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What is an amputation?
“Sometimes the extremities become 
gangrenous…you must cut off that 
limb as far as the disease has spread, 
so that the patient may escape death 
or greater affliction, greater than the 
loss of the limb.” 
Albucasis, c. A.D. 1000

Kirkup J. Interpretations of Amputation by Society, Patients and Surgeons. In: Kirkup J. A History of Limb 
Amputation. London: Springer –Verlag, 2007: 96–109

Presenter
Presentation Notes
Dismember commonly in use prior since the 13th centuryDerived from the Latin AmputareTo pruneCame into use in the late 16th CenturyPareAmputatio-Associated with cutting off of the hands of criminals by the Romans but not as a medical procedure until the late 1500’s when Ambrose Pare stated that “du lieu ou il faut commencer l’amputation-meaning the place where the amputation should be started
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Moving forward

Benjamin Bell (1796)
• bad compound fractures, extensive 

lacerations or contusions

History of lower limb reconstruction after trauma. Wagels M; Rowe D; Senewiratne S; Theile
DR. ANZ Journal of Surgery. 83(5):348-53, 2013 May.

Presenter
Presentation Notes
Despite the use of the word by Pare (1564) and the use of amputation as a treatment for severe LE trauma there was little delineation of indications until over 200 years later. The criteria for amputation hasn’t changed much since Benjamin Bell put forth the general idea that either open fractures or lower extremity soft tissue injury were grounds for amputation.
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Increased use

US Civil War
• 53% amputation rate for severe 

LE trauma
• 40% mortality rate associated 

with amputation

History of lower limb reconstruction after trauma. Wagels M; Rowe D; Senewiratne S; Theile DR.
ANZ Journal of Surgery. 83(5):348-53, 2013 May.

Presenter
Presentation Notes
With the advent of increasingly destructive military technology (minea balls, high explosive, and the automatic weapon) the rate and severity of death and wounding reached historic levels.  The cost was significant.  Unfortunately medical technology had not yet kept pace.  Limb salvage was a foreign concept in the middle of the 19th century.  Nearly ¾ of all surgeries performed during the civil war were amputations.  Anesthesia and antibiotics were still not in widespread use or even discovered at this time.



Core Curriculum V5

Debridement

• Described as early as 3000 BC
• Championed by Pierre-Joseph Desault

during the French Revolution
• Expanded and mainstreamed by 

Dominique Jean Larrey
• Modernized by Reyher

Karl von Reyher and the origins of debridement.  White, E. Wounds UK | Vol 15 | No 3 | P 85; 2019

Reyher

Presenter
Presentation Notes
Sage Sushruta described débridement around 3000 bc in India. This went unrecognized in the West until after the technique was “discovered” there independently.  Pierre-Joseph Desault was the chief surgeon of the Hotel-Dieu Hospital in Paris during the French Revolution. He coined the term débridement and popularized its use in the late 18th century. Dominique Jean Larrey, a student of Desault, recognized that the results of débridement were best if performed early and were limited by what could be tolerated without anaesthetic. Luckily “Bacteria are unlikely to develop resistance to surgical steel” so that despite the lack of antibiotic coverage, results with careful early debridement were markedly improved from earlier attempts at limb salvage.
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Modern era

• Anesthesia
• Antisepsis
• Antibiotics
• Vascular surgery
• Debridement

Battle injuries of the arteries in World War II; an analysis of 2,471 cases. DeBakey ME; Simeone FA. Annals of Surgery. 
123:534-79, 1946 Apr.

Principles in the management of arterial injuries associated with fracture/dislocations. Sher MH. Annals of Surgery. 
182(5):630-4, 1975 Nov.

Debakey

Presenter
Presentation Notes
In 1846, Robert Liston performed the first operation under ether anaesthesia. Fittingly, it was an amputation for tibial osteomyelitis. Ether was revolutionary because it made surgery safer, more efficacious and humane.1 In 1864, Louis Pasteur showed that bacteria were the exogenous cause of infection.10 Joseph Lister, a student of Liston and witness to his first amputation under ether anaesthesia, applied Pasteur's findings clinically by observing antiseptic principles with carbolic acid (phenol). In an 1867 Lancet publication, he reported a series of 11 compound tibial fractures without septic complications, which was unprecedented.11 Similarly unprecedented was the amputation rate from vascular injury during the Korean war which decreased from the worlrd war 2 rate of 49.6%  to merely 10.6% in the Korean war with the combination of vascular repair and antibiotics.
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OVERVIEW
• Amputation Decisions

• Indication
• Level

• Amputation Technique
• Below Knee Amputation (BKA)
• Above Knee Amputation (AKA)
• Knee Disarticulation (KD)

• Amputation Postop Care
• Pain Control
• Rehab
• Prosthetic Selection

Presenter
Presentation Notes
Despite all of these advances there are commonly injuries that may result in amputation.  In many places, amputation is more of the art of surgery and less the science.  That may be a result of the few areas where good scientific data exists.  Often times dogma is used to fill in the gaps.  Sometimes the tried and true works quite well.  At other times, less so.  In the body of this talk we will review the literature on amputation to help with selection to include amputation or not as well as the level of amputation.  Some discussion of the various parts of the surgical procedure will also be discussed.  Lastly we will focus on the pre and postop care of the amputated patient before we finish up with the outcomes from amputation of the lower extremity in the traumatic patient.
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Who to Amputate?

• Sometimes the answer is obvious
• Other times things are less clear, 

at least initially

Presenter
Presentation Notes
The long debated question is who should we amputate?  Sometimes the answer is obvious.  A limb held on only with a tiny skin bridge or maybe even one nerve.  At Other times the answer is not so readily apparent.  There are a number of factors to consider when deciding whether or not to amputate, including the timing of the amputation.
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Amputation versus limb salvage

• Do the outcomes matter if we decide to 
amputate?

• LEAP data
• No difference in Sickness Impact Profile (SIP) 

in prospective cohort study
• More related directly to educational level of 

patient

Bosse MJ, MacKenzie EJ, Kellam JF, et al. An analysis of outcomes of reconstruction or amputation after leg-threatening 
injuries. New Engl J Med. 2002;347:1924-1931

Presenter
Presentation Notes
So, How do we decide? Multiple studies have evaluated the question of selecting the correct patient for amputation.  The Lower Extremity Amputation Project or LEAP trial used a prospectively collected cohort of amputation and limb salvage to attempt to define predictors of outcome.  They used the Sickness Impact profile to objectively measure patient reported outcomes from both groups.  They found no differences in SIP scores at 2 year follow up.  No difference was found in return to work rates either. SIP measures ambulation, mobility, body care and movement, social interaction, alertness, emotional behavior, communication, sleep and rest, eating, work, home management, and recreation.  SIP is a disability rating and therefore measures residual disability.  The average population scores just over 2 and a score of over 10 indicates significant disability.
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Who to amputate?

• Scoring system? – none are predictive
• MESS
• NISSS
• Others

• Plantar Sensation? - Not helpful as an 
indication for amputation

Bosse MJ, MacKenzie EJ, Kellam JF, et al. An analysis of outcomes of reconstruction or amputation after leg-
threatening injuries. New Engl J Med. 2002;347:1924-1931

Bosse MJ, MacKenzie EJ, Kellam JF, et al.. A prospective evaluation of the clinical utility of the lower-extremity 
injury-severity scores. JBJS Am. 2001; 83: 3-14

Bosse

Presenter
Presentation Notes
LKC: Wow-an early picture of Bosse, Do you have more recent image and Krista will comment on sources acceptable.Old Bosse picture was intentional as it dates around the time of the LEAP project and is in comparison to the METRC slide and accompanying picture.So disability scores don’t give us better insight into who we should amputate.  How about scoring systems?  The LEAP study group also subsequently reviewed multiple scoring systems that had been previously used to predict early amputation.  None of the threshold values for the scores studied, which were the Mangled Extremity Severity Score (MESS)2,4; the Predictive Salvage Index (PSI)3; the Limb Salvage Index (LSI)6; the Nerve Injury, Ischemia, Soft-Tissue Injury, Skeletal Injury, Shock, and Age of Patient (NISSSA) Score 5; and the Hannover Fracture Scale-97 (HFS-97), were able to predict amputation with any reliable sensitivity.  Multiple subgroup analysis failed to improve this trend. As far as loss of plantar sensation, the LEAP group also evaluated this in both the amputation and limb salvage groups.  They noted no differences in patient reported outcomes with the 26 early amputation patients compared to the 29 limb salvage patients all of which lacked plantar sensation upon initial presentation.  They did note that 55% of the limb salvage patients had return of normal plantar sensation by the end of the study at 2 year follow up.
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Who to amputate? Occupation?

•Civilian-LEAP
• Equivalent

•Military-METALS
• Favors Amputation

The Military Extremity Trauma Amputation/Limb Salvage (METALS) study: outcomes of amputation versus limb 
salvage following major lower-extremity trauma. Doukas WC; Mazurek MT; et al.  JBJS (AM) January 16, 2013 - Vol 
95(2), p 138-145

Influence of Immediate and Delayed Lower-Limb Amputation Compared with Lower-Limb Salvage on Functional and 
Mental Health Outcomes Post-Rehabilitation in the U.K. Military. Ladlow P; Phillip R; Coppack R; et al. JBJS (AM). 
98(23):1996-2005, 2016 Dec 07.

Mazurek

Presenter
Presentation Notes
-324 LE AMP or limb salvage, showed sig inc in SMFA outcomes with amp over limb salvage, dec in PTSD and inc in physical activity as well-Retro review of early and late amp (TTA/TFA) 100 pts	- 6-minute walk test (6MWT), Defence Medical Rehabilitation Centre mobility and activities of daily living scores, screening for depression (Patient Health Questionnaire [PHQ-9]) and general anxiety disorder (General Anxiety Disorder 7-item scale [GAD-7]), mental health support, and pain scores.	-Inc function of amputee versus salvage, no difference in late vs early amp, psych testing to population baseline, pain well controlled
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Things to consider

•Vascularity
•Compartment Syndrome
•Amount of muscle damage
• Ipsilateral associated injuries

Meta-analysis of prognostic factors for amputation following surgical repair of lower extremity vascular trauma. 
Perkins ZB; Yet B; Glasgow S; Cole E; Marsh W; Brohi K; Rasmussen TE; Tai NR.
British Journal of Surgery. 102(5):436-50, 2015 Apr.

Presenter
Presentation Notes
Vascular status is certainly a major factor in limb preservation.  In this metanalysis significant soft tissue injury (how was this defined in the study), compartment syndrome, associated fracture, ischaemia time over 6 hrs, multiple artery injuries and male sex were among the list of predictors for amputation in lower extremity vascular injury patients.
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Things to consider

Patient resuscitation (Stability?)
• High ISS-esp. proximal injury
• Transfusion requirements
• Bilateral injury
• Mechanism

Acute bilateral leg amputation following combat injury in UK servicemen. Penn-Barwell JG; Bennett PM; Kay A; 
Sargeant ID; Severe Lower Extremity Combat Trauma (SeLECT) Study Group. Injury. 45(7):1105-10, 2014 Jul.

Presenter
Presentation Notes
In lower extremity trauma there is a range of injury from unilateral distal leg crush all the way up to military blast proximal transfemoral amputation with pelvic ring disruption.  Hemodynamic stability should play a role in the timing and decision to amputate.  On the high end in this study of bilateral amputations from blast injury All patients sustained a massive injury, avg NISS 48.2, 4 pts max with score of 75, avg xfusion of 66 units, max of 193 units of blood product.  This certainly represents one end of the spectrum but is certainly something to consider in the acute trauma patient who you may be considering for amputation.  ATLS is very applicable, and the trauma team concept will definitely help ensure that your patient is optimized for surgery.
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Things to consider

• Local capability
• Military

• Limited blood products
• Holding capacity
• Vascular repair

• Smaller civilian hospital
• Same as above
• Critical care team?

Presenter
Presentation Notes
In addition to the patient factors, one should also consider the local situation.  In the military setting this may mean very limited resuscitation ability and even less equipment.  The walking blood bank and whole blood transfusion is certainly an option but may not be in the best interest of the patient to delay transfer to a higher level of care.  The civilian setting is no different, other than the caliber of the people doing the shooting.  The lack of a dedicated intensive care service or vascular surgeon may dictate rapid transfer to another hospital.  Blood products may also be in short supply at the non-trauma hospital either from lack of supply or more likely from an inability to quickly get the blood to the patients bedside.
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Healthcare Cost
• Amputation

• Requires less surgery 
• Quicker return to function 

• Limb Salvage
• Cheaper 
• More reoperations
• Lower functional outcome

Health-care costs associated with amputation or reconstruction of a limb-threatening injury.  MacKenzie EJ; Jones 
AS; Bosse MJ; et al.  Journal of Bone & Joint Surgery - American Volume. 89(8):1685-92, 2007 Aug.

Presenter
Presentation Notes
Other non-patient related factors include the cost of amputation to the healthcare system.  The LEAP trial data cost analysis shows that including reoperation and care after initial hospitalization costs were similar (approx. $80k).  When initial prosthesis was included in the evaluation of cost, amputation went over $90k, when lifetime costs (new prosthetic every 2-3 yrs and 4-5 prosthetist visits per year) were included it became clear that amputation was much more expensive ($509k vs $163k) than limb salvage despite more surgery and hospitalizations early on in the treatment pathway.
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Financial Cost of Amputation

•Lost work time
•14-30 months recovery

•Patient’s Occupation
•Retraining commonly required

•50-60% return to work

Livingston DH, Keenan D, Kim D, Elcavage J, Malangoni MA. Extent of disability following traumatic extremity 
amputation. J Trauma 1994; 37: 495–499. 

Early predictors of long-term work disability after major limb trauma. MacKenzie EJ; Bosse MJ; Kellam JF; et al. JTICC, 
61(3):688-94, 2006 Sep.

Presenter
Presentation Notes
So you’ve been missing a lot of work lately.  Maybe you had an amputation?	Schoppen T, Boonstra A, Groothoff JW, de Vries J, Goeken LN, Eisma WH. Employment status, job characteristics, and work-related health experience of people with a lower limb amputation in the Netherlands. Arch Phys Med Rehabil 2001; 82: 239–245-Retro review via questionnaire regarding employment after amputation (all comers?) from 652 patients, showed 64% employed, on avg 2.4 years after amputation	-Retro review 42 amputees, 50% rtn to work, included 4 UE AMP and 12 BKA/TTA, no AKA/TFA rtn to work
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Religious Concerns

• Religious opposition to 
amputation

• Amputated limbs
• burial

Amputation and Non-Functioning Limb Salvage:  Cultural Stigma of Limb Loss. Adi Syazni Muhammed, MBBS 
BSc,  Ramesh Kumar, MD, FRCS, et al. Bahrain Med Bull 2017; 39(2): 116 – 119

Presenter
Presentation Notes
Further on down the list are things that are very important to many patients but less in the sights of most surgeons.  There are a few religious and cultural groups that have strong feelings about body parts.  These include the Hmong, Shinto, and Rastafarian religions or groups that are all opposed to amputation in general.  Opposition does not mean they refuse treatment but it may require a discussion with the patient and family.  Judeism among others has strong feelings and beliefs regarding amputated body parts and the need to have them buried for religious reasons.  That may require some paperwork for you or the pathologist in the event of an amputation depending upon the hospital and locality guidelines and regulations regarding human tissue.
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What does the patient want?

• When in doubt, ask the patient, or the 
family

• Give them the options and the possible 
outcomes

• Guide the discussion
• Don’t make the decision

Ethics and Limb Salvage: Presenting Amputation as a Treatment Option in Lower Extremity Trauma. Humbyrd CJ; Riede
TN. Journal of Bone & Joint Surgery - American Volume. 100(19):e128, 2018 Oct 03

Presenter
Presentation Notes
The road less traveled, as Robert Frost once wrote may be to ask the patient.Probably most important and maybe least emphasized in traditional teaching is the opinion of the patient and family.  This has certainly been a focus of medicine over the past 40-50 years but it certainly bears repeating.  
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Timing

•Resuscitated patient
• Higher ISS and MESS 

associated with amputation in 
theater

• Informed patient and family

Predictors and timing of amputations in military lower extremity trauma with arterial injury. Kauvar DS; 
Thomas SB; Schechtman DW; Walters TJ. JTACS. 87(1S Suppl 1):S172-S177, 2019 07.

Presenter
Presentation Notes
Timing as they say is everything-Retro review 103 AMP following LE injury with arterial injury, 21 in theater AMP, 21 at LARMC, 40 in CONUS acutely, 21 delayed.  Inc in MESS and ISS associated with Theater LE AMP
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Delayed Amputation

• No functional differences between early 
and delayed amputation

• No Psych differences
• No pain differences
• Increase in complications/LOS

Influence of Immediate and Delayed Lower-Limb Amputation Compared with Lower-Limb Salvage on Functional 
and Mental Health Outcomes Post-Rehabilitation in the U.K. Military.  Ladlow P; Phillip R; et al. JBJS-AM. 2016, DEC. 
98(23):p1996-2005

Early versus delayed amputation in the setting of severe lower extremity trauma. Williams ZF; Bools LM; Adams A; 
Clancy TV; Hope WW. American Surgeon. 81(6):564-8, 2015 Jun.

Presenter
Presentation Notes
Ladlow--Retro review of early and late amp (TTA/TFA) 100 pts	- 6-minute walk test (6MWT), Defence Medical Rehabilitation Centre mobility and activities of daily living scores, screening for depression (Patient Health Questionnaire [PHQ-9]) and general anxiety disorder (General Anxiety Disorder 7-item scale [GAD-7]), mental health support, and pain scores.	-Inc function of amputee versus salvage, no difference in late vs early amp, psych testing to population baseline, pain well controlledWilliams-Retro review of 43 LE AMP, 21 Early, 22 Late, showed late with inc LOS and higher complication rate, trend toward inc prosthetic use that failed to reach stat sig (P of 0.07 or 93% vs 57% using prosthetic
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Delayed Amputation
• Infection often the reason for late 

amputation
• Outcomes similar to early amputation

• SIP
• SF-36

The Military Orthopedic Trauma Registry: The potential of a specialty specific process improvement tool.
Rivera JC; Greer RM; Spott MA; Johnson AE. J Trauma/Acute Care Surgery. 81(5 Suppl 2):S100-S103, 2016 11.

Functional and psychological outcomes of delayed lower limb amputation following failed lower limb 
reconstruction. van der Merwe L; Birkholtz F; Tetsworth K; Hohmann E.Injury. 47(8):1756-60, 2016 Aug.

Risk Factors for and Results of Late or Delayed Amputation Following Combat-related Extremity Injuries
CPT Melvin D. Helgeson, MD; MAJ Benjamin K. Potter, MD; et al.  Orthopedics. 2010;33(9)

Presenter
Presentation Notes
Rivera-Late amp approx. 45% assoc with infectionVan der Merwe-Late amp after attempt at salvage similar outcomes to early AmpPhysical function lower than uninjured populationPicture: OTA tibial open fracture talk Templeman
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Preoperative planning

• Perioperative pain control
• Level selection
• Timing of wound closure

Presenter
Presentation Notes
Just like fracture fixation, amputation requires a plan.  Coordination with other services such as your anesthesia team along with the operating room certainly sets you and your patient for success.  The primary trauma team to ensure resuscitation is also a good idea.
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Pain Control

• Think about it before surgery
• Peripheral nerve catheter
• Multimodal pain control

• Gabapentin
• NSAID’s

The Use of Prolonged Peripheral Neural Blockade After Lower Extremity Amputation: The Effect on Symptoms 
Associated with Phantom Limb Syndrome. Borghi, Battista MD +; D'Addabbo, Marco MD et al. Anesthesia & 
Analgesia. 111(5):1308-1315, November 2010.

Presenter
Presentation Notes
-Prospective cohort with 71 patients, 62 completed 12mo eval, used continuous nerve catheter until pain <1 then removed catheter, 94% pain at 12mo mild (10%) or none (84%), 3% moderate and 3% severe. 39% still with phantom limb symptoms.  42 tumor, 14 trauma, 
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Debridement

• Removal of all nonviable tissue
• Decrease potential for infection
• Leave behind tissue with highest healing 

potential
• Systematic
• Repeated (esp higher energy such as blast 

or crush)

Presenter
Presentation Notes
Start of the process is debridement
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Level Selection

• Bone length

• Skin coverage

• Muscle cover/function

Tooms RE. Chapter 19: amputations of lower extremity. In: Crenshaw AH, editor. Campbell’s operative 
orthopaedics. 8. St. Louis: Mosby-Year Book, Inc; 1992. pp. 689–702.

Presenter
Presentation Notes
Skin is the rate limiting step for a durable prosthetic but depends upon the underlying muscle to maintain its viability.  Bone is the scaffold that supports the muscle.  Longer is better up to a point (ground clearance) TTA=12.5cm or more of bone TFA=As much bone as possibleThings that make for a successful TTA/BKAKDTFA/AKA
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Level Selection 
(Trans Tibia (TTA) vs Trans Femoral (TFA)
• No significant functional or outcome differences 

depending upon the level
• No difference in relative energy cost (percent of  

maximum capacity) for walking
• Decreased cadence associated with amputation 

level

Waters, RL, Perry, J, Antonelli, D, Hislop, H Energy cost of walking of amputees: The influence of level of 
amputation. J Bone Joint Surg Am 1976;58(1):42–46

Goktepe AS, Cakir B, Yilmaz B, et al. Energy expenditure of walking with prostheses: comparison of three 
amputation levels. Prosthetics Orthot Int. 2010;34:31-36

Presenter
Presentation Notes
What things can you use to help determine the length of residual limb?  Functional outcome scores are sadly not giving you significant direction. Goktepe looked at TFA, TTA, and foot amp, Waters looked at TTA and TFA in both vasculopaths and trauma, in the trauma population energy expenditure by amputation level was not significantly different when looking at relative energy cost compared to uninjured controls for Waters and VO2 max for Goktepe.No stat sig dif in energy consumption (VO2 Max) between TTA/TFA-Goktepe
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TFA vs Knee Disarticulation (KD)
• No increase in disability rating
• No difference in totally 

disabled
• Psych Issues
• No difference in functional 

outcomes
• Decreased pain in KD

Characterization of disability following traumatic through knee and transfemoral amputations. Tennent DJ; Polfer
EM; Sgromolo NM; Krueger CA; Potter BK. Injury. 49(6):1193-1196, 2018 Jun.

Knee Disarticulations Versus Transfemoral Amputations: Functional Outcomes. Polfer EM; Hoyt BW; Bevevino AJ; 
Forsberg JA; Potter BK. Journal of Orthopaedic Trauma. 33(6):308-311, 2019 Jun.

Rockwood and Green 9th ed., Pg 667, Fig 20-1

Presenter
Presentation Notes
In comparing higher levels of amputation historical concerns over knee disarticulation may be of less concern.  The LEAP data did raise concerns over KD having worse SIP scores but the authors felt that lack of gastrocnemius coverage in 12 of their 18 patients may have been the driving factor and not the level of amputation.  In the military population the authors here found an Inc in psych issues and anxiety with TFA but no increase in VA or DoD disability rating or the number of totally disabled persons with KD or TKA/AKA.  In the second listed study from the same group of patients and researchers there were no significant difference in AAOS Lower Limb Outcome Questionnaire (LLQ), Tegner Activity Scale, SF-36, and Prosthetic Evaluation Questionnaires (PEQs) at 66mo for their 28 patients, 10 of which were knee disarticulations.-Retro review 28 pts, looked at AAOS Lower Limb Outcome Questionnaire (LLQ), Tegner Activity Scale, SF-36, and Prosthetic Evaluation Questionnaires (PEQs), No difference at 66mo f/u 10 KD and 18 TFA cohort
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TFA Length

• No difference in gait or VO2 max 
with 56% of uninjured limb 
length as cutoff between short 
and long TFA

• Self selected walking speed 
slightly faster in longer TFA

Bell JC, Wolf EJ, Schnall BL, et al. Transfemoral amputations: is there an effect of residual limb length 
and orientation on energy expenditure? Clin Orthop Relat Res. 2014;472:3055-3061

Slide Picture Reference 1

Presenter
Presentation Notes
Length and orientation of the residual femur in one retrospective cohort also seem not to play a role in outcomes regarding energy expenditure and gait.  There was a correlation between the length of the residual limb and the walking speed but this did not reach statistical significance and is of uncertain clinical significance as well.  So for transfemoral amputations maintain as much length as possible for prosthetic fitting and revision purposes.
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Bone Slice Culture

• Attempt to evaluate 
residual infection

• Used slice of bone at 
surgery

• Guide antibiotic 
treatment

Major amputation of lower extremity: prognostic value of positive bone biopsy cultures. Vaznaisiene D; Beltrand
E; Laiskonis AP; Yazdanpanah Y; Migaud H; Senneville E. Orthopaedics & traumatology, surgery & research. 
99(1):88-93, 2013 Feb.

Slide Picture Reference 2

Presenter
Presentation Notes
	-slice of bone cultures at time of amputation often (69%) the same as distal site of infection that prompted amputation in mixed group of 57 LE AMP of which 32 were listed as trauma, 13 infection, 10 trophic disorders (skin ulcer???), 2 tumors.  Also noted that increased time to amputation after infection (200 vs 70 days) and shorter duration of preamputation antibiotics (3.7 months vs 6.1) were both positively associated with a positive slice of bone culture. Positive culture also led to longer healing times as well (3.6 months vs 2.5)
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Coverage

• STSG ok if muscle below
• Tissue expanders to increase 

coverage
• Negative pressure wound therapy
• Dermal regenerate
• Free Flap

Use of tissue expansion in revision of unhealed below-knee amputation stumps. Watier E, Georgieu N, Manise
O, et al. Scand J Plast Reconstr Surg Hand Surg. 2001; 35: 193-196

Application of the orthoplastic reconstructive ladder to preserve lower extremity amputation length.
Fleming ME; O'Daniel A; Bharmal H; Valerio I. Annals of Plastic Surgery. 73(2):183-9, 2014 Aug.

Presenter
Presentation Notes
Results from tissue expansion use or wound vac use in amputation
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Coverage in the Zone of Injury

•LEAP Data
•87 Rotational Flaps
•107 Free Flaps

• Fracture

Bosse MJ, MacKenzie EJ, Kellam JF, et al. An analysis of outcomes of reconstruction or amputation after 
leg-threatening injuries. New Engl J Med. 2002;347:1924-1931

Bosse

Presenter
Presentation Notes
Look at LEAP and narrow down to amputationsLEAP Study Subgroup87 rotational flaps107 free flapsComplications after 27% (53) Rotational flap in significant bony injury 4.3 X more likely to have complicationFree flap less likely to have wound complication w/serious fractures
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Filet flap

• Waste not want not
• Anterior coverage
• Distal coverage

• Heel pad skin
• Increased durability

Pedicled sensate composite calcaneal flap to achieve full weight-bearing surface in midshaft leg amputations: 
case report.  Livani B; de Castro GF; et al. Journal of Reconstructive Microsurgery. 27(1):63-6, 2011 Jan.

Osteocutaneous pedicle flap transfer for salvage of transtibial amputation after severe lower-extremity injury.
Vallier HA; Fitzgerald SJ; Beddow ME; Sontich JK; Patterson BM. JBJS (AM) Volume. 94(5):447-54, 2012 Mar 07.

Slide Picture Reference 3

Presenter
Presentation Notes
-Series of 14pts, 12 of which had 5yr f/u, rotated calc over anterior distal tibia in cases of anterior soft tissue loss, all 12 did well, I guess, with 4 infections (2 requiring surgery), also with 3 late revisions for scar revision and HO (2) or HWR (1). 9 of 12 with SIP > 10, 50% tx for psych issues and 50% rtn to work (2/6 not working were work comp related)
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Skin Grafting

•CONS
• Requires Blood Supply
• Poor flexibility
• Donor Site Issues

•PROS
• Readily available
• Easy to perform

Presenter
Presentation Notes
There is both bad and good to coverage with split thickness skin grafting
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Length Preservation

•Fix a fracture
• Expect complications

•Bone transport

Gordon WT, O'Brien FP, Strauss JE, et al. Outcomes associated with the internal fixation of long-bone fractures 
proximal to traumatic amputations. JBone Joint Surg Am. 2010; 92: 2312-2318

Rockwood and Green 9th ed., Pg 670, Fig 20-5

Presenter
Presentation Notes
37pts (33 LE, 28/6/8 TTA/KD/TFA) in retro review of operative fixation of fractures around planned amputation requiring fixation, 10 with bilat LE amp (27%), 8 with contrateral fracture requiring fixation (22%), 89% infection rate requiring surgical debridement, 100% salvage success in keeping limb length, 89% ambulatory success (33pts), 4 pts not ambulatory of which 2 were bilat LE AMP and 3rd had TTA with contralateral tib-fib fx
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Length Preservation

• Fix a fracture
• Expect complications

• Bone Transport
• Expect complications
• Simultaneous soft tissue and bone 

expansion
• Slow distraction 

Lengthening of a below knee amputation stump with Ilizarov technique in a patient with a mangled leg.
Toon DH; Khan SA; Wong KHY. Chinese Journal of Traumatology. 22(6):364-367, 2019 Dec.

Ilizarov external fixator for stump salvage in infected nonunions. Onyekwelu I; Hasan S; Chapman CB. Orthopedics. 
36(8):e990-4, 2013 Aug.

Slide Picture Reference 4

Presenter
Presentation Notes
Slow distraction to skin tension to dissipate



Core Curriculum V5

Amputation Technique

•Nerve management
• Traction (gentle)
• Local insufflation (maybe)
• Sharp transection (definitely)
• Location (end of flap vs back of 

knee for sural)

Proximal sural traction neurectomy during transtibial amputations. Tintle SM; Donohue MA; Shawen
S; Forsberg JA; Potter BK. Journal of Orthopaedic Trauma. 26(2):123-6, 2012 Feb

Presenter
Presentation Notes
There are a number of things to consider with amputation-Data??
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Nerve Management

• Targeted Nerve Implantation 
(primary)

• Neuroma Excision (revision)

Does Targeted Nerve Implantation Reduce Neuroma Pain in Amputees? Mitchell A. Pet, MD, Jason H. Ko, MD, 
Janna L. Friedly, MD, Pierre D. Mourad, PhD, and Douglas G. Smith, MD. Clin Orthop Relat Res. 2014 Oct; 
472(10): 2991–3001.

Presenter
Presentation Notes
Results of the study?
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Wound Closure

• Timing

• Drain

Delayed Closure Is Associated with Decreased Infection Rate in Amputations after Trauma.
Ali Y; Halvorson J; Nunn A; Miller P. American Surgeon. 85(5):501-504, 2019 May 01.

Primary vs delayed primary closure in patients undergoing lower limb amputation following trauma: A randomised
control study. Katiyar, AK,  Agarwal H, et al; International Wound Journal. 17(2):419-428, April 2020.

Presenter
Presentation Notes
Delineate both studies?Retro review of UE (10) and LE (53) amp after trauma	Sig inc in infection with early closure, closure after 5 days from injury sig dec rates of infection, 5%vs over 40%-RCT LE Amp, 63 pts, primary closure vs delayed, no difference in infection, LOS, or additional number of surgeries
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Healing adjuncts

• Topical antibiotics

• Incisional wound Negative 
Pressure Wound Therapy

Intrawound Antibiotic Powder Decreases Frequency of Deep Infection and Severity of Heterotopic Ossification 
in Combat Lower Extremity Amputations Pavey, GJ; Formby, PM; et al. CORR: April 2019, 477(4) p 802-810

Incisional Application of Negative Pressure for Nontraumatic Lower Extremity Amputations: A Review
Vikas Kotha 1, Elliot Walter 2, Gregory Stimac 3, Paul Kim.  Review Surg Technol Int. 2019 May 15;34:49-55.

Slide Picture Reference 5

Presenter
Presentation Notes
Retro cohort study looking at the use of topical abx (primarily vanco, sometimes dapto) in revision amputation and postamputation surgery	total 223 patients 141 without abx (84 primary, 57 revision) and 82 with intra-wound abx (24 initial and 58 revision),	found approx. 15% decrease in initial and revision amputation and 25% decrease in amputee with history of infectionRetro review-may decrease wound healing complications, no comparative study to date, some data for LE fractures
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Postop-General

• Splint
• Elevation
• Rehab
• Early mobility

Postoperative dressing and management strategies for transtibial amputations: a critical review. Smith DG; 
McFarland LV; Sangeorzan BJ; Reiber GE; Czerniecki JM. Journal of Rehabilitation Research & Development. 
40(3):213-24, 2003 May-Jun.

Clinical Practice Guidelines for the Rehabilitation of Lower Limb Amputation: An Update from the Department of 
Veterans Affairs and Department of Defense. Webster, Joseph B. MD; Crunkhorn, Andrea DPT; et al; American 
Journal of Physical Medicine & Rehabilitation. 98(9):820-829, September 2019.

Presenter
Presentation Notes
The Dept of Veterans Affairs has instituted guidelines for postop care for lower extremity amputations.  They include a rigid or semi-rigid splint to support the knee in both TTA and TFA to prevent contracture, direct injury, and allow for edema control following amputation.  While the published evidence is certainly not robust the current consensus by this panel in 2003 suggests that in addition to splinting that postop care includes amputation specific rehab to improve mobility and allow for ambulation as soon as possible, either with an immediate postoperative prosthesis or IPOP, or as quickly as temporary prosthetic fitting can be accomplished.  
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TTA/Below Knee Amputation Technique

• Ideal Situation
• Long posterior flap (Burgess)
• At least 2cm longer than the 

diameter of the leg at planned 
amputation level

• Mark medial and lateral before 
incision

Transtibial amputations. Smith DG; Fergason JR. Clinical Orthopaedics & Related Research. (361)108-15, 
1999 Apr.

Presenter
Presentation Notes
Remove deep posterior compartment muscles as well as anterior and lateral compartment muscles
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TTA/BKA Technique

• Cut and bevel tibia

• Cut fibula 1-2cm proximal to tibial 
cut

• Ensure no sharp edges

Talving, P., Varga, S., & Lee, J. (2015). Lower extremity amputations. In D. Demetriades, K. Inaba, & G. 
Velmahos (Eds.), Atlas of Surgical Techniques in Trauma (pp. 314-322). Cambridge: Cambridge University 
Press. 

Presenter
Presentation Notes
Bone management
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TTA/BKA Technique

•Myodesis of gastroc or gastroc
soleus to tibia
• Drill holes in tibia
• Large braided polyester suture
• Secure muscle to tibia

• Padding
• Function

Presenter
Presentation Notes
Synopsis of myodesis



Core Curriculum V5

The reality

Design of skin flaps for skew flap below-knee amputation. (Modified from Robinson K. Vascular surgical 
techniques. Philadelphia: WB Saunders, 1989.)

Presenter
Presentation Notes
Long intact posterior skin flap may not exist, work with what you have, skew flaps among others have been described in the vasculopath amputation literature
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To Ertl or not to Ertl?
• Bone bridging transtibial

amputation

• Bone or bone and periosteal hinge 
swung onto tibia from fibula

• An Osteoplasty Originated in 1920’s 
by Janos Ertl

Traumatic and Trauma-Related Amputations: Part I: General Principles and Lower-Extremity Amputations.
Tintle, LT Scott M. MD; Keeling, CDR John J. MD; et al. JBJS (AM). 92(17):2852-2868, December 1, 2010

Do Patients With Bone Bridge Amputations Have Improved Gait Compared With Patients With Traditional Amputations? Kingsbury T,
Thesing N, Collins JD, Carney J, Wyatt M, CORR. 2014 Oct; 472(10): 3036–3043. 

Rockwood and Green 9th ed., Pg 675, Fig 20-8

Presenter
Presentation Notes
Included osteoperiosteal flap
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Ertl Osteoplasty

• No clinical benefit
• Increased operative time
• Biomechanical and 

anecdotal support

Comparison of functional outcomes following bridge synostosis with non-bone-bridging transtibial combat-
related amputations. Keeling JJ; Shawen SB; et al. JBJS (AM) 95(10):888-93, 2013 May 15.

Biomechanical analysis of curb ascent in persons with Ertl and non-Ertl transtibial amputations.
Ferris AE; Christiansen CL; Heise GD; Hahn D; Smith JD. Prosthetics & Orthotics International. 44(1):36-43, 2020 
Feb.

Rockwood and Green 9th ed., Pg 675, Fig 20-8

Presenter
Presentation Notes
Keeling-ERTL vs not are = with SF36 and PEQGwinn-ERTL stat sig inc in TQ and OR times, 2/3 of surgery in zone of injury had a complicationFerris-16cm step of 7 non-Ertl and 5 Ertl, noted that more hip force/work generated with Ertl when intact limb on the ground, no difference when amputated limb on the groundPerioperative differences between bone bridging and non-bone bridging transtibial amputations for wartime lower extremity trauma. Gwinn DE; Keeling J; Froehner JW; McGuigan FX; Andersen R. FAI. 29(8):787-93, 2008 Aug.
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Knee Disarticulation/Through Knee Amputation

• Anterior and posterior flaps
• Gastroc coverage

• Preserve Adductor insertion
• Suture patella over bone end
• Myodesis of quad to hamstring
• Need adequate soft tissue coverage

Through Knee Amputation: Technique Modifications and Surgical Outcomes. Frank P Albino,1 Rachel Seidel,1 
Benjamin J Brown,1 Charles G Crone,2 and Christopher E Attinger. Arch Plast Surg. 2014 Sep; 41(5): 562–570.

Rockwood and Green 9th ed., Pg 668, Fig 20-4
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Posterior Flap Technique



Core Curriculum V5

TFA/Above Knee Amputation Technique

• Flaps anterior and posterior
• 1cm longer than ½ diameter

• Sharp dissection to bone laterally, 
anterior, and posterior

• Medially careful isolation and 
elevation of adductor magnus
insertion

Amputation and rehabilitation. Colette Marshall, Tarig Barakat, Gerry Stansby Surgery (Oxford) Volume 34, 
Issue 4, April 2016, Pages 188-191

Rockwood and Green 9th ed., Pg 670, Fig 20-6
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TFA/AKA Technique

•Bone cut 12-15cm 
proximal to knee center of 
rotation
• 15cm above knee center of 

rotation Allows for a 
rotator

Amputation and rehabilitation. Colette Marshall, Tarig Barakat, Gerry Stansby Surgery (Oxford) Volume 34, Issue 
4, April 2016, Pages 188-191

Rockwood and Green 9th ed., Pg 670, Fig 20-6
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Myodesis

•Posterolateral drill 
holes

•Secure adductor lateral
•Suture Quadriceps 
posterior

•Add hamstring

Bowker HK, Michael JW (eds): Atlas of Limb Prosthetics: Surgical, Prosthetic, and Rehabilitation Principles. 
Rosemont, IL, American Academy of Orthopedic Surgeons, edition 2, 1992, reprinted 2002.
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Postop Care

• Splint for protection
• Hip spica wrap

• Drain
• Elevation
• Tummy time

Presenter
Presentation Notes
Hip flexion contracture: prevented by legflat on bed, no elevation, early prone position (tummy time)
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Outcomes

• Low Back Pain
• Bone Mineral Density
• Hypertension
• Pain
• Prosthetic Wear

Presenter
Presentation Notes
So how do they do?  Its complicated.  In general the level of the amputation predicts the function of the individual.  There are also other issues that arise outside of the expected prosthetic fitting and limb pain issues.  
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General Outcomes-Transtibial

• 75% able to ambulate with prosthesis

• 24% Reoperation rate

• 2% Conversion to TFA

Outcomes after 294 transtibial amputations with the posterior myocutaneous flap.Brown BJ; Iorio ML; et 
al. Int J of Lower Extremity Wounds. 13(1):33-40, 2014 Mar.

Reoperation after combat-related major lower extremity amputations. Tintle SM; Shawen SB; et al. 
Journal of Orthopaedic Trauma. 28(4):232-7, 2014 Apr.

Presenter
Presentation Notes
-270pts, showed retro review at avg 18mo f/u with 75% ambulation rate, 24% operative revision, 2% TFA conversion, and a 12% residual limb wound rate-300 LE Amp, 53% revision rate (156 limbs), neuroma more likely in TTA than TFA, KD least likely for any surgical intervention
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General Outcomes-Transfemoral

• SF-36 scores worse than BKA
• Equivalent 500m walking
• Increased prosthetic use and 

decreased pain vs KD/TKA

Outcomes in lower limb amputation following trauma: A systematic review and meta-analysis
Author links open overlay panelJowan G.Penn-Barwell1. InjuryVolume 42, Issue 12, Dec 2011, Pg 1474-1479

Presenter
Presentation Notes
LEAP data as well with equivalent SIP scores for BKA and AKA, slower timed walking speed for AKA vs BKA, worse SIP and self selected walking speed for KD/TKA then either BKA or AKA.
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Low Back Pain

• Exceedingly Common
• May improve with PT
• Gait/Prosthetic fitting???

Chronic low back pain in individuals with lower-limb amputation. Kusljugic A; Kapidzic-Durakovic S; 
Kudumovic Z; Cickusic A. Bosnian Journal of Basic Medical Sciences. 6(2):67-70, 2006 May.

Incidence of Overuse Musculoskeletal Injuries in Military Service Members With Traumatic Lower Limb 
Amputation.  Farrokhi S; Mazzone B; et al.  Archives of Physical Medicine & Rehabilitation. 99(2):348-354.e1, 
2018 02.

Slide Picture Reference 6

Presenter
Presentation Notes
-retro review of 37pts, 26 war veterans.  All comers with 90% LBP
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Bone Mineral Density

• Decreased
• Level Association
• Bilaterality
• Time to weight bearing

Bone mineral density loss after combat-related lower extremity amputation. Flint JH; Wade AM; Stocker 
DJ; Pasquina PF; Howard RS; Potter BK. Journal of Orthopaedic Trauma. 28(4):238-44, 2014 Apr.

Slide Picture Reference 7

Presenter
Presentation Notes
Retro review of ? patients-Sig dec in BMD in LE AMP, worse with higher level (TFA, KD) and inc time to WB as well as bilat LE AMP
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Hypertension

• Present in amputees
• Questionable association

• Cardiovascular Disease (CVD)
• Mortality

Increased peripheral vascular resistance in male patients with traumatic lower limb amputation: one piece of the 
cardiovascular risk puzzle. Paula-Ribeiro, M; Garcia, MMN; et al.  Blood Pressure Monitoring. 20(6):341-345, 
December 2015.

Presenter
Presentation Notes
-inc in BP (mean, systolic, and diastolic) as well as peripheral vascular resistance in amputees versus healthy controls (noninvasive plethysmography), no difference in venous blood flow	-Implications for why there is increased mortality in amputees given higher predisposition to cardiovascular disease and mortality in traumatic amputations
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Heterotopic Ossification

• Common in blast injury
• Amputation within zone of injury
• Partial excision
• Early removal (6 months)

Heterotopic ossification in high-energy wartime extremity injuries: prevalence and risk factors. Forsberg JA, 
Pepek JM, et al. J Bone Joint Surg Am. 2009;91:1084-1091

What risk factors predict recurrence of heterotopic ossification after excision in combat-related 
amputations? Pavey GJ, Polfer EM, Nappo KE, Tintle SM, Forsberg JA, Potter BK. Clin Orthop Relat Res. 
2015;473:2814-2824

Slide Picture Reference 8

Presenter
Presentation Notes
-Original review of blast, inc HO if amp in zone of injury-Retro review of HO treatment in amputees, 172limbs in 133pts, 168 of which were blast injury, that had excision of HO.  Noted to have increased risk of re-excision of HO if partial excision was performed (20% vs 2% if completely excised at initial surgery) or surgery was within 6 months of injuryPICTURE:Heterotopic Ossification in the Residual Limbs of Traumatic and Combat-Related AmputeesPotter, Benjamin K. MD, CPT; Burns, Travis C. MD, CPT; Lacap, Anton P. MD, CPT; Granville, Robert R. MD, COL; Gajewski, Donald MD, MAJAuthor InformationJournal of the American Academy of Orthopaedic Surgeons: October 2006 - Volume 14 - Issue 10 - p S191-S197
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Pain

•Exceedingly Common
• Phantom pain
• Residual Limb

• Neuropathic

Phantom Limb Pain: A Review. Luo, Yong PhD, MD; Anderson, Thomas A. PhD, MD International Anesthesiology 
Clinics. 54(2):121-139, Spring 2016.

Benchmarking Residual Limb Pain and Phantom Limb Pain in Amputees through a Patient-reported Outcomes 
Survey.Mioton, Lauren M. MD *; Dumanian, Gregory A. MD *; et al. Plastic and Reconstructive Surgery 
8(7):e2977, July 2020.

Presenter
Presentation Notes
	-retro review 124 amputees with military service (?trauma) showed nearly 2/3 (65%) with pain >3 on average over the previous week, 61% residual limb pain and 59% phantom pain.  Nearly half (49%) with neuroma on residual limb, and 20% with CRPS.  Residual pain had higher incidence of PTSD and depression
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Pain Control

•Peripheral nerve catheter
•Multimodal pain control
•Multidisciplinary approach
•Cognitive/Behavioral

The Use of Prolonged Peripheral Neural Blockade After Lower Extremity Amputation: The Effect on Symptoms 
Associated with Phantom Limb Syndrome. Borghi, B; D'Addabbo, M; et al.  Anesthesia & Analgesia. 111(5):1308-
1315, November 2010.

Presenter
Presentation Notes
	-Prospective cohort with 71 patients, 62 completed 12mo eval, used continuous nerve catheter until pain <1 then removed catheter, 94% pain at 12mo mild (10%) or none (84%), 3% moderate and 3% severe. 39% still with phantom limb symptoms.  42 tumor, 14 trauma, Campo-Prieto P, Rodríguez-Fuentes G. Effectiveness of mirror therapy in phantom limb pain: A literature review. Neurologia (Engl Ed). 2018 Nov 14:S0213-4853(18)30201-9.	Review of mirror therapy, 115 studies, most of poor quality, does show some overall benefit in decreasing intensity and duration of daily pain episodes.
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Neuropathic Pain

•Neuroma Excision

•Targeted Muscle Renervation

Ducic I, Mesbahi AN, Attinger CE, et al. The role of peripheral nerve surgery in the treatment of chronic pain 
associated with amputation stumps. Plast Reconstr Surg. 2008;121:908-914
Targeted Muscle Reinnervation for Transradial Amputation: Description of Operative Technique. E Morgan, BK 
Potter, J Souza, S Tintle Techniques in Hand & Upper Extremity Surgery. 20(4):166–171, DECEMBER 2016
Targeted Muscle Reinnervation Technique in Below-Knee Amputation Bowen, J. Byers M.D., M.S.; Ruter, Daniel B.S.; 
Wee, Corinne M.D.; West, Julie M.S., P.A.-C.; Valerio, Ian L. M.D., M.S., M.B.A. Plastic and Reconstructive 
Surgery: January 2019 - Volume 143 - Issue 1 - p 309-312

Slide Picture Reference 9

Presenter
Presentation Notes
Neuroma excision is as it sounds, remove the painful nerve ending in the residual limb to decrease pain resulting from that injured nerve ending.  Sural nerve, seen here, is often the culprit as it is difficult to remove from the long posterior flap, creating a pressure irritation of the nerve stump in the end of the leg.TMR is Burying a nerve into an adjacent muscle after attaching to motor nerve for that muscleImproved pain in small retrospective cohort study
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Osseointegration

• Skeletal Fixation
• Percutaneous prosthetic 

interface
• Avoids socket fitting issues

Walking ability and quality of life in subjects with transfemoral amputation: a comparison of osseointegration with 
socket prostheses. Van de Meent H; Hopman MT; Frolke JP. Arch of Physical Medicine & Rehabilitation. 
94(11):2174-8, 2013 Nov.

Osseointegrated prosthesis for patients with an amputation. Frölke, J.P.M., Leijendekkers, R.A. & van de Meent, H. 
Unfallchirurg 120, 293–299 (2017).

Rockwood and Green 9th ed., Pg 675, Fig 20-7
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Osseointegration

•How do they do?
• Significant improvement over 

Socket TFA
• 55% reoperation rate
• 100% superficial infection rate

Bone-anchored prostheses in patients with traumatic bilateral transfemoral amputations: rehabilitation 
description and outcome in 12 cases treated with the OPRA implant system. Hagberg K. Disability & Rehab Asst
Technology. 14(4):346-353, 2019 05.

Rockwood and Green 9th ed., Pg 573, Fig 17-6

Presenter
Presentation Notes
-15yr f/u shows 55% complication rate (surgical revision) but inc in prosthetic use over time and increased from baseline (preop) at all times- Global score of the Questionnaire for Persons With a Transfemoral Amputation (Q-TFA), prosthesis use, 6-minute walk test (6MWT), Timed Up & Go (TUG) test, and oxygen consumption during treadmill walking.RESULTS: With the socket prosthesis, the mean +/- SD Q-TFA global score, prosthesis use, 6MWT, TUG, and oxygen consumption were 39+/-4.7 points, 56+/-7.9h/wk, 321+/-28m, 15.1+/-2.1 seconds, and 1330+/-310mL/min, respectively, and significantly improved with OIP to 63+/-5.3 points, 101+/-2.4h/wk, 423+/-21m, 8.1+/-0.7 seconds, and 1093+/-361mL/min, respectively.-sig improvement in multiple functional parameters when transition to osseointegration from socket TFA in 20 trauma and 2 tumor pts
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Keeping Clean

• Derma clean is recommended 
for cleaning gel liners and the 
skin

• Mild neutral soaps can be used 
also

• Recommend only washing the 
residual limb once daily
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Other Lower Extremity Amputations

• Midfoot Amputation
• Trans metatarsal or Lisfranc disarticulation level, plantar based flap is best
• Needs an Achilles lengthening to prevent equinus
• Inadequate lever arm for walking so poor for active person

• Hindfoot Amputation
• Chopart, or Boyd
• Develops equinus
• Poor walking lever arm – apropulsive gait
• Associated with ankle fusion does give stable platform but not propulsive

Presenter
Presentation Notes
Hindfoot amputation without dorsiflexion muscles,or minimal, unopposed GC leads to plantarflexion
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Other Lower Extremity Amputations

• Ankle Disarticulation 
(Syme’s)

• End bearing with few complications
• Requires healthy skin over heel
• Must protect posterior tibial artery 

as provides blood to posterior flap
• Malleoli removed and heel pad 

sutured to anterior tibia
• Need a dynamic responsive foot 

prothesis
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Syme’s Amputation

• Pitfall: heel pad migration
– Anchor heel pad to anterior tibia
– Excise subchondral bone – scar
– Consider temporary pin stabilization
– Tenodesis of Achilles to posterior 

tibia

• Very functional level
– Easier suspension of socket but 

fewer prosthetic options than TTA

Smith DG, et al.  Achilles tendon tenodesis to prevent heel pad 
migration in the Syme’s amputation.  Foot Ankle Int.  1994;15:14-7.
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Other Lower Extremity Amputations
• Ray amputations – metatarsal and corresponding toe

• 5th no disability
• Central ray – wound healing problems
• 1st ray decreases medial column stability
• Narrow foot, forefoot equinus, shoe fitting problems 
• “tennis racket” incision around base of toe

• Toes
• Better tolerated, little functional loss
• Usually isolated 
• Commonly for diabetic infections
• Plantar based incision if possible
• Retain proximal phalanx if 2nd toe amputated as spacer to prevent Hallux drift



Team

• Meet the patient prior
• Previous amputees
• Come to hospital, rehab, clinic

Presenter
Presentation Notes
Now we move away from specific amputations, especially those that are more common in diabetics and foot infections than in trauma.  Some general principles of doing amputation surgery.  Have a team.  Use the resources at your disposal to provide for all the needs of the patient.  Peer support is very helpful in understanding the process and what to expect from an amputation and is a mandatory part of my preop education.  Discussion with the planned prosthetist as well as physical therapy are also helpful to the patient.
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Communication

• Realistic Expectations of Life 
Changes

• Simple questions
• Reassurance
• How long until prosthesis?
• Can I have the best?
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Summary

•Whole patient approach
•Team
•Limb Salvage vs. Amputation 
is a Marathon, not a Sprint

Presenter
Presentation Notes
LKC: Please prove reference list
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