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a b s t r a c t 

During the development of microvascular surgery in 1980-95 many new methods to overcome different 

traumatic disorders were studied. Previously unsolved problems could be treated using free tissue trans- 

fer. Typical problems in wrist surgery were the painful complications from ulna head resection. No sound 

or acceptable artificial protheses for ulna head were available. Author did study the possibilities of rever- 

sal of resected ulna head using an autogenous microvascular joint transfer. First it was done using cadaver 

models and evaluating the possibilities of a toe MTP-II joint in replacing the distal radio-ulnar joint. Then 

same principle was used in three clinical cases. All patients had suffered a poor result after ulna head 

resection or Darrach procedure. First two cases had complications but third case from year 1994 resulted 

in a good outcome. This paper introduces the development of a surgical technique for the replacement of 

the resected ulna head. Also, it will describe the excellent long-term result achieved in the last case with 

26-year follow-up. Although today many sophisticated prosthetic replacement techniques have become 

developed for this purpose, this kind of autogenous reconstruction might have a place in treating similar 

problems in young posttraumatic patients. Also it demonstrates the potential benefit of microsurgery in 

a difficult wrist problem. 

© 2021 The Author. Published by Elsevier Ltd. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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ntroduction 

Posttraumatic arthrosis or instability at distal radio-ulnar joint 

DRUJ) may develop after common fractures or dislocations around 

he wrist. Typical malalignment of a radius fracture is a radius 

hortening with related ulna + deformity. Associated secondary 

nstability is a common reason to pains, discomfort and inabil- 

ty to use the hand forcefully [1] . Historically, that problem has 

een treated using a short or a modified resection of ulna head 

Darrach procedure, Bowers procedure or Sauve-Kapandji proce- 

ure). All these resections are leaving some instability and per- 

istent pains are found in over 25% even in recent well studied 

eries [2] . If the shortening is too aggressive, that may easily in- 

uce a major iatrogenic instability between distal radius and re- 

aining distal ulna shaft leading to a severe impingement. Some- 

imes ulna head has been used as a bone graft for wrist arthrode- 
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is. That was formerly accepted in rheumatoid surgery. However, it 

as not an acceptable method in posttraumatic conditions requir- 

ng a wrist arthrodesis. Lack of an anatomic ulnar head without a 

ormal joint surface diminishes the distance between the forearm 

ones and is a common cause of impingement with associated in- 

tability, decreased pronation-supination function, and pain [3] . A 

atient who has lost the incongruity and stabilizing function of the 

RUJ is a difficult management problem. To overcome the prob- 

em and to treat severe DRU-joint instability many types of total or 

artial prostheses [ 4 , 5 , 6 ] for ulna head and distal radio-ulnar joint

ave been developed during last 25 years. Fortunately, they are rel- 

tively successful, but ideally for young patients biologic alterna- 

ives would be preferable to avoid long-term need of complex im- 

lants. Autogenic joint transfers [7] have been used in many hand 

oints since the microsurgical techniques were developed. Even in 

rowing children the reconstruction of congenital radial longitudi- 

al deficiency in order to stabilize the wrist has been done using 

TP II-joint transfer [ 8 , 9 ]. The attempts at autogenic DRU-joint 

econstruction using microsurgical joint transfer have been rare in 
der the CC BY-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Table 1 

Comparison of DRU and MTP-II joints. 

DRU-joint MTP-II joint 

size and shape OK OK 

range of motion 150 degrees (pronation + supination) 150 degrees (45 flexion + 105 extension) 

ligaments centred to ulna axis centred to ulna axis (MT-head on ulna axis) 

good stability at endpoints in flexion 

instability in neutral position in hyperextension 

non-constrained gliding in neutral position in hyperextension 

Fig. 1. Original plan for DRUJ reconstruction with an MTP-II joint graft. 
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iterature [ 10 , 11 , 12 ]. As microvascular joint graft, the MTP II- joint

as many characteristics also suitable for DRU-joint reconstruction. 

he size and curvature of the joint surface of an MT-II head are 

argely comparable with an ulnar head. 

aterial and Methods 

adaver experiments with donor and recipient joint comparison 

The aim of study was to create an anatomical reconstruction 

odel ( Fig. 1 ) for the resected ulnar head as a new salvage pro-

edure for failure cases after Darrach procedure. Before clinical at- 

empts, the reconstruction model was tested in six fresh cadaver 

rists and the suitability of an MTP–joint in distal radio-ulnar joint 

eplacement was evaluated. Positioning of the new joint and os- 

eosynthesis technique were tested. Necessary microsurgical vas- 

ular reconstruction was designed. When comparing an MTP-joint 

f a second toe and a distal radio-ulnar joint certain similarity can 

e found ( Fig. 2 ). The joint size, shape and the movement arches

f articular joint surfaces are quite similar. There are also clear dif- 

erences especially in the ligamentous structures ( Table 1 ). In distal 
3692 
adio-ulnar joint some non-constrained gliding can be found when 

ro-supination is in neutral. Similar gliding or instability is possi- 

le when MTP-II joint is in clear hyperextension. A free MTP- joint 

an be brought into 45-60-degree flexion and it can extend over 

0 degrees and reaches a hyperextension of 120 degrees. It is sta- 

le in flexion and less stable in hyperextension. This can theoret- 

cally allow over 150-degree total motion and provide necessary 

ro-supination range. 

escription of operative technique 

Two team approach will shorten the operative time. At wrist 

he shaft of resected ulna was exposed and freshened. Extensor 

arpi ulnaris tendon and dorsal branch of ulnar nerve and flexor 

arpi ulnaris tendon with main ulnar nerve and artery were care- 

ully preserved. A large whole was drilled at Sigmoid notch area 

nd enlarged for proximal phalanx of the joint-graft. About twelve 

m diameter hole is necessary and the proximal phalanx por- 

ion of the graft is pulled into bone tunnel using cerclage wire. 

he ends of the wire are pulled through two holes in opposite 

ortex of the radius and fixed through a small incision radially 

 Fig. 3 a). The goal was to position the proximal phalanx joint sur- 

ace at the original level of sigmoid notch cartilage surface. The 

verall alignment of the joint graft was positioned plantar side to- 

ards volar direction to simulate original DRU-joint in order to al- 

ow necessary range of pro-supination. The metatarsal head (tib- 

al side proximally) was fixed with cerclage and K-wires sideways 

gainst the resected surface of distal ulna. Due to a limited flexion 

bility of toe joint, the flexion of toe was adjusted primarily into 

0-degree hyperextension when pro-supination at forearm is kept 

eutral ( Fig. 3 a and b). Then during the pronation, the MTP-joint 

ill first turn 30 degrees to reach neutral position of MTP-joint 

nd then additionally about 45 degrees to maximum pronation. In 

his position the MTP- joint was found to be most stable during 

adaver studies. Total range of pronation will be about 75 degrees. 

imilarly, when forearm is turned into supination the MTP-joint is 

oving from 30-degree hyperextension to 105 degrees hyperexten- 

ion and the range of supination is about 75 degrees. The theoret- 

cal motion arches have been demonstrated in the Fig. 3 b. 

Ipsilateral foot was selected as a donor. Second toe was pre- 

ared as in normal toe-to-hand transfer. The microsurgical prepa- 

ation was also done. Donor and recipient vessels were identi- 

ed. Necessary vessels ( Fig 4 a) for microvascular anastomoses were 

aken with the graft, also two dorsal nerves of the toe were in- 

luded. At recipient site, branches of ulnar artery near the wrist 

an be used for end-to-end anastomosis or alternatively direct end- 

o-side anastomosis with ulnar artery can be selected. The distal 

nd middle phalanxes of the toe were discarded and the skin of 

he toe skin was filleted to act as a covering flap for postoperative 

onitoring. 

atients and the start of clinical operations 

Findings in cadaveric experiments were considered sufficient to 

llow testing the method in severely handicapped patients. Also, 
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Fig. 2. Cadaveric comparison of the metatarsal-II head and caput ulnae in two planes. (a) sagittal view, (b) side view. Observe the thick plantar plate of the MTP-joint, (c) 

X-ray view of a cadaver wrist, where ulna head is removed and replaced with autogenous joint graft. (pp = part of proximal phalanx fixed into a whole at sigmoid notch, 

MT-head = metatarsal head sideways against ulna shaft, ulna head at the right side removed from the same wrist for comparison. 

Fig. 3. (a) Position of the transferred MTP-II joint when forearm pro-supination is in neutral position. Metatarsal head should be fixed to distal ulna when the joint is in 

30-degree hyperextension in order to allow enough pronation. (MTS = metatarsal shaft which will be removed, MTH = metatarsal head, PP = proximal phalanx). Observe 

the used osteosynthesis of the proximal phalanx inside the radius. (b) Theoretical range of motion is allowing at least 75 degrees of pronation and 75 degrees of supination. 

Fig 4. (a) An MTP-II joint graft without skin showing necessary vascular elements. Observe the broad fat layer between the dorsal vein branches for initial coverage. (b, d, 

c) First clinical case 1991. (b) X-ray demonstrating the bones and the joint in the graft. (MT-II bone = Metatarsal part of the graft. pp = proximal phalanx part of the graft). 

(c) The free prepared joint graft at operation (MT-II bone = Metatarsal part of the graft. pp = proximal phalanx part of the graft, n-v ped = neurovascular pedicle including 

two arteries, vein and two dorsal nerves, t = tendons). (d) monitoring skin island with a good circulation at the end of operation. 
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xperience with toe- and joint transfers treating traumatic and 

ongenital amputations had become a routine with high success 

ates [13] . Additionally, these operations were considered safe de- 

pite of the fact that a very long operative time was needed in 

omplex free tissue transfer. For patient safety, special anaesthe- 

ia combinations (brachial plexus and spinal blocks, and epidural 

naesthesia) were used to allow the patient to be awake or under 

ild sedation during the lengthy twelve hour procedure [14] . 
3693 
atients 

There have been three candidates for the reconstruction. The 

ailed ulnar head resection procedures were due to excessive re- 

ection, inadequate ligamentous reconstruction or bone graft se- 

ection. All patients were continuously painful and unable to use 

heir hands because of major instability and related impingement. 
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Fig. 5. Case 1. X-ray series of the first patient, a 54-year old female. (a) Preoperative x-ray in side view showing a too wide resection and lack of ulna head with instable 

distal ulna, (b) X-ray one month after MTP-II joint transfer. (c) X-ray 14 months postoperatively showing non-union between MT-head and ulna. Clearly worsened, alignment 

and subluxation of the MT-head. 

Fig. 6. Case 2. A 51-year old female. (a) Preoperative x-ray. (b) X-ray 13 months 

postoperatively. The graft with vascular failure has partly absorbed. No healing be- 

tween MT-head and ulna. 

F

s

m

a

p

r

a

c

d

f  

c

h  

p

g

l

o

c

l

s

v

c

t

S

a

t

t

l

h

m

r

c

t

T

c

o

s

i

n

n

T

t

n

d

r

t

b

m

v

i

f

D

v

a

o

h

a

t

T

(

t

t

s

r

m

e

irst two less successful cases 

The first clinical patient (54 year old female) had a distal right- 

ided radial fracture which remained painful after primary treat- 

ent. An ulnar plus deformity existed which was treated with 

 Darrach type ulnar head resection. She remained continuously 

ainful with distal radio-ulnar instability. Additionally, she had 

uptures of the three ulnar finger extensor tendons. The patient 

ccepted a new proposal about autogenous joint transfer. The first 

linical reconstruction of distal radio-ulnar joint ( Fig. 4 b, c, d) was 

one in February 1991. Although the transfer was initially success- 

ul ( Fig. 5 ), a non-union of the MT-head with the distal ulna oc-

urred. At one year follow-up the new caput ulnae or metatarsal 

ead was tilted in the radiograph ( Fig. 5 c) and crepitation and pain

ersisted. A correction of the pseudarthrosis was done with a bone 

raft transfer in April 1992. The result proved unsatisfactory in the 

ong-term, perhaps due to joint mal-alignment even though union 

ccurred. The second clinical attempt of distal radio-ulnar joint re- 

onstruction in September 1991 was not successful, perhaps re- 

ated to arteriosclerotic graft vessels and the patient was a heavy 

moker. 

Revascularization was not achieved, and the graft did not sur- 

ive and spontaneously absorbed ( Fig. 6 ). The symptoms returned 

omparable to a post-Darrach resection in the long-term with con- 

inuous instability ( Fig. 6 ). Patient selection failed in this case. 
3694 
uccessful third case 

Third clinical case was performed in May1994. The patient was 

 50-year old man with earlier (1987) dominant right-sided wrist 

rauma (luxation of lunate bone). Thereafter he developed a post- 

raumatic arthrosis secondary to a scapho-lunate advanced col- 

apse (a SLAC wrist) which had been treated in 1993 in another 

ospital by incorporating the ulna head in a wrist arthrodesis. A 

ajor instability and painful impingement occurred between the 

emaining distal ulna and the radius. 

To overcome that iatrogenic complication, we performed a mi- 

rosurgical autogenous MTP-II joint transfer for reconstruction of 

he DRU-joint to reverse the post-Darrach type situation ( Fig. 7 a). 

hat operation and early healing were uneventful. Microsurgi- 

al reconstruction consisted of anastomosing two carpal branches 

f ulnar artery with first dorsal metatarsal artery (I DMTA) and 

econd-third plantar artery at the graft (II/III PMTA) and connect- 

ng the dorsal vein of the graft with a concomitant vein of the ul- 

ar artery. Additionally, two dorsal nerves of joint graft were con- 

ected to a half of the dorsal ulnar branch of the ulnar nerve. 

o enforce the ulnar ligament system, the extensor tendons of 

he graft were pulled distally through the ECU tendon and fixed 

ear its insertion. Osteosynthesis between metatarsal head and 

istal ulna was done with cerclage and K-wires. Additional bone 

eceived from radius tunnel, which was carved to accommodate 

he proximal phalanx into distal radius, was used to ensure the 

ony union between metatarsal head and distal ulna. Overall align- 

ent of the joint-graft differed about 25 degrees from the trans- 

erse line ( Fig. 7 b). Postoperatively the joint slowly incorporated to 

ts place ( Fig. 7 c, d) without complications. He recovered and the 

unction improved and a good stability was achieved at his neo- 

RU-joint. Also, the pro-supination movement returned to good 

alues. The patient has been followed regularly now over 26 years 

nd the result has been successful and the patient has continu- 

usly been very satisfied with his reconstructed wrist. The wrist 

as limitations due to previous radiocarpal arthrodesis but as far 

s DRU-joint function is concerned, this reconstruction with au- 

ogenous joint transfer has fulfilled patient’s expectations ( Fig. 8 ). 

he measured pronation 70/80 (right/left) and supination 60/90 

right/left) will allow good use of the hand. Patient has been able 

o use the hand in heavy building work using modern electrical 

ools. However, he is unable to use a hammer or a traditional 

crew driver but that may be partially due to the stiff wrist. The 

adiographs show solid union of the II MT head to the ulna and 

aintained metatarso-phalangeal joint space at 25 years post op- 

ratively ( Fig. 9 ). Finger motions and hand power are in normal 
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Fig 7. Case 3. 50-year old male. Operated in May 1994. (a) Preoperative X-ray. Caput ulna had been used as a bone graft for wrist arthrodesis one year earlier. (b) Early 

(1 month) postoperative X-ray showing a good alignment of the MTP-II graft as neo-DRU-joint. (c) X-ray at 1-year postoperatively. Joint transfer is well integrated to its 

place. (d) CT-scan at neo-DRU-joint level taken in semi pronated position 9 months postoperatively. Healthy articular contacts can be seen between metatarsal and proximal 

phalanx. 

Fig 8. Case 3. Clinical views 20-years after operation. Subjectively the patient has a 

good range of motion in the right operated wrist and the wrist feels stable during 

the pro-supination. Right forearm pro-supination from 70-degree pronation to 60- 

degree supination. No pains or discomfort 

(a) in maximal pronation 

(b) in neutral 

(c) in maximal supination. 
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ange. Jamar grip 26/24 kg (right/left). His score in December 2020 

n Patient-related Wrist evaluation (PREW) was 12 points. Also test 

esult using the Quick DASH was 11,4 points. He has had no com- 

laints at donor foot after the first postoperative year. 
3695 
iscussion 

Huge development has occurred in understanding the physio 

echanics of DRU-joint during last three decades. The painful 

ro-supination of forearm and impingement between instable dis- 

al ulna stump and radius has been one of the great problems 

fter Darrach and Sauve-Capandji procedures used in the treat- 

ent of ulnar wrist pain [15] . Modern DRU-joint arthroplasty tech- 

iques, in form of total or partial distal radio-ulnar joint replace- 

ent [ 16 , 17 , 18 ] as a salvage of failed Darrach or Sauve-Capandji

perations, have shown acceptable results [ 19 , 20 , 21 , 22 , 23 ] even in

onger follow-ups. The last-mentioned systematic study [23] shows 

ata from 29 published papers and the meta-analysis has a 28% 

verall complication rate. The life span of a metallic prosthesis 

ay be limited and a similar need for reconstruction in younger 

atient groups may be an indication to search and study auto- 

enic and biologic options also in DRU-joint reconstruction. De- 

eloping a new complex reconstructive procedure needs careful 

lanning, comparison of anatomy and understanding the function 

f donor and recipient sites. Model operations and biomechani- 

al evaluation using cadaver wrist must proceed all new clinically 

erformed techniques [ 24 , 25 ]. Also, long-term follow-up post- 

peratively is necessary to judge the value of new reconstruc- 

ive procedure. Additionally, in this type complex reconstruction 

autogenous graft for any joint reconstruction) needs perfect co- 

peration between patient and treating surgeon. There is always 

 donor site, which potentially may cause problems postopera- 

ively. Toe transfers have been our routine procedures over 40- 

ears and donor site problems have been rare [26] . Today the 

xperience with toe-joint transfers has increased for example in 

he treatment of congenital hand anomalies [27] and is related 

ith similar planning. The described three DRU-joint reconstruc- 

ions with autogenous MTP-joint graft were performed just before 

he time when many new prosthetic implants to correct radio- 

lnar instability or lack of the ulna head at the wrist appeared 

nd were considered as sustainable and easily reproducible op- 

ions. This study has several limitations. The number of clinical 

ases is small mainly because prosthetic replacement of the ulna 

ead or whole radio-ulnar joint became more attractive and less 

ime-consuming. Also, the knowledge in treating common injuries 

t the wrist generally improved and ulna head resections became 

ess popular. The difficulties in first two cases are representing 

he steps included in the development of a new technique. The 

resent paper is written retrospectively with the informative aim 

hat also biologic solutions may work in experienced microsur- 

ical centres. This is important when reconstruction is needed 

or young patient. Although only one excellent long-term result 

as achieved, the paper is introducing a new technique and its 

evelopment. 
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Fig 9. Case 3, X-ray series in long time follow-up over 25 years 

(a) 5 years postoperatively 

(b) 11 years postoperatively 

(c) 20 years postoperatively 

(d) 25 years postoperatively 
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onclusion 

The described biologic alternative for distal radio-ulnar recon- 

truction in failed Darrach cases has been developed and its fea- 

ibility confirmed. Microsurgical joint replacement is always de- 

anding and therefore, this type of reconstruction is suitable only 

n centres with competent microsurgical teams together with wrist 

pecialists. Despite the many prosthetic alternatives, a biologic al- 

ernative potentially offers another choice in young trauma pa- 

ients. The procedure is technically difficult and precise alignment 

f the fixation is critical. Newer fixation techniques should aid in 

btaining bone union. 
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