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Case presentation
A 26-year-old male sustained a left wrist injury after an 

occupational fall from height that was diagnosed as wrist sprain and 
treated conservatively by a plaster splint in another institution. Eight 
weeks after injury, the patient could be re-employed in his original 
occupation as a truck driver. Six years after injury, the patient came 
in our institution for the first time, and reported increasing pain in 
his left wrist accompanied with marked restriction of his left forearm’s 
supination and pronation leading to the non-ability to carry out his 
occupational job 8 weeks previously. On clinical examination, there 
was pronounced dorsal subluxation of the ulnar head without any 
given possibilities for it manual closed reduction (i.e. static instability 
in transverse plane) (Figure 1A). Posterior-anterior (PA) radiographs 
of both wrists showed no concomitant ulnar positiv variance (UPV) 
(i.e. no longitudinal instability) and no posttraumatic arthritic 
changes in the distal radioulnar joint (DRUJ), but the configuration 
of the ulnar styloid at the formerly injured left wrist could not be well 
assessed that suggested an additional rotation deformity of the ulnar 
head (Figure 1B). Lateral radiographs of both wrist showed marked 
fixed subluxation of the ulnar head in dorsal direction (i.e. static 
instability in transverse plane) (Figure 1C). Due to these findings, the 
Sauvé- Kapandji procedure, modified by creating a “quadrangular-
construct”, was detected by us. At the preoperative radiographs of 
the left elbow in both planes there were no signs of any pre-existing 
degenerative changes with specific regard to the radiocapitellar joint. 

Intraoperatively, first, the 2 cm long ulna segment was excised typically 
proximal to the DRUJ, then a Kirschner-wire was drilled into the 
ulnar head parallel to the plane of the operation table on which the left 
forearm was positioned at terminal range of pronation (i.e. 90°) (Figure 
2A). After that, the ulnar head was rotated 90° perpendicular to the 
operation table’s plane in dorsal direction using the formerly drilled 
Kirschner-wire, and so the neutral position of DRUJ could be achieved 
in which the arthrodesis had to be performed (Figure 2B). Then, the 
cartilage of both corresponding surfaces in DRUJ was excised, and the 
DRUJ arthrodesis in neutral position was carried out using a 3.5 mm 
titanium malleolar screw, and the Kirschner-wire was removed. The 
next step included the several years later introduced “quadrangular-
construct” modification of the original Sauvé- Kapandji procedure: 
After decorticalization of the corresponding radius and ulna shafts 
proximal to the DRUJ arthrodesis and distal to resection plane of the 
ulna segment, the formerly excised ulna segment has been inserted 
transversely between both forearm bones and fixated with a second 
3.5 mm titanium cortical screw through the ulna segment graft, and 
finally, complete restoration of rotation motion arc could be achieved 
(Figures 2C-D). The correctly performed surgical procedure was 
confirmed intraoperatively by fluoroscopy in both planes (Figure 2E). 
Noted that small pedicled muscle flaps of the pronator quadratus were 
sutured on top of both ulna stumps in order to avoid postoperative re-
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Figure 1. (Case presentation, initial findings): (A) Clinical photograph of both wrists showing at the formerly injured left wrist static fixed subluxation of the ulnar head in dorsal direction 
(white arrow). (B) PA radiographs of both wrists showing right well aligned ulnar styloid (green arrow), whereas left the ulnar styloid cannot be well assessed that suggests rotation deformity 
of the ulnar head (red arrow). (C) Lateral radiographs of both wrists showing right correct aligned ulnar head (green line), and left static fixed subluxation of the ulnar head in dorsal direction 
(red line in comparison the white line). (D) PA and lateral radiographs of the left elbow showing no signs of preexisting degenerative or posttraumatic arthritic changes.

Figure 2. (Case presentation, intraoperative findings): (A) Clinical photograph showing the excised 2 cm long ulna segment proximal to the DRUJ, and the Kirschner-wire which was 
drilled into the ulnar head parallel to the operation table’s plane (white arrow). (B) Clinical photograph demonstrating rotation of the ulnar head by the Kirschner-wire (white arrow) 90° 
perpendicular to the operation table’s plane resulting in neutral position of DURJ in which the arthrodesis had to be performed. (C) Clinical photograph showing the radioulnar transversely 
positioned ulna segment (white arrow) which was fixed with a screw through it. (D) Clinical photographs demonstrating complete restoration of supination/pronation motion arc. (E) 
Fluoroscopy in both planes demonstrating correct “quadrangular-construct” in which the ulna segment was positioned after decorticalization of the corresponding radius and ulna shafts 
(yellow arrows), note that there is no UPV (transverse blue pointed line). 
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both articulating partners the bony contact surface is 60% to 80% in 
neutral position and its significantly decreases to 10% only at terminal 
ranges of rotation, and so, the bony articulation accounts for only 20% 
of the overall DRUJ stability. The DRUJ is mainly stabilized by soft 
tissues such as the IOM with it important distal oblique bundle, and the 
triangular fibrocartilaginous complex (TFCC) consisting of the dorsal 
and volar radioulnar ligaments (RUL) as primary stabilizers, and the 
extensor carpi ulnaris tendon sheath, the ulnolunate and ulnotriquetral 
ligaments, and the lunotriquetral interosseous ligament as secondary 
stabilizers [2-12]. Typically, on PA radiographs (i.e. positioning of the 
forearm in pronation) the configuration of the ulnar styloid of a normal 
wrist can be well assessed, whereas in case of a dorsal subluxation of 
the ulnar head in dorsal direction in the absence of a UPV, based on 
isolated disruptions of RULs, the configuration of the ulnar styloid 
cannot be well assessed that suggests an additional rotation component 
to the normal translation in dorsal or volar direction in a non-injured 
DRUJ, and so, a possible concomitant ulnar styloid fracture also can be 
overlooked primarily (Figures 1B-C, 6 and 7A-F). DRUJ instability also 
can be easily overlooked radiographically regarding static or dynamic 
instabilities; therefore, a heightened awareness of the injury is helpful 
[13]. It must be noted generally that comparing radiographs with 
the uninjured joint of the patients are likely the best investigation to 
assess abnormalities from normal anatomic variances in his injured or 
operated joint [14]. When conventional radiographs are inconclusive, 
computed tomography (CT) scans especially with measurement of the 
subluxation ratio under dynamic conditions (i.e. neutral to terminal 
ranges of supination and pronation) in comparison to the opposite 
uninjured wrist is the preferred method of choice, whereas magnetic 
resonance imaging (MRI) with or without combined arthrography 
is able for safe assessment of concomitant soft tissue injuries such 
as TFCC lesions or disruptions of the IOM, but it role in evaluating 
direct signs of DRUJ instability remains unclear [9,12,13,15-19]. For 
differential diagnosis in assessment of ulnar-sided wrist pain the 
instillation of bupivacaine in the DRUJ can be helpful (Figure 5).

Acute traumatic injuries of the DRUJ are isolated TFCC injuries, 
purely ligamentous injuries by disruption of the RULs and generally 
accompanied with detachment or disruption of the TFCC (i.e. DRUJ 
dislocation injuries) (Figures 1A-C and 6), fracture-dislocation injuries 
involving the radius shaft (i.e. Galeazzi) (Figures 7A-F) accompanied 
with disruptions of the RULs and TFCC, fracture-dislocation injuries 
of the wrist (i.e. greater arc injuries) that can be accompanied with 
luxation in DRUJ, and the fracture of the radial head with or without 

ossifications. Postoperatively, the left arm was immobilized in a plaster 
splint for 4 weeks, then the motion in elbow and wrist joint was freed, 
and strengthening was started 6 weeks after surgery. Twelve weeks after 
surgery, the patient could be re-employed completely in his original 
occupation as a truck driver. For this reason, the patient received an 
individually customized thermoplastic brace for his left forearm that did 
not restricts motion in elbow and wrist joint. At the 2-years follow-up, 
radiographs in both planes demonstrated complete union of the DRUJ 
arthrodesis in correct neutral position, complete osseointgration of the 
ulna segment graft without any signs of avascular bony resorption, and 
no signs of static instability of the proximal ulna stump in the absence 
of radioulnar impingement (Figure 3A). Supination/pronation had 
improved from 70°/60° to 90°/90°, and the forearm rotation arc with 
180° was equal to right (Figures 3B-C). Function in Patient-rated wrist 
evaluation score (scale 0-100) had improved from 58 to 9. Pain at rest 
in visual analogue score (scale 0-10 points) had improved from 4 to 
0, and under occupational load without brace from 9 to 2 and with 
brace to 1. The patient reported discomfort (snapping in the soft tissue 
around the proximal ulna stump while supination/pronation) only 
when not using the brace in his job. The patient also reported that he 
would have the same procedure again if it would be necessary.

Discussion
The synovial-lined DRUJ has evolved from the primitive pectoral fin 

of early fish to its current form in human wrist involving development 
of a distinctly separate joint, recession of the distal ulna from the ulnar 
carpus, and development of a distinct ulnocarpal meniscus that allows 
a supination-pronation motion arc of 180° [1]. It is formed by the 
concave but often not uniform surface (flat face, ski slope, C type, S type) 
of the sigmoid notch of distal radius and the semicylindrical surface 
of the ulnar head. Typically, in case of a hereditary (i.e. idiopathic) 
UPV the surface of the ulnar head is sharpened (Figures 4 and 5) 
which can be a mainly differential diagnosis to a posttraumatic UPV. 
During supination-pronation of the forearm, initiated in the proximal 
radioulnar joint and transferred over the interosseous membrane 
(IOM), the distal radius rotates around the fixed ulna in the DRUJ. The 
larger arc of curvature of the sigmoid notch than the ulnar head allows 
a translational movement. During supination the ulnar head translates 
5,4 mm in volar direction from neutral position accompanied with an 
ulna shortening, whereas in pronation the ulnar head translates 2.8 
mm in dorsal direction from neutral position accompanied with an 
ulna lengthening. Because of the differences in the arc of curvature of 

Figure 3. (Case presentation, 2-years follow-up): (A) PA and lateral radiographs demonstrating complete osseointgration of the ulna segment graft without any signs of avascular bony 
resorption, note that there is no static instability of the proximal ulna stump nor static radioulnar impingement (green oval circles), the ulnar styloid can be well assessed (green arrow) that 
means that there is no rotation deformity of the ulnar head and the arthrodesis was performed correctly in neutral position. (B) Preoperative clinical photographs showing marked restriction 
of forearm rotation. (C) Clinical photographs at the 2-years follow-up demonstrating complete restoration of forearm rotation motion arc that is with 180° equal to contralateral again.
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its dislocation in elbow joint accompanied with proximal migration of 
the radius (i.e. impingement in radiocapitellar joint) based on complete 
disruption of the IOM and subsequent leading to DRUJ instability (i.e. 
additional disruptions of the stabilizing RULs and TFCC) with distal 

migration of the ulna (i.e. longitudinal instability) with or without 
its subluxation in the lateral plane (i.e. transverse instability) first 
described in 1946 by Curr and Coe in the absence of previous reference 
to similar cases in the literature, and later clearly investigated by Essex-
Lopresti in 1951 [8,21-25]. The merit of Essex-Lopresti is that he has 
first described the mechanism as well as the approach of this injury 
as follows in the original: “The mechanism of injury appears to be a 
violent longitudinal compression force in the long axis of the radius and 
differs from the usual mechanism of forcible abduction at the elbow joint 
which is responsible for most fractures of the radial head....The crux of 
the problem is in the distal joint and, since the radius can be pushed 
down more easily than pulled down, the following lines of approach 
are suggested: 1) Reconstruction of the head....2) ... Alternatively, after 
immediate excision a prosthesis could be used temporarily in place of the 
radial head to hold the radius down until the distal joint and interosseous 
membrane had healed and become stable” [24]. Noted that the first 
radial head implant using a vitallium cap was placed in 1941 by Speed 
to prevent heterotopic ossifications after radial head resection [26].  

Acute isolated DRUJ dislocation injuries are rare, and its more 
common occur with dislocation of the ulnar head in dorsal than in 
volar direction [9,27,28]. It was first described in 1777 by Desault, but 
at this time the physiopathology as well as a standard treatment were 
unknown [28]. Dislocation in dorsal direction is the result of axial 
loading of the wrist in extension and hyperpronation of the forearm, 
whereas the injury mechanism for dislocation in volar direction is 
axial loading of the wrist which is locked in supination combined 
with hypersupination of the forearm [29,30]. In contrast, the injury 
mechanism of Essex-Lopresti injury is axial compression loading 
of the forearm on the extended elbow [31]. It is important to know 
that both primarily isolated DRUJ dislocation and fracture-associated 
DRUJ dislocation (i.e. Galeazzi) can be initially misdiagnosed 
radiographically up to 1 month (Figures 7A-F), and additionally, only 
20% of the Essex-Lopresti injury are fully recognized at time of initial 
presentation, and initial radiographs are often unremarkable that often 
results in undertreatment in the acute stage [27,31-35]. It has also 
been reported that in case of a radial head fracture associated with an 
initially misdiagnosed Essex-Lopresti injury, primarily treated by ORIF 
and followed secondarily (6 months later) by radial head resection 
due to painful degeneration of the radial head, the proximal radial 
migration as result of the primarily misdiagnosed Essex-Lopresti injury 
could only been assessed 1 month after the radial head resection [36]. 
In contrast to the acute traumatic DRUJ dislocation injury, the Essex-
Lopresti injury is primarily associated with a longitudinal radioulnar 
instability only whereas (sub)luxation in the lateral plane mostly occurs 
secondarily [24,34-37]. However, in every instance in which an Essex-
Lopresti is suggested, based on radiographic signs of a longitudinal 
instability in DRUJ, preexisting posttraumatic or degenerative changes 
which can be responsible for DRUJ instability must be clearly assessed 
to avoid an overtreatment (Figures 8A-B).

Acute traumatic TFCC injuries mostly affecting the triangular 
fibrocartilage are commonly treated by surgical repair both in 
arthroscopic and open techniques [38,39]. However, when pre-existing 
UPV is present then there are some difficulties in particular in rating 
of the diagnostic findings. An ulnocarpal impaction syndrome (UIS) 
is characterized by UPV longer than 2 mm that leads to a painful 
impingement between the ulnar head and the corresponding carpal 
bones in which the triangular fibrocartilage as one part of the TFCC 
is compressed [40]. However, UIS may also occur in the presence of 
neutral or minus ulna during pronation called as dynamic UIS [41,42]. 

Figure 4. (Example for a hereditary UPV, 51-year-old female, left wrist): PA and lateral 
radiographs demonstrating longstanding hereditary UPV with 5 mm accompanied with 
fixed subluxation of the ulnar head (i.e. static instability) in dorsal direction (yellow 
transverse and longitudinal lines in relation to the white lines of normal positioning) that 
led to an UIS, note that the ulnar head is pathologically sharpened that also suggests that a 
secondary osteoarthritis in DRUJ could be responsible for the ulnar-sided wrist pain [20]. 
The well aligned ulnar styloid demonstrates that there is no rotation deformity (the further 
course is demonstrated in Figure 5).

Figure 5. (Example for bupivacaine instillation in DRUJ for differential diagnosis of ulnar-
sided wrist pain, same patient as in Figure 4): The diaphyseal USO was performed that 
resulted in sufficient ulnocarpal decompression, note that the ulnar styloid is well aligned 
(green arrow) in the absence joint space widening in DRUJ that means that there is no 
misalignment postoperatively, confirmed by postoperative radiographs in both planes. Note 
that the axes of the ulna are correctly aligned in both planes (longitudinal green lines), 
and there is no subluxation of the ulnar head whether in dorsal nor in volar direction in 
comparison to the preoperative findings (Figure 4). The correctly ulnar-dorsal positioned 
osteosynthesis plate was bent convex to the axis of the ulna shaft (blue arrow) that provides 
sufficient dynamic compression of the transverse osteotomy, and the positioning of the plate 
does not lead to an impingement with the IOM. Also note the unchanged pathologically 
sharpened ulnar head (yellow arrows) pointing the way for existence both of a hereditary 
etiology of disease and occult osteoarthritis. A osteocartilage specimen of the ulnar head 
was taken intraoperatively that revealed in histological examination advanced stage of 
osteoarthritis, hence, the diagnosis of occult osteoarthritis as preoperative suggested was 
confirmed. Postoperatively, the patient was not pain-free. For differential diagnosis of the 
persistent ulnar-sided wrist pain, the instillation of bupivacaine in DRUJ was performed 
under fluoroscopy. Fifteen minutes after instillation, the patient was pain-free that confirmed 
definitively the histological diagnosis of advanced stage of osteoarthritis. For those cases, 
the secondary UHR would be the treatment option of choice in the further course [20].
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Figure 6. (Example for a purely ligamentous injury in the absence of UPV based on disruptions of the primary stabilizing RULs after an accidental fall from height, 24-year-old male, left 
wrist): The PA radiograph of the non-injured right wrist demonstrating correct positioning of the ulnar styloid (white arrow), whereas the ulnar styloid in PA radiograph of the left injured 
wrist several years previously cannot be well assessed that suggests that there is a pathological rotation deformity of the ulnar head (yellow arrow) accompanied with its fixed subluxation 
in dorsal direction (white and yellow longitudinal lines in the lateral radiograph). This patient was surgically treated by the “quadrangular-construct” modification of the Sauvé-Kapandji 
procedure with decorticalization of the corresponding radius and ulna shafts as well as the 32-year-old patient in our case presentation (Figures 1A-D, 2A-E and 3A-C).

Figure 7. (Example for a right initially overlooked Galeazzi-like injury in 49-year-old male after a high-energy motorcycle accident): (A) Initial radiographic findings, and primarily treated 
in another hospital by ORIF using a volar distal radius plate that did not show evidence of concomitant subluxation of the ulnar head by fluoroscopy intraoperatively (green longitudial line). 
Note that the ulnar styloid could not be well assessed at time of injury that suggests that there is a pathological rotation deformity of the ulnar head, and so it was unclear if an additional 
ulnar styloid base fracture is or is not present (yellow arrow). (B) Two days later, first sign of subluxation of the ulnar head in dorsal direction (white and yellow longitudinal lines), note that 
the ulnar styloid could not be well assessed at this time again (yellow arrow). (C) Two weeks after primary surgery, the patient firstly came into our hospital, the right forearm was clinically 
fixed in pronation that was based on a complete dislocation of the ulnar head in dorsal direction radiographically (white and yellow longitudinal lines). Note that the ulnar styloid could not be 
well assessed at this time again as well (yellow arrow). (D) The closed reduction of the ulnar head was unsuccessful that required an open reduction by us. Intraoperatively, there was evident 
interposition of the extensor digiti minimi tendon into the DRUJ which was responsible for unsuccessful closed reduction. After open repositioning of the tendon, the ulnar head could be 
positioned uneventfully into the sigmoid notch in 90° flexion of the elbow while manual rotation of the forearm from pronation to supination. Finally, a radio-ulnar transfixation using 2 
Kirschner-wires was performed in supination of the forearm, and the wrist and elbow was immobilized with a plaster splint for 6 weeks. The postoperative radiographs demonstrating correct 
alignment of the ulnar head in the sigmoid notch (green longitudinal line). Note that at this time the ulnar styloid firstly could be well assessed and it revealed firstly as well concomitant ulnar 
styloid base fracture (green arrow) that was treated conservatively by the plaster splint. (E) Six weeks after performing the second surgical procedure, both Kirschner-wires and the plaster 
splint were removed, and strengthening of the right upper extremity was started. Note that there was unchanged correct positioning of the ulnar head and ulnar styloid (green longitudinal 
line and arrow). (F) One year after primary surgery, the volar distal radius plate was removed and the patient was excellent recovered functionally in both injured joints. Radiographically, 
there was unchanged a stable DRUJ (green longitudinal line and arrow).
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Longstanding UPV is generally associated with secondary degenerative 
lesions of the triangular fibrocartilage due to it compression, 
and additionally, primary degenerative lesions of the triangular 
fibrocartilage with or without UPV and in the absence of any clinical 
symptoms are also well known but it mostly occur in elderly patients 
aged 60 years and older [43-47]. Hence, it cannot always be concluded 
that a lesion of the triangular cartilage, assessed by MRI and wrist 
arthroscopy, in a young patient with evident acute traumatic UPV in 
which the triangular cartilage is generally detached or disrupted could 
mainly be caused by a pre-existing non-traumatic degenerative lesion, 
or that a chronic ulnar-sided wrist pain in an elderly patient with evident 
longstanding UPV longer than 2 mm (Figures 4 and 5) is based on a 
lesion of the triangular cartilage that consequently would requires MRI 
and wrist arthroscopy. Furthermore, with the use of wrist arthroscopy 
it appears that rating of TFCC tears as traumatic or degenerative is very 
subjective, and despite high experiences by the surgeons it does not 
appear reliable enough to draw any useful conclusions to the origin of 
the lesion [48]. MRI of the wrist is indicated when the conventional 
radiographs are inconclusive (i.e. UPV shorter than 2 mm), and also 
noted that wrist arthroscopy is associated with a complication rate of 
6 % respectively [49,50]. Likewise, recent evidence suggests that ulnar 
shortening osteotomy (USO) accompanied with wrist arthroscopy does 
not always lead to satisfactory outcomes in patients with long duration 
of symptoms, and it does not confer any additional benefit over USO 
alone as well [40,51-53]. Furthermore, evident UPV is considered to be 
contraindication for arthroscopy of the DRUJ [54].

In every instance when a fracture-dislocation injury of the wrist 
or elbow (i.e. Galeazzi, Monteggia, greater arc injury) is present, 
open reduction and internal fixation (ORIF) is absolutely required 
to provide joint stability and alignment, and early mobilization as 
well (Figures 9A-E) [21-24]. Likewise, open reduction and internal 
fixation (ORIF) of the radial head in case of an Essex-Lopresti injury 
is the essential prerequisite to obtain the length of radius and to avoid 
subsequent longitudinal instability of the DRUJ (i.e. UPV) [31-37,55]. 
In every instance as well when evident DRUJ instability after closed or 
open reduction of traumatic DRUJ luxation in case of a Galeazzi injury 
(Figures 8A-F), greater arc injury, acute isolated DRUJ dislocation 
injury, or Essex-Lopresti injury persists, radioulnar transfixation using 
Kirschner-wires is absolutely required to provide DRUJ stability as 
well as to give the IOM the chance for spontaneous healing [21,27,31-
37,55]. If a closed DRUJ reduction is unsuccessful due to soft tissue 

interposition such as the extensor digiti minimi tendon or the 
traumatically detached TFCC, the open reduction becomes necessary 
(Figures 8A-F) [27]. When ORIF of the radial head in case of the Essex-
Lopresti becomes not possible, resection of the radial should be avoided 
[56,57]. It was already stated by Essex-Lopresti in 1951 that resection 
of radial head is inappropriate to avoid subsequent proximal radial 
migration [24]. The radial head acts as a secondary valgus stabilizer and 
transfers up to 60% of the axial force load applied through the elbow, 
which is related to the amount of flexion [58,59]. After resection of the 
radial head, the load will be transferred to the ulnohumeral joint only 
and making that joint prone to subsequent osteoarthritis that could 
only be treated by total elbow arthroplasty, whereas radiocapitellar 
osteoarthritis can be treated by unicompartmental resurfacing 
radiocapitellar replacement which has been lesser complications 
and it allows higher loading for activities of daily living than total 
elbow arthroplasty (Figure 10C) [60,61]. It was already stated by 
Essex-Lopresti in 1951 as well that a radial head prosthesis would be 
the method of choice to obtain the length of radius [24]. In case of 
resection of the radial head, then the mechanical radioulnar integrity 
for load transmission from wrist to the elbow is uncoupled, and none 
other surgical salvage procedures (immediate radioulnar transfixation, 
silicone interposition arthroplasty, USO, ulnar head resection, Sauvé-
Kapandji procedure) than a radial head prosthesis are able to provide 
proximal radial migration [62,63]. Currently, cobalt-chromium 
implants with a relative portion of 70% of all types (15% pyrocarbone 
/ 9% titanium / 6% vitallium) are most commonly in use both utilizing 
monopolar (70%) and bipolar (30%) heads which can be inserted in a 
non-cemented as well as in a cemented (21%) manner (Figures 10A-B), 
and recent evidence revealed that there are no significant differences in 
functional outcomes between the various types in setting of prosthesis 
materials and polarity, and fixation techniques [64].

Salvage procedures for failed primary surgery at the DRUJ 
are USO, resection or hemiresection of the ulnar head, ulnar head 
replacement (UHR), total DRUJ arthroplasty, and the Sauvé-Kapandji 
procedure [66]. USO is indicated for hereditary (Figures 4 and 5) and 
posttraumatic evident UPV, it can be performed in a diaphyseal or a 
metaphyseal manner (Figures 4, 5 and 11A), it can also be an option 
for primary forearm shortening in case of a highly comminuted distal 
forearm fracture to avoid posttraumatic UPV (Figure 11A), and it is 
contraindicated when evident osteoarthritis in DRUJ is present [67,68]. 
When performing a diaphyseal USO, then the osteosynthesis plate 

Figure 8. (Example for necessity to exclude an Essex-Lopresti injury in order to avoid overtreatment): (A) Fracture-dislocation injury of the left elbow associated with a fracture of the 
radial head type Mason III primarily treated by radial head replacement using a cemented bipolar cobalt-chromium prosthesis with a long stem (same patient as in Figure 10B) that led to an 
excellent functional outcome [65]. (B) Same patient, radiograph of her left wrist at time of injury demonstrating evident longitudinal DRUJ instability with widening of the radioulnar gap 
(yellow arrow) and UPV longer than 2 mm (transverse yellow pointed line) mimicing an Essex-Lopresti injury, but clinical assessment revealed a pre-existing longstanding posttraumatic 
UPV based on a distal forearm fracture in her childhood and followed by a longstanding distal radius physeal arrest. The patient reported a history of painless restriction of forearm rotation 
several years previously to the recent injury, hence, surgical revision of the DRUJ became not necessary. Note that the configuration of the ulnar styloid can be clearly assessed that means 
that there is no rotation deformity of the distal ulna such as found in cases of an additional instability in the transverse plane (i.e. subluxation in dorsal direction) (Figures 1A-C, 6 and 7A-F).
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Figure 9. (Example for surgical management of a left Monteggia-like injury in a 23-year-old male after occupational fall from height): (A) CT scan after closed reduction of radiocapitellar 
dislocation in dorsal direction and temporarily immobilization of the elbow in a plaster splint showing the fracture of the ulna shaft at its proximal third (yellow arrow) and accompanying 
Mason type I fracture of radial head (white arrow). (B) Same patient intraoperatively, the osteocartilage rim fragment of radial head was removed completely (blue arrow). (C) Same patient 
intraoperatively, the proximal ulna shaft fracture was stabilized with the use of a 3.5 mm locked titanium plate that allowed early mobilization. Note the semicircular cartilage lesion on 
the dorsal aspect of capitellum (blue arrows) due to radiocapitellar dislocation in dorsal direction. (C) Same patient postoperatively, correct alignment of elbow joint without any signs of 
instability after removal of the osteocartilage rim fragment of radial head (green arrow). (D) Same patient at the 1-year follow-up, excellent functional outcome.

Figure 10. (Examples for various prosthetic replacements in radiocapitellar joint): (A) Cemented bipolar cobalt-chromium radial head prosthesis with a short stem for primary treatment of 
a highly comminuted radial head fracture. Note that there is no overstuffing (blue and green transverse lines). Cementation was done because the bone stock was poor. (B) Cemented bipolar 
cobalt-chromium radial head prosthesis for primary treatment of a terrible triad injury (same patient as in Figures 8A-B) [65]. Cementation was done because the bone stock was poor. 
Note that there is no overstuffing (blue and green transverse lines). (C) Non-cemented unicompartmental resurfacing radiocapitellar replacement utilizing an ultra-high molecular weight 
polyethylene - cobalt-chromium articulation for treatment of isolated posttraumatic radiocapitellar osteoarthritis [61]. Cementation should only be done when the bone stock is poor. Note 
that there is no overstuffing (blue and green transverse lines).

should be positioned dorsoulnar (Figure 5) that safely prevents soft 
tissue complications and painful impingement with the IOM potentially 
leading to loss of forearm rotation [51-53,69-73]. However, despite 
of correct performing USO accompanied with a correctly positioned 
plate, patient’s disability is reported to be up to 19% after surgery, and 
so the postoperative course remains not always predictable [53,74]. 
That can be based either on long duration of symptoms or occult 
painful osteoarthritis in DRUJ that does not always correlate with the 
radiographic findings which is well known from other joints such as 
the carpometacarpal joint of the thumb (i.e. rhizarthrosis) [40,75]. For 
those cases it is recommended to take a osteocartilage specimen for 
histological examination while performing the USO that can be helpful 
for evaluation of postoperative discomfort (Figures 4 and 5). When 
USO becomes necessary for treatment of UPV after an Essex-Lopresti 

injury, then reconstruction of the IOM should be performed in every 
instance [11,70].

Ulnar head resection (Figure 11B) was first described in 1855 by 
Malgaigne, and later popularized by Darrach in 1912 and 1913 [76-
78]. Ulnar head hemiresection (Figure 11C) was first described in 1985 
by Bowers, and 1986 modified with modeling of the ulnar stump by 
Watson et al. [79,80]. However, both procedures are not free of any 
problems. First, the third column for load transfer through the wrist 
is lost, and so it making the radiocarpal joint prone to subsequent 
degenerative changes. Second, the ulnar head serves as a cantilever, 
in concert with the flare of the distal radius metaphysis, to keep 
the radius and ulna separated and the stabilizing structures of the 
DRUJ under tension. When the ulnar head is partially or completely 
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Figure 11. (Examples for salvage procedures at the DRUJ): (A) Metaphyseal USO that was primarily combined with a non-cemented TWA for primary treatment of a highly comminuted 
distal forearm fracture in an older patient [68]. Note that there is evident DRUJ osteoarthritis radiographically but without any clinical symptoms. Using this TWA type, the non-cemented 
radial press-fit insertion is the mostly preferred and performed technique when the bone stock is sufficient [103-108]. Noted, that all other third generation TWA types are intended in general 
for non-cemented fixation as well [109-112]. (B) Darrach procedure that was primarily combined with a cemented TWA for primary treatment of a highly comminuted distal forearm fracture 
in an elderly patient [20,68]. Using this TWA type, the cemented insertion should only be done when the bone stock is poor such as in this case [68,96,103]. Note that cemented fixation 
of the third generation TWA types becomes necessary in particular in patients with inflammatory arthritis [113]. (C) Bowers procedure that was primarily combined with a non-cemented 
TWA for treatment of primary osteoarthritis. The further course is demonstrated in Figure 10D right [82,97,98]. (D) Left: Non-cemented UHR utilizing a metal head with standard offset 
for treatment of primary osteoarthritis [20]. Middle: Non-cemented UHR utilizing a metal head with standard offset that was primarily combined with another non-cemented TWA type for 
treatment of posttraumatic osteoarthritis accompanied with UPV based on a longstanding distal radius physeal arrest [95,97]. Using this TWA type, the non-cemented insertion is the mostly 
preferred and performed technique when the bone stock is sufficient as well, and cementation should also be done only when the bone stock is poor [65,114,115]. Right: Same patient as in 
Figure 10C, the Bowers procedure has been failed (painful convergence instability) and a conversion to a non-cemented UHR utilizing a metal head with extended (i.e. revision) offset had to 
be performed, note that an additional thumb carpometacarpal total joint replacement was done due to concomitant evident rhizarthrosis [82,97,98]. (E) Non-cemented semiconstrained total 
DRUJ arthroplasty utilizing an ultra high molecular weight polyethylene-metal articulation for treatment of hereditary UPV with evident UIS and accompanied with a dysplastic sigmoid 
notch resulting in secondary painful osteoarthritis involving the sigmoid notch [20].

removed, the radius and ulna are uncoupled, cre ating an intrinsically 
unstable construct; most patients dramatically alter their patterns of 
usage and are limited by painful convergence instability or radioulnar 
impingement (Figures 11C-D right) [81,82]. However, it can be an 
option for primary treatment of highly comminuted or unstable distal 
forearm fractures in elderly patients to avoid posttraumatic UPV 
(Figure 11B) [68,83,84]. Care must be taken when using the Darrach’s 
procedure in patients with rheumatoid arthritis, due to the natural 
course of the disease with progressive ulnar carpal translocation it can 
leads to severe complications such as migration of the lunate bone 
or dislocation of a total wrist arthroplasty (TWA) [85-89]. Noted 
that ulnar carpal translocation is also observed as a posttraumatic 
complication after fracture-dislocation injuries of the wrist in which 
the ulnar head is obtained, and, due to the unfamiliarity of this injury 
by treating physicians, this rare injury can mostly be investigated when 
comparing radiographs with the uninjured wrist were done such as 
described for the elbow joint as well [14,21,90].

The UHR is a clinically proven means of re-establishing mechan ical 
contact between the distal radius and ulna to restore stability of the entire 
forearm [81,91,92]. The first UHR with previously performed Darrach 
or Sauvé-Kapandji procedures utilizing a metal head which articulates 
with a metal cup proximal to the sigmoid notch was introduced in 1992 
by Kapandji, and followed by Herbert and van Schoonhoven using an 
UHR with a ceramic head they started with its use in 1995 [93,94]. 
UHR can be performed as primary procedure as well as a salvage 
procedure after a failed (hemi-) resection procedure at the distal ulna 
with or without an additional TWA (Figure 11D) [20,65,82,95-100]. 
However, a recent systematic review revealed that UHR has produced 
acceptable results in small numbers of patients. Whilst these short-
term outcomes are encouraging, the indications should be carefully 
considered and there should be proper consideration of the potential 
for later failure [101]. Furthermore, there is a lack of information in the 
literature on how the patients can load their wrists with an UHR. When 
the sigmoid notch is involved in osteoarthritis, total DRUJ arthroplasty 
is recommended (Figure 11E) [20,102].

In 1921, Baldwin first described the creation of a pseudarthrosis 
between the shaft of the ulna and its head by excising a 2 cm long 
segment out of the ulna proximal to the DRUJ in order to restore 
forearm rotation at the level of the bony gap in case of a malunited 
distal radius fracture [116]. Fifteen years later in 1936, Sauvé and 
Kapandji were the first who inaugurated the DRUJ arthrodesis utilizing 
1 screw accompanied with creation of a similar pseudarthrosis that 
was additionally accompanied with filling of the bony gap by the 
already liberated pronator quadratus in order to avoid spontaneous 
reossification between both ulna stumps postoperatively [117]. 
However, 4 years previously in 1931, Berry published his own technique 
similar to the later published Sauvé-Kapandji procedure that involved 
the DRUJ arthrodesis, but he used a bone peg instead of a screw as 
by Sauvé and Kapandji [118]. In contrast to the Darrach procedure, 
the advantage of the Sauvé-Kapandji procedure is that the ulnar head 
(i.e. third column) with it amount of 34% of total for complete load 
transmission through the wrist is preserved as well as the stability of 
the wrist is not altered by preservation of the RULs and ulnocarpal 
ligaments, and so it has been advocated for patients with high-demand 
claims in their activities of daily living who sustained posttraumatic 
disorders [119-124]. Additionally, this procedure can also be an option 
for primary shortening of the forearm in elderly patients with severely 
comminuted distal radius fractures in order to avoid posttraumatic 
UPV [125,126]. Essential prerequisite for preservation of the 
ligamentous wrist stability is that the DRUJ arthrodesis is strictly to be 
done in its neutral position to obtain the anatomically predetermined 
alignment of these stabilizing ligaments, and additionally, to avoid 
postoperative UPV (Figures 2A-E and 3A). However, there are mainly 
2 disadvantages. First, lost of the pronator function for the forearm 
and wrist when using the original Sauvé-Kapandji procedure (i.e. 
liberation of the pronator quadratus) can potentially leads to decreased 
pronation strength [127,128]. To prevent the function of the pronator 
quadratus, it is recommended to use only small pedicled muscle flaps of 
the pronator quadratus sutured on top of both ulna stumps, such as in 
our presented patient’s case, instead of filling of the gap with the overall 
liberated pronator quadratus such as originally described by Sauvé and 
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Kapandji in order to avoid spontaneous reossification postoperatively 
and potentially resulting in revision surgery [129,130]. Second, the load 
transmission from the wrist to the humerus takes place exclusively only 
by the radius over the radiocapitellar joint alone. For development of 
degenerative or posttraumatic changes in the elbow, Goodfellow and 
Bullough first described in 1967 that the articular cartilage with ageing 
in radiocapitellar joint is much more vulnerable than in ulnohumeral 
joint, and it can be caused by the specific geometry of elbow joint which 
is anatomically predetermined for load transmission [131]. When 
a Sauvé-Kapandji procedure was done, then the load transmission 
in elbow joint over the radial head with its normal amount of 60% 
in healthy subjects inevitably increases up to 100%, and additionally 
to the anatomically predetermined higher vulnerability for primary 
degenerative changes in radiocapitellar than in ulnohumeral joint, 
making the radiocapitellar joint in particular prone for degenerative 
changes postoperatively. That means that preexisting degenerative 
changes in this joint are to be considered as contraindication for the 
Sauvé-Kapandji procedure, and in every instance when this procedure 
is detected, degenerative changes in radiocapitellar joint should be 
excluded radiographically before surgery (Figure 1D). The published 
outcomes are uniformly good or excellent. Complete restoration of 
supination-pronation motion arc compared to the opposite forearm 
is achieved with relative portions ranging from 86% to 100% of all 
patients, mean supination and pronation improved from 55° and 43° 
(preop.) to 90°/90° (postop.), only 5% of patients stated subjectively 
that their outcomes had worsened, 73% to 100% of them reported none 
or mild pain only, and poor outcome in single cases was associated 
with non-union or UPV postoperatively [123,132-134]. Calcifications 
at the ulna osteotomy site were observed in 4 of total 70 patients (5.7%) 
that was in 3 of whom associated with a simultaneously performed 
distal radial osteotomy respectively, and 2 of whom required excision 
of the calcifications because it caused restriction of forearm rotation 
[122]. Noted that radioulnar synostoses around the wrist are also 
observed in single cases in patients receiving TWA with or without 
an additional UHR, and Dohn et al. reported on a patient with a 
posttraumatic/postoperative radioulnar synostosis of the DRUJ after 
plate osteosynthesis of distal radius fracture that was surgical treated 
by excision of a bony segment in the distal third of the ulna shaft 
similar to the techniques by Baldwin, Berry, and Sauvé-Kapandji 
[96,104,108,135]. The main problem after the Sauvé-Kapandji procedure 
can be development of radioulnar instability potentially leading to 
a radioulnar impingement (i.e. static convergence instability) that is 
well known from the Darrach procedure, or impingement between 
the ulnar stump and the surrounding soft tissue that is been reported 
by the patients as painful snapping while rotation of their forearms 
(i.e. dynamic divergence instability). To avoid radioulnar instability, 
it is recommended that the shortening of the ulna stump should not 
exceed 35 mm proximal to the DRUJ [136]. When postoperative 
dynamic radioulnar instability occurs, then an individually customized 
thermoplastic functional forearm brace, formerly introduced by 
Sarmiento et al. for the non-operative treatment of forearm fractures, 
is able to reduce postoperative discomfort such as in our presented 
patient’s case [137,138].

Another problem with the original procedure by Sauvé L and 
Kapandji M utilizing only 1 screw for arthrodesis can be instability 
followed by non-union and failure of the arthodesis by consecutive 
fracture of the screw [134]. Hence, it has been recommended in 1986 
by Kapandji IA to insert an additional second screw at time of primary 
surgery to improve stability [139]. Gupta et al. recently published in 
2017 a  PubMed indexed article (PMID: 28216758) in which the use 

of the “quadrangular-construct” modification of the original Sauvé-
Kapandji procedure (20 patients evaluated at an average follow-up 
of 34,55 months), that involves an additional radioulnar transverse 
interposition of the excised ulna segment proximal to DRUJ 
arthrodesis in which a second fixation screw is inserted through the 
transverse positioned ulna graft, is also recommended in order to 
improve stability, and the authors stated as follows in original: “Despite 
many modifications described in literature for S-K procedure, there is no 
data supporting one technique over other. We, in our new modification 
of S-K procedure, describe for the first time the combination of use of 
resected ulna as interposition graft to form a stable “Quadrangular-
construct” at wrist joint along with the stabilization of proximal ulnar 
stump with pronator quadratus muscle.” [140]. That is not true. To 
our knowledge, the use of the excised ulna segment as radioulnar 
interposition graft fixated by a second transverse screw through the 
graft was quite substantially earlier described in 1993 by Pechlaner and 
Sailer from Austria, and they reported on a case series with 72 patients 
started with surgery in 1984 and evaluated at an average follow-up of 
42 months [129,141]. There is only one modification by Gupta et al., 
the ulna graft in the formerly described technique by Pechlaner and 
Sailer is interpositioned after decorticalization of the corresponding 
distal radius und ulna shafts (i.e. cortico-cancellous contact areas) such 
as demonstrated with our 2 patients (Figures 2A-E, 3A and 6) in order 
to improve its osseointegration, whereas the ulna graft in the modified 
technique by Gupta et al. is interpositioned without decorticalization 
(i.e. cortico-cortical contact areas). The aim of creating cortico-
cancellous contact areas by bony decorticalization is early cancellous 
bone ingrowth into the intramedullary space which has proven to be 
useful for ankle arthrodesis in the fibula-to-tibia/talus manner as well 
[65].  However, with both techniques there were no non-unions, no 
fractures of the fixation screws, and avascular bone graft resorption 
could not be observed as well in both studies. Noted that the publication 
of Pechlaner and Sailer from 1993 was not cited in the recent article 
by Gupta et al., and further studies with a larger number of patients 
evaluate in long-term follow-up’s are needed to validate this concept.

When all other salvage procedures at the distal ulna (i.e. DRUJ) 
have been failed, then the “one-bone forearm” surgery is the “last exit” 
[66,142, 143]. This procedure means that both the distal and middle 
third of ulna are excised and follows by a fusion between the proximal 
ulna stump and the radius to obtain stability of the forearm for load 
transmission, but it does no more allow forearm rotation. It can also 
be an option for primary surgical treatment of severely destroyed open 
forearm injuries when the ulna is bony unreconstructable, however, 
this procedure is not free of any complications such as non-union in 
up to 32% of cases and impingement of the proximal radius on bone 
or surrounding soft tissue in up to 40% of cases requiring revision 
surgery [145,146]. In general, it is recommended to perform the 
radioulnar arthrodesis in neutral position of the overall forearm, but 
the recommendations varying from 10° pronation to 45° supination 
[143-149]. However, arthrodeses in supination confers better activities 
toward to the body, whereas arthrodeses in pronation makes activities 
away from the body easier [150].
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