed fracture fragments seen following
eversion of medical cortical wall

The leg was lifted by holding it at the ankle. Due
to lack of bony support anteriorly(because the of the
depressed fracture fragments), the knee joint went into
hyperextension. This manoeuvre essentially brought the
leg in same position as it was at the time of injury.
Holding the leg in this position, the tibial condyles were
transfixed to the femoral condyle using two 2mm trans-
articular k-wires. Now, the leg was allowed to gradually
go down on the table. Owing to the k-wires, the tibial
condyles maintained their reduced position in relation to
the femoral condyle while the rest of the leg fell back
due to gravity. This results in a gap anteriorly between
the tibial condyles and the metaphysis suggesting that
the depressed anterior fragments have been reduced.
This manoeuvre led to indirect reduction of tibial
condyles. Reduction of articular surface and tibial slope
was confirmed under image intensifier in both antero-
posterior and lateral views. The trans- articular k-wires
were now replaced with two cross k-wires extending till
the tibial subchondral region(Fig 4 a-h). The medial
condylar fragments were reduced and fracture fixed
using Synthes 3.5 mm medial proximal tibia LCP plate.
Following fixation, knee joint was assessed for
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ligamentous instability. Hyperextension was not seen
now and knee stability tests ruled out any ligamentous
injury(Fig 5). Wounds were closed in layers with a drain
in situ and compression dressing applied. The operative
time was 80 mins and blood loss was less than 100 ml.
The surgical site healed well. Complications like
infection, neurovascular injury or compartment
syndrome were not encountered.

Fig 4 (a-h) Showing surgical steps that are to be
followed for reduction of depressed anteromedial

condyle fragment.

Fig.5 No hyperextension was seen at knee joint after
fixation of fracture

Post operative protocol:-

Under adequate analgesia, active and active assisted
range of motion exercises were started from post
operative day one. Toe touch weight bearing was started
on day 2 and patient was discharged from hospital on
second postoperative day. Partial weight bearing was
started at three weeks and weight bearing was
progressively increased under pain-free limits.Full
weight bearing was started 6 weeks after surgery.
Patient was asked to follow up on outpatient basis every
6 weekly till union of the fracture occurred. Radiographs
taken at 6 months showed adequate consolidation of
fracture(Fig 6).
Patient was allowed to return to work 6 weeks after
surgery and she achieved pre-surgery activity levels  by
6th month. At final assessment, patient had no extension
lag with range of motion from 0-120°. She was able to
do all her routine activities without any symptoms.
Functional assessment was done using KOOS score (5)

and found the outcome to be highly satisfactory(Fig 7).

DISCUSSION
Isolated anteromedial tibial plateau fracture

following an hyperextension injury is a rare pattern with
very few case reports in the literature (6–10). These
injuries frequently result in knee instability due to tear of
PL corner or tear of PCL, ACL, LCL in isolation or in
combinations (11,12). Impingement fracture of the
anteromedial tibial margin following an hyperextension
injury was first described by Cohen et al. (6) in 2001.
The postulated mechanism of injury is hyperextension
(leading to PCL and PLC injury), and combined varus
rotation and posterior tibial translation (resulting in
compression anteromedial rim fracture). The authors
had mentioned that this fracture could only occur in the
presence of grade III PCL and PLC rupture. Associated
ligament injuries causes tibial translation and
dissemination of forces, thus resulting in less energy
transfer to bone and less significant fractures.  In 2001,
chiba et al(7) reported 12 patients with injuries to the
Posterolateral Aspect of the Knee accompanied by
Compression Fracture of the anterior Part of the Medial
Tibial Plateau. They proposed that such compression
fractures should be an important diagnostic sign of injury
to posterolateral aspect of the knee. Of their 12 patients,
11 patients had ligamentous injury while only one patient
had isolated anteromedial condyle fracture with no
cruciate ligament injury. They concluded that a
compression fracture of the anterior part of the medial
tibial plateau indicates a coexistent PL aspect injury,
and that especially a small compression fracture
strongly suggests an accompanying PCL injury, as
well(7). Similar findings were reported by bennett et al
(8) and others (7,9,10,13,14) . Our case is rare because
of absence ofPL corner ligament injury and significant
depression of fractured condyle. In 2013, P. Chanasit et
al (4) reported a case of  anteromedial rim fracture
without any significant ligament injury. However, the
patient was suffering from hypermobile joints with lax
ligaments. Following fixation, we performed various
clinical tests like varus stress test, posterior drawer test,
external rotation-recurvatum test etc.(13) and found the
knee to be stable.

Conventionally, tibial condyle fractures have been
treated with open reduction and fixation(15). This
results in excessive stripping of soft tissues and
increased risk of infection, delayed rehabilitation and
poor functional outcome. Though the variables related
to functional outcome of  tibial condyle fractures have
been controversial, fracture reduction quality is
considered an important and independent predictor for
clinical outcome (16). Anatomical reduction of
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depressed and comminuted anteromedial fragments is
difficult by conventional techniques. In our patient, we
have achieved anatomical reduction using indirect
methods, thus reducing the operative time, soft tissue
stripping and risk of infection. As per our knowledge,
there is no literature that specifically mentions such
reduction manoeuvre for hyperextension injuries.

Thus,  our case introduces new insights into this
rare fracture, not only in terms of fracture pattern and
its reduction but also in terms of absence of associated
significant ligament injury and  no associated ligament
laxity.

The ideal indication for this technique is an
isolated anteromedial depressed fracture following an
hyperextension injury. Associated ligamentous injury
should be assessed and managed concomitantly.

The advantages of this technique are
(1) Simple and easy technique
(2) Soft tissue stripping is avoided
(3)Easily reproducible
(4)Less time consuming and
(5)Early rehabilitation.In conclusion, Hyperextension
reduction technique is an effective reduction technique
for isolated depressed anteromedial tibial condyle
fractures. When used in indicated fracture patterns,
excellent radiological and functional outcome can be
anticipated.
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ABSTRACT
Objectives:
To identify the incidence  of severe post-operative radiculopathy on the side of
cage insertion affecting early postoperative recovery following modified
transforaminal lumbar interbody fusion(TLIF) with a bullet cage.
Materials&Methods:
A prospective analysis of 216 patients who underwent modified-TLIF(Hemi-TLIF)
was done. Inferior facet  of cranial vertebra alone was osteotomized for cage
insertion while superior facet of caudal vertebra was retained to protect exiting
nerve root. The incidence  of severe radiculopathy in post-operative period
affecting early recovery was assessed by VAS.
Results:
Of the 216 patients, severe postoperative radiculopathy on the  side  of cage
insertion was observed only in 3 patients(1.4%) with a VAS score of 10 who needed
prolonged  hospitalization for its recovery. L3-L4 was the fused level in them while
none of those in L4-5 and L5-S1 group had similar radiculopathy.
Discussion:
The reported incidence of severe postoperative intractable radiculopathy
following PLIF&TLIF procedure is between 7-10% necessitating further
treatment. Excessive medial dural retraction in PLIF and injury to nerve root
during cage insertion in TLIF results in battered root syndrome. Our modified-
TLIF approach decreases its incidence by providing adequate space for cage
insertion without excessive dural retraction in  addition to  protecting injury to
exiting nerve root by the retained superior facet.
Conclusion:
Lumbar interbody fusion by modified-TLIF(Hemi-TLIF) approach involving
excision of inferior facet  alone significantly decreases the incidence  of severe
postoperative radiculopathy aiding early recovery. However, we recommed this
procedure only for L4-5 and L5-S1 levels where the spinal canal is relatively larger
when compared to higher lumbar levels.

INTRODUCTION
Lumbar interbody fusion is a commonly

performed procedure for many disorders and addition of
pedicle screw instrumentation has been proven to
improve fusion rate by providing direct vertebral
stability(1,2). Posterior lumbar interbody fusion(PLIF)
and transforaminal lumbar interbody fusion(TLIF) are
the two common fusion techniques by posterior
approach to avoid the complications of anterior lumbar
interbody fusion. Discectomy and fusion in PLIF is
done by retracting the dura through the laminectomy

defect without damaging facet joints while TLIF
involves fusion without dural retraction by complete
excision of superior and inferior  articular processes
of facet joint. Of all potential complications of
PLIF and TLIF, persistent  post-operative severe
intractable radiculopathy due to “battered root
syndrome” is reported in 7-14% of patients significantly
affecting their early postoperative recovery
necessitating further treatment(3,4). This
postoperative radiculitis is attributed to excessive
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medial retraction of dural sheath and traversing nerve
root in PLIF and to exiting nerve root injury during cage
insertion in TLIF(5).

We analysed the incidence of severe
postoperative radiculopathy on the side of cage insertion
in lumbar interbody fusion using a single oblique
PLIF cage instead of standard TLIF cage by modified
TLIF approach(Hemi-TLIF) where in only the inferior
facet of cranial vertebra was osteotomized unilaterally
retaining the superior facet of caudal vertebra to prevent
injury to the exiting nerve root in addition to providing
space for cage insertion without excessive dural
retraction.

MATERIALS AND METHODS
216 patients who underwent lumbar interbody

fusion by modified TLIF approach using a single
oblique  bullet cage were prospectively analysed. 142
of them were males and the remaining 74 were
females. The mean age of the patients was 52
years(Range:24-76 years). The indications for surgery
were lumbar spondylolisthesis, degenerative  disc
disease, failed back surgery syndrome and
spondylodiscitis. All these patients  underwent
surgery as they were not responding to adequate trial
of conservative management. Plain radiographs of
lumbosacral spine and MRI were obtained in all patients
preoperatively.

Surgical procedure
All procedures were performed by a single

surgeon as follows. The patient was postioned prone in
a spinal frame under general  anaesthesia after
adequate padding of bony prominences. A standard
posterior midline exposure of thelevels to be fused
was done till the lateral  border pars interarticularis on
both sides. Pedicle screws were inserted into the
vertebral levels to be fused and rods fixed to the screws
bilaterally.  Distraction was applied between the screws
to open up the disc space and nuts were tightened.

The interspinous ligament  between the cranial
and caudal laminae and the inferior half  of the cranial
spinous  process was nibbled till its base where it
merges with the two laminae. The caudal edge of the
superior lamina was removed with rongeurs till the
attachment of ligamentum flavum to its anterior
surface was visualized. The sagittally oriented lumbar
facet joint on the side of preoperative radicular pain was
exposed by excising the facet joint capsule. The inferior
articular process of the cranial vertebra on that side
was osteotomized with a narrow osteotome starting in
the midline at the level of junction between the two
laminae and base of spinous process and proceeding

laterally (Fig 1). The ligamentum flavum was retained
till the osteotomy of inferior articular process was
completed to prevent the inadvertent entry of
osteotome into spinal canal. Care was taken to prevent
injury to the laterally placed superior articular process of
caudal vertebra.

Fig 1: Line diagram of the technique of modified-TLIF

After excising the osteotomized inferior facet,
the articular cartilage of the superior  articular
process and retained ligamentum flavum were
clearly visualized. The remaining attachment  of
ligamentum flavum was released from the upper border
of the caudal lamina and medial border of the retained
superior facet and removed to expose the dural sac and
traversing nerve root. The exitingnerve root above was
now protected by the remaining upper half  of cranial
lamina and the superior articular process of caudal
vertebra. The medial edge of the superior articular
process which overhangs into the spinal canal was
removed with a Kerrison to expose the disc space
lateral to the dura. Discectomy was performed through
this space between the dural sac and medial edge of
superior articular process without retracting the
traversing nerve root. Autografts from the excised
spinous process and inferior articular process was
packed into the disc space. A single PLIF cage packed
with local autografts was introduced obliquely into the
disc space with minimal retraction of dura only during
entry of cage into the disc space. It was directed
obliquely to be postioned in such a way that it crosses
the midline in AP view. The retained cranial half of the
superior lamina and the superior articular process of the
caudal vertebra prevent injury to the exiting nerve root
during this stage of cage insertion. The contralateral
nerve root was decompressed if necessary. The
pedicle screws were compressed and final tightening of
the nuts were done. Wound was closed in layers over a
drain.

The patients were made to  sit up on the  first
postoperative day (POD) and mobilized with a
lumbosacral orthosis after drain removal on the second
POD. Patients were evaluated for radicular pain in the
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immediate postoperative period on the side of cage
insertion and when present the severity was assessed
by VAS score for radicular pain. Patients were
evaluated at regular intervals at 4 weeks, 2 months, 4
months, 6 months, 1 year and 2 years.

RESULTS
The mean age of patients was 52 years

(Range:24 to 76 years) and mean duration  of follow up
was 26 months (Range: 18 to 36 months). 142 patients
were males and the remaining 74 were females. The
indications for fusion was lumbar spondylolisthesis in
majority of patients(n:149), while other indications
included spondylodisciitis (n-41), failed back surgery
syndrome (n-19) and degenerative disc disease (n-7).

The mean operative time was 75 minutes and
mean intraoperative  blood loss was 150 ml. The mean
duration of hospital stay was 6 days (Range:3-21 days).
The commonest level fused was L4-5 (n-137) while L5-
S1 was fused in 72 and L3-4 in 7 patients. Titanium
bullet cage was used as an interbody spacer in 174
patients and poly-ether-ether-ketone (PEEK) cage was
used in 42 patients.

Severe radiculopathy on the side of cage
insertion was seen only in three patients in the
immediate  post operative period. The VAS score for
leg pain in these three  patients was 10 and they
underwent fusion at the level  of L3-L4.They needed
prolonged hospital stay for a period of 17-21 days.
However, they responded well to conservative
management with steroids, opiods and NSAID’s and
they did not require resurgery for root
decompression or rhizotomy procedures. Mild
sensory disturbance in the form of paraesthesia was
observed in 32 patients on the side of cage
insertion(VAS<3) which did not affect their
postoperative mobilization protocol. Superficial wound
infection was observed in three patients who needed
debridement and secondary closure of the wound. Dural
tear occurred in 9 patients of whom suturing was done
only in 4. None of the patients with dural tear
developed wound healing problems, postdural
headache or meningocele.

DISCUSSION
In addition to maintaining the load bearing

capacity  of spine, interbody fusion also aids in
achieving sagittal spinal alignment and increases the
available area of fusion bed to enhance arthrodesis(6).
Cloward in 1940 performed the first PLIF (7) which was
later modified by Lin(8). TLIF procedure was pioneered
by Harms in 1998 for spondylolisthesis, scoliosis and
post-discectomy syndrome(9). The reported incidence

of complications following PLIF and TLIF is 36.4%
including subsidence  of cage, osteolysis, dural tear,
intraoperative  neurological injury etc (3).

Of these, the most disabling complication is
intraoperative neurological injury resulting in “battered
root syndrome” which  is reported to occur in 7-10%
of cases causing significant and severe post operative
radiculopathy(3,4). Moatz et al described this entity to
be placing patients at increased risk even when other
factors are equal when comparing TLIF/PLIF with
standard PLF with instrumentation(3). Battered root
syndrome was first described by Bertrand in 1975 as a
permanent radiculopathy caused by a surgical trauma.
He defined it as a reappearance of intractable radicular
pain following the relief of sciatic pain by surgery with a
constant burning character. The proposed treatment
modalities for this condition when not responding to
conservative management include rhizotomy, spinal
cord stimulation etc. Carragee et al reported a
complication rate of 10-50% including radiculitis,
heterotopic ossification etc. associated with the use of
bone morhogenetic  protein (BMP) in PLIF and TLIF,
however they were not able to correlate post operative
leg pain and heterotopic ossification (10). Postoperative
radiculitis was reported in 14% of patients who
underwent TLIF with rhBMP-2(11). Humphreys et al
attributed the need of greater retraction of dura for the
high incidence of post operative  radiculitis in patients
undergoing PLIF(5). Mehta et al. reported an increased
incidence of nerve root complicationsand durotomy
following PLIF and TLIF and concluded that PLIF/
TLIF should be performed only when the  goals  of
surgery cannot be accomplished by decompression
and traditional PLF(13).

Discectomy and interbody fusion in PLIF is done
by retracting the dural sheath till the midline or
sometimes beyond to access the disc space without
removing the superior or inferior articular process of the
facet joint. This excessive retraction of dura might
result in nerve root damage or severe post operative
neurogenic radicular pain on that side(14) . Interbody
fusion in TLIF is performed through far lateral aspect of
disc space after removing the superior and inferior
articular process of facet joint completely. This
complete facet removal exposes the obliquely
coursing  exiting nerve root above making it vulnerable
to injury and post operative radiculopathy in TLIF
occurs due to occult injury to this exiting nerve root on
the far lateral aspect when cage is inserted.
Postoperative radicular pain following TLIF was
reported to occur in 13.8% of  patients by Burneikiene
et al(15).



Tamil Nadu Orthopaedic Journal Vol.43, Issue 2, Aug201714

The posterior wall of the intervertebral foramen
through which the spinal nerve root exits is formed by
the lower portion of the pars interarticularis of the
lamina of the cranial vertebra superiorly and superior
articular  process  of the caudal vertebra inferiorly (16).
Our procedure of osteotomizing only the inferior
articular process of cranial vertebra retaining the pars
interarticularis provided necessary space for cage
insertion without the need for excessive retraction of
dural sheath. In addition, retained superior articular
process of caudal vertebra embraces the exiting nerve
root  preventing it from  getting injured during
inserting of cage. Hence, we propose that the problems
secondary to iatrogenic battered nerve root in PLIF and
TLIF can be avoided by this technique of hemi-TLIF
involving the resection of only the inferior articular
process of the facet joint.

Persistent  postoperative severe radiculopathy
due to battered nerve root syndrome were reported in
7-14% of patients affecting early postoperative
recovery which  necessitated further treatment
postoperatively to relieve pain(3,4,11,15).
Postoperative  severe radiculopathy in our series of
patients was significantly less with an incidence  of only
1.4% (3/216 patients). These three cases who had
severe postoperative radiculopathy in our study were
found to be at L3-L4 level with which we propose
this procedure to be suitable only for fusions involving
the L4-L5 and L5-S1 levels where the spinal canal is
relatively larger than L3-L4 and higher lumbar levels.

CONCLUSION
Lumbar interbody fusion by our modified-

TLIF(Hemi-TLIF) approach involving excision of the
inferior facet of cranial vertebra alone provides
adequate space for insertion of cage without the need
for excessive retraction of dura in addition to preventing
injury to exiting nerve root by the retained superior facet
of caudal vertebra. This procedure significantly
decreased the incidence of severe post operative
radiculopathy and aids in early post operative recovery.
However, we recommed this procedure only at L4-5
and L5-S1 levels where the spinal canal is relatively
larger when compared to higher lumbar levels.
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ABSTRACT
Introduction:
While there is a lot of literature on the value of peri-articular injection in total knee
replacement, there is little discussion on its use in the control of pain after Total Hip
Arthroplasty (THA).The aim of the study was to compare the efficacy of periarticular
infiltration of an analgesic cocktail of drugs and epidural infiltration in providing
postoperative pain relief and early functional improvement following (THA)
Methodology:
In a prospective trial, 30 patients undergoing unilateral THA were randomized to
receive either epidural infiltration with Bupivacaine and Fentanyl, or periarticular
infiltration of an analgesic cocktail of drugs for postoperative pain control.  The outcomes
studied  were pain levels as determined by the visual analogue scale (VAS), functional
recovery and drug-related side effects.
Results:
Periarticular injection (PIA) resulted in significantly less VAS scores (mean VAS of
0.67) as compared to epidural analgesia (EA) (mean VAS of 2.08) in the first 24 hours
after surgery. Even after the first 24-48 hours, the pain scores were significantly less
in the PIA group than in the epidural group (1.13 vs1.92). This difference was less
pronounced by the 10th  day (1 vs 1.8). Functional recovery was significantly better in
the periarticular injection group in the first 48 hours following surgery. The mean
walking distance on the first attempt to walk was 55m for those who received PIA, as
opposed to 28.5m for those who received epidural. Functional improvementthereafter
was consistently better in the PIA group as compared to the epidural group – though
the difference was not statistically significant - number of days taken to climb 14 steps
(5.07 vs 6.0 days), days taken to be able to walk 100 meters (4.53 Vs 5.62 days) and
the distance walked on the 10th postoperative day (151 Vs 132 meters).
Periarticular injections resulted in significantly less side effects like nausea, vomiting,
purities and urinary retention. The overall satisfaction rate with treatment was
significantly better in those who received PIA (9.73/10) than those who received epidural
anesthesia for pain control (7.9/10).
Conclusion:
Periarticular injection with the analgesic cocktail of drugs provides significantly better
pain control and functional recovery in the first 24 hours following surgery, with less
drug related side effects. Periarticular infiltration should be the choice method for
pain control following total hip replacement.

Total Hip arthroplasty (THA) is one of the most
successful surgical treatment that can be offered for
patients with end stage hip arthritis. More than fifty
percentage of the patients undergoing THA are
experiencing severe pain in the immediate post-
operative period (1,2). Benefits associated with THA

can be tarnished due to significant post-operative pain,
as a proportion of patients who are having sever post-
operative pain will continue to have chronic pain (3,4) .
Appropriate pain relief post operatively is necessary for
early recovery and good functional outcome (5). Even
though a myriad of options are available for post-
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operative pain relief, the most widely used modality is
Epidural Analgesia (EA)(6). EA, when compared with
general anesthesia, is associated with low intraoperative
blood loss, which shortens the duration of surgery and
reduction in perioperative and post-operative
transfusion requirements and a low rate of Deep vein
thrombosis(7) . The benefit of epidural analgesia must
be weighed against its common adverse effects such as
urinary retention, hypotension, pruritus, and motor block
that delays mobilization (8,9). It is an invasive procedure
and necessitates restricting the patient’s mobility till the
epidural lines are removed Use of multimodal pain
control with Periarticular Infiltration of Cocktail (PIC) is
an alternative for EA. Multiple studies reported that
periarticular infiltration using multimodal drugs can
reduce the post- operative analgesia requirements and
reduces the associated side effects (10,11). We
hypothesized that PIC lead to lower early post-operative
pain, faster recovery, less opioid consumption and good
patient satisfaction.

The purpose of the present study was to assess
the efficacy of periarticular infiltration of an analgesic
cocktail, in terms of effective pain control and early
rehabilitation following THR. This was done by
comparing the efficacy and complications with the
current method of postoperative pain control at our
institution i.e. epidural analgesia.

METHODOLOGY
Patients undergoing unilateral uncemented total

hip replacement were recruited for the study. They
were excluded if they were more than 80 years of age,
if they had a history of arrhythmia/cardiac
complications, if they were undergoing complex
primary or revision arthroplasty and if the opposite hip
was also extremely painful. Ethic approval was sought
from the Research Ethics Committee of the institution
prior to the study.

Patients were randomized into two arms by block
randomization. In one arm, the patients received epidural
analgesia with 0.1% Bupivacaine and 2mcg/ml of
Fentanyl at 4-6ml per hour for 48 hours postoperatively,
and in the other, they received periarticular infiltration of
an analgesic cocktail of drugs. The analgesic cocktail
consisted of 50ml of 0.2% Ropivacaine, 10ml Normal
saline, 40mg Depomedrol (Methylprednisolone acetate),
10mg Morphine, 30mg Ketorolac, and 1gm Cefazolin.
The cocktail was injected into capsule and gluteus
minimus- especially around the inferior capsule, and
around the rim of the acetabulum before the femoral
stem was inserted. Following reduction of the femoral
head, the gluteus medius, gluteus maximus, tensor fascia
lata and iliotibial band were injected sequentially.

All patients had perioperative analgesia with
other drugs which included Tab. Aceclofenac 100mg
twice daily, Cap. Omeprazole 20mg twice daily, Cap.
Pregabalin 75mg twice daily - all started 36 hours before
the surgery and postoperatively with Inj. Paracetamol
(Perfalgan) 1gm IV once every 6 hours for 48 hours
followed by Tab. Paracetamol 1gm once every 6 hours
for 7days. Injection Morphine 5mg (subcutaneous) was
given as required for breakthrough pain in the immediate
postoperative period. Those on epidural infusion had
either bolus doses or an increase in the infusion rate for
breakthrough pain. Intravenous Ondansetron was used
for postoperative nausea and vomiting.

Surgery was performed under general
anesthesia/ spinal anesthesia using a modified Hardinge
anterolateral approach in the lateral position. Prostheses
used were Corail Pinnacle of DePuy Synthes Joint
Reconstruction System and R3cup and Polar/Synergy
stem of Smith & Nephew. The implants were all
uncemented. A closed suction drain was placed under
the iliotibial band before wound closure and removed 48
hours later. Tranexamic acid (10-15mg/kg) wasinjected
intravenously 15 minutes before skin incision, and top up
doses were given 3 and 6 hours later. Anticoagulation
was initiated postoperatively as per institutional
guidelines.

Patients underwent a standard physiotherapy
programme that involved foot pump exercises in bed
and sitting on the day of surgery. They were encouraged
to walk from the second postoperative day with the aid
of a walker. The number of days taken to walk 100
meters and to climb a flight of 14 steps was
documented. The distance walked in 6 minutes with a
walker was recorded on the 10th postoperative day.

Pain experienced by the patient postoperatively
was assessed using the Visual Analogue Scale by the
primary investigator on a daily basis. It was also noted
every 4 hours by the hospital pain team for the first 72
hours. The maximum VAS score for each day was
noted.Additional medication used for breakthrough pain
was noted.

Side effects like nausea, vomiting, pruritis,
headache, urinary retention, cardiovascular
complications, infection/ postoperative wound ooze,
ICU stay, nerve palsy, and mortality were noted.

Statistics: The scores were screened for outliners
and extreme values using Box-Cox plot and histogram
(for shape of the distribution).Summery statics was
used to report demographic and clinical characteristics.
Mann-Whitney U test was done with non –Normal
distribution with Group (Epidural and Cocktail).Chi-
square test was performed for categorical variables and
Group (Epidural and Cocktail). Differences were
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considered significant when p<0.05.All statistical
analysis was performed using SPSS 16.0

RESULTS
During the period of study, we performed 43

primary THAs. 34 patients satisfied inclusion criteria
were randomized for the study. Four patients who were
randomized for EA was excluded from the study
because of failure to get an epidural access. 30 patients
were recruited for the study, of which 15 were
randomized to receive the periarticular infiltration
cocktail (PAI) and 15 received epidural analgesia (EA).
Patient demographic data is summarized in Table 1.

Periarticular injection (PIA) resulted in
significantly less VAS scores (mean VAS of 0.67) as
compared to epidural analgesia (EA) (mean VAS of
2.08) in the first 24 hours after surgery (p<0.001). Even
after the first 24-48 hours, the pain scores were
significantly less in the PIA group than in the epidural
group (1.13 vs1.92 on the fourth day) (p<0.001). his
difference was less pronounced by the 10th day (1 vs
1.8) (p<0.001). (Fig 1)

Figure 1:  Postoperative VAS scores

Functional recovery was significantly better in
the periarticular injection group in the first 48 hours
following surgery. The mean walking distance on the
first attempt to walk was 55m for those who received
PIA, as opposed to 28.5m for those who received
epidural (p=.05).. Functional improvement thereafter
was consistently better in the PIA group as compared to
the epidural group – though the difference was not
statistically significant - number of days taken to climb
14 steps (5.07 vs 6.0 days), days taken to be able to
walk 100 meters (4.53 Vs 5.62 days) and the distance
walked on the 10th postoperative day (151 Vs 132
meters) (Table 3).

In the EI group, one patient had urinary retention
that needed catheterization, two patients had multiple
episodes of vomiting and one patient had bilateral lower
limb paresthesia. Two patient required top up of
epidural infusion and one required extra morphine
injection. None of the patients in the PIA group had
similar complications. The overall satisfaction rate with
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treatment was significantly better in those  who
received  PIA  (9.73/10) than those  who received
epidural anesthesia for pain control (7.9/10).

DISCUSSION
Fear of postoperative pain often deters patients

from seeking arthroplasty surgery. In addition
postoperative pain has a profound influence on the
recovery of function, and it is the leading cause of
delayed discharge from the hospital (12). One of the
key prerequisites for accelerated recovery and
decreased morbidity following THA is optimized pain
relief following surgery – that allows early postoperative
mobilization (13). Most often, patients are given pain
medications well after the onset of symptoms. It is now
well known that continuous, around-the-clock
administration of pain medications is far more effective
at alleviating pain than the standard analgesic on
demand protocol (14). The ideal modality of pain relief
is the one that is administered preoperative,
perioperative, and in the postoperative period to
decreasing sensitization of pain pathways caused by
surgical trauma (15). The pathophysiology of pain is
complex and involves multiple peripheral and central
nociceptors and neuropeptides (16).

Many surgeons exclusively rely on opioid
analgesia, for postoperative pain control that targets only
one aspect of the pain perception. However, many
patients encounter side effects of opioid analgesia like
drowsiness, postoperative nausea and vomiting,
respiratory depression, urine retention and bowel
dysfunction (16,17). A better knowledge of the
complexity of pain perception has led to the
development of multimodal anesthesia, which targets
additional aspects of pain perception not addressed by
narcotic medications (16).

The combination of different analgesics with
synergistic effects helps to reduce the use of opioid
analgesics and to allow early mobilization (18). Several
techniques such as patient controlled analgesia, femoral
nerve blocks, epidural analgesia and periarticular
injection of medications have been reported.  While
there has been a lot of interest in pain after knee
replacement, there is little discussion on its use in hip
replacement.

In this study, we have studied the efficacy of
periarticular infiltration of a cocktail of drugs in
controlling pain and enabling early functional recovery.
The study shows that the periarticular infiltration is
significantly better than the epidural injection - especially
in the first 24 hours after the surgery. Even after the
first 24-48 hours, when we would expect the analgesic
effect of the injection to wear out, the pain scores were

consistently less in the PAI group than in the
epiduralgroup. Functional ability in the first 24 hours was
also significantly better in the PAI group. An additional
advantage of the PAI over the EA is the reduced
incidence of side effects like nausea, vomiting and
pruritis. Additionally, mobilization is easier, as there are
no catheters restricting the patient. The level of
analgesia was significantly better for the remaining
hospital stay as well. Ear ly functional recovery was
possible with PAI, though both groups were able to climb
14 steps by the 5th postoperative day. The reason for
the prolonged beneficial effect of the PAI has not been
fully explained by other investigators. Several theories
have been postulated. It is possible that due to the good
reduction in pain in the immediate postoperative period,
the neural sensitization is minimized. The steroid in the
cocktail could also have a role in reducing the
inflammatory pain postoperatively. In both groups,
adequate control of pain provided the patient an
opportunity to participate in the physiotherapy
programme at an early stage and attain functional
independence within 4- 5 days.

There are multiple studies comparing the
outcome following EA and Local infiltration of analgesic
with conflicting results (10,11,19,20). Parvataneni HK
et al in their prospective randomized study compared
the effectiveness of periarticular injections with patient-
controlled analgesia. The periarticular injections group
demonstrated significantly lower average pain scores
and higher overall satisfaction than the patient-
controlled analgesia. They concluded periarticular
injection with a multimodal protocol is safe and provided
excellent pain control and functional recovery and that
periarticular injection can substitute for conventional
pain control modalities (10). Kerr and Kohan reported
local infiltration analgesia with a mixture of ropivacaine,
ketorolac, and adrenaline into the tissues around the
surgical field is  a simple, practical, safe, and effective
for pain management after knee and hip surgery(21).

Jules Elysee et al conducted a similar study in 84
patients in a randomized study, with one arm receiving
epidural analgesia, and the other arm receiving pericapsular
injections. While the side effects were more with the epidural
group, the pain score and functional improvement following
surgery and time to discharge were not better in the PAI
group. In fact the opioid consumption was more in the PIA
group (22). Hofstad and colleagues after their placebo
controlled randomized double blinded trail concluded that
local infiltration analgesic with ropivacaine did not provide
any extra analgesic effect after THA over and above that
from t hemultimodal analgesic regimen(23). Solovyova et
al found that periarticular injection did not do any better
than continuous infusion of saline in terms of pain control
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(24). These findings are in contrast to our study.
Other studies showed similar    results to

our study. Pandazi et al showed that periarticular
infiltration was clearly superior to PCA with morphine
after THA, providing better pain relief and lower opioid
consumption postoperatively (25). Kuchalik et al while
comparing PAI with intrathecal morphine, found that
lower pain scores was recorded early after surgery in
intrathecal group but later, analgesic consumption, pain
on mobilization, and side-effects were lower in patients
receiving PIA (26). They concluded that PIA is a better
option for pain control in patients undergoing THA. To
counter Solovyova’s results, Murphy et al conducted a
randomized  study with PAI  and  placebo for pain
control,  and demonstrated  that periarticular injection
can supplement available postoperative analgesic
techniques and reduce postoperative morphine
requirements after THA (27).

CONCLUSION
Both epidural analgesia and periarticular

infiltration of the analgesic cocktail are effective in
controlling pain after total hip replacement. Periarticular
infiltration provides significantly better pain control for
the first 10 days after surgery. Functional recovery in
the first 48 hours following surgery is significantly better
with the use of periarticular injection. By the 5th
postoperative day, functional independence is similar in
both groups. Side effects like nausea, vomiting and
urinary retention are also less with periarticular
infiltration of the analgesic cocktail.  Overall satisfaction
with treatment is significantly better in those who
receive a periarticular injection. We, therefore conclude
that periarticular injection of a cocktail of drugs is more
effective than epidural analgesia and should be the
choice method for analgesia following total hip
replacement.
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ABSTRACT:
Talus fractures are infrequent injuries, being  second  most  common tarsal bones
fracture after calcaneal fractures. These injuries are significant because of severity of
the complications and long-term disability which include AVN of talus body, non-union,
mal- union, skin complications and arthritis. Only 5 cases of talus neck fracture with
bimalleolar fracture seems have been reported previously in literature. Despite high
incidence of osteonecrosis of talus in Hawkins type 3 talar neck fracture none of these
cases developed this complication possible explanation being preservation of
extraosseous vascular supply of talus that accompanies the deltoid and talofibular
ligamentous complexes.

INTRODUCTION
Only 2% of all lower extremity injuries and 5%-

7% of foot injuries involve fracture of talus2. Talus is
second most commonly fractured tarsal bone after
calcaneus3. Fracture and dislocations of talus are
infrequently encountered injuries; but are challenging
injuries. So also, scarce evidence is available in the
literature on these fractures and its management.
Overall talus neck fracture account for 50% of these
injuries. Many controversies surround the treatment of
talus neck fracture which reflects the difficulty of
assessme nt, surgical approach, fixation method and
frequency of post-op complications3

Management of fracture talus depends entirely
upon whether or not fracture is displaced and so
thorough assessment is essential in its management.
Also, talus is unique in having no muscular attachment;
60 % of its surface is covered by articular cartilage and
is an integral component of the ankle joint and has been
well known for its precarious blood supply. Outcome
may be poor with disability due to non-union,
development of avascular necrosis and osteoarthritis.
Talus neck fracture are commonly the result of hyper-
dorsiflexion injuries and are often secondary to high
energy trauma, often associated with other injuries and
commonly present with foot and ankle swelling and
deformity. Anderson et al described the “Aviators
astragalus” which were talar neck fractures commonly
seen in pilots during the World War 1 as a result of hyper
dorsiflexion injury at the time of landing. Coltart et al,

reviewed 25,000 fractures sustained during World War
II and found 228 talar fractures, 106were classified as
talar neck. They reported osteonecrosis rate of 35%
with  subtalar dislocation and 95% with ankle and
subtalar dislocation.4

The appropriate diagnosis and treatment of these
fractures play an important role in the patient’s outcome.
Treatment has evolved slowly throughout the years,
from closed treatment to open reduction and internal
fixation (ORIF)4

The option of closed reduction versus ORIF is
dependent upon the degree of injury, surgeon
experience, and preference. The frequent incidence of
serious complications of skin dehiscence, non-union,
osteonecrosis, neurovascular injuries, pain, stiffness
and post traumatic arthritis of the subtalar and the
ankle joint, leads to high risk of unsatisfactory results.
Still, the talus fracture remain among the most
interesting and difficult injuries in orthopaedic trauma2,4.

CASE REPORT:
Male patient aged 27 who had history of fall from

5 feet height, sustained left ankle injury, came with pain
and deformity of left ankle. On examination left ankle
deformity found, without external wounds  and distal
neurovascular  deficits.  X ray shows  Vertical fracture
of medial malleolus and oblique fracture of lateral
malleolus with talus neck fracture with dislocation of
ankle and subtalar joint. Since its supination adduction

TRAUMA
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type of ankle injury; Immediate closed reduction done
by traction and exaggeration of the deformity followed
by pronation and abduction. Reduction done found to be
unstable hence temporary BK splint applied.

Figure 1: AP and Lateral X rays at the time of
presentation

Figure 2: AP and lateral X rays after emergency
closed reduction

Patient was taken for surgery after 19 hours of injury
for ORIF with cannulated screws. Through Antero-
medial and antero-lateral approaches fracture site
exposed and reduced fracture with k wires as joystick
to maintain length and alignment. Provisionally fixed
with k wires, definitive fixation by partial threaded
cannulated screws. Lateral incision taken for lateral
malleolus fracture fixed with partial threaded cannulated
screw. For medial malleolus  Antero-medial incision
extended  proximally and fixed with 2  partial threaded
cannulated screws perpendicular to fracture.

Figure 3: Intra operative pictures reduction of fracture

Figure 4: Intra operative pictures following fixation

Figure 5: AP and Lateral X rays of immediate post op

Post operatively patient  was on below knee slab for
4 weeks, Range of motion exercises of ankle from 5th
week onwards with Non weight bearing walking. Full
weight bearing walking started on 3th month when union
talus neck fracture confirmed by radiologic examination.

Figure 6: 1 month post op X rays

Figure 7:  1 year post op X rays
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Figure 8: Hawkins sign at 6th week

RESULTS
Radiological union of medial and lateral malleoli

confirmed at 2 months and of talus neck fracture
confirmed at 3rd month. Hawkins sign was evident on
6th week. On 1 year follow up no evidence AVN of
talus. Dorsiflexion of 20 degrees, plantar  flexion of 30
degrees and 5 degrees of inversion eversion movements
at subtalar joint. Patient was walking comfortably
without pain and he has returned to his previous
occupation. AOFA score was 92 % excellent functional
outcome.

DISCUSSION
A case reported here is very rare case. In

literature Only 5 cases has been reported. Mechanism
of injury: Combined fracture of the ankle and talus is an
uncommon fracture pattern. The only other report of this
type of fracture in the literature was published by
Montane I, Zych GA1. The accepted mechanism for
isolated talus neck fracture is hyperdorsiflexion of ankle.

Forced supination of the foot can also create a
talar neck fracture5. Based on the work by Lauge-
Hansen8 the classic description of a supination-
adduction injury is a vertical split fracture of the medial
malleolus with a fracture below the level of the
syndesmosis. The supination adduction mechanism
described by Lauge-Hansen involved two stages. The
first stage begins with failure of the lateral malleolus or
lateral ligaments. The second stage is a vertical fracture
of the medial malleolus, which may also involve some
impaction of the joint surface on the medial aspect of the
tibial plafond8. We propose that this fracture results as
combination of supination-adduction injury along with
hyperdorsiflexion.

Therefore, this injury occurs through a supination-
adduction-hyperdorsiflexion force.Routine radiographs
of the ankle, consisting of antero-posterior, mortise, and

lateral plain radiographs, are used to identify fractures
and displacement of the talar neck. The special oblique
view of the talar neck described by Canale and Kelly
provides the best evaluation of talar neck angulation and
shortening, which is not easily appreciated on routine
radiographs6. This radiograph is made by placing the
ankle into maximum equinus and pronating the foot 15°
while the x-ray tube is angled 75° from the horizontal
plane. Preoperatively,  CT  scans are useful for
assessing comminution and displacement of the
fractures, as well as providing accurate images of the
ankle, subtalar, and transverse tarsal joints.

Figure 9: Canale’s view

It remains controversial whether talar neck
fractures require emergent treatment. The time of
definitive fixation always depends on multiple
factors, including fracture comminution, soft tissue
conditions, available resources, surgeon experience and
comfort level, and medical status of the patient. In
several clinical studies, the timing of internal fixation did
not have a significant effect on the rate of avascular
necrosis or the functional outcome6,9.

Based on this presumed mechanism of failure,
we planned our choice of fixation. The patient presented
with a vertical fracture through the medial malleolus;
therefore, this fracture pattern may be treated with two
transverse lag screws or an anti-glide plate placed at
the apex of the fracture with the possible addition of lag
screws across the fracture through the distal holes of
the plate or in combination of transverse lag screws
with an anti-glide plate or to insert screws directed
proximally from the tip of the medial malleolus7.Astudy
in 2008 compared two screws to  a  plate and  the
investigators found  the  plate  construct had a
significant mechanical advantage compared to the two
screws. In the other case report of a bimalleolar ankle
fracture with a talar body fracture, the investigators
chose to treat the vertical medial malleolus fracture with
one screw inserted at the tip of the medial malleolus
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directed proximally and neutralization plate on the distal
fibula10.

Most surgeons recommend the use of dual
surgical approaches, anteromedial and anterolateral, to
allow accurate visualization and anatomic reduction of
talar neck fractures6. The anteromedial approach
begins at the anterior border of the medial malleolus and
extends toward the navicular tuberosity, just between
the anterior tibial and posterior tibial tendons. Laterally,
the incision begins at the Chaput tubercle on the tibia
and extends toward the bases of the third and fourth
metatarsals. It is important to carefully preserve any
remaining talar blood supply, regardless of the
approaches.The goal of talar neck fracture treatment is
anatomic reduction of both the neck and subtalar joint,
because even minimal residual displacement can
adversely affect subtalar joint mechanics6.
Misalignment of the talar neck after surgical repair can
redistribute the load among the posterior, middle, and
anterior facets of the subtalar joints, which can change
the joint biomechanics, cause arthritis, and impair
function11. It is important to avoid reducing the talar
neck fragment in supination, pronation, or axial
malalignment because rotational alignment is very
difficult to judge, dual approaches are usually required.
Provisional K-wires may be placed in the talar body and
talar head fragment to serve as a joystick to correct the
displacement and deformity. This technique avoids the
use of a pointed reduction clamp that may require a
larger exposure and cause more vascular compromise

To achieve stable internal fixation and decrease
the rate of malunion, at least 2 screws are required.
Numerous types of screws have been described for
talar neck fracture fixation, but titanium screws have
the advantage of compatibility with MRI, allowing early
detection of osteonecrosis. Bioabsorbable screws have
some theoretical advantages, in that they can be placed
through the articular surface and resorb over time6.

Most authors12,6 prefer to place screws from
anterior to posterior because the fracture site is routinely
exposed from an anterior approach. However, Swanson
et al 14 compared the biomechanical strengths of various
fixation methods in a transverse, noncomminuted talar
neck fracture model, and concluded that posterior-to-
anterior screw fixation was stronger13. Posterior-to-
anterior screw fixation has potential disadvantages,
including requiring an additional posterior approach with
potential injury to the peroneal artery and its branches
and screw head prominence that can limit ankle plantar
flexion. Furthermore, if a posteroanterior screw is
situated in the lower half of the head, the shaft of the
screw protrudes into the roof of the sinus or canal tarsi,
and can injure the canal tarsi artery6. Attiah et al15

studied different screw configurations in a comminuted
talar neck fracture model. They compared 3
anteroposterior  screws, 2 cannulated  posteroanterior
screws, 1  screw from anterior  to posterior, and a
medially applied blade plate. They concluded that the
anteroposterior screws had approximately 20% lower
yield point  and stiffness  compared to the
posteroanterior screws or blade plate techniques, but
this difference was not statistically significant.

Lag screws are typically used to compress talar
neck fractures to withstand early motion which, is
beneficial for ankle and subtalar joint function.
However, when there is comminution of the talar neck,
especially the medial column the use of a lag screw
maybe contraindicated, as it will cause deformity and
malunion. Transfixion screws are used to avoid
compression  and  maintain  the correct length of  the
talus 6.  Bone grafting is occasionally needed to replace
areas of impaction defects to restore the neck length.

For comminuted talar neck fractures, many
authors have advocated plate fixation with or without
neutralization screw fixation 6,16. By providing a solid
buttress as a bridging strut, plates can be placed on the
most comminuted column of the talus, either medial,
lateral, or bilateral columns. Plate sizes used range from
2 to 2.7 mm. Plates  not only provide longitudinal
structural support, but  also prevent  supination or
pronation of  the  distal fragment. Charlson et al17.
compared posteroanterior screw fixation and plate
fixation incomminuted talar neck fractures, and found
that while plate fixation may offer substantial
advantages in the ability to control the anatomic
alignment, it does not provide any biomechanical
advantage compared with screw fixation.
Intraoperative fluoroscopy is a valuable tool to assess
the reduction accuracy and implant position.

Avascular necrosis of the talar body, resulting
from interruption of the precarious vascular supply to
the talus, is the most dreaded late complication after
talar neck fractures. The risk of developing avascular
necrosis in a Hawkins type I fracture is only 0% to 15%,
since only the blood supply entering through the neck is
disrupted. Hawkins type II fractures have a 20% to 50%
risk of avascular necrosis, with the artery of the tarsal
canal and the dorsal blood supply from the neck being
disrupted. Type III and IV fractures have a 69% to 100%
risk of avascular necrosis, with all 3 main sources of
blood supply damaged6. Greater displacement,
comminution, and open fractures could increase the
likelihood of developing avascular necrosis. Whether
collapse of the talar  dome is partial or full, the
subsequent degenerative changes lead to pain and
disability in both the ankle and subtalar joints, along with
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shortening of the affected leg6.
Due to the high incidence of osteonecrosis with

talar neck fractures, the patient was closely monitored
for the presence of a Hawkin’s sign on follow-up
radiographs during the postoperative follow up. The
radiolucent band results from an increase in bone
reabsorption relative to bone formation, and it manifests
with active hyperemia of the bone. Therefore, for this
linear subchondral area of hyperlucency to be seen, the
bone must have a preserved blood supply Hawkins sign
was evident on 6th week postoperative radiographs.
The patient in this case presented with Hawkin’s type 3
talus neck fracture with bimalleolar fracture and
postoperatively had a positive Hawkin’s sign; we can
most likely conclude that he had very minimal disruption
to the blood supply of the talus. Based on prior reports
of talus fractures associated with malleolar fractures,
the incidence of osteonecrosis of the talus appears to be
lower than other types of talus fractures probably
because the medial and lateral soft tissue attachments
remain intact on the talus1,7.

At the 3 month follow-up patient has achieved
complete bony union of his fractures and has progressed
to full weight bearing. The patient continued to do well
postoperatively. Radiographs  at one year  showed no
evidence of talar osteonecrosis.  Continued  regular
follow-up in this patient is required to monitor for the
progression of his post-traumatic arthritis.

CONCLUSION
Talar neck fractures have been associated with a

high incidence of complications, including osteonecrosis,
infection, skin necrosis, malunion, nonunion, and
posttraumatic arthritis. The most common mechanism
for isolated talus neck fracture is Hyperdorsiflexion
force at foot. Forced supination can also result in talus
neck fracture. Based on our case report likely
mechanism for talus neck and ankle facture includes
combination of supination- adduction and
hyperdorsiflexion.

It appears that a Hawkins type 3 fracture
associated with bimalleolar fracture is accompanied by
significantly lower incidence of osteonecrosis of talus.
This could be due to preservation of extraosseous
vascular supply of talus that accompanies the deltoid
and talofibular ligamentous complexes.
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ABSTRACT

Introduction: Intertrochanteric fractures are one of the most common fractures of the hip and
have been recognized since the time of Hippocrates. The incidence of intertrochanteric fracture
is rising because of increasing number of senior citizens with osteoporosis and also the increasing
number of road traffic accidents. For unstable fractures intramedullary has been preferred
recently.

AIM-   To   assess   the   outcome   of   Unstable   Intertrochanteric   fractures   treated   with
Short Intramedullary Nail.

MATERIALS &METHODS- A prospective study done at the Department of Orthopaedics,
Rajah Muthiah Medical College & Hospital, Annamalai University, Chidambaram. Patient with
Intertrochanteric fractures were treated with short intramedullary nail(TFN& Short PFN)
&Follow up done at regular intervals for a period of 2 years (Aug 2014- Sept 2016).

RESULTS- 50patients with unstable Intertrochanteric fracture were treated with short
intramedullary nail (30 patients with TFN and 20 patients with PFN). Average age of patients
was 65.07 years for patients treated with TFN and 68.50 years for patients treated with PFN.
Overall mean time of radiological fracture union was 15 weeks. Mean hospital stay was 13
days. Average Modified Harris Hip Score was 88.25 for patients treated with TFN and 89.25
for patients treated with PFN.

CONCLUSION-In our study, depending on the fracture pattern the implant was chosen. When
the lesser trochanter was not involved trochanteric fixation nail was chosen but when the fracture
line extended below the lesser trochanter proximal femoral nail was a better option.

KEY WORDS- Unstable Intertrochanteric fracture, short intramedullary nail, outcome

INTRODUCTION
Intertrochanteric fracturesare one of the most

common fractures of the hip and have been recognized
since the time of Hippocrates. Aitken suggested that
degree of osteoporosis in fracture, influences  fracture
type1.The incidence of intertrochanteric fracture is
rising because of increasing number of senior citizens
with osteoporosis and also the increasing number of road
traffic accidents. Gallagher et al suggested that, with
increase in the life expectancy, the incidence of
Intertrochanteric fractures has sharply risen among the
geriatric population2 especially in the elderly with

osteoporotic bones, usually due to low-energy trauma
like simple falls. In the younger age group, where
Unstable Intertrochanteric fractures are more common,
the cause is usually high-energy trauma like road traffic
accidents.Unstable Intertrochanteric fractures are those
where there is poor contact between fracture
fragments, especially medial and posterior cortical
displacement, comminution or a fracture pattern such
that the weight bearing forces tend to displace the
fracture further or a reverse oblique type. It is
universally agreed that the treatment of unstable
intertrochanteric fractures is stable internal fixation as
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early as possible.Treatment goals for patients with
unstable intertrochanteric fractures include early
rehabilitation, restoration of the anatomic alignment of
the proximal part of femur and maintenance of the
fracture reduction.Stable intertrochanteric fractures are
commonly treated with Dynamic hip screw (DHS)
fixation. However, despite many methods, there has
been no gold-standard treatment for unstable
intertrochanteric fractures. Generally intramedullary nail
has been preferred for unstable fractures.

AIM
The aim of this study is to assess the

functional outcome of unstableintertrochanteric
fractures treated with short intramedullary nail withtwo
different length, trochanteric fixation nail (180 mm),
proximal femoral nail (250 mm) were used.

MATERIALS AND METHODOLGY
A prospective study was conducted, the data for

this study was collected from the patient admitted to Rajah
Muthiah Medical College  and Hospital, Annamalai
University, Chidambaram, diagnosed to have
Intertrochanteric Femur fracture, were treated surgically
using trochanteric fixation nail during the period August
2014 to October 2016. The clinical and radiological
outcome was assessed and recorded. The ethical
committee clearance was obtained from the institution.
Inclusion Criteria: 1) Patients with intertrochanteric
fractures aged 30 years and above, 2) All types of
intertrochanteric fractures(especially those  of
osteoporotic & grossly comminuted)   treated with
intramedullary nail, 3) Both males & females, 4) adequate
quality preoperative, immediate postoperative, atleast one
set of adequate quality postoperative
radiographs.Exclusion Criteria: 1) Previous surgery of
the proximal femur, 2) patients with pathological fractures
other than osteoporosis, 3) Patients managed
conservatively for other medical reasons, 4) Ongoing
chemotherapy or irradiation treatment due to malignancy,
5) Patients who are not able to give consent were
excluded from the study.If the fracture was not extending
below lesser trochanter the patients were treated with
Trochanteric fixation nail. If the fracture line extended
below lesser trochanter proximal femoral nail was used.

Both the implants were made up of a stainless
steel 316L type. The system consists of cannulated nail,
cannulated hip screws of sizes 8 millimetres and 6.4
millimetres and locking bolts (4.9 millimetres). There is
a locking mechanism in the upper part of the nail to
control the rotation of the hip screw. The proximal
diameter of the nail is thirteen millimetres. The distal
diameter varies from nine to twelve millimetres. All nails

have an anatomical valgus angle of six degrees. The
angle between the nail and hip screws are available in
130 and 135 degrees. In the nail, there are two holes
distally one for static and one for dynamic locking. The
locking bolts have a diameter of 4.9 millimetres. The
length of nail used in TFN was 180 mm. length of the
nail used in PFN was 250 mm.All the patients were put
on fracture table and close reduction was done. When
the fracture reduction was unacceptable, as determined
by the surgeon, open reduction was done. Thus fracture
reduction is the most important step prior to the
fixation.Implants were placed  and compression of  the
fracture was performed. Ideally,  two
Cephalomedullary screws were inserted with one or two
distal screw as deemed by the surgeon.

The tip apex-distance was measured accurately
prior to the placement of the Cephalomedullary
screws.The distance was calculated in both AP &
lateral views.The adequacy of  reduction of the
posteromedial calcar was determined using both AP
and lateral radiographs5. Initial radiographs were
classified according the AO system and further sub-
classified into unstable fractures (31-A2.2, 31-A2.3, 31-
A3.1, 31-A3.2, and 31-A3.3).

Post-operatively early mobilization was begun
within limits of pain tolerance. Active, assisted and active
range of motion exercises proved to be valuable
adjuvant for achieving good range of motion. All patients
were advised partial weight bearing with a walker for a
period of six to eight weeks. Patients were allowed full
weight bearing after radiological evidence of fracture
union. Radiographs were taken at regular intervals and
evaluated for fracture healing alignment, screw
breakage or screw back-out, cut-out, Varus malunion
collapse. Clinical union was defined as a painless
fracture site during full weight bearing. Radiographic
union was defined as bridging trabeculations across the
fracture line on two orthogonal views in the absence of
migration, loosening or breakage of hardware. Cases
were followed up until eighteen months. Functional
assessment of patients was done using Modified Harris
Hip Scoring system.

Proximal Femoral nail
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T r o c h a n t e r i c
Fixation nail

RESULTS
During the period of study a total of 50 cases with

intertrochanteric fracture were received. Twenty cases
were treated with PFN and the remaining thirty cases
were treated with TFN and patients were followed up
at three months, six months,twelve& eighteen month’s
intervals.

Average age of patients was 65.07 years for
patients treated with TFN and 68.50 years for patients
treated with PFN. Out of the 30 patients treated with
TFN, 12 were male and 18 were female with right hip
involvement in 17 patients and left hip in 13 patients.
Out of the 20 patients treated with PFN,  7 were
male and 12 were  female with  right hip involvement
in 10 cases and left hip in 10 cases.  Average trauma
surgery interval was 8 days (range 2 to 15 days).
Among patients treated with TFN closed reduction was
done in 26 patients whereas 4 patients required open
reduction. Among patients treated with PFN, Closed
reduction was achieved in 18 patients and open
reduction in 2 patients.The average surgical time was
67 minutes (range 30 to 95 min). Average blood loss
was 165 ml (range 130 to 350ml) Average hospital stay
was 15 days (range 13 to 18 days). Partial weight
bearing was achieved in mean 5 days (range 3 to 9
days). Full weight bearing was achieved after 50 days
(41 to 57 days).The Average radiological union was 15
weeks (12-18 weeks), Average Modified Harris Hip
Score was 88.25 for patients treated with TFN and
89.25 for patients treated with PFN. The average neck
shaft angle was 138 degrees (range 130- 145 degrees).
In our series, among patients treated with TFN, three
patients had Varus collapse, one patient had backing out
of Cephalomedullary screws due to poor purchase in
head and one patient had significant shortening of 3 cm
who was treated with sole raise shoes. Among patients
treated with PFN two patients had varus collapse and
two patients had anterior thigh pain which was not seen
in patient treated with TFN.

Table 1 Results

TFN PFN
Number 30 20
Age 65.07 68.50
Sex (Male: Female) 12:18 7:13
Side (Right: Left) 17:13 10:10
Reduction (Closed : Open) 26:4 18:2
Modified Harris Hip Score 88.25 89.50

Type of fracture     No. of patients No. of patients
(TFN)    (PFN)

31-A2.1  6 5
31-A2.2 12 4
31-A2.3  8 6
31-A3.1  2 2
31-A3.2  1 2
31-A3.3  1 1

   Table 2 Fracture Pattern

Score         No. of patients No. of patients
(TFN)    (PFN)

  Excellent
(more than 90)   7 6
Good (81-90) 18 12
Fair (71-80) 5 2
Poor (less than 70)  0 0

Table 3 Modified Harris Hip Score

               TFN        PFN

Post-operative Infection 0 0
Varus collapse 3 2
Screw backing out
(reversemigration) 1 0
Significant shortening (> 2cm) 1 0
Non union 0 0
Sciatic nerve palsy 0 0
Anterior thigh pain 0 2

Table 4 Complications
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     PRE OP X-RAY             POST OP X-RAY (treated with TFN)

     PRE OP X-RAY             POST OP X-RAY (treated with PFN)

DISCUSSION
Intertrochanteric fractures in the elderly pose

certain special problems. In this age group the fracture
configuration is generally comminuted with presence of
extensive osteoporosis. There is problem with correct
and accurate placement of the implant and hold of the
implant. So if the fixation is not stable, prolonged
immobilization may be required to achieve complete
union. On the other hand there is a need for rapid
weight bearing and mobilization of this group of patients
as they are generally medically compromised due to age
and associated diseases.

Anthropometric measurements of proximal
femur in Indian population is smaller than western
population. So there appeared a need of design suitable
for Indian Population.

Egol KA, Chang EY, Cvitkovic J, Kummer FJ,
Koval KJ2o(2004)did a study on the mismatch of current
intramedullary nails with the anterior bow of the femur.
They inferred that Intra-operative complications such
as splintering and fractures are due to oversized implants
that are manufactured according to western population
parameters. In India, the proximal femoral nail is
available with a length of 240-250 mm. It crosses the
middiaphysis of the femur. This may give rise to intra-
operative femoral shaft fractures and thigh pain,
because the implant touches the anterior cortex of the
femur.

Modification of the gamma nail by reducing its
diameter and length has been performed in the Chinese

population. Hence complications such as splintering and
fractures due to oversized implants can be avoided by
using implants designed specifically for the relatively
small Asian femur.

The TFN was designed for the Asian population
keeping all these considerations in mind. Currently, there
is only one study reported till date, of the TFN for
treating intertrochanteric fractures in Asians. Currently
there is only one study with TFN.Gadegone WM,
Salphale YS21 (April 2010) reviewed outcomes of 100
Asian patients who underwent trochanteric femoral
nailing for stable and unstable intertrochanteric
fractures. They concluded, that trochanteric fixation nail
is a superior implant for stable and unstable
intertrochanteric fractures in terms of operating time,
surgical exposure, blood loss, and complications,
especially for patients with relatively small femur.

Outcomes of treatment of intertrochanteric
fractures depends on quality of bone, age of patient,
general health, trauma surgery interval, and adequacy
of treatment, comorbidities and stability of
fixation9,10,11.

TFN& PFN acts as a buttress to prevent
medialisation of the shaft and provides more efficient
load transfer16. It is designed to provide linear
intraoperative compression of head neck  segment  to
shaft along with rotational  stability which minimizes
neck malunions, resulting in negligible complication
rate17.  It has been proved to be a superior implant
compared to previous implants for stable and unstable
intertrochanteric fractures in terms of operating time,
surgical  exposure, blood loss, and complication rates.18
TFN reduces stress concentration at the tip and the
smaller distal diameter may prevent femoral shaft
fractures19. But the drawback was that when the
fracture extended below the lesser trochanter PFN
provided more stability than TFN.

When the fracture line was extending below
lesser trochanter or when the lesser trochanter was
present as a third fragment, the fracture was fixed with
proximal femoral nail. But when the fracture was not
involving lesser trochanter, the fracture was fixed with
trochanteric fixation nail.

Since the trochanteric fixation nail is shorter in
length than proximal femoral nail there was no need for
intraoperative reaming and the incidence of anterior
thigh pain was not seen but as the nail was shorter it did
not give enough stability when the fracture was
extending below lesser trochanter. Till now there are no
studies involving comparison between TFN and PFN.

CONCLUSION
For unstable intertrochanteric fractures fixation is must.
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Fracture reduction is the key step of the surgery.
Intramedullary nailing has shown to be effective in
providing early mobilisation and weight bearing. When
the fracture does not involve the lesser trochanter TFN
is as effective as PFN but when the fracture is
extending below the lesser trochanter or the lesser
trochanter is present as a separate fragment, the more
ideal choice of implant is proximal femoral nail which is
longer than trochanteric fixation nail. Since there are no
previous studies comparing the outcome of TFN with
short PFN. Still further studies with larger population is
deemed necessary to say the efficacy.
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AND CANCELLOUS SCREW WITH BUTTRESS PLATE
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ABSTRACT
PURPOSE: Hoffa fractures have better outcome when treated surgically and can be
fixed with  different  implants.  Purpose  of  this  study  was  to  compare  the  clinico-
radiological outcome of Hoffa fracture, treated using cancellous screws and cancellous
screw with one- third semi-tubular plate.
METHODS:41 patients from January 2014 – August 2015 with average age of 42.2
years (21- 64) including 38 males and 3 females.Divided into two groups based on the
surgical implant fixation, 14 patients with cancellous screw (Group I) and 27 patients
with cancellous screw and buttress plate (Group II). Data analysis made using Fisher
Exact p value.Average follow up for 15 months with subjective functional assessment
and radiographic assessment. RESULTS: In groups I and II, mean TL score was 82.64
and 90.2 and mean knee flexion was  99.28° and  112.4° respectively,  showing  no
significant  functional difference ( P =
0.126).Among all patients, 56 % had excellent and 20% had good, 12% had fair and
12% had poor  outcome.  Average  degree  of  knee  flexion  was  107.8° with  TL
score  87.6.  Radio logically all patients in both groups showed good union except one
mal-union and non-union in group  I and  II respectively.  Overall we  had  five
complications; two cases  had  knee stiffness and infection, mal-union and non-union
in each case.
CONCLUSION:Though   no  statistically  significant  difference   in   functional   outcome
between two groups. Patients in group II had higher range of knee flexion and better
daily activity.
KEY WORDS:Hoffa fracture, Cancellous screws, Cancellous screw with one-third
semi- tubular plate.

INTRODUCTION
Isolated coronal plane Hoffa fractures of the

femoral condyle was first mentioned by Friedrich Busch
in 18691, it was later named after Albert Hoffa2 in
1904.It is an intra-articular fracture in   a major
weight-bearing joint, at  risk of displacement if
unrecognised.  The lateral  condyle is  more  commonly
injured3 than the  medial  condyle because of
Physiologic genu valgum which puts greater
compressive stresses on the lateral side. Frontal impact
on a flexed knee is more likely to involve the outer
aspect resulting in shearing force on the posterior part of
lateral femoral condyle. Treating Hoffa fractures is still
a great challenge. Reduction is even more difficult when

it is communited. This fracture pattern reflects a high
energy mechanism of trauma and needs perfect
anatomical reduction and  stable fixation following
regular  physiotherapy to  prevent  the  complications
like malunion, non union, soft tissue adhesions and
contracture , implant failure. Though different implants
were available to fix the Hoffa fractures and studied
their functional outcome. To the best of our knowledge,
there have been no studies published comparing the two
different implants. The purpose of this study was to
compare the clinic-radiological outcome of Hoffa
fracture, surgically treated by cancellous screw and
cancellous screw with buttress plating.
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MATERIALS AND METHODS

Forty one patients with Hoffa fractures ( Letenneur type
I – 9n, II -1n, III – 31n) from January 2014 to August
2015  were analysed  retrospectively included.  Hoffa
fracture associated with Patella or Supra condylar
femur or tibial plateau fractures,Simple/ Compound
Grade I, II & III fractures were included and pelvic,
pathological fracture and associated with polytrauma,
compartment syndrome and severe osteo-arthritis knee
were excluded.These 41 patients (38 men,3 women)
had mean age of 42.2 years( 21 to 64). Patients were
divided into 2 groups, Group I Hoffa patients were fixed
with cancellous screw alone and Group II were fixed
with cancellous  screw  with one-third  semi-tubular
plate. Implant  choice was determined  by surgeon
intra-operatively based on bone stock, bone quality,
reduction stability and implant capacity. Patients were
operated under spinal anaesthesia, using swash buckler
approach. The vastus lateralis was retracted laterally
after lifting it up from the lateral femoral side. The rest
of the extensor mechanism along with the patella was
retracted medially for unobstructed visualization of both
femoral condyles. On exposing the knee, a tangential
fracture involving the femoral condyles was noted. Then
the fractured segment was reduced to anatomical
position and fixed temporally using 2 or 2.5 mm K-wires.
However, reduction was achieved and 6.5 mm partial
threaded cannulated cancellous screws or 4 mm
cancellous screw or Herbert screw used passed from

anterior to posterior direction through the non-articular
part under fluoroscopy control in addition one-third semi
tubular plate were used,if communition was present.
Data collected were entered into Excel sheet and
statistical analysis made by applying student t Test to
detect differences in functional outcome. The results
were graded clinically  using  Tegner  Lysholm  score
and radiologically assessed for perfect articular
scurface reduction, implant stability, bony union and late
collapse. Post-operatively, Static Quadriceps
strengthening exercise and active ankle and toe
movements were started on first post operative day and
passive mobilization of knee (continous passive motion)
with non weight bearing walking with walker was
started on second post operative day. Active
kneemobilization was started after sutures removed.
Patients were allowed partial weight bearing crutch
walking after 6 week and full weight bearing walking
after 3 months.
Follow-up: Average follow-up regimen of clinical and
radiological review was done for 15 months on average
(6 to 24 months). All radiographs were evaluated for
congruent articular reduction in the immediate post
operative x-ray and re-evaluated after 6 months for any
late collapse (to check the implant
stability),complications including non-union, malunion,
avascular necrosis and failure of implants or
osteoarthritis. Clinically,active knee flexion was
measured using goniometer. Instability, pain, swelling,
limp, stair-climbing,locking,squatting were recorded.
Functional evaluation was assessed after 6 months
using Tegner Lysholm score grading excellent (100 –
90),good (89 – 84),fair (83 – 65),poor (<64).

RESULTS
Functional outcome:
TABLE 1: COMPARATIVE FUNCTIONAL
OUTCOME BASED ON TEGNER LYSHOLM
SCORE
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Table 1 shows, on comparing the two groups based on
the Tegner Lysholm score, we found excellent outcome
in 6 (42.8%),good in 5 (35.7%), fair in 1 (7.14%) and
poor in 3 (21.4%) in group I (n=14), when compared to
17 (62.9%) excellent,3 (11.11%) good, 4 (14.8%) fair
and 2 (7.4%) poor in group II (n=27). Average score
of Functional outcome is assessed as per Tegner
Lysholm criteria was 87.6, with maximum score of 100
and minimum of 35 in which 82.64 ± 16.85* (Mean ±

S.D) of TG score present in group I and 90.2 ± 13.76*
(Mean ± S.D) in group II. But this difference was not
statistically significant (P = 0.126). Average degree of
knee flexion was 107.8*, with maximum knee flexion of
135* and minimum of 40* of which 99.28* ± 23.76*
(Mean ± S.D) of knee flexion present in group I and
112.40* ± 14.43* (Mean ± S.D) in group II. This
difference was statistically significant (P = 0.034).

Table 2 shows, the patients in group II had knee
flexion of about > 120° in 10 patients whereas 4 patients
in group I, also 3 patients in group I had <90° and no
patients in group II. On comparing pain, group I and II
had slight pain in 28% and 22% , severe pain in every
steps in 1 patient and no patients respectively. Instability
was seen in one patient in each group.  Comparing  stair-
climbing  and locking, limitations  were present  almost
equally between them.

Radiological Outcome: On assessing the
immediate post operative x-ray for congruent articular
reduction, we found only 8/14 (57%) and 17/27 (63%)
had perfect reduction in group I and II respectively. Also
looked for the stability of implants in the immediate and
6 months follow up x-rays, (whether the implants were
correctly placed, adequate length and number of
implants were used ),showing all patients in both the
groups had stable fixation except for one patient in each
group. On assessing the union in follow-up x-rays, we
found good union in all patients in both groups except the
same patient in each group, diagnosing mal-union and
non-union in group I and II respectively. Also found late
collapse of fracture fragments in 2 out of 8 and 3 out of

17 immediate congruent fixation in group I and group II
respectively .
Complications: None of the patients experienced an
intra operative complication and no implant failure or
avascular necrosis occurred in this series. Overall, in
this group of 41 patients, 5 patients (12%) had
complications :

• 1 Mal union • 1 Non union
• 2 Knee stiffness • 1 Infection

Pre –operative X-ray of Hoffa fracture;
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Immediate post-operative X-ray of cancellous screw
with 1/3rd semi-tubular plate;

8 months follow-up

Patient with excellent knee flexion

DISCUSSION
Isolated Hoffa fractures of the femoral condyle

represents 0.65% of all femoral fractures3.Increased
incidence of this fractures can be attributed to
increasing number of high velocity injuries in our society.
With the increase in high velocity injuries, the fracture
pattern also shows severe comminution or associated
fractures like supra-condylar femur fracture. Non-
operative treatment can result in stiffness and poor joint
function 4. Ideal treatment for Hoffa fractures should
result in proper reduction of articular surface, with
normal range of knee movements. According to Nork et
al5 association of Hoffa fracture with supra and inter-
condylar femur fracture was found to be 38% and in our

study, it was 43.75%. Unicondylar fractures are
frequently displaced and unstable because of the initial
trauma force, the muscle contraction, in particular, the
gastrocnemius and popliteus muscles which can rotate
and move the condylar fragments. Hence implants
should ensure the fracture stable fixation without
impairing joint movments.

Though there were many implants available, still
there was a paucity of data recommending what implant
will be the ideal and among the implants which g ives
better functional outcome. When hoffa fractures was
fixed, atleast 2 screws must needed to provide stable
fixation and to prevent the rotation of fragments.
Though Jarit et al6 found that Lag screws placed
posterior to anterior provided more stable fixation than
antero- posteriorly placed screws and Ashok gavaskar
et al8 fixed Hoffa fractures with cancellous screw in
AP/PA directions , we placed antero-posterior screw as
most surgeons routinely used to fix the Hoffa fragment.
In case of comminution, in additional buttress plating is
essential because of the orientation of the fracture line
itself, which creates a sliding plane favouring upward
condylar movement. Stable fixation, although difficult to
obtain in the soft or even osteoporotic knee joint, is
needed to permit early motion and to prevent knee
stiffness.

Lin7 et al studied on 11 patients of Hoffa fracture
treated with 6.5mm cannulated lag screw with lateral
supporting plate, concluding 7 patients had excellent
results,3 had Good results and one patient had poor
result, when treated on letenneur type I and III. In our
study, 19 patients of Hoffa fracture type III were treated
with cancellous screw with lateral buttress plating,
concluding 13   (69.4%) patients had excellent results,
2(10.2%) patients had good results,  2 (10.2%) had fair
results and 2(10.2%) had poor results.

Ashok gavaskar et al8 studied on 18 hoffa
fractures fixed with cancellous screw in AP/PA
directions concluding complications like Stiffness and
pain in 1 patient, collateral laxity in 2 patients and
progression of arthritis in 1 patient. In my study,
complications shows 2 patients shows knee stiffness and
2 patients shows instability.

Tetsunaga9 et al studied on 5 patients with Hoffa
fractures treated with one third  semi-tubular  plate and
locking  compression  plate,  concluding  all  5 patients
had excellent results with mean knee flexion of 121°,
also presented with no complications. In our study 27
patients were treated with one third semi-tubular plate,
among which 17(62.9%) patients had excellent results
with mean knee flexion of 112.40° and mean TG score
of 90.2

Following surgery, the functional outcome was
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assessed by Tegner Lysholm score. On comparing the
functional results between group I and II, no statistical
difference was seen, but still on analysing the
complications between them, patients in group II had
lesser complications  and doing better daily activities
in knee flexion, pain,  swelling, instability comparing
the patients in group I

On analysing the both groups radiologically,
though 8/14 and 17/27 patients in group I and II
respectively, had congruent reduction immediately after
surgery, 25% (2/8) of late collapse was seen in group I
compared to 17% (3/17) of patients in group II. All
patients had good union and stable fixation except for
one patient in each group. This was due to both improper
articular surface reduction and unstable fixation ie.,
inadequate lengthof screw was used to hold the Hoffa
fragment that leads to late collapse thereby leading to

Mal union and Non union in group I and II
respectively.

The distal end of femur has minimal soft tissue
attachment in the posterior aspect; so, if such fractures
are not adequately fixed, it may lead to complications
like non- union and avascular necrosis10-11. Letenneur
et al12 classified fractures based on the integrity of soft-
tissue attachments in an attempt to  predict the
occurrence of avascular necr osis (AVN). Types I and
III have residual soft-tissue attachments, whilst type II
fractures are more posterior and have minimal or no
attached soft tissues. They proposed higher rates of
AVN in type II fractures, but it has not been translated
in clinical studies. In our study, although only one patient
was in Type II, didn’t developed AVN. The absence of
AVN in the current series refutes it further but the
sample size is small and the follow-up period is short.
Overall in this study, no implant failure and avascular
necrosis was seen but one case of non union and mal
union was seen.Also we had 2 cases of stiff knee which
was found associated with supra condylar femur
fracture.

CONCLUSION
On analysing the Hoffa fracture fixation radio

logically between cancellous screw and cancellous
screw with buttress plating, we found that whatever the
type of fixations, Primary congruent anatomical
reduction of articular surface seems to be the most
important prime factor. Secondly, Stable implant fixation
is also equally important to be considered to prevent late

collapse, and found that fractures fixed with cancellous
screw and buttress plating  provides better stability
than cancellous  screws  alone. On analysing the
functional outcome, on the basis of Tegner Lysholm
score and range of Knee flexion, patients treated with
cancellous screw and buttress plating were found better
in carrying out their daily activities without much
difficulties and complications, though there was no
statistically significant difference between them.
RECOMMENDATIONS

We recommend to fix the Hoffa fracture with
Cancellous screw with buttress plate in case of
comminution of bone was present, to achieve better
functional outcome. However, Randomized Control
Study was needed, to evaluate the superiority between
the cancellous screw and cancellous screw with
buttress plate.
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Introduction
When the posterior pelvic disruption passes

through the lower portion of the sacroiliac  joint and
exits  through  the ilium, this is known as a  “crescent
fracture.” The fragment which contain Posterior
Superior Iliac Spine and Posterior Inferior Iliac Spine is
called crescent fragment.

A portion of the iliac wing remains attached to the
sacrum by means of the sacro-iliac ligaments. The piece
of bone fractured from the iliac wing resembles a
crescentic moon, hence the term.Three types of crescent
fractures are type I anterior ,type II middle ,type III
posterior. Most common type is II which need sacro
iliac screw fixation definitely .In type I most of the
fragment is attached to sacro iliac ligaments and type III
only posterior fragment is avulsed.

The most common mechanism of injury is lateral
compression, resulting in the wing being impinged
against the dense sacral bone.

These  fractures are rotationally   unstable,
and are classified as lateral compression type II in
the Young–Burgess classification system

Traditionally, these fractures have been stabilized
with open reduction and internal fixation. They can be
approached anteriorly, via an iliac fossa approach, or
posteriorly, by elevating the gluteus maximus to expose
the posterior ilium.

These open approaches are beneficial in that they
allow direct manipulation of bone fragments.Reports of
open reduction and internal fixation of crescent fractures
have  shown uniformly good  results. But, as with
other open procedures, open reduction of crescent
fractures carries a moderate risk of softtissue
complication. Due to the risk, percutaneous methods
have been attempted for this injury pattern. The injury
mechanism is often a lateral compression, which results
in internal rotation of the hemipelvis. External rotation
and abduction of  the hip often serve  to correct  the
deformity in percutaneous fixation.

METHODS
This is a Prospective study done at Institute of
Orthopaedics and Traumatology,Rajiv Gandhi

Government General Hospital, Chennai, in 15 patients
from 2014 -2016.

INCLUSION CRITERIA
Pelvis fractures with Sacro-iliac joint fracture

disruption

EXCLUSION CRITERIA
1.  Paediatric population
2.  Associated acetabulum fractures
3.  Pathological fractures

Pre Operative Evaluation
In acute presentation of patients with pelvic ring
disruption, ATLS protocol was followed. All stabilised
patients were subjected to the following

Detailed clinical examination
 Complete haemogram
  Renal function tests
 Radiographs of  the  Pelvis (Antero-posterior,  Inlet
and Outlet views).
 CT pelvis with 3D reconstruction? CT abdomen/
CECT KUB with  cystogram  /CT study  for
associated injuries

In all patients open reduction and internal fixation
were done anteriorly, two or three holed reconstruction
plate with 3.5mm cortical screws used.

POSTOPERATIVE PROTOCOL
1) Nil per oral until bowel sounds and passing of flatus
2) Drain was removed on the 2ndpost operative day with
collection being less than 20 ml for a period of 8 hours.
Post operatively intravenous antibiotic for
5days and oral antibiotic for another 7 days.
3) All patients were treated with prophylactic low
molecular weight   heparin postoperatively for two
weeks and aspirin for 6 weeks. High risk patient was
treated with  3 months of aspirin .
4) Suture removal done on 12thpost operative day
5) Oral diet  started  only after  flatus is  passed  and
bowel sounds returned.
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Postoperative bowel regime should be aggressive and it
should be a part of post operative protocol.
6) Patient was mobilised from bed to chair using
uninjured leg as a pivot on the1st post operative.
7) Touchdown weight bearing for 10 to 12 weeks
8) Aid free ambulation after 12 weeks.
9) Progressive return to full activity usually began after
6 months.
10) Avoid of sitting crossed leg upto 3 months to reduce
strain in sacroiliac joint.

FOLLOW UP
Patients were followed at 4 weeks, 12 weeks and at 6
months. At each visit patient is subjected to the
following,
1) Local tenderness of the sacroiliac joint . Tenderness
on external rotation after 12 weeks
2) Clinical examination includes gait,  trendelenberg
test, sacral /pubic
3) tenderness, strength of lower limb muscle
groupFunctional ability of the patient (history)
4) Assessment of implants (radiographs) for:
a) Loosening b) Infection c) Failure
5) Radiographic assessment i) -AP view
ii) -Inlet view iii) -Outlet view
6) CT of SI joint

Scoring-was based on Majeed Functional outcome
scoring system based on
Sitting  Standing
 Walking  Sexual intercourse
   Work  Pain
   Gait pattern

Functional outcome grading Points

Excellent >85

Good 70-84

Fair 55-69

Poor <55

RESULTS
In our study among 15 patients , 13 are male and2

are female,For 12 patients mechanism of Injury was by
RTA, remaining 3, it was fall from height.In our study all
patients had definitive fixation within 3 weeks of

admission all of them show excellent Majeed functional
outcome score (MFOS) except 2 patients who had
associated other long bone fractures. The mean score
was found to be 89.The result is not significant at p<0.05
due to small sample.

The incidence of deep vein thrombosis in unstable
sacroiliac joint disruptions was 10-80% in various studies.
We used thromboprophylaxis in patients who underwent
open reduction and internal fixation thorough anterior
approach. We didn’t have any deep vein thrombosis as
a complication in our study.

Majeed outcome scoring system has the
advantage of including sexual function  analysis which
is psychologically important  factor which is not
included in other scoring systems. The functional
outcome of these patients are analyse with Majeed
outcome scoring system which include pain, sitting,
standing, sexual intercourse, walking and radiological
analysis.

CONCLUSION
Pelvic ring injuries with crescent fractures are

better managed in tertiary care centre. Haemodynamic
resuscitation measures and efficacy in initial evaluation
and temporary stabilisation procedures are lifesaving in
nature.We concluded that experienced and well equipped
orthopaedic unit is an absolute necessity in ensuring not
only a good functional outcome but also save the life of
patients on initial presentation.
Definitive skeletal stabilisation done less than 3 weeks
have given excellent MFOS in our study.
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INTRODUCTION
Posterior shoulder dislocations represent 2%-5%

(1-4) of all shoulder dislocations; 60-79% (1) are missed
In 1955 McLaughlin (1) recognized that clinical

and radiological evidence of lesion is always present but
usually escapes notice unless deduced.  Complexity of
injury, failure to notice and its rarity results in significant
morbidity.

We present a case report of a neglected posterior
shoulder dislocation managed with Subscapularis tendon
transfer with review of its classification pathoanatomy,
diagnosis and treatment.

CLASSIFICATION:
Several classifications have been described.
May (6) proposed it as habitual, traumatic and obstetric
posterior dislocation or subluxation. Heller and
Colleagues (8) classified them as subacromial,
subglenoid and subspinous posterior dislocation.
Detenbeck (2) proposed it as acute, chronic and
recurrent (traumatic and atraumatic)
Hawkins and Bell(7) proposed based on impression
defect present or absence and later modified by
Robinson and Aderinto based on the size of the defect
and classified it as < 20% , 20 – 45%, > 45%, and simple
or complex when associated with a fracture.

MECHANISM OF INJURY:
An axial force applied to the upper extremity in the
vulnerable position of adduction, internal rotation, and
forward elevation dislocates shoulder posteriorly.Seizure
primarily or secondary to metabolic abnormalities, alcohol
or drug withdrawal (5)and  electric shock or
electroconvulsive therapy which produces intense
contraction of the  Strong Internal rotators  overpowers
the weak external rotators

PATHOANATOMY:
Shoulder is most mobile ball and socket type joint,

inherent bony anatomy and glenohumeral ligaments
form the static stabilizers and surrounding musculatures
provides a dynamic stabilization.

During dislocation the anterior capsular structure
becomes tense like a cord and serves as a checkrein to
posterior dislocation. It is associated with p
l lesion and pathognomonic anterior impression fracture
(reverse hill sach).

The significance of impression fracture is it
tion point which ends with fracture of anatomical neck.
The defect may lead to genohumeralarthritis;
direct correlation exists between defect size and joint
stability and also to plan the treatment protocol.

DIAGNOSIS:
High index of suspicion is very important to diagnose the
condition.
H/O convulsive disorder, metabolic disorders, alcohol or
drug abuse and trauma due to electric shock is key. O/E
patient presents with a prominent coracoid, an anterior
glenohumeral void, caused by posterior position of
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humeral head and squared off anteriorlateral acromion
and overlying of soft tissues.

Limb is held in internal rotation with marked
restriction of external rotation and abduction.

Rowe and Zarins test, inability to supinate the
forearm when the arm is forward flexed because of the
internal-rotation deformity

Most often misdiagnosed as frozen shoulder.
X-ray evaluation with standard AP, axillary,

velpeau and scapular lateral views are most helpful.
Inadequate evaluation is common cause of delay in
diagnosis. The light bulb sign,  vacant glenoid sign  the
Moloney’s line(13) analogous to Shenton’s line which
runs along the inferior aspect of glenoid rim and continues
along the inferomedial aspect of the humeral head and
neck. Three dimensional CT scan is of great help in
diagnosingand planning the treatment protocol.  MRI
reveals the characteristic posterior capsulolabral and cuff
injury.

We report a case of neglected posterior
dislocation of shoulder joint with the defect size of <
25%. Patient presented to us 3 months post injury with
pain and restriction of external rotation and abduction.
Immediately after injury he was treated conservatively
elsewhere, initial diagnosis was missed on x-rays. On
evaluation unreduced posterior dislocation was
diagnosed with a reverse hill Sachs lesion of < 25%.
Modified McLaughlin procedure was done, open
reduction using deltopectoral approach joint was
reduced but was unstable so transfer of upper third
Subscapularis tendon into the defect secured with
ethibond through drill hole, stable joint achieved.

He was immobilized in external rotation and
abduction splint for three weeks and later mobilized.
One year post op patient has regained pain free
complete ROM and satisfactory mean constant score.

TREATMENT:
The determinants like duration of dislocation, size

of humeral head impression fracture, presence of
fracture, viability of humeral head will determine
treatment protocol   Skillful neglect (9) has been advised
in elderly debilitated patients or the one with behavioral
or psychiatric disorders.

Take Home Message;
High Index of Suspicion, Timely clinical and Radiological
assessment can avoid misdiagnosis.
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ARTHROPLASTY

ABSTRACT :

Infection after TKA is devastating to the patient as it is expensive, prolongs the
treatment period and diminishes the final functional outcome. Diagnosis can be difficult
and relies on multiple factors such as clinical, imaging and laboratory findings. Treatment
modalities range from antibiotic suppression with implant in-situ to implant replacement
in two stage procedure and rarely amputation with the goal of infection eradication and
pain free, functional joint. We are reporting a series of cases of infected TKA, of
which, two cases are treated by revision TKA in two stage procedure and one case is
treated by open debridement along with polyethylene exchange. No recurrence of
infection is observed after different periods of follow up for all the three cases.

INTRODUCTION
Total knee arthroplasty (TKA) is a common

surgery for end-stage knee arthritis that is associated
with significant improvements in pain and function.
Infection is the most challenging complication following
TKA effecting 1-2 % of primary TKAs and
3-5  %  of  revision  TKAs1.  The  percentage  of  infection
can  be  still  higher  with increasing availability and
accuracy of diagnostic techniques. On the basis of variable
criteria, appropriate plan of treatment to be done with
eradication of infection as the initial goal. In this paper,
we are reporting a series of three cases of infected TKA.

Case reports: Case 1:
An 80 year old male patient presented to our

outpatient department with osteoarthritis of bilateral knee
joints. ROM was 0-1000 at left knee. Patient underwent
left TKA with PS plus implants and patellar resurfacing.
Post-operative period was uneventful. Wound healed
well. After 7 months of primary TKA, patient presented
with knee pain and pus discharge from the scar for a
period of 10 days. There was local  rise  of  temperature
and  tender  palpable  inguinal  lymph  nodes.  ROM
was reduced. X-ray showed no implant loosening. Total

leucocyte count (15600 cells/mm3), ESR (84mm) and
CRP were raised. Pre-operative and intra-operative pus
culture showed Staphylococcus aureus, sensitive to
Clindamycin.

We have done revision TKA in two stage
procedure. In first stage, after implant exit, synovectomy,
thorough debridement and irrigation of the joint along
with implantation of articulating antibiotic spacer using
vancomycin mixed cement were done  in  the  order,
followed  by  6  weeks  of  intravenous  clindamycin.
There  was eczema and blackish pigmentation of skin
after spacer implantation. So second stageprocedure was
done only 5 months of first stage. Infection eradication
was confirmed by clinical and serological examination.
Spacer was removed along with cement. Joint was
irrigated thoroughly and unhealthy tissues were debrided.
For revision TKA, rotating hinged prosthesis (Fig. 1) was
used along with antibiotic mixed cement. Intra operatively,
lateral femoral condyle fracture occurred. So patient was
kept in non- weight bearing walk for six weeks. Patient
is followed for 7 months. ROM is 0-120o.
Except the progressive skin pigmentation, there are no
features of recurrent infection.
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Figure 1. Rotating hinged prosthesis in revision TKA to
prevent instability in the knee after thorough debridement
in infected TKA

Figure 2. Articulating antibiotic spacer after prosthesis
removal in infected primary TKA

Case 2:
A 60 year old male patient, presented with left

knee pain and swelling for a period of two days. He
underwent left TKA two years ago. Past history revealed
that he has undergone multiple surgeries in left knee
periarticular area (left distal femur ORIF  with  DCS
sixteen  years  ago,  implant  exit  six  years  ago  and
arthroscopic abrasive arthroplasty five years ago). Local
examination revealed signs of acute inflammation and
movements were restricted due to pain. No radiological
signs of implant loosening. TKA infection was confirmed
with pus aspiration. Culture report showed
Staphylococcus aureus, sensitive to Clindamycin.
Revision TKA was done in two stage procedure using
articulating antibiotic cement spacer in 1st stage and PS
plus components with long stems in 2nd stage. Four
months interval was given between the stages as the
ESR was not reduced for long duration.

Case 3:
A 66 year old lady, presented with bilateral knee

pain and difficulty in flexion of the knee since 2 years
and gradually progressive. Examination revealed joint
swelling and multiple loose bodies. ROM is 0-70o & 0-
90o in left and right knee respectively. Bilateral knee
synovial chondromatosis (Fig. 3) with osteoarthritis was
diagnosed from x-ray findings and planned for bilateral
TKA. TKA was done on both sides with two weeks
interval. Intra-operative tibial plateu bone defects were
noted on both sides and was augmented with a bone
block using a cortical screw.

Figure 3. Synovial chondromatosis: x-ray and
intraoperative images

After 3 years, she presented with sudden onset of pain
in left knee with local rise of temperature. Patient was
doing well for a period of 3 years with functional ROM
in both the joints. CRP, ESR and leucocyte count were
raised. Aspiration showed 25ml of straw coloured fluid,
culture report of which showed Staphylococcus hominis.
No pus cells were found in microscopy. As we were
waiting for culture report, local inflammation was
decreased gradually without any antibiotic usage. It could
be due to the low virulence of the organism, commonly
seen in acute haematogenous infection of previously well
functioning TKA. X-ray showed no loosening of the
implant. We have done open debridement with
polyethylene liner exchange. Insall’s Quadriceps snip
procedure was used for patellar eversion as we felt
difficulty in doing so.

DISCUSSION
Infection is a devastating complication in TKA

patients. Current infection rate is 1-2% in primary TKA
and 3-5% in revision cases1. This number is increasing
with increased rate of TKAs. Hospital source utilization
is four times that of primary TKA and twice that of
aseptic revision.
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Increased infection rates with constrained implants
could be due to increased chances of loosening and so the
debris formation which is conductive to bacteria3. Anatomical
factors  like  superficial  position  of  the  joint,  poor  vascularity
of  the  soft  tissue covering the anterior aspect of the knee
increase the complications of wound healing and infection.

Estimated bacterial shedding is 1,000-10,000 organisms/min/
person4. Repeated surgeries increase the seeding of bacteria
as well as scar tissue with poor vascularity. Body exhaust
suits, impermeable gowns, shoe covers, double gloving with
frequent change and vertical laminar air flow systems can
reduce the intra- operative infection rate.

Infact, there is no effective treatment for
vancomycin resistant enterococci. Bactrial adhesion to
polymers and metal components via glycoproteins and
pili increases the resistance5, where as the production
of glycocalyx increase the virulence of some bacteria by
protection from antibiotics and host defence. Consultation
with infectious disease specialist will be helpful in
treatment plan.

For routine cases, prophylactic antibiotics of 24
hour duration is adequate6, but 48 hour duration may be
needed if catheters or drains are kept in-situ. There are
variable opinions regarding use of prophylactic antibiotics
in cement. Most common indication is septic revision
surgery. There are concerns about allergic reaction,
organism resistance and effects on structural properties7
of cement due to antibiotics.

Current definition of prosthetic infection includes
a combination of clinical signs and symptoms, histologic
analysis of tissue, and results of cultures. The diagnosis
of definite infection is made if evaluation of the knee
establishes at least one of the following criteria8 :
(1) two or more cultures obtained by aspiration or deep
tissue specimens obtained at surgery yield the same
organism,
(2) histopathologic evaluation of intra-articular tissue
reveals changes in acute inflammation,

(3) gross purulence is observed at the time of surgery, or
(4) an actively discharging sinus tract is evident
Infections with MRSA & MRSE are emerging and
treatment success rate is 18%, compared to 89% in
methicillin sensitive organisms. Two stage revision TKA
is the viable option in infection with resistant organisms.
Prosthetic joint infection with candida or TB is rare.

Sometimes diagnosis of infections will be difficult.
Factors such as persistent pain after the surgery,
prolonged wound drainage, antibiotic treatment for wound
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healing, and knee stiffness despite extensive rehabilitation
indicates deep infection. Culture of samples obtained
by sonication of prostheses was more sensitive9
especially in those who had received antibiotics within
14 days of surgery. PCR can identify the DNA of even
the dead bacteria with excellent sensitivity10, but the
false positive tests will be more due to high sensitivity.

IL-6 is a cytokine that returns to baseline in 2-3 days of
surgery. It has a sensitivity of 100% and specificity of
95% in diagnosing infected TKA11. In diagnostic
difficulty, intraoperative evaluation of tissue specimens
may be necessary. Frozen section testing to detect
infection was used with variable accuracy12.

Persistent wound drainage is strongly suggestive
of infection and probably should be treated with
arthrotomy, débridement, and irrigation. Management of
delayed wound healing or marginal skin necrosis by
débridement of necrotic skin and primary wound closure
is preferable14. Empirical prolonged antibiotic use should
not be done to avoid deep infection or chronic prosthetic
joint infection.

Goals of the treatment should be in the order of
eradication of infection, alleviation of pain and
maintenance of functional knee15.  Before initiation
of treatment, consider14 whether infection is superficial
or deep, time between arthroplasty and diagnosis, host
factors that effect the treatment, integrity of extensor
mechanism, whether implant is loose or well fixed,
virulence of pathogen, expectations of the patient and
experience of the surgeon .

Treatment options14 include a. Antibiotic
suppression
b.   Open debridement with/without poly exchange c.
Revision TKA in one/two stage procedure
d.   Arthrodesise. Resection arthroplasty f. Amputation

Success of antibiotic suppression was only 18%
and cannot be used unless the patient is unfit for
surgery14,16.

Open débridement can be indicated for infection
in the early postoperative period (type 2) or for acute
hematogenous infection (type 3) of a well  functioning
prosthesis. Criteria14 for this treatment are (1) short

duration of symptoms (less than 2 weeks), (2) susceptible
gram-positive organisms, (3) absence of prolonged
postoperative drainage or a draining sinus tract, and (4)
no prosthetic loosening. With open debridement, success
rate is 71% in a study where patient selection criteria
are strictly followed, otherwise only 33% success rate
is reported17.  Success rate is higher with polyethylene
liner exchange as it allows better debridement of posterior
synovium and eliminates biofilm on polyethylene18.

Re-implantation of new prosthesis is currently
primary accepted method of treatment with success rate
of 91% in two stage procedure19 and 81% in single stage
procedure20. Contra-indications for re-implantation are
persistent infection, disrupted extensor mechanism and
poor soft tissue over the knee. Optimal duration and route
of antibiotics is not clearly determined, but 4 to 6 weeks
of intravenous antibiotics showed good result14. Factors
associated with successful direct exchange21 are (1)
infection by gram-positive organisms, (2) absence of
sinus formation, (3) use of antibiotic-impregnated bone
cement for the new prosthesis, and (4) a prolonged 12-
week course of antibiotic therapy.

Antibiotic  impregnated  cement  has  improved
infection  control22. Gentamycin, vancomycin,
tobramycin and cefuroxime are commonly used antibiotics
in bone cement23. Recommended doses of antibiotics
are 2-5 times higher than that will be used for
prophylaxis24.
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Static spacer is the molded antibiotic cement placed in
the joint space between the stages of surgery. It preserves
the joint space, stabilises the knee and gives rest to the
joint. But it causes soft tissue erosion, contracture, bone
loss and difficulty in secondary exposure25,26.
Articulating spacer allows joint motion, lesser scarring,
easy surgical exposure, better post operative ROM and
functions27. Articulating spacer can be  metal  on
polyethylene  or  cement  on  cement.  Disadvantages
with  articulating spacer are risk of cement fracture,
spacer dislocation and problems with wound healing28.

CONCLUSION
Diagnosis of TKA infections remain difficult and

is based on a combination of clinical, serological, imaging
and laboratory findings. Ultrasonication of retrieved
implants, in combination with molecular diagnostic
techniques improve the diagnostic ability. Two stage
revision TKA utilising antibiotic cement has better
success at infection eradication. Use of an articulating
spacer reduces scarring & bone loss, gives good second
stage exposure and preserves the joint range of motion.
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ABSTRACT
Surgical reduction of uni and bi-facetal dislocations of the cervical spine (AO Type C
Injuries) can be performed by posterior, anterior or combined approaches. Ease of
access, low infection rates and less risks of neurological  worsening  has  popularized
anterior approach. However reduction of locked cervical facets can be intricate
through anterior approach. We analysed the safety, efficacy and outcomes at a minimum
one year, of a novel anterior reduction technique for consecutively treated cervical
facet dislocations
Materials & Methods:
Patients with single level traumatic sub-axial cervical dislocation (n=51) treated by
this modified anterior technique, with a minimum follow-up of one year were studied.
The technique involved standard Smith-Robinson approach, discectomy beyond PLL,
use of inter-laminar distracter to distract while Caspar pins were used as “joysticks”
(either flexion-extension or lateral rotation moments are provided), to reduce the
sub-luxed facets. Four patients who had spontaneous reduction and 8 treated by
planned global fusion were excluded.
Results
39 patients of mean age 49.9 years (M:F- 30:9) were studied. The levels of injury
included (C3-4=2, C 4-5=5, C5-6= 20, C6-7= 12). 18 were bi-facetal and 21 were uni-
facetal dislocation. One facet was fractured in 17 and both in 5 patients. 30% (n=13)
had a concomitant disc prolapse. The neurological status was as follows: 9 ASIA A, 9
ASIA C, 13 ASIA D and 8 ASIA E.  All the patients were successfully reduced by this
technique and fixed with anterior locking cervical locking plates. No supplemental
posterior surgery was performed. 22 patients with incomplete deficit showed recovery.
The mean follow-up was 14.3 months and there was no implant failure except one
patient who had partial loss of the reduction.
Conclusion:
Patients with traumatic sub-axial cervical dislocation (AO Type C Injuries) can be
safely and effectively reduced by this novel anterior technique. Other advantages
include minimal blood loss, less risks of infection, shorted fusion zone, good fusion
rate and neurological recovery.
Keywords: cervical spine; injury; facet; dislocation; anterior; reduction

INTRODUCTION
Cervical traumatic facet dislocations (AO Type

C Injuries) are common type of traumatic sub- axial
spinal injuries and require reduction, either by closed or
open methods. The management has been
controversial with some  surgeons favoring closed
reduction followed  by external immobilization or internal
fixation [1,2], and others favoring direct surgical

reduction [3,4]. Surgical reduction of uni/bi-facetal
dislocations of the cervical spine can be performed by
posterior, anterior or combined approaches. Since the
facet subluxation is the major impediment to successful
reduction, posterior reduction techniques have been
popular but have the disadvantages of risking neurological
deterioration in the presence of traumatic prolapse, need

SPINE
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for long segment fixation, due to associated fractures of
the lateral mass, chronic post-operative axial pain and
need for concomitant anterior fusion. Several studies
have  shown that the incidence of traumatic cervical
disc injury and prolapse in patients with cervical facet
dislocation can be as high as 40% portending to risks of
neurological injury if reduction is attempted without a
prior anterior cervical discectomy [5,6].

Various benefits such as the ease of surgical
access, less infection rates and reduced risks of
neurological worsening has enabled surgeons, of late, to
favor anterior techniques of reduction for  cervical
dislocation  [7]. Standard anterior technique involves
access through a  Smith Robinson approach, anterior
cervical discectomy and reduction of subluxation by a
combination of distraction and reduction enabled by
Caspar distractor or an inter-body spreader. However,
reduction of locked cervical facets through the anterior
approach can be difficult and sometimes impossible (Fig
1). As described in the literature, the simultaneous
application of traction and extension maneuver using the
same instrument (Caspar distracter/ inter-laminar
spreader) do not allow un-locking of the facets [8].
Repeated reduction attempts can be dangerous to the
neural tissue and surrounding vascular structures. Hence
we used separate instruments for maneuvering the
vertebral body and inter-body distraction, thereby
enabling safe and successful reduction. We used this
modified anterior only reduction and fixation technique
in consecutive patients with uni/bifacetal dislocation and
the intra-operative ease, safety, efficacy and the post-
operative clinical and radiological outcomes were
analysed at a minimum of one year.

MATERIAL AND METHODS
Institutional review board approval was sought

for the study. The study was a review of case records
of patients with single level traumatic sub-axial cervical
dislocation from C3-4 to C6-7 who have been operated
using this modified reduction technique between January
2014 and September 2015,  with a minimum  follow-up
of one year were studied.  Patients  who  were planned
for 360° fusion (based on indications including multi-level
cervical injury, fused spine, adjacent  level spinous
process fractures, extensive posterior   ligamentous
disruption), concomitant fracture of the vertebral body,
presentation later than 2 weeks and those who had a
spontaneous reduction of the dislocation before applying
this reduction maneuver were excluded from the study.

All other patients with cervical uni/ bi-facetal
dislocations were operated by this technique.

All dislocations were reduced only by open
technique and no attempts at pre-operative reduction

were attempted. All patients had complete
radiographic evaluation including cervical spine
radiographs, CT and MRI scan to assess the severity of
the bony injury, status of facet joints and the extent of
injury to the disc and posterior ligamentous complex.
Surgical technique:

After manual in-line stabilization and endotracheal
intubation, the patient was placed in a supine position
with the neck placed in a head ring and a sand bag
placed between the scapulae. No cervical traction was
applied. Through a transverse skin incision and standard
Smith- Robinson approach, the injured cervical spine was
exposed.

The following steps are useful in the safe and
successful execution of the reduction.
STEP 1:After identifying the sub-luxed segment, Caspar
pins were placed on adjacent vertebral bodies parallel to
the vertebral endplates in the cranio-caudal plane and
gently distracted. Use of image intensifier helps in the
appropriate placement of pins. In the medio-lateral plane,
it is essential to place the pins perpendicular to the plane
of displacement in uni-facetal subluxation (Fig 2). For
example, if the right C4-5 joint is dislocated, the C4
rotates anteriorly more towards the right side. So the
Caspar pin was passed from a left to right direction in
the C4 body. In bi-facetal dislocations, the pins are placed
in both the vertebral bodies in the same plane.
STEP 2: Anterior cervical discectomy was performed
ensuring complete decompression beyond the posterior
longitudinal ligament and till the uncovertebral joints on
either side.
STEP 3: Till this stage, the Caspar pin distracters were
used for distraction. The appropriate distraction was
considered achieved till the facet joints are seen perched
in the lateral view of image intensifier picture. At this
stage, an inter-body spreader was placed between the
vertebral bodies to sustain the distraction.
STEP 4: The Caspar distracter was now removed leaving
the Caspar pins in the vertebral body. Now the inter-
body spreader acts only as the distracter while the
Caspar pins were used as “joy sticks”. The pins were
moved to provide a transverse rotation or flexion-
extension moment, depending on the side of facet
subluxation (Fig 3). Use of image intensifier guidance in
the lateral view helps in deciding on the appropriate
distraction force and direction of joy stick maneuvers
with the Caspar pins.
STEP 5: Once reduction is achieved, the inter-body
spreader was removed and the inter- body space is filled
with either an appropriate sized titanium cage or
tricortical iliac crest bone autograft (Fig 4).
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STEP 6: Suitable size anterior cervical locking plate was
fixed to secure the reduction. A slight convex contour to
the plate provides a three point compression force
holding the reduction in place.
The wound is closed over a suction drain. Depending on
the patient’s neurological status, the patient is mobilized
on second day with the support of a cervical collar. The
collar was discontinued after 6 weeks. No supplemental
posterior surgery was performed in any of the patients.
The adequacy  of reduction was assessed  by
checking the alignment of posterior vertebral line and
spino-laminar line. Any displacement of the posterior
vertebral line less than
2mm and angulation up to 5 degrees were considered
acceptable. Patients’ were followed up periodically with
radiographs of the cervical spine and functional
outcomes based on VAS for neck pain and ASIA
neurological scores till one year. Patient’s demographics,
radiographicfactors, intra-operative variables and post-
operative clinical and radiological outcomes were
analyzed.

Fig. 1 : Problems in the reduction of cervical facet
dislocation by anterior approach. (Schematic
representation). a: Normal cervical motion segment, b:
Anterior Cervical facetal subluxation, c: Use of inter-
body spreader causing distraction but with perched
facets posteriorly, d: Similarly the use of a Caspar pin
distractor alone may impede reduction of the facet
dislocation.

Fig. 2 :Placement of Caspar pins parallel to the endplates
in the sagittal plane (a) and perpendicular to the vertebral
body in the axial plane (b) is important for reduction

Fig 3 :The modified reduction technique. The inter-body
spreader provides the distraction forces while the
Caspar pins are used as joy-sticks to reduce the
dislocation. Flexion-extension moments are given in the
sagittal plane (a) while transverse rotatory moments are
provided in the axial plane (b).

Fig 4 :Steps in the reduction technique. a): Lateral view showing C6-
7 uni-facetal subluxation. b,c): Placement  of  Caspar  pins  in  the
appropriate  AP  (b)  and  lateral  views  (c).  d):  While  the distraction
is maintained by the inter-body spreader, the Caspar pins are
maneuvered to achieve the reduction. e): Reduction achieved and
inter-body spreader has been removed.
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This 50 year old male patient presented with traumatic
C6-7 bi-facetal dislocation. The AP and lateral
radiographs show the subluxation (a,b). The reduction
has been achieved and fixed with anterior fusion with
plating (c,d)

RESULTS
During the study period, 51 patients with uni/

bifacetal dislocation have been treated in our institute.
Four patients who had spontaneous reduction of the
dislocation after anesthesia and 8 patients treated by pre-
operatively planned combined anterior and posterior
fixation during the study period (multi-level cervical injury
(n=2), fused spine (n=2), adjacent level spinous process
fractures (n=2), extensive posterior ligamentous
disruption (n=2) were excluded. The remaining
39 patients whom were treated by this technique formed
the study group.

The mean age of the patients was 49.9 ± 4.5 years
(male: female - 30:9). The levels of injury included (C3-
4 = 2, C4-5 = 5, C5-6 = 20, C6-7 = 12). Sagittal CT
images showed that 18 patients had bi-facetal dislocation
(46%) and 21 were uni-facetal dislocations (54%). The
facets were intact without a fracture in 17 patients while
one facet was fractured in 17 and both were fractured
in 5 patients. Sagittal T2 MRI sections showed that 13
patients had a traumatic disc prolapse (30%). The time
to surgery from injury was as follows: 5 within 24 hours,
14 in 48 hours, 5 in 72 hours and 15 in more than 72
hours. The longest delay was 10 days in two patients.
Eight patients were neurologically intact and 31 had
deficits, which were as follows: 9ASIAA, 9 ASIA C, 13
ASIA D. (ASIA-American Spinal Injury Association –
ASIA)

All patients were operated by the same surgical
team. All the patients were successfully reduced by this
method and no supplemental posterior surgery was
performed. The disc space was filled with an inter-body
cage in 33 patients, and in 6 patients, tricortical iliac crest
graft was used and the segment was fixed with locked
cervical plating (Fig 5). All patients had adequate
reduction as per the assessment criteria for alignment of
posterior vertebral line and spino-laminar line. One
patient (42 year old male with C6-7 bi-facetal dislocation
and ASIA C neurology) had a partial loss of reduction at
the end of 6 weeks but refused revision surgery. The
mean blood loss was 165 ± 43 ml and the mean surgical
duration was 124 ± 32 minutes. None of the patients had

a neurological worsening during the reduction. The mean
follow-up was 14.3 months and there was no implant
failure at the final follow-up, except one patient who had
partial loss of the reduction at the end of six weeks.
Four patients with ASIA A neurology died during the
follow- up. All ASIAA patients remained as A, while 5
of ASIA C improved to D and 4 improved to E,and all
ASIA D improved to E. The mean VAS score for neck
pain at the end of one year was 2.2 ±1.2.

DISCUSSION
The present study shows that the modified anterior

reduction technique is a safe and effective method to
acquire reduction in cervical facet dislocations. The
ability to independently control the subluxated vertebral
bodies with the Caspar pins while simultaneous distraction
was applied through inter-body distracter is a key
element in this technique. Irrespective of the level of
injury, presence or absence of facet injuries and severity
of dislocation, all dislocations treated within 2 weeks
were successfully reduced and fixed with this approach
and a supplemental posterior fixation was not deemed
necessary. At a mean follow-up of 14.3 months, all but
one patient had stable maintenance of the reduction.
Cervical traumatic  facet dislocations (AO Type C
Injuries) result from flexion-distraction injuries to the
sub-axial cervical spine. These are one of the common
injuries of the cervical spine and are often associated
with neurological compromise (9% in our study). Thus
early reduction of the subluxation is advised to provide
the best chance for neural recovery. Reduction is
achieved either by early or closed reduction methods.
Traditionally, these injuries are treated with closed
reduction followed by external orthotic immobilization/
surgical fusion or by open posterior reduction and fusion.
Since the facet injury is the major impediment to
successful reduction, posterior reduction techniques have
been popular.

While the posterior technique is simple with good
results, few studies have reported the development or
worsening of neurological deficit after reduction
attributed to the presence of a co-existent disc prolapse
[9,10]. Subsequently greater attention was diverted
towards the association between cervical facet
dislocation and traumatic disc herniation. Many authors
have suggested that the incidence of this association may
be higher than previously believed and ranges from 0.7%
to 42% [11-13]. Rizzolo, et al., showed that the incidence
of disc disruption may be as high as 40% in cases of
unilateral cervical facet dislocation and 80% in cases of
bilateral cervical facet dislocation. In our series, we
observed that 30% of our patients had traumatic disc
herniation. Magnetic resonance imaging is an effective
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tool to identify traumatic disc herniations in association
with cervical facet dislocations. But MRI still may not
predict the development of disc herniation during posterior
reduction because the disc may be severely disrupted
but not herniated.The second concern about posterior
reduction is the extent of posterior instrumentation. The
presence of broken facet is an impediment to lateral
mass screw fixation and hence there is a need to extend
the instrumentation to adjacent normal segments. In our
study, 22 patients had a fractured facet (one facet was
fractured in 17 and both in 5 patients), and if a posterior
reduction and fixation had been performed, 56.4% of
our patients would have had a longer fusion than what
has been done anteriorly. Further posterior surgery has
a higher infection rate compared to anterior cervical
spine surgery as quoted in many studies, especially in a
trauma situation [14- 16]. The incidence of postoperative
wound infections in anterior cervical discectomy and
fusion is 0.1%–1.6% while the incidence of surgical site
infection after posterior cervical surgery is quoted  to
be as  high  as 18%.  Chronic post-operative neck pain
due to  para-spinal  muscle atrophy, higher chances of
pseudoarthrosis, nerve root injury due to misplaced lateral
mass screws and the need for concomitant anterior
surgery after a posterior fixation are other pitfalls of
posterior approach to be considered in patients with
cervical facet dislocation.

The potential difficulties perceived with posterior
approach for cervical dislocation resulted in the
development of anterior  techniques  of  reduction.
The advantages of anterior cervical approach begin
with the ease of supine positioning in a patient with
unstable spine injury and a safe and bloodless Smith
Robinson approach to access the subluxated spine.
Ventral decompression enables the cervical disc prolapse
to be managed simultaneously thus eliminating the risk
of extruded disc fragments encroaching the spinal cord
while reducing and stabilizing the cervical facet
dislocation.  Almost always only a single motion segment
is fused and compared to posterior surgery has a less
rate of non-union and post-operative infection.
Ordonez et al were one of the first to describe anterior
reduction for facetal subluxation. They reported on 10
patients whom were treated  by  this approach. They
had described  several reduction measures such as
placing the Caspar pins at approximately a 10 to 20°
divergent angle with respect to each other in the
sagittal plane to disengage the locked facets. They
also suggested other techniques like dorsally directed
pressure to the upper vertebral body using manual
pressure, use of a curette as a lever arm that forces the
rostral vertebral body into normal alignment, and use of
inter-body disc spreaders to distract and rotate for

correcting the deformity. In their short series of 10
patients, except one patient, all patients had a successful
reduction. Ours is the largest series of facet dislocations
reduced and fixed by an anterior surgical approach.A
major hurdle in the  usage of anterior approach is
the difficulty in reducing the facetal subluxation. The
reduction of the ‘unseen’ locked cervical facets through
the anterior approach can be difficult and sometimes
impossible. A basic intricacy in the described anterior
reduction techniques is that the simultaneous application
of traction and extension or rotation maneuver by the
distracters do not allow un-locking of the facets.
Repeated attempts at reduction cause injury to vertebral
endplates and risks worsening of neurological deficit.
Hence there is a need for separate instruments for
traction and maneuvering the vertebral body, thereby
enabling safe and successful reduction. In our technique,
we performed a thorough anterior discectomy beyond
the PLL. Then distraction was performed using an inter-
body spreader while the Caspar pins were used as joy
sticks to provide appropriate reduction maneuvers. With
this technique, we were able to achieve reduction in all
the patients completely. There were no complications.
None of the patients required a posterior surgery and
only a supplemental cervical collar was provided. Except
one patient, all other patients had good fusion and no
implant failure was detected during follow-up. The
patient who had a partial loss of reduction was
asymptomatic and refused further revision surgery.

CONCLUSION
Patients with traumatic sub-axial cervical

dislocation (AO Type C Injuries) can be safely and
effectively reduced by this novel anterior technique. The
technique follows the bio-mechanical principles of
distraction in combination with rotatory moments applied
in the sagittal and axial planes using separate instruments.
With advantages like minimal blood loss, less risks of
wound infection and short fusion segments, the technique
allows effective reduction and stable fixation thus
enabling early mobilization and rehabilitation.
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ABSTRACT
Background:  Various designs of calcaneal locking plate are available. Mismatch in
size and shape of the plates needs cutting and contouring, causing intraoperative
difficulty and softtissue irritation. The aim of our study is to do a morphological study
of calcaneum in indian population and design a new plate prototype.
Materials & Methods:  Measurements of morphological parameters of calcaneum
were done using CT scans of a 100 calcaneum. Three different mean values for 8
parameters were arrived. Based on these measurments an innovative plate design
using CADD was made in three different sizes and tested mechanical properties
analysed. By overlap analysis method, plates were matched on calcaneum of 100 patient
using CArm and 50 cadaveric dry bones. Using 3D MAYA software these three sizes
of plates and calcaneum was prototyped. After
an intraoperative overlap analysis on 15 patients, the newly designed plate has been
successfully used in 10 patients. Screw holes were positioned in the region of dense
trabeculae with sufficient support to the sustentaculum tali and the posterior articular
facet. Manufacturing was done with precision using CNC machines.
Results:  The small sized plate matched calcaneum of 20 patients, the medium sized
54and large sized 26 patients. All dry bones also matched perfectly with one of our
three sizes, 3D printing prototypes also matched correctly.
Conclusions: CT Scan based morphological study, mechanical properties
testing(ANSYS), overlap analysis in (Dry bones, C arm and live cases),CADD designing,
3Dprinting technology, CNC machines were all used in designing this new plate
prototype for calcaneum.
Keywords: Calcaneal fracture, morphological study, plate design, 3D printing,

INTRODUCTION
Calcaneum is the most commonly injured tarsal

bone. Calcaneal fractures account for approximately
2 % of all fractures, with displaced intra-articular
fractures comprising 60–75 % of these injuries1.
Conservative management of intra-articular calcaneal
fractures hardly achieve good anatomical reduction
leading to mal union of fractures and early development
of subtalar arthritis. Studies that have compared
conservative treatment vs open reduction and internal
fixation showed a better outcome in the latter
2,3,4,5,6.Open reduction and internal fixation of
displaced intra- articular calcaneal fractures is a
standard procedure in many of the institutions now a

days.
In India various designs of locking plate are

available for fixation of calcaneal fractures. These
plates are mostly mismatching in size and needs cutting
and contouring, causing intra operative difficulty. The
overhanging of plates also causes soft tissue irritation.
Moreover mechanical or clinical data are not available
for most of these implants used.Also the imported plates
available are designed for western population whose
bones are larger than Asians. The aim of our study is to
assess morphological characteristics of calcaneum in
Indian population and design a new plate prototype for
calcaneal fractures.

RESEARCH ARTICLE
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Morphological Parameters of calcaneum are
measured as shown in( fig 3 and fig 4):

Length of calcaneal axis: The length of the calcaneal
axis (LCA): the distance from point G (the midpoint
between C and D) to point E.The length of the anterior
process (LAP): the distance between B and C. The
height of the anterior process (HAP): the distance
between C and D. The calcaneal tuberosity height: the
distance between F and I

The height of the posterior facet (HPF): the
perpendicular distance from point A to the calcaneal
axis. The length of the posterior facet (LPF): the
distance between A and B
Angle of Gissane: intersection of line AB and line BC
Inclination angle: The inclination angle was measured
by taking two points 1cm behind the posterior facet
.These two points were connected to join the calcaneal
axis and the obtuse angle formed was measured.

The morphological parameters of all the calcaneums were measured. The valves of each morphological parameter
were summarized in to minimum, maximum and mean valve with standard deviation. The valves were put in three
groups male, female and average of both (TABLE 1).
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Three-dimensional morphological parameters of the normal calcaneus

Total-100  Male - 52 Female - 48

Mean ± SD Min Max         Mean ± SD   Min Max          Mean ± SD Min Max

Length of calcaneal axis 70.1 ± 5.4 54.8    81.6 75.3 ± 3.8 58.1   81.6 65.2± 4.1 54.8      73.

Calcaneal tuberosity height 32.2±2.9 25.6    35.5 34.8± 2.7 29.1   38.5 29.7± 1.8 25.6      33.6

Height of the anterior process 23.4± 3.6 18.4   32.6 26.2±1.6 20.4    32.6 21.4± 1.8 18.4      26.6

Length of the anterior process 21.8±1.8 16.5    24.6 23.1± 2.2 17.1    24.6 19.6±1.2 16.5     22.2

Length of the posterior facet 28.4± 2.4 18.4    31.2 31.1± 1.6 25.1   34.8 25.8 ± 2.1 19.4      28.1

Height of the posterior facet 29.8 ± 2.3 22.8    34.2 33.4 ± 2.2 27.5   36.2 26.3± 1.8 21.8 29.2

Inclination Angle for plate 137 ± 6.3 119     158 140 ± 6.8 125    158 134 ± 6.1 119      146

Plate designing
With the measured valves of various

morphological parameters of calcaneum, three plates of
different sizes were designed in a step wise manner (fig
5 to fig 13). The small sized plate based on the mean
valve of female calcaneum, large sized plate was based
on mean valve of male calcaneum and the medium size
plate was based on the mean valve of all parameters of

both male and female calcaneum. Through three sizes
the entire study group can be covered.

First the desired valves of the length of the plate,
height of anterior process, height of calcaneal tuberosity
and of length of anterior process were drawn. Then the
desired inclination angle of plate to support posterior
facet and sustentaculum tali were drawn, along with the
length and height of posterior facet.

With the knowledge of minimum number of screws to be placed in each area, the screws holes were placed in such
a way it lays along the trabecular pattern of calcaneum. Finally these screw holes were joined and a new design of
plate for calcaneum was arrived. Similar steps were followed in designing three different sizes of plate.
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Once the shape of the plate was designed, a computer aided design of plate was made using CADD software
(fig.14) and was sent to the manufacturer, where after different processing steps, the newly desired designed plate
was made.

3D Printing Technology
Using 3D printing software called MAYA the three
different sizes of calcaneum (small, medium and Large)
were exactly designed. The measurements were based
on the CT morphological study of 100 calcaneum from
which 3 different means were arrived. The plate design
initially drawn in 2D using CADD was converted into
3D format by the same MAYA software. The three
plates were overlapped with the respective sizes of
calcaneum by 3D images. The screw placements were
also analysed in this 3D software itself and exact
directions of each screw could be visualized in this
virtual format. After being convinced about the precise

matching of plate, calcaneum and screw placements the
3 sizes of plates and plates were printed in 3D printing
machine using fibre material. With these live 3D models
of plate and calcaneum again matching was checked.
The three sizes of plate models matchedwell with the
corresponding sizes of bone models.Asimilar method of
3D printing technology alone has been used in designing
a plate for distal fibula by Stryker company in Germany
in the year 2013 which was later made available in the
market as the Variax plate. In our study we have used
this method for reconfirmation of our plate shape and
size along with other orthodox modalities that has been
mentioned in this paper.
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Plate manufacturing
The CADD design of the three sizes were fed

into CNC ( computerized numerical control) machines
in a manufacturing unit in Bombay and the plates were
manufactured with precision in 316L stainless steel.
Plate features and testing for its mechanical properties:

The plate was designed to suit the anatomical
characteristics of lateral surface of calcaneum. The
plates were made of SS316L with the thickness of about
1.5mm and 1.8mm. It is a 3.5mm locking calcaneal
system having 10 screw holes. The screw holes are

Ima g e s of 3D
p r i nti n g

placed along the trabacular region of calcaneum with 2
screws in anterior process, 2 screws to support
sustanaculum tali, 2 screws to support posterior facet, 4
screws in the body. The plate was analyzed for its screw
direction using cadaveric dry bone under c-arm in axial
views. The biomechanical properties were tested by the
Head of the Department of Engineering Design in the
prestigious Anna University , Guindy Chennai. Metal
quality, Bending strength, Flexural strength and
Torsional stress were analysed and found to be in the
correct range standard values.
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Overlap analaysis of plate:
Overlap analysis of plates was done over 50

cadaveric dry bones of different sizes. Then overlap
analysis of plate over calcaneum of 100 live patients
who underwent different orthopedic procedures was
done. The plates were placed exteriorly over the
calcaneum and position adjusted under c-arm and
checked for its matching. Intra operative overlap analysis
of plate on fractured calcaneum was done in 15 patients.
An informed consent was obtained from all patients.

After obtaining ethical approval and informed
consent, by extensile lateral approach for calcaneum,
the plate has been used in ten patients with calcaneal
fractures. Inclusion criteria were: Age 18 to 50 yrs,intra
articular fractures with >2mm displacement, Bohlers
angle <20°,Gissane angle >105°,CT - sanders type

ii,iii,iv,fractures < 3 weeks. Exclusion criteria: Age <18
and > 50yrs, open and infected fractures, extra- articular
fractures, sanders type 1 fractures, fractures > 3weeks,
peripheral neurovascular disease, uncontrolled diabetes
mellitus, medical contraindications to surgery.

RESULTS:
Overlap analysis of plate on calcaneum of 100

patients showed that, the small sized plate matched
calcaneum of 20 patients, the medium sized plate 54
patients, large sized plate 26 patients respectively
(fig.15). The dry bones also matched perfectly with our
plate design (fig 16). On Intra operative overlap analysis
of plate over fractured calcaneum in 15 patients, small
sized plate matched 4 patients,edium sized plate
matched 8 patients, large sized plate matched 3 patients
fractured calcaneum exactly.

Of the 10 patients who underwent open reduction and
internal fixation with our newly designed plate,4 patients
had type II and 4patients had type III Sanders calcaneal
fractures and 2 type IV fractures. In three patient we
used small sized plate, in six patients we have used
medium sized plate and in one patient large sized plate
was used (fig.17&fig.18). In all the ten patients, after

achieving reduction of the fracture, plates which exactly
matched the bone was applied without any difficulty and
need for cutting or trimming of plates. The screws were
providing adequate support to posterior facet with
proper purchase in to the sustentaculum tali. Currently
the patients are within a follow up period of 3months to
7 months and are to be evaluated further.
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DISCUSSION
The calcaneum is the largest tarsal bone with a

complex contour and articular facets. In fracture of
calcaneum restoration of anatomic morphology of
calcaneum is important to maintain normal function of
hind foot and to ensure stress conduction for weight
bearing7, 8,. Conservative management of intra-articular
calcaneal fractures, hardly achieve good anatomical
reduction leading to mal union of fractures and early
development of subtalar arthritis. Open reduction and
internal fixation of displaced intra- articular calcaneal
fractures is a standard procedure in many of the
institutions now a days. Advantages of open reduction
and internal fixation are, restoration of normal shape and
alignment of hindfoot , restoration of articular facet
congruency, reconstruction of height and width of the
calcaneum, decompression of compartments of foot ,
prevention of fracture blisters and its subsequent skin
complications 9. Surgical management provides stable
fixation of fracture and allows early return to function &
prevention of subtalar arthritis.

A study conducted by Qiang et al showed that,
the 3D morphological assessment based on a CT image
post-processing technique is highly reliable and
repeatable which will be helpful for anatomic reduction
of calcaneal fractures and calcaneal malunion10.This
highly reliable CT 3D morphological assessment of
calcaneum helped in designing a new plate prototype for
Indian population. The calcaneal axial length, which
shortens in intra-articular calcaneal fractures is not only
helpful for diagnosis, but also for deciding the size of
axial screws during surgical procedures10.For
supporting posterior facet and sustentaculum tali we
used an inclination angle for plate which was always 15
to 20° higher than that of gissane angle and prevents
violation of subtalar joint by the screws. The
average LCA, HPF, LPF and HAP, inclination angle
were larger in male group then female group.

The advantages of our newly designed plate are,
it is a cost effective, low profile locking plate where one
of the three sizes will definitely match all the calcaneum.
The plate design itself avoids joint penetration of screws,
with screws being in denser part of bone providing
adequate support to posterior facet and purchase in
sustentaculam tali. The low profile of plate allows it to
be easily contoured and the chance of soft tissue
irritation is very much less.

We say that our newly designed plate is a
foolproof system because; the morphological
measurements of calcaneum were done in Indian
population by CT three dimensionally. The plate design
and pre stress testing were done using software’s. Alloy

testing and axial compressive testing of plate, done by
Head of Department of Manufacturing engineering,
Anna University, Chennai, Tamil nadu. Overlap analysis
of plate on calcaneum of 100 live persons and 50
cadaveric dry bones has been done, where one of the
three plates matched all bones. The latest technological
tool the 3D printing has also been used and a perfect
matching and analysis has been done. Though 3D
printing technology has entered into the domain of
orthopedics they are utilized mainly for customized
needs only and very minimal studies are available for
designing standard implants that can be used for the
entire population. Ours is one such study and in
combination with the conventional and orthodox
methods it has given a better design and given us more
convincing evidence to manufacture and also to use it in
patients.

The limitation of our study is that, we have used
our newly designed plate in five patients in a short period
of time and patients are within a follow up period of 3
months and patients are to be evaluated using AOFAS
score and functional results are to be assessed.
Application of plate in large number of patients and long
duration of follow up will help in assessing the plate
properties more.

CONCLUSION
CT Scan based morphological studies, physical

testing of plates mechanical properties and, overlap
analysis in (Dry bones, C arm and live cases) are the
conventional orthodox method of plate designing. CADD
designing, ANSYS software based mechanical
properties testing ,3Dprinting technology and CNC
machines were the recent technological advancements.
This combination of Orthodox methods aided by
Technological advancements has made our design a
unique, innovative and a new design of calcaneal plate.
One of the three sizes of plate definitely matched all
calcaneum in the study. This is a plate for Indian
population with proper size fitting and screws in the
denser part of bone providing proper support to
sustentaculum tali and posterior facet. This innovative
plate design will be definitely useful in treating patients
with calcaneal fractures without violation of basic
principles of calcaneal fractures
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