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Abstract
Introduction Distal radioulnar joint (DRUJ) instabilities are challenging and their optimal treatment is controversial. In 
special cases or when reconstruction of the stabilizing triangular fibrocartilage complex (TFCC) fails, K-wire transfixation 
can be performed. However, no consensus has been reached regarding the rotational position of the forearm in which this 
should be done. Therefore, it was investigated whether anatomical reduction would best be achieved by transfixation in 
neutral position or supination of the forearm.
Materials and methods Twelve cadaveric upper limbs were examined before dissection of the DRUJ stabilizing ligaments 
and after closed transfixation in both positions by C-arm cone-beam CT. Whether this was first done in neutral position or 
in supination was randomized. The change in the radioulnar ratio (RR) in percentage points (%points) was analyzed using 
Student's t-test. RR was used since it is a common and sensitive method to evaluate DRUJ reduction, expressing the ulnar 
head's position in the sigmoid notch as a length ratio.
Results The analysis showed an increased change in RR in neutral position with 5.4 ± 9.7%points compared to fixation in 
supination with 0.2 ± 16.1%points, yet this was not statistically significant (p = 0.404).
Conclusions Neither position leads to a superior reduction in general. However, the result was slightly closer to the anatomi-
cal position in supination. Thus, transfixation of the DRUJ should be performed in the position in which reduction could best 
be achieved and based on these data, that tends to be in supination. Further studies are necessary to validate these findings 
and to identify influential factors.

Keywords Distal radioulnar joint instability · K-wire transfixation · Radioulnar ratio · Cadaveric study · Distal radius 
fracture

Introduction

Distal radioulnar joint (DRUJ) instability is a common and 
challenging injury [1]. Although they occur in up to 10–40% 
of distal radius fractures (DRF) clinical diagnosis is still 
often missed, and chronic ulnar-sided pain and impaired 
function occur [2–6]. In Galeazzi fractures or Essex-
Lopresti injuries (ELIs), this instability is always present, 
in these cases, as well as if ultimately diagnosed in DRF, 
the primary goal would be reconstruction of the stabilizing 
ligaments which form the triangular fibrocartilage complex 
(TFCC). Whether this should be done arthroscopically or 
open depends on the kind and extent of the damage. This 
can be done using suture anchors for ligamental damage or 
screw osteosynthesis in case of a fractured styloid process of 
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the ulnar head [7–9]. If this is unsuccessful or not indicated, 
i.e. arthrosis of the DRUJ, K-wire transfixation might be 
performed [9]. However, no consensus or striking evidence 
exists on whether anatomical reduction is best achieved in 
supination or neutral position [10–13]. Some recommen-
dations prefer transfixation in supination since most frac-
tures are extension fractures with a dorsal subluxation that 
could best be reduced by this [10]. Others prefer reduction 
in neutral position because most work environments, i.e., 
computer work, need a full pronation; thus, impairment of 
this should primarily be reduced [14]. Immobilization or 
K-wire transfixation in pronation is commonly regarded as 
the worst option, leading to a significant and difficult-to-
compensate loss of supination. It is therefore not discussed 
as a third option [15].

Due to the challenging clinical diagnosis, many meth-
ods have recently been described to objectify articulation 
in the DRUJ using CT scans and cone-beam CT (CBCT) 
[16–20]. Because of its feasibility and high intra- and inter-
rater reliability, the most frequently used method is the radi-
oulnar ratio (RR), as described by Lo et al. 2001. It assesses 
radioulnar translation as a ratio between the distance of the 
center of the ulnar head to the dorsal edge of the sigmoid 
notch and the length of the sigmoid notch itself (Fig. 2). 
Previous studies demonstrated the validity of this method 
as an intraoperative diagnostic tool [21, 22].

In most cases, the DRUJ is examined clinically for a 
remaining instability after the DRF has been cared for by 
volar plating in supination [13]. If subluxation of the ulna 
can be provoked, the DRUJ will be manually reduced and 
radioulnar transfixation with K-wires can be considered to 
hold the reduction and allow proper healing under immo-
bilization [23, 24]. Yet controversy remains as to whether 
it should be done in supination or neutral position. [1, 7, 8, 
10, 25–36].

In order to shed light on this controversial debate, CBCTs 
before and after performing closed transfixation of the DRUJ 
in supination and neutral position in 12 cadaveric forearms 
were taken and the anatomical reduction was analyzed and 
compared by comparing the change in the RR after transfixa-
tion between both positions.

The study hypothesis was that anatomical reduction 
should preferably be achieved in supination rather than in 
neutral position.

Materials and methods

Specimens

12 complete unpaired human upper limp specimens were 
examined without any macroscopic or radiologic defect. 
The specimens were provided by the anatomical department 

of the University of Graz, Austria. The local ethical board 
(Rhineland-Palatinate Local Ethics Committee, 55019 
Mainz, Germany, No. 837.299.17) gave ethical approval. 
The sex of the specimens was unknown and their mean age 
was 74 years (range 68 to 84 years). Fixation of the limbs 
was performed using Thiel's procedure, which offers realis-
tic conditions in regard to consistency, elasticity, and color 
[37, 38].

Dissection and transfixation

After the initial 3D scan had been obtained an ELI was 
produced following the described technique by Kachooei 
[39] by a single operator (B.S.) as described in detail in a 
preliminary study [21]. Summarized, the palmar and dor-
sal distal radioulnar ligament was dissected and the TFCC 
was separated from its insertion at the ulnar styloid. Then 
the interosseous membrane (IOM) was split over its entire 
length and the radial head was resected under preservation 
of the distal biceps tendon.

Afterwards, closed transfixation of the DRUJ of the 
specimens was performed by B.S. using a single K-wire 
(2.0 mm) in both supination and neutral position (Fig. 1). 
The sequence in which this was done, either first in supina-
tion or in neutral position, was randomized.

Imaging

A custom-made device was used to fixate the specimens in 
90° flexion while allowing full pronosupination of the fore-
arm (Fig. 2). Angles were measured by using a goniometer.

Fig. 1  Axial planes of specimen 3 used for measurements with a 
positioned in supination before dissection, b after transfixation in 
supination, c positioned in neutral position, d after transfixation in 
neutral position. Dashed line symbolizing K-wire transfixation
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A CBCT of the wrist was taken in the uninjured speci-
mens and after transfixation in either supination or neutral 
position using a 3D-capable C-Arm (Arcadis Orbic, Siemens 
Healthcare GmbH, Erlangen, Germany). These C-arms per-
form a motorized isocentric orbital rotation acquiring up 
to 400 images of the subject, calculating an editable 3D 
volume. In this volume, the planes can be freely manually 
adjusted and were reconstructed according to the suggested 
method by Park et al. and Wijffels et al. [19, 40]. The axial 
plane was adjusted 90° to the radial shaft, depicting the sig-
moid notch's largest diameter in its center and showing both 
the Lister's tubercle and the ulnar styloid process.

Measurement

As diligently described in preliminary studies, the RR 
method by Lo et al. was used, as depicted in Fig. 3 [18, 21, 
22]. Briefly, this method quantifies radioulnar position by 
the ratio between the distance of the center of the ulnar head 
to the dorsal sigmoid notch and the length of the sigmoid 
notch. Measurements were performed for supination as well 
as neutral position before dissection and after transfixation 
on printed radiographs after magnifying them 1.5 times.

The difference between both values in percentage was 
calculated to quantify the difference in anatomical reduction 
using 

(1)RR
[

%points
]

= RRstable[%] − RRtransfixed[%].

Fig. 2  Example of the experimental setup after transfixation in a supination and b neutral position

Fig. 3  Measurement of the radioulnar ratio by the method of Lo et al. 
AB shows the sigmoid notch. CD marks the perpendicular line to AB 
through the center of the ulnar head. The length of AD is related to 
AB
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Statistics

The mean change in the value of the RR (ΔRR; as calcu-
lated above) and its standard deviation were calculated 
in both supination and neutral position to analyze how 
closely anatomical reduction had been achieved. Paired 
t-tests were used to compare RR between stable and trans-
fixed DRUJ, as well as ΔRR between neutral position 
and fixation in supination. Due to the study's exploratory 
nature, p-values are descriptive.

Results

The descriptive statistics and analyses with the mean val-
ues and standard deviations are shown in Table 1. Sta-
tistical analysis showed no significant difference in RR 
for either transfixation in supination or in neutral posi-
tion (psupination = 0.965; pneutral = 0.148; Fig. 4). In supina-
tion, the mean ΔRR was 0.2 percentage points (SD 16.1; 
95% CI [− 10.0; 10.4]) with 35.2% (SD 13.0; 95% CI 
[27.0;43.4]) before dissection and 35.0% (SD 9.7; 95% 
CI [28.8; 41.1]) after transfixation. The mean difference 
in neutral position was somewhat higher with 5.4%points 

(SD 12.0; 95% CI [− 2.2; 13.0]) with 55.3% (SD 6.5; 95% 
CI [51.2; 59.4]) vs. 49.9% (SD 13.0; 95% CI [41.6; 58.2]), 
respectively. But in statistical analysis, the ΔRR was not 
significantly different between both groups (pΔ = 0.404; 
Fig. 5).

Discussion

It could be shown that in the case of closed transfixation in 
an unstable DRUJ, supination tends to offer a better anatomi-
cal reduction as assessed by the RR method using CBCT. 
Performing closed reduction after producing an ELI instead 
of a DRF was chosen, because it was hypothesized that if 
there was a difference it should become apparent in the most 
unstable injury pattern at least. Reducing the risk of a false-
negative result.

In a previous study, it could be demonstrated that CBCT 
is a reliable and valid method to assess radioulnar migra-
tion by using the RR method in uninjured and dissected 
cadaver specimens [21, 22]. Methods to objectively assess 
the DRUJ were developed to lower the rate of missed diag-
noses since the clinical assessment is unreliable and often 
leads to chronic instability and pain with substantial loss 
of function [2, 3, 20, 40]. Besides the RR method, several 

Table 1  Resulting mean (standard deviation) of Radioulnar Ratio (RR) values and the difference in percentage points in both supination and 
neutral position with p-values calculated by Student’s t-test. 95% confidence intervals are given for each value

RRstable [%] RRtransfixed [%] p-value

Supination
95% CI

35.2 (13.0)
[27.0; 43.4]

35.0 (9.7)
[28.8; 41.1]

0.965

Neutral
95% CI

55.3 (6.5)
[51.2; 59.4]

49.9 (13.0)
[41.6; 58.2]

0.148

Supination Neutral p-value

ΔRR [%points]
95% CI

0.2 (16.1)
[−10.0; 10.4]

5.4 (12.0)
[−2.2; 13.0]

0.404

Fig. 4  Comparison of the calculated Radioulnar Ratio in the stable 
and the transfixed DRUJ Fig. 5  Difference in the calculated RR before and after transfixation 

in neutral and supinated position
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other methods are described, namely, Radioulnar Line, the 
Subluxation Ratio, and the Epicenter method [40]. We used 
the RR method because it has the best feasibility, highest 
sensitivity and specificity, and, as it is the most consistently 
used in recent literature, the best comparability [22].

Treatment of instabilities of the DRUJ is very hetero-
genic. Historically they have often been treated by sole 
immobilization with unsatisfactory outcomes. Then methods 
using K-wire transfixation had been developed but current 
gold standard would be reconstruction of the TFCC as good 
as possible, especially in patients with a high functional 
demand [9]. However, if reconstruction fails or if, in special 
cases, it is not indicated K-wire transfixation might still be 
performed. Mikic performed temporary radioulnar K-wire 
transfixation after osteosynthesis of the radial fracture if 
DRUJ instability remained and saw excellent outcomes in 
all study patients [15, 24, 41]. However, he did not describe 
in which position transfixation had been performed. Since 
then, many studies have been performed, all confirming a 
better outcome after transfixation. However, it was often not 
stated in which position transfixation had been performed or 
whether positioning changed between supination and neutral 
position [42, 43].

The primary goal in immobilizing joints is to choose a 
position in which the ligaments and tendons are maximally 
taut to avoid resulting contractions and a diminished range of 
motion. Hence, several anatomical studies were conducted 
in the last three decades to evaluate in which position this 
would be the case for the stabilizing ligaments and tendons 
of the forearm, namely, the TFCC with the palmar and dor-
sal radioulnar ligaments and the IOM [25–36]. The current 
consensus would be adequately described by stating that in 
regard to the TFCC in supination, the superficial palmar 
and the deep dorsal parts are under tension and vice versa 
in pronation. The latest study on the IOM from Razak et al. 
claims that there are indeed differences in relative numbers 
in tension of the IOM in different rotational positions, yet in 
absolute numbers, the differences would be negligible. They 
claim it primarily functions as a stabilizer against longitu-
dinal forces [36].

Until now, many studies have been performed to analyze 
the outcome after transfixation in either supination or neutral 
position. Yet, to our knowledge, no study has ever performed 
transfixation in both positions to compare their potential for 
anatomical reduction.

Fixation in supination had been performed by Rettig 
et al. with an excellent result in 95% of 40 patients [44]. In 
this study, DRUJ instabilities were treated with an exter-
nal fixator in supination, leading to an improved range of 
motion regarding supination and no higher rate of dis-
ability [45]. Schnetzke et al. also performed transfixation 
in supination in ELIs and compared these early-diagnosed 

and properly treated ELIs with late-diagnosed ones [2]. 
They saw a significant improved outcome in the group that 
received transfixation in supinated position. In their study, 
Giannoulis et al. report that in unstable DRUJs transfixa-
tion is mostly preferred in neutral position to minimize a 
possible loss of pronation [15]. Their suggested method in 
children is choosing the position depending on the direc-
tion in which the joint dislocates. In dorsal subluxation, 
the joint should be reduced and fixated in supination, and 
in volar subluxation, it should be done in neutral posi-
tion. Fixation in pronation should be avoided because of 
the danger of causing a loss of supination with significant 
impaired function, which is difficult to compensate [15, 
46]. In adults, however, they advise transfixation in neutral 
or only slight supination. A similar suggestion is made by 
Azimi and Wysocki in their review, stating that the exact 
position of the forearm is not as important as adequate 
reduction of the ulnar head within the sigmoid notch [23].

Fixation in supination seems to be slightly superior 
according to the following factors. Since radial fractures 
often occur as extension fractures leading to a dorsal sub-
luxation of the ulna, Kihara et al. stated that because this 
occurs in supination as well as the best reduction can be 
achieved with the forearm supinated, the DRUJ should be 
transfixed in this position [26]. Similarly, Jung et al. found 
a favorable outcome after immobilization in semisupina-
tion in case of a dorsal instability compared to neutral 
position [10]. Sammer et al. came to a similar conclusion, 
saying that the DRUJ should be stabilized in the position 
in which it is firmest, which is most commonly supina-
tion [12]. This is additionally supported by the data of 
Gupta et al. [32]. They measured the radioulnar migration 
after dissection of the ligamentous stabilizers and found 
a significantly increased translation in pronation but not 
in supination.

Our results show no significant difference between the 
RR before and after transfixation in either supination or 
neutral position, as shown in Fig. 4. This indicates that the 
remaining controversy exists because neither version is 
clearly superior. However, as Fig. 5 demonstrates, reduc-
tion and fixation in supination achieved a more anatomical 
value than fixation in neutral position in which a relevantly 
increased difference in ΔRR in comparison to fixation in 
supination became apparent.

Thus, transfixation should be performed primarily in 
the position in which reduction can be best or most firmly 
achieved, but when in doubt, supination might be preferred 
for the following two reasons: First, DRFs are usually 
extension fractures and dorsal subluxation is more likely 
to be treated better in supination, and second, although 
these findings were not significant, the reduction achieved 
tended to be more anatomic in supination.
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Limitations

The main limitation of this study is that a biomechanic 
aspect in cadaveric specimens was examined; therefore, the 
extent to which dynamic soft tissue stabilizers would influ-
ence the findings cannot be specified. Yet, as previous stud-
ies have shown, Thiel's method is supposed to embalm the 
soft tissues so that these retain similar properties to those 
shown in clinical settings. Therefore, it was considered a 
reliable method for use in this study. These findings are also 
limited by the mean age of 74 years in our study population 
that does not resemble the general population. Nonetheless, 
we successively compared the RR before and after dissection 
and transfixation, so the extent to which they differ should 
not be influenced by age. The small study group of only 12 
specimens also affects the validity of this study. However, 
prior cadaveric studies have shown a similar sample size and 
are generally accepted as sufficient [19, 22, 40].

Conclusion

Summarizing all previous studies and adding these findings 
our conclusion regarding DRUJ transfixation is as follows:

– DRUJ transfixation in neutral position as well as in supi-
nation can lead to comparable results regarding anatomi-
cal DRUJ alignment.

– Choosing the proper positioning of the DRUJ for transfix-
ation, specific workplace requirements, as well as DRUJ 
reduction must be considered.

Thus, if a primary reconstruction of the TFCC was 
unsuccessful and K-wire transfixation would be performed, 
supination tends to offer a better anatomical reduction and 
should therefore be recommended, if in doubt, in accordance 
with these results in closed transfixation. Further studies are 
necessary to validate our recommendation and to identify 
further influential factors.
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