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ABSTRACT

Our purpose in this study is to share our expernand results regarding the determination of arapan level of
lower extremity. A total of 21 patients were in@ddn our study, below-knee amputation was appbet patients
for diabetic reasons and 9 patients with traumaiasons. Various methods were used to determinetet No
post-operative complications occurred apart frombautaneous hematoma, wound detachment and sterile
temporary discharge in all patients. Amputationthe surgical removal of a damaged extremity thaintda be
repaired together with its bone from the body. Plepose of amputation is to remove infected, irjuoe non-
functional extremity in post-reconstruction, torlyithe patient’s function to a sufficient level pimtect length and
strength of extremity, to maintain balance betw#®n muscles left for a stable extremity, to proudaximum
independent free motion, to remove diseased tissueduce morbidity and mortality, to minimize gdications, to
ensure wound healing and balance of sitting, andntike position and transfers easier. With this psm it is
highly important to determine the level of amputatcorrectly. In the study, the reasons and tygeswputation in
lower extremity and methods of determining leveiehiaeen expressed.
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INTRODUCTION

Amputations of extremity are one of the oldest stigp[1, 2]. Amputation is the surgical removal of a dayed
extremity that cannot be repaired together wittbitgae from the bodf8]. Amputation is the procedure of cutting
the extremity in a way to include its disfd]. It is applied when the extremity is thoughtlie impossible to be
recovered following a serious injury, in case sbtie loss depending on vascular embolization dissraind in the
presence of uncontrolled infectifs 6].

The amputation of an extremity that is not alivadiionally can be the first step to make it re-fiime. Attempts to
recover an extremity that has lost its function &@an the edge of liveliness result in deterianatof patient’s
general condition and losing the chance of amnaflhe purpose is to increase the patient’s fanciind quality

of life [7-9]. Injuries with high energy are among the rhosten reasons for lower extremity injuries. Angtions

of lower extremity are permanent defects limititg individual’'s activities, requiring handling withany social
and psychological conditions, reducing the qualityife in terms of health and requiring a misceaus life-long
compatibility proces§l0-12]. The process passing from the surgicalttneat of lower extremity injuries to their
rehabilitation requires a multidisciplinary apprbaconcerning many specialists, particularly ortltpe and
traumatology[13]. In all major lower extremity traumas with &tares, tissue loss, nerve and vein injury, the
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surgeon has to decide between amputation and ngceuegery in a short time. Extremity must be matijc
evaluated while deciding on amputation, and possiibst-operative complications, recovery periodssgue
changes in patient’s daily activities and qualityife following the anatomic and functional lodsosild be foreseen
[13]. In this study, the amputation procedure agplio the damaged lower extremities with such resss trauma,
diabetic neurovascular reasons, peripheral vasdigdanses, infections, injuries, tumors etc. welldxplained13].

Anatomy of Lower Extremity

We can examine the anatomy of lower extremity agabfemur, proximal tibia, joint space, poplitéadésa and soft
tissues around the joifit4]. Both distal femur and proximal tibia contagitenty of spongiosis bones. Surrounding
of articular surfaces at the ends is limited toteubchondral bone with no vascular transition.r&hie a thick
articular cartilage above this. Femur and tibiaapbysis are encircled with the recesses of joipsal out of the
posterior region. Joint capsule has a significadénse network of collagen. Although synovial lagevering the
inner surface of capsule has multi-vascular strectthere are no trans-capsular vascular connectatending
from synovia to periarticular soft tissue. Veingheiut valvula in intermediary layer of capsule extdrom tibial
epiphysis to femoral epiphysis. While poplitealdashas a good limit with gastrocnemius fascia oftjposterior
capsule and tendinous insertions of hamstringsherfront; popliteal artery and sciatic nerve braxhre across
this region at the back and they constitute nemibipulevard for upper and lower extension of tuiesaong14].

Etiology

Irreparable injury in the circulation of injured damaged extremity is the only indication of ampiata If an
extremity can’t be fed, it becomes a useless ofgiabody and poses danger because of toxic sutesamigich give
off in time. In some cases, uncontrollable infetaf extremity becomes a life-threatening issue amgutation is
the only solutioff1, 2, 4, 15]. We can sort the reasons for ampnadif lower extremity as; 1-Peripheral vascular
diseases, 2-Diabetes mellitus, 3-Trauma, 4-Infasti®-Tumors, 6-Nerve injuries, 7-Congenital abradities[13].

1- Peripheral Vascular Diseasegmong all reasons for amputation of lower extrgmit comes firs{13, 16, 17].
Those patients are generally aged ovef16018]. Buerger's disease and Raynaud’s phenomaneramong the
peripheral vascular disease group. Atherosclei®@biterans is a chronic artery disease in degeiversype. It is
characterized by narrowing, lengthening and emhtibn of small and medium-sized arterioles. Reytsmud
Phenomenon is a chronic disorder frequently pragngswith the ischemia symptoms on upper extrefiitgers
episodically and not leading to narrowing in lunignl5].

2-Injuries (Trauma):Trauma comes second among the etiological rea@&9%) and it peaks between the ages of
17 and 591, 13, 19]. The mostly seen reasons of traumatipwgation are firearm injuries, traffic accidents,
occupational accidents and sharp object injyieg, 19]. Thermal burns, freezing and electriocdts are generally
the reasons for amputation of lower extrerfiity6, 15].

3-Diabetes Mellitus:Diabetes is an endocrine disease progressing thithrelative deficiency of insulin or non-
response of end organs. Diabetes-dependent angngaif lower extremity have a high post-operativertality
and require high level of secondary surdéryp, 6, 15, 20-23].

4-Infection: Acute or chronic infections with no response talioal or surgical treatment are relative indicasidor
amputation. However, fulminant gas gangrene pragesuch faster than other infectious factors atigmqt’s life
can be saved with the amputation that is carrigcogueaving open stump with more proximal fromiiy tissues

[1, 2]. The most frequently seen factor in infentids anaerobic and mixed infections that genedslyelop on the
basis of diabetd24]. A carcinoma may rarely develop from an inégtthronic sinus, and this can be an indication
for amputatiorl].

5-Tumors:Benign tumors don't general require amputation.péitation is a treatment option preferred in malign
tumors that do not have metastatic spif@ad]. Ignored tumors, tumors progressing underitiduction treatment
(chemotherapy, radiotherapy) and treatment contpdics are the real indications of amputation todBjg
vascular-nerve invasions that were thought aseahean for amputation in the past have becomevelatnputation
indications today. Vascular-nerve reconstructiaee ftissue transfers, earlier diagnosis and tredtmetumors
reduce the need for amputatiad].

6-Nerve Injuries:If the extremity has started to be an ulcer depgndn the nerve injury and if infection and tissue
loss can’t be controlled with other treatment md#)at becomes indicaté¢d, 2, 6, 14].

7- Congenital abnormalities: Amputation of an extremity with congenital defenay be required for a good
prosthetic alignmerji-3].
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Amputation Types of Lower Extremity

Disarticulation means performing amputation attjdével[25]. Amputation types of lower extremity by thevéds
are below:

a.Metatarsophalangeal disarticulatioiit is generally the amputation of metatarsus heeds the proximal.
b.Lisfranc amputationit is the tarso-metatarsal disarticulation.

c.Chopart amputationit is the disarticulation through talonaviculadazalcaneocuboid joints in midtarsal joint.
d.Syme’s amputationit is the transmalleolar amputation. Malleolar paof tibia and fibula are sawed off, and
closed with subcutaneous tissue and heel skin. Sogiutations are not cosmetically appealing agpthsthesis
used is insufficient to adjust to the shape of leg.

e.Boyd amputationtt is the removal of all tarsals except calcaneus.

f. Below-knee amputatiorit is generally practiced from 1/3 upper and medijoint of tibia. Fibula is cut slightly
shorter than tibia and a cylindrical residual extity is created22, 23]. As different from Syme’s amputation, dist
of tibia isn’t given weighf22].

g.Above-knee amputatioit;is practiced at 1/3 lower, medium and upper lewé femur.

h.Hip disarticulation;it is the disarticulation practiced from the coxwoferal joint.

i. Hemipelvectomyit is the disarticulation practiced from sacroiljat.

j- Hemicorporectomyit is the amputation of lower half of the bddy, 25].

MATERIALS AND METHODS

Determining Amputation Level
It is highly important to determine the amputatievel correctly.

Mangled Extremity Severity Score (MESS) contairscaring system according to the patient’s statgs, gype of
injury and ischemia status of extremity. 7 pointsl @bove indicate nonrecovery of extremity, andoihis and
below indicate that it is possible to save the exxrity. Amputation is carried out for the cases witlpoints and
abovd1].

Laboratory criteria are clinically utilized in deteining the amputation level. Arterial angiograpgppler USG,
perfusion pressures on segments and pulse volurdeaderiography records can be counted among them.
Measurements of cutaneous oxygen pressure and Ratiite Xenon isotopes are used as further andnsiype
researches in determining healfig8, 15, 26].

- Arteriography: It can be used for the diagnosisadcular diseases. Segmental blood pressure iefdhe most
widely used methods. It is based on the presenaysiblic pressure with the fully measured cuff.diidnally,

superficial artery doppler signal and photoplethggraphy are usgd5].

- Blood pressure of skin: This method was developechbse of the difficulties in measuring segmenystadic

pressurgl5, 27-29].

- Measuring the blood flow of skin with xenon: Blofiow exists[15].

- Transcutaneous oxygen pressure: Metabolic poteantdiheat capacity of the tissue are meadafed0].

- Radioactive micro corpuscles: have been stateéitmodstrate blood flow of injection intra-arterigtlys, 31].

- Doppler ultrasonic flowmetry: It is used to meashighly embolic veins.

- Electromagnetic flowmetry: In principle, it is basen the anti-magnetic field created by moving diand
measurement of electric potential which occursiealltyy to blood flow.

- Thermistor-thermometry and liquid crystal thermauma It is based on the observation of heat of skirace.

The rates of heat changes in the whole body todbm and forehead temperatures are exanjiiigd2].

As a general principle, albumin level of the patiaio will go through amputation should be above/dgtotal
protein above 6g/dl and total lymphocyte above 138D The level of amputation must separate thealied part
from the extremity and allow tissues hEjl Short amputation stump complicates prosthadjsstment and causes
a walking pattern with more exertif@4]. In patients with such short-type amputatitumsp, 6-8 cm of extension in
femur is possible with external fixators recefitly35].

The level of amputation may change depending oretlwogical reasons. Among the amputation typekwer
extremity, the most preferred one is generally Wetoee amputations depending on the status of rakiyend type
of injury. Partial foot amputations come ngb3].

Amputation must be performed over the injured tskvel and from the level as distal as possibleaking into
account the presence of soft tissue required faragiate stump, the possibility of pain and sesselarea,
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inclination to infection, personal situation, tHéeet of level on functional loss and prosthesise Tloser the weight
bearing region is to the ground in amputationsoafdr extremity, the better balance is maintained, fnctional
capacity obtained with the prosthesis reduces l@@nhergy consumed increases if the level incredaseslevel of
amputation should be determined in a way to obdasuccessful healing and maximum function in ppstative
period. As preferring an inappropriate level mayssaa secondary surgery in patients, the pre-aperataluation

is highly importan{13]. Amputation in cases of trauma should be deiteed by considering the status of bone,
vein, nerve and residual mus¢g&b]. Determining the level can be difficult in patts with vascular problems,
particularly[13, 36, 37] transcutaneous.

While determining the level of amputation, 1-Phgsitactors 2-Co-existing diseases 3-Experience skilts of
surgeon 4- Nutritional status of patient are taikém accounfl].

- Physical factors: Tissue necrosis or infectiomdgraitaneous oxygen level and circulation levefegnity[1].

- Co-existing diseases: Diabetes, peripheral vasdidaases or existence of other systemic infeclidns

- But the most frequently used method is the decisf@urgeon during the surgdtly 38].

RESULTS

21 patients with the below-knee amputation perfatimetween 2005 and 2012 were included in our sti@yf our
patients were amputated due to diabetic reason® aridhem for traumatic reasons. Direct graphyppler usg,
arteriography and laboratory examination were peréal in all patients. Microbiological examinatiofveound site
and MR examination were carried out in diabetidguas. Bone infection wasn't observed in diabettignts, only
soft tissue infection was found. Total amputaticaswperformed in all patients at different levelshefow-knee
under general or epidural anesthesia following rleeessary preparation. In traumatic cases; ampotatias
performed on the region appropriate for the preieined level for those with segmental fracture and
arteriographically diagnosed with circulatory dder at the same level due to the fact that distslu¢ has
completely lost its characteristics. In diabetitigrats; as macroscopic blood flow was observedetsufficient in 1-

3 cm proximal to the clinically and arteriographigaletermined level, amputation was performedhaise levels.
Follow-up was carried out on all patients in poiyid following the hospitalization for post-openatiwound care.
Subcutaneous hematoma was seen in 3 patients om wiaomatic amputation was performed, detachment of
wound site was seen in 4 diabetic patients andusatischarge from wound site was seen in 5 patemishealing
was ensured with dressing. On long follow up, daf patients, we see reactive bone formation dgabifibula, this
patient complained small pain on high loading @ & distal of amputated leg. Following the wourmgling and
tissue compatibility, all our patients were ensuredvalk with prosthetic legs in the 4th month afspoperative
period approximately.

DISCUSSION

Amputation of lower extremity is a permanent incatgmce which limits activities and participatiordatauses a
decrease in quality of life about hedlf2, 39]. Amputations are still performed in ortlegiic surgery frequently.
The purpose of amputation is to remove infectgdy@a or non-functional extremity in post-reconstion, to bring
the patient’s function to a sufficient level, toopect length and strength of extremity, to maintaatance between
the muscles left for a stable extremity, to proudaximum independent free motion, to remove diskéissue, to
reduce morbidity and mortality, to minimize compliions and to ensure wound healing and balancitioigs and
to make position and transfers eagldr As seen in our long follow up of the patientspf our patient amputated
end of fibula formed reactive bone and this givethl pain to the patient. It can be because of aatjon level.
With this purpose, it is highly important to detémm the level of amputation correctly. The biggesiblem after
deciding amputation is deciding on level, post-atige treatment required for maximum function ahdasing the
prosthesis. Clinical levels of ischemia and labamatriteria are used in deciding the level of atagion[7].

Limitations of our study are amputations done jusP reasons (diabetic and traumatic), done byllsmaber of
patients, all surgeries are done by same surgeema#d other studies done by bigger number ofrgatiey many
different surgeon, done because of many differeasons.

Amputation effects person’s psychology, health, ititgtetc lifelongly, so it is very important surge Because of
development of new diagnostic and treatment teclesigwe need many new publications done in thid.fie
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CONCLUSION

An amputation of lower extremity is a type of susg@hich is needed to be performed today for vasioeasons
and can sometimes be lifesaving. The most importaitérion is circulatory disorder. Aside from tharious
examinations, the experience of surgeon is the mygsdrtant factor in deciding the amputation level.

We utilize various radiological and invasive methoih deciding the amputation levels of lower extitgm
However, the reason for circulatory disorder isvitdil importance as can be seen in our study. Ntemahat the
level we have determined in diabetic patients Witippler or venography is, the level may change deiopg on the
blood situation of the tissue determined by thgsan during the operation etc.

Due to the fact that we have diabetic and traungi@ents in our study with a limited number ane sargeon, it
will be useful for the studies that were carried about amputations for different reasons with higimber of
patients and many surgeons. Amputation is a typsuojery which bears a life-long importance for fegson’s
psychology, health, function etc. As seen with ofieur patients, amputation level also importanioing time, we
seed reactive bone formation at the end of ampilate may be wrong amputation level. As curmaethods of
diagnosis are continuously improving, there is astant need for new publications in this field.
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Adds:

1) Example 1:

The patient who's left leg was amputated in ouniclibecause of an accidental trauma, at the beloee Kevel.
After 2 years using leg prosthesis, the patienete@ain at the distal point of leg during loadivge diagnosed
fibular reactive bone formation and followed.

2) Example 2:
The patient’s right knee was amputated in our clb@cause of diabetic circulation problem and ides.
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