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Chapter 1. History of fracture treatment
Chwong 1. Lich sw cua gay xwong

Dich b&i BSTY LQ

There is evidence that attempts have been made to treat fractures since 4000 years BC. Early
medical practitioners appreciated that, if left unsupported, fractures either would not heal or would
develop significant malunions, compromising future use of the limb. Therefore, attempts were made
to realign broken bones and maintain their reduction during the healing period, using various forms
of splints and bandages. Wooden splints were used by the Egyptians around 5000 years ago (Elliot
Smith, 1908) but, whilst it appears these splints were often effective at facilitating bone healing, limb
shortening due to overriding of fragments was common. Splinting of fractures was also used by other
civilizations with some success, notably in India where bamboo splints were used and in ancient
Greece where support was provided using bandages impregnated with resin or wax that
subsequently set hard.

C6 bang chirng cho thdy ngudi ta da nd lwc diéu tri gdy xwong tir 4000 ndm trwéc cong nguyén.
Cac bac si y khoa thoi ky dau danh gia rang, néu khong duoc sw hé tro, cac vét gay sé khong lanh
ho&c sé phat trién cac dj tat ndng, anh hwdng dén kha nang st dung chi trong twong lai. Do do,
nguoi ta da cd gang sap xép lai cac xwong gay va duy tri cé dinh xwong trong thdi gian lanh vét
thwong bang cach st dung nhiéu dang nep va bang bé khac nhau. Nhirng thanh nep gd da dwoc
nguoi Ai Cap str dung khoang 5000 nam trwéc (Elliot Smith, 1908), tuy nhién, mac du cé vé nhw
nhirng thanh nep nay thwéng cé hiéu qua trong viéc hd tro qua trinh lanh xwong, nhung viéc rit
ngan chi do chéng lIén cac manh xwong la diéu phd bién. Nep gay xwong ciing dwoc cac nén van
minh khac st dung v&i mot sé thanh cong, déc biét la & An Do, noi str dung nep tre va & Hy Lap cb
dai, noi hé tro dwoc cung cip bang cach str dung bang tAm nhwa hodc sap sau d6 cirng lai.

The ancient civilizations declined and, for over 1000 years during the Dark Ages, there was very little
advancement in the management of fractures. However, scientific thinking was revived in the 15th
and 16th centuries during the Renaissance in Europe. Despite advances in anatomical
understanding, fracture treatment was still limited to the use of external coaptation. Attempts were
made to overcome the problem of limb shortening by using traction devices (Figure 1.1); however,
the results were still somewhat unpredictable. Patients were often confined to their beds for several
months during the healing period, and poor limb use and deformities were common sequelae to
fractures managed in this way. Operative treatment of fractures, usually performed on soldiers
following battlefield injuries, was generally limited to amputations. However, mortality associated with
these procedures was high and, due to the excruciating pain of surgery, patients often preferred to
choose near certain death from their injuries rather than elect for any form of operative treatment.

Céc nén van minh cb dai da suy tan va trong hon 1000 nam trong Thoi ky Den t6i, c6 rat it tién bo
trong viéc kiém soat gay xwong. Tuy nhién, tw duy khoa hoc da dwoc hdi sinh vao thé ky 15 va 16
trong th&i ky Phuc hung & chau Au. B4t chdp nhirng tién bd trong hiéu biét vé giai phau, viéc diéu
tri gdy xwong van bi gi¢i han & viéc sir dung vat cb dinh ngoai. D4 c6 nhiéu nd lwc nham khéc phuc
van dé rat ngan chi bang cach st dung céac thiét bi kéo (Hinh 1.1); tuy nhién, két qua van c6 phan
khé doan. Bé&nh nhan thuéng phai nam trén giwdng trong vai thang trong théi gian lanh vét thwong,
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kha nang st dung chan tay kém va bién dang la nhitng di chirng thwdng gap khi gy xwong duoc
diéu tri theo cach nay. Phau thuat diéu tri gay xwong, thwdng dwoc thye hién trén binh linh sau chéan
thwong trén chién trwéng, thwong chi gidi han & viéc cét cut chi. Tuy nhién, ty 1& ti vong lién quan
dén cac tha thuat nay rat cao va do sy dau dén tot cuing cha phau thuat, bénh nhan thwdng chon
céi chét gan nhu chac chén do vét thwong cia ho hon 1a chon bat ky hinh thire diéu tri phau thuat
nao.

1.1 Application of an extension device to a fractured arm by Gersdoff in 1517
1.1 Dung thiét bj kéo dan canh tay gay cta Gersdoff vao ndm 1517

A number of important innovations occurred during the 19th century. Firstly, in 1846 Morton
demonstrated that general anaesthesia could be performed relatively safely with the careful
administration of ether. In the same year, Liston performed the first operation on a patient under
anaesthesia; a midfemoral limb amputation. Secondly, improved understanding of microbial
infections led to the development of a system of antisepsis by Lister (1867), who used carbolic acid
on instruments and wounds and demonstrated that this could reduce the risk of postoperative
infections. Finally, Xrays were discovered by Roéntgen in 1895, which enabled the detailed in vivo
assessment of bone injury and healing for the first time. Cases with poor results could be better
investigated and explanations given for failures. These vital discoveries led to a more widespread
consideration of operative techniques for fracture management, which began to be developed in the
late 19th and early 20th centuries.

Mot sb d6i mai quan trong da xay ra trong thé ky 19. Dau tién, vao nam 1846, Morton da chirng
minh r&ng gay mé toan than co thé dwoc thuc hién twong déi an toan véi viéc st dung truyén ether
mot cach than trong. Cung nam dé, Liston thyc hién ca phau thuat diu tién cho mét bénh nhan
dwoc gay mé; céat cut tlr gitra xwong dui. Th&r hai, sy hiéu biét dwoc cai thién vé nhiém trang vi
khuan da dan dén sw phat trién hé théng sat triing béi Lister (1867), ngwdi da siv dung axit carbolic
trén dung cu va vét thwong va chirng minh réng diéu nay c6 thé lam gidm nguy co nhiém triing sau
ph&u thuat. Cubi cung, tia X dwoc Rontgen phéat hién vao ndm 1895, 1an dau tién cho phép danh gia
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chi tiét thwc nghiém vé tén thwong xwong va qua trinh lanh vét thwong. Nhirng trwong hop co két
qua kém c6 thé dwoc xem xét lai tbt hon va dwa ra 1oi gidi thich cho nhirng thét bai. Nhirtng kham
phé& quan trong nay da dan dén sw xem xét rong rai hon vé cac ky thuat phau thuat dé kiém soéat
gay xwong, bat dau dwoc phat trién vao cubi thé ky 19 va dau thé ky 20.

1. Treatment of fractures in animals

The concept of animal welfare is relatively modern; for many centuries animals with fractures would
be abandoned or euthanased, often using somewhat barbaric techniques. A notable exception was
the horse, which clearly had value for use in work or war. Forms of farriery existed in ancient Greece,
and the Romans used a metal device known as a ‘hipposandal’ to protect horses’ hooves. Fractures
of the distal phalanx could be managed by simple rest, and attempts were made to manage more
proximal limb fractures using external splints with the horses suspended in slings, often for many
months (Gibson, 1729).

1. Pieu tri gay xwong & dong vat

Khéai niém phuc loi dong vat twong dbi hién dai; trong nhiéu thé ky, nhitng déng vat bi gy xwong
sé bi bd roi hodc bi giét chét, thwong st dung nhirng k¥ thuat c6 phan man ro. Mét ngoai lé dang
cha y Ia con ngwa, ré rang co gia tri s dung trong cdng viéc hoac chién tranh. Cac hinh thirc déng
méng ngwa da ton tai & Hy Lap cd dai va ngudi La Ma da st dung mot thiét bj kim loai dwoc goi 1a
'hipposandal' d& bdo vé méng ngwa. Cac chd gdy & dét xa c6 thé dwoc x& ly bang cach nghi ngoi
don gian, va nhivng nd lwc da dwoc thuc hién dé xt ly cac vét gy & phan gan hon bang cach st
dung thanh nep bén ngoai va nhirng con ngwa dé dworc treo trong day treo, thwdng trong nhiéu
thang (Gibson, 1729).

The treatment of femoral fractures in dogs using an external wooden splint was described by Blaine
in 1824. Subsequently, alternative materials such as plaster of Paris or sodium silicate were used.
For the proximal limb, where poor reduction and overriding of the fracture were concerns, attempts
were made to apply traction, either by suspending dogs by their hindlimbs during the healing period
(Steiner, 1928), or by using traction devices such as the Schroeder—Thomas splint. However, the
results were often very poor. Ultimately, as with human orthopaedics, it was the development of
anaesthesia, antisepsis and radiography that led to the consideration of operative management for
fractures.

Viéc diéu trj gdy xwong dui & ché bang nep gb bén ngoai dwoc Blaine md ta vao nam 1824. Sau
do, cac vat liéu thay thé nhw thach cao Paris hoac natri silicat da dwoc st dung. Déi véi chi gan, noi
c6 méi lo ngai vé giam kha ndng cb dinh kém va vwot ra khdi vét gay, cac nd lwc da dwoc thwe hién
dé tao lwc kéo, bang cach treo ché bang chan sau trong qué trinh lanh vét thwong (Steiner, 1928),
hodc bang cach st dung céc thiét bi kéo nhw thanh nep Schroeder-Thomas. Tuy nhién, két qua
thwong rat kém. Cudi cung, cling nhw véi chinh hinh con ngwdi, chinh sw phat trién clia gay mé, sét
trung va chup X quang da dan dén viéc xem xét diéu trj phau thuat déi véi gay xwong.

2. External skeletal fixation

The first use of external skeletal fixation (ESF) is attributed to JeanFrancois Malgaigne in the 1840s,
who described the use of a simple spike held by a strap to prevent displacement of tibial fractures.
He subsequently devised an external clamp with four prongs, which was used to stabilize fractures
of the patella and olecranon (Figure 1.2).
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2. Co dinh xwong ngoai

Viéc s dung phuong phap cb dinh xwong ngoai (ESF) Ian d4u tién dwoc cho 1a ctia JeanFrancois
Malgaigne vao nhirtng nam 1840, ngudi da mo ta viéc st dung mot chiéc gai don gian duoc gilr
bang day deo dé ngan ngtra sw dich chuyén ctia gy xwong chay. Sau d6, éng da phat minh ra mot
loai kep bén ngoai c6 bén mau , dwoc st dung dé cé dinh cac vét gay & xwong banh ché va mén
khuyu (Hinh 1.2).

1.2 Malgaigne’s clamp (1849) used for fractures of the patella and olecranon. The prongs projected
through the skin.

1.2 Kep Malgaigne dwoc sir dung trong gay xwong banh ché (chi sau) va mén khuy (chi trwéc)
nhirng chiéc mau dam xuyén qua da

Several surgeons subsequently developed variations on these early systems during the early part of
the 20th century. However, a common problem was that the constructs created were not particularly
stable; thus patients were confined to their beds for the entire healing period. In 1938, Raoul Hoffman
described a more rigid system using three pins in each bone fragment. The Hoffman frame was more
adjustable, allowing easier fracture reduction as well as fracture compression or bone lengthening.
The system was widely used throughout Europe, but less well known in the USA. Again in the 1930s,
but entirely independently from Hoffman, Roger Anderson from Seattle described the use of a very
similar system in North America.

Mot sé bac si phau thuat sau d6 da phat trién cac bién thé cta cac hé thdng ban dau nay vao dau
thé ky 20. Tuy nhién, mét van dé chung l1a cac cong trinh dwoc tao ra cd dinh khéng virng; do dé
bénh nhan phai nam trén giwdng trong subt thdi gian chiva bénh. Nam 1938, Raoul Hoffman md ta
mot hé théng clrng cap hon bang cach sir dung ba chét trén méi manh xwong. Khung Hoffman co
thé diéu chinh dé dang hon, cho phép cé dinh gay xwong ciing nhw nén hodc kéo dai xwong dé
dang hon. Hé théng nay dwoc st dung rong rai khdp chau Au, nhwng it dwoc biét dén hon & M.
Mét lan nira vao nhivng ndm 1930, nhwng hoan toan doc 1ap véi Hoffman, Roger Anderson t Seattle
da mé ta viéc st dung mot hé théng rat gibng & Bac My.
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1.3. An early external fixation apparatus.
1.3 M6t thiét bi ¢ dinh ngoai truéc day

The first significant use of ESF in animals was described by Otto Stader. After an initial period during
which he became recognized as an expert in cattle infertility, he developed an interest in small animal
fracture treatment and introduced the ‘Stader splint’ in 1937. This was a more robust frame that was
widely used in dogs and subsequently introduced in humans. The Stader splint was refined and
commonly used by human trauma surgeons during World War Il. After the war, a similar system was
developed and used successfully on dogs by Schroeder and Leighton at the Angel Memaorial Animal
Hospital in Boston.

Viéc str dung c6 dinh ngoai dang ké dau tién & ddng vat dwoc mé ta bdi Otto Stader. Sau thdi gian
dau dwoc cong nhan la chuyén gia vé v sinh & gia sic, dng bat dau quan tam dén viéc diéu tri gay
xwong & dong vat nhoé va gidi thiéu 'nep Stader' vao ndm 1937. Day la loai khung chéc chan hon
dwoc str dung rong rdi & cho va sau dé dwoc gidi thiéu & ngwdi. Nep Stader da dwoc cai tién va st
dung phd bién b&i cac bac si phau thuat chan thwong & ngudi trong Thé chién thir hai. Sau chién
tranh, mot hé thdng twong tw da dwoc Schroeder va Leighton phat trién va st dung thanh céng trén
ché tai Bénh vién Bong vat Angel Memorial & Boston.

Another significant advance was made with the introduction of the Kirschner—Ehmer (KE) system in
the 1940s. The KE system was more versatile than its predecessors, allowing greater variation in
the angulation with which pins could be inserted. Concerns regarding inadequate stability led to
refinement of the initial frame types, with the more modern frame configurations gradually evolving.
Due to its versatility, the KE system has been the most widely used ESF system in veterinary practice
for the past 60 years, and has formed the basis for many subsequent systems.

Mot tién bd dang ké khac dwoc thwe hién véi sw ra doi ctia hé thdng Kirschner—Ehmer (KE) vao
nhitng ndm 1940. Hé théng KE linh hoat hon so v&i cac hé théng tién nhiém cla nd, cho phép thay
ddi goc Ién hon ma cac chébt c6 thé dwoc I&p vao. Nhirng lo ngai v& do 6n dinh khong da da dua
dén viéc cai tién cac loai khung ban dau, véi cac cau hinh khung hién dai hon dan dan phat trién.
Do tinh linh hoat ctia n6, hé théng KE da |1a hé thdng cb dinh ngoai dwoc st dung rdng rai nhét trong
thwe hanh tha y trong 60 ndm qua va da hinh thanh nén tang cho nhiéu hé thdng tiép theo.

Following World War Il, a number of authorities questioned the continued use of ESF in humans and
animals with reference to common complications such as infection, soft tissue morbidity and
nonunion. This coincided with the development of highly successful internal fixation techniques in
the 1950s and 1960s, and subsequently the use of ESF declined. However, it became clear during
the late 1960s and 1970s that internal fixation was not the panacea that had initially been suggested.
In particular, the complication rate following treatment of comminuted or open fractures with plates
and screws was often very high, mainly due to a failure to appreciate the importance of the soft
tissues and fracture site biology during their application. The huge number of casualties during wars
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in the 1970s and 1980s provided large caseloads for trauma surgeons, and the use of ESF began
to regain favour as its advantages for the stabilization of open and comminuted fractures began to
be understood. In field conditions, it was found that fractures could be rapidly stabilized with minimal
compromise to biology. Technical advances in the design and application of ESF apparatus led to
further improvements in outcome, and the use of ESF steadily increased. The increased popularity
in human orthopaedics was mirrored in veterinary practice, and a number of publications in the 1980s
and early 1990s reported and supported the use of ESF for more complex fractures, predominantly
using the KE system.

Sau Thé chién thi hai, mét sb6 co quan chirc ndng da dat cau hdi vé viéc tiép tuc st dung cd dinh
ngoai & ngwdi va dong vat cé lien quan dén cac bién ching thuwdng gdp nhw nhiém tring, tén
thwong md mém dong thdi va khong lién mé. Diéu nay trung hop véi sw phat trién clia cac ky thuat
cb dinh bén trong rat thanh cong vao nhirng ndm 1950 va 1960, va sau dé viéc st dung ESF giam
dan. Tuy nhién, vao cudi nhitng nam 1960 va 1970, rd rang la viéc cb dinh bén trong khéng phai la
thudc chira bach bénh nhw dwoc dé xuat ban dau. D&c biét, ty |é bién chirng sau diéu trj gay xwong
hé hodc gy vun (gay c6 manh thi 2 tré 18n) bang nep va vit thuweng rat cao, cha yéu la do khéng
danh gia dwoc tm quan trong cia mé mém va ban chét sinh hoc tai vi tri gy xwong trong qua trinh
ap dung chang. Sé lwong thwong vong khéng 16 trong cac cudc chién tranh vao nhirng nam 1970
va 1980 da mang lai khéi lwong cong viéc 16n cho cac bac si phau thuat chan thuwong, va viéc st
dung ESF béat dau lay lai dwoc sw wa chudng vi loi ich ctia né trong viéc c¢b dinh cac vét thwong hé
va gay vun bat dau dwoc hiéu rd. Trong tinh trang nay, nguoi ta nhan thay rang gay xwong cé thé
dwoc 6n dinh nhanh chéng ma khéng anh hwéng nhiéu dén ban chat sinh hoc. Nhirng tién bod kj
thuat trong thiét ké va (rng dung thiét bji ESF da dan dén nhirng cai thién hon niva vé két qua va viéc
st dung ESF déu tang Ién. Sw phd bién ngay cang tang trong chinh hinh & ngwdi dwoc phan anh
trong thwe hanh tha y, va mét sé 4n pham trong nhivng ndm 1980 va dau nhivng ndm 1990 da bao
cdo va ng ho viéc sir dung ESF cho cac gay xwong phtrc tap hon, chi yéu st dung hé théng KE.

Throughout the 1990s and 2000s several companies sought to develop their own ESF systems in
an attempt to circumvent some of the inherent disadvantages of the original KE system. Modern
systems have significant advantages, including allowing the use of transfixation pins of different
sizes in different areas of the bone and the placement of additional clamps in between existing
clamps on a frame. In some systems, the connecting bars are made from lightweight radiolucent
materials, such carbon fibre or acrylic composites (Figure 1.4), decreasing the overall weight of the
apparatus and permitting better postoperative radiographic assessment of bone alignment and
healing. Improvements in the mechanical strength of the fixation components have allowed more
simple frames (type l1a or 1b) to be used in preference to complex frames (type 2 or 3) (see Chapter
4 for further information).

Trong sudt nhitng ndm 1990 va 2000, mot sd cdng ty da tim cach phat trién khung ESF cua riéng
ho nham ¢ gang khac phuc mét sé nhwoc diém cb hivu ctia hé théng KE ban dau. Cac hé théng
hién dai c6 nhirng wu diém dang ké, bao gdm viéc cho phép st dung cac chét cb dinh cé kich thuwéc
khac nhau & cac khu vuc khac nhau clia xwong va dét cac kep bd sung vao gitva cac kep hién co
trén khung. Trong mot sb hé théng, cac thanh thang (thanh ndi) dwoc lam tir vat liéu can quang nhe,
chang han nhu sgi carbon hoac vat liéu tdng hop acrylic (Hinh 1.4), lam gidm trong lwong téng thé
cua thiét bi va cho phép danh gia X quang sau phau thuat tét hon vé viéc chinh hinh (thang truc) va
lanh thwong ctia xwong. Nhirng cai tién vé dé bén co hoc clia cac vat ¢d dinh d& cho phép st dung
nhiéu khung don gidn hon (loai 1a hoac 1b) thay vi cac khung phirc tap (loai 2 hodc 3) (xem Chwong
4 dé biét thém thong tin).
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1.4. An acrylic pin external fixator used to treat a mandibular fracture in a cat. Following reduction of
the fracture, transfixation pins are driven into the mandible. Acrylic is then moulded around the pin
ends; the acrylic sets to create a hard bond between the pins.

1.4. Dung cu cb dinh bén ngoai chét acrylic (thanh ndi la acrylic) dung dé diéu tri gdy xwong ham
dwéi & méo. Sau khi nan xwong gay, cac chét cd dinh dwoc déng vao xwong ham dwéi. Sau dé,
acrylic dwoc dic xung quanh cac dau chét; bod acrylic dé tao lién két cirng gitra cac chét. (Thay thé
cho thanh néi)

This simplifies surgery and allows better use of ‘safe corridors’ for transfixation pin placement, which
helps to reduce morbidity and complication rates. The smooth transfixation pins initially used with
ESF systems have now been largely replaced by pins with a positive, negative or tapered thread,;
this improves the integrity of the pin—bone interface and maximizes the resistance of pins to pullout.
Diéu nay giup don giadn héa phau thuat va cho phép s dung tét hon 'khodng cach an toan' (viing
d&t chét an toan tranh cham vao 6 gay) dé dat chét xuyén, gidp gidm bénh vaty 1& bién chirng. Cac
chét chuyén ddi tron tru ban dau dwoc st dung véi hé thédng ESF gid day phan Ién da dwoc thay
thé bang cac chét co ren ra, ren vao hoac chét ; diéu nay cai thién tinh toan ven cia bé mat tiép xuc
chét-xwong va tdi da hoa kha nang chdng trwot cta chét. (Gidp chét ¢b dinh én dinh vao xwong
cling nhu han ché tén thwong tai vi b& mat tiép xdc gitra xwong véi chbt)

The use of circular or ring fixators, where bone fragments are stabilized using small tensioned wires,
was pioneered by Gavril llizarov, a Russian surgeon working in relative isolation from the West in
Siberia. During the 1940s he devised the circular fixator system and developed techniques for
distraction osteogenesis to improve treatment of fractures, orthopaedic complications and limb
deformities. It is rumoured that distraction osteogenesis was discovered purely by chance when a
patient mistakenly distracted their circular fixator rather than compressing it, and new bone
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developed in the enlarging fracture gap. llizarov rose to prominence in Russia after successfully
treating a celebrated national athlete who had sustained an open tibial fracture in a motorcycle
accident; the fracture had previously failed to heal despite some 20 operations. llizarov subsequently
went on to establish a huge hospital and research centre in Kurgan, Siberia.

Viéc st dung dung cu cé dinh tron hodc vong (hinh 1.4.1), trong d6 cac manh xwong dwoc ¢ dinh
bang chi thép nhd, da dwoc tién phong béi Gavril llizarov, mét bac si phau thuat ngwdi Nga lam viéc
twong déi tach biét véi phwong Tay & Siberia. Trong nhivtng nam 1940, é6ng da phat minh ra hé
thdng cé dinh tron va phat trién cac ky thuat kéo dan xwong dé cai thién viéc diéu tri gdy xwong,
bién chirng chinh hinh va di tat chan tay. C6 tin dén rang qua trinh kéo dan xwong duwoc phat hién
hoan toan tinh c& khi mét bénh nhan nham I1&n da kéo dan dung cu cb dinh tron ctia ho thay vi nén
né, va xwong mai phat trién trong khoang tréng gay ngay cang Ién. llizarov tré nén ndi tiéng & Nga
sau khi diéu tri thanh cdng cho mét van déng vién québc gia ndi tiéng bi gy xwong chay hé trong
mot vu tai nan xe may; vét gay truéc dé khong thé lanh lai mac du da trai qua khodng 20 ca phau
thuat. llizarov sau dé tiép tuc thanh 1ap mét bénh vién va trung tam nghién ctru khéng 16 & Kurgan,
Siberia.

Despite great success within Russia, llizorav’s work was largely unknown in the West until a famous
Italian explorer and mountaineer, Carlo Mauri, sought treatment for an infected nonunion fracture of
his tibia. The fracture was successfully treated, and Mauri facilitated the attendance of Ilizarov at an
Arbeitsgemeinschaft fir Osteosynthesefragen (AO) meeting in Italy in 1961. This led to the
emergence and acceptance of circular fixation, first in Italy, and then worldwide, throughout the
1970s and 1980s. The first report of circular ESF in animals was from Antonio Ferretti in 1984. The
unique advantages and versatility of circular ESF led to an explosion of interest and the development
of several veterinary systems by different companies. More recently, systems have been introduced
which allow the use of both circular and linear components within the same frame (Figure 1.5). These
‘hybrid’ frames confer advantages of both the circular and linear systems and, if used appropriately,
can simplify application and lead to decreased complication rates.

Mé&c du thanh céng ruc r& & Nga, cong viéc cua llizorav hau nhw khéng duoc biét dén & phuong
Tay cho dén khi mot nha tham hiém va nha leo nui ndi tiéng ngwdi Y, Carlo Mauri, tim cach diéu trj
vét gay xwong chay lién xwong bi nhiém tring. Gay xwong da dwoc didu tri thanh céng va Mauri da
tao diéu kién cho llizarov tham dw cudc hop Arbeitsgemeinschaft fiir Osteosynthesefragen (AO) &
Y vao nam 1961. Diéu nay dan dén sw xuat hién va chap nhan phwong phap khung cb dinh tron,
dau tién 1a & Y, sau d6 1a trén toan thé gisi, trong sudt nhixtng ndm 1970 va nhivng ndm 1980. Bao
cao dau tién vé ESF tron & dong vat la cta Antonio Ferretti vao nam 1984. Nhirng wu diém doc dao
va tinh linh hoat ctia ESF tron da dan dén sw bung né médi quan tam va sw phat trién ctia mot sé hé
théng thi y ctia cac cong ty khac nhau. Gan day hon, cac hé thdng da dwoc gidi thiéu cho phép st
dung ca tron va thang trong ciing mét khung (Hinh 1.5). Cac khung 'hén hop' nay mang lai loi ich
cho ca hé théng xoay va thang, ddng thoi, néu dwoc st dung phil hop, cé thé don gidn héa (ng
dung va gidm ty l& bién chirng.
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1.5 A hybrid external skeletal fixator used to stabilize a comminuted distal humeral fracture in a cat.
The ring is secured to the bone distally using tensioned wires; the hybrid post extends proximally
allowing the use of linear components on the proximal humerus.

1.5 Mét dung cu cb dinh xwong bén ngoai hdn hop dwoc str dung dé cb dinh vét gay xwong canh
tay & méo. Vong dwoc cb dinh vao xwong & diu xa bang cang day; phdi hop véi kéo dai vé phia
gan cho phép st dung cac thanh thang & dau gan xwong canh tay.

3. Internal fixation

Despite some success with early ESF systems, it soon became clear that they were commonly
associated with a plethora of complications, especially soft tissue problems such as pin tract
discharge. As a result of these problems, and the high complication rates associated with the use of
external coaptation, many surgeons began to explore the use of internal fixation techniques.
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3. Cé dinh trong

Mé&c di c6 mét sé thanh céng véi cac hé théng ESF ban dau, nhwng ngudi ta nhanh chéng nhan ra
rang chang thwédng lién quan dén vo sb bién chirng, dic biét 1a vé mé mém tai chét cdm. Do nhirng
van dé nay va ty lé bién chirng cao lién quan dén viéc stir dung vat liéu gén tr bén ngoai, nhiéu bac
sT phu thuat bat dau kham pha viéc st dung cac ky thuat cd dinh bén trong.

3.1. Orthopaedic wire

Wire sutures, or interfragmentary wires, were used in humans in the late 19th and early 20th
centuries. Forms of cerclage wiring were also used. Some success was recorded, but concerns
existed regarding erosion of the bone adjacent to the wires. This was initially attributed to pressure
necrosis, but it subsequently became apparent that electrolysis of the wire and metal corrosion were
to blame; this problem was resolved following the identification and introduction of biologically inert
materials, forerunners to materials such as 316L stainless steel that are used today. The use of
cerclage wire to treat long oblique fractures in dogs was described by Turnbull in 1949, although
complications were common; Hinko and Rhinelander (1975) refined the application techniques and
achieved better results.

3.1. Chinh hinh chi thép

Chi thép, hay chi phan doan, dwoc st dung & ngudi vao cudi thé ky 19 va dau thé ky 20. Cac hinh
thire chi thép cerclage cling dwoc st dung. Mot sb thanh céng da dwoc ghi nhan, nhwng van ton tai
nhirng lo ngai v& sy bao mon cla xwong lién ké& véi day. Piéu nay ban dau dwoc cho 1a do hoai tr
do &p lwc, nhwng sau d6 ngwdi ta thay rd rang nguyén nhan la do dién phan cta day va tinh &n mon
kim loai; VAn dé& nay da dwoc gidi quyét sau khi xac dinh va gi6i thiéu cac vat liéu tro vé mat sinh
hoc, tién than cla cac vat liéu nhw thép khong gi 316L duwoc siv dung ngay nay. Viéc st dung chi
thép dé diéu tri cac vét gay chéo dai & ché da dwoc Turnbull md ta vao nam 1949, mac du cac bién
chirng thwdng gdp; Hinko va Rhinelander (1975) d3 cai tién cac ky thuat rng dung va dat dwoc két
qua tbt hon.

3.2. Intramedullary devices

Intramedullary devices were used in the late 19th and early 20th centuries to treat long bone
fractures. Short pegs of ivory, bone and nickelplated steel were tried both in humans and dogs, but
with only limited success. The pegs were difficult to insert and failed to provide rigid stabilization of
the fracture. However, a variation on the use of these pegs, known as ‘dowel pinning’, is still used
by some surgeons today to treat metacarpal and metatarsal fractures in cats (Zahn et al., 2007).

3.2. Thiét bi néi tay

Thiét bi noi tuy dwoc str dung vao cudi thé ky 19 va dau thé ky 20 dé diéu tri gy xwong dai. Nhirng
chiéc dinh ngén bang nga voi, xwong va thép ma niken da dwoc thir & cd ngwdi va chd, nhwng chi
dat dwoc thanh cong han ché. Cac dinh rat kho 1&p va khéng mang lai sw 6n dinh chéc chén cho vét
gay. Tuy nhién, mdt bién thé trong cach st dung nhirng chiéc dinh nay, duoc goi la 'dinh thang', van
duwoc mot sé bac s phau thuat st dung ngay nay dé diéu tri gy xwong ban tay va xwong ban chan
& meo (Zahn va céng sw, 2007).

The use of pins spanning the full length of the bone was popularized in the early 1940s by Kuntscher,
who stabilized experimentally created femoral fractures in dogs using V or trefoilshaped nails. This
technique became relatively widespread in human medicine in the 1940s and 1950s. In dogs, round
profile Steinmann pins proved more popular as they were easier to insert and were cheaper.
However, problems relating to poor rotational stability became apparent. Techniques such as stack
pinning were developed and threaded pins were used in an attempt to overcome this problem, but
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complications due to rotational instability persisted. In addition, intramedullary pins did little to
prevent the axial collapse of comminuted fractures.

Viéc st dung nhirng chiéc dinh kéo dai toan bd chiéu dai ctia xwong da dwoc phd bién vao dau
nhirtng ndm 1940 b&i Kuntscher, ngudi da cb dinh trén thwe nghiém cac gay xwong dui & ché bang
cach st dung dinh hinh chi¥ V hodc hinh ba l4. Ky thuat nay tré nén twong dbi phd bién trong y hoc
con nguwdi vao nhitng ndm 1940 va 1950. O ché, nhitng chiéc dinh Steinmann c¢é than tron té ra
phd bién hon vi ching dé I1&p vao hon va ré hon. Tuy nhién, cac van dé lién quan dén cb dinh xoay
kém da tré nén rd rang. Cac ky thuat nhw dinh ngan xép da dwoc phat trién va chét ren duoc st
dung nham cb gang khac phuc van dé nay, nhwng van ton tai nhirng bién chirng do mét cb dinh khi
xoay. Ngoai ra, dinh ndi tuy c6 tac dung rat it trong viéc ngan nglra sap truc (ngan theo truc doc)
clia trong gay vun.

In the human field, interlocking nails were developed in the 1980s to overcome the problems of poor
rotational stability and axial collapse. These devices consisted of a large diameter pin with holes
drilled through it (Figure 1.6). Having placed the nail in the medullary canal, screws could be drilled
perpendicular to the nail into the bone and through the holes, thus interlocking with the nail. This
construct effectively resisted all disruptive forces at the fracture site and their use became
widespread for the treatment of femoral, humeral and tibial fractures. The screws were placed using
special aiming jigs or under fluoroscopic guidance. An additional advantage of interlocking nails was
that they could be placed in a minimally invasive fashion through small incisions away from the
fracture site.

O nguoi con ngudi, nhikng chiéc dinh c6 chét dwoc phat trién vao nhivng ndm 1980 dé khac phuc
cac van dé vé do 6n dinh xoay kém va do sap truc (theo chiéu dai) . Nhirng thiét bi nay bao gém
dinh cé dwong kinh 16n véi khoan 16 xuyén qua (Hinh 1.6). Sau khi dat dinh vao éng tuy, c6 thé
khoan vit vudng géc v&i dinh vao xwong va xuyén qua cac 16, do dé sé khép véi dinh. CAu trac nay
chdng lai mot cach hiéu qua tat ca cac lwc tac dong tai vi tri gy xwong va viéc st dung ching tré
nén phd bién dé diéu tri gdy xwong dui, xwong canh tay va xwong chay. Céc vit dwgc dat bang cach
st dung C-arm hodc dwdi sy hwéng dan bang huynh quang. Mot wu diém niva cla viéc déng dinh
I6ng vao la ching cé thé dwoc dat theo kiéu xam I4an téi thiéu théng qua cac vét rach nhé cach xa 6
gay xuwong.

In small animals, interlocking nails were first used in the 1990s (Dueland et al., 1996; 1999), with
some success, although problems such as screw or nail breakage were not uncommon. These
problems have largely been addressed as the design of the implants has evolved. Recent
innovations include the development of solid bolts rather than screws to reduce implant breakage,
and the manufacture of an ‘anglestable’ system, which improves stability at the fracture site by
preventing movement at the nail-bolt interface (Déjardin et al., 2014). Interestingly, smooth
intramedullary pins are still routinely used in small animal fracture surgery, without modifications to
their profile, although they are now most commonly used in combination with other forms of fixation
such as ESF or bone plates to create constructs which can neutralize all disruptive forces at the
fracture site.

O déng vat nhd, dinh c6 chét 1an dau tién dwoc st dung vao nhirtng ndm 1990 (Dueland va cong
sw, 1996; 1999), véi mét sb thanh cdng, mac di cac van dé nhw gay vit hodc gay dinh khéng phai
la hiém. Nhirng van dé nay phan Ién da dwoc gidi quyét khi thiét ké clta vat liéu ngay cang phat
trién. Nhirng d6i ma&i gan day bao gdm viéc phat trién chét cirng thay vi vit dé gidm vat liéu dat vao
va san xuét hé théng '6n dinh goc', gitp cai thién dé dn dinh tai vi tri gay bang cach ngan chan
chuyén déng & bé mat tiép xtc dinh-chét (Déjardin va cong sw, 2014) . Diéu tha vi 1a, dinh ndi tuy
than tron (than tron, tron) van dwoc st dung thwdng xuyén trong phau thuat gay xwong thi nhd ma
khéng stra dbi hinh dang ctia ching, mac du hién nay chung dwoc st dung phd bién nhét két hop
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v&i cac hinh thire ¢b dinh khac nhuw ESF hodc nep xwong dé tao ra cac cau tric co thé vo hiéu hda
moi lwc pha vo tai vi tri gy xwong.

1.6: An interlocking nail (left) and a transfixation bolt (right). The nail is placed in the medullary canal,
holes are then drilled through the bone, aligning with the holes in the nail, and bolts are placed to
interlock with the nail.

1.6. Dinh c6 chét (trai) va mét chét ¢b dinh (phai). Dinh dwoc dat vao éng tiy; Sau d6, cac 16 dwoc
khoan xuyén qua xwong, can chinh véi cac 16 trén dinh va dat cac chét dé khéa dinh.

3.3. Plates and screws

The use of metal plates and screws was first described in humans by Hansmann in 1886. The ends
of the screws were left long, protruding from the skin, to allow simple removal. Lane (1907)
developed a system that was entirely contained under the skin, simplifying patient care; use of these
plates was described in dogs by Larsen in 1927. The plates often broke due to cyclic fatigue (Figure
1.7), and the original Lane plates were subsequently replaced by much larger and stronger implants
such as the Sherman and Venable plates. Complications in early cases were very common and
included osteolysis, plate loosening, wound breakdown and nonunion. It became apparent that many
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of these problems were due to electrolysis and corrosion of the metals used to manufacture the
implants as had been noted with orthopaedic wire. Subsequently, more biologically inert materials
were introduced and complications relating to metal corrosion decreased. However, other
complications persisted, and limb function following fracture treatment was often poor, even if the
bone healed.

3.3. Nep va vit

Viéc sir dung cac nep kim loai va vit 1an dau tién dwoc Hansmann mé tad & ngwdi vao ndm 1886.
Cac dau cla vit dwoc dé dai, nho ra khdi da dé co thé thao lap don gian. Lane (1907) da phat trién
mot hé théng hoan toan nam dwéi da, don gidn héa viéc chdm séc bénh nhan; Viéc s dung cac
nep nay da dwoc Larsen mo ta trén chd vao nam 1927. Cac nep nay thuwdng bi vé do mai theo chu
ky (Hinh 1.7), va cac nep Lane ban dau sau d6 da dwoc thay thé bang cac manh ghép Ién hon va
chéc chan hon nhiéu nhw cac nep Sherman va Venable. Cac bién chirng trong nhitng trwérng hop
dau tién la rat phd bién va bao gdm tiéu xwong, 16ng nep, rach vét thwong va khong lién xwong. R
rang la nhiéu van dé trong sb nay la do dién phan va &n mon cuia kim loai dwgc st dung dé san xuat
b6 phan ghép nhw da dwoc ghi nhan véi thép chinh hinh. Sau do, nhiéu vat liéu tro vé mat sinh hoc
dwoc dwa vao st dung va cac bién ching lién quan d&n &n mon kim loai gidm di. Tuy nhién, cac
bién chirng khac van tiép dién va chirc nang chi sau diéu tri gdy xwong thwdng kém, ngay ca khi
xwong da lanh.
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1.7 Lane bone plates broken at their weakest point.
1.7 Nep xwong bj gdy tai diém yéu nhét ctia nd
(Reproduced from Sherman (1912) with permission from Surgery, Gynecology and Obstetrics)

In response to the suboptimal outcomes following fracture treatment, a group of Swiss doctors
formed the Arbeitsgemeinschaft fir Osteosynthesefragen (AO) group in 1958. This translates as
‘Association for the Study of Internal Fixation’.

This group realized the vital importance of the interaction of the bone and surrounding soft tissues
in promoting fracture healing. They also noted that the most important outcome measure following
fracture treatment should be limb function, rather than simply healing of the fracture; therefore, they
emphasized the importance of early mobilization of fractured limbs. Extensive research was carried
out in their laboratories in Davos, and the defining principles of fracture management developed.
These principles have remained valid ever since:

» Accurate reduction of fracture fragments

* Preservation of fracture site biology and blood supply

* Rigid internal fixation

* Early return to function to minimize fracture disease.
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Dé giai quyét nhirng két qua chwa dat dwoc mirc téi wu sau diéu tri gdy xwong, mot nhém bac si
Thuy ST da thanh 1ap nhom Arbeitsgemeinschaft fur Osteosynthesefragen (AO) vao nam 1958.
Nhém nay dworc dich 1a 'Hiép hoi Nghién ctru vé C6 dinh trong'.

Nhom nay nhan ra thm quan trong séng con cla sy twong tac gitra xwong va cac mé mém xung
quanh trong viéc thic day qua trinh lanh vét gay. Ho ciing lwu y rang thuéc do két qua quan trong
nhét sau diéu tri gdy xwong phai la chirc nang cta chi, thay vi chi don gian 1a chiva lanh vét gay; do
do6, ho nhan manh tdm quan trong cla viéc van dong sém cac chi bj gay. Nghién ctvu sau rong da
duwoc thwe hién trong phong thi nghiém ctia ho & Davos va cac nguyén tac xac dinh vé quan ly gay
xwong da dwoc phat trién. Nhirng nguyén tac nay van co hiéu lwc ké tir do:

+ C6 dinh manh g4y chinh xac

+ B&o t6n sinh hoc viing gy xwong va cap mau

+ Cb dinh trong virng chac

+ S&m tré lai chire néng dé giam thiéu bénh gay xuong.

Application of these principles led to a marked improvement in patient outcomes, and the AO
techniques were soon introduced into small animal orthopaedics; the AOVET group was formed in
1969. The use of bone plates and screws was facilitated by the widespread introduction of antibiotics
in the 1950s and 1960s, which decreased the risk of infection that had been previously been
associated with internal fixation techniques.

Viéc 4p dung nhirng nguyén tac nay da dan dén sy cai thién rd rét vé két qua ctia bénh nhan va cac
ky thuat AO da sm dwoc dwa vao chinh hinh thd nhé; nhém AOVET dwoc thanh [ap vao nam 1969.
Viéc s dung nep xwong va vit dwoc tao diéu kién thuan loi nhd sw ra doi rong réi cta khang sinh
trong nhirng ndm 1950 va 1960, giip gidm nguy co nhiém tring trwdc day lién quan dén cac ky
thuat ¢ dinh bén trong.

The AO group also developed new implants and instruments to allow effective stabilization of
fractured bones. The most important of these was the dynamic compression plate (DCP), which
circumvented the need for cumbersome devices to achieve interfragmentary compression. The DCP
and its subsequent variations (such as the low contact DCP or ‘LCDCP’) were widely used in both
humans and small animals in the latter part of the 20th century, and are still commonly used today.
Nhém AO ciing da phat trién cac thiét bj dat vao va dung cu méi dé cho phép cb dinh xwong gay
mot cach hiéu qua. Diéu quan trong nhat trong sé nay 1a nep nan déng (DCP), gitp loai bé nhu cau
st dung cAc thiét bj cdng kénh dé dat dwoc kha ndng nan gitra cac manh. DCP va cac bién thé tiép
theo ctia n6 (chdng han nhw DCP it tiép xtic hodc 'LCDCP') da dwoc str dung rong rai & ca nguoi
va dong vat nhé vao cubi thé ky 20 va van duwoc str dung phd bién cho dén ngay nay.

A recent development in bone plate technology was the introduction of anglestable or locking plates
(Perren, 2002). The key feature of these systems is that, rather than compressing the plate against
the bone and achieving stability by friction, the head of the screw directly engages or ‘locks into’ the
plate. The device functions mechanically in a similar manner to an external skeletal fixator but is
applied under the skin, avoiding the morbidity that can be associated with percutaneous pin
placement. Locking plates can confer several advantages when compared with traditional plates and
screws, including better preservation of periosteal vascularity and improved mechanical strength,
especially in soft, osteoporotic bone such as that which is commonly encountered in elderly humans.
However, locking plates can also have several disadvantages, including an inability to angle screws
away from adjacent joints or other vital structures and unique mechanisms of failure, such as multiple
screw shearing and ‘bone slicing’ where rigid screws cut through bone. Therefore, it is imperative
that locking systems are used correctly, and in many cases it may still be more appropriate to use
traditional DCPs. More recent developments in locking plate technology have included the
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introduction of ‘combi’ plates, such as the locking compression plate, which can accept either locking
or conventional cortex screws, and the development of variable angle locking plates (see Chapter
10). Currently, precise guidelines regarding the use of different systems have not been developed
for small animals. Therefore, the surgeon must consider the advantages and disadvantages of each
system to allow the most appropriate implants to be selected for each case.

Mét bwée phat trién gan day trong cong nghé nep xwong la sy ra doi ctia nep cd dinh géc hodc nep
khéa (Perren, 2002). BPac diém chinh cta cac hé théng nay la thay vi ndn nep vao xwong va dat
duwoc sy 6n dinh nhd ma sat, dau vit sé gan truc tiép hodc 'khda vao’ nep. Thiét bi nay hoat dong
co hoc theo cach twong tw nhw thiét bi cd dinh xwong bén ngoai nhung dwoc ap dung dwdi da,
tranh cac bénh tat co thé lién quan dén viéc dat ghim qua da. Cac nep khoa c6 thé mang lai mot sé
loi thé khi so sanh v&i cac nep va vit truyén théng, bao gdm bao tdn mach mau mang xwong tét hon
va cai thién dé bén co hoc, dc biét [a & mdé mém, lodng xwong nhw xwong thwdng gap & ngudi
cao tudi. Tuy nhién, cac nep khéa ciing c6 thé c6 mot sb nhuwoc diém, bao gdbm khéng cé kha néng
xoay gic vit ra khdi cac khép lién ké hoac cac ciu trac quan trong khac va cac co ché héng héc
d&c biét, chang han nhw gay nhiéu vit va 'cat xwong' trong dé cac vit clrng cat xuyén qua xwong. Vi
vay, diéu bat budc la hé théng khéa phai dwoc sir dung dung cach va trong nhiéu trwéng hop, viéc
st dung DCP truyén théng van c6 thé phu hop hon. Nhirng phat trién gan day hon trong céng nghé
nep khoa bao gém sw ra ddi ciia cac nep ‘combi’, chdng han nhw nep nén khéa, cé thé chap nhan
khoa hoéc vit v théng thwdng, va sw phat trién ctia cac nep khoéa cé goc thay dbi (xem Chwong
10). Hién tai, cac hwéng dan chinh xac vé viéc st dung cac hé théng khac nhau chuwa dwoc phat
trién cho tha nhd. Vi vay, bac si phau thuat phai xem xét wu diém va nhwoc diém cla tirng hé thdng
dé c6 thé Iwa chon dung cu phu hop nhét cho tirng trwdng hop.

4. Changes in philosophy

The introduction of AO principles and implants in the 1960s and 1970s led to vastly improved
outcomes in both human and small animal fracture patients. However, it became clear that whilst
simple fractures often healed uneventfully, complications were not uncommon in patients with
comminuted fractures. Despite meticulous anatomical reconstruction and rigid fixation, comminuted
fractures were often slow to heal and delayed construct failure was seen frequently (Figure 1.8). In
addition, infections were common, especially following treatment of open fractures. Researchers
realized that these complications could be attributed to biological damage at the time of surgery,
caused by excessive manipulation of fragments in an attempt to achieve perfect anatomical
reduction. This damage increased the risk of infection and led to delayed healing, cyclic implant
fatigue and eventual implant failure.

4. Nhirng thay doi trong ly luan

Sw ra doi cia cac nguyén Iy AO va dung cu vao nhirng ndm 1960 va 1970 da mang lai két qua cai
thién dang ké & ca bénh nhan gay xwong & nguwoi va thi nhd. Tuy nhién, rd rang la trong khi cac
vét gay don gian thwong lanh lai mét cach binh thwong thi cac bién chirng khéng phai 1a hiém gap
& nhirng bénh nhan bi gdy xwong vun. Mdc du da duoc tai tao gidi phau ti mi va c¢b dinh chac chan,
céac vét gay vun thworng cham lanh va tai cau tric lai bi tri hodn thwdng xuyén duoc thay (Hinh 1.8).
Ngoai ra, nhiém trung con phd bién, d&c biét 1a sau khi diéu tri gdy xwong hé. Cac nha nghién ctu
nhan ra rang nhi*rng bién chirng nay c6 thé la do tbn thwong sinh hoc tai thei diém phau thuat, do
thao tac qua mirc cdc manh xwong gay nham dat dwoc cb dinh vé& mat giai phau hoan hao. Tén
thwong nay lam tang nguy co nhiém tring va dan dén cham lanh vét thwong, mét méi theo chu ky
ctia bo cly ghép va cudi cung la that bai ctia bd cay ghép.

These concerns led to a reappraisal of the AO principles in the 1980s and 1990s. For comminuted
fractures, it was recognized that preservation of biology should be emphasized above anatomical
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reconstruction of the fracture fragments. This led to the development of socalled ‘biological
treatment’ of comminuted fractures. Using this strategy, the length and alignment of the bone was
restored without individual fragment reconstruction, and robust bridging fixation was applied. The
fracture then healed by callus formation (Johnson et al., 1996; Dudley et al., 1997). Simple fractures
were usually still treated by reconstruction and compression, with the aim of achieving primary bone
healing.

Nhirng lo ngai nay da dan dén viéc danh gia lai cac nguyén tdc AO vao nhirng nam 1980 va 1990.
Dbi véi cac vét gay vun, ngudi ta nhan thay rang viéc bao tén sinh hoc can dwoc nhadn manh hon
la viéc tai tao gidi phau cac manh gay. Piéu nay dan dén sw phat trién cta cai goi la 'diéu tri sinh
hoc' dbi v&i cac vét gay vun. Bang cach s dung chién lwgc ndy, chiéu dai va sy thang truc cla
xwong da dwoc phuc hdi ma khéng can ti tao ttrng manh riéng I& va ap dung phwong phap cbé dinh
béc cau chac chan. Chd gay sau d6 dwoc chia lanh bang sw hinh thanh mé seo (Johnson va cong
sy, 1996; Dudley va cong sw, 1997). Cac gay xwong don gian thwéng van dwoc diéu tri bang cach
tai cAu trac va nén lai, véi muc dich dat dwoc sy lanh xwong ban dau.

Paradoxically, the development of ‘biological treatment’ actually led to an initial increase in use of
ESF constructs for the treatment of comminuted long bone fractures. The ESF constructs could be
applied with closed fracture reduction and the implants could be positioned away from the fracture
site to improve preservation of the biology. However, despite improvements in ESF technology,
complications inherent to ESF (such as pin tract discharge) remained common.

Nghich ly thay, sw phat trién cta 'diéu tri sinh hoc' thwc sy da dan dén sy gia tang ban dau trong
viéc st dung cac cAu tric ESF dé diéu trj cac gay xwong dai cé6 manh vun. Cu tric ESF c6 thé
dwoc ap dung véi kha ndng nén gay xwong kin va cac vat ghép cé thé dwoc dét cach xa vi tri gay
xwong dé cai thién kha nang bao ton sinh hoc. Tuy nhién, bat chap nhirng cai tién trong céng nghé
ESF, cac bién chirng vdn cé ctia ESF (chang han nhw chay dich & chét) van phd bién.
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1.8. Cyclic fatigue of a plate. A mildly comminuted fracture in a 5-year-old Labrador Retriever was
treated by open reduction, anatomical reconstruction and application of a compression plate.
Individual fragments were repositioned prior to application of the plate, compromising their
vascularity. Despite good limb function following the initial surgery, the bone did not heal and the
construct failed 3 months postoperatively.

1.8. P& mai c6 tinh chu ky ctia nep. Mot vét gdy vun nhe & chi ché Labrador Retriever 5 tudi da
dwoc diéu tri bang phwong phap nan chinh hé, tai tao giai phiu va st dung nep. Cac manh riéng &
dwoc dinh vi lai trwde khi ding nep ép vao, lam anh hwéng dén mach méau cia ching. Mac du chire
nang cla chi van tét sau cudc phau thuat dau tién nhwng xwong khang lanh lai va viéc cau tric lai
khoéng thanh cong sau 3 thang phau thuat.

Consequently, robust internal fixation techniques were revisited and new solutions developed, such
as the pinplate combination (Figure 1.9). This construct was shown to be far more durable than
bridging plate fixation alone (Hulse et al., 1997). The refinement of surgical techniques to preserve
the healing capacity of the soft tissues at the injured site has continued over the last 20 years, with
particular reference to the placement of the fixation apparatus. For example, the widely adopted
‘open but do not touch’ (OBDNT) technique uses an open approach to place the fixation apparatus,
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but fracture reduction and implant placement is performed without direct manipulation of the
fragments or disturbance of the haematoma at the fracture site. More recently, further development
of the biological approach to fracture stabilization has occurred, where no approach to the fracture
site is performed at all: following closed reduction the implants are placed through small incisions
made remote from the fracture site. This strategy is known as minimally invasive osteosynthesis (see
Chapter 15).

Do d6, cac ky thuat cb dinh trong chac chan da dwoc xem xét lai va cac gidi phap méi dwoc phat
trién, chang han nhw két hop ban ghim (Hinh 1.9). CAu trdc nay da dwoc chirng minh 1a bén hon
nhiéu so véi viéc chi ¢ dinh nep cau (Hulse va céng sw, 1997, hinh 1.9.1). Viéc cai tién cac ky thuat
phau thuat dé duy tri kha nang chira lanh cla cac mé mém tai vi tri bj thwong da tiép tuc trong 20
nam qua, dac biét la vé vj tri cha dung cu cb dinh. Vi du, k§ thuat 'mé& nhung khéng cham' (OBDNT)
dwoc ap dung rong rai s dung phwong phap mé dé dat thiét bi cd dinh, nhwng viéc nén 6 gay
xwong va dat cdy ghép dwoc thwe hién ma khéng can thao tac trwc tiép cac manh vé hoac lam x&o
trén khbi mau tu tai vi tri gy xwong . Gan day hon, phwong phap sinh hoc nham 6n dinh vét gay da
dwoc phét trién hon nira, trong d6 khéng cé phwong phap tiép can nao dwoc thwe hién tai vi tri gay
xwong: sau khi nén chinh kin, vat liéu dwoc dat vao qua cac vét md nhéd céach xa vi tri gdy xwong.
Chién lwgc nay dwoc goi la phdu thuat xwong xam lan téi thiéu (xem Chwong 15).

As our understanding has improved it has become apparent that it is not possible to divide cases
into those that should be treated ‘biologically’ and those that should be treated by reconstruction and
interfragmentary compression. In reality all of the basic AO principles should be applied to every
case; the principles are as valid today as they were 50 years ago. However, it is now clear that
greater emphasis should be placed on certain principles in different fracture situations. In the future
it is likely that, as our understanding continues to improve and new implants are developed, the
application of basic principles will continue to evolve. As the writer Khalil Gibran speculated,
‘Progress lies not in enhancing what is, but in advancing toward what will be’.

Khi sw hiéu biét cGa chung tdi da dwoc cai thién, ré rang la khdng thé phan chia cac trwdng hop
thanh nhirng trwdng hop can dwoc didu tri 'sinh hoc' va nhirng trwdng hop can dwoc x& 1y bang
cach tai ciu trac va nén xen ké. Trén thuc té, tat cd cac nguyén tdc AO co ban déu phai duwoc ap
dung cho moi trwdng hop; nhirng nguyén tac ndy van cé gia tri cho dén ngay nay ciing nhw 50 ndm
trwdc. Tuy nhién, bay gid ré rang ra 1a can chi trong nhiéu hon dén cac nguyén tic nhat dinh trong
céac tinh hudng gay xwong khac nhau. Trong twong lai, rat cé thé khi sy hiéu biét ctia ching ta tiép
tuc dwoc cai thién va cac thiét bi vat lieu méi dwoc phat trién thi viéc ap dung cac nguyén téc co
ban sé tiép tuc phat trién. Nhw nha van Khalil Gibran da suy doan, ‘S tién bo khéng ndm & viéc
nang cao nhirng gi dang cé ma 1a tién t&i nhivng gi sé cd'.
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1.9. Pin—plate fixation. (a) A severely comminuted tibial fracture in a 6-year-old terrier was reduced
in a minimally invasive fashion and (b) stabilized using an intramedullary pin and a medial plate. The

fracture healed uneventfully.

1.9. Pinh-nep. (a) gdy xwong chay c6 nhiéu manh vun nghiém trong & mét chd ché suc 6 tudi da
dwoc ndn chinh theo phwong phap xam 14n ti thidu va (b) dwoc cb dinh bang dinh ndi tuy cé nep.
Vét gay lanh lai mét cach binh thuwong
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