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The Krukenberg Procedure in the Juvenile Amputee*

BY .-iLFtIEll B. SWANSON, M.m).t, GRAND RAPIDS, MICHIGAN

I”o’oooo the ,-l tea ( Ii old .1 oooputee Center ( _i! ich ujafl (‘rippled Children (‘oem ci ission),

.lIur!/ 1��’(’( Ileol Guild (‘hildrcn’s Hospital an(1 Orthopaedic Center, Grand Rapids

TIme ideal m’c-iiabilitatiomi of the upper-extremimity ammmputee is restoration of strong

pm’eimc-mmsiomi (gm’asp) mvith good semusatiomu i3,i4,15 Prehension can be restored quite

satisfactom’ily w’ithi om-dimiary prosthetic fitting �, but the lack of tactile gnosis cx-

pem-ic-mmcc-d by time double ammmputcc- mvith artificial limbs mumakes his rehabilitation less

timaim ideal.

‘T’iit- patiemmt mm’hmohas had a Krukemmberg procedum-e �#{176}dcmmmonstrates abilities imi

his daily livimmg pattc-mtm that comivitice one that this procedure should be used mmiorc-

fm’equt-mmtly � Time patient mm’ith bilateral hand loss frequently needs the m’eadily

available, sensitive pm’ehmemmsiomi the Krukcnberg procedure provides. The lack of

immtem’est amid almimost univem-sal amitipathy tomvard this pm’ocedure should be ovc-m’c-ommic-;

it is a imsc-ful opc-m-afiomi mvhich should be available to more of timese unfom’tumiatc-

patic-mmts.

It is gemicm’ally i’c-cogmmizcd that the blind patiemit mvith bilateral hand loss is a

camididafe for time Km-ukcmmbcrg procedure i,7 The procedure is also comisidered useful

iii ic-giomms mm’here pm-osthctic scm-vices arc- umiobtainable � Homvever, any patiemit

mvitim i)ilatc-m-al imammd loss amid a forearmmi long enough for comiversiomi imito time forceps-

like iumc-c-hmammismmmof a Krukenbc-rg stummmp will find the functiomu obtained froimm this

pm’oc-c-dum’c- of gm-eat help 8,10,100 especially in dressing, bathimig, eating, amid toilet

activities.

Ami ai’tificial limmub is m’ecommimmmcmidcd for time opposite upper extremity as aim

assisfive- hmand. If the patic-mit desim’c-s to mvear an artificial limmub ovem- the Krukcnbem’g

stummip, a st-ammdam-d prescription can be utilized mvithout difficulty, but the patiemif

still imas time facility of a Krukcnbc-rg stummmp during his home activities. Time patients

in this sc-mic-s, imow’evt-m’, have used the Km’ukemmberg stumimp as a dommmiimamit hamid amid

have- not simowmi ammy desire to mve�r atm artificial limmmb over it.

Time- simimple mmmc-chamuical priticiple of chopsticks, used for catimig by mnore thami

omic 1)1111(1mmof the mvomld’s population, is emiiployed by the patient mvith a Krukemmbc-m’g

stumump mm’itim anmazimmg dexterity amid facility.

This pi-ocedum-c- Sim(luld be performed itt childremi as soomi as feasible. Experience

has simomvmi that m’ecoimstt-uctive surgem’y for nmalformmmations of the hand c-an be pc-i’-

fom’mmic-el safely in time second year of life. The parts are large enough for easy hamidlitig

aimd sum’gc-my is tolerated mvc-ll at this age. The vem-y rapid, useful, fumuctional patterns

of pm-c-imeimsion developed in this set-ic-s of cases demonstrates that there is no reason to

postpommc- sum-gery. The epiphyses are not disturbed if the pmocedum-e is done carefully

so that gm’omvth comisidem-ations should not be a limmmiting factom’.

Operation
rj’� objective iii time opem-ative procedure is to convert the fom’earmmi imito a strong,

active fell-c-c-ps mvith time radial ray opposimig against the ulnar ray 811, Tactile semi-

sation should be present bctmvccn the tips and, therefore, the skin here should be

full-timickness mvitim good mmervc amid blood supply. If digits are presemit, they should

* Read at time Amumual Meetinmg of the American Society for Surgery of time Hand, Mianmi

Bc-ac-li, Florida, Jammumary I 8, 1963.

t 313 Bleoc!gett- Medio’a! Building, Grand Rapids, Michigan 49506.
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i)c left immtac-t mm’itim mic-m’ve, vessels, amid tetidons ummmmmolested. rfhe forceps should

spm’e-acl mm-ide emioughm to accomimmimodatc- ordimiam’y objects such as a drimikimig glass atid

sii(Iuild lIe sf1-dIng cimoughm to hold commmmmmonOh)jc-c-ts securely. If time forceps is mimade too

101mg, if- momay lack stm’c-ngtim; if it is too short, there mumay not be emiougim useful distal

spm’c-ad.

I lmav(- used the mmmusc-lc belly of time pm’onator radii tcm’es as time factor limmmitimmg

time elc-pfim of time forceps pm’oximumally. The lemigth of the fom’ceps is, timcm’c-fore, dc-

pc-male-mit omi time lemigtii of the m’adius amid ulmia distal to the belly of time pm’oimator teres

momusclc-. Time length of time forceps imi time patients presented imem’c-m’anged fm’omimomme-

half to) three-fifths time length of the fom’earmmm.

Incision

A toumm-miiciuet is used to provide a bloodless field. The inc-isiOn is dc-signed to

divide time forc-am-mmi lomigituditmally imito imalves. The separatiomi of tue tmvo m’ays amid

their c(lvc-m-umg mvithm skimi is simmiilar to time symidactylismmm pm’occdure dc-sigmicd by

Bummmmc-hl to separate web fimmgers �. Time imicisiomi on the flexor aspect of time forcam’mmi is

(I 2

\ � � �/_� j

UCNI�R � RF�DI�L RADIAL

DORSAL FLEXOR DORSAL FLEXOR

Fno;. 1-A Fne;. 1-B Fne;. 1-C Fmo;. 1-I)

Fig. 1-A: Skimm imme’isiomm ton dtmrsal surface of fcorearm is slightly too time ultmar side. \‘-shaped,
see-ommidary itmc’isioomm is made at time tirmie of skin closure to deternmine its prtmper size moore ac’cumratelv.

Fig. 1-B: Skimm immcisitmmm Oh fiexoor aspect- of forearni is nmade slightly oommthe radial side.
Fig. 1-C: Skimm -ltosure c�n dclrsal surface shows the suture lines away frooimm the e-tmtita-t surfaces.

The sectmmmelarv skitm flap is rotated initol the axilla of the wclund. The skimi folded tmver time c-mid of time
ray is iiooted.

Fig. 1-1 ): Skimu o’loosure oh fiexclr aspect oof folrearnm shows split graft mueeeled fomr clolsure (Ito the

radial m’a�’.

slightly tomvam’d the m’adial aspect (Fig. 1-B) ; the dorsal incisiomi is slightly tomvam-d time

ulnam’ aspect (Fig. 1-A). Omme or tmvo secomidary V-flaps, accordimig to tue Butmnc-ll

fc-c-hummiclumc-,am-c- used at time proximmmal end of the wound to provide full-thickness

covc-m’agc- ill the axilla of time forceps (Figs. 1-C amid 1-D). The distal portions of the

rays arc- covet-ed l)y skin flaps rolled onto the opposing sum-faces so that time distal

tips of time forceps mvill not have scar-tissue lines on their opposing surfaces. Thiere is

usually an abumidanc-e of skin in litmibs mvith comugenital mmmalformumations so that c-over-

age of the distal end of the ray is easily accommiplisimed. A simmall, split-thickness skimi

graft has been foumid necessary to cover a portion of time mvound ott time proximmmal
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volar aspc-c-t (If till- m’adial may (l’ig. 1-I)). Skin flaps should be dc-fatted amid m’otated

carefully. (losum’e amid fasimiomming of the secondary flaps are domie mvith the toum’mmiqumct

deflated. This allomvs observation of the blood supply of the skin imi this immupom’taiit

pomtiomm elf f ime pmoccdimmc.

If, imi aim adult, sevc-m’c sc-am’m’imig of time distal c-mid of the stumimp is pi’cscmif after

tm’aummmafic amumputaticlim, sommie simom-t-cmiiimg of time radius amid ulna mimay be miec-essamy to

get good closcmm’e- amid 1-cItation of skimm mvith tactile semisation bctmvc-emi time c-mmds of time

fomceps. Shmelttemmimmg (of time m’adius amid ulna in time juvenile patietit cannot ile dommc

distally ilc-cause- elf thit- e-piphysc-s.

If a simmgle digit is pm’c-sc-mmt, it should be m’etaimic-d as iii tmvo elf time cases m’c-pom’ted

hmem’c-. Time pm’c-stmmce cof this simmgle digit mumay improve time patient’s pi’chmemisile pat-

f-c-m’mmsa gm-c-at dc-al. This was mioted especially imi Case I . Timis patic-mmt mvas al)le- to misc-

I cYa�iial0S

E�ke’�sc� �ccn.Ypi -EotenSCT CO)�PI
uloo�fl’.� ro�d�.IiS menomoms

E�iersc.t d�’to Eoteo’sc-r carp( Vie�c, carp. - r0f�_’Y c�zopi �i�oia0�is

-�uomti propitmi ,�A1iaIOS brem/i5

�3 E’tenscr y2 E�te,i.sc�
du�itOTUflt digmfovunm
ccrr�n�.t.Lr,.0S comnn’u&’tiS 2 Ftcmco �

8APAL

DORSAL fLEXOR

1’io;. 1-I� Fne;. 1-F

Fig. l-l : Muiscles separated into twoi nmoieties for time radial and ulnar rays eln the domrsal aspeo’t.

Fig. 1-F: 1)ivision of mimuso’les commfiexomr aspect into radial amid ulnar rays.

the simigle digit fom’ delicate activities, such as buttomming his shim’t and hamidlimig

smmiall objects. If the digit c-atm 1)e rotated and angled to a mmmore useful positiomi so that

it will oppose the opposite m-ay of the Krukemiberg stuumip, this should be domme as imm

Case 4. TIme poom-ly developed cxtemisor tendons of this digit were sutured to the

pc-riosteummi omi time ulmmam side of the radial stunip. This brought the digit into closet’

m’clatitlmishmip to time ulmiar ray so that the mmuimmimmmummiavailable active flexiomi of the

digit could pm-ovidc sommie opposition against time opposimig ray.

Nerves

TIme ulmiam’ mmem’vcgoes mvith the ulnar ray amid the mmmedian mmerve with the radial ray

as the forcam’mmm is divided imito tmvo separate mmmoieties. It mmmay be desirable to m’escc-t

time distal cmmds of these nerves imi tm’aulmmatic amimputation stunmps to prevent ncum’omima

fom-mmmaf-iommimi time distal c-mmds of the rays.

Muscles

Time mmmusci(-s ammd fc-mmdons am’e easily divided bc-tweemm time radial amid ulmmai- rays
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(l”igs. l-l’ amid I-I”). Time madial half of time flexor digitorumn sublimmiis amid time extemisor

digitelm’umum c-ommmmuiumiis, time flexom’ carpi radialis, the extemisor cam’pi m’adialis i)m’evis amid

lomigus, time i)m’ac-imiom’adialis, the palmmiam’is lomigus, the promiatom’ tem’c-s, amid, oc-casiomi-

ally, time muuuscles to time tiiumimh) go to the m’adial ray. The ulmiar imalf of time flexor

Silh)litmuis amid time- extemisom’ c-omummmiumiis, alommg mvitlm the flexor cam’pi ulnam-is amid time

exf(9ist)i’ ultmam’is, go tel thit ulimam’ may. The pm’onatom eiuadm’atus, time flexom digitom’ummm

pm’tlfumie!us, thit- flexom’ pollic-is hommgus, ai)duc-tom’ pollicis loimgus, amid c-xtc-mmsom’ pollicis

bm-o-vis mummy i)e i’tsecttd if tlmey do mmot miiotivatc- a simmglc- digit or if the-y mimake the

stumiop too i)1.ilky amid thus pm’c-vc-mmt easy mvoummd c-losumc. Came is takemi to avoid

elistum’bimig f-lit- pm’ommatom’ te-m’c-s as timis mimuscle is omme of time stm’ommgc-st adduc-tom’s of time

madams fom’ thus pi-oct-dumm-t-. Its immumsele belly is f-he- limiting factom’ iii flit- pmoxitmoal

p(It’tielli of time mvoummd amid fommmms time floor of time axilla of time fom-ceps. Time- distal e-mmds

of flit- tt-mmdomms of the m’e-taimmc-d nmusclc-s iii c-ac-hi ray am’e sc-cum’ely inmtumre-d to f-lie pe�m’i(ls-

te-ummomand t’apsular tissues of time distal c-mid of time madius 01’ uhmia.

In 1(’o’o.s,s’e()U.S � [ciii bra Fie an(l Bone

‘l’ime immt-ci’ossc-omms tiietmuh)t’alic- is divided thm’ougimout its le-mmgth along its umlmmar

pt-m-iostt-al attaciimmmc-mmt, t-xc-m’c-isimmg great cam-c- to avoid the imiterosseous vessel amid

miem-ve-. ‘flue ulmiam’ amid radial rays are themi spread six to tmvelvc- cemmtimmmc-tcm-s at their

tips, depemmdimmg on time size of time forearm. This mmiotiomi occum’s at the m’adioimtmmimeral

amid pm’oximimal m’adio-ulmmam’ joints. The distal ulnar amid radial epiphyses, in time juvc-

milk casc-s, at-c- carefully pm’esc-rvc-d. The c-piphmyseal plate should not be c-m’ossed iii time

dissectioii amid gm-c-at cat-c should I)c- c-xem’cisc-d imi the pm’cparation of time tips of time

fom’ceps to avoid damumagimmg these imimpom’tammt structures.

Time opposing c-mmds of c-ac-lu may slmould touch for bc-st fumictiomi. One of the

pafie-mmts iii this s-m-ics had aim amigulatiomi of time radiums, pm-c-vc-mitimmg good appositiomi of

flit- m’aelial may to the ulmiar. An osteotomimy mm’as doime later to con-c-ct thus. This comm-

sisfe(1 iii a pam-tial-cut osf-c-otommmy on the dom’sal surface of the mimid-m-adius, ammgulatimig

f-lie- hle)mic- ulmmam’mvam-d ammd fihlimmg imi the open-wedge defect mvitim batik bomme. Tlmis

m’e-sultcel imi mmmimchmimmmpm’oved fummmctiomi fom’ smiiall-object prelmemision.

:-‘;10’in ( ‘losui’e

\\‘itim time toum’miieiuet off, time skimi is motated am’oumid the m’ays atid approximumated,

m’e-scctimmg excess mmmuscle sul)stance, usually frommm the pmofundi amid thumb, outcroppimig

mmmusclc-s, excess fat-, amid fibrous tissue to allomv wound closure mvithout tensiomi Ott

time skin flaps. Time distal flaps are rotated across time ends of the rays; the secondary

flaps arc- mmmade to cover the axilla of the wound. If a smmmall defect is found on the

palmumam’ aspect of time radial m’ay, it is covered mvith split-thickness skin frommi the

abdomimemi om’ timighm.

1)i’e-ssinqs

Smmiall l’ubi)c-i’ di-aimis am’c left imm the woumid and a volummmimmous commmpm-ssiomm

dm’t-ssimig is applied, sc-pal-atilmg the rays at their tips six cemmtimetem’s or mmmom’e.The

limimb is usually elevated fom- thmm’c-e days to immmplove venous m’c-turmm. Time mvoummds healed

lie 1- 7)1’?lfla7fl iii all patiemits except omme in mvhommm a smmiall am’c-a of s-commdary-immtc-mmtion
hme-ahimmg alomig time m’adial mvoumid m’celuim’c-d simimple protective drcssimmgs for three

mi’e-eks; this did miot imitem’femc msith the traimiimmg pm’ogm-ammm.

11#{176}C/la!)ii i/al ion

A tm’aimmimmgp10gm-aiim is started mvifhmimmtmvo to thm’ee mvecks. Time patiemits sc-c-tim to

acoluim’e- flit- alliht-y to gm-asp amid i-c-lease mmaturally. Protiatiomi amid supimiatiomi arc

stm’ommg, mmom’miial, mmmov-mmmemits; abduc-tiomi amid adductiomi of the rays, hommevem’, arc- the

Vol.. 46-A, NO. 7, OCTOBER 1964
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l”ig. 2-.� : ( ‘:osc I . ‘Ibis mmciii, 1 mve-nmtv-so-veno veal’s told, �i’as iotmrmm ivitioooumt- hoanmois. A l’�m’imke-muhmo-rg

0 !�c-�’� I I no ��:os hoof om’moio-ol 0 (10 1 hoe might- iii \lay I 95 i , vo’ioenm ime svas fomimm’teemo years 0 old, ‘l’ioe- simogle
digit \\:ts loft t no it time- Ilat ic-mit ‘s mo-quest- and hoe finmds it- invaluable itm helping t( 0 ao’o’tomuil)lisio s ommme
0 Of hois o ho i lv tot i vi I ic-s. h Ic’ uses I boo Krukemmhlerg st unup mm his wolrk as a pan’t-t imue o’am’ile-moto-m’ amid
ices I.oounoc! t Ime- gn’as�Iimog noic-cimamoismum i t 1)1’ ovides itivalumaille imm his act ivit ic-s tof daily iivimmg.

Fig. 2-11: ‘l’hoo- mat ic-ni I o!e-mmo most mates time- strtotog, useful prehemisitmmi iviiio’hm hoe has gaimueoi.

l”ic;. :1-;� Fic;. 3-B

l”ig. 1- .� : ( :ose 2 . ‘l’ho is I � o-veam’-o old t’biild imas to mmogemmi tal ah osence tof time hoatods a mid feet . Shoe- also
imas 0 hoe’ n’o-siolomnmmmo 0 of a cleft pal:ete ama! imam’elip atmel right nmmioromphmtimalnmia.

l”ig. 1-11: After :0 m’ighot Krimke-mmile-rg promcedumre, perfomrnmeel whemm slit- was t�vom s-ears amool twoo

mmooomotios mole!, :tmoc! fittimig with a wrist (lisarticulati001m prtmsthi(-sis fcir time left IilIIIc-� extremoiitv. ‘Floe
o’imi!d 01st-s time- Krcokemoberg stutimll as her prinmiary imamod amid time prclsthesis as atm assistive mmiemiuiot-r
ft or all 0 of hoor tot ivi t ic-s. \Vit ii a Krukermioerg promo-edure, her pootenit itt! fomr rehmaiii!itat iooomis gre-a I c-n’
I hoamm if shoe- imacl hoc-c-to tre-ated witlo hiilatera! uppc-r-extreniity prostheses.

imuipoi’tatit m000ltitliis too lIe It-attic-cl if time patiemit is to obtain the mumost bc-tie-fit fm’ommmhis

Kl’ul�c-m obt-m’g st cmioop. Tlmc elecupatiolial timem-apist is imivaluable ill fm’ainitig flit-sc-

patic-mits aiitl iti st-imumulatiiig timc-mom to e-am’ly amid proper usc of time- Km’uke-mmhc-rg fell-ce-ps.

‘Ihmo- iiOiiJ(ll’ adduct-iomm-abductiomm mmmotiomi of time I-(m-ukemihcm’g stumump is accommo-

plisime-el ill’ time- m’adius mmmovimmg tomm’am-d om’ amm’ay fm’ommithe relatively fixed uhmma. Itt

str(lmig gm’ippimig, lmelm\’e\’et’, ulmmat’ a-dductiomm is also of impom-tatice. Time patie-mit-s vt-c-v
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i-apielly lc-am’mm t-imeim’ omvn commmbinatiomms of adduc-tion-abduc-tiomi, pronatiomi, amid

supimmatiomi t-o accomumplish daily activities.

Time abductors of the radius are the brachioradialis, the extensor cam-pi m-adialis

lomigus amid h)m’cvis, the m’adial portion of the cxtemmsor digitomunm comummmmunis, amid time

i)ic-eps.

Time adduc-tom-s of the radius am’e the pronator teres, supimmator, flexom’ c-am’pi

i-adialis, time m’adial pam’t of the flexor digitorummm sublimmmis, ammd time palmmmaris longus.

Time ahduc-tom’s of the ulna are the extensor carpi ulmiaris, time ulmiar part of tue

extc-misom’ digitom’ummm c-ommmmmmumuis,amid the triceps.

The adduc-tors of time uhiam’ ray are the flexor carpi ulmmam-is, time ulmiam- part of time

flexom’ digitom’umim sublimmmis, the brachialis, amid the anc-ommeus.

Timis mmcmv fumictiotiiimg and grasping nmechanismmm mvith skin semisibihity stimimulates

c-oopc-m-ation h)y the patient so that rehabilitation is m’elativcly easy and rapid. r#{231}�c-

patiemmt is emicoum’agc-d to use standard immmplemmments and to learn to adapt to a miom’mmmal

c-mmvim-ommnmc-nt. Tmm’o-Imammded activity is encouraged, using time hook on the opposite

side. Pattem-ios of activity to ac-c-ommmplish daily livimmg m’cquirc-mmmcnts arc- pt-ac-tic-ed. It

imas i)ecii found that donminammcc- of activity mmiovc-s to the Km’ukcmmbc-rg side bc-cause of

time easy pm’c-imemisiomi amid, c-specially, time tactile gnosis mvimic-h it offers.

(‘osinelic Effecl

Paticmmts have displayed little, if ammy, comic-c-mit about the appearance of time

Kmukc-mibc-m-g stummip. It is ac-kmmomvlcdged that these are yoummg patients, mmmaimily

comic-c-timed mvithm function. Time paremits also have bc-c-mi emithusiastic about this pm’o-

cc-dum-e amid all am-c- pleased with the results. They have been asked about time cosnmetic

effect of time opem-ation amid time reply has almvays bc-c-mi that the Km’ukenbcm’g stunip is

ho less appeahimig thaim the useless stuimmp or hook. They do not consider the ap-

pc-am-amic-c of time stummmp to be a problc-mmm. They am-c- so enthusiastic about the immmpm’ovcd

funcf-iomi time pm-occ-dum’c gives the child that they have appeared sommmemvhat sum’pm’iscd

w’hmemm asked about cosmmmetic- appearance.

1mmthis sc-m-ic-s, time patic-mmt w’ith the longest follomv-up (thim’tecmi yeams) said that

lie lost his c-omic-c-i’mi about the appearamice of the stummip sevem’al mmiontims after the

opcm’ativc- pm’oc-c-dum-c-; he has miot hiddcmm it in public and usc-s it as naturally as omie

mvould a imammd.

Case Histories

CASE 1. II. K., a ilcly, bormm iii 1937(Figs. 2-A and 2-B), was operated omm by nme amid follomwed in

the Indiana Ummiversity Orthopedic Clinics. He was born with left upper acimeiria, right upper mmmonio-

dactylia, amid left apodia . He imad h)eenm fitted witii a below-the-knee prosthesis. in May 1951, a

Krukenmherg promcedure was doonme 0IIi time right upper extremmmity, sparing the single digit amid leaving

its nimoot-tor sImI)l)!v immtact. He was therm fitted with a wrist disarticulation prosthesis on the oppoosite

side lImit suilseoiuermt!y discarded it. \Vimen last examined, mmNovenmber 1961, he had a two amid t�ne-

half immch tii)etoitig ammd c-could appromximate his radial and ulnar rays with a foorce of ten ptounmcls. Time

rays were appr(mximately one-half the length (If time forearm stunmp. He alsoo had excellemmt- tao’tile

gmitlsis tOni time o�Iposimmg surfaces of tue rays arid was able tol differentiate small coins in his pooe’ket

amid remimove thoermm. He coould dress arid feed hinmself and was able to take care of all of his toollet

nee(1s, inmclum!immg using tcoilet paper. He was trained as a paimmt sprayer; however, lie had i)eemm immmable

tom t)b)taitm enimlI!oIvimmemmt and was doinmg odd jobs as a carpemiter as well as imelping imm imis parents’

hioonmme. Thus yooummg nmmammwould i)e benefited hy a wrist disarticulation prosthesis on time left as

amm assistive mmmenmh)er. He has, hclwever, developed an amazinig pattern of activity using time Krukemm-

berg stunmp imi co)mmih)immatiomi with time wrist stump Ofl the opposite side. He said that he has benefited
tremomemmeloumslv frolnm the Krukemiberg proce(Iure and that he and his paremmts do not object to the

:m�Ipear:mnt’e tof time st-imnuip.

C��sE 2. (1. H., a girl, bormm oem August 27, 1957, was brought immtoothe Area Child Anmmputee Climmic

fronm anotimer state (Figs. 3-A amid 3-B). She was born witim bilateral achmeiria, bilateral apcldia,

cleft palate and imarelip, mmiicroglossia, amid micnmpbthalnmia. She Imad been placed in an institution
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tIme righot tl��pe0m’ e-xtrennitv. Shoe Ian! primimarv healing of time wclumm(!s amid starte(l hoer t-raimmimog ap-

prooximomatt-ly two weeks after time operatioonm. ‘lime occupational timerapist said that tue child siocowed a
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She had a one-and-a-half-inch openming of her stump with a pinch force of three pounds. Sue WRS

able to pick very small objects, including needles, off the floor. She had not learned to speak and the

staff psychologist considered her trainable but not educable. She was discharged to the care of her

family. On subsequent visits to the Clinic, the parents requested that a Krukenberg procedure be

perfornied on time opposite forearm.

CASE 3. 1).L., a boy, s�’as born on May 4, 1954, withleftupper partial hemimelia, right acimeiri:m,

left apodia, anti right leower henuimehia (Figs. 4-A through 4-D). In September 1957, he was fitted
with prostheses for the upper and lower extremities. The child quickly developed a good bilateral

pattern of activity with his hooks. It was then decided that he would benefit from a Krukenmberg

procedure on the right upper extremity. This procedure was accepted by the parents after time)’ had

observed the function of another child with a Krukenberg stump. The operation was performed oni

June 19, 19(11 . Time wtouimd healed by primary intention except for one small area around the distal

end of the radius which closed in approximately six weeks. Training was started during the third
postoperative week. This child had a dorsal angulation of the radius which prevented good imp-

positiomi of the rays. An osteotoniy was done to angulate the distal portion of the radius approxi-

rnately 20 degrees eon Jimmie 10, 1962. This improved small-object grasp. The child ha� apprelxinnately

a three-inc-lu openinmg of the stump. The rays are approximately three-fifths the length of the fore-

arm. He has a grasp c)f six pounds, is able to feed and dress himself, use scissors, and pick up simmall

objects with speed and agility. He has quick, repetitive opening of his rays and is extremely well

coordinated. He c-an pick up objects and identify them while blindfolded. He uses the Krukenherg

stump as naturally as two fingers of a normal hand. He throws a baseball with the Krukenmblerg

stump and plays outfield onm his school team at recess.

(ASS 4. P. 1)., a girl, was born June 7, 1958, with left upper partial adactyhia (nmonodactylia,

right upper partial heminmelia, left lower amelia, and right lower hemimelia (Figs. 5-A, 5-B, and

5-C). She was t-wom �‘ears cold when first seen in this Clinic, at which time she was fitted witim upper-

extrenmitv prostheses with 12P hooks. Sue was considered to be a good candidate for a Krukeimberg

procee!ure (01) the left upper extrenmity and this was performed on September 24, 1961. The wounmds

healed b�’ primary inmtention. Traimming was started two weeks after the operation. Time child

develemped a spread elf eotme and one-half inches at the ends of the rays with a two-pound folrce at

closure. She had essemitia1l�’ no difficulty in training and developed a good adduction-abduct-iton

pattertm. She hums learnmeel to feed herself independently and ha� rapidly gained a two-handed pat-
tern, using time proosthesis on the right side as an assistive member. The small digit on the radial ray

was reotatee! immto some flexioln at operation by suturing the capsomlar structures to the enmd elf time

radius. Sue iuas obtained some added function and small object prehension using this digit-. She

demommstrates time advanmtage of retaining whatever functional anatomical structure is present. She

had mininmuni suuilluxatioomm of the radial head, noted before operation. This has not interfered with

functkmmo (mf the Krukenberg stump. She has good tactile gnosis on the stump and is able to identify

small (li)jCCtS while h,linmdftolcled. In time two-point discrimination test she can differenmtiate time twco

poimit.s at seven to eight momillimeters on the stump. This severely handicapped child i)emmefitedl

greatly ily time addition oof the Krukenberg procedure which gave her a natural grasping mechmammisnm.

There ions bc-c-nm no ctmsnmetic’ cone-c-rn either by the child or by the parents.

Summary
rrhic Km-ukcmibc-rg pm’ocedure mvas perfornmed unilaterally on four juvenile ammmpu-

tee patiemmts with c-ommgemmital bilateral absence of the hands. These four cases at-c

repom’ted. The opposite c-xtremmmity was fitted with a standard prosthetic prescriptiomi

as an assistive hamid. Itt all cases, the Krukenberg stummup becammme the leading hand.

The m’esults have bee-mm remomarkably rewardimig to these patients. There has bc-c-mi

virtually mmocomic-c-i-mi evidenced by the patient or the parents about the appearamice
of the sfummmp. Time sum-gic-al pm-oc-c-dure is considered to be reasonably uncomplicated.

Postopem’ative m’c-imabilitation has bc-c-mi simmmple and rapid.

It is immy imuopressiomi, frommm observing these patients, that this procedure should

be extc-midc-d to mmmom’eimidividuals mvho have the severe handicap of bilateral hand loss.
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thought to be useful imi those situations where the articular surface has bc-c-mi conm-

minuted or separated frommi its blood supply and where, in the past, a resection would

have bc-c-mi pc-rformmmed . The imuportance of repairing fracture-dislocations withimi the

first three days amid the need for accurate reconstruction of the rotator cuff and its

attachmmment-s is emmiphasized. In painful degenerative lesions, the results of replace-

imment have bc-c-mi c-specially good and use of this procedure is favored over arthrodesis

iii selected instammces of osteo-arthritis and avascular miecrosis.
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