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I N T R O D U C T I O N  

The treatment of tendon lesiws of the hand has always been a 

This is due to several reasons: 
In the first place clear indications pointing to primary or  secondary 

sutures have never been formed. 
Secondly there are relatively few surgeons who have mastered the 

technical difficulties associated with tendon sutures. 
Finally, the follow-ups seem to indicate that the results in many 

cases are poor, and generally speaking this is in accord with the ex- 
periences of the majority of surgeons. 

However the indications for tendon suture as well as the evaluation 
of the results have very much varied during the course of time. After 
the emergence of antiseptics a number of publications appeared telling 
of successful tendon sutures (Konig, Kiister, Nicoladoni, and more). 
Haegler believed in his time that the suturing of the flexor tendons was 
such a simple operation that it could be performed by the local practi- 
tioner. Other authors of a later date (Bunnel l )  have claimed that the 
prognosis of the tendon suture is exceedingly poor, especially within 
certain regions of the hand. The countless number of suggestions 
aiming at  technical improvements of the suturing methods point to 
the same conclusion. 

The surveys which have so far been published are based on fairly 
heterogeneous tnaterial and unfortunately do not always permit a clear 
evaluation of the results. They partly derive from certificate rnaterial 
a n d  questionnaires arid on information from insurance companies 

major problem for the medical puofession. 



( D i i h s ,  l iiner, Fleisc . l ier-Hnn.s~i i ,  : ind inore).  They consist 1):irtlg :ilso 
of such sin:iI l  series, that  no reli:ihle st:itistic;al conclusions c;in be 
dr:i\\n (O'Sheu,  Niirvi, H ~ { l l c r ,  Miiller, :tnd niorc) . A n  exception is 
l'rcrcilner's puhlication froin Copcn1i:igc.n i n  1946: :in investigation of 
tLi2 patients treated inainly hy ~ir imary  tendon suture. 

l'hc purpose of the present wrtiele is, to contrihutr to a inore uni- 
form treatment of open tendon sutures of the hand. 

At the Surgical and out-patient department of Drammen Hospital 
a large number of hand injuries, is treated every year. The reason is 
that  the town and neighhouring districts of 1)ranimen form one of the 
largest centres of the timber-felling and forestry industry in the country. 
One would also assume therefore that  the form of the lesions would lie 
different from that  seen in the normal series culled froin the town, and 
with the passage of time the impression received has  been that  the 
majority of tendon injuries are  either pure cuts (axe injuries) or dil- 
acerations (machine injuries).  The series confirmed this-see helow. 
This fur ther  involved the question whether a difference could be de- 
monstrated in the prognosis of tendon in juries corresponding to the 
differing forms of lesion. 

T H E  S E R I E S  

I h r i n g  the period 1940-1950, 734 tendinosutures were perforined 
upon 510 patients in the Surgical and Out-patient Department of 
Draininen Hospital. 10 patients are  not included in the series ( 6  patients 
are  dead, 2 have left the country and 2 could not he reached). In all 
500 patients were re-examined on whom 524 tendon sutures were per- 
formed (see Tahle 1 ) .  The series does no! include open tendon injuries 

I Surnber of tendon suture 

I ~ r i n i a r y  , Srcon(1ary 1 111 a11 
~ ~- i so. of 

Type  of tention I patients I 
I 

Flexor tendon .............. 218 298 20 318 
E x  1 en sor tend ( )n  .......... 282 340 66 406 

Total ...... 500 638 86 726 

which were treated conservatively (plaster, splints or other iinmohili- 
sation).  The nuinher of tendon sutures which this article demonstrates 
should he large enough to permit conclusions to he drawn from the 
results. Table 2 shows a coinl)arison between this series and some of the 
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260 

I~~lrgIcr. .............. 18'36 100 3 5 65 1 (JO 
Just .................. 1923 120 126 84 210 
Biirri ................ 1'326 i 102 ? ? 130 
O'Shra ............... 1939 123 71 52 123 
'rralltnrr ............ 1946 251) "1  11" 'I 148" 376 
'I'hc author ......... 1'354 500 318 406 724 

lurgest series which have hitherto been published. I t  is not the author's 
intention to discuss each one of these publications in detail, but merely 
to draw attention to the fact that the number of extensor and flexor 
lesions in some of the series, in Trautner's amongst others, refer to the 
nuniber of patients, not to the total nuniber of tendon lesions. 

Treatment was administered partly in the operative department, 
partly in the policlinic (see Table 3).  ?lost of the extensor tendon lesions 
were treated by the policlinic staff, but most of the flexor tendons 
vere  sutured in the operative department. This fact could well be 
expected, but it must be borne in mind when the results are evaluated. 

Age and sex distribution exhibit the same variations well known in 
other publications and will not be mentioned here. 

The manner in which the injury was inflicted is of much interest 
--see Table 4. I t  is striking how completely axe and saw blade lesions 
are in the ascendant; they form together almost 70 5% of all the lesions. 
The distribution is typical: the axe hits the extensor tendons (timber 
fellers), while the saw blade damages the flexor tendons. This occurs 
to a large extent in the smaller saw-mills when the hand pushes the 
timber log towards the saw blade. 

In a series based on town-dwellers (Trautner)  axe and saw blade 
lesions were found to form only about 6 % of the total, while cuts from 
fragments of glass were the most frequent lesions (about 45 %). 

TABLE 3 

Sunrlier of trritlon sutures 

1;lcxor 1 ~ < ~ t e n s o r  'rotni 

Operative Department ......... 201 216 136 352 
Out-Patient Department ...... 299 102 270 372 

patierits -~ -~ -- i Of I IVhere  treat ell 

Total ...... 500 318 406 72 4 
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A s c  ............................. 
Saw I)lac?c Icsions (rirclc 
saw, tenson saw) ......... 
Knife ........................... 
Glass ........................... 
( h i  sh ins ..................... 
Siclilc .......................... 
Suhciitaneoiis l u l ) t u i ’ c s  . 
Other caiises ................ 

Total ...... 

155 

148 
64  
52 
12 
18 
1 6  
15 

3.4 

1 7 1  
52 
44 

2 
9 
0 
(i 

221 

64 
47 
18 
12 
12 
1 (i 
1 6  

255 

235 
$1 9 
62 
1 1  
21 
16 
22 

5 0 0  318 306 i2-1 

Throughout the whole of this series the manner of injury is dist- 
inguished by clearly uniform features. Thcre are other factors, however, 
which contribute to differentiate the series e.g. the different methods 
hy which the injuries are treated. This is duc to the different material 
used for suturing, different operatiye techniques, and the varying 
ahilities of the doctors. Most of the tendon sutures were carried out by 
assistant doctors on duty (with yarying experience and qualification) 
or by permanently appointed ~~ol ic l in ic  doctors, and a lesser number 
hy the senior assistant doctor. Usually a s iml~le  Bunnell suture was 
performed with silk or  flax. On the whole the series will not illustrate 
a clearly defined technique in suturing. Nor is this intended. The pur- 
pose is to present the results of that  tendon surgery ~vhicli  is pursued 
a t  a Norwegidn- Hospiirrl  possessing in general a good sargircil standard 
nnd eff iciency.  

F 0 L I, 0 V’-U P P R 0 C E n I: I i  E 

The  follow-up examinations took place during tlie course of the 
year 1951 and the spring of 1952. The obserration period 7-aried fro171 
11% years, to 2 years, on an average 5% years. 

Out  of the 500 patients included in  the series the  author re-examined 
personally 458 patients with 696 tendon injuries: all those with flexor 
tendon lesions, in all 218, and 260 patients with extensor tendon lesions. 
22 patients with a total of 28 extensor tendon injuries were examined 
hy tlie patients’ own doctors. The procedure was the same in all cases, 
since the methods pursued in the re-examination here  were forwarded 
to the doctor concerned. It was above all the firnction of the in- 
jured finger which was examined: each individual finger joint under- 



went active and 1):issive stretching and hcntling, i n  thc nietacarl)o- 
ph:ilongenl joints and in the wrist joint. I n  contr:ist to l‘rnutner tlic 
author has list f l i e  result of each single firiuer not the hand :IS :I 

whole- --for m:iny suffered several tendon lesions siiiiultuiieously, some 
with hoth flexor :ind extensor lesions from the satne injury. One riiight 
well foresee that the result of the treatment \vould vary according to 
the finger, and the follow-up confirined this. 

Mobility was partly examined by measuring the mgle  corresponding 
to the size of the arc of movement, since the circumference of the finger 
was traced on paper in its furthest positions. Likewise the distance in 
xiinis. WIS measured from the digital puli~ to both the tristal hand line and 
to the proximal part of the hollow of the hand. Furthermore a compari- 
son with the healthy finger on the other hand was made, in order to 
ascertain the strength of the stretching and bending of the injured 
finger. The  tabulation of all the angles and distance estimates, however, 
was so far from clear and was so difficult to evaluate that  a clinical 
judgement of function was considered to be the only rational approach 
in  the presentation of the results. B y  successful result is meant com- 
plete or approximately complete recovery of tendon function; b y  [in- 
successful result is meant no tendon function at all, ivliile a satisfactory 
result signifies a tendon function about half the normal. 

Finally a careful investigation was made into the sensibility of all 
cases, into possible vasomotor disturbances and into the appearance 
and position of the scars. No irnportance was attached to these factors, 
however, unless they had an  effect upon the function of the injured 
tendon. Lastly all case-histories were checked and perhaps supple- 
mented. 

T H E  1 t E : S L ‘ L T S  

Table 5 shows the results of the examination en lua ted  according 
to  the method mentioned above. A well-known characteristic will a t  
once he noticed: the relatively large number of successful primary 
tendon sutures of extensor tendons and the many poor results with 
flexor tendons. In this series the difference is greater than in most of 
the others; in particular there is a striking number of unsuccessful 
sutures of: 

Flexor tendons. These are  the most interesting, and a more exact 
localisation of the site of the tendon sutures is therefore necessary, see 
Table 6. The black area on the diagram represents “no man’s land”. 
That  is, the regioli from the insertion of In. flexor digitorum subliinis 
to the distal line in the hollow of the hand, or that  part of the hand 
where both the superficial and the deep finger flexors have a common 



Srwr II (1 a ry t cn don silt II re : 
1 )  Flexcrr tcndons ......... 1 1  8 1 20 
2 )  Estrns;crr tendons ...... 12 22 32 66 

Total ...... 215 208 271 721 

tendon sheath. Here there ivns only one solifarg successful priniary 
sufure,  and this occurred on the thumb where we only have one flexor 
tendon. Of the 3 fairly satisfactory results 2 were similarly sited on the 
thumb, while altogether 94 were failures. Distally to “no man’s land” 
the results were also very poor, although not so extreme, whilst the 
further proximal sutures were much better. 

I t  should he noted that suturing of the flexor tendons al\vags 
signifies sufuring of the deep flexor tendon. Suturing of the superficial 
tendon was never attempted whether it was injured alone or  in coin- 
hination with the  deep tendon. 

I 

TABLE 6 
T h r  rcsul fs  nftc,r prinlnry siifurin(l of f lexor  fandnns.  

Liisiirrcssfiil I s : l l ~ ~ ’ ~ ~ r y  ~ ’ siiwrssfril T0l : l l  

, -- 

10 3 3 19 

9 $ 3 I 9 8 

21 24 G 3 4 

30 56 1 1  100 

l’otal 188 86 2 1  298 



Table 7 shows the results of secondary suturing (not tendon trans- 
plantation) of the flexor tendons. The figures are not large enough for 
definite conclusions to be drawn, but point clearly in the same direc- 
tion, i.e., that the tendinosuture in “no man’s land” is an operation 
with a poor prognosis as far as function is concerned. I n  secondary 
suturing the conditions ought to be more favourably adjusted for a 
good result: the skin and subcutaneous tissue are intact and the 
surgeon in question is quite prepared for an operation of long duration. 
When the result nevertheless remains no better than after the primary 
tendon suture, it may intimate that it is the normal anatomical con- 
ditions (the tendon sheath and its relation to the tendons) which are 
not‘ favourable. 

The following circumstances support this view: the injuries to the 
flexor tendons caused by axe cuts would seemingly possess a good 
prognosis because the dilaceration of the tissue is small and the risk 
of infection not large, 22 of these 34 injuries struck “no man’s land” 

TABLE 8 
Probable cuiises of the poor results follocving primtiry suture of the f lexor  tendons. 

“Selected” material ..................................................... 61 patients 

Infection ................................................................. 17 - 

Technical error during operation .............................. 34 ~ 

Defective post-operative control ................................. 19 - 

Lack of tendon function (.4dhesions and/or secondary 
tendon ruptures) ..................................................... 9 - 



( i i iorc ol’lcti than not tlic Icl’t in t l rx  ringer), :riitl i t  cttirrgctl Lliat only 
one ol’ Llicsc tciitloti stiltires succcctlctl, all Llic others r:iiicd. After 
priimiry suture o f  :ill the i :ixc injuries dist:il t o  “110 iti:iii’s l a t i t l ” ,  not 
one rcsult W;IS succcsst‘ul. ’l’liis docs not int1ic:itc :i better 1)rogiiosis i n  
tlic case o f  tlic “clcnn” injuries. 

Is i t  1)ossit)le t1i:it other factors are tlic cnusc, perliaps con trihitory 
causes of the poor results‘! ‘The author has sought to select c:irefully 
series which ought to have good prognoses : uncoiiiplicatetl injuries 
where only one tendon is affected, where no nerve lesion is inanifested, 
no fractures or niajor injury to the blood vessels. and where the lesion 
w:is inflicted with axe or knife. Out of 61 patients who ought to fulfil 
these requirenients there was (see Table 8 )  a htriking number with 
wound infection: 17 in all, in spite of the supposedly “clean” injuries. 
Furthermore errors in  operative technique were made in at  least 34 
cases-probably in several more (incorrect ausiliary incisions, too taut 
thread a t  the site of the suture, insufficient irnmobilisation and the 
like). Small technical niceties are not counted. In 19 cases no con- 
trolled check was made on the patient, or the check-up left much to 
be desired. In 9 other cases the causes of the poor result could not be 
determined with certainty. I t  is obviously impossible to ascribe the 
results solely to one of the causes mentioned, in the majority of cases 
it was a combination of several. It is difficult to probe into them more 
closely, and the table is based upon an evaluation according to prob- 
ability. 
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TABLE 9 
The results after pr imury  sufure of the extensor tendons. 
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E d c n s o r  lenrlorr.~. In this :irticlc- the clcsigi1;ition cxtcnsor tcntlon 
also rrfcrs to tlic tlors:il :~poneurosis of  the fingcrs, which is :ictualiy 
not :I 11 orin :I 1 I ongi tu tl i ii:i I tcn don, hiit :I 11 i  11 t ri C:I tcl y cons t ru ctrtl tendon 
rcscm1)ling :I 1c:if. T:il)Ic 5 shows th:it thc prognosis of 1)rirn:iry :ind 

Tendon at t arhmciit ....... 6 7 3 16 
Finger ......................... 4 7 15 26 
Hack of the hand ......... 2 8 14 24 

Total ...... 12 22 32 66 

secondary suturing of extensor tendons is sur~irisingly good, better 
than in the majority of the series which have hitherto been published. 
The reason may possihlg be that  in most cases the lesions were caused 
by an axe and the surgeon therefore had to deal with relatively “clean” 
injuries. However many of the extensor tendon lesions were complic- 
ated, not only by simultaneous nerve lesions, but also by capsule in- 
juries and fractures, particularly when the finger knuckles were struck. 
As Table 9 shows, several of these complicated tendon injuries seem 
to  have a Comparatively good prognosis after primary tendinosuture. 
This was especially so when the tendon injury was accompanied by a 
lesion to the joint capsule, possibly also to a smaller or larger area of 
the articular surface. 

With a simultaneous transverse fracture, however, the results were 
poorer, but not to any degree discouraging. 

After secondary suturing of the extensor tendons (Table 10) the 
results were likewise comparatively good, but not of the same standard 
as after primary suture. This is due to the fact that the “difficult” 
extensor lesions were transferred to enable secondary sutures to  he 
performed. Furthermore the total number of the latter was small and 
consequently they were infinitely more burdened by the unfavourable 
prognosis of the tendon attachment lesions. In these cases both in 
primary and secondary sutures the results were poor. 

The importance of the time factor to the results obtained after 
suturing flexor and extensor tendons is difficult to judge. If one con- 
siders the different types of lesion (see Table 4) ,  it is not possible in 
this series to demonstrate any clear division favouring those treated 
earliest. Irrespective of the nature of the injury the prognosis generally 



seciiis to 1)e indclwntlcnt of the tiine factor i f  ;I limit a1)yro;iching i 8 
hours is irriposctl. At I>r:irii~iic+n Hospit:il : i l )oitt  i0 ”/o of thc injured 
were trcitetl within the first ti 8 hours, i n  s1)itc of the great distances: 
often 200 300 klns. 

Nor can i t  1)e seen to make any difference to the results whether 
the patients were treated at  the policlinic o r  a t  the operative theatre. 
A reliable comparison is not easy because,- as Table 3 shows-treat- 
ment was selective and* the favourahle and less favourahle tendon in- 
juries were distributed respectively. Rut even if the minor group of 
flexor tendons treated at the policlinic is studied, together with the 
minor group of extensor tendon lesions, no clear difference in the 
results when coinpared with the whole series can be discovered, either 
in the one or  the other direction. 

C O K C L U S I O X S  

With this presentation of the results the author believes that h e  is 
justified in setting down the following main lines of treatment for 
tendon lesions of the hand in departments of general surgery: 

Flexor tendons: Primary tendon sutures when the lesion occurs in 
“no man’s land” are to be absolutely discouraged. Distally to  “no man’s 
land” no primary suture should generally be performed unless those 
concerned are skilled in the technique and know in which cases a direct 
suture should he made, or possibly a tenodesis or arthrodesis in the 
extremity, or reinsertion of the tendon. 

The prognosis of secondary sutures within the same areas is no 
better and these should not be attempted. 

In this part of the hand the aim should, above all, be primary heal- 
ing of the skin, and then the later reconstruction of the tendon can be 
passed to a specialist in  hand surgery. 

Proximally to “no man’s land” primary suturing is attempted in 
uncomplicated injuries to the tendon. When these are accompanied 
by nerve lesions or fractures the primary tendon suture is generally 
avoided. As the prognosis for  the tendon suture improves the further 
proximally the lesion is placed, the tendon can be sutured primarily 
in certain cases even with minor complicating injuries, if a t  the same 
time these receive adequate treatment. 

Extensor tendons: In  all cases of uncomplicated extensor tendon 
lesions and lesions of the dorsal aponeurosis of the fingers primary 
tendon suture should be attempted. Even in minor lesions of the joint 
capsule, possibly also of a smaller or  larger area of the  articular 
surface a primary tendon suture can be ventured upon. In  further 





s o n 1  r ~ ~ i t i : i r ~ ~ i i : i l ~ i c i i i t t i l  twiis, ii~i.rnc si 1:i li.sioti ~ 1 s t  :iccoiiii)agni.c tle 
hlcssurcs tic I:I c.:il)sitlc ct tlc lr:i(.Liircs siiiililts. 1,cs sutures sccoiit1;iircs 
nc (Ionticiit 1 i : is  tic iiicillwrs ri*siill;its siiiv:int clu’il s’:igit tlc tentlotis 
t’li.cliisscrirs 011 cxltriscurs. 

I,a conclusion cst cluc tlans Ics Scrviccbs tlc rliirurgic gkni.r:ile, 011 

chit s’ahtetiir, cn r&le gCni.r:ilc, tie la suturc liriinairc tlu tcntlon tlans 
le “ti0 in;iii’s land” et t1ist:ilcitient :iu “no iii:in’s 1:intl”. Le cliirurgien 
doit ol)brer la suture pJiinaire du tendon, tle quelque niani&re clue ce 
soit, l)roximaleiiient h l’asiiect flbchisseur tle I:i innin et clans la 
majorit& tles ICsiotis du tendon estenseur. 

II convient d e  renvoyer les rbparations sccontlaires tles tentlons ;I 

u n  sp4cialiste de la chirurgie de la main. 

z u s A A 1  .\I E N F h s s u s (; 

500 Patienten init insgesainmt 724 Sehnenverletzungen der Hand, 
‘an denen primare und sekundare Sehnennahte ausgefiihrt worden 
waren, wurden nachuntersucht. Diese Gruppe yon Patienten ist be- 
merkenswert, da  weitaus die Alehrzahl der Beugesehnenverletzungen 
durch Sagen ( Rund- und Kreuzschnittsagen) herrorgerufen waren, 
wahrend die rneisten der Strecksehnenverletzungen durch Unfalle init 
Axten entstanden. Die ausgedehnte Holzschlagung in den Waldern ist 
die Ursache dieser I1:rscheinung. 

Die Ergebnisse der primaren Naht der Beugesehnen in “Niernanns- 
land” sind ausserst schlechte. Dasselbe gilt fi ir das Gebiet distal yon 
“Niemannsland”. Im iibrigen sind die Ergebnisse a n  den Beugesehnen 
der Hand verhaltnismassig gut. Die Ergebnisse nach primarer Naht 
der Strecksehnen der Hand sind erstaunlich gut, selbst wenn die Ver- 
letzung init Beschadigung der Gelenkskapsel und einfachen Briichen 
verbunden ist. Sekundarnaht gibt keine hesseren Resultate weder an  
Beuge-oder Strecksehnen. 

Die Schlussfolgerung ist, dass nian im allgemeinchirurgischen Ab- 
teilungen in der Regel yon primarer Beugesehnennaht irn “Nienianns- 
land” und distal davon absehen sollte. Der Chirurg kann jedoch die 
primare Sehnennaht im proximalen Bereiche der Beugeseite der Hand 
und in der Mehrzahl der Strecksehnenverletzungen ausfuhren. Sekun- 
dare Sehnennaht sollte an  den Spezialist fiir Handchirurgie gewiesen 
werden. 
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