
Journal of Plastic, Reconstructive & Aesthetic Surgery (2019) 72, 909–917 

Four-corner fusion: Comparing outcomes of 

conventional K-wire-, locking plate-, and 

retrograde headless compression screw 

fixations 

Holger C. Erne 

a , P. Niclas Broer 

b , Fabian Weiss 

c , 
Steffen Loew 

a , Michael K. Cerny 

a , Daniel Schmauss 

d , 
Denis C. Ehrl e , ∗

a Department of Plastic Surgery and Hand Surgery, Klinikum rechts der Isar, Technical University Munich, 
Ismaninger Str. 22, 81675 Munich, Germany 
b Department of Plastic, Reconstructive, Hand and Burn Surgery, StKM – Klinikum Bogenhausen, Academic 
Teaching Hospital Technical University Munich, Englschalkinger Str. 77, 81925 Munich, Germany 
c Department of Gynecology and Obstetrics, Ludwig-Maximilians-University Munich, Marchioninistr. 15, 
81377 Munich, Germany 
d Department of Plastic, Reconstructive and Aesthetic Surgery, Ospedale Regionale di Lugano, Via 
Tesserete 46, 6900 Lugano Switzerland 

e Department of Hand, Plastic and Aesthetic Surgery, Ludwig-Maximilians-University Munich, 
Marchioninistr. 15, 81377 Munich, Germany 

Received 29 April 2018; accepted 9 December 2018 

KEYWORDS 

Aptus-plate; 
Compressive screw; 
Four-corner fusion; 
Fusion-plate; 
K-wire fusion 

Summary Purpose: Several operative approaches and various implants for osseous fixation 
have been described to achieve four-corner fusion of the wrist. Given the discordance and 
to aid in further standardizing the technique, this study directly compares the outcomes of 
K-wire, fusion plate, and headless retrograde compressive screw fixations to achieve four- 
corner arthrodesis. 
Methods: Sixty-four patients underwent four-corner fusion over a period of 5 years and 
were reviewed retrospectively. Twenty-one patients underwent bone fixation with conventional 
K-wires, 26 with locking plates, and 17 patients were treated by headless retrograde compres- 
sive screw fixations. Patients of the different groups were comparable regarding age, sex, hand 
dominance, and stage of disease. 
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Results: All study groups showed significant improvements in grip strength, decrease in pain 
(NRS) at rest and with activity, range-of-motion of the wrist, and wrist function (measured by 
the DASH-score). When evaluating the three groups amongst each other, overall complication 
and nonunion rates were low and revealed no significant differences between the groups of 
patients. However, regarding postoperative NRS at activity, dorsal flexion, and DASH-scores, 
the “screw” group showed significantly better results than the “wire” group. 
Conclusion: The results show that all examined techniques of four-corner fusion can improve 
wrist function when compared to preoperative baseline (NRS at rest and activity, postoperative 
DASH-scores). However, headless retrograde compressive screw fixation had significant better 
results regarding pain relief (NRS) at activity and postoperative DASH-scores. 
© 2018 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by El- 
sevier Ltd. All rights reserved. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

When treating scapho-lunate advanced collapse (SLAC) and
scaphoid nonunion advanced collapse (SNAC) wrists, four-
corner fusion (4CF) has been shown to have good results
overall. 1 It allows for appropriate residual wrist motion and
grip strength while reducing pain and wrist instability. Since
Watson introduced the 4CF in 1986, 1 various fixation tech-
niques have been described, including K-wire fixation, 2,3 

staples, 4,5 plates, 6–8 and headless screws. 9–11 Several authors
reported different functional results and complication rates
depending on the respective technique employed. 1,2,4,6 , 12–15 

Therefore, as of yet no standard technique exists for 4CF, 9–11 

while K-wire fixation remains the one most frequently em-
ployed. 15 K-wires provide an economical option; however,
main disadvantages include the need of an additional
surgery to remove the wires and the lower compressive
pressure that can be achieved between the carpal bones. 2,4 

An alternative approach would be to consider to leave the
wires exposed to avoid an additional surgery. However, this
option may result in increased infection risk. 2,4 

In 1999, a nonlocking plate was implemented, 7 , 16–18 but
several studies reported high complication rates, resulting
in this technique being used less frequently. 7 , 16–18 In 2011,
Allison published good results using a compression plate
with screws, 7 and more recently, different authors reported
on promising results using a specially designed locking plate
(Aptus, Medartis, Basel, Switzerland). 2,4,6,13 Also, in 2011,
Richards et al. introduced 4CF using antegrade drilled head-
less compressive screws. 10 Given various complications sec-
ondary to the drilling angle of the screws, 19 several mod-
ifications have been suggested since. 9,20 Main advantage of
using locking plates or headless screws is a theoretically sta-
ble fixation, allowing for increased stability and faster as
well as higher fusion rates, thus resulting in a better active
range of motion (ROM). 6 , 20–22 

Given the discordance regarding the different techniques
and the fact that to date no uniformly accepted standard
approach exists, the presented study aimed at directly com-
paring the mid-term functional outcomes of K-wire, fusion-
plate, and headless retrograde compressive screws fixations
to achieve 4CF of the wrist. 

Materials and methods 

The study protocol conformed to the guidelines of the 1975
Declaration of Helsinki, the STROBE guidelines and was
presented to the local medical ethics committee, which
granted a waiver. Over a period of five years, 64 patients
(59 male and 5 female) underwent 4CF for the treatment
of SLAC- or SNAC wrists and were analyzed. Patients were
treated by either conventional K-wire (21), Aptus-plates®
(Aptus®, Medartis, Basel, Switzerland) (26) or retrograde
headless compression screw fixations (17). Radial bone graft
was used in each case. Individual patient allocation was
done by personal preference of the surgeon. 

Medical files and patient data were evaluated retrospec-
tively. There were no distinct exclusion criteria. However,
a complete preoperative dataset for every patient to be in-
cluded was mandatory. The cases were divided into three
groups depending on the employed techniques. The patient
groups were comparable regarding age, sex, hand domi-
nance, origin of disease (SLAC vs. SNAC wrist), and the
length of follow-up ( Table 1 ). All patient groups were equiv-
alent in terms of preoperative grip strength, ROM (palmar
as well as dorsal flexion), NRS (at rest as well as activity),
and DASH score. 

Regarding the surgical approach, the techniques of
conventional K-wire fixation ( Figure 1 ), 1 Aptus-plate®
( Figure 2 (A) and (B)) 2 , or retrograde headless compres-
sion screws ( Figure 3 ) 20 were performed in previously de-
scribed standard fashion. In short, K-wire fixation was per-
formed by dorsoradial incision of the skin and release of
the second, third, and fourth tendon compartments. Then,
the mediocarpal articulating area was dissected until can-
cellous bone was visible. Finally, we placed 3 K wires into
the carpal bones (2 capitate/lunate and 1 hamate and tri-
quetrum) from distally. Aptus-plates®: incision and dissec-
tion were performed as described above. The plate panel
was then milled from dorsally. Finally, screws were set from
dorsally as well, fixating all carpal bones to the plate. Ret-
rograde headless compression screws: Incision, dissection
and K-wire placement were performed as described above.
Then, K-wires were replaced by screws. 

The fixation method for each patient was elected by
the performing surgeon; there was no standardization for
choosing one of the fixation techniques. After surgery, the
wrist was immobilized by a volar forearm cast including the
thumb MP-joint and sparing the finger MP-joints. 

Mobilization 

Suture removal and X-ray control were performed 14 days
postoperatively in all cases. In the “screw” and the “plate”
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Table 1 Demographic parameters. 

K-wires Aptus-plate®a Compressive screws p 

n (64) 21 26 17 
Age 58 55 50 < 0.001 
(years) (54–74) (49–72) (49–69) 
(median) 
Sex (male: female) 19: 2 24: 2 16: 1 1.00 
Dominate hand 6: 15 4: 12 7: 10 0.469 
SLAC b : SNAC c 13:8 15: 11 13: 4 0.486 
Follow-up 35 31.5 27 0.011 
(months) (24–52) (24–49) (24–41) 
(median) 

a Aptus®, Medartis, Basel, Switzerland. 
b Scapho-lunate advanced collapse. 
c Scaphoid nonunion advanced collapse. 

Table 2 Comparison of median preoperative data to underline that the groups were comparable. 

K-wires Aptus-plate®a Compressive screws p 

n (64) 21 Preoperative 26 Preoperative 17 Preoperative 

Grip strength (kg) 16.9 21.7 21.4 0.544 
IQR d 10.6 IQR d 14.4 IQR d 12.4 

Palmar flexion 20.0 20.0 19.0 0.994 
IQR d 9 IQR d 21 IQR d 8 

Dorsal flexion 18.0 20.0 20.0 0.600 
IQR d 9 IQR d 15 IQR d 15 

NRS b (at rest) 6 7 6 0.281 
IQR d 2 IQR d 3 IQR d 3 

NRS b (activity) 8 8 8 0.843 
IQR d 3 IQR d 2 IQR d 2 

DASH 

c score 70.3 72.6 74.2 0.464 
IQR d 32.2 IQR d 19.9 IQR d 26.3 

a Aptus®, Medartis, Basel, Switzerland. 
b Numerical rating scale. 
c Disability of Arm, Shoulder, and Hand. 
d Interquartile range. 
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roups, immobilization of the wrist was discontinued 
1 days after surgery and passive physical therapy was 
tarted. After an additional 7 days, passive and active 
hysical therapy of the wrist was initiated. Seven weeks 
fter surgery, a CT-scan of the wrist was performed and 
valuated by the responsible surgeon in conjunction with 
he radiologist to better determine union and bony consol- 
dation. If bone consolidation could be confirmed from the 
can, sports and strenuous physical activities were allowed 
mmediately. 

In the “wire” group, the wrist was immobilized including 
he thumb MP-joint and sparing the finger MP-joints for a 
otal of 6 weeks after surgery, at which point physical ther-
py was started. Approximately 8 weeks after surgery, X-ray 
as performed and, in case of adequate consolidation, the 
ires were removed with a short out-patient surgery under 
ocal anesthesia. After an additional 12 days of rest to allow
or wound healing, passive and active physical therapy of 

he wrist was started. F

t  
ollow-up 

ll patients underwent standardized pre- and postoperative 
xams by two senior hand surgeons. The examinations in-
luded measurements of ROM of the wrist by means of a
oniometer (dorsal vs. palmar flexion). Grip strength was 
easured with a dynamometer (Jamar dynamometer; Sam- 
ons, Preston Roylan, Bollingbrook Illinois) in kilogram (kg). 
T-scans were performed and evaluated by the radiologist 
nd the two hand surgeons. Subjective outcomes were as-
essed with the Numerical Rating Scale (NRS 0–10) at rest
s well as activity and the DASH (Disability of Arm, Shoul-
er and Hand) score (0–100). All patients had at least one
wo-year follow-up exam. 

tatistical tests 

or patient age, follow-up months, grip strength, opera- 
ive times, ROM (palmar and dorsal flexion), NRS at rest
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Figure 1 Postoperative wrist radiographs anterior/posterior (right) and lateral (left) view: four-corner fusion with conventional 
K-wire. 

Figure 2 (A) Postoperative wrist radiographs ante- 
rior/posterior view: bone fixation in case of four-corner fusion 
with Aptus-plate® (Aptus®, Medartis, Basel, Switzerland). 
(B) Postoperative wrist radiographs lateral view: bone fixation 
in case of four-corner fusion with Aptus-plate® (Aptus®, Medar- 
tis, Basel, Switzerland). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

and activity as well as DASH scores, median and interquar-
tile range (IQR) or range were set. Differences between the
three treatment approaches for 4CF were determined us-
ing the Kruskal–Wallis test. In case of significant different
results, Bonferroni-corrected post-hoc pairwise comparison
was performed. Inner group differences between pre- and
postoperative values were assessed using the Wilcoxon test
for grip strength and ROM and the sign test for NRS and DASH
scores. 

Chi-squared analysis with Fisher’s exact test assessed
differences in patients’ sex, dominate hand, and underly-
ing wrist disorder (SLAC or SNAC) between the three tech-
niques for CF4. Data were collected and analyzed using
Microsoft Excel (Microsoft Corp., Redmond, Wash.). All sta-
tistical analyses were performed using IBM SPSS version 24
(IBM Corp., Armonk, N.Y.). Statistical significance was de-
fined for p-values of < 0.05. Power analysis was performed
using G-Power. 23 

Results 

The study included 64 patients, (59 males and 5 fe-
males; median age: 55 range 49–74 years) divided into
three groups. The “K-wire” group included 21 patients
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Figure 2 ( continued ) 
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Figure 3 Postoperative wrist radiographs anterior/posterior (right)
less retrograde compressive screw fixation. 
19 males and 2 females; median age: 58 years, range
4–74 years). Median follow-up time for this group was 
5 (range 24–52) months. In the “plate” group, 26 4CF’s
ere performed with Aptus-plates® (24 males, 2 females; 
edian age: 55 years, range: 49–72 years), with a median
ollow-up of 31.5 (range 24–49) months. The “screw” group 
ncluded 17 patients (16 males and 1 female; median age:
0 years, range 49–69 years). Median time for follow-up
as 27 (range 24–41) months in this group. The statis-
ical analysis revealed significantly longer follow-up in 
he “wire” compared to the “screw” group ( p = 0.010;
ower = 0.98) without any difference between “wire” and 
plate” ( p = 0.986; power = 0.29) as well as “plate” and
screw” group ( p = 0.093; power = 0.92) ( Table 1 ). 
Median operative time was significantly longer in the 

plate” group than in the “wire” and “screw” group (me- 
ian 120 IQR 29 vs. median 62 IQR 14; p < 0.001; power = 1;
edian 120 IQR 29 vs. 67 IQR 21; p < 0.001; power = 1).
eanwhile, the comparison of operative times between the 
screw” and “wire” group did not reveal a significant differ- 
nce in operative times ( p = 0.582; power = 0.97). 
The pre- and postoperative data are shown in Table 3 ,

espectively. Compared to the preoperative findings, ev- 
ry study group showed a significant improvement in grip
trength ( p < 0.001, power = 0.92–0.97), a significant de-
rease in pain (NRS) at rest as well as pain with activ-
ty ( p < 0.001; power = 1), and a significant improvement in
verall function of the wrist (measured by the DASH-score)
 and lateral (left) view: showing the final position of the head- 
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Table 3 Comparison of median operative times as well as pre- and postoperative examination results. 

K-wires Aptus-plate®a Compressive screws 

n (64) 21 26 17 
Operative 62 120 67 
time (min.) IQR d 14 IQR d 29 IQR d 21 

Preoperative Postoperative p Preoperative Postoperative p Preoperative Postoperative p 

Grip strengt h 16.9 26.4 < 0.001 21.7 28.3 < 0.001 21.4 29.3 < 0.001 
(kg) IQR d 10.6 IQR d 9.9 IQR d 14.4 IQR d 13 IQR d 12.4 IQR d 8.8 

Palmar flexion 20.0 25.0 0.004 20.0 25.0 < 0.001 19.0 29.0 < 0.001 
IQR d 9 IQR d 9 IQR d 21 IQR d 19 IQR d 8 IQR d 9 

Dorsal flexion 18.0 20.0 < 0.001 20.0 23.0 < 0.001 20.0 28.0 0.001 
IQR d 9 IQR d 12 IQR d 15 IQR d 15 IQR d 15 IQR d 8 

NRS b (at rest) 6 1 < 0.001 7 0 < 0.001 6 0 < 0.001 
IQR d 2 IQR d 1 IQR d 3 IQR d 1 IQR d 3 IQR d 1 

NRS b (activity) 8 5 < 0.001 8 3 < 0.001 8 2 < 0.001 
IQR d 3 IQR d 3 IQR d 2 IQR d 3 IQR d 2 IQR d 2 

DASH 

c score 70.3 31.2 < 0.001 72.6 25.2 < 0.001 74.2 8.6 < 0.001 
IQR d 32.2 IQR d 17.9 IQR d 19.9 IQR d 17.9 IQR d 26.3 IQR d 12.3 

a Aptus®, Medartis, Basel, Switzerland. 
b Numerical rating scale. 
c Disability of Arm, Shoulder, and Hand. 
d Interquartile range. 

Table 4 Comparison of median postoperative data to compare the effect of the different 4 CF techniques. 

K-wires Aptus-plate®a Compressive screws p 

n (64) 21 26 17 

Postoperative Postoperative Postoperative 

Grip strength (kg) 26.4 28.3 29.3 0.121 

IQR d 9.9 IQR d 13 IQR d 8.8 
Palmar flexion 25.0 25.0 29.0 0.121 

IQR d 9 IQR d 19 IQR d 9 
Dorsal flexion 20.0 23.0 28.0 0.014 

IQR d 12 IQR d 15 IQR d 8 
NRS b (at rest) 1 0 0 0.045 

IQR d 1 IQR d 1 IQR d 1 
NRS b (activity) 5 3 2 0.009 

IQR d 3 IQR d 3 IQR d 2 
DASH 

c score 31.2 25.2 8.6 0.001 
IQR d 17.9 IQR d 17.9 IQR d 12.3 

a Aptus®, Medartis, Basel, Switzerland. 
b Numerical rating scale. 
c Disability of Arm, Shoulder, and Hand. 
d Interquartile range. 

 

 

 

 

 

 

 

 

 

 

 

 

 

( p < 0.001; power = 1). Additionally, the comparison of pre-
and postoperative dorsal and palmar flexion of the wrist
showed a significant improvement ( p < 0.05; power = 0.18–
0.73) in all groups. 

The comparison of postoperative data between the
groups is demonstrated in Table 4 . When evaluating the
postoperative grip strength, no statistically significant dif-
ferences were observed between all groups ( p > 0.05). Re-
garding ROM, palmar flexion did not reveal any significant
changes between the groups, but dorsal flexion was sig-
nificantly better in the “screw” group than in the “wire”
group (median 28 IQR 8 vs. median 20.0 IQR 12; p = 0.011;
power = 1). 

Regarding the NRS at rest, initial statistical analy-
sis revealed significant differences between the groups
( p = 0.045; power = 1). However, the post-hoc test
including Bonferroni-correction showed no significant
difference between the groups ( p > 0.05). 
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The comparison of NRS at activity showed significant im- 
rovement for the “screw” group compared to the “wire”
roup ( p = 0.008; power = 0.98). However, the compari-
on between the “wire” and the “plate” group ( p = 0.847;
ower = 0.29) as well as the “screw” and the “plate” re-
ealed no significant difference ( p = 0.095; power = 0.78). 
Additionally, the “screw” group had significantly bet- 

er postoperative DASH-scores than the “wire” group 
 p < 0.001; power = 0.98) and the “plate” group ( p < 0.01;
ower = 0.99) group, while patients in the “plate” group 
ad not statistically significant better DASH-scores than the 
atients in the “wire” group ( p = 1.00; power = 0.32). 

omplications 

verall, there was no significant difference between the 
hree groups of patients regarding the rate of surgical com- 
lications during the follow-up time ( p > 0.05). 
In the “wire” group, one patient suffered a nonunion and 

ne patient an impingement because of wire displacement, 
equiring secondary surgery in both cases. Additionally, one 
atient had a postoperative wound infection around the in- 
ertion sites of the wires, which improved by daily wound 
leansing without antibiotics. In the “plate” group, two re- 
ision surgeries had to be performed. One because of a 
onunion and another one because of fracture of a bolt of
he Aputs-plate®. In all cases, after revision surgery further 
ollow-up was uneventful and the patients had good out- 
omes eventually. In the “screw” group, there occurred no 
omplications. 

iscussion 

n 1986, Watson and Ballet initially described 4CF by the
se of K-wires. 1 The technique of K-wire 4CF results in 
n acceptable rates of bone union, ranging from 84% to
7%. 1,2,4,12 –15 However, wires can also cause complications 
e.g., migration, skin irritation or perforation, impinge- 
ent with tendons, or joint gap formation), and a second 
urgery is needed to remove them. 5 Within the presented 
tudy, three patients (14.3%) of the “wire” group suffered 
uch complications during the follow-up. One patient had a 
onunion and another impingement with joint gap forma- 
ion because of displacement of the wires. In the first case,
neventful compressive screw 4CF was performed. In the 
ther case, the disturbing K-wire was removed and not re-
laced. The encountered complications are comparable to 
he ones cited by other authors having examined the out-
omes of K-wire 4CF. 1,2,15 However, the analysis of compli- 
ation rates between all three techniques did not reveal 
ny statistical significant difference ( p > 0.05). Therefore, 
ll techniques are equal regarding complication rates. 
Besides the complications, another possible disadvan- 

age after K-wire 4CF can be the prolonged need for
mmobilization, which may cause problems such as stiff- 
ess and restriction of wrist motion. 4,5,21 Given the as- 
ociated drawbacks of 4CF by means of K-wires, vari- 
us authors promoted the use of small plates and screws 
o avoid nonfusion and to improve the functional out- 
omes. 1,2,4 –[6,10,12,15,20,21,24,25,26] Initially, nonlocking 
lates were used. 2,7,16 –18 However, the results were disap- 
ointing because of significantly higher complication rates 
s well as higher nonunion rates than the traditional K-wire
echnique. 7,16 –18 Also, the postoperative immobilization pe- 
iod did not differ from the standard K-wire technique. 17,18 

ith regard to the bony healing of the carpus, it is essen-
ial that there is a long-lasting stability. In contrast to other
ones (e.g., long bones), especially in carpal bones, any
ind of movement seems to have a negative effect on fusion
hat can potentially cause formation of pseudoarthrosis. 
herefore, the authors concluded that the suboptimal re- 
ults might be influenced by the nonlocking character of the
evice. 7 , 16-18 Hence, different locking plates were designed 
nd introduced for 4CF to promote long-lasting stable 4CF. 2 

ne of such locking plates is the low profile Aptus-plate®,
hich has been associated with good outcomes 2,4,6,15 and 
llows for sufficient internal fixation and multidirectional 
crew positioning, promoting higher fusion rates, stabil- 
ty, shorter immobilization, and increased ROM compared 
o K-wire fixation. 2,4,6,15 In contrast to the K-wire fixation,
iven the fact that screws can generate higher compression 
orces, larger contact surface can be generated, resulting 
n better stability with time. 2,4,6,15 Possible described com- 
lications include nonunion, fracture of the bolts, and dor-
al impingement. 2,6 In our patients’ having received Aptus- 
late® 4CF, during mean follow-up of 33.8 (range: 24–49) 
onths, two required revision surgery (7.7%). One patient 
howed a bone nonunion and another one a fracture of a
olt. In case of the nonunion and the fractured bolt, 4CF
y the use of compressive screws and the removal and rein-
ertion of a different bolt were performed, respectively. In
oth cases, after revision surgery, follow-up was uneventful, 
nd the patients had good outcomes. 
Similar to the locking plates, different authors reported 

n 4CF using headless compression screws. However, most 
tudies are limited to a description of the surgical technique
nly and, thus, have a low number of patients as well as lack
f control groups. 9,10,20,27,28 Two recent retrospective stud- 
es of 4 CF with headless compression screws showed good
unctional results and high fusion rates of 89% to 94%. 21,22 

oth studies concluded that compressive screw 4CF is a reli-
ble technique with very good fusion rates, adequate allevi-
tion of pain, improvement of grip strength, as well as good
esidual wrist motion and function. 21,22 The technique ex- 
loits the theoretical advantages of strong compression be- 
ween the carpal bones, resulting in improved stability, thus
horter immobilization and possible increased ROM com- 
ared to fusion-plates as well as compared to K-wire tech-
iques. 9,10 , 20–22 Another advantage of the headless screws 
onsists in the fact that they are completely recessed in the
one and they do not affect the joint surface between the
unate, lunate fossa, and triquetrum as well as the TFCC. 29 

hus, the screws do not harm the joint surface, 9,20,22 and
here is no need for metal removal. 29 Additionally, plate fix-
tion requires longer operating times, are more expensive, 
nd are, therefore, possibly less favorable regarding cost- 
ffectiveness. 
In this study, patients having received 4CF with retro-

rade compressive screws were mobilized according to the 
ptus-plate® protocol. Given the stability of the fusion 
ecause of the strong compression forces between the 
arpals, passive physical mobilization was started with lim- 
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ited ROM and reduced grip force as soon as 14 days after
surgery. From the third week onward, active physical ther-
apy of the wrist was possible. Following a CT-scan of the
wrist seven weeks after surgery, after proven bony con-
solidation, sports and strenuous physical activities can be
started. Compared to the other postoperative treatment
regimen, this more aggressive protocol may improve func-
tion because it allows for early mobilization with minimal
risk of motion between the bones and subsequent nonunion.
In the “screw” group, during average follow-up of 28.8
(range: 24–41) months, there occurred no complications. No
significant difference was seen with regard to complication
and fusion rates between the examined techniques for 4CF,
which in part could also be because of the relatively small
sample size. 

Regarding patient composition, our cohort of patients
was similar to other reports. 2,6,15,21,22 The condition pre-
dominantly affects middle-aged males (92.2%), mostly be-
cause of SLAC wrist formation (67.2%) ( Table 1 ). Compared
to the preoperative findings, all groups showed a signifi-
cant improvement in grip strength ( p < 0.05), a significant
decrease in pain (NRS) at rest as well as with activity
( p < 0.0001), and a significant improvement in function of
the wrist (measured by the DASH-score) ( p < 0.0001). Addi-
tionally, the comparison of pre- and postoperative ROM of
the wrist showed a significant improvement for all groups
( p < 0.05). 

Surgical procedures that result in shorter times to fusion
are associated with less muscle atrophy, less risk of forma-
tion of fascial- and tendon adhesions, and less neural dis-
ruption. 6,15 However, contrary to our assumptions, the eval-
uation of grip strength yielded no significant differences for
the “plate” and the “screw” groups compared to the “wire”
group. ( Table 3 ) 

Additionally, we did not find a significant better active
ROM in the “screw” group and/or the “plate” group than
in the “wire” group. The average postoperative flexion-
extension arc in our study was between 50 ° (wire) and 61 °
(screw), comparable to the 49 ° to 80 ° reported in the lit-
erature, 14,18,20,22 which is important because the remaining
postoperative wrist mobility is paramount to achieve good
patient satisfaction and wrist function. 24 

The pain scores (NRS) at rest as well as with activity im-
proved significantly in all groups ( p < 0.001). However, the
postoperative NRS at rest showed no significant difference
between the groups ( p > 0.05). NRS with activity showed
significant improvement for the “screw” compared to the
“wire” group ( p = 0.008). Between the “wire” and “plate”
( p = 0.847) as well as the “screw” and the “plate” group
( p = 0.095), no significant advantage was found for the
plate. These results generally match the literature; how-
ever, especially the NRS results for the “screw” group are
better than previously reported averages. 6,14,16,18,22,24,29,30 

Regarding wrist function as assessed by the DASH-score,
significantly better scores were found in the “screw” group
than the “wire” group ( p < 0.001) and “plate” ( p < 0.01)
group. Patients in the “plate” group achieved no statis-
tically significant better DASH-scores than patients in the
“wire” group ( p = 1.00). 2,6,14,15,18,22 

The nonunion rates of 4.8% in the “wire,” 3.8% in the
“plate,” and 0% in the “screw” group are similar to re-
ported technique-dependent nonunion rates of 0% to 63%
in the literature, 8,14,16,18,22,27,30 and we could not detect a
significant difference between the groups ( p > 0.05). How-
ever, our nonunion rate might be falsely low or high because
of the relatively short follow-up period, while it should be
kept in mind that Bain and Watts demonstrated wrist ROM,
function, and pain scores after 4CF at 10 years were not dif-
ferent from those at 1-year follow-up. 31 Other limitations
of the presented study lie in its retrospective design and,
therefore, a possible subject to selection bias, the relative
small number of patients, the bias, that these measure-
ments were taken by the operating senior hand surgeon, the
unstructured selection of operative technique, and the rel-
atively short follow-up period. 

Taken together, there currently does not yet exist a defi-
nite answer to which operative technique provides the best
long-term benefits for patients suffering from SLAC or SNAC
wrists. Large multi-center, prospective randomized studies
would be helpful to elucidate this matter further. 

Conclusion 

The outcomes of our study suggest that all three techniques
for 4CF improve functionality of wrist. With regard to grip
strength, pain relief (NRS) at rest as well as complication
and fusion rates all three techniques showed similar re-
sults. However, the technique of retrograde compressive
screw 4CF shows better results in terms of pain relief (NRS)
at activity as well as postoperative DASH-scores. Theoreti-
cally, because of the stability resulting from the strong com-
pression between the carpal bones, with screw fixation fast
postoperative mobilization is possible, which may improve
function further. But it must be assumed that increased
compression generated by screw fixation diminishes with
time, and the type of fixation, thus, does not increase the
surface area for fusion. 
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