
	 www.PRSGlobalOpen.com	 1

Copyright © 2018 The Authors. Published by Wolters Kluwer Health, 
Inc. on behalf of The American Society of Plastic Surgeons. This 
is an open-access article distributed under the terms of the Creative 
Commons Attribution-Non Commercial-No Derivatives License 4.0 
(CCBY-NC-ND), where it is permissible to download and share the 
work provided it is properly cited. The work cannot be changed in 
any way or used commercially without permission from the journal.

INTRODUCTION
Ulnar shortening osteotomy (USO) is an established 

procedure to treat ulnar impaction syndrome (UIS). 
Positive ulnar variance may lead to mechanical damage 
of the triangular fibrocartilage complex (TFCC) and the 
adjacent joint surfaces, thus USO reduces intraarticu-
lar pressure while preserving anatomical joint surface. 

Furthermore, stabilization of the distal radioulnar joint 
(DRUJ) is achieved by increasing the ulno-carpal ligament 
tension and consecutive suspension of the TFCC.1,2 Prom-
ising midterm results of USO have been reported for idio-
pathic and posttraumatic UIS. Various studies have shown 
pain relief, good postoperative range of motion, and good 
functional results after USO. The role of DRUJ configura-
tion with regard to functional results remains controver-
sial. Tolat identified 3 different types of the ulnar joint 
surface configuration. A type I DRUJ was described as a 
parallel alignment of the radioulnar joint surface. A type 
II DRUJ was defined as an oblique alignment and a type 
III DRUJ as a reverse oblique alignment.3 The Tolat type 3 
configuration has been associated with inferior functional 
results as the ulnar head is forced into the sigmoid notch, 
essentially causing osteoarthritis.4 Biomechanical studies 
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found an increased peak pressures in the DRUJ after USO 
correlated to the length of ulnar shortening independent 
of the joint configuration.5 Degenerative changes have 
also been observed more frequently in reverse aligned 
DRUJ in individuals without USO.6 The aim of this study 
was to analyze the midterm functional results with regard 
to clinical and radiographic signs of osteoarthritis among 
patients displaying different types of DRUJ configurations 
after USO.

PATIENTS AND METHODS
Approval by the ethical committee was granted before 

this retrospective study. Informed written consent from 
each patient was obtained. Retrospective chart analysis 
revealed that between 2007 and 2012, 123 patients un-
derwent USO for the treatment of UIS at this institution.  
Inclusion criteria were idiopathic or posttraumatic UIS and 
a minimum follow-up time of 5 years. Exclusion criteria 
were joint destruction “Arbeitsgemeinschaft Osteosynthe-
sefragen” (AO) type C fractures, concomitant greater arc 
injury, Essex-Lopresti lesions, fractures, or dislocations of 
carpal bones and rheumatoid arthritis. Forty-five patients 
were excluded. Sixteen were lost to follow-up or refused par-
ticipation in the study. Sixty-two patients could be included.

The operative procedures were performed by 4 differ-
ent board-certified hand surgeons. All patients underwent 
wrist arthroscopy before USO, where the TFCC was assessed 
for injuries or degenerative changes according to the Palm-
er classification. At a mean time of 3.6 months (range from 
1.7 to 6.2 months) after arthroscopy, a standardized diaphy-
sal USO was performed using a 7-hole ulnar shortening 
plate (Recos Ulnar shortening system, KLS-Martin, Stutt-
gart, Germany). Postoperative ulnar variance was aimed to 
be neutral to ˗1 mm. Postoperative treatment included cast 
immobilization for 5 weeks then avoiding maximal weight 
bearing for another 6 weeks. Six weeks postoperatively, pa-
tients were referred to physiotherapy.

At the time of follow-up, the functional outcome was 
assessed using the Score for disabilities of the arm, shoul-
der and hand (DASH) and the Mayo Wrist Score. Grip 
strength was measured using a pneumatic grip strength 
dynamometer. An average of the 3 best results of 5 at-
tempts was recorded. Range of motion and complications 
were recorded on a standardized documentation proto-
col. DRUJ inclination was measured in the preoperative 
posterior–anterior wrist x-rays according to the Tolat clas-
sification. Patients were divided into 3 groups according 
to the Tolat classification. A Tolat type 1 DRUJ was defined 
when the sigmoid notch was parallel or within ± 10° to the 
ulnar shaft axis. A Tolat type 2 DRUJ was defined when 
this angle was > 10° and a Tolat type 3 DRUJ when this 
angle was less than ˗10° (Fig. 1).3 The ulnar variance was 
measured in the posterior–anterior pre- and postoperative 
x-rays using the method of perpendiculars.7 The range of 
motion was measured for pro- and supination and for wrist 
extension and flexion using a goniometer. Results were 
compared with the nonoperated opposite wrist, and the 
difference in percentage was calculated. Furthermore, the 
latest postoperative radiographs were assessed according 
the Kellgren-Lawrence-Score for osteoarthritis. Statistical 
analyses were performed using SPSS version 14 (IBM, Ar-
monk N.Y.). Kolmogorov-Smirnov test was used for the as-
sessment of normal distribution. Differences between the 
groups were calculated with the Student’s t test. A P value 
< 0.05 was considered statistically significant.

RESULTS
The mean follow-up time was 6.3 years (± 1.1). Thirty-

eight patients were female, and 24 were male. The mean 
age of the patients was 53 years (± 14). In this cohort of 
62 patients, a Tolat type 1 configuration was observed in 
19 patients (31%) with mean inclination of the DRUJ of 
6° (± 2.5°). Thirty-three patients had a Tolat type 2 config-
uration (53%) with a mean inclination of 17° (± 5°), and 

Fig. 1.  Measuring DRUJ inclination. A Tolat type 1 (A) was observed in 31%, a Tolat type 2 (B) in 53%, and a Tolat type 3 (C) DRUJ in 16% 
of the patients.
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10 patients had a Tolat type 3 configuration (16%) with a 
mean inclination of ˗15° (± 4°). The overall inclination of 
all patients was 9° (± 13°). The baseline characteristics of 
the 3 groups (sex, age, indication type) were only differ-
ent for age in the Tolat type 1 group with a mean age of 48 
years (±7.6), whereas the Tolat type 1 and 2 groups had no 
difference in age (Table 1).

The mean preoperative ulnar variance was 3.2 mm 
(± 2.2 mm). The mean postoperative ulnar variance was 
˗0.45 mm (± 2.6 mm). There were no statistical differ-
ences in pre- or postoperative ulnar variance among the 
3 groups (Table 2).

Mean DASH score of the Tolat type 1 group was 9 (± 9.3). 
Mean DASH score of the Tolat type 2 group was 18.5 (± 12.5). 
The mean DASH score of the Tolat type 3 group was 18.6 (± 12;  
Fig. 2). Results and patient data are shown in Tables 1, 2.

Mean grip strength of the Tolat type 1 group was 0.63 
kPa (± 0.14 kPa) and 0.44 kPA (± 0.19) in Tolat type 2 
group and 0.54 kPa (± 0.15) in the Tolat type 3 group. Dif-
ferences in DASH score and grip strength between Tolat 
type 1 and 2 and 1 and 3, respectively, were found to be 
statistically significant (Fig. 3). Differences between Tolat 
type 2 and 3 did not reach level of significance.

Range of motion for extension, flexion, supination, 
and pronation is shown in Table  2. In the Tolat type 1 
group, patients had a significantly higher range of motion 
for pro-/supination compared with groups 2 and 3, but 
failed to show statistically significant differences for exten-
sion (Table 2). None of the opposite wrists displayed im-
paired range of motion or signs of osteoarthritis.

The observed stages of osteoarthritis are presented in 
Table 2; no statistically significant difference was observed 
among the 3 groups.

When grouping patients into either a posttraumatic or 
an idiopathic UIS category, no statistically significant differ-
ences in DASH score and grip strength were found (Fig. 4).

Plate removal was performed in 29 patients due to lo-
cal irritations 1.5 years postoperatively.

DISCUSSION
In this retrospective study, a statistically significant dif-

ference could be found in the midterm functional results 

Table 1.   Patients Characteristics

Variable Result

Follow up (y) 6.3 (± 1.1)
Sex (f/m) 38/24
Age (y) 53 (± 14)
Idiopathic/posttraumatic (%) 62/38
Tolat type (1/2/3) (%) 31/53/16
Implant removal (%) 35
Preoperative ulnar variance (mm) 3.2 (± 2.2)
Postoperative ulnar variance (mm) ˗0.45 (± 2.6)

Table 2.   Results of the 3 Groups According to the 
Classification of Tolat

Variables Tolat 1 Tolat 2 Tolat 3

n 19 33 10
DASH 9 (± 9.3) 18.5 (± 12.5) 18.6 (± 12)
Mayo wrist (mean) 78 (± 12.1) 76 (± 16.2) 74 (± 14.3)
VAS 0.9 (± 2.6) 1.1 (± 1.8) 0.8 (± 2.3)
Grip strength (kPa) 0.63 (± 0.14) 0.44 (± 0.19) 0.54 (± 0.15)
Mean preoperative ulnar 

variance (mm)
3.5 (± 1.2) 3.1 (± 0.9) 3.4 (± 1.1)

Mean postoperative 
ulnar variance (mm)

˗1.2 (± 0.7) ˗1.1 (± 0.9) ˗1.4 (± 1.0)

ROM pro/supination (%) 87 (± 7) 79 (± 12) 81 (± 11)
ROM extension/flexion 

(%)
95 (± 9) 98 (± 11) 92 (± 12)

Osteoarthritis (stage 
0/1/1/3)

8/10/1/0/ 12/20/1/0 4/6/0/0

Implant removal 8 11 3

VAS = Visual analog scale for pain; ROM = Range of motion.

Fig. 2.  Boxplots of the DASH score in 62 patients who underwent 
USO. Patients with a Tolat type 1 DRUJ had significant better DASH 
score than patients with a Tolat type 2 after a mean follow-up time 
of 6.3 years.

Fig. 3. Boxplots of the grip strength in kPa.
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after USO depending on DRUJ inclination. The prevalence 
of the different DRUJ inclination types is comparable with 
other studies.8 Patients with a parallel-aligned (Tolat type 1)  
DRUJ had a better DASH score, grip strength, and a higher 
range of motion for pro-/supination than patients with an 
obliquely aligned joint surface (Tolat type 2 and 3). Other 
aspects of range of motion did not show significant differ-
ences between different DRUJ configurations. Although 
range of motion except for pro-/supination does not dif-
fer in different DRUJ configuration types, Tolat type 1 
configuration resulted in higher DASH scores and grip 
strength. Although the difference in DASH scores may not 
be clinically relevant, the overall functional outcome was 
best in the parallel-aligned DRUJ configuration. Surpris-
ingly in patients with a positive sigmoid notch inclination, 
an inferior functional result was observed despite the bio-
mechanically anticipated greatest reduction of joint pres-
sure. While in Tolat type III an increased joint pressure and 
thus an inferior functional result may be anticipated, the 
opposite assumption could not be proven in type II con-
figurations. On the other hand, the inferior postoperative 
result of the Tolat type 2 group seems contradictory from 
a biomechanical point of view as a decrease of pressure 
would have been expected.

Functional results were most favorable in Tolat type I 
configuration. Radiographic results did not show signifi-
cant osteoarthritis in any patient within the observation 
period. Development of osteoarthritis was evenly distrib-
uted among groups, although such observation period is 
too short for a final conclusion. Although midterm results 
are not sufficient to report on the occurrence of osteo-
arthritis, functional outcome is not directly related to ra-
diographic signs of osteoarthritis.9 There is, to the best 
of our knowledge, no biomechanical analysis specifically 

focusing on the joint pressures with regard to the differ-
ent types of DRUJ configuration after USO. Thus, it is un-
clear if the inferior functional results of patients with an 
obliquely aligned DRUJ can be explained by alteration in 
joint pressure in the DRUJ or if other factors are causative. 
Unfortunately, this study cannot answer whether the in-
ferior functional result in patients with an oblique DRUJ 
configuration (Tolat type 2) is caused by the USO or if 
patients with this configuration already had an impaired 
preoperative function as no preoperative functional as-
sessment was performed. While the difference in DASH 
scores was significantly different, minimal clinically im-
portant difference for DASH is between 10 and 15 points, 
so there may be no clinical implications of the observed 
differences. The results of this study indicate that any in-
congruency in the DRUJ may be a negative predictive fac-
tor for the functional outcome after USO compared with 
parallel-aligned DRUJ configuration. As the joint force 
distribution in the DRUJ is not completely understood yet, 
careful patient selection is required including a discussion 
of a potentially inferior functional result if an incongruent 
DRUJ is present.
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