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The causes of non-union and the methods and results of its treatment 
havc continuously received great attcntion from orthopaedists as  well 
as  general surgcons. The high actuality oE the topic is also indicated by 
the fact that  it is still a subject of discussion in various congresses, e.g. 
a t  the Congress of the SociCte Internationalc de Chirurgie OrthopCdique 
ct  de Traumatologic in Kew York,  1960. On this occasion, Boyd,  Lipin- 
ski & IVilry presented a series comprising 842 patients, dealing with 
the results of treatment of non-union of thc shafts of the long bones. 
\Vith advanccs in surgical technique, non-union should be less frequent 
hut rather the opposite is t rue in actual practice. Most of all this is 
due to the increased number of serious traffic and working accidents, 
which result in open fractures with infcction and comminuted fractures 
lvith circulatory disturbances. 

In Finland the occurrence and treatment of non-union has hcen little 
treated in the literature and it is therefore difficult to form an overall 
picture of the results of trcatmcnt in different hospitals. Rrhnberg 
( 3955) presented the results of trcatment relating to non-union in 277 
war  casualties, and Bistriini ( 1955) thosc from the treatwent of non- 
union in 38 cases during peacctirnt~. Snarialho’s (196O) scrics of 332 
Ijatients with leg fracture contained 24 cases of non-union. For the 
above-mentioned reasons it is thought to he appropriate to present the 
results of treatment rcscorded in the Orthopaedic Hospital of the Invalid 
Foundation in the years 1945-1960. In his paper, read a t  a congress, 
Nybtirg (1955)  dealt with par t  of the same series, lwlonging to earlier 
years. This part, too, was included in our  follow-up investigation for 
the reason that  many of the patients havc visited ou r  hospital also in  
recent years for further cxamination, o r  thc insurance cornpanicis have 
heen able to advisc us on their recent condition. 
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The series of non-union cases of our hospital presents a higher than 
normal degree of severity on the whole, because no fresh fractures a t  
all are  admitted, but the patients are  sent to us  in the non-union stage 
from other hospitals when their condition has been considered as 
requiring special treatment. Thus, in a major part of the series, one or 
ceveral operations for the correction of non-union had already been 
marlc; this can be considered as having further worsened the condi- 
tions for successful recovery. 

O W N  M A T E R I A L  

The scries consists of patients treated in the Orthopaedic Hospital of 
the Invalid Foundation in the years 1945-1960, all of them with non- 
union of one o,f the long bones of the extremities. There are altogether 
160 patients, 138 of them male, and 22 female. 

TABLE 1 
dge on Admission f o r  Trratmrni .  

Agegroup 1 Below20 i 20-29 I 30-39 1 40-49 1 50.59 1 Over 60 

Number  11  43 41 36 19 8 

The youngest patient was 5% years, the oldest 67. An overwhelming 
majority of the patients (altogether 122) were men between 20 and 50 
years of age, in their best working years and therefore most susceptible 
to serious accidents. Each decade of this period is represented by 
approximately the same number of patients, as  can be seen from table 
1. The cases of non-union due to lesions received in the war  numbered 
36, all of them male patients. 

Table 2 gives a short review of the patient data prior to admission 
into our hospital. In specifying the point of fracture, the fractures on 
the junction between the proximal and middle thirds of the bone h a w  
been referred to the group of proximal fractures, and those on the 
junction between middle and distal thirds, to the fractures with a lo- 
cation in the middle third. Most of the non-unions in our  series oc- 
curred in the region of the middle third. An exception is noted in the 
case of the radius and ulna, the distal third having been most commonly 
affected in the first-mentioned, and the proximal third in the latter 
instance. 

Open fractures constitute about 53 per cent of the series. They were 

5' 
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relatively least numerous in femur fractures, only one out  of 18, and 
most numerous among the fractures of ulna and humerus. War-indu- 
ced fractures have been included among the open fractures, but  they 
have furthermore been separately grouped by the different bones. 

TABLE 2 
Presenta t ion  of the  ,$faterial. 

Location of Ihe non-union 
. .  

I 

.%'urn ber  of pat i rnts  ...... 
Sex 

Male ................................ 

Point  of frarture 
Proximal 3rd ..................... 
Middle 3rd  .... 
Distal 3rd ......................... 

In i t  ial r oncl it io n s 
Open fracture .................... 
War - i n d u ce d f r ac t u rca ......... 
Open reduction performed ... 
Previous infection ............. 

Operat ions f o r  non-union pr ior  
t o  admiss ion in to  o u r  hospi tal  

One operation .................. 
Two operations .................. 
3 or more ........................ 
Patients altogether ............ 

.4rwrage in term1 betruren occur- 
rence of f rac ture  nnd opc,ration 
f o r  non-union in o u r  hospital ,  

........................... 

23 12 

21 10 
2 2 

4 incl. in 
1 0  r ad iuso r  
9 ulna 

15 A 
7 1 
1 9 

11 1 

4 2 
3 
2 1 
9 3 

48 21 

13 23 18 

12 21 11 
1 2 7  

3 14 3 
5 11 11  

17 10 4 

7 16 I 
4 12 I 
3 4 10 
3 7 2  

71 160 

63 138 
' 8 22 

6 27 
41 76 
24 57 

40 84 
12 37 
17 47 
2 5  49 

8 6  
1 4  

17 
47 
36  

53 
23  
29 
31 

4 11 6 20 47 29 
1 1 4 9 6  

2 5 10 6 
5 13  7 29 66 41 

39 98 18 43 47 

Cases with associated infection have been treated a s  one single group 
independent of Xvhether the initial wound or an  operation performed 
prior to admission into our  hospital was responsible. No distinction 
has  either been made between already effaced infections and those still 
present on admission. A t  all events the infection frequently delayed the 
non-union operation proper, because the operation was not undcrtaken 
until 4 to 6 months after the disappcarance of the infection. 
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Primary operative measures had been taken, that is, open reduction 
and osteosynthesis by different fixing methods had been performed on 
47 patients (29 per cent),  and actual operation intended for the cor- 
rection of non-union had been pekformed on 66 patients (41 per cent) 
prior to their admission into our hospital. On 19 of the latter pa- 
tients more than one corrective attempt had been made. 

It would be interesting to study the length of the time in which posi- 
tive non-union developed in each particular instance. The series does 
not furnish any direct answer to this question because as a rule the 
patients have still been under treatment in another hospital a t  the time 
in question. However, in Table 2 the average time from incurrence of 
the fracture to the first corrective operation in our hospital is listed. 

H U M E R U S 

There were altogether 23 patients with non-union in the upper arm, but five of 
them refused corrective operations and one insisted on amputation owing to great 
pain; this was conceded as the patient furthermore had lesions of the radical and 
median nerve. Altogether 18 corrective operations were done on 17 patients. 

Operations for ivJABLE on-union of the Humerus. 

I Number 1 Union 1 ~ Cause of failure 
Method of patients successful Infection Resorption 

2 resection .................. 15 13 2' 1 1' 
Onlay graft ................. 2 2 
Phemister type graft ... 1 1 

Reoperated with graft. 

Resection with fixing either with Parham band or with two screws 
was done 15 times, union failing to occur in two of the cases. In one 
of them incomplete fixation produced resorption a t  the fragment ends, 
but reosteosynthesis with onlay graft resulted in union. The other 
patient, with infection responsible for the failure, refused another 
operation and continued to use the supporting bandage he had had 
previously. 

The operations resulted in union in 16 patients, and none of them 
retained a faulty position. The permanent shortening of the upper arm 
due to Z resection was considerably (10-15 cm.) in three patients and 
fairly remarkable (5-9 cm.) in three; in the others it was less. Stiffness 



of the shoulder joint increased from the preoperative condition in three 
and that of the elbow joint in t\vo patients. Particularly non-union in 
the lower third of the humerus tended to leave a permanent restriction 
of motion in the elbow joint, but not one of the patients was caused 
very great inconvenience on account of this. 

B O T H  B O X E S  O F  T H E  F O R E A R M  

There were 12 patients with non-union of both bones of the fore- 
arm.  For two of them corrective operation was not considered indicated, 
as the functional ability of their hand was almost nil after a serious 
open fracture and subsequent infection. In ten patients altogether 
twclve corrective operations for non-union were performed and union 
\vas achieved in all cases. 

TABLE 4 
0gc.rotions f o r  S o n - U n i o n  of the ForcJarm. 

hfethod 
I Cause of 

Resorption 

I 

union 1 j failure ~ai lure  j Number j of patients 1 successful 

Z resection ...................... 3 2 1' 1 
.............................. 1 Graft 7 6 I t  

Aledullary Sai l  S: Graft ..... 2 2 
~~ ~~ ~ 

* Heoperated with graft. 
f Heoperated with medullary nail and graft. 

In one of the three Z resections, union failed to occur owing to re- 
sorption of the fragment ends, but union was achieved on reoperation 
with graft. Of the seven graft osteosynthescs, one was a failure due to 
resorption of the ends of the fragments and of the graft. In this case 
also reosteosgnthesis, with medullary nail and graft, was successful. 
Inadequate fixing of the fragments was responsible for the resorption 
in both instances. On Z resection both osteosynthesis points had been 
fixed with only one Parham band, while in the other case the transplant 
had partly been split when it was fixed and therefore failed to provide 
sufficient stability although four vitalliurn screws were used. This iri- 
stance of osteosynthesis also differed from the normal procedure in 
that osteosynthesis was only performed on the ulna and the proximal 
fragment of the radius in its entirety was removed at the same time, as 
the non-union was of considerably proximal location. In one further 
operation also a departure from the conventional method was made 
in the respect that osteosynthesis was only performed on the ulna and 
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the non-union faces of the radius were resected, deliberately leaving a 
non-union. In this case, too, a functionally good result was achieved. 

Union took place in all operated patients and no detrimental faulty 
positions remained. The shortening of the forearm was considerable, 
4 cm. and 8 cm. respectively, in two cases. About the same mobility of 
elbow joint and wrist as at  the time when the non-union operation was 
decided upon was restored in all cases. For increased rotation of the 
forearm, resection of the distal end of the ulna was performed on one 
patient and was to be done on another, but the latter did not consent. 

R A D 1 ITS 

There were 13 patients with non-union only of the radius, and a cor- 
rective operation was performed on twelve of them. For one patient 
the operation was considered unnecessary because he had become 
accustomed for nearly ten years to the non-union, which was moreover 
painless. Altogether 13 corrective operations were performed. 

TABLE 5 
.Operations for Non-Union o f  the Radius. 

Method 1 Xumber 1 Union 1 of patients I successful ' Fracture of I 1 the graft , I 

Graft .............................. 10 9 1' 1 
Medullary Nail & Graft ..... 1 1 
Z resection & 
ulnar osteotomy ............... 2 2 

Reoperated with medullary nail and graft. 

An onlay or inlay graft was employed ten times; it was fixed either 
with Parham band or with screws. In one of these cases there was no 
union; resorption took place in the transplant a t  the point adjacent 
to the non-union and it broke obviously due to stress. Reoperation with 
medullary nail and graft, fixed with screws, resulted in union also in 
this case. Ulnar osteotomy followed by Z resection of both bones of the 
forearm was performed in two cases. This procedure was chosen on 
account of a very faulty position of the forearm, which would not 
have been possible to correct without ulnar osteotomy. Even so one 
of the patients has a residual faulty position, but this is the sole case 
with a permanent faulty position in this group. 
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The niotions of elbow joint and wrist were otherwise restored to 
about the condition prior to operation, except that rotation of the fore- 
a rm was almost without exception more or less restricted. In order to 
improw rotational mobility, resection of the distal end of the ulna was 
performed in four cases. 

Y L S A  

There were altogether 23 patients but no corrective operation was 
undertaken in eight cases, either for the reason that the non-union cau- 
sed very little inconvenience, or because the patient himself did not 
n i sh  to be operated, or because the non-union was so heavily aggra- 
\atctl as a result of suppuration and bone defect that operation was 
not thought to have any chance of success. 15 patients were subjected 
to 17 corrective operations. 

TABLE 6 
Operat ions f f J r  h'on-l!nion of the L' lnU.  

Graft .......... ................... 14 9 5' 2 3 
M e d u l l a r ~  Nail R: Graft ,.. 3 1 2 1 1 

T w o  cases reoperated with medullary nail and graft . ,  
In five of the 11 patients operated by the grafting method union 

failed to occur, which is a relatively high proportion. This was ob- 
viously due to the fact that all cases were initially open fractures, more- 
over three of them were previous war-induced wounds, and manifest 
infection had been present before in all of them. In three cases resorp- 
tion of the graft occurred, obviously not due to incomplete fixing but 
to the poor osteogenetic capacity of the fragment ends. Two of the cases 
in which union failed to occur were reoperated with medullary nail 
and graft. Union was successful in one case but the other retained per- 
manent non-union, as did also a third patient initially operated by this 
method. 

In none of the ten cases with successful union was there any perma- 
nent faulty position, and mobility of the elbow joint and wrist was not 
impaired from the condition prior to operation. For improved rotation, 
resection of the capitulum radii was performed on altogether s ix  pa- 
tients either simultaneouyly with the osteosynthesis, or a t  a later stage. 
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F E M U R  

There were 18 patients belonging to this group. Three of them were 
not operated: one owing to poor condition caused by pulmonary tuber- 
culosis and renal insufficiency, two others because they were psychi- 
cally unfit to be subjected to a major operation requiring prolonged 
immobilization. On 15 patients, 16 operations for non-union were per- 
formed, one of them having non-union of both femora. 

TABLE 7 
Operations for Non-Union of the Femur. 

Method ' Number I L'riion 1 of patients ~ successful 

Z resection ........................... 
Graft ................................... 
Medullary Nail & Graft ......... 

5 
6 
1 

5 
6 
4 

Z resection was carried out in thc case of a patient with non-union 
of both femora, and the shortening of the extremities due to the opera- 
tions caused no inconvenience for this reason. The same method was 
applied in the case of a patient with congenital dislocation of the oppo- 
site hip and consequent shortening of the leg, so that Z resection fur- 
nished, at the same time, a means of equalizing the previous difference 
in length. In the other two cases there should not have been any well- 
justified reason, in our opinion, to employ this method, in view of the 
fact that the patients retained the drawback of a leg shorter by 6 cm. 
and 5 cm., respectively. 

For immobilization, a hip cast was einployed in all cases except in 
two with medullary nailing and graft, in which no plaster at all was 
applied. Union was successful in all operations. A faulty position 
ensued in one case with grafting, obviously owing to premature strcss. 
Harmful stiffening of the knee resulted in one case, and for its correc- 
tion a quadricepsplasty was performed, by which the knee mobility of 
180"-90" was attained. 

T I B I A  

Altogether 7 1  patients have been under treatment in our hospital 
for non-union of the tibia. No corrective operation was undertaken 
in 14 of these cases; amputation on account of severe infection was 
performed in two, and the other twelve were not operated because 



7 1  RlSTO KII'ILAAKSO and MATTI S A A R I A L H O  

of their refusal o r  their poor general condition, or  because they were 
\veil-accustomed to their condition and could manage satisfactorily. 
The remaining 57 patients were subjected to a total of 71 corrective 
operations. 

T.ABLE 8 
Oprrat ionr for Son- l 'n ion of thr  T ib in .  

j Nurnhrrof 1 rnion Cause of failure >lei hod 
l Infection Other cause 

Inlay graft ........................ 3n 20 10 6 4 
Onlay graft ....................... 1 1  10 1 1 
Apposition ........................ 1 1  8 3 3 
Kirschner's operation ......... 9 5 1 1 3 
Hahn's operation ............... 5 3 2 2 
Compressinn ..................... 5 1 4 4 

Union after one operation was achieved in 10 patients, after two 
or more operations in 7 ,  while non-union remained the ultimate result 
in ten. The inlay graft method was applied 30 times and i t  failed to 
produce union ten times. In six of these cases infection was respon- 
sible. Ohviously in most instances there was a latent infection after 
previous inflammation a t  the non-union point, which was again in- 
flamed by the surgical measure. It is likely that the inlay graf t  method 
causes considerable tissue damage in the operated area, and since 
there is little surrounding soft tissue, the risk of infection is re- 
markable. In this respect a distinct difference is noted in comparison 
with onlay graft, not one infection having been recorded in connection 
with the latter. In cases of oblique non-union, joining of the bone ends 
was effected after freshening, either by screws or with Parham hand. 
Kirschner's fragmentation was employed if the bone ends of the non- 
union were broad and sclerotic, but spongeous bone chips taken from 
elsewhere were added in all instances. Hahn's tibio-fibular osteosyn- 
thesis was performed on three patients, with union as  its ultimate re- 
sult in all cases, although two had to be reoperated once. This method 
was employed when there was a large defect in the tibia. Osteocom- 
pression as recommended by Judet was applied to five cases of non- 
union but it resulted in union in one case only. This manipulation 
has  also been counted among the operations here. 

Among the -17 patients with successful union, eight retained per- 
manent faulty position of the leg to the extent of 5-10"; i t  was varus 
in most cases and recurvaturn in two. The fault was not detrimental 
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enough in any instance to require corrective measures. Total arthro- 
desis of the ankle was made in three cases on account of ankle pain 
and rcstriction of motion in the ankle ensuing from the prolonged 
treatment. Three further patients retained a permanently restrictive 
mobility of the knee to the extent that flexion to a right angle was im- 
possible. One of the cases with unsuccessful union had an infection 
of such severity that amputation in the upper part of the leg had to 
be carried out later. The ultimate condition of the other failures was 
the same as prior to operation. 

R E S U L T S  A N D  D l S C L ‘ S S l O N  

It can be seen from Table 9 that 98 of 126 operated non-unions, or 
78 per cent, showed successful union after the first corrective opera- 
tion. The corresponding figure in the series of 842 patients of Boyd el 
al. (1961) is 88 per cent. Repeated corrective operations raised the ulti- 
mate result in our series to 110 successfully treated non-unions, or 87 
per ccnt, against 94 per cent in Boyd’s series. I t  may also be mentioned 
for the sake of comparison that the percentage of ultimately success- 
ful unions in the series of 126 patients of t f ’AubiynP (1949) was simi- 
larly 94 per cent. Quite certainly the ultiiiiate percentage of success- 
ful union would have been higher in our series too if all patients 
with an unsuccessful first operation had been reoperated. However, 
only 19 of 28 such patients were reoperated, nine of them declining 
any further measures. 

Scrutiny of the 36 cases in which the first corrective operation ( in  
28 cases) or repeated operation( in 8)  failed to produce union revcals 
that infection was responsible in 11 cases. This may appear a high 
proportion, hut it is largely due to the fact that there was an infection 
prior to the corrective operation in 31 per cent of the whole series. 
The infection prohably continued in a latcnt form in most instances 
and became inflamed in connection with operation in spite of all pre- 
cautions. The relatively highest incidence of infection was recorded 
for the ulna, the non-union operations on the tibia ranging next. 

About 80 per cent of the operated persons were given prophylactic 
antibiotic treatment, most frequently by penicillin injections. In 
earlier years this was not administered but nowadays it is considered 
pertinent in our hosEital. 

Fracture of the graft subsequent to operation occurred altogether 
six times and was obviously the cause of failure in the cases in question, 
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five of them concerning the tibia and one, the radius. In the last-men- 
tioned instance there had been a faulty position, which had been cor- 
rected at  the operation; but there had probably been residual stress 
on the graft, gradually leading to its fracture. In three of the cases 
of fractured tibial graft walking had been commenced without walking 
cast: this probably produced stress fracture of the graft and therefore 
failure of treatment. Since 1956 our hospital has applied the rule of 
interposing a walking cast stage after union has taken place, in the 
after-treatment of an osteosynthesis in the lower extremity, which 
is continued until osteoporosis has disappeared. It has not been posi- 
tively clarified from which agents the fracture in the other unsuc- 
cessful tibial grafts resulted. 

The other causes for failure of the bones to unite have been highly 
variegated and it is frequently impossible to point out the ultimate 
cause of failure. Usually several unfavourable partial factors together 
have contributed to a poor end result. Among them there may be men- 
tioned : insufficient fixation, strong sclerosis of the fragments, and too 
sparing use of spongeous bone. 

No attempt at  mutual comparison of the results obtained by different 
operating methods has been attempted for the reason that, as a rule, the 
principle was to employ the technique that was considered most appro- 
priate in each instance. So far the treatment of non-union has not been 
solved by any single method of treatment; it is rather a fact that diffe- 
rent states and conditions require different measures. In order that 
the best possible results may be achieved, not only complete mastery 
of the surgical technique is required but there should also be good 
surgical judgment. If these conditions exist, the results obtained by dif- 
ferent techniques will be largely similar. 

S U M M A R Y 

In the Orthopaedic Hospital of the Invalid Foundation 160 patients 
were under treatment during the period 1945-1960 for non-union of the 
shafts of one of the long bones in the extremities. The initial cause of 
non-union was open fracture in 53 per cent of the cas'es, and one or 
several operations for correction of non-union had been performed 
prior to admission into our hospital in 41 per cent of the cases. There 
had been infection in altogether 31 per cent of the cases. 

Corrective operation for non-union was performed on 126 patients 
and successful union was achieved in 110 (87 per cent) although 12 
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patients required Inore than one operation. The operative method varied 
according to circumstances; no positive differences between the me- 
thods can be seen on the strength of this series. 

It l-: s u X I  E 

.\ l’H6pital Orthopedique de la Fondation des Invalides, 160 mala- 
des ont iitii traitiis durant la ph iode  1915-1960 pour une non-soudure 
tlc. la diaphyse dcs os longs des e x t r h i t e s .  La cause initiale de la non- 
soudurc etait une fracture ouverte dans 53 pour cent des cas. Une ou 
plusieurs opiirations en vue d’obtenir la soudure avaient iitk pratiquees, 
:ivant I’admission dans notrc hApital, dans 41 pour cent des cas. I1 y 
avait cu des infections dnns 31 pour cent des cas. 

Une operation corrective fut pratiquec chez 126 malades et  la soudurc 
a eti. obtenue dans 110 cas (87 pour cent) bien qu’il sit fallu plus d’une 
opiiration chez 12 malades. La mCthode operatoirc a varik selon les cir- 
constances. En se basant s u r  cette skrie de c a ~ ,  il n’a pas i.tC constati. 
de differences 1)ositivc.s cntre les mCthodes. 

z 1‘ s A X I  at E N F A s s I‘ S c; 

In1 Orthopidischen Krankenhaus der Invalidenstiftung sind wlhrend 
der Zeit 1945-1960 160 Patienten wegen Pseudarthose eines der langen 
KBhrenknochen der  Extremitaten behandelt worden. Die Original- 
ursache dtlr Pseudarthrose war  offencr Bruch in 53 Prozent der Fallc 
und eine oder Inehrere Operationen zum Korrigieren der Pscud- 
arthrosr sind in 11 Prozent vor clein Einliefern in unser Krankenhaus 
ausgefiihrt Lvortfen. Infektionen sind in insges:imt 31 Prozent vorhanden 
gewesen. 

Operation zur Rehebung der Pscudarthrosc wurde bci 126 Patienten 
vorgenommcn, init Wiedervcreinigung dcr Knochenbruchstiickc in 
110 Fallen (87 Prozent), obwohl bei 12 Patienten inehr als eine Ope- 
ration notwendig war. Die Operationsmethoden variierten je  nach den 
Umstanden und es ist an Hand des vorliegenden Materials kein deut- 
licher Unterschitd zwischen den verschicdenen Vorgehen zu verzeich- 
nen. 
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