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EDITORIAL

Dear TNOA Members ,

Greetings

It gives me  immense pleasure to communicate as the Editor of the TNOA Journal. The need for
documentation, presentation and publication continues to rise due to various reasons .  Hospital Certification like
NABH do require documentation of all the clinical activities particularly complications. Career Promotion in the
Teaching Hospitals by  various authorities do insist on the publications.

Our journal needs to make  a lot of progress in the aim of getting it listed in international forums.  For that,
we need regular contribution by the members .  Post graduate training facilities have increased in significant
number in recent times in our State. With all this background, we can expect rise in the submission of  the articles.

Statistical Analysis is a must for the scientific work to be considered as valuable.  It has been made
relatively easy with support available through the internet. Support for this is available through University of Non
medical scientific faculty also.

With the strong leadership at the helm of TNOA, we should make our journal an International Standard
one. May I take this opportunity to increase your efforts to make scientific presentations at various levels to
make our professional body more relevant and important . Any suggestions for improvisation of the Journal are
welcome from any of the members

With warm regards

Dr C Sugavanam
Editor
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MANAGEMENT OF FEMORRAL NECK FRACTURES IN ADULT

POST POLIOMYELITIS PATIENTS - CASE SERIES

Dr. Nagaraja H S
Ganga Hospital, Coimbatore.

Abstract:
INTRODUCTION

People with post polio residual paralysis are at increased risk for sustaining
fractures. Fracture neck of femur in post poliomyelitis patients is challenging situa-
tion. There is dearth in literature regarding management guidelines. Here we report
our series of post polio patients with femoral neck fractures managed with internal
fixation with emphasis on techniques of closed reduction.

MATERIALS AND METHODS
From 2008 to 2012, 14 post poliomyelitis patients(12 – male , 2 – female) with

femoral neck fractures, age group ranging from 28 to 74 years (average – 43.3 years)
were managed with percutneous cancellous screws (12) and Dynamic hip screw fixa-
tion (2) and were followed up over duration ranging from 29 to 78 months. Reduction
of these fractures considered to be most difficult part and which achieved by closed
method following traction, gross abduction and internal rotation manoeuvres over a
fracture table with boot traction.
RESULTS

All 14 patients achieved union by 16 to 20 weeks. Functionally 12 patients had
good outcome and attained pre injury Harris hip score and Barthel index by 6 months.
Our study witnessed two cases of poor outcome due to avascular necrosis of femoral
head in cancellous screw group.
CONCLUSION

 Osteosynthesis using internal fixation devices in post poliomyelitis patients
with neck of femur fractures leads to excellent functional and radiological outcome.
Success depends on anatomical reduction and structured post operative regime.

INTRODUCTION
India achieved a landmark milestone of polio

free status on March 27 of 2014. Patients who have
survived this deadly and crippling disease continue to
suffer because of irreversible muscle paralysis, post
poliomyelitis syndrome which may lead to frequent falls
and subsequent fractures. Fracture neck of femur an
unsolved fracture is a challenging situation in polio pa-
tients considering difficulty in achieving reduction, hy-
poplastic bone, osteoporosis, poor muscle tone and de-
formity. Options are internal fixation with cancellous
screw or dynamaic hip screw, valgus osteotomy, muscle
pedicle graft and joint replacement surgery. There is
dearth in available literature on how to manage these

fractures in adult poliomyelitis patients. Valgus osteotomy
and muscle pedicle graft surgery are preferred for ne-
glected cases and are extensive surgeries and has very
poor literature support for fresh fractures. Joint replace-
ment surgery is a challenging and difficult situation due
to narrow canal, poor muscle power and tone and risk of
joint dislocation is high. Internal fixation is the best alter-
native but often challenging considering difficulties as-
sociated with reduction of these fractures. In this study
we have managed 14 cases of neck of femur fractures
in polio patients with internal fixation following success-
ful closed reduction.

TNOA PROF. M. NATARAJAN MEDAL
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MATERIALS AND METHODS
This is a retrospective study conducted at Ganga

hospital, Coimbatore. Post polio residual paralysis pa-
tients presenting with neck of femur fracture in the pe-
riod of 2008 to 2012 were included in the study. Patients
with fractures of more than 3 months duration, patho-
logical fractures, old and debilitated patients who cannot
be put on strict bed rest of six weeks considering risk of
development of bed sore and respiratory infections were
excluded from the study.

Total of 14 patients were enrolled for the study
age group of patients ranged from 30 to 72 years with
average age of 43.3 years. Study consisted of 12 male
and 2 female patients, 11 patients had sustained fracture
following trivial fall, 2 patients by road traffic accident
and 1 patient following history of hit by cow. One fe-
male patient had sustained peri implant neck of femur
fracture where she had undergone femur intramedul-
lary nail fixation for past history of femur fracture. All
patients were independent in ambulation and activities
of daily living prior to injury. All patients presented to our
hospital within 48 hours of injury except one patient who
presented to us after 10 days. All patients underwent
routine radiographs of pelvis and lateral view of involved
hip to confirm diagnosis. Only one patient required addi-
tional computed tomography for diagnostic confirmation.
Six of our (42 %) patients had undisplaced (Garden Type
1 and 2) fractures and eight had (58 %) displaced frac-
tures (Garden type 3 and 4).

SURGICAL TECHNIQUE
Patients under regional anaesthesia were put in

supine position on a fracture table with boot traction.
Initial reduction of fracture was done with traction, ab-
duction of more than 50 degrees and internal rotation of
more than 60 degrees (Figure -1(a). This amount of ab-
duction and internal rotation is needed to achieve frac-
ture reduction in these patients considering abnormally

 high anteversion and coxa valga seen in these patients.
Once satisfactory reduction was achieved surgi-

cal fixation was carried out. Cancellous screw fixation
was done using routine lateral incision just inferior and
posterior to trochantric prominence. 12 patients under-
went fixation with regular two or three 6.5 mm short
threaded cancellous screws with or without washers in
inverted triangle fashion or parallel to each other. 2 pa-
tients underwent fixation with dynamic hip screw fixa-
tion.  One patient required 135 degree and another 150
degree barrel side plate.

POST OPERATIVE REGIME
Considering hypoplastic and osteopenic bone that

is seen in these patients all patients were put in strict bed
rest for the period of six weeks to prevent any early
implant loosening and loss of reduction. During this pe-
riod passive or active mobilisation of ankle joints, pelvic
lifting exercises and quadriceps exercises were encour-
aged. All patients were put on bed sore prevention strat-
egies like log rolling, pelvic lifting exercises, pressure relief
mattress and prophylactic deep vein thrombosis preven-
tion medicines (Aspirin, Acenocoumaraol). After 6 weeks
patient were allowed touchdown weight bearing walk-
ing with walker support for 6 weeks partial weight bear-
ing at 12 weeks and full weight bearing allowed at 18
weeks period.

RESULTS
All our patients were followed up for an aver-

age duration of 56 months ranging from 29 to 78 months.
All patients achieved clinical and radiological union by
mean duration of 20 weeks (Range from 16 to 24 weeks)
(Figure-2 & 3). Our study did not witness even single
case of non union of fracture neck of femur. All our
patients returned to their pre injury functional level by 6
months duration.

Dr. Nagaraja H S
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Functional assessment was done with Barthel activities
of daily living index and Harris hip score. Preinjury all
our patients had Barthel index of 100 and mean Harris
hip score was 82 (Range 80-84). At 2 year follow up all
our patients achieved preinjury  Barthel index of 100
except two patients who had Barthel index of 60 at 1
year, another had Barthel index of 80 at 2 years follow
up. Average Harris hip score at 2 year follow up was 78
ranging from 32 to 84. In our study 12 patients had ex-
cellent outcome and 2 patients had poor outcome by the
end of 2 year follow-up.

COMPLICATIONS
Our study witnessed two cases of Avascular

necrosis of femoral head who had undergone cancel-
lous screw fixation. These two patients had displaced
fracture neck of femur.  One patient at 1 year follow up
had Barthel index of 60 and harris hip score of 32 and
radiograph revealed AVN changes in femoral head with
deformation and collapse. Patient was advised total hip
replacement but he did not turn for further follow-ups.
Another patient had Harris hip score of 72 and Barthel
index of 100 at 1 year but gradually he started develop-
ing pain in operated hip and his functional scores dete-
riorated to 44 (Harris hip score) and 80 (Barthel index)
at 2 years follow-up. Patient radiograph revealed AVN
changes with sclerosis without any structural deforma-
tion and is currently being managed with bisphosphonates
therapy.

DISCUSSION
After polio eradication in India a new challenge to
healthcare system is management and rehabilitation of
polio survivors most of them who are in third and fourth
decades. Polio survivors are high risk group of patients
for developing fractures because of poor bone mineral
density, hypoplastic limb, poor muscle tone and power,
increased tendency for falls and due to associated post
polio syndrome manifestations. As the life expectancy

of population increases, tendency for development of hip
fractures also increases in general population as well as
in polio survivors.

Chang et al (4) in his study of bone mineral den-
sity in femoral neck in ambulatory polio patients found it
is significantly less. Mohammad AF et al (9) in his study
where post polio patients were evaluated he found os-
teoporosis in 56% of patients and 40% had osteopenia
and he concluded they are at high risk for sustaining
fractures due to disuse osteoporosis and muscle weak-
ness.

Post polio syndrome (11) is considered as evo-
lution of sub clinically ongoing motor neuron dysfunction
that starts at the time of acute polio, it manifests as muscle
weakness, fatigue and reduced physical endurance sev-
eral years after initial paralytic poliomyelitis. The reduced
muscle strength, relatively rapid muscle fatigability and
impaired balance and gait associated with post polio syn-
drome are risk factors for falling.

Various studies have reported high incidence of
falls in polio patients. Bickerstaffe et al (7), Silver JK et
al (8), Mohammad AF et al (9)in their studies reported
fall rates of 71%, 64% and 64% respectively in patients
with polio. And Silver JK et al reported 35 % had at
least one bone fracture and in Mohammad AF et al they
reported 38 % of patients had fractured the bone. In our
study 11 patients (78%) had sustained fracture follow-
ing fall indicating that falls are most common cause for
fractures in these patients.

Normal development of hip depends on weight
bearing walking in childhood. In polio myelitis patients
due to the absence of this stimulus development of nor-
mal neck shaft angle, anteversion and acetabular devel-
opment is affected (3). And performing joint replace-
ment surgery for femoral neck fractures in these pa-
tients carries high risk of dislocation and surgery is cum-
bersome considering narrow medullary canal.

In a study by Kbl Lee et al (5) where 116 pa-
tients among general population with fracture neck of
femur were managed with cancellous screw fixation,
85% of patients had returned to their pre injury func-
tional level and 90 % had good pain relief. They reported
9% (11 cases) of non-union and avascular necrosis of
5% (6 cases). They reported high incidence of compli-
cations in displaced fracature types. Our study where
only fractures in polio patients were analysed had 2 cases
(14%) of avascular necrosis that had displaced type of
fracture and no case of non-union was found.

There is real dearth in available literature on how
to manage these fractures and there are no case series
except few case reports of fracture neck of femur in
post polio patients. In case report by S Suresh babu T.V
et al (11) where fracture neck of femur in 28 yr old

Management of femorral neck fractures in adult post poliomyelitis patients - Case series
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patient was managed with cancellous screw fixation,
peroperativley reduction was achieved with traction in
flexion with abduction of 30 degrees and internal rota-
tion of 50 degrees to compensate for excessive antever-
sion seen in these patients. Reduction manoeuvre fol-
lowed here is consistent with reduction technique fol-
lowed in our study substantiating the fact that these pa-
tients require more abduction and internal rotation to
achieve reduction.

Our study had 3 patients (21%) who were more
than 60 years underwent internal fixation and had returned
to their preinjury functional status by 6 months. Parker et
al (6) in a randomised study for fracture neck of femur he
advocated hemiarthroplasty in elderly patients. However
hemiarthroplasty is a more cumbersome procedure and is
associated with high chance of dislocations in patients with
polio considering poor muscle tone, power and deformity.
So internal fixation is a more effective and feasible option
in polio patients who were independent in their activities
of daily living prior to injury.

In a study by Alho A et al (10) they reported
initial 3 months as a critical period and if any fractures
shows screw backing, screw perforation and change in
fracture position by 10% and change in screw position
by 5% are bound to have complications and would re-
quire  reoperations. We followed a very strict post op-
erative rehabilitation regime to prevent any such compli-
cations. Since post polio patients have very low bone
mineral density (4), very minimal muscular stability and
bones are hypoplastic, these patients should be consid-
ered as high risk group for complications and implant
failures. So, all our patients were put on strict bed rest
for initial 6 weeks and allowed only touchdown weight
bearing up to 12 weeks and full weight bearing was al-
lowed at the end of 18 weeks.

CONCLUSION
Neck of femur fracture in post polio patients

can be effectively managed with internal fixation and
osteosynthesis in all age groups. Success depends on
fracture reduction by manoeuvre of traction, excessive
abduction and internal rotation as well as well structured
post operative rehabilitation program.
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INTRODUCTION
           The ideal treatment for high grade spondylolis-
thesis ( slippage more than 50% ; Meyerding ) is still a
subject of great controversy[1].In  contrast with  low
grade slips, high grade listhesis is far less frequent[2]
and have the additional issues of slip progression even
after cessation of growth, poor cosmesisandneurologic
deficit. Hence most  authors agree that the symptomatic

high-grade listhesis requires surgical stabilization to pre-
vent further progression and neurologic deficit[3].
But,there is still signiûcant debate regarding the opera-
tive technique for obtaining stabilization and fusion. Vari-
ous techniques have been described, with avariable rate
of success and complications.Traditionally the 2 most
popular surgical treatment options for patients with high
grade listhesis  are – Insitu Fusion and Reduction of

Abstract:
BACKGROUND:
Traditionally the 2 most popular surgical treatment options for patients with high grade
listhesis  are – insitu fusion and reduction and  fusion. Although  reduction and fusion
re-establishes the spatial orientation of L5 with respect to S1, it is a challenging and
technically demanding surgery with higher perioperative morbidity.

AIMS &OBJECTIVES :
The Objective of this study was to measure the changes in Spinopelvic parameters in
high grade spondylolisthesis in two group of operated patients (reduction vs. insitu
group) both pre and post operatively  and to analyse the factors which contribute to an
satisfactory outcome .

METHODOLOGY
Retrospective review of 26 cases operated at a tertiary spinal care centre  for high
grade spondylolisthesis ( defined as slippage >75% ). Analysis  of radiographic
spinopelvic parameters  was done using the PACS , VEPRO software.These  26 pa-
tients were divided into two groups, group 1 ( insitu fusion) and group 2 (reduction ).

RESULTS:
The mean preoperative parameters  were PI =  69.17, PT = 26.88, SS = 42.40 , LL
=49.69 ,SFD = 62.15 ,LSK = 710. Postoperatively when parameters were measured
from L5 which now acts as part of new sacrum the corresponding values were 61.81,
11.08, 50.77, 62.65, 36.99, 113.380 in insitu group and 41.33, 10.78, 30.51, 45.88,
33.56, 109.610 in reduction group. There was significant change in 3 pelvic parameters
– PT , SFD, and LSK whereas there was no significant change in the 3 other param-
eters PI,SS,LL.

CONCLUSION :
Both reduction and insitu fixation are equally good procedures for management of
high grade listhesis. Three parameters change significantly post surgery – PT ,
SFD,LSK. The improvement in these 3  parameters is  important for a better  func-
tional outcome

A COMPARATIVE STUDY OF CHANGE IN PELVIC PARAMETERS IN

HIGH GRADE SPONDYLOLISTHESIS

( INSITU FIXATION VS. REDUCTION)
Dr.Gurudip Das, Dr.S. Rajasekaran, Dr.Ajoy Prasad Shetty, Dr.RishiMugeshKanna

Ganga Hospital and Medical Centre, Coimbatore.
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listhesis and fusion. Authors advocating reduction tech-
nique cite several advantages : placing the  fusion mass
in a better  biomechanical situation ( compression rather
than tension or shear ), therefore increasing fusion rates
and avoiding postoperative slippage  progression; im-
proved cosmetic results as reduction better restores sag-
ittal balance and gait anomalies in severe deformities;
decreasing  the incidence  of adjacent segment disease
and minimizing the  risk of postoperative cauda equina
syndrome as canal stenosis is addressed[4][5].  Although
reduction and fusion re-establishes the spatial orienta-
tion of L5 with respect to S1,nevertheless  this theoreti-
cally attractive and aggressive technique has been asso-
ciated with a significant rate of neurological complica-
tions and  an increased risk of failed fusions[6][7][8].
Complete reduction is a challenging and technically more
demanding surgery with risk of neurologic  injury ap-
proaching 75 % in one case series[5].
        It has become increasingly evident in the last de-
cade that global sagittal plane alignment is a key factor
in patients with spondylolisthesis[9]. The  sacropelvic
morphology modulates the geometry of lumbar spine and
consequently, the mechanical stresses at lumbosacral
junction. In patients with high grade listhesis, this has
provided a compelling rationale to reduce and realign
the listhetic deformity to restore global spinopelvic bal-
ance and improve the biomechanical environment for
fusion.
The objective of this study was to analyse the change in
spinopelvic parameters in high grade spondylolisthesis in
two group of operated patients (reduction vs. insitu group)
both pre and post operatively. These parameters were
measured  from both L5 and S1.Pelvic parameters
weremeasured from L5 post operatively  because it ef-
fectively becomes part of pelvis post surgery (whether
reduction or insitu fusion).

METHODOLOGY  :
The study was performed in a tertiary spinal care centre
and was approved by the institutional review board of
the hospital. It  was a retrospective review of 26 cases
operated  in the  institute for high grade spondylolisthesis
from 2009 to November 2012. Only patients with grade
3 and grade 4 spondylolisthesis (defined as slippage >50
% according to Meyerding) with preoperative standing
lateral radiographs, which visualized both acetabuli or
femoral heads were included in the study. Post–
traumaticlisthesis, listhesis associated with scoliosis, and
iatrogenic cases were excluded.Full-length standing ra-
diographs including the spine and pelvis were available
for all patients.  After digitalization of the film and trans-
fer to the PACS server, the radiographic measurements
were carried out using the VEPRO software Ver 7.2.

These  26patients were divided into two groups of 13
patients each .
Group 1 :Insitu fusion group
 Group 2  :Reduction and fusion  group.

The surgical technique was chosen by the 2 senior op-
erating surgeons of the institute and all the patients were
operated by either of the  two senior surgeons.

Technique of insitu fixation
      Patients were positioned prone on bolsters. Using
posterior midline  approach, L5 pedicle screws were
inserted in the routine fashion.Through the S1 pedicle
,screws were  passed  into L5 body directly .A delta
configuration was achieved after attachment of connect-
ing rods.In certain cases , a dowel shaped fibula graft
was introduced from S1 into the L5 body .Thorough
midline decompression was done.

Fig 1 : Pre and post operativexray of a patient who
has undergone insitu fixation

Technique of reduction and fusion
Patients were positioned prone on bolsters with attempt
for postural reduction by extending the  hip and thigh.
Using   posterior midline  approach, temporary pedicle
screws  were  inserted in  L2 and S1 and partial reduc-
tion done by distraction.  Reduction  screws  inserted on
opposite side  L5 and S1 and distracted to allow further

Dr. Gurudip Das et al
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reduction of listhesis.  Once satisfactory reduction was
achieved, the temporary screw at L2 was
removed.Decompression of exiting and traversing nerve
roots was done.  Interbody fusion was done at the level
of listhesis.

Fig 2  : Pre and post operativexray of a patient who
has undergone reduction and fusion

CLINICAL EVALUATION :
Clinical  data was collected from hospital records and
telephone interviews. Preoperative symptoms and neu-
rologic ûndings were noted. Surgical data reviewed in-
cluded estimated blood loss, type of instrumentation used,
type and technique of interbody arthrodesis, whether
reduction was attempted, and perioperative complica-
tions. After surgery, clinical outcomes including activity
and amount of pain medication were
recorded.Postoperative  treatment outcomes  were evalu-
ated with ODI score, SF 12,VAS score. Any residual or
new onset    radiculopathy or neurodeficit was meticu-
lously documented and analysed.

RADIOLOGICAL EVALUATION :
The following radiographic parameters were studied
using PACS:Pelvic incidence (PI),Pelvic tilt (PT),Sacral
slope (SS),Lumbar lordosis (LL),Sacrofemoral distance
(SFD),and Lumbosacral kyphosis (LSK).
PELVIC INCIDENCE: It is defined as the angle be-
tween the perpendicular to the sacral plate and the line
joining the midpoint of the sacral plate and the axis of
the femoral heads.
PELVIC TILT: It is defined as the angle between the
vertical line and the line joining the midpoint of the sacral
plate and the midpoint of the  axis of the femoral heads.
SACRAL SLOPE :  It is  defined as the angle between
the horizontal line and sacral plate.
LUMBAR LORDOSIS : It is defined as the angle be-
tween the upper endplate of the L1 vertebra and the
upper endplate of the S1 vertebra.

LUMBO SACRAL  KYPHOSISANGLE ( DUB –
LSA)–Six techniques have been described to measure
lumbosacral kyphosis[10]. Studies have shown that
Dubousset’s LSA shows  the strongest correlation with
slip grade and can be reliably measured by computer
softwares like PACS.Hence we  choseit  as our  pre-
ferred technique to measure LSK.It is measured by the
anglesubtended by the superior endplate of L5 with the
posterior aspect of S1.

Fig 3 :Dubousset’s LSA

Fig 4 : Measurement of SFD

Statistical analysis was conducted with SPSS 17.0
(SPSSInc., Chicago, IL).Median, range and non-
parametrictest(Wilcoxon-signed-rank test)were used for
analysis of non-normally distributed data.Statistical sig-
nificance was defined as p < 0.05.

SACRO-FEMORAL DISTANCE:  It is defined as the
horizontal distance between vertical  lines through the
hip axis (HA) and sacral promontory.

A comparative study of change in pelvic parameters in high grade spondylolisthesis  (Insitu Fixation vs. Reduction)
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RESULTS
Patient Demographics
26 patients with a mean follow up of 34.03 months (range,
24-54 months) were analyzed. The mean age of the pa-
tients was 32.30 years  (range:11-52) at the time of sur-
gery . The male – female ratio was 2:24.
19 out of 26 patients had presented with radicular pain.
All the patients had back pain at time of presentation.
None of the patients had neurologic deficits at time of
presentation. The duration of surgery  was 185 minutes(
range 145- 240 minutes) for patients undergoing reduc-
tion and 162 minutes( range 130 – 195 minutes) in pa-
tients who had insitu fixation.The operative time was
found to be significantly more in reduction group. The
average intraoperative blood  losswas also found to be
significantly more in patients who underwent reduction.
The average blood loss was 564ml(range 450- 800 ml)
with reduction and 478 ml(range 300 – 650 ml)with insitu
fixation. Thirteen  patients developed sensory symptoms
of paresthesia  on the dorsum of one or both of their
feet. All of these resolved over timeand  became as-
ymptomatic at 1 year follow up. Out of these 13patients
, 8 belonged to the reduction group and 5 had undergone
insitu fixation .There were two cases of transient exten-
sor halluslongus(EHL) weakness in patients who had
undergone reduction .One  patient who had undergone
insitu fixation developed wound dehiscence that required
secondary suturing.None of the 26 patients studied had
any instrumentation failures till their last follow up.
The mean Oswestry disability index score (ODI) pre
operatively was 45.64 for the whole study population.The
preoperative mean ODI score in insitu group was 42.76.
The post operative mean ODI score( measured at 2 year
follow up) was found to be 15.4. Similarly in the reduc-
tion group the preoperative mean ODI was  48.52. Post
surgery  the ODI score was 16 ( at 2yr follow up ).there
was  An ODI score of 0-20 % signifies minimal disabil-
ity as per Fairbank’s criteria.
The mean pre operativevisual analogue pain score (VAS
score ) was 7.8. In the insitufixation group it was
7.64.Postoperatively at 2 year follow up , the mean VAS
score became 3.6. In the reduction group the VAS score
was 7.96 preoperatively. Post surgery it improved to 3.56
at 2 year follow up.
          In the reduction group the average SF12 scores
were noted to be PCS 39.39 and MCS 55.66. Post sur-
gery it improved to PCS 21.34 and MCS 31.67. In the
insitu fusion group the mean  SF 12 scores were found
to be  PCS 32.02 and  MCS 52.06. At 2 year follow up
the SF12  had improved to  PCS 18.05 and  MCS  30.26.

ANALYSIS OF INDIVIDUAL PELVIC PARAM-
ETERS

1.PELVICINCIDENCE:
     The average pelvic incidence preoperatively was
69.17( range from 46.10 – 90.80, standard deviation  SD
13.13) which is higher when compared  to the average
PI of  general population (PI  49.1 + 11.0 ) described by
Mac et al.When measured from L5postoperatively  (
which behaves as the new S1 as it is part  of pelvis now
) the value became  51.57.
Insitu Group –
The average pre operative PI in insitu fixation groupwas
68.56(range 46.1-83.1).When incidence wasmeasured
from L5 postoperatively the mean was 61.81 (37.0 -
87.4).On comparing PIvalues  measured from S1pre
operativeand L5 post operatively , the mean did not
change significantly(p = 0.24)..
Reduction Group –
              The average PI of the 13 patients in reduction
group  when measured from S1 was 69.78(47.2-90.8)
preoperatively.However there was a significant reduc-
tion in PI postoperatively  when measured from L5
(41.33)(p =0.0002).

Fig .5 : preoperative pelvic parameters

2.PELVIC TILT
            The average pelvic tilt  preoperatively was
26.88( range  10.2-45.2, standard deviation  SD 10.53)
which is higher when compared  to the average PT of
general population (PT  12.1 ± 3.2 ) . The mean PT
postoperatively when measured from  L5 was 10.93.
Thechange  in pelvic tilt was found to be significant .
Insitu Group –
PT  measured from S1 showed mean value of
26.78(10.50-44.40) preoperatively.When measured from
L5 post operatively the new PT was 11.08. The change
was found to be significant(p = 0.0005).
Reduction Group –
      The average pre operativePT  in reduction group
when measured from S1 was26.98(-35.94-42.50).When
measured from L5 ,the post-operative mean was10.78(-
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8.2-26).The decrease in PT was  found to be signifi-
cant( p = 0.0005).
3.SACRAL SLOPE :
The average sacral slope  preoperatively was 42.40(
range 15.20-59.60, SD11.73) which is higher when com-
pared  to the average  SS of  general population (SS39.7+
4.1 ).Post operatively, the mean SS was  40.64 when
measured  from L5.  There was no significant change in
sacral slope  overallpost surgery .
Insitu Group
              The sacral slope when measured from S1
showed  thepreoperative mean value of 41.72(48.92 –
129.16). When measured from L5 postoperatively, the
SS mean was 50.77. On comparison of these data, the
changewas not found to be significant( p =0.16) post
surgery when patients underwent  insitu fusion.
Reduction Group
              The mean sacral slope when measured from
S1 preoperativelywas found to be  43.08(15.2-54.5).The
new SS when measured from L5 postoperatively was
30.51.  On analysis , the sacral slope doesnot show  sig-
nificant difference pre and post operatively( p = 0.096).

Fig 6 : Change of parameters in Reduction group

4.LUMBAR LORDOSIS :
        The lumbar lordosis when measured from L1 to
S1 (conventionalmethod) was found to be 49.69  pre
operatively. The mean LL post surgery was found to be
54.27 ( when measured from  L5). The change in lum-
bar lordosis was not found to be significant.

InsituGroup:
The mean LL preoperatively was 51.46 and post
operativelywhen measured from L5 the new LL  62.65.
The change was not found to be significant( p = 0.08) .

Reduction Group:
            Lumbar lordosis was found to  decreasepost
surgery from 47.92  to 45.88 .The change in LL was not
found to be significant ( p = 1.0).
5.LUMBOSACRALKYPHOSIS
      The mean  preoperativeLSK overall  was found to
be 71.00.When measured inInsitu Group , the mean LSK
preoperatively was67.23(37.4-88.1), whereas in the re-
duction group the mean LSK was 74.76(30-151.6).Over-
all the postoperative mean of LSK was 111.50. In the
insitugroup , mean post operative LSK was 113.38
whereas  in the reduction group the post-operative mean
was 109.61(77.1-119.8). Improvement in Lumbosacral
kyphosis angle in both insitu and reduction group post
operatively was significant( p = 0.0002 ,Insitu  ; p =0.01,
reduction)

Fig.7: Change of parameters in Insitu group

6.SACROFEMORAL DISTANCE
       The mean SFD preoperatively was found to be
62.15 and it was reduced significantly post surgery to
35.28.Significant reduction in SFD was seen post op-
eratively  in both reduction group ( mean 33.56)(p
=0.0007) as well as in insitu group( mean 36.99)(p =
0.001).Irrespective of whether in situ fusion or reduc-
tion is done ,the SFD decreases post surgery.

DISCUSSION
High grade spondylolisthesis has 3 basic prob-

lems-
1.Instability ( mechanical )
2.Neurological compromise due to central stenosis and
radicular compression
3.Alteration of pelvic parameters ( sagittal imbalance )
The problem of instability is addressed adequately by
the fusion procedure – either interbody or posterolat-
eral . Similarly the issues of dural or nerve root com-
pression can be managed by thorough and meticulous

A comparative study of change in pelvic parameters in high grade spondylolisthesis  (Insitu Fixation vs. Reduction)
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decompression. Sosurgery either by insitu fixation or
reduction address  the first 2 issues equally
well.Insitufusion  for long has been the gold standard for
management of high grade listhesis in view of simplicity
of the surgical technique and relatively less perioperative
morbidity[11].However an improved understanding of
sagittal balance has caused surgeons to reconsider this
established technique. It appears that restoration of sag-
ittal balance achieved by reducingthe listhesis improves
clinical outcome[12][13].However this still remains con-
troversial as there has been no outright evidence to clinch
the verdict in favour of reduction[8].  So that brings to
question the significance of sagittal imbalance and the
need for measuring the alterationsin  pelvic parameters.
Duval- Beaupere  introduced the concept of  pelvic inci-
dence[14][15]. . Subsequently other authors described
about the various pelvic parameters and their importance
vis-à-vis sagittal balance. Sagittal spinal alignment pa-
rameters  have  been reported to correlate with post
operative  outcomes in adults with spinal
deformities.Subsequently it has also been established that
patients who have high pelvic incidence have an higher
incidence of spondylolisthesis. Studies by P.Roussouly
et al,  had classified patients with high grade listhesis
into two sub groups – Balanced pelvis and Unbalanced/
retroverted  pelvis[16]. The balanced pelvis group had
normal or high sacral slope with low pelvic tilt ( high SS/
low PT ).The Unbalanced pelvis group had low sacral
slope and high pelvic tilt(retroverted pelvis ; low SS/high
PT). As per their analysis, they recommended reduction
and fusiononly  for patients with unbalanced pelvis

Fig 8 : SDSG group classification of high grade
listhesis

The present study  was performed to compare
the change in spinopelvic parameters in patients with
high grade spondylolisthesis undergoing surgery. Analy-
sis of the post operative treatment outcome measures

(ODI , SF 12 and VAS scores) revealed that both group
of patients ( insitu fixation and reduction ) did well post
surgery . Although reduction maneuvers were associ-
ated with longer operative time and higher intraopera-
tive blood loss , the treatment outcome remained same
in both the groups.It was noticed that three pelvic pa-
rameters changed significantly in both groups of patients
– pelvic tilt ( PT) , lumbosacral kyphosis ( LSK ) , and
sacrofemoral distance ( SFD ). We propose that if at all
pelvic parameters have a bearing on functional outcome,
the clinical improvement noted in the 2 groups of oper-
ated  patients can be attributed to the normalization of
these  three pelvic parameters.

There was  significant change noted in pelvic
tilt post surgery  both in reduction group (p < 0.001) as
well as insitu group (p <0.001). Preoperatively the
overallmean  PT was 26.88.Post surgery the average
PT was noted to be 11.08 in insitu group and 10.78 in
reduction group. The change in pelvic tilt was noted to
be  more prominent when    PI > 60 or   SS < 40.  There
was significant change in LSK as well as SFD noted
post surgery , especially if we consider L5 as part of the
new sacrum. LSK is an important study parameter be-
cause it is actually a measure of L5 slope. The anterior
translation or slip of L5 ,per se, contributes very little to
the sagittal balance.It is the L5 slope that adversely af-
fects sagittal balance. Hence normalization of the L5 tilt
, and not the L5 slip , restores sagittal balance[16] . The
mean SFD preoperatively was 62.15 and it reduced sig-
nificantly post operatively to 35.28overall .The decrease
in SFD was significant in both reduction ( p< 0.001)  and
insitu group  (p <0.05).

In our study we found that PI does not change
significantly post surgery. This finding has already been
established in previous studies by Roussouly et al in
2008[9]. Pelvic incidence is a fixed anatomic parameter
for an individual and it does not change with age or sur-
gical procedures. The average PI of the patients in our
study was 69.17 which is significantly higher than that
seen in average population ( PI = 49.1).This is to be
expected as all the patients in our group had high grade
spondylolisthesis. Hanson et al have also  reported that
PI was signiûcantly higher in  patients with low- and
high-grade isthmic spondylolisthesis as compared
withcontrols and had signiûcant correlation with the
Meyerding-Newman grades[17].The L5 incidence ( in
actual terms the new PI , as L5 is part of the new sacrum
post fusion ) measured  postoperatively  was found to
change significantly in reduction group only .The  Change
in sacral slope was also not found to be   significant in
both  reduction and  insitu group ( p = 0.096 ).  There
was  no significant change in lumbar lordosis either in
reduction group (p = 0.763)  or insitu fusion group (p =
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0.06).so we concluded that these three parameters – PI
, SS and LL do not change significantly post surgery and
hence do not influence  the treatment outcome in pa-
tients with high grade listhesis.
Limitations of this study include the small study  popula-
tion as well as the retrospective  nature of data
collection.The results of this study support the impor-
tance of pelvic morphology and related measures of sag-
ittal spinopelvic balance in the management  of high grade
listhesis.A prospective, controlled and longitudinal study
is warranted to clearly establish the exact contribution
of these radiographic variables in the disease process.

CONCLUSION
Both reduction and insitu fixation are equally good

procedures for management of high grade listhesis. Three
parameters change significantly post surgery –
PT,SFD,LSK. The improvement in these 3  parameters
is  important for a better  functional outcome . However
PI,SS and LL donot change significantly post surgery
and may not have a significant bearing on the functional
outcome.
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PERCUTANEOUS FIXATION OF SUPRACONDYLAR FRACTURES IN
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Although supracondylar fracture is a very common elbow injury in childhood, there
are different consensus on the timing of surgery, approach for open reduction and
positioning of fixation wires.

We report our ten year experience between 2003 and 2013 in 76 children, age ranged
from 1 year to 17 years with mean age of 8.21years. Follow up was done 2 years to 10
years with mean follow up of 6.1 years.

Most fractures 98% were extension injuries, mainly Gartland types II and III. There
were no open fractures and a neurovascular deficit was seen in 6   patients. All the 76
children underwent closed reduction and internal fixation. Most of them were taken
to theatre on the same day of admission.   All the operations were performed
percutanoeusly by two surgeons. Mainly Fixation was by 2 lateral divergent, parallel
and criss cross Kirschner wires.

A post-operative neurological deficit was seen in 2 patients. All recovered fully in 12
weeks.  3 patients had a post operative deformity. One patient developed deformity
because of growth arrest. Corrective surgery was required in 2 patients.

INTRODUCTION
An aggressive approach for accurate reduction

and stabilisation of supracondylar fractures of humerus
in children is justified by the low incidence of long-term
deformity and neurological complications. Most of these
fractures occur during the day and can be treated safely
on ‘twilight’ operating list.

Supracondylar fractures are a very common el-
bow injury and represent approximately16.6% of all child-
hood fractures1.  Extension type injuries occur in 95%
of cases2 and associated neurovascular injuries are re-
ported in between 5% and 30%. 3-6 Treatment is based
on the degree of displacement. The preferred method is
closed reduction and percutaneous pinning.7-9

Open reduction is indicated for irreducible frac-
tures, vascular compromise and open injuries.10,11. Me-
dial, lateral, methods of fixation include lateral parallel,
lateral divergent or crossed Kirschner (K-) wires. Emer-
gency treatment has been recommended to avoid vas-
cular compromise and compartment syndrome.13,12-16

However, recent Studies 17-20 suggest that delay does
not influence outcome. There is lack of consensus on
the timing of surgery, approach for open reduction and
positioning of wires used for fixation. We therefore re-
viewed our experience of the injury.

MATERIALS
We retrospectively and prospectively reviewed

the management of children younger than 14 years of age
with supracondylar humeral fractures who presented to
the two different out patient clinics and operated in one
hospital between 2003 and 2014. Notes and radiographs
were reviewed for demographics, site and mechanism of
injury, time of presentation, clinical and radiological fea-
tures, time to definitive treatment, type of operation, com-
plications and outcome. Deformity was defined as a dif-
ference of appearance between the injured and uninjured
elbow, sufficient to be apparent to the patient and/or par-
ents and radiological co relation on follow up.
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METHODS
A total of 75 children with unilateral supracondy-

lar fractures were treated during the study period. The
mean age at injury was 8.21 years (one year to 14 years)
and 56 (73.6 %) were boys. Left Side involved in 49(64%)
and right in 27( 36%). The injury occurred at home in 30
patients, and 45 in playground. The cause of injury was
a fall at ground level in all.  No fractures resulted from
personal assault. A total of 55 children presented within
two hours of injury, but 20 presented after 2 hours.

Clinical findings.
The initial examination was usually performed

by self.  Swelling was documented in all cases of frac-
tures and deformity was noted in all. Neurological defi-
cit was noted in 7 patients, Vascular deficit was docu-
mented in 2.

Radiological findings -
The extension injuries were seen in 70 patients.
Classification
The fractures were subdivided into
Gartland Type II III

5 70.
Anaesthesia –
We preferred regional anesthesia even for small chil-
dren. But general anesthesia was used because of
anesthetist’s preference in 12 cases.
Position of the patient –
Supine, shoulder abducted and elbow flexed
C arm –
We used image intensifier in all cases.
K Wires –
 2 to 3 wires depending upon the type and fracture pat-
tern and stability. The configurations used were
- Lateral parallel 2 K wires
- Lateral divergent 2 K wires
- Lateral 3 K wires
- Lateral and medial wires

The majority of patients were discharged within next
day of surgery

Immobilisation –
 All the patients were immobilized with above elbow POP
cast for 3 to 4 weeks
Wire removal/POP removal –
Was done after 3 to 4 weeks
Mobilisation –
Started immediately after removing the POP by the chil-
dren or by the parents.

Follow up –
All the children were followed up as outpatients

periodically till the full range of movement was obtained
and fractures united.

Complications -
A post-operative neurological deficit was seen

in  2 cases of ulnar nerve. All recovered within 6 months.

DISCUSSION
Anatomically the supracondylar region of hu-

merus is a weak metaphyseal area in children. The bone
in the olecranon fossa is thin like a wafer. The medial
and lateral pillars are also thin and hence comminution is
possible in violent fall.

The peak incidence of the fracture is between 3
years and 8 years .98 % of these fractures occur due to
fall on outstretched hand with hyperextension of the el-
bow –the  so –called extension type.

As the vital neurovascular structures are close
to the fracture site ,they  are likely to be involved when
the displacement is great.

Gartland in 1959 evaluated this fracture radio-
logically and classified the hyperextension injuries into 3
types.

Type  I – Undisplaced.

Type  II – Displaced with posterior cortical contact.

Type III – Completely displaced.

The treatment can be planned according to the type.

Type I – Immobilise in long arm cast in 90 –
degree flexion of elbow.

Type  II- Reduction and immobilation.

If the reduction  is unstable,percutaneous pinning.

Type III – Reduction and percutaneous  pinning.

The degree of urgency is indicated by swelling,
vascular status and skin integrity. But it has been proved
that there is no real benefit in taking up these cases as
emergency, since the delay does not cause any increase
in the number of complications.
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Open reduction was indicated when closed re-
duction failed, when the pulse fails to return or disap-
pears after  closed reduction ,when neurological deficit
appears after closed reduction and when the fracture
ends breach the skin.

In this series, closed reduction was performed
in all patients.

The configuration of the K Wires were consid-
ered stable when the wires were crossed from medial
and lateral sides from the time Casiano and Flynn et al
recommented  in 1974. Skags et al in 2001 proved that
two lateral pins are safe and effective. This prevents
injury to the ulnar nerve. If a medial pin is used in un-
stable conditions, elbow is to be kept at 90 – degree
flextion  while introducing  the wire. The use of medial
pin was associated with ulnar nerve  injury  in 4% of 149
patients  in whom pin  was applied  in 90 degree and
15% of 71 in pins passed in hyper flexion. Moreover the
configuration of the pins does not affect maintenance of
reduction in any type of fracture.
      In our series, the mean age at fracture was 6.4 years,
similar to other reports. 22-24. Our gender ratio was 2.8:1
boy to girl. This agrees with a Chinese study 25 where
boys were more commonly affected after the age of
four years but contrasts with a North American study13

which showed girls more prone to such fractures.
In this series, two children had ulnar nerve palsy,

which recovered by 6 months, except for mild sensory deficit.
All other nerve palsies recovered fully between

4 weeks and 2 months.
There was no vascular insufficiency post op-

eratively in any of the children.
Varus malunion was noted in 3 patients. This

was found to be due to comminution of medial pillar in 2
children and loss of reduction due to slipping of medial
pin in 1 child.

Even though the initial fixation and reduction was
good in one case resulted in varus and lack of full exten-
sion due to cartilage damage, which was detected by
CT Scan after 1 year.

Hyperextension was noticed in 5 patients .The
restriction of flexion in 3 patients was insignificant.
         The medial and posterior communtion made the
fractures difficult to reduce as well as stabilize. These
are the children who had deformities. One child had lost
bone in the olecranon fossa and it never reformed.

The slipping of medial pin I one child resulted in
gross varus deformity.

The availability of power instruments and imag-
ing system vastly improved the surgical technique of fixa-
tion and the confidence of the surgeon.This made sur-
gery time shorter also.

CONCLUSION

1.Percutaneous fixation with K wires are the easy and
very effective method of choice in supracondylar frac-
ture children.
2. Two lateral pins are sufficient in most of the cases.
The collapse of the medial or lateral pillar should be
avoided to avoid deformities.

REFERENCES
1. Cheng JYC, Shen WY. Limb fracture pattern in different paediatric
age group: a study of 3,350 children. J Orthop Trauma 1993;7:15-22.
2. Chen RS, Liu CB, Lin XS, et al. Supracondylar extension fracture
of humerus in children: manipulative reduction, immobilisation and
fixation using a U-shaped plaster slab with the elbow in full extension.
J Bone Joint Surg [Br] 2001;83-B:883-7
3. Brown IC, Zinar DM. Traumatic and iatrogenic neurological
complications after supracondylar humerus fractures in children. J
Pediatr Orthop 1995;15:440-3.
4. Campbell CC, Walters PM, Emans JB, Kasser TR, Millis JB.
Neurovascular  injury and displacement in type III supracondylar
humerus fractures. J Pediatr Orthop 1995;15:47-52.
5. Schoenecker PL, Delgado E, Rotman M, Sicard GA, Capelli AM.
Pulseless arm  in association with totally displaced supracondylar
fracture. J Orthop Trauma 1996; 10:410-15.
6. Shaw BA, Kasser JR, Emans JB, et al. Management of vascular
injuries in displaced  supracondylar humerus fractures without
arteriography. J Orthop Trauma 1990;4:25-9.
7. Nacht J, Ecker M, Chung S, Lotke PA, Das M. Supracondylar
fractures of humerus in children treated by closed reduction and
percutaneous pinning. Clin Orthop 1983;177:203-9.
8. Agus H, Kalenderer Ö, Kayali C. Closed reduction and percutaneous
pinning results in children with supracondylar humerus fractures.
Acta Orthop Traumatol Turc 1999;33:18-22.
9. Pirone AM, Graham HK, Krajbich JL. Management of displaced
extension-type supracondylar fractures of the humerus in children. J
Bone Joint Surg [Am] 1988; 70-A:641-50.
10. Kasser JR. Percutaneous pinning of supracondylar fractures of
the humerus.Instr Course Lect 1992;41:385-90.
11. Otsuka NY, Kasser JR. Supracondylar fractures of the humerus
in children. J Am Acad Orthop Surg 1997;5:19-26.
12. Gerardi JA, Honkom JA, Mack GR. Treatment of displaced
supracondylar fractures of the humerus in children by closed reduction
and percutaneous pinning.
13. Farnsworth CL, Silva PD, Mubarak SJ. Etiology of supracondylar
humerus fractures. J Paediatr Orthop 1998;18:38-42.
14. Flynn JC, Matthews JG, Benoit RL. Blind pinning of displaced
supracondylar fracture of the humerus in children: sixteen years
experience with long-term follow up. J Bone Joint Surg [Am] 1974;56-
A:263-72.
15. Walloe A, Egund N, Eikelund L. Supracondylar fracture of the
humerus in children: review of closed and open reduction leading to
a proposal for treatment. Injury 1985; 16:296-9.
16. Mehserle WL, Meehan PL. Treatment of the displaced supracondylar
fracture of the humerus (type III) with closed reduction and
percutaneous cross-pin fixation. J Paediatr Orthop 1991;11:705-11.
17. Gupta N, Kay R, Leitch K, et al. Effects of surgical delay on
perioperative complications and need for open reduction in
supracondylar humerus fractures in children. J Paediatr Orthop
2004;24:245-8.
18. Mehlman CT, Straub WM, Roy DR, Wall EJ, Crawford AH.
The effect of surgical timing on the perioperative complication of
treatment of supracondylar humerus fractures in children.
J Bone Joint Surg [Am] 2001;83-A:323-9.

Percutaneous fixation of supracondylar fractures in children



Tamil Nadu Orthopaedic Journal Vol.41, Issue 2, June 201515

19. Lett AL, Frisancho J, Ebramzadeh E.Delayed treatment of type 3
supracondylar humerus fractures in children.J Paediatr Orthop
2002;22:203-7.
20. Iyengar SR, Hoffinger SA, Townsend DR.Early versus delayed
reduction and pinningof type III displaced supracondylar fractures
of the humerus in children: a comparativestudy. J Orthop Trauma
1999;13:51-5.
21. Gartland JJ.Management of supracondylar fractures of the
humerus in children.Surg Gynecol Obstet 1959;109:145-54.
22. Celiken O, Pestilci FI, Tuzuner M.Supracondylar fractures of the
humerus in children:analysis of results in 142 patients.J Orthop

Trauma 1990;4:265-9.
23. Kurer MHJ, Regan MW.Completely displaced supracondylar
fracture of thehumerus in children: a review of 1708 comparable
cases.Clin Orthop 1990;256: 205-14.
24. Landin LA.Fracture patterns in children: analysis of 8,682
fractures with special reference to incidence, etiology and secular
changes in a Swedish population 1950-1979. Acta Orthop Scand
1983;202:1-109.
25. Cheng JCY, Lam TP, Maffuli N.Epidemiological features of
supracondylar fracturesof the humerus in chinese children.
J Paediatr Orthop 2001;10:63-7.

Dr. R. Ganesan et al



Tamil Nadu Orthopaedic Journal Vol.41, Issue 2, June 201516

ANALYSIS OF INTRAMEDULLARY NAILING SURGICAL

TECHNIQUE IN ASEPTIC FEMORAL SHAFT NONUNION

Dr.J.Dheenadayalan, Ganga Hospital, Coimbatore.

Objective:
Intramedullary nailing is the gold standard in treatment of femoral shaft fractures and
nonunion rate varies from 2 to 7 % in English literature. The femoral shaft aseptic
nonunion were critically evaluated for fallacies in surgical technique as possible cause
of  Nonunion.

Patients and methods:

137 patients with Aseptic femoral  shaft nonunion  between 2003 and 2012 with a
minimum follow up of  2 year were analysed   44.8 % were short oblique and trans-
verse fractures.23.7% were comminuted fractures.  The  age of  patients ranged from
17 to 70 yrs with mean of 42.7 yrs,  with  120 males and  17 female patients.  The
analysis was mainly to look into the alignment, distraction  and the thickness of nail
and also to critically analyse all the steps in surgery of intramedullary nailing of femur.
Treatment methods for these fractures were also evaluated for final outcome.

Results:
The critical results were , malalignment noted in 39.5 % of patients, with varus in
26.3% and valgus in 13.1 % of fracture nonunion.   Distraction noted in 7.9 % of
fractures. Nonunion treated based on the existing alignment where revision nailing
done in patients with malalignment,   otherwise only augmentation plate preferred
with 91.1 % success rate and average time to union of 4.7 months

Conclusion:
Technical error seems to be the major cause of nonunion in our analysis. Extreme
care in surgery could avoid nonunion in 50% of cases

INTRODUCTION
Ever since Gerhard Kuntscher invented the nail-

ing techniques and with advances in locking intramedul-
lary nails, it is has become a gold standard in the manage-
ment of femoral shaft fractures typically the union rates
are reported to be as high as 98-99%.  However certain
authors report that the nonunion can vary from 6.3 to
12.5%.  This may be because of explosion in the number
of surgeries that are being done at various hospitals.

Nevertheless, when there is femoral nonunion it
not only results in functional problems but also an eco-
nomic problem.  Being a tertiary referral centre, a large
number of femoral nonunions get treated here. Though
this problem is successfully managed with various tech-
niques  they were analyzed for the reason of nonunion
and especially in relation to surgical errors that could
have been avoided.
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PATIENTS AND METHODS
Patients with aseptic femoral nonunions were

evaluated in the period of January 2003 to January 2012.
The clinical criteria with which they were chosen were
non-physiological gait with pain and on examination there
was no evidence of any signs of infection either clini-
cally in the form of redness and local warmth and by
laboratory tests like ESR, CRP which were within our
normal limits.

The patients were classified according to We-
ber and Cech as viable and non-viable nonunions.
- The viable nonunions are hypertrophic and olig-
otrophic   nonunions.
- The nonviable were the atrophic nonunions.

The type of nail like antegrade or retrograde
fashion were again identified. Fracture types regarding
the morphology was studied, the level of nonunion like
isthmic or supra, infra isthmic positions were studied.  In
addition, any bone defects were identified with number
of previous surgeries undergone and time to union.  As
for surgical technique was concerned distraction and mal
alignment were noticed and analyzed.

Surgical techniques
The femoral intramedullary nail for shaft frac-

ture is a straight forward technique with usage of con-
ventional nails. The entry point preferred is the pyrifor-
mis fossa with reaming and correct placement of the
nail within the canal.  At the end of the procedure the
length alignment and rotation must be normal.  The frac-
ture must be opposed without distraction.  The nail must
be of adequate size filling the canal and must be cen-
tered at the distal end so that there is no mal alignment.
The locking screws must be away from the fracture site
by atleast 7.5cm, to have a good mechanical stable sup-
port.

RESULTS
305 patients presented with femur nonunions

during the study period. 137 patients with Aseptic femo-
ral shaft nonunion with a minimum follow up of  2 year
were analysed. The  age of  patients ranged from 17 to
70 yrs with mean of 42.7 yrs,  with  120 males and  17
female patients. 44.8 % of the fractures were short ob-
lique and transverse fractures, while 23.7% were com-
minuted fractures. 2 patients with open injuries had bone
loss. 12 fractures were at the supraisthmic level while
112 fractures were at the isthmic level and 13 fractures
were at the infraisthmic level.

At the time of presentation, 125 patients had
undergone one previous procedure and  10 patients had
undergone 2 previous procedures, while 2 patients had

undergone 3 previous procedures. Antegrade nails had
been used in 127 patients as definitive fixation and retro-
grade nails had been used in 10 patients. 22.5 % of the
patients had impant failure.

70 femur nonunions were oligotrophic, while 35
were hypertrophic and 30 were atrophic in nature. Of
137 femur nonunions, 135 went on to unite in an average
time of 3.8 months. 5 patients required secondary bone
grafting with or without plate augmentation due to delay
in union. Persistent non union was noted in 2 patients.
38.4% of femurs were mal aligned  (19.6% in varus and
9.4% in valgus). Distraction was noted in 8.6 % of  the
femur non unions.

CASE STUDY EXAMPLES

Case 1 – Valgus deformity leading to nonunion and Im-
plant failure
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Revision nailing  with bone grafting in good alignmnet
leading to union in 3 months

Case 2: Nail fixed in good alignment but in distraction
leadig to non union

Augmentation plating and bone grafting leading to union
in 3 months

Analysis of Intramedullary Nailing surgical technique in aseptic femoral shaft nonunion



Tamil Nadu Orthopaedic Journal Vol.41, Issue 2, June 201519

DISCUSSION
So, the nonunion following intramedullary nail

though rare, but still is a commonly treated nonunion in
our centre. These nonunions are assessed based on
stability, contact, deformity and biology.  The fundamen-
tal principle is that if there is any problem in either of
these four then nonunion will ensue.

In our analysis, we have found that though
isthmic level short oblique and trnsverse fractures are
prone for non union, surgical errors do have a large role
in development of nonunions. The distraction rate of
8.6% and mal alignment rate of 38.4% are significant
findings in our study. The other reasons for nonunion
noted are open fractures, bone loss, severe comminu-
tion at fracture site and implant failure secondary to poor
fixation techniques like short nails and insufficient lock-
ing screws which lead to instability.

The management of these cases were done
based on the surgical errors. If there is a nonunion in a
well done interlocked nail either reamed intramedullary
nail or augmentation plate alone gave good results.  On
the contrary if there was malignment, it not only needed
augmentation plate but also revision of the nail to get
right alignment to achieve union.  In all the procedures
bone grafting was an essential supplement to achieve
union.

Most of the patients were in the productive age
group and also the earning members of the family.
Surgical fallacis fall under avoidable causes of nonunion.
The nonunions lead to delay in not only functional
recovery but also the economical recovery of the family.

CONCLUSION
Femur fractures remain difficult to treat and in-

tramedullary nail is a great boon in trauma management
to achieve excellent results.  However, attention to de-
tail is extremely important to achieve good success to as
high as 99%. Technical error seems to be the major
cause of nonunion in our analysis. Careful pre op plan-
ning and good execution of the surgical technique with
gentle manipulation achieves good results.  So, in this
study we found that in following surgical priniciples dur-
ing fixation, the incidence of malalignment by 38.4 %
and distarction by 8.6 % are avoidable and can lead to
reduction of the  non union rates, especially  if we are
extremely careful.
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ABSTRACT
Introduction
Modic changes (MC) are vertebral end plate signal changes observed in sagittal magnetic resonance imag-
ing sequences. Though the true significance of MC is not known, a significant association between non-
specific low back pain and MC have been described in different studies. Recently the role of genetic factors
in the etiology of MC is being evaluated by different researchers. Interleukin-1A (IL1A) and matrix
metalloproteinase-3 (MMP3) polymorphisms together were associated with type II Modic changes in one
study. However there is lack of studies on a larger patient subset, and candidate genes involved in other disc
degeneration phenotypes have not been studied. The present study purports to evaluate the prevalence of
MC and the potential role of genetic polymorphisms in 40 candidate genes (including 71 SNPs) in a large
cohort.
Materials and Methods:
The study was a cross sectional study of patients presenting at the Spine Unit of a tertiary referral hospital.
An individual was included in the study based on the following criteria: any sex, between the age group of
18 to 70 years, no evidence of other spinal diseases, no history of previous lumbar spine surgery and no
history of significant spinal injury. The MRI included T1 and T2 weighted axial, and sagittal sections of the
lumbar spine (T12- S1) and a screening MRI- T2 weighted sagittal images of the whole spine. The presence
and type of Modic changes were assessed in the sagittal T1 and T2 sequences. The genetic association
analysis of all the potential SNPs was made with reference to the presence or absence of the presence of MC
(case versus control analysis).
The blood samples were collected from the study population in EDTA containing tubes and stored at -80ºC for
laboratory analysis. DNA was extracted and Seventy one SNPs in 40 candidate genes were selected for
analysis based on previous genetic studies on lumbar discs.  Genotyping of SNPs of case and control samples
was performed using the Sequenome® platform. The SNPs prevalent in all the target genes of study popu-
lation was predicted and association test was performed by using PLINK software based on the nature of
SNPs.
Results
There were 809 individuals who satisfied the inclusion criteria, consisting of 455 males and 354 females. The
mean age of the patients was 36.7 ± 10.8 years. Based on the presence of MC at any one of the five lumbar
discs, the total population was divided into 702 controls and 107 cases. Among the 107 cases, 64 patients had
single level MC (7.9%), 32 had double level MC (3.9%), five each had three and four level MC (0.6%) and one
patient had multi-level MC. Modic changes were identified in 251 endplates among the 1070 endplates. MC
was more commonly situated in the lower endplates (149, 59.4%) than in the upper endplates (102, 40.6%).
L4-5 endplates were the most commonly affected level (n=77, 30.7%) followed by L5-S1 (n=66, 26.3%), L3-4
(n=60, 23.9%), L2-3 (n=31, 12.4%) and L1-2 (n=17, 6.8%).
Among the 251 endplates with MC, Type 2 MC was the most commonly observed pattern (n=206, 82%),
followed by Type 1 (n=27, 10.8%) and Type 3 (n=18, 7.2%). Mirroring endplate MC was observed in 75 discs
(29.8%) among the total 535 discs of the 107 cases. Type 2 MC was the most common observed pattern (n=66,
88%) followed by Type 1 (n=7, 9.3%) and Type 3 (n=2, 2.7%) MC. Mixed patterns were observed in 9 discs
including two (I and II pattern) and seven (II and III pattern).
Among the 40 candidate genes studied, two of them showed significant association with the presence of MC.
The rs2228570 SNP of Vitamin D receptor (VDR) gene (p=0.02) and rs17099008 SNP of Matrix Metallo
proteinase (MMP 20) (p= 0.03) were significantly associated with MC in the study population. Eighty four
patients had exclusively type 2 MC. The rs2066826 SNP of cyclo-oxygenase (COX2) gene (p=0.01) and rs11247361
of Insulin Growth Factor Receptor (IGF1R) (p=0.03) were significantly associated with Type 2 MC.
Conclusion
The significance and etiology of Modic changes are not clear but have been increasingly implicated in low
back pain. Understanding the etiopathogenetic mechanisms of Modic changes would tremendously help us
to plan preventive and therapeutic strategies. The possibility of genetic factors in the causation of Modic
changes is being probed recently. The present study identifies genetic polymorphisms of VDR, MMP 20, COX
2 and IGF1R to be significantly associated with MC in a large population. These associations have not been
reported previously.

MODIC VERTEBRAL ENDPLATE CHANGES - PREVALENCE,
PATTERNS AND ETIOLOGIC GENETIC ASSOCIATION ANALYSIS OF

71 GENETIC POLYMORPHISMS IN 809 PATIENTS
Dr.Rishi M Kanna

Ganga Hospital and Medical Centre, Coimbatore.

INTRODUCTION
Modic changes (MC) are vertebral end plate signal
changes observed in sagittal magnetic resonance imag-

ing sequences (1). Three types have been described,
where type 1 refers to hypointense T1 and hyperintense
T2 signal changes, type 2 refers to hyperintense signals
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in both T1 and T2 images and type 3 refers to hypointense
signal changes in T1 and T2 images. MC has been de-
scribed in the lumbar, thoracic and cervical spine but it is
predominantly observed in the lumbar spine.
Though the true significance of MC is not known, a sig-
nificant association between non-specific low back pain
and MC have been described in different studies (2,3).
Studies have observed significant association between
Modic changes and the presence of lumbar disc degen-
eration also (4,5). The prevalence of MC varies from 18
to 62% in patients with low back pain, with type I and
type II being the most common observed patterns (2,3).
The etiopathogenesis of MC is still not clear and both
mechanical and biochemical reasons have been de-
scribed. With the initiation of disc degeneration, the in-
creased stress on the end plates can result in
microfractures and fissures within the end plates and
this could be a major source of MC. The histopathologi-
cal observation of microfissures and neovascularisation
within the end plates in type 1 MC supports this biome-
chanical theory. Several authors have suggested that bio-
chemical factors including infection and inflammation
could be the cause of MC. Albert et al postulated that
with the presence of disc herniation and
neovascularisation, anaerobic bacteria can lodge in the
endplates initiating edema and inflammation (6). Elevated
levels of inflammatory mediators such as interleukins and
pro-inflammatory cytokines have been detected in end
plates with MC (7).

Genetic factors have gained credence recently
as possible etiologic mechanism for disc degeneration,
low back pain and sciatica. Since low back pain and disc
degeneration represent a structural failure of disc, genes
coding for the structural components of intervertebral
discs, genes involved in matrix turnover and organiza-
tion, such as collagen, aggrecan, and matrix
metalloproteinases have been linked in the mechanical
failure of the disc (8,9). Recently the role of genetic fac-
tors in the etiology of MC is being evaluated by different
researchers. Maataa et al studied 831 twins for herita-
bility of MC and concluded that MC is heritable with
16–43% prevalence of MC heritability (10). In 2008,
Karppinen et al studied the possible genetic associations
of MC. Thirteen variations in 8 genes were genotyped
in an occupational cohort of 159 male train engineers
and 69 male paper mill workers. One hundred and twenty
eight (56%) patients were found to have Modic changes
at one or more disc levels. None of the single nucleotide
polymorphisms (SNP) was significantly associated with
Modic changes but when gene-gene interactions were
evaluated, interleukin-1A (IL1A) and matrix
metalloproteinase-3 (MMP3) polymorphisms together
were associated with type II Modic changes (11). How-

ever there is lack of studies on a larger patient subset,
and candidate genes involved in other disc degeneration
phenotypes have not been studied. The present study
purports to evaluate the potential role of genetic poly-
morphisms in 40 candidate genes (including 71 SNPs)
with MC in a larger cohort.

MATERIALS AND METHODS
Recruitment of study subjects and division into

case-control cohorts
Institutional review board approval was obtained

before starting the study. The study was a cross sec-
tional study and the study population was recruited from
patients presenting at the Spine Unit of a tertiary refer-
ral hospital. An individual was included in the study based
on the following criteria: any sex, between the age group
of 18 to 70 years, no evidence of other spinal diseases
(congenital, pathological, inflammatory, infective), no his-
tory of previous lumbar spine surgery and no history of
significant spinal injury. Clinical phenotypes such as back
pain, neurological symptoms and signs of radiculopathy
were not considered as criteria. Any patient who re-
quired a MRI of the lumbar spine and who met the in-
clusion criteria was explained about the study and if con-
sented, was included in the project. Healthy human vol-
unteers working (hospital personnel) were also included
in the study. A well informed, thoroughly explained, de-
tailed informed written consent of the study subjects were
obtained.

Radiological evaluation & interpretation of MRI
All individuals were screened by a whole spine

MRI. The MRI included T1 and T2 weighted axial, and
sagittal sections of the lumbar spine (T12- S1) and a
screening MRI- T2 weighted sagittal images of the whole
spine (1.5 Tesla MRI, Siemens, Germany). The scan-
ning protocol was as follows: sagittal T1 turbo spine echo
sequence of recovery time 400-750ms, echo time 10-
13ms, slice thickness 4 mm and field of view 360 x 360
and sagittal T2 turbo spin echo sequence of recovery
time 2800- 3400 ms, echo time 50 -100ms, slice thick-
ness of 4 mm and field of view was 360 x 360 mm. For
the purpose of analysis of MC, only the lumbar region
was studied. All five lumbar discs from L1 to S1 were
analyzed, and in patients with transitional lumbo-sacral
vertebra, the last five mobile discs were studied. The
presence and type of Modic changes were assessed in
the sagittal T1 and T2 sequences (Figures 1-3). Pres-
ence of endplate signal changes in the anterior and pos-
terior corners of the vertebral body near the disc and
signal changes subjacent to the entire endplate were con-
sidered while signal changes adjacent to Schmorl’s nodes
were excluded. Five sagittal sequences including one mid-
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sagittal and four parasagittal sections were studied in all
patients. Evaluation of the MC types was performed by
two independent observers (two spine surgeons). The
inter-observer reliability between them was excellent
(kappa statistic of 0.82 ± 0.07). Any dispute between
the two observers was settled by consensus. The ge-
netic association analysis of all the potential SNPs was
made with reference to the presence or absence of the
presence of MC (case versus control analysis). Those
individuals without MC in any of the lumbar discs were
considered as controls while those with MC in either or
both the endplates at any one of the lumbar disc levels
were considered as cases.

Selection of Putative Candidate SNPs
The blood samples were collected from the

study population in EDTA containing tubes and stored at
-80ºC for laboratory analysis. DNA was extracted from
the frozen human blood. The quality and quantity of DNA
was checked by Agarose gel electrophoresis and spec-
trophotometry.

Type 1: MODIC CHANGES AT L3-4 INFERIOR
ENDPLATE. Hypointense T1 signal and
Hyperintense T2 signal changes are seen

Type 2: MODIC CHANGES AT L5-S1 SUPERIOR
ENDPLATE. Hyperintense T1 signal and T2 signal

changes are seen

Type 3: MODIC CHANGES AT L5-S1 INFERIOR
ENDPLATE. Hypointense T1 signal and and T2 signal
changes are seen

Seventy one SNPs in 40 candidate genes were
selected for analysis based on previous genetic studies
on lumbar disc degeneration including candidate genes
which encode for vital disc components, potential genes
which have been implicated in other multi-factorial etio-
logic diseases, and genes involved in important intracel-
lular signaling mechanisms. Genotyping of SNPs of case
and control samples was performed using the
Sequenome® platform. The Mass ARRAY Assay De-
sign software was used to design amplification and al-
lele-specific extension primers. The extension primer

Modic vertebral endplate changes - Prevalence, patterns and etiologic genetic association analysis of 71 genetic polymorphisms in 809 patients
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was designed to hybridize to the amplicon near the SNP
site for the extension of a single base or a few bases
depending on the genotype of the allele. PCR reactions
were set up in 384 well plates using 5 ng of genomic
DNA as template. The final base-extension products
were desalted using SpectroClean resin (Sequenom)
mixed with 3-hydroxypicolinic acid and analyzed using a
modified Brucker Autoflex MALDI-TOF mass spec-
trometer. The SpectroAquire and MassARRAY Typer
Software packages (Sequenom, San Diego, CA, USA)
were used for interpretation and Typer analyser
V3.4.0.18 was used to review and analyse all data.

Association analysis
PLINK was used for all the downstream analy-

sis and validation data. The SNPs prevalent in all the
target genes of study population was predicted and as-
sociation test was performed by using PLINK software
based on the nature of SNPs. Probability value and odds
ratio were estimated for all the 71 SNPs, and also tested
their significance towards MC. LD pattern for the sig-
nificant gene was performed by Haploview software with
the help of The International HapMap Project.

RESULTS
There were 809 individuals who satisfied the

inclusion criteria, consisting of 455 males and 354 fe-
males. The study subjects included 204 healthy volun-
teers and 605 patients (Table 1). The mean age of the
patients was 36.7 ± 10.8 years. Based on the presence
of MC at any one of the five lumbar discs, the total popu-
lation was divided into 702 controls and 107 cases. There
was no significant difference between the controls and
cases in terms of age (35.9 ± 10.5 versus 42.2 ± 10.9)
and male: female distribution (56%:44% versus
54%:46%).

Table 1. Demographics of cases and controls

Among the 107 cases, 64 patients had single level MC
(7.9%), 32 had double level MC (3.9%), five each had
three and four level MC (0.6%) and one patient had
multi-level MC (Table 2). Modic changes were identi-
fied in 251 endplates among the 1070 endplates. MC
were more commonly situated in the lower endplates
(149, 59.4%) than in the upper endplates (102, 40.6%).
L4-5 endplates were the most commonly affected level

(n=77, 30.7%) followed by L5-S1 (n=66, 26.3%), L3-4
(n=60, 23.9%), L2-3 (n=31, 12.4%) and L1-2 (n=17,
6.8%) (Table 3).

Table 2: Number of patients and the total number of
endplates in each patient

Table 3: Modic changes at each disc level in the upper
or lower endplate

Among the 251 endplates with MC, Type 2 MC was the
most commonly observed pattern (n=206, 82%), followed
by Type 1 (n=27, 10.8%) and Type 3 (n=18, 7.2%). We
analysed the presence of mirroring endplate MC on ei-
ther side of a particular disc (i.e., the presence of same
Type 1,2 or 3 changes on both sides of a lumbar disc).
Mirroring endplate MC was observed in 75 discs (29.8%)
among the total 535 discs of the 107 cases. Type 2 MC
was the most common observed pattern (n=66, 88%)
followed by Type 1 (n=7, 9.3%) and Type 3 (n=2, 2.7%)
MC. Mixed patterns were observed in 9 discs including
two (I and II pattern) and seven (II and III pattern).
Mixed I and III pattern was not observed (Table 4).

Table 4: Distribution of different types of modic changes
at each disc level – unmixed and mixed varieties

Dr. Rishi M Kanna
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Among the 40 candidate genes studied (Table 7), two of
them showed significant association with the presence of
MC. The rs2228570 SNP of Vitamin D receptor (VDR)
gene (p=0.02) and rs17099008 SNP of Matrix Metallo
proteinase (MMP 20) (p= 0.03) were significantly asso-
ciated with MC in the study population (Table 5).

Table 5.Association analysis of SNPs with Modic
changes (Control – 701 and cases – 108)

Since Type 2 MC was most commonly observed in our
study, we performed a sub-group analysis in this group.
Eighty four patients had exclusively type 2 MC. The
rs2066826 SNP of cyclo-oxygenase (COX2) gene
(p=0.01) and rs11247361 of Insulin Growth Factor Re-
ceptor (IGF1R) (p=0.03) were significantly associated
with Type 2 MC (Table 6).

Table 6: Association analysis of SNPs with Modic
changes (Control – 701 and cases – 84 (all Type II)

DISCUSSION
In the present study population of 809 individu-

als, genetic polymorphisms of VDR, MMP 20 were sig-
nificantly associated with MC. Modic changes are ver-
tebral endplate and adjacent bone marrow changes ob-
served in sagittal MR sequences. Though De Roos et al
described it for the first time (5), Modic was credited
for classifying these changes into three categories: type
I changes show a low signal intensity in T1-weighted
images and a high SI in T2-weighted images, type II
changes show a high signal in both in T1 and T2 se-
quences and type III changes show a low signal in both
T1 and T2 sequences (1). Type I changes are presumed
to indicate an active inflammatory process in the sub-

chondral region, whereas type II changes are presumed
to reflect fatty degeneration of the bone marrow. Type
III changes possibly indicate sclerosis in the subchon-
dral region.

The prevalence of MC varies in different studies
from 18-62% and the prevalence of each type also var-
ies. Based on previous studies, type I and type II are the
most common patterns in the lumbar spine. The inconsis-
tent results regarding the prevalence of MC studies could
probably be due to differences in number of patients, in-
clusion criteria, and study design. Chung et al. in their
study of 59 asymptomatic subjects observed that type 2
changes (n=38) were more frequent than type I changes
(n=11) in 590 lumbar vertebral endplates (12). In our study
also, Type 2 MC was the most commonly observed pat-
tern (n=206, 82%). Type 1 (10.8%) and Type 3 (7.2%)
were very infrequent. Among the different lumbar levels,
Modic et al. observed that the distribution of MC at L4–
L5 or L5–S1 were most common. These observations
were confirmed by Kuisma et al. They also observed that
the distribution of type I and II was more in anterior 1/3 of
vertebra than in posterior 2/3 of vertebra and the distribu-
tion of type II was predominant in the superior endplate
versus in the inferior endplate (13). In the present study,
Modic changes were more commonly situated in the lower
endplates (149, 59.4%) than in the upper endplates (102,
40.6%). L4-5 endplates were the most commonly affected
level (77, 30.7%) followed by L5-S1 (26.3%), L3-4
(23.9%), L2-3 (12.4%) and L1-2 (6.8%).
Pathophysiologically MC has been considered to arise
following both biomechanical and biochemical insults to
the endplate. With progressive lumbar disc degenera-
tion, the increased stress on the endplates causes calci-
fication and micro-fractures. Such changes may lead to
an uneven distribution of loads across the entire disc and
thus may contribute to endplate fissures. Such endplate
breaks can cause neovascularisation, edema and inflam-
matory response. This is observed as Type 1 Modic
changes. Altered endplate function interferes with the
nutrition to the discs perpetuating further degeneration
of the nucleus pulposus. Modic et al. have demonstrated
that MC type I is characterized by disruption and fis-
sures of the endplates. Once the acute inflammation
settles, the inflammatory tissue is replaced by fatty mar-
row in the subchondral region which is seen as
hyperintense signal changes in T1 and T2 sequences
(Type II MC). In chronic situations, sclerosis and calci-
fication in the sub-chondral marrow is visualized as type
III MC.

Modic vertebral endplate changes - Prevalence, patterns and etiologic genetic association analysis of 71 genetic polymorphisms in 809 patients
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Table 7. The relevant SNPs in the various candidate genes and their positions in the respective chromosomes along
with their associated P value.

Dr. Rishi M Kanna



Tamil Nadu Orthopaedic Journal Vol.41, Issue 2, June 201526

Apart from biomechanical stress induced by the
degenerated discs on the endplate, active inflammation
induced by inflammatory cells, interleukins and cytokines
seems to play a big role in the pathogenesis of MC. A
significant association between low back pain and MC
has been described in several studies which also sup-

ports the role of inflammation in MC. Using the immu-
nohistochemical method, Ohtori et al. found that protein
gene product 9.5 (PGP)-immunoreactive nerve fibers
and tumor necrosis factor (TNF)-immunoreactive cells
in the endplates from patients with MC was significantly
more than in normal endplates on MRI (14). In our study,
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we did not study the association between clinical pheno-
types such as low back pain and MC and hence could
not comment on this.

In the present study, among the 71 SNPs stud-
ied, two SNPs (VDR and MMP 20) had a significant
association with the presence of MC. Previous two stud-
ies on the genetic association of MC have observed dif-
ferent genes to be implicated including IL1 cluster,
MMP3, ADAMTS and TNF- á. Karpinnen et al studied
eight genes (COL9A2, COL9A3, COL11A2, IL1A,
IL1B, IL6, MMP3, and VDR) in an occupational cohort
of 159 male train engineers and 69 male paper mill work-
ers. All the subjects underwent MRI and evaluated for
MC. The authors have specifically studied Type II MC
and observed that none of the SNPs was significantly
associated with Modic changes when analyzed indepen-
dently, but when gene-gene interactions were evaluated,
interleukin-1A (IL1A) and IL1 gene cluster together with
MMP3 polymorphisms were associated with type II
Modic changes (11). In the present study, MMP 20 had
a significant association. Though Interleukin 1 and MMP
3 polymorphisms were studied, we could not derive any
association. In the study by Karpinnen et al, out of the
228 subjects, 128 (56%) were found to have MC at one
or more disc levels. In our study, 107 subjects had MC,
the incidence being 13% out of 809 individuals. The wide
age range, inclusion criteria and variable occupation pro-
file of the study subjects could be the reason for the
lesser incidence in the present study. In a subsequent
study by the same authors but on a patient group from a
different geographical area, they observed that among
108 men from three different occupations, the presence
of the minor allele of IL1A was associated with Modic
changes (10). Though both these studies underline the
importance of the IL1A gene in the pathophysiology of
Modic changes, we did not observe association with any
of the IL 1 genes (IL18RAP, IL1A, IL1B, IL1F5, IL1F10
and IL1RN) in our study.

The rs2228570 SNP of Vitamin D receptor
(VDR) gene had a strong association (p=0.02) with the
presence of MC in our study. Vitamin D receptor is a
steroid receptor and plays an important role in normal
bone mineralization and remodelling. It has two described
polymorphisms in its gene (FokI and TaqI) which have
been implicated in several orthopaedic conditions such
as osteoporosis, osteoarthritis and lumbar disc degen-
eration. VDR was the first reported gene associated with
disc degeneration in a study of monozygotic twins in a
Finnish population (15). This association was later con-
firmed in a study of 205 Japanese volunteers with the
TaqI polymorphism being more frequently associated with
multilevel disc disease, severe disc degeneration and disc
herniation (16). The association of the TaqI polymor-

phism to DDD was further substantiated in a Chinese
study. This association was observed to be age depen-
dant and in the Chinese cohort, positive assoiciation was
observed only for changes in the MRI signal intensity of
the nucleus pulposus but not for structural defects such
as annular tears and Schmorl’s nodes (17). In a study of
342 individuals, Rajasekaran et al studied genetic asso-
ciation of 58 SNPs with different MRI parameters of
disc degeneration including Pfirrmann’s grading, annu-
lar tear, disc bulge, Schmorl’s nodes and endplate dam-
age score (18). Eleven of the 58 SNPs provided evi-
dence of association with either one of the phenotypes.
Interestingly the frequency of the risk t-allele of VDR
was very low in this study and an association could not
be found. The VDR frequency also varies significantly
different between the three major ethnic populations
evaluated in the other studies, being 8% in Asians, 31%
in Africans and 43% in Caucasians. The mechanism by
which the Taq I polymorphism predisposes to disc de-
generation and Modic changes is not clear.

The rs17099008 SNP of Matrix Metallo protein-
ase (MMP 20) (p= 0.03) was significantly associated
with MC. MMPs are a group of enzymes that partici-
pate in the degradation of the major structural compo-
nents of the intervertebral disc and are known to be in-
volved in the normal turnover and pathologic degrada-
tion of the extracellular matrix in connective tissue.
MMP-20 also known as enamel metalloproteinase or
enamelysin is an enzyme that in humans is encoded by
the MMP20 gene. Though other MMPs like MMP 3
and 10 have been linked to disc degeneration and Modic
changes, the association of MMP 20 with Modic changes
has been observed for the first time. MMP-3 has a po-
tential role in proteoglycan degradation and has been
shown to be involved in disc degeneration. There is also
evidence of induced MMP-3 expression related to me-
chanical load and inflammation. In the study by Karpinnen
et al, they observed that the combination of the T-C hap-
lotype of IL1A and the MMP3 minor 5A allele was as-
sociated with eightfold odd on Modic changes among
middle-aged Finnish men. It can be presumed that simi-
lar mechanisms play a role in the causation of Modic
changes through genetic polymorphisms of MMP 20.
In the sub-group analysis of 84 patients who had exclu-
sively type 2 MC, the rs2066826 SNP of cyclo-oxyge-
nase (COX2) gene (p=0.01) and rs11247361 of Insulin
Growth Factor Receptor (IGF1R) (p=0.03) were sig-
nificantly associated with Type 2 MC. Previous studies
have stated that Type II MC to be significantly associ-
ated with low back pain. Similarly cyclooxgenase 2 has
been identified to be expressed profoundly in patients
with symptomatic lumbar disc herniation. Since the as-
sociation between Type II MC and COX2 polymor-
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phisms is a new observation, it opens up interesting pos-
sibilities of inflammation as the cause of pain in patients
with MC and the role of anti-inflammatory steroidal and
non-steroidal drugs in the management of painful MC.
Insulin-like growth factor 1 (IGF-1) and its receptor (in-
sulin-like growth factor 1 receptor, IGF1R) play signifi-
cant role in the regulation of extracellular matrix synthe-
sis and play a crucial role in maintaining the normal func-
tions of the intervertebral disc. Several studies have iden-
tified decreased expression of IGF1R as a possible etio-
logical factor for disc degeneration. Li et al studied lum-
bar discs of mice of different age groups and observed
significantly less amounts of proteoglycan and type-II
collagen, and higher total degenerative score in IGF1R
defective mice than in wild-type mice. They concluded
that reduced expression of IGF1R would lead to accel-
erated degeneration of lumbar discs (19). There are no
previous reports on the association of IGF1R polymor-
phism and MC but it is possible that defective IGF1R
could initiate matrix disintegration, fissures and endplate
damages.

CONCLUSION
Modic changes are common endplate changes

observed in about 13% of population. The significance
and etiology of these changes are not clear but have been
increasingly implicated in low back pain. Understanding
the etiopathogenetic mechanisms of Modic changes would
tremendously help us to plan preventive and therapeutic
strategies. The possibility of genetic factors in the causa-
tion of Modic changes is being probed recently. The
present study identifies genetic polymorphisms of VDR,
MMP 20, COX 2 and IGF1R to be significantly associ-
ated with MC in a large population. These associations
have not been reported previously. Previously described
associations with inflammatory genes such as Interleukins
were not proved in our population.
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Abstract:
Purpose
To evaluate the clinical outcome between the 2-Strand Modified Kessler repair and 4-
Strand McLarney repair technique in adults following a modified Kleinert passive
motion protocol.

Patients and Methods
Included  in this study were , 54 flexor tendon lacerations repaired during a 6 month
period. The  tendons were repaired with either 2-Strand modified Kessler or 4-Strand
McLarney technique after randomization.The TAM(Total Active Motion) was calcu-
lated  atpost op 2 months to 6 months and evaluated using the  American Society for
Surgery of Hand (ASSH) tendon  score. The tensile strength was measured using
digital hand held dynamometer after 6 months.

Results
There was no rupture in both groups. No statistical difference were seen for TAM
grip strength and adhesion between the two techniques

Conclusion
 In conclusion, there was no statistical difference between two-strand( Modified Kessler)
and four-strand(McLarney) techniques of flexor tendon repair following a Kleinert
Passive Motion Protocol in terms of rupture, total active motion, grip strength and
adhesion on in vivo testing.

Keywords: Modified Kessler repair, McLarney repair, Kleinert Passive Motion Pro-
tocol, total active motion, grip strength

INTRODUCTION
The flexor tendon injuries are caused by volar

lacerations.There are different techniques of tendon re-
pair 2-Strand, 4-Strand, 6-Strand and 8-Strand. There
are literature which described about the difference in
strength of these different techniques in vitro to prove
that the, rupture rate and tensile strength of the 4-Strand
repair technique is superior to 2-Strand , the more the
core stitch the strength is increased.
        The ideal tendon repair should have anatomical
tendon approximation, easy placement of suture, secure
knots, minimal interference with blood supply and early
mobilisation. These principles should be followed in what-
ever the technique of repair is used.

The study purpose is to evaluate the clinical out-
come between the two types of tendon repair technique
2-Strand modified Kessler and 4-Strand McLarney in
vivo in adults.
AIM OF THE STUDY

The aim of the study is to analyse the clinical
outcomes between the two-strand modified Kessler re-
pair and four-strand cruciate McLarney repair technique
following passive motion protocol in adults in terms of
1. Rupture rate
2. Total active motion
3. Grip strength
4. Adhesion
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MATERIALS AND METHODS
The proposed study was designed and conducted

in a rational and ethical manner as detailed below.
Study design:
Double blinded Randomised controlled trial on

two- strand repair(Modified Kessler) versus four-strand
repair (McLarney) of flexor tendon injury of hand in adult
population.

Mode of blinding:
The patient and the observer( hand physiothera-

pist ) are blinded in the study.
A total of 10 patients were enrolled for the study. In
them 58 injured tendons were repaired. Due to constraints
in the follow up time, 7 patients with 38 injured tendons
could only complete the 6 months postop followup. Out
of that one patient with 8 tendon in jury was excluded
from the study since he did not follow the passive mo-
tion protocol exercise which resulted in adhesion and
flexion contracture. Hence the final observed sample
turned out to be 30 injured tendons with 16 tendons  in
two-strand group and 14 tendons in four-strand repair
group.
Inclusion criteria :
1. 16 to 50 years age group of both sex
2. Acute trauma
3. Isolated flexor tendon injury form Zone 2 to

Zone5
4. Repair done by expertise hand surgeon

Exclusion criteria :
1. Age less than 16 and more than 50 years
2. Chronic injury
3. Associated extensor tendon injury
4. Associated with fractures
5.Bilateral hand injury
6. Patients who did not follow the passive
motion protocol
7. Patients who develop contractures in the
postop period

Assessing tools:
1.Goniometer- to check the total active motion

of the proximal and distal interphalangeal joints of fin-
gers.

2.Kern hand grip dynamometer- to check the
total grip strength of the repaired tendons postop

3.ASSH (American Society for Surgery of
Hand) Score – to evaluate the range of total active mo-
tion of the repaired tendons.

TAM evaluation system of ASSH
Score %
Excellent Normal
Good >75
Fair 50-75
Poor <50
Worse < preoperative

METHODOLOGY
After obtaining the Institutional Research

Board(IRB) approval for conducting the study, a pilot
trial was done. Patients with acute isolated flexor ten-
don injury who presented to the emergency department
were sorted out according to the inclusion and exclusion
criteria. Informed written consent was obtained from
the appropriate patients for them to enrol in the study.
The patients were operated on an emergency basis at
an average time of within 8 hours of injury.

Computer generated randomised slips stating the
type of surgical repair like ARM A-1 and ARM B-2,
were kept in a sealed envelope and filed. The envelope
file was kept in the operating room. Once the patient is
taken up for surgery, after the initial debridement the
operating surgeon decides if suitable surgical field is avail-
able for tendon repair. After proceeding for tendon re-
pair, the surgeon asks the operating room personnel to
open up the sealed envelope in order to see what type of
repair has to be done- either a two-strand (Modified
Kessler repair) or a four-strand (McLarney repair). Then
the surgeon performs the repair as mentioned in the en-
velope for the tendons one by one starting  from index
finger to the little finger in that order ,with FDP repair
done first followed  by FDS repair.

All the tendons after the core suturing is done
with 3-0 ethicon, the repair is completed by running
epitendinous suture with 6-0 nylon. After the wound clo-
sure and dressing, an above elbow cast is applied with
the elbow in neutral position, wrist in 20 degree flexion,
metacarpophalangeal joint in 80 degree flexion and in-
terphalangeal joint in full extension.

All the patients were admitted to the post op-
erative ward for observation and the limb is kept elevated
with a pillow sling. On the fourth postoperative day, elastic
traction is applied from the finger nail through a palmar
pulley to the volar forearm and started on mobilisation
according to the Kleinert passive motion protocol. They
are discharged on the same day to be followed on a
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daily basis by a trained hand physiotherapist for 6 weeks.
Mean while the patients are encouraged to do passive
motion.

At the end of four weeks, the elbow cast is re-
moved and a splint(cast) to maintain the wrist in a neu-
tral position. Passive flexion-extension exercises and
tendon gliding exercises are started and continued till 6
weeks. After 6 weeks, resisted exercises are started to
improve the strength of repaired tendons. The patient
are followed at regular intervals in  the outpatient hand
clinic for observing the parameters mentioned below till
6 months.
1. Range of motion of the fingers
2. Complications like rupture
3. Adhesions
4. Contractures

          At the end of 6 months, the trained hand physio-
therapist (blinded in the study) measures the following
parameters.
1. Rupture of repaired tendons
2. Total active motion of proximal and distal inter-
phalangeal joints of repaired and the contralateral nor-
mal fingers.
3. Individual Grip strength of the repaired fingers
at the proximal and distal interphalangealjoints using a
IP joint extension splints. Fig(
4. Adhesions
The parameters as recorded by the physiotherapist were
handed over to the investigator  for analysis, tabulation
and inference of results.

RESULTS
The variables of the randomised control study

are analysed and tabulated as below.

TABLE 1 :
ZONE OF INJURY ANALYSIS :

Among the 6 patients , 1 had zone 2 injury &5 patients
had zone 5 injury as shown in table 6.
DIAGRAM1 :
NUMBER OF TENDONS

INJURED:
As shown in the above diagram, three patients(FDS -
IMRL FDP- IMRL)  had full house injury ie.8 tendons.
One patient had flexor digitorumsuperficialis(FDS- IMR)
of index,middle&ring fingers ,one another patient had FDS
injury (FDS-IM)of index and middle fingers and one had
isolated flexor digitorumprofundus injury(FDP-I).

TABLE 2 :
RUPTURE ANALYSIS:

As given in table 2, none of the repaired tendons  were
ruptured.
TABLE 3 :TOTAL ACTIVE MOTION ANALYSIS :

As shown in the above table, the total active motion
was evaluated by ASSH score. Among two-strand re-
paired tendons, 2 tendons had excellent score, 7 good
and 7 fair. In the four- strand repaired tendons, 1 had
excellent score, 11 had good score and 2 fair.

Two strand modified kessler versus four strand cruciate mclarney repair for flexor tendon injury :  A double blind randomised control study
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DIAGRAM 2 :   Depicts the  number of tendons re-
paired by two-strand and four-strand

TABLE4 :
SIGNIFICANCE OF TOTAL ACTIVE MOTION :

In the above table showing Fisher’s exact test, the p
value is found to be 0.1254(>0.05). This shows thatthere
is no significant difference in total active motion  be-
tween the two-strand and four-strand repaired tendons.

TABLE 5:GRIP STRENGTH:

As analysed in the table 5 by a t-test, the injured hand
showed a mean grip of 16 /kg power with a maximum
of 23/kg power and minimum of 13/kg power. In con-
trast the normal hand had a mean grip of 24/kg power
with a maximum of 30/kg power and minimum of 21/kg
power.

TABLE 6 :
TOTAL GRIP STRENGTH DIFFERENCE :

In the above table, the mean difference of grip strength
between the normal and injured hand is 32%. This shows
that the patient has gained 70% grip strength in the in-
jured hand as that of the normal hand.

TABLE 7:
ADHESION ANALYSIS :

In the above table, none of the repaired tendons devel-
oped adhesions in the postoperative period

DISCUSSION
Although there are multiple techniques evolved over
decades for flexor tendon repair, still it is challenging for
the hand surgeons to get a full functional outcome.
In this study, 6 patients with 30 tendon injuries under-
went two techniques of repair ie. Two-strand(modified
Kessler)  and four –strand(McLarney ) repair. Based
on the observation and results obtained in our study in-
volving 6 patients  with 16 tendons in two-strand repair
group and 14 tendons in four-strand repair group are
discussed in detail by comparing with the available evi-
dence in the literature.
On analysing the demographic variables in terms of age,
sex, occupation , we found that there was no significant
difference among the patients under study.On evaluat-
ing the handedness of the individual, it did not affect the
prognosis of either type of  repair technique used.
The study group chosen was limited to patients who had
isolated flexor tendon injury since patients with associ-
ated fractures are exempted from participating. Patients
with complex hand fractures will need atleast  6 weeks
immobilisation in the postoperative period . In that case
the patients will not be able to follow the Kleinert pas-
sive motion protocol. Patients with associated extensor
tendon injuries were also exempted from enrolling in the
study since the postoperative rehabilitation in them, dif-
fers from Kleinert protocol.
The sample size was calculated as 66 tendons with 33
in each arm, based on the literature evidence as de-
scribed in methodology. But due to limitations in the fol-
low up time period and non-compliance of one patient,
the final study sample turned out to be 30 tendons. After
randomisation, 16 tendons were repaired with two-strand
technique and 14 were repaired with four-strand tech-
nique with a simple running epitendinous suture.
Most of the patients had a zone 5 injury in our study
since the cause of injury was intentional. In contrast to
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other zones, injuries in zone 5 are more amenable to repair
. In addition all patients with zone 5 injury had associated
neurovascular injuries which were also repaired primarily.
In our study, four patients had all flexor tendons injured,
among which one patient was excluded from the study
due to non-compliance. The function of these patients
were as good as patients with few tendons injured. The
remaining three patients- one had associated both ulnar
and median nerve injury and two had ulnar nerve injury.
The patient with both nerve injury had clawing of fin-
gers but their total active motion was good.
In our study,there was no rupture of repaired tendons
either by two or four-strand technique following reha-
bilitation by Kleinert protocol. Elliot et al in 1994 reported
in adults a 5.8% rupture rate in fingers and 16.8% in
thumb following early active motion protocol. Becker H
et al(1979) followed early active motion protocol for flexor
tendons repaired with a bevelled technique and had a
10% rupture rate. In children the rupture rate is high
because of the difficulty in educating children the post-
operative rehabilitation protocol. The rupture rate is found
to be higher in the youngest age group.
 The total active motion was measured by American
society for surgery of hand (ASSH) scoring system. We
had 3 excellent, 18 good and 9 fair results in all fingers.
The four-strand repair had 11 good results and the two-

strand had 7 fair results. But there was no statistical
difference between the two-strand or four-strand repair
in terms of total active motion. Strickland JW evaluated
the result of flexor tendon surgery in zone II those with
primary tendon repair had 56% excellent or good re-
sults, 13% poor category and 4% had rupture of tendon.
There is reduction in the total grip strength of the injured
hand, especially  when there is associated ulna and me-
dian nerve injury. In our study also there was reduction
in the grip strength than the normal but they gained 70%
grip strength of the normal hand. Chan TK et al evalu-
ated the functional outcome of hand following flexor ten-
don repair in zone II with modified Kessler repair. They
found that the injured hand had a grip strength of 78%
that of uninjured hand. In a study done by Rajapa et al,
flexor tendons repaired by six-strand Triple Kessler re-
pair the mean grip strength was 80% of normal in domi-
nant hand and 60% of normal in non-dominant hands.

CONCLUSION
 We conclude that there is no statistical difference be-
tween  two-strand(modified Kessler) and four-
strand(McLarney) techniques of flexor tendon repair
following a Kleinert Passive Motion Protocol in terms of
rupture, total active motion, grip strength and adhesion
on in vivo testing.

Two strand modified kessler versus four strand cruciate mclarney repair for flexor tendon injury :  A double blind randomised control study



Tamil Nadu Orthopaedic Journal Vol.41, Issue 2, June 201534

TREATMENT OF LARGE BONY DEFECT IN LONG BONES BY

MASQUELET TECHNIQUE

Dr. Vinoth T, Prof. M. Gulam Mohideen, Prof. A. Bharathy, Prof. S. Kumaravel,
Dr. Chinnadurai, Dr. Rajmohan, Dr. Thirumalaipandiyan

Thanjavur Medical College, Thanjavur.

INTRODUCTION
            Gap non-union in long bone fractures is a chal-
lenging problem after compound injuries. Treatment op-
tions are limited to external fixation like Ilizarov or LRS
with bone transport, vascularised bone graft etc. These
techniques are associated with their morbidity and com-
plications and require expertise. A novel technique de-
scribed by Masquelet, is used to bridge gap non-union
of more than 5 cm using bone cement as a spacer in
first stage and autologous cancellous bone graft to fill
t h e  g a p  i n  s e c o n d  s t a g e

1-3

MATERIALS AND METHOD
2 open fractures (one distal femur and another

open and infected distal tibia) with bone defect treated
with antibiotic bone cement in first stage followed by
definite bone graft of the defects.

Initially wound debridement/sequestrectomy and
stabilization of fracture with internal or external fixation
with bone cement spacer done. The bone cement is kept
in place for 4-6 weeks and in second sitting it is removed
and the pseudomembrane cavity is filled with autologous
cancellous bone graft.

FOLLOW UP AND RESULTS
Both the cases were followed for an average

period of 12 months.
Bone union following bone grafting was seen

radiologically after 12 weeks and the external fixation
was removed and immobilised in Plaster of Paris for

one more month.
The patient was allowed to weight bear after

20-24 weeks.
Both the case went for complete union
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CONCLUSION
Masquelet technique induces membrane formation that
prevents resorption of cancellous bone graft placed in
the second stage.
This allows early fracture healing and diminishes the
complications of the other tedious  options for such large
defects like  bone transport in external fixator.
The above membrane also secrete vascular and
osteoinductive factors to stimulate bone regeneration4,5,6

REFERENCES
1. Masquelet AC, Obert L. Induced membrane technique for bone
defects in hand and wrist. Chir Main. 2010;29 (suppl1):S221-S224.

2. Masquelet AC, Begue T. The concept of induced membrane for
reconstruction of long bone defects. Orthop Clin North Am.2010;41:27-
37.
3. Klauke K, Knothe U, Rampoldi E, Masquelet AC, Perren SM. Biological
implementation of “in situ“ induced autologous foreign body membranes
in consolidation of massive
4. Pelissier P, Masquelet AC, Bareille R, Mathoulin-Pelissier S, Amedee
J. Induced membranes secretes growth factors including vascular and
osteoinductive factors and could  stimulate bone regeneration. J Orthop
Res. 2004; 22:73-79. 
5. Pelissier P, Martin D, Baudet J, Lepreux S, Masquelet AC. Behaviour
of cancellous bone graft placed in induced membranes. Br J Plast Surg.
2002; 55:596-598.
6. Spinella-Jaegle S, Roman S, Faucheu C, et al. Opposite effects of BMP-
2 and TGF beta-1 on osteoblast differentiation. Bone.1998; 29:323-330.

Dr. Vinoth T et al



Tamil Nadu Orthopaedic Journal Vol.41, Issue 2, June 201536

SEMITENDINOSUSAUTOGRAFT WITHMODIFIED
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OVERVIEW
Acromio clavicular joint injury contributes about

3 to 5% of shoulder injuries. The complex of ligaments
and tendons around AC joint is prone to injury especially
during the sporting activities and fall on shoulder joint.
Acromioclavicular joint injuries described by Rockwood
(1998) classified as 6 Grade system which was modi-
fied from earlier 3 Grade system described by Allman
(1967) and Tossy (1963). It consists not only acromio-
clavicular joint but also coracoclavicular ligament, del-
toid, trapezius and direction of dislocation of the clavicle
in respect to the acromion. The occurrence of high grade
separations that require surgery is low. We describe the
using of semitendinosus autograft combined with Modi-
fied Weaver-Dunn‘s procedure for Gr III A C Joint dis-
location associated with fracture lateral end of clavicle
in few cases  for reconstruction of coracoclavicular liga-
ment in five cases.

Rockwood Classification-
Type I- AC ligament – mild sprain, CC ligament – intact.
Type II – AC ligament – ruptured, CC ligament – sprain,
clavicle mildly elevated.
Type III – AC ligament – ruptured, CC ligament – rup-
tured, clavicle elevated above acromion.
Type IV – AC & CC ruptured, clavicle displaced poste-
riorly into trapezius.
Type V- AC, CC & Joint capsule ruptured, clavicle mark-
edly elevated >25mm.
Type VI- AC, CC & Joint capsule ruptured, clavicle in-
feriorly displaced behind coracobrachialis  and biceps
tendons.

Basamani Classification - distal clavicle is stable or un-
stable With >50-75% displacemet on static films or
>100%displacement on across AP, there will be
distruption of not only the AC ligaments but also the CC
ligaments Clinically , an unstable AC separation will cause
a significant prominence of the distal end of the clavicle
when the arm is distracted in adduction.
There are as many as 60 surgical techniques are avail-
able which are AC Joint stabilization with Kirschner

wires, screws, hook plates, autograft/allograft, artificial
materials like Dacron, braided polyster , polydiaoxanone-
sulphate (PDS).
Weaver-Dunn  I st described the use of coracoacromial
ligament to coracoclavicular ligament in 1972. The Modi-
fication of Weaver-Dunn procedure is detaching
coracoacromial ligament along with a portion of bone to
fix at lateral end of clavicle into medullay canal as bone-
plug-graft   and stitch with Ethibond sutures. Gr I, II
treated non operatively, Gr IV, V, VI required surgical
reduction and fixation. Gr   III can be managed conser-
vatively but surgery is indicated in selected cases espe-
cially in younger patients, heavy labourers and failed in
conservative management to achieve more functional
results.

MATERIALS AND METHOD
The years between 2011-2013 5 cases have

been operated by using semitendinosus autograft com-
bined with Modified Weaver-Dunn‘s procedure, 4 cases
were male and 1 case was female aged between 5 years
to 45 years.Side distribution  was  3 cases  on right side
and  2 cases on left side.
CASE No-1. A 45 year old lady met with RTA and pre-
sented with Gr III AC Dislocation of left side, treated
initially with Bosworth screw fixation between clavicle
and cocracoid by using 4 mm cancellous and a washer.
During follow up, She had pain and discomfert in mov-
ing left shoulder, X-ray revealed fracture of the the co-
racoid process and the screw found displaced. After
draping the left shoulder, the loose cancellous screw and
a washer were removed and the fracture was stabilized
with 3.5mm cortical screw. Then the coracoclavicular
ligament reconstructed with semitendinosus autograft
combined with Modified Weaver –Dunn‘s procedure and
post operative rehabilitation given.
CASE  2-   A 30 years old man had Gr III AC Disloca-
tion on right side following a fall.He had under gone ORIF
for fracture rIght  clavicle 3 years ago,  managed  with
semitendinosus autograft  combined with Modified
Weaver-Dunn‘s procedure  after implants excit. Post
operative physiotherapy was given.
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CASE  3- A 5 years old boy had a fall and sustained  Gr
III  AC  Dislocation with fracture lateral end of Clavicle
on left side, treated with semitendinosus autograft har-
vested from left thigh combined with Weaver-Dunn‘s
procedure and temporarily stabilized with K-wires Here,
Modified Weaver – Dunn‘s procedure was not done as
We want to preserve acromian.
CASE  4 – A 30 years old man sustained Gr III  AC
Dislocation with fracture lateral end of clavicle on left
side  treated with semitendinosus autograft combined
with  Modified Weaver-Dunn‘s procedure. Post opera-
tive rehabilitation programme given.
CASE  5- A 45 years old man had Gr III  AC Disloca-
tion  with fracture lateral end of clavicle  treated with
Semitendinosus autograft combined with Modified
Weaver- Dunn‘s procedure. Post operative rehabilition
programme given.

Surgical technique-
All cases were operated under General anaesthesia

with patient on supine, sand bag under the affected shoulder
joint. The  acromio clavicular joint and coracoid process  were
exposed  by curved/sabre  incision, Modified Weaver- Dunn‘s
procedure done by  excision of  1.5 cm to 2 cm of   lateral end
of clavicle  with oblique cut ,  2 drill holes made at the end. The
Coracoacromial ligament was detached along with a portion
of bone and keft in the medullary canal (For bone to bone
healing) of the lateral end of the clavicle and stitched with
Ethibon / non absorbable suture material. The coracoclavicu-
lar ligament  repair  was  done with semitendinosus autograft
by passing the tendon into drill hole made in the clavicle , then
loop  around  the coracoid and tied like figures of  ‘8 ‘ fashion.
K - wires were  used for  temporary stabilization. Proper
postopearativ rehabilitation protocol was given for 4 to 6 weeks.
All patients were assessed clinically, radiologically and func-
tionally during follow up.

DISCUSSION
The treatment for acute Gr III AC Dislocation

is controversial and difficult which requires Concensus
regarding the exact management. Gr III AC disloca-
tions may associate in impingement symtoms, muscle –
fatique and neurovascular symtomatology may require
surgery. Surgical management is required for young
active patients and labourers to achieve better functional
outcome. Surgical procedures are Bosworth screw fixa-
tion between clavicle and coracoid, bioabsorable/non
bioabsorable devices passed through drill hole in clavicle
and loop around the coracoid, Pins through acromio clav-
icular joint, acromioclavicular and coracoclavicular liga-
ments repair. Weaver-Dunn described the reconstruc-

tion of coracoclavicular ligament with transfer of
acromian attachment of coracoacromial ligament to fix
at the resected site of the clavicle.
The reason for using semitendinosus graft for repair the
coracoclavicular ligament is   biomechanically proved
that both are having similar strength. The literature re-
ports described that the bicortical screw fixation has
superior strength.  when semtendinosus  autograft   is
used there is  no chance of  hardware  problems like
infection , need for implants removal, migration of screw
which occurred  in one of our cases. (Case No -1)
The autograft is better than allograft in view of graft
rejection. Morrison and Lemons used Gore-Tex graft

Prof. P. Sridhar et al
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synthetic loop for repair of coracoclavicular ligaments.
Jones et al described semitendinosus graft used by loop
under the coracoid  and pass through the drill hole in the
clavicle in failed Gore –Tex synthetic  loop augmentation
technique. We followed the same technique in all our cases.
Bone-ligament graft takes long time to heal than bone-
bone interface. Proper rehabilitation protocol is manda-
tory   for better functional and cosmetic outcome.

CONCLUSION
This paper describes how the semitendinosus

autograft combined with Modified Weaver-Dunn‘s pro-
cedure in Gr III AC Dislocation with or without associ-
ated fracture lateral end of clavicle is better than mere
Modified Weaver-Dunn‘s procedure. The reconstruc-
tion of coracoclavicular ligaments with  semitendinosus
autograft passing through bonny tunnel in clavicle and
loop around coracoid   has more advantages  as  which
is devoid of  hardware complications and  thereby less
tendon migration. We found encouraging results from

these techniques in our series however  long term follow
up with more number of cases required.
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OVER VIEW
Club foot (CTEV) is one of the  commonest

and  challenging  problem even to paediatric
Orthopaedicians . The initial treatment for Club foot
(CTEV) is  non operative , with Ponseti method by
gentle  manipulation of the Child‘s foot, casting  from
toe to groin  and  maintain with foot abduction brace.
This method is based  on  the  fibro elastic   characters
of connective tissues of ligaments, tendons, cartilages
and bone.  The aim of this paper will discuss how the
Ponseti method is better than other methods  if  treat-
ment  for  idiopathic  Club foot  started  in  few days/
weeks after the birth.

Incidence of  Club foot is 1 -2 per 1000 live
births  with male predominance  over female 3:1 and
occurs bilaterally about 50%. Both feet  are equally af-
fected and about 20% are syndromic foot  associated
with spina bifida, cerebral palsy and arthrogryposis. The
knowledge of anatomy  and kinematics of normal foot
and pathological anatomy  of deformed foot are required
for proper manipulation and casting  for better outcome.
Farabeuf in 1892 and Brockman  in 1930 described
kinematics in clubfoot deformity. The method was de-
veloped by Dr.Ignacio V Ponseti of University of Iowa
Hospitals&Clinics, USA in 1950s, and popularized in 2000
by Dr.John Herzenberg.  In our instution , 100 cases of
Cub foot ( CTEV) treated  by  Ponseti‘s method  the
period   between  2011 – 2014 ,  the  treatment com-
pleted in 77 cases with 115 feet ( 23 cases were ex-
cluded )  and all the cases were assessed on Pirani‘s
score system and found  encouraging results.

MATERIAL AND METHODS
This paper is based on the materials taken from

our  hospital , which is a tertiary referrel centre , started
treatment for 100 cases, treatment completed in  77 cases
with 115 feet (23 cases excluded) in  the period between
2011-2014,  consists of mostly idiopathic typical and  few
atypical cases  in which bilateral  38 cases and  39 cases
were unilateral.   Boys were 60  and girls were 17 and
right side 22 cases   and left side  17 cases in unilateral
cases.

 Percutaneous Achilles tendon tenotomy  was done for
55 feet only.All cases  were   assessed on Pirani score
system  during the  course  of  treatment. The system
has got six main features consists of lateral border
of bend foot  , medial crease and covering of the
lateral head of the talus in mid foot region and poste-
rior crease ,equinus deformity  and empty heel  in
hind foot region. According to  the Pirani‘s score , ‘ six‘
points  for  severe deformity and‘ 0‘ point for normal
foot. All of our cases  presented with mild to severe
degree of equinus , varus  and adduction deformities.
The treatment started from few days to few weeks af-
ter birth by gentle manipulation and casting from toe to
groin  by two trained Orthopaedicians once in 7 days for
5 to 8 weeks for typical idiopathic clubfoot  and atypical
/ complex cases took extra  casting.
Ponseti‘s clinic -  We conduct Ponseti‘s clinic  at our
O.P.D once in a week  organized by CURE  interna-
tional voluntary organization and also trained us through
workshops. Percutaneous Achilles tendon tenotomies
were done in Operation theatre. Technique- after drap-
ing  the foot,  one person  to hold the lower limb with
knee in extention and foot in dorsiflexion with  maximum
abduction.  About ½ cc of lignocaine and ½ cc of dis-
tilled water loaded in insulin syringe  and infiltrated infront
of the Achilles tendon. The tendon was  completely cut
with no: 15 blade ,until appreciate the ‘pup or snap,“ then
toe to groin cast was  applied  with foot in maximum
abduction and 15‘ dorsiflexion  for 3 weeks in under 2
years old  and 1 to 2 weeks  intervals till getting correc-
tion after 2 years old children.

 After deformity correction , Steenbeek foot
abduction brace (SFAB) was applied    was provided
by CURE international voluntary organizations on free
of cost to  maintain the foot in corrected position to pre-
vent relapses which has  to be  worn 23 hours of the day
for  3 months and during night time  until 4 years. We
have done Postero medial  release( PMR) for   3 out of
7 difficult cases. Percutaneous  tenotomy is required
about 80% of cases in Ponseti‘s method but in our se-
ries it was about 48 % only.
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DISCUSSION
In the history of club foot management, Egyp-

tian tomb paintings show Pharoah Siptah of the 19 th
Dynasty to have club foot. Hippocrates was Ist to men-
tion club foot and suggested to start treatment before the
bony deformity Occurs. Hiram Kite who started doing
non surgical method in 1930 and advised sequential cor-
rection of  deformity also suggested prolonged treatment
average  of 22 months to correct the deformity.

The idea of treating club foot deformities to
achieve a painfree, plantigrade  and pliable foot. Most of
the practitioners agree that  the  initial treatment for club
foot should be non operative method. The Ponseti‘s
method  is a  simple and by gentle  manipulation and
casting  applied once in 7 days for 5-8 weeks result in
correction of most of the clubfoot.  It has three stages,
Ist is stretching and casting to stretch out the tendon and
straighten the foot for 3 to 8 weeks, II nd  is clipping the
heel cord before the last cast and keep foot in cast  for 3
weeks under 2 years old and  1-2 weeks intervals till
correction for after 2 years old children and the III rd is
bracing of the feet in Steenbeek foot abduction brace.

Failure of the treatment is due to lack of knowl-
edge of kinematic and pathological anatomy of Deformity.

Ponseti recognized the surgical treatment leads
to stiff and painful feet so  he developed non surgical
method by simultaneous correction of cavus, adductus
and varus deformity followed by equinus and corrected
with  manipulation and castings , the correction  achieved
more than 95%  in 5 to 8 weeks in typical idiopathic club
foot. In club foot pathology- Muscle of foot and leg
are smaller, medial and post ligaments are thick and taut
and hold the foot in deformed position  with the  compo-
nents of s cavus, adductus, varus and equinus.The cause
is due to combination of genetic and environmental fac-
tors. Syndromic club foot (Atypical  club foot  due to
arthrogryposis / myelomeningocele ) are stiff and diffi-
culty to correct.
PIRANI‘S  score system- He confirmed the biologic
response by MRI studies (2001) and it measures the
amount of  deformity in club foot during treatment. We
followed  this system in  all  of our cases. The details of
scoring system  as in tabular column.

Prof. P. Sridhar et al
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Steps of the  Ponseti‘s method- It  is easy to
learn- Ist cast for  correction of cavus, 2nd 3rd, 4th casts
for correction of adductus, varus  and equinus, and  in
5th cast  after percutaneous  tenotmy ( required more
than 80% ). Then the foot is kept in abduction 60‘-70‘and
with 15‘dorsiflexion in  post tenotmoy cases , then
Steenbeek foot abduction brace (SFAB) is applied after
removal of casts. Relapses can occur in severe type
that should be treated by same manipulation technique
with 2 to 3 casts and if second relapse occurs is  which
could be due to strong supination caused by tibialis ante-
rior which requires  transfer   to III rd cuneiform at the
age between 2 ½ and  3 years.

Percutaneous  tenotomy – Required in more
than  80% of Ponseti‘s method of treatment for club
foot correction and which has been proved by HPE  and
ultrasonogram that the regeneration takes place even
after complete section of the Achilles  tendon and expe-
rienced hands  do tenotomy even in older children.

Steenbeek Foot Abduction Brace (SFAB) -
Is a specially made boot for maintanence of post cor-
rected foot in Ponseti method. The feet are joined by a
bar which holds the foot and ankle in corrected position
and the length is the distance between the shoulder. It
has a hole on medial aspect of the boot and open out in
toes region and affected foot is in 70‘ external rotation.
About 7 sizes are available to apply during various ages.
It has to be worn 23 hrs a day for 3 months and night
time until 4 years. The CURE is supplying these boots
to all Ponseti‘s clinics in India on free of cost.

Atypical/Complex /Syndromic foot- are more
difficult to treat. Could be corrected  by same Ponseti
method by experienced hands. The features of atypical/
complex foot- 1.A short and fat or swollen foot 2.The big
toe is short and points upward 3.A crease runs across the
bottom (sole) of the foot from side to side 4.Deep crease
in the skin above the heel 5.The heel area is rigidly tilted
inwards 6.The foot is rigidly downward and the heel cord
is very tight, wide and long 7. The calf muscle very small
and bunched up under the back of the knee.

KITE‘S Method-   Abducting the foot against
the pressure on calcaneo cuboidal joint, which is the ful-
crum in Kite‘s method that leads to  block the abduction
of the calcaneum  there by interfere the correction of

heel varus. Kite wrongly believed that the heel varus
would correct simply by everting the calcaneus.

Acelerated Ponseti‘s method - is reduction of
duration from 7 days to 5 days to shorten the course of
treatment is equally gives good result as conventional
Ponseti method but We do not have any experience.
Errors in the management- Errors before manipula-
tion, during manipulation, during casting, during tenotmy,
in bracing could occur but that should be avoided.

CONCLUSION
The treatment of CTEV is still controversial. The

expectation is to achieve a painfree, plantigrade and pli-
able foot is high. As other methods including surgical
correction are not satisfactory, the Ponseti method has
become popular and being followed worldwide since it
is simple, easy to learn, short treatment time with less
complications, based on Pirani‘s score   system and
maintain the foot in Steenbeek  foot abduction
brace.Though Ponseti‘s method advocated  for younger
children but it is done  even in older children by experi-
enced hands. This method requires well  trained hands
to avoid pitfalls. However some of the barriers could be
inevitable. In our study, 49 cases showed good to excel-
lent, 28 cases were fair to good results. We consider at
present the Ponseti method is well accepted in initial treat-
ment for idiopathic typical clubfoot  however the long
term follow up is required.
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