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Editor’s Message,

We are happy to publish the second issue of the Sri Lanka Journal of Orthopaedic 
Surgery for the year 2019.

We publish this issue, in conjunction with the annual sessions of the Sri Lanka 
Orthopaedic Association. 

There are several original articles, review articles, and case reports that will be of 
interest for surgeons and traniees alike.

One again, I would like to thank the management of Lanka Hospital (pvt) Ltd for 
sponsoring the Journal.

I thank all the authors, for their contributions. I also thank Dr Shivantha 
Fernandopulle, deputy editor, for his hard work and the staff of Samayawardena Printers 
a job well done. 

I hope all of you enjoy reading this Journal

Dr. Upali Banagala MS FRCS
Consultant Orthopaedic Surgeon
Editor
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Foot and Ankle; A Complex Biological Machine

During the process of evolution, 
human foot has transformed from 
flexible primate organ of grasping 
to a rigid lever for bipedal gait. Its 
exceptional anatomy and integrated 
biomechanics allow it to play 
this role. Human foot and ankle 
is a complex mechanical device 
composed of 26 bones and joints with 
their soft tissue attachments that work 
together for a common goal. None 
of the component could function 
alone and failure of a single element 
compromise the whole system. For 
instance it is a fact that, the ankle 
arthrodesis patients invariably 
develop hind foot osteoarthritis in 
later stages [2]. Unfortunately in 
general, it has been observed that 
lack of proper understanding of this 
complex nature and functionality of 
the foot and ankle among general 
orthopaedic community has created 
many clinical implications. Hence, 
thorough understanding of functional 
anatomy and biomechanics are of 
utmost important for proper clinical 
outcomes. The scope of this article is 
to give an insight in to the complex 
mechanical structure of the foot with 
relevance to the clinical practice. 

At the simplest level, foot 
can be considered as a tripod that 
distribute weight among calcaneus, 
head of the first metatarsal and the 
head of the fifth metatarsal (Figure: 
01). Mal-alignment of this tripod 
with alteration of biomechanics 
would disrupt this balance, resulting 
in not only the foot pain but also the 
chronic pain over knee and the back. 

Figure 01: Tripod concept and bony 
anatomy of the foot and ankle.

Conventionally foot has been 
divided in to three parts; forefoot, 
midfoot and hindfoot (Figure: 01). 
The forefoot separates from midfoot 
by tarso-metatarsal joints (Lisfranc 
joint complex) and midfoot separates 
from hind foot by talo-navicular and 
calcaneo-cuboid joints (Chorpart 
Joint).

Forefoot

Forefoot consists of five 
metatarsal bones and phalanges of 
toes. Out of five toes; 1st one has 
greater adaptation for weight bearing. 
This provides propulsion during the 
gait. Metatarso-phalangeal function is 
important for this and interphalangeal 
function is of not much essential. 
Metatarsals in the forefoot maintains 
a unique position; being only long 
bones in the body, that supports body 
weight perpendicular to their long 
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axis. There is a progressive cascade of shortening 
of metatarsals from 2nd to 5th and this break 
greatly helps foot to supinate during push off. 
Further in sagittal plain, all metatarsals show 
plantar inclination with reducing angle starting 
from the first metatarsal as the highest.  Changes 
in the lengths and position of the metatarsals due 
to congenital or acquired deformities influence 
the loading patterns and lead to form callosities, 
metatarsalgia and arthritis over metatarso-
phalangial joints.

When the mobility of the metatarsals 
are concerned, second and third metatarsals 
relatively fixed and 1st, 4th and 5th metatarsals 
are mobile in sagittal plane. While, all other 
lesser metatarsal bases are interconnected by 
series of plantar metatarsal ligaments, there 
is no such a ligamentous connection between 
1st and 2nd metatarsal bases. This permits first 
metatarsal to   be mobile in transverse plane as 
well.  This feature is very useful during walking 
with slippers on; though it has been exploited 
by the hallux valgus deformity by increasing the 
inter-metatarsal angle (Figure: 03). Instability of 
the 1st ray at metatarso-cuneiform joint leads not 
only to hallux valgus deformity but also leads to 
elevation of the 1st metatarsal at the same time. 
Weight bearing forces are then transferred to 2nd 
metatarsal head, causing transfer metartarsalgia. 
Moreover, hallux valgus being a three-
dimensional instability, many of those patients 
have flat feet deformity as well. 

Figure 03: Alteration of normal intermetatarsal 
angle in hallux valgus deformity.

Forefoot connects to midfoot by Lisfranc 
joint complex. At this point, cross-sectional 
wedge shaped cuneiforms and metatarsal bases 

form a transverse arch (Roman-arch / key stone 
effect) at the mid foot. Each foot makes a half 
of a vault structure and once kept together, they 
create a very stable base to stand on (Figure 04). 
This bony stability is further strengthened by 
recessing of 2nd metatarsal in to the medial and 
lateral cuneiforms (Figure:01). 

Figure 04: Arches of the foot and vault 
structure.

This is a very important arrangement that 
enhances the stability at the coronal plain of the 
foot. In addition to this bony stability, there is 
a series of very strong plantar tarso-metatarsal 
ligament complex that gives additional support 
for this construct. Out of those one of the strongest 
ligament runs obliquely from the plantar surface 
of the 2nd metatarsal base to the plantar aspect of 
the medial cuneiform and it is called as Lisfranc 
ligament. 

Damage to this ligament complex leading 
to disruption of the integrity between forefoot and 
midfoot is commonly called Lisfranc injury. The 
commonest cause is, forceful twisting of axially 
loaded, plantar flexed foot. Clinical findings are 
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severe pain at tarso-metatarsal joints, swelling, 
plantar ecchymosis (Pathognomonic) and inability 
to weight bear. Fleck sign, seen in plain radiograph 
of this injury is due to avulsion fracture of the base 
of the 2nd metatarsal. It is a bony fragment still 
attached to the Lisfranc ligament, found between 
bases of 1st and 2nd metatarsals (Figure: 05). 

Figure 05: Plantar ecchymosis seen in Lisfrank 
injury, and fleck seen on plain radiograph.

Mid foot

There are five bones collectively form the 
mid foot; navicular, cuboid and three cuneiform 
bones. They are relatively immobile with respect 
to one another and provide stable mechanical link 
between mobile hindfoot and forefoot. In addition, 
it forms a safe passage to neurovascular bundle 
during their course from hind foot to the forefoot. 
Hence nature has decided that in mid foot, stability 
is more important than the flexibility. Arthrodesis 
of these joints does not cause much effect on the 
function of the foot. Navicular is susceptible for 
stress fractures and poor healing due to; relatively 
sparse blood supply to its central portion, being 
the primary attachment site for tibialis posterior 
tendon and in certain types of feet, shear forces 
running across the bone while walking. 

Hind foot

Talo-navicular joint and calcaneo-cuboid 
joint collectively known as transverse tarsal joint 
(Chorpart joint) connects midfoot to hind foot. 

There is a complex arrangement of structures at 
this point, called acetabulum pedis (Figure: 06). 
This deepens the socket that receives talar head at 
boll and socket joint of talo-navicular joint. This is 
formed by; concave articular surface of navicular 
bone, anterior and middle facets of the calcaneous, 
calcaneonavicular slip of the bifurcate ligament 
and the superomedial and inferior parts of the 
calcaneonavicular ligament (spring ligament). 
Supero-medial component of the spring ligament 
suspends the talar head; forming a hammock like 
structure. Dorsal aspect of this portion has articular 
cartilage to receive talar head. 

Figure 06: Appearance of the acetabulum                
pedis - once head of the talus is removed.

 Acetabulum pedis allows transverse, 
sagittal and longitudinal plains of motion that 
plays crucial role in the foot biomechanics. Any 
movement of the talonavicular and subtalar joint 
cause the movement at calcaneo-cuboid joint. Its 
maximum congruency is achieved when hind foot 
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is in varus (inversion) and forefoot is supinated; 
which is the position of the foot that assumes 
during push off. 

Talus sits over supero-medial aspect of 
the calcaneus to form subtalar joint creating the 
hind foot. Subtalar joint consists of three separate 
articulations via; anterior, middle and posterior 
facets. Anterior and posterior are often contiguous 
and larger saddle shaped posterior facet is separate. 
This joint is stabilized by lateral and medial 
collateral ligaments, interosseous and cervical 
ligaments and also inferior extensor retinaculum; 
hence is used for Brostrom type lateral ankle 
ligament reconstructions. [3]

In the past it was thought that subtalar joint 
has single axis of rotation, passing obliquely from 
posterolateral to anterodorsal. However more 
precise biomechanical studies have demonstrated 
that joint behaves as a screw or as a metered hinge; 
with no one axis of rotation as it has rotational 
and translational movements.  For the descriptive 
purposes it is considered as an oblique axis runs 
through plantar surface laterally to dorsomedially, 
deviating from horizontal plane by about 410 and 
from sagittal plane by about 230.[1] Clinically it 
is recognized that people with flat feet have more 
mobile subtalar joints due to more horizontal axis 
and with cavus foot have more stiffer subtalar 
joints due to more vertical axis.

At the subtalar joint, when calcaneus 
rotates in to eversion, it translates posteriorly 
over the subtalar joint and when calcaneus 
rotates to inversion, it translates anteriorly. When 
hind foot everts, the axis of talonavicular and 
calcaneocuboid joints become parallel to each 
other that effectively unlocks both and facilitates 
flexion, with the inversion of the hind foot, these 
joints become divergent and locks Chorpart joint, 
making the arch rigid. These mechanics help for 
well-balanced, stable bi-pedal walk on uneven 
terrain and also absorb impact forces. 

Figure 07: Beam model of longitudinal arch

Figure 08: Truss model of the longitudinal arch

Motion at talonavicular and subtalar joints are 
tightly coupled. Hence fusion of the talonavicular 
joint eliminates all subtalar movements. However 
subtalar fusion leaves about 25% of talonavicular 
motion. Calcaneo-cuboid joint is less critical for 
hind foot movements. Therefore isolated fusion 
of calcaneo-cuboid joint does not limit subtalar 
motion at all and limits talonavicular movement 
in only about 30%.[2]

Longitudinal Arches

One of the key anatomical features of human 
foot is the longitudinal arch (anatomically there 
are two arches; medial and lateral, nevertheless 
both function as a single unit). It is a dynamic 
structure that provides shock absorption, terrain 
accommodation on heel strike and mid stance. It 
also supports efficient propulsion at toe-off during 
gait cycle. Arch creates a space for neurovascular 
structures to pass up to forefoot without being 
crushed. Moreover, it provides a long lever arm 
for Achilles tendon to act on the fore foot.

Medial longitudinal arch passes through 
the talonavicular, naviculocuneiform and 
metatarsocuneiform joints. This bony arch is 
dynamically supported by extrinsic muscles of the 
foot (more importantly tibialis posterior), spring 
ligament and plantar fascia; which runs from 
calcaneal tuberosity to subcutaneous tissue in 
the ball of the foot and to the septae of the flexor 
tendons in the toes (Figure: 09). 

To understand the biomechanics of the 
medial longitudinal arch, two models have been 
described. In one model the arch is considered as 
a curved segmented beam (Figure: 07). The beam 
consists of calcaneus, talus, navicular, cuneiforms 
and medial three metatarsals. The segments 
are stabilized by static plantar ligamentous 
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connections. When weight bearing compression 
forces are developed at dorsal aspect, the tension 
forces are created on the plantar aspect. Whilst 
dorsal compression forces are resisted by bony 
architecture of the arch, plantar tension forces 
are resisted by plantar ligaments. However, in 
this model, the role of plantar fascia has not been 
taken in to account.   Figure 07: Beam model of 
the longitudinal arch

The other model is called the trust model 
and in here, the role of the plantar fascia has 
been incorporated (Figure 08). The bony arch is 
conceptualized as a triangular structure made of two 
oblique rods with a dorsal pivot, that interconnected 
plantarly by plantar fascia as a tie rod. With the axial 
loading at bony arch plantarly generated tension is 
resisted by the plantar fascia. Contrary, when the 
hallux and the lessor toes dorsiflex in the midstance 
tightens plantar fascia, stabilizing the mid foot and 
increasing the magnitude of the arch height which 
facilitates the effective toe off. This process has 
been equalized to the mechanism of a windlass 
(Figure: 09).

During the heel raise phase of the gait, 
the posterior tibial tendon inverts the hind foot, 
making the arch rigid so that forces from the 
Achilles tendon can be transmitted across the 
arch to metatarsal heads effectively.

Failure of tibialis posterior tendon leads 
to in effective locking at transverse tarsal joint. 
When mid foot fails to lock effectively, the 
stability at medial longitudinal arch has to solely 
depend on the support of the plantar soft tissue 
static stabilizers. Without dynamic stabilizers 
and bony support these soft tissue stabilizers 
eventually fail under tension. This results in 
progressive collapse of the medial longitudinal 
arch and fails hind foot inversion. Then the 
Achilles tendon will pull on the everted hind foot 
to ensure that midfoot locking does not occur. 
In this scenario the Achilles tendon becomes 
a deforming force that leads to further and 
accelerated deformity.  Result is acquired flat 
feet; ineffective gait pattern and foot pain.

 Figure 9: Plantar fascia and Windlass 
mechanisum

Figure 10: Flat Feet.
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Ankle Joint

The ankle joint is formed by housing of 
body of the talus between the distal tibia and 
fibula. This creates an inherently stable bony 
configuration; the ankle mortise. This has 
three articulations; tibia-fibular, tibio-talar 
and talo-fibular. Tibiofibular joint is formed 
by inferior extent of syndesmosis, which 
this is stabilized by four ligaments: anterior-
inferior, posterior-inferior, transverse and 
interosious tibiofibular ligaments. During 
the dorsiflexion of the foot; syndesmosis 
allows fibula to rotate and migrate proximally 
to accommodate wider anterior part of the 
talar dome. Rigid fixation of syndesmosis 
with a screw impairs this function and 
could break during weight bearing. Further 
this relationship allows the fibula to share 
approximately 16% of axial load transmitted 
across the ankle.[1]  

The exact axis of rotation at tibiotalar 
joint consists of a series of instant centers of 
rotation as the talus translate in the horizontal 
plain with the dorsiflexion and plantar flexion 
of the foot. Nevertheless for descriptive 
purpose this axis is estimated as laying, 
approximately 20o-30o external rotation in 
coronal plane and about 82o obliquely from 
the axis of the tibia [1] (Figure: 11). During 
the gait cycle when the foot is off the ground, 
this obliquely orientated rotation axis causes 
foot to externally rotate with dorsiflexion 
and internally rotate with plantar flexion. 
Contrary, when the foot is fixed to the 
ground; this oblique orientation causes leg 
to internally rotate as foot dorsiflexes while 
body passes over the foot.  When the foot 
goes in to plantar flexion with push off, leg 
goes in to external rotation. This integrated 
motion pattern is crucial for balanced efficient 
bipedal gait. When tibio-talar motion is 
erratic, due to malalignment or arthritis of the 
joint, this normal motion coupling does not 
happen resulting in pain over foot, knee and 
the back.

Figure 11: Axis of rotation at the ankle joints as 
seen from  coronal plane and from the horizontal 

plane.

Figure 12: Articular surface of the talus as a cone

Some authors describe articular dome 
of the talus, as a truncated cone where medial 
aspect is as the apex and lateral aspect as the 
base. Hence this cone has smaller medial 
radius and larger lateral radius (Figure 12). 
In addition to that, dome is much wider 
anteriorly than posteriorly. With the oblique 
axis of rotation, this configuration provides 
more stable bony stability for dorsiflexed foot 
by filling the mortise more effectively with 
wider anterior part of talar dome. Contrary, 
the plantar flexed foot is more mobile and 
stability is mainly depends on the surrounding 
ligaments. There are two ligament complexes 
over medial and lateral aspect of the ankle. 
Medial (deltoid) ligament complex consist of 
superficial and deep layers and resist valgus 
tilt, anterior translation and external rotation 
of the talus (Figure: 13).
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Figure 13: Medial ligament complex.

Figure 14: Lateral Ligament complex.

Lateral ligament complex is organized 
more broadly to accommodate a wider radius 
and larger arc of rotation. This complex consists 
of anterior talofibular ligament (ATFL), 
calcaneofibular ligament (CFL) and posterior 
talofibular ligament (PTFL) (Figure: 14). Lateral 
ankle stability depends on the orientation of 
fibers of each of these ligaments, that changes 
with position the ankle. Out of all, ATFL has 
the lowest load bearing capacity and highest 
strain, therefore it stretches the most before it 
fails. It is an intra-articular thickening of joint 
capsule which restrains excessive inversion in 
plantar flexed foot. CFL is an extra-capsular 
cord like structure that runs from the tip of the 
fibula to calcaneus spanning both ankle and 
sublatar joints. This is always perpendicular to 

and stabilizes the Subtalar joint. Nevertheless, 
when the ankle is plantar flexed its alignment 
relatively takes more horizontal orientation 
with respect to Subtalar joint, rendering its 
effectiveness as a stabilizer. Due to all of above 
anatomy and mechanics, ligament injuries 
around the ankle are commonly associates with 
plantar flexed position of the foot.

Figure 15: Function of extrinsic muscles of the 
foot

Gait and Dynamic Stabilizers

In addition to the unique bony architecture 
of the human foot and ankle, there is a series 
of dynamic and static stabilizers acting in 
combination during the concert of gait cycle. 
Out of them, the function of more powerful 
extrinsic muscles of the foot that arise from the 
anterior, posterior and lateral compartments of 
the leg couldn’t be ignored.

At heel strike, tibialis anterior tendon 
eccentrically contracts to control the foot decent, 
preventing it slapping against the ground and 
absorbs ground reaction forces. Tibialis anterior 
tendon damage or peroneal nerve palsy impairs 
this function and leads to slapping of the foot 
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on ground as limb moves from heel strike to flat 
foot. 

Contraction of the Achilles tendon by 
triceps surae (Figure 15), pulls on the calcaneal 
tuberosity at a short distance from the ankle. 
Therefore when the ankle starts to rotate in 
response to the traction of Achilles, the force is 
transmitted across rigid midfoot to metatarsal 
heads which is much distance from the ankle; 
the center of rotation angle, amplifying the 
forces of Achilles tendon for propulsion of 
the foot (Figure:16). In addition, triceps surae 
also decelerates tibial advancement to maintain 
the knee stability. Untreated rupture or over 
lengthened Achilles will prevent effective 
heel rise, therefore heel rise is delayed and the 
stride length (distance between two successive 
placements of the same foot) of the gait cycle is 
shortened. 

Activity of triceps surae is followed by the 
action of toe flexors, especially flexor hallucis 
longus lead to heel raise and ultimately toe off 
completing the stance phase. Peroneal tendons 
provide varus stability when ankle rotates in 
dorsiflexion during the stance phase. During the 
swing phase the plantar flexors relax and the 
extensors dorsiflex the ankle. In this phase, big 
toe clears the ground only by less than a 1cm 
during the normal gait.  Absence of the function 
of dorsiflexors, especially tibialis anterior leads 
to high stepping gait, to prevent the rubbing of 
the tip of the toe against ground. The action of 
the tibialis posterior has been described before.

End of the swing phase, the foot prepares 
for the next heel strike. This is the process; 
that perpetually happens with in this incredible 
complex biological machine, throughout the 
locomotion of humans.
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Prevalence and risk factors associated with pin 
site infection among trauma patients who undergo 
external fixation in a tertiary care centre in Sri Lanka

Abstract

External fixation is an essential component in the management and 
rehabilitation of patients with fractures. Despite many advantages 
external fixation is associated with a high rate of pin site infection. 
This study aims to identify the prevalence and risk factors associated 
with pin site infection in a tertiary care center in Sri lanka.

Methods

A prospective cohort study was conducted in orthopedic wards of a 
level one trauma centre in Sri lanka. Patients were followed up for one 
month to assess pin site infection.

Results.

Out of 65 participants 83.3% were male. Mean age was 39+/-16 
years. Forty Nine percent of the sample developed pin site infection 
out of which 16.7% had 2 or more pins infected. 86.66% were minor 
pin site infections whereas the rest (13.33%) developed major pin site 
infection which required pin removal. The femur was the commonest 
site to be infected (44.7%). The commonest organism isolated was 
MRSA (60%) followed by pseudomonas (20%) and coliforms (14%). 
Diabetes, pins inserted to the femur and duration more than one week 
were significantly associated with pin site infection (p<0.05). 

Conclusions

Prevalence of minor pin site infection is high among this sample. 
Identification of risk factors among patients would help reduce the 
rate of pin site infection.

Keywords

External fixator, pins,  infection, trauma

Introduction

Accidental and intentional 
trauma is a leading cause of death 
and disability (1).  Trauma also 
may result in major disability to the 
patient. Loss of limb function due 
to fractures following trauma may 

have disastrous effects on a patient 
physically, psychologically and 
economically as well. Therefore, 
management of fractures is 
an essential component in the 
rehabilitation of trauma patients.

External fixation is a minimally 
invasive surgical procedure which 
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provides reduction and stabilization of a fracture 
with minimal soft tissue injury and interference 
to the vascular supply (2).  Therefore it has gained 
widespread use among open fractures.

The first accounts of the use of an external 
fixator is described 2400 years ago when 
Hippocrates used wooden rods and leather rings 
to fix a fractured tibia (3).  Introduction of carbon 
and titanium rods and newer types of pins which 
are threaded and coated in the 20th century 
has made external fixation a key component in 
contemporary orthopaedic surgery.  However, 
pin site infection is seen as an almost inevitable 
complication of external fixation. 

Pin site infection has been defined in 
several ways.  For the purpose of this study pin 
site infection was defined as an episode of pain 
or inflammation at the pin site accompanied by 
discharge which is either positive to bacterial 
culture or responded to a course of antibiotics 
(4). The incidence of pin site infection has been 
reported from 11.3% to 100% (3,4,9). The site 
of external fixation has also shown to affect 
infection. One study reveals that external fixation 
of femoral shaft fractures results in 86.5% of pin 
site infection where as in distal radius fractures 
pin site infection is only 21% (8, 9).  Pin sites 
near joints also have a high risk of infection due 
to increased movement near the joint (10).

Perioperative care of pin sites has been 
assessed by trauma centres to minimize their 
infection rates. Dressing pin sites with 1% silver 
suphadiazine and 5% chlorexhidine has been 
shown to significantly reduce pin site infection 
compared to 5% chlorexhidine dressing alone 
(11).  However no difference is seen between use 
of dry sterile dressing, chlorexhidine dressing or 
hydrogen peroxide dressings (11). The occurrence 
of first episode of infection also increases with 
time duration of the external fixator (12). 

The type of pin is also an important factor 
in pin site infections. A pin of an appropriate 
diameter should be selected as pins larger than 
one third of the diameter of the bone results 

in larger surface area of the bone pin interface 
which bacteria could colonize, thus increasing 
the risk of infection (13).  Hydroxyapatite coated 
pins have been shown to significantly reduce 
the infection risk relative to uncoated pins by 
reducing fibrous tissue formation at the pin – 
bone interface and minimizing pin loosening 
which ultimately could lead to pin site infection 
(10).

Different strategies of operative technique 
have also been introduced to minimize pin site 
infection. Minimizing thermal injury at time of 
surgery by using a stop start drill technique and 
cooling the pin site with saline whilst drilling has 
shown to reduce the rates of pin site infection 
(15). Preventing local haematoma formation 
has also been shown to reduce risk of infection 
(15). Even though the number of pins used in 
an external fixator is believed to increase risk of 
infection it has not been proven in clinical trials 
(16).

Many classification systems to grade pin 
site infections have been developed. The most 
widely used classification system is the Checketts-
Otterburn classification system which also 
provides information on treatment as well (17). It 
classifies pin site infection as minor and major in 
which minor infections could be managed with 
pin site care and oral or intravenous antibiotics, 
and major infection need removal of the external 
fixator itself. (see table 1)

Majority of pin site infections are mild in 
severity according to the Checketts-Otterburn 
classification. Shalamonetal reported that 94% 
of infections were mild and responded to local or 
systemic antibiotics (18).  The initial treatment 
once a pin track infection is identified is limb 
elevation. Major pin track infections which 
are grade 4 or above need treatment in theatre 
with adequate debridement of the pin track. 
Some authors even recommend arthroscopic 
debridement in order to remove all necrotic 
debris from the pin track (3). Using antibiotic 
impregnated pellets in the pin track, raising 
fascio-cutaneuos flaps in order to treat non 
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healing pin sites have also been described to treat 
pin track infections (13).

Despite many advantages, external fixation 
gives rise to complications such as pin site 
infection, pin-loosening, fracture non-union 
and chronic osteomyelitis, out of which pin 
site infection is the commonest (22).  The rate 
of pin site infection of certain studies is as high 
as 100% (23). Improper care of pin sites could 
easily lead to infection and failure of the external 
fixator resulting ultimately in removal of the 
fixator. This leads to increased hospital stay and 
morbidity to the patient. Therefore, this study 
aims to determine the prevalence and factors 
associated with pin site infection in order to 
improve the care of trauma patients who undergo 
external fixation.

Material and Methods

A prospective study was carried out in a                
level one trauma centre in Sri lanka. Patients 
between 18 to 65 years who presented with isolated 
open fractures were included in the study.  Patients 
with mangled extremities with an indication for 
amputation and those on immunosuppressive drugs 
were excluded from the study.

The data collection was done using an 
interviewer administered questionnaire and 
direct observation by the investigators.

External fixation technique,  diagnosis 
and classification of pin site infection, antibiotic 
policy and follow up is described below.

Technique of external fixation

All pins used for the lower limb was 6.5mm 
and the upper limb was 4.5mm bi corticol Shanz 
screws. All screws had to be pre-drilled prior to 
insertion. All pins were inserted using uniform 
technique conforming to the AO guidelines.

Diagnosis of pin site infection

Pin site infection was diagnosed as an 
episode of pain or inflammation at the pin site 

accompanied by discharge which is either 
positive to bacterial culture or responded to a 
course of antibiotics

Classification of pin site infection

The severity of pin site infection was 
classified according to the Checkets-Otterburn 
classification. Grade 1, 2 and 3 are considered 
minor pin site infection, where as grading of more 
than 3 is a major pin site infection. A minor pin 
site infection can be managed whilst continuing 
with external fixation.. A major pin site infection 
requires abandoning external fixation. (See              
Table 1)

Antibiotic policy

Swabs for bacterial culture and antibiotic 
sensitivity were taken from all patients with 
suspicion of pin site infection. Antibiotics were 
administered according to institution policy and 
with liaison of microbiologist.

Results

65 patients were included in the study, and 
76 external fixators were applied. 83.33% of the 
sample were male and the rest were female. The 
mean age was 39+/-16 years. The leading primary 
injury entailing external fixation was long bone 
fracture following road traffic accident (Figure 1.) 

Patient specific risk factors for infection 
such as diabetes and smoking are as follows.                                                                                 
(Figure 2). None of our patients were on 
chemotherapy or diagnosed to have an 
immunosuppressive disease.

Demography of the external fixators applied

In 76 external fixators a total of 431 pins 
were applied. The average number of pins for 
each patient was 8 (range: 4-14). The commonest 
sites for external fixation were spanning ankle 
joint (32.9%), followed by tibia (27.6%), spanning 
knee joint (22.3%), femur (14.4%) and humerus 
(2%). (Figure 3)



14

THE SRI LANKAN JOURNAL OF ORTHOPEADIC SURGERY

Pin site infection

Forty nine percent of the external fixators 
developed pin site infection. Forty four percent of 
the femurs in the study were infected (Table 2).

Thirteen percent were major pin site 
infections which required abandoning the 
external fixator. Majority were minor pin site 
infections with a Checketts–Otterburn grading 3 
or less (86.66%). (Figure 4)

Out of the external fixators infected 83.3% 
had only one pin involved, where as the rest had 
two or more pins infected. Pin site infection in the 
metaphyseal region (52%) was higher compared 
to the diaphyseal region (48%) even though it 
was not statistically significant (p>0.05).

54% of pins site infections manifested at 7 
to 10 days after fixation. (Figure 5)

Organism and Antimicrobial Sensitivity

The commonest organism isolated was 
MRSA (Methicillin resistant Staphylococcus 
Aureus), followed by pseudomonas and 
coliforms (Table 3). MRSA was most sensitive 
to merapenum (86%), followed by vancomycin 
(52%). Pseudomonas was most sensitive to 
gentamycin (50%). 

There was a significantly high percentage 
of pin site infections in prophylactic IV co-
amoxiclav (84%) compared to IV cefuroxime 
(40%)  (p<0.05).

Multivariate analysis was done to identify 
factors significantly associated with pin site 
infection. Presence of diabetes mellitus, retention 
of the EF for more than one week and pins applied 
on the femur were found to be significantly 
associated. (Table 4)

Discussion

Nearly half of our patients developed 
at least one pin site infection. This result is 
comparable to studies done elsewhere which also 
reveal pin since infection rate  from 11% to 100% 
(3,4,9).  However majority of these were minor 
in severity therefore, could be managed with 

retention of the external fixator with  improved 
pin site care and systemic antibiotics. 

The main patient risk factor was poor 
glycemic control, prior to and during external 
fixation. Stress related to the trauma and surgery 
alters the metabolism in favor of hyperglycemia 
even if the patient had adequate glycemic 
control prior to the injury. Therefore, screening 
for diabetes on admission and referral to 
diabetologist and conversion to insulin from oral 
hypoglycemic agents should be considered at or 
before external fixation.

Considering the anatomical sites, the 
femur was the commonest bone to be infected. 
This finding is consistent with previous studies 
done elsewhere. The soft tissue thickness around 
the femur resulting in increased risk of mobility 
and loosening of the pin, may result in bacterial 
colonization and infection of the pin. (23) In our 
study the pin site infection in the metaphyseal 
region was not significantly high compared to pins 
located in the diaphysis.

The duration of pin placement was also a risk 
factor for infection, with a majority of infections 
occurring after one week of application. Therefore 
early soft tissue coverage and conversion to 
internal fixation would minimize the rate of pin 
site infection in our setup. 

In our study IV cefuroxime had 
significantly lower pin site infections compared 
to IV coamaoxiclav. Therefore, regularly updating 
antibiotic protocol according to changing 
sensitivity patterns along with liaison of the 
microbiologist is important. 

There are several limitations of our study. 
Even though a uniform technique was used to 
apply Schanz screws, the duration taken for 
drilling, the amount of temperature generated was 
not measured. The study was limited to trauma 
patients, therefore only mono lateral, modular and 
spanning frames were included in the study. The 
follow up of patients were limited to one month, 
therefore data on readmission rates and type of 
care given for pin site infection is inadequate. 
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Conclusion

In our study the rate of minor pin site 
infection is high.  More emphasis should be 
placed on pin site care when Schanz screws 
traverse through thick layers of soft tissue and 

when the external fixator is expected to remain 
for more than one week duration. More studies 
on antibiotic sensitivity are needed in our center 
to guide prophylaxis when patients present with 
open fractures.

Table 1. Checketts–Otterburn classification

Grade Characteristics Treatment

1 Slight redness and little discharge Improved pin site care
2 Redness of the skin, discharge, pain and 

tenderness in the soft tissue
Improved pin site care and 
antibiotics

3 Grade 2 but no improvement with oral antibiotics Affected pin or pins re-sited and 
external fixation can be continued

4 Severe soft tissue infection involving several pins, 
sometimes with associated loosening of the pin

External fixation must be abandoned

5 Grade 4 with radiographic changes External fixation must be 
abandoned

6 Infection after fixator removal. Pin track heals 
initially, but will subsequently break down and 
discharge in intervals. Radiographs show new 
bone formation and sometimes sequestra

Curettage of skin tract

Table 2. Percentage of pin site infection of each bone.

Bone Percentage of infected 
pins in each bone

Femur 44.7% 

Tibia 25.6% 

Humerus 0%

Foot 28.6% 

Both Femur and Tibia 3.9% 

Table 3. Microorganisms isolated

Organism Isolated Percentage
MRSA 60%
Pseudomonas 20%
Coliforms 14%
Other 6%

Table 4. Multivariate analysis on factors associated with pin site infection
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Factor P value
Gender 0.572
Smokes 0.064
Diabetes Mellitus 0.047
Anemia (Hb <8g/dl) at the time of surgery 0.305
Severity of fracture (Gustillo- Anderson grading) 0.079
Site of pin placement (metaphyseal vs diaphyseal) 0.058
Femur 0.046
Tibia 0.153
Calcaneus 0.214
Humerus 0.336
Duration more than 7 days 0.041
Type of prophylactic IV Antibiotic 0.034
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Descriptive cross sectional hospital based study 
on osteoporosis among clinic patients at Teaching 
Hospital , Jaffna.

Introduction

Osteoporosis is the leading 
metabolic bone disease and the 
commonest cause of insufficiency 
fractures in older patients. The 
morbidity and mortality rates of such 
fractures are significant and leading 
to large economical burden to the 
health care system. The prevalence 
of primary osteoporosis varies from 
nation to nation. On the other hand 
there are number of aetiologies for 
secondary osteoporosis. Around the 
world 1 in 3 women and 1 in 5 men 
aged fifty years and over are at risk 
of an osteoporotic fracture. Indeed an 
osteoporotic fracture is estimated to 
occur every three seconds. The most 
common fractures associated with 
osteoporosis occur at wrist, hip and 
spine. The likelihood of these fractures 
occurring, particularly at hip and 
spine, increases with age in both men 
and women. Therefore we conducted 
a demographic study on patients who 
follow at endocrinology clinic to study 
the age and sex distribution, common 
causes for osteoporosis and the 
correlation between osteoporosis or 
osteopenia and basic demographical 
factors. Selected patients underwent 
Dual Energy X-ray Absorptiometry 
(DEXA scan) and we found more 
than half of patients are diagnosed 
to have osteoporosis and those who 
are in sixth and seventh decade 
mostly affected by osteopenia and 
osteoporosis. 

Methodology

This study was designed as 
a descriptive cross sectional study 
among patients who were referred to 
endocrinology clinic for DEXA scan 
at Teaching Hospital, Jaffna. The 
study population represents the Jaffna 
population. 500 patients who were 
on follow up during the past 6 years 
were included in this study. Data 
were collected from the unit data base 
and were analyzed retrospectively. 
Patients already on osteoporotic 
treatment were not included. All 
the patients underwent DEXA scan 
before treatment. Data were collected 
using interviewer administered 
questionnaire by medical officers.

Results 

In this study 94% of patients were 
female and 6 % of males. As far as the 
age distribution is concerned majority 
of the patients are in their seventh 
decade a(39.6%) followed by eighth 
decade (24%) and sixth decade (23.2). 
Among them 77 patients (15.4%) 
had normal DEXA scan study, 147 
patients (29.4%) had were diagnosed 
to have osteopenia and remaining 
276 (55.2%) were diagnosed to 
have osteoporosis. The osteopenia 
is defined as T score between -1 and 
-2.5 whereas osteoporosis is defined 
as T score less than -2.5 on DEXA 
scan. Among 96 % of females 53.2 
% have osteoporosis and 27% have 
osteopenia. The most common 
indication for DEXA scan was 
radiographic evidence of osteopenia 
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or vertebral height loss which comprises 78.4% 
followed by low energy fractures which accounts 
for 10..6% and low body mass index  of 6.8%. In 
our study majority of the patients have BMI of 

more than 25 kg/m² (13.4% osteopenia and 19.4% 
osteoporosis) and only 2% of osteopenic patients 
and 10.4% of osteoporotic patients had BMI of 
less than 18.5 kg/m².

Count Table N %

Age

<30 5 1.0%
30-40 14 2.8%
41-50 32 6.4%
51-60 116 23.2%
61-70 198 39.6%
71-80 120 24.0%
>80 15 3.0%

Classification
Normal Osteopenia Osteoporosis

Count Table N % Count Table N % Count Table N %

BMI

<18.5 5 1.0% 10 2.0% 52 10.4%
18.5-22.9 12 2.4% 47 9.4% 73 14.6%
23-24.9 20 4.0% 23 4.6% 54 10.8%
>=25 40 8.0% 67 13.4% 97 19.4%

Count Table N %

Indication

Low trauma fracture 53 10.6%
Premature menopause or hysterectomy 
< 45 years of age

12 2.4%

Prolonged amenorrhea >6 months 6 1.2%
Radiographic evidence of osteopenia or 
vertebral height loss

392 78.4%

Low body mass index 34 6.8%
First degree relative with osteoporosis 
( T score<-2.5) or history of hip fracture 
under 70 years old

2 0.4%

Previous abnormal dexa scan 0 0.0%
other reason 1 0.2%
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Classification
Normal Osteopenia Osteoporosis

Count Table N % Count Table N % Count Table N %

Age

<30 1 0.2% 3 0.6% 1 0.2%
30-40 6 1.2% 4 0.8% 4 0.8%
41-50 9 1.8% 14 2.8% 9 1.8%
51-60 26 5.2% 41 8.2% 49 9.8%

Age
61-70 21 4.2% 60 12.0% 117 23.4%
71-80 9 1.8% 22 4.4% 89 17.8%
>80 5 1.0% 3 0.6% 7 1.4%

Conclusion 

This study reports higher number of 
osteoporosis in females than in males. According 
to the international literatures the female: male 
ratio is about 4:1. The probable cause for this 
finding should be evaluated. The incidence 
of osteopenia and osteoporosis dramatically 
increases after the age of 50 which is compatible 

with the global data. Even though the low 
body mass index is one of the major risk factor 
for osteoporosis, in our study we couldn’t 
find statistically significant correlation. But 
patients with BMI of more than 25kg/m² have 
high incidence of osteopenia and osteoporosis 
probably due to other secondary causes which 
have to be studied.
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Reconstruction of tibial segmental bone defects with 
Ilizarov frame assisted bone transport: Sri Lankan 
experience.

Key Words: Tibial bone defects, Ilizarov frame, Bone transport

Abstract

Bone deficiency of tibia is caused by many aetiologies; trauma is the 
commonest cause out of all. Open tibial fractures are a challenge to 
orthopaedic surgeons when it comes to soft tissue and reconstruction 
of large bone defects. Although there had been recent advancements 
of techniques used to reconstruct bone loses, Ilizarov frame assisted 
reconstruction is the gold standard method. Uncertain results of 
various interventions, lack of resources and expertise have adverse 
effects on patient and healthcare expenditure. This study illustrates 
how Ilizarov assisted bone transport can be applied to solve many 
problems encountered in the management of open tibial fractures 
with segmental bone loss and common drawbacks.   

Objective: to evaluate results of use of Ilizarov external fixation device 
to reconstruct of segmental loss of tibial bone from multiple causes.

Introduction

Tibia is the commonest bone 
to sustain open fractures as most of 
the bone lies subcutaneously. High 
velocity injuries of tibia result in 
severe comminution of the tibia at 
proximal metaphysis, shaft and distal 
metaphysis. Degree of soft tissue 
damage is often severe that there 
may be loss of skin cover, muscle 
injury with or without neurovascular 
involvement. 

Primary injury itself, repeated 
wound debridement, osteonecrosis, 
chronic osteomyelitis and benign 
tumors of tibia result in loss of egment 
of tibia.  Keeping the leg length, soft 
tissue reconstruction, bone defect 
reconstruction and eradication of 
infection are challenges. There are 
many options available to reconstruct 
lost bone. Vascularized bone grafts, 
cadaveric bone grafts, mono lateral 

limb reconstruction systems, 
intramedullary devices and Ilizarov 
circular frame are among them.

Materials and methods

We have evaluated 22 patients 
with tibial segmental bone defects 
treated with Ilizarov tibial bone 
transport frame construct between Jan 
2017 to Jan 2019 in our institution. 
Demographic details, date and mode 
of primary cause of bone loss, number 
of previous operative interventions 
and methods were obtained. All 
patients with chronic injuries had 
undergone soft tissue reconstruction 
by the time they were enrolled to bone 
defect reconstruction

 All were assessed for fitness 
to undergo general or regional 
anaesthesia. Scanogram of lower limbs 
was done as a part of preoperative 
planning. The scanogram provides 
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information of limb length discrepancy and 
segmental shortening, anatomical and mechanical 
axis and angular deformity. Plain xrays of affected 
tibia were taken in anteroposterior and lateral 
projections. All the cases were operated by a 
single consultant orthopaedic surgeon adhering to 
the basic standard Ilizarov operative technique.

Tibial segment of bone loss identified and 
direction of bone transport decided preoperatively. 
Individual Ilizarov frame assembled to match 
the length of the contralateral tibia. Patients 
who had shortening of soft tissues of the middle 
segment of the lower limb underwent lengthening 
before bone reconstruction. The fibula was 
osteotomised in cases with shortening and fibular 
malunion. Angular deformities were corrected 
simultaneously. Once the target leg length is 
achieved, the tibial corticotomy was performed at 
a preplanned site. The advancing edge of the bone 
and docking sites were prepared. When there was 
chronic osteomyelitis, they underwent thorough 
debridement of bone. They received intravenous 
antibiotics until biochemical markers are normal. 
In such patients, corticotomy was delayed until the 
infection settled. Bone transport was commenced 
at a latency period of 7-10 days.

Patients were educated and trained on 
pin site care, frame cleanliness, isometric and 
isotonic exercises and weight bearing status. Bone 
transport ring adjustment was done at a rate of 
0.25 mm six hourly. The progress of transport was 
evaluated with plain X-rays every 2 weeks. Once 
the docking site was reached, the transported 
segment was compressed with continuing ring 
advancement until the patient in symptomatic 
with pain. Thereafter the frame is left in place 
until the callous consolidates and matures and 
bony union is noted in X-rays taken at monthly 
intervals. Weight bearing status stepped up from 

partial to full weight bearing with crutches or 
walking frame. The frames were removed after 
dynamization at the completion of treatment, when 
the reconstructed bone showed consolidation in 
three or more cortices and docking site showed 
union. Complications were noted and treated in 
clinic visits. 

Patients were then subjected to 
physiotherapy for knee flexion and extension, 
ankle dorsiflexion and plantar flexion. Walking 
was commenced while the frame is on, and 
it is continued after removal. Weight bearing 
was increased as the patient tolerated. All were 
assessed with Association for the Study and 
Application of the Methods of Ilizarov (ASAMI) 
system. This system evaluates bone and functional 
outcomes. Patients, who develop severe pin tract 
infection, wire loosing, were subjected to revision 
procedures. 

Results

There were twenty two patients in the study 
group. Eighteen (82%) were males and four (18%) 
were females. The age ranged from 17 years 67 
years with a mean age of 41 years. The primary 
injury was motor vehicle accidents in 90% patients 
(Table 1). There were 82% of patients who had 
long lasting gap nonunion, chronic osteomyelitis 
at presentation to us. A trap gun injury had caused 
segmental loss in one patient (04%) and bone loss 
was due to a benign tumor resection in one patient 
(04%). The fractures involved proximal tibial 
metaphysis in 14% of patients, tibial diaphysis 
in 28% and distal tibial metaphysis in 58%. Most 
of the metaphysis fractures extended to involve 
the adjacent part of the tibial diaphysis (Table 2). 
Eighteen percent of the cases had reconstruction 
process commenced within period of one month 
after initial injury 

Table 1 : Mechanism of injury

Mechanism of Injury Frequency Percentage
Motor traffic accident 19 88
Chronic Ostomeyelitis 1 04
Trap gun injury 1 04
Neoplastic 1 04
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Table 2 : Location of bone loss in tibia

Segment of tibia Percentage Mean bone defect (cm)
Proximal metaphysis+disphysis 14% 10
diaphysis 28% 5
Distal metaphysis+Disphysis 58% 5.77

The majority of bone loss involved the 
distal tibial metaphysis with extension of the 
fracture to in cooperate distal tibial diaphysis. 
Similarly fracture of the proximal metaphysis 
involved the proximal diaphysis (Table 2).

Average rate of bone transport was 0.81mm 
a day. Average duration of bone transport was 
74.95 days for the group with range from 44 
days to 206. The group showed an average 
consolidation time of 221 days with a range of 
134 to 578 days. Three patients fail to unite at 
the docking site and will need additional open 
procedures to achieve union.  All others showed 
union and proceeded to removal of frame. 

Complication encountered during 
the treatment period is listed in the table 3. 

Pin tract infection was the most common 
minor complication during the transport and 
consolidation faces of treatment process.  It 
was reported 18 times during the course of 
treatment in the study group. Severe infection 
warrant intravenous antibiotic treatment and 
revision of pin. Minor pin tract infection was 
managed with oral and local application of 
antibiotic cream.  Loosened Schanz screws were 
revised. Docking site malalignment was seen 
in two patients. Realignment was done without 
disturbing the callous under image intensifier 
guidance. Docking site nonunion was seen in 
three patients. They all had vascular injury and 
undergone vascular repair. They underwent iliac 
bone grafting to the docking site. None of them 
had shown clinical and radiological evidence of 
union at the time of writing this paper.

Table 3 : Commonly occurring Complications of tibial bone transport  

Complication frequency intervention

Pin tract infection 18 Antibiotics (Oral/IV/LA)             
Pin revision

Pin/Schanz screw loosening 7 revision
Frame migration 1 Frame revision
Docking site malalignment 2 Transport ring revision
Proximal ring migration 2 Proximal ring stabilization
Docking site non union 3 Bone graft/ internal fixation
IV: Intravenous, LA: Local application

Bone score was excellent in eight patients. 
Good outcome was seen in seven patients. Four 
patients had fair outcome while it was poor in three 
patients.  Functional outcome was excellent in five 
patients, good in eleven patients. Three patients 
had fair outcome and three had poor outcome on 
functional assessment. It was also noted that the 
patents who had undergone multiple procedures 
before Ilizarov frame application showed less 
favorable outcome.

Overall outcome (ASAMI) for 22 patients 
with tibial segmental bone defect was satisfactory 
with a combined outcome of 86%.  Bone score 
and functional outcome are matching in our 
study. Docking site union was achieved in 86% 
of the cases. The given functional outcome was 
assessed after 6 months to one year of follow 
up. It will improve with further follow-up and 
continuation of physical therapy. 
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Length of bone defects that can be 
reconstructed varies from 4cm to 17 cm in this 
study with an average of 6.2cm. Distal tibial 
metadiaphyseal fractures were the commonest 

region of the bone (58%) which required 
reconstruction. The common postoperative 
complications are manageable without 
difficulty(Case 1).

Table 4. Functional and bone outcome using ASAMI system  

Bone out come Number Functional outcome Number
excellent 8 Excellent 5

good 7 Good 11
fair 4 fair 3

Poor 3 Poor 3

Discussion 

Tibia carries the highest risk of open fracture 
in a high velocity injury. Region of bony injury and 
degree of soft tissue damage and involvement of 
vascular injury affect the decision of limb salvage 
vs amputation1. Soft tissue reconstruction in the 
fractures of the distal tibia is challenging as there 
is little circumferential soft tissue cover. Fifty 
eight percent of the cases in this study involved 
fractures of distal tibia with associated soft tissue 
loss.

Management of open tibial fracture with 
soft tissue loss is a multidisciplinary task with 
collaboration of orthopaedic surgeon, plastic 
surgeon and vascular surgeon. Initial treatment 
includes assessment of bony, soft tissue and 
vascular injury. Trauma scoring systems will 
predict possible outcomes in such injuries given 
that it is timely intervened[1,13].

Basic guide line of treatment for open 
facture of tibia will include wound debridement, 
maintain limb length and alignment with available 
resources1. Monolateral external fixation frame is 
the method of choice in many instances as this 
device is available in many health care facilities 
in Sri Lanka. This system is satisfactory mainly 
for tibial diaphyseal fractures. Screw placement 
options are less when the fracture involves 
diaphyseal region to achieve a sustainable stable 
construct. Distal tibial fracture fixation frames 
need incorporation of foot adding morbidity to 
the original injury. Monolateral frame on the other 
hand provides easy access around the bone for soft 
tissue reconstruction[2,3.]

Small bone defects (<4cm) with satisfactory 
soft tissue cover can be usually treated with 
cancellous bone grafts, tricortical bone grafts or 
synthetic bone substitutes [1,4.] Keating et al. 
have described reconstruction of femoral defects 
up to 6cm with intramedullary nailing and bone 
grafting [1.] However when the defect is more 
than 4cm and the soft tissue coverage is not 
satisfactory failure rates are high with conventional 
methods of reconstruction for tibial diaphyseal 
and metaphyseal fractures. Thus, treatment of 
segmental tibial bone loss with associated soft 
tissue injury needs highly specialized management.

A patient with tibial bone loss had nine 
months of waiting time in average before 
definitive treatment is begun. There had been 
multiple attempts of reconstruction of tibia with 
suboptimal methods elsewhere. Repeated open 
procedures, repeated external fixation adjustments 
and soft tissue handling damage periosteum, bone 
itself, vascularity and soft tissue cover. These 
altogether account for nonunion of fracture and 
predispose to infection5. 

Limb Reconstruction Devices (LRS) are 
helpful in less complex trauma. Screw placement 
is difficult in complex fractures of tibia. 
Comminuted fracture pattern, short fragments 
of bone, involvement of either metaphysis will 
not have enough bone stock for a stable frame 
application. Malalignment of reconstructed 
bone, docking site translations and therefore non 
unions are common with LRS reconstructions[7.] 
LRS device do not have the benefit of angular or 
rotational deformity correction capability.
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Among the other methods of tibial segmental 
bone defects are vascularlized bone grafts, 
bioactive pseudomembranes (Masquelet technique 
and cylindrical mesh technique) and expandable 
intramedullary tibial nails. Placement of metal 
implants at a site of an open fracture carries risk of 
infection and related complications[8,11,13].

Circular frame devices provide an excellent 
method of reconstruction of long bone defects 
in the leg. The system can be used to fracture 
fixation, limb lengthening and bone transportation. 
This is a minimally invasive technique where fine 
tensioned wires give stability to the bone with the 
advantage of in cooperation of small fragments of 
bone. The frame can be used in fractures of the 
juxtraarticular bone without spanning the adjacent 
joint.  The circular nature of the frame distraction, 
compression and bone transport can be carried out 
in either axial or angular directions. This allows 
correction of angular and rotation deformities. 
The same technique is used for simultaneous 
distraction histogenesis in limb lengthening [5.] 

Ilizarov frame based tibial reconstructions 
answers many of the challenges faced by 
orthopaedic surgeons who deal with high velocity 
tibial fractures. Management of tibial bone loss 
is one of them. The stable nature of the frame 
construct gives a limb salvage option, easy 
access for wound care, soft tissue reconstruction, 
deformity correction, limb length restoration and 
early weight bearing opportunity which none of 
the other reconstruction method offers. 

The Taylor spatial frame is a technologically 
advanced mode of circular external fixation 
system. The fixator is made of two full or partial 

rings connected by six telescopic struts attached 
at special universal joints. By adjusting the struts, 
position of the rings can be repositioned in relation 
to each other. This system is used for deformity 
correction, lengthening and fracture treatment.

Distraction osteogenesis occurs when 
corticotomised bone ends are gradually distracted. 
When a pathologic bone interfaces such as non-
union and fibrous unions are distraction with this 
technique, the interface is transformed to a normal 
boney union (transformational osteogenesis) [9.] 
A corticotomised segment of bone is transported 
to fill the bone defect in the tibia. The trailing end 
of the segment forms new bone and maintains 
continuity with the host bone surface by distraction 
osteogenesis while the advancing edge unites at 
the docking site by transformation osteogenesis. 
The process of bone transport is described in three 
stages: latency, distraction and consolidation. 
Latency period of the time from corticotomy until 
the distraction begins6. We have followed a [7-10] 
days of latency period in this study. The Ilizarov 
frame is adjusted at a rate of 1mm per day. Once 
the gap is corrected the frame is left in place to 
allow the new bone to consolidate. 

ASAMI score assesses the outcome of 
cases treated with Ilizarov method. Bone and 
functional outcome similar to our study have been 
demonstrated by Yin et al and Fahad et al [9]. 
Fahad et al had bone score of 80% and functional 
outcome of 86%. Their study had 51 subjects. 
Studies done by Magadum et all and Farmanullah 
et al have shown a better functional outcome 
than bone score (76%>60 and 58.9%>56.9% 
respectively)[9,10.]

Table 5 : ASAMI score criteria

Bone Result Critaria

Excellent Union, no infection, deformity < 7°, limb-length discrepancy < 2.5 cm Union 
+ any two of the following:

Good Union + only one of the following:
Fair Absence of infection, < 7° deformity and limb-length inequality of < 2.5 cm

Absence of infection, deformity < 7° and limb-length inequality < 2.5 cm
Poor Nonunion/re-fracture/union + infection + deformity > 7° + limb-length 

Absence of infection, deformity < 7° and limb-length 
inequality < 2.5 cm 3
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Functional Result Criteria

Excellent Active, no limp, minimum stiffness (loss of < 15° knee extension/< 15° 
dorsiflexion of ankle), no reflex sympathetic dystrophy (RSD), insignificant 
pain

Good Active, with one or two of the following: limp, stiffness, RSD, significant 
pain

Fair Active, with three or all of the following: limp, stiffness, RSD, significant 
pain 4

Poor Inactive (unemployment or inability to return to daily activities because of 
injury)

Pin tract infection was the commonest 
complication of the study. It has been 
demonstrated that pin site complications are 
commonly associated with greater range of 
motion and high stress on the wires [7.] Proper 
pin site care given daily, change of dressing, 
local application of antibiotic cream and oral 
antibiotics are successful ways of controlling 
infection[7.]

Our sample showed a nonunion rate of 
13.5%. This is a higher rate than a similar study 
by Yin et al. in which it was 7%[4,10].  In addition 
to this, the Ilizarov circular frame carries few 
drawbacks. Many patients find the frame as an 
inconvenient form of fixation. 

The treatment is a lengthy process and needs 
dedicated post-surgery care and collaboration 
with the patient in order to complete treatment. 
The patient may be subjected to multiple frame 
adjustments and operating theatre sessions 
during the course of treatment. The device is 
not freely available in Sri Lanka at present. The 
surgical technique needs preoperative planning. 
The operative procedure is labour intensive for 
the surgical team5. 

Conclusion

We concluded that segmental defects 
of the tibia irrespective of the aetiology can 
be reconstructed with Ilizarov technique. 
Identification of the bony injury which is more 
likely to be benefited from an Ilizarov frame 
assisted treatment is the turning point for avoiding 
trial and error treatment options, trying alternative 
methods which are likely to fail. If the frame 
can be fixed early, it can save expenditure, time, 
promote rehabilitation and outcome. Though 
some patients found the frame is an inconvenient 
way of fixation, the Ilizarov frame was the only 
option available at the time of presentation. There 
are difficulties arranging it as the patient needs it 
due to administrative constrains.

 There is no dedicated referral center for 
complex lower limb reconstruction in Sri Lanka. 
It is high time that the authorities, professional 
bodies identify potential units which can provide 
this service and establish a sustainable a referral 
mechanism. It has to be a multidisciplinary care 
center comprising emergency trauma service, 
orthopaedic and trauma care, plastic surgery, 
vascular surgery and rehabilitation service[12.]
Centers of this caliber established in regional/
provincial basis will cut down health expenditure 
on limb reconstruction by a significant amount.
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Case 1

 

Legend

1. Preoperative film. Open fracture with vascular injury

2. Limb fixed to Limb Reconstruction system. Vacuum Assisted Wound dressing

3. Wound/bone debridement, fibular fixation, distal to proximal bone transport Ilizarov frame construct

4. At the end of bone transport (17cm)

5. Consolidated callous. Docking site nonunion

6. Awaiting intervention for nonunion. Mobilizing with a hinge knee brace. Knee flexion 90
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Efficacy of peri articular cocktail injection in primary 
total knee arthroplasty : A single unit prospective 
cohort study

ABSTRACT

Total knee arthroplasty (TKA) is one of the most frequently performed 
and successful orthopaedic surgery and its incidence is expected to 
increase to 3.48 million procedures per year by 2030. Osteoarthritis 
is the commonest indication for the procedure even though there are 
several other indications. The success of the surgery depends on 
careful patient selection, proper pre operative planning, and surgical 
technique and supervised regular post operative rehabilitation. On the 
other hand complications are not uncommon and are still challenging 
to overcome. During the early post operative period proper pain 
management has been proven to improve the functional outcome. 
Several strategies have been studied in the literature and in this 
clinical trial we studied the efficacy of periarticular cocktail injection 
in primary uncomplicated total knee arthroplasty for osteo arthritis. 
The cocktail was prepared with bupivacaine, morphine, adrenaline 
and ketorolac and it was injected into five areas around the joint 
which are found to have higher number of pain fibres and receptors 
in anatomical studies. We found statistically significant result in 
early post operative pain control, minimizing other oral analgesics 
as well as early mobilization without any complications or adverse 
effects. Therefore this study may help to improve post operative pain 
management and fast rehabilitation.

Methodology

This single unit prospective 
clinical study was designed as a cohort 
trial at teaching Hospital, Kandy 
during the period of ten months. 
Only patients with primary osteo 
arthritis were included and none of 
the revision cases or other indications 
were included. Patients were grouped 
into treatment group and control 
group in alternative fashion. Surgeries 
were performed by two surgeons 
in similar approach and techniques 
with average duration of 93 minutes.                                       
(64 -118 mins).

Treatment group underwent 
intra operative peri articular cocktail 
injection (50 ml) just before the 

definitive implantation between 60 
to 90 minutes. The cocktail contains 
morphine 10 mg in 2 ml saline, 0.5 % 
bupivacaine 2 mg/kg in 40 ml saline, 
1:10000 ardrenaline 0.3 mg in 3 ml 
and 30 mg ketoroac (1 ml) with 4 ml 
of normal saline. 

No steroids or tranexamic 
acid was added. Injection was given 
in selected anatomical regions 
which include infra patellar fat 
pad, quadriceps tendon, medial 
soft tissues, lateral soft tissues and 
posterior capsule. Data were collected 
using interviewer administered 
questionnaire and the post operative 
pain was assessed at 6 hours and at 24 
hours using visual analogue scale.
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Results

51 patients participated in this study during 
10 months period (November 2018-August 2019). 
26 patients received cocktail injection and 25 
patients were in the control group. The mean age 
was 68.5 years (57-79) and 87.5 % were females. 
The average BMI was 28.4  kg/m² (25.2-31.6) and 
37.6% of them had diabetes mellitus. All the cases 
were primary osteoarthritis with varus deformity 
but the severity was found to have predominantly 
Kellgren Lawrence grade II (56.25% ) followed 
by grade IV (31.25%). Around 60 % had surgery 
on right side and 37.5% had previous total knee 
arthroplasty on the other leg within 5 years. 
Nearly half of the patients had symptoms for more 
than 5 years and 25% of them had for 2-5 years. 
All the patients underwent spinal anaesthesia 
and surgery was performed through medial 
parapatellar approach. In majority of the patients 
(93%) alignment was restored with osteophyte 
removal, capsule and deep medial collateral 
ligament release and in only 7% needed extensive 
release including pes anserinus, posterior oblique 
ligament and superficial medial collateral ligament 
pie crusting.

Average pre operative pain scale was 7.75 
(5-10) in treatment group and 7.5 in control group. 
The average post operative pain at 6 hours was 
4.1 (0-9), among them 47.5% had score of 3 or 
less (p<0.05). In the control group average pain 
score at 6 hours was 6.75 with other modes of 
analgesics. The average post operative pain at 24 
hours was 3.25 (1-6) and 56.25% had 3 of less 
(p<0.05). On the other hand control group had the 
average score of 6.4 at 24 hours with continued 
extra analgesics. 

Other analgesics were given as requested by 
the patients. Oral acetaminophen was given to all 

patients for average of 3.3 days and oral tramadol 
for 0.8 days (maximum for 2 days). A single dose 
of subcutaneous morphine was needed for only 
two patients. But in control group morphine was 
needed for minimum 24 hours (1 mg/kg 8 hourly) 
with acetaminophen and tramadol which were 
needed until discharge.

Post operative knee bending exercises were 
commenced on second day in 96.25% of patients 
when compared to only 24.6% of control group 
patients.  Assisted walking started on second day 
itself in 62.5% of patents and on third day in the 
remaining 37.5 % in treatment group whereas 
on 54.75% of control group patients were able 
to walk on the third day. The average hospital 
stay was 86 hours (78-112 hours compared to 
92 hours in control patients. (84-118 hours). No 
complications or adverse effects related to the 
components of the cocktail were reported. We 
couldn’t find any significant correlation between 
age, sex, body mass index, presence of diabetes 
mellitus, previous total knee arthroplasty on other 
leg and the pain score.

Conclusion

The periarticular cocktail injection acts as a 
multimodal analgesic tool in effectively controlling 
immediate and early post operative pain and helps 
to commence knee movements and ambulation 
well early during the post operative management. 
The additional opioid and non opioid analgesics 
requirements and their unwanted effects can be 
minimized while avoiding adverse effects of this 
cocktail regime. It also it improves overall patient 
satisfaction. The clinical significance of this 
study can further be improved by conducting a 
randomized controlled trial in a large population.
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Biplane double supported screw fixation for delayed 
intra capsular femoral neck fracture:   

Case history

A 27 year old previously 
medically healthy manual worker 
presented to the Accident and 
Emergency department following 
a fall from motorbike while riding 
on muddy land. He had head injury 
and left hip trauma and was unable 
to walk or stand on the limb. His 
GCS was 13/15 on admission but 
haemodynamically stable. The limb 
was shortened slightly flexed, abducted 
and externally rotated. Distal vascular 
status was satisfactory and there were 
no open wounds. He had met a high 
velocity road traffic accident two 
years back and was operated on right 
clavicle, radius, ulna, femur and tibia. 
Femur shaft fracture was managed 
with intramedullary nail. He had a 
good functional outcome following 
those procedures. Following the initial 
management at A&E he underwent 
radiographic evaluation. CT brain 
showed an extra dural haemorrhage 
on left side and the plain radiographs 
of left hip revealed a basal cervical 
femoral neck fracture with possible 
trochanteric involvement.(figure 1)

Figure 1

He needed urgent neurosurgical 
intervention and was managed at 
intensive care unit for one week. After 
three weeks following full recovery 
definitive fixation for hip fracture 
was planned. The plan was removal 
of intramedullary nail and fixation 
with proximal femoral nail (PFN). 
Under spinal anaesthesia on traction 
table the previous intramedullary nail 
was removed. Having removed the 
fracture pattern was carefully studied 
under traction and it was minimally 
displaced (Gardens type I) basal 
cervical fracture with only a greater 
trochanteric avulsion (31A1.1). There 
was no unstable trochanteric fracture 
which requires PFN .The decision was 
changed to go for closed reduction 
and Biplane Double Supported Screw 
Fixation (BDSF) of femoral neck with 
lag screws. 

Technique 

The fracture was reduced 
by traction and internal rotation 
on traction table. Through the 
lateral approach the trochanteric 
and subtrochanteric regions were 
exposed.  Three screws were planned. 
The middle screw was first inserted 
in the anterosuperior plane. The entry 
point was 3 cm below the trochanter 
in the posterior one third of the lateral 
cortex. The guide wire was directed 
along the cortex of the neck to the 
anteroinferior aspect of the head at 
the border between its inferior ¼ and 
superior ¾ in anterior posterior (AP) 
view and also the border between 
anterior ¼ and posterior ¾ in lateral 
view. 

The guide wire for the second 
screw (superior) was inserted in the 
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same antero superior plane exactly parallel to the 
middle guide wire and it was directed to the antero 
superior aspect of the head at the border between 
its superior ¼ and inferior ¾ in AP view as well as 
the border between its anterior ¼ and posterior ¾ 
in lateral view. The entry point was 1 cm below the 
trochanter in the posterior one third of the lateral 
femoral cortex.

The guide wire for the third (most inferior) 
screw was inserted starting at the midline of the 
lateral diaphyseal cortex about 7 cm below the 
trochanter. It was directed postero superiorly 
along the cortex of the neck towards the junction 
between the superior ¼ and inferior ¾ of the head 
in AP view as well as the junction between its 
posterior ¼ and anterior ¾ in lateral view.

Drilling was performed using 5mm 
cannulated reamer and we used 6.5 mm partial 
threaded cannulated cancellous screws with 
washers for the fixation. Middle screw was 
inserted first followed by superior screw and 
finally the inferior screw. Post operative period 
was uneventful and radiographs were taken.
(Figure 2)

Figure 2

Figure 3

We advised non weight bearing for 2 weeks 
and touch weight bearing for another 2 weeks and 
full weight bearing after one month with support. 

He was closely followed up at the clinic and 
examined for range of motion and gait pattern. Full 
range of movements was achieved and excellent 
functional outcome was reported by the patient 
except 2 cm shortening of the limb due to previous 
multiple injuries. Fracture has completely healed 
in 12 about weeks time (Figure 3) and four months 
down the line he went back to participate in social 
and religious activities.

Discussion 

Internal fixation of femoral neck fracture was 
traditionally treated with parallel cancellous screws 
which has 46% failure rate. The conventional 
technique has the entry points of all three screws 
at the weak cotex of the greater trochanter and 
the supporting points of the posterior and inferior 
screws are at the same mid cervical line. Therefore 
this configuration basically act as a primary lever 
mechanism and are not effective in neutralizing 
bending forces with different positions, because of 
lack of lateral beam support. And also full weight 
bearing is not possible until fracture unites.

On the basis of experimental bio mechanical 
studies the new technique of Biplane Double 
Supported Screw Fixation (BDSF) has been 
introduced and it substantially improves fixation 
strength. It has 44% higher axial strength and the 
healing rate of up to 97%. This technique differs 
from the conventional method in that it has three 
medially diverging screws which are not parallel 
to each other and the lower two screws are entered 
through the cortical bone of the diaphysis as well 
as these two screws pass along the cortex of the 
neck buttressing it with different inclination 
angles.

This configuration acts as a console beam 
which provides constant fixation strength during 
various positions and also allows immediate full 
weight bearing in patients older than 55 years. 
The cornerstone of this fixation strength is the 
placement of inferior screw. It is entered trough 
the strong cortical bone in an obtuse angle and 
passing along the inferior and posterior cortex 
of the neck buttressing at two points (double 
supported). Moreover the buttress points of middle 
and inferior screws in the neck are at least 10 mm 
apart, therefore distributing the weight bearing 
stress over more than 50% o femoral neck length 
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between mid cervical line and basal cervical line. 
Therefore, this configuration provides constant 
strength during various weight bearing activities 
and also neutralizes axial, torsional and bending 
forces. On the other hand the conventional 
parallel screws have a single supporting line at 
the mid cervical level which cannot distribute the 
mechanical load.

Conclusion

Intra capsular femoral neck fractures in 
young patients have been associated with higher 
complication and failure rates probably due to 

limited biomechanical strength of the conventional 
fixation technique with parallel screws. The 
BDSF provides excellent fixation strength with 
cortical support and different orientation of 
screws. Therefore in young patients who need 
joint preservation surgeries the BDSF is the gold 
standard technique for intra capsular femoral 
neck fractures. But the effectiveness for delayed 
presentation has to be studied in detail.
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Retained iron shrapnel after a blast injury- A rare 
cause of secondary osteoarthritis- Case report

Introduction

Shrapnel induced injuries are commonly associated with gunshot 
and blast related events especially war zones[1]. Problems related to 
those retained fragments are rare but clinical effects mainly depend 
on the location. Intra-articular lead fragment related effects are well 
described in the literature. Here we report a rare case associated with 
intra articular iron shrapnel causing secondary osteoarthritis.

Case presentation

A 74 year old sri lankan male, 
presented with progressive limp and 
mild hip pain of his right lower limb 
for 8 years duration. He didn’t have 
any symptoms related to other joints 
of same limb or elsewhere in the body. 
His pain was mild and he was able to 
carry out his activities of daily living 
and his work as a manual worker 
without any need of analgesics. He 
claims that he encountered  with an 
explosion 34 years back where he 
sort treatment from hospital for same 
region wound and right upper limb 
fracture and he was able to walk  
without much pain even immediately 
after the injury. Previous clinical 
records or x-rays were not available 
with him. On clinical examination, 
he was averagely build person with 
a BMI of 21.47kgm2. He had a true 
limb shortening of 3.6cm compared 
with the other limb. Right hip joint 
movements were restricted mainly in 
abduction and external rotation.  His 
basic blood investigations including 
blood picture was normal and did not 
reveal any findings suggestive of an 
infection or inflammation. His x-rays 
of the hip joints revealed a destruction 
of head of the femur on upper area with 
osteophyte formation of acetabular 
side. Other striking feature was 
detection of retained metallic nails 

in the hip joint region two of which 
retained inside the hip joint(Figure 1 
and 2). There was an irregular outline 
of those nails. Left side hip joint or 
other joint such as knee joints didn’t 
reveal any clinical or radiological 
evidence of osteoarthritis. Patient 
was offered the option of total hip 
arthroplasty but after discussion with 
the patient and his clinical symptoms 
were mild, patient decided to proceed 
with conservative management and 
modified foot wear to correct the 
length discrepancy of his limbs.

Discussion

Blast and gunshot related 
injuries are common in countries in 
which war activities are prevalent. 
Those injuries are associated with 
retained fragments from bombs 
or bullets. Long term effects of 
these foreign materials depend on 
the location and interaction with 
the tissues. Most of the previously 
described cases were related to 
retained lead bullets in periarticular 
region than iron shrapnel from bomb 
blast as in our case.

Several theories were described 
for the explanation of arthropathy. In 
cases with retained Lead fragments, 
local chemical reaction associated 
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synovitis was proposed[2].  This argument was 
supported by the findings of lead bullet induced 
synovial biopsy examinations.  In one study, 
microscopic changes like lead inclusions in the 
nucleus, degranulated endoplasmic reticulum, 
mitochondrial precipitates in macrophages and 
osteoclasts were noted[3]. Lead containing 
extracellular complexes were also noted in 
adjacent trabecular bone with incomplete 
osteocytic osteolysis which is important in bone 
remodeling [3]. Other than the local effects, 
systemic toxicity of lead by dissolution of 
material by the synovial fluid is also described [4].
Systemic toxic features like abdominal pain, renal 
impairment, encephalopathy and anemia were 
described in relation to bullet induced lead toxicity 
[5, 6]. Lead induced severe hemolytic anemia was 
also described in the literature[7].  Chelation and 
removal of the lead fragment from the joint caused 
the serum lead levels to normalize with clinical 
resolution of symptoms [4]. 

Other possibilities are primary injury 
related articular cartilage damage or secondary 
migration of metal object into the joint cavity. 
Since the presented patient was asymptomatic 
even immediately after the injury excludes the 
possibility of primary injury related joint damage. 
The patient developed joint related symptoms 
almost 26 years after the primary injury. Secondary 
migration of the shrapnel is a possibility in this 
situation. Similar case of delayed migration and 
synovitis was reported where the iron fragment 
migrated from upper thigh region to knee joint 
causing symptoms after 20 years from the initial 
injury[8]. 

Even though iron is an inert metal, 
local reaction with synovial fluid causing the 
osteoarthritis type clinical picture is also a 
possibility. Dissolution of lead fragments was 
explained by the pH value and hyaluronic acid of 
the synovial fluid[9]. Similar mechanism may also 
cause dissolution of intra-articular iron fragments.  
Several studies were carried out to assess the 

local iron concentration and iron chelation related 
treatment in relation to osteoarthritis. One of those 
studies showed significantly higher concentration 
of synovial fluid iron and copper levels compared 
with age and gender matched healthy subjects[10]. 
Similar finding was noted in the histo-chemical 
examination of synovia in both osteoarthritis and 
rheumatoid arthritis[11]. Further studies needed 
to evaluate these local effects of iron in the 
pathogenesis of osteoarthritis.

The decision to proceed with the removal of 
foreign bodies depends on several factors. Initial 
wound debridement and removal of retained 
fragments may be needed depending on initial 
wound size and degree of contamination[12]. 
Muscles and soft tissue related fragments are 
usually encapsulated by fibrous scar which 
limits the local reactions[13]. However a study 
with tungsten alloy induced rhabdomyosarcoma 
cases was also reported in the literature in 
animal models[14]. Retained fragments near 
neurovascular structures are also at risk because 
of the migration. A case with vascular migration 
of the shrapnel to heart was also reported[15]. 
Because of the effects described earlier, intra-
articular shrapnel are usually advised to be 
removed.

Initial decision to not to proceed with 
surgical removal was not clear since the previous 
clinic record were not available with the patient. 
Even after thorough explanation, patient was not 
willing for surgical removal of the fragments 
with total hip replacement surgery which could 
have allowed us to do histological examination in 
relation to iron related arthopathy or synovitis.

Conclusion and learning points

Intra articular shrapnel are advised to be 
removed because of their associated local and 
systemic complications.  
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Figure 1 Figure 2
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Medial plating of right-side distal femur in an 
osteoclastoma patient using left side lateral distal 
femur locking plate

In orthopedic practice plate 
fixation done not only for fracture, but 
also to support the grafted weakened 
bone. There is no anatomically pre-
contoured medial distal femoral plate 
except a much shorter plate used for 
distal femoral osteotomy correction.1

We had a 22-year-old patient 
who has been suffering of right-side 
distal femur giant cell tumor (figure 
1). Major challenge we encountered 
was supporting distal femur after 
scooping of tumor. We modified a 
left side lateral distal femur locking 
plate to suit right medial distal femur. 
Here, the opposite side locking plate 
was bent to correspond to right plastic 
femur model day before surgery. 
Left site plate was selected to match 
anterior bowing of femur. Distal 
femur plates are high profile plates, 
it was not easy to bent with normal 
plate benders. So, we obtained help 
from orthopedic work shop. While 
bending precautions were taken to 
prevent inadvertent plate damage to 
avoid future corrosions.

Figure 1 Preoperative

Screw threads may get 
distorted (Pitch change) during 
bending process, that will impair 
locking mechanism and may lead to 
plate failure. To avoid these screws 
were inserted prior to bending.2  

Intra operatively tumor 
approached through medial 
parapatellar approach. Tumor 
removed by scooping by a high-
speed burr. Tumor cavity filled 
with autograft from iliac crest and 
synthetic bone substitute. Weakened, 
medial wall buttressed with our 
pre-countered plate. Post-operative 
image shows satisfactory plate 
position.

Figure2 Pre-contoured plate

     

Figure3 Post-operative plate position
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Triangular Fibrocartilage Complex (TFCC) injury in 
young volleyball player: an open repair surgery 

Introduction

The triangular fibro-cartilage complex (TFCC) is a load-bearing cartilage 
between the lunate, triquetrum, and head of the ulna (1). The TFCC functions 
as a stabilizer for the ulnar aspect of the wrist (1). The TFCC is at risk for 
either acute or chronic injury (1, 2). Forced ulnar deviation and positive ulna 
variance are associated with injuries to the TFCC (1). Patients with TFCC 
injury will present with ulnar-side wrist pain (2). Clinical examinations to 
assess the TFCC are Sharpey’s test and TFCC grind test (2). MRI imaging 
is useful as a preliminary diagnostic tool; arthroscopy is the diagnostic 
gold standard (3). TFCC injuries are mainly of 2 types, Acute traumatic and 
Chronic degenerative. Acute traumatic types are further classified to 1A to 
1D (1). Treatment approaches can be non operative or operative (3, 4).

Presentation

18 year old male provincial 
level volleyball player presented to us, 
with a history of fall on out stretched 
hands 3 months prior, during a game, 
for which he had sought native 
treatment. At the time of presentation 
his main complaint was continuous 
ulnar side pain, and wrist deformity 
which restricted playing volleyball. On 
examination he had a prominent dorso-
lateral ulnar head (Fig 4), restricted 
pronation and painful ulna deviation. 

The specific test for TFCC were 
performed with positive results for 
compression test and the Sharpey’s 
test. 

 Radiological imaging of X 
ray showed mal-united minimally 
displaced distal radius fracture with 
separated distal radio ulna joint and 
ulna variance. The ulna styloid  process 
was intact (Fig 1)

MRI revealed a Type 1B TFCC 
injury, where the TFCC was avulsed 
from its ulnar styloid attachment.

Surgical procedure 

In preoperative planning, 
osteotomy site was decided by allowing 
adequate distal segment length for 
fixation and ulnar shortening length to 
obtain a -1mm ulnar variance

Patient was administered 
General Anaesthesia and was 
positioned supine with the affected 
arm draped free and on the side of 
the patient. Pneumatic tourniquet and 
fluoroscopy were in place. 

Skin was incised longitudinally 
overlying the distal ulna between the 
flexor and extensor compartments. The 
ulnar osteotomy and shortening was 
performed according to preplanned 
site and length. Ulnar was fixed 
with dynamic compression plating 
technique. Desired Ulnar variance 
was confirmed using fluoroscopy. 

By extending the same incision 
distally, the wrist joint was accessed 
between the flexor and extensor 
compartments. The wrist capsule was 
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raised as a flap to expose the TFCC. The TFCC 
was assessed to confirm a type 1B injury and to 
look for friability or contractures. Then the TFCC 
was repaired to the fovea of the ulna styloid 
process using an absorbable 2-0 braided suture 
passed into the joint via 2 tunnels of 1.5mm size 
drilled from medial side of ulna neck to fovea. The 
foveal cortex was removed to achieve bleeding, 
to enhance healing. The stability and reduction 
of the DRUJ was assessed both clinically and 
fluoroscopically. The repair was protected using 
a kirschner wire between distal radius and ulna in 
mid-supination. Layered closure was performed 
and the arm was placed in a long arm splint in mid 
supination. 

Fig 1 – Radiography showing DRUJ dislocation 
and positive Ulnar variance

Fig 2 – Avulsed TFCC from Ulnar styloid

Fig 3 – DRUJ stabilized with a Kirschner wire 
following TFCC repair

Post surgical care and rehabilitation 

The long arm splint was kept in place for 6 
weeks in total, which was renewed twice in this 
period following suture removal at 2 weeks and 
Kirschner wire removal at 4 weeks.

All shoulder movements and were allowed 
but pronation-supination and ulnar deviation 
were strictly restricted for 6 weeks duration.  The 
isometric exercises were performed on forearm, 
shoulder and elbow.  

At the beginning of the 6th week the long 
arm splint was replaced with a wrist brace where 
he can start flexion up to 10 degrees  and extension 
up to 50 degree  of the wrist joint gradually. Until 
this period ulna and radial deviation and gripping 
was not allowed. 

Wrist joint passive mobilization and gradual 
active mobilization was initiated from the 6th 
week onwards where the brace was worn only at 
night. 

He was introduced to all other exercises 
to keep his cardiovascular conditioning and the 
lower body and core muscle strength from the 
second week onwards. 

At the end of the 9th week  he was completely 
off the brace while progressively increasing the 
range of motion in all directions of the wrist. He 
did not complain of any pain or discomfort. Player 
was given the commercially available wrist strap 
during this period before he resumed the proper 
volleyball action.

At the 12th week of post operative 
rehabilitation programme player was allowed to 
play volley ball with gradual loading including 
hitting the ball and defense action. The landing 
was trained with both forward and back ward 
hand position techniques over the ground using 
a rubber mattress and later on the wooden court.  
This player was cleared for full training and 
competition at the 16th week with  a successive 
rehabilitation without pain and regaining almost 
near normal wrist function.
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Fig 4 – Pre and post operative appearance of the left wrist

Discussion 

Type 1B TFCC injuries are generally 
managed non surgically in the acute setting, 
where the DRUJ is reduced and held in position 
with a cast. If the non surgical attempt fails, the 
injury can be treated operatively. Surgery can be 
either open or arthroscopic, where arthroscopic 
procedure leads to less tissue trauma and quicker 
recovery (3, 4).  In this case we opted for open 
surgery as there was a positive ulnar variance, 
which needed intervention. 

The approach described in most literature 
is between 5th and 6th extensor compartments 
(5). For this case we went through the window 
etween he flexor and extensor compartments, as 

we had already dissected in the above tissue plane 
for the ulnar shortening osteotomy.

The post surgical rehabilitation programme 
was implemented  and additional time was takes   
during the phase 2 level due to the delay of 
commencement of the wrist extension and flexion 
(6).  The overall  markers of the progression of 
the  recovery was compatible with the existing 
protocol  time frame (6) .

Additionally the player was given the 
commercially made wrist supporter strap while 
playing  volleyball at the initial stage of  actual  
play. The return to play was delayed until 16th 
week  but compatible with the standard protocol. 
There was no complaints even with participation 
in competitions. 
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Tuberculosis presenting as isolated wrist and 
ankle swelling: Two Case reports and review of the 
literature. 

Introduction

Tuberculosis is a public health 
problem especially in south-east Asian 
countries which accounts for about 
40 percent of the global incidence of 
tuberculosis. Skeletal tuberculosis is 
one of the extra pulmonary infections 
of the disease which can cause 
mono-articular involvement. Isolated 
involvement of joints encompasses 
a spectrum of differential diagnosis 
such as infectious, inflammatory or 
neoplastic processes. Awareness of 
the possible etiologies may avoid 
unnecessary diagnostic procedures and 
treatment. Here we report two cases of 
a patient with isolated joint swelling 
with tuberculosis. 

Case 1

A 53-year-old Sri Lankan 
male with a background history of 
diabetes and hypertension for 14 
years presented with the left side (Non 
dominant hand) isolated hand swelling 
for 7 months duration. Its progressive 
enlargement was associated with pain 
and restriction of movements. There 
were no other small or large joint 
symptoms. He didn’t have episodes of 
fever and he maintained good physical 
wellbeing in terms of appetite and 
weight. He didn't give any history 
chronic productive cough, pulmonary 
tuberculosis or any contact history. 

On examination, there was a 
swelling near wrist joint and carpal 
region both volar and dorsal aspects 
(Figure 1). The area was not warm 
and mild tenderness was elicited. 

Flexion extension and circumduction 
movements were reduced.  The distal 
neurovascular examination was 
unremarkable. His ESR was 98 mm 
in first hour with full blood count 
and other biochemical investigations 
within the normal range. Initial digital 
x-ray of the hand showed destructive 
type lytic lesions involving mainly 
the carpal bones and bases of 2nd to 
5th metacarpals with sparing of radio-
capal and distal radio-ulnar joints 
(Figure 2). His chest X-ray was normal. 
He underwent a Magnetic resonance 
(MR) scan of the hand showed 
multiple destructive lesions in the 
carpal bones, surrounding focal fluid 
collections with narrowing of inter-
carpal and carpo-metacarpal joints 
(Figure 3). Flexor muscle tendons 
were intact. An initial assessment with 
basic investigations and imaging, a 
conclusive diagnosis was not achieved. 
A decision was made to go ahead with 
a synovial biopsy and Intra operative 
caseous material was noted. After 
the new finding, other investigations 
with caseous necrosis were carried 
out. His Mantoux test was positive 
with 12mm of induration. Serological 
assessment for Melioidosis was 
negative. Histology sample showed 
multiple Langhan type of giant cell 
associated with caseating granulomas 
and Xpert MTB/RIF test was positive. 
He was started on anti-tuberculosis 
treatment with hand physiotherapy and 
occupational therapy. He was improved 
in terms of pain and swelling with anti-
tuberculosis treatment without any 
significant side effects of the treatment 
and his culture was also positive for 
Mycobacterium tuberculosis.
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Case 2

44-year-old otherwise healthy Sri Lankan 
male presented with left side ankle joint swelling 
for 6 months duration. He had progressive ankle 
swelling with restricted movement and pain while 
weight-bearing. He did not have constitutional 
symptoms or evening pyrexia or any history to 
suggest infection with TB. On examination, he 
was having isolated swelling at the left ankle joint 
region without any features of active inflammation 
(Figure 4). Ankle flexion, extension, inversion, 
and eversion were restricted. His Mantoux test 
was positive with 18 mm of induration. His basic 
hematological tests were normal but his ESR was 
35mm in first hour. His fasting blood sugar was 
normal and retroviral screening was negative. 
Digital x-ray of the ankle region showed irregular 
outline at ankle mortise and loss of joint space 
with an irregular articular outline at subtalar joint 
(Figure 5). His MRI scan of the ankle region showed 
a marked loss of articular cartilage with associated 
bone marrow edema in the subarticular region of 
distal tibia extending to distal metaphyseal region. 
There was also involvement of the subtalar joint 
suggestive of a chronic inflammatory process. The 
patient underwent open synovial biopsy which 
showed granulomatous type of inflammation 
without any Langhan type of giant cells or 
associated caseating granulomas. Xpert MTB/RIF 
test was negative. Culture for mycobacteria was 
positive for Mycobacterium tuberculosis and He 
was started on anti-tuberculosis treatment. With 
the treatment and physiotherapy, his pain and 
swelling were improved and gained the ability to 
weight bear by 3 months of treatment.

Discussion

Tuberculosis causes multi-systemic 
involvement with pulmonary predominance. It 
is caused mainly by bacillus Mycobacterium 
tuberculosis, one of the members of the 
Mycobacterium tuberculosis complex. Though 
the main portal of entry is the respiratory system, 
other routes like gastrointestinal, direct inoculation 
through skin are also described. Progression 
of primary TB and reactivation depend on the 
immune status of the patient. Extra pulmonary 
spread occurs mainly via a hematogenous pathway 
which leads to multiple system involvement by 
the disease.

Out of the extra pulmonary TB, Skeletal TB 
has a prevalence of 10 to 35 percent worldwide(1) 
. The clinical spectrum of skeletal TB comprises 
of TB spondylitis, arthritis and osteomyelitis 
and TB spondylitis or Potts disease account for 
the half of the cases (2).  Tuberculous arthritis 
includes infectious mono-articular predominant 
type, inflammatory type polyarthritis (Poncet 
disease) and prosthetic joint infections. Out of the 
mono-arthritis group, hip and knee are involved 
predominantly. Immune compromised states like 
malnutrition, HIV infection or chronic kidney 
disease predispose patients for the development of 
Mono articular TB (3).  In the reported two cases, 
ankle and hand were involved and one patient did 
not have any immune-compromised state.

According to the clinical and histological 
characteristics, two types of skeletal TB have been 
described (4). Caseous exudative type causes more 
aggressive destructive lesions with local swelling, 
abscess or sinus formation. The granular type 
has more insidious involvement in the affected 
area. But depending on the interaction between 
pathogen and host immune system, clinical and 
pathological patterns are variable (5).

Concerning mono-arthritis of wrist and 
hand, infection causes by other mycobacteria are 
also identified. Especially, Mycobacterium bovis 
causing wrist and carpal osteomyelitis  (6), Extensor 
tenosynovitis by Mycobacterium marinum (7) and 
synovial tissue infection by mycobacteria other 
than Mycobacterium tuberculosis  (8), are some 
of the examples.

According to the previous literature, 
pathological involvement of carpal bones, flexor 
and extensor tendons, synovial sheaths of hand and 
wrist caused by TB infections are identified. Other 
than the destruction of bones and tendons, median 
nerve compression causing carpal tunnel syndrome 
is also described  (9).Isolated involvement of the 
ankle region is also rare and incidence ranges from 
4-8% according to case series (10). Involvement 
of ankle, subtalar, Lisfrank joints, bone and 
tenosynovitis were described in the literature (11). 
Main symptoms associated were related to weight 
bearing and limited joint movement especially at 
ankle joint.

Isolated joint involvement of joint by TB 
in the background of some compromise of the 
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immune system were described but cases related 
to healthy subjects are rare (12). The patients that 
we report were not on any immune-suppressive 
drugs but longstanding diabetes in wrist involved 
patient might have predisposed for reactivation.

Even though it is an uncommon presentation, 
tuberculosis should be considered as a differential 
diagnosis of the isolated joint swelling, especially 
in counties where TB is prevalent. Chronic 
osteomyelitis caused by Staphylococcus aureus, 
melioidosis, actinomycoses like infections, 
primary synovial sheath tumors and metastatic 
infections especially in a situation of multifocal 
lesions should be considered as other differential 
diagnoses. Consideration of tuberculosis as a 
differential diagnosis led us to get relevant samples 
and perform specific studies for the detection.

Diagnosis is confirmed by histological 
examination and confirmation of infection by a 
culture of the infected material(13,14).  Nucleic 
acid amplification tests such as Xpert MTB/RIF 
test are also available in Sri Lanka. This allows 
rapid identification of amplified specific RNA 
or DNA sequence via a nucleic acid molecule 
within 24 to 48 hours (15). Another advantage is 
the ability to detect rifampicin resistance of the 
organism. 

The use of these nucleic acid assays is 
not well established about specimens other than 
sputum (16). Because of the high demand for 
technical equipment, expertise, and cost, the uses 
of these tests are limited in developing countries.

The use of magnetic resonance imaging 
(MRI) in wrist tuberculosis is also studied. MRI 
is useful in identifying the local extent of the 

disease, and effect on structure nearby such as 
median nerve and vessels. Synovial thickening, 
synovial fluid collections, bone erosions, and 
osteomyelitis were identified as MRI features of 
wrist tuberculosis(17).Low signal intensity was 
noted in above areas on T1,T2 and T2*-weighted 
images (17). In relation to ankle region TB, MRI 
is useful for diagnosis and to assess the extent of 
the disease as well as to assess the response to 
treatment (18).

The tuberculosis treatment category depends 
on the previous anti-TB treatment history and 
state of resistance despite the site of involvement. 
Tuberculosis of wrist and hand especially with 
dominant hand involvement causes significant 
disability for the patient. The use of physiotherapy 
and occupational therapy conjunction with oral 
drugs is important to minimize the disability. 
Surgical treatment mainly reserved for abscesses, 
nerve compressions and reconstructive options 
especially in wrist and hand involvement by 
tuberculosis. Other than above indications, 
arthrodesis of ankle and other foot joints can be 
considered depending on the bony stability for 
weight bearing (19).

Conclusion and learning points

The knowledge on tuberculosis and its 
different presentations are important to arrive at 
diagnosis especially with its extra pulmonary 
involvement. Tuberculosis is a rare cause of 
chronic inflammatory swelling of the hand but it 
should be considered in South East Asian countries 
where the prevalence is high.

Keywords: Tuberculosis; Mono-articular; 
wrist; Case report;

Figure 1- Ventral and dorsal aspects of the wrist showing left wrist and hand swelling.
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Figure 2- X-ray of left hand showing destructive type lytic lesions involving mainly the carpal bones and 
bases of 2nd to 5th metacarpals. 

Figure 3- MRI image of left hand showing destructive lesions in the carpal bones, surrounding focal 
fluid collections with narrowing of inter-carpal and carpo-metacarpal joints.

Figure 4- Shows anterior view left ankle joint with swelling
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Figure 5- Antero-posterior and lateral views of left ankle joint showing narrowed joint space and 
subtalar joint involvement

Figure 6- MRI scan of ankle joint showing marked loss of articular cartilage with associated bone 
marrow edema in the subarticular region of the distal tibia 
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