
FROM THE OHTHOPAEUIC HOSPlT.-iL, COPENHAtiEN 

TREATMENT OF NON-UNITED NAVICULAR 
FRACTURES BY TOTAL EXCISION OF THE BONE AND 

THE INSERTION OF ACRYLIC PROSTHESES 

In spite of the appearance of new methods of treatment in the most 
recent decades and the iniprovement of the diagnostic aids, especially 
X-ray diagnosis, defective healing of navicular fractures is no rarity. If 
not treated the fracture forms a pseudarthrosis which usually by 
degrees becomes painful and results in reduced strength in the hand, 
limitation of mobility and possibly deformity of the wrist joint. In 
these cases deforming arthritis is very often found in the radiocarpal 
joint on X-ray examination. 

In 1920-30 Biihler and Schnek showed that navicular fractures can 
be healed by conservative treatment with plaster splint, when the im- 
mobilisation is effective and is maintained for a sufficient time. This 
is confirmed by numerous authors and there is now wide agreement 
that the treatment of fresh navicular fractures ought to be conservative. 
The incidence of fracture healing is stated to attain 80-95 % with an 
average treatment period of 8-10 weeks. (Bohler 96 %, Soto-Hall 95 %, 
Couble 96 %, Troyan 96.4 %, Watson Jones 95 %, Stewart 98 %, Luck 
95 % ). Other authors, however, found somewhat lower incidence: Ale- 
man 74 %, Kehbein 78 %, and Barr discovered that 26 % of the navi- 
cular fractures were not healed in spite of apparently adequate treat- 
ment. Cutler estimates that “failure of union” is found in 30-40 % of 
all navicular fractures. 

Old non-united navicular fractures present a difficult therapeutic 
problem. In the comprehensive literature on the subject considerable 
divergencies of opinion exist as to which methods of treatment froin 
the most conservative to the most actively surgical should be chosen. 
Among these methods the following may be mentioned : 

Prolonged immobilisation. (Bohler, Schnek, Hehbein, Duben & Gelbke, 
Troyan, Jahna) . 



Beck drilling. (Schnek,  Obletz & Halbstein, Andersen & l’herkelsen, 

Internal fixation with metal pin. ( Geissendorfer, Giesrking, Lind- 

Internal fixation with bone graft. (Adatns & Leonard, hlurray) Arm- 

Transplantation of cancellous bonc. ( Matti, Husse)  . 
Intercarpal arthrodesis I between the navicular and lunatum).  

Radiocarpal arthrodesis. [ S m i t h  Petc*rsen). 
Radial styloidectomg. (Barnard & Sfubbins,  Lyman S m i t h ) .  
Hentzon’s interposition method. ( Bt.ntzon, Handlou, Perey,Bertelsen) .  
Excision of proximal carpal ro\v. (Bri t tain,  Stack, S p e e d ) .  
Partial excision of the fragments. ( A  l tman,  Solo-Hall, Watson Jones, 

Doivninq).  
Total excision of navicular. ( Hirsch ,  Hitter,  Davitison & Horwitz, 

D w y e r ) .  
Insertion of prosthesis, vitallium or acrylic, after total excision of the 

navicular. (JletcalfP, Legge, Vl’augh & Keuling, Picaud, hlerle d’Au- 
bignc;). 

It is not the purpose of this study to deternline which method pro- 
duces the best result. For this, large series of cases are  required, directly 
comparable but treated according to each individual method and in- 
vestigatcd after a long period of observation. This can hardly be carried 
out on the basis of the literature available a t  present. 

At the Orthopaedic Hospital in Copenhagen the treatment of old and 
non-united navicular fractures has developed since 1954 as follows : 

Soto-Hall) . 

wall 1. 

strong, Palmer & \\riden, Cobey & \\’hitel. 

( Thornton) .  

Plaster cast when cysts a re  present indicating reactive processes. 
Removal of the proximal fragment in t rue pseudarthroses if this is 

Bentzons’ interposition operation with wide fracture lines. 
Radiocarpal arthrodesis when deforming arthrosis is present. 
However, after following up a series of 243 patients with fracture of 

the 0 s  naviculare we found a small group which had been treated by 
insertion of prosthesis after total excision of the navicular, a method 
which has produced good results according to the literature. Since this 
could not be confirmed by our  follow-up investigation we thought it 
would be of interest to publish this, as  we believe our results to be ;1 
warning against this method. 

sclerosed and forms less than 1/5 of the bone. 
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Total excision of the navicular \vas declared by Hirsch who gave an 
account of his f i rs t  results in 1914. 9 patients \Yere operated on, all with 
good results. Full \vorking capacity ’VI’BS achieved after an  average pc- 
riod of 6 \vceks. In later studies Hirsch states that  the long-terln results 
i tre  good: According to Hirsch the operation should be undertaken as 

c.arly as i,ossible, if 1)ossiblc AS soon as  the fracture is diagnosed and 
before arthrit is  arises in the joints. Moreover, the iniportance of the 
following points is cmphasiscd that the \yhole of the 0s naviculare is 
removed that nothing is left and that  the operation is executed so as  to 
avoid ti a n i  a g i n Q neigh bou r i n g car t  i 1 a gc . 

Hitter ( 1929) prcfcrs cxcision of thc onc fragiiicnt, \vhcn this is 
dislocated but believes it nc’ccssary to reiiiove hoth fragments in order 
to  whieve good function of the \vrist joint \vhcn the fracturc “has 
cxisted soinc’ time Lvithout hbing rccogniscd and conscqucntly no at- 
teinpt a t  reduction has been riiatfc..” 

I n  1938 Dnuidson & Horwi f z  published ’7 cases t rwted  by total CX- 
cision of the navicular. Pre-operative X-rays sho\ved pscudarthroses in 
:ill cases. The observation pcriod follo\ving the operation ~ v a s  from M- 
15 years; in 5 cases the results \verc csccllent anatoinically and func- 
tionally, in 2 cases thcrc \vas moclc~ratr limitation of mobility, but no 
pain. Thew two were designated as good. D. & H .  think that the 
total excision ought to chosen in 1 )  fractures which cannot be re- 
duced even i n  open reduction, 2 )  severely coniininutcd fractures, espe- 
cially when they arc caused by other injuries in the wrist joint, c.g. 
dislocation of the lunate bone and 3 )  neglected cases with pronounced 
and irrcparahlc degeneration of the fragments. 

Dwyer  in 1949 presented thc largest series. 19 patients wcre followed- 
up.  In 12 cases the result \vas found to be “good”, in -1 “fair” and in 3 
c~ascs “bad”. D w y e r  points out that  thc rcsults bccoinc worse when 
arthrit is  is present and with subluxation of the lunatci bone. In some 
cases progressive dislocation forward of the 0s lunatuni was found on 
late X-ray control. Radial deviation of thcb hand was not observed. 
hlobility in the wrist joint improved in 15 i,atients,--lnagiriiaI recovery 
sometimes took a year or  more. 

Many authors  have advised against the total excision of the navicular 
(Bohler,  Schnek, S tewar t ,  Aleman,  Obleiz & Halbstein,  Troyan ,  DubPn 
& Gelbke ) .  They consider that  the navicular is so important for the 
strueture of the hand that its rcinoval will always bring about darnage 
to the wrist joint  which will go into radial abduction that  function 
becomes, steadily worse even if some improvement can be obtained im- 



WON-UNITED NAVICULAR FRACTURES 239 

mediately after operation. This experience brought total excision of the 
navicular into discredit in most hospitals,-in recent years, however, the 
operation has been adopted again by some surgeons who, recognising 
the importance of the 0s naviculare for the stability of the hand, re- 
placed the navicular by a prosthesis. 

Mefcalfe, Legge, Waugh & Reuling have used vitallium as a prosthesis 
material, Picaud and Merle d’AubignP acryl. 

Mefcalfe operated on 30 patients, all with good results. One patient 
was observed for 3y2 years owing to reflex dystrophia, but the end 
result was good. 

1,egge: 7 cases, all good. Waugh & Rauling: 3 cases, 2 good, 1 less 
good. 

Picnud inserted acryl in one case with good results. Merk d’AubignP 
& Ramndier had 2 cases with acryl, the one with good and the other 
with poor results. 

The above-mentioned authors point out the advantages of the method 
to be: 1) relieving of the pain in the wrist joint, 2 )  a functionally ef- 
fective wrist joint, 3) short period of treatment. 

In the series published, however, primary results are involved. Merle 
d’AubignP gives no information about observation time. Picaud’s single 
patient was able to return to work after 2 weeks, Legge’s 7 patients 
after between 3 weeks to 2 months, but  in none of these authors does 
one find information about follow-up investigations. A s  already stated 
Mefcalfe observed one patient for 3% years, but gives no information 
about a follow-up of the remaining 29. 

Wnugh & Reuling followed-up their patients (3)  for 7, 15 and 16 
months respectively after the operation and conclude: “The use of vi- 
tallium replica for replacement after excision of the fragments of an  
ununited fracture of the carpal scaphoid is in the experimental stage. 
While the results to date are encouraging, sufficient length of time has 
not elapsed to determine whether or not the use of these vitallium re- 
plica will be of value in solving the problem of the ununited fracture of 
the carpal scaphoid.” 

Even i f  provisional information about a new operation technique is 
naturally of importance, one must, however, require a thorough post- 
operative investigation into all the cases operated on, and a long obser- 
vation period-10-15 years presumably-in order to determine the 
value of such a method. Several authors have also expressed their 
scepticism. 

In  1959 Troyan stated “substitution operations for navicular frac- 



tures are still very new and only the future can show how the late 
results will be." 

Thc follow-up investigations of Biisch, Hing & Hart Hnnsen in 1948, 
of Henrichsen, Jnnsen & h'rogh-Po1rlsc.n in 1952 and of Collins in 1954 
showed that  acryl is tolerated to a considerable degree by the tissues. 
,Verrimnn & Scnlcs in 1951 and Scnles in 1956 showed that no tissue 
reaction was seen when irnjilanting acryl into the muscles of animals ; 
if, honcver, the suhstancc w a s  cxposed to mechanical forces, especially 
lvearing forccs, tissue reaction was wen in form of fibrosis. 

A s  far a s  vitallium is concerncd, Spc~ctl remarks that  cvcn if a 
prosthcsis of this material is smooth on the surface this docs not hinder 
the formation o f  fibrous tissuc, iiround such a surface which will gradu- 
ally narrow thc natural gap lcft by the rcrnoval of the bone and thus 
possibly prevent movement to a normal txxtent. 

I'ennbles points out that  the mcchanical conditions for a navicular 
prosthesis are quite different from thosc for a prosthesis in the hip 
joint  where alloldastics especially haye been utilised, and that  similar 
conclusions cannot hi3 drawn. In the hip joint the prosthesis is sta- 
bilked, it is present in order to stabilise the joint and takes part  in its 
functions. In contrast to this the navicular prosthesis i s  applied to a 
stabilised area, function occurs around thc. prosthesis, while it is im- 
mohile itself. 

\ire have no cxpc~ricncc of navicular prosthcscs of vitallium. On the 
other hand acrylic prosthcses have been uscd in 7 cases on the initiative 
of Suen h'incr in Dcpt. 2 of the Orthopaetiic Hospital, Copenhagen. The  
operations werc carried out in the years 1950-52. 

A l l  patients had pain in the wrist joint, limited mobility and reduced 
strength in the hand. 5 had hard work, 2 had lighter work. 3 fractures 
were in the left  wrist, 1 in the right wrist joint. In 1 case the frac.tures 
had existed for  10 Scars, in B cases for 2y2 years, in 3 cases, 6, 7 and 
8 months respectively. In 1 case the patient had suffered an accident 
3 months before the operation and swelling of thc wrist joint. On X-ray 
c x a m i n  a t  ion, h owvvc- r , a \vc I I- d eve l o pcd pseu d w r t h ros i s kva s found with 
sclerosis of the fracture ends and initial arthrosis in the radiocarpal 
joint indicating that  the original traunia must  be sought several years 
hack. In 2 cases in addition to navicular fractures dislocation of the 
lunatc bone was found. (1- -2) ,  1 fracture was comminuted with 3 irre- 
gular fragments i l )  : the others \vcrcb transverse fractures near the 
centre of the bonc. In 3 cases arthrit is  was found before the operation. 
f 3 , 1 , 6 ) .  
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Operative technique: the operation was carried out in 2 parts. 1 )  The 
navicular bone was removed through a dorsoradial incision, an  impres- 
sion of the cavity was taken with a plastic mass and the wound was 
closed. 2 )  1 to 2 days afterward ( in  case 2, however, 9 days a f te r ) ,  the 
wound was opened again and the prosthesis was inserted. A plaster 
cast was applied for 3 weeks, afterwards the hand was given physio- 
therapy. 

In cases 1-4 there was constant pain and swelling of the wrist joint, 
-the mobility was improved immediately after the operation, but 
became gradually severely limited. None of these patients became f i t  for 
work. Case 5 could begin to work 4 months after the operation, he only 
had slight pain and for a short period better mobility than before. 
1 year afterwards the mobility was severely limited, there was in- 
creasing, reduced strength and also swelling of the hand. In these 5 
cases the prosthesis was removed and arthrodesis was performed. In 
each case pronounced fibrosis was found around the prosthesis, with 
thickening of the joint capsule and severe arthritis in the radiocarpal 
joint. 

The  prosthesis was not removed in only 2 cases. Case 6 works as  a 
seaman. He has no pain but yet makes use of a wrist joint capsule. 
Upon the follow-up 10% years after the operation the joint was found 
to be slightly deformed, the hand was in radial deviation and the pro- 
sthesis was prominent dorsally. The mobility in the damaged right 
wrist joint is half that in the left and the strength of the hand is 
reduced. ‘The X-ray examination shows a severely deforming arthritis 
both the radiocarpal and in the intercarpal joints. 

In case 7 the result is good. He works as  a clerk and uses a type- 
writer without pain. Mobility is only slightly limited, the strength of 
the hand slightly reduced. There is no deformity. X-rays 10 years after 
operation show good distance between thc neighbouring bones. A s  a 
sign of initial arthritis there is slight tapering of the radial styloid 
process while otherwise conditions are the same as directly after the 
operation. 

The results of the 7 substitution operations have thus produced 
satisfactory results in one case only after 10 years observation. In an- 
other case the clinical results was “fair”, but the X-ray showed severely 
deforming arthritis. In 5 cases arthrodesis had to be performed aftcr 
y2-3 years. 

There is scarcely any doubt that the mcchanical conditions pointed 
out by Vrnablr had a decisivc importancc in  thc, poor result. h navi- 
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.I series o f  i c : i s o s  01 nonuni tc~l  n;i\.icul:ir 1r:ic.turc.s \\:is treated 1)y 
cbscision of thc fragiiic,nts and inscrtioil o f  a n  acrylic prosthesis. Thc 
sc,rics was l’ollonrtl-up 9 ~ I 1  ycars :iftc*r o1wr:ition. 

In all i c;isc’s I)rim:iry iinproveincnt of thc \vrist joint’s mobility \v:is 
ol)t;rinc.d, 4 p:iticvitl* rcriininc~d. ho\vc,vcbr, unfi t  for \vork oLving to pain. 
1 Imtit.nt w a s  able to rcturn to \\.(Irk :rftc.r 4 months hut  a yc:rr after thc  
ol)Lbr:rtion thc niohility o f  thr wrist  joint  w a s  sc.vcrc.ly l imited; thvrc. 
\Y:IS j)ain. rctfucc.tl strc.ngth :rnd s\vcxlling o f  thc  wrist  joint. In these 5 
C : I S ( ‘ s  the  l)rosthcsis \\us r c m o v c d  l/iL - 3 ycburs af tcr  thc operation and 
r:itliocarpul arthrotfcxis \vas p(~rforinctl.  I t  was only in 2 c;iscs tha t  thc 
1)rosthrsis n-as not rcino\-ctl,-~ 10 ycars aftcr  operation onc of thcsc has  
s t‘vcr el y rl IS lor in  i i i  g ar thr i t is  i 11 t h c‘ ra d i or. a r pa I j oi n t hu t 110  1 )a i n , \v h i I c’ 
tht, o ther  has :i good rcsult. Hatliologic.:illy only a slight ar thr i t is  can hc 
I’ound i n  this paticlit.  

‘I’hus thc  rcsults o f  th(. 7 su1,stitution olwrations v c r v  only satis- 
t’nctory in o i i o  c a w .  

‘I‘hc iiic~ch:itiical conditions for ;I navicular 1)rosthcsis havc a n  im- 
1)ol-lant influc>nc(l on thc poor result, sincc thc prosthcsis is a loose* 
forcbigii h t l y  in a prcshapcd cavity :inti ;I foreign hotly rcaction must  be 
c.xl)ctctrd ; in addition although acryl has  proved in cslwriiiiental rc- 
search that  i t  is tolc~ratctl hy thc  tissucs. this substanccb provokes :I 

I)oIvrrful tissuc rcnction in thc form o f  fibrosis whcn it is c ~ p o s c d  to 
~ n t ~ l i a n i c : ~ l  forces, csl)cci:illy \\caring f o r w s .  
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Uncl seric (It. 7 cas de fractures du scapholiie, traitks par excision 
des fragrncrits et niise en place d’une prothhse acryliquc, ont ete re- 
examines cntre 9 et 11 ans apres I’opCration. 

Cli(~z tous Ics 7 on a observe une amelioration priniairc dc la inobilit6 
du poignel. Toutefois, 4 nialacles n’ont pas retrouve leur capc i t e  dc 
travail cn raison de douleurs. Un malade avait pu reprendre son travail 
au h u t  dc 4  noi is, niais un an apres l’operation la mobiliti. du poignet 
etait fortcwient rkduite, il y avait des tlouleurs, unc diminution cle la 
force ct unc enflure du poignet. Dans ces 5 cas, la prothksc nvait Pte 
cnlrvCe cntrc 6 mois et 3 ans aprks I’op6ration et I’on avait pratique 
I’arthrodksc radio-carpienne. Dans deux cas seulcmcnt, la prothhse n’a 
pas iit6 cnlevee. L’un avait 10 ans apriis l’opkration unc arthrose dk- 
forrnante prononcke dans !’articulation radio-carpicnnc, mais pas de 
douleur, tandis que chez I’autre le rCsultat Ctait bon. A la rndiographie, 
on n’a trouvi. chcz ces malades qu’une Itgkre arthrose. 

Ainsi. c’cst seulement d a m  un cas que les rPs!!Itats de cctte opCration 
dc substitution ont CtC. satisfaisants. 

Les factcurs qui entrent en considhation par rapport aux mauvais 
rksultats obtenus sorit les conditions mCcaniques d’une prothhse du 
scapho’idc qui est un corps Ptranger introduit sans fixation dans une 
cavitC 1)rCformCe. I1 faut s’attendre a une rkaction au corps Ctranger. 
A ccla s’ajoutc que bien que les tissus tolkrent la rCsinc acrylique, 
I’usurc: particulierc de cette matiere lorsqu’elle exposCe A des effets 
mecaniques, provoque une forte reaction des tissus sous forme de 
f i broscx. 

Z U S A M M E N F A S S IT N G 

Eine Keihe von 7 Fallen nicht geheilter Kahnbeinbriiche wurde niit- 
tels Excision der Fragmente und Einsetzung einer Akrylprothese be- 
handelt und 9-11 Jahre nach der Operation nachuntersucht. Bei allen 
erreichte man primar eine Besserung der Beweglichkrit des Handgelen- 
kes, 4 Yaticnten wurden jedoch nicht arbeitsfahig wcgen Schmcrzen. 
1 Patient konntcb seine Arbeit nach 4 Monaten wiedcraufnchnien, ein 
Jah r  nach dcr Operation war jedoch die Beweglichkcit in1 Handgelenk 
stark cingcschrankt. €3 bestanden Schmerzen, herabgesctztc Kraft und 
Schwellung des Handgelenkes. In  diesen 5 Fallen wurdc die Prothcsr 
1/2-3 Jahrc nach der Operation entfernt und eine radio-carpal Arthro- 
tlcse vorgenornmen. Nur in zwei Fallen wurde die Prothcsc nicht cnt- 



fcrnt - -  tlcr eine zeigt 10 Jahrc nach der  Operation eine schwere defor- 
niic~rcntlc Arthrose i r i i  radio-c:irl)nl Gelenk, hat  abet- keinc Schrnerzen, 
\viihrcnd der anderc ein gutcbs Hcsultat aufweist. Hiintgenologisch findet 
inan 1)c.i diesern Patienten nur  Icichtc Arthrosc. 

Das I<rgt,t)nis in dicscn i Su1)stitutionsoi)cirationen ist somit nu r  in 
cine ni Fa 1 1 c z u f r i etl c n s te 1 I en (1 g ii\v c w n .  

\‘on Bedcutung f i ir  dns schlvctitc~ 1:rgehnis sind die mechanischen 
\’thrhiil tnissc in1 %usamnicInhanS rni t d c r  Kaviculareprothese. Indern 
dicw cincn lose licgcndcn Frvitidkiir~)or in eincm praformiertcn Hohl- 
r :L 11 t i i  tl I rs  t e 1 1 t , mu ss e i r i  c F rc’ 111 tl k ii r 1 w r reil k t io n e r w  a r t e t we r d en. D azu 
kornnit, (lass ohvohl  cis sich Iwi c,sl)t’ritnc.ntcllcn Untersuctiungen zeigte, 
ti:iss Akryl voni  Gt~wcbc gut vc.rtragen wird, dicser Stoff doch, wenn 
mcchanischcn Beanspruchungcn und besoriders Ahnutzung ausgesetzt, 
einc starke fibriisc Gcwcbsrcnktion hcrvorrufen kann. 
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