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Editorial

Journey to total hip arthoplasty

Hip joint is a mobile link between the trunk and the lower

limb. It plays an important role in locomotion. Being a ball and

socket joint it allows flexion extension, adduction, abduction,

internal rotation and external rotation. These movements

enable the person to adopt any posture for various activity of

daily living, social occasions and at work and worship. Due to

various causes like trauma, infection inflammation and

degenerative processes etc., the hip joint may loose move-

ments, become stiff, painful and deformed, severely jeop-

ardizing its function. The patient may not be able to squat, sit

cross legged orwalk properly. These problems are as old as the

history of man himself. The desire of the patient to have a

mobile joint stimulated the surgeons to developmaterials and

methods to restore movement at ankylosed hip. Many at-

tempts have been made to achieve movements with correc-

tion of deformity and relief of pain from time to time. Toward

the end of 18th century attempt was made to replace femoral

head with wooden block fixing it to the femur with plate and

screws. Muscle flap, fascia, wall of the pig's bladder etc. were

used for interposition between femoral head and acetabulum.

The end result was failure and often disasterous.1 The

knowledge of biology, biomechanics, asepsis and compat-

ability of the human tissues with these implanted materials

was not known to the clinician.

John Rea Barton in 19272 reported his attempt to restore

movements at the hip joint by creating a pseudoarthrosis in

subtrochanteric region. Although this enabled the patient to

sit properly in the chair yet the operation was unphysiological

because main movers of the hip joint were inserted in the

proximal fragment. The procedure has remained only of his-

torical value. A better function was achieved by excising a

bone segment from the neck of the femur. This was further

improved by excision of the femoral head and neck by Girdle

stone.3 Bachelor4 and Milch5 tried to improve the stability

after this procedure by doing osteotomy of the greater

trochanter and fixing with the angled plate. Although good

range of motion were restored at the hip, these produced

shortening of the limb and appreciable limp.

Smith Peterson6 initially prepared a mould of glass then of

acrylic and resion and finally of vitalliumwhich was given the

name of Smith Peterson Cup. This cup covered the prepared

headof femur andarticulatedwith acetabulum. This produced

quite satisfactory results lasting for few years. Ultimately the

cup became loose and joint became painful requiring its

removal. Judet7 brothers designed a prosthesis which had a

capital Part (head) segment and a stem. Capital component

replaced the femoral headand the stemwasfixed into theneck

of the femur. It alsomet the same fate.Moore8 and Thompson9

designed intramedullary prosthesis consisting of a roundhead

and a long intramedullary stem which was fitted into the

medully canal of the femur. The head component articulated

with the acetabulum. These were certainly better than the

previous prostheses and are still in use in among patients of

femoral neck fracture in geriatric patients. The problems often

metwith thesewere protrusio acetabuli and pain in the region

of the hip and upper thigh requiring the removal of the pros-

thesis or substituting it with total hip arthroplasty. McKee

Farrhar10 & Phillip Wiles11 designed a metallic cup and a stem

somewhat similar to intramedullary stem of Thompson

prosthesis. After preparation the cup was fixed to the acetab-

ulum with screws or bone cement (methyl methacrelate) and

stem in the medullary canal also with cement. The metallic

joint produced sound during the movement and it became

loose due to reaction of the local tissues to wear particles of

metal.

Bipolar prosthesis was developed by Bateman12,13 with the

hope that it give would better results. The procedure of im-

plantation is quite easy and taking short time. It is useful in

patients with compromised health with life expectancy of <5
years. Though good results have been reported in >10 years

followup.13

Charnley14e16 designed non metallic cup first made of

acrylic and later on of high density polyethylene and femoral

component made of vitallium. Both the components were

highly polished with the idea of decreasing the friction be-

tween the two and reducing the wear and tear of the implant.

The results of this joint consisting of high density poly-

athelene cup and metallic stem were very good and the joint

lasted for many years. Early complications were dislocation

and infectionwhichwere improved by observing strict aseptic

condition in the operation theatre and improvement in the

operative technique. The delayed complications observed

were aseptic loosening, osteolysis which required revision

arthroplasty.17e19

Initially aseptic loosening was considered to be due to bone

cement20 and hence non cemented total hip was designed.
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This consisted of a metallic shell with inner polyethylene

lining. The metallic shell had granular outer surface and

coated with hydroxyapatite for better corporation into the

bone. The shell was fixed to the bone with screws and poly-

ethylene lining was fitted into it. The femoral component was

also designed in a way that the bone could grow into it. All

these implants had monoblock femoral component. Further

development produced modular type of femoral stem con-

sisting of separate head component which could be fitted to

the intramedullary stem. The size of the neck of the femoral

component could be adjusted with the use of different sizes

(length) of head which allowed adjustment of length the neck

of the femur as well as the tension of the soft tissue. Even

these types of non cemented joints had aseptic loosening. The

blame now has shifted on the polyethylene cup or poly-

ethylene lining. Wear particles of polyethylene cup produced

reaction in the soft tissues leading to aseptic loosening and

osteolysis on the acetabulars as well as the femoral side. In

order to get rid of polyethylene from the total hip prosthesis,

metal on metal and ceramic on ceramic joints were devel-

oped.21,22 These had highly polished surfaces. Surface

arthroplasty with coverage of femoral head with a metallic

component articulating with metallic acetabular part was

used in younger patients. These allowed vide a range of

movements and the patients were able to squat and sit cross

legged. The initial results were very encouraging. However,

within few years, wear particles from the metallic cup and

head started producing reaction in the soft tissues often

leading to formation of tumour like lesions around the hip

joint and metlosis. Revision arthroplasty had to be carried out

in such cases and metal on metal joint has now gone out of

market. Ceramic on ceramic joint are still in use. The problem

faced with this prosthesis is squeaking sound and cracking of

the cup resulting in pain in the region of hip. Now ceramic

head on highly cross linked polyethylene cup and metallic

head on cross linked polyethylene cup are latest to be used in

total hip arthroplasty with improvement in the results re-

ported. The cross linked polyethylene has very slow wearing

property. Only time will show for how long these joints will

last when implanted in young patients. Further research in

these materials and development of new materials is still

being carried out to design a joint which will last for the life of

individual when planted in a young person.

Medical profession as well as the patients are anxiously

waiting for the day when such a joint is made available to

them.
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4. Discussion

Broken femoral nail removal is not anuncommonprocedure in

orthopedic surgery for removing an intact nail various uni-

versal retractor are available, it is the broken nail which pose a

surgical challenge especially when fracture site is united.

In general, the proximal portion of a brokennail is routinely

removedwithout difficultywhile challenge remains in the part

of distal segment removal. For this instance, closed technique

has been usually attempted as a primary procedure because of

two reasons 1. Patient will have additional scar on his thigh

which was not there from previous surgery. 2. Fracture is

already united even after opening distal site we need to

refracture that site in order to deliver distal fragment of nail.

For broken cannulated nails, the distal portion can be

removed by antegrade and retrograde method each of them

have their own advantages and shortcomings.

Thereareasmanystudiesdone inpast todevelop technique

in order to deliver distal fragment1e5 but in these techniques

many instruments such as hook, femoral head cork screw,

smaller nail, multiple guidewires, and guidewire withwasher

have been recommended to be used as an extractor.1,6e11 in

order to preserve the surrounding soft tissue.

Franklin et al1 described their experience with the treat-

ment of 60 broken femoral or tibial nails. In their series, 20

distal fragments were extracted without auxiliary surgical

methods and 28 nail fragments were removed using long

hooks. The hooks that were used have a profile that is similar

to the profile of Ender pin extractors.

Brewster et al2 and Hahn et al12 also endorsed the removal

of reamed nails with the use of long hooks. However, they

mention that the hooks can slip several times at the tip of the

nail, become stuck in the distal fragment, and bend (or even

break) inside the nail.13 These complications prolong the pa-

tient's surgery and exposure to the image intensifier, test the

surgeon's patience, and increase the risk of postoperative

complications.14

Giannoudis et al15 described the extraction of fragments

with special tools, such as long graspers and hooks. This

technique involves the use of long trephines, hooks, and

auxiliary pins. The technique is costly and labor-intensive, but

it is a good alternative method, especially for fractures of rigid

and unreamed tibial nail.

Levy et al14 described yet a different surgical approach in

which they impact a nail of smaller diameter than the original

nail inside the distal fragment of a broken reamed femoral nail

to facilitate local impaction and anterograde extraction.

Middleton et al8 suggested filling the internal space of a

cannulated nail with several guide wires to allow the antero-

grade extraction of the distal fragment.

Maini et al16 proposed passing an olive guide wire through

the distal fragment of cannulated femoral nail and then filling

the nail with long Steinmann wires to facilitate its removal.

Marwan and Ibrahim13 described a technique in which they

passametallicwire throughthemiddleof thefracturednail and

through its distal hole. They then fasten this wire to the distal

fragment through a small incision at the level of the distal hole.

Riansuwan et al10 described a technique of retrograde

impaction. Again in this technique knee arthrotomy is require

which further pose complication like knee stiffness, infection,

condylar fracture etc.

In our method of nail extraction we neither use any extra

incision or pose patient to any risk of image intensifier by

using simple traditional sequential K-nail reaming we were

able to extract out distal cannulated broken segment of nail

and have excellent outcome of patient on follow up.
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a b s t r a c t

Introduction: Rotator cuff tears are one of the most important causes of shoulder disability

and are highly prevalent in most western populations. Massive rotator cuff tears present

inherent challenges for the orthopaedic surgeon. Patch augmentation with polytetra-

fluoroethylene (PTFE) felt patches has become increasing popular over the last decade. The

aim of this review is to summarize the available literature on PTFE patches in massive

rotator cuff tears.

Method: A search of MEDLINE and EMBASE was performed. The authors further searched

available literature using Google Scholar and the reference lists of selected articles. A total

of eleven studies (four animal and seven clinical) were found.

Results and discussion: Animal and clinical studies have shown that PTFE patches are

biomechanically and biologically sound, and have established optimal patch dimensions.

Complications with the use of the patch have been minimal, although the outcome of

biologic reaction at the patch-bone interface requires further work.

Conclusion: Longer-term clinical studies and randomized controlled clinical trials are

needed. Further work is needed to better understand the biologics of the patch and its

incorporation into the graft-host tissue interface.

Copyright © 2014, International Society for Knowledge for Surgeons on Arthroscopy and

Arthroplasty. Published by Reed Elsevier India Pvt. Ltd. All rights reserved.

1. Introduction

Rotator cuff tears are one of the most important cause of

shoulder disability, accounting for 4500,000 specialist visits

and over 250,000 surgical procedures performed in the USA

every year.1 Despite recent surgical advancements in their

management, recurrence/re-tear rates range from 40 to over

90%.2,3 Failure is often due to suture pull out at the suture-

tendon interface,4 with age as a negative factor.

The definition of massive rotator cuff tears remains

controversial. Although most surgeons currently define a tear

as massive when there is detachment of at least two complete

tendons, some continue to use the older Cofield definition of a

tear greater than 5 cm in size.5,6 In contrast to small or large

rotator cuff tears where techniques for surgical management
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have yielded satisfactory results, there is no consensus on

the best way to manage massive tears with a wide variety

of treatment options at the disposal of the orthopaedic

surgeon.5,6

The optimal goal of any rotator cuff repair is restoration of

original biology and biomechanics. In chronic massive rotator

cuff tears, the low elasticity of the tendon due to its replace-

ment by biomechanically inferior scar tissue leads to reduced

tissue mobility and impairs our ability to directly suture-

tendon to bone. If left untreated, massive rotator cuff tears

will lead to persistent defects, weakness, and poor outcomes,

and can cause uncoupling of forces across the glenohumeral

joint, with resulting unstable shoulder kinematics and ulti-

mately, osteoarthritis.5,7

Tendon reconstruction, a method popular in the past for

large and massive tears, involves relatively large-scale sur-

geries and is an unrealistic option due to the high prevalence

rates of rotator cuff tears in the community. To this effect, a

synthetic material may be inserted between tendon and bone

for repair. Studies have shown that augmentation of rotator

cuff repair with a scaffold can reduce pain and lead to higher

satisfaction and function compared to non-augmented

repairs.8e10

The rationale for using a scaffold device for rotator cuff

repair may includemechanical augmentation by “off-loading”

the repair at time zero and for some period of post-operative

healing, or biologic augmentation by improving the rate or

quality of healing, or both.11 It is hypothesized that to achieve

any biomechanical benefit, scaffold devices should have

robust mechanical and suture-retention properties and be

applied in a surgically appropriate manner.12 Synthetic de-

vices may have little impact on the biology of repair healing;

however their ability to maintain mechanical properties over

time may function to mechanically stabilize the repair

construct until host tissue healing can occur.11

Cardiothoracic, vascular and general surgeons have been

using non-absorbable synthetic materials for many years for

the reconstruction of large vessels, the heart and abdominal

wall. These materials have had low infection rates, few ad-

hesions, and good mechanical strength and suture-retention.

There is no consensus or clear guidelines as to what is the

safest or most efficacious augmentation. Polytetrafluoro-

ethylene (PTFE), a synthetic fluoropolymer of tetrafluoro-

ethylene, offers one such possibility.

PTFE is a high-molecular-weight, hydrophobic, inert,

thermoplastic compound of fluorocarbon. PTFE, an accidental

discovery, was famously used in the Manhattan project for

tubing of uranium, and was later popularized as a coating for

kitchen appliances under the brand Teflon (DuPont, USA).

PTFE has a Young's modulus of 0.5 GPa, a yield strength of

23 MPa, amelting point of 600 K, and a coefficient of friction of

0.05e0.10. Gore-Tex (a popularized brand name) is PTFE with

incorporated micropore technology.

PTFE is a non-degradable polymer. It works, like other syn-

thetic materials, on the premise that supporting a cuff repair

mechanically, and permanently, similar to a hernia repair,

would enable biologic healing. PTFE patches are characterized

by their strong tensile strength, good tissue compatibility and

excellent handling properties.13 PTFE patches have been

studied in both animal models and human patients for rotator

cuff tear repairs. Both biomechanical and histocompatibility

(tissue affinity and tissue integrity) properties of these patches

have been studied.

Some concerns with the use of such non-degradable ma-

terials includes persistent infections often requiring revision

operation to remove the implant, and loss of integrity in the

long-term leading to degradation, inflammation and revision

surgery.13 There is a lack of long-term studies into patch

augmentation modalities. A sound understanding of surgical

technique is necessary.

2. Surgical technique

Although various methods of patch augmentation are used

worldwide, there is little published literature on patch

augmentation techniques in rotator cuff surgery, perhaps due

to the novel nature of the technique. In his paper, Labbe (2006)

describes one such method. The patient is placed in a lateral

position and the cuff tear is addressed using standard tech-

niques, with a lateral viewing portal. Twomattress sutures are

placed in the anterior and posterior portions of the cuff and

then two double-stranded suture anchors are placed into the

lateral aspect of the greater tuberosity. The patch is sized

using a ruled probe or similar device placed into the sub-

acromial space. The patch is appropriately prepared, scope

inserted into posterior portal and a large cannula into the

lateral portal. All sutures are brought out through the cannula

and the corresponding ends of each suture are held by clamps.

Sutures are passed through the graft into their respective

anatomical positions, using a mattress method. The graft is

then grasped using a small locking grasper on its medial edge

and passed through the cannula into the subacromial space. A

smaller (5 mm) cannula is then passed through one of the

anchor incisions into the subacromial space and the medial

two sutures are retrieved through the small cannula and tied.

This is then repeated for the lateral two sutures. Post-

operative rehabilitation is essential.14 We suggest the use of

pre-operative MRI to help with patch sizing. There is a need to

incorporate patch augmentation methods into basic shoulder

courses and workshops to facilitate uptake of this novel

technique.

3. Method

A search of MEDLINE (1946 e present) (search terms: “massive

rotator cuff tear” AND “polytetrafluoroethylene”; “massive

rotator cuff tear” AND “GORE-TEX” OR “PTFE”) and EMBASE

(1988 e present) (search terms: “massive rotator cuff tear”

AND “polytetrafluoroethylene”; “massive rotator cuff tear”

AND “GORE-TEX” OR “PTFE”) was performed. The authors

further searched available literature using Google Scholar

(search terms: “massive rotator cuff tear/s” AND “polytetra-

fluoroethylene/PTFE/GORE-TEX”) and the reference lists of

selected articles were reviewed for additional relevant arti-

cles. Studies were included in this review if they assessed

PTFE use for the treatment ofmassive rotator cuff tears in vivo

or in vitro. A total of eleven studies (four animal and seven

clinical) were found.
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4. Results and discussion

4.1. Animal studies

Kimura et al (2003) reconstructed infraspinatus tendon de-

fects of 31 beagle dog shoulders using PTFE felt grafts. Healing

of tendon was achieved in 30 of the cases, with one case of

infection.15 The tensile strength of the tendons increased five

fold from 60.84 N immediately after surgery to 306.51 N at 12

weeks post-operatively. The stiffness of specimens at PTFE

felt-bone interface increased 14 fold from 9.61 kN/m imme-

diately after surgery to 135.09 kN/m at 12 weeks.15 Histologi-

cal analysis of tendons showed ingrowth of fibrous tissue

between the PTFE fibres, suggesting that PTFE becomes

incorporated into host tissue. However, foreign body re-

actions were found at the margin of PTFE-bone interface be-

tween 12 and 24 weeks.15 These results are similar to a

previous study of PTFE grafts in 60 rat shoulders.16 These

studies suggest that PTFE augmentation increases tensile

strength and stiffness post-operatively and becomes incor-

porated into host tissue.

The method for securing the patch in the host has also

been studied in animals. In a biomechanical study of 2 mm

PTFE patch in 12 ovine shoulder with artificially created

massive rotator cuff tears, Shepherd et al (2011), found that

inverted mattress tension band repairs provide significantly

higher footprint contact pressures than vertical mattress su-

ture method.17 Tension band repairs also had significantly

higher pull out strength (220 N) compared with mattress re-

pairs (188 N).17 Further, Ronquillo et al (2013) compared mul-

tiple mattress suture technique to weave suture technique for

44 ovine massive infraspinatus tendon tears. The found that

the multiple mattress suture technique had significantly

higher failure loads (327 N) compared with weave technique

(265 N), however, no difference in repair stiffness, peak energy

to failure, and total energy to failure were found.18 The exact

technique for patch augmentation is still evolving, and further

work is needed in this field to better address the question of

optimal technique.

4.2. Clinical studies

In the earliest clinical study, Ozaki et al (1986) studied 25 pa-

tients with massive rotator cuff tears repaired using PTFE

patch and found 90% to achieve satisfactory functional results

with an optimal patch thickness of 3e5 mm.16 Patch di-

mensions were further studied by Hirooka et al (2002) who

divided their cohort of 28 patients with massive rotator cuff

tears (average follow up period of 44 months post-operatively)

into two groups: small patch size (less than 2 cm ante-

roposterior dimension; 12 shoulders) and large patch size

(greater than 2 cm anteroposterior dimension; 16 shoulders).

They found a significant improvement in average Japanese

Orthopaedic Association (JOA) scores from 57.7 pre-

operatively to 88.7 post-operatively for all patients, with no

significant difference between the small and large patch size

groups.19 However, the small patch group had a significantly

higher abduction strength (6.2 kg at 90� abduction) versus the

large patch group (1.5 kg). Thus, smaller (less than 2 cm

anteroposterior dimension) patches with thickness 3e5 mm

may offer the best clinical outcomes.

In a clinical study of 30 patients with irreparable massive

rotator cuff tears over a 5 year period (mean follow up of 38

months post-operatively), Kimura et al (2000) found signifi-

cant improvement in pain scores (9.5 pre-operatively and 23.2

post-operatively), and mean total shoulder score (JOA score;

57 pre-operatively and 82 post-operatively).20 There were no

new osteoarthritic changes of the shoulder joint. Only one

patient had a subacromial bursal infection at 6 months post-

operatively. However, enlargement of the bone gutter of the

greater tuberosity was seen in 30% of cases post-operatively,

and the authors attribute this to biological reaction against

PTFE.20 However there was no correlation between this bone

absorption and clinical outcomes. These medium term clin-

ical results were similar to those reported earlier.21 The bone

resorption phenomenon needs to be studied in the long-term

as the medium term return of tendon mechanics may be

offset by repair loosening in the long-term.

Kanbe et al (2012) undertook arthroscopic repair of a

massive rotator cuff tear using PTFE patch, and a second look

arthroscopic surgery one year later to evaluate patch-bone

and patch-tendon interface. They found a tight connection

between PTFE patch and bone, and smooth attachment to cuff

tissue without proliferation of inflammatory cells in the

synovium.22 Further they found improvement of American

Shoulder and Elbow Surgeon scores of 24 pre-operatively to 75

post-operatively.22 These clinical outcomes were similar to a

10 year follow up study of 5 patients with massive rotator cuff

tears repaired using PTFE patch,23 however the small sample

sizes in both studies makes any conclusion difficult. Longer-

term and larger clinical studies are needed.

In a Japanese study, Toshiro et al (2001) compared lattisi-

mus dorsi transfer (14 shoulders) with PTFE felt patch (20

shoulders) for massive rotator cuff tears for mean follow up of

43.7 and 32.6 months, respectively. They found that both

techniques significantly improved JOA and UCLA shoulder

scores, but that average post-operative pain was lower and

average post-operative strength higher in the muscle transfer

group.24 There was no significant difference in function be-

tween the two groups. PTFE combinedwith better pain control

may allow for comparable outcomes to muscle transfer.

Further work is needed to compare PTFE augmentation with

other repair or augmentation techniques.

5. Conclusion

Overall, animal model studies have showed good biome-

chanical and biological characteristics for PTFE patches in ro-

tator cuff surgery. However, a significant finding was the high

incidence of foreign body reactions which may, in the long-

term, lead tomaterial failure. Further, tension band repair was

shown to be biomechanically superior method to vertical

mattress repair, and weave suture technique was biome-

chanically similar to multiple mattress technique. Clinical

studies have confirmed the biomechanically sound principles

of PTFE patches but have not allayed the fears of foreign body

reactions found in animal studies, although mid-term results

show low infection rates andno clinical correlationswith bone
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resorption phenomenon. Optimal patch dimensions have also

been described. However, most clinical studies have follow up

periods of less than 4 years and it is essential to assess longer-

term follow ups. Additionally, clinical outcomes of patch

repairs need to be compared with other commonly used

techniques such as tendon grafting and other augmentation

methods through randomized controlled trials.
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