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Abstract
Purpose Four-corner fusion is a proven treatment option
for degenerative arthritis of the wrist (SLAC/SNAC); how-
ever, in some cases, non-union occurs. The purpose of this
study was to evaluate the clinical outcome of rearthrodesis
in cases of non-union following four-corner fusion. Fur-
thermore, the goal was to identify the cause of non-union
and the location of pseudarthrosis within the fusion.
Methods Seven patients (5 males, 2 females) who experi-
enced pseudarthrosis following a four-corner fusion proce-
dure and subsequently elected a rearthrodesis procedure
were clinically and radiologically examined. The average
age was 58 years (range 48–71 years). Average follow-up
after rearthrodesis was 27 months (range 4–60 months). All
patients experienced persistent wrist pain and non-union
was diagnosed via radiography or CT scan. Range of
motion, grip strength, the ModiWed Mayo Wrist score, and
the DASH score were evaluated. The level of pain was
determined by using a visual analogue scale. Patients were
also asked whether they were satisWed with the procedure
and if they would elect it again.

Results In all patients, the rearthrodesis procedure led to
proper bone consolidation, which was veriWed by radiologi-
cal examination. Due to persistent wrist pain, one patient
required additional procedures (denervation, wrist arthros-
copy). In four cases, the location of pseudarthrosis occurred
between the triquetrum and hamate. In three cases, the loca-
tion of pseudoarthrosis was between the capitate and lunate
and, additionally, between the triquetrum and hamate. The
average DASH score value was 38 and the average Modi-
Wed Mayo Wrist score was 66. Grip strength was reduced to
85 percent of the contralateral, unaVected side. Three
patients indicated that they are dissatisWed with the results
and would not elect the procedure again.
Conclusions The most frequent location of pseudarthrosis
was between the triquetrum and the hamate, which was
caused by incomplete cartilage debridement. Proper bone
consolidation could be attained by means of rearthrodesis in
cases of non-union following four-corner fusion. However,
clinical results remain only moderate.

Keywords Four-corner fusion · SLAC · SNAC · 
Rearthrodesis · Wrist score

Introduction

Four-corner fusion (4CF) was introduced by Watson et al.
[1] in the early 80s. It is a common, motion-preserving, sal-
vage procedure for the treatment of wrist arthrosis. Mainly,
this procedure is performed in cases of symptomatic
scaphoid non-union (SNAC) [2] or advanced scapholunate
collapse (SLAC) [3]. It is also a proven treatment option for
degenerative arthritis of the wrist [4–7]. For good clinical
results, bone consolidation at least between the lunate versus
capitate and the triquetrum versus hamate is a prerequisite
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[8]. The use of K-wire Wxation with subsequent removal,
staples, screws and spiderplate osteosynthesis are possible
options to attain 4CF [9–14]. Many studies describe the clin-
ical outcome of successful arthrodesis or rates of non-union
following 4CF [15–19]. However, only very few studies deal
with the treatment options for non-union following 4CF
[20–23]. The goal of this study was to evaluate the clinical
outcome of rearthrodesis in cases of non-union following
4CF. Additionally, this study aimed to identify the cause of
non-union and the location of pseudarthrosis within the wrist.

Methods

Surgical technique

Four-corner fusion

The operation was conducted under regional or general anaes-
thesia. A pneumatic tourniquet was routinely used with a
mean pressure of 300 mmHg. The primary 4CF was done by
means of a dorsal approach to the wrist with a lazy S, fol-
lowed by a mobilisation of the retinaculum and an opening of
the second, third and fourth tendon compartment. After resect-
ing the posterior interosseous nerve, the scaphoid was
removed and the articular cartilage between capitate, lunate,
hamate and triquetrum was resected. The correction of inter-
carpal malposition (DISI) was achieved by using a K-wire as a
joystick and a rongeur (see “Discussion”). This was followed
by the interposition of cancellous bone grafts from the radius.
Internal Wxation with at least two Kirschner wires (1.6 mm)
was achieved by inserting them from the distal to the proximal
end of the capitate and lunate, respectively, hamate and trique-
trum. A forearm cast had to be worn for 6–8 weeks.

A radiological examination was followed after 6 weeks
to ensure a proper bone consolidation progress. Active and
passive exercises were allowed as soon as full bone consol-
idation was reached. The K-wires were removed 2–3 months
postoperatively.

Rearthrodesis

During the revision surgery, the scar and the extensor com-
partment, as well as, the scarred capsule were opened. The
pseudarthrosis (Fig. 1) was resected far enough to see vital
bone. Cancellous bone from the iliac crest was inserted and
a K-wire Wxation was performed following the correction
of DISI or an ulnar translocation.

Evaluation

Between 2003 and 2010, 221 patients underwent 4CF at
our clinic. In six patients, a rearthrodesis based on a pseud-

arthrosis had to be performed. One additional patient with
pseudarthrosis was referred to us from another clinic. In
three patients, the 4CF was indicated due to SLAC, and in
three patients due to SNAC. In one patient, the indication
remained unclear. The diagnosis of pseudarthrosis was
made by radiography and CT scan (Figs. 2, 3a, b). The
demographics of the patients are given in Table 1. All clini-
cal evaluations included the following parameters: range of
motion (ROM), grip strength, visual analogue scale pain
score [24], Mayo ModiWed Wrist score (MMWS) [25] and
patient-reported disabilities of the arm, shoulder and hand
score (DASH) [26–28]. ROM was measured using a stan-
dard goniometer. Grip strength was determined on the
aVected side, as well as, the unaVected, contralateral side.

Fig. 1 Intraoperative view of the non-union between triquetrum and
hamate

Fig. 2 Radiograph of non-union in four-corner fusion (anteroposte-
rior)
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This was done using the Jamar™ dynamometer at level 2
(Sammons Preston, Inc., Bollingbrook Illinois). Pain, as
measured on a visual analogue scale, was deWned as exer-
tional. Patients were asked whether they were satisWed with
the procedure and if they would re-elect it. A clinical and
radiological examination of the rearthrodesis was con-
ducted after an average of 27 months (range 4–60 months)
postoperatively.

Results

In all patients, the rearthrodesis led to proper bone consoli-
dation following the Wrst revision. However, in one patient,
the lunate showed evidence of partial necrosis. Another
patient required additional procedures due to persistent
wrist pain (denervation, wrist arthroscopy). All other
patients rejected further surgical interventions. In four
cases, pseudarthrosis occurred between the triquetrum and
hamate. In the other three cases, however, it was located
between the capitate and lunate and, additionally, between
the triquetrum and hamate. The DASH score was on aver-
age of 38 (range 14–68), and the MMWS reached an aver-

age value of 66 (range 20–95). On average, grip strength
was reduced to 85% of the contralateral, unaVected side.
Even though the procedure reduced the functionality of
the wrist, none of the patients required a professional
re-education. When asked if the patients were satisWed with
the procedure, three indicated that they were not. These
same patients expressed that they would not re-elect rear-
throdesis. Two patients complained of persistent pain and
decreased functionality of the hand. One patient saw no
improvement following the procedure. In particular,
patients complained of the prolonged treatment time and
the fact that a wrist cast had to be worn for a total of
13.7 weeks on average. Further clinical results are given in
Tables 2 and 3.

Discussion

The rate of pseudarthrosis following 4CF by means of tra-
ditional osteosynthesis is between 3 and 9% [15, 22, 29,
30]. Till date, however, only few publications deal with the
consequences and treatment options available for this
particular complication.

Fig. 3 a CT scan (sagittal) non-union between triquetrum and hamate b CT scan (sagittal) non-union between lunate and capitate

Table 1 Patient demographics

R right, L left

Patient Age Sex SLAC/SNAC Profession Injured 
side (is)

Dominant 
hand

Time period between 
1st and 2nd 4CF (months)

Time between last OP 
and follow up 
examination (months)

1 49 M ? Craftsman R R 144 60

2 49 M SNAC Policeman R R 4 18

3 69 M SNAC Retiree L R 14 60

4 63 M SLAC Retiree L R 8 18

5 48 W SLAC Educator R R 6 24

6 71 M SNAC Retiree L R 3 4

7 59 W SLAC Housewife R R 12 60
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This study shows that moderate clinical results can be
achieved by performing a rearthrodesis procedure in such
cases. When compared with clinical outcomes of 4CF with
direct union, our results clearly show a decreased DASH
and MMWS [15–18]. Grip strength and ROM results are
decreased, as well, when compared with the respective
results of direct union following 4CF. In addition, function-
ality of the wrist is limited when the patient performs daily
activities. The results of our study showed most cases of
non-union are located between the hamate and triquetrum
(4 cases). One reason that this particular location is so fre-
quently involved in pseudarthrosis is that it is often diYcult
to reach via the rongeur. This can lead to incomplete carti-
lage removal, thus impeding proper bone consolidation.
TünnerhoV and Haussmann [22] pointed out the importance
of careful and complete resection of the very ulnar part

between the triquetrum and hamate to enable full reposition
of the four carpal bones (Fig. 4).

The importance of a correct and full reduction of the
lunate from the DISI position is well known. Frequently,
the lunate is Wxed in a DISI position, which yields poor
clinical results of 4CF and causes an increase of its non-
union rate. As a result, reduction of the lunate to its neutral
position is an important step and a prerequisite not only for
proper bone consolidation, but also to improve postopera-
tive wrist Xexion and a reduction of pain. By ensuring a
correct reduction, an impingement of the capitate against
the dorsal rim of the radius can be avoided [31]. K-wire
Wxation as a joystick can bring about the reduction of the
lunate. However, using the K-wire, it is often diYcult to
reach a neutral position because of adhesions of the lunate
to the palmar capsule. For this reason, we recommend using

Table 2 Clinical results

MMWS ModiWed Mayo Wrist score

Patient Total time of 
immobilization 
(weeks)

DASH MMWS 
overall

SLAC/SNAC Professional 
re-education 
necessary

Pain Function SatisWed? Would patient 
re-elect the 
procedure?

1 10 22 60 ? No Improved Improved Yes Yes

2 16 53 50 SNAC No Impaired Impaired No No

3 12 14 95 SNAC No Improved Improved Yes Yes

4 12 25 90 SLAC No Improved Improved Yes Yes

5 16 68 20 SLAC No Consistent Consitent No No

6 14 25 85 SNAC No Improved Improved Yes Yes

7 16 60 60 SLAC No Impaired Impaired No No

Table 3 Grip strength (kg) and ROM (°), injured side (is), unaVected side (as)

Ex extension, Flex Xexion, Ulnarabd ulnarabduction, Radialabd radialabduction

Patient Ø grip 
strength (is)

Ø grip strength 
healthy side (as)

Grip strength 
% of as

Ex hs Flex hs Ex is Flex is Ulnarabd as Rabd as Ulnarabd is Raabd is

1 47.3 53.3 88 85 60 40 30 40 30 40 20

2 34.3 40 86 70 85 45 35 60 30 35 20

3 36.7 39.3 93 40 40 35 50 30 10 30 10

4 32 34 94 50 50 50 45 30 0 30 20

5 22.7 37.3 61 90 70 55 40 60 10 45 0

6 33.5 41.3 81 60 75 40 40 20 10 20 10

7 20.3 22 92 35 50 20 30 25 15 20 10

Fig. 4 Schematic drawing illustrating the importance of careful resection at the ulnar border between the hamate and triquetrum to enable full
reduction of the carpal bones [22]. Courtesy of Thieme-Verlag, Stuttgart, Germany
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a rongeur for the reduction manoeuvre. Following the expo-
sure of the carpal bones and excision of the scaphoid, a ron-
geur is inserted into the radio-carpal joint between the
lunate and lunate fossa of the radius. This is done under
wrist distraction. One must be sure to place the rongeur
deeply into the joint to dissolve all adhesions (Fig. 5). Also,
the lunate needs to be leveraged with a curved movement
against the radius, so that the dorsal tilt of the lunate is cor-
rected (Fig. 6). We have found that this manoeuver facili-
tates lunate reduction and improves the clinical results of
4CFs. Additionally, it leads to a reduction of non-union
rates.

Conventional radiographs are of limited use in the detec-
tion of non-unions in 4CFs. It is particularly diYcult to
diagnose the cases of non-union when a spider plate osteo-
synthesis was performed. A CT scan proves more reliable
in detecting non-unions, especially, when this particular

type of osteosynthesis is involved [32]. This Wnding could
be conWrmed in this study. As a result, we recommend per-
forming a CT scan, in particular, in unclear cases.

A systematic review by Mulford et al. [4] suggests that
the results for grip strength, pain relief and subjective out-
come are comparable for proximal row carpectomy (PRC)
and 4CFs. Furthermore, Mulford et al. could show that
PRC result in a higher rate of postoperative osteoarthritic
changes than 4CFs. Four-corner fusions, however, were
associated with more complications overall due to non-
union, dorsal impingement, and complications related to
surgical hardware [4].

Purported advantages of plate Wxation in context of a
spider osteosynthesis include a more stable Wxation, a
reduction of the non-union rate, and a shorter immobiliza-
tion time overall [5]. Strauch [5], however, stated that plate
Wxation results in higher non-union and reduced wrist
motion.

Capitolunate arthrodesis is an alternative to 4CF and
showed better results with respect to ROM, grip strength,
DASH score, and visual analogue scale values [33].
Ferreres et al. [34] recommended capitolunate arthrodesis
with no excision of the triquetrum so as to not impair pro-
prioceptive function (radiotriquetral ligaments). However,
non-unions are associated with this technique, as well.

In literature, we found no studies comparing radius ver-
sus iliac bone grafting for non-union rates in 4CF. Based on
our clinical experience, we suggest using bone grafts from
the distal radius for the Wrst procedure. This is an eVective
method, which is associated with only minimal complica-
tions [35]. The rearthrodesis procedure, however, often
requires a larger quantity of cancellous bone, which is why
we prefer using bone grafts from the iliac region in this
instance.

All in all, we performed 221 4CFs in a large group of
patients, which included rather younger patients. Interest-
ingly, however, we observed that non-union tends to
occur in older patients. The average age of our study’s
patient collective was 58 years. Age is a relevant factor,
as cancellous bone from the distal radius tends to be of
limited supply in an older age group. As a consequence,
an iliac bone grafting might be indicated even for the Wrst
procedure. In addition, when treating older patients, it is
worthwhile to consider performing a PRC rather than a
4CF. Literature shows that PRC is often a treatment
option with good clinical results and should be consid-
ered, in particular, in older patients because it does not
involve any type of arthrodesis. However, a disadvantage
of the PRC is that the capitate may not exhibit any signs
of arthrosis.

With either PCR or 4CF, it is critical to perform a thor-
ough debridement of the adjacent joint surfaces so as to
remove all debris prior to Wxing the carpal bones.

Fig. 5 Under wrist distraction, a rongeur is being inserted into the
radiocarpal joint between the lunate and lunate fossa

Fig. 6 Intraoperative neutral position after reduction of the lunate
(lateral view)
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All in all, 4CF is a proven treatment option, especially in
SLAC/SNAC grade III with osteoarthritis at the capitate. In
cases of non-union, a rearthrodesis procedure can lead to
proper bone consolidation, but only moderate clinical
results.

References

1. Watson HK, Goodman ML, Johnson TR (1981) Limited wrist
arthrodesis II. Intercarpal and radiocarpal combinations. J Hand
Surg 6:223–233

2. Chu PJ, Shih JT (2011) Arthroscopically assisted use of injectable
bone graft substitutes for management of scaphoid nonunions.
Arthroscopy 27(1):31–37 Epub 2010 Oct 8

3. Siparsky PN, Kocher MS (2009) Current concepts in pediatric and
adolescent arthroscopy. Arthroscopy 25(12):1453–1469 Epub
2009 Jul 24

4. Mulford JS, Ceulemans LJ, Nam D, Axelrod TS (2009) Proximal
row carpectomy vs four corner fusion for scapholunate (SLAC) or
scaphoid nonunion advanced collapse (SNAC) wrists: a system-
atic review of outcomes. J Hand Surg Eur Vol 34(2):256–263

5. Strauch RJ (2011) Scapholunate advanced collapse and scaphoid
nonunion advanced collapse arthritis-update on evaluation and
treatment. J Hand Surg Am 36(4):729–735

6. Beck JD, Deegan JH, Riehl JT, Klena JC (2010) Incidence of
scapholunate ligament dissociation in patients with aspiration-
conWrmed gout. J Hand Surg Am 35(12):1938–1942

7. Bain GI, Watts AC (2010) The outcome of scaphoid excision and
four-corner arthrodesis for advanced carpal collapse at a minimum
of ten years. J Hand Surg Am 35(5):719–725

8. Krimmer H, Lanz U (1996) Mediokarpale Teilarthrodese des
Handgelenks Operat. Orthop Traumatol 8:175–184 (Heft 3)

9. Kendall CB, Brown TR, Millon SJ, Rudisill LE Jr, Sanders JL,
Tanner SL (2005) Results of four-corner arthrodesis using dorsal
circular plate Wxation. J Hand Surg Am 30:903–907

10. Van Amerongen EA, Schuurman AH (2009) Four-corner arthrod-
esis using the Quad memory staple. J Hand Surg Eur Vol
34(2):252–255 Epub 2009 Jan 7

11. Mantovani G, Mathoulin C, Fukushima WY, Cho AB, Aita MA,
Argintar E (2010) Four corner arthrodesis limited to the centre us-
ing a scaphoid one piece graft and a dorsal circular plate. J Hand
Surg Eur Vol 35(1):38–42

12. Espinoza DP, Schertenleib P (2009) Four-corner bone arthrodesis
with dorsal rectangular plate: series and personal technique.
J Hand Surg Eur Vol 34(5):609–613

13. Merrell GA, McDermott EM, Weiss AP (2008) Four-corner
arthrodesis using a circular plate and distal radius bone grafting: a
consecutive case series. J Hand Surg Am 33(5):635–642

14. Vance MC, Hernandez JD, Didonna ML, Stern PJ (2005) Compli-
cations and outcome of four-corner arthrodesis: circular plate Wx-
ation versus traditional techniques. J Hand Surg Am 30(6):1122–
1127

15. Cohen MS, Kozin SH (2001) Degenerative arthritis of the wrist:
proximal row carpectomy versus scaphoid excision and four-cor-
ner arthrodesis. J Hand Surg Am 26:94–104

16. Chung KC, Watt AJ, Kotsis SV (2006) A prospective outcomes
study of four-corner wrist arthrodesis using a circular limited wrist
fusion plate for stage II scapholunate advanced collapse wrist
deformity. Plast Reconstr Surg 118:433–442

17. Della Santa D, Beaulieu J-Y, Glauser T, Sennwald G, Mathys L
(2007) Proximal row carpectomy versus four corner fusion: a com-
parative study. J Hand Surg Eur 32:70

18. Sauerbier M, Trankle M, Linsner G, Bickert B, Germann G (2000)
Midcarpal arthrodesis with complete scaphoid excision and inter-
position bone graft in the treatment of advanced carpal collapse
(SNAC/SLAC wrist): operative technique and outcome assess-
ment. J Hand Surg Br 25:341–345

19. Krimmer H, Wiemer P, Kalb K (2000) Comparative outcome
assessment of the wrist joint: mediocarpal partial arthrodesis and
total arthrodesis. Handchir Mikrochir Plast Chir 32:369–374

20. Skie MC, Gove N, Ciocanel DE, Smith H (2007) Management of
non-united four-corner fusions. Hand (NY) 2(1):34–38

21. Gupta RK, Chauhan DS, Singh H (2010) Non-union scaphoid:
four-corner fusion of the wrist. Indian J Orthop 44(2):208–211

22. TünnerhoV HG, Haussmann P (2003) Complications after midcar-
pal arthrodesis—attempt to analyse the pitfalls. Handchir Mikro-
chir Plast Chir 35(5):288–298

23. Gohritz A, Gohla T, Stutz N et al (2005) Special aspects of wrist
arthritis management for SLAC and SNAC wrists using midcarpal
arthrodesis: results of bilateral operations and conversion to total
arthrodesis. Bull Hosp Jt Dis 63:41–48

24. Wolf MB, Kroeber MW, Reiter A, Thomas SB, Hahn P, Horch
RE, Unglaub F (2010) Ulnar shortening after TFCC suture repair
of Palmer type 1B lesions. Arch Orthop Trauma Surg 130(3):301–
306

25. Cooney WP, Linscheid RL, Askew LJ (1987) Total arthroplasty of
the thumb trapeziometacarpal joint. Clin Orthop Relat Res
(220):35–45

26. Sonderegger J, Schindele S, Rau M, Gruenert JG (2010) Palmar
multidirectional Wxed-angle plate Wxation in distal radius frac-
tures: do intraarticular fractures have a worse outcome than extra-
articular fractures. Arch Orthop Trauma Surg 130(10):1263–1268

27. Simmen BR, Angst F, Schwyzer HK, Herren DB, Pap G, Aeschli-
mann A, Goldhahn J (2009) A concept for comprehensively mea-
suring health, function and quality of life following orthopaedic
interventions of the upper extremity. Arch Orthop Trauma Surg
129(1):113–118

28. Furia JP (2010) Arthroscopic debridement and synovectomy for
treating basal joint arthritis. Arthroscopy 26(1):34–40

29. Krakauer JD, Bishop AT, Cooney WP (1994) Surgical treatment
of scapholunate advanced collapse. J Hand Surg 19A:751–759

30. Ashmead D 4th, Watson HK, Damon C, Herber S, Paly W (1994)
Scapholunate advanced collapse wrist salvage. J Hand Surg
19A:741–750

31. TünnerhoV HG, Haussmann P (2005) Partial midcarpal arthrode-
sis with excision of the scaphoid for the treatment of advanced car-
pal collapse. Oper Orthop Traumatol 17(3):233–248

32. Ekelund L, Hagberg L, Hörberg L, Jörgsholm P, Gunnarsson M
(2007) Imaging of four-corner fusion (SLAC arthrodesis) of the
wrist with 64-slice computed tomography. Acta Radiol 48(1):76–
79

33. Gaston RG, Greenberg JA, Baltera RM, Mih A, Hastings H (2009)
Clinical outcomes of scaphoid and triquetral excision with capitol-
unate arthrodesis versus scaphoid excision and four-corner
arthrodesis. J Hand Surg Am 34(8):1407–1412 Epub 2009 Sep 6

34. Ferreres A, Garcia-Elias M, Plaza R (2009) Long-term results of
lunocapitate arthrodesis with scaphoid excision for SLAC and
SNAC wrists. J Hand Surg Eur Vol 34(5):603–608

35. Patel JC, Watson K, Joseph E, Garcia J, Wollstein R (2003) Long-
term complications of distal radius bone grafts. J Hand Surg Am
28(5):784–788
123


	Clinical outcome of rearthrodesis in cases of non-union following four-corner fusion
	Abstract
	Introduction
	Methods
	Surgical technique
	Four-corner fusion
	Rearthrodesis
	Evaluation


	Results
	Discussion
	References


